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Abstract 
Hepatocellular carcinoma (HCC) is a primary liver cancer characterised by mutations 

in the cellular machinery, which induces the liver cells to replicate at a higher rate. It is 

the fifth most common cancer and the third most common cause of cancer-related 

deaths worldwide. The extensive prevalence of this malignancy carries a significant 

economic burden on a country. HCC occurs within the background of cirrhosis and 

chronic liver diseases, where hepatitis B virus (HBV), hepatitis C virus (HCV) 

infections and alcoholism are regarded as the most frequent risk factors of the disease. 

However, current diagnostic tools are sensitive only at the advanced stages, which 

hugely contribute to the grave prognosis and compromised effective curative treatment, 

resulting in poor 5-year patient survival. With the continuous devastating effect of this 

malignancy, there is an urgent need for an efficient tool, which could detect the 

malignancy at both the early and late stages. 

Recently, an increasing number of studies have shown that cancer patients produce 

detectable serological biomarkers in the form of IgG autoantibodies, which appear five 

years even before clinical manifestation of the disease. This evidence has recently 

generated opportunities for immune system exploitation as source of cancer 

biomarkers. Autoantibodies are elicited by the release of tumour-associated antigens 

(TAAs) during tumour development, making the autoantibody signature an effective 

approach for the early diagnosis of HCC. They could also represent as novel tools for 

prognosis, monitoring and prediction of response for chemotherapy. It is therefore 

crucial to design a non-invasive, high-throughput and robust screening system that 

would allow autoantibodies to be detected early in HCC and high-risk patients. 

In recent times, the antigen microarray, which is a new generation probing technique, 

has emerged as a promising tool for the examination of humoral immune responses in 

cancer in a multiplexed and high-throughput manner. This technology is adapted as an 

alternative approach to the already existing Enzyme Linked Immunosorbent Assay 

(ELISA). In Antigen Microarrays, the recombinant TAAs are spotted robotically on a 

glass slide and probed with sera after which signals are amplified and quantified 

through fluorescence. The technology has the advantage of quantifying serum 

autoantibodies to hundreds of TAAs simultaneously and further providing a form of 
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protein analysis at a scale beyond that which is achievable by traditional immunological 

techniques. 

This thesis documents the development, validation and application of the in-house 

Antigen Microarray platform to detect and characterise specific anti-TAA IgG 

autoantibodies to a panel of TAAs in the sera of HCC and underlying liver disease 

patients. 

Important parameters associated with the antigen microarray such as slide surface 

chemistry, target humidity, printing buffer, blocking buffer and antigen concentration 

were optimised to improve the accuracy and precision of the technology for this early 

biomarker detection. Secondly, the validity of the developed technology was further 

assessed using guidelines drawn by the Food and Drug Administration for 

pharmacokinetic assay validation. Additionally, we opted to produce a panel of eight 

recombinant TAAs in a mammalian expression system, to be sure of the quality and 

purity of antigens generated. The suitability of in-house TAAs were also tested on the 

microarray assay to reveal precision of the assay. Lastly, serum anti-TAA autoantibody 

levels were measured in HCC (n=183), liver cirrhosis (n=90), chronic hepatitis patients 

(n=133) as well as healthy groups (n=46), over a wide range of in-house (KRAS, 

HRAS, HDGF, CDKN2A, RALA, P62, P53, Gankyrin) and commercial TAAs 

produced both in mammalian (KRAS, HRAS, HDGF, CDKN2A, RALA, P62, P53, 

Gankyrin) and E. coli expression systems (KRAS, HRAS, HDGF, RALA, P62, APCN, 

AFP, IMP1, GRP78, Gankyrin). 

Validation studies showed high reproducibility as precision values were within the 

acceptable limits, namely, intra (within) and inter (across days) coefficient of variation 

were less than 15% and 20% respectively. Eight highly expressed Flag-tagged 

recombinant TAAs (KRAS, HRAS, HDGF, CDKN2A, RALA, P62, P53, Gankyrin) in 

lysates were produced and evaluated by western blotting.  

Preliminary studies conducted to investigate whether heat treatment reduces or elevates 

autoantibody levels in sera revealed no significant effect (P>0.05) of heat inactivation 

on the detectability of autoantibodies to TAAs. There was a significant difference 

(p<0.05) in the distribution of specific anti-TAA autoantibody responses across the four 

cohorts with highest responses detected in HCC patients followed by chronic hepatitis 

and liver cirrhosis patients. This suggests that high anti-TAA autoantibody levels are 
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strongly associated with the cancer. Poor correlation (r<1) was observed between 

autoantibody responses and the gender or age of HCC patients. Positive autoantibody 

frequency to the three TAA categories in HCC patients varied from 3.0% to 23% 

with highest frequencies observed in responses to P62 (18%), HRAS (20%) and 

HDGF (21%). Elevated autoantibody prevalence to HRAS (19.5%-25%) and P53 

(9.7%-10.5%) were also detected in pre-malignant liver conditions (chronic liver 

hepatitis) suggesting malignant transition to HCC is related with increased responses 

to cellular proteins which might play a role in the cancer.  

Our study has explored the development of a simple blood test which has the potential 

to offer a competitive benefit over present HCC diagnostic tools as it is easy to use, 

portable, non-invasive and inexpensive. It could also be applicable as an annual check 

in General Practice (GP) surgery to provide reports of greater relevance that could be 

used for effective curative treatment strategies.  
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Chapter One: Introduction 
	

1.1 Introduction to Cancer 
	

1.1.1. The Global burden 

Cancer continues to be a major health threat worldwide (1), despite great effort and 

resources provided to research the aetiology, molecular basis, host-tumour interface and 

treatments options for the disease (1). Cancer now causes more deaths than common 

diseases such as coronary heart disease, stroke, tuberculosis, HIV/AIDS and malaria 

(1). In fact, one in seven deaths in the world are as a result of cancer. It also ranks the 

second leading cause of deaths in high income countries while it stands as the third 

leading cause of deaths in low- and middle-income countries (2). In 2012, 8.2 million 

cancer related deaths were recorded worldwide, of which 57% were males and 43% 

were females (3, 4). 12.7 million new cases of cancer were recorded in 2008 (Figure 

1), of which 5.6 million occurred in developed countries and 7.1 million in developing 

countries (3). It is also estimated that 170 million years of healthy lives were lost 

because of cancer in 2008 (5). Specifically, 44% of cancer cases and 53% of cancer 

deaths occur in countries at low or a medium level of human developmental index (2). 

This represents an increase of 68% compared with 2012. More than half of all cancer 

deaths each year are due to liver cancer, lung cancer, stomach cancer, colorectal cancer 

and breast cancers combined (2). As such, extensive efforts into early detection of 

cancer are taking place in order to minimise its global burden. 
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Figure 1: The growing menace of cancer. 12.7 million cases of cancer and 7.6 million deaths were 
recorded in 2008. In 2030, more than 21 million cancer cases are predicted to be recorded with 13 million 
deaths occurring. Adapted from (1). 

 

Reports from Cancer Research UK in 2011, show that there are over 200 types of 

cancers and certain types have been shown to commonly cause cancer deaths 

worldwide (Figure 2) (6). These include cancers of the lung, liver, stomach, breast, 

bowel, oesophagus, prostate, cervix, ovary, kidney, uterus and bladder (6). Lung cancer 

is considered as the most common cancer in the world causing 1.6 million deaths due 

to its high fatality rates. Breast cancer is the second most common cancer with 1.7 

million cases but ranks fifth in cancer deaths (522,000). On the other hand, 1.4 million 

cases of colorectal cancers are recorded causing 694,000 deaths. 307,000 deaths result 

from prostate cancer while, stomach cancers result in 600,000 deaths. Lastly, liver 

cancer results in 745,000 deaths. 
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Figure 2: Most commonly diagnosed cancers in the world (left) and most common causes of cancer 
deaths (right) worldwide. Adapted from  (7). 

 

1.1.1.2 Cancer Statistics in the United Kingdom 

In 2011, over 331,000 people in the UK were diagnosed with cancer (5). Subsequently, 

352,000 new cases were recorded in 2013, with 960 cases diagnosed daily (5). 173,000 

cases were diagnosed in females while 179,000 were recorded in males the same year. 

Around 163,000 cancer deaths were seen in 2014, with 450 deaths every day (5). This 

shows the devastating effect of cancer in Britain. It has been estimated that in every two 

minutes someone is diagnosed with cancer while someone dies from it in every four 

minutes. Since the 1970s, incidence rates for all cancers combined have increased by 

almost a 30% (5). It has been predicted that every 1 in 3 people will develop cancer at 

some time in their life (5).  

 

1.1.1.3 Cancer Predictions 

The burden of cancer is expected to rise to 23.6 million each year by 2035 (Figure 3) 

(3, 4). However, a combination of screening and treatment is increasingly effective in 

reducing the mortality of some cancers. As such, basic prevention through 

environmental and lifestyle intervention could be the best remedy for reducing the 

global burden worldwide (8).  
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Figure 3: Global cancer cases predictions by 2035. Figure taken from (4). 

 

1.1.2 Molecular Hallmarks of Cancer 

Cancer is associated with an accelerated or abnormal growth of cells: the cells undergo 

different behavioural and metabolic changes causing them to excessively proliferate in 

order to escape surveillance and elimination by the immune system and spread to distant 

parts of the body (9). This process is also characterised by the mutation of oncogenes 

and tumour suppressor genes, activation of growth signalling pathways or loss of 

growth regulatory pathways (10). According to Floor et al, there are certain recognised 

basic characteristics of cancer (10). These characteristics are categorised into six 

biological capabilities and are acquired during the development of tumours (Figure 4) 

(11). First of all, there is evasion of apoptosis, a condition where the mechanisms of 

cell death are inhibited. Secondly, there is activation of metastasis and invasion, where 

primary tumour cells move from tumour masses and invade adjacent tissues (10). 

Moreover, there is induction of angiogenesis further stimulating the secretion of growth 

factors, which activate the signalling pathways to induce tumour vascularisation (10). 

There is also insensitivity to anti-growth signals, limitless replication is activated and 
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finally, self-sufficiency in growth signals (10). Alteration in the functions of these 

genes, for instance in the case of the tumour suppressor genes, leads to the disruption 

of the apoptotic signalling pathways leading to more immortal cells being created (12).  

The basic characteristic of cancer cells involves their ability to maintain consistent 

chronic proliferation. Normal tissues control the release of growth signals, which ensure 

normal tissue architecture, and functions are maintained (11). Cancer cells develop the 

capability to maintain proliferative signalling in several ways; for example they produce 

ligands themselves, which induce autocrine proliferative stimulation (11). These cells 

may also send signals to activate normal cells within tumour-associated stroma and 

reciprocate by providing cancer cells with growth factors (13). 

DNA sequence analyses of genomes of cancer cells have shown somatic mutation in 

certain human tumours, which predicts the activation of signalling pathways, usually 

triggered by activated growth factor receptors. Studies have shown that about 40% of 

human melanomas contain activating mutations affecting the MAP kinase pathway (14) 

and P13 kinase isoforms. Negative feedback loops have been shown to dampen several 

types of signalling. However, defects in feedback mechanisms have the ability of 

enhancing proliferative signalling. This instance is evidenced in Ras oncoprotein in that 

the oncogenic effects of Ras is not from hyperactivation of its signalling power but due 

to oncogenic mutations affecting Ras genes, which compromise Ras GTPase activity. 

This acts as an intrinsic negative feedback mechanism ensuring that active signal 

transmission is transitory (11). The study of oncogenic action has encouraged the idea 

that ever-increasing expression of cancer genes manifested in their protein products 

would result in correspondingly increased cancer cell proliferation, leading to tumour 

growth. Increased signalling by oncoproteins such as Ras, Myc and Raf induce the 

induction of cell senescence. Cells exhibiting features of senescence, such as enlarged 
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cytoplasm and absence of proliferation markers, are abundant in tissues of mice 

engineered to overexpress certain oncogenes (15) and are prevalent in some cases of 

human melanoma (16). Many tumour suppressors that function in various ways to 

reduce cell growth and proliferation have also been identified through their 

characteristic inactivation in animal or human cancers. Changes in these genes and 

regulatory pathways could result from DNA damage and viral transformations (12). 

There are two groups of genes affected: 

• Proto-oncogenes are group of genes that cause normal cells to become 

cancerous when they are mutated. Mutations in these genes are usually 

dominant in nature and their mutated version is referred to as oncogene. Proto-

oncogenes encode proteins that inhibit cell differentiation, stimulate cell 

division and halt cell death. However, oncogenes show increased production of 

these proteins causing increased cell division, decreased cell differentiation and 

inhibition of cell death. Examples of proto-oncogenes include HER2 gene, 

which codes for transmembrane tyrosinase kinase receptor called Human 

Epidermal Growth factor receptor (17). 

• Tumour-suppressor genes are usually involved in the regulation of cellular 

proliferation. These genes encode for proteins that are involved in inhibiting the 

proliferation of cells, which is vital to normal cell development and 

differentiation. Due to this ability, these genes can act to stem the uncontrolled 

growth of cancer cells. Mutations in these genes give rise to the development of 

cancerous tumour. An example is TP53, which encodes a protein called TP53 

(17). 
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Figure 4: Six main hallmarks of cancer. Adapted from (11).  

  

1.1.3 How is Cancer Staged? 

The staging of cancer helps to determine the extent of the cancer in order to provide 

clinicians with the means to quantify prognosis and therapy for patients. This is usually 

done when a patient is firstly diagnosed before treatment (18). In addition, it enables 

descriptive and statistical analysis of the tumour registry data and this is important for 

looking at trends over time. The main types of staging cancer include clinical and 

pathological staging (18). Clinical staging is focused on estimating the extent of cancer 

based on physical examination as well as laboratory diagnosis such as blood tests, 

tumour biopsies and imaging. On the other hand, pathologic staging is focused on 

determining the extent of cancer spread during surgeries (18). Various staging systems 

are used to classify cancer. This involves the Tumour Node Metastasis (TNM) and 

number staging systems. However, the American Joint Committee on cancer and the 

International Union of Cancer Control, maintain the TNM system as the tool for doctors 

to stage different cancers (Table 1). In the TNM staging, each cancer is assigned a letter 
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to describe the tumour, node and metastasis. Thus, T denotes the size and growth of 

tumour, N informs whether the cancer has reached the lymph nodes while M represents 

the cancer spread to different parts of the body (18).  

Table 1: The TNM staging of Cancers (18). 

TNM STAGING DESCRIPTION 

TX Tumour cannot be evaluated  

T0 No primary evidence of primary tumour 

Tis Cancer cells are only growing in superficial layer 

of tissues 

T1-T4 Size and Extent of primary tumour 

NX Lymph nodes cannot be evaluated 

N0 Lymph nodes do not have cancer 

N1-N3 Cancer spread to lymph nodes 

M0 No cancer spread 

M1 Cancer has spread to distant parts of the body 

such as tissues and organs 
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1.1.4 Who is at Risk? 

Anyone can develop cancer although the risk of being diagnosed with it increases with 

age. Reports have shown that 58% of newly diagnosed cancer cases occur usually at 65 

years of age or older compared with 48% in developing countries. For most cancer 

types, the risk is higher with a family history of the disease. Cancer can be caused by a 

number of external factors such as continued exposure to ionising and non-ionising 

radiations, ultraviolet radiations and asbestos (19). Tobacco smoking by far is the 

largest contributing cause of cancer followed with risk percentage of 25-30% and 30-

35% respectively, as well as excessive intake of alcohol, poor diet, physical inactivity 

and exposure to environmental pollutants (19). Viral infections caused by Hepatitis B 

virus (HBV), Hepatitis C virus (HCV) and Human Papilloma virus (HPV) have been 

reported to be risk factors for cancer occurrence (20). 5%-10% of cancers are attributed 

to genetic defects inherited from parents (21). Hormones such as the Insulin-like growth 

factors (IGFs) play a vital function in accelerating the proliferation of these cancer cells 

(20). However, treatment options, such as surgery, radiation, chemotherapy and 

immunotherapy have been developed to manage people affected (6). With the growing 

complexity of cancer, there is the need for more comprehensive, integrated and robust 

treatment options while minimised toxicity is maintained.  

1.1.5 Hidden Costs of Cancer 

Reports have indicated that the financial cost of cancer is substantial. This involves 

expenditures for treatment, care and rehabilitation related to the illness. Secondly, 

indirect cost involves the loss of economic output due to premature death (7). The exact 

costs of global cancer are not really known but thought to be in the hundreds of billions 

of dollars per year. Cancer costs the world more than any other disease (Figure 5). It 

cost $895 billion annually as compared to heart disease and diabetes, which costs $753 
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billion and £204 billion respectively (22). People suffering from cancer face financial 

stress due to loss of income while having to deal with other costs such as hospital travel, 

increased fuel bills and gloomy economic climate (22). About four in five cancer 

patients in the UK are hit with average costs of £570 a month as a result of their illness 

(23). One in three persons with cancer in the UK lose £860 per month in earnings 

because they are unable to work or have cut down their hours (23). The biggest financial 

impact in terms of loss of life and productivity in which cancer accounts for 1.5% of 

global gross domestic product losses (23).  

 

Figure 5: The costs of cancer. Cancer costs outweigh the costs from other ill health such as heart 
diseases, cerebrovascular diseases, HIV/AIDS, road accidents, lower respiratory infections and malaria. 
Adapted from (7). 
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1.2 The Liver and Hepatocellular Carcinoma 
	

1.2.1 Anatomy and Physiology of the Liver 

The liver is a reddish brown wedge-shaped organ, which lies below the diaphragm and 

at the upper right quadrant of the abdominal cavity (Figure 6) (24). It is regarded as the 

largest internal gland in the body weighing between 1.44kg to 1.66kg. The liver is 

covered in a serous coat derived from the peritoneum and has an inner fibrous coat to 

which it is firmly adhered. This organ is linked to a number of blood vessels, namely 

the hepatic artery, portal vein and the hepatic vein. Blood rich in digested nutrients are 

carried from the gastrointestinal tract, spleen and pancreas to the liver via the hepatic 

portal vein, while oxygen rich blood is carried from the aorta by the hepatic artery. The 

hepatic vein carries deoxygenated blood from the liver to the inferior vena cava of the 

heart. The liver usually consists of microscopic functional units called the lobules (25). 

These lobules are made up of millions of hexagonal hepatocytes radiating from the 

acentral vein (Figure 7) (26). These carry out the main functions of the liver such as 

removing exogenous and endogenous materials from the blood and also involved in a 

number of metabolic processes, such as metabolism of carbohydrate, protein and lipids, 

production of bile, urea, enzymes, albumin, and clotting factors (25). Other units of the 

liver include Kupffer and Stellate cells which act as macrophages to clear pathogens 

and store vitamin A respectively. The bile ductile collects blood secreted by the 

hepatocytes while the sinusoids are enlarged capillaries through which blood from the 

hepatic portal vein enters via the portal triads and then drains to the central vein (Figure 

27). The liver emerges from a ventral mesogastrium and only the upper posterior 

surface is outside the structure (27). It is smooth and featureless on the diaphragm and 

presents with a number of indentations on the visceral surface where it connects the 
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adrenal glands, stomach and the kidney (27, 28). This shows how vital this organ is to 

the human body and hence a defect could result in fatal complications leading to death. 

The risk of hepatocellular carcinoma accelerates significantly in the presence of an 

established liver disease.  

 

Figure 6: An anatomical illustration of the liver and gall bladder (Left) and a nuclear medicine scan of 
the abdomen (Right) revealing the liver and the gall bladder (Right). Figure taken from (24). 

 

 

 

Figure 7: Microscopic anatomy of the liver showing the basic components such as hepatocytes, lobules, 
ducts and blood vessels. Figure taken from (26). 
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1.2.2 Hepatocellular Carcinoma: Demographics and Epidemiology 

1.2.2.1 Incidence, Mortality and Geographical Distribution 

Hepatocellular carcinoma (HCC) also referred to as malignant hepatoma, is a primary 

liver cancer which is reported as the fifth most common cancer and the third most 

common cause of cancer-related deaths worldwide, resulting in 600,000 deaths each 

year (29, 30). More than 800,000 new cases of HCC are diagnosed yearly (29). The 

incidence of HCC has tripled since 1980; from 2004 to 2013 (29). This shows the 

aggressive nature of the cancer. Epidemiological studies have revealed that Eastern 

Asia and sub-Saharan Africa have increased incidence of HCC where China accounts 

for over 50% of cases in the world (31), while a decreased incidence is recorded in 

Europe, South and Northern America (31). For example, the incidence is 99 per 100,000 

in Mongolia, 49 per 100,000 in Korea, 35 per 100,000 in China (Figure 8). Other 

regions in Africa that raises more concerns are Gambia, Guinea, Mali and Mozambique. 

Despite the fact that the incidence is low in the developed world, USA and Japan are 

slowly falling victim to the burden of HCC (32). The incidence is gradually increasing 

in the Great Britain, where between 1975 and 2009, HCC rates increased from 1.4 to 

4.7 per 100,000 populations and 3,800 liver cancers deaths were recorded in 2010 (33). 

The HCC mortality rates have drastically increased in some European countries such 

as Italy and France over the past 40 years by 85% in an assessment undertaken from 

1970-2010 (34). The aggressive nature of HCC demands a careful and cutting-edge 

research into its microenvironment to investigate the mechanisms of escape and 

resistance. This could provide a well-tailored knowledge on novel antigenic targets for 

personalised treatment. 
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Figure 8: Incidence and mortality of hepatocellular carcinoma worldwide. Figure taken from (7). 

 

1.2.2.2 Predisposing conditions to Hepatocellular Carcinoma 

1.2.2.2.1 Age 

HCC incidence is strongly associated with age and gender, with the highest incidence 

occurring in older males than females. Studies have shown that global age distribution 

of HCC varies by region, incident rate, sex and aetiology (3). However, a shift in 

incidence of HCC in younger individuals has been reported for at least two decades 

(35). Female rates peak in the age group 5 years older than the peak age group for males. 

Mortality rates in low-risk populations, such as United Kingdom (Figure 9), are higher 

amongst the elderly (namely 75 years or older (36). These different age specific patterns 

are likely to be related to differences in the dominant hepatitis virus in population that 

can lead to the development of HCC, or the age at viral infection. Most male HCC 

deaths occurred between the ages of 70 and 74 in the UK in 2007, whereas most deaths 

Incidence and mortality per 100,000
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in females occurred at age of 85 years and above. In contrast, in Japan, the peak age is 

between 70 and 79 years, where chronic hepatitis C virus (HCV) infection is the most 

important risk factor for HCC. On the other hand, in Europe and North America, most 

patients are between 60 and 65 years old at diagnosis (37). 

 

Figure 9: Age specific HCC incidence rates per 100,000 population among males and females in the 
UK, 2013-2015. Figure taken from (36). 

 

1.2.2.2 Gender 
	

HCC occurrence varies with gender (Figure 10), where males reportedly show a higher 

rate of liver cancers than females (38). Most male: female ratios range between 2:1 and 

4:1. HCC is considered as the fourteenth most common cancer in males. This is evident 

in a study where the occurrence of HCC was two to four times more in males than 

females (39). This could be attributed to the fact that men are at a higher risk of HCV 

and HBV infection, they consume more cigarettes and alcohol and have an increased 

iron store (40). Elevated androgen levels have also been demonstrated to enhance HCC 

progression (41). In 2013, 5,413 new cases of liver cancer were recorded in the UK, of 
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which 3,491 were males (which represents 64%) and 1922 were females (which 

represents 36%). The high rate in males could be also be attributed to sex specific 

differences in exposure to risk factors (5). An experiment undertaken in mice revealed 

a two to eight fold increase in HCC development in male mice (42). A study conducted 

by Yeh et al, affirms that due to the stimulatory effect of androgen and the protective 

effects of eostrogen men tend to have higher HCC incidence than females (43). 

Androgens act as tumour promoters by inducing DNA damage and oxidative stress 

(44). Yeh et al, further conducted a study in which a knockout of androgen receptor 

expression in hepatocytes, delayed development of N’N’diethylnitrosamine induced 

HCC. Further studies show that oestrogen protects the hepatocytes from malignant 

transformation via downregulation of Interleukin 6 (IL-6) release from Kupffer cells, 

which is highly dependent on MyD88 (43). Factors such as high body mass index and 

higher levels of androgenic hormones can also affect males’ risk (45). 
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Figure 10: The incidence of hepatocellular carcinoma in both males and females worldwide. Higher 
incidences are recorded in Sub-Saharan African countries and Asia. Figure taken from (46). 

	

1.2.2.3 Ethnicity 
	

The incidence of this cancer varies among race and ethnicity as the rate of HCC is two 

times greater in Asians than Americans and Africans (3). Ethnicity has an adverse 

impact on the incidence of HCC as well as patients’ response to treatment. The reason 

behind the ethnic variability is attributed to the differences in prevalence and 

acquisition time as the major risk factors for liver disease such as HBV and HCV are 

more endemic in South-east Asia and Sub-Saharan Africa (47). The incident rates vary 

among different populations within a particular region. For instance, Chinese, ethnic 

Indian and Malay populations of Singapore had age-adjusted rates ranging from 
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21.21/100000 among Chinese males to 7.86/100000 among Indian males (3). HCC is 

more common among the Asians and African Americans with chronic hepatitis C virus 

than Caucasians in the United States. A case control study of 464 patients with Hepatitis 

C and cirrhosis (207 cancer patients and 257 controls) was conducted from four San 

Francisco Bay medical centers in order to examine ethnicity as a potential HCC risk 

factor in patients with chronic hepatitis. After the medical records and pathology were 

examined, a cancer risk was significantly increased in Asians and African American 

men compared with Caucasians (48). Consequently, the incidence of HCC was 

consistently low in Caucasian whites, while rates gradually rise in Black, Hispanic 

white, Japanese, Chinese, Korean and Filipino (48).  

 Wong et al, further revealed that the incidence of HCC among Asians was the highest, 

thus double that of white Hispanics and four times higher than that of Caucasians (49). 

The mortality rates from cirrhosis of the liver and primary liver cancer were examined 

among first generation migrants to England and Wales. Results showed a two-fold rise 

in mortality from cirrhosis among men from East Africa, Bangladesh and India. There 

was also a significant increase in mortality amongst Bangladeshi and African-

Caribbean migrants (50).  

Artinyan et al, investigated the relationship between race, ethnicity and socioeconomic 

status on the survival of HCC patients. Black and low-income individuals had the 

poorest long-term survival as compared to Asians and Hispanics who had the best 

survival. These outcomes were despite the fact that the appropriate and equivalent 

treatment was administered to these groups of patients. This means that the significant 

racial and ethnic disparities in the outcome of HCC patients persist despite the receipt 

of comparable treatment. This indicates that genetic differences would have a greater 

bearing on patient survival (51). Chen and his co-workers conducted a spatial analysis 
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to determine the geographic variation of liver cancer and its relationship with 

immigration in Ontario. Risk factors such as alcohol, drinking, smoking, obesity and 

diabetes mellitus were found to be insignificant in elucidating the significant variation 

detected. It was noticed that the rise of African and Asian immigrants was the 

explanation for the clustering of liver cancer in Ontario (52). 

 

1.2.3 Major Risk Factors of Hepatocellular Carcinoma 

HCC occurs within the background of cirrhosis. Cirrhosis is a liver condition which 

develops after long periods of fibrosis of the liver (large amount of scar tissues 

replacing normal healthy tissues). This provides the environment for the cancer cells to 

develop. There are several risk factors associated with HCC (Figure 11). However 

HBV and HCV infections are regarded as the most frequent risk factor of HCC (53). 

Chronic infections caused by HBV and HCV account for 75% of all HCC cases whereas 

metabolic disorders, genetic and alcohol account for less than 25% (54). 

 

 

Figure 11: Risk factors of hepatocellular carcinoma. Hepatitis B and C viruses, excessive alcohol 
intake, Aflatoxins, Non-Alcoholic Fatty Liver Disease (NAFLD), hemochromatosis influence a normal 
healthy liver to develop into Hepatocellular carcinoma. Adapted from (55). 
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1.2.3.1 Hepatitis B Virus (HBV) 

Globally, HBV is considered as the most frequent risk factor of HCC, causing 320,000 

deaths every year (56). HBV infection is associated with most cases of cirrhosis in high-

risk countries as well as 80% of the HCC cases. The majority of the cases of HBV are 

in Africa, Asia and Western Pacific region (56). Previous works have shown that there 

is a 5 to 15-fold increased risk of developing HCC in chronic HBV carriers compared 

with the general population and this usually occurs at HBV endemic areas (57, 58). 

About 70% and 90% of HBV-related HCCs occur in patients with cirrhosis although in 

some cases occur in the absence of cirrhosis (47).  

HBV belongs to the Hepadnaviridae family and it is a partially double-stranded DNA 

containing virus. The virus is usually transmitted from mother to child. However, this 

is different in areas with low HCC incidence rates, where HBV is acquired in adulthood 

through sexual intercourse with more than 90% of acute infections resolving 

spontaneously (47). Certain factors have been shown to accelerate the risk of HCC 

among HBV carriers including males, older age, Asian or African race; cirrhosis; 

family history of HCC; exposure to aflatoxin, alcohol, or tobacco; or co-infection with 

HCV or hepatitis D virus (HDV). Persons who are immune to HBV infection have a 

substantially lower risk of acquiring HCC.  

Hepatitis B vaccination is widely recognised as the most effective measure to prevent 

HBV infection. The first evidence that HCC is preventable via effective vaccination 

was revealed in a study undertaken in Taiwanese children (59). Ten years after the 

initiation of the immunisation program, the incidence of HCC among 6- to 14-year-olds 

in Taiwan declined dramatically (59). The average incidence of HCC declined from 0.7 

per 100,000 children from 1982 to 1986 to 0.36 from 1990 to 1994. Goldstein et al, 

used mathematical modeling to estimate that there were 620,000 persons who died from 
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HBV related causes worldwide: 580,000 from chronic infection related cirrhosis and 

HCC. The model estimated that 64.8 million people would become HBV infected while 

1.4 million would die from HBV related diseases without vaccination. Routine infant 

hepatitis B vaccination, with 90% coverage and the first dose administered at birth, 

would prevent 84% of global HBV-related deaths (60). 

The impact of HBV infection on the progression of HCC is reflected by the correlation 

between increased HCC incidences in patients with high HBV DNA in serum (61). The 

HBV DNA integrates into the host genome and induces chromosomal instability (62). 

It encodes viral proteins such as HBx that modulates gene transcription and regulates 

cell response to protein degradation and cell stress (63). It further enhances the 

carcinogenic process interfering with DNA repair mechanisms by altering the 

expression of cell cycle control genes such as JNK, ERK, REF, Ras and P53 (64). 

1.2.3.2 Hepatitis C Virus (HCV) 

Chronic HCV infection is also a major risk factor for HCC development. The rising 

incidence of HCC is linked to the epidemic of chronic HCV (65). Recent studies have 

shown that chronic HCV infection affects about 71 million people globally (66, 67), 

where 20% of chronic HCV cases lead to liver cirrhosis (Figure 12) and 2.5% result in 

HCC (68). HCV infected patients are at about a 17%-fold increased risk of developing 

HCC (69). In Japan about 80% to 90% of HCC cases are due to HCV while in Italy and 

USA, it is responsible for 40% to 60% cases (70). Africa and Asian countries tend to 

have a high prevalence of HCV-associated HCC (71). The risk of acquiring HCV-

associated HCC actually depends on the severity of underlying liver disease (72). 

Recent studies have indicated that about 80% of people infected with HCV do not 

successfully eliminate the virus and hence progress to the chronic stage (73). Gradual 
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inflammation due to hepatitis leads to chromosomal damage and HCC progression (73). 

HCV-contaminated blood and hemophiliacs have been observed to contain the highest 

incidence rates for cirrhosis and HCC. However, lowest rates of developing HCC have 

been reported in women who received a one-time contaminated anti-D immune 

globulin treatment (70). The likelihood of the development of HCC among HCV-

infected persons is difficult to determine due to the scarcity of adequate long-term 

cohort studies. However, the best estimate is from 1% to 3% after 30 years.  

HCV belongs to the Flaviviridae family (62). Unlike HBV, HCV is an RNA virus and 

cannot integrate into the host genome. It usually localises at the outer membranes of 

the endoplasmic reticulum and mitochondrion as part of its replication process and 

cause oxidative stress, which further enhances pro-inflammatory cytokine production 

(73). This mechanism leads to the activation of P38-MAPK and Nuclear Factor Kappa 

Beta (NF-KB) signalling pathways and therefore altering the apoptotic pathways and 

accelerating tumour formation (74). NS3 and NS5A are non-structural proteins of HCV 

and alter the P53 regulatory pathway responsible for controlling cell survival and cell 

cycle progression (75, 76). Furthermore, it has been deduced that HCV together with 

co-infection with HBV and excessive alcohol intake further increases risk of HCC 

development (77). HCC risk has been shown to be increased by 17-fold in HCV 

infected patients compared with HCV negative controls in a meta-analysis of 21 case-

control studies where second-generation enzyme immunoassay tests for anti-HCV were 

used (69). 

1.2.3.3 Alcohol 

The World Cancer Research Fund and the American Institute concluded alcohol 

consumption for Cancer Research as probably a direct cause of cancer in 2007 (78). 
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Excessive ethyl alcohol or ethanol intake, namely ingestion of more than 50–70 g/day 

for prolonged periods, is regarded as a frequent contributing factor to HCC 

development (Figure 12). There is an established evidence for a synergistic effect of 

heavy alcohol ingestion with HCV. These factors seemingly function together to 

increase HCC risk by promoting cirrhosis. However, with the presence of HCV 

infection, there was an additional 2-fold increase in HCC risk over that which was 

observed with alcohol use alone (69). 

High alcohol intake induces the production of proinflammatory cytokines via monocyte 

inactivation (79). It also causes the induction of higher concentration of circulating 

endotoxin activating Kupffer cells (79). These cells release many cytokines and 

chemokines such as Tumour Necrosis Factor a (TNFa), Interleukin 1b, Interleukin-6 

and prostaglandin E2 (79). These have massive effect on the hepatocyte survival. 

Excessive alcohol intake damages the liver by oxidation thus, ethanol accelerates injury 

to the mitochondrion by enhancing reactive oxygen species production and hepatic 

glutathione production in the liver (79). This mechanism contributes to HCC 

development by enhancing cirrhosis and fibrosis progression (80). Reports have also 

shown that oxidative stress enhances the accumulation of oncogenic mutations (81). 

Some case control studies have shown that alcohol independently causes an induction 

of cirrhosis (82) and HCC (69) although a higher prevalence is seen with HBV and 

HCV infection. A case control study showed that synergistic relationship between 

alcohol intake and hepatitis virus infection significantly increased the risk of liver 

cancer (69). These findings were confirmed by Yamanaka et al, where cirrhotic patients 

with heavy alcohol intake and HCV infection are at a higher risk of developing HCC 

than those with alcoholic cirrhosis (83). 
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1.2.3.4 Aflatoxin B1 

 
Aflatoxin B1 (AFB1) is a mycotoxin produced by Aspergillus, which is a powerful 

hepatocarcinogen in increasing the risk of HCC (84). In Africa and Asia, the climate 

and storage techniques support the growth of this fungus on contaminated grains, corn 

and legumes, hence increased incidence of Aflatoxin B1-associated HCC in these 

regions (64). AFB1 was classified as a powerful hepatocarcinogen by the International 

Agency for Research on Cancer based on experiments undertaken in animals (47). 

Short-term prospective studies in Shanghai, China showed that interaction between 

AFB1 exposure and chronic HBV infection increases one’s risk of having HCC. 

Aflatoxin is regarded as a mutagen since it has been shown to cause mutations in P53 

(85). This mutation has been observed in 30%–60% of HCC tumors in aflatoxin-

endemic areas (86). Once the aflatoxin is absorbed into the human body, it metabolises 

to an active intermediate AFB1-exo-8, 9 epoxide that binds to DNA and induces 

mutation of the codon 249 in P53 tumour suppressor gene (87). This up-regulates 

insulin-like growth factor II which subsequently decreases apoptosis (47). 

1.2.3.5 Non-Alcoholic Fatty liver disease (NAFLD) 

Nonalcoholic fatty liver disease is regarded as the most common liver disorder in 

western countries (88) and occurs in the absence of alcohol use, although the hepatic 

histology appears consistent with alcoholic hepatitis (89). NAFLD has been shown to 

be closely linked with metabolic syndrome, particularly type 2 diabetes mellitus and 

obesity (90), where NAFLD occurs mostly among diabetic patients who are morbidly 

obese (91). NAFLD together with multiple components of the metabolic syndrome is 

thought to accelerate the risk for developing chronic liver disease, cirrhosis, and HCC 

(90). Studies show that 20% of the individuals with NAFLD present with 
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steatohepatitis, while the majority only have steatosis (92). The risk for developing 

HCC is more in Hepatitis B than in NAFLD but due to the increasing prevalence, 

NALFD and non-alcoholic steatohepatitis (NASH) are gradually becoming identified 

as underlying risk factors in patients with newly diagnosed HCC (93). 

Insulin resistance (IR) is considered as an established driver of NAFLD. IR is described 

as a pathological condition where cells fail to respond normally to insulin and it is 

closely associated with obesity (91). IR causes increased peripheral lipolysis and 

increases circulating fatty acids that are taken up by the liver leading to accumulation 

of hepatic triglyceride in the liver or fatty liver. Accelerated intrahepatic fatty acid 

levels are also thought to provide a source of oxidative stress, which is vital in the 

development from steatosis to steatohepatitis (94). Hepatic mitochondria produce 

reactive oxygen species (ROS), which oxidize fat deposits to discharge lipid 

peroxidation products, and in turn causes oxidative damage to the mitochondrial 

genome (95). ROS and lipid peroxidation products enhance the production of 

proinflammatory cytokines, including TNF-α, Tumour Growth factor (TGF)-β, and Fas 

ligand as well as inducing pro-oncogenic signals, and epigenetic changes (96, 97). 

These activate stellate cells and further drive the development of fibrosis (98).  

A study conducted by Calle et al, revealed that amongst 900,000 individuals the risk of 

HCC was found to be 4.5 times higher in males with a high body mass index than those 

with normal BMI (99). Another study reported a doubling in HCC incidence in patients 

with diabetes mellitus (DM) (53). However, studies undertaken found some contrasting 

outcome as there was no increased risk of HCC from obesity and diabetes mellitus 

(DM) in HBV/HCV endemic population, thus confirming that NAFLDs association 

with cirrhosis related HCC is far from straight forward (100). 
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Figure 12: Stages of development of hepatocellular carcinoma. The above diagram shows the 
progression of a normal healthy liver to hepatocellular carcinoma as result of factors such as HCV, HBV, 
excessive alcohol intake, aflatoxins obesity, NAFLD, tobacco, hemochromatosis, etc. Figure taken from 
(101). 

 

1.2.3.6 Other Risk Factors 

There are other risk factors, such as older age (especially over 75 years), tobacco use, 

poor diet, (102, 103), overdose of oral contraceptives, hemochromatosis, vinyl chloride 

(104) as well as co-infection with HIV and diabetes. With respect to Hemochromatosis, 

the progressive accumulation of iron leads to fibrosis and cirrhosis and promotes the 

development of HCC (92). Patients who are affected have a 20-fold higher risk to 

develop HCC. An overdose of oral contraceptives have been shown to contain high 

levels of oestrogen and progesterone and these promote the formation of liver tumours 

in animals (41). These hormones cause liver neoplasia by increasing rates of 

spontaneous mutations (105, 106). 20% to 30% of cirrhotic patients have overt diabetes 

and impaired glucose tolerance. A study conducted by El Serag et al, showed 

significantly increased risk of HCC with diabetes (107). A low vegetable intake diet 

increases HCC risk in patients with HBV, in that some vegetables contain components 

such as Chlorophyllin, which has anti-cancer properties by inactivating carcinogens 
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(108). Moreover, low levels of selenium have also been reported to increase HCC 

progression (109). 

1.2.4 Mechanism of Hepatocarcinogenesis 

Hepatocellular carcinogenesis usually does not occur in a healthy liver during normal 

aging but the risk of acquiring the cancer is increased in response to chronic liver injury 

at the cirrhosis stage (54). Hepatocellular carcinoma develops when there is mutation 

in the cellular machinery and causes the cells to replicate at a higher rate (Figure 13) 

(110). Cirrhosis is a condition highly associated with hepatocarcinogenesis, which 

occurs after long latencies (20-40yrs) of chronic liver disease although the risk of HCC 

is quite low during chronic liver disease stage (110). This is attributed to the fact that 

at the cirrhotic stage, the liver’s regenerative capacity is exhausted (111). The process 

of Hepatocarcinogenesis is quite complex involving the accumulation of epigenetic and 

genetic changes, as well as alterations in signalling pathways that occur during the 

initiation and progression stages of the disease (111). A number of mechanisms 

occurring at the cirrhosis stage of the liver accelerate the formation of cancers.  

 

Figure 13: A schematic diagram comparing a healthy liver to hepatocellular carcinoma. Adapted from 
(111). 

 

Healthy Liver Hepatocellular carcinoma 
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The telomerase plays a very important role in maintaining telomere length and 

chromosomal stability (112). During the cirrhotic stage, there is dysfunction of this 

enzyme, which leads to the shortening of the telomeres (113) which results in the 

accumulation of senescent hepatocytes (113). Acceleration of telomere shortening 

during the cirrhotic stage induces chromosomal uncapping leading to DNA damage 

signals, cell cycle arrest, senescence and apoptosis (Figure 14) (114). Telomere 

shortening increases the initiation of liver tumours in telomerase deficient mice in 

response to carcinogen treatment and supports the fact that telomere dysfunction 

enhances HCC formation (115). Recent studies have reported that dysfunction of the 

telomere at the cirrhotic stage drives the activation of DNA repair pathways leading to 

chromosomal fusions hence, cells with fused chromosomes tend to enter the cell cycle 

(116). This results in chromosomal translocations in daughter cells hence, initiating the 

formation of liver tumours (115). The decrease in proliferation of the hepatocyte at the 

cirrhosis stage itself enhances cancer formation. This was demonstrated in a rat model 

where administration of hepatocarcinogenic compounds (Aflatoxin B1, diethyl 

nitrosamine and N-hydroxy-2-acetylaminofluorene), which limited hepatocyte 

proliferation, enhanced liver tumour formation (117). 

During cirrhosis there is the activation of stellate cells which induce the production of 

extracellular matrix proteins, cytokines and oxidative stress products (118). These tend 

to impair hepatocyte proliferation and initiate tumour formation (119). A study 

conducted in a cholestasis hepatitis mouse model showed that deletion of NF-KB 

impaired HCC progression (120). Another study showed that the deletion of suppressor 

of cytokine signalling-3 (SOCS3), a negative regulator of interleukin-6-related cytokine 

promotes hepatocarcinogenesis in mice (121). This informs the impact of inflammatory 

immune response on HCC progression. According to Wiemann et al, there is increased 
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expression of MDM2 and Gankyrin during cirrhosis, which abrogates cell cycle 

checkpoints P53 and Rb/16 (122). P53 and Rb/16 limit cell survival and proliferation 

in response to telomere shortening and cause cell cycle arrest during oncogene 

activation (122). Impairment of these genes at the cirrhosis stage leads to proliferation 

of more hepatocytes with dysfunctional telomeres and therefore increasing 

chromosomal instability and initiating HCC (115). Mutations in the P53 gene can occur 

as a result of oxidative stress. Mutations in P53 could also impair the expression of 

other cyclin dependent kinase inhibitors such as P14AR7 and p27, which contributes to 

HCC progression (123). A study conducted by Plentz et al, showed increased 

expression of ID1, an inhibitor of P16 in HCC patients (124). In more than 80% cases 

of HCC, Rb, P16 and P15 checkpoints are rendered dysfunctional (124). 

Heterozygosity loss in the Insulin Growth Factor receptor 2 (IGFR2) locus is 

considered as a very frequent and early event in hepatocarcinogenesis (125). This 

receptor alters proliferation of cells by promoting degradation of Insulin-like Growth 

Factor 2 mitogen and enhancing the activation of TGF-b signalling (126). Aging on the 

other hand, has been shown to promote hepatocarcinogenesis. This is evident in a study 

where aging impaired hepatocyte proliferation in mice by inducing CCAAT/ enhancer 

binding protein α mediated expression of E promoter binding factor (127).  

Activation of certain oncogenic pathways during the cirrhotic stage induces HCC 

progression. Pathways such as the Wnt/β-catenin pathway (Figure 15) are regulated 

tightly during early liver development (128). This pathway is responsible for cell 

proliferation, differentiation, motility and apoptosis (128). Activation of this pathway 

occurs in mouse and human HCC, which involves somatic mutations (129). Alcoholic 

liver cirrhosis and infections with HBV/HCV induce mutations in β-catenin and 

adenomatous polyposis coli, which in turn activate the Wnt signalling pathway, 
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initiating HCC (128, 130). Mitogen activated protein kinase (MAPK) signalling 

pathway is implicated in processes such as cell survival, proliferation and 

differentiation (Figure 15) (130). It is targeted and activated by HCV E2 protein 

produced during HBV/HCV infections and therefore promoting tumour formation 

(131). The pathway is also activated by mutations in Ras proteins induced by chemicals 

such as nitrosamine (132). Further signal transducers and activators of transcription 

such as Janus Kinase (JAK) and Signal Transducer and Activator of Transcription 

(STATS) (Figure 15) are activated by hormones and cytokines, which initiate 

formation of tumours (133). Activation of P13K/Akt signalling (Figure 15) at the 

cirrhotic stage is implicated in 40% to 60% of human HCC (134). Activation of these 

pathways limit apoptosis induced by TGF-b and growth inhibitory activity of 

CCAAT/enhancer binding protein which in effect promote tumour formation. Stress 

conditions induce Heat Shock proteins (HSP) to undergo phosphorylation, which 

initiates HCC (135). During cirrhosis, inflammatory conditions assist in HCC 

progression where NF-KB signalling pathway is activated by cytokines or interleukins 

such as IL-6 and TNF-α that enhance survival of pre-cancerous hepatocytes. 

Proinflammatory cytokines released from macrophages and lymphocytes induce 

angiogenetic effects which stimulate the growth of cancer cells (136). Loss of liver 

function and liver cell mass during cirrhosis stimulates these conditions that leads to 

tumour formation (137).  
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Figure 14: Molecular mechanisms inducing hepatocellular carcinogenesis at the cirrhosis stage. 
The mechanisms that accelerate cancer risk at the cirrhotic stage are summarised above. There is 
shortening of the telomere, which results in the activation of cell cycle and apoptosis checkpoints and 
limits the proliferative capacity of the liver cells. This further induces instability of chromosomes, which 
can be accelerated by loss of checkpoint function. Cirrhosis induces changes in the microenvironment 
including altered secretion of cytokine from activated stellate cells as well as inflammatory signalling 
from infiltrating immune cells. The reduction of liver function could increase toxic metabolites in the 
blood serum resulting in alteration of the macroenvironment. Both the changes in the macroenvironment 
and microenvironment induce the proliferation of hepatocytes thus leading to selection of genetically 
altered malignant clones and hence the occurrence of hepatocellular carcinoma. Figure taken from (47). 
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Figure 15: Major signalling transduction pathways implicated in hepatocellular carcinoma 
pathogenesis. Wnt/bcatenin, PI3K-AKT, JAK/STATs, TGF-b and many others are highly disrupted 
during HCC tumorigenesis. Adapted from (138). 

	

 

1.3 Introduction to the Immune System 
The immune system, which is a network of different cells, lymphoid organs and 

mediators, defends the host against infections and diseases (139). The system is 

categorised into innate and adaptive immunities, which are involved in generating acute 

and chronic inflammatory responses (140). The innate immunity serves as the first line 

of defence and usually consists of cell populations such as epithelial cells, monocytes, 

macrophages, dendritic cells, polymorphonuclear cells, natural killer cells as well as 

humoral factors such as complement proteins, lysozymes and cytokines (139). The 

adaptive or acquired immunity on the other hand, which is the second line of defence, 

consists of T lymphocytes which express antigen specific receptors and stimulate B 

cells to produce antibodies against the antigen (139). Together, the components of the 

immune system generate mechanisms to remove foreign agents in the body that are 
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considered as non-self (140). Although the precise immune response to HCC has not 

been fully elucidated, it is known that tumours are immunogenic and cancer is caused 

by a variety of defective genes that encode proteins involved in cell growth (141). The 

host immune system can identify a number of antigens produced by HCC cells. Studies 

have revealed that liver carcinogenesis is induced by chronic inflammation and 

decreased recognition of malignant cells (142). Dysregulation of the immune system, 

such as changes in cytokine levels and alterations in the immune system function, 

promotes progression of HCC (54).  

1.3.1 Tumour-Associated Antigens (TAAs) and Tumour Specific 

Antigens (TSAs) in Hepatocellular Carcinoma 

Tumours produce antigens that elicit a specific host immune response (143) that is 

absent in normal individuals making them useful biomarkers in detecting tumours 

(143). Tumour antigens are either overexpressed, mutated, misfolded, truncated, 

improperly glycosylated or aberrantly degraded (143). Tumour antigens with respect to 

HCC are classified into tumour specific antigens (TSA) and tumour associated antigens 

(TAA), the latter which are usually found on both tumour and normal cells (144).  

1.3.1.1 Overexpressed Tumour-Associated Antigens (TAAs) 

Calreticulin is resident in the endoplasmic reticulum of most cells and it is regarded as 

a high capacity Ca2+ binding protein. It is a vital component of the Major 

Histocompatibility Complex class 1 (MHC1) loading complex. It is responsible for 

chaperoning and regulating Ca2+ homeostasis and signalling (145). Calreticulin plays 

an essential role in the identification of tumour cells and has been implicated as a 

biomarker in liver, pancreatic and colorectal cancers (146). In addition, IgA and IgG 
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anti-calreticulin autoantibodies are detected in the sera of HCC, colorectal and 

pancreatic cancer patients (147). Other studies have also revealed that Calreticulin 

elicits a humoral response in HCC with a reactive epitope appearing in a mutated form 

(CRT32) (148).  

Gankyrin is a component of the 19S regulatory cap of the proteasome and is required 

for cytosolic pathogen degradation prior to loading onto MHC Class I. It is a 25kDa 

protein, which is highly conserved in mammals. It encodes seven ankyrin repeats (149) 

and it is highly overexpressed in cancers such as HCC, oesophageal squamous cell 

carcinoma, pancreatic and colorectal cancers (150). Gankyrin usually links with 

ubiquitin ligase MDM2 and promote P53 degradation and ubiquitylation (151). RAL A 

belongs to the Ras family of GTpases. It has been reported to be involved in cell 

morphology, vesicle trafficking, transcriptional activation and human oncogenesis 

(152). It is usually involved in carcinogenesis of the liver as well as other cancers such 

as bladder (153), lung, prostate and pancreatic (154).  

Hepatoma Derived Growth Factor (HDGF) is regarded as a heparin-binding growth 

factor, which was purified originally from media conditioned with human hepatoma 

cell line HUH7 (155). HDGF is highly expressed in foetal tissues and responsible for 

the development of lungs, muscle, liver and kidney, gut and cardiovascular system 

(156). Reports have indicated that HDGF expression is associated with poor prognosis 

in cancer patients (157). Hence, it not surprising to see them overexpressed in tumours 

such as HCC, melanoma, pancreatic, gastric, oral ad oesophageal (158).  

Glucose regulated-protein 78 (GRP78), also referred to as the Binding Immunoglobulin 

protein, is an endoplasmic reticulum (ER) chaperone protein, which belongs to the heat 

shock protein 70 family. It is importantly involved in protein biosynthesis and it is 
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induced by environmental and physiological stress such as nutrient deprivations (159) 

and hypoxia in cancer (160). They are located on the surface of cancer cells such as 

prostate, ovarian, HCC, breast, stomach, colon adenocarcinoma, lung adenocarcinoma 

and neuroblastoma (161, 162). Their expression is associated with tumourigenic 

abilities of cancer cells and particularly promotes the invasion of HCC (163). Studies 

have revealed the presence of anti-GRP78 autoantibodies in ovarian cancer patients 

(164), prostate (165), gastric (166) and HCC (167) and stands as a potential biomarker 

for these cancers.  

C-myc is a proto-oncogene, which is involved in growth control, apoptosis and 

differentiation. It is expressed in a large percentage of human tumours (168). 

Autoantibodies against C-myc are found in the serum of patients with breast, lung, 

colorectal, gastric, pancreatic and liver cancers. It has also been tested as a panel of 

TAA in HCC (169). Other overexpressed TAAs are outlined in the table below. 
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Table 2: Overexpressed TAAs in hepatocellular carcinoma. 

Overexpressed TAAs Function Reference 

Glypican 3 (Figure 16) It is a cell surface heparin 

sulphate proteoglycan which 

controls cell division and 

growth regulation 

(170, 171) 

Cyclin B1 It is responsible for 

controlling the G2/M 

transition phase in cell cycle 

(172) 

Cytokeratin 8 It modulates cell attachment, 

protein synthesis and G1/S 

transition in the cell cycle 

(173) 

L-Myc It regulates cell growth and 

cell cycle 

(174) 

Wnt1 It is implicated in 

oncogenesis including 

regulation of cell fate 

(175) 

SOX2 It regulates embryonic 

development and cell fate 

(176) 
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1.3.1.2 Mutated Tumour-Associated Antigens 

P53 tumour suppressor protein which is usually referred to as the “guardian of the 

genome” (177) is found in the nucleus of a normal cell and prematurely arrests cell 

cycle progression at the G1 stage, by inhibiting DNA synthesis upon detection of DNA 

damage. It is regarded as one of the most extensively studied TAA’s (144) and has a 

wide range of mutational hot spots located over 11 exons. Missense point mutations 

often lead to the accumulation of relatively high levels of stabilised P53 protein in the 

nucleus. Aberrations in the P53 gene are the most common genetic changes in human 

malignancies. This often leads to the production of P53 autoantibodies as part of 

humoral immune response (178). Autoantibodies to this tumour antigen were first 

reported in 1982 (179) and serve as specific markers for patients with malignancy (180). 

About 3.5%-30% of patients with different cancers have serum anti-P53 autoantibodies, 

especially women with ovarian carcinoma (181). Anti-P53 autoantibodies and P53 

missense point mutations have been detected in hepatocellular, ovarian, breast, gastric, 

oesophageal cancers in addition to others (182). Initially, it was understood that only 

tumours with missense p53 mutations leading to P53 overexpression could induce anti-

P53 autoantibodies. However, these autoantibodies have been detected in the sera of 

patients lacking P53 overexpression. This might be as a result of unusual presentation 

of large amount of wild type P53 from necrotic tumours (183).  

HRAS is also known as the transforming protein 21 and it belongs to the Ras gene 

family (184). However, mutations in the HRAS gene are found in most human cancers 

(185). The expression of oncogenic HRAS promotes tumourigenesis (186) and it is a 

key player in several signal transduction pathways. Moreover, it is implicated in the 

tumourigenicity and apoptosis of bladder and liver cancers (184).  
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KRAS belongs to the Ras superfamily or the Ras-like GTPases. It usually engages the 

Raf and P13 kinases upon activation. Mutations in the KRAS gene are very frequent in 

several human cancers such as adenocarcinomas of the colon, pancreas and the lung 

(187), liver, bladder, cervical, endometrial breast and myeloid leukaemia (188). Reports 

show that about 7% of human liver cancers carry activating mutations in the KRAS 

oncogene (48).  

P16 is a tumour suppressor protein and a member of the INK family (189). It is 

associated with CDK4 kinase and usually inactivates retinoblastoma protein (190). Its 

expression is repressed by HBV X protein and down regulated during liver 

tumorigenesis (191). P16 mutations are seen in oropharyngeal (192), breast, colon 

(193), renal (194), bladder (195), cervical (196) and liver (197) cancers.  

b-catenin protein plays an important role in the generation and differentiation of tissues 

and it is implicated in cell-to-cell adhesion (198). b-catenin is a key regulator in the 

Wnt/b catenin-signalling pathway and this pathway is very crucial in the development 

of HCC. In HCC, there is a mutation in the posttranslational modification site of b- 

catenin. It is also deregulated in other cancers, such as gastric, breast and colon cancers 

(199).  

1.3.1.3 Altered Expression of Tumour-Associated Antigens 

Many TAAs often show differentiated or altered patterns of expression in cancer. 

Survivin is an inhibitor of apoptosis gene that is implicated in the suppression of 

apoptotic cell death (200). The expression of Survivin is normally elevated in human 

cancers of epithelial and hematopoietic origin such as lung, breast colon and gastric 

cancers, though it is usually restricted to embryonic development. Its expression is 
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usually linked with poor prognosis in patients (201). Survivin is considered an 

important target for the development of immunotherapeutic strategies because its 

overexpression may provide a survival benefit for tumour cells as well as their increased 

expression is entirely limited to malignant tissues (201).  

Another antigen with an altered expression is the NYESO-1. NYESO-1 belongs to the 

cancer testis family and its expression is limited to the ovary and testes however, it is 

seen in various cancers such as lung, ovarian and oesophageal cancers. It is regarded as 

the most important of all cancer testes antigens and has become an attractive target for 

vaccine development in cancer. Stockert et al, reported autoantibody responses to 

NYESO-1 in ovarian carcinoma patients (202).  

Alpha Fetoprotein (AFP) (Figure 16) is a glycoprotein which is produced in early fetal 

life by the liver and a variety of tumours such as HCC and gastrointestinal cancers. 

High levels of AFP are usually found in 70% of HCC patients and therefore it is 

considered as the most widely used tumour antigen in the early detection of HCC (203).  

1.3.1.4 Post-translational modifications of Tumour-Associated 

Antigens 

Some TAAs are subjected to aberrant posttranslational modifications such as 

glycosylation, oxidation, phosphorylation and peptidoglycan cleavage. This may 

induce a neo-epitope with affinity for the induction of an immune response. 

HCC1/CAPER has been shown to regulate calcitonin, Vascular Endothelial Growth 

Factor (VEGF) gene expression (204), as well as modulates oncogenic activity of 

Rel/NF-ĸB (205). It is a co-activator of activated protein 1 (AP-1) and other oestrogen 

receptors (206). P62/IMP2, a member of the IGF-2 mRNA binding protein was first 

identified when screening the sera of HCC patients (144). It is an oncofetal protein, 
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which disappears soon after birth and reappears during malignancies (144). It binds and 

regulates the translation of insulin growth factor 2 mRNA (205). It has also been shown 

to stabilise C-myc and regulate its post-transcriptional expression (207). Reports have 

indicated that this tumour antigen is present in about 21% of HCC patients but not in 

liver cirrhosis and chronic liver hepatitis (144).  

