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Abstract:

Lymphovascular invasion (LVI) refers to tumour cells invasion through the lymphatic space,
blood vessel. Although the LVI mechanism has not been clearly demonstrated, LVI may reflect
a surrounding tumour microenvironment that predicts aggressive tumour underlying thus
worse prognosis. Therefore, intreaction of LVI with Tumour micro-environment (TME) is
stressed in this particular study. TME comprises cellular components and non-cellular
components like blood vessels and extra cellular matrix (ECM) surrounding a tumour. There
is little evidence regarding the relation between LVI and TME. Epithelial-mesenchymal
transition (EMT) plays a key role in the progression and metastasis of Breast cancer (BC). This
research aimed to explore the clinicopathological importance of Lipocalin 2 (LCN2), Solute
carrier Family 22 member 17 (SLC22A17), Cluster of Differentiation-276 (CD276 or B7-H3)
and Leukocyte associated immunoglobulin like receptor-1 (LAIR-1) in BC cohort. LCN2 plays a
major role in the BC transition from EMT, angiogenesis, cell migration, and invasion. Notably,
LCN2 functions by involving multiple signalling pathways as an initiator of carcinogenesis and
metastasis. The exact mechanism between LCN2 and SLC22A17 is not completely understood.
CD276is an important member of the B7 family of immune checkpoints expressed on antigen
presenting cells and plays an important role in inhibiting the activity of T cells. Importantly,
on a broad range of human solid tumours, CD276 is over-expressed and often associated with
both adverse prognosis and bad clinical results in patients. LAIR-1 is an inhibitory receptor
that is expressed on many leukocytes and on most types of hematopoietic cells and negatively
regulate immune response, but the role of LAIR-1 in tumor micro-environment and its
possible mechanism of action in LVI is clearly not understood. Thus, in the current study we
evaluated each marker using a well characterized breast cancer cohort to evaluate the impact

on TME.
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Method: Biomarkers of interest were assessed at transcriptomic and proteomic level using
multiple BC cohorts; the Molecular Taxonomy of BC International Consortium cohort
(METABRIC; n =1980) (mRNA), The Cancer Genome Atlas BC cohort (TCGA; n = 949) (mRNA)
and the publicly available BC transcriptomic data hosted by BC Gene-Expression Miner (bc-
GenExMiner v4.0) (mRNA), Kaplan—Meier plotter (MRNA and protein) and the Nottingham
BC cohort (protein) (n=2000) prepared as tissue microarrays. The association between

clinicopathological variables and patient outcome were investigated.

Results: LCN2, CD276 and LAIR1 mRNAs showed significant positive associations with poor
prognostic characteristics; high histological grade (p<0.001), HER2 status (p<0.001), and
integrative Clusters 5 and 10 (p<0.001) which was associated with poorer clinical outcome.
High expression of SLC22A17, CD276 and LAIR-1 protein (cytoplasmic) expressions was
associated with high tumour grade (p<0.001), poor Nottingham Prognostic Index (NPI;
p=0.012), hormone receptor negativity (p<0.01), among IHC associated with triple negative
and human epidermal growth factor 2 (HER2) + tumours (p=0.019). However, SLC22A17
mRNA level was not aligned with SLC22A17 protein levels and LCN2 protein expression
showed favourable outcome with few prognostic features. Separate multivariate (all four
markers were individually analysed) analysis demonstrated that LCN2 nuclear protein
expression is an independent predictor of BCSS [p<0.001; HR 1.7 (95% CI 1.4-2.1)], CD276
[p=0.017; HR 1.0 (95% CI 1.0-1.5)], LAIR-1 protein expression [p=0.037; HR 0.6 (95% CI 0.3-
0.9)] however, SLC22A17 protein expression was not an independent predictor for BCSS

[p=0.973; HR 0.9 (95% CI 0.7-1.3)].
Conclusion:

In conclusion, we demonstrated that all four markers were associated with high grade, more
advanced tumours and poor patinet outcome. Furthur functional studies needed to elucidate

the molecular mechanisms,their association with LVl and TME.
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CHAPTER 1
Introduction

1.1 Epidemiology of breast cancer

Breast cancer (BC) is one of the most prevalent forms of cancer in general and the most
frequent form of cancer in women (Office of National Statistics, 2017). BC is the world's
second-largest cause of cancer-related deaths following lung cancer. In terms of mortality, BC
was the world's fourth most common cause of death leading to 7% of cancer deaths in both
sexes of 2017. (1). Despite advancements in early diagnosis and intervention, results
modelling remains imprecise; thus, continued work is crucial to identifying future prognostic
targets for improving BC care. It is a reality that many genes in cancer are apparently
controlled up or down during the process of disease progression (2), the discovery and control
of deregulated genes could therefore be valuable both to increase our knowledge of the

condition and to strengthen the care protocol for cancer therapy.

1.2 Breast cancer morphology
Histological types

Breast cancer is categorised morphologically into several subtypes, based on distinctions and
histological characteristics. Breast cancer includes more than 20 histological forms including
ductal, no special type (NST), lobular, mucinous and tubular, and each subtype may have
multiple morphological variations, according to the new WHO book classification (3) of breast
tumours. Breast cancer is classified into 3 grades according to differentiation (Nottingham

grading system) (4).

1.2.1 Breast Cancer Molecular Subtypes

Breast cancer tumours are heterogeneous, suggesting that different types exist and their
classification system is continually being revised to adapt to new treatment strategies and to
assess the prognostic characteristics of tumours. Present concepts of classification include:
Luminal A, Luminal B, HER2 positive, basal / triple negative and natural classification (5, 6).
Early classification was based on hormone receptor status such as; receptor of oestrogen (ER),
receptor of progesterone (PR), and receptor of the human epidermal growth factor 2 (HER2).

Table 1 depicts possible treatment for specific BC subtypes.
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Table 1 Treatment Recommendation for Breast cancer subtypes (*St. Gallen International

Expert Consensus 2011)
Systemic Treatment Recommendations for Breast cancer Subtypes
Subtype Clinico-pathologic definition Treatment
ER and/or PgR positive s Endocrine therapy
LUMINAL A HER2 negative
Ki-67 low (<14%)
ER and/or PgR positive e Endocrine * cytotoxic
HER2- HER2 negative therapy
LUMINAL B Ki-67 high (>14%)
ER and/or PgR positive e Endocrine + cytotoxic
HER2+ HER2 over-expressed or therapy + anti-HER2
amplified
Any Ki-67
HER2 over-expressed or e Cytotoxic + anti-HER2
HER2+ amplified
ER and PgR absent
TRIPLE-NEGATIVE ER and PgR absent e Cytotoxic
e HER2 negative

1.2.2 Luminal A Breast Cancer

Luminal A breast cancer is characterized by ER and/or PR expression, but does not display
HER2 (6) and is trailed by weak Ki-67 expression (7), a proliferation marker (8). Luminal A
tumour patients have a good long-term overall survival (9) and have more time to develop

remote metastases (5), indicating a strong survival for this subtype.

1.2.3 Luminal B Breast Cancer

Luminal B breast cancer is also characterised by ER and/or PR expression but unlike luminal
A, Luminal B has strong Ki-67 expression and is seen in few cases (7). As a high expression of
Ki-67 correlated with a poor prognosis, this means that luminal B tumours have a worse

survival than luminal A tumours (10).

1.2.4 HER2 Positive Breast Cancer

HER2-positive tumour are known as BC HER2-positive (5, 6). These tumours usually do not
express either ER or PR (11). Patients with high HER2 amplification tumours tend to have
decreased survival compared with those with low HER2 amplification and poor prognosis

(12). Such HER2 receptors may be attacked by various treatments, including trastuzumab

13
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(Herceptin), a humanised monoclonal antibody, but not all stable HER2 tumours do respond

to them (13).

1.2.5 Triple Negative/Basal-like Breast Cancer

Triple Negative Breast Cancers (TNBC) receptors for ER, PR and HER2 (6, 7). As described
above, such biomarkers offer therapeutic incentives to use a multitude of selective therapies
against them to stop the progression of tumours. Nevertheless, because TNBC tumours don't
activate these receptors, they're more difficult to target.

Basal-like breast cancers, a TNBC subgroup, exhibit a similar phenotype for TNBCs but also
communicate a series of basal signals and present characteristics that distinguish them from
TNBCs (14). TNBC patients tend to have lower mortality relative to those with hormone
receptor positive while HER2-negative tumours. A retrospective study of breast cancer
prognosis found that TNBC patients have the lowest overall survival prognosis for stable

breast cancers relative to luminal A, luminal B and HER2 (9).

1.2.6 Normal-like Breast Cancer

Such tumours are distinguished by gene expression in adipose tissue and other forms of cells,
including non-epithelial cells (5). This phenomenon is followed by decreased gene expression
in luminal epithelial cells (6), this form of tumour is near the luminal A subtype due to the
presence of ERs and PRs, accompanied by a lack of HER2 and Ki-67 expression(7) and large

molecular weight cytokeratin 5 (CK5) (15).

1.2.7 Outcome of Breast Cancer

Breast cancer can be viewed as a class of diseases with a wide spectrum of individuals with
substantially unpredictable actions and effect in terms of result and behavior. The result of
breast cancer has generally improved after the implementation of screening system and the
growing use of specific therapies. Recent figures show that women with invasive breast
cancer have a 5-year survival rate of 90%. The overall survival rate is 83% over 10 years. If the
disease is in the breast alone, women with breast cancer have a survival rate of 99% over 5

years. 62% (62%) of women with breast cancer are diagnosed with this stage.)(16).

14
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1.3 Prognostic Variables In Breast Cancer
1.3.1 Tumour Size

Tumor size is one of the leading predictors of breast cancer tumour development. The
incidence of nodal metastases in tumour cases below 1.0 cm is 10%-20%, and node-negative
patients with tumours below 1.0 cm have a 10-year disease-free survival rate of around 90%

(17).

1.3.2 Tumour Grade

The histological grade is based on a combination of mitotic results, nuclear grade and
architectural morphological appearance. Several studies have shown that the tumour grade
(especially high) is essential in predicting recurrence (17). Histological type is closely related
to lymphovascular invasion, so tumours with lymphatic permeation have a worse prognosis
even in the absence of nodal metastases. Invasive BC such as medullary types, for example,
are of high grade with poor patient survival (18). Nonetheless, low-grade aggressive subtypes
of breast cancer such as tubular, papillary, cribriform grade 1 (low grade) have a much-

improved prognosis (Cancer research UK).