P90/CIP2A was first identified in liver and gastric cancers and its main function is to 

regulate C-myc stability (208). According to Shi et al, the cancer testis antigen has been 

detected in HCC, though previous reports had identified its expression in gametogenic 

tissues (209).  

 

Figure 16: Hepatocellular Carcinoma tumour markers. Adapted from (210). 
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1.3.2 Immune response and Hepatocellular Carcinoma 

Mounting an effective recognition, processing and presentation of tumour antigens by 

antigen presenting cells such dendritic cells (DCs) are fundamental for a successful 

immune response against tumours. Tumour antigens are recognised by pattern 

recognition receptors on DCs after which they are processed and presented by the DCs 

to naïve T-cells via Major Histocompatibility Complex (MHC)-T-cell receptor 

interaction. Thus, MHC proteins are found on the surface of antigen presenting cells 

while T cell receptor is found on naive T cells (Figure 17). MHC class I presents 

epitopes of tumour antigens to naïve CD8 T-cells while MHC class II presents epitopes 

to naïve CD4 T-cells (211). Firstly, DCs present tumour antigens to naïve CD4 T cells 

(Figure 17). However, full activation and differentiation of these immature T-cells 

require a second stimulus which is generated through the interaction between co-

stimulatory molecules, CD80/86 present on antigen presenting cells and CD28 on T 

cells (211). Activated CD4+ T-cells express CD40 ligand which binds CD40 on DCs 

resulting in the production of Interleukin 12 (IL-12) from DCs as well as differentiation 

of activated CD4+ T-cells to IFN-g producing Type 1 helper T-cells (212). These help 

DCs to present tumour antigens to CD8 T cells which then become activated to CD8+ 

cytotoxic T cells (Figure 17). Subsequently, the activated CD8+ cytotoxic T cells move 

through the blood stream to the tumour microenvironment, where they recognise 

tumour antigens presented by MHC class I on these tumour cells and begin to destroy 

them (Figure 17). Activated T cells are CD8+ cytotoxic and CD4+ T helper cells which 

play important roles in impeding and killing tumour cells (213). Thus, when CD8+ 

cytotoxic T cells are activated, they induce cytolytic and apoptotic effects on the tumour 

cells by producing Granzyme B and Perforin (Figure 17). On the other hand, CD4+ 
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helper T cells play a vital role in the maintenance of the adaptive immune response. 

CD4+ helper 1 T-cells produce cytokines such as Interferon (IFN)-g and TNF-a which 

provide sustained mediation for CD8+ cytotoxic T-cells and further recruit cytotoxic 

macrophages to destroy tumour cells (214). These cytokines also activate antigen 

presenting cells to produce molecules such as LMP2, LMP7 and MHC class I in order 

to increase presentation to cytotoxic T cells. For tumours expressing MHC class II 

directly, CD4+T-cells directly kill them through conventional MHC dependent 

recognition. Thus, producing CD4 responses against carbohydrate epitopes (214). 

Furthermore, a subset of CD4+ T cells referred to as the T-follicular helper cells help to 

produce opsonising antibodies by aiding B-cells to induce isotype switching and 

affinity maturation. These antibodies tend to be specific for the tumour antigens (141).   

Tumour cells express specific antigens especially within the MHC class I and II 

molecules. However, they cannot fully active T cell responses (T-cell anergy) because 

they have reduced expression of co-stimulatory molecules, CD80/86 (141). Maturation 

defects such as reduced endocytosis, allostimulation, IL-12 secretion and a decreased 

expression of MHC class I molecules often result in failed HCC-associated antigen 

presentation (215) (Figure 18). HCC patients with HCV and HBV infections have 

functional defects in peripheral DCs (216). Cytotoxic T-lymphocyte-associated protein 

(CTLA)-4+ DCs, a newly identified regulatory subset of DCs which express inhibitory 

molecular-like CTLA4 and programmed death receptor 1 (PD-1), were seen in the 

peripheral blood and tumour masses of HCC patients (217). These cells secrete IL-10 

and Indoleamine 2,3, dioxygenase leading to the suppression of the CD4+ T-cell 

immune response, thereby aiding tumour immune escape and progression. Neutrophils 

are a common inflammatory infiltrate in tumours that could provide a prediction of poor 

survival in HCC patients, since their numbers correlates positively with the stage of 
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cancer. Kuang et al, showed that peritumoral stromal cells were fortified with 

neutrophil populations under the influence of Th17 cells through chemokines, like 

CXCL8 (218). Proteases, like matrix metalloproteinase-9 in HCC tissues, produced by 

neutrophils promote angiogenesis thus, these cells provide a connection between 

immune cells and angiogenesis as well as promoting tumor growth (218).  

Macrophages play an important role by recruiting other kinds of immune cells as well 

as presenting antigens to T-cells. Macrophages present in cancerous tissues are referred 

to as Tissue Associated Macrophages (TAMs) (212). TAMs in the presence of T helper 

1 cytokines such as IFN- γ, produce inflammatory cytokines such as IL-1β, IL-6, TNF-

α, reactive oxygen species (ROS) as well as nitric oxide (NO), which are involved in 

pro-inflammatory responses. Moreover, TAMs cause cytotoxicity of cancer cells which 

is essential for anti-cancer immune response. These types of TAMs are referred to as 

M1 Macrophages (212). In contrast, an anti-inflammatory immunity is generated by 

macrophages in the presence of T helper 2 cytokines such as IL-4 and IL-13. These are 

called the M2 macrophages and they produce immunosuppressive cytokines such as 

TGF-β, IL-10 which cause wound healing and tissue remodelling (212).  

The cytolytic population of Natural Killer (NK) cells serve as an immune monitor in 

the liver microenvironment (219). These cells are cytotoxic and control the activity of 

other immune cells through the cytokines they release (220). Their effect could be 

helpful to the host depending on the extent of the cytokines produced. NK cells facilitate 

their function in the liver under normal physiological conditions via the production of 

“cytolytic granules” which contain perforin, granzymes, tumor necrosis factor-related 

apoptosis-inducing ligand (TRAIL) and IFN-γ (56). The function of NK cells is quite 

similar to CD8+ cytotoxic T-cells but they react faster during immune responses. Also, 
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they recognise cancer cells with missing MHC class on their surface. However, in case 

of many cancers, such as HCC, their functions are not completely reported. A 

significantly lower proportion of these NK cell subsets exhibited reduced levels of IFN-

γ (141). A study conducted by Gao et al, revealed that in HCC patients, there is a 

significant decrease of CD56dim NK subsets in the peripheral blood as compared to 

healthy subjects (221). CD56dim NK subsets account for 90% of human cells and are 

usually cytotoxic against tumour cells. Another study conducted by Berzofsky et al, 

showed NK cell levels were increased in HCC patients with a gradual rise from the 

blood through the liver to the tumour (222). Several mechanisms have been put in place 

to explain the decreased functioning of NK cells and their association with cancer and 

cirrhosis of the liver (47) as well as phagocytic uptake of NK cells by activated hepatic 

stellate cells found between the hepatocytes and small blood vessels of the liver.  

Another set of immune cells in the adaptive immune response is Regulatory T cells 

(Tregs). This cohort of cells tends to express CTLA-4 unlike the normal T cells which 

express CD28. CTLA-4 acts as a repressive receptor to CD80/CD86 and inhibits T-cell 

activation. They also express CD25 on their surface along with intracellular 

transcription factor Forkhead box P3 (FoxP3) (223). These cells have been reported to 

play a crucial role in carcinogenesis. They supress autoimmune reactions and sustain 

immunological tolerance. Tregs express several cytokines such as TGF-β and 

Interleukin 35 (IL-35) which exert suppressive effects on proliferation of T-cells. 

Granzyme B produced by Tregs causes apoptosis of effector T-cells (Figure 18). A 

subset of these cells, called induced Tregs, are elevated in the infiltrating lymphocytes 

and peripheral blood of HCC patients (223). The number of Tregs correlates with the 

severity of the disease, in that patients with advanced HCC stages tend to have a higher 

percentage of FoxP3 intrahepatic regulatory T cells in comparison to patients who are 
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at the initial stages. This means that elevated levels of tumour infiltrating Tregs serve 

as important prognostic markers in HCC patients. Moreover, Tregs downregulate NK 

cell expression and hence dampen NK cell responses, which lead to progression of HCC 

(224). T-Helper (Th) 17 are a subset of pro-inflammatory T-helper cells, which are 

defined by their production of interleukin 17 (IL-17). These cells are elevated in HCC 

tissues than non-tumour tissues (225). There is a positive correlation of Th17 cells with 

reduced survival HCC cases, although the role in this type of cancer is not completely 

defined.  

Cytokines, such as IL-2, have direct correlation with HCC prognosis as high levels of 

IL-2 is associated with elevated number of CD8 T cells (226). These cytokines can 

change the functional abilities of NK and CD8+ cytotoxic T cells thereby controlling 

carcinogenesis if only they are alterated (227). T helper 22 (Th22), which is a subset of 

CD4+ helper T-cell produces Interleukin 22 (IL-22), which has been found to be 

significantly increased in patients with HCC (228). The production of higher levels of 

IL-1b may assist to elevate the production of cytokines such as IL-6 and TNF-a, which 

stimulate complex immunological processes to eradicate viruses in the case of hepatitis 

induced HCC. Moreover, IL-1b has also been shown to induce the growth of CD8+ T-

cells in many HCC cell lines, hence, contributing to tumour evasion (24). IL-10 in 

conjunction with other T helper 2 (Th2) cytokines, correlate with HCC progression.  In 

addition, IL-6 is found to be linked with poor prognosis in HCC patients (229), since 

its expression is elevated in HCC contributing to tumour progression.  

B-cells are regarded as another category of lymphocytes in the adaptive immune 

response. They are responsible for regulating immune response to cancer. First of all, 

they serve as antigen presenting cells when DCs fail to recognise tumour antigens 

effectively. This contributes to the survival and proliferation of tumour-infiltrating T 
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cells. They express cytokines which promote CD8+ cytotoxic T cells to exert direct 

tumouricidal effect on cancer cells and further assist in the priming of CD4+ and CD8+ 

T-cells (230). B-cells become activated by Th1 and Th2 cells via the production of 

CD40 ligand and IL-4 respectively, which causes them to proliferate. These further 

differentiate into antibody secreting plasma cells which then produce tumour-reactive 

antibodies (230-232). Studies have shown that B-cells are associated with HCC survival 

(233). Controversially, a current study undertaken by the same group revealed that a 

subset of B-cells referred to as B-regulatory cells (Bregs) are downregulated in HCC 

patients indicating their protective roles in enhancing HCC progression via the 

CD40/CD40 ligand signalling pathways (233). Bregs can also directly or indirectly 

minimise Th1 and Th2 cytolytic T-cell responses (231). 

 

 

Figure 17: Immune response in hepatocellular carcinoma. Dendritic cells (DCs) become activated 
via the uptake and recognition of tumour antigens. Activated DCs express co-stimulatory molecules 
CD80/86 and IL-12 and migrate to the regional lymph nodes where they present tumour antigens to naïve 
CD4+ T-cells. These become activated and differentiate into CD4+ Type 1 helper cells. These cells help 
DCs to present tumour antigens via MHC class I to CD8 T-cells and this induces the development of 
CD8+ cytotoxic T-cells. These exert their anti-cancer effects by producing granzyme B and perforin. 
Figure taken from (212). 
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1.3.2.1 Immune Evasion Strategies 

Tumour cells have devised several mechanisms of avoiding detection by the immune 

system (234). The tumour load could be very high for the immune system to mount an 

effective immune response (234). It has also been shown that the tumour could 

modulate tumour antigens expressed on their surface by transferring them into the 

cytoplasm and hence rendering them immunologically not visible (234). Other 

strategies include altering the cell adhesion molecule expression, which hinders stable 

contact with cytotoxic cells (235). Tumour antigens could also be coated with 

sialomucins and mucoproteins, which are proteins considered as self and hence cannot 

be recognised by the immune system.  

Despite the presence of tumour specific immune responses, tumours progress in HCC 

patients. This means that HCC escapes several immune mechanisms by generating cells 

with immune suppressor functions including myeloid derived suppressor cells, 

inhibitory macrophages. These cells mask immune responses specific for the tumour 

(234). In HCC, there is also a down regulation of the MHC class molecules and 

CD80/86 co-stimulatory molecules which results in the impairment of the processing 

and presentation of tumour associated antigens (TAAs) (236). Other studies have 

shown inadequate CD4 T cell help and hence leads to exhaustion of CD8 T cell 

responses (237). Others have shown suppression of CD4 and CD8 T cell responses by 

T regulatory cells in HCC (238). The immune system is induced by the tumour cells to 

produce blocking antibodies (IgG3 and IgG4 subtype) which are unable to activate the 

complement system, hence, efficient lysis of tumour cells cannot take place (234). 

Moreover, the tumour produces soluble components such as IL-10, TNFb, TGFb and 

vascular endothelial growth factor (VEGF) which supress the immune system.  
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Figure 18: The functions of immune cells become dysregulated as the liver disease progresses from 
cirrhosis to hepatocellular Carcinoma. Dendritic cells (DCs) tend to lose their ability to process and 
present antigens with the reduced secretion of Th1 cytokines. Macrophages differentiate into an 
alternatively-activated phenotype that produces a Th2-type immune response which stimulates 
regulatory T cell (Tregs) recruitment and development. There is also a reduction in the cytolytic 
capabilities of Natural killer cells as well as decrease in number and function of CD4+ and CD8+ cells. 
Th17 cells increase in number and correlate with angiogenesis and poor-prognosis. Figure taken from 
(223). 

 

HCC has a very poor prognosis and most patients usually die within one year of its 

detection. This could be attributed to lack of sensitive and specific diagnostic methods 

that would help in early detection of the cancer (239). HCC diagnostic procedures such 

as ultrasound have faired quite well. However, the efficacy of this test is highly operator 

dependent and small tumours cannot be detected (240). Early studies on serum proteins 

such as Alpha-fetoprotein (241), des-γ-carboxy prothrombin, glypican-3, TGFβ, 

insulin-like growth factor binding protein 2, Golgi protein-7 (Figure 19) have shown 

these to be efficient markers for HCC diagnosis but the sensitivity and specificity of 

their detection is not optimal (77), especially in patients with small tumours. Therefore, 

the use of these serum biomarkers is not recommended by most clinical practice. There 
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is an urgent need for the discovery of more sensitive and specific biomarkers that would 

supplement AFP in the diagnosis of early stage HCC. High-risk patients would be 

identified which would allow the opportunity to provide adjuvant therapy and increase 

survival (242). 

 

 

Figure 19: Proposed integration for biomarkers into HCC treatment. Proteins and metabolites 
released by the tumour into the circulation can provide a non-invasive method of early detection. 
However, these parameters cannot accurately predict optimal therapies for patients. Adapted from (243). 

 

1.3.2.2 Autoantibodies as Immunological Reporters for Early HCC 

Diagnosis 

Autoimmunity is seen as a humoral response manifested by the production of 

autoantibodies (244). Autoantibodies are antibodies produced by B cells and are 

directed against self-cellular proteins and nucleic acids. They have a broad reactivity 

for a wide range of antigens. The first study of autoimmunity was seen in Rheumatic 
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autoimmune disease and since then autoimmunity has become an important area of 

research in cancer (245). Autoantibody detection in patients’ sera before clinical 

symptoms of the disease indicate that it can be used in some cases to predict the rate of 

progression towards the onset of the autoimmune disease (246). Their production 

precedes the clinical manifestation of the disease by several months to years (247). 

Hence, they provide a great potential value for the screening and early diagnosis of 

autoimmune diseases as well as several cancers. These antibodies provide a unique 

information that reflect the nature of the malignant process in the affected organ. This 

was demonstrated by Madrid et al, who compared sera from patients with autoimmune 

diseases with those from breast cancer. It was observed that sera from breast cancer 

patients had anti-mitochondria, multiple nuclear dots, centrosome and nucleolar 

antibodies after staining of cell sections by patients’ sera. The production of 

autoantibodies in cancers is facilitated by the exposure to TAAs found on the surface 

of a cancer cell. Hence, the autoantibody signatures are considered as reporters of the 

immune system because they identify antigenic changes involved in the 

tumourigenesis.  Autoantibody responses have also been implicated in cancers such as 

leukemias, (143), malignant melanomas (248), lung (249), or breast  (250), pancreatic 

(251), colorectal (252), gastric (253), ovarian (254), prostate (255). This gives an 

insight into the relationship between malignancies and the immune response, which 

further gives rise to novel diagnostic and therapeutic ideas. 

Autoantibodies most important for hepatological diseases include antinuclear 

autoantibodies, autoantibodies against smooth muscle actin, liver microsomal and anti-

mitochondrial autoantibodies (256). Anti-TAA specific IgG autoantibodies in response 

to TAAs such as P53, P16, P62, Survivin, CENPF, Sui-1 and HNRNPL have been 

identified in the sera of patients with HCC (257, 258) and this provides an in vivo 
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amplification in patients sera of early carcinogenesis (241). Researchers have shown 

interest in the use of autoantibodies as serological markers for HCC diagnosis, mostly 

because of their absence or infrequently produced in normal individuals. A study 

conducted by Hong et al, showed that higher autoantibody responses to TAAs such as 

IMP2, HSP60 and CENPF are seen in HCC patients as compared to patients with 

chronic liver hepatitis and liver cirrhosis (259). Other reports have shown that these 

autoantibodies can be detected at the asymptomatic stage of the cancer and even five 

years prior to the clinical manifestation of the disease (260). Recently, detection of 

autoantibodies raised against TAAs has been proposed as an effective aid to early 

identification of HCC in patients. This is due to the fact that amplified signals of anti-

TAA autoantibodies can be easier to detect compared to TAAs. The basis for this notion 

is that the changes in the autoantibody response during progression from the chronic 

liver disease to HCC could be linked to the aberrant cellular mechanisms inducing the 

immune responses. Hence, they could be used as probes to detect proteins involved in 

the malignancy (257). However, the detection of tumour shed proteins in serum may be 

very challenging due to the abundance of non-specific serum proteins such as albumin 

and the requirement of a larger tumour bulk to be able to detect the circulating shed 

protein (261). Autoantibodies are stable and persist in the serum of the patients for a 

long time (approximately 7 days), unlike the TAAs which are rapidly degraded or 

cleared (239, 262). Furthermore, autoantibodies are present in higher concentrations 

than respective TAAs. They are easily accessible to screening because they are found 

in the blood. Lastly, the variety of reagents and techniques available for antibody 

detection enhances the design of assays (263, 264). Research on TAAs and 

autoantibodies have provided an abundance of targets for therapy and uncovered 
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candidate biomarkers for early detection, prognostication and response to therapy 

(261).  

Several studies have been conducted where autoantibodies were used to immuno-screen 

several TAAs in HCC and by so doing has helped in the diagnosis of the cancer. An 

earlier study conducted on HCC by Zhang et al, showed a high titre of autoantibodies 

against P62 and CENP-F (265). These autoantibodies were detected during the 

transitioning to the malignancy stage (265). Proteins such as Calreticulin, Cytokeratin 

8, Nucleoside diphosphate kinase A, and F1-ATP synthase B subunit have also been 

identified using autoantibodies from HCC sera (148). The frequency of autoantibodies 

to P53, C-MYC, Survivin and IMP1 in HCC patients were recently studied where about 

9% of HCC patients had one or more of the autoantibodies; in this circumstance, the 

AFP levels were normal, indicating that the autoantibodies could be useful in the 

serological diagnosis of HCC even in AFP negative cases (266). A similar outcome was 

obtained in a recent study where high titres of autoantibodies to CENPF, HSP60 and 

IMP2 were detected in HCC patients who were younger than 50 as compared to chronic 

liver disease patients and cirrhotic patients (259). Studies have shown that the 

sensitivity and specificity of autoantibodies to individual TAA is low for HCC 

diagnosis and hence using a multiple panel of TAAs would help achieve higher 

sensitivity and specificity (267). Thus, anti-TAA autoantibodies when analysed 

individually have little diagnostic value. Moreover, the test would be valid to patients 

whose tumours harbour the antigens. A panel of TAAs would enhance the ability to 

detect autoantibodies in HCC patients (267). Using protein microarray, humoral 

responses to a number of TAAs such as DEAD box polypeptide, apoptotic inducing 

factor (AIF), prostate binding protein (PBP) and eukaryotic translation elongation 

factor 2 (EIF2) were found in patients with HCC than chronic hepatitis or even normal 
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individuals. The sensitivity of any of these antigens in patients with stage 1 HCC ranged 

from 50% to 85% (239). As these four antigens were analysed the sensitivity increased 

to 90% (239). A similar study conducted by Dai et al, revealed that the sensitivity of 

individual anti-TAAs autoantibodies thus, anti-CAPERα, anti-p90, anti-Ral A, anti-

NPM1, anti-MDM2, anti-14-3-3zeta autoantibodies was 6.6–21.1%, whereas the 

sensitivity and specificity of their combination were 69.7% and 83%, respectively 

(268).  

The same pattern was seen in a study undertaken by Middleton et al, where it was 

noticed that the sensitivity of individual autoantibody for detection of HCC was only 

0–10%, while the sensitivity and specificity of the combined autoantibodies were 45% 

and 92%, respectively (241). This clearly outlines the importance of panel detection of 

autoantibodies. This drawback could be overcome by using arrays of critically selected 

TAAs, and that different cancer types may require different TAA arrays to achieve the 

sensitivity and specificity required to make immuno-diagnosis a feasible adjunct to 

tumour diagnosis (239).  

1.3.2.3 Generation of Anti-TAA Autoantibodies and Immunological 
Tolerance 

Many clones of B lymphocytes are produced by the human body which circulate in the 

lymph and blood. These lymphocytes are produced in the fetal or adult bone marrow 

after which they undergo subsequent functional maturation in the secondary lymphoid 

organs such as the lymph nodes and spleen (269). B lymphocytes tend to express 

distinct surface receptors as they mature and these bind specific antigens which induce 

their activation, proliferation and maturation (269). The process of autoreactivity, thus 

B cells binding to self-antigens, is prevented by receptor editing, apoptosis and 

induction of anergy (negative selection) in B cells expressing an autoreactive B cell 
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receptor. In effect, there is an immunological tolerance to self where B cells which are 

matured tends to bind to only non-self-antigens (270). These B cells then become 

activated and move to the germinal centre in the lymph nodes where they undergo rapid 

clonal expansion, affinity maturation, class switching and differentiation into memory 

B cells or plasma cells (271). However, low affinity autoreactive cells still persist and 

as low affinity reactivity to self-antigens. This is essential for survival of B cells in the 

peripheral immune system (270, 272). It is no surprise as IgM and occasionally low 

titre IgG autoantibodies, such as rheumatoid factors, are still detected in healthy 

individuals (270). 

Immune response in cancer is mostly initiated by alterations in the tumour which leads 

to increased immunogenicity to self-antigens. Thus, mutations in cancer cells lead to 

the generation of new or altered epitopes or exposure of TAAs that are overexpressed, 

mutated, misfolded or aberrantly degraded. During carcinogenesis, these TAAs are 

recognised by B cells (264). The B cell receptor found on the B cell surface binds to 

these tumour antigens which leads to crosslinking or clustering of B cell receptor which 

activates B cells and causes them to proliferate into plasma cells and then antibodies 

(264). However, antibody responses tend to be very weak and also a poor B cell 

memory is induced since cytokines or CD40 signal are not involved. This mechanism 

of B cell activation (direct activation) allows B cells to attract antigen specific T cell 

help (264).  

T helper cells are required to help activate B cells to produce antibodies (Figure 20). 

In this mechanism, tumour antigens are recognised by B cell receptors and are 

internalised, lysed and presented on the cell surface bound to MHC class II for the 

recognition by CD4+ T helper cells which have earlier been primed by the same tumour 

antigen (264). The interaction leads to the expression of CD40L proteins on T helper 
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cells and this binds the CD40 protein on the surface of B cells. The interaction further 

results in the secretion of cytokines (IL-4, IL-5, IL-6) from T helper cells which 

stimulates B cells to proliferate and differentiate into thousands of identical antibody 

secreting plasma cells and memory B cells (264, 273). Antibodies produced by the 

plasma cells undergo class switching where changes occur in the constant region genes 

on chromosome 14 while the variable region remains the same and doesn’t disrupt the 

specificity for the tumour antigen (264). Thus, IgM is switched to IgG isotype and this 

results in a more sustained and stronger immune response. This produces different 

antibody isotypes required to destroy specific tumour antigens. Studies have indicated 

that most of the anti-TAA autoantibodies detected in cancer patients’ sera are IgG 

implying a strong secondary immune response (264).  

	

Figure 20: T cell dependent B cell activation. B cell receptors recognise and bind tumour antigens after 
which the antigens are internalised, lysed and presented on the cell surface bound to MHC class II. 
Antigen peptides bound by MHCII are recognised by activated CD4+ T helper cells which have earlier 
been primed by the same tumour antigen presented by antigen presenting cells. The interaction leads to 
the expression of CD40L proteins on T helper cell which binds the CD40 protein on the surface of B 
cells. The interaction further results in the secretion of cytokines (IL-4, IL-5, IL-6) from activated CD4+ 
T helper cells, which stimulates B cells to proliferate and differentiate into thousands of identical 
antibody secreting plasma cells and memory B cells. The plasma cells produce different immunoglobulin 
isotypes with distinct roles. Isotype class switching as well as hypermutation leads to a stronger and more 
sustained immune response. Adapted from (273). 
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Autoantibodies are immunoglobulins which exist in soluble forms and are secreted 

from the cell into the plasma or they are membrane bound which are attached to the B 

cell surface (B cell receptor). They are Y-shaped, and their molecular structure is 

divided into three parts upon digesting with papain (274). This includes two Fab regions 

which determines the specificity of the antibody. The third segment which is the Fc 

region helps determine the class of antibody as well as its biological function (275). 

Immunoglobulins are made up of four polypeptide chains; two heavy and two light 

chains (Figure 21). The heavy chain is made up of 440-550 amino acid residues 

whereas the light chain consists of 220 amino acid residues. Both light and heavy chains 

loci consist of sequence of V gene segments, D segment which is usually only for the 

heavy chain gene, J segment and c exons (275). Moreover, the heavy chains are made 

up from four segments (VH, D, JH and CH) while the light chains are made up of three 

segments (VL, JL, CL). There are two types of light chains. The Kappa chain is encoded 

by a Kappa (k) locus on chromosome 2 and the Lamba chain is encoded by IgG lambda 

(l) locus on chromosome 22 (275). Furthermore, there are five types of heavy chains 

which include g, d, a, µ, and x. Each light chain is composed of a constant (CL) and a 

variable (VL) while the heavy chain is composed of one variable (VH) domain and three 

or four constant (CH1, CH2, CH3, CH4) domains, depending on the type of 

immunoglobulin. The variable domains of both light and heavy chains contain 

hypervariable regions which help to identify and bind specific antigens while the 

constant region of the heavy chain form the Fc domain. This is responsible for 

determining the effector functions of the immunoglobulin molecule through binding to 

Fc receptors (FcR) on the surface of cells of the immune system (274).  

Immunoglobulins could be divided into five subtypes based on the type of heavy chain 

they contain. The subtypes differ depending on the sequence and number of constant 
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domains, hinge structure, as well as antigenic properties. These include IgM, IgG, IgA, 

IgE and IgD.  IgG and IgA are further divided into sub-classes based on their differences 

in amino acid sequence in the heavy chains (275).  

1.3.2.3.1 Immunoglobulin G (IgG) 

IgG is the most abundant and extensively studied isotype found in the human body and 

it represents 80% of serum antibodies in humans (Table 3). This type of 

immunoglobulin contains g heavy chains of 50 kDa and two identical light chains of 25 

kDa. This immunoglobulin has two antigen binding sites and is usually involved in 

secondary immune response (276). It is also involved in neutralisation of toxins and 

viruses. IgG interacts with macrophages, natural killer cells and neutrophils via the 

FcgR receptors in order to induce phagocytosis, antibody dependent cell cytotoxicity 

(ADCC). It also activates the complement pathway which helps to clear opsonized 

pathogens. There are four classes of IgG based on the structural antigenic and functional 

differences in the constant region of the heavy chain (CH1, CH2, CH3) as well as the hinge 

region. This include IgG1, IgG2, IgG3, IgG4 (276). 

IgG1 is considered as the most abundant subclass, consisting of 60% of IgG. It has a 

molecular weight of 146 kDa and a half-life of 21 days (Table 4). It is produced in 

response to protein antigens. Since it is flexible the Fab fragments are can rotate about 

their axes of symmetry (277). It binds to the all the classes of FcgR receptors on effector 

cells, such as macrophage, neutrophils and natural killer cells, and also efficiently binds 

C1q to activate the complement cascade. It is usually absent in a wide range of primary 

and secondary antibody deficiencies and result in hypogammaglobulinemia (277).  

IgG2 is the second abundant IgG subclass constituting 32%. It has a molecular weight 

of 146 kDa and a half of 21 Days (Table 4). Most IgG responses to bacterial 
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polysaccharide antigens are IgG2. Hence, increased bacterial susceptibility to certain 

bacterial infections are associated with IgG2.   It binds only to FcgRII receptors and also 

does not effectively activate the complement cascade as compared to IgG1 (277). 

IgG3 constitutes about 4% of IgG and has a molecular weight of 170 kDa and a half-

life of 7-21 days. In IgG3 (Table 4), the Fab fragments are far away from the Fc 

fragment giving the molecule a greater flexibility. IgG3 responses are produced in 

response to protein antigens (275). It binds to all the FcgR receptors of effector cells 

such as macrophage, neutrophils and natural killer cells and are effective in inducting 

effector functions such as phagocytosis and ADCC (276). IgG3 further plays a potential 

role in limiting inflammatory responses and usually appear first during the course of 

viral infections. Moreover, this subclass effectively triggers the classical route of 

complement activation (276).  

Lastly, IgG4 constitutes 4% of IgG and has a molecular weight of 146 kDa with a half-

life of 21 days (Table 4). IgG4 responses are usually produced in response to allergens. 

They are also formed after repeated or long-term exposures to an antigen in a non-

infectious setting. IgG4 only binds to the FcgRII and FcgRIII receptors on effector cells. 

Studies have shown that IgG4 is usually associated with higher tumour recurrence in 

HCC (278). 

1.3.2.3.2 Immunoglobulin M (IgM) 

IgM is considered as the largest antibody and makes up 5%-10% of total serum 

antibodies. It is the first to be expressed during B cell development (expressed on the 

plasma membrane of B cells as a monomer) and also the first antibody to appear in 

response to initial exposure to an antigen (Table 3) (275). It forms a pentamer with a 

polypeptide chain called the J chain which contains 10 antigen-antibody binding sites. 
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IgM tends to be polyreactive allowing IgM bearing B cells to respond quickly to 

antigens (275). This antibody is mostly found in lymph fluid and blood and is efficient 

as a neutralising agent in early stage of a disease. IgM binds complement component 

C1 and activate the classical pathway, which further leads to the opsonisation of 

antigens. It is also termed as natural antibody as it can bind to specific antigens without 

prior immunisation (279). 

1.3.2.3.3 Immunoglobulin A (IgA) 

This immunoglobulin makes up about 10%-15% of total serum antibodies. IgA is 

highly expressed at mucosal surfaces and secretions, such as breast milk and saliva 

(Table 3) (280). This antibody makes up 50% of the protein in colostrum. It occurs in 

a monomer in the serum while it exists as a dimer in the mucosa (281). IgA has two 

subclasses (IgA1 and IgA2) which differ particularly in their hinge regions. IgA1 has a 

longer hinge region than IgGA2, hence increasing the sensitivity of the former to 

bacterial pathogens and therefore IgA2 exist mostly at the mucosal surfaces. IgA plays 

a vital role in protecting the internal body surfaces by preventing attachment of bacteria 

or viruses to mucous membranes (281). 

1.3.2.3.4 Immunoglobulin D (IgD) 

This antibody makes up 0.2% of the total serum antibodies and is also found on the 

surface of B cells along with IgM. IgD, together with monomeric IgM, are expressed 

during primary adaptive immune response, thus they are found on the surface of B cells 

as B cell receptors which are involved in the activation and regulation of B cells (Table 

3) (282). In humans, some B cells class switch from IgM to IgD. IgD is usually found 

in serum, cerebrospinal fluids, nasal secretions in humans as well as amniotic fluids of 

pregnant women (282). Secreted IgD usually attack pathogens in the upper aero-

digestive mucosa. Also, in IgA deficiency, IgD tends to provide protection to the 
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mucosa. IgD helps to promote immune defence by activating IgD interacting cells in 

tissues and production of activation factors which cause damage and inflammation of 

tissues (275).  

1.3.2.3.5 Immunoglobulin E (IgE) 

IgE exist as a monomer and makes up 0.002% of total serum antibodies. IgE binds 

strongly to FceR1 on basophils, mast cells and eosinophils and therefore associated 

with allergic reactions and responses to parasitic worms and infections (Table 3) (275, 

283). It provides protection to mucosal surfaces by promoting inflammation, which 

allow IgG, leucocytes and complement components to enter the tissue so as to cause 

the removal of microbial toxins (283).  

	

Figure 21: Structure of an Immunoglobulin (Antibody). An immunoglobulin or antibody is Y-shaped 
and consist of four polypeptide chains (two identical light and two identical chains) which are joined by 
disulphide bridges. The light chain consists of one constant region and variable region while the heavy 
chain consists of one variable region and three or four constant regions. The variable domain contains 
the hypervariable region which help to identify and bind specific antigens. The constant domain of the 
heavy chains helps to determine the effector functions of the molecule and also define the different 
immunoglobulin isotypes (IgG, IgM, IgA, IgE, IgD). The antibody upon digestion by papain is divided 
into the Fab and Fc regions. The Fab region contain the variable domain and hypervariable regions while 
the Fc region is responsible for Fc receptor mediated activities. Adapted from (275). 
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Table 3: Classes of immunoglobulins and their respective properties (275).	

Characteristic
s 

IgG IgM IgA IgD IgE 

Structure Monomer 

 

Pentamer 

 

Dimer 

 

 

Monomer 

 

Monomer 

 

% of total 
serum 
antibody 

80% 5%-10% 10%-15% 0.2% 0.002% 

location Blood, 
lymph, 
intestine 

Blood, lymph, 
B cell surface 
(monomer) 

Blood, 
lymph, 
secretions 
(tears, 
saliva, 
mucus) 

B cell, 
blood, 
lymph 

Attached to 
mast cells, 
basophils 

Molecular 
weight 

150,000 970,000 405,000 175,000 190,000 

Half-life 21 5 6 3 2 

Complement 
fixation 

Yes Yes No No No 

Placental 
transfer 

Yes No No No No 

Functions Enhances 
phagocytosis, 
neutralises 
viruses and 
toxins 

First antibodies 
produced in 
response to 
initial 
infection, 
effective 
against 
microorganism
s and 
agglutinating 
antigens 

Localised 
protectio
n on 
mucosal 
surfaces 

Presence 
on B cells 
functions 
in 
initiation 
of 
immune 
response 

Allergic 
reactions; 
lysis of 
parasitic 
worms 
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Table 4: Different subclasses of Immunoglobulin G (IgG) (276). 

Property IgG1 IgG2 IgG3 IgG4 

Molecular 
weight 

146 146 170 146 

Amino acids in 
hinge region 

15 12 62 12 

Inter H chain 
disulphide 
bonds 

2 4 11 2 

Half life 21 21 7-21 21 

Mean adult 
serum level (g/l) 

    

Relative 
abundance (%) 

60 32 4 4 

	

1.3.2.4 Effector Functions of Autoantibodies 

The function of anti-TAA autoantibodies in HCC is undefined but it is likely to 

contribute to immune response to cancer in several ways, such as the typical antibody 

functions. One of the effector functions of a typical antibody includes neutralisation. 

This is where the antibody Fab domain interacts or binds specific antigen in order to 

prevent the activity of the antigen (284). Secondly, these antibodies attach to larger 

tumour antigens and further bind their Fc regions to the Fc receptors of mononuclear 

phagocytes (macrophages, monocytes, dendritic cells) and granulocytes (neutrophils) 

(285). This mechanism leads to the phagocytosis of the antigen-antibody complex by 

these effector cells using mechanisms such as secretion of antimicrobial peptides, 

release of metalloproteinases, secretion of cytokines, lipid mediators and reactive 

oxygen species, which cause either enzymatic digestion, membrane disruption and 

oxidative damage of antigens (284, 285). Moreover, antibodies are involved in 

complement mediated cytotoxicity. Pentameric IgM and glycosylated IgG antibodies 

bound to tumour antigens can form stable complexes with complement (proteins found 
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in blood and tissues of mammals) activating the cascade of complement proteins to 

form a membrane attack complex on tumours or pathogens (284).  Hence, water and 

electrons are lost from the pathogen or tumour, disturbing the osmotic stability of the 

tumour cell. Furthermore, the complement pathway can help in opsonisation of antigens 

leading to phagocytosis by neutrophils and macrophages (284). Antibodies tend to have 

the ability to assist in the cytotoxic destruction of tumour cells and pathogens via 

antibody dependent cell cytotoxicity (ADCC) (285). ADCC occurs when the FcgIIIa 

receptors on natural killer cells crosslink with the Fc region of antibodies bound to the 

antigen of interest. This leads to the release of TNF, granzyme or perforin that drives 

the death of target tumour cells or pathogens (284). Lastly, antibodies interact with 

target antigens causing them to clump together so they can be eliminated by 

phagocytosis. This is termed agglutination (284). 

1.3.2.5 Relevance of Autoantibodies in the Pathogenesis of Hepatitis C 
Virus Infection 

HCV infection causes damage to the liver by inducing cirrhosis and HCC as mentioned 

earlier in this chapter. Studies have indicated that during persistent HCV infection, the 

virus may be involved in the loss of tolerance to self-antigens and may drive mechanism 

for the production of autoantibodies (286). HCV has an envelope protein E2 on its 

surface which can interact with CD81 receptors on B cells and further activates B 

lymphocytes to produce numerous autoantibodies (286). These autoantibodies have 

been indicated to play a role in the pathogenesis of autoimmune disorders in chronic 

HCV infection and the prevalence of these circulating autoantibodies is high among 

patients with chronic HCV infection (286). Particularly, autoantibodies such as non-

organ specific autoantibodies, including smooth muscle autoantibodies (SMA), 

antinuclear autoantibodies (ANA) , anti-liver kidney microsomal-1 autoantibodies, as 
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well as organ specific autoantibodies, are mostly found in patients with chronic HCV 

infection (287). It has been shown that some autoantibodies in chronic HCV infection 

have histological, genetic and biochemical characteristics. Others may help predict the 

response to anti-viral treatments or prognosis in patients with HCV related chronic liver 

disease (287). The presence of non-organ specific autoantibodies in HCV infected 

patients have been shown to correlate with the gravity of fibrotic development, and 

necro-inflammation (288). Non-organ specific autoantibodies were initially described 

in autoimmune disorders but has now been found in chronic HCV carriers. Smooth 

muscle autoantibodies are prevalent in patients with chronic hepatitis C virus infection 

with its prevalence ranging from 4%-78%. On the other hand, anti-nuclear 

autoantibodies which serve as a marker for autoimmune liver diseases and other 

inflammatory conditions have been detected in 4%-54% of patients with chronic 

hepatitis C infection (287). Also, anti-liver kidney microsome autoantibodies are less 

abundant ranging from 0%-13% (287). There are no differences in the frequency of 

autoantibody response between men and women with chronic hepatitis C virus 

infection. However, this contradicts the higher prevalence of autoantibodies in females 

than males (289). The presence of anti-smooth muscle autoantibodies is associated with 

an increase in interface hepatitis score amongst men. Also, SMA or ANA carries an 

increased risk of fibrosis progression in chronic HCV patients (289). Severity of liver 

fibrosis of patients with HCV related chronic liver disease is associated with the 

presence of non-organ specific autoantibodies including ANAs and SMAs. However, 

the autoantibody titres of such autoantibodies are independent of the HCV genotype or 

HCV RNA load (290). Also, patients with higher autoantibodies non-organ specific 

autoantibodies are more likely to develop extrahepatic manifestations of the disease 

(291). 
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1.3.2.6 Immunological Approaches to Detection of Tumour Associated 

Antigens and Autoantibodies in HCC 

In 1970, Old and his colleagues pursued the serological identification of human tumour 

antigens, which could be the origin of patients’ autoantibodies (292). They developed 

autologous typing, an approach where autologous serum and culture cell lines from 

cancer patients were used to detect new antigens (292). Genomic, proteomic and high 

throughput approaches have accelerated interest in serum autoantibodies repertoire in 

human cancers (Figure 22) (293). A robust technique referred to as the serological 

analysis of recombination cDNA expression libraries method (SEREX) (209) has 

resulted in the identification of over 2000 immunogenic TAAs. In this approach, a 

cDNA library is constructed using the RNA from tumour specimens packaged into l-

phage vectors and expressed in E. coli. The recombinant proteins are then transferred 

into nitrocellulose membranes after which they are incubated with sera from cancer 

patients or control donors in order to isolate, characterise and identify autoantibodies 

involved in cancer. This technique was employed by Wang et al, where he separated 

81 types of TAAs from the HepG2 cell line and further identified five differential 

autoantibodies in HCC patients (294). Another approach for detecting TAAs or 

autoantibodies in HCC is the cDNA or peptide phage display technology (Figure 22) 

(295). It is considered as a third-generation technology to identify autoantibodies. In 

this technique, the cDNA phage library is constructed from a tumour or a cancer cell 

line. The TAAs in the libraries are expressed and then displayed on a phage such as the 

T7 phage. The complex is further used as a bait to capture autoantibodies to TAAs using 

pools of patients’ sera through immunoprecipitation and the corresponding antigens are 

sequenced for identification (295). The M13 phage display was used by Zhang where 
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he combined the screening results with AFP to diagnose patients with early HCC (296). 

The serological proteome analysis (SERPA) (Figure 22) also referred to as the 

Proteomex, is a proteome-based method where proteins in lysates are prepared from 

tumours or cancer cell lines and are separated by 2D gel electrophoresis based on 

isoelectric point (pI) and are further transferred unto membranes by electroblotting and 

incubated with the patients’ sera (297). This technique was employed by Looi et al, in 

screening 20 HCC patients and 50 patients with chronic hepatitis and liver cirrhosis to 

HSP60 and HSP70  TAAs (298).  

 

Figure 22: Technologies used for TAA and autoantibody identification in hepatocellular carcinoma 
Adapted from (262). 

	

Protein microarray technology (Figure 23) appears to have the most promise in 

analysing the ‘immune profile of a cancer. This technology has been developed for 

profiling serum autoantibodies in HCC patients’ sera to hundreds of TAAs 
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eighteen autoantigens targeted in systemic autoimmune disease was used to determine 

the accuracy of autoantibody titre using small amounts of serum (300). The assay 

proved to be sensitive and showed minimal cross reactivity. The development of protein 

microarrays for autoantibody profiling in systemic autoimmune diseases has paved the 

way for the use of this technology in other diseases such as diabetes (301). Protein 

microarray was however, adapted as an alternative approach to already existing 

Enzyme Linked Immunosorbent Assay (ELISA) and western blot techniques and has 

since then been able to overcome many challenges of ELISA (300). This technique 

allows for a high throughput and scalable analysis. It requires a small amount of patient 

sample as well as reagents and therefore reduces time and cost to run the assay (300). 

It further provides a form of protein analysis at a scale beyond that which is achievable 

by a 2DE or ELISA. The potential application of protein microarrays include improved 

diagnosis, monitoring disease progression and response to therapy, development of 

individual therapies, identification of new autoantigens that could serve as disease 

biomarkers (301).  

In this approach, a selected panel of purified or recombinant proteins, synthetic peptides 

or fractionated proteins obtained from a tumour or cancer cell lysates can be spotted 

robotically in replicates onto a microarray, which could either be glass slides, 

nitrocellulose or micro titre plates, and are then probed with patients sera suspected to 

contain the autoantibodies (302). A fluorescently conjugated anti-human IgG antibody 

is added after which the fluorescent intensity of the bound antibodies are identified 

(302). In cases of low concentrations, the signals can be amplified. This method allows 

the study of antigen-antibody interactions in a miniaturised and highly multiplexed 

manner (301). Current challenges in the use of this technology include optimal 

conditions to limit variation observed for autoantigen spotting and printing conditions, 
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minimize epitope alterations following attachment of antigens to a planar surface, 

which may result in efficient internal controls, validation of the arrays with well 

characterised serum samples before this technology is ready for use in clinical settings 

(301). Although this high throughput has been applied for autoimmune and other cancer 

diagnosis, it has not been reported in HCC. It is therefore necessary to utilise this 

immunologic high throughput approach in detecting autoantibody in HCC patients.  

 

Figure 23: An example of Protein Microarray Technology. Proteins of interest can be detected using 
primary antibody or an antigen and further amplified by the use of secondary antibody tagged to biotin. 
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1.4 Diagnosis, Prevention and Management of 
Hepatocellular Carcinoma 

	

1.4.1 Clinical Diagnosis of Hepatocellular Carcinoma 

There are a variety of methods currently used to diagnose HCC. These include: clinical 

presentation, Alpha Feto-protein (AFP) levels detection, ultrasound, CT scan, MRI, 

angiography, radiographic imaging for extrahepatic spread and liver biopsy.  

1.4.1.1 Clinical presentation:  

The clinical presentations observed in HCC patients at the time of diagnosis mostly 

relate to the extent of hepatic reserve (303). Cirrhotic patients often present with non-

specific signs and symptoms, such as jaundice, hepatic encephalopathy and anasarca. 

HCC can also malignantly invade the portal structures to present variceal bleeding and 

ascites (303). However, non-cirrhotic patients with HCC present a different clinical 

manifestation. Clinical symptoms like anorexia, malaise, wasting distension and right 

upper quadrant abdominal pain are mostly related to long-standing malignancy and 

tumour growth. When the tumour infiltrates adjacent extra-hepatic biliary structures, a 

painless obstructive jaundice is realised. HCC can rarely present a severe complication 

called tumour rupture (303). This occurs when the size of a vascular tumour becomes 

larger than its blood supply on the liver periphery. Patients with such conditions 

manifest peritoneal irritation, hypertension and suddenly severe abdominal pain, which 

could be confirmed by abdominal laparotomy (303). In advanced HCC, extra-hepatic 

manifestations may occur as a result of distant metastasis or paraneoplastic phenomena. 

In such cases, metastasis can occur through lymphatic or hematogenous routes to organs 

such as the bones, abdominal viscera and lungs (303).  
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1.4.1.2 Alpha-fetoprotein (AFP):  

This is a protein that is encoded by the AFP gene in humans The AFP gene is located 

on the q arm of the chromosome 4 (4q25) (304). It is produced as a glycoprotein of 591 

amino acids (pucci 91) and a carbohydrate moiety (305). Baig and colleagues (306) 

provided conclusive evidence that AFP is an important marker for HCC, and also an 

indicator of HCC risk, mostly in patient with cirrhosis and HCV/HBV infection. HCC 

patients in Thailand with AFP>400ng/ml have been shown to have greater tumour size, 

portal vein thrombosis and decreased survival. Thus, AFP levels correlated with tumour 

size and volume (307). Patients with high levels of AFP demonstrates poor differential 

tumours with reduced prognosis when AFP levels are >1000ng/ml (308). In situations 

where tumours were successfully removed by surgical operation, an immediate 

decrease in AFP levels to normal were achieved, however, incomplete resection 

resulted in persistent increased AFP levels (308). 

1.4.1.3 Ultrasound:  

It is a basic technique for imaging the liver structure. Although this technique is very 

fast and simple, limited resolution and specificity for small liver lesions are the greatest 

obstacles in its use. However, the use of contrast agents such as intra-arterial CO2, and 

helium could help overcome these limitations (309, 310).  Colour Doppler and Power 

Doppler imaging are two ultrasound principles useful in the assessment of hepatic 

vascular-flow. However, the Power Doppler imaging is more sensitive for registering 

flows in tumours (311). These techniques can differentiate blood thrombosis from 

tumour invasion in the portal vein. Contrast-enhanced ultrasound (CEUS) has the 

ability to show hypervascularity in HCC (312) and characterise HCC on cirrhosis for 

nodules >2cm in diameter (313). When two dynamic imaging modalities are coincident, 

nodules from 1 to 2 cm in diameter can be characterised (314). With the use of 
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ultrasound, portal hypertension complications such as ascites, splenomegaly and 

gastro-hepatic ligament varices can be visualised (315).  

1.4.1.4 Computed Tomography of the liver (CT):  

CT scanning is very useful and frequently used to evaluate liver masses and cirrhotic 

liver for HCC. Comparatively, CT scanning has the ability to assess the entire liver 

equally and produces a more systemic examination of extra-hepatic metastasis. In a 

multiphasic examination, the hepatic veins, liver parenchyma, the portal veins and the 

hepatic arteries could be systematically evaluated by CT (315). It can also be used to 

evaluate the vascularity of HCCs as well as local metastasis and invasion of the hepatic 

and portal veins. Intra-tumoural fibrous stranding (mosaic sign), fatty metamorphosis, 

necrosis or calcification can be revealed on CT in HCC (315). 

1.4.1.3 Magnetic Resonance Imaging (MRI):  

This technique plays a very significant role in the examination of hepatic lesions when 

HCC is suspected. Despite using similar concepts to CT imaging, MRI can produce 

extended imaging, evaluating numerous characteristics of tissues, organs and tumours. 

Thus, it produces efficient characterisation of tissues and tumours (316). MRI can 

produce T1 and T2 images, which represent different types of tissues characteristics 

(316). T2 weighted images typically appear hyper-intense than T1 weighted images; 

this inconsistency is caused by steatosis, focal haemorrhage, or copper and glycogen 

accumulation in tumour (317-319). When examining tumours <2cm in diameter, MRI 

has a very low sensitivity, however, the addition of some contrasting agents like super-

paramagnetic iron oxide and gadolinium improve accuracy and characterization of 

HCC tumours (320). In most medical institutions, MRI has gained popularity as the 

preferred diagnostic imaging mode of HCC due to its high-resolution images. 
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1.4.1.4 Angiography: 

Due to the hyper-vascularity nature of HCC, angiography serves as a useful diagnostic 

tool for HCC assessment because of its highly vascular nature. Although very useful, 

angiography is less sensitive when used to detect hepatic tumours of less than 2cm in 

diameter (320). Currently, the technique provides reliable results when used as 

guidance for transarterial chemoembolisation therapy.  

1.4.1.5 Nuclear Mechanism:  

This strategy has proven to be useful in HCC diagnosis. Nuclear medicine agents like 

99mTcoctreotide (321), 18F-Fluoro-deoxyglucose (18F-FDG) (322, 323) and acetate 

(324) have been developed for HCC imaging. The high uptake of 18F-FDG by the liver 

during positron emission tomography (PET) leads to obscuring of smaller hepatic 

lesions therefore showing very low sensitive or high false negative results (322, 323). 

The frequent use of the technique is also limited by its high cost.  

1.4.1.6 Liver biopsy:  

Cytologic and histologic samples from the liver represent a reliable and effective means 

to confirm HCC in patients with suspicious lesions. There is a high diagnostic accuracy 

when fine-needle aspiration (FNA) and core biopsy technique are used simultaneously 

giving a specificity of 95% and a sensitivity of 96% when compared with any other 

diagnostic test (325). In the microscopic examination of HCC, the following features 

are mostly seen: trabecular architecture, increased nuclear to cytoplasmic ratio, atypical 

naked nuclei and peripheral endothelial wrapping. In patients with small tumours, a 

liver biopsy is needed to pre-operatively confirm HCC in order to prevent high false 

positive diagnosis. Liver biopsy has a 95.6% accuracy when used to evaluate tumour 

lesions <2cm in diameter (325). The technique rarely has complications and also has 
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the following benefits: 0.006%-0.3% rate of mortality with a <1% risk of infection or 

serious haemorrhage (325).  

1.4.2 Prevention 

Prevention of HCC is necessary to reduce mortality rate associated with this 

malignancy. This is also important in order to lessen economic hardships resulting from 

high HCC incidences. There are three levels for the prevention of HCC: primary, 

secondary and tertiary preventions (326).  

1.4.2.1 Primary Prevention:  

This primary strategy is used to prevent an aetiological agent from initiating the 

carcinogenic process. This is particularly useful in the prevention of chemical, physical 

and viral causes of cancer. The immunisation against HBV infection is essential in HCC 

prevention. In 181 countries, HBV vaccine has been incorporated into the Expanded 

Programme of Immunisation (EPI) where about 80-90% of babies are now being 

immunised (327). This has resulted in a drastic reduction in the percentage of 

chronically infected babies born to highly infectious carrier mothers. A significant 

reduction in HCC has also been seen in highly endemic countries such as China, 

Singapore and Thailand as a result of the implementation of the vaccination program 

(328). Immunisation against HCV is another strategy that can immensely contribute to 

HCC prevention. Despite the considerable research directed towards HCV vaccine 

development, this goal is still some decades away because of the extreme variability of 

the genome, the numerous quasispecies in infected blood and the lack of evidence for 

an effective neutralising antibody against the virus (329). Notwithstanding, there are 

other important interventions that can contribute to the prevention of HBV/HCV. Such 

interventions are essential since the full beneficial effects of the HBV vaccines take 

years and that of HCV is yet to be developed. Effective screening of donated blood for 
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HCV and HBV viral inactivation in blood product manufacturing (330), practicing of 

safe injection (330), passive immunisation and the use of antiviral agents, such as 

interferon-alpha are useful strategies to primarily prevent against hepatitis viruses 

(331). Exposure to blue-green algae, microcystins, dietary iron overload and aflatoxin 

B1 contribute to the occurrence of HCC. Pragmatic interventions to prevent this 

exposure will minimise or prevent HCC occurrence (332). Studies have also shown that 

weight reduction (333) and treatment with Metformin (334) prevent the incidence of 

NAFLD and diabetes related HCC respectively. 

1.4.2.2 Secondary Prevention:  

Using natural or synthetic chemicals, which prevent the integration of carcinogens with 

tissue nucleophiles, can prevent HCC. Chlorophyllin, an anti-carcinogen (335) derived 

from natural chlorophylls has been shown to strongly complex with numerous 

carcinogens including AFB1, thereby reducing the bioavailability and carcinogenic 

potential (336). Chlorophyllin also been shown to possess antioxidant properties; thus, 

it prevents lipid peroxidation (337). Polyprenoic acid, a chemopreventive agent, has 

been shown to inhibit cell growth and promotes apoptosis and differentiation in human 

cancer cell lines. In a double blind, placebo-controlled trial in Japan, this agent was 

administered orally over 12 months (338, 339). An anti-schistosomal drug, oltipraz, 

which has a similar structure like dithiolethiones found in cruciferous vegetables has 

been revealed to possess anti-cancer properties (340, 341). Oltipraz increases and 

regulates the expression of detoxifying enzymes and anti-oxidative enzymes that 

ultimately contributes to the detoxification of AFB1 reactive metabolites (341), thus, 

preventing AFB1-induced HCC. The removal of accumulated iron from patients with 

hereditary hemochromatosis has been shown to secondarily prevent the development 

of cirrhosis and HCC formation. This has been shown to increase life expectancy, 
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improve prognosis and survival rate in cirrhotic patients (342). Chemoprevention of 

HCC is based on the consumption of leafy green vegetables, fruits and nuts. This is 

because their natural constituents contain Phytochemicals, such as isothiocyanates and 

glycosinolates, which possess anti-cancer properties and inhibit tumour formation in 

rats (343-345). These natural chemicals have a potential of decreasing the risk of HCC. 

1.4.2.3 Tertiary Prevention:  

This strategy prevents the progression of pre-cancerous lesion-like cirrhosis to cancer. 

HBV and HCV infection and alcohol abuse have been shown to be the major causes of 

cirrhosis and eventually HCC. Although few studies have been conducted on the use of 

IFN-a in preventing chronic HBV-induced HCC, most of the results generated have 

failed to demonstrate a conclusive evidence between IFN-a treatment and decreased 

risk of malignant transformation in cirrhotic patients (346). PEG-IFN has also been 

evaluated in the preventing of HCV-related HCC (347). Anti-viral therapy efficiently 

suppresses HBV infection and limits liver injury, which reduces HCC incidence (348). 

Glycyrrhizin has anti-cancer and anti-oxidative properties which reduces the risk of 

HCC by stimulating NK cells, increasing IFN-g production, modulating the immune 

system and inhibiting hepatic inflammation (344).  

 

1.4.3 Management and Treatment of Hepatocellular Carcinoma 

Treatment of HCC depends on the location and degree of the cancer, as well as the 

general health of the liver. In addition, it is very important to know the various stages 

of the HCC (Table 5). However, patients with inherited liver disorders tend to have no 

specific treatment for HCC. HCC patients are staged based on the Barcelona Clinic 

Liver Cancer (BCLC) staging which was proposed in 1999 the Barcelona Clinic Liver 
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Cancer group (349). With this, HCC patients are divided into five stages namely, stages 

O, A, B, C and D (350). Stage O is defined as a single tumour <2cm in diameter while 

stage A is considered as single tumour >2cm. Patients in Stage B, C and D are regarded 

as those with multinodular asymptomatic tumours, extrahepatic spread and the poor 

performance stage respectively (350). These do not only give treatment allocation but 

also provide information on prognostic prediction such as the tumour size, number and 

vascular invasion.  

Table 5: The Barcelona Clinic-Liver Cancer (BCLC) staging system of HCC (349). 

HCC STAGE DEFINITION 

O Single tumour <2cm 

A Single tumour >2cm 

B Multinodular asymptomatic tumours 

C Extrahepatic spread 

D End stage, poor performance 

 

Resection is considered as the best treatment for HCC patients with small solitary 

nodules without underlying cirrhosis (351). The best candidate for this procedure is an 

HCC patient with stage O or A, usually with normal portal pressures and normal 

bilirubin (352). In this technique, the cancer as well as the surrounding normal tissue is 

removed. One major setback of this technique is the recurrence of the tumour and 5-
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year rate of survival after hepatectomy is between 60% to 70% (351). Also, liver 

surgery in patients with chronic liver disease are likely to have hepatic failure. Studies 

have shown that recurrence of tumour after resection affects about 70% to 80% of cases 

after five years.  