1.3.3 Oestrogen and Progesterone Receptor

Approximately 82% of tumours produce Oestrogen receptor binding protein (ER), which can
be detected through radioligand assay and in practice by immunohistochemical examination,
leading to the use of Oestrogen receptor as a method of selection in endocrine therapy. While
survival in ER positive cancers is longer, this is primarily because women survive longer after
first recurrence after a better response to hormone therapy. Oestrogen and the progesterone
receptor (PR) also are effective in assessing reactions to endocrine therapy. Positive ER / PR
tumours have a response rate of 60-70% compared with less than 10% for negative ER / PR

tumours, whereas negative ER / PR tumours have an intermediate response rate (40%) (19).

15



Role of tumour microenvironment in the development of lymphovascular invasion in breast cancer

1.3.4 Human epidermal growth factor receptor [HER2]

HER2-positive breast cancer cells produce too many versions of the HER2 gene, and are more
aggressive and more likely to spread than HER2-negative breast cancer. They too are more
likely to recur after treatment. This indicates that HER2-positive breast cancer has a less good

prognosis than HER2-negative breast cancer (20).

1.4 Lymphovascular Invasion [LVI]

LVl is considered as an indicator of metastatic potential when morphologically identified in
the peritumoural area, and is strongly associated with poor prognosis in many solid tumours,
including breast cancer (BC). It is also identified by tumour emboli present in the breast
surrounding invasive carcinoma within a given endothelial-lined area. The presence of LVI can
help to identify who is at increased risk for axillary lymph node and distant metastasis, while
LVI in patients with lymph node-negative invasive breast cancer has been acknowledged as a
significant prognostic factor (21). LVI presence is associated with an increased risk of axillary
lymph node and distant metastases (22). Although the LVI process has not been entirely
elucidated, LVI is deemed a prognostic factor in patients with or without adjuvant therapy
receiving metastatic axillary lymph nodes. Liu et al reported that LVI positive patients had the
worse conditions for Recurrence Free Survival (RFS) and Overall Survival (OS) when classified
along with HER2 overexpression. In comparison, the reviewers stated that in patients with LVI
and triple negative subtype had the lowest RFS and OS. The population-based study showed
that LVI is correlated with shorter RFS and OS in high-risk patients (positive lymph nodes,
tumour size > 2 cm, strong histological score, negative hormone receptor status, or age less

than 35 years) with operable breast cancer. (23).
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1.4.1 Tumour microenvironment and Lymphovascular Invasion [LVI]

Breast cancer cells detach themselves from the tumour cell mass before they have access to
vascular lumina, accompanied by infiltration and migration to the vascular walls through the
extracellular matrix (ECM) (24). Consequently, certain steps are considered prerequisites for
the LVI process. In the surrounding frontline, malignant cells infiltrate ECM as single cells or
as clusters of malignant cells. BC cells at the tumour borders upregulate genes such as the
Transforming Growth Factor (TGF-beta), the Epithelial Growth Factor Receptor (EGFR), and
other transcriptional factors that promote the possible transition of malignant epithelial cells
into a mesenchymal process by blocking E-cadherin and other cell adhesive molecules that
result in increased motility (25). Tumor micro-environment regulates biological interactions
between malignant cells and components of stroma (26). The association between malignant
cells and tumour microenvironmental stromal components through genetic and epigenetic
regulations has been documented to modify adherence and facilitate invasion and migration
of malignant cells through the adjacent ECM with corresponding enhanced penetration into
the vascular channels. (27).From the aforementioned studies we hypothesized that tumour

microenvironment plays a role in the development of vascular invasion in breast cancer.
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CHAPTER 2

Materials and Methods

2.1. Study Cohorts
The Molecular Taxonomy of BC International Consortium (METABRIC) (28) was used to

evaluate mRNA expression. Data on gene expression is pre-processed and normalised as
previously described (28). The association between LCN2, SLC22A17, CD276 and LAIR-1
MRNA, clinicopathological parameters, and patient outcome were investigated. The
Nottingham BC primary cohort were arrayed as previously described (29) using a TMA Grand-

Master (3D Histech).

On the prospective basis, clinico-pathological evidence and clinical outcomes, including BC
Specific Survival (BCSS) and the Disease-Free Interval (DFI) were preserved. The median cut-
off was used to categorise the rates of mMRNA and protein expression into subgroups high and
low. Breast cancer-specific survival (BCSS) is characterised as the percentage of individuals in
a research or patient community who have not died in a defined period of time from breast
cancer. Disease-Free Interval (DFI) has been described as the time in months from diagnosis
before local or regional recurrence occurs. Distant metastasis free survival (DMFS) was

defined as the time in months from diagnosis until distant metastasis was developed in BC.

The mRNA expression was analyzed using the BC-GenExMiner v4.1 method to verify the
findings of the METABRIC study (30). It consists of a prognosis part, and an inference system.
The prognostic module measures the prognostic influence of the calculated chromosome,
and the correlation module generates equations for data correlation. Digital software The
Kaplan — Meier Plotter-(Breast Cancer; KM-Plotter; n=1967) (31), and Breast Cancer Gene

Expression Miner v4.0 (30) were used as a supportive validation cohorts to evaluate them.

The Nottingham Tenovus Primary Series consists of 2000 primary invasive BC cases. Table 2
shows a summary of patient cohorts, clinicopathological characteristics and biomarker status

(32).
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Table 2- Summary of the clinicopathologic data for Nottingham tenovus primary series.

Parameter Frequency (%) Parameter Frequency (%)
Age at diagnosis TPN

<50 years 469 (23.7) Positive 1661 (85.8)
>50 years 1511 (76.3) Negative 276 (14.2)
Menopausal ER status

status

Pre 436 (22.1) Positive 1498 (77.3)
Post 1533 (77.9) Negative 439 (22.7)
Tumour size PR status

<2.0 19 (1.0) Positive 1040 (47.5)
>2.0 1941 (99.0) Negative 940 (52.5)
Grade HER 2 status

1 170 (9) Positive 247 (12.5)
2 770 (40.7) Negative 1733 (87.5)
3 952 (50.3) P53

NPI Wild Type 721 (36.4)
GPG 680 (34.3) Mutant 99 (5)

MPG 1101 (55.6) NA 1160 (58.6)
PPG 199 (10.1) Lvi

Tumour type Positive 635 (40.6)
Invasive ductal 1544 (84.1) Negative 930 (59.4)
Invasive lobular 147 (8.0)

Medullary 32 (1.7)

Special type 113 (6.2)
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2.2 Tissue Arrays and Immunohistochemistry

Tumour samples of formalin-fixed paraffin embedded (FFPE) (Nottingham series) have been
arrayed as previously described on tissue microarrays (TMAs) (29). TMAs were cut, 4 um
wide, on heavily loaded Leica Surgipath X-tra slides. Immunohistochemical staining was

conducted using the detection system Novolink Max Polymer.

Sections of the full face and TMA were put on a hotplate at 602 C for 10 minutes to remove
wax from the tissues. Upon cooling the slides were put for dewaxing (xylene) and rehydration
in the Leica Auto Stainer [Industrial Methylated Spirit (IMS)]. For antigen recovery, heat-
induced citrate antigen recovery (10mM citrate buffer with pH 6.0; microwave at 100W for
20 minutes) was used for all the markers. Flatbed approach was utilized after antigen
retrieval. A hydrophobic membrane was built around the tissue nuclei, and a cap of Novolink
peroxidase was applied to inhibit endogenous peroxidase action for 5 minutes. The slides
were then washed (3X5), and the protein block Novolink was added for 5 minutes to block
small fragments of non-specific proteins that might otherwise cause background staining. The
slides were incubated with optimally diluted antibody following spray, and the antibodies

were dissolved in a main antibody diluent Leica antibody diluent.

The Novolink post primary reagent was added for 5 minutes after primary antibody
incubation to increase the penetration of the secondary agents. Novolink polymer, which is a
secondary antibody tagged with Horse Radish Peroxidase, was added for 5 minutes. A
chromogen, 3,3'-Diaminobenzidine (1:20 DAB Chromogen combined in DAB Substrate
Buffer), has been applied for 5 minutes, and has been tackled by hematoxylin, a simple stain
that stains acidic structures in violet. It allows the viewer to differentiate tumour cells from
other types of cells in the central tissue. The slides in the Leica Autostainer were then
dehydrated, and the slides were then covered with Distyrene Plasticiser Xylene (DPX) and left
for 48 hours to dry. A supportive regulation was used: a tissue microarray comparing the
portion of optimization stained with the same antibody concentration, thereby maintaining
the method's accuracy between optimization and cohort staining. A negative test, where
mere diluent was applied in place of the primary antibody, was also used to show that the

staining of the cores was directly linked to the introduction of the antibody.
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2.3 Western blotting

Western blotting is used to differentiate between a protein and a dynamic combination of
different proteins. It was first incorporated into nitrocellulose sheets by Towbin, et al. in
1979 as a simple method of electrophoretic blotting of proteins. Western blotting
procedures have since become a popular laboratory procedure for the immobilisation of
proteins on a membrane. Although several changes were made to the initial protocol as well,
the general premise persists. The macromolecules are separated and transferred to a
membrane utilizing gel electrophoresis, which was nitrocellulose. Cell lysate (13ul) + Bolt
NuPAGE LDS sample Buffer (4x) (5ul) + Bolt NuPAGE Reducing Agent (10x) (2ul) and de-
ionized water were therefore prepared as follows. Samples to denature the proteins were
put in a heat block at 100 ° C for 5 minutes. A MOPS running buffer was designed by de-
ionized water diluting 50ml 20X MOPS SDS running buffer through 950ml. The wells of the
electrophoresis gel were loaded with 20ul of the sample and 6ul PageRuler pre-stained
protein marker (ladder) (Thermofisher Scientific 22616), as a reference. The running buffer

was poured into the tank, at 160V for 60 minutes.