Liver transplantation is considered as the principle choice of treating patients with 

tumour <5cm or up to 3cm and have advanced liver dysfunction (353). Liver 

transplantation is often regarded as superior to resection since it has much lower rates 

of recurrence. Due to scarcity of living donors, most patients tend to die before 

receiving transplantation (353). The problem has slightly been resolved by the 

development of the adjuvant therapy system, which prevents progression of the tumour 

whilst waiting for transplantation.  

The local ablation system of treatment is usually administered to patients at early stages 

of the cancer, i.e. patients with tumours <2cm (354). Patients with poorer liver function 

who are not candidates for liver transplantation (LT), with less than 3 nodules are 

usually indicated with ablated therapies (355). This technique uses several methods to 

destroy the tumour. First of all, the percutaneous ethanol injection (PEI) method 

subjects the lesion to ethanol (354). The thermal ablative therapy on the other hand 

subjects the tumour to heating between 60oC to 100oC. With the radio ablation, 

microwave and cryoablative therapy, the tumour is subjected to high frequency 

ultrasounds, microwave and freezing at -20oC to -60oC respectively (354). These 

therapies cause complete necrosis of the tumour as a result of protein denaturation and 

cellular dehydration (354). Survival of patients after local ablation therapy is usually 

50%-70% at 5 years and this has challenged resection as the first line of treatment in 

patients with small solitary HCCs (314). Tumours larger than 5 cm usually have a 
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reduced response rate to the ablation. This technique is gradually becoming very 

popular as substitutes for the resection for patients waiting for liver transplantation 

(356).   

The chemoembolisation therapy is the most popular treatment for people at the BCLC 

stage D, i.e. the advanced stage of the cancer (357). The rationale behind this technique 

is to induce cytotoxic and ischemic effect on the hepatic artery supplying the tumour 

and cellulose is usually the common material used (357). Chemoembolisation causes a 

delay in macrovascular invasion and tumour progression. A very common complication 

with this treatment is post embolisation syndrome occurring in more than 50% of 

patients where patients usually present with fever, nausea and abdominal pain. These 

symptoms are often self-limiting (358, 359). Knowledge in molecular mechanisms 

inducing HCC has helped with the development of treatment to abrogate the disrupted 

pathways. The mechanism of HCC involves a number of signalling pathways and 

therefore targeting them would be of great benefit. There was no first line of treatment 

for patients in the advanced stage of HCC until 2007. Different systemic agents 

including interferon, tamoxifen and conventional chemotherapy, such as doxorubicin 

and 5-fluorouracil, have been evaluated by several studies (355). None was able to 

exhibit survival benefits with any of these compounds. Sorafenib, a multikinase 

inhibitor, has been developed to treat advanced HCC (360). It is responsible for 

blocking the Raf, VEGF and C-kit pathways (360). Sorafenib has elevated the median 

survival in advanced HCC patients from 7.9 (placebo) to 10.7 months, with a hazard 

ratio (HR) of 0.69 (SHARP trial) (361). Recent studies have shown that sorafenib has 

serious side effects and therefore most patients are now placed on Bortezomib treatment 

(362). Unfortunately, patients tend to develop drug resistance to the Bortezomib 

therapy. This has led to the development of a new therapeutic opportunity, called 
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Ixazomib (MLN2238) (363), although is yet to be put on clinical phase trials. This drug 

has been shown to have great anti-tumour activity by reducing the cell viability and 

proliferation of HCC cells. It also induces apoptotic cell development in HCC cells and 

induces cell cycle arrest. Other systemic agents such as ertotinib, brivanib, everolimus 

and rapamycin, which are EGFR, FGFR/VEGFR and mTOR inhibitors respectively, 

are currently under late clinical developmental phases in first and second line for 

patients with advanced HCC (361). Other molecular therapies have been developed to 

target certain signalling pathways. Bevacizumab and cetuximab are monoclonal 

antibodies that have been developed to target the vascular endothelial, Endothelial 

growth factor and the MAP kinase signalling pathways respectively (364). By so doing, 

these therapies induce anti-proliferative and anti-angiogenic effects on the tumours, 

hence delaying their progression. Immune therapies have been developed to treat HCC. 

CTLA-4 is responsible for immune tolerance during HCC. Hence, the administration 

of CTLA-4 inhibitor augments anti-tumour immunity in HCC (365). This was observed 

in a study where patients with HCV-associated HCC who failed the traditional HCC 

therapy showed a partial response of 17.6% to CTLA-4 inhibitor. 
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1.5 Aims and Objectives 
 

1.5.1 Aim 

Hepatocellular carcinoma exerts a continuous devastating effect, claiming 600,000 

lives every year. The extensive prevalence of this malignancy carries a significant 

economic burden on a country. HCC is mostly detected at the advanced stages and 

hence, patients tend to have a poor 5-year survival rate. The poor prognosis is attributed 

to lack of highly efficient diagnostic tools to detect the cancer early, which compromise 

successful treatment. HCC patients produce early detectable autoantibodies, which 

appear five years before the clinical manifestation of the disease. These recognise a 

wide range of TAAs during tumour development, making the autoantibody signature 

an effective approach for early diagnosis of the disease. It is therefore crucial to develop 

a high-throughput and robust screening system that would allow autoantibodies to be 

detected in HCC patients. In recent times, the antigen microarray is increasingly being 

used to profile autoantibodies in cancer patients, which has helped in the study of 

antigen-antibody interactions in a patients’ sera in a multiplexed and high throughput 

manner. The main aim of this project is to develop the in-house microarray platform 

and to further utilise it to profile anti-TAA autoantibodies in HCC and underlying liver 

disease patients. 

1.5.2 Specific Objectives 

Below were the objectives for the entire work: 

1. To identify a cohort of TAAs that have either been shown as immunogenic in 

HCC or any liver disease or are associated with HCC, but no autoantibody 

research has been undertaken on them. 
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2. To develop and assess the validity of the in-house antigen microarray 

technology in order to improve the accuracy and precision for this early 

biomarker detection in HCC patients.  

3. To produce a panel of eight TAAs in HCC as recombinant proteins in eukaryotic 

expression system suitable for use on the microarray assay, which could assist 

in the detection of autoantibodies in high risk-patients. 

4. To characterise serum autoantibody response in i) HCC patients, ii) high-risks 

(underlying liver disease) patients from different aetiologies and iii) healthy 

control groups, over a wide range of in-house and commercial TAAs produced 

both in eukaryotic and E. coli expression systems. 

5. To identify immunogenic TAAs that could assist in the early detection of HCC 

in high-risk cohorts. 
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Chapter Two: Materials and Methods 
	

2.1 Materials (Antigen Microarray Technology) 
	

2.1.1 Chemicals and Reagents  

All chemicals and reagents for the antigen microarray assay were purchased from 

Sigma-Aldrich (Poole, UK) unless otherwise stated. 

2.1.1.1 Printing Buffers 

To ensure that the natural characteristics and shape of proteins are preserved during 

immobilisation onto slide surfaces, three different printing buffers were tested to 

determine the optimal one. Thus, the ideal printing buffer should prevent protein 

denaturation and maintain protein stability during printing. These buffers are detailed 

in table 6. 

Table 6: Composition of printing buffers tested for arraying proteins onto glass slides. 

Printing buffer Manufacturer Composition 

PBS-Trehalose-Betaine-
Tween 

Sigma, UK 1x PBS, 35mM Betaine, 
50mM Trehalose, (0.01% 
v/v) Tween-20 

PBS-Trehalose-Tween Sigma, UK 1x PBS, 50mM Trehalose, 
(0.01% v/v) Tween-20  

PBS-Trehalose Sigma, UK 1x PBS 50mM Trehalose. 

Abbreviations: i) Phosphate Buffered Saline (PBS), ii) PBS-Tre iii) PBS-Tre-Tw iv) PBS-Tre-
Bet-Tw 
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2.1.1.2 Blocking Buffers 

Before proteins immobilised onto slide surfaces were detected with antibodies, the 

remaining binding surfaces were blocked with a buffer. A suitable blocking buffer 

prevents non-specific binding of primary and secondary antibodies and reduces 

background noise, which interferes with positive signals. Tested blocking buffers are 

shown in the Table 7. 

Table 7: Different blocking buffers tested. 

Blocking buffers Manufacturer Composition 

5% BSA Block Sigma, UK 3.33ml 30% BSA in 16.67ml 
of 1X PBS-0.05% Tween-20 

10% BSA Block Sigma, UK 6.67ml 30% BSA in 13.33ml 
of 1X PBS-0.05% Tween-20 

30% BSA Block Sigma, UK 30% BSA kit 

0.2% I block R&D systems, MN, USA 0.05g I-block dissolved in 
25ml PBS, 0.05% Tween-20 

Super G Buffer Grace Bio Labs, UK Super G Blocking Kit 

Avidin-Biotin Buffer Invitrogen, UK Avidin-Biotin blocking Kit 
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2.1.1.3 Wash Buffer 

PBS-0.05% Tween 20 (pH 7.4) was used as a washing buffer. To prepare 10X PBS 

Tween, 10 PBS tablets were dissolved in 1 litre of deionised water (dH20) and mixed 

with 0.5 ml Tween 20.  

2.1.2 Substrate for array printing (Slide Surfaces) 

Selecting the appropriate slide surface for protein immobilisation is essential for 

obtaining reproducible microarrays for diagnostic and research purposes. Several slide 

surface chemistries were tested to determine the optimal array surface to ensure that the 

antigenic epitopes of proteins are preserved during printing and processing (Table 8).  

Table 8: Different types of slide surfaces tested. 

Slide surface Manufacturer Catalogue number 

Aminosilane Schott-Nexterion, UK 1064875 

Poly-L-Lysine Electron-Microscopy 
Sciences, UK 

63478-AS 

Nitrocellulose Grace Bio-Labs, USA 305016 

Epoxysilane ThermoFisher, UK 12-550-55 

 

2.1.3 Antibodies used for the Microarray Assay 

A range of detection antibodies and quality controls were used for the development of 

the antigen microarray assay (Table 9). 

 



Chapter	Two-Materials	and	Methods	

	 -	85	-	

Table 9: Antibodies used for Antigen Microarray Assay. 

Proteins and Reagents Manufacturer Catalogue 
number 

Monoclonal mouse anti-DDK antibody Sigma Aldrich, UK F3165 

Monoclonal mouse anti-Myc antibody Insight Biotechnologies, 
UK 

OAEA00011 

Monoclonal mouse anti-His6 antibody Cell Signalling, UK 6AT18 

 

Polyclonal Rabbit anti-His6 antibody Insight Biotechnology 35533 

Biotinylated Goat anti-human IgG 
antibody 

Vector Laboratories, UK BA3080 

Antibody diluent DAKO, UK S080983-2 

Streptavidin Horseradish peroxidase Bio-rad, USA L9703206 

Western-blot amplification module kit Bio-rad, USA 1952737 

Streptavidin-Cy5 conjugate Molecular Probes, UK SA1011 

Streptavidin infrared LI-COR Biosciences, 
UK 

926-68031 

Biotinylated goat anti-mouse Monoclonal 
(IgG) antibody 

Insight Biotechnologies, 
UK 

TA130072 

Biotinylated goat anti-rabbit polyclonal 
(IgG) antibody 

 

Insight Biotechnologies, 
UK 

OASB01959 

	

2.1.4 Commercial Tumour-Associated Antigens (TAAs) 

Commercial hepatocellular carcinoma (HCC) recombinant tumour-associated antigens 

(TAAs) used in the study were either produced in Escherichia coli (E. coli) or 

eukaryotic systems. These were diluted in printing buffer and immobilised on activated 

glass slides (Table 10). 
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Table 10: Commercial recombinant tumour-associated antigens arrayed onto glass 
slides.  

TAA Expression 
system 

Tag Concentration 
(µg/ml) 

Company 

AFP E. coli His 150 Oncimmune Ltd, 
UK 

APCN E. coli His 224 Oncimmune    
Ltd, UK 

GANKYRIN E. coli His 410 Oncimmune Ltd, 
UK 

GRP78 E. coli His 276 Oncimmune Ltd, 
UK 

HDGF E. coli His 196 Oncimmune Ltd, 
UK 

KRAS E. coli His 206 Oncimmune Ltd, 
UK 

RALA E. coli His 149 Oncimmune Ltd, 
UK 

IMP1 E. coli His 229 Oncimmune Ltd, 
UK 

HRAS E. coli His 391 Oncimmune Ltd, 
UK 

P62 E. coli His 431 Oncimmune Ltd, 
UK 

KRAS HEK 293 cells Myc-DDK 1000 Oncimmune Ltd, 
UK 

HRAS HEK 293 cells Myc-DDK 1000 Origene, USA 

HDGF HEK 293 cells Myc-DDK 1000 Origene, USA 
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P16 HEK 293 cells Myc-DDK 1000 Origene, USA 

RALA HEK 293 cells Myc-DDK 1000 Origene, USA 

P62 HEK 293 cells Myc-DDK 1000 Origene, USA 

P53 HEK 293 cells Myc-DDK 1000 Origene, USA 

Gankyrin HEK 293 cells Myc-DDK 1000 Origene, USA 

	

2.1.5 In-house Recombinant Tumour-Associated Antigens  

We opted for in-house HCC recombinant TAAs to be sure of the quality and purity of 

antigens produced. True human open reading frame (ORF) clones tagged with 

Myc/DDK (Flag) were purchased and transfected into HEK 293 cells. These proteins 

were diluted in printing buffer and immobilized onto glass slides (Table 11).  

Table 11: In-house recombinant tumour-associated antigens (TAAs) arrayed onto glass 
slides. 

TAA cDNA Tag Vector Concentratio
n(µg/ml) 

Predicted
Molecular 
weight 

Company 

KRAS KRAS Myc/DDK pCMV6 1275 21.2 Origene, 
USA 

HRAS KRAS Myc/DDK pCMV6 518 44.2 Origene, 
USA 

HDGF HDGF Myc/DDK pCMV6 1751 26.6 Origene, 
USA 

P16 CDKN2A Myc/DDK pCMV6 659 17.8 Origene, 
USA 

RALA  RALA Myc/DDK pCMV6 733 23.4 Origene, 
USA 

P62 KDRH1 Myc/DDK pCMV6 708 44 Origene, 
USA 
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P53 TP53 Myc/DDK pCMV6 855 44.1 Origene, 
USA 

Gankyrin PSMD10 Myc/DDK pCMV6 1552 23.2 Origene, 
USA 

 
2.1.6 Quality controls used for the Antigen Microarray Assay 

Table 12: A selection of quality controls used in the antigen microarray assay.  

Quality control Manufacturer Catalogue number 

Candida albicans antigen Jena Biosciences, Jena, 
Germany 

PR-BA117-S 

E. coli antigen Cell Signalling, UK 12548 

Tetanus toxoid NIBSC, UK 02/232 

Myc antibody control (Myc 
peptide) 

Chromotek, UK 41107 

 Amino terminal Flag 
BAPTM fusion protein) 

Sigma Aldrich, UK P7582 

Cell lysate containing 
pCMV entry vector 

Origene, USA Sku LY5000001 

Human purified IgG Athens research and 
Technology 

16-16-09707 

 
2.1.7 Acquisition of Human Serum Specimens: Permission and 

Collection 
Serum samples were obtained from 183 HCC patients with different aetiologies 

(hepatitis B virus (HBV), hepatitis C virus (HCV), non-alcoholic fatty liver disease 

(NAFLD), non-alcoholic steatohepatitis (NASH), alcoholic liver disease (ALD) and 

Type 1 diabetes (T1D), 46 healthy controls, 90 non-HCC cirrhotic and 133 non-HCC 

non-cirrhotic (chronic hepatitis) patients (Table 13). These samples were kindly 

provided by the Centre of Excellence for Autoimmunity in Cancer (CEAC), Prof. W. 

Irving, The Trent Cohort Study, Nottingham University Hospitals NHS Trust and HCV 
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Research Biobank, UK. Informed consent form was obtained from all participants. All 

serum samples were heat-inactivated at 56oC for 30 minutes in the class II biosafety 

cabinet. They were further centrifuged at 3200 rpm for 10 minutes after which sera 

were stored as 200 μl aliquots at -80°C until use. This was done to prevent repeated 

freeze-thaw cycles. Ethical approval and informed consent were given for all samples 

prior to the study 

Table 13: Information on clinical sample cohort. 
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2.2 Methods (Antigen microarray) 
	

2.2.1 Plate Preparation and Storage of Plates  

Ten His6-tagged recombinant TAAs produced in an E. coli system (KRAS, HRAS, 

HDGF, RALA, P62, Gankyrin, AFP, APCN, GRP78, Imp1) and quality controls 

(Candida albicans, E. coli, Tetanus toxoid) were diluted in printing buffer (PBS-

Trehalose-Betaine-Tween) to make a volume of 20 μl at concentrations ranging from 

75 µg/ml-100 µg/ml. The protein dilutions were then transferred into a 384 microtiter 

well plate (Genetix, USA). In addition, a two-fold serial dilution of purified human IgG 

was prepared and placed on the same 384 well plate in 10 dilutions starting at a 

concentration of 0.05 mg/ml. The preparation was centrifuged (Universal 30 RF) at 

1200 rpm for 5 minutes to remove bubbles and ensure all liquid was at the bottom of 

the microtiter well plate. Between print runs, plates were sealed and stored at -20oC. To 

avoid contamination and evaporation during microarray preparation and storage, plates 

were handled carefully. Plates were thoroughly defrosted before placed in the arrayer.  

2.2.2 Microarray Printing 

Proteins were printed using the in-house microarrayer (BioRobotics MicroGrid II, 

USA) (Figure 24) situated at the Genomics facility at the Queens Medical Centre, 

University of Nottingham, United Kingdom. It employs the robotic contact spotting pin 

principle, which is termed split-pin, or quill-pin technology. The arrayer consists of a 

biobank with a plate holder that can carry up to 24 microtiter plates (source plates) and 

four slide trays, each of which can hold 27 slides. The pins are washed before the run 

starts and prior to visiting new source plate wells. Washing consists of visits to each of 

two recirculating baths which are supplied constantly with wash buffer (H2O with 
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0.05% Tween) from two separate 2-liter reservoirs, for initial rinsing of pins between 

source plate visits.  Pins are then washed at the third main wash station. It uses a flood 

and vacuum system to wash the pins in H2O. This wash procedure is repeated 3 times 

before each new source plate visit. The silicon-arraying pin (Parallel Synthesis 

Technologies, USA) is a vital component of the arrayer because it is the only part of 

the instrument, which draws proteins diluted in printing buffer from the plate and 

further deposits them onto the slide surface. The pin is dipped into the wells of the 

microtiter plate to load 100 nl of liquid in its capillary channel and upon contact with a 

slide surface, deposits roughly 0.5-1 nl of fluid per spot. These form circular protein 

spots when it pulls away from the surface. Repeated deposition of such protein spots 

leads to the generation of a regular array on the slide surface. Each slide in a print run 

is printed with the same array. 

The microarray printing (Figure 25) was undertaken using the TAS application 

software (Apogent, UK) with a customised array layout and print parameters. In order 

to produce high quality printed slides, which would determine the reproducibility, 

reliability and precision of the assay, a number of procedures were undertaken. To 

ensure that the operating parameters of the arrayer such as the humidifier, contact dwell 

time, sample volumes, spot location and target height of the pin were functioning 

effectively, test prints were made. This involved the printing of ink diluted in printing 

buffer on a slide to ensure the visibility of spots. The silicon pin was thoroughly cleaned 

by exposing to a blowtorch flame until glowing with red heat. This was undertaken 

three times after which it was washed in the circular bath. The pin wash cycle was 

performed automatically between pin loadings to ensure that no contamination occurred 

from one well to another. The relative humidity and printing temperature of the arrayer 

can affect the shape, and size, and thus printing density of spots as well as cause sample 
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evaporation or water condensation on the slide surface. Therefore, the printing process 

was performed in an air-conditioned room (18-22 °C) and the arrayer’s humidifier was 

set to be between a minimum of 55% and a maximum humidity of 65%. After printing, 

arrayed slides were kept in a desiccator until use (longest storage period was one week). 

A lab coat and non-powdered gloves were always worn when handling and adjusting 

the arrayer. For reproducibility studies, the experiment was carried out on three 

consecutive days.  

 

Figure 24: Photograph of the Biorobotics Microgrid II arrayer. 

 

Figure 25: Illustrates A) microarray printing B) Proteins arrayed onto glass slides. 

A B 
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2.2.3 Initial Protocol for the Antigen Microarray Assay without 

Amplification 

The Microgrid software was set to an optimal humidity (57%), a 16-pad slide layout (ie 

16 arrays per slide as a 2x8 set or arrays) and an appropriate printing pattern to print 

Candida albicans, Tetanus toxoid and purified human IgG standards in ten replicates 

and quadruplicates respectively (Figure 26). Quality controls were diluted in printing 

buffer (PBS-Trehalose-Tween) to make a volume of 20 μl at a concentration of 100 

µg/ml. In addition, a two-fold serial dilution of purified human IgG was prepared and 

placed on the same 384 well plate in 10 dilutions starting at a concentration of 0.05 

mg/ml. All steps were performed at room temperature (20oC). Printed slides (Figure 

27a), containing multiple arrays were locked into 8 or 16 well plastic incubation gaskets 

(Grace BioLabs) (Figure 27b). This seals each array on the slide into a watertight well 

from its neighbour, so that each array can be individually probed with a different sample 

and process as required. One hundred μl of 5% BSA in PBST was added to each well 

then incubated for an hour with shaking at room temperature, ensuring slide gaskets 

were covered on top with a plastic sealing strip. Each well was then washed five times 

with 100 μl PBST for 3 minutes and emptied by inversion and tapping onto tissue paper. 

Two drops of Avidin blocking reagent (Life Technologies/Invitrogen, UK) were then 

added to each well and incubated at 10 minutes with shaking after which they were 

washed five times with PBST as before. The Avidin block was followed by a further 

10-minute incubation with Biotin block solution and the washing step was repeated. 

Serum and purified IgG samples were diluted 1:500 in 5% BSA in PBST. 100 μl of 

each sample was added to separate wells (except the negative control wells). The wells 

were then sealed and incubated with gentle agitation for an hour at room temperature 

after which they were washed five times over 3 minutes to remove unbound antibodies. 



Chapter	Two-Materials	and	Methods	

	 -	94	-	

100 μl of Biotinylated anti-human antibody (Vector Laboratories, UK), diluted 

1:20,000 in antibody diluent (DAKO, UK) was added to each well. They were then 

covered and incubated with shaking for one hour at room temperature after which wells 

were washed 5 times with PBST as before. Streptavidin-conjugated cyanine 5 dye 

(Molecular Probes, UK) was diluted 1:5,000 in 5% BSA-PBST and 100µl was added 

to the wells and further incubated in the dark with shaking for 15 minutes. Wells were 

washed five times with PBST, then once with PBS only for 5 minutes. Slides were 

removed from the incubation gaskets, rinsed briefly with ultra-pure water and dried by 

centrifugation using a steel slide rack in a plate rotor (Universal 30 RF) at 1200 rpm for 

5 minutes. Processed slides were scanned (Figure 27d) using a Genepix 4200AL 

scanner (Axon Genepix ®) at a wavelength of 635nm at 400 PMT and 100% laser 

power.  

 

 

Figure 26: Schematic representation showing quality control antigens, Candida albicans and Tetanus 
(ten replicates) and a two-fold serial dilution of purified human IgG (quadruplicates) on a single 
(approximately 5x5mm) microarray grid. 
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Figure 27: Schematic diagram showing the main processes in the initial antigen microarray assay. 
(a) Quality control antigens (Candida albicans and Tetanus) and a two-fold serial dilution of human IgG 
arrayed robotically onto a poly-L-lysine glass slide from a microtiter well plate. (b)Transfer of printed 
slide into an incubation casket (c) Slide probed with primary (sera/purified IgG) and secondary antibodies 
(biotinylated anti-human antibody) after which the interaction was detected with a Streptavidin 
conjugated Cy5 dye. (d) Fluorescent spots of control antigens and IgG standard in a scanned pad. (e) 
Analytical representation showing analysis of serum IgG across Candida albicans control antigen. 

 

2.2.4 Antigen Microarray Assay with Amplification 

The amplification step of the assay (Figure 28) was undertaken after detection step 

with secondary antibody was performed as stated above. Streptavidin-Horseradish 

Peroxidase (HRP) (Bio-rad, USA) was diluted 1:2,000 in antibody diluent and 100 μl 

was added to each well and incubated with shaking at room temperature in the dark for 

15 minutes. Streptavidin binds strongly to biotin linked to the secondary antibodies. 

The slide was then washed 5 times with PBST as before. The amplification step, when 

required, was carried out avoiding excessive exposure to bright light. The amplification 

diluent, amplification reagent, (Bio-rad, USA) and ultra-pure water were mixed into a 
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ratio of 4:1:4 (800 μl: 200 μl: 800 μl). 100 μl of the mixture was added to each well for 

10 minutes with shaking. After the amplification step, slides were washed three times 

with 20% Dimethyl Sulphoxide (DMSO)-PBST, then finally washed three times with 

PBST. Streptavidin-conjugated cyanine 5 (Molecular Probes, UK) was diluted 1:5,000 

in 5% BSA-PBST and 100µl was added to each well after which the preparation was 

incubated in the dark with shaking for 15 minutes. Wells/arrays were washed five times 

with PBST then once with PBS only for 5 minutes and subsequently rinsed briefly with 

ultra-pure water. Slides were dried by spinning (Universal 30 RF) at 1200 rpm for 5 

minutes. Slides were scanned as shown in the initial protocol. 

 

 

 

Figure 28: Schematic diagram showing Tyramide signal amplification in the antigen microarray 
assay. (a) Quality control antigens arrayed robotically onto a poly-L-lysine glass and subsequently 
probed with primary antibody (control sera) and secondary antibodies (biotinylated anti-human 
antibody). The interaction was amplified with Tyramide amplification reagents using after which the 
interaction was detected with a Streptavidin conjugated Cy5 dye.  
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2.2.5 Initial Protocol for Quantification of specific anti-TAA IgG levels 

in serum samples using HCC His-tagged Tumour-associated antigens 

The Microgrid software was set to an optimal humidity (55%-65%), slide layout (16 

pads) and printing pattern HCC His-tagged TAAs (AFP, Gankyrin and Mage) (Figure 

29) diluted in printing buffer (PBS-Trehalose-Tween) to make a volume of 20 μl at a 

concentration of 100 µg/ml. In addition, a two-fold serial dilution of purified human 

IgG was prepared and placed on the same 384 well plate in 10 dilutions starting at a 

concentration of 0.05 mg/ml. All steps were performed at room temperature (20°C).  

 

Figure 29: Annotated diagram showing the print pattern of His-tagged tumour-associated antigens 
on antigen microarray assay. AFP, Gankyrin and MAGE were printed in sixty replicates per array on 
a 16-pad slide. 

 

His-tagged TAAs were detected with either 100 μl of polyclonal rabbit anti-His6 

antibody (Insight Biotechnology, UK), diluted 1:10,000 in 5% BSA or 100 μl of each 

serum sample, diluted 1:500 in 5% BSA in PBST, which were added to each well as 

required (except the negative control blocks). The wells were then sealed and incubated 

with gentle agitation for an hour at room temperature after which they were washed 

five times over 3 minutes to remove unbound antibodies. Biotinylated anti-human 

antibody (Vector Laboratories, UK), diluted 1:20,000 in antibody diluent (DAKO, UK) 

AFP 
Gankyrin!
MAGE!
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was added, 100µl per well, to those wells previously incubated with serum samples. 

One Hundred μl of biotinylated anti-rabbit antibody (Insight Biotechnology, UK) 

diluted 1:30,000 in antibody diluent, was added to wells probed with anti-His6 antibody, 

covered and incubated with shaking for one hour at room temperature. Wells were then 

washed three times as before. Streptavidin Horseradish Peroxidase (HRP) (Biorad, 

USA) was diluted 1:2000 in antibody diluent and 100 μl was added to each well and 

incubated with shaking at room temperature in the dark for 15 minutes. The 

amplification diluent, amplification reagent, (Bio-rad, USA) and ultra-pure water were 

mixed into a ratio of 4:1:4 (800 μl: 200 μl: 800 μl). 100 μl of the mixture was added to 

each well for 10 minutes with shaking. After the amplification step, wells were washed 

three times with 20% Dimethyl Sulphoxide PBST, then finally washed three times with 

PBST. The wells were then washed 5 times with PBST. Streptavidin-conjugated 

cyanine 5 (Molecular Probes, UK) was diluted 1:5,000 in 5% BSA-PBST and 100µl 

added to each well then incubated in the dark with shaking for 15 minutes. Wells were 

washed five times with PBST then once with PBS only for 5 minutes and subsequently 

rinsed briefly with ultra-pure water. Slides were dried by spinning (Universal 30 RF) at 

1200 rpm for 5 minutes. Processed slides were scanned using Genepix 4200AL scanner 

(Axon Genepix ®) at a wavelength of 635nm at 400 PMT and 100% power.  

2.2.6 Optimising the Antigen Microarray Assay Using Different 
Microtiter Volumes. 

 

To test a combination of printing conditions that produce best spots and reduce spot 

variability, red (Cy5) and green (Cy3) Streptavidin conjugated Cy dyes were printed 

onto poly-L-Lysine glass slides from three different microtiter plate initial volumes (5 

μl, 10 μl and 20 μl) (Figure 30). This was undertaken at a humidity of 65% instead of 

57% as been used in previous experiments. Slides were then scanned for fluorescence. 
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This optimisation procedure was repeated using His-tagged TAAs (KRAS, HRAS, 

HDGF, AFP, RALA, GRP78, IMP1, Gankyrin, P62, APCN). Antigens were diluted in 

PBS-Trehalose-Tween and pipetted into 384 well microtiter plates as 5 μl, 10 μl and 20 

μl volumes at 0.1mg/ml concentrations. Slides were further processed using the same 

protocol earlier described. 

 

Figure 30: Green and red streptavidin conjugated cy5 dyes prepared in three different microtiter volumes 
(10 μl, 15 μl and 20 μl) in a 384 microtiter well plate. 

 

2.2.7 Optimising the Antigen Microarray Assay using different 

Blocking Buffers. 

A range of blocking buffers were tested to determine the optimal one that would prevent 

non-specific binding to reduce background noise. In this regard, four His-tagged TAAs 

(AFP, Gankyrin and 1MP1and APCN) were diluted in PBS-Tre-Tween-20 at a volume 

of 10 μl and were subsequently arrayed onto poly-L-Lysine glass slides at a 

concentration of 100 μg/ml. These arrays were then blocked with 5% BSA, 10% BSA, 

30% BSA, I block or Super G buffers after slides were processed as stated earlier. 
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2.2.8 Optimising the Antigen Microarray Using Different Printing 
Buffers and Arrayers 

 

Two His-tagged TAAs, AFP and Gankyrin, were printed to test the performance of 

different printing buffers. Each antigen was printed using contact and non-contact 

arrayers in PBS-Trehalose-Betaine-Tween, PBS-Trehalose-Tween and PBS-Trehalose. 

Antigens were printed as fifteen replicates each per array. The preparation of the 

antigens was the same for each buffer to assess its effect on spot variability. Slides were 

then processed as earlier described in the initial protocol. 

2.2.9 Optimising the Antigen Microarray Using Different Slide 
surfaces 

After different printing buffers were optimised, different modified slide surfaces were 

tested to determine the appropriate slide chemistry that could produce good 

morphological appearance of spots (circularity and evenness) and reduce spot 

variability. Two His-tagged TAAs, AFP and Gankyrin were diluted in PBS-Trehalose-

Betaine-Tween to a volume of 10 μl at 0.1 mg/ml and printed as sixty replicates per 

array on four slide surfaces, Poly-L-lysine, Aminosilane, Epoxysilane and 

Nitrocellulose at a humidity of 65%. In this instance, the Nitrocellulose slide was 

blocked with Super G block buffer.  

2.2.10 Optimising the Print Position of Antigens in the Microarray 
Assay 
	

Three His-tagged antigens (AFP, Gankyrin and HCC1) were diluted in PBS-Tre-

Betaine-Tween to a volume of 10 μl at 0.1 mg/ml and further printed in quadruplicates 

at the edges and middle positions in a 16-pad format on Aminosilane slide. The slide 

was then processed as earlier described in the initial protocol using an HCC serum 
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sample. This was undertaken to determine if the position of print on a glass slide affects 

the variability of individual spots. 

2.2.11 Optimising Monoclonal mouse anti-His6 antibody and 
Biotinylated anti-mouse antibody dilutions in Antigen microarray 
Assay 
	

Monoclonal mouse anti-His6 antibody and biotinylated anti-mouse antibodies were 

purchased to replace polyclonal rabbit anti-His6 and biotinylated anti-rabbit antibodies, 

which were used in previous experiments. These new primary and secondary antibodies 

were assayed to determine the optimal concentrations for use on antigen arrays. 

Four His-tagged TAAs (AFP, Gankyrin, GRP78 and Imp1) were diluted in PBS-Tre-

Betaine-Tween to a volume of 10 μl at 0.1mg/ml. They were further printed in ten 

replicates in a 16-pad array format on Aminosilane slides. The antigens were probed 

with different concentrations of monoclonal anti-His6 (1:2,000, 1:5,000, 1:7,000 and 

1:10,000). The interaction was further detected using anti-mouse antibody at several 

concentrations (1:10,000, 1:20,000 and 1:30,000).  

2.2.12 Finalised Antigen Microarray Assay Protocol for different 

categories of Tumour-Associated Antigens (Commercial and In-

house) 

2.2.12.1 Plate Preparation and Printing 

Commercial His-tagged (KRAS, HRAS, HDGF, AFP, RALA, GRP78, IMP1, 

Gankyrin, P62, APCN) and Flag-tagged TAAs (KRAS, HRAS, HDGF, P16, RALA, 

P62, P53, Gankyrin) were diluted in printing buffer (PBS-Trehalose Betaine-Tween) to 

make a volume of 10 μl at a concentration of 100 µg/ml, while in-house Flag-tagged 

TAAs expressed in lysates (KRAS, HRAS, HDGF, P16, RALA, P62, P53, Gankyrin) 

were prepared in PBS-Trehalose Betaine. Quality control antigens and two-fold serial 
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dilution of purified human IgG were prepared in the same manner as shown in section 

2.2.3. Antigens were printed at an optimal humidity of 65%. 

2.2.12.2 Blocking of Slide 

This was same in the initial protocol as stated in section 2.2.5. 

2.2.12.3 Probing with primary antibody/serum samples 

Probing of His-tagged antigens followed the same pattern as stated in section (2.2.5), 

however, poly-clonal rabbit anti-His6 antibody was replaced with monoclonal mouse 

anti-His6 antibody. Wells containing commercial Flag-tagged TAAs were probed with 

100 μl of monoclonal mouse anti-Flag antibody (Insight biotechnology, UK), diluted 

1:10,000 in 5% BSA whereas those containing in-house recombinant TAAs were 

probed with 100 μl of the same antibody diluted 1:1,000 in 5% BSA. All three sets of 

TAAs were probed with 100 μl serum samples diluted in 1:500 in 5% BSA.  

2.2.12.4 Probing with secondary antibody 

For wells probed with anti-His6 and anti-Flag antibodies (applies to commercial His-

tagged and Flag-tagged TAAs), 100 μl of biotinylated anti-mouse antibody (Vector 

Laboratories, UK) diluted 1:30,000 in antibody diluent, was added. However, this was 

different from other wells containing anti-Flag TAA (applies to in-house TAAs) as 100 

μl of biotinylated anti-mouse antibody diluted 1:2,000 was added. One hundred μl of 

biotinylated anti-human antibody (Vector Laboratories, UK), diluted 1:20,000 in 

antibody diluent (DAKO, UK) was added to all wells probed with serum samples.  

2.2.12.5 Amplification Step 

Procedure for this step was the same as stated in earlier protocol (section 2.2.4). After 

this step, wells were washed with 20% DMSO-PBST and PBST in the same manner as 

stated in section 2.2.4. One hundred μl of streptavidin-conjugated cyanine 5 (Molecular 
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Probes, UK), diluted 1:2,000 in 5% BSA-PBST, was added to each well and incubated 

in the dark with shaking for 15 minutes. Slides were washed five times with PBST then 

once with PBS only for 5 minutes and subsequently rinsed briefly with ultra-pure water. 

Slides were dried by centrifugation (Universal 30 RF) at 1200 rpm for 5 minutes. 

Processed slides were scanned using Genepix 4200AL scanner (Axon Genepix ®) at a 

wavelength of 635nm at 400 PMT and 100% power.  

2.2.13 Scanning of Microarray Slides 

Processed slides were immediately scanned using the Genepix 4200AL microarray 

scanner (Axon Genepix ®) (Figure 31) to measure the fluorescent dye Cy5. Prior to 

this, slides were inserted into a 36-position slide position carrier and loaded for 

automated slide handling, with the arrayed surface towards the first position and the 

bottom of the slide towards the left of the carrier. Fluorescent signals were excited at a 

wavelength of 635nm (laser standard red), Photomultiplier tube voltage of 400, pixel 

size 10µm, focus position of 20µm and 100% laser power (Figure 32). The above 

standards were set to prevent photo bleaching of the fluorescent Streptavidin-Cy5. 

Images were saved according to manufacturer’s format (16-bit TIFF format file). 

 

Figure 31: Photograph of the Genepix 4200AL Microarray Scanner. 
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Figure 32: Principle Model of Microarray Scanning. 

 

2.2.14 Generation of Genepix Array List Files (GAL) for Axon 

Genepix Pro Software 

The Genepix Array List (GAL) File is a tab separated text file (identified with a. gal 

suffix), which contains specific information for the layout of each array (termed a block 

in a genepix file) such as the size and position of individual blocks, layout of feature 

indicators as well as the names and identifiers of arrayed proteins including the within 

array column and row identifier of all spots with their specific names and IDs.  With 

the help of the GAL File, scanned images saved (saved in TIFF format) could be 

converted to numeric images. The GAL file is generated by the Microgrid II robot using 

the “clone tracking wizard” once an array pattern (a grid file) has been defined and a 

plate map giving the locations of each sample in the 384 well plate is input (Figure 33, 

left). This GAL file is loaded into the GenePix Pro 6.1 software and overlayed onto the 

TIFF images of scanned slides (Figure 33, right). The theoretical array grid depicted in 

the GAL file was semi-automatically aligned with the actual array image spots, in order 
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to identify the diameter and shape of the spot, its actual location, and define an area of 

local background around each spot. Once done, the image was analysed to quantify the 

fluorescence of each spot. The resultant file was an industry standard Genepix results 

file (GPR file) containing all the quantitative values of the data for each fluorescent 

spot such as the signal intensity, circularity, background noise, diameter, etc. 

 

Figure 33: An example of a plate map (Left) and the alignment of a resultant Genepix Array List (GAL) 
file grid onto corresponding spots on a TIFF image (right) to obtain the median fluorescence per each 
spot. Circles with lines through are deemed by the Genepix software as being below local background or 
absent from the array (with a corresponding data flag in the Genepix results (GPR) files), but numerical 
values are reported for all spots. 

 

2.2.15 Statistical Analysis 

The fluorescent signal of each spot was extracted from the Genepix results (GPR) files 

(median foreground (spot) fluorescence minus local background, for each arrayed 

protein) (Figure 34). Poor quality features were flagged for removal by the Genepix 

software based upon mathematical and statistical data with regards to spot morphology 

(circularity and size), signal uniformity, local background and signal to noise ratio. 

After the data were filtered, regular spots were analysed using R statistical package 

(RPPAnalyser version 3.1.2, 2014) to generate mean signal levels (Figure 34). This 
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statistical software employs two tab-delimited files namely: (slidedescription.txt) and 

(sampledescription.txt) which are usually connected to the equivalent gpr files. The 

Slide description file defines the location and number of arrays on a slide (called pads 

by the R module), the sample used to probe each array and the number of slides to be 

examined. The sample description file lists the antigens in each well of the source 384 

well microtiter plate as well as the dilutions if any of the samples and replicate 

identifiers.  

Graph Pad prism 7 (Graph Pad 7, USA) software (Figure 34) was used to generate 

graphs as well as interpolate IgG standard curves). Signal arithmetic mean of 

fluorescent signals, median, standard deviation, range and percentiles for all antigens 

were generated during the statistical analysis. Cut-off values for identifying 

seropositive (anti-TAA autoantibodies in serum) were 95th percentile of the healthy 

group. Samples which were estimated to be positive for an autoantibody response to a 

specific TAA if the mean signal intensity was above the chosen cut-off. Further 

statistical analysis was performed using Microsoft excel and IBM SPSS Statistics 23 

(Figure 34).  

 

2.2.17 Microarray Validation 

2.2.17.1 Intra and Inter Assay Precision 

To determine the precision of the antigen microarray, which is the coefficient of 

variation (CV%) of multiple measurements or repeats, intra-assay and inter-assay tests 

were conducted. Intra-assays were performed repeatedly over the same slide on the 

same day and inter-assays performed over a period of two to three consecutive days. 

The precision was calculated by dividing the standard deviation of multiple repeats by 
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its mean. The accepted level of precision was set at £15% and £20% for intra and inter-

assay respectively. 

 

Figure 34: Statistical softwares and workflow used in the analysis and interpretation of Microarray data. 

 

2.3 Materials (Production of In-House HCC TAAs) 
	

2.3.1 Media, reagents, solutions 

All chemicals and reagents to produce HCC recombinant TAAs were purchased from 

ThermoFisher Scientific, UK and Sigma-Aldrich (Poole, UK) unless otherwise stated. 

All solutions used were sterilised by filtration through a 0.2 μm Minisart® high-flow 
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syringe filter (Sartorius). All human cell work was performed in a class II tissue culture 

hood.  

2.3.2 Plasmids 

Eight C-Terminal Myc-DDK (Flag) tagged human TrueORF cDNA clones with 

pCMV6 entry vectors were purchased from Origene, UK. These lyophilised clones (10 

μg) were dissolved in 100 μl of nuclease free water (Ambion, UK) and stored at -20°C 

until use (Table 14). 

Table 14: List of C-Terminal Myc-DDK (Flag) tagged human TrueORF cDNA clones 
used in the study. 

Human 
cDNA 
clone 

Catalogue # Predicted 
MW (kDa) 

mRNA 
Accession # 

ORF size Antibiotic 
resistance 

KRAS RC201958 21.2 NM_004985 567bp Geneticin 

HRAS RC216409 44.2 NM_005343 513bp Geneticin 

HDGF RC204148 26.6 NM_004494 732bp Geneticin 

 

RALA RC208076 23.4 NM_005402 621bp Geneticin 

P62 RC200263         44 NM_006559 1332bp Geneticin 

P53 RC200003 44.1 NM_000546 1182bp Geneticin 

Gankyrin RC202025 23.2 NM_002814 681bp Geneticin 

CDKN2A RC211784 17.8 NM_058195 522bp Geneticin 
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2.3.3 Expression Systems 

Baculovirus, E. coli and mammalian systems are some of the most common prokaryotic 

and eukaryotic expression systems mostly used in the laboratory. For recombinant 

protein expression, eukaryotic expression system, was selected over E.coli due to 

number of reasons. Eukaryotic systems are more likely to produce properly folded and 

authentically glycosylated human proteins as well as introduce appropriate post-

translational modifications, unlike bacterial systems. Human Embryonic Kidney 293 

cells (HEK 293t ATCC 15E058, Public Health England) stably transfected with the 

SV40 large T-antigen was used in this study. This cell line binds to the SV40 origin of 

replication that is often engineered into expression vectors, thus increasing protein 

expression. HEK 293 is an excellent cell line to use in transfection experiments and 

recombinant protein production because of its biochemical machinery. Thus, it is 

capable of undertaking most posttranslational folding and processing required to 

generate mature and functional proteins. 

2.3.4 Culture media, Reagent and buffers 

Culture media and buffers (Table 15) were stored at 2-8oC. Aliquots of 1x trypsin 

Ethylenediaminetetracetic acid (EDTA) were kept at -20oC. Dulbecco’s Modified 

Eagle’s Media (DMEM) (ThermoFisher Scientific, UK) is a modification of Basal 

Medium Eagle (BME), which has a higher concentration of vitamins (Folic acid, 

Riboflavin, B12) and amino acids as well as supplementary constituents such as salts 

(Calcium Chloride, Sodium Chloride, Potassium Chloride and Magnesium Sulphate) 

and glucose, which are involved in the cell’s metabolic processes. 
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Table 15: List of growth media, reagents and buffers used in cell culture. 

 

2.3.5 Transfection reagent  

An appropriate transfection reagent is required to ensure an efficient insertion of genetic 

material (DNA) into eukaryotic cells. The optimal transfection reagent used for 

transfecting human TrueORF cDNA clones into HEK 293 cells was AmaxaÒ cell line 

nucleofectorÒ Kit V (Lonza, UK), which consist of a nucleofectorÒ solution, 

supplement and pmaxGFP vector and gives a cell viability variation between 75%-85%. 

Nucleofection reagents were stored at 4oC except for pmaxGFP vector, which was 

stored at -20oC. 

2.3.6 Antibiotics 

To prevent bacterial contamination of cell cultures, the cell culture media is 

supplemented with Penicillin and Streptomycin antibiotics (Table 16) due to their 

effective combined action against gram-positive and gram-negative bacteria. Penicillin 

usually acts by activating the release of enzymes that alter the cell wall and interferes 

Incomplete media 500ml DMEM (Low glucose), 5ml 

Penicillin/streptomycin, 5ml L-Glutamine 

(200mM), 5ml Hepes buffer (1M). 

Complete Media For 50ml, 45ml of incomplete media, 5ml 

Fetal bovine serum (Sigma Aldrich, UK). 

10% FBS/DPBS 45ml Dulbecco’s Phosphate buffered saline 

(ThermoFisher Scientific, UK), 5ml FBS 

1XTrypsin/EDTA 5ml x10 Trypsin/EDTA (ThermoFisher 

Scientific, UK), 45ml DPBS. 
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with the turnover of the bacterial cell while Streptomycin binds to the 30S subunit of 

the bacterial ribosome, resulting in inhibition of protein synthesis and death in 

susceptible bacteria. Secondly, Geneticin (G418) is added to the cell culture media in 

order to select cells successfully transfected with human cDNA clone containing the 

drug resistant gene in its construct.  

Table 16: List of antibiotics used. Antibiotics were stored at -20oC. 

Antibiotic 

 

 

Stock 
concentration 

Solvent Working 
concentration 
(µg/ml) 

Source 

Penicillin and 
Streptomycin 

100 µ/ml 

10 mg/ml 

DPBS 1 µ/ml 

0.1 mg/ml 

Sigma 
Aldrich, 
UK 

Geneticin (G418) 50 mg/ml Nuclease 
free water 

1mg/ml Gibco, 
UK 

 

2.3.7 Growth Conditions and Storage 

HEK 293 cells were passaged in sterile, 25 cm2 tissue culture-treated flasks with flat, 

orange, vented caps (Corning Inc.), in DMEM– with 10% sterile heat-inactivated fetal 

bovine serum (FBS; Sigma Aldrich, UK). Unless stated otherwise, this preparation of 

DMEM was used in all situations. Growing cell stocks were passaged, at a cell density 

of 2-5x10,000 cells/cm2, using 1x trypsin/EDTA (ThermoFisher scientific, UK) every 

72 – 96 hrs, when 70-80% confluence was reached and incubated at 37oC/5%CO2 

(Grant JB series Incubator, Grant UK). 
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2.4 Methods (Production of In-House HCC TAAs) 
	

2.4.1 Transfection of cDNA clones into HEK 293 cells 

HEK 293 cells were passaged 2-3 days until 70%-80% confluence prior to the 

transfection procedure. Cells at 50% confluence were harvested by trypsinizing with 5 

ml 1x trypsin/EDTA after which 5 ml 10% FBS/DPBS was added for 5 minutes to 

neutralise the effect of the trypsin. The cell suspension (1x106 cells per sample) was 

centrifuged (Rotina 46, UK) at 300 g for 10 minutes at room temperature after which 

the supernatant was discarded. The cell pellet (1x106 cells per sample) was carefully 

re-suspended in 100 μl of nucleofector solution V (Lonza, UK). 100 μl of each cell 

suspension was combined with 2 μg of human cDNA ORF clone (KRAS, HRAS, 

CDKN2A (P16), HDGF, RALA, P62, P53, Gankyrin and pmaxGFP) (Origene, UK) 

(Figure 35). The cell/cDNA clone suspension was then transferred into certified 

cuvettes after which cells were transfected with the nucleofector program A-023 using 

the nucleofector device (Lonza, UK). Contents of the cuvette were then transferred into 

a sterile 6 well culture plate containing 1.5 ml pre-warmed complete medium (Figure 

35). Cells were incubated in humidified incubator at 37oC/5%CO2 (Grant JB series, 

UK) for 48 hours until further analysis. The percentage of GFP positive cells was 

determined (transfection efficiency) using a Beckman Coulter FC500 at the flow 

cytometry unit. 

2.4.2 Generation of Stable Cell line (Selective Pressure) 

Forty-eight hours after transfection, old cell culture media was replaced with fresh 

complete media containing 1 mg/ml Geneticin (G418) (Gibco, UK). Stable selection 

and growth of resistant clones was allowed up to 1 or 2 weeks until selected cells 

reached 80% confluence. Selective media was replaced every 3 days to ensure adequate 
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selection of resistant clones (transfected cells containing plasmid with resistant 

constructs).   

2.4.3 Preparation of Cell Lysate 

Old medium was removed from the adherent cells and washed once with 1000 μl cold 

DPBS (Sigma Aldrich, UK) for 30 minutes. 1000 μl of cold RIPA buffer (Thermo 

Fischer Scientific, UK), 10 μl of Protease/Phosphatase inhibitor cocktail and 5 μl of 

1unit/µl Benzonase (Sigma Aldrich, UK) were added to the cover the culture. The 

preparation was incubated on ice with shaking for 30 minutes after which samples were 

transferred into 1.5 ml microcentrifuge tubes. Samples were then centrifuged (IEC 

Micromax RF, UK) at 16,000 g for 15 minutes at 4oC. The clarified lysate was removed 

and stored at -20oC until further use (Figure 35). 

 

 

Figure 35: Schematic diagram outlining the main procedures involved in generating 
Hepatocellular carcinoma (HCC) recombinant tumour associated antigens using HEK 293 cells. 
The processes above show the transfection of HEK 293 cells with KRAS, HRAS, HDGF, P16, RALA, 
P62, P53 and Gankyrin human cDNA ORF clones, using the Amaxa nucleofection solution kit V. 
Resistant cells were selected with G418 and allowed for a 1-2 weeks selection. Resistant cells were then 
lysed, and proteins were further characterized by western blot. 
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2.4.4 Protein Buffer Exchange, Concentration and Quantification  

2.4.4.1 Protein Concentration by Ultrafiltration  

Proteins were concentrated using Amicon® Ultra 2 ml and 15 ml 10K MWCO 

centrifugal filter units (Merck Millipore, USA) according to manufacturer’s 

instructions (Figure 36).  

 

Figure 36: Schematic diagram showing the processes involved in Ultracentrifugation. 

 

2.4.4.2 Protein Quantification by BCA Assay 

The PierceTM BCA Protein Assay Kit (Thermo Scientific, UK) was used according to 

manufacturer’s instructions; using nine bovine serum albumin (BSA) size standards 

(2000, 1500, 1000, 750, 500, 250, 125, 25, 0 μg/ml; Thermo Scientific, UK). Samples 

and standards were added to working reagent in 1 in 20 dilutions (Figure 37). 

Absorbance was measured at 562 nm using the FLUOStar Omega plate reader and 

analysed using Graph Pad Prism 7 software.  
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Figure 37: The diagram above shows the processes involved in protein quantification using the 
BCA assay kit. (A) Nine serial dilutions of BSA standards. (B) Samples (in duplicates) diluted in 
working reagent (1:8) and further transferred into a 384-microtitre well plate. Samples were incubated at 
37oC/5% for 30 minutes after which the absorbance was read at 562nm. 

 

2.4.4.3 Protein Detection 

Proteins were stored at 4°C or -20°C for long-term storage before protein analysis was 

carried out. The various analysis methods are outlined below; 

2.4.4.3.1 Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-
PAGE) 

	

Equal volumes of samples and 1 × Sodium Dodecyl Sulphate (SDS) loading buffer 

(620mM Tris-HCl [pH 6.8], 5% SDS, 25% Glycerol, 12.5% β-mercaptoethanol, 

0.002% Bromophenol blue and make up to 25 ml with deionized water, Novex, 

Invitrogen, UK) were mixed (10 μl:10 μl). Samples were denatured by heating them at 

95oC for 10 minutes on PCR block (Omnigene, UK), before loading alongside with 

either Spectra Multicolour Broad range protein ladder (10-260 kDa) (ThermoFisher 

Scientific, UK), Pre-stained Protein marker (11-250 kDa) (Cell signalling), Magic 

MarkTM XP (20-220 kDa) (ThermoFisher Scientific) to facilitate an estimation of 

protein size. Precast 15-well Mini-Tris Glycine gels (4%-20% and 10%-20%) 

(Invitrogen, UK) were used, running 15 μl protein sample at 130 V for 1.5 hrs at 35 mA 

and 1x running buffer (Tris-Glycine-SDS) (ThermoFisher Scientific, UK) were used. 
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Gel staining was performed using TM Silver Stain Kit (ThermoFisher Scientific, UK) 

or Protein gel stain (Invitrogen, UK). 

2.4.4.3.2 Staining Proteins in Polyacrylamide Gels 

2.4.4.3.2.1 Silver Staining of Gels 
	

All steps in this procedure were performed in a clean staining tray (plastic or glass) with 

constant gentle shaking. The Pierce Silver Stain Kit (Thermo Scientific, UK) was used. 

Gels were washed immediately in two changes of ultrapure water for 5 minutes after 

which they were fixed in water, ethanol and acetic acid solution at ratio of 6:3:1 for 15 

minutes. This procedure was repeated for another 15 minutes. After the fixing, gels 

were further washed in two changes of 10% ethanol solution and two changes of ultra-

pure water 5 minutes each. Gels were incubated for 30 minutes in a sensitizer working 

solution for 1 minute and subsequently washed in two changes of ultra-pure water for 

1 minute each. Gels were then incubated in a stain working solution for 30 minutes and 

washed in two changes of ultra-pure water for 20 seconds each. They were incubated 

in a developer working solution for 2-3 minutes until protein bands appeared. When the 

desired band intensity was reached, the developer working solution was replaced with 

two changes of 5% acetic acid for 10 minutes each in order to stop the reaction, after 

which they were scanned. 

2.4.4.3.2.2 Imperial Staining of Gels 
	

Precast gels were placed in a clean tray and washed three times for 5 minutes with 100 

ml of ultrapure water. 25 ml of Pierce ImperialTM Protein stain (Thermo Scientific, UK) 

was added to cover gels completely after which the tray was placed on a shaker. To 

achieve the desired level of sensitivity, the gel was kept in the stain for 2 hours. The 
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staining reagent was discarded and replaced with 20 ml of ultrapure water to reduce the 

background. In order to increase the band intensity, the washing was extended. Stained 

pre-cast gels were scanned afterwards. 

2.4.4.3.3 Western Blot  

2.4.4.3.3.1 Transfer of blots 
	

An SDS-PAGE gel was transfer-assembled with 1x transfer buffer (10x Tris-Glycine 

diluted 1 in 10 in deionized water, 10% methanol) (ThermoFisher Scientific, UK) in a 

clean plastic tray next to a 0.2 μm HybondTM-ECLTM nitrocellulose membrane 

(ThermoFisher Scientific, UK) or 0.2 μm PVDF membrane (ThermoFisher Scientific, 

UK). The complex was sandwiched between two pre-wet filter papers and placed on 

Transblot SD wet transfer cell (Invitrogen, UK). This was encased by 3 pieces of filter 

paper. All components were soaked in 1x transfer buffer. The membrane was placed 

closest to the positive electrode after which transfer was run at 30 V at 100 mA for 1.5 

hrs.  

2.4.4.3.3.2 Membrane Blocking and antibody incubation 
	

The membrane was blocked using 25 ml 1x Tris Buffered Saline (TBS), 0.1% Tween 

20 (100%) with 5% w/v skimmed dry milk (Tesco, UK) at RT for 1 hr at 10 rpm. This 

was followed by 3 washes 5 minutes each with 1x TBS, 0.1%Tween 20 (100%) 

(ThermoFisher Scientific, UK). Primary antibody incubation was undertaken based on 

the type of antibody used and as per manufacturer’s instructions. Nitrocellulose 

membrane was incubated in 5 ml mouse anti-DDK (Sigma Aldrich, UK), (diluted 

1:1000 in 5% milk) overnight at 4oC. Anti-Myc as well as antigen specific antibodies 

such as anti-KRAS, anti-P16, anti-P62 and anti-P53 were diluted (1:500, 1:300, 1:300, 
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1:50) in 5% milk respectively. The membrane was washed three times for 5 minutes 

each in 15 ml TBST at 30 rpm. For chemiluminescence detection, the membrane was 

probed with polyclonal goat anti-mouse HRP (DAKO, UK), (diluted 1:2000, 1:1000, 

1:500, 1:500, 1:500, 1:50 in 5% milk for DDK, Myc tagged proteins and non-tagged 

(KRAS, P16, P62 and P53) proteins respectively), for 1 hour at room temperature with 

rocking, followed by three washes. The membrane was immersed in AmershamTM 

enhanced chemiluminescent (ECLTM) western blotting detection reagents (GE 

Healthcare) for a minute and developed using Amersham Hyperfilm ECLTM high 

performance chemiluminescence film (GE Healthcare), Carestream® Kodak® 

autoradiography GBX developer/replenisher and fixer/replenisher (Sigma). In the case 

of fluorescence immunoblots, the membrane was incubated in Licor Odyssey anti-

mouse antibody-IR680LT (680nm) conjugate, diluted 1:5,000 in TBST, after which the 

membrane was washed and scanned using the Licor Odyssey scanner. 

2.4.4.3.4 Dot Blot 

Grids were drawn on 0.2 μm nitrocellulose membranes using a pencil to indicate the 

regions where samples would be put. Two μl of samples were spotted onto the 

membrane and allowed to dry for an hour. The probing and film development procedure 

was the same as seen with western blot stated above. 

2.4.4.3.5 Protein Purification 

2.4.4.3.5.1 FLAG-Tag Affinity Chromatography  
	

Prior to the purification process, glycerol in the Anti-Flag® M2 affinity gel (Cat. A2220 

Sigma Aldrich, UK) was separated from the resin. The affinity column was washed 

with 0.5 ml x1 wash buffer (10x wash buffer (0.5M Tris-HCL, 1.5M NaCl) diluted 1:9 

in deionized water) (Sigma Aldrich, UK) after which the column was packed with resin. 
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Subsequently, resin was washed once with 1x wash buffer to allow equilibration. The 

column was then loaded with three and five column volumes of elution buffer (0.1M 

Glycine) and 1x wash buffer respectively (Figure 38). Briefly, buffered lysates 

containing FLAG-fusion protein and BAP fusion protein (50 ng/μl) were passed 

through 1 ml Anti-Flag® M2 affinity gel by gravity flow. After washing with 10 column 

volumes of 1x wash buffer, FLAG-fusion proteins were eluted in six 1 ml fractions by 

acid elution (0.1M glycine-HCl) (pH 3.5) (Figure 38) after which the elution fractions 

were neutralised with Tris Buffered Saline (50mM Tris-HC, 150mM NaCl (pH 10.0)). 

 

 

Figure 38: Diagram showing the processes involved in Flag-tag affinity chromatography. 1. Anti-
Flag® M2 affinity gel mixed with cell lysate to allow flag-tagged recombinant proteins to bind the resin 
2. Resin is washed with TBS (50mM Tris-HCL, 15mM NaCl, pH 7.4) to remove unbound proteins from 
resin. 3. Bound target (Flag-tagged tagged proteins) eluted from resin using 0.1M Glycine HCL (pH 3.5) 
and further neutralised with Tris-Buffered Saline (50mM Tris-HC, 150mM NaCl (pH 10.0). 
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2.4.4.3.5.2 Anti-Flag® M2 Magnetic Bead Chromatography 
	

Anti-Flag® M2 magnetic beads (Cat. M8823, Sigma Aldrich, UK) were gently re-

suspended by inversion after which 50 μl was transferred into Eppendorf tubes. Tubes 

were then securely held in a magnetic separator rack to collect beads after which the 

storage buffer was discarded. Beads were washed with 10 packed bead volumes of Tris 

buffered saline buffer (TBS) (50mM Tris-HCl, 150mM NaCl, PH 7.4) after which the 

buffer was discarded. 500 μl of cell lysate, BAP fusion protein (50 ng/μl, diluted 1:25 

in TBS) (positive control) and 1 ml TBS (negative control) were added to the beads. 

Samples were further incubated overnight at 4oC. Beads were collected, and supernatant 

was removed (Figure 39). The magnetic beads were washed with TBS. FLAG-fusion 

and BAP recombinant proteins were eluted under acidic conditions with five packed 

bead volumes of 0.1M Glycine-HCl (pH 3.0) (Figure 39) after which elution fractions 

were neutralised with Tris Buffered Saline (50mM Tris-HC, 150mM NaCl (pH 10.0)). 

Aside acid elution bound recombinant proteins were also eluted with 2x SDS-PAGE 

sample buffer (125mM Tris HCL, pH 6.8, 4% SDS, 20% (V/V) glycerol and 0.004% 

bromophenol blue) without DTT or 2-mercaptoethanol after which samples were boiled 

for three minutes. Fractions containing the expressed protein were pooled, desalted, and 

concentrated against phosphate buffered saline (PBS). Desalted recombinant proteins 

were quantified using the Pierce BCA assay kit (Thermo Scientific) following 

manufacturer’s instructions. The purity and identity of the recombinant protein were 

assessed using SDS-PAGE and immunoblot.  
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Figure 39: Diagram showing the processes involved in anti-Flag® M2 Magnetic bead protein 
chromatography. Anti-Flag® M2 magnetic beads mixed with cell lysate to allow desired target to bind 
to beads 2. Beads washed with TBS (50mM Tris-HCL, 15mM NaCl, pH 7.4) to remove unbound proteins 
from beads. 3. Bound target (Myc-DDK tagged proteins) eluted from beads using 0.1M Glycine HCL 
(pH 3.0) after which the elution fractions were neutralised with Tris Buffered Saline (50mM Tris-HC, 
150mM NaCl (pH 10.0)). 

 

2.4.4.3.5.3 Immunoprecipitation of Proteins using Myc Trap® Magnetic Beads 
	

Immunoprecipitation of Myc-tagged proteins using the Myc Trap® magnetic beads 

(Cat. YTA-10, Chromotek, UK) employed a similar principle as the Anti-Flag® M2 

magnetic bead immunoprecipitation procedure. Myc Trap® magnetic beads were 

thoroughly vortexed and 25 µl bead slurry was pipetted into 500 µl ice-cold dilution 

buffer (150mM NaCl, 0.5 mM EDTA, 0.0018% sodium azide). The mixture was 

centrifuged at 2500 x g for 2 minutes at 4°C and supernatant was discarded. Beads were 

then washed twice with ice-cold dilution wash buffer. Cell lysate suspected to contain 

Myc tagged proteins was added to equilibrated magnetic beads and incubated for 1 hour 

at 40C, after which the mixture was centrifuged at 2500 x g for 2 minutes at 40C. Myc-

Trap® beads were further re-suspended in 500 µl ice-cold wash buffer and subsequently 

centrifuged at the same speed after which the supernatant was discarded. This stage was 

carried out twice. For elution of Myc-tagged proteins in cell lysates, two approaches 

were undertaken. Firstly, 2x Myc peptide (Chromotek, UK) reconstituted in PBS to a 

final concentration of 1 mg/ml was used. Reconstituted Myc peptide was diluted to 100 
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µg/ml in dilution buffer and 100 µl was added to Myc Trap® beads. The preparation 

was incubated for 15 minutes at room temperature and further centrifuged at 2500 x g 

for 2 minutes. Supernatants were carefully transferred into a new tube and this step was 

repeated to increase the elution efficiency. The Myc peptide procedure was undertaken 

to displace Myc-tagged proteins from the Myc Trap® beads. Alternatively, Myc Trap 

beads were re-suspended in 100μl 2x SDS sample buffer after which re-suspended 

beads were heated for 10 minutes at 95oC to dissociate immunocomplexes from beads. 

Beads were then centrifuged, and supernatants were collected.  
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Chapter Three: Development of the 
Antigen Microarray Technology for 
Autoantibody detection in 
Hepatocellular Carcinoma Patients 
 

3.1 Introduction 
	

Microarray technology is a multiplex lab-on-a-chip assay which allows large quantities 

of biological samples to be arrayed onto a solid substrate (either on a glass slide or 

silicon thin film) using high-throughput, miniaturised, parallel processing and detection 

methods (366, 367). Producing an immunoassay in a ‘microspot’ fashion was instigated 

in the 1960s, where depositing spots of antigen solution was utilised in the detection of 

serum autoantibodies against thyroglobulin in autoimmune hepatitis. However, the 

concept of microspot took shape with the development of DNA microarray technology. 

It is considered as one of the most recent advances being used for cancer research and 

aids in pharmacological approaches to treat diseases. There are different types of 

microarray technology; DNA microarray measures the expression of a large number of 

genes simultaneously and helps to identify single-nucleotide polymorphisms (SNPs) 

and mutations, target genes of tumour suppressors, cancer biomarkers, genes associated 

with chemo-resistance and drug discovery (366). Antibody microarrays usually consist 

of capture antibodies immobilised onto a solid surface, such as glass, in order to detect 

antigens. This type of microarray is often used to detect expression of proteins in cell 

lysates in general research and biomarkers for diagnostic purposes (366, 368). 

Antigen microarray has emerged as one of the most robust and promising tools for the 

screening of a wide range of conditions, including the identification of protein-protein 

interactions and examination of humoral immune responses in diseases (300). With 
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early screening techniques, such as Enzyme Linked Immunosorbent Assay (ELISA), 

autoantibodies to a variety of tumour-associated antigens (TAAs) are analysed 

individually in single-analyte experiments (300). However, with the introduction of 

microarray technology, the reactivities of autoantibodies to a panel of antigens can now 

be examined in a high-throughput and multiplexed manner by spotting them robotically 

onto planar surfaces (299). Antigen microarrays offer an incomparable tool to examine 

the immune response in autoimmune disorders, with important possible applications 

for disease management. These include determining individuals who are at risk of 

developing a specific autoimmune disease, monitoring progression of the disease and 

response to therapy and early diagnosis of individuals developing autoimmune 

disorders before symptoms appear (369). 

Spotting antigens directly onto an array surface generates a microarray. When these 

microarrays are incubated with patient samples, the spotted antigens function to capture 

autoantibodies whose reactivity can be determined by either utilising a secondary 

antibody detector or the use of a direct label such as fluorescent-labelled autoantibodies 

directly from a serum specimen (370). Reproducible printing of antigen spots on a solid 

surface with a positioning precision is a requirement of this technology. The technology 

is undertaken in a temperature and humidity controlled environment in order to preserve 

the structure and function of the materials printed (370). The development of high 

throughput methods for analysis of antibody reactivity was initiated by the construction 

of a multiplex ELISA using 96 well (370). Antigen microarrays are more sensitive 

compared to ELISA as the signal is typically fluorescent rather than colorimetric 

(Figure 40). Additionally, this technology is able to quantify hundreds of antigen-

antibody interactions using very small volumes of samples (300, 371). 
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Figure 40: Enzyme Linked Immunosorbent Assay (ELISA) vs Protein microarray. Adapted from (368). 

 

The antigen microarray technology has some limitations with respect to analysing 

antibody responses.  For example, the structure of antigens can be affected by drying 

of microarrays or during adsorption to the solid surface. This variations in antigen 

structure can interfere with the conformational epitopes of clinical relevance and can 

also show epitopes that are not accessible to antibodies (369). Thus, a critical feature 

of the microarray technology is the provision of optimal binding without 

conformational change (372). Initially, polyvinylidene fluoride (PVDF) membranes 

were the main choice of solid support for protein microarrays (373). The subsequent 
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application of glass as solid support for the microarray resulted in high binding capacity 

with low non-specific background. The change from DNA to protein microarrays also 

compelled a more challenging task, thus the provision of a surface that houses proteins 

of different structure and composition in a manner such that their three-dimensional 

structure, binding sites and functionality are preserved (372). Several surfaces have 

been recommended in order to meet the requirement of protein microarray and this can 

be broadly divided into three major groups. The first consists of two-dimensional (2D) 

plain glass slides (Figure 41), which are activated with different kinds of coupling 

chemistries such as aldehyde, epoxy or carboxylic esters. These surfaces bind proteins 

and antibodies either by formation of covalent bonds, or electrostatic interactions (372). 

A number of surface chemistries have been assessed for the immobilisation of capture 

agents on protein microarrays. Surfaces such as poly-lysine coated glass slides, which 

are hydrophilic and positively charged, allow for non-covalent protein adsorption, but 

this usually gives problems, such as protein desorption, which can lead to signal loss 

(374). Covalent binding via amines or amino acid side chains on chemically coated 

surfaces, such as aldehyde, is considered as an alternative method for protein 

attachment to surfaces. The benefit of covalent binding is its stability, and the capture 

agents are immobilised at very high densities. This leads to a highly sensitive detection 

(375). However, one drawback is protein denaturation. On the other hand, there are 

three-dimensional (3D) gels or membrane-coated surfaces (Figure 41), such as 

polyacrylamide (376), agarose (377), and nitrocellulose (378). These bind proteins 

primarily by physical adsorption and have the benefit of preserving the native 

conformation of proteins. Nitrocellulose coated slides or gel pads permit passive 

adsorption leading to non-specific and non-covalent attachment of proteins, whereas 

surfaces such as epoxy-activated surfaces allow for a covalent attachment of proteins 
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through their accessible amine, hydroxy or thiol groups. Unlike epoxy-activated or 

nitrocellulose-coated surfaces, which allow for a random orientation of the proteins, 

affinity tag coated surfaces permit a uniform orientation of the proteins (13). However, 

large variations in signal intensity are a drawback of these surfaces. An optimal solid 

surface chemistry for protein microarrays should be able to preserve the functionality 

of the capture agent after immobilisation, have a high binding capacity, have high 

reproducibility, give high signal-to-noise ratio, and should be reasonably easy to 

manipulate (379, 380). There is no common specific slide surface chemistry which is 

ideal for all microarray applications. Usually, a considerable amount of time has to be 

channelled into developing an optimal surface chemistry, in addition to fine tuning the 

assay protocols appropriately before utilising the full value of planar affinity arrays. 

Numerous aspects need to be considered, such as whether the arrayed proteins can 

retain their structure, conformation and functional ability without denaturing them. A 

comparable effort has to be spent for detecting the optimal buffer to block arrays before 

sample application. As such there are many challenges linked with the antigen 

microarray technology as compared to DNA microarrays (379).  
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Figure 41: Slide surface chemistries for protein microarrays. The figure above shows the various 
classes of slide surface chemistries and further highlights their main binding approaches. (a) Shows the 
direct binding of proteins by two-dimensional slide surfaces, on the other hand, b) three-dimensional 
slide surfaces by means of physical adsorption retain proteins within the gel structure. Other slide surface 
concepts include surface coatings such as (c) dendrimer slides, (d) avidin or dendrimer slides and (e) 
polyethylene glycol-epoxy slides.  

	

With the advances in microarray technology, there has also been an increase in the 

development of sensitive and reliable detection methods. As such, protein detection 

methods have gradually undergone a significant transition from labelled based to 

sensitive label free technologies, which are very useful for the study of interactions and 

functions of large amounts of proteins (381). In addition, protein microarrays allow for 

increase in simultaneous measurement of analyte, hence having an increased 

throughput potential over other current technologies.  

As already mentioned above, during microarray preparation it is essential that the 

capture agent stays in the functional state once it has been arrayed onto the solid surface 

(382). Buffers with similar properties to the physiological fluid are mainly used for the 
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preparation of capture agents in order to maintain their functional integrity and this is 

done prior to spotting. The addition of stabilisers such as glycerol can help preserve the 

native properties of proteins (375). The production of the microarray itself presents as 

one of the principal technical challenges of microarray measurements. Printing 

technologies presently exist in two forms; contact and non-contact arrayers. Contact 

printing is based on a direct contact between a metal pin head and the solid surface 

(Figure 42A). This type of printing usually comes in three formats, solid pin, quill, as 

well as pin and ring. A solid pin printing assembly comprises of a solid pin with a flat 

end. The pin submerged into the liquid transfers a sub-nanolitre volume of sample to 

the tip of the pin. Direct contact of the pin with the surface dispenses the fluid to the 

surface of the solid support (381). On the other hand, the quill printing assembly 

(Figure 42B) is made up of a flat pin head with a distinct hollow bore where the sample 

wicks into the hollow space and gets deposited on the solid surface. The volume of 

liquid dispensed during the contact printing procedure varies from 0.3-2 nl per drop 

(381). One of the main challenges with contact printing is that proteins might remain 

attached to the pinhead following washing and this may result in the cross-

contamination of samples. Also, proteins might be denatured during the printing 

procedure as the pin touches the solid surface (381). Moreover, assay variability occurs 

during contact printing as a result of less homogenous protein spotting. Non-contact 

printers employ a sensor, which is either piezoelectric crystal or solenoid and it deposits 

printing solutions above the solid surface (381). This type of printing is assumed to 

produce the lowest spot to spot variability in the amount of sample deposited. The 

capillary does not touch the surface hence; less harm is caused to the protein structure. 

However, during droplet delivery, the shear forces produced may have a negative effect 

on protein structure (381). 
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Figure 42: Microarray printing. The figure above shows (A) contact printing, where the solid pin 
makes direct contact with the surface to dispense proteins while (B) in non-contact microarray, the solid 
pin does not contact the slide surface as it drops proteins unto the slide surface by the ink-jet method. 

	

The heterogeneous nature of the proteins and peptides used in antigen microarrays, as 

compared to nucleic acids used in transcript profiling, has plagued antigen microarray 

technology. For example, this antigen heterogeneity has produced substantial 

variability in the binding of antigens to array surfaces, and therefore can limit 

autoantibody detection (300, 383). Variation within and between antigen microarrays 

A Contact Printing (Mechanical)

B Non-Contact Printing (Ink-jet)
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may also be as a result of the heterogeneity of buffers and macromolecules required to 

solubilise them. This variance negatively affects the ability to accurately detect subtle 

and very important differences between patients or within a patient over time (300). 

Despite modern advances, the need for development in antigen microarrays is still 

tremendous due to a number of distinctive technical challenges facing the technology. 

These include technical issues pertaining to printing, probing and normalisation 

strategies (383). One of the principal aims of this work was to use the in-house antigen 

microarray platform to profile autoantibodies in sera of hepatocellular carcinoma 

patients. The performance of the in-house antigen microarray was investigated by 

firstly undertaking validation studies, since one of the main obstacles of the technology 

in general is the difficulty in reproducing microarray assays. Subsequently, a thorough 

optimisation of the technology was undertaken by investigating multiple parameters 

concurrently, including the printing and blocking buffers, edge effect, antigen 

concentrations, slide surfaces, detection antibodies, fluorescent dyes, target humidity, 

etc. in order to improve assay conditions to build a successful and robust microarray 

platform. This newly developed diagnostic technology would generate sensitive, 

consistent, reliable and reproducible assays for the detection of specific IgG anti-TAA 

autoantibodies in HCC patients’ sera. 

Validation of an assay is the process used to approve that the analytical method utilised 

for a specific test is accurate and reproducible for its intended application. The outcome 

of an assay validation can be used to review the quality, reliability and consistency of 

results, which is a vital part of any good analytical practice. The validation process is 

usually undertaken following guidelines provided by regulatory agencies such as the 

Food and Drug Administration (FDA) to determine the assay functions and limitations 

for the intended purposes. Specific guidelines for method validation have been 
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published by the FDA. This involves thorough experimental steps that would evaluate 

and document the performance of an assay including the following: accuracy, precision, 

specificity, reproducibility and reliability, limits of detection and quantitation (Figure 

43). The above validation points will serve as a robust test into the nature of the antigen 

microarray technique and should enable the researcher to decide whether it is a reliable 

method to quantitate autoantibody responses in HCC patients. 

 

Figure 43: Schematic diagram showing the various steps involved in the Method Validation Assay. 

 

Reproducibility is the degree of agreement between the results of experiments 

conducted at different times. Thus, the ability to obtain consistent results when 

repeated. The precision of a procedure shows the closeness of agreement between series 

of measurements obtained from multiple sampling of the homogeneous sample under 
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the same prescribed conditions. The precision can be calculated by dividing the 

standard deviation of multiple repeats by mean of the same repeats multiplied by 100. 

Precision of an assay is divided into two categories namely: intra- and inter-assay 

precisions. Intra-assay variability in the context of the protein microarray is defined as 

the coefficient of variation of signal intensities between replicates of analytes either on 

or different pads of a processed slide (Figure 44). Calculating and comparing the 

coefficient of variations of corresponding replicates of antigens on the same slide 

determine the intra assay precision of a microarray experiment. On the other hand, 

Inter-assay precision is the coefficient of variation of signal intensities between 

corresponding spot replicates of antigens processed on different days (Figure 45). 

These are usually done to determine if the assay yields similar outcomes when 

replicates of antigens are printed and processed on the same slide or on different days 

under same experimental conditions. This parameter serves as a good pointer of how 

internal experimental (e.g. buffers, dilutions) and external environmental (e.g. 

temperature, light) factors might affect the precision of the assay when it is tested on 

multiple days. The limits of precision, which is largely accepted and agreed between 

developers of immunoassays and prescribed by FDA guidelines range between 20-

30%. However, this level varies depending on to the nature of biological samples and 

technique used. Therefore, three CV% values were established for the specific IgG 

microarray platform in lines with the limits prescribed by many microarray system 

developers: Intra assay variability (CV%) < 15% and Inter assay variability (CV%) < 

20%. Consequently, the calculated CV% values that fall within the established CV% 

limits of microarray platform will be considered precise and reproducible.  
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Figure 44: Diagram elucidating the intra-assay variability (CV%) for ten and four spot replicates of 
Candida antigen and human IgG serial dilution standard respectively. 

 

Intra assay variation

Intra assay variation
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Figure 45: Diagram showing the inter assay variability (CV%) for ten 10 spot replicates of human IgG 
serial dilution standard respectively. 

 

The aim of this chapter is thus to optimise and validate the microarray-based technology 

that will be used for measuring autoantibody responses to tumour-associated antigens 

in hepatocellular carcinoma.  These optimisation and validation steps are summarised 

in Figure 46. 

Inter assay variation
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Figure 46: Schematic diagram outlining the various processes involved in the development of the 
Antigen Microarray Technology, for the detection of autoantibodies in HCC patients. 
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3.2 Materials and Methods 

Validation assays were undetaken on the antigen microarray prior to carrying out 

optimisation studies in order to determine whether it gave reproducible and consistent 

outcomes, before being used as a diagnostic platform to profile HCC patients sera. His6-

tagged recombinant TAAs produced in an E. coli system (KRAS, HRAS, HDGF, 

RALA, P62, Gankyrin, AFP, APCN, GRP78, Imp1, HCC1, MAGE), as well as two 

antigen quality controls, namely Candida albicans and Tetanus toxoid, were diluted in 

different printing buffers (PBS-Tween, PBS-Trehalose-Tween, PBS-Trehalose-

Betaine-Tween) to make a volume of either 5 μl, 10 μl or 20 μl at concentrations ranging 

from 75µg/ml-100µg/ml. Protein dilutions were then transferred into a 384 microtiter 

well plate (Genetix, USA). In addition, a two-fold serial dilution of purified human 

immunoglobulin IgG was prepared and placed on the same 384 well plate in 10 

dilutions starting at a concentration of 50 μg/ml. His-tagged antigens were prepared in 

quadruplicates or ten replicates, while IgG dilutions were made in quadruplicates. 

These were subsequently printed onto a range of slide surface chemistries (Poly-L-

lysine, Aminosilane, epoxysilane, Nitrocellulose) at a humidity of 57%-65% and 

further secured in either 8 or 16 pad incubation gaskets. Antigens were either printed at 

the edges or the centre of slides. Wells containing antigens were blocked with either 

100 μl of 5% BSA, 10% BSA, 30% BSA, I-block or Super G (for nitrocellulose slides) 

in PBS-Tween20 (PBST), sealed with a plastic strip, and then incubated for an hour with 

shaking at room temperature. Each well was washed five times with 100 μl PBST for 3 

minutes. Two drops of Avidin blocking reagent (Life Technologies/Invitrogen) were 

then added to each well and incubated at 10 minutes with shaking after which they were 

washed five times with PBST. The Avidin block was followed by a further 10-minute 

incubation with Biotin block solution and the washing step was repeated. Blocked wells 
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were probed with either 100 μl of control samples (purified IgG and serum, diluted 

1:500 and 1:1000 in 5% BSA in PBST respectively), 100 μl of monoclonal or 

polyclonal mouse or rabbit anti-His6 antibody (Cell Signalling), diluted 1:10,000 in 5% 

BSA with the exception of negative control blocks). Wells were then incubated with 

gentle agitation for an hour at room temperature after which they were washed five 

times over 3 minutes to remove unbound antibodies. 100 μl of Biotinylated anti-human 

antibody (Vector Laboratories), diluted 1:20,000 in antibody diluent (DAKO) was 

added to wells probed with purified IgG or serum samples. Alternatively, 100 μl of anti-

mouse antibody (Vector Laboratories) diluted 1:10,000, 1:20,000, 1:30,000 in antibody 

diluent, was added to wells probed with anti-His6 antibody. Slides were covered and 

incubated with shaking for one hour at room temperature after which arrays were then 

washed three times. Streptavidin Horseradish Peroxidase (HRP) (BIORAD, USA) was 

diluted 1:2,000 in antibody diluent and 100 μl was added to each block and incubated 

with shaking at room temperature in the dark for 15 minutes.  

Tyramide amplification process (TA) was carried out to increase the sensitivity of 

microarray assay by increasing signal intensity and minimizing background noise to the 

lowest levels. To undertake this procedure, the amplification diluent, amplification 

reagent, (Bio-rad, USA)) and ultrapure water were mixed in a ratio of 4:1:4 (800 μl: 

200 μl: 800 μl). 100 μl of the mixture was added to each block for 10 minutes with 

shaking. After the amplification step, slides were washed three times with 20% 

Dimethyl Sulphoxide PBST, then finally washed five times with PBST. 100 μl of 

Streptavidin-conjugated Cyanine 5 (Molecular Probes, UK) was diluted 1:5,000 in 5% 

BSA-PBST after which the preparation was incubated in the dark with shaking for 15 

minutes. Slides were washed five times with PBST then once with PBS only for 5 

minutes and subsequently rinsed briefly with ultrapure water. Slides were dried by 
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centrifugation (Universal 30 RF) at 1200 rpm for 5 minutes. Processed slides were 

scanned using Genepix 4200AL scanner (Axon Genepix ®) at a wavelength of 635nm 

(laser standard red) at 400 PMT and 100% power. The Axon Genepix Pro 6.1 software 

was used to measure the fluorescent signal of each spot and the GPR files (median 

fluorescence minus background for each arrayed protein) were generated. Poor quality 

features were flagged for removal by the Genepix software based upon mathematical 

and statistical data with regards to spot morphology (circularity and size) (Figure 47), 

signal uniformity, local background and signal to noise ratio. After the data were 

filtered, they were analyzed using R statistical package (RPPAnalyzer version 3.1.2, 

2014) to general mean signal levels. Graph Pad prism 7 (Graph Pad 7, USA) software 

was used to generate Graphs as well as interpolate IgG standard curves. Signal 

arithmetic mean of fluorescent signals, median, standard deviation, range and 

percentiles for all antigens were generated during the statistical analysis. Determining 

the reproducibility of arbitrary fluorescence required that the precision, which is the 

coefficient of variation (CV%) of multiple measurements or repeats is calculated. Intra-

assays were performed repeatedly over the same slide on the same day and inter-assays 

performed over a period of two to three consecutive days. The precision was calculated 

by dividing the standard deviation of multiple repeats by its mean. The accepted level 

of precision was set at <15% and <20% for intra and inter-assay respectively. 
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Figure 47: The figure above shows the acceptable level of signal uniformity and regularity of spots 
required for statistical analysis of microarray data. 
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3.3 Results 
	

3.3.1 Validation Assessment of the In-House Antigen Microarray 
Assay 
	

Reproducibility tests were first carried out on the in-house microarray platform using 

two quality control antigens, namely Candida albicans and Tetanus toxoid. These were 

selected as most human serum contain antibodies to them. Control antigens, as well as 

a two-fold human IgG serial dilutions, were printed onto Poly-L-lysine slides and 

further probed with control samples (serum and purified IgG from serum, diluted 1:500 

and 1:1,000 in 5% BSA in PBST respectively). This was followed by the addition of a 

secondary biotinylated anti-human antibody. The antigen-antibody complex was then 

detected with a Streptavidin conjugated Cy5 dye, after which the slides were scanned. 

This procedure was undertaken over a period of three consecutive days under the same 

experimental conditions. Scanned images of the three processed slides across different 

days showed morphological differences in the diameter, sizes, shape, as well as signal 

intensity of spots (Figure 48). Unexpectedly, large spots of increased signal intensity 

were observed on day 3 (Figure 48). Moreover, antibody responses to Tetanus were 

high as compared to Candida (Figure 49) peaking 18,000 AFU and 23,000 AFU for 

purified IgG and sera respectively. 

 

 



Chapter	Three-Development	of	Microarray	Assay	
	

	 -	142	-	

 

 

 

 

 

Figure 48: Morphological differences in spots of control antigens. Quality control antigens, Candida 
and Tetanus as well as a two-fold human IgG dilution were printed onto Poly-L-lysine slides in ten 
replicates and quadruplicates respectively, after which they were probed with control samples (sera and 
purified IgG from same sera). The antigen-antibody complex was further detected with a Streptavidin 
conjugated CY5 dye and scanned at 635 wavelength at 400 PMT using Axon Genepix 4200AL scanner. 
(A) and (B) represent the morphology of spots when slides were incubated with purified IgG and sera 
respectively on three consecutive days.  
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Figure 49: Differences in arbitrary fluorescence in response to quality control antigens across 
different days. Quality control antigens, Candida and Tetanus were probed with five different purified 
IgG and sera after which slides were subsequently incubated with biotinylated anti-human secondary 
antibody. The interaction was then detected with a Streptavidin conjugated CY5 dye and further scanned 
at 635 wavelength at 400 PMT using Axon Genepix 4200AL. The assay was carried out on three 
consecutive days under same experimental conditions. (A) and (B) represent the mean fluorescence 
(minus local background) of antibody responses to Candida while (C) and (D) show the mean 
fluorescence of antibody responses to Tetanus when incubated with purified IgG and sera respectively. 
Data were analysed using Graph pad prism 6 and a column statistics multiple comparison test (P< 0.05) 
was used to calculate significance, indicating 95% confidence interval. 
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Reproducibility of the assay was then determined by calculating the intra- and inter-

assay precision. This was undertaken before and after signal intensities were normalised 

with the human IgG standard curve, with the expectation that normalising to a standard 

curve would produce lower CVs. The intra assay precision was within the acceptable 

limits (CV ≤15%) when examined before normalisation (Figure 50A-D), but inter 

assay precision had many points above the acceptable limit of 20% CV (Figure 50 E-

F).  

Human IgG standard curves (probed with both purified IgG and serum) showed similar 

signal intensities on days 1 and 2, but as seen in the images shown above, there were 

significantly higher signals on day 3 (Figure 51). Thus, it was expected that 

normalising to the standard curve on the day of the assay would improve the poor inter 

assay CVs observed before interpolation. 

The intra assay precision of the normalised or interpolated values were within the 

acceptable limit (≤15%), as was seen with the uninterpolated values above (Figure 

52A-D). A reduction in inter assay precision was seen with interpolated values as 

compared to before interpolation, although not all CV% of samples attained acceptable 

limits of precision (CV≤ 20%) (Figure 52E-F).  
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I. Intra assay variations before normalisation with Human IgG standard curve 

 

 

 

 II. Inter assay variations before normalisation with Human IgG standard curve  

 
 

Figure 50: Intra- and inter- assay precision of arbitrary fluorescence.	The precision (coefficient of 
variation of multiple repeats) of signals in response to Candida and Tetanus were calculated. (A) and (B) 
represent the intra-assay precision (within a day) of signal intensities in response to Candida. (C) and 
(D) represent the intra-assay precision (%) of signal intensities in response to Tetanus. (E) and (F) 
represent the inter-assay precision (across different days) of signal intensities in response to Candida and 
Tetanus when incubated with purified IgG and sera. Dashed lines represent the acceptable limits of 
precision while solid lines represent the median of each group. 
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III. Human IgG standard curve 

 

 

 

 

Figure 51: Human IgG standard curves across three consecutive days. A two-fold serial dilution of 
purified human immunoglobulin (IgG) was prepared and placed on the same 384 well plate in 10 
dilutions starting at a concentration of 0.05 mg/ml and further printed onto Poly-L-Lysine slides. These 
were probed with either purified IgG or sera after which they were subsequently incubated with 
biotinylated anti-human antibody. The interaction was then detected with a Streptavidin conjugated CY5 
dye and further scanned at 635 wavelength at 400 PMT using Axon Genepix 4200AL. The dilution 
curves of human IgG were plotted as a mean of signal intensities. These were used to normalise signals 
to total immunoglobulin concentrations in control samples. (A) and (B) show the signal intensities of 
human IgG dilutions when incubated with purified IgG and serum respectively on three consecutive 
days. 
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IV. Intra assay variations after normalisation with Human IgG standard curve 

 

 

V. Inter assay variations after interpolation 

 

 

 

 

Figure 52: Intra- and inter- assay precision after normalisation with human IgG standard curve. 
Signal intensities of antibody responses to Candida and Tetanus were normalised using human IgG 
standard to total immunoglobulin concentrations. The precision (coefficient of variation of multiple 
repeats) of normalised mean values were calculated. (A) and (B) represent the intra-assay precision 
(within a day) of normalised values with regards to Candida. (C) and (D) represent the intra-assay 
precision (%) of normalised values with regards to Tetanus. (E) and (F) represent the inter-assay 
precision (across different days) of normalised values when incubated with purified IgG and sera. Dashed 
lines represent the acceptable limits of precision while solid lines represent the median of each group. 
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3.3.2 Assessing the reproducibility of signal intensities using HCC 
tumour-associated antigens 
	

His-tagged HCC TAAs, which would be used for profiling autoantibodies in HCC sera, 

were then used to determine the validity of the assay. Three His-tagged HCC antigens: 

AFP, Gankyrin and MAGE4 were printed onto two Poly-L-lysine slides in sixty 

replicates. Each slide was probed with either a control HCC serum or rabbit anti-His6 

antibody (diluted 1:500 and 1:5,000 respectively in 5% BSA in PBST). Slides were 

further incubated with biotinylated anti-human antibody or anti-rabbit antibody (diluted 

1:20,000 and 1:5,000 respectively in 5% BSA PBST) after which the interaction was 

detected with a Streptavidin conjugated Cy5 dye. This experimental procedure was 

undertaken for two consecutive days under same working conditions. Spot morphology 

in terms of the circularity, shape and diameter for all TAAs were consistent over the 

two days (Figure 53). There were no significant differences in signal intensities of 

antigen replicates (p>0.05) between days when anti-His6 antibody (Figure 54A) and 

serum sample were tested (Figure 54B). High intra-slide variation was detected with 

slides probed with anti-His6 antibody on days one and two. However, lowest CVs of 

signal intensities were seen with slides probed with serum on both days (Table 17).  
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Figure 53: Morphological appearance of HCC His-tagged tumour-associated antigen spots on 
Poly-L-lysine slides. Three HCC His-tagged antigens; AFP, Gankyrin and MAGE4 were printed as sixty 
replicates onto Poly-L-lysine slides after which they were probed with anti-His6 antibody or control 
serum. The complex was further incubated with biotinylated anti-human antibody or anti-rabbit antibody 
after which the interaction was detected with a Streptavidin conjugated Cy5 dye. Slides were then 
scanned at 635 wavelength at 400 PMT using Axon Genepix 4200AL. (A) and (B) represent the 
morphology of antigen spots on slides when incubated with control serum and rabbit anti-His6 antibody 
respectively for two consecutive days. 
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Figure 54: Difference in signal intensities to HCC tumour-associated antigens between two days. 
Three HCC His-tagged tumour associated antigens; AFP, Gankyrin and MAGE4 were probed with anti-
His6 antibody or control serum and then incubated with anti-human antibody or anti rabbit antibody. The 
interaction was further detected with a Streptavidin conjugated CY5 dye. The figures above represent 
graphs of signal intensities of replicates of AFP, Gankyrin and MAGE when incubated with (A) anti-His 
antibody and (B) serum for two consecutive days. Data were analysed using Graph pad prism 6 and a 
Two Way Anova multiple comparison test was used to calculate significance, indicating 95% confidence 
interval. 
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Table 17: Intra slide variation of AFP, Gankyrin and MAGE spot signals within and 
across eight blocks on the Poly-L-lysine slides when probed with (A) anti-His6 
antibody and (B) control serum on two consecutive days. 

	

A. Anti-His6 antibody 
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3.3.3 Optimisation of the Antigen Microarray Technology 

The protein microarrayer is a robotic equipment, which is fashioned to reduce technical 

errors made by humans and increase productivity using small volumes of reagents and 

samples. Studies have shown that one of the main obstacles in this technology is the 

difficulty in reproducing consistent results and a highly controlled assay that is relevant 
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and appropriate for all proteins due to their structural complexity and natural tendency 

to unfold when immobilised. Preliminary validation experiments conducted with 

quality control antigens Candida and Tetanus, as well as HCC TAAs, showed 

variations in morphological appearance of antigen spots across different days, giving 

rise to increased inter assay variations. There are multiple factors that can contribute to 

the generation of high quality microarrays. These factors were tested simultaneously in 

order to select the optimum parameters based on the experimental requirements. These 

factors include humidity, temperature, microtiter volumes, slide surface chemistries, 

printing and blocking buffers, print position, detection antibodies, etc. Results obtained 

from optimisation tests were examined for parameters like signal intensity, spot 

morphology and intra-assay precision.  

3.3.4 Determining the Optimal Relative Humidity and Microtiter 
Volumes for Printing 
	

Earlier experiments showed continuous morphological differences and disparities in the 

appearance of antigen spots as well as signal intensities, which gave rise to high intra- 

and inter- assay CVs. Optimum humidity in the spotting chamber is very important 

during antigen printing as it prevents spots from evaporating or drying immediately 

after being dispensed. Drying causes a drop in intra spot uniformity and is regarded as 

the main cause of printing variation during consecutive deposition (Figure 55). 

Additionally, the volume of sample in the microtiter well plate during printing is very 

critical. This is because it can lead to extra samples being collected around the contact 

pin for printing or less samples being taken up by the pin (Figure 56). Hence, resulting 

in either more or less volumes of samples deposited on the slide surface. This can 

introduce lots of intra and inter spot variations.  
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Figure 55: Schematic diagram showing the effect of inadequate relative humidity on appearance 
of antigen spots. The figure above shows the assumed drying of spots on glass slides when the optimum 
relative humidity is not utilised during the arraying process.  

 

Figure 56: Deposition of samples unto glass slides. The contact pin of the microarrayer sucks liquid 
containing proteins by capillary action from microtiter well plates and transfers them unto glass slides. 
(A) shows the consistency in shape of spots when the required microtiter volume of sample is used, (B) 
shows larger spots at the initial stage of print when the microtitre volume of sample is used due to extra 
samples collected around the pin. (C) shows consistent spots at the initial stage of print but dwindles 
with time as the microtitre volume is not sufficient for the entire print. 

 

Experiments were conducted using Streptavidin conjugated fluorecent dyes; Cyanine 3 

(cy3-Green) and Cyanine 5 (cy5-Red) in order to investigate the impact of microtiter 

volume on the precision of the microarray assay. Cy3 and Cy5 dyes were prepared in 

printing buffer (PBS-trehalose-Tween) in three different volumes 5 µl, 10 µl and 20 µl 

in a 384 microtitre well plate (Figure 57). Cy3 and Cy5 dyes were each arrayed on a 

Poly-L-lysine slide in a hundred and fifty replicates in a three pad format at 57% relative 
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humidity after which spots on the slide were visualised at 532 and 635 nm respectively 

at 100% power using the Axon Genepix 4200AL scanner.  

 

 

Figure 57: Testing different microtiter volumes for microarray printing. Different microtiter 
volumes were tested to see their effect on printing conditions as well as the precision of an assay.  

 

Visual examination of scanned slide shows the morphological appearance of Cy3 and 

Cy5 spots printed from the different microtitre volumes in three pad layout (Figure 

58A). Closer examination of all the different layouts of the first fifty replicates 

irrespective of the microtitre volume from which it was printed showed bigger spots at 

the start of print (Figure 58B). This clearly indicates the importance of pre-spotting 

during the arraying process so as to eliminate irregularities in spotting during the early 

printing stages. Cy3 and Cy5 dyes printed from 5 µl and 20 µl had inconsistencies in 

spotting throughout the print. More cases of larger spots were seen at the early stages 

of print with regards to 20 µl but reduced in the course of the arraying procedure. Spots 

printed from 5 µl was not sufficient and hence spots began to diminish at as printing 

continued. However, spots printed from 10 µl were mostly consistent throughout.  
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The mean signal intensities and diameter of spots were then calculated (Table 18 A, B, 

C). The precision of the assay was determining by evaluating the intra assay variability 

of signals and diameter of spots. Generally, the variation of spots with regards to the 

signal intensities were higher as compared to the diameter (Table 18 A). The variability 

of signals and diameter of Cy3 and Cy5 spots printed from the 5 µl and 20 µl were 

mostly above of the acceptable limit of precision (CV≤15%) unlike those from 10 µl 

where variability of signals and diameter were within the acceptable limit (Table 18 

A). The same trend was seen when the variation of the second (Table 18 B) and third 

(Table 18 C) fifty sets of spots were investigated. However, in comparing the three 

batches of replicates the second batch (Table 18 B) had the least variation of spots. 

This implies that using 10 µl for the printing process would improve the precision of 

the assay but this was not concluded as further investigations with HCC antigens and a 

thorough probing procedure would give an accurate representation. 
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Figure 58: Spot morphology of Cy3 and Cy5 Streptavidin dyes on a Poly-L-lysine slide printed 
from three different microtiter volumes. Fluorescent dyes Cy3 (green) and Cy5 (red) were prepared 
in PBS-Tre-Tween-20 and arrayed in a hundred and fifty replicates each unto a Poly-L-Lysine slide from 
three different microtiter volumes; 5 µl, 10 µl and 20 µl in a three pad layout. Green and red spots were 
visualised using a Genepix Axon 4200AL scanner at 532nm and 635nm at 100% power. 

 

The tables below represent the intra slide variability (CV%) of a hundred and fifty Cy3 

and Cy5 spots printed from three different microtiter volumes; 5 µl, 10 µl and 20 µl in 

a three-pad format on a Poly-L-lysine slide. (A), (B) and (C) show the coefficient of 

variation of the diameter and signal intensities of spots across the first, second and third 

fifty batch of replicates. 
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Table 18: Intra-slide variability (CV%) of the signals and diameter of (A) first fifty (B) 
second fifty and (C) third fifty Cyanine (Red and Green) spots from three microtiter 
volumes. 

 

 

 

 

Microtitre
volume

Dye Pad 1 Pad 2 Pad 3 Average

Signals 5 µl RED 17.36 18.19 18.91 18.15

GREEN 15.97 19.47 16.30 17.24

10 µl RED 13.80 12.24 11.56 12.53

GREEN 10.42 9.31 9.39 9.70

20 µl RED 19.33 20.39 22.78 20.83

GREEN 20.81 19.50 21.70 20.67

Diameter 5 µl RED 9.42 11.50 10.48 10.47

GREEN 9.21 11.57 10.52 10.43

10 µl RED 7.63 6.52 8.16 7.44

GREEN 5.94 6.03 6.54 6.17

20 µl RED 13.59 13.61 16.28 14.49

GREEN 14.64 13.35 12.17 13.38

A.



Chapter	Three-Development	of	Microarray	Assay	
	

	 -	159	-	

 

 

 

Microtitre
volume

Dye Pad 1 Pad 2 Pad 3 Average

Signal 5 µl RED 15.36 16.19 17.91 16.48

GREEN 15.97 18.47 16.30 16.91

10 µl RED 12.80 10.24 11.56 11.53

GREEN 9.42 9.31 7.39 8.70

20 µl RED 18.33 19.39 21.78 19.83

GREEN 19.81 19.50 18.70 19.33

Diameter 5 µl RED 7.42 9.50 9.48 8.8

GREEN 7.21 9.57 8.52 8.4

10 µl RED 5.63 4.52 4.16 4.77

GREEN 3.94 4.03 4.54 4.17

20 µl RED 9.59 12.61 15.28 12.49

GREEN 12.64 10.35 13.17 12.05

B.

Microtitre volume Dye Pad 1 Pad 2 Pad 3 Average.

Signals 5 µl RED 16.36 17.19 16.91 16.82

GREEN 14.97 14.47 14.30 14.58

10 µl RED 13.80 11.24 12.56 12.53

GREEN 10.42 10.31 8.39 9.71

20 µl RED 19.33 20.39 22.78 20.83

GREEN 20.81 21.50 20.70 21

Diameter 5 µl RED 10.42 9.50 10.48 10.1

GREEN 8.21 9.57 9.52 9.1

10 µl RED 6.63 7.52 6.16 6.1

GREEN 5.94 5.03 6.54 5.83

20 µl RED 13.59 15.61 15.28 14.82

GREEN 14.64 13.35 12.17 13.45

C.
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Subsequently this optimisation procedure was repeated with TAAs. Five His-tagged 

TAAs: AFP, Gankyrin, GRP78, P62 and APCN were prepared in printing buffer (PBS-

Trehalose-Tween-20) at three different volumes as stated in earlier experiment. Prior 

to printing, the relative humidity of the microgrid arrayer was set to 65% target. 

Antigens were printed onto Poly-L-Lysine slides in a seven-pad format and further 

probed with rabbit anti-His6 antibody and biotinylated anti-rabbit secondary antibody 

after which the binding was detected with a Streptavidin conjugated Cy5 dye.  

10 μl gave consistent spot circularity as well as less intra spot variation (CV≤15%) for 

all five antigens as compared to 5 μl and 20 μl, which produced high intra spot 

variations (Figure 59 A-E). Irrespective of the microtiter volume used, there was low 

intra spot variation when assessing diameter (Figure 60 F-J). This could be explained 

that the antigens prepared in 20 μl volumes filled up the microtiter wells as earlier 

described and therefore contributed to extra liquid been collected around the contact 

pin as it dipped into the sample during the printing procedure. Hence, bigger spots at 

initial start of print were seen but dwindled during later stages. 5 μl gave consistent 

spots at the start of print but was not sufficient for the entire printing. These limitations 

were however absent with 10 μl where consistent spot morphologies of antigens were 

observed with intra spot variations below 15%. Hence 10 μl was as the optimal 

microtiter volume for printing analytes onto slides surfaces. 
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Figure 59: Effect of different microtiter volumes on intra spot variation. Five HCC His-tagged 
tumour-associated antigens printed onto a Poly-L-lysine slide in a seven-pad format were probed with 
rabbit anti-His6 antibody and further incubated with anti-rabbit antibody. The complex was then detected 
with a Streptavidin conjugated Cy5 dye after which the slide was scanned at 635 wavelength and 
400PMT using Axon Genepix 4200AL scanner. The graphs above represent the signal intensities (mean) 
and coefficient of variation of signal intensities of (A) AFP, (B) Gankyrin, (C) GRP78, (D) P62, (E) 
APCN at 65% humidity at three different microtiter volumes: 5 μl, 10 μl and 20 μl. Dashed lines represent 
the acceptable limits of precision. Data were analysed using Graph pad prism 6 software. 
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Figure 60: Effect of different microtiter volumes on diameter of spots. The graphs above represent 
the diameter (mean) and coefficient of variation of diameter of five HCC-His-tagged antigens: (F) AFP, 
(G) Gankyrin, (H) GRP78, (I) P62, (J) APCN printed unto Poly-L-lysine slide from three different 
microtiter volumes 5 μl, 10 μl and 20 μl and at 65% humidity. Dashed lines represent the acceptable 
limits of precision. Data were analysed using Graph pad prism 6 software. 
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enhances the binding of samples onto a slide surface, prevents evaporation within 

microtiter well plates, stabilises printed samples, as well as prolonging the storage of 

samples (beginners guide to microarray). In order to determine the suitable buffer that 

would enable effective immobilisation of proteins onto slides, AFP and Gankyrin were 

prepared in three print buffers (PBS-Trehalose, PBS-Trehalose-Tween, PBS-

Trehalose-Betaine-Tween) and arrayed in thirty replicates using the contact and non-

contact microgrid arrayers. Slides were incubated with rabbit anti-His6 antibody and 

anti-rabbit antibody after which the interaction was detected with a Streptavidin 

conjugated Cy5 dye and scanned with Genepix 4200AL scanner. The spot morphology 

was considered, and the median signal intensities of spots were calculated. The intra 

and inter slide variation of signal intensities generated from spots were also determined.  

Different buffers had effects on the morphological appearance of spots. Larger and 

more uniform spots of the AFP antigen were observed with PBS-Trehalose-Betaine-

Tween as compared to the other PBS-Trehalose-Tween and PBS-Trehalose (Figure 

61). Higher signal intensities to AFP and Gankyrin was seen with PBS-Trehalose-

Betaine-Tween as compared to the remaining two (Figure 62). Interestingly, a different 

outcome was observed with Gankyrin, where consistent spots was seen with PBS-

Trehalose-Betaine-Tween and this clearly reflected on the precision as intra and inter 

slide variation were very low. Moreover, though signals were very low, the non-contact 

arrayer generally gave low intra slide variations with both AFP and Gankyrin as 

compared with the contact arrayer since the pin does not contact the slide surface. 

Hence, there was more consistent protein spotting. Looking at all the three print buffers, 

it is possible to say that PBS-Tre-Betaine-Tween is the most suitable buffer and would 

be used in subsequent experiments since it produced the highest intensities, good 

morphology of spots, as well as low intra assay variability.  
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Figure 61: Spot morphology of HCC antigens when tested with different printing buffers and 
arrayers. AFP and Gankyrin were prepared in three buffers; PBS-Trehalose-Betaine-Tween, PBS-
Trehalose-Tween and PBS-Trehalose and further printed in thirty replicates onto three Poly-L-lysine 
slides. Slides were then incubated with rabbit anti-His6 antibody and ant-rabbit antibody and detected 
with a Streptavidin conjugated Cy5 dye after which they were scanned at 635 wavelength and 400 PMT 
using Axon Genepix 4200AL scanner. (A), (B) and (C) show the morphology of spots when antigens 
were printed using the contact and non-contact arrayers. 
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Figure 62: Testing the effect of printing buffers and arrayers on assay variability. Different HCC 
antigens: AFP and Gankyrin were prepared in three different printing buffers and printed unto three Poly-
L-lysine slides using two different arrayers. Slides were further incubated with rabbit- anti-His6 antibody 
and anti-rabbit antibody and the interaction was detected by Streptavidin conjugated Cy5 dye. The graphs 
above represent the mean signals of AFP and Gankyrin replicates and the coefficient of variation of 
signals within blocks on a slide and across different slides when printed with (A) PBS-Trehalose-Betaine-
Tween, (B) PBS-Trehalose-Tween and (C) PBS-Trehalose buffers using contact and non-contact 
arrayers.  
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slide was then probed with a positive control serum sample and further incubated with 

biotinylated anti-human antibody after which the antigen-antibody interaction was 

detected with a Streptavidin conjugated Cy5 dye. The morphological appearance of 

antigen spots was consistent with respect to the diameter. All the antigens bound 

appropriately to the slide surface with the exception of HCC1 which bound poorly to 

the slide and therefore contributing to its faint-like appearance (Figure 63). Low 

variation in signals and diameter of AFP and Gankyrin was observed within and across 

16 blocks when printed at the edge and centre of the slide (Table 19). Though the 

variation of signals was lower with spots at the centre compared to the edges, they were 

B1-
S1

B2-
S1

B3-
S1

B4-
S1

B5-
S1

B6-
S1

B1-
S2

B2-
S2

B3-
S2

B4-
S2

B5-
S2

B6-
S2

B7-
S2

B8-
S2

B1-
S3

B2-
S3

B3-
S3

B4-
S3

B5-
S3

B6-
S3

B7-
S3

B8-
S3

0

2000

4000

6000

8000

10000

A
rb

it
ra

ry
 f
lu

o
re

s
c

e
n

c
e

 u
n

it
s

Gankyrin-C-His PBSTreh

Poly-L-Lysine S1
  contact arrayer

Poly-L-Lysine S2
  contact arrayer

     Poly-L-Lysine S1
  Non-contact arrayer

B1-
S1

B2-
S1

B3-
S1

B4-
S1

B5-
S1

B6-
S1

B1-
S2

B2-
S2

B3-
S2

B4-
S2

B5-
S2

B6-
S2

B7-
S2

B8-
S2

B1-
S3

B2-
S3

B3-
S3

B4-
S3

B5-
S3

B6-
S3

B7-
S3

B8-
S3

0

2000

4000

6000

8000

10000

A
rb

it
ra

ry
 f
lu

o
re

s
c

e
n

c
e

 u
n

it
s

AFP-C-His PBSTreh

Poly-L-Lysine S1
  contact arrayer

Poly-L-Lysine S2
  contact arrayer

     Poly-L-Lysine S1
  Non-contact arrayer

PBS Treh 

Inter slide CV- 26.80% Inter slide CV- 18.67% 

18.54% 24.00% 21.22% 18.67% 20.16% 13.66% 

C C
PB
S-
Tr
e-
Tw



Chapter	Three-Development	of	Microarray	Assay	
	

	 -	167	-	

all within the acceptable limits of precision (CV≤15%). It therefore implicates that there 

is no difference between spots printed onto the middle and edge positions of a slide. 

 

Figure 63: Image to show the print positions of HCC antigens on a slide. The scanned image above 
(A) shows the pattern of three different HCC antigens: AFP, Gankyrin and HCC1 printed at the edges 
and the middle positions on a Poly-L-lysine slide in a sixteen-pad format. Slides were probed with a 
positive control serum and anti-human secondary antibody after which a Streptavidin conjugated CY5 
dye was used to detect the binding. Slides were scanned using the Genepix 4200AL scanner at 635 
wavelength and 400PMT.  
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Table 19: Effect of print positions of antigens on the precision of an assay. The tables 
below show the coefficient of variation of signal intensities and diameter of (A) AFP 
and (B) Gankyrin spots within and across blocks when printed at the edge and centre 
positions on a Poly-L-lysine slide in a 16-pad format.  

 

 

 

 

3.3.7 Testing different Slide Surface Chemistries 

Slide surface plays a pivotal role in the microarray assay as it has a direct effect on the 

printing performance, processing, detection and the precision of the assay. To 

investigate the influence of the solid support on the assay precision, different slide 

surfaces were tested to determine the most suitable surface chemistry for printing 

antigens. AFP and Gankyrin were printed (sixty replicates of each) onto Poly-L-lysine, 

Aminosilane, Epoxysilane and Nitrocellulose coated slides. They were then probed 

with anti-His6 antibody diluted 1:10,000 in 5% BSA and further incubated with 

B1# B2# B3# B4# B5# B6# B7# B8# B9# B10# B11# B12# B13# B14# B15# B16#

Signal#
Intensity#(CV
%)#

11.21% 9.72% 9.03% 12.81% 10.50% 4.45% 10.56% 3.42% 3.04% 7.66% 7.79% 11.41% 9.77% 9.07% 10.50% 1.96% 

Diameter#
(CV%)#

8.91% 7.51% 4.62% 6.42% 5.83% 4.08% 5.63% 4.62% 4.44% 3.51% 4.62% 5.83% 3.92% 3.39% 3.64% 8.51% 

Signal#
Intensity#
(CV%)#
#

5.63% 3.91% 4.17% 1.36% 4.95% 2.09% 0.89% 2.81% 2.21% 4.12% 2.79% 5.49% 3.86% 4.60% 2.79% 2.67% 

Diameter#
(CV%)#
.#

0.00% 3.77% 0.00% 5.02% 3.72% 0.00% 3.92% 0.00% 4.08% 0.00% 3.64% 0.00% 0.00% 0.00% 0.00% 4.26% 

Edge#

Centre#

Inter#
block#
CV#

12.7%#
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A AFP
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#

2.79% 3.71% 2.45% 1.09% 2.51% 6.01% 2.80% 5.03% 1.38% 17.56% 3.41% 12.96% 9.83% 13.13% 3.32% 1.77% 
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#
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#

3.55% 3.40% 2.63% 3.77% 1.97% 3.84% 4.75% 3.23% 6.53% 21.58% 3.72% 1.65% 1.55% 11.25% 2.77% 1.69% 
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.#
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biotinylated anti-rabbit antibody diluted 1:30,000 in antibody diluent. The interactions 

on Aminosilane, Epoxysilane and Poly-L-lysine were further detected with Streptavidin 

conjugated Cy5 dye, whereas Streptavidin conjugated infrared dye was used for 

Nitrocellulose slide. 

Scanned image of the slides showed the morphology of spots with low background 

intensity on all slides (Figure 64 A-D). However, spots were more intense on 

Aminosilane slide for both AFP and Gankyrin compared to the remaining slides 

(Figure 64 B). Data analysis of images showed slightly elevated levels of signals with 

regards to AFP and Gankyrin on Aminosilane slide with the lowest signals observed 

with Nitrocellulose (Figure 65-66). Epoxysilane slide showed large diameter of antigen 

spots compared to other slide surfaces (Figure 65-66). There was a high level of 

variability of AFP signals within each array when printed onto Poly-L-lysine, 

Aminosilane and Epoxysilane and Nitrocellulose (Table 20 A). The same trend was 

observed with Gankyrin as the least variation of signals was seen with Epoxysilane and 

Aminosilane unlike Poly-L-lysine and Nitrocellulose slides (Table 20 B). The CV% of 

diameter of spots of both antigens was very low irrespective of the type of slide used, 

although the lowest variability was attained with Aminosilane slide (Table 20 A&B). 

Aminosilane slides often offer a high concentration of positively amine groups at the 

surface forming multiple ionic interactions that bind covalently with the negatively 

charge immobilised proteins. Thus, it allows adequate protein loading to produce high 

signal intensities and low background noise as seen above. It also produces consistent 

spot morphology and interacts well with PBS-Tre-Betaine-Tween. Epoxysilane slides 

are very successful in multiplex PCR and DNA microarrays. This type of slide provides 

a high level of intensity when processed immediately. However, its surface loses 

reactivity and gives low signal intensities when exposed to moisture in the air. Poly-L-
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lysine slides give moderate to high levels of signal intensities and consistent spot 

morphology although it gives a high degree of auto-fluorescence that could be misread 

as false-positive results. Nitrocellulose provide a thin nitrocellulose coating that permits 

for a non-covalent yet irreversible surface for the adhesion of molecules of interest. 

This adhesion property of Nitrocellulose is thought to have contributed to the consistent 

spot morphologies. However, a drawback was seen in that it gave very low signals, 

making it unsuitable for printing tumour antigens. In conclusion, Aminosilane slide is 

the optimal solid surface for the microarray assay since it offered the highest level of 

consistency with respect to the signals and spot morphology. Also, it offered an increase 

in intensity of signals making it appropriate for forthcoming antigen microarray work.  
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Figure 64: Morphology of spots on different slide surfaces. The image above shows two HCC antigens 
(AFP and Gankyrin) printed as sixty replicates each in eight arrays on four different slide surfaces; (A) 
Poly-L-lysine, (B) Aminosilane, (C) Epoxysilane and (D) Nitrocellulose. Slides were incubated with 
anti-His6 and anti-mouse antibodies after which the binding was detected with either a Streptavidin 
conjugated Cy5 except Nitrocellulose, where Streptavidin conjugated infrared dye was used. Slides were 
scanned at 635 wavelength and 400 PMT using the Axon Genepix 4200AL scanner with the exception 
of Nitrocellulose which was scanned with the Licor Odyssey scanner. 
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Figure 65: Analysis of diameter and signal intensities of AFP on different slide surfaces. AFP was 
printed onto four different slide surfaces and probed with anti-His6 and anti-mouse antibodies after which 
the binding was detected with either a Streptavidin conjugated CY5 or Streptavidin conjugated infrared 
dye depending on the slide used. Slides were either scanned at 635 wavelength and 400PMT using the 
Axon Genepix 4200AL or the Licor Odyssey scanner. The graphs above represent the diameter and 
signal intensities (mean) of antigen-antibody interactions on A) Poly-L-lysine, (B) Aminosilane, (C) 
Epoxysilane and (D) Nitrocellulose slide surfaces.  
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Figure 66: Analysis of diameter and signal intensities of Gankyrin on different slide surfaces. 
Gankyrin was printed onto four different slide surfaces and probed with anti-His6 and anti-mouse 
antibodies after which the binding was detected with either a Streptavidin conjugated CY5 or 
Streptavidin conjugated infrared dye depending on the slide used. Slides were either scanned at 635 
wavelength and 400PMT using the Axon Genepix 4200AL or the Licor Odyssey scanner. The graphs 
above represent the diameter and signal intensities (mean) of antigen-antibody interactions on (A) Poly-
L-lysine, (B) Aminosilane, (C) Epoxysilane and (D) Nitrocellulose slide surfaces.  
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Table 20: Effect of different Slide Surfaces on Assay Precision. The tables below 
show the variation of signal intensities and diameter of AFP and Gankyrin spots within 
and across blocks when printed on Poly-L-lysine, Aminosilane, Epoxysilane and 
Nitrocellulose slide surfaces.  