Mixing a 50ml 20X transfer buffer with 100ml methanol, 849ml de-ionized water and 1ml
antioxidant formed a transfer buffer. A blot sandwich with the layers put in the following
order was prepared on the cathode core: sponge, filter paper, gel, blotting membrane,
filter paper, and then a sponge. The anode core was placed on top, after using a blotting
roller to eliminate bubbles, and the package was extended for 1 hour in the 10V
electrophoresis tank. This ensured that the proteins and respective markers are
transferred from the gel to a nitrocellulose membrane. The blotting sandwich was
removed after the transition was finished, and the membrane was stained with Ponceau
stain to represent the transfer from gel to nitrocellulose membrane. A blocking solution
was formulated at room temperature for an hour with 5% Marvel Milk and 0.1 per cent

PBS-Tween 20 in required amount of washing buffer.

The mouse beta-actin (1:5000) (A5441, Sigma-Aldrich; Clone AC-15; Sigma, UK), a loading
control, were diluted in blocking solution. A wash buffer was prepared by mixing Phosphate
buffer saline (PBS) with 0.1% Tween-20. Anti-rabbit and anti-mouse secondary antibodies,
bound with a fluorescent marker, were prepared at a dilution of 1:15000 in blocking
solution 1 hour at room temperature. After 3 washes, the images were developed on a Li-
cor Odyssey Fc with image studio 4.0 (LI-COR Biosciences), with wavelengths of 600 (ladder),
700 (antibody- rabbit host) and 800 (antibody — mouse host) nm used.
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2.4 Scoring

The immune stained slides were scanned (NanoZoomer Hamamatsu Photonics, Welwyn
Garden City, UK), and viewed at 20X magnification using slide-viewing software
(NanoZoomer Digital Pathology viewing software, U12388-01, Hamamatsu). The cytoplasmic
and nuclear positivity of the tumour cells were assessed using a modified histochemical score
(H-score). The H-score includes both the intensity of the staining of the tumour cells, and the
percentage of cells stained (33). The intensity is defined as negative (0), weak positive
staining (1), moderate positive staining (2) and strong positive staining (3). The proportion of
the core stained with the different intensities is substituted into the following formula in
order to calculate the H score: O(percentage of cells stained negative) +1(percentage of cells
stained weakly positive) +2(percentage of cells stained moderately positive) +3(percentage
of cells stained strongly positive).

TMA cores with less than 15% tumour cells, or showed Ductal Carcinoma in Situ (DCIS) were
excluded. All slides were scored by the same observer, Narasimha PL and compared against
a second, more experienced observer, Joseph C or Alsaleem M, where a consensus was

reached.

2.5 Statistical Analysis
Statistical analysis was performed using SPSS 24.0 software. To assess the normality of the

data, a histogram was produced. Cut-off scores were produced using the H-score (The H-
score is a method of assessing the extent of nuclear immunoreactivity, applicable to steroid
receptors like Oestrogen, Progesterone), and were used to classify the data by using either
the median or the mean, with the spread of the data as portrayed in the normality test (for
details, see results section). Associations between the expression of biomarker and the
clinical data for the Nottingham Tenovus Primary Series (32) were assessed, by performing
Pearson chi square analysis. Univariate survival analysis was performed using Kaplan-Meier
curves, using a log rank test to determine statistical significance, and multivariate analysis
was performed using the Cox regression method. Data was determined to be statistically

significant if p<0.05.
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2.6 Cell lines and Culture Media

Based on our mRNA and proteomic evaluation differential expression of proteins in BC cell
lysates were evaluated; ER-positive Luminal A (MCF-7), HER2+ (SKBr3) and Triple Negative
(MDA-MB-157) cell lines were used for the quantitative assessment. All BC cell lines were
bought from the American Type Culture Collection (ATCC, Manassas, VA USA) and cultured as
recommended by ATCC. MCF-7 was grown in RPMI-1640 (Sigma), SKBr3 (Mcocy; M9309;
Sigma) and MDA-MB-157 in RPMI-1640 (Sigma), all with a 10% fetal calf serum (FBS)
supplement. Within a few passages (all; between passage 9-14) of the original stocks, cell
lines obtained from ATCC were used, while other cell lines were authenticated by STR profiling

and tested for mycoplasma contamination (CULO01B; R&D Systems) prior to experiments.

Transient knockdown was done using siRNA, Thermo-Fisher Scientific (Silencer ® Select siRNA,
Ambion ©). Using Lipofectamine™ RNAiIMAX Transfection Reagent (catalogue number:
13778155, Thermo-Fisher Scientific, UK) as per the manufacturer's protocol, transfection was
achieved. Cell lysates were collected in the RIPA buffer (catalogue number:89900 Thermo-

Fisher Scientific, UK), and transfection efficiency was confirmed through western blotting.

2.7 Preparation of Cell Lysate: Adherent Cells

Materials
Mammalian cells grown in adherent or suspension culture, ice cold RIPA Lysis Buffer. Ice

cold PBS and ice.

Procedure
Cultured adherent cells to approximately 80% confluence on 100mm polystyrene tissue

culture plates. Cells were in log phase and was healthy. We aspirated the media and kept
plates on ice for all steps. We washed cells monolayer gently one time with 10 ml ice cold
PBS. 500 pl of RIPA Lysis Buffer [50mL of PBS, Dissolve 1% Triton X-100, 0.5% SDS, 1mM
EDTA, 1mM phenylmethylsulfonyl fluoride (PMSF), 1ImM Sodium fluoride (NaF), 1 Tablet of
Protease Inhibitor Cocktail (Complete, EDTA-free, Roche) was added. The final solution was
prepared in 1mL aliquots and stored at -20°C, the cells were scraped and lysate was
incubated on ice for 15 minutes. The lysate was centrifuged at 13,000 x g for 5 minutes at
4°C. Supernatant was collected (avoiding the pellet) and stored at -202C avoiding multiple

freeze/thaw cycles.
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2.8 Cell Passage

Materials

Culture vessels containing adherent cells, tissue-culture treated flasks, plates or dishes
Complete growth medium, pre-warmed to 37°C. Disposable, sterile 15-mL tubes 37°C
incubator with humidified atmosphere of 5% CO,. Balanced salt solution such as Dulbecco’s
Phosphate Buffered Saline (DPBS), containing no calcium, magnesium, or phenol red and

dissociation reagent such as trypsin.

Procedure

Old cell culture media was discarded from the culture vessel. Cells were washed using
Dulbecco’s Phosphate Buffered Saline (DPBS) (approximately 2 mL per 10 cm; culture
surface area). Wash solution was added to the sides of the vessel opposite to the attached
cell layer to avoid disturbing the cell layer, and the vessel was rocked back and forth several
times. Wash solution was removed from the culture vessel. Pre-warmed dissociation
reagent such as trypsin (Thermo-fisher scientific 15050065 - 0.25% phenol red 100 ml) were
added to the side of the flask; trypsin was used to cover the cell layer (approximately 0.5 mL
per 10 cmy). Culture vessel was incubated at room temperature for approximately 2
minutes. Note that the actual incubation time varies with the cell line used. Cells were
observed under the microscope for detachment. Culture vessel was gently tapped to
expedite cell detachment. When > 90% of the cells have detached, vessel was tilted for a
few seconds to allow cells to drain. Equivalent to 2 volumes (twice the volume used for the
dissociation reagent) of pre-warmed complete growth medium was added. Cells were
transferred to a 15-mL conical tube and centrifuged at 200 x g for 5 minutes. Note that the
centrifuge speed and time vary based on the cell type. Pellet was resuspended in a minimal
volume of pre-warmed complete growth medium and a sample was taken for counting. The
total number of cells and percentage viability was determined using a hemocytometer, cell
counter and Trypan Blue exclusion method. Cell suspension was diluted according to the
seeding density required for the cell line, and appropriate volume was pipetted into new cell

culture vessels along with required growth media, and cells were kept back in incubator.

24



Role of tumour microenvironment in the development of lymphovascular invasion in breast cancer

2.9 Cryopreservation
Procedure

Cryovials were labelled with the date, name of researcher, cell number, passage number
and cell type. For adherent cells, removed the cell culture media, washed in PBS, added
enough trypsin to cover the cells and incubated for 5 min in a 37°C CO2 incubator.
Resuspended in cell culture media and transferred into a 50 mL Falcon tube. Cells were
counted using a hemocytometer and their viability was determined. Cell viability was well
above 75% for cryopreservation. Centrifuged for 5 min at 1,000 rpm at room temperature.
freezing media was prepared (Cells cultured in FBS-containing media, 90% media + 10%
DMSO). Supernatant was discarded and loosened the pellet gently. Freezing media was
added to the required cell density. For mammalian cells this is usually 1,000,000/mL of
freezing media. Cells should not be at room temperature in freezing media for more than 10
min. 1 mL was aliquoted into cryovials and transferred the cryovials into a -80°C freezer. The
isopropanol ensured that the temperature decreases steadily by 1°C/minute. After
approximately 24 h, cryovials were removed from the isopropanol container and transferred

into liquid nitrogen for long term storage.

2.10 Gene knockdown by SiRNA transfection in Mammalian cells

The discovery of RNA interference mechanisms opened the way for gene expression in
mammalian cells to be easily and effectively knocked down (34). Small interfering RNAs or
siRNA are small double-stranded RNAs of approximately 21-23 nucleotides long capable of
targeting and splitting complementary mRNAs (Fig. 1). SiRNAs can be synthesised and then
transfected directly into the cell, or generated from a precursor of short hairpin RNA (shRNA).
The mature siRNA (guide strand) is loaded into the RNA Induced Silencing Complex (RISC)

once it is in cytoplasm.

The RISC structure is a molecule of multi-proteins. One of its components, the Argonaute 2
protein (Ago 2), has an RNase H-like domain involved in mRNA cleavage that occurs from the
5' end of the complementary siRNA at a position of 10 or 11 nucleotides (35). SiRNA
knockdown is transitory and not necessarily 100% efficient, but is usually adequately enough
to detect the results of targeted gene knockdown when transfected cells endure the
procedure, even if an integral gene is blocked. In current study we transfected SKBR3 (HER2+)

and MDA-MB-157 (Triple Negative) cell lines.
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Fig. 1 siRNA induced gene silencing. After transfection, the guide strand of the double-
stranded siRNA is loaded into the RISC complex, while the passenger strand is degraded. The
loaded RISC targets a specific mMRNA which will be cleaved by Argonaute 2 (Adel et al.,
2015).

Positive, negative controls and un-transfected (control) cells, were included in all
experiments. The positive control is beta-Actin and the negative control is a non-specific

scrambled siRNA. It is recommended to carry out transfections in triplicate.