	

	

	

	

	

	

	

 

 

 

 

 

 

AFP B1# B2# B3# B4# B5# B6# B7# B8#

Signals#
(CV%)# 18.53% 21.40% 20.45% 20.41% 20.65% 18.37% 18.96% 24.90% 

Diameter#
(CV%)# 4.37% 4.72% 4.31% 4.27% 4.11% 4.26% 3.99% 6.27% 
Signals#
(CV%)# 16.47% 16.27% 19.92% 19.88% 15.69% 17.99% 21.03% 17.69% 

Diameter#
(CV%)# 3.36% 3.16% 3.24% 3.13% 3.01% 2.21% 2.90% 4.64% 
Signals#
(CV%)# 21.58% 21.66% 18.91% 20.40% 23.11% 22.54% 20.91% 17.26% 

Diameter#
(CV%)# 4.01% 3.39% 3.50% 3.44% 2.86% 3.21% 3.83% 4.73% 
Signals#
(CV%)# 7.95% 10.20% 12.22% 14.92% 15.57% 12.76% 14.38% 13.96% 

Diameter#
(CV%)# 6.30% 6.72% 6.84% 7.50% 7.90% 9.15% 6.15% 6.80% 

Poly?L?Lysine#

Aminosilane#

Epoxysilane#

Nitrocellulose#

A 
Inter&block&&
(CV%)&

#
20.87%#

8.68%#

20.50%#

4.64%#

22.56%#

7.35%#

26.39%#

7.53%#

Gankyrin B1# B2# B3# B4# B5# B6# B7# B8#

CV%#
16.03% 15.56% 15.68% 15.84% 15.87% 16.51% 19.11% 17.04% 

Dia.#
5.06% 3.25% 3.46% 3.25% 4.44% 4.68% 4.08% 4.98% 

CV%#
12.67% 15.35% 13.42% 15.36% 10.30% 18.80% 16.45% 15.38% 

Dia.#
4.25% 7.31% 5.06% 4.35% 3.94% 3.73% 3.64% 3.94% 

CV%#
12.89% 12.29% 10.26% 10.26% 8.46% 10.99% 10.63% 16.60% 

Dia.#
4.62% 5.64% 4.88% 4.37% 3.63% 4.95% 4.84% 8.50% 

CV%#
11.06% 9.65% 13.76% 12.98% 13.65% 14.11% 14.26% 15.59% 

Dia.#
5.85% 5.11% 7.63% 8.04% 7.19% 7.21% 8.20% 8.20% 
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3.3.8 Testing different blocking Buffers 

The surface of a microarray slide is not covered entirely with the target protein and 

therefore can lead to the unbound regions binding non-specifically to the detection 

antibody during subsequent steps. This can often lead to high backgrounds limiting the 

detection of the target protein. A low background is crucial when detecting low 

abundant proteins in samples. An optimal blocking buffer will bind to all available sites 

of the slide surface thereby preventing non-specific binding of detection antibody and 

thus improving the sensitivity of the assay. It should have minimal effects on specific 

antibody-antigen interactions. Hence, adequate blocking is necessary for obtaining the 

best signal to noise ratio for any microarray experiment. The signal to noise ratio is 

referred to as the signal obtained with a sample containing the target protein, as 

compared to that obtained with a sample without the target protein. Blocking buffers 

usually range from highly purified proteins to milk, Bovine serum albumin or normal 

serum. However, changes in these blocking conditions can influence antibody binding. 

In developing the microarray assay, it is important that several blocker buffers are tested 

and examined for the highest signal to noise ratio. An Aminosilane slide immobilized 

with thirty replicates of AFP, Gankyrin and APCN antigens were treated with five 

blocking buffers; 5% BSA, 10% BSA, 30% BSA, I-Block and Super G. These buffers 

had diverse effects on the intensity of the background. Scanned results for an 

Aminosilane slide and five blocker buffers are shown in Figure 67. The morphology 

of antigen spots varied amongst different blocker buffers. The first pad of the slide was 

efficiently blocked by 5% BSA and spots were consistent and had the typical round 

doughnut shape. 10% BSA and 30% BSA also satisfactorily blocked the slide but fairly 

inconsistent morphology was noted for antigen spots as some spots showed comet-like 

structures as the concentration of BSA was increased. This shows the importance of 
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using an adequate amount of blocker in an assay as it has a significant effect on the 

appearance of spots. Very low background was observed with areas blocked with 5% 

BSA as compared to the remaining blocking buffers. Areas probed with I-Block and 

Super G were poorly blocked as very high signal to noise ratio was seen due to high 

background which masked the clarity of spots and in some cases smearing of slides was 

seen. This may due to the fact that Super-G may be more suitable for 3D surfaces (such 

as Nitrocellulose) as compared to a 2-D surface (such as Aminosilane, Epoxysilane and 

Poly-Lysine). I-Block, which is a purified form of casein, is suitable for antibody 

microarrays. Out of the five blockers, 5% BSA effectively blocked the slide and was 

selected as the optimal solution to be used for subsequent microarray experiments. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 



Chapter	Three-Development	of	Microarray	Assay	
	

	 -	177	-	

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 67: Evaluation of different blocking buffers for antigen microarrays. An Aminosilane slide 
immobilized with thirty replicates each of AFP, Gankyrin and APCN antigens were tested with five 
different solutions; 5% BSA, 10% BSA, 30% BSA, I-Block and Super G to determine the optimal 
blocking buffer suitable for improving the sensitivity of the microarray assay as well as reducing the 
background noise. Slides were scanned using Axon Genepix scanner 4200AL at 100% power and 
632nm wavelength.  
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3.2.9 Optimisation of Monoclonal Primary and Secondary Antibodies 

A primary antibody specifically recognises and binds the target protein immobilised 

onto the solid surface during a microarray. A secondary antibody binds to a primary 

antibody to assist in detection of target antigens. These are usually developed as 

polyclonal or monoclonal antibodies using mouse, rat, rabbit, goat, and other animal 

species as hosts. Polyclonal antibodies were used in earlier experiments, but new 

batches of monoclonal antibodies were purchased so as to reduce the possibility of cross 

reactivity and to provide highly specific and reproducible assay outcomes. In an attempt 

to enhance the reproducibility of the microarray platform, newly purchased monoclonal 

antibodies were tested to determine the optimal dilution which would give high signal 

intensity as well as low intra assay variability. HCC antigens, namely AFP, Gankyrin, 

GRP78 and IMP1, were arrayed onto an Aminosilane slide in a 16-pad layout. Different 

layouts of the slide were incubated with varying dilutions of monoclonal mouse anti-

His6 antibody (1:2,000, 1:5,000, 1:7,000, 1:10,000 dilutions made in 5% BSA) for an 

hour. These were subsequently probed with biotinylated anti-mouse antibody diluted 

1:10,000, 1:20,000, 1:30,000 in antibody diluent. This reaction was amplified and 

further detected using a Streptavidin conjugated Cy5 dye after which the slide was 

scanned. Scanned slide shows the morphology of the various antigen spots after 

treatment with different dilutions of primary and secondary antibodies (Figure 68). 

Graphical evaluation of the scanned slide showed consistency in the morphology of all 

antigen spots with low background intensity (Figure 68). The mean signal intensity and 

standard deviation of spots were calculated after which the intra slide variability was 

determined based on the mean signal intensities obtained. Highest signal intensities 

obtained were dependent on the antigen. Highest signal intensities of AFP, Gankyrin, 

GRP78 and Imp1 were respectively obtained at the following primary and secondary 
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Ab dilutions; 1:5,000/1:30,000, 1:2,000/1:30,000, 1:5,000/1:20,000, 1:7,000/1:30,000 

(Figure 69). Highest signal intensities of most antigens were attained at 1:5,000/ 

1:30,000 although after assessment of intra slide variabilities 1:10,000/1:30,000 

dilutions, gave the lowest level of intra assay precision (ranging from 5%-7%) with 

fairly good signal intensities (Figure 70). Overall, 1:10,000/1:30,000 were selected as 

the optimal antibody dilution at which the monoclonal anti-His6 and anti-mouse 

antibodies were prepared for future microarray assays. 
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Figure 68: Scanned morphology of TAAs tested with different dilutions of monoclonal mouse anti-
His6 and anti-mouse antibodies. Four HCC TAAs (AFP, Gankyrin, GRP78, IMP1) were arrayed onto 
an Aminosilane slide in a 16-pad format after which the different pads were probed with various 
dilutions (1:2,000, 1:5,000, 1:7,000, 1:10,000) of monoclonal anti-His6 antibody in 5% BSA. Pads 
were further incubated with anti-mouse antibody at 1:10,000, 1:20,000, 1:30,000 in antibody diluent. 
The reaction was further amplified with a Tyramide kit and subsequently detected with a cy5 dye. 
The slide was scanned with an Axon Genepix scanner at a wavelength of 632nm, 100% power and 
400 PMT. 
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Figure 69: Arbitrary fluorescence of HCC TAAs tested with monoclonal mouse anti-His6 and anti-
mouse antibodies. Immobilised HCC TAAs (AFP, Gankyrin, GRP78, IMP1) on an Aminosilane slide 
were probed with different dilutions (1:2,000, 1:5,000, 1:7,000, 1:10,000) of monoclonal anti-His6 
antibody after which they were subsequently incubated with biotinylated anti-mouse antibody at 
1:10,000, 1:20,000, 1:30,000 prepared in antibody diluent. The amplified reaction (Tyramide) was then 
detected with a Streptavidin conjugated Cy5 dye and further scanned at 635 wavelength at 400 PMT 
using Axon Genepix 4200AL. (A), (B), (C), (D) show the mean fluorescence of (minus local 
background) of antibody responses to AFP, Gankyrin, GRP78 and IMP1 respectively when treated with 
various dilutions of primary and secondary antibodies. Data were analysed using Graph pad prism 6 and 
column statistics were represented by column statistics. 
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Figure 70: Investigating the precision of arbitrary fluorescence across different dilutions of anti-
His6 and anti-mouse antibodies used on the microarray. The precision (coefficient of variation) of 
signal intensities obtained in response to AFP, Gankyrin, GRP78 and IMP1 were calculated.  (A), (B) 
and (C) represent the CV% of signal intensities of the four HCC TAAs when incubated with several 
dilutions of monoclonal mouse anti-His6 (1:2,000, 1:5,000, 1:7,000, 1:10,000) and biotinylated anti-
mouse (1:10,000, 1:20,000, 1:30,000) antibodies respectively. Dashed lines represent the acceptable 
limits of precision (³15%). 
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Streptavidin conjugated Cy5 dye and slides were scanned. This experimental procedure 

was undertaken over a period of three consecutive days. Graphical assessment of 

scanned slides showed consistency in the morphological appearance of all spots with 

respect to their shape and size (Figure 71). The fluorescence of Gankyrin spot was the 

highest with low fluorescence observed with Ral A (Figure 71A). There was uniformity 

in the arbitrary fluorescence of all antigen spots across the different days (Figure 71B).  

The mean signal intensities of antibody responses to all antigens across the different 

days ranged from 8,000 AFU to 35,000 AFU (Figure 72). There was consistency in 

signal intensities across the three days, with slightly elevated levels observed on the 

second day. Intra-assay variability of the mean signal intensities calculated across each 

day were within the acceptable limits of precision (CV ≤15%) (Figure 73 A-C), as 

were the inter assay variabilities (CV ≤ 20%) (Figure 73D).  
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Figure 71: Morphological appearance of HCC antigen spots across different days. HCC His-tagged 
antigens; AFP, Gankyrin, APCN, GRP78, HDGF, KRAS, RALA, IMP1, HRAS and P62 were printed 
as twelve replicates onto Aminosilane slides after which they were probed with monoclonal mouse anti-
His6 antibody. The complex was further incubated with monoclonal anti-mouse antibody and further 
detected using Streptavidin conjugated Cy5 dye respectively. Slides were subsequently scanned at 635 
wavelength at 400 PMT using Axon Genepix 4200AL scanner. (A) Represent the outline of ten His-
tagged HCC antigens printed onto Aminosilane slides. (B) Morphology of antigen spots on slides when 
incubated with monoclonal mouse anti-His6 antibody for three consecutive days. 

	

Day 1 Day 2 Day 3

B

AFP

Gank

AFP

Gank

APCN

APCN

GRP78

GRP78

KRAS

HDGF

KRAS

HDGF

RALA

RALA

IMP1

IMP1

P62

P62

HRAS
HRAS

A



Chapter	Three-Development	of	Microarray	Assay	
	

	 -	185	-	

I. SIGNAL INTENSITIES  

 

 
 

Figure 72: Signal intensities in response to HCC antigens. Ten HCC His-tagged antigens; AFP, 
Gankyrin, APCN, GRP78, HDGF, KRAS, RALA, IMP1, HRAS and P62 were printed as twelve 
replicates onto Aminosilane slides after which they were probed with monoclonal mouse anti-His6 
antibody. The complex was further incubated with monoclonal anti-mouse antibody after which the 
interaction was amplified with Tyramide and Streptavidin conjugated CY5 dye. Slides were then scanned 
at 635 wavelength at 400 PMT using Axon Genepix 4200AL scanner. Signal intensities of HCC antigen 
replicates were analysed. (A)(B) and (C) Represent the mean fluorescence (minus local background) of 
Anti-His6 antibody responses the different HCC antigens over a period of three consecutive. Data were 
analysed using Graph Pad Prism 6 Software. 
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II. INTRA ASSAY CV 

 

III. INTER-ASSAY CV 

 

Figure 73: Intra and Inter-assay precision of Anti-His6 antibody responses to HCC antigens. Ten 
HCC His-tagged antigens; AFP, Gankyrin, APCN, GRP78, HDGF, KRAS, RALA, IMP1, HRAS and 
P62 were printed as twelve replicates onto Aminosilane slides after which they were probed with 
monoclonal mouse anti-His6 antibody. The complex was further incubated with monoclonal anti-mouse 
antibody after which the interaction was amplified with tyramide and Streptavidin conjugated Cy5 dye. 
Slides were then scanned at 635 wavelength at 400 PMT using Axon Genepix 4200AL scanner. Signal 
intensities of HCC antigen replicates were analysed to determine the intra assay precision. (A) (B) and 
(C) Represent intra assay cv% of signal intensities in response to HCC antigens within a day. (D) 
Represent the inter-assay coefficient of variation (CV%) of signal intensities in response to all antigens 
across the three consecutive days. Data were analysed using Graph Pad Prism 6 software. Dashed lines 
represent the acceptable limits of precision (intra-assay ≤15%, inter-assay ≤20%) 
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3.2.11 Testing the Validity of the Microarray platform with HCC 
patients sera 
	

Further reproducibility studies were undertaken using clinical samples. AFP, Gankyrin, 

APCN, GRP78, HDGF, KRAS, Ral A, P62 and HRAS, as well as a two fold human 

IgG dilutions, were printed onto Aminosilane slides in nine and four replicates 

respectively after which slides were probed with HCC sera (diluted 1:500 in 5% BSA 

in PBST). Slides were then incubated with biotinylated anti-human antibody (diluted 

1:20,000 in antibody diluent) after which the interaction was amplified. The complex 

was subsequently detected with a Streptavidin conjugated Cy5 dye and further scanned 

. This experimental procedure was carried over a period of three consecutive days. Intra 

and inter assay CV% of signal intensities of antibody responses to antigens, as well as 

interpolated values after normalisation with human IgG dilution curve, were calculated. 

Spot morphology for all HCC antigens and IgG dilutions, as well as arbitrary 

fluoresecence of antibody responses, were consistent with low background observed on 

all slides across different days (Figure 74). Intense spots were seen with Gankyrin and 

GRP78 (Figure 74). Serum samples five and six repeatedly showed higher antibody 

responses to Gankyrin, GRP78, APCN, IMP1 and HRAS (Figure 75) while the other 

sera showed decreased responses (Figure 75). Acceptable level of intra assay precision 

was achieved even before normalisation with human IgG (CV% ≤15%) (Figure 76). 

The intra assay variation after normalisation with human IgG were also within 

acceptable limits (Figure 77). The inter assay variation without normalisation were 

mainly within 20%, whereas the interpolated values had even fewer samples above 20% 

CV (Figure 78). Those samples that gave highest CVs occured in the samples with very 

low abundant antibodies in HCC sera.  
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Figure 74: Spot morphology of HCC antigen probed with control sera. Ten HCC His-tagged 
antigens; AFP, Gankyrin, APCN, GRP78, HDGF, KRAS, RALA, IMP1, HRAS and P62 were printed 
as ten replicates onto Aminosilane slides after which they were probed with different control sera. The 
complex was further incubated with biotinylated anti-human antibody after which the interaction 
amplified with Tyramide and Streptavidin conjugated Cy5 dye. Slides were then scanned at 635 
wavelength at 400 PMT using Axon Genepix 4200AL. (A) Represent the appearance of antigen spots on 
slides when incubated with control sera for three consecutive days. 
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Figure 75: Arbitrary fluorescence of antibody responses to HCC antigens. Ten HCC His-tagged 
antigens; AFP, Gankyrin, APCN, GRP78, HDGF, KRAS, RALA, IMP1, P62 and HRAS were printed 
as ten replicates onto Aminosilane slides after which they were probed with different control sera. The 
complex was further incubated with biotinylated anti-human antibody after which the interaction 
amplified with tyramide and Streptavidin conjugated Cy5 dye. Slides were then scanned at 635 
wavelength at 400 PMT using Axon Genepix 4200AL. (A), (B) and (C) represent the mean fluorescence 
(minus local background) of antibodies in response to ten HCC antigens using seven control sera. Data 
were analysed using Graph Pad Prism 6 Software. 
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Figure 76: Intra-assay precision of arbitrary fluorescence. The arbitrary fluorescence of ten HCC 
His-tagged antigens; AFP, Gankyrin, APCN, GRP78, HDGF, KRAS, RALA, IMP1, HRAS and P62 
were analysed to determine the coefficient of variation within and across three consecutive days. (A), 
(B) and (C) Represent the intra-assay coefficient of variation (CV%) of signal intensities in response to 
all HCC antigens before normalisation with human with human IgG. Dashed lines represent the 
acceptable limits of precision (≤15%). 
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Figure 77: Intra-assay precision after normalising with human IgG. Interpolated values of arbitrary 
fluorescence in response to AFP, Gankyrin, APCN, GRP78, HDGF, KRAS, RALA, IMP1, HRAS and 
P62 antigens were analysed to determine the coefficient of variation within the different days. (A), (B) 
and (C) represent the intra-assay CV% of normalised signals in response to all the HCC antigens within 
each experimental day. Dashed lines represent the acceptable limits of precision (≤15%). 
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Figure 78: Inter-assay precision before and after normalising with human IgG. Responses to AFP, 
Gankyrin, APCN, GRP78, HDGF, KRAS, RALA, IMP1, HRAS and P62 antigens before and after been 
extrapolated from the human IgG dilution curve were analysed to determine the coefficient of variation 
across the days. (A) and (B) represent the inter-assay CV% of mean arbitrary fluorescence and 
interpolated values across the three consecutive days in response to HCC antigens when incubated with 
control sera. Dashed lines represent the acceptable limits of precision (≤20%). 
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3.3 Discussion 
	

In this chapter, several experimental and analytical factors that affect the performance 

of an antigen microarray platform were optimised. These involved testing a wide range 

of slide surface chemistries, printing and blocking buffers, microtiter print volumes and 

edge effect. These were tested in order to find the most suitable combination that would 

allow detection of low concentrations of serum IgG autoantibodies in HCC patients. In 

addition, the validity of the in-house antigen microarray was investigated in order to 

determine its variability. Modification to the printing conditions and processing 

methodology have the potential to improve the reliability of data. 

Firstly, a validation experiment was conducted using quality control antigens, Candida 

and Tetanus over three consecutive days. There was an increase in variation of spot 

morphology of antigens across days, leading to an increase in the inter assay variability. 

A number of factors are thought to have contributed to the high variability of assay. 

Optimum humidity in the spotting chamber is very important during antigen printing 

as it prevents spots from drying immediately after being dispensed (384). Although the 

humidity was set to a run rate of 57%, it fluctuated over different printing days. As 

such, decreased humidity during printing was thought to have contributed to spot to 

spot variation as samples could have evaporated from the microtiter plate during the 

arraying process. Also, condensation of moisture on the slide surface, which potentially 

affects the concentration of samples dispensed, may be a contributing factor to 

increased variations. Although not fully understood, temperature has been suggested to 

play a critical role in the performance of microarray as it affects array-printing quality 

(383). In this study, different temperature gradients were recorded on the different 

printing days which is believed to have affected binding capacity within the sample 
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during the printing and probing process, thus contributing to a higher variation accross 

days. Additionally, different sample volumes in the microtiter well during printing 

could have contributed to an increased signal variability over the days. Microtiter wells 

with higher volumes of sample have been shown to produce relatively bigger spots at 

initial print stages. This can be attributed to the collection of extra samples at the tip of 

the silicon pin as it dips into the well. Higher signals in response to Tetanus were 

observed compared to Candida, which could be explained that most patients used had 

been immunised against the Tetanus. There was a considerable increase in signal 

intensities observed with serum compared to purified IgG. This could be attributed to 

the loss of IgG during the purification process where as in serum all IgG were present. 

A human IgG standard curve was used for normalising signals in order to eliminate 

variation between assays. However, normalisation using human IgG standard can have 

some minor challenges (383). For example, at lower concentrations of the standard 

dilution curves there are very low signals and this can have had an effect when 

measuring low abundant proteins, giving rise to higher inter-assay variations.  

When HCC His-tagged TAAs were used in the validation process, a similar pattern was 

seen as there were differences in signal intensities within and across days. Slides probed 

with anti-His6 antibody gave higher signals compared to serum. This is believed to be 

as a result of high affinity binding between the anti-His6 antibody and the corresponing 

His-tagged epitopes. Within the same sample, high intra-slide variation of signals could 

be attributed to the heterogenous nature of TAAs and printing buffer solubilising them 

which could affect the binding of proteins to the array surface thereby contributing to 

the increased variability. 

Due to low level of precision mentioned above, several parameters were explored to 

determine their impact on signal intensity, spot morphology and reproducibility. 
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Printing buffers play a vital role in the efficient immobilisation of analytes onto a solid 

support in order to achieve good spot quality for fabrication of antigen microarrays. 

From this study, it can be deduced that PBS-Trehalose-Betaine-Tween is the optimal 

printing buffer since it produced high signal intensities and uniform profile of spots and 

this resulted in high reproducibility. Trehalose is a naturally-linked alpha disaccharide 

that forms a gel-like surface on the slide. It stabilises proteins during printing, 

preventing antigens from drying out (385). It also maintains the 3-D structure of 

proteins as well as their functionality. Betaine on the other hand, is essential for 

maintenance of spots sizes while Tween-20 provides additional stability. Furthermore, 

this printing buffer allows antigen to maintain its reactivity when it binds to the 

detection antibodies during processing of slides (386). A reduced spot to spot variation 

was observed with the non-contact arrayer compared to the contact arrayer although at 

lower signal intensities. This could be that in the non-contact arrayers the pins do not 

touch the slides, so spots sizes become consistent, whereas in contact arrayers the 

impact between the pin and the slide could cause aberrations which can eventually 

disrupt spot sizes. Also, in contact arrayers, constant humidity level is difficult to 

control, hence, spots may dry out during printing at low humidities, unlike non-contact 

arrayers where the presence of capillaries prevent the evaporation of fluids during the 

dispensing process (386). Likewise, in contact arrayers, the vertical movement of the 

dispensing head during printing may possibly add mechanical variations during printing 

(386), which is absent in the non-contact arrayer.  

In assessing different microtiter volumes of antigens, 10 μl gave the most consistent 

spot morphology with reduced intra-slide variation as compared to 20 μl and 5 μl. This 

could be explained that the 20 μl volume filled up the microtiter well so extra samples 

might have collected around the contact pin which contributed to bigger spots seen at 
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the initial printing stage but dwindled during later stages. 5 μl gave consistent spots at 

the start of print but was not sufficient for the entire printing. These limitations were 

however absent with 10μl where consistent spots were observed with an intra slide 

variation below 15%. 

Different slide surfaces such as Poly-L-Lysine, Aminosilane, Epoxysilane and 

Nitrocellulose were evaluated for spot morphology, signal intensity and spot to spot 

variation. This was carried out because preliminary experiments, which utilised Poly-

L-lysine slides, although worked for some antigens, gave high spot to spot variation. 

Intra slide CVs of spot signals for AFP and Gankyrin ranged from 20.50 % to 26.39% 

respectively where low variations were seen with Aminosilane and Epoxysilane 

respectively. However, Aminosilane demonstrated excellent results with very low CVs  

of diameter of spots with regards to the different antigens used. Aminosilane was the 

most suitable array surface for this assay as it offers a high concentration of positive 

amine groups at the surface forming multiple ionic interactions that bind covalently 

with the negatively charge immobilised proteins. Thus, it allows adequate protein 

loading to produce high signal intensities and low background noise, as seen in this 

study. It also produces consistent spot morphology and interacts well with PBS-Tre-

Betaine-Tween. This is in agreement with a study conducted by Servoss et al, which 

showed that Aminosilane surfaces are preferable for antigen microarrays (387). 

Epoxysilane slides are very successful in multiplex PCR and DNA microarrays. This 

type of slide provides a high level of intensity when processed immediately. However, 

its surface loses reactivity and give low signal intensities when exposed to moisture in 

the air (388). Poly-L-lysine slides give moderate to high levels of signal intensities and 

consistent spot morphology although it gives a high degree of auto-fluorescence that 

could be misread as false-positive results (388). Nitrocellulose slides provide a thin 
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nitrocellulose coating that permits for a non-covalent yet irreversible surface for the 

adhesion of molecules of interest. This adhesion property of Nitrocellulose is thought 

to have contributed to the consistent spot morphologies. However, a drawback was seen 

in that it gave very low signals, making it unsuitable for printing tumour-associated 

antigens.  

The performance of different blocking buffers was also assessed and 5% BSA was the 

optimal blocking buffer suitable for our antigen microarray as it gave a very low 

background and good spot morphology. This because BSA increases the possibility of 

antibodies binding only to the antigen of interest and also improves the sensitivity of 

the assay. Super G and I-block gave very high background intensity and poor 

morphology of spots. This may be due to the fact that Super-G may be more suitable 

for 3D surfaces such as Nitrocellulose as compared to a 2-D surface such as 

Aminosilane, Epoxysilane and Poly-Lysine (389). I-Block, which is a purified form of 

casein, is mostly suitable for antibody microarrays (388). 

Having undertaken all the required optimisations, the newly developed assay was used 

to undertake a preliminary validation experiment using ten His6-tagged HCC antigens. 

Antigens were probed with monoclonal anti-His6 antibody to detect the presence of 

tagged antigens. The morphology of antigen spots was consistent within and across the 

different days and this subsequently yielded a very high intra and inter assay precision. 

Pre-spotting during printing helped to reduced variation in spot sizes at the initial stage. 

A subsequent validation assay was  carried out by probing ten His-tagged HCC antigens 

with HCC sera and this showed a similar pattern as spot morphology and signal 

intenisities of antibody responses were consistent across the different days. More 

intense spots and higher signals were detected in response to Gankyrin and GRP78 as 
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compared to other antigens. This can be explained as both are overexpressed proteins 

and they are highly immunogenic. Human IgG was used for normalising signals to the 

total immunoglobulin present in the control samples in order to eliminate variation 

between assays (383). This could explain why the intra and inter assay precision of 

normalised signals were lower compared to non-normalised signals. Also, at lower 

concentrations of the standard dilution curves, there were minimal signals and this 

could have had an effect when measuring low abundant antibody responses to antigens 

giving rise to higher inter-assay variations.  

In summary, the antigen microarray assay for future use has been optimised. We have 

shown that 10 μl sample volume was the optimal microtiter volume for printing as it 

produced the least variability in spot sizes and signal intensities. Also, our findings 

demonstrated that PBS-Trehalose-Betaine-Tween was the optimal amongst several 

printing buffers in terms of spot morphology and spot-to-spot variance. Though the 

non-contact arrayer produced low intra-spots variability, signals were consistently low; 

thus, ineffective for autoantibody screening. Aminosilane presented as the ideal slide 

surface for printing antigens. This indicate that considerable variations in antigen 

properties, humidity control, temperature, printing behaviour, blocking agents, slide 

surface, and adequate normalisation strategies, require fine-tuning to ensure an 

improvement in the reliability of the antigen microarray performance. In conclusion, 

we have optimised a diagnostic platform that it is highly reproducible for detecting anti-

TAA IgG autoantibodies for the serodiagnosis of hepatocellular carcinoma. 
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Chapter Four:  
Production and Purification of a Panel 
of Recombinant Tumour-Associated 
Antigens in Hepatocellular Carcinoma 
	

4.1 Introduction 
	

4.1.1 Tumour Antigens 

Tumour antigens (TAs) are proteins, peptides, nucleic acids, glycoproteins, 

carbohydrates and glycolipids that are expressed mostly by tumour cells and they act 

as targets for the immune system. Those expressed only on tumour cells are referred to 

as tumour specific antigens (TSA) while those found on both tumour or normal cells 

are referred to as tumour-associated antigens (TAAs) (390). TAAs could either be 

aberrantly expressed (AFP, P62) (391), mutated (HRAS, KRAS, P16 and P53) (294), 

over-expressed (Gankyrin, HDGF, GRP78 and RALA) (392, 393) or altered (NYESO-

1) (394). The identification of specific TAAs can help in the detection of tumours. 

There have been reports of an increase in the number of TAAs in hepatocellular 

carcinoma (HCC) patients and the different kinds of TAAs identified in HCC are shown 

in Table 21 (260). These are mostly presented by MHC class I molecules on the surface 

of tumour cells.  They are then recognised by cytotoxic T cells which may destroy the 

cells before they proliferate and spread to other parts of the body (395). These can 

therefore act as potential targets for cancer immunotherapy. Studies have also shown 

that autoantibodies against these TAAs can be produced as part of the immune response 

during the development of HCC (260). 

This study was focused on using TAAs relating to hepatocellular carcinoma to profile 
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autoantibodies in patients’ sera. In this regard, TAAs were selected to be included in 

the panel for the early discovery of HCC. This is because a panel of multiple TAAs 

would increase autoantibody detection in patients (396). Through a thorough literature 

search, the panel of TAAs were selected based on its association with any liver disease 

or HCC, or a proof of previously documented autoantibody response in HCC or other 

solid tumours. The selected TAAs include the following: KRAS, HRAS, HDGF, P16 

(CDK2NA), Gankyrin, P62, P53 and RALA. We chose to make in-house recombinant 

TAAs in order to produce enough protein for the entire period of study and to be sure 

of the quality and purity of antigens used. 

Table 21: Different tumour-associated antigens discovered in patients with 
hepatocellular carcinoma patients since 1993. 

TAAs reported Reference 

hnRNPL  Yau et al (258) 

HSP70, SOD2, PRDX6  Akada et al (367) 

Glucose-regulated protein 78  Shao et al (167) 

Ku86  Nomura et al (397) 

CENPF, DDX3, HSPA4, HSPA5, VIM, LMNB1, 

and p53  

Liu et al (398) 

CRT  Pekarikova et al (147) 

Sui1, RalA  Chen et al (399) 

KRT23, AHSG and FTL  Wang et al (294) 

RalA  Wang et al (393) 

HSP60, HSP70  Looi et al (400) 

DDX3, eEF2, AIF, hnRNP A2, PBP, and TIM  Li et al (401) 

EIF3SI, LDHA, RFC2, and MCART1  Chen et al (402) 

IMP1, IMP2, IMP3, p53, c-myc, cycin B1, survivin, 

p16  

Zhang et al (267) 
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p53  Akere et al (403) 

HCC-22-5  Zhou et al (404) 

HSP70, GAPDH, PRX, Mn-SOD  Takashima et al (405) 

p16  Looi et al (406) 

Survivin  Yagihashi et al (407) 

IMP2  Su et al (408) 

IMPs  Himoto et al (409) 

IMPs, p53, c-myc, and survivin  Himoto et al (266) 

c-myc, cyclin B1, IMP1, Koc, p53, IMP2, and 

surviving 

Zhang et al (265) 

p53, IMP2, Koc, CENP-F, p90  Soo Hoo et al (208) 

CRT, CK8, NDK-A, and ATP5B  Le Naour et al (148) 

IMP2, CENPF  Zhang et al (265) Zhang et al (245) 

IMP2  Zhang et al (169) 

p53 Raedle et al (410) 

Cyclin B1  Covini et al (411) 

HCC1 Imai et al (248) 

	

4.1.2 Recombinant Protein Expression Systems 

Approaches for the expression of recombinant proteins involve transfecting/ 

transforming cells with a cDNA vector that contains the gene of interest, after which 

the cells are cultured in order to transcribe and translate the protein of interest (412). A 

number of these systems are widely used and mostly classified as prokaryotic or 

eukaryotic (412). They both have unique advantages and challenges and hence selecting 

the right system is crucial for successful recombinant protein expression. The selection 

criteria are highly dependent on the type, toxicity and yield of protein, how to purify 
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the protein of interest, production costs, facilities and expertise available (413). 

Examples of these systems include mammalian, bacterial, insect, yeast and cell-free 

systems (Figure 79) (413). 	

	

	

Figure 79: Protein expression systems. Different systems have been developed to express recombinant 
proteins. This include: bacteria (E.coli), yeast (S.cerevisieae), insect (sf9), mammalian (HEK 293 cells) 
and cell free systems. Adapted from (412). 

	

One of the most popular expression systems for human proteins is the mammalian 

protein system (413, 414). This provides an ex vivo condition similar to the native 

proteins, especially in terms of post-translational modification which varies from 

mammalian to bacterial systems. Two major expression systems in this category are the 

Human Embryonic Kidney cells (HEK) and Chinese Hamster ovary (CHO) cells. These 

are usually used for either stable or transient expression of human proteins (414). The 

mammalian system results in increased levels of post-translational modification as well 

as proper folding and authentic glycosylation of proteins. (413, 415). Proteins obtained 

through these systems always remain biologically active and are much closer to 

naturally occuring human proteins in terms of nature and functions. Moreover, the 
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functionality of expressed proteins is higher, bacteria show very low immunogenicity 

to humans, are compatible to humans and are safer to use (414). Though CHO cells 

have been the mainstay for the production of recombinant proteins (416), the HEK 293 

cell line has become relevantly prominent and suitable because proteins produced in 

them are a closer match to naturally occurring human proteins in terms of their function 

and post-translational modification (417). Challenges associated with this type of 

expression are low yield of proteins, slow growth rate of cells and excessive cost of 

complex media (418, 419). The most popular expression system is bacteria 

(Escherichia coli) and there are a number of E. coli strains used. These include E. 

coli C43 (DE3) and C41 (DE3) and E. coli BL21 (420). However, E. coli BL21 is 

frequently exploited because they have rapid growth, easy to culture, inexpensive costs, 

time-saving, produce increased yields of protein and they are easily manipulated 

genetically (420). Middleton et al, used E.coli BL21 to express a panel of 22 HCC 

TAAs (AFP-C-BirA, RALA-C-BirA, HRAS-C-BirA, Gankyrin-C-BirA, HCC1-C-

BirA, etc), which were further used for serum autoantibody measurement in HCC 

patients (241). Colorectal cancer TAAs (MAGE A4, HuD, HCC1, MUC1, CEA, 

Annexin A1, rhUteroglobulin) generated in E. coli BL21 were also employed by Ola et 

al, in screeening autoantibodies in colorectal cancer patients (252). However, human 

proteins expressed in bacteria are not functional because they are redundant in their 

capacity to post-translationally modify and fold proteins, they could potentially 

introduce endotoxins which could induce antibody responses which could potentially 

cross-react with autoantibodies in patients’ sera. Also, these proteins are difficult to 

purify due to the presence of inclusion bodies (420).  

Another option is baculovirus infected insect cells.  They are also used for high level 

protein expression and protein modifications are similar to that of mammalian systems. 
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These are usually used for large scale production of proteins, are easy to infect and offer 

as easy purification of expressed proteins due to the lysis of cells by the virus (421). 

The challenges involved with this protein expression system include the following: 

virus infection may lead to lysis of cells and degradation of expressed proteins, 

glycosylation may be different to mammalian cells as well the culture media used are 

expensive (421). This system was employed by Bin Li, to express HCA587, which is a 

tumour-associated antigen in HCC (422). However, the antigenicity of the protein was 

quite low as compared to the naturally occurring ones. 

Cell free expression is quite different from the rest as it requires an in-vitro synthesis 

of proteins, using translation compatible extracts of the cells (418). This expression 

system allows labelling of proteins with modified amino acids and fast production of 

recombinant proteins. It is also easier and there is a simultaneous expression of different 

proteins (423). This expression system is very expensive and there is limited post-

translational modification of proteins (423). 

 Lastly, yeast systems include: Kluyveromyces, Hansenula and Yarrowia, 

Saccharomyces, Pichia (424). They have a rapid growth, easily manipulated 

genetically, post-translationally modify proteins and are less costly. Nevertheless, they 

are very expensive and the glycosylation is different from human proteins (424).  

Most studies have focused on utilising HCC TAAs expressed in the E. coli system to 

screen cancer patients’ sera with no study undertaken using TAAs expressed in HEK 

293 systems. It will therefore be novel to use the mammalian expression system, 

specifically HEK 293 cells, to produce TAAs. Also having highlighted the advantages 

of the mammalian system, we deemed it as our preferred choice for the production of 

our in-house TAAs. This is because these antigens are human proteins and would 
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primarily be used for high throughput screening of autoantibodies in human sera. Using 

bacteria, yeast and virus insect cells could easily contaminate expressed proteins which 

would in turn stimulate antibodies which might cross-react with autoantibodies in the 

sera of patients, giving rise to false positive outcomes. 

4.1.3 Mammalian Cell Transfection Platforms 

The introduction of foreign or exogenous nucleic acid into a mammalian cell line in 

order to obtain genetically modified cells is referred to as transfection. This technique 

is a great tool for studying the functionality of gene and gene products, gene regulation 

and the production of recombinant proteins (425, 426). Transfecting mammalian cells 

can be undertaken in several ways depending on the characteristeristic of the cell line 

as well as the nature of the genetic material (427). Mammalian cell lines could either 

be transiently or stably transfected. In stable transfection, the introduced genetic 

material usually have a marker gene for selection and this is referred to as the transgene 

(Figure 80). The genetic material integrates into the genome of the host and sustains 

transgene expression even after host cells replicate (428). In transient transfection, 

genetic materials are not integrated into the host genome and are expressed only within 

a limited time (427). However, these genetic materials could easily be lost through cell 

division and other environmental factors. Certain parameters should be considered 

before a transfection procedure is undertaken. The cell health affects transfection and 

in order to increase the transfection efficiency, cells must be grown in a fresh and 

appropriate medium, incubated at the correct temperature (370C) and relative humidity 

(100%). The confluence and growth of many cells are vital, in that cells should be 

transfected at 40% to 80% confluency in order to avoid contact inhibition causing cells 

to be resistant to DNA uptake. Lastly, the quality and quantity of DNA should be 

carefully considered. It should be free of proteins, RNA and chemicals (425). Many 
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transfection methods have been developed and these utilise different approaches. A 

suitable method should have a very high transfection efficiency, low cell toxicity level, 

be easy to use and must be reproducible.  

	

Figure 80: Workflow of transfection in mammalian cells. 

	

These different approaches are put into three categories namely; biological, chemical 

and physical mediated methods (425). The virus mediated transfection (Figure 81A) is 

a common biological method mostly used in clinical research. It is very efficient and 

easy to attain a suitable transgene expression because virus integrates naturally into host 

genomes. This method has huge set backs such as inducing cytotoxicity and 

immunogenicity (429). As a result, other non-viral methods of transfection such as 

chemical and physical ones have been developed. The chemical transfection methods 

(Figure 81B) was the first to be utilised to introduce exogenous genetic material into 

mammalian cells and it requires calcium phosphate, cationic lipid or cationic amino 

acid. The positively charged calcium phosphate forms a complex with the negatively 

charged nucleic acids so they could easily permeate the negatively charged membranes 

of cells after which they are taken further into the cell by endocytosis. Cationic lipid 
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performs the lipid mediated transfection (lipofection) where the nucleic acid is 

transferred into the cells via liposomes which merges with the cell membrane (430). 

Though low cytotoxicity and mutagenesis are encountered, low transfection is usually 

encountered due to factors such as pH of solution, cell membrane conditions and 

nucleic acid/chemical ratio (425).  

The most recent methods of transfection are the physical approaches which use a wide 

range of tools to deliver genetic materials into mammalian cells. This involves 

electroporation (Figure 81C) (425), ultrasound (431), magnetofection (432) and laser-

based transfection (433), biolistic particle delivery (434) and direct micro injection 

(435). These methods employ either a high electrical pulse, ultrasound or magnetic 

field, laser and high velocity to induce pores into the cell membrane so the nucleic acid 

could immediately be transferred into the cell. The microinjection requires a direct 

injection of a naked DNA into a cell. These physical methods are mostly very reliable 

and straight forward but are labour intensive, expensive and may cause physical damage 

to samples (425). However, our choice of transfection for this study was electroporation 

as it is easy, rapid, large number of cells can be transfected in a short time, has high 

efficiency and can be applied to all cell types. 

 

Mammalian cell

Nucleus
Virus carrying 

nucleic acid

A.
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Figure 81: Common methods of transfecting mammalian cells. There are diverse ways of introducing 
exogenous plasmid DNA into cells. These are categorised into the biological (virus), chemical (cationic 
lipids) and physical (electroporation) approaches. (A) Virus transfers nucleic acid into a cell by 
integrating into the host genome, (B) cationic lipid (liposome) forms a complex with the nucleic acid and 
enters the cell via endocytosis, (C) shows the transfer of nucleic acid into a mammalian cell using high 
electric pulse which create pores on the cell membrane.  

	

 

4.1.4 Purification systems for expressed recombinant proteins  

Recombinant proteins are required in industrial and academic settings for a wide range 

of applications such as high-throughput screening, biopharmaceutical production, 

exploratory research and drug discovery (436). It is essential that proteins expressed in 
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mammalian cells and other systems are purified to attain accurate characterisation of 

the structure, function and interactions of the protein of interest. This comprises several 

processes to isolate the desired protein from a complex mixture of other proteins in a 

cell lysate (436). Purification of proteins utilises the differences in protein size, binding 

affinity, physio-chemical properties and biological activity (437). Developing an 

economical and effective strategy for purifying proteins is a major challenge 

encountered by industrial and academic laboratories. Several traditional and recently 

developed approaches are employed in purifying proteins. Purification platforms 

include the affinity column, ion exchange, size exclusion and hydrophobic interaction 

chromatography (437). However, the affinity-based method is widely used in purifying 

proteins and it is undertaken in several ways; of which Protein A Chromatography is 

the most commonly used, especially in the purification of antibodies (438, 439). The 

use of fusion tags (Table 22), i.e. amino acid sequences attached to recombinant 

proteins, is another approach of affinity-based purification. Fusion tags have selective 

and high affinities for a ligand which is immobilized on a chromatography column 

therefore enabling the purification of recombinant proteins (436, 440). Moreover, the 

properties of a tag facilitate the identification of the protein of interest as well as provide 

a one-step purification procedure by passing the cell lysates or supernatants through 

columns of an appropriate matrix such as affinity chromatography (440, 441).  Many 

different affinity tags are used to purify proteins expressed in mammalian cells (Table 

22). Tagged proteins are convenient and simple to work with. Also, a single purification 

step, using a commercially available chromatography column, is sufficient for many 

applications. This type of purification can be used for different recombinant proteins. 

In this study, the Flag-tagÒ and Myc-tagÒ affinity chromatography were employed in 

the purification of recombinant proteins expressed in HEK 293 cells. The Flag affinity 
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tag referred to as FLAG™, is extensively used for highly specific and rapid one step 

purification (442). The tag consists of eight amino acids comprising an enterokinase-

cleavage site, which is specifically designed for immunoaffinity chromatography (443). 

It allows highly specific pull-downs that contain low nonspecific background (444). 

These tags have not only been successfully used to pull down recombinant proteins 

made in mammalian cells but also in baculovirus system, Saccharomyces cerevisiae 

and Schizosaccharomyces pombe systems (444). 

 

Table 22: Affinity tags used in purification of recombinant proteins expressed in 
mammalian cells (440). 

	

Tag Size (amino acid) Ligand/separation 

method 

reference 

Polyhistidine 5-15aa IMAC (445) 

FLAG 8aa mAb based (446) 

Strep tag I 8aa Streptavidin (396) 

Strep tag II 9aa Streptacin (258) 

Soft tag 1 13aa mAb based (367) 

Soft tag 3 8aa mAb based (167) 

T7-tag 11-16 mAb based (397) 

c-myc 10aa mAb based (398) 

S-peptide 15aa S-protein (147) 

Polyaspartic acid 5-16aa Ion-exchange (399) 

VSV tag 11aa mAb based (298) 

Calmodulin binding 

peptide 

26aa Calmodulin (401) 
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Glutathion-s-

transferase 

26kDa Glutathione (402) 

Maltose binding 

domain 

40kDa Maltose, Amylose (267) 

Pin-point (Promega) 13kDa Streptavidin/avidin (403) 

Cellulose binding 

domain 

27-189aa Cellulose (398) 

Xylanase 10A 163aa Cellulose (404) 

HA tag 9aa mAb based (260) 

	

 

4.2 Materials and Methods 
	

4.2.1 Materials and reagents 

C-Terminal Myc-DDK (Flag-tagged) human TrueORF cDNA clones; KRAS, HRAS, 

HDGF, CDKN2A, RALA, P62, P53 and Gankyrin which had pCMV6 entry vectors 

were purchased from Origene, UK while Human Embryonic Kidney 293 cells (HEK 

293 ATCC 15E058), stably transfected with SV40 large T-antigen was obtained from 

Public Health England.  

 4.2.2 Transfection and Flow Cytometry 

HEK 293 cells were passaged 2-3 days at a confluency 50%-80% before transfection. 

Cells were carefully pelleted aseptically by centrifugation at 300g for 10 minutes at 

room temperature after which the supernatant was discarded. The cell pellet (1x106 

cells per sample) was carefully re-suspended in 100 μl of nucleofector solution V and 

the suspension was combined with either 1 or 2 μg of a cDNA ORF clone. HEK 293 

cells were then transfected with clones using the nucleofecter device, program A-023 
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(Lonza, UK). The mixture was then transferred into a 6-well culture plate containing 

1.5 ml pre-warmed complete culture media (DMEM/10% FBS) and further incubated 

at 37oC/5%CO2 (Grant JB series, UK). The Beckman Coulter FC500 at the flow 

cytometry unit was used to determine the transfection efficiency of reagents at 48 hours 

of post-transfection. Viable HEK 293 cells transfected with GFP plasmid at a density 

of 1x106 cells/mL were removed from the culture, centrifuged and re-suspended in 500 

µL of 10% FBS/DPBS prior to loading unto the flow cytometer. Flow cytometry data 

was further analyzed using Weasel analysis software (Figure 82).  

4.2.3 Selection of Resistant Cells 

Old culture media was replaced with fresh complete media containing 1 mg/ml 

Geneticin (G418) (Gibco, UK), 48 hours after transfection. Stable selection and growth 

of resistant clones (transfected cells containing plasmid with resistant constructs) was 

allowed to grow for to 1- 2 weeks for cells to reach 80% confluency. The selective 

media was replaced every 3 days to ensure adequate selection of resistant clones.  

4.2.4 Cell lysate preparation and BCA assay 

To lyse cells with resistant constructs, old selective medium was removed from the 

adherent cells and washed once with 1000 μl cold DPBS (Sigma Aldrich, UK) for 30 

minutes. 1000 μl of cold RIPA buffer (ThermoFisher Scientific, UK), 10 μl of 

Protease/Phosphatase inhibitor cocktail and 5 μl of Benzonase (Sigma Aldrich, UK), 

which served as the lysis buffer were added to cover the entire culture. The preparation 

was incubated on ice with shaking for 30 minutes after which samples were transferred 

into microcentrifuge tubes and then centrifuged (IEC Micromax RF, UK) at 16000g for 

15 minutes at 4oC. The clarified lysate was removed and stored at -20oC until further 

use. Proteins present in cell lysates were concentrated in Amicon® Ultra 2 ml and 15 
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ml 10K MWCO centrifugal filter units (Merck Millipore, USA) according to 

manufacturer’s instructions. The concentration of proteins in a lysate were determined 

using the PierceTM BCA Protein Assay Kit (Thermo Scientific, UK), which consisted 

of 9 bovine serum albumin (BSA) size standards (2000, 1500, 1000, 750, 500, 250, 125, 

25, 0 μg/ml; Thermo Scientific, UK). Samples and standards were added to working 

reagent in 1 in 20 dilutions after which the absorbance was measured at 562 nm using 

the FLUOStar Omega plate reader and analysed using Graph Pad Prism 6 software.  

 

4.2.5 SDS-PAGE and Immunoblot 

In-house recombinant TAAs expressed in cell lysates as well as commercial TAAs were 

detected using several approaches (Figure 82). Firstly, lysates were run on SDS 

polyacrylamide gels before carrying out detection methods like western blot, silver and 

imperial staining. Equal volumes of proteins (cell lysates or commercial TAAs) and x1 

loading buffer were mixed in an Eppendorf tube after which they were denatured by 

heating for 10 minutes at 95oC on PCR block. 15 μl of each sample was run along with 

either Spectra Multicolour Broad range protein ladder (10-260 kDa) (ThermoFisher 

Scientific, UK), Pre-stained Protein marker (11-250 kDa) (Cell signalling) or Magic 

MarkÔ XP (20-220 kDa) (ThermoFisher Scientific) at 130 V for 1.5 hrs at 35 mA using 

a 15 well precast Mini-Tris Glycine gel (4%-20% and 10%-20%) (Invitrogen, UK). 

Staining of gels undertaken with TM Silver Stain Kit (ThermoFisher Scientific, UK) or 

Protein gel stain (Invitrogen, UK) after which gels were scanned. These were carried 

out on commercial recombinant TAAs or purified in-house TAAs to validate the 

molecular weight of bands. Western blot was carried out immediately after SDS-PAGE. 

Gels and 0.2 μm HybondTM-ECLTM nitrocellulose membrane (ThermoFisher 
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Scientific, UK) or 0.2 μm PVDF membrane (ThermoFisher Scientific, UK) equilibrated 

in transfer buffer after which the gel was layered on the membrane. The complex was 

sandwiched between two pre-wet filter papers and placed on Transblot SD wet transfer 

cell (Invitrogen, UK). All components were soaked in 1x transfer buffer. The membrane 

was placed closest to the positive electrode after which transfer was run at 30 V at 100 

mA for 1.5 hrs. The membrane was blocked using 25 ml 1X Tris Buffered Saline TBS, 

0.1%Tween 20 (100%) with 5% w/v skimmed dry milk (Tesco, UK) at room 

temperature (RT) for 1 h at 10 rpm. The membrane was washed three times at 5 minutes 

intervals with 1x TBS, 0.1%Tween 20 (100%) (ThermoFisher Scientific, UK) after 

which primary antibody incubation was undertaken as per the manufacturer’s 

instructions. Nitrocellulose membrane (0.2 μm) or 0.2 μm PVDF membrane was 

incubated in 5 ml mouse anti-DDK (Sigma Aldrich, UK), (diluted 1:1000 in 5% milk) 

overnight at 4oC. Anti-Myc, as well as antigen specific antibodies such as anti-KRAS, 

anti-P16, anti-p62 and anti-P53, were diluted (1:500, 1:300, 1:300, 1:300:1:50) in 5% 

milk respectively. The membrane was washed three times at 5 minutes intervals in 15 

ml TBST at 30 rpm. For chemiluminescence detection, the membrane was tagged with 

polyclonal goat anti-mouse HRP (DAKO, UK), (diluted 1:2000, 1:1000, 1:500, 1:500, 

1:500, 1:50 in 5% milk for DDK, Myc tagged proteins, non-tagged KRAS, P16, P62 

and P53 proteins respectively), for 1 hour at RT with rocking, followed by 3 washes. 

The membrane was immersed in AmershamTM enhanced chemiluminescent (ECLTM) 

western blotting detection reagents (GE Healthcare) for a minute and developed using 

Amersham HyperfilmTM ECLTM high performance chemiluminescence film (GE 

Healthcare), Carestream® Kodak® autoradiography GBX developer/replenisher and 

fixer/replenisher (Sigma, UK). In the case of fluorescence immunoblot, the membrane 

was incubated in Licor Odyssey anti-mouse antibody (680nm), diluted 1:5,000 in TBST 
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after which it was scanned using the Licor Odyssey scanner. A dot blot procedure, 

which is similar to the western blot was used to confirm the presence of the tagged 

proteins before determining the size.  

Recombinant proteins (Flag-tagged) present in cell lysates were purified using anti-

Flag® M2 affinity gel, anti-Flag® M2 magnetic and Myc Trap® magnetic bead 

chromatography (Figure 82). The flag-tag affinity column was thoroughly washed with 

0.5 ml x1 wash buffer (x10 wash buffer (0.5M Tris-HCL, 1.5M Nacl) diluted 1:9 in 

deionized water) (Sigma Aldrich, UK) after which the column was packed with resin. 

The column was washed again with x1 wash buffer to allow equilibration and further 

loaded with three and five column volumes of elution buffer (0.1M Glycine) and x1 

wash buffer respectively. Cell lysate containing flag-tagged proteins was passed 

through 1 ml anti-Flag® M2 affinity gel by gravity flow. This was repeated for BAP 

fusion protein (50 ng/μl), which served as the positive control for the procedure. The 

column was washed with 10 column volumes of x1 wash buffer after which the Flag-

tagged proteins were eluted in six 1 ml fractions by acid elution (0.1M glycine-HCl) 

(pH 3.5) and further neutralised with Tris Buffered Saline (50mM Tris-HC, 150mM 

NaCl (pH 10.0)). Unsuccessful purification of proteins with the Flag-tagged affinity 

chromatography required the utilisation of the anti-Flag® M2 magnetic resin beads. The 

magnetic beads were gently re-suspended by inversion after which 50 μl was transferred 

into Eppendorf tubes. The tubes were securely held in a magnetic separator rack to 

collect the beads after which the storage buffer was discarded. Beads were washed with 

10 packed gel volumes of Tris buffered saline buffer (TBS) after which the buffer was 

discarded. 500 μl of cell lysate, BAP fusion protein (50 ng/μl, diluted 1:25 in TBS) 

(positive control) and 1 ml TBS (negative control) were added to the beads. Samples 

were further incubated overnight at 4oC. The supernatant was removed, beads were 
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collected and were further washed with 20 packed gel volumes of TBS. FLAG-fusion 

and BAP recombinant proteins were eluted under acidic conditions with five packed 

gel volumes of 0.1M Glycine-HCl (pH 3.0). Aside acid elution bound recombinant 

proteins were also eluted with 2x SDS-PAGE sample buffer without DTT or 2-

mercaptoethanol. After which samples were boiled for three minutes. Fractions 

containing expressed proteins were pooled, desalted, and concentrated against 

phosphate buffered saline (PBS). Myc Trap® magnetic beads (Chromotek, UK), which 

has the same immunoprecipitation procedure as the anti-Flag M2 magnetic bead, was 

employed to immunoprecipitate flag-tagged proteins in cell lysates. The beads were 

thoroughly vortexed and 25 µl of bead slurry was pipetted into 500 µl ice-cold dilution 

buffer. The mixture was centrifuged at 2500g for 2 minutes at 40C and supernatant was 

discarded. Beads were then washed twice with ice-cold dilution wash buffer. Cell lysate 

was added to the equilibrated magnetic beads and incubated for 1 hour at 40C after 

which the mixture was centrifuged at 2500 x g for 2 minutes at 40C. The supernatant 

was then discarded, and beads were washed twice in 500 µl ice-cold wash buffer.  100 

µl of reconstituted Myc peptide (diluted to 100 µg/ml in dilution buffer) was added to 

magnetic beads in order to elute Myc-tagged proteins were eluted. The preparation was 

incubated for 15 minutes at room temperature and further centrifuged at 2500g for 2 

minutes. Supernatants were carefully transferred into a new tube and this step was 

repeated to increase the elution efficiency. Alternatively, Myc Trap®  magnetic beads 

were re-suspended in 100μl 2x SDS sample buffer after which re-suspended beads were 

heated for 10 minutes at 95oC to dissociate immunocomplexes from beads. Beads were 

then centrifuged, and supernatants were collected.     
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Figure 82: Outline of the procedures involved in the expression, detection and purification of Myc-
DDK(Flag-tagged) recombinant tumour-associated antigens in HCC. 
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4.3 Results 
 
4.3.1. Preliminary Expression of Recombinant Flag-tagged proteins in 
HEK 293 cells 

To produce a panel of recombinant proteins suitable for use on the antigen microarray 

system, an existing batch of HEK 293 cells in the laboratory, seeded at 1.0 x 10
6 cells 

per sample were each transfected with 2 μg of the Myc-DDK human cDNA ORF 

clones; KRAS, HRAS, HDGF, CDKN2A as well as a GFP plasmid as a positive 

control. A negative control omitting a plasmid or clone was also prepared. The 

transfection efficiency determined for GFP positive cells was 82.1% (Figure 83A). 

BCA assay carried out on cell lysates determined protein concentrations of 706 μg/ml, 

930 μg/ml, 1160 μg/ml, 686 μg/ml and 101.307 μg/ml, for KRAS, HRAS, HDGF, 

CDKN2A and the negative control respectively at a wavelength of 562 nm. Cell lysates 

were further resolved by SDS-PAGE and the identity of Flag-tagged recombinant 

proteins was confirmed by western blot analysis using an anti-Flag antibody (Figure 

83 B-D). Proteins expressed in the existing batch of HEK 293 cells yielded no immuno-

reactive bands for all cell lysates (Figure 83B). Preliminary expression of Flag-tagged 

recombinant proteins confirmed that human ORF clones were not successfully 

transfected in the HEK 293 cells, hence proteins of interest were not detected. 

Consequently, a new batch of HEK 293 cell line was used for the in vitro expression of 

the Myc-DDK human TrueORF clones using the same procedure. Chemiluminiscence 

western blot analysis carried out on recombinant proteins expressed in these new batch 

of cells produced strong immuno-reactive bands of 48 kDa for the different dilution of 

HDGF protein (Figure 83C). However, no bands were seen for the KRAS, HRAS and 

CDKN2A. A similar pattern of band strength of 48 kDa was observed for HDGF using 
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a fluorescent western blot and as such no bands were seen for KRAS, HRAS and 

CDKN2A (Figure 83D). 
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Figure 83: Preliminary expression of Flag-tagged recombinant proteins in HEK 293 cells. Old and 
new batch of HEK 293 cells seeded at a density of 1.0x106 cells/ml were transfected with 2 µg of four 
Myc-DDK human ORF cDNA clones (KRAS, HRAS, HDGF, CDKN2A) and a GFP plasmid using 
nucleofector solution kit V. (A) shows the transfection efficiency of GFP positive cells using the FC500, 
48 hours post-transfection. Resistant cells (cells successfully transfected with cDNA clones) were 
allowed to be stably selected over a period of 7 days with G418. Cells were then lysed using RIPA buffer 
and recombinant proteins present in lysates were further detected by western blot using an anti-Flag 
antibody. (B) Shows a Fluorescent Western Blot analysis on cell lysates prepared from the batch of HEK 
293 cells, (C) and (D) represent the chemiluminiscence and fluorescent immunoblot of cell lysates 
prepared from the new batch HEK 293 cells revealing strong immunoreactive bands of HDGF protein. 
An arrow indicates the location of the HDGF protein at different dilutions. Molecular mass standards 
(M) are given in kilodaltons. MagicMarkÔ XP (ThermoFisher Scientific, Cat no LC5602, 20-220kDa) 
was used as a molecular weight marker to help indicate molecular size of protein bands.  

 

	

4.3.2 In Vitro expression of KRAS, HRAS and CDKN2A proteins in 
HEK 293 Cell Extracts 
	

Previous experiments showed unsuccessful expression of KRAS, HRAS and CDKN2A 

recombinant proteins despite the utilisation of a new batch of HEK 293 cell line. Some 

studies had indicated that proteins with predicted low molecular weight such as KRAS, 

HRAS and CDKN2A require up to 5-7 days of expression in their expression system 

before stable selection with G418 instead of 48 hours which was done previously. The 

transfection procedure was repeated, and expression of recombinant proteins were left 

up to a week before selecting resistant cells with the required antibiotic. Proteins in 

lysates were resolved and detected with SDS-PAGE and western blot. Low molecular 

weight run through membranes with pores 0.45 μm during the protein transfer process 

and hence nitrocellulose membrane (0.2 μm) was selected for the immunoblot of 

proteins instead of 0.45 µm used initially. Immunoblot analysis of cell lysates probed 

with anti-flag antibody repeatedly yielded no immunoreactive bands for KRAS, HRAS 

and CDKN2A, while strong 48 kDa bands were detected again for HDGF (Figure 84). 
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Figure 84: Analysis of recombinant HDGF over-expression with anti-Flag antibody. HEK 293 cell 
lysates resulting from transfection with 2 µg of four Myc-DDK human ORF cDNA clones (KRAS, 
HRAS, HDGF, CDKN2A) and further selection of resistant cells with G418, fractionated cells resolved 
on 4-20% SDS-PAGE and analysed by western blotting using anti-Flag antibody only detected HDGF. 
MagicMarkÔ XP (ThermoFisher Scientific, Cat no LC5602, 20-220kDa) was used as a molecular 
weight marker to help indicate molecular size of protein bands.  

 

	

	

4.3.3. Recombinant Flag-tagged Protein Detection by Dot Blot 
Analysis. 
	

Despite using a new HEK 293 cell line, allowing longer expression of proteins and 

using a nitrocellulose membrane of pore size 0.2 μm, immunoreactive bands for the 

three proteins (KRAS, HRAS and CDKN2A) were not detected. As such, the 

transfection procedure was repeated using a higher concentration of cDNA clone. HEK 

293 cells seeded at 1.0 x 10
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cDNA ORF clones (KRAS, HRAS, HDGF and CDKN2A) per sample. Proteins were 

left for expression for 7 days after which resistant cells for each clone were selected 

with 1mg/ml Geneticin (G418) over a period of 14 days. Cells were lysed, after which 

2 μl of each cell lysate, positive control BAP fusion protein and a negative control (HEK 

293 transfected with empty vector) were spotted unto nitrocellulose membrane and 

allowed to dry for an hour at room temperature. Flag-tagged proteins were confirmed 

by incubating membrane with anti-Flag antibody overnight at 4oC and anti-mouse goat 

HRP for an hour at room temperature. Immunoblot analysis produced strong immuno-

reactive spots for KRAS, HRAS, HDGF, CDKN2A and positive control (BAP fusion 

protein). (Figure 85). 

 

Figure 85: Dot blot analysis of KRAS, HRAS, HDGF and CDKN2A overexpressed in HEK 293 
cells. HEK 293 cells seeded at a density of 1.0x106 cells/ml were transfected with 3 µg of four Myc-
DDK human ORF cDNA clones (KRAS, HRAS, HDGF, CDKN2A) and a GFP plasmid using 
nucleofector solution kit V. A negative control excluding the plasmid was included. Protein expression 
was allowed up to a period of one week until resistant cells were stably selected over 14 days with G418. 
Lysates were then prepared from stably selected cells. 2 μl of each of the four cell lysates, positive control 
(BAP fusion protein), a negative control (HEK 293 transfected with empty vector), were spotted unto 
0.2 µm nitrocellulose membrane and allowed to dry for an hour at room temperature. Flag-tagged 
proteins were confirmed by incubating nitrocellulose membrane with anti-Flag antibody overnight at 4oC 
and polyclonal goat anti-mouse HRP for an hour and developed using Amersham HyperfilmTM ECLTM 
high performance chemiluminescence film in the dark. Bands were observed on the positive control spots 
as well as the four-experimental Flag tagged TAAs with the exception of the negative control. 

	

K
RA

S

H
RA

S

H
D

G
F

CD
K

N
2A

Po
sit

iv
e 

co
nt

ro
l

(B
A

P 
fu

sio
n 

pr
ot

ei
n)

N
eg

at
iv

e c
on

tro
l

(E
m

pt
y 

ve
ct

or
)



Chapter	Four-Protein	Production	and	Purification	
	

	 -	223	-	

4.3.4 Affinity Pull-Down of Flag-tagged Recombinant Proteins Using 
Anti-FLAGÒ M2 Affinity Gel. 
	

Due to unsuccessful detection of Flag-tagged recombinant proteins with western blot 

analysis, an immunoprecipitation of these proteins (KRAS, HRAS, HDGF, CDKN2A) 

was carried out from the filtered cell lysate under native conditions using anti-Flag M2 

affinity gel. This was conducted as a preliminary experiment to test the efficacy of the 

purification kit (Sigma Aldrich, UK). The flow through, wash and elution fractions 

were pooled, filtered, and concentrated to 50 μl. Samples were blotted unto 

nitrocellulose membrane and incubated with anti-Flag antibody. Dot blot of the elution 

fractions as well as the positive control BAP fusion protein revealed no immunoreactive 

spot for proteins. However, strong immunoreactive spots of Flag-tagged proteins were 

detected in the flow through and wash fractions. This indicates that the Flag-tagged 

proteins were loosely bound to the agarose beads (Figure 86). 

 

Figure 86: Dot blot analysis of the elution, filtrate, flow through and wash fractions of Flag-tagged 
recombinant proteins after purification with Anti-FlagÒ M2 affinity gel. 
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4.3.5 Purification of Flag-Tagged Recombinant Proteins using Anti-
FlagÒ M2 Magnetic Beads 
	

Native elution of recombinant proteins from anti-FlagÒ M2 magnetic beads allow the 

identification of proteins as well as functional analysis using biochemical activity 

assays. The purification of flag-tagged proteins (KRAS, HRAS, HDGF, CDKN2A) was 

carried out on filtered cell lysates under native conditions using these magnetic beads. 

The flow through, wash and elution fractions were pooled, filtered, and concentrated to 

50μl by ultracentrifugation after which samples were blotted unto nitrocellulose 

membrane and further incubated with an anti-Flag antibody. A dot blot analysis 

revealed strong immunoreactive spots for flow through portions, with weak 

immunoreactive spots detected with the elution fractions for all recombinant proteins 

(Figure 87A). Due to major technical difficulties encountered with the magnetic beads, 

the procedure was optimised to ensure successful purification of proteins from cell 

lysates. Thus, the pH of wash and elution buffers, volume of packed beads and cell 

lysates were optimised. The optimal pH for wash and elution buffer was 7.4 and 3.0 

respectively while the packed gel volume of beads was increased from 50 μl to 200 μl 

to increase the binding of proteins to magnetic beads. Consequently, another 

purification procedure on cell lysates was undertaken after which a BCA assay 

determined protein concentrations of 118 μg/ml, 96 μg/ml, 101 μg/ml, 103 μg/ml, 80 

μg/ml for positive control (BAP fusion protein), KRAS, HRAS, HDGF and CDKN2A 

respectively. An immunoblot analysis conducted on elution fractions showed strong 

immunoreactive spots for the respective elution fractions for positive control BAP 

fusion protein, KRAS, HRAS, HDGF and CDKN2A (Figure 87B). 
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Figure 87: Anti-FlagÒ M2 magnetic bead purification of flag-tagged proteins from HEK 293 cell 
lysates. Flag-tagged recombinant proteins were purified from filtered cell lysates under native 
conditions. (A) shows the dot blot analysis of flag-tagged proteins in flow through and the elution 
fractions after purification (B) represents the dot blot of all elution fractions after optimisation of the 
purification procedure. 
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4.3.6 Analysis of the expression of eight Recombinant Flag-tagged 
proteins with an Anti-Flag antibody.  
	

HEK 293 cells were transfected with four newly purchased Myc-DDK tagged CDNA 

clones (RALA, P53, P62 and Gankyrin) together with KRAS, HRAS, HDGF, 

CDKN2A and GFP cDNA clones. BCA assay carried out on cell lysates determined 

protein concentrations of 1275μg/ml, 518 μg/ml, 1751 μg/ml, 659 μg/ml, 733 μg/ml, 

708 μg/ml, 855 μg/ml, 1552 μg/ml and 102 μg/ml for KRAS, HRAS, HDGF, 

CDKN2A, RAL A, P53, P62, Gankyrin and the negative control respectively at 

wavelength of 562 nm. Dot blot analysis was carried out on cell lysates as a preliminary 

experiment to determine the presence of Flag-tagged proteins (Figure 88A). A western 

blot analysis showed highly induced immunoreactive bands of 30kDa, 35kDa, 80kDa, 

48kDa, 60kDa, 60kDa, and 37kDa for KRAS, Gankyrin, RALA, HDGF, P53, HRAS, 

and P62 respectively (Figure 88B). These corresponded to the expected band size for 

each recombinant protein and band strengths correlated with protein concentrations of 

each sample. However, a very faint band was seen with respect to the CDKN2A protein 

and the negative sample produced no bands. CDKN2A has a very low molecular weight 

(25kDa) and could not be detected appropriately since a lower Tris Glycine SDS precast 

gel (4%-20%) was used. Consequently, samples were run on a higher Tris Glycine SDS 

precast gel percentage (10%-20%). In this regard, a strong band of 25kDa was detected 

for P16 (Figure 88C). Molecular sizes of the recombinant Flag-tagged recombinant 

proteins were compared with that of the manufacturers sheet (Figure 88D). 
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Figure 88: Analysis of the expression of eight recombinant Flag-tagged proteins with anti-Flag 
antibody. HEK 293 cell lysates expressing eight recombinant flag-tagged proteins were fractionated by 
4-20% SDS-PAGE, (A) Dot blot analysis of recombinant flag-tagged proteins in cell lysates. (B) Western 
blot analysis of cell lysates showing strong immunoreactive bands for seven recombinant proteins KRAS, 
HRAS, HDGF, RALA, P62, P53 and Gankyrin with the exception of CDKN2A at their expected band 
sizes, when 4%-20% Tris glycine gel was used for resolving proteins (C) Shows strong immunoreactive 
bands for all proteins using 10%-20% Tris glycine gel. MagicMarkÔ XP (ThermoFisher Scientific, Cat 
no LC5602, 20-220kDa) was used as a molecular weight marker to help indicate molecular size of protein 
bands. 
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4.3.7 Purification of Flag-tagged Recombinant proteins from HEK 293 
cells transfected with Eight Myc-DDK cDNA clones 
 

On successful detection of eight recombinant proteins expressed in HEK 293 cells, a 

one-step purification of eight Flag-tagged recombinant proteins, KRAS, HRAS, 

HDGF, CDK2NA, RALA, P62, P53 and Gankyrin proteins was carried out using a 

newly purchased anti-FlagÒ M2 Magnetic bead kit under native conditions as described 

in the Materials and Methods section. A dot blot analysis was subsequently undertaken 

on the flow, wash and elution fractions to determine the presence of Flag-tagged 

proteins eluted from the beads. Figure 89A illustrates some degree of purification, as 

strong immunoreactive spots were detected in the flow through as compared to different 

elution fractions (Figure 89A). Evidently, Flag-tagged proteins were lost through the 

wash procedure (Figure 89A). A western blot analysis was done on pooled elution 

fractions to determine the identity of proteins of interest in purified samples. 

Surprisingly, none of the proteins of interest in any of the purified samples produced a 

band, as western blot produced a low background with bands of antibody heavy 

(50kDa) and light chains (25kDa) detected (Figure 89B). To effectively obtain clean 

and specific western blot signals of target proteins to circumvent this problem, a variety 

of strategies were devised. The purification procedure was repeated with reduced 

volume of cell lysates (300 µl), increased volume of magnetic beads (200 µl) and a 

reduced volume of wash buffer (50 µl) per wash. Moreover, other methods of elution 

provided by the manufacturer were tested; addition of SDS sample buffer (with and 

without a reducing agent) to beads incubated with cell lysates, after which 

immunoprecipitated IP beads were heated, supernatant collected and further resolved 

by SDS-PAGE. (Figure 89C) and western blot analysis (Figure 89D) still revealed 

contaminating signals from the heavy or light chain immunoglobulins. Hence, cell 
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lysates containing KRAS, HRAS, HDGF, CDKN2A and RAL A were denatured with 

SDS buffer and heated before the purification process was initiated. A western blot 

analysis revealed bands of the respective Flag-tagged proteins as well as the heavy and 

light chains of Flag-tagged antibody bound to the magnetic beads in the flow through 

fractions (Figure 89E). On the other hand, proteins of interest were undetected in either 

the wash or elution fractions.  
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Figure 89: Affinity Purification of Flag-tagged Recombinant proteins from HEK 293 cell lysates 
on anti-FLAG M2 magnetic bead chromatography. Following immunoprecipitation of HEK 293 cell 
lysates, the presence of Flag-tagged proteins in purification products (flow through, wash and elution 
fractions) were identified with an anti-Flag antibody by either (A) dotting them directly onto 
nitrocellulose membranes, which shows strong immunoreactive spots of all Flag-tagged proteins in the 
flow through as compared to the wash and elution fractions, (B) western blot to detect purified products 
after magnetic bead immunoprecipitation (C) and (D) protein stained gel and western blot to detect 
purified proteins eluted with SDS sample with or without a reducing agent (C) or probed with an anti-
Flag antibody (D) while (E) shows the western blot affinity purification of denatured proteins in cell 
lysates. MagicMarkÔ XP (ThermoFisher Scientific, Cat no LC5602, 20-220kDa) was used as a 
molecular weight marker to help indicate molecular size of protein bands in figures B, D and E, while 
Spectra Multicolour Broad range protein ladder (ThermoFisher Scientific, Cat no 26634, 10-260 kDa) 
was used for figure C. 

K
RA

S

H
RA

S

H
D

G
F

CD
K

N
2A

RA
L 

A

P5
3

P6
2

G
an

ky
rin

Po
sit

iv
e c

on
tro

l

M
ag

ic
M

ar
k 

TM
X

P

50kDa

25kDa

D

Heavy chains 

Light chains 

Elution with SDS buffer (DTT) Elution with SDS buffer (no DTT) 

30kDa

120kDa
100kDa
80kDa
60kDa
50kDa
40kDa

20kDa

220kDa

K
R

A
S

H
R

A
S

H
D

G
F

C
D

K
N

2A
R

A
L 

A
K

R
A

S
H

R
A

S
H

D
G

F
C

D
K

N
2A

R
A

L 
A

K
R

A
S

H
R

A
S

H
D

G
F

C
D

K
N

2A
R

A
L 

A
N

eg
at

iv
e 

co
nt

ro
lFlow th

rough

Wash
 fra

ctio
n

50kDa

25kDa

E.

Elution  fr
act

ion

30kDa

120kDa
100kDa
80kDa
60kDa
50kDa
40kDa

20kDa

220kDa

M
ag

ic
M

ar
k 

TM
X

P



Chapter	Four-Protein	Production	and	Purification	
	

	 -	233	-	

4.3.8 Detection of HCC recombinant TAAs in Cell Lysates using Anti-
Myc and Antigen specific antibodies (anti-KRAS and anti-P53) 
	

The validity of anti-Flag antibody utilised in previous experiments were determined 

using an anti-Myc antibody and other antigen specific antibodies; anti-KRAS and anti-

P53. An immunoblot analysis was undertaken on lysate over-expressing HDGF protein 

using an anti-Myc antibody at a dilution of 1:500 and 1:1000 goat anti-mouse HRP in 

5% TBST milk respectively. A strong immunoreactive band of HDGF at the expected 

size (48kDa) was detected with anti-Myc antibody (Figure 90A). P53 protein expressed 

in lysate at the expected size (60kDa) was best detected with an anti-P53 antibody and 

goat anti-mouse HRP at a dilution of 1:50 and 1:500 in 5% milk TBST respectively, 

after several optimisations were undertaken to determine the optimal dilution of 

primary and secondary antibodies (Figure 90B). Many attempts were made to detect 

KRAS in lysates with anti-KRAS antibody. However, the optimal anti-KRAS and goat 

anti-mouse HRP antibodies to effectively identify KRAS at the right band size was 

1:300 and 1:500 in 5% milk TBST respectively (Figure 90C-D).  
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Figure 90: Recombinant HCC TAAs in lysates detected by anti-Myc, anti-P53 and anti-KRAS 
antibodies. Cell lysates expressing HDGF, P53 and KRAS were detected at their expected band sizes 
(48kDa, 60kDa and 30kDa respectively) using (A) anti-Myc antibody at an optimal dilution of 1:500 in 
5% milk TBST (B) anti-P53 antibody at an optimal dilution of 1:50 in 5% milk TBST, (C)(D) anti-
KRAS antibody at an optimal dilution of 1:300 in 5% milk TBST. Lysates prepared from HEK cells 
transfected with an empty vector were used as a negative control in all blots while BAP fusion protein 
and commercial Myc/DDK tagged KRAS antigen were used as positive controls in (A), (C) or (D). 
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MagicMarkÔ XP (ThermoFisher Scientific, Cat no LC5602, 20-220kDa) was used as a molecular 
weight marker to help indicate molecular size of protein bands.  

	

4.3.9 Purification of Myc-DDK tagged proteins using MycÒTrap MA 
Magnetic Beads 
	

After several efforts channelled to purifying recombinant proteins from cell lysates 

proved futile, the MycÒTrap MA kit was employed as an alternative to obtaining 

recombinant proteins in purified forms since proteins were Myc-DDK tagged. A 

preliminary purification was undertaken using lysates expressing HDGF where 200 µl 

of cell lysate was incubated with 50 µl of thoroughly washed Myc Trap bead slurry for 

an hour at 4oC. Beads were washed with 500 µl of ice-cold wash buffer after which 

recombinant proteins bound to the Myc Trap beads were efficiently pulled using a Myc 

peptide. Dot blot analysis carried on the original cell lysate, flow through, wash and 

elution fractions showed strong immunoreactivity of HDGF in elution fractions with 

weak and no immunoreactive blots of the protein seen in the flow through and wash 

fractions respectively (Figure 91A). This shows that the purification of HDGF was 

successful using this immunoprecipitation procedure. This was subsequently followed 

by conducting western blot on the elution fractions and the expected band size of HDGF 

was achieved (Figure 91B). This attainment led to the immunoprecipitation of 

consequent lysates containing recombinant proteins (KRAS, HRAS, RALA and 

Gankyrin, P53, P62) using the Myc Trap MA kit. With regards to purification of HRAS 

and KRAS from lysates, proteins of interest were present in the flow through which 

existed as dimers and elution fractions did not show immunoreactive bands for both 

proteins (Figure 91C). This same outcome was achieved in during the purification of 

RALA and Gankyrin (Figure 91D) as well as P53 and P62 (Figure 91E). This shows 

that the Myc Trap kit was ineffective for immunoprecipitation of recombinant proteins 
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except for HDGF. It was realised that most of the proteins of interest were usually 

detected in the flow through fraction as dimers and it was anticipated that the 

dilution/wash buffer (10mM Tris/CL pH 7.5; 150Mm NaCl; 0.5Mm EDTA) with which 

the immunoprecipitation procedure was undertaken contributed to this occurrence. 

Therefore, the immunoprecipitation procedure was repeated with lysate expressing P62 

using four dilution buffers at different pH; 6.0, 7.4, 9.0 as well as RIPA Lysis buffer 

(10mM Tris/CL pH 7.5; 150Mm NaCl; 0.5Mm EDTA, 0.1% SDS; 1% Triton x-100, 

1% Sodium Deoxycholate), after which a western blot analysis was conducted on 

various purification fractions. A chromogenic development of the blot revealed the 

existence of KRAS dimers in the flow through fraction, despite testing different buffers 

(Figure 91F). Due to dimerisation of proteins, they were unable to expose their Myc 

tags to bind the Myc Trap beads so as to attain thorough purification of recombinant 

proteins. 
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Figure 91: Recombinant Myc-DDK tagged protein purification using Myc Trap MA Magnetic 
Beads. Lysates expressing HDGF, KRAS, HRAS, RALA, Gankyrin, p53 and p62 were 
immunoprecipitated using the Myc-Trap MA kit under native conditions. 200 µl of lysate was incubated 
with 50 µl of washed bead slurry at 4°C for an hour. Beads were washed twice with ice-cold dilution 
buffer after which recombinant proteins bound to magnetic beads were eluted using the displacement 
with Myc peptide. (A) and (B) show a dot blot and western blot analysis on purification products of 
HDGF, where elution fraction expressed the expected band size HDGF (48kDa). Dimerization of (C) 
KRAS and HRAS in original cell lysate and flow through. Commercial KRAS and HRAS Myc tagged 
antigens were used as positive controls while P CMV empty vector lysates were used as a negative 
control. (D) shows dimerization of RALA and Gankyrin in flow through and original cell lysate. 
Commercial Gankyrin and RALA Myc-tagged antigens were used as positive controls while empty 
vector lysates were used as negative control.  (E) P53 and P62 was seen in cell lysates and the flow 
through fractions respectively after immunoprecipitation. (F) Reveals the existence and dimerization of 
KRAS in the flow through fraction despite the use of various dilution/wash buffers at different pH. All 
blots were probed with anti-Myc antibody. MagicMarkÔ XP (ThermoFisher Scientific, Cat no LC5602, 
20-220kDa) used as a molecular weight marker to help indicate molecular size of protein bands in figures 
C, D, E and F, while Spectra Multicolour Broad range protein ladder (ThermoFisher Scientific, Cat no 
26634, 10-260 kDa) was used for figure B. 
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4.3.10 Quality Assessment of Commercial HCC Tumour-associated 
Antigen Panel 
	

Purification of the in-house HCC recombinant proteins from cell lysates was 

challenging as several approaches to attaining a refined panel of recombinant proteins 

was unsuccessful. Hence, a panel of the same HCC TAAs produced in HEK 293 cells 

were purchased in addition to the ones expressed in cell lysates. Though there has been 

a remarkable growth in the business of research antigens and antibodies, there is still a 

universal lack of trust in commercial proteins.  Hence, there was the urgent need to 

conduct a validation to avoid jeopardizing proposed experiments. Validation would 

help to determine if there is satisfactory proof for the potential clinical utility of these 

commercial biomarkers utilising them for subsequent diagnostic tests. Validating the 

expression of commercial TAAs mostly rely on the available antibody that detects 

them. Commercial Flag-tagged recombinant TAAs; KRAS, HRAS, HDGF, CDK2NA, 

RAL A, P62, P53 and Gankyrin were verified for antigen concentration and analysed 

upon delivery in order to determine their purity and integrity. 1 µg of each commercial 

TAA was run on 10-20% precast polyacrylamide gels together with lysates of HEK 293 

cells transfected as well as PCMV empty vector (negative control) and a BAP fusion 

protein (positive controls). KRAS, HRAS, RALA and Gankyrin were either silver 

stained (Figure 92A-B) or probed with an anti-Flag antibody using chemiluminiscence 

(Figure 92C) and fluorescent western blot (Figure 92D). HDGF, P62 and P53 were 

imperial stained or detected using fluorescent western blot with an anti-Flag antibody 

(Figure 92E-F). Lastly, CDKN2A was silver stained (Figure 92H) to determine its 

purity. A panel of ten HCC His-tagged recombinant TAAs produced in an E. coli 

expression system were also validated with a silver stain procedure (Figure 92G) since 

they would be utilised together with eukaryotic generated TAAs to compare 
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autoantibody profiles in HCC patients. The expected and observed molecular weight of 

the examined commercial Flag-tagged TAAs; KRAS, HRAS, HDGF, CDKN2A, RAL 

A, P62, P53 and Gankyrin were 27.1, 27, 138, 25, 32, 80, 55, and 30 kDa respectively 

(Figure 92 A, B, C, D, E, F, H). On the other hand, commercial E. coli generated TAAs 

KRAS, HRAS, HDGF, RALA, AFP, P62, GRP78, Gankyrin, APCN, IMP1 had 

expected and observed molecular weights of 21, 15, 32, 23, 55, 52, 11, 22, none, 52kDa 

respectively (Figure 92G). No band was detected for APCN after three repetitive 

experiments.  
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Figure 92: Representative analysis of a panel of eukaryotic and E. coli generated HCC TAAs. One 
µg of each commercial TAA was run on a 4-20% precast polyacrylamide gel with a broad range of 
protein markers and controls. (A)(B)(C)(D) shows a silver stained gel, fluorescent and chemiluminescent 
western blot revealing immunoreactive bands of commercial HEK 293 expressed proteins; HRAS, 
KRAS, Gankyrin and RALA (27, 27.1, 30, 32kDa respectively), (E) and (F) Shows a fluorescent western 
blot and an imperial protein stained gel analysis showing bands for HEK 293 expressed proteins ; HDGF, 
P62 and P53 (138, 80, 55 kDa), (G) is a silver stain gel analysis revealing ten commercial E. coli 
generated recombinant proteins (KRAS, HRAS, HDGF, RALA, AFP, P62, GRP78, Gankyrin, APCN, 
IMP1) at expected molecular weight of 21, 15, 32, 23, 55, 52, 11, 22, none, 52kDa respectively. (H) 
shows a silver stain gel analysis of CDKN2A at expected molecular weight of 25 kDa. MagicMarkÔ XP 
(ThermoFisher Scientific, Cat no LC5602, 20-220kDa) used as a molecular weight marker to help 
indicate molecular size of protein bands in figures B, C, and D, while Spectra Multicolour Broad range 
protein ladder (ThermoFisher Scientific, Cat no 26634, 10-260 kDa) was used for figures A, E and F. 
Lastly, Prestain Protein Marker (Cell Signalling, Cat no. 77205, MW 11-250KDa) was used for figure G 
and H.  
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4.4 Discussion 

Tumour-associated antigens (TAAs) play an important role in the disease development 

process as their release from tumour cells elicit the production of corresponding 

autoantibodies in patients, which can act as reporters for the early diagnosis of HCC 

(257). The aim of this chapter was to produce a panel of HCC recombinant tumour-

associated antigens in a cost effective and scalable manner in order to profile 

autoantibodies in HCC patients sera using the developed in-house microarray 

technology. A thorough literature search was conducted to select TAAs that are 

described to be related with HCC or liver disease and could elicit measurable 

autoantibody response in HCC patients. These antigens included AFP, KRAS, HRAS, 

HDGF, P16 (CDKN2A), RALA, P53, P62 and Gankyrin. Gankyrin, HDGF and RALA 

are regarded as overexpressed antigens, AFP and P62 as aberrantly expressed (391) 

while HRAS, KRAS, P16 and P53 belong to the mutated antigen category (294).  

In the production of recombinant proteins for research, the profound questions which 

are usually asked include: which type of expression system should be used? Should the 

proteins be tagged, and which kind of tag is mostly effective? What is the most suitable 

purification strategy? Although several expression systems for recombinant proteins 

have markedly improved yields and lowered costs, the mammalian system, specifically 

the HEK 293 cell line, was selected over E.coli for the expression of HCC TAAs due 

to a number of reasons. Mammalian cells have the benefit of being able to accurately 

and authentically glycosylate and properly fold proteins and do not cause immune 

responses due to post-translational modifications as they are similar to naturally 

occurring human proteins (413). However, this method of expression is time 

consuming, slightly expensive and gives a low yield of proteins as compared to the 
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others and this could present as a barrier in some instances (412). The introduction of 

Myc-DDK tagged cDNA clones in HEK 293 cells for expression was achieved by 

electroporation which applies electric impulses to create pores in the cell membrane of 

cells by exploiting the weak interactions between phospholipid bilayers that stabilise 

the integrity of cell membranes. This was chosen over other methods of transfection 

due to its efficiency, low requirements of DNA, as well as it’s less cumbersome and 

fast procedure (425). Myc-DDK tagged cDNA clones were stably transfected because 

it has been shown to be a beneficial technique for the quick production of recombinant 

proteins due to its ability to produce milligram quantities within few weeks following 

cloning of their corresponding cDNA, as well as reduced variation as compared to 

transient transfection method (421). 

Preliminary expression of HCC recombinant proteins in HEK 293 cells was conducted 

using four Myc-DDK tagged (FLAG) cDNA clones; (KRAS, HRAS, HDGF and P16, 

which proved unsuccessful upon numerous attempts. An explanation for this could be 

that since the HEK 293 cell line had undergone more than 100 passages, the cells might 

have suffered undue stress. Cell stress leads to improper protein response (incorrect 

folding of proteins), which results in the production of inactive proteins (447). Cell 

stress could also be caused by heat shock and nutrient depletion (448). Secondly, there 

might have been the loss of a gene from the host cell due to structural changes in the 

recombinant gene such as mutation (447). Moreover, there could be plasmid loss arising 

from unequal distribution upon cell division (plasmid segregational instability) (449). 

This is actually one of the main causes of reduced recombinant protein productivity 

(448). In accordance with previous results, transfection of cDNA clones was carried 

out in a new HEK 293 cell line and only HDGF was over-expressed at the expected 

molecular size of 48 kDa. KRAS, HRAS and P16 failed to be expressed. Other studies 
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have shown that, low molecular size proteins usually take a longer time for expression 

before selective pressure with antibiotics (450). In the experimental procedure, 

expression of all proteins was allowed for up to 48 hours. This could explain lack of 

protein production as selection with G418 might have interrupted adequate expression 

of KRAS, HRAS and P16 by increasing the metabolic burden on cells. Furthermore, 

0.45 μm nitrocellulose membrane was used during transfer of proteins and hence it was 

anticipated that, lower molecular size proteins might have run through the membranes 

during the process due to its large pores.  

With these in consideration, a subsequent transfection was undertaken allowing a 

longer timeframe for protein expression. Consequently, western blot analysis was 

carried out using nitrocellulose membrane with 0.2 μm pore size. However, this 

approach was also unsuccessful as HDGF was the only protein still detected. We 

anticipated that the recurrent negative outcome could be have been due to a number of 

reasons. For example, the concentration of DNA could be low and therefore resulted in 

low protein expression or the cDNA was not properly integrated into the host genome 

(451). Also, the transfected DNA could be lost by dilution in host cell replicate (451). 

Lastly, the selection of cells with G418 could have resulted in clones that were highly 

resistant to drug yet produced no protein at all (452). Consequently, we conducted a 

transfection using a higher plasmid concentration (3 µg) and the number of cells per 

concentration of antibiotic (data not shown) was optimised to ensure adequate selection 

thus, 5x106 of transfected cells to 1 mg/ml of G418. An immunoblot carried out on four 

different cell lysates showed strong immuno-reactivity for KRAS, HRAS, HDGF, P16 

and positive control (BAP fusion protein) indicating the presence of successfully 

expressed Myc-DDK (FLAG) tagged recombinant proteins in cell lysates. 
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The production of recombinant proteins requires an efficient purification system. 

However, proteins produced without natural affinities are less easily purified. This 

shows how recombinant protein purification hugely rely on affinity chromatography, 

most importantly, the usage of engineered affinity tags for principal recovery, improved 

expression and solubility of proteins. A large range of affinity tags are used but the 

FLAG (Myc-DDK tag) was employed since it is still one of the most common and 

efficient for affinity tag purification. Anti-FlagÒ M2 agarose resin beads, Anti-Flag 

M2Ò magnetic beads and Myc TrapÒ MA magnetic beads were employed in the study.  

Purification of Flag-tagged recombinant proteins (KRAS, HRAS, HDGF, P16) from 

the filtered cell lysate was undertaken under native conditions using anti-Flag M2 

affinity gel to test the efficacy of the purification kit. Dot blot analysis revealed strong 

immunoreactive blots of the four proteins in the flow through and wash fractions with 

none detected in the elution fractions. This suggest that the purification kit was out of 

date because it had lost its sensitivity, thus, poor affinity, tags were embedded, and the 

pH content of buffer was too high. This informed the decision to purchase anti-FlagÒ 

M2 magnetic beads for the immunoprecipitation of Flag-tagged recombinant proteins 

from HEK 293 cell lysates. Though elution fractions were seen to have contained Flag-

tagged recombinant proteins through dot blot analysis, the flow through still contained 

some of the proteins of interest. This could be attributed to the high volume of cell 

lysate used against a reduced volume of packed beads. Therefore, beads the were 

saturated and could not bind all recombinant proteins. Prior to a subsequent purification 

procedure, optimisations were undertaken which highlighted several factors that affect 

efficient protein purification such as the pH of buffers, volume of cell lysate and volume 

of packed magnetic beads. Consequently, a dot blot analysis of the elution fractions 
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revealed strong immunoreactive bands for KRAS, HRAS, HDGF and P16, 

demonstrating efficient binding of proteins to magnetic beads.  

Transfections undertaken on a new set of cDNA clones: RAL A, P53, P62, Gankyrin 

as well as KRAS, HRAS, HDGF and P16 yielded successful outcomes as dot and 

western blot on cell lysates showed strong reactivity of flag-tagged proteins to anti-Flag 

antibody at the expected molecular size of 30kDa, 35kDa, 80kDa, 48kDa, 60kDa, 

60kDa, 35kDa, 25kDa for KRAS, Gankyrin, RAL A, HDGF, P53, HRAS, P62 and P16 

respectively. Band intensity correlated with the protein concentrations of each sample, 

which indicates an increased expression of proteins in the HEK 293 cells. 

Eight successfully expressed recombinant proteins in HEK 293 cells were 

immunoprecipitated using anti-FlagÒ M2 magnetic beads and a dot bot analysis on 

purified products showed strong immunoreactivities with anti-Flag antibody. However, 

this was not a true representation of correctly purified Flag-tagged proteins, as results 

were obscured. This was because a western blot analysis of elution fractions showed a 

concomitant recovery of huge amounts of immunoglobulin (light and heavy chains 

IgG), which masked the Flag-tagged recombinant proteins of interest. Intrusion from 

antibody bands during gel analysis is usually an encountered problem in various 

immunoprecipitation approaches. Elution with Glycine-HCL at about a pH of 2.8 which 

was undertaken and clearly spelt out in the manufacturers data sheet, does not always 

maintain antibody integrity (453). The potential drawback of this elution method is that 

the elution efficacy of the target protein may not be as efficient (453) and this was 

evident in our work as flag-tagged recombinant proteins were not appropriately eluted 

from beads. Several approaches were employed to circumvent antibody contamination 

and to effectively release bound proteins from magnetic beads. According to (453), the 

harsh elution of target proteins from beads using SDS buffer is quite common as it 
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completely strips bead off bound proteins although beads do not become reusable. 

Hence, an alternate method of obtaining absolute proteins with elution with SDS sample 

buffer was opted for. This method is termed as soft elution and considered to be very 

effective in obtaining target proteins and preventing the elution of large amounts of 

immunoglobulin (454). Using reducing agents such as DTT or heating beads incubated 

with lysates was done because they enable recombinant proteins to be efficiently 

dissociated from magnetic beads (453). Nevertheless, the performance of the ‘soft 

elution’ was not superior to the Glycine-HCL elution in our work as target proteins 

were never recovered in the elution fraction. Since proteins were in their native 

conformation state, we anticipated that their epitopes of interest were buried and 

therefore antibody bound to magnetic beads could not recognise them. Therefore, 

denaturation proteins would adequately reveal their epitopes for detection. This enables 

effective binding proteins to immunoprecipitated beads which yield good purification 

outcomes. Consequently, proteins in lysates were denatured with 0.2% SDS before the 

immunoprecipitation procedure, but this was also unsuccessful. Amid the constant 

contamination with immunoglobulins, the Myc TrapÒ MA kit was employed since it 

has had the reputation of avoiding this problem and it further recognizes the internal 

site of flag-tagged recombinant proteins and not just the N- and C- terminus of the Myc 

tag sequence. Moreover, it utilises nanobodies, which are covalently coupled to the 

surface of magnetic beads and binds very tiny amounts of target proteins. By this, the 

immunoprecipitation of HDGF from HEK 293 cell lysate was successful. However, it 

was speculated that since the other flag-tagged recombinant proteins had undergone 

dimerization, immunoprecipitation could not be attained for these recombinant proteins 

expressed in cell lysates. One of the aims of the study is to compare autoantibody 

responses in HCC patients’ sera to TAAs produced from different expression systems. 
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Therefore, commercial TAAs (expressed in E. coli) donated by the Centre of 

Excellence for Autoimmunity in Cancer (CEAC) were validated with silver stain to 

verify their purity and band size. Proteins were pure as there was no contamination 

observed. Also, the band size was no different from that observed on the manufacturer’s 

datasheet indicating they were acceptable to be added to the panel of TAAs. Due to the 

inconsistencies in the in-house purification of HCC Flag-tagged recombinant proteins 

from HEK 293 cell extracts, we decided to buy in commercial HCC tumour-associated 

antigens produced in a mammalian expression system, which have been proven to work 

efficiently.  

In spite of the challenges associated with the expression and purification of in-house 

TAAs, we successfully optimised methods to over express our TAAs of interest. 

Although we faced drawbacks in streamlining methods for purification, we still 

managed to purify reasonable amount of HDGF which would be included in 

downstream assays along with commercially acquired TAAs.  

Having fully validated the in-house and commercially acquired TAAs generated from 

eukaryotic cells as well as E. coli, future work will involve: 

1. Testing the suitability of the in-house TAAs expressed in cell lysates as well as 

commercially acquired TAAs expressed in both E. coli and eukaryotic systems 

on the antigen microarray technology. 

2. Re-validating the microarray assay with these different cohort of TAAs. 

3. Utilising the panel of TAAs to characterise autoantibody responses in the sera 

of (i) HCC patients, (ii) High risk patients and (iii) healthy individuals.   
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Chapter Five: 
Testing In-house and Commercial TAAs 
on Microarray platform 
 

5.1 Introduction 
	

Hepatocellular carcinoma patients display an immune response to tumour-associated 

antigens through the release of autoantibodies against the antigenic elements of the 

patient’s own tissues (260). The presence of these autoantibodies can be used as an aid 

for the early detection of HCC which would help to improve diagnosis, monitor disease 

progression as well as the patients’ response to therapy (455). This is because they 

appear up to five years prior to the clinical manifestation of the disease and additionally, 

they show up even when the serum AFP is in the normal range. With the development 

of screening technologies, the diagnostic value of autoantibodies could be further 

explored and validated, which would provide more reliable evidence for the diagnosis 

and prognosis of HCC. Interestingly, protein microarray technology has recently 

emerged as a robust tool for the examination of humoral immune responses in the sera 

of patients with cancer, autoimmune disorders as well as allergies (456).  

In the case of HCC, protein microarrays can be used to directly detect autoantibodies 

that correlate with cancer in a patient’s serum. This technology offers a useful platform 

for characterisation of hundreds or even thousands of proteins in a multiplexed and 

high-throughput way (369). Three types of protein microarray have been identified 

namely; analytical, functional and reverse phase microarrays. In the analytical 

microarray set-up, proteins are detected after antibody capture using direct protein 

labeling (457). In functional microarray, individually purified proteins are used to study 
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the biochemical properties of proteins such as their binding activities (457). Lastly, the 

reverse phase microarray enables the investigation of many samples obtained at 

different conditions by directly immobilising tissue, cell lysates or even fractionated 

cell lysates on a glass slide (458). Antigen microarray which is the most common type 

of functional microarray, allows the study of interactions between an antigen and 

antibody in a miniaturized fashion.  Thus, antigens of interest are printed on a solid 

surface as spots. The high throughput is as a result of small spot-size on the microarray 

(~150–200 μm) and hence, a large number of spots are seen per microarray. The slide 

can carry a variety of self-antigens, such as cell membrane proteins, cytoplasmic 

proteins, cell nuclear components, phospholipid proteins, cell matrix proteins, secreted 

proteins, and other tissue-specific proteins which are used to detect the specificities of 

thousands of autoantibodies in a quantitative manner (459). Moreover, antigen 

microarray assays are highly sensitive and require very small volume of serum (1-5 µl) 

for probing antigens and this saves patients having to provide large volumes of blood. 

Compared to the micro titre plate format used in ELISA, a typical spot is more than 25 

times smaller (460). The benefit acquired by miniaturization, high sensitivity, and high 

throughput makes antigen microarrays a potentially powerful technology for the 

discovery of biomarkers (456). These advantages are especially important for clinical 

research that uses precious samples, such as human serum samples. In addition, the 

high sensitivity and specificity of protein microarrays provides a powerful tool in 

quantifying and profiling proteins, such as autoantibodies. It has been shown that data 

generated by autoantigen arrays correlate very well with the data generated by ELISA, 

but with a higher sensitivity (458). This technology is currently being used in the 

detection of autoantibodies in breast and lung cancer patients and allows the 

measurement of several proteins concurrently in complex biological samples for 
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quantitative studies. Autoantigens are printed on slides and are reacted with cancer 

patients’ sera after which the bound antibodies are identified by fluorescently labeled 

secondary reagents. The proteomic technology method foretells a promising future for 

implementation of sensitive and specific tests for the detection of cancers.  

Therefore, the antigen microarray technology was employed for profiling 

autoantibodies in hepatocellular carcinoma patients against a wide range of HCC 

tumour-associated antigens. The antigen microarray was developed and validated 

(detailed in Chapter 3) for the quantification of serum TAA-specific IgG in patients’ 

sera. Over some years, studies on TAAs have targeted the identification of a panel of 

biomarkers instead of single markers because the latter do not exhibit adequate 

sensitivity and specificity to construct a reliable assay for early detection. Upon 

literature mining and existing knowledge such as association with hepatocellular 

carcinoma and liver disease, we selected a panel of TAAs to for the study and 

consequently, our reason for generating eight TAAs (in Chapter 4). It is challenging 

for many research laboratories to purify large quantities of recombinant TAAs and this 

was not shocking as our in-house TAAs were still expressed in HEK 293 lysates 

(Chapter 4). In obtaining resultant reproducible and reliable antigen microarrays, the 

quality of TAAs is a crucial feature to be considered. It was imperative that the 

performance of our in-house TAAs expressed in lysates was assessed on the microarray 

before using them for further study as previous developmental microarray assays had 

utilized only purified commercial purified E. coli produced TAAs. Typically, cell 

lysates are highly utilized in the reverse phase protein microarray technology by 

arraying them on nitrocellulose slides. Protein lysates, unlike commercial TAAs, 

contain a wide range of proteins apart from the expressed recombinant TAAs. Hence, 

there was the need to optimize the antigen microarray to fully suit the in-house TAAs. 
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This required visual inspection of the quality of each array in order to determine the 

optimal print buffer for lysates, concentration of lysates as well as their binding 

capacities on Aminosilane slide surface.  

This chapter presents the development and application of protein lysate microarray 

technology for verification and quantification of in-house recombinant TAAs (KRAS, 

HRAS, HDGF, CDKN2A, RALA, P62, P53, Gankyrin). Experiments using the 

aforementioned TAAs, together with commercial eukaryotic and E. coli generated 

recombinant proteins (KRAS, HRAS, HDGF, CDKN2A, RALA, P62, P53, Gankyrin, 

GRP78, AFP, APCN, IMP1), were replicated to reveal precision of the assay. 
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5.2 Materials and Methods 

Eight in-house Myc-DDK tagged recombinant TAAs expressed in HEK 293 lysates 

(KRAS, HRAS, HDGF, CDKN2A, RALA, P62, P53, Gankyrin), commercial purified 

E. coli produced (KRAS, HRAS, HDGF, RALA, P62, IMP1, APCN, AFP, Gankyrin), 

as well as eukaryotic generated TAAs (KRAS, HRAS, HDGF, CDKN2A, RALA, P62, 

P53, Gankyrin) were diluted in different printing buffers (PBS-Tween, PBS-Trehalose-

Betaine, PBS-Trehalose-Betaine-Tween) to make a volume of 10 μl at a concentration 

of  either 100 µg/ml or 200 µg/ml  (Figure 93). Cell lysate concentration used were 

based on the total protein concentration shown in Chapter 4. Additionally, a two-fold 

dilution of purified human Immunoglobulin IgG as prepared at a starting concentration 

of 0.05 mg/ml. TAAs, together with ten dilutions of the purified IgG, were placed in a 

384 well plate. These were subsequently printed onto an Aminosilane slide at a 

humidity of 65% after which they were secured in either eight or sixteen pad incubation 

holders. Antigens were arrayed onto slides in either quadriplicates, five, six or ten 

replicates (Figure 93). Antigens were blocked with 100 μl of 5% BSA in PBST and 

then incubated for an hour with shaking at room temperature. Each well was washed 

five times with 100 μl PBST for three minutes. Two drops of avidin blocking reagent 

were then added to each block and incubated at ten minutes with shaking after which 

they were washed five times with PBST after each step. The avidin block was followed 

by a further ten-minute incubation with biotin block solution and the washing step was 

repeated. Slides printed with in-house TAAs were probed with either 100 µl of samples 

(sera, diluted 1:500 in 5% BSA in PBST respectively) or 100 μl of monoclonal mouse 

anti-DDK, diluted 1:1,000 in 5% respectively. Slides printed with commercial E. coli 

generated TAAs were probed with anti-His6 antibody diluted 1:10,000 in 5% BSA. 

Conversely, slides printed with commercial eukaryotic TAAs were probed with anti-
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DDK antibody diluted either 1:5,000, 1:7,000 and 1:10,000 in 5% BSA (with the 

exception of negative control blocks). Slides were then incubated with gentle agitation 

for an hour at room temperature after which they were washed five times over 3 minutes 

to remove unbound antibodies. One hundred μl of biotinylated anti-human antibody 

diluted 1:20,000 in antibody diluent (DAKO) was added to the wells probed with serum 

samples while 100 μl of anti-mouse diluted 1:2,000, 1:10,000, 1:20,000, 1:30,000 in 

antibody diluent, was added to the wells probed with either mouse anti-His6 or anti-

DDK antibody. Slides were covered and incubated with shaking for one hour at room 

temperature after which arrays were washed three times. Streptavidin Horseradish 

Peroxidase (HRP) (BIORAD, USA) was diluted 1:2,000 in antibody diluent and 100 μl 

was added to each block and incubated with shaking at room temperature in the dark 

for fifteen minutes. This was followed by the amplification procedure where 100 μl of 

the amplification diluent, amplification reagent and ultrapure water (4:1:4) was added 

to each block for ten minutes with shaking. After the amplification step, slides were 

washed three times with 20% dimethyl sulphoxide in PBST, then finally washed three 

times with x1PBST. The slide was then washed 5 times with PBST. 100 μl of 

streptavidin-conjugated Cyanine 5 (Molecular Probes, UK) was diluted 1:2,000 in 5% 

BSA-PBST after which the preparation was incubated in the dark with shaking for 

fifteen minutes. Slides were washed five times with PBST then once with PBS only for 

five minutes and subsequently rinsed shortly with ultra-pure water. Slides were dried 

by centrifugation at 1200 rpm for five minutes (Figure 93). Processed slides were 

scanned using Genepix 4200AL scanner at a wavelength of 635nm (laser standard red) 

at 400 PMT and 100% power. Fluorescent signal intensity of each spot was measured 

using the Axon Genepix Pro 6.1 software after which GPR files were generated (median 

fluorescence minus background for each arrayed protein) were generated (Figure 93). 
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Based upon mathematical and statistical software poor quality features were flagged 

for removal by the Genepix software with regards to spot morphology (circularity and 

size), signal uniformity, local background and signal to noise ratio. After the data was 

filtered, high quality spots were analysed using R statistical package (RPPAnalyzer 

version 3.1.2, 2014) to Graph Pad prism 7 (Graph Pad 7, USA) software was used to 

generate graphs as well as interpolate IgG standard curves.  

 

Figure 93: Schematic diagram outlining the processes involved in the Antigen Microarray Assay 
(lysates). Native HCC TAAs expressed in HEK 293 lysate or purified TAAs were prepared in printing 
buffer and loaded onto a 384 well plate. Each TAA was immobilised in either an 8x8 or 16x16 array 
format onto aminosilane-coated glass slides using a Biorobotics Microgrid II arrayer (Microgrid) and a 
silicon contact pin after which they were detected by a specific monoclonal antibody. Also, using 
immobilized TAAs as bait, autoantibodies from patients’ sera allowed to react with the immobiliSed 
antigen. The complex was then detected with a secondary antibody after which the reaction was amplified 
with a tyramide amplification kit and a steptavidin Cy5 dye was used to help visualize the reaction. Slides 
were scanned at 635nm and the data analyzed using the GenePix Pro Software (Axon GenePix1). The 
mean local background was subtracted from the median fluorescence of each spot and the corrected 
fluorescence was used to calculate the average fluorescence signal as well as the standard deviation.  
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5.3 Results 
	

5.3.1 Establishment of Optimal Conditions for Printing In-house 
Recombinant TAAs 
	

Different strategies were explored to obtain purified forms of in-house TAAs expressed 

in HEK 293 lysates. We sought to use lysates on the microarray platform, even though 

the antigen microarray assay was initially developed with purified antigens (Chapter 

3). Nonetheless, both in-house and commercial TAAs would have to be arrayed 

simultaneously on the same slide for subsequent screening of patients’ samples. Hence, 

the first step was to determine the binding of in-house lysate TAAs onto Aminosilane 

slide surface. To evaluate in-house TAAs, lysates were prepared in a PBS-Trehalose-

Betaine-Tween buffer were at a concentration of 200 µg/ml in twelve replicates 

together with a two-fold human IgG dilution arrayed in four replicates on each pad on 

an Aminosilane slide surface. In previous optimisation assays, the optimal dilution 

utilised for human sera and secondary antibodies were 1:500 and 1:20,000 in 5% BSA 

and antibody diluent respectively (see Chapter 3). With this, slides were probed with 

control sera (1:500 in 5% BSA) and subsequently incubated with biotinylated anti-

human antibody (1:20,000 in antibody diluent). After the amplification, Streptavidin 

Cy5 dye (1:2,000 in 5% BSA) was used to visualise the complex. Scanned images were 

assessed, and the data was not analysed as there was an extensive smearing as well as 

poor visibility of spots on all pads of the slide with the exception of the purified human 

IgG standard (Figure 94). Consequently, this led to high backgrounds on all regions of 

the slide.  
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Figure 94: Reveals spot morphology of in-house TAAs probed with different sera. In-house TAAs 
were printed at a concentration of 200 µg/ml in an eight-pad format unto an Aminosilane slide surface. 
TAAs were immobilised in twelve replicates together with a two-fold human IgG dilution standard 
arrayed in four replicates. The slide was probed with control sera (1:500 in 5% BSA) and the interaction 
was subsequently detected with a biotinylated anti-human antibody (1:20,000 in antibody diluent). After 
the amplification step, streptavidin cy5 dye, 1:2,000 in 5% BSA was used to aid the visualisation of the 
interaction. Visually, all TAAs with the exception of the human IgG standard produced a non-
homogenous spot morphology with comet-tail characteristics and extensive smearing.  

	

5.3.2 Optimising Printing Buffers for In-house Recombinant Tumour-
Associated Antigens 
	

Earlier experiments had indicated poor features of spots due to indequate binding of in-

house TAAs expressed in lysates on Aaminosilane surface. Though PBS-Trehalose-

Betaine-Tween was determined as the optimum print buffer for the entire assay in 

Chapter 3, it was anticipated that it could be the contributing factor to the extensive 

smearing and comet-tail effect of the lysate spots since the tween may have increased 

the viscosity of the lysates. Printing buffers play a critical role in the fabrication of 

microarrays and it is essential to modify the print buffer in order to efficiently 

immobilize lysates onto the slide to produce high quality spots. Hence, the effect of 
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different print buffers on protein immobilisation was investigated for improving the 

quality and stability of spots on Aminosilane slides. In this work, the different TAAs 

expressed in lysates were prepared in PBS-Trehalose-Betaine-Tween and PBS-

Trehalose-Betaine. Additionally, four Myc-DDK tagged purified TAAs borrowed from 

CEAC (HDGF, SDCCAG8, UTP14A, TRAG3) were printed at a concentration of 100 

µg/ml in four replicates. A two-fold dilution of each TAA was made starting at a 

concentration of 200 µg/ml. Each dilution was printed in quadruplicates on an 

Aminosilane slide after which the slide was processed (as shown in section 5.2). 

Results indicated that lysate TAAs prepared in PBS-Trehalose-Betaine-Tween 

produced poor quality spots as they were severely smeared across all pads (Figure 

95B). On the other hand, PBS-Trehalose betaine buffer produced uniform spots, 

although due to the extensive smearing effect of lysate TAAs prepared in PBS-

Trehalose-Betaine-Tween, it was not possible to properly examine the morphology of 

spots printed (Figure 95B). The outcome provides an optimum buffer (PBS-Trehalose-

Betaine) for printing high-performance lysate microarrays. 

 

Lysates prepared in
PBS Trehalose-betaine-tween Lysates prepared in PBS-Trehalose-betaine

Controls (commercial Purified TAAs)
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Figure 95: Determining the optimal print buffer for in-house TAAs. In-house TAAs expressed in 
lysates were prepared in different buffers (PBS-Trehalose-Betaine-Tween and PBS-Trehalose-Betaine) 
to determine the optimal print buffer for immobilising them unto the array. A two-fold dilution of each 
lysate was made starting a concentration of 200 µg/ml. Additional purified TAAs (HDGF, SDCCAG8, 
UTP14A, TRAG3) were also immobilised unto the solid support. Each dilution of TAA was printed in 
quadruplicates on the Aminosilane slide after which slides were processed. (A) Appearance of TAAs on 
a scanned slide, (B) eight-pad scan revealing poor quality of spots as well as smearing of TAAs prepared 
in PBS-Trehalose-Betaine-Tween, while PBS-Trehalose-Betaine produced uniform and more intense 
spots. 

 

5.3.3 Effect of Stringent Washing condition Prior to Slide Processing 
	

Earlier experiments demonstrated the suitability of PBS-Trehalose-Betaine for 

immobilising in-house TAAs on Aminosilane slides. However, not all of the contents 

of the lysate had bound to the slide during the arraying procedure leading to increased 

local backgrounds following slide processing. The antigen microarray involves many 

steps: plate preparation, slide printing, blocking, washing, probing, amplification, 

fluorescent detection, scanning, and data acquisition and any issues in the process may 

negatively affect the experiment. Among these, the washing step is a vital step for a 

successful microarray as it removes unbound protein from the slide and thus reduces 
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the local background noise. However, up until this time the step had always been 

employed after blocking the printed slide. However, we compared the effect of washing 

lysate printed slides before and after the blocking step to see if local background could 

be reduced. Subsequently, slides were incubated with anti-DDK (1:1,000 in % BSA) 

and anti-mouse antibodies (1:2,000 in antibody diluent). Lysate microarrays were 

constructed by printing spots of lysates containing eight expressed TAAs (KRAS, 

HRAS, HDGF, CDKN2A, RALA, P62, P53, Gankyrin) onto two Aminosilane slides. 

Microarrays contained five spots of each antigen, in four batches on each slide pad. One 

slide (Figure 96A) was washed rigorously with 1x PBST while the other slide (Figure 

96B) was blocked immediately. Both slides were further processed and scanned.  

Results showed uniform morphology, no smearing or comet-tail characteristic of spots 

on the slide with more stringent washing condition prior to the blocking step (Figure 

96C). A low background was also seen on all pads of the rigorously washed slide 

(Figure 96C). Data read from the washed slide showed a similar pattern of signal 

intensities across all pads. Signal intensities ranged from 3,000 AFU to approximately 

10,000 AFU with KRAS and Gankyrin giving highest signal intensities (Figure 96D). 