2.11 Migration and invasion assays
Cell migration was calculated using the Cell Biolabs (CBA-125; San Diego, CA) 24-well

Radius™. Cells were seeded on Radius cell migration plates in this experiment, and were
allowed to form monolayers before removing the gels. Following the manufacturer's
instructions, the central gel layer was extracted after 24 h and the migration was examined
using a Zeiss LSM-510 inverted microscope (Zeiss, Germany), photographing the plates at 24
and 48 h.

To test cell invasion, we used the CytoSelect 24-Well Cell Invasion Assay (Basement
Membrane, Colorimetric) from Cell Biolabs (cat. no. CBA-110 San Diego, CA). Until detaching
and seeding into matrix-coated trans tubes, cells were incubated overnight in serum-free

water. The bottom chamber held media-added cells and 10% FBS.
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After 24-hour incubation, the residual cells in the top chamber were extracted with
moistened cotton swabs and handled from the package for 10 minutes with cell stain solution
accompanied by the application of the extraction solution per manufacturer's instructions

and calculated OD at 560 nm.

2.12 Proliferation Assay
The effect of knockdown on proliferation was assessed by the (Promega, (G3580); CellTitre

96 Aqueous One Solution Cell Proliferation Assay) 3—(4,5—dimethylthiazol-2—yl) -2,5—
diphenyltetrazolium (MTS) assay. In brief, the control and knockdown cells were seeded at
3000 cells/well in 96-well plate at 37 °C in a 5% CO2 incubator. Proliferation was measured at
24, 48 and 72 hrs by adding MTS reagent to the wells as per the manufacturer’s protocol. The
plates were incubated in for 1 h and the absorbance of each well was measured using a

Synergy™ 4 (BioTek Instruments, Winooski, VT, USA) at 490 nm.

2.13 Ethics

This study was approved by the Nottingham Research Ethics Committee 2 under
the title ‘Development of a molecular genetic classification of BC. All samples from
Nottingham used in this study were pseudo-anonymized and collected prior to 2006
and therefore under the Human Tissue Act informed patient consent was not
needed. Release of data was also pseudo-anonymized as per Human Tissue Act

regulations.
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CHAPTER 3

Role of Lipocalin 2 (LCN2) and SLC22A17 in breast Cancer

3.1 Introduction

Glycoproteins have a unique position in the pathogenesis of human diseases. Most of the
commonly employed protein biomarkers are glycoproteins. Examples include CA19-9
(carbohydrate antigen 19-9) to follow-up patients with pancreatic cancer, CEA
(carcinoembryonic antigen) for multiple solid tumours and CA125 (carbohydrate antigen 125)
used in the diagnosis, follow-up and therapy of patients with ovarian cancer (36). Most of
these glycoproteins are large molecules. However, there is a family of smaller, secreted
glycoproteins (called lipocalins) that are important in the maintenance of health and in
combating diseases effectively (37). A prototype of this family is a small, secreted
glycoprotein called Neutrophil gelatinase associated lipocalin or LCN2. In recent years, LCN2
has emerged as a novel biomarker in several benign and malignant diseases. Further, in-vitro
and in-vivo models have revealed a pivotal role for this molecule in several physiological
processes and pathological conditions (38). Lipocalins are a family of small (160-180 long
amino acids) secreted proteins that mediate a specific functional role, i.e. small hydrophobic
ligands are transported. Most family of proteins are categorised in amino acid sequences,
domain architecture, and three-dimensional protein structure based on similarity.
Nevertheless, lipocalins are a peculiar exception in that the percentage of sequence identity
among various members of the lipocalin family is sometimes even lower than the minimum
identity (20%), reporting as stable alignment (39-43). The lipocalins are typically well-known
as transport proteins that reside in the extracellular space and are involved in the transport
of RBP (Retinol binding protein) that binds and delivers retinol (Vitamin A) from the liver to
different organs (Ma H et al.,, 2019). Certain lipocalin-assigned roles include cell ageing
control, survival and differentiation (probasin and purpurine), immune response modulation
[Lipocalin 2 (LCN2), Alpha acid glycoprotein (AGP), Placental protein 14 (PP14) and apoptosis
inhibitor of macrophages (AIM)] and prostaglandin synthesis (glutathione-independent PGD2
synthase) (44).
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3.2 Lipocalin 2 (LCN2/NGAL)

Human LCN2 structurally contains a 20-amino acid signal peptide at the protein's N-terminal
end followed by the "lipocalin" domain. Under physiological conditions, an important
function of LCN2 is to serve as a bacteriostatic agent to protect the body from both Gram-
negative bacteria and mycobacterial infections by binding strongly to bacterial iron binding
proteins called siderophores, to mediates this role (43). Iron, a particularly ferrous material,
is necessary for growth of bacteria. The extremely low free iron levels in the body, however,
render it an important element that bacterial cells needed. Bacteria have evolved a
mechanism for the expression of proteins (termed siderophores) that attach to free iron
(present in the intestinal fluid and inside macrophages), particularly in its ferric shape, to
bypass this necessity for iron. LCN2 has a strong affinity to bind to the iron-loaded
siderophores. After binding to these proteins, cells expressing the cognate receptor for LCN2
take up the LCN2 siderophore complex and are therefore sequestered away from these iron
laden proteins. In this manner, LCN2 prevents its replication by depriving bacteria of an

essential nutrient (45, 46).

Other functions attributed to LCN2 include acting as a chemoattractant for neutrophils and
as an inhibitor of cellular oxidative stress. LCN2 knock-out mice showed a significant
decrease in the number of neutrophils infiltrating transplanted heart tissue compared to wild
type mice (47-51). Though LCN2 first identified as a part of neutrophil late granules (52), is
also strongly expressed in a variety of normal adult human tissues including non-neoplastic
breast ducts, kidney, liver, lungs, trachea, small intestine, bone marrow, thymus, prostate,
adipose tissue, and macrophages (53-55) . LCN2 is present in brain, heart, skeletal muscle,
spleen, testes (56-60). The expression of LCN2 is altered under several adverse conditions,
including inflammatory and metabolic disorders. Pancreatitis, meningitis, and myocarditis,
are inflammatory diseases associated with increased expression of LCN2 (44). Metabolic
disorders associated with LCN2 expression dysregulation include obesity, preeclampsia, and

disease of the kidneys (61).
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LCN2 expression in several solid and hematological tumours has been significantly increased
and is correlated with both tumour characteristics and the tumour progression. Elevated
levels of LCN2 expression have been reported in various cancers including ovarian cancer,
pancreatic cancer, lung cancer, colon cancer and BC(62)., indicating there is a strong

association between LCN2 expression and metastasis (63) (Fig. 2).

LCN2 tends to facilitate BC development, being higher in rapidly proliferating cells, in lymph
node metastasis and human epidermal growth factor receptor 2(HER2+/ERBB2) positive
tumours. In vitro studies rats suggest that HER-2 may be controlled by expression of LCN2 in
breast cancer (64). Studies conducted on the LCN2 murine homolog (24p3/LCN2) showed
that the malignant cells in leukemias, express BCR-ABL, (65, 66) a fusion protein. The
leukemia cells release large quantities of 24p3/LCN2 into the bloodstream which acts via its
receptor to induce cell death in the normal hematopoietic cells (44, 62, 66). Two potential
pathways to clarify the anti-invasive impact of LCN2 have been proposed. One pathway
includes inhibiting the FAK (focal adhesion kinase) of non-receptor tyrosine kinase. FAK
interacts with Src (another non-receptor tyrosine kinase) and provides a scaffold for the
activation of Ras-MAPK, a crucial metastasis mediator in cancer cells. Through inhibiting FAK,
LCN2 would inhibit the Ras-MAPK pathway, thus preventing cancer cell invasion and
metastasis. A second mechanism, based on previous research, indicates that ectopically
expressed E-cadherin can increase LCN2 expression (67). E-cadherin is a protein that is found
in calcium-dependent cell adhesion and facilitates the binding of epithelial cells to each other
(thus avoiding metastasis). In fact, research in human pancreatic cancer cells also showed that
LCN2 prevents angiogenesis (blood vessel formation) (67). Fig. 2 depicts all possible cancers

involving LCN2 in humans.
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Fig. 2 Role of LCN2 in different types of cancer.
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3.3 SLC22A17 [LCN2-R]

Epithelial-mesenchymal transition (EMT) is a highly dynamic process, where a lineage
transition occurs allowing epithelial cells to undergo many biochemical changes to assume a
mesenchymal cell type which involves increased migration, invasiveness, tumour progression
and the generation of tumour cells with stem cell properties that play a major role in
resistance to cancer treatment (68, 69). LCN2 may serve as a potential invasive biomarker
for advanced BC, since elevated levels of LCN2 are detected in the urine of metastatic BC

cancer patients compare to healthy controls (60, 70).

Recent study by Sasagu Kurozumi et. al, showed that LCN2 plays a role in breast cancer
progression with loss of its nuclear expression which is associated with aggressive features
and poor outcome (71). Solute Carrier Family 22 member 17 (SLC22A17) is a specific cell
surface receptor for LCN2. SLC22A17 has a transmembrane domain and facilitates the
transport of LCN2 across cytoplasmic or internal membranes (72). The physiological
regulation of SLC22A17 and LCN2 expression maybe interlinked, in murine leukemia cell
models inverse co-regulation of SLC22A17 and LCN2 expression has been observed (44). But,
it had also been reported been reported about the co-existence of SLC22A17 and LCN2 in
endometrial cancer types (73). For example, Du et al. reported that up-regulation of LCN2
and SLC22A17 in oesophageal squamous cell carcinoma, was associated with tumour

progression (74).
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3.4 Association Between LCN2 and SLC22A17

The siderocalin has attracted a lot of attention because LCN2 showed increased ability to
bind to siderophores. Specifically, extensive studies are ongoing into exploring its possible
pleiotropic roles. Nonetheless, how LCN2 will execute such pleiotropic roles remains
unclear, although its capacity to modulate iron transfer across the cell seems to be the
underlying mechanism that contribute its role in proliferation, apoptosis, and cancer
progression. The exact mechanism that serves these pleiotropic roles remain unclear. The
capacity of LCN2 to shield the matrix metalloprotease-9 (MMP9) from degradation by
creating an MMP9-LCN2 complex (75, 76) may be the biochemical foundation underlying
the role of LCN2 in cancer progression, but it cannot fully account for the contribution of
LCN2 to cell division, apoptosis and inflammation. It was therefore suggested that LCN2's
siderophore-mediated iron transport properties can play a role in these processes. This
suggested mode of action has been verified by the identification of a cellular LCN2 receptor
(LCN2-R / hLCN2-R in humans or 24p3-R, also known as SLC22A17), which promotes free
and iron-bound LCN2 endocytosis together with the discovery of small molecules capable
of acting as mammalian siderophores and retaining the iron-bound properties of LCN2. It
has been shown that LCN2 can use these mammalian siderophores to transport iron into
and out of the cell via its endo-and exocytosis using mLCN2-R (77) and thus control iron-

responsive gene expression.

Given the relevant literature in which LCN2 and LCN2-R are implicated in inflammation and
cancer, little is understood about the relationship between LCN2 and its cellular receptor. It
has been shown that 24p3-R binds LCN2 with very high affinity (78) and that 24p3-R often
exhibits strong avidity for specific ligands (such as transferrin or aloumin) (79). Hence there
could be an underlying mechanism involved in LCN2-LCN2R pathway and more research is
needed to validate these findings. String pathway analysis revealed the association between
the LCN2 receptor and LCN2 along with many other factors like MMP-9 which are known to

involve in cancer development and progression (Fig 3).
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SLC22A17
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Fig. 3 String pathway Analysis showing the association between LCN2 and SLC22A17
(p<0.001).

3.5 Hypothesis

Thus, we hypothesise that SLC22A17 may play a major role in BC progression in conjunction
with LCN2, involvement via LCN2/MMP9 pathway. However, little is known about the clinico-
pathological features of SLC22A17 expression in human BC. Therefore, the goal of this study
is to determine whether SLC22A17 play a role in the development, or progression, of breast
carcinomas. For this purpose, mRNA and protein expression of SLC22A17 were evaluated

using multiple BC cohorts.
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3.6 Results: Antibody Validation

3.7 Western Blot (WB)

The LCN2 and SLC22A17 antibody specificity (LS-C405956; Lifespan Biosciences, Seattle, WA)
(dilution: 1:500) was confirmed using different BC cell lines (SKBr3, MDA-MB-157, MDA-MB-
231 and MCF-7) (obtained from the American Type Culture Collection; Rockville, MD, USA).
The LCN2 antibody detected as single protein of 70 KDa in the SKBR3, MDA-MB-231, MDA-
MB-157 and MCF-8 cell lysate and a single band visualised for the SLC22A17 antibody at
approximately 50 KDa in the MCF-7, SKBR3 cell lysate (Fig 4). The anti-actin antibody (red
band) showed a single band at a molecular weight of 41kDa and Table 3 represents the

optimum conditions of western blot was performed.

Table 3 Elements of the Western Blot performed.

Antibody Lysates Dilution of | Secondary Dilution of Predicted
Protein Antibody Secondary Band Size
Antibody (kDa)
Anti-LCN2/LCN2 Li-cor
polyclonal 157, 1:250 Biosciences,
rabbit SKBR3, 231, IRDye 1:15000
antibody, MCF-7 800CW 70
LSBio Donkey
(LS-C405956) anti-rabbit
antibody
Li-cor
Anti-SLC22A17, | 157,231,  [1:500 Biosciences, 1112000
MCF-7, 50
Rabbit SKBR3 IRDye
monoclonal 800CW
antibody, Donkey
237539, abcam anti-rabbit
UK antibody
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A)
231 SKBr3 157 MCF-7
130 KDa
70 KDa
55 Kda
40 KDa
(b)
90 Kda
70KDa
55KDa SLC22A17
40KDa ACTIN

Fig. 4 Western blot of A) LCN2 and B) SLC22A17 in breast cancer cell lines using rabbit
monoclonal antibody against human LCN2 (LSBio — LS-C405956) and SLC22A17 (237539,
abcam, UK). Green and red bands represent protein (LCN2/SLC22A17) and Beta-Actin
(house-keeping), respectively.
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3.8 LCN2 Immunohistochemistry

To examine LCN2 expression, immunohistochemical staining was performed on full-face
breast cancer tissue and TMA (Nottingham Series) sections (4-um) using Novolink polymer
detection system as described earlier (Section 2.2). Table 4 represents IHC of LCN2 and

SLC22A17.

Table 4: A summary of conditions used in immunohistochemistry. Selected conditions are
highlighted in bold

Dilution with BC Incubation Antigen retrieval

optimization sections

LCN2 SLC22A17 30 minutes at room
temperature.
1/1000 1/1000
1/750 1/750 . Heat mdgced
Citrate retrieval at
pH6

1/500 1/800 for 20 minutes.

Overnight incubation at
1/300 1/700 4°C constant room

temperature.

1/100 1/100
1/150 1/250
1/200 1/500
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3.9 SLC22A17 and LCN2 mRNA expression and clinicopathological parameters in the
METABRIC cohort

High SLC22A17 mRNA expression was positively associated with low histological grade
(p<0.001), ER+ and PR+ (p<0.001) status. When BC was classified using the intrinsic (PAM50)
subtypes, high expression was associated with Luminal A (p<0.001) similarly, within the
METABRIC Integrative Clusters (4), elevated SLC22A17 mRNA expression was associated with
IC cluster 3 (Luminal A) associated with good prognosis, and showed low expression for IC

clusters 9 (ER+ Lum B) respectively (p<0.001;Table 5).

However, LCN2 mRNA expression showed significant positive associations with high
histological grade (p<0.001), HER2 status (p<0.001) and triple negative status (p<0.001; Table
5). High LCN2 mRNA expression was significantly associated with integrative Clusters 5 and

10 (p<0.001) which was associated with poorer clinical outcome in the METABRIC cohort.
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Table 5: Associations between SLC22A17

Clinicopathol

ogical Criteria SLC22A17 x2 &
(p Value)
Low (%) High (%)
Histological grade
53(31.2) 117 (68.8)
2 347 (45.1) 423 (549)  77.676
3 584 (61.3) 368 (38.7) (<0.001)
Tumour type
Ductal 908 (53.4) 793 (46.6)
Lobular 55 (37.4) 92 (62.6)
40.967
Special type 11 (23.9) 35(76.1) (<0.001)
Other invasive = 4 (33.3) 8 (66.7)
NPI
GPG 272 (40.0) 408 (60.0)
57.193
MPG 622(56.5)  479(435)  {5.001)
PPG 125 (62.8) 74 (37.2)
PAMS50 subtype
Luminal A 300 (41.8)  418(58.2)
Luminal B 269 (55.1) 219 (44.9) ..,
Basal 136 (56.7) 104 (43.3) (<0.001)
HER2 253 (76.9) 76 (23.1)
Normal-like 60 (30.2) 139 (69.8)
IntClustMemb
IlntCIustMemb 90 (64.7) 49 (35.3)
I2ntCIustMemb 30 (41.7) 42 (58.3)
IntClustMemb 109 (37.6)  181(624) 160,147
|4 ntClustMemb 140 (40.8) 203(59.2)  (<0.001)
I5ntCIustMemb 100 (52.6) 90 (47.4)
I6ntCIustMemb 41 (48.2) 44 (51.8)
I7ntCIustMemb 82 (43.2) 108 (56.8)
gntCIustMemb 146 (48.8) 153 (51.2)
I9ntCIustMemb 91 (62.3) 55(37.7)
|1n0tC|ustMemb 190 (84.1) 36 (15.9)
ER
Negative 334 (70.5) 140 (29.5) | 90.060
Positive 685 (45.5) 821 (54.5) (<0.001)
PR
Negative 563(59.9)  377(40.1) 50902
Positive 456 (43.8) 584(562)  (<0.001)
HER2
Negative 890 (51.4) 843 (48.6) 0.065
(0.797)
Positive 129 (52.2) 118 (47.8)

*Significant p values are highlighted in bold.

and LCN2

LCN2

Low (%)

104 (61.2)
441 (57.3)

402 (42.2)

809 (49.5)
73 (49.7)

44 (56.4)
6 (50)

400 (58.8)

510 (46.3)
80 (40.2)

433 (60.3)

335 (68.6)
66 (20.1)
96 (40)
55 (27.6)

90 (64.7)
43 (59.7)
160 (55.2)
173 (50.4)
59 (31.1)
66 (77.6)
120 (63.2)
164 (54.8)
74 (50.7)
41 (18.1)

94 (21.4)
877 (58.5)

395 (42)
595 (57.2)

911 (52.6)

79 (32.0)

mMRNA expression and
clinicopathological variables in the METABRIC cohort.

High (%)

66 (38.8)
329 (42.7)

550 (57.8)

825 (50.5)
74 (50.3)

34 (43.6)
6 (50)

280 (41.2)

591 (53.7)
119 (59.8)

285 (39.7)

153 (31.4)
263 (79.9)
144 (72.4)
144 (72.4)

49 (35.3)
29 (40.3)
130 (44.8)
170 (49.6)
131 (68.9)
19 (22.4)
70 (36.8)
135 (45.2)
72 (49.3)
185 (81.9)

345 (78.6)
621 (41.5)

545 (58)
445 (42.8)

822 (47.4)

168 (68.0)

x2 &
(p Value)

47.791
(<0.001)

1.419
(0.701)

34.779
(<0.001)

265.742
(<0.001)

178.968
(<0.001)

187.248
(p<0.00
1)

45.571
(<0.001)

36.640
(<0.001)
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3.10 Expression of LCN2 in immunohistochemistry

Full-face tissue sections were from Nottingham BC cohort which showed LCN2 expression in
tumour and LVI (Fig. 5 A & B). In contrast, LCN2 immunopositivity was observed in the
cytoplasm/membrane of invasive cancer cells, which was stronger compared to the normal
epithelial cells. On TMAs, variable degree of LCN2 protein expression in BC is shown in (Fig 5
C, D & E) LCN2 showed cytoplasmic and nuclear staining. The variation in intensity amongst
the cores was observed and figures 5 and 6 show patterns of the staining identified in breast
cancer TMAs.

On TMAs (Nottingham series), there were 714 positive cores out of which 72.1% and 27.9%
showed negative/low and high cytoplasmic expression respectively. For the nuclear staining,
30% showed negative/low expression while 70% showed high expression. Staining of both

nuclear and cytoplasmic LCN2 varied from low to high intensity (Fig 5 C & E).