The coefficient of variation across six TAAs was within the acceptable limit of 

precision (£15%) with the exception of HRAS and HDGF, which fell were slightly 

below the limit (16% and 18% respectively). This was primarily due to their low 

signals. On the other hand, the slide directly processed without washing demonstrated 

a rosy smearing pattern (Figure 96F), obscuring morphological feature of spots. This 

made it difficult to analyse data generated form this slide. The results from the washing 

conditions prior to slide processing improved the quality of spots as well as the 

reproducibility of the assay.  
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Figure 96: Comparing spot morphology when the slide was rigorously washed prior to and after 
processing. Lysates expressing the different TAAs (KRAS, HRAS, HDGF, CDK2NA, RALA, P62, P53, 
Gankyrin) were immobilised onto two Aminosilane slides at a concentration of 200 µg/ml. One printed 
slide (A) was washed stringently with x1 PBST before processing while the other; (B) was processed 
without washing. (C) shows the uniform morphology and signal intensities of spots on the slide with 
more stringent washing condition prior to processing. (D) Mean signal intensities of all TAAs (ranging 
from 3000AFU to 8000AFU) across the different pads of stringently washed slide. (E) The coefficient 
of variation of signal intensities of all TAAs across the different pads of washed slide (F) The slide 
directly processed without washing showing a rosy smearing pattern of spots. 

 

5.3.4 Simultaneous Print of In-house and Commercial HCC Tumour -
Associated Antigens on the Microarray Platform. 
	

Eukaryotic generated Myc-DDK tagged TAAs (KRAS and HRAS) were purchased in 

addition to the cohort of in-house and commercial E. coli produced TAAs. This was 

undertaken in order to compare autoantibody responses in patients sera to the different 

categories of TAAs. The microarray had earlier been developed for both commercial 

E.coli generated TAAs and in-house TAAs. Here, we decided to examine commercial 

eukaryotic TAAs on the antigen microarray assay concurrently with these TAAs. 

Commercial E. coli produced (KRAS, HRAS, HDGF, RALA, P62, Gankyrin, AFP, 

GRP78) and eukaryotic produced (KRAS, HRAS) were each prepared in PBS-

trehalose-Betaine-Tween at a concentration of 100 µg/ml, while in-house TAAs 
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(KRAS, HRAS, HDGF, CDKN2A, RALA, P62, P53, Gankyrin) were prepared in PBS-

Trehalose-Betaine at a concentration 200 µg/ml. Proteins were arrayed in eight 

replicates on a slide and allowed to air dry overnight. The slide was stringently washed 

with x1 PBST after which it was processed, scanned and analysed (as shown in section 

5.2). The scanned image shows the morphological appearance of all antigen spots in a 

pad (Figure 97A). However, spots of the newly purchased TAAs (KRAS and HRAS) 

exhibited comet-tail features and high background as compared to other TAAs which 

had excellent uniformity and spot morphology (Figure 97B). The intensity and comet-

tail feature of commercial eukaryotic TAA (KRAS, HRAS) spots could be a result of 

probing with the anti-DDK and anti-mouse concentrations optimised for in-house 

TAAs. We repeated the experiment with focus placed on these two commercial 

eukaryotic TAAs (KRAS, HRAS) by testing them with three different dilutions of anti-

DDK and anti-mouse antibodies (1:5,000 &1:15,000, 1:7,000 & 1:20,000, 1: 10,000 & 

1:30,000). From Figure 97C, block 3 probed with 1:10,000 anti-DDK and  1:30000 

anti-mouse antibodies gave an improved spot morphology of the two TAAs as well as 

low background noise. It was therefore deduced that the aforementioned antibody 

dilutions are optimal for commercial eukaryotic TAAs.  
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Figure 97: Immobilisation of in-house and commercial HCC TAAs simultaneously onto an 
Aminosilane slide surface. (A) Scanned pad displaying the outline of arrayed TAAs; (B) shows non-
uniform spot morphology of two commercial eukaryotic TAAs (KRAS, HRAS) with very high 
background. (C) reveals the optimisation of anti-DDK and anti-mouse antibodies for commercial 
eukaryotic TAAs on three pads of an arrayed slide. Blocks 1, 2 and 3 were probed with anti-DDK and 
anti-mouse at the following dilutions respectively (1:5,000 in 5% BSA, 1:15,000 in antibody diluent), 
(1:7,000 in 5% BSA, 1:20,000 in antibody diluent) and (1:10,000 in 5% BSA, 1:30,000 in antibody 
diluent). Generated spots of KRAS and HRAS from Block 3 uniform with lower background indicating 
anti-DDK and anti-mouse antibodies at (1:10,000 in 5% BSA, 1:30000 in antibody diluent) were optimal 
for detecting commercial eukaryotic TAAs. 

 

The experiment was repeated using six random sera (run blindly) to test the 

performance of different batches of TAAs. The different sets of TAAs as well as two-

fold human IgG dilutions were each printed in eight replicates and in quadruplicates 

respectively in a six-pad format on an Aminosilane slide (Figure 98A). Each pad was 

probed with a serum sample (diluted 1:500 in 5% BSA) and further incubated with 

biotinylated anti-human antibody (diluted 1:20,000 in antibody diluent). Slides were 

processed as discussed above.  The scanned image revealed the expected morphological 

appearance of spots indicating autoantibody responses to TAAs and the human IgG 

dilution standard. There was uniformity in all spots - those of the commercial TAAs 

were of even higher in quality since they existed in purified forms. Interestingly, 

although the sera were used blindly, autoantibody responses to some TAAs were 

detected via visual assessment of scanned image (Figure 98B). Responses to some 

commercial E. coli TAAs were detected in almost all the sera. 
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Figure 98: Testing the performance of different sets of TAAs on the microarray with serum 
samples. Twenty TAAs including in-house (KRAS, HRAS, HRAS, HDGF, CDK2NA, RALA, P62, 
P53, Gankyrin), commercial eukaryotic (KRAS, HRAS), commercial E. coli (KRAS, HRAS, HDGF, 
RALA, P62, AFP, APCN, GRP78, Gankyrin, IMP1) and a two-fold human IgG standard were printed 
in either four, five or six replicates unto an aminosilane slide. (A) Scanned image showing the 
arrangement of arrayed TAAs on a pad;  (B) show the spot morphology of TAAs on six different pads 
of an Aminosilane slide incubated with six serum samples. Visually, circular and more consistent spot 
morphology was seen after assay conditions had been optimized for the different TAA category.  
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5.3.5 Validation of Twenty-Two In-house and Commercial 
Recombinant Tumour-associated antigens using random serum 
samples  
	

One of the fundamental metrics to consider when choosing a diagnostic tool for 

examining autoantibody responses in cancer patients is its ability to present 

reproducible and reliable outcomes. This would help to ensure accurate measurements 

of TAA specific IgG in HCC patients’ sera. In Chapter 3, the antigen microarray was 

validated after major optimisation of the parameters of the assay was carried out. 

However, this was done using E. coli produced TAAs. Additional sets of TAAs had 

been added to the existing array of antigens and the assay had been modified to suit 

each TAA category.  

This section re-evaluates the validity of the amended antigen microarray assay for the 

quantification of TAA specific IgG before commencement of major screening with 

patients’ sera.  

Reproducibility of autoantibody responses to 22 TAAs, namely in-house (KRAS, 

HRAS, HDGF, CDKN2A, RALA, P62, P53, Gankyrin), commercial E. coli produced 

(KRAS, HRAS, HDGF, RALA, AFP, Gankyrin, P62, APCN, GRP78, IMP1), and 

commercial eukaryotic produced (KRAS, HRAS, RALA, Gankyrin) TAAs were 

examined in this study within a day and across three different days. The above TAAs, 

controls (Candida, Tetanus toxoid, E. coli antigen, cell lysate expressing empty vector) 

were each printed in quadruplicates on a pad of the six Aminosilane slides on three 

consecutive days. Also, a two-fold purified human IgG standard was added to each 

corresponding pad of the various slides. The two printed slides were processed on three 

different days. It was also ensured that assay conditions for all slides across the different 

days were the same. Serum TAA-specific IgG levels were quantified in fifteen serum 
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samples (run blindly). Data analysis was performed, and the median signal intensities 

were calculated for each serum sample over the different TAAs. As seen from the 

Figure 99A, increased IgG levels (AFU) were mostly seen in response to commercial 

eukaryotic TAAs (KRAS, HRAS, Gankyrin) and E. coli TAAs (HRAS, AFP, APCN, 

GRP78 and IMP1). The highest anti-TAA IgG autoantibody measurement in response 

to commercial eukaryotic KRAS (22,000AFU) and HRAS (21,000AFU), were seen in 

serum 9 (Figure 99A). High IgG responses to Tetanus and E. coli were observed in all 

sera. The outcomes obtained on day 1 (Figure 99A) were no different from day 2 

(Figure 99B) or day 3 (Figure 99C) with the exception of serum sample 6 exhibiting 

high IgG levels to Candida on day 2 (Figure 99B).  
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Figure 99: Heat Map showing signal intensities of total IgG levels in 15 serum samples. Fifteen 
random serum samples (run blindly) were measured for serum TAA-specific IgG with the antigen 
microarray platform using 22 TAAs across (A) day 1; (B) day 2; and (C) day 3. Candida, Tetanus, E. 
coli and empty vector were used as quality controls. The 22 TAAs were outlined on the vertical axis to 
the left and the serum samples on the horizontal axis. The relative degree of reactivity of specific 
antibodies in the sera is indicated by bright red for high, dark-green for medium, and light green for low 
signals or negative reactivity. The colour scale is presented to the right of the plot.  
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The precision of the antigen microarray was calculated to investigate variations 

between corresponding signal intensities of TAA spots on six slides that were processed 

on the three different days. Intra-assay CV% was determined by measuring the CV 

values of signal intensities among four replicate spots of each TAA on the same pad 

within an assay. The mean and standard deviation for the four spots were measured and 

the CV% values were calculated. Variability analysis revealed that intra-assay CV% of 

all TAA replicates in day 1 were mostly within the acceptable criteria of precision 

(£15%) with the exception of one E. coli produced TAA (APCN) and in-house TAA 

(Gankyrin) which gave CV values of 17% and 19% respectively (Figure 100A). On 

Day 2, high variation was observed across replicates of some in-house TAAs ranging 

from 16% to 25%. Elevated CV values were seen in in-house produced TAA (KRAS-

24%) and commercial eukaryotic produced (RALA-23%) (Figure 100B). On the third 

day, CV% of all replicates were within the acceptable limit of precision (£15%) (Figure 

100C). In the case of inter-assay variation, CV% was calculated for signal intensities 

of twelve replicate spots of each TAA across the three days. Most of the CV values 

were outside the acceptable limits for all TAAs whereas some were within the criteria 

(ranging from 21% to 38%) (Figure 100D).  
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(I). Intra-assay variation before normalisation 
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 (II). Inter-assay variation before normalisation 

 

 

 

 

 

 

 

 

 

 

Figure 100: Precision of signal intensities before normalisation. Twenty-two TAAs were printed onto 
six Aminosilane slides and processed with fifteen random serum samples over a period of three 
consecutive days. Signal intensities generated for each of the TAAs was calculated after which the 
coefficient of variation for each TAA within a day (intra-assay variability) and over different days (inter-
assay variability) were generated. (A-C) indicate the intra-assay CV values on days 1, 2 and 3 
respectively while (D) represent the inter-assay CV values over the three days. Dashed lines represent 
the acceptable criteria of precision for intra-assay (£15%) and inter-assay variation (£20%). 

 

In a microarray experiment, many undesirable variations may be observed. 

Normalisation plays an important role in microarray data analysis as it removes some 

sources of variation which affect measured signal intensities. In this assay, purified 

human IgG standard curve was used as the normalisation tool to correct differences in 

the fluorescent signal intensity measurements reported in Figure 100. A reduction in 

intra-assay variations of signal intensities for all TAAs in days 1, 2 and 3 were observed 

after normalisation with IgG standard curve. CV% ranged from 2% to 14% across the 

different days and these indicate that data obtained from individual assays were 

reproducible (Figure 101A-C,). Analysis of the inter-assay variability after 

normalisation showed a drastic drop, with over 95% of CV values falling within the 
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acceptable criteria (£20%) (Figure 101D). All these indicate how precise the assay is 

when carried out multiple times under the same working conditions and normalising 

using a standard IgG curve. 

(III). Intra assay variations after normalisation 
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 (IV). Inter assay variations after normalisation 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 101: Precision after normalisation of signal intensities. Twenty-two TAAs were printed onto 
six Aminosilane slides and processed with 15 random serum samples over a period of three consecutive 
days. Signal intensities generated for each of the TAAs were normalised with a two-fold IgG standard 
curve after which the coefficient of variation of interpolated values from the standard were calculated for 
precision of an assay run in one day (intra-assay variability) and across different days (inter-assay 
variability). (A-C) indicate the intra-assay CV for interpolated values on days 1, 2 and 3 respectively 
while (D) represent the inter-assay CV of interpolated values over the three days. Dashed lines represent 
the acceptable criteria of precision for intra-assay (£15%) and inter-assay variation (£20%). 
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5.4 Discussion 
One of the objectives of this chapter was to test the performance of in-house and 

commercial TAAs concurrently on the microarray. Testing the binding of in-house 

TAAs expressed in lysates on the Aminosilane surface in this chapter was essential as 

the major optimisation experiments (Chapter 3) were conducted with purified proteins. 

It is of huge importance to efficiently immobilise antigens onto a substrate with good 

spot quality for fabrication of protein microarrays. Print buffers are important in the 

fabrication process for the microarrays. From this chapter, some challenges were 

encountered in ensuring TAAs expressed in lysates were effectively printed and 

stabilised onto slide during processing. In this work, lysates expressing different TAAs 

were prepared in PBS-Trehalose-Betaine-Tween, as it was the optimal buffer 

determined during the optimisation of the assay (in Chapter 3). In assessing the quality 

of spots, it was noticed that there was an extensive smearing of spots as well as comet-

tail features on the glass slide. It was anticipated that the addition of tween, which is 

supposed to help prevent evaporation of spots, did not support the nature of lysates and 

contributed to the non-homogenous appearance of spots. On the other hand, lysates 

were prepared in a different print buffer, PBS-Trehalose-Betaine and tested on the 

microarray. Interestingly, this composition of buffer effectively eliminated non-

homogeneous morphology of the spots and significantly improved the signal 

intensities. This indicated that the PBS-Trehalose-Betaine was optimal for arraying 

lysates. Stringent wash of printed slides helped to enhance the in-house TAAs by 

improving the quality of spots and minimising extensive smearing, which obscured the 

visualisation of commercial TAAs. This could be explained by the fact that not all lysate 

printed on the slide effectively and hence washing removed these unbound proteins.  
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The second objective of this chapter was to validate the modified antigen microarray 

technology. Validation was based on a number of parameters from the FDA guidelines 

such as reproducibility (intra- and inter-assay variability) (461). Reproducibility 

(precision) is critical for an antigen microarray as it helps to determine the functioning 

and limitation of antigen microarray platform for quantification of serum IgG 

autoantibodies in HCC patients. Precision can be defined as the reproducibility of a 

technique with regard to how close the measured replicates are to one another (461). 

The reproducibility (precision) of antigen microarray was examined on signal 

intensities generated from the interaction of a different TAAs with 15 serum samples 

on three consecutive days under same assay conditions. The majority of the intra-assay 

CV values fell within the acceptable limits on the different days although some CV 

values on day 2 fell out of the acceptable criteria due to low abundant IgG giving rise 

to low signal intensities. The inter-assay variation was also outside the acceptable limit 

for some of the autoantibody responses measured. It was thus important to print the 

human IgG standard on each array to normalize the subtle differences in how features 

are printed, such as variation in antigen concentration due to evaporation during the 

progression of a print run or technical errors (460). A drastic reduction in variation was 

seen in both intra- and inter-assay assays after normalisation to this IgG standard curve. 

Thus, the developed antigen microarray platform has now demonstrated suitability, 

reproducibility and reliability for quantification of serum IgG autoantibodies in HCC 

patients.  

The next chapter will use this optimised and validated microarray to run a large cohort 

of clinical samples to determine the effectiveness of our TAA panel for profiling 

autoantibody responses in HCC. 
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Chapter Six: 
Clinical Utility of the Microarray 
Platform for the Detection of 
Autoantibodies in Hepatocellular 
Carcinoma Patients 
	

6.1 Introduction 
	

Hepatocellular carcinoma is a primary liver cancer and is considered as the third most 

common cause of cancer deaths worldwide (462). The extensive prevalence of this 

cancer carries a significant economic burden on a country. Hepatitis B, hepatitis C, non-

alcoholic fatty liver and excessive alcohol intake are considered as prominent risk 

factors associated with the malignancy (29). Physical symptoms, such as pain or a lump 

in the upper belly, yellowish skin and eyes, pale chalky bowel movement and weight 

loss have been implicated in the diagnosis of HCC (463).  

HCC is usually detected at the advanced stages and this is attributed to the lack of 

sensitive and specific methods to detect the tumour early. Current imaging 

technologies, such as Computed Topography (CT) scan and Magnetic Resonance 

Imaging (MRI), do not detect the early spread of tumour cells, hence, effective curative 

treatment is compromised. The addition of serum Alpha Fetoprotein (AFP) 

measurement to the screening tools is also not ideal, as its sensitivity is suboptimal 

(464).  Once diagnosed, HCC patients tend to have a poor 5-year survival rate of 0%-

10% (314). This clearly indicates that a test for early detection of HCC is required, since 

it would help in efficient monitoring and successful treatment of patients and this could 

increase survival rates to over 70% (465), according to the German S3 guidelines for 

HCC. It is well known that cirrhotic, chronic liver and non-alcoholic fatty liver disease 
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patients, irrespective of their etiologies, are at high risk of developing hepatocellular 

carcinoma (HCC). It is therefore not surprising that it is highly recommended to 

undertake regular screening tests in patients with liver cirrhosis as they would benefit 

from an early tumour diagnosis (314). This is because HCC occurs at the background 

of cirrhosis.  

The evidence of circulating autoantibodies in cancer patients’ sera has recently 

generated opportunities for immune system exploitation as source of cancer 

biomarkers. These biomarkers are elicited by the release of tumour-associated antigens 

(TAAs) from the tumour.  In recent years, extensive research has been channelled into 

the potential use of autoantibodies in detection of different cancers such as lung (249), 

pancreatic (251), oesophageal (466), gastric (247), breast (467), HCC (241). 

Autoantibodies are preferable because they are secreted and easily accessible, they 

persist and are stable in the serum for a long time. They are also present in the sera 

before the TAAs can be identified. Moreover, many reagents and techniques are 

available for their detection, shortening assay development. These autoantibody 

signatures make screening possible for patients who are likely to develop the cancer by 

monitoring their autoantibody profiles before clinical manifestation of symptoms  

(396). 

The main aim of this chapter is to utilise the newly developed microarray assay on a 

defined set of serum samples derived from HCC patients with different etiologies 

(HBV, HCV, Non-alcoholic fatty liver disease (NALFD), Non-alcoholic steatohepatitis 

(Nash), Alcoholic liver disease (ALD), Type 1 diabetes (T1D)), cirrhotic (liver 

cirrhosis) and non-cirrhotic (chronic liver hepatitis) patients, as well as healthy 

individuals. The newly developed diagnostic platform would be used for 
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immunoprofiling anti-TAA specific autoantibodies against twenty-six TAAs produced 

in different expression systems in a single step with small volumes of samples.  

6.2 Materials  
	

6.2.1 Tumour-associated antigens (TAAs) 

Twenty-six TAAs were utilised for the screening of autoantibodies in patients’ sera, of 

which eight were produced in-house (Chapter 4).  

6.2.2 Patients samples 

Three independent patient sample sets were used (Table 23). The first set (n = 84) 

consisted of HCC and healthy serum samples which were kindly given by Prof. W. 

Irving, The Trent Cohort Study, Nottingham University Hospitals NHS Trust. Samples 

from this source was labelled as ‘Cohort 1’. The Centre of Excellence for 

Autoimmunity in Cancer (CEAC) donated 88 samples, of which 45 were HCC and 43 

were non-HCC non-cirrhotic samples (chronic hepatitis patients). These were named 

‘Cohort 2’. The third group of patients’ samples (n=280) were collected from the HCV 

Biobank, UK of which 100, 90 and 90 were HCC, non-HCC cirrhotic and non-HCC 

non-cirrhotic respectively. These were also named ‘Cohort 3’. All HCC patients had 

cirrhosis while ‘non-HCC cirrhotics’ were patients who had just liver cirrhosis and 

neither HCC or chronic liver hepatitis. On the other hand, ‘non-HCC non-cirrhotics’ 

were patients who had just chronic liver hepatitis. Healthy controls were individuals 

who had no obvious symptoms of viral hepatitis or any form of liver disease. Ethical 

approval and informed consent were given for all samples prior to the study. 
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6.3 Methodology 
	

6.3.1 Detection of autoantibody reactivity using Antigen Microarray 
	

Aliquots of sera (50 µl) were incubated in a PCR block for 30 minutes at temperatures 

at 56°C after which sera were allowed to cool before testing with antigen microarray. 

In-house (KRAS, HRAS, HDGF, CDKN2A, RALA, P62, P53, Gankyrin), commercial 

E. coli produced (KRAS, HRAS, HDGF, RALA, P62, APCN, AFP, IMP1, GRP78, 

Gankyrin), commercial eukaryotic (KRAS, HRAS, HDGF, CDKN2A, RALA, P62, 

P53, Gankyrin), quality controls (Candida, Tetanus, E. coli, empty vector) were 

prepared in either PBS-Trehalose-Betaine or PBS-Trehalose-Betaine-Tween at 

concentrations of 200µg/ml or 100µg/ml. Purified human IgG standard was prepared 

in PBS-Trehalose-Betaine-Tween at a starting concentration of 50 µg/ml. Samples were 

transferred into a 384 microtiter well plate. The plate was further sealed with aluminium 

tape (Corning Costar, USA) and centrifuged at 1200 rpm for 5 minutes. The microtiter 

plate was loaded onto the arrayer, which was set to the optimal relative humidity 65%, 

slide layouts (sixteen-pads) and printing pattern (four-replicates). Aminosilane slides 

were fixed onto the arrayer’s tray and samples were printed in each slide pad and printed 

slides were left overnight in a desiccator or array to dry. Slides on the day of processing 

were taken from the vacuum chamber and washed with 1x PBST after which they were 

blocked for an hour with 5% BSA in PBST for 1 hour. After incubation, slides were 

washed thrice with wash buffer (1x PBST). Serum samples (HCC, non-HCC cirrhotic, 

non-HCC non-cirrhotic, healthy control) were each diluted (1:500 in 5% BSA) and 100 

μl of each was added to a corresponding well and incubated for an hour. Slides were 

subsequently washed and further incubated with 100 μl of biotinylated anti-human 

antibody diluted (1:20,000 in antibody diluent) for another hour. Slides were washed 
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and 100 μl of 1:2,000 diluted streptavidin-HRP (Bio- RAD, USA) was added per pad 

and incubated for 15 minutes in the dark. Slides were washed and 100μl of Bio-Rad 

Tyramide Amplification Reagent (amplification reagent dilution ratio 4:1:4) was added 

for 10 mins in the dark. Subsequently, slides were washed three times with 20% 

DMSO-PBST and further washed three times with x1PBST. After the washing step, 

100 μl of 1:2000 diluted streptavidin- conjugated cy5 (E-Biosciences, UK) was added 

to each pad and incubated at room temperature for 15 mins in the dark. Slides were 

thoroughly washed 3 times and rinsed thoroughly in ultrapure water after which they 

were centrifuged dry (1200rpm for 3 minutes). Finally, slides were scanned with the 

4200 AL microarray scanner at 635nm (Axon GenePix®) and fluorescence was 

quantified using the GenePix Pro Software (Axon GenePix®).  

6.3.2 Statistical Data Analysis 

The median fluorescence of each spot was measured (minus background) and the 

corrected fluorescence was used to calculate the average fluorescence signal across the 

standard detectable ranges after which generated data was sorted using R statistical 

package. Cut-off values for identifying seropositive samples (positive anti-TAA 

autoantibodies) were 95th percentile of the healthy group. Statistical analysis was 

performed on raw and seropositive data using Microsoft excel, Graph Pad Prism 7 and 

IBM SPSS Statistics 21:  

• Shapiro Wilk tests and descriptive statistics normal Q-Q was used to test the 

normality of distributions.  

• Since the data was a non-parametric, the Kruskal-Wallis test was used to 

evaluate differences between two or three separate distributions while the 

Wilcoxon and Friedman tests were used to determine paired differences 
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between two separate distributions (the proportion of samples containing anti-

TAA antibodies). 

•  Bonferroni corrections were performed for multiple comparisons, and p<0.05 

was considered statistically significant.  

• Quantities of seropositives were calculated as: number of positive 

samples/number of samples tested.  

• The Spearman’s bivariate correlation was used to measure the direction of 

association that exist between two variables.  
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6.4 Results 
	

6.4.1 Effect of Heat Treatment of Human Serum on Autoantibody 
Measurement in HCC patients 
	

HCC is associated with different aetiologies and Hepatitis B and Hepatitis C viruses 

are regarded as the major risk factors for this type of malignancy. It was therefore not 

surprising that about 82% of patients’ clinical samples were viral-associated. Prior to 

major screening of patients’ sera against TAAs, it was essential to investigate the effect 

of heat treatment (used to inactivate the virus) on autoantibody responses to TAAs, so 

as to be informed whether or not virally infected sera could be safely screened for 

autoantibodies using the newly developed microarray technology. Twenty-six (26) 

HCC and non-HCC sera (all known to be virus free) were divided into two equal 

aliquots of which one was heated to 56°C for 30 minutes and the other left at room 

temperature. These were screened against twenty-six (26) TAAs; in-house (KRAS, 

HRAS, HDGF, CDKN2A (P16), RALA, P62, P53, Gankyrin) and commercially 

acquired TAAs either expressed in eukaryotic (KRAS, HRAS, HDGF, CDKN2A 

(P16), RALA, P62, P53, Gankyrin) and E. coli system (KRAS, HRAS, HDGF, RALA, 

P62, APCN, AFP, IMP1, GRP78, Gankyrin), to test the impact of heat treatment on 

anti-TAA autoantibody levels. It was noticed that heat treatment of the 26 sera did not 

cause a significant change (Figure 102) in anti-TAA specific autoantibody levels (p 

value >0.05) in sera irrespective of the presence or the absence of HCC. In other words, 

all the sera had levels of anti-TAA autoantibodies which were unaltered by heat 

treatment. Hence, heat inactivation had no effect on the detectability of autoantibodies 

to the various sets of TAAs.  
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Figure 102: Effect of heat treatment on autoantibody measurement in HCC and non-HCC 
subjects. Twenty-six HCC and non-HCC sera divided into two aliquots, were either heated at 56oC for 
30 minutes or left at room temperature. Binding of specific anti-TAA autoantibodies in these two classes 
of sera to twenty-six TAAs; in-house antigens (KRAS, HRAS, HDGF, CDKN2A, RALA, P62, P53, 
Gankyrin), commercially acquired antigens expressed in eukaryotic (KRAS, HRAS, HDGF, CDKN2A, 
RALA, P62, P53, Gankyrin) and E. coli systems (KRAS, HRAS, HDGF, RALA, P62, APCN, AFP, 
IMP1, GRP78, Gankyrin), were tested on the antigen microarray assay. This was undertaken to determine 
whether heat inactivation affects autoantibody responses in patients’ sera. (p value>0.05).  

	

6.4.2 Characterisation of Research Subjects in the Study 

A total of 452 clinical samples were used in the study and these were provided from 

three different locations. The three sample datasets were named Cohort 1, Cohort 2 and 

Cohort 3 (Table 23). Cohort 3 comprised the largest group of samples (280), followed 

by Cohort 2 (88) and Cohort 1 (84), where the mean age was 59.45±7.4, 65±5.8 and 

59.45±7.4 respectively (Table 23). Of the three sets, there was an uneven distribution 

of gender as the majority of subjects were male (320) rather than female (132). The 

majority of samples were HCV positive across the three different cohorts. However, 

samples from Cohort 1 had a wide array of aetiologies, ranging from HCV, HBV, ALD, 

Nash, NAFLD and diabetes, unlike the other datasets which were limited to HBV, HCV 

and ALD. Clinical samples from the Cohorts 1 and 2 were collected within similar time 
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intervals (2011-2013) while those from Cohort 3 were more recent (2012-2015). 

Clinical samples were thus grouped into four cohorts namely: HCC, non-HCC 

cirrhotics (liver cirrhosis), non-HCC non-cirrhotics (chronic liver hepatitis) and healthy 

controls (Table 24).  

Table 23: Clinical Characterisation of Research Subjects from three datasets.  

 (Cohort 1) (Cohort 2) (Cohort 3) 

Age    

Mean +SD 59.17±14.25 65±5.8 59.45±7.4 

Age range 37-93 55-81 41-79 

Gender    

Male (%) 43 (51.2) 62 (70.5) 215 (76.8) 

Female (%) 41 (48.8) 26 (29.5) 65 (23.3) 

Aetiology    

HCV (%) 7 (8.3) 45 (51.1) 280 (100) 

HBV (%) 2 (2.4) 4 (4.5) 0 

ALD (%) 14 (16.7) 8 (9.1) 0 

Nash (%) 4 (4.8) 0 0 

NAFLD (%) 1 (1.2) 0 0 

Diabetes (%) 1 (1.2) 0 0 

Others (%) 11 (13) 0 0 

Cohort    

HCC only (%) 38 (45.2) 45 (51.1) 100 (35.7) 

Non-HCC 
cirrhotic (%) 

0  0 90 (32.1) 

Non-HCC 
non-cirrhotic 
(%) 

0 43(4.89) 90 (32.1)  

Healthy (%) 46 (54.8) 0 0 

Sample 
collection 

11/05/2011-
02/07/2013 

22/03/2011-13/02/2013 01/08/2012-
03/11/2015 
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Table 24: Information on clinical samples and related aetiologies. 

Subjects Total 
number 
of cases 

HCV HBV ALD Nash NAFLD Diabetes 

HCC 183 152 6 16 4 1 4 

Non-HCC cirrhotics 90 - - - - - - 

Non-HCC non-
cirrhotics (chronic 
liver disease) 

133 126 1 6 - - - 

Healthy controls 46 - - - - - - 

	

6.4.3 Measurement and Comparison of Autoantibody Responses 
against TAAs across Different Cohorts 
	

Antigen Microarray assays were used to determine levels of anti-TAA specific 

autoantibody responses in the sera of the four sets of subjects (183 HCC, 90 non-HCC 

cirrhotics, 133 non-HCC non-cirrhotics and 46 healthy subjects) to twenty-six TAAs. 

Specific anti-TAA autoantibody responses to individual TAAs were grouped into three 

sets. This was based on the system in which the TAAs were expressed. Anti-TAA 

autoantibody responses to commercial TAAs produced in HEK 293 cells were 

categorised as set A (anti-KRAS, anti-HRAS, anti-HDGF, anti-P16, anti-RALA, anti-

P62, anti-P53, anti-Gankyrin), while autoantibody responses to commercial E. coli 

produced TAAs were defined as set B (anti-KRAS, anti-HRAS, anti-HDGF, anti-

RALA, anti-P62, anti-Gankyrin, anti-AFP, anti-APCN, anti-AFP, anti-GRP78). Lastly, 

autoantibody responses to in-house TAAs expressed in HEK 293 cells were named as 

set C (anti-KRAS, anti-HRAS, anti-HDGF, anti-P16, anti-RALA, anti-P62, anti-P53, 

anti-Gankyrin).  

95th percentiles of anti-TAA autoantibody responses in the healthy subjects were used 

as cut-offs of all specific anti-TAA autoantibody responses (Table 25). Shapiro-Wilk 

tests and descriptive statistics in SPSS were employed to test the distribution of anti-
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TAA autoantibody responses across the different subjects in order to determine the 

normality of distribution. However, since anti-TAA responses were not normally 

distributed, the Kruskal-Wallis test which is a non-parametric test (compares two or 

more groups) was employed to compare the distribution of specific anti-TAA 

autoantibody responses across the four patients sets. This was done to determine if there 

was a significant difference in anti-TAA responses across the different study subjects. 

Adjustments were made to P values from pairwise comparisons using Bonferroni 

correction in SPSS since several independent statistics were undertaken 

simultaneously. There were significant differences in the distribution of anti-TAA 

specific responses across the four set of study subjects with the exception of anti-P16-

A, anti-RALA-B and anti-Gankyrin-B autoantibody responses (table 26), which 

indicated that responses in the four cohorts were the same.  

A pairwise comparison test was further undertaken to compare the distribution of 

specific anti-TAA responses between two subjects (HCC vs Non-HCC cirrhotics, HCC 

vs Non-HCC non-cirrhotics, HCC vs Healthy). Autoantibody responses to most TAAs 

(Figure 103 A-Z) in the HCC group were higher than that of the other subjects. 

However, anti-P53-A (26,181 AFU) (Figure 103R) and anti-P16-C (35,229 AFU) 

(Figure 103K) were the highest mean autoantibody responses across HCC patients. 

Interestingly, autoantibody responses in non-HCC non-cirrhotic patients were close to 

that observed in HCC patients and slightly higher than those in non-HCC cirrhotics. 

Interestingly, the distribution of anti-TAA responses between the HCC and healthy 

groups were the same with the exception of anti-KRAS-A (Figure 103A), anti-HRAS-

A (Figure 103D), anti-HRAS-B (Figure 103E), and anti-APCN-B (Figure 103Z). 

Moreover, there were significant differences in responses between HCC and non-HCC 

cirrhotics with the exception of anti-Gankyrin B (Figure 103U), anti-RALA-A (Figure 
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103L), anti-RALA-B (Figure 103M), anti-P16-A (Figure 103J) and anti-AFP-B 

(Figure 103X), which indicated distribution of responses were same. Lastly, 

autoantibody responses to most TAAs between HCC and non-HCC non-cirrhotics were 

significantly different with the exception of anti-KRAS-B (Figure 103B), anti-HRAS-

A (Figure 103 D), anti-HDGF-A (Figure 103G), anti-P16A (Figure 103J), anti-RAL 

A-B (Figure 103M), anti-Gankyrin-B (Figure 103U), anti- and anti-AFP-B (Figure 

103X).  

	

Table 25: 95th percentile of specific anti-TAA autoantibody responses in healthy 
controls.  

Anti-TAAs 
(set A) 

Cut-off 
(AFU) 

Anti-TAAs 
(set B) 

Cut-off 
(AFU) 

Anti-TAAs 
(set C) 

Cut-off 
(AFU) 

KRAS 7485 KRAS 8326 KRAS 9952 

HRAS 5489 HRAS 10334 HRAS 7801 

HDGF 8814 HDGF 1950 HDGF 5018 

P16 5835 RALA 3246 P16 29479 

RALA 6642 P62 14661 RALA 4087 

P62 5920 Gankyrin 7655 P62 6966 

P53 12928 APCN 4035 P53 3095 

Gankyrin 7333 GRP78 4369 Gankyrin 4476 

- - AFP 4324 - - 

- - IMP1 4369 - - 
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Table 26: Kruskal-Wallis statistical tests of the distribution of anti-TAA autoantibody 
responses across the four sample cohorts (HCC, non-HCC cirrhotic, non-HCC, non-
cirrhotic and Healthy controls). 

	

Anti-TAAs Kruskal-Wallis P value 

KRAS-A 0.001 

HRAS-A 0.001 

HDGF-A 0.001 

P16-A 0.495 

RALA-A 0.001 

P62-A 0.016 

P53-A 0.001 

Gankyrin-A 0.007 

KRAS-B 0.001 

HRAS-B 0.001 

HDGF-B 0.001 

RALA-B 0.183 

P62-B 0.001 

Gankyrin-B 0.241 

AFP-B 0.041 

APCN-B 0.001 

IMP-B 0.001 

GRP78-B 0.005 

KRAS-C 0.001 

HRAS-C 0.001 

HDGF-C 0.001 

P16-C 0.001 

RALA-C 0.001 

P62-C 0.001 

P53-C 0.001 

Gankyrin-C 0.001 

	



Chapter	Six-Clinical	Utility	of	Antigen	Microarray	Assay	

	 -	297	-	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

0

95TH percentile

KRAS-A

P= 0.019

P= 0.002

P= 0.021

A
rb

it
ra

ry
 F

lu
or

es
ce

nc
e 

U
ni

t

A

95TH percentile

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

0

KRAS-B

P=0.001 

P= 0.644

P=0.234 

B

A
rb

it
ra

ry
 F

lu
or

es
ce

nc
e 

U
ni

t

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

60,000

50,000

95TH percentile

HRAS-A

P=0.001

P=0.054

P=0.035

A
rb

itr
ar

y 
Fl

uo
re

sc
en

ce
 U

ni
t

D

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

0

95TH percentile

KRAS-C

P=0.002

P=0.001

P=0.117

C

A
rb

it
ra

ry
 F

lu
or

es
ce

nc
e 

U
ni

t

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

0

HRAS-B

P=0.001

P=0.010

P=0.016

A
rb

itr
ar

y 
Fl

uo
re

sc
en

ce
 U

ni
t

95TH percentile

E

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

HRAS-C

P= 0.001

P= 0.001

P=0.140

95TH percentile

A
rb

itr
ar

y 
Fl

uo
re

sc
en

ce
 U

ni
t

F



Chapter	Six-Clinical	Utility	of	Antigen	Microarray	Assay	

	 -	298	-	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

0

HDGF-A

P=0.001

P=0.936

P=0.10

G
A

rb
itr

ar
y 

Fl
uo

re
sc

en
ce

 U
ni

t

95TH percentile

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

0

HDGF-B

P=0.001 

P=0.001

P=0.115

H

A
rb

itr
ar

y 
Fl

uo
re

sc
en

ce
 U

ni
t

95TH percentile

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

0

HDGF-C

P=0.001

P=0.001

P=0.275

I

A
rb

itr
ar

y 
Fl

uo
re

sc
en

ce
 U

ni
t

95TH percentile

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

0

P16-A

P=0.987 

P=1.000

P=0.945

J

A
rb

itr
ar

y 
Fl

uo
re

sc
en

ce
 U

ni
t

95TH percentile

10,000

20,000

30,000

40,000

0

50,000

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

P16-C

P=0.001

P=0.001

P=0.295

K

A
rb

it
ra

ry
 F

lu
or

es
ce

nc
e 

U
ni

t

95TH percentile

10,000

20,000

30,000

40,000

0

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

RALA-A

P=0.331

P=0.005

P=0.054

L

A
rb

it
ra

ry
 F

lu
or

es
ce

nc
e 

U
ni

t

95TH percentile



Chapter	Six-Clinical	Utility	of	Antigen	Microarray	Assay	

	 -	299	-	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

10,000

20,000

30,000

40,000

0

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

RALA-B

P= 0.183

P= 0.180

P= 0.183

M

A
rb

it
ra

ry
 F

lu
or

es
ce

nc
e 

U
ni

t

95TH percentile

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

0

RALA-C

P=0.001

P=0.001

P=0.374

N

A
rb

it
ra

ry
 F

lu
or

es
ce

nc
e 

U
ni

t

95TH percentile

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

0

P62-A

P= 0.002

P= 0.041

P= 0.191

O

A
rb

it
ra

ry
 F

lu
or

es
ce

nc
e 

U
ni

t

95TH percentile

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

0

P62-B

P= 0.001

P= 0.001

P= 0.262

P

A
rb

it
ra

ry
 F

lu
or

es
ce

nc
e 

U
ni

t

95TH percentile

P62-C

P=0.001

P=0.001

P=0.218

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

0

Q

A
rb

it
ra

ry
 F

lu
or

es
ce

nc
e 

U
ni

t

95TH percentile

P53-A

P= 0.002

P= 0.027

P=0.681

10,000

20,000

30,000

40,000

50,000

60,000

0

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

R

A
rb

itr
ar

y 
Fl

uo
re

sc
en

ce
 U

ni
t

95TH percentile



Chapter	Six-Clinical	Utility	of	Antigen	Microarray	Assay	

	 -	300	-	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

P53-C

P=0.001

P=0.003

P=0.863

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

0

S

A
rb

itr
ar

y 
Fl

uo
re

sc
en

ce
 U

ni
t

95TH percentile

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

10,000

20,000

30,000

40,000

0

50,000

Gankyrin-A

P=0.001

P=0.041

P=0.216T

A
rb

itr
ar

y 
Fl

uo
re

sc
en

ce
 U

ni
t

95TH percentile

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

IMP-B

P=0.036

P=0.001

P=0.052

10,000

20,000

30,000

40,000

0

W

A
rb

itr
ar

y 
Fl

uo
re

sc
en

ce
 U

ni
t

95TH percentile

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

AFP-B

P= 0.099

P= 0.628

P=0.079

10,000

20,000

30,000

40,000

0

X

A
rb

itr
ar

y 
Fl

uo
re

sc
en

ce
 U

ni
t

95TH percentile

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

Gankyrin-B

P=0.241

10,000

20,000

30,000

40,000

0

U

A
rb

it
ra

ry
 F

lu
or

es
ce

nc
e 

U
ni

t

95TH percentile

HCC Non-HCC
cirrhotic

Non-HCC
non-cirrhotic

Healthy control

Gankyrin-C

P= 0.001

P= 0.001

P= 0.587

10,000

20,000

30,000

40,000

0

V

A
rb

itr
ar

y 
Fl

uo
re

sc
en

ce
 U

ni
t

95TH percentile



Chapter	Six-Clinical	Utility	of	Antigen	Microarray	Assay	

	 -	301	-	

	

	

	

	

	

	

	

	

 

Figure 103: Differences in anti-TAA responses in subjects with HCC, non-HCC cirrhosis (liver 
cirrhosis only), non-HCC non-cirrhosis (chronic liver hepatitis) and healthy groups: Kras-A, Kras-
B, Kras-C, Hras-A, Hras-B, Hras-C, HDGF-A, HDGF-B, HDGF-C, P16-A, P16-C, RALA-A, 
RALA-B, RALA-C, P62-A, P62-B, P62-C, P53-A, P53-C, Gankyrin-A, Gankyrin-B, Gankyrin-C, 
IMP-B, AFP-B, GRP78-B, APCN-B(A-Z, respectively). The difference in anti-TAA responses; (A) 
anti-Kras-A, (B) anti-Kras-B, (C) anti-Kras-C (D) anti-Hras-A, (E) anti-Hras-B, (F) anti-Hras-C, (G) 
anti-HDGF-A, (H) anti-HDGF-B, (I) anti-HDGF-C, (J) anti-P16-A, (K) anti-P16-C, (L) anti-RALA-A, 
(M) anti-RALA-B, (N) anti-RALA-C, (O) anti-P62-A, (P) anti-P62-B, (Q) anti-P62-C, (R) anti-P53-A, 
(S) anti-P53-C, (T) anti-Gankyrin-A, (U) anti-Gankyrin-B, (V) anti-Gankyrin-C, (W) anti-IMP-B, (X) 
anti-AFP-B, (Y) anti-GRP78-B, (Z) anti-APCN-B were examined in subjects with HCC, non-HCC 
cirrhosis, non-HCC non-cirrhosis and healthy groups. Pair-wise tests were performed to compare each 
two groups. There were significant differences between HCC and healthy subjects for anti-Kras-A, anti-
Hras-A, anti-Hras-B, anti-APCN-B except anti-Kras-B, anti-Kras-C, anti-Hras-C, anti-HDGF-A, anti-
HDGF-B, anti-HDGF-C, anti-P16-A, anti-P16-C, anti-RALA-A anti-RALA-B, anti-RALA-C, anti-P62-
A, anti-P62-B, anti-P62-C, anti-P53-A, anti-P53-C, anti-Gankyrin-A anti-Gankyrin-B, anti-Gankyrin-C, 
anti-IMP1-B and anti-AFP-B anti-GRP78-B. Subsequently pairwise comparisons tests were undertaken 
between HCC and non-HCC cirrhotics which showed significant differences for anti-Kras-A, anti-Kras-
B, anti-Kras-C, anti-Hras-A, anti-Hras-B, anti-Hras-C, anti-HDGF-A anti-HDGF-B, anti-HDGF-C, anti-
P16-C, anti-RALA-C, anti-P62-A, anti-P62-B, anti-P53-A, anti-P53-C, anti-Gankyrin-A, anti-Gankyrin-
C, anti-IMP-B, anti-GRP78-B, anti-APCN-B except anti-P16-A, anti-RALA-A, anti-RALA-B, anti-P62-
C, anti-Gankyrin-B and anti-AFP-B responses. Lastly, a significant difference was seen between HCC 
and non-HCC non-cirrhotics for anti-Kras-A, anti-Kras-C, anti-Hras-B, anti-Hras-C, anti-HDGF-B, anti-
HDGF-C, anti-P16-C, anti-RALA-A, anti-RALA-C, anti-P62-A, anti-P62-B, anti-P62-C, anti-P53-A, 
anti-P53-C, anti-Gankyrin-A, anti-Gankyrin-C, anti-IMP-B, anti-GRP78-B, anti-APCN-B except anti-
Kras-B anti-Hras-A, anti-HDGF-A, anti-P16-A, anti-RALA-B, , anti-Gankyrin-B and anti-AFP-B 
responses. 
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6.4.4 Autoantibody Responses between Commercial and In-house 
Tumour-Associated Antigens in All Cohorts 
 

The three categories of TAAs (Sets A, B and C) all contained two or more of the 

following antigens; KRAS, HRAS, HDGF, P16, RALA, P62, P53 and Gankyrin. 

Although the aforementioned antigens in each category are the same, they differed in 

the type of expression system in which they were produced as well as the forms in 

which they exist (purified or whole cell lysate). As such, we wished to examine if the 

autoantibody responses to the antigens produced in the different expression systems 

were the same. Comparative analysis using Friedman two-way analysis test was 

performed to determine the distribution of autoantibody responses to the three sets of 

TAAs. The Wilcoxon test was employed when two distributions were compared. As 

seen from Figure 104A, there was a significant difference in autoantibody responses to 

KRAS-A, KRAS-B, KRAS-C, indicating that anti-TAA responses across the three 

were not the same. Differently, anti-HRAS-A and anti-HRAS-C responses were not 

significantly different, but these were both significantly different to HRAS-B (as seen 

in Figure 104B). When anti-HDGF-A, anti-HDGF-B and anti-HDGF-C were 

compared, significant differences were seen with highest anti-HDGF-A responses 

obtained in cohorts (Figure 104C). On the other hand, the distribution of anti-P16-A 

and anti-P16-C were significantly different with higher anti-P16-C responses as 

compared to anti-P16-A (Figure 104D). A significant difference in the distribution of 

anti-RALA-A, anti-RALA-B, anti-RALA-C was noticed with highest autoantibody 

responses to RALA-A (Figure 104E). Highest autoantibody responses to P62-B was 

seen as compared to P62-A and P62-C with significant difference observed in their 

distribution (Figure 104F). Distribution of autoantibody responses to the two sets of 

P53 (A, B) as well as Gankyrin (A, B, C) were significantly different with highest 
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responses seen in anti-P53-A (Figure 104G) and anti-Gankyrin A (Figure 104H) 

respectively. High autoantibody responses were produced to commercial TAAs 

expressed in HEK 293 cells followed by commercial TAAs produced in E. coli with 

least responses seen in TAAs made in-house.  
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Figure 104: Box plots showing autoantibody responses amongst the three categories of TAAs (A, 
B, C) in HCC, non-HCC cirrhotic, non-HCC non-cirrhotic and healthy subjects. Autoantibody 
responses to (A) KRAS (B) HRAS, (C) HDGF, (D) P16, (E) RALA, (F) P62, (G) P53 and (H) Gankyrin 
were investigated in subjects with HCC, non-HCC cirrhotic, non-HCC non-cirrhotic and healthy 
controls. Friedman two-way and Wilcoxon tests were employed to compare the distribution of anti-TAA 
response amongst the three sets of TAAs. A pairwise comparison was made to determine whether there 
was a significant difference in autoantibody responses between two TAA categories.   
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6.4.5 Prevalence of Autoantibody Positivity to Individual TAAs across 
different Cohorts 
	

The frequency of autoantibodies in clinical samples to individual TAAs was analysed. 

Sera containing higher levels than the cut-off (the 95th percentiles) of the healthy cohort 

was regarded as seropositive. Frequency of positive autoantibody responses to TAAs 

in sets A, B and C were examined.  

In regard to set A TAAs (commercial TAAs), higher frequency of autoantibodies in 

HCC patients was found in response to P62 (18%) followed by RALA (17.4%), 

Gankyrin (14%), P53 (10.9%), KRAS (10%), P16 (9.3%), HRAS (9.3%) and HDGF 

(3.2%) (Table 27). In non-HCC cirrhotic patients, autoantibody frequency to individual 

TAAs ranged from 0 to 22%, with very higher autoantibody frequency to HRAS (22%). 

When the sera from patients with non-HCC non-cirrhosis were tested against the panel 

of the set A TAAs, autoantibody frequencies ranged from 3% to 19.5% with highest 

frequency again to HRAS (19.5%).  The response in the HCC positive patients to HRAS 

was only 9.3%, suggesting autoantibodies to this TAA may be down-regulated in 

cancer. The reactivity of healthy sera was low, ranging from 0 to 4.3% to any individual 

TAA. Prevalence of positive autoantibody responses to set A TAAs was significantly 

higher (p<0.05) in HCC patients than healthy controls and non-HCC cirrhotic patients 

Table 27. On the contrary, there was no significant difference (p<0.05) in positive 

autoantibody frequency between HCC and non-HCC non-cirrhotic patients with the 

exception of anti-Kras (Table 27).  
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Table 27: Frequency of positive autoantibody responses to set A tumour-associated 
antigens. 

Sera No. 

tested 

KRAS 

N (%) 

HRAS 

N (%) 

HDGF 

N (%) 

P16 

N (%) 

RALA 

N (%) 

P62 

N (%) 

P53 

N (%) 

Gankyrin 

N (%) 

HCC 2 19(10) 17(9.3) 6(3.2) 17(9.3) 32(17.4) 33(18) 20(10.9) 26(14) 

NHC 90 13(14) 

b 

20(22) b 0(0) 16(17) 11(12) b 9(10) b 0(0) b 5(5.5) b 

NHNC 133 4 (3) c 26(19.5) 4 (3) 22(16.5) 8(6) 20(15)  13(9.7) 25(18.7) 

H 46 1(2.7) 

a 

2 (4.3) a 1(2.7) 

a 

1(2.7) a 1(2.7) a 1(2.7) 

a 

0(0) a 0(0) a 

 

NHC-(Non-HCC cirrhosis), NHNC-(Non-HCC non-cirrhosis), H-Healthy, Cut—off value for each anti-
TAA is the 95th percentile of the healthy group. P value analysed by Kruskal-Wallis test to compare 
differences in frequencies of positive anti-TAA responses. a-significance in autoantibody positivity 
between HCC and H, b-significance in autoantibody positivity between HCC and NHC, c- significance 
in autoantibody positivity between HCC and NHNC. p value<0.05. 

	

In determining autoantibody positivity to individual TAAs in set B (E. coli derived 

TAAs), the highest frequencies in HCC patients were against HDGF (21%) followed 

by HRAS (20%), IMP1 (19%) and APCN (18%), AFP (15%), Gankyrin (13%), GRP78 

(9%), KRAS (9%) and P62 (3%) (Table 28). Frequency of positive responses to 

individual TAAs in non-HCC cirrhotic patients ranged from 0%-33% with highest 

frequencies to AFP (33%) while that in non-HCC cirrhotic patients ranged from 4% to 

25% with highest frequency to HRAS (23%) (Table 28). Autoantibody titre in healthy 

controls were the least ranging from 0%-4%. The prevalence of autoantibody positivity 

to set B TAAs was significantly higher (p<0.05) in HCC patients than healthy controls. 

There was no significant difference (p<0.05) in autoantibody positive responses 

between HCC, non-HCC cirrhotic and non-HCC non-cirrhotic patients with the 

exception of anti-KRAS, anti-HRAS, and anti-IMP1(Table 28). 
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Table 28: Frequency of positive autoantibody responses to set B tumour-associated 
antigens. 

Sera No. 

test

ed 

Kras Hras 

N(%) 

HDGF 

N(%) 

RalA 

N(%) 

P62 

N(%) 

Gank 

N(%) 

Apcn  

N(%) 

IMP1 

N(%) 

Grp7

8N(

%) 

AFP 

N(%) 

HCC 183 17(9) 36(20) 38(21) 32(18 5(3) 24(13 32(18 35(19) 17(9) 27(15) 

NHC 90 1(1) b 1(1) b 16(18) 18(20 1(1) b 17(19 10(19 9(10) 8(9) 30(33) 

NHNC 133 20(15 33(25) 19(14) 20(15 6(5) 5(4) 22(17 13(10) c 16(12 25(19) 

H 46 2(4) a 2(4) a 2(4) a 1(2) a 1(2) a 0(0) a 1(2) a 0(0) a 0(0) a 0(0) a 

	

NHC-(Non-HCC cirrhosis), NHNC-(Non-HCC non-cirrhosis), H-Healthy, Cut—off value for each anti-
TAA is the 95th percentile of the healthy group. P value analysed by Kruskal-Wallis test to compare 
differences in frequencies of positive anti-TAA responses. a-significance in autoantibody positivity 
between HCC and H, b-significance in autoantibody positivity between HCC and NHC, c- significance 
in autoantibody positivity between HCC and NHNC. p value<0.05. 

	

In examining the prevalence of positive responses to TAAs in set C (in-house 

eukaryotic TAAs), highest frequencies in HCC patients were against HRAS (23%), P53 

(14%), RALA (8.7%) and Gankyrin (7.1%), followed by KRAS (7%), P16 (3.2%), 

HDGF (3.2%) (Table 29). The autoantibody frequency to individual TAAs in non-

HCC cirrhotic patients ranged from 0%-10% with highest frequencies to P53 (10%) 

while those in non-HCC cirrhotic patients ranged from 0.8% to 10.5% with highest 

frequency also to P53 (10.5%) (Table 29). Autoantibody titre in healthy controls were 

the least ranging from 0%-2.1%. A similar trend was seen with set C antigens as the 

prevalence of autoantibody positivity to TAAs was significantly higher (p<0.05) in 

HCC patients than healthy controls and non-HCC cirrhotic patients. However, there 

was no significant difference in autoantibody positive responses between HCC and 

non-HCC non-cirrhotic patients with the exception of HRAS (Table 29).  
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Table 29: Frequency of positive autoantibody responses to set C tumour-associated 
antigens. 

Sera No. 

tested 

KRAS 

N(%) 

HRAS 

N(%) 

HDGF 

N(%) 

P16 

N(%) 

RALA 

N(%) 

P62 

N(%) 

P53 

N(%) 

Gankyrin 

N(%) 

HCC 183 13 (7) 43 (23) 6 (3.2) 6(3.2) 16(8.7) 15(8.2) 26(14) 13(7.1) 

NHC 90 0(0) b 1(1.1) b 6(6.7) 0(0) 2(2.2) b 0(0) b 9(10) 5(5.5) 

NHNC 133 8 (6.0) 13(9.7) 

c 

3(2.3) 1(0.8) 8(6.0) 7(5.3) 14(10.5) 10(7.5) 

H 46 1(2.1) 

a 

1(2.1) a 0(2.1) 

a 

1(2.1) 

a 

1(2.1) a 0(2.1) a 1(2.1) a 0(0) a 

	

NHC-(Non-HCC cirrhosis), NHNC-(Non-HCC non-cirrhosis), H-Healthy, Cut—off value for each anti-
TAA is the 95th percentile of the healthy group. P value analysed by Kruskal-Wallis test to compare 
differences in frequencies of positive anti-TAA responses. a-significance in autoantibody positivity 
between HCC and H, b-significance in autoantibody positivity between HCC and NHC, c- significance 
in autoantibody positivity between HCC and NHNC. p value<0.05. 

 

Interestingly, prevalence of seropositives to E. coli generated TAAs were higher as 

compared to commercial and in-house TAAs generated in HEK 293 cells. The finding 

of high titre autoantibodies in non-HCC non-cirrhotic patients is of interest because 

titres of autoantibodies are higher in HCC patients than subjects who don’t have the 

cancer. This may be due to the expression system being used leading to measurement 

of antibody responses to E. coli proteins in the preparations. 
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6.4.6 Correlation in Autoantibody Measurement between Commercial 
and In-house generated TAAs. 
	

Two sets of eukaryotic generated TAAs (KRAS, HRAS, HDGF, P16, RALA, P62, P53 

Gankyrin) were either purchased or made in-house. Commercial TAAs existed in 

purified forms while the latter were in lysates. A comparative analysis using the 

Bivariate Spearman’s rank correlation was conducted to assess if there was a 

relationship between autoantibody levels detected against the two sets of TAAs. From 

Table 30, there were significant but weak degrees of correlation in autoantibody 

responses with respect to anti-KRAS (r=0.488, p value=0.001), anti-HRAS (r=0.292, p 

value=0.001), anti-HDGF (r=0.597, p value=0.001), anti-P16 (r=0.567, p value=0.001) 

autoantibody responses. Likewise, there were strong and significant degrees of 

correlation in autoantibody responses with respect to anti-RAL A (r=0.709, p 

value=0.001), anti-P62 (r=0.724, p value=0.001), anti-P53 (r=0.792, p value=0.001) 

and anti-Gankyrin (r=0.821, p value=0.001) to as seen in Table 30. This indicates that 

there is a relationship in autoantibody responses between the two sets of eukaryotic 

generated TAAs although they existed in different forms. 
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Table 30: Correlation between autoantibody responses to commercial and in-house 
TAAs produced in HEK 293 cells. 

	

Commercial In-house Spearman’s 

correlation 

p-value 

KRAS KRAS 0.488 0.001 

HRAS HRAS 0.292 0.001 

HDGF HDGF 0.597 0.001 

P16 P16 0.567 0.001 

RALA RALA 0.709 0.001 

P62 P62 0.724 0.001 

P53 P53 0.792 0.001 

Gankyrin Gankyrin 0.821 0.001 

	

Secondly, the association between autoantibodies produced to commercial eukaryotic 

and E. coli generated TAAs were examined. This was no different from the previous 

correlation as there was a weak but significant link in autoantibody responses with 

regards to anti-KRAS, anti-HRAS, anti-HDGF as shown in Table 31. A strong and 

significant correlation in anti-TAA responses were seen with anti-RALA, anti-P62 and 

anti-Gankyrin (Table 31). 

	

	

	

	

	



Chapter	Six-Clinical	Utility	of	Antigen	Microarray	Assay	

	 -	311	-	

Table 31: Correlation between autoantibody responses to commercial TAAs produced 
in HEK 293 cells and E. coli. 