Fig. 5 Morphological characteristics of LCN2 immunohistochemistry in breast cancer tissue.
A) Invasive B) LVI. LCN2 protein expression in breast cancer TMA cores. C). Nuclear D).
Cytoplasmic and E). Negative (all at 40X magnification).
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3.11 LCN2 protein expression

Immunoreactivity of LCN2 expression observed in the cytoplasm/nucleus of invasive cancer
cells (Fig 5 C & D) and low immunoreactivity was observed in TDLU and DCIS. In both the
cytoplasm and nucleus of malignant epithelial cells, LCN2 displayed poor staining in the
stroma. The expression of LCN2 was moderate to strong in the nuclei of adjacent apparently
normal duct-lobular terminal units. By contrast, invasive cancer cells ' LCN2 nuclear
immunoreactivity was lower than that of adjacent normal epithelial cells. In the cytoplasm of
cancer cells, the immunoreactivity of LCN2 was moderate compared to that in the nucleus.
Also, both cytoplasmic/nuclear LCN2 expression did not follow a normal distribution
therefore the expression of LCN2 protein was dichotomized using cut points derived from

prediction of patient survival using X-tile (80), BCSS as endpoint.

3.12 Association between LCN2 protein expression and key clinicopathological variables

At the protein level, favourable prognostic lobular tumours displayed higher LCN2 nuclear
expression in comparison to other subtypes (p<0.001). High nuclear expression was associated
with low- grade tumours (p=0.001), moderate nuclear pleomorphism (p=0.003), low mitotic
activity (p<0.001) and Luminal A tumours (comprising 78.9% of cases; p=0.004). Cytoplasmic
LCN2 expression was also high in low-grade tumours (p=0.021) and special-type tumours
(p=0.003) as well as tumours with well differentiated tubules (p=0.033) (Summarised in Table
6).

3.13 Association with Key biomarkers

High nuclear LCN2 expression showed negative association with cytokeratin 5 (p=0.002), Ki67
(p<0.001) and LVI (p=0.040) while positively associated with hormone receptor positivity
(p=0.014 and 0.044 respectively; summarized in Table 7).Low nuclear expression was
significantly associated with high Ki67 labelling index (p < 0.001), N-cadherin (p = 0.00052),
TWIST2 (p = 0.039), CK5/6 (p = 0.0088) and EGFR positivity (p = 0.019) (Table 7).

3.14 Association with patient outcome
Univariate analysis (Nottingham series) displayed significant associations with high nuclear

LCN2 expression and improved BCSS at 15 and 20-year endpoints (p=0.004 and 0.007
respectively; Fig 6). Using multivariate Cox regression, LCN2 nuclear protein expression is an

independent predictor of BCSS [p<0.001; HR 1.7 (95% Cl 1.4-2.1); Table 8].
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Table 6: Association of LCN2 nuclear and cytoplasmic expression in BC series.

Clinico-
pathological
Criteria

Age at Diagnosis
<50 years

>50 years

Tumour size
<2.0cm
>2.0cm

Histological grade

Tumour type
Ductal
Lobular
Medullary like
Special type
NPI

Good
prognostic
group
Moderate
prognostic
group

Poor
prognostic
group

IHC subtypes
Luminal A
Luminal B
HER2+

TNBC
Pleomorphism
1

2

3

Mitotic figures
1

2

3

LCN2 nuclear expression

Low (%)

77 (29.3)
137 (30.4)

91 (27.6)
123(32.5)

24(21.8)
61 (23.8)
129(37.9)

194 (33.0)
6 (8.6)
5(31.3)
9(31.0)

44 (21.3)

129 (33.2)

41 (36.3)

34(21.1)
67 (31.6)
31(30.1)
49 (41.5)

6 (42.9)
62 (22.8)
136 (34.7)

48 (21.3)
40 (26.3)

117 (38.7)

High (%)

186 (70.7)
314 (69.6)

239 (72.4)
255 (67.5)

86 (78.2)
195 (76.2)
211 (62.1)

394 (67.0)
64 (91.4)
11 (68.8)
20 (69.0)

163 (78.7)

259 (66.8)

72 (63.7)

127 (78.9)
145 (68.4)
72 (69.9)
69 (58.5)

8(57.1)
210(77.2)
256 (65.3)

177 (78.7)
112 (73.7)

185 (61.3)

*significant values are highlighted in bold

LCN2
cytoplasmic

x2 (p Value) expression

0.096
(0.757)

2.058
(0.151)

18.220
(0.001)

22.567
(0.0004)

11.543
(0.003)

13.589
(0.004)

11.918
(0.003)

19.935
(<0.001)

Low (%)

180 (68.4)
335(74.3)

232(70.3)
281 (74.3)

74 (67.3)
201 (78.5)
236 (69.4)

422 (71.8)
60 (85.7)
10 (62.5)
16 (55.2)

160 (77.3)

279 (71.9)

74 (65.5)

121 (75.2)
154 (72.6)
71 (68.9)
83(70.3)

11(78.6)
205 (75.4)
273 (69.6)

176 (78.2)
106 (69.7)

208 (68.9)

High (%)

83 (31.6)
116 (25.7)

98 (29.7)
97(25.7)

36 (32.7)
55(21.5)
104 (30.6)

166 (28.2)
10 (14.3)
6 (37.5)
13 (44.8)

47(22.7)

109 (28.1)

39 (34.5)

40 (24.8)
58 (27.4)
32(31.1)
35(29.7)

3(21.4)
67 (24.6)
119 (30.4)

49 (21.8)
46 (30.3)

94 (31.1)

x2
(p Value)

2.817
(0.093)

1.438
(0.23)

7.754
(0.021)

17.774
(0.003)

5.237
(0.07)

1.473
(0.68)

2.913
(0.233)

6.184
(0.045)
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Table 7: Associations between LCN2 expression and key biomarkers in BC

Biomarker

Cytokeratin 5

Negative
Positive
P16
Negative
Positive
ER
Negative
Positive
PR
Negative
Positive
HER2
Negative
Positive
TPN
Negative
Positive
Lvi
Negative
Positive
Ki67
Negative
Positive

N-CADHERIN

Negative
Positive
TWIST2
Negative
Positive
EGFR

Negative

Positive

LCN2 nuclear
expression
Low (%) High (%)
39 (43.8) 50 (56.2)
24 (32.9) 49 (67.1)
93 (26.1) 263 (73.9)
62(32.5) 129 (67.5)
65 (37.4) 109 (62.6)
147 (27.5) 387 (72.5)
96 (34.4) 183 (65.6)
110 (27.2) 294 (72.8)
171 (29.3) 413 (70.7)
31 (29.8) 73 (70.2)
160 (27.6) 419 (72.4)
48 (41.0) 69 (59.0)
92 (27.1) 247 (72.9)
78 (35.3) 143 (64.7)
51 (22.5) 176 (77.5)
116 (36.8) 199 (63.2)
83 (60.6) 54 (39.4)
140 (42.7) 188 (57.3)
106 (58.6) 75 (41.4)
118 (48.2) 127 (51.8)
245 (51.0) 235 (49)
47 (38.8) 74 (61.2)

LCN2
cytoplasmic
x2 Expression
(p Value)  ow (%) High (%)

9.821 61(68.5) = 28(31.5)

(0.002) 59 (69.9) 22(30.1)
2.458 194 (33.0) 394 (67.0)
(0.117) 4 (g.¢) 64 (91.4)
6.043 118 (67.8) 56 (32.2)

(0.014) 392 (73.4) 142 (26.6)

4.040 199 (71.3) 80(28.7)
(0.044) 297 (73.5) 107 (26.5)

0.012 426 (72.9) 158 (27.1)
(0.913)  72(69.2)  32(30.8)

8.330 322(74.7) 109 (25.3)
(0.004) 191 (68.7)  87(31.3)

4.209 253 (74.6) 86 (25.4)
(0.040) 155 (70.1) 66 (29.9)

12.759 161(70.9)  66(29.1)
(<0.001) 537 (73.3) 84(26.7)

75 (54.7) 62 (45.3)
0.0005 167 (50.9) 161 (49.1)

97(53.6) 84 (46.4)
0.039 129 (52.7) 116 (47.3)

248 (51.7) 232 (48.3)

.01
0.019 59(48.8)  62(51.2)

*significant values are highlighted in bold

x2

(p Value)

0.674
(0.412)

5.615
(0.018)

2.307
(0.153)

0.398
(0.528)

0.609
(0.435)

3.047
(0.081)

1.367
(0.242)

0.382
(0.536)

0.48

0.92

0.61
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1.0

0.84

0.6

Low LCN2 expression n

0.4-

Probability of Survival

0.2

=167

A

0.0 10g ranks 8.487; ps0.004
0 50

BCSS18yr

T

100

150

200

Probability of Survival

0.0

Survival Functions

Low LON2 expression n=109

Log rank= 7.359; p+0.007

0 50 100 150 200 250
BCSS20yr

Fig. 6 Kaplan Meier curves showing the relationship between LCN2 expression and BCSS. A)
Nuclear expression at 15-year BCSS B). Nuclear expression at 20-year BCSS.

Table 8: Multivariate analysis of LCN2 expression compared with tumour stage, grade, size

Variable

Whole cohort
Stage

Grade
Tumour size
LCN2

Multivariate

HR 95%ClI
1.3 1.2-1.8
1.5 1.6-2.4
1.0 1.0-1.6
1.7 1.4-2.1

Significant p values are highlighted in bold

3.15 Differential protein expression of LCN2

for breast cancer-specific survival

Breast cancer-specific survival

p value

<0.001
<0.001
0.003

<0.001

As described in the methodology, cell lines were selected based on the differential protein

expression on Western blot hence, SKBR3 and MDA-MB-157 were optimised for knockdown.

For the optimisation of the knockdown protocol two LCN2 siRNAs were used (s8113-4392420,

s8114-4392420) and a scrambled negative control (4390843).
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Optimization of siRNA transient transfection of LCN2

Pre designed LCN2 siRNAs (5nM) were diluted at 25nM concentration and tested it against a

negative non-specific scrambled control and un-transfected cells in all experiments.

Prepared a 10uM working stock by carrying out a 1:10 dilution from the 100uM stock using
nuclease-free water. 10uM stock of siRNA is equivalent to 10pmol/ul, transfections were

carried out in triplicates.

LCN2 siRNA and the scrambled negative control siRNA was prepared at 10umol
concentration. Lipofectamine RNAIMAX was used as a transporter of LCN2 SiRNA. Solution
was mixed gently and incubated at RT for 15 minutes. Cells were trypsinised and viability was
calculated using haemocytometer. Seeding was done between 2x10° cells in McCoy (SKBR3)
and RPMI (MDA-MB-157) medium in 24 wells plates. Cells were incubated at 37 °C with 5%

CO2 overnight.

To each well containing siRNA-Lipofectamine complexes, required number of cells were
added. Plate was gently moved using rocker. Incubated between 24-72hours at 37°C in CO2
incubator. On fifth day cells were collected on ice in lysis buffer. Samples were stored at -20
for western blot analysis to measure the knock-down efficacy. For each cell line and each
target, depending on well plate specific protocol was followed and was previously optimised.
Prior to transfections, cells were tested for mycoplasma and was mycoplasma free since

mycoplasma can interfere with transfection efficiency and the results.

SKBr3 and MDA-MB-157 were selected for Transfection (Knockdown) and prominent bands
were seen in WB images. Initially transient gene knockdown was optimised. Optimised
knockdown protocol was followed as previously described and two SiRNA was used. Cells
were harvested on Day 3 and Day 5 respectively and Western blot image showing the

expression of LCN2 in both the cell lines (Fig. 7 & Fig. 8).
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90 kDa

70 kDa

50 kDa
44 kDa

Fig. 7 Transfection of SKBr3 cell line - First two wells were Transfected (knockdown)
cell lysates, next two Un-transfected (control) and last two were negative control.

90 kDa
70 kDa

50 kDa

42 kDa

DAY 5

Fig. 8 Transfection of MDA-MB-157 cell line - First two wells were Transfected
(knockdown) cell lysates, next two Un-transfected (control) and last two were
negative control.

3.16 Migration
As previously described migration was followed after knockdown, using Un-transfected and

Transfected cells. Pre-migration treatment were obtained after the seeding day (i.e., Day 2)
and after 48 hours images were taken to deduce the area of migration in both un-transfected

and transfected (Fig 9).
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Pre treatment 48 HRS

B "“.‘ N4

Transfected

Un-transfected

MDA-MB-157

Fig. 9 Representative images of the migration assay in the SKBr3 and MDA-MB-
157 cells, the area of migrated cells were significantly increased in the un-transfected
(control) cells after 48 hours compared to the transfected group.
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Fig. 10 Bar graph A) SKBR3 migration from pre-migration till 48 hours. B) MDA-MB-157

migration. Black bar represents un-transfected (control), grey bar represents transfected

(knockdown).

Transfection of LCN2 using SiRNA’s reduces the migration of BC cells. Both SKBr3 and MDA-

MB-157 cells showed that the migration rate was significantly lowered in the LCN2 transfected

cells compared to the un-transfected groups (n=3; p=0.0017 and p<0.001 respectively) (Fig

10).
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3.17 Invasion Assay
Trans-well Invasion assay displayed that the number of invaded cells was significantly

decreased in the SKBr3 KD cells compared with the control group (p=0.008), followed by MDA-
MB157 (p=0.002) (Fig. 11).

@@ Control
(O Knock down

2.0-
P=0.002 P=0.008

£ 1.54 =0
=
c T
c
o]
2 1.0- _
w
-
£

0.5-

0.0~ T T

MDA-MB-157 SKBR3

Fig. 11 Invasion ability of MDA-MB-157 and SKBR3. Black bar represents
Un-transfected (control) which had invaded more compared to grey bar which was

Transfected (knockdown) respectively.
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3.18 Proliferation Assay
Proliferation assay displayed that transfected LCN2 showed significant reduction in the

proliferation of cells compared to un-transfected, cells. (Fig. 12).

0.6- A)  SKBr3

-® :Un-transfected
& Transfected

S

F=N
1
.

\

%cell viability
—p—
LY

0.2+ —n
P=0.0078
0'0 | I I |
0 24 48 72 96

Time in hours

B) MDA-MB-157

0.54 -® - Un-transfected
-&- Transfected
0.4+
5 03- i-*'
>
o 0.24
< 5
2
0.14
P=0.001
0.0 T T T T
0 24 48 72 96

Time in hours

Fig. 12 Cell proliferation was significantly reduced after LCN2 KD in both A) SKBr3 (p=0.007)
and B) MDA-MB-157 (p=0.001) cell lines as detected by MTS assay (n=3).
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CHAPTER 4
Analysis of SLC22A17

4.0 SLC22A17 genomic profiling

High SLC22A17 mRNA expression was positively associated with low histological grade
(p<0.001), ER+ and PR+ (p<0.001) status. When BC was classified using the intrinsic (PAM50)
subtypes, high expression was associated with Luminal A (p<0.001) similarly, within the
METABRIC Integrative Clusters (4), elevated SLC22A17 mRNA expression was associated with
IC cluster 3 (Luminal A) associated with good prognosis, and showed low expression for IC
clusters 9 (ER+ Lum B) respectively (p<0.001;Table 9). Using BC Gene-Expression Miner v4.0,
SLC22A17 mRNA was associated with overall survival (n=965; p=0.02), low tumour grade
(n=973; p<0.001; fig. 13 D & B) and good Nottingham Prognostic Index (n=573; p<0.001; fig.
13 A). BC Gene-Miner showed positive association between SLC22A17 mRNA with PAM50
subtypes (Luminal A; n=1914; p<0.001; fig. 13 C).
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Fig. 13 Kaplan—Meier plots of SLC22A17 expression and breast cancer patient
outcome. At transcriptomic level (A) Violin plot- Nottingham Prognostic index (NPI)
(B) Tumour Grade (C) PAM50 subtypes (D) BC gene miner overall survival.

52



Role of tumour microenvironment in the development of lymphovascular invasion in breast cancer

Table 9 Associations between SLC22A17 mRNA expression and clinicopathological variables
in the METABRIC cohort.

Clinico- SLC22A17 mRNA expression X2 &

pathological - - -
Low Expression N (%) High Expression N (%) p Value

Criteria

Age at Diagnosis

<50 234 (55.2) 190 (44.8) 2.995
>50 785 (50.4) 771 (49.6) (0.083492)
Tumour Size

<2.0 430 (50.1) 428 (49.9) 0.971
>2.0 577 (52.4) 525 (47.6) (0.324)
Histological Grade

1 53 (31.2) 117 (68.8) 77.676
2 347 (45.1) 423 (54.9) (<0.001)
3 584 (61.3) 368 (38.7)

Tumour Type

Ductal 908 (53.4) 793 (46.6)

Lobular 55 (37.4) 92 (62.6) 40.967
Medullary-like 26 (81.3) 6 (18.8) (<0.001)
Special type 11 (23.9) 35(76.1)

Miscellaneous 4 (33.3) 8 (66.7)

Nottingham Prognostic Index (NPI)

Good Prognostic 272 (40.0) 408 (60.0)

Group 57.193
g/izgs(r)asiiec Srous 622 (56.5) 479 (43.5) (<0.001)
Poor Prognostic 125 (62.8) 74 (37.2)

Group

PAMS50 subtype

Luminal A 300 (41.8) 418 (58.2) 153.573
Luminal B 269 (55.1) 219 (44.9) (<0.001)
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Basal

Her2

Normal like
IntClustMemb
IntClustMemb 1
IntClustMemb 2
IntClustMemb 3
IntClustMemb 4
IntClustMemb 5
IntClustMemb 6
IntClustMemb 7
IntClustMemb 8
IntClustMemb 9

IntClustMemb 10

136 (56.7)
253 (76.9)

60 (30.2)

90 (64.7)
30 (41.7)
109 (37.6)
140 (40.8)
100 (52.6)
41 (48.2)
82 (43.2)
146 (48.8)
91 (62.3)

190 (84.1)

Oestrogen Receptor (ER)

Negative

Positive

334 (70.5)

685 (45.5)

Progesterone Receptor (PR)

Negative

Positive

563 (59.9)

456 (43.8)

104 (43.3)
76 (23.1)

139 (69.8)

49 (35.3)
42 (58.3)
181 (62.4)
203 (59.2)
90 (47.4)
44 (51.8)
108 (56.8)
153 (51.2)
55 (37.7)

36 (15.9)

140 (29.5)

821 (54.5)

377 (40.1)

584 (56.2)

Human epidermal growth factor receptor 2 (HER2)

Negative

Positive

*significant p-values are highlighted in bold

890 (51.4)

129 (52.2)

843 (48.6)

118 (47.8)

160.147

(<0.001)

90.060

(<0.001)

50.902

(<0.001)

0.065

(0.797)
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4.1 SLC22A17 protein expression

Full-face tissue sections were from Nottingham BC cohort and selected based on tumour
grade, LVI status, and histological type, were used to evaluate the pattern of SLC22A17
protein expression prior to staining of TMAs. Full-face tissue sections showed weak SLC22A17

expression in normal glandular epithelium and DCIS (Fig 14 A & C). In contrast, SLC22A17

immunopositivity was observed in the cytoplasm of invasive cancer cells (Fig 14 D).
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Fig. 14 Immunohistochemical expression of SLC22A17 in BC. (a) Negative control (b) TDLU (c)
DCIS and (d) Invasive BC cells. SLC22A17 protein expression in breast cancer TMA cores (e)
Negative expression while (f) showing high cytoplasmic expressions at 40X magnification

respectively.

55



Role of tumour microenvironment in the development of lymphovascular invasion in breast cancer

On TMAs (Nottingham series), a variable degree of SLC22A17 protein expression was
observed as shown in Fig. 14 (E-F). Of the 645 informative cores, the median cut-off point for
SLC22A17 was set at 50 where low expression was defined as H-score <50 (48%) and above
50 (52%) was considered high. High SLC22A17 protein expression was associated with LVI
positivity (p= 0.025), high histological grade (p<0.001), high pleomorphism (p<0.001), mitotic
figure (p<0.001) and poor Nottingham Prognostic Index (NPI; p<0.001) (Table 10).