Eukaryotic E. coli Spearman’s 

correlation 

p-value 

KRAS KRAS 0.480 0.001 

HRAS HRAS 0.394 0.001 

HDGF HDGF 0.596 0.001 

RALA RALA 0.861 0.001 

P62 P62 0.795 0.001 

Gankyrin Gankyrin 0.847 0.001 

	

 
6.4.7 Effect of Age on Autoantibody Response in Hepatocellular 
Carcinoma  
	

As ages of HCC patients ranged from 40 up to 93 years we wanted to exclude age as a 

confounding factor for the results (Figure 105 A-Z). This revealed that only 

autoantibodies to HDGF-A showed a trend towards a positive and significant 

correlation with age (r=0.154, p value=0.038) (Figure 105G). In addition, negative but 

significant correlations were seen between age and autoantibody responses to KRAS-

A (r=-0.168, p value=0.001) (Figure 105A), HRAS-C (r=-0.178, p value=0.016) 

(Figure 105F) and APCN-B (r=-0.174, p value=0.019) (Figure 105Z), However, 

autoantibody responses to remaining twenty-one TAAs showed no significant 

correlations with age (Figure 105 B,C,D,E,H-Y). Taken together this suggests there 

was no strong correlation of autoantibodies responses with age in HCC patients. 
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Figure 105: Correlation between “age” and autoantibody responses to KRAS-A, KRAS-B, KRAS-
C, HRAS-A, HRAS-B, HRAS-C, HDGF-A, HDGF-B, HDGF-C, P16-A, P16-C, RALA-A, RALA-
B, RALA-C, P62A, P62B, P62C, P53A, P53-C, Gankyrin-A, Gankyrin-B, Gankyrin-C, IMP-B, 
AFP-B, GRP78. Spearman’s Rank correlation tests were performed to compare the relationship between 
“age” and the measurement of autoantibody responses to twenty TAAs. (G) Anti-HDGF-A showed a 
weak but positive correlation with age in HCC patients’ responses while (A) Anti-KRAS-A, (F) anti-
HRAS-C, (Z) anti-APCN-B responses showed a negative but significant correlation with age in HCC 
patients. Lastly, (B) Anti-KRAS-B, (D) anti-HRAS-A (H) anti-HDGF-B, (I) anti-HDGF-C and (J) anti-
P16-A (A) Anti- KRAS-C, (C) anti-HRAS-B (K) Anti-P16-C, (L) anti-RALA-A, (M) anti-RALA-B, 
and (N) anti-RALA-C(O) Anti-P62A, (P) anti-P62B, anti-(Q) P62C (R) anti-P53A (S) Anti-P53-C, (T) 
anti-Gankyrin-A, (U) anti-Gankyrin-B, and (V) anti-Gankyrin-C (W) anti-IMP-B, (X) anti-AFP-B and 
(Y) anti-GRP78, responses showed no significant correlation with age in HCC patients. 

		

6.4.8 Effect of Gender on the development of Hepatocellular 
Carcinoma 
	

In addition, Bivariate Spearman’s rank correlation test was conducted to determine if 

gender had an impact on autoantibody responses in HCC patients (table 32). Results 
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GRP78-B, KRAS-C, P16-C) were all weak and non-significant indicating that gender 

does not have an influence on HCC progression in the study. 

Table 32: Correlation between Gender and Autoantibody responses in HCC. 

TAAs Spearman’s correlation (r) P value 

KRAS-A 0.093 0.209 

KRAS-B 0.143 0.053 

KRAS-C 0.070 0.347 

HRAS-A 0.102 0.171 

HRAS-B 0.078 0.296 

HRAS-C 0.171 0.021 

HDGF-A 0.127 0.087 

HDGF-B 0.112 0.131 

HDGF-C 0.149 0.044 

P16-A 0.111 0.134 

P16-C 0.117 0.116 

RALA-A 0.091 0.222 

RALA-B 0.094 0.203 

RALA-C 0.153 0.039 

P62-A 0.089 0.229 

P62-B 0.027 0.721 

P62-C 0.153 0.039 

P53-A 0.004 0.953 

P53-C 0.155 0.036 

Gankyrin-A 0.116 0.117 

Gankyrin-B 0.124 0.094 

Gankyrin-C 0.162 0.028 

IMP1-B 0.038 0.611 

AFP-B 0.088 0.235 

GRP78-B 0.073 0.324 

APCN-B 0.040 0.592 
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6.5 Discussion 

Many studies have shown that HCC patients’ sera contain autoantibodies that react 

with a wide range of autologous cellular antigens and these serve as good serological 

biomarkers to aid in early identification of the cancer as compared to imaging tests 

currently used in health care settings (257). Determination of specific anti-TAA 

autoantibody levels in HCC and high-risk patients permits therapeutic interventions to 

be introduced which could help improve survival rates. In recent studies, autoantibody 

measurement to TAAs in HCC patients’ sera have been undertaken mostly with 

traditional techniques such as ELISA (468, 469), Western (239) blot or SERPA 

(260), but these studies used very small samples sizes. 

The fundamental objective of this chapter was to test the developed antigen microarray 

platform using a panel of commercial and in-house TAAs on large number of serum 

samples to see its applicability as a tool to detect anti-TAA autoantibody responses. In 

this work, the presence of anti-TAA specific autoantibody responses in the sera of 

patients with HCC, cirrhosis, chronic hepatitis disease and healthy volunteers were 

determined by screening autoantibody responses to twenty-six TAAs. Most previous 

studies utilised TAAs produced in E. coli and it was hypothesised that using such 

TAAs may trigger false positive responses as patients may produce antibodies to the 

E. coli antigen. Hence, this work was novel as TAAs produced in eukaryotic and E. 

coli expression systems were tested. TAAs, which might be valuable for the early 

detection of autoantibodies in HCC were categorised into three sets (commercial and 

in-house TAAs produced in a HEK 293 cells as well as commercial antigens 

produced in E. coli) so as to determine whether there would be significant differences 

or correlations in autoantibody responses to them. The panel of TAAs in screening 
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included KRAS, HRAS, HDGF, P16, RALA, P62, P53, Gankyrin, APCN, IMP1, 

AFP and GRP78. 

Screening virally infected sera is not safe and therefore inactivating viruses is 

essential. With this in mind, a preliminary study was conducted to determine if heat 

treatment had detrimental effects on autoantibody levels in patients’ sera. Previous 

studies had shown that heat treatment either significantly elevated anti-SOX2 

autoantibody responses in HCC patients (241) or reduced anti-Toxoplasma IgM 

antibody levels in patients’ sera (470). Our findings contradicted the above as heat 

treatment of sera neither enhanced or reduced anti-TAA autoantibody levels in HCC 

patients. 

In assessing autoantibody responses to individual TAAs, varying responses were 

seen across HCC, non-HCC cirrhotic, non-HCC non-cirrhotics, as well as healthy 

groups. Hence, we needed to set a 95th percentile cut-off to eradicate the noise of 

pre-existing autoantibodies in healthy individuals and further examine only elevated 

levels of autoantibodies. Some autoantibodies may be detectable at elevated levels 

before the signs and symptoms of the cancer and thus, might act as early warning 

systems of malignant conversions in high-risk patients. It was no surprise that non-

HCC cirrhotic (liver cirrhosis) and non-HCC non-cirrhotic (chronic hepatitis) 

patients had elevated	autoantibody responses to individual TAAs in our study. This 

demonstrates that malignant transition to HCC is also associated with increased 

autoantibody responses to certain TAAs and might have a role in cancer 

development. The outcome confirms a study undertaken by Koziol et al, where 

autoantibodies to a panel of twelve TAAs indicated the presence of HCC prior to 

diagnosis in HBV/HCV chronic liver disease patients (396). Autoantibody responses 
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in chronic hepatitis patients were nearly as high as those in HCC patients which was 

unexpected as no study had shown such increased autoantibody response in such 

patients. It is worth noting that responses to two E. coli generated TAAs (RALA-B, 

Gankyrin-B) showed the same responses across the different cohorts. This could be 

anticipated that the patients’ antibodies reacted to the E. coli proteins and most 

people have been exposed to E. coli at some points in their lives. A comparison of 

raw signal intensities between HCC and healthy groups revealed no significant 

difference in the distribution of autoantibody responses especially to some individual 

TAAs. This reveals the importance of looking at the TAAs as a panel instead of 

individually.  

Our study further confirmed the previously reported potential of antigens such as 

P53-A (471) and P16-C (472) as important TAAs in HCC, since highest autoantibody 

responses were produced against them in HCC patients. P53 is responsible for 

apoptosis and cell cycle regulation after DNA damage and it is found in most cancers, 

including HCC. Their expression is further elevated after patients are exposed to 

radiation (473). High expression of P53 in in some HCC patients could stem from 

the fact that they had been exposed to imaging tools such as CT scans, MRI and 

ultrasound. The elevated expression is further indicative of poor prognosis in HCC 

patients used in our study (474). P16 is a tumour suppressor gene actively engaged 

in cell cycle regulation and its high levels could also be suggestive of poor survival 

of HCC patients in our study (472).  

Eight TAAs (KRAS, HRAS, HDGF, P16, RAL-A, P62, P53 and Gankyrin) were 

grouped into three categories based on their expression system and forms in which 

they existed. Autoantibody responses to commercial TAAs produced in eukaryotic 

systems were significantly higher than those detected against E. coli and in-house 
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TAAs. Lower detection of autoantibodies measured to the in-house antigens could 

be attributed to the fact that they existed in impurified forms and the concentration 

of TAAs of interest in the midst of other proteins was insufficient to sensitively 

measure autoantibody responses. As this work was the first of a kind to compare anti-

TAA responses to different forms of the same TAA, it was difficult to compare the 

outcome as no publication has examined the differences between such antigens. 

Interestingly, we see a strong correlation in anti-TAA responses to commercial and 

in-house TAAs produced in HEK 293 cells (RAL-A, P62, P53, Gankyrin). This 

indicates that although the aforementioned antigens existed in cell lysates, they were 

still able to detect some level of autoantibodies in serum similarly to the purified 

TAAs.  

Previous studies had indicated that the risk of HCC increases with age (475). In our 

work, we investigated the effect of age in relation to the levels of autoantibody 

responses in HCC patients. No correlation between age and all anti-TAA 

autoantibody responses was observed, with the exception of autoantibodies to 

HDGF-A which showed a weak but significant correlation with increase in age. 

Although a different TAA was used, Ying et al, showed no significant correlation 

between anti-Osteopontin response and age (476) while Hong et al in contrary, 

revealed an increase in anti-CENPF and anti-HSP60 in patients less than 50 years 

(260). Moreover, Xueyou et al, showed an increase in anti-P16 responses in patients 

over 50 years (472). Although our study showed that age is not a good indicator of 

autoantibody responses in patients, overall, correlation between age and 

autoantibody response is highly dependent on the panel of TAA used.  

Over several years, there have been a rise in the number of men developing HCC 

compared to women. There seems to be inadequate knowledge on the relationship 
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between serological biomarkers and gender of HCC patients. In this study, we 

investigated the association between autoimmune responses to all TAAs and gender. 

No significant correlation was observed in autoantibody response to TAAs and the 

gender of patients, however it must be acknowledged that we did have a higher 

number of males than females in this study. Our findings confirm Ying’s study where 

there were no correlation between anti-GRP78 autoantibody responses and the 

gender of research subjects (455). In	our	 study,	 anti-P62,	 anti-HRAS	and	anti-HDGF	

responses	 had	 the	 highest	 prevalence	 of	 autoantibody	 positivity	 in	HCC	 patients	with	

regards	to	both	eukaryotic	and	E.	coli	expressed	TAAs.	 

The high frequency of anti-P62 autoantibodies in HCC patients detected in our work 

confirms a previous study by Weihong et al, where anti-P62 autoantibodies were 

expressed in high abundance in the sera of HCC patients in China (477). Also, Zhang 

and his colleagues showed a high prevalence of autoantibodies to P62 (25%) in HCC 

patients (239). According to Dai et al, autoantibodies to P62 was present in 21% of 

patients with HCC but not in the precursor conditions of chronic hepatitis and liver 

cirrhosis (144). P62 is an IGF-2 mRNA binding protein which is absent in adult tissues, 

mediates in oxidative stress signaling in carcinogenesis (478) and has been shown to 

one of the most established TAAs in HCC. It is therefore not surprising that high 

autoantibody frequency to P62 was shown in our study.  

High autoantibody levels to HDGF in HCC samples was also detected. This protein is 

responsible for inducing cell growth activity, acts as an anti-apoptotic factor and 

therefore helps accentuate cancer development. Its expression is usually increased at 

the early stages of HCC and patients with higher expression tends to have poor survival 

and earlier recurrence (479). Studies have shown that reducing the expression of HDGF 

minimises the growth of tumour (479) and hence, it could be a potential target for anti-
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HCC therapy. High frequency of anti-HRAS autoantibodies in HCC clearly confirms 

the increased expression of HRAS in HCC liver tissues indicating that it  plays an 

important role in the pathogenesis of cancer (480). HRAS inhibits the activation of 

nuclease which stimulates apoptosis and its associated with higher HCC recurrence in 

patients (480).  

Highest frequencies of positive autoantibody responses in non-HCC cirrhotics and non-

HCC non-cirrhotics who are regarded as high-risk patients were anti-HRAS, anti-AFP 

and anti-P53 autoantibodies irrespective of the category of TAA. This imply that anti-

TAA autoantibodies may exist in conditions that pre-date malignancy, thus, 

autoantibodies to these TAAs are up-regulated before the development of the tumour. 

This is confirmed in a work conducted by Himoto, where elevated levels of anti-P53 

was seen in chronic liver disease patients associated with diabetes mellitus (481). The 

prospective for autoantibodies to be early serological markers for HCC have been 

shown by their presence in patients who have a higher risk of developing HCC such as 

individuals with chronic liver disease (263). It is crucial to note that high prevalence of 

the above autoantibodies in cirrhosis and chronic hepatitis patients suggest their 

potential value in HCC detection. However, further characterisation of these 

autoimmune responses in pre-malignant conditions needs to be investigated.  Our study 

has shown that anti-HRAS autoantibodies are produced in both the pre-malignant 

condition and in HCC. It has further been shown that the frequency of anti-TAA 

autoantibodies in HCC serum samples is significantly higher than values in cirrhotics 

and healthy controls, while there is not much difference in anti-TAA autoantibody 

frequencies between HCC and chronic hepatitis group. Overall, the study has shown 

high frequency of anti-TAA autoantibody responses in both HCC and underlying liver 

disease patients to our panel of HCC TAAs using the developed in-house high-
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throughput platform. Hence, this could aid in the efficient diagnosis of HCC. Our study 

has a potential to offer an assistance to clinicians in assessing individuals at increased 

risk of the disease. 
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Chapter Seven: General Discussion 
	

7.1. Epidemics and Fatality of Hepatocellular Carcinoma 

Hepatocellular carcinoma (HCC) is a prevalent primary malignancy of the liver. It is 

recognised as one of the most common cancers worldwide, where over 0.8 million 

people are affected yearly (29) and the number of new cases of HCC increases every 

year. Alarmingly, a million people die on a yearly basis to the cancer and therefore it is 

not surprising that it is the third most common cause of cancer related mortalities 

worldwide. These increasing incidences and high mortality rates are seen in many 

populous regions of the world, especially China and Sub-Saharan Africa and in recent 

years, gradually growing in developed countries, such the USA (482). The increasing 

incidence of HCC has been attributed primarily to the growing presence of risk factors, 

such as chronic hepatitis B and C virus infections. Moreover, the incidence of long 

standing abuse of alcohol, nonalcoholic fatty liver disease (NAFLD) and consumption 

of aflatoxins are well known causes of increased chronic liver disease and ultimately 

HCC progression (482). HCC has poor prognosis, with most patients having a short 

survival time of up to just twelve months. This poor outlook is associated with late 

detection of advanced tumours by current diagnostic platforms. Present-day diagnosis 

is based on imaging studies such as computed tomography, magnetic resonance 

imaging, ultrasound, as well as serological laboratory tests such as serum Alpha 

Fetoprotein measurements (AFP) (30). Although serum AFP measurement has been 

recommended as an assistive tool to go with the imaging tests (483), its sensitivity is 

still sub-optimal in that there are about 40% of cases of HCC patients who have normal 

AFP levels. With this in mind, the urgent need to identify biomarkers for the early 

diagnosis of HCC is clearly unmet. Interestingly, some candidate biomarkers have 
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emerged to aid in early HCC diagnosis and these include mediators of the tumour 

microenvironment, as well as host immune response such as cytokines (Interleukin-8, 

Tumour Necrosis Factor-b), enzymes (proteasomes) (484) and tumour-associated 

antigens (TAAs). These are, however, not as effective as autoantibodies found in the 

serum of patients which react with cellular antigens produced by the tumour. In view 

of the knowledge that autoantibodies have greater advantages as early diagnostic 

markers, such as (i) appearing several months to years before clinical diagnosis of the 

tumour, (ii) their magnified signals of early carcinogenesis are easier to detect than 

TAAs themselves and (iii) they are measured in the blood (non-invasive), our research 

aimed to profile autoantibody responses to a wide range of TAAs in a Hepatocellular 

carcinoma background. 

7.2 Development of the New Antigen Microarray Platform 

The ultimate goal of this thesis was to design a reliable, high-throughput, diagnostic 

platform that would primarily be used to quantify and characterise anti-TAA specific 

IgG autoantibodies in HCC patients. In Chapter 3 we examined the reproducibility of 

the in-house antigen microarray assay. Specifically, optimisation, redesigning assay 

protocols, and determining the validity of the established platform were studied to 

ensure the antigen microarray assay was reliable for this early biomarker detection. The 

first step taken was to assess the reproducibility (precision) of the existing antigen 

microarray protocol using quality control antigens such as Candida albicans and 

Tetanus toxoid because the available HCC TAAs, as well as HCC serum, were 

precious, and we did not want to use them all up for optimisation. Intra- and inter-assay 

values of IgG measurements and spot morphology of control antigens probed with 

purified IgG and control sera were determined. In the study, the acceptable limits of 

precision of CV values in a day (intra-assay) and across different days (inter-assay) 
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were £15% and £20% respectively and these were adapted in accordance with 

pharmacokinetic guidelines provided by the Food and Drugs Administration. Inter-

assay CV values of IgG responses falling outside the accepted precision criteria was 

problematic. However, the introduction of human IgG standard curve helped to 

standardize the values as inter-assay values, after interpolation on the standard curve, 

mostly fell within the acceptable limits of precision. Hence, going forward, the human 

IgG standard curve would be used when measuring IgG responses in patient samples. 

The morphological appearance of antigen spots on the slide is very crucial with respect 

to obtaining reproducible outcomes (388, 485, 486). We decided to assess spot 

morphology of antigens, as well as variation in signals without incorporating human 

IgG standards. We did this because our intention was to minimise variations as much 

as possible before utilising normalisation strategies. In this regard, we tested some HCC 

TAAs with its corresponding antibody or control sera over two days, after which we 

compared the signal intensities generated and the morphology of spots on the slide. We 

noticed some slight differences in signals and spot sizes across two days in terms of the 

inter-assay precision, but this was minimal as compared to previous experiments. This 

enlightened us to redesign the antigen microarray assay to suit our study, since the 

existing protocol was developed for a different purpose. Chapter 3 gave an in-depth 

explanation of the progressive steps taken to investigating and optimising the assay. 

Investigations were undertaken on parameters such as relative humidity, microtitre 

volumes, edge effect, slide surface chemistries, printing and blocking buffers, antibody 

dilutions, antigen concentrations as these are very vital in obtaining optimal conditions 

for the assay (384, 486-488). 

 We carefully assessed different printing buffers prepared in-house to determine the one 

which would be suitable for arraying TAAs. PBS-Trehalose-Betaine-tween produced 
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uniform morphology of spots, high signal intensity and low background noise, making 

them ideal for our antigen microarray platform. Interestingly, in a study by Selvarajah 

et al, PBS-Trehalose-Tween gave consistent spot morphologies, but this was printing 

capture antibodies, not antigens. This shows that the choice of printing buffer is affected 

by the type of protein printed. Different slide surface chemistries were tested with the 

optimal printing buffer to determine the suitable array surface for immobilising antigens 

as this has an effect on microarray precision (488). Aminosilane slide surface together 

with PBS Trehalose-Betaine-tween gave a reduction in spot to spot variation as well as 

high signal intensities. Other studies have shown that Poly-L-lysine (388) and 

Nitrocellulose  (489) give higher signal intensities and low background noise. However, 

these studies arrayed antibodies and lysates respectively and so it was no surprise that 

we had a contradictory outcome. This further reveal that the choice of array surface is 

influenced by the nature of antigen or protein arrayed. In addition, elements such as 10 

µl microtiter volume, 65% relative arrayer humidity, 5% BSA blocking reagent, 

increasing the wash steps, dilution of reagents/antibodies all aided to enhance the 

performance of the antigen microarray and this was in accordance with published 

studies (486). Having built the assay to suit our TAAs, patient samples and reagents, 

we moved to validating the technology by testing some analytical parameters such as 

the reproducibility (precision) and reliability. This time around, we utilised commercial 

TAAs expressed in E. coli, along with patients’ sera. CV values were within the 

acceptable limits of precision (£15% and £20% respectively) and these were in 

accordance with validation studies undertaken by Wood (490) and Lucas (491). Hence, 

the in-house microarray assay was now established for profiling autoantibody responses 

in HCC patients. 
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Quite a number of challenges were encountered while developing and validating the 

microarray and these needed to be addressed. However, faults associated with the 

arrayer affects the aforementioned parameters and this significantly affected the 

outcome of print (383, 384). Faulty settings and mechanical breakdown impeded the 

optimisation phase. Efforts were channelled into adjusting the settings of the machine 

and fixing mechanical breakdown other than focusing on developing the assay from the 

printing and probing stages. With this, the arrayer had to be closely monitored regularly 

during prints of slides to ensure there was no error with the contact pin, circulating 

water bath and humidity. Another challenge faced was that, factors such as temperature 

easily affected the performance of the assay. In that, signal intensities and background 

noise improved in winter, where there was a drop-in temperature compared to the 

summer. With this, regular maintenance of the equipment would help to eliminate such 

issues.  

7.3 Generation of Recombinant TAAs for the Microarray Assay 

As already stated, TAAs found on the tumour surface can induce the release of 

autoantibodies in cancer patients. We conducted a thorough literature search in order to 

identify TAAs that would elicit a measurable immune response in HCC patients. Thus, 

our identification was based on the criteria that TAAs showed strong immunogenicity 

in HCC or any solid tumour and were associated with liver disease. Researchers had 

highlighted that using a single TAA or marker lacks sensitivity and specificity for 

accurate cancer detection (257). However, increasing the panel of markers may offer 

an improvement in diagnostic performance. With this, 30 TAAs expressed in a 

mammalian system were identified for the study. However, the cost of these 30 TAAs 

was prohibitive so we opted to generate a panel of eight in-house TAAs expressed in 

HEK 293 cells and this which was addressed in Chapter four. One benefit of doing 
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this over purchasing commercial TAAs was also to be sure of the purity of TAAs and 

also have enough protein for the study. Eight TAAs; KRAS (492, 493), HRAS (241, 

494), HDGF (479, 495), P16 (CDKN2A) (239, 496), RALA (241, 497), P62 (498), 

P53(499) and Gankyrin (500, 501) were selected for recombinant production in HEK 

293 cells. Although studies on measuring autoantibody responses in HCC (468) or other 

cancers (273) mainly used bacterial (E. coli) expressed TAAs, we selected the 

mammalian system (HEK 293 cell line) because recombinant proteins are biologically 

active, post-translationally modified and they are similar to naturally occurring human 

proteins (413). So, our work was novel in term of using mammalian expressed TAAs 

to measure autoantibody responses in HCC. Initially four Myc-DDK tagged human 

cDNA clones (KRAS, HRAS, HDGF, P16) were purchased from Origene, USA and 

transfected into HEK 293 cells by electroporation after which resistant cells were 

selected with Geneticin G418. KRAS, HRAS and P16 were eventually successfully 

expressed after a new batch of cell line was used and the transfection procedure was 

carefully optimised by increasing the following: plasmid concentration, time of protein 

expression and the length of stable cell line selection with G418. Using old cell lines 

for transfection can result in cell stress, improper protein folding and inactive proteins 

(447), low cDNA concentration can lead to low protein expression (451) and low 

molecular weight proteins often take a long time for protein expression (450).  Hence, 

it is not surprising that a combination of the new batch of cell line and the optimised 

transfection protocol enabled us to express the proteins in cell lysates. 

Now we had expression, the next task was to purify the proteins from the cell lysates.  

Many challenges were encountered in trying to purify the recombinant proteins from 

lysates irrespective of the type of purification kit used. Three Flag (Myc-DDK) 

purification kits were tested; anti-FlagÒ M2 affinity gel (Sigma Aldrich, UK), anti-
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FlagÒ M2 magnetic beads (Sigma Aldrich, UK) and Myc TrapÒ MA magnetic beads 

(Chromotek, UK). Firstly, purification of expressed proteins in lysates (KRAS, HRAS, 

HDGF, P16) was undertaken with anti-Flag M2 affinity gel. This purification system 

is suggested to effectively pull-down Flag-tag proteins using its M2-conjugated agarose 

resin (502). Unfortunately, it was unsuccessful because the resin had lost its sensitivity 

(unfortunately it was out of date) and therefore had poor affinity for proteins expressed 

in lysates. Anti-FlagÒ M2 magnetic beads was the alternative kit tested. It consists of 

an anti-FlagÒ M2 monoclonal antibody attached to magnetic beads, which recognises 

and binds the Flag peptide sequence of either the N-, Met-N and C terminus of 

recombinant proteins in mammalian extracts. It was therefore expected that this kit 

could immunoprecipitate all recombinant proteins (KRAS, HRAS, HDGF, P16, RALA. 

P62, P53, Gankyrin) expressed in lysates. Unexpectedly, purified products were heavily 

contaminated with IgG heavy and light chains from the magnetic beads, which masked 

the Flag-tagged recombinant proteins. This was encountered despite trying different 

elution methods (Glycine-HCL pH 2.8, SDS with or without DTT) as well as altering 

the volumes of magnetic beads and lysates. This was no surprise as earlier studies had 

shown that elution with glycine-HCL doesn’t always maintain antibody integrity (453). 

We were limited with respect to further optimisation procedures because the anti-Flag 

M2 magnetic beads are generally used for small scale purification and therefore there 

wasn’t sufficient for our work. Finally, we tested Myc-TrapÒ MA magnetic beads as 

the purification tool. Unlike previous immunoprecipitation beads which were 50 µm, 

Myc Trap are nanobodies (40 µm) that have high affinity binding. These beads are 

coupled to small antibody fragments instead whole antibody and therefore there should 

be no heavy or light chain contamination in downstream applications. With this 

methodology, just a single polypeptide chain is needed to capture an antigen of interest 
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(503). Lastly, they have the advantage of not only binding the N and C terminals of 

fusion proteins but also the internal site (503). Encouragingly, the Myc Trap 

successfully purified one recombinant protein (HDGF) from HEK 293 cell extract. An 

unexpected dimerisation of the remaining recombinant proteins (KRAS, HRAS, P16, 

RALA, P62, P53, Gankyrin) occurred and therefore immunoprecipitation with Myc 

Trap was also unsuccessful. The process of generating in-house TAAs took a 

substantial amount of time, approximately nine months and was far more expensive 

than anticipated. This informed our decision to obtain commercial purified TAAs 

expressed in HEK 293 cells in addition to the in-house tumour antigens expressed in 

lysates. Other commercial TAAs produced in E. coli were kindly donated by the Centre 

of Excellence for Autoimmunity in Cancer (CEAC).  

7.4 Development of the Antigen Microarray Technology for TAAs 
expressed in Lysates 

The fourth aim of the thesis was to test the performance of in-house TAAs expressed 

in lysates as well as commercial TAAs produced in HEK 293 cells on the developed 

microarray platform (Chapter 5). This was required because the antigen microarray 

was initially developed using commercial TAAs produced in a bacterial expression 

system, E. coli. It was imperative to optimise the antigen microarray to fully suit this 

group of TAAs so as obtain good spot quality. This required pictorial inspection of the 

feature of each array in order to determine the optimal array buffer for printing TAAs, 

concentration, wash regimes, required dilution of primary and secondary antibodies for 

probing printed slides, as well as the optimal Cy5 dye for visualising the antigen-

antibody interaction. In reverse phase protein microarray, which allows a large number 

of biological samples to be measured concurrently, lysates containing human tissues 

are prepared in 2% SDS especially because they are immobilised onto Nitrocellulose 
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slides (504). In our study, PBS-Trehalose-Betaine was deemed as the most suitable for 

arraying TAAs expressed in cell lysates as it did not contain Tween and minimised 

extensive smearing across slide pads which improved signal intensities of spots. On the 

other hand, PBS-Trehalose-Betaine-Tween was optimal for arraying commercial TAAs 

expressed in HEK 293 cells. It was very vital to check the most suitable array buffer 

for each set of TAA and not assume one buffer would be suitable for all TAAs (505). 

Analysis showed that the developed antigen microarray platform was highly precise as 

values of signal intensities fell within the acceptable criteria recommended by the FDA 

when performed multiple times within a day or across different days. This makes the 

technology reliable to quantify TAA specific IgG autoantibodies in patients’ sera.  

7.5 Application of the developed Antigen Microarray Platform for 
Autoantibody Detection 

The last aim of the thesis was to use the developed in-house microarray to run a large 

set of clinical samples to test the effectiveness of our TAA panel for profiling 

autoantibody responses in HCC and examine how successful the platform is as a 

diagnostic tool. Firstly, the platform was used to screen TAA specific IgG 

autoantibodies in four different patient cohorts (183 HCC, 90 non-HCC cirrhotic, 133 

non-HCC non-cirrhotic and 46 matched healthy) using 26 TAAs as described in 

Chapter 6. Eight of the TAAs screened were produced in-house as described in 

Chapter 4 of the thesis. Ten of the TAAs were donated by CEAC for use while the 

remaining eight were obtained commercially.  

Before samples could be run of the microarray platform, we needed to test the effect of 

heat treatment on detection of antibody levels.  This was key as many samples were 

from Hepatitis B and C positive individuals and these could not be handled on the 

microarray without first inactivating viruses by heat treatment.  From our study, heat 
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treatment of cancer sera did not have an effect on the detectability of autoantibody 

responses in HCC and non-HCC patients’ sera.  Interesting,  previous studies had shown 

an increase in levels of anti-SOX2 responses in HCC sera following heat treatment 

(241), but we observed no differences in responses to our TAAs. Therefore, virally-

infected serum samples were inactivated so they could be safely used for 

immunological screening.  

Anti-P16 and anti-P53 had the highest autoantibody responses observed in HCC 

patients. This signifies that P16 and P53 antigens, which are tumour suppressor genes, 

were highly expressed in most HCC patients and therefore highlights their role in the 

development of the cancer (496). The elevated anti-TAA responses observed in HCC 

patients as compared to patients with liver cirrhosis and the healthy group in our study 

clearly demonstrates that autoantibody responses are strongly associated with the 

cancer development, as also shown by the study by Wang et al (506). Unexpectedly, 

values of autoantibody responses in non-HCC non-cirrhotics (chronic hepatitis) were 

close to that obtained in HCC patients, which is different to previous studies that 

showed that responses in chronic hepatitis patients usually express the least anti-TAAs 

responses (267). This could indicate that the transition to the cancerous stage is linked 

with autoantibody responses to certain cellular antigens that might have a role in cancer 

development (257). The observed similar distribution of autoantibody responses to 

some E. coli generated TAAs across the different cohorts could be linked to the fact 

that most people have been exposed to E. coli at some points in their lives and thus 

the assay may actually be measuring anti-E. coli responses. This highlights the 

importance of using mammalian expression systems to produce TAAs (447).   
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Our study was the first to compare autoantibody responses amongst the different 

categories of TAAs; a strong correlation between autoimmune responses to commercial 

and in-house eukaryotic TAAs (RAL-A, P62, P53, Gankyrin) shows that TAAs, 

irrespective of the form in which exist, can identify adequate autoantibody levels in 

patients’ sera. 

Our study revealed no relationship between autoantibody responses and age or 

gender of HCC patient, although increase in age poses as a risk factor for HCC (475). 

This contrasted previous studies where age significantly increased autoantibody 

responses in HCC patients, although different TAAs were used (476). Hence, our 

work suggest that age does not have an effect on autoantibody responses to our panel 

of TAAs. 

The highest autoantibody level was observed for anti-P62, anti-HRAS and anti-

HDGF in HCC patients. This may indicate that they were highly expressed in HCC 

tumours and therefore elevated expression is indicative of poor survival of patients 

(479). This implies that P62, HRAS and HDGF are very important TAAs in HCC 

development and therefore stand as potential targets for immunotherapy. Our data 

also emphasise the importance of anti-HRAS, anti-AFP and anti-P53 autoantibodies 

in the high-risk cohort (cirrhosis and chronic hepatitis patients) as they could hold a 

prospective value in the malignant transformation of HCC. This further informs that 

patients at the chronic liver disease and liver cirrhosis stages should be carefully 

monitored before tumour development. As such, a comprehensive analysis of these the 

aforementioned anti-TAA responses in pre-malignant conditions should be conducted 

in order to validate their contribution to HCC diagnosis.  
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There were a few limitations with this study that warrant mention. Firstly, there were 

limitations in the serodiagnosis aspect of the study. Amongst the three datasets, only 

one provided clinical information of patients pertaining to tumour size, while the 

remaining provided general information about the diagnosis of each sample. 

Amazingly, no information on patients’ serum AFP were provided for any of the 

samples, which is the current serological biomarker for HCC surveillance. Since AFP 

has been demonstrated to yield unsatisfactory results in the early diagnosis of HCC, it 

would have been ideal to compare these levels with the outcomes of our work. 

Consequently, this affected our ability to conduct correlation analysis between the 

prevalence of anti-TAA responses and clinicopathological characteristics of patients. 

Another limitation was that majority of sera were from patients with HCV-related HCC, 

liver cirrhosis or chronic hepatitis. It would have been ideal to have an equal distribution 

of other aetiologies such as HBV, NAFLD, alcohol, diabetes, etc. Additionally, 

majority of the clinical samples were from males and therefore made it difficult to 

compare anti-TAA responses between the two genders. Moreover, it would have been 

beneficial to add the HCV antigen to our panel in order to confirm patients’ responses 

to them. Autoantibody responses to TAAs could not be verified with another 

immunological technique such as ELISA due to limited time frame and sample volume 

Lastly, a longitudinal study of “at risk” patients/ needs to be conducted to show if the 

developed microarray could provide a platform for early diagnosis. 

In conclusion, we have shown that autoantibodies to our selected panel of TAAs gives 

a good aid for HCC detection. Our work proposes that using our microarray of TAAs 

(KRAS, HRAS, HDGF, P16, RALA, P62, P53, Gankyrin) could be used as a non-

invasive approach to help detect HCC in pre-malignant conditions such as liver 

cirrhosis and chronic hepatitis.  
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7.6 Conclusions 
	

This thesis documents work undertaken to detect and characterise autoantibodies to 

tumour-associated antigens (TAAs) in hepatocellular carcinoma (HCC) patients using 

a high-throughput screening tool. Given the devastating effects of HCC and the 

problems associated with early detection of this cancer, the in-house antigen microarray 

platform was firstly developed by exploring multiple parameters. The platform was 

further optimised and validated to aid in the detection of specific anti-TAA 

autoantibody responses in HCC patients. Eight recombinant TAAs of interest were 

successfully expressed in HEK 293 cell lysates, despite the drawbacks faced in 

streamlining methods of purification. These TAAs were used, in combination with 

commercial eukaryotic and E. coli expressed TAAs, as targets for profiling 

autoantibodies in the sera of HCC and high-risk patients. We used the developed 

platform to run a large set of clinical samples to determine the effectiveness of our TAA 

panel for profiling autoantibody responses in HCC, cirrhosis and chronic hepatitis 

patients. Our study has thus developed a blood test which is highly efficient and has the 

potential to offer a competitive benefit over present HCC diagnostic tools as it is easy 

to use, portable, non-invasive and inexpensive. It could be applicable as an annual 

check in GP surgery to provide reports of greater relevance that could be used for 

effective treatment strategies. This would undeniably enhance the future of HCC 

diagnosis and help lower mortality rates associated with this malignancy. 

 

 
	

	



Chapter	Seven-Discussion,	Conclusion,	Future	Direction	

	 -	338	-	

7.8 Future Directions 
	

An extensive amount of work had been conducted to develop the antigen microarray 

platform for the diagnosis of hepatocellular carcinoma. However, there are a number of 

areas of work that could be undertaken in the future.  

• Processing printed slides often takes up to 8 hours excluding printing and 

statistical analysis because these are done manually. It would be necessary to 

reduce the time if it is incorporated as an annual check-up in general practice 

(GP) surgery. Hence, developing an efficient robotic system that could 

undertake the probing of serum samples would be essential. This would also 

eliminate human errors, especially with pipetting tiny volumes of samples and 

reagents. Also, developing an appropriate analytical software to analyse data 

faster would allow a broader clinical audience to profit from this technique. 

Eight or sixteen pad slides were used for quantification of autoantibody levels 

in sera. Developing and using 64 pads would allow more clinical samples to be 

tested at once. Additionally, it would be enlightening if generated signals during 

scanning could indicate whether someone has HCC or not.  

• The antigen microarray platform has demonstrated good performance for the 

detection of specific anti-TAA IgG autoantibodies in HCC and pre-cancerous 

conditions. Nevertheless, it would be appropriate to have a direct comparison 

between the in-house microarray platform and other diagnostic methods such as 

ELISA to further evaluate the functioning and limitation of the technique. 

•  Having a widespread data set on the clinical history of patients is utmost for 

meaningful interpretation of results. Therefore, subsequent studies should focus 

on ensuring that sample sets obtained from different sources all have a thorough 



Chapter	Seven-Discussion,	Conclusion,	Future	Direction	

	 -	339	-	

set of clinical information about the patients, such as ethnicity, underlying liver 

aetiology, geographical region, tumour size, staging of the cancer according to 

the BCLC stage, current imaging diagnosis, serum AFP titre levels and full 

patient treatment. This would generate more comprehensive results and show 

the correlation between anti-TAA autoantibody responses and the 

clinicopathological conditions of patients.  

• Also, equal number of samples in each cohort (HCC, cirrhotic, chronic hepatitis 

and healthy controls) would be desirable. Additionally, twenty-six TAAs from 

different expression systems were used on the antigen microarray. However, 

this microarray platform is not just limited to these sets of TAAs. Testing other 

TAAs that are highly associated with HCC and produced in a eukaryotic system 

can be exploited. Several challenges were encountered during the production of 

recombinant TAAs. Therefore, subsequent studies in an attempt to produce in-

house TAAs should ensure the laboratory is equipped with the facilities in 

undertaking work of such nature. Moreover, purification of Flag-tagged TAAs 

in lysates proved futile and so purchasing clones with a different tag could be 

explored in future studies. 

• It would be ideal to obtain sequential pre-diagnosis samples so as to determine 

how long (lead time) the autoantibodies are detectable before the tumour 

appears. Additionally, it would be interesting to determine whether the same 

autoantibodies are present from start of the tumour development by the immune 

system.  

• Investigating the differences in expression patterns of IgG isotypes profiles and 

whether these change over time, will also give novel insights into autoantibody 

responses in HCC. Studies on HCC are mostly focused on the detection of IgG 
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autoantibodies as biomarkers for early diagnosis of HCC. It would be interesting 

to explore IgM autoantibodies to TAAs in HCC patients and whether there are 

differences between the two immunoglobulin groups. 

•  Furthermore, examining the binding of autoantibodies to either the surface or 

intracellular components of HCC cells would help to inform whether these early 

biomarkers have significant effects on HCC cells, such as signalling pathways, 

growth of the tumour and whether they enhance effector functions such as 

complement activation, antibody dependent cell cytotoxicity (ADCC). These 

would help outline their distinct functions in HCC. 

• The antigen microarray technology platform can be implicated in both research 

and management of HCC patients in that it could be used by clinicians to 

monitor drug treatment plan of patients in health care settings in the future. 
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APPENDIX 
 

Standard deviation of IgG responses to Candida and Tetanus on three different 
days (intra assay) before extrapolation from IgG standard dilutions curves. 
(Reference to Figure 50). 

Antigen Samples Day 1 Day 2 Day 3 

Candida Purified IgG 1 34.70 32.06 48.7.29 

 Purified IgG 2 17.56 11.73 26.29 

 Purified IgG 3 6.73 9.26 8.62 

 Purified IgG 4 59.82 41.63 102.40 

 Purified IgG 5 5.50 6.52 4.06 

	 Serum 1 152.60 61.08 45.81 

	 Serum 2 15.20 6.16 27.78 

	 Serum 3 14.18 8.16 8.24 

	 Serum 4 46.62 36.08 18.33 

	 Serum 5 8.50 3.26 6.90 

Tetanus Purified IgG 1 442.90 345.40 120.70 

	 Purified IgG 2 35.68 10.98 18.12 

	 Purified IgG 3 59.59 61.14 109.9 

	 Purified IgG 4 157.80 80.85 87.67 

	 Purified IgG 5 60.69 43.22 17.47 

	 Serum 1 366.50 257.80 156.90 

	 Serum 2 39.05 7.49 62.64 

	 Serum 3 155.50 63.73 125.5 

	 Serum 4 156.30 46.10 163.4 

	 Serum 5 210.50 67.17 37.30 
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Standard deviation of IgG responses to Candida and Tetanus across three days 
(inter-assay) before extrapolation from IgG standard dilutions curves. 
(Reference to Figure 50). 

Samples Candida Tetanus 

Purified IgG 1 452.20 3310 

Purified IgG 2 64.23 110.50 

Purified IgG 3 75.23 437.70 

Purified IgG 4 700.90 136.80 

Purified IgG 5 5.79 653.10 

Serum 1 1416 3968 

Serum 2 363.80 1792 

Serum 3 247.30 1882 

Serum 4 1439 4068 

Serum 5 71.04 3838 

 

Standard deviation of IgG standard dilutions curves probed with purified IgG 
from serum and serum samples. (Reference to Figure 51). 

 DAY 1 DAY 2 DAY 3 

IgG 1 677.40 186.20 150.60 

IgG 2 440.60 302.10 791.10 

IgG 3 235.60 332.90  397.20 

IgG 4 291.10 81.77 213.80 

IgG 5 316.70 310.90 778.80 

Serum 1 321.90  379.30 321.70 

Serum 2 440.60 96.17 165.60 

Serum 3 235.60 332.90 247.60 

Serum 4 291.10 81.77 312.60 

Serum 5 316.70 310.80 265.40 

 

 

 

 



Appendix	

	 -	376	-	

Standard deviation of IgG responses to Candida and Tetanus on three different 
days (intra assay) after extrapolation from IgG standard dilutions curves. 
(Reference to Figure 52). 

Antigen Samples Day 1 Day 2 Day 3 

Candida Purified IgG 1 0.163 0.014 0.069 

 Purified IgG 2 0.039 0.042 0.045 

 Purified IgG 3 0.026 0.031 0.014 

 Purified IgG 4 0.235 0.186 0.186 

 Purified IgG 5 0.075 0.022 0.007 

	 Serum 1 0.560 0.250 0.079 

	 Serum 2 0.030 0.038 0.068 

	 Serum 3 0.5659 0.028 0.146 

	 Serum 4 0.1849 0.166 0.038 

	 Serum 5 0.021 0.011 0.013 

Tetanus Purified IgG 1 3.615 2.571 0.218 

	 Purified IgG 2 0.085 0.041 0.031 

	 Purified IgG 3 0.268 0.237 0.191 

	 Purified IgG 4 0.760 0.440 0.170 

	 Purified IgG 5 0.178 0.169 0.031 

	 Serum 1 1.760 1.878 0.349 

	 Serum 2 0.772 0.050 0.167 

	 Serum 3 0.842 0.294 0.248 

	 Serum 4 1.050 0.348 0.413 

	 Serum 5 0.756 0.313 0.077 
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Standard deviation of IgG responses to Candida and Tetanus across three days 
(inter-assay) after extrapolation from IgG standard dilutions curves. (Reference 
to Figure 52). 

Samples Candida Tetanus 

Purified IgG 1 1.146 11.39 

Purified IgG 2 0.290 1.067 

Purified IgG 3 0.185 1.956 

Purified IgG 4 0.512 2.312 

Purified IgG 5 0.078 0.852 

Serum 1 0.817 2.515 

Serum 2 1.037 1.041 

Serum 3 0.218 2.037 

Serum 4 1.823 1.611 

Serum 5 0.284 4.574 

 

Standard deviation of anti-TAA IgG responses to HCC TAAs when printed in 
three microtiter volumes (5 µl, 10 µl, 20 µl). (Reference to Figure 59). 

5 µl Block 1 Block 2 Block 3 Block 4 Block 5 Block 6 Block 7 

AFP 1992 1146 140.7 1030 1357 654.6 366.4 

Gankyrin 2875 1918 1855 2280 1528 2259 1297 

GRP78 1959 1694 935.7 1208 1123 845.6 715.7 

P62 295.9 184.3 267.3 246.9 251.8 370.7 192.2 

APCN 1183 442.3 356.1 285.6 733.9 109.1 110.4 

10 µl Block 1 Block 2 Block 3 Block 4 Block 5 Block 6 Block 7 

AFP 1776 750.5 846.1 1082 932.7 642.6 470.3 

Gankyrin 1756 500.8 1414 1412 1338 949.4 829.2 

GRP78 450.7 510.3 631.9 432.3 376.4 561.7 636.6 

P62 251.4 85.68 106.7 150.7 84.43 68.58 56.51 

APCN 728.2 211.8 322.8 310.6 339.1 116.8 203.5 

20 µl Block 1 Block 2 Block 3 Block 4 Block 5 Block 6 Block 7 

AFP 1593 613.1 1877 2679 669.8 1100 525.5 

Gankyrin 3712 2795 1917 2607 1094 1678 985.2 
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GRP78 1409 1098 746.9 871.9 772.8 987.3 1095 

P62 578.8 283.1 301.8 296.8 531.1 239.1 331.1 

APCN 847.9 444.7 330.8 408.3 598.1 416.4 665.7 

 

Standard deviation of anti-TAA IgG responses to HCC TAAs when probed with 
different dilutions of primary (monoclonal mouse anti-His6) and secondary (anti-
mouse) antibodies. (Reference to Figure 70). 

A. Anti-mouse antibody (1:10000 in antibody diluent) 
 

Anti-His6 mouse antibody 
dilution in 5% BSA 

1:2000 1:5000 1:7000 1:10000 

IMP1 2505 3782 4375 1724 

GRP78 2255 1875 2499 1526 

Gankyrin 2334 3790 2617 2217 

AFP 613.3 2985 1848 1226 

 

B. Anti-mouse antibody (1:20000 in antibody diluent) 
 

Anti-His6 mouse antibody 
dilution in 5% BSA 

1:2000 1:5000 1:7000 1:10000 

IMP1 3110 3572 977.7 2237 

GRP78 526.8 1046 2114 1526 

Gankyrin 2745 3014 3641 1754 

AFP 2065 2162 2438 1338 

 

C. Anti-mouse antibody (1:30000 in antibody diluent) 
 

Anti-His6 mouse antibody 
dilution in 5% BSA 

1:2000 1:5000 1:7000 1:10000 

IMP1 2586 1172 4819 3113 

GRP78 2991 1762 1116 678.4 

Gankyrin 3323 2625 655.3 2654 

AFP 1169 973.4 2094 934.6 
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Standard deviation of HCC anti-TAA IgG responses to ten HCC Tumour-
Associated Antigens on day 1 (intra-assay). (Reference to Figure 73). 

TAAs Block 1 Block 2 Block 3 Block 4 Block 5 

P62 952.40 716.60 1017 929.40 821.60 

AFP 955.40 811.50 1202 958.30 930.70 

HRAS 1528 1082 1057 866.10 940.80 

Gankyrin 760.30 842.30 724.60 541.10 837.70 

APCN 897.40 880.40 666.50 1067 643.80 

GRP78 783.20 823.20 859.90 443.10 737.50 

HDGF 877.60 1045 714.60 1028 1015 

KRAS 1235 789.90 757 1335 975.80 

RALA 554.70 822 505.60 550.50 400.10 

IMP1 922.70 928.80 984.70 958.60 689.70 

 

Standard deviation of HCC anti-TAA IgG responses to ten HCC Tumour-
Associated Antigens on day 2 (intra-assay). (Reference to Figure 73). 

TAAs Block 1 Block 2 Block 3 Block 4 Block 5 

P62 667.80 674.50 516.50 539.30 876.40 

AFP 686.40 1066 671.70 820 528.10 

HRAS 545.20 909.80 794 623.70 865.40 

Gankyrin 956.70 1021 1088 907.80 799.80 

APCN 924.50 830.20 891.80 617 965.40 

GRP78 790.70 559.70 799.40 1083 1104 

HDGF 914.30 985.90 890.80 1123 781.40 

KRAS 1026 868.50 772.60 788 6029 

RALA 800.60 933.10 351.20 602.90 441.40 

IMP1 854.40 575.50 832.10 793.90 1003 
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Standard deviation of HCC anti-TAA IgG responses to ten HCC Tumour-Associated 
Antigens on day 3 (intra-assay). (Reference to Figure 73). 

TAAs Block 1 Block 2 Block 3 Block 4 Block 5 

P62 588.50 682.80 783.80 691.60 798.60 

AFP 972 469.20 848.40 1541 873.60 

HRAS 820.20 877.200 1598 874.60 579 

Gankyrin 1238 1487 1066 807.70 1549 

APCN 1163 520.50 291.80 1403 775.10 

GRP78 1485 490.40 1255 970.50 1078 

HDGF 1024 806.70 988.50 823.70 851.90 

KRAS 520.50 778 537.20 865.40 1360 

RALA 798.70 704.40 509.60 463.90 877.80 

IMP1 624.10 879.10 1093 1261 868.90 

 

 

Standard deviation of HCC anti-TAA IgG responses before interpolation with 
IgG standard curve on day 1 (intra-assay). (Reference to Figure 76). 

TAAs Sample 
1 

Sample 
2	

Sample 
3	

Sample 
4	

Sample 
5	

Sample 
6	

Sample 
7	

AFP 238 33.58 23.08 33.08 27.52 203 34.80 

Gankyrin 236.70 283.10 52.94 86.78 70.25 380.80 72.12 

APCN 29.20 32.85 32.20 74.20 202.70 106.40 27.92 

GRP78 116.80 50.74 51.24 51.49 19.23 278.25 39.40 

HDGF 14.97 23.54 30.34 27.32 14.77 22.15 25.68 

KRAS 24.20 26.43 35.53 41.34 27.16 37.05 43.74 

RALA 23.86 44.92 61.70 19.62 29.83 32.29 31.13 

IMP1 26.45 39.29 32.40 39.97 254.40 36.24 15.71 

P62 32.63 27.66 27.50 23.65 8.75 29.16 7.25 

HRAS 77.35 48.30 33.34 46.64 144.10 43.78 12.30 
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Standard deviation of HCC anti-TAA IgG responses before interpolation with 
IgG standard curve on day 2 (intra-assay). (Reference to Figure 76). 

TAAs Sample 
1 

Sample 
2	

Sample 
3	

Sample 
4	

Sample 
5	

Sample 
6	

Sample 
7	

AFP 411.90 50.96 46.67 30.78 23.15 320.80 31.30 

Gankyrin 276.8 253.70 204.20 33.63 14.51 316.90 30.57 

APCN 80.30 22.52 25.08 26.36 143.40 142 28.58 

GRP78 324 21.20 26.52 34.06 26.05 198.70 23.80 

HDGF 15.86 30.93 21.56 21.71 20.67 27.27 31.25 

KRAS 21.75 26.43 18.69 31.91 16.65 30.92 26.52 

RALA 23.86 32.29 26.54 19.62 29.83 38.40 31.13 

IMP1 26.23 15.76 18.11 29.84 247.30 32.56 19.76 

P62 47.68 39.53 10.62 21.04 23.59 30.69 29.27 

HRAS 30.24 65.38 18.58 22.39 151.60 31.88 12.30 

 

Standard deviation of HCC anti-TAA IgG responses before interpolation with 
IgG standard curve on day 3 (intra-assay). (Reference to Figure 76). 

	

TAAs Sample 
1 

Sample 
2	

Sample 
3	

Sample 
4	

Sample 
5	

Sample 
6	

Sample 
7	

AFP 280.10 20.77 49.50 18.66 13.70 337.20 41.12 

Gankyrin 356.90 349.30 26.17 69.01 34.71 728.80 29.25 

APCN 29.13 29.63 23.08 23.70 295.10 30.55 24.52 

GRP78 329.50 49.42 35.92 29.90 29.59 328.10 32.75 

HDGF 29.31 32.75 13.33 23.72 29.70 18.36 26.05 

KRAS 31.18 18.63 22.39 30.65 31.82 25.53 23.60 

RALA 34.19 23.99 11.93 17.96 10.32 25.53 42.10 

IMP1 31.10 28.52 15.93 11.15 88.11 24.94 6.51 

P62 25.16 22.01 34.64 24.12 21.33 29.47 10.22 

HRAS 30.41 29.16 32.13 27.11 152.50 33.73 11.46 
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Standard deviation of HCC anti-TAA IgG responses after interpolation with IgG 
standard curve on day 1 (intra-assay). (Reference to Figure 77). 

TAAs Sample 
1 

Sample 
2	

Sample 
3	

Sample 
4	

Sample 
5	

Sample 
6	

Sample 
7	

AFP 0.070 0.013 0.005 0.008 0.010 0.058 0.012 

Gankyrin 0.134 0.134 0.013 0.026 0.026 0.148 0.026 

APCN 0.009 0.009 0.013 0.010 0.085 0.030 0.009 

GRP78 0.014 0.014 0.012 0.005 0.007 0.094 0.014 

HDGF 0.005 0.005 0.007 0.007 0.010 0.006 0.040 

KRAS 0.010 0.010 0.008 0.001 0.010 0.010 0.015 

RALA 0.009 0.009 0.015 0.031 0.105 0.009 0.010 

IMP1 0.006 0.006 0.008 0.004 0.003 0.009 0.005 

P62 0.011 0.011 0.007 0.007 0.008 0.008 0.003 

HRAS 0.020 0.02 0.008 0.004 0.012 0.012 0.004 

	

	

Standard deviation of HCC anti-TAA IgG responses after interpolation with IgG 
standard curve on day 2 (intra-assay). (Reference to Figure 77). 

TAAs Sample 
1 

Sample 
2	

Sample 
3	

Sample 
4	

Sample 
5	

Sample 
6	

Sample 
7	

AFP 0.083 0.020 0.010 0.009 0.009 0.090 0.011 

Gankyrin 0.173 0.129 0.060 0.010 0.010 0.134 0.011 

APCN 0.020 0.040 0.006 0.008 0.062 0.040 0.010 

GRP78 0.114 0.009 0.006 0.010 0.009 0.070 0.008 

HDGF 0.005 0.012 0.005 0.008 0.007 0.007 0.010 

KRAS 0.010 0.010 0.005 0.003 0.006 0.008 0.009 

RALA 0.012 0.013 0.006 0.003 0.109 0.008 0.010 

IMP1 0.013 0.006 0.004 0.030 0.106 0.009 0.006 

P62 0.006 0.016 0.003 0.006 0.009 0.008 0.010 

HRAS 0.015 0.030 0.005 0.006 0.065 0.009 0.004 
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Standard deviation of HCC anti-TAA IgG responses after interpolation with IgG 
standard curve on day 3 (intra-assay). (Reference to Figure 77). 

TAAs Sample 
1 

Sample 
2	

Sample 
3	

Sample 
4	

Sample 
5	

Sample 
6	

Sample 
7	

AFP 0.076 0.005 0.002 0.008 0.001 0.104 0.001 

Gankyrin 0.012 0.093 0.006 0.030 0.011 0.317 0.010 

APCN 0.007 0.007 0.002 0.009 0.003 0.009 0.001 

GRP78 0.024 0.011 0.003 0.012 0.003 0.124 0.001 

HDGF 0.002 0.008 0.003 0.001 0.005 0.005 0.003 

KRAS 0.002 0.004 0.003 0.0003 0.009 0.006 0.015 

RALA 0.009 0.005 0.003 0.010 0.010 0.007 0.016 

IMP1 0.008 0.006 0.004 0.002 0.033 0.007 0.009 

P62 0.006 0.005 0.005 0.005 0.009 0.008 0.010 

HRAS 0.008 0.007 0.001 0.001 0.060 0.009 0.004 

	

Standard deviation of HCC anti-TAA IgG responses before interpolation with 
IgG standard curve across three different days (inter-assay). (Figure 78). 

TAAs Sample 
1 

Sample 
2	

Sample 
3	

Sample 
4	

Sample 
5	

Sample 
6	

Sample 
7	

AFP 702.80 116.80 77.67 71.60 80.91 693.90 173.70 

Gankyrin 725.4 894.70 309.70 168.80 83.91 914.70 91.21 

APCN 131.70 61.85 81.60 125.70 708.80 718.10 77.55 

GRP78 704.90 72.21 86.28 56.46 58.94 923.50 79.07 

HDGF 49.29 70.03 48.68 69.30 49.42 97.82 80.10 

KRAS 65.05 53.50 99.55 67.01 62.56 151.80 64.50 

RALA 112 78.89 108.70 61 66.87 84.46 61.83 

IMP1 96.29 68.11 47.42 87.90 729.30 84.72 45.41 

P62 88.83 74.43 62.54 82.99 52.16 84.26 47.30 

HRAS 166.3 102.60 56.68 114.40 519.50 72.05 45.50 
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Standard deviation of HCC anti-TAA IgG responses after interpolation with IgG 
standard curve across three different days (inter-assay). (Reference to Figure 
78). 

TAAs Sample 
1 

Sample 
2	

Sample 
3	

Sample 
4	

Sample 
5	

Sample 
6	

Sample 
7	

AFP 0.301 0.060 0.030 0.015 0.036 0.154 0.067 

Gankyrin 0.351 0.196 0.150 0.073 0.097 0.381 0.105 

APCN 0.016 0.008 0.027 0.027 0.235 0.165 0.016 

GRP78 0.020 0.024 0.015 0.028 0.014 0.260 0.312 

HDGF 0.005 0.009 0.136 0.015 0.010 0.040 0.003 

KRAS 0.353 0.014 0.010 0.009 0.200 0.022 0.022 

RALA 0.040 0.018 0.009 0.007 0.037 0.040 0.020 

IMP1 0.032 0.027 0.015 0.010 0.230 0.036 0.040 

P62 0.020 0.024 0.011 0.009 0.021 0.052 0.018 

HRAS 0.034 0.056 0.018 0.014 0.240 0.071 0.017 

 

 

 

 

 