Elevated SLC22A17 expression positively associated with Ki67 (p=0.008), p53 status (p<0.001)
Proline-, glutamic acid- and leucine-rich protein 1 (PELP1) (p=0.005). Moreover, high
SLC22A17 showed positive association with EMT markers such as N-cadherin (p=0.012) and
TGF-B (p=0.036) (Table 11). However, when protein expression of SLC22A17 was correlated
with LCN2 (cytoplasmic) expression we found out that there was a significant association
between the two, although nuclear expression had a trend but showed no significance

(p=0.269) respectively.

56



Role of tumour microenvironment in the development of lymphovascular invasion in breast cancer

Table 10 Clinicopathological associations of SLC22A17 protein expression in the Nottingham

BC series.
Clinico- SLC22A17 Cytoplasmic Staining N (%) X2 &
pathological Low E. ion (%) High E. jon (% Value
Criteria ow Expression (%) igh Expression (%) p

Age at Diagnosis

<50

250

Histological Grade

1

2

3

Pleomorphism

1
2
3
Mitosis
1
2

3

IHC subtypes

Luminal B

Luminal A

Triple Negative

HER2+

Histological Type

Ductal

Lobular

Medullary-like*

Special type

Stage

118 (52.9)

252 (60.4)

71 (76.3)
134 (65.4)

166 (48.1)

10 (71.4)
145 (69.0)

209 (51.2)

163 (74.8)
58 (56.9)

143 (45.7)

118 (54.4)
110 (69.6)
59 (48.0)

43 (55.1)

395 (68.9)
39 (81.3)
8 (47.1)

18 (78.3)

105 (47.1)

65 (39.6)

22 (23.7)
71 (34.6)

179 (51.9)

4 (28.6)
65 (31.0)

199 (48.8)

55 (25.2)
44 (43.1)

170 (54.3)

99 (45.6)
48 (30.4)
64 (52.0)

35 (44.9)

178 (31.1)
9 (18.7)
9 (52.9)

5(21.7)

3.366

0.067

31.163

<0.001

19.152

<0.001

44.500

<0.001

15.087

<0.002

40.590

<0.001
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I 240 (60.6)
Il 103 (53.6)
1 28 (50.9)
Tumour Size

>2.0cm 202 (63.1)
<2.0cm 167 (52.4)

Nottingham Prognostic Index

Good Prognostic 138 (74.6)
Group

Moderate 182 (53.1)
Prognostic Group

Poor Prognostic 49 (44.1)
Group

*significant p-values are highlighted in bold

156 (39.4)
89 (46.4)

27 (49.1)

118 (36.9)

152 (47.6)

47 (25.4)

161 (46.9)

62 (55.9)

4.2 Association of SLC22A17 with patient outcome

In the whole METABRIC cohort, SLC22A17 mRNA showed a trend of poor patient outcome
but it did not reach statistical significance. The KM plotter showed significant association with
overall survival (n=1402; p<0.04) and DMFS (n=1747; p<0.002) suggesting that poor patient
outcome and less time to distant metastasis. However, the BC gene-miner showed poor
overall survival (n=4359; p<0.015). Fig.15 A & B]. Regarding BC metastasis high SLC22A17
protein levels were associated with development of distant metastasis to the bone (p=0.028),
while there was no significant association with developing distant metastasis to lung or liver.
Furthermore, results from the bc-GenExMiner v4.0 datasets showed that cases with high
expression of SLC22A17 mRNA had shorter overall survival rate (p=0.04; Fig.15A).

Multivariate analysis of SLC22A17 protein expression was not an independent predictor for

BCSS [p=0.973; HR 0.9 (95% Cl 0.7-1.3); Table 12].

7.600

0.006

3.672

0.348

33.025

<0.001
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Fig. 15 Kaplan—Meier plots of SLC22A17 expression and breast cancer patient outcome. At
transcriptomic level (a) KM plotter- Whole cohort overall survival (0S), (b) KM plotter-
Whole cohort distant metastasis free survival (DMFS).
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Table 11: Associations of SLC22A17 IHC expression and other BC related biomarkers

Clinico-pathological

Oestrogen Receptor (ER)

Negative 90 (52.3)
Positive 283 (60.0)
Progesterone (PR)

Negative 146 (55.5)
Positive 220 (59.5)

SLC22A17 Cytoplasmic Staining

Criteria Low expression N (%) High expression N (%)

82 (47.7)
189 (40.0)

117 (44.5)
150 (40.5)

Human epidermal Growth Factor receptor 2 (HER2)

Negative 322 (58.5)
Positive 43 (55.1)
P53

Negative 280 (63.3)
Positive 87 (45.3)

Epidermal Growth Factor Receptor (EGFR)

Negative 308 (59.7)
Positive 58 (48.3)
Ki67

Negative 131 (64.9)
Positive 172 (53.1)

Lymphovascular Invasion (LVI)
Negative 220 (60.1)
Positive 90 (50.0)

228 (41.5)
35 (44.9)

162 (36.7)
105 (54.7)

208 (40.3)
62 (51.7)

71 (35.1)
152 (46.9)

146 (39.9)
90 (50.0)

X2 &
p Value

3.013
0.083

0.982
0.322

0.328
0.567

17.861
<0.001

5.141
0.233

7.052
0.008

5.025
0.025

Phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha (PIK3CA)

Negative 163 (55.3)
Positive 419 (50.0)
Mucin 3

Negative 17 (70.8)
Positive 181 (46.6)

Transforming Growth Factor 1 (TGF81)

Negative 121 (53.5)
Positive 132 (44.3)

*Significant values are highlighted in bold

132 (44.7)
419 (50.0)

7(29.2)
207 (53.4)

105 (46.5)
166 (55.7)

2.411
0.120

5.296
0.021

4.399
0.036
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Table 12 — Multivariate analysis of SLC22A17 expression compared with tumour stage,
grade, size for breast cancer-specific survival

Variable Breast cancer-specific survival

Multivariate

HR 95%Cl p value
Whole cohort
Stage 1.5 1.3-1.9 <0.001
Grade 1.6 1.2-2.2 <0.001
Tumour size 1.1 0.8-1.6 0.343
SLC22A17 0.9 0.7-1.3 0.973

*Significant p values are highlighted in bold

4.3 DISCUSSION

Numerous studies investigated SLC22A17 and LCN2 functions in BC development, growth,
and prognosis. Nonetheless, minimal research was done to show the mRNA and protein
production of these markers and compare the results in an expanded population of patients
with clinicopathological variables. Therefore, the purpose of this study was to evaluate if LCN2

and SLC22A17 were associated with tumour grade BC morphology, LVI, and patient outcome.

EMT plays a major role in breast cancer metastasis (81). In accordance with previous studies,
we found that high LCN2 mRNA expression was significantly associated with poor prognostic
tumour characteristics such as high histological grade, younger age, HER2 + , and triple
negative status (62, 82). Association between high histological grade and LCN2 indicates its
role as a marker of poor prognosis in BC. High expression of LCN2 has also been linked with
triple negative breast cancer (TNBC), which is another indication of its low prognostic status
in BC. TNBCis an acute BC subtype linked to high mortality within five years of diagnosis (83).
LCN2 is expressed through the modulation of NF-kB pathway by cells that are immune to
chemotherapy (84). Through growth-factor and cytokine regulated signaling pathways such
as PI3K / PTEN / Akt / mTORC1/GSK-3, Ras / Raf / Mek / ERK, and Jak / STAT, this pathway can
be activated. Radiation and chemotherapy activate NF-kB by causing reactive oxygen species

resulting in a corresponding transcription of LCN2 downstream (84).

A weak nuclear expression of LCN2 has been substantially associated with high N-cadherin
and TWIST2 activity in the present study. N-cadherin, a transmembrane glycoprotein
component, facilitates tumour-stroma interactions and induces cell motility, invasion, and

metastasis (85, 86). TWIST2's over-expression facilitates breast cancer metastasis by

61



Role of tumour microenvironment in the development of lymphovascular invasion in breast cancer

stimulating EMT and improving the cancer-like stem cell self-renewal system (87). Previous
studies showed that LCN2 controls the Ras pathway behavior and regulates cell proliferation
and EMT (88, 89). The low nuclear expression of LCN2 has been significantly associated in the
present study with the positive expression of basal markers like CK5/6 and EGFR. Several
studies suggested a strong correlation between basal cytokeratin expression and cell
proliferation (6, 88). EGFR is not a basal-like unique marker such as CK5, but is expressed in
the basal-like form and greatly assists in this sort of immunohistochemical identification (90,

91).

The Nottingham Prognostic Index + is based on the biological class evaluation in combination
with established clinicopathological prognostic variables, including CK5/6 and EGFR. This
index enhances patient outcome stratification for invasive breast cancer (92). Previously, it
has been suggested to use molecular-targeted treatment for EGFR-positive breast cancer
(e.g., neratinib (93), pertuzumab (94), and lapatinib (95)). LCN2 association with basal-like
breast cancers can define a subset of patients that are more likely to benefit from treatment

with these agents

LCN2's reduced nuclear expression was strongly associated with high tumour grade, HER2
positivity, and weak patient outcome. Notably, other research has shown that LCN2's
elevated cytoplasmic expression is associated with reduced disease-free survival in patients

with invasive breast cancer (63, 96).

The cytoplasmic expression of LCN2 was correlated with lymph node metastasis in the
present study. The tumour microenvironment regulates the cancer cell LCN2-autocrine
pathway by stress-dependent endoplasmic reticulum and reticulum-independent
mechanisms (97). After release into the extracellular compartment, LCN2 drives iron
sequestration and internalization through receptors established to promote cell survival and
EMT (97, 98). Such factors may be responsible for the clinicopathologically important

difference between the nuclear expression of LCN2 and the cytoplasmic expression.
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Some previous studies showed the potential value of EMT-related biomarkers as prognostic
factors and proposed their effectiveness in predicting the reaction to chemotherapy from
invasive breast cancer. Over the last decade there have been paucity of information exploring
the role of SLC22A17 as a potential prognostic marker but SLC22A17 was reported to be a
predictor of patient survival for various cancers including ovarian cancer, glioma and
colorectal cancer (99-101). Transcriptomic results revealed that high expression was
associated with good prognostic characteristics whereas proteomic results showed significant

poor prognostic characteristics.

To our knowledge, this is one of the few studies to define the prognostic role of SLC22A17 in
BC using large clinical data sets with long-term follow up (102). Our study showed that high
MRNA expression of SLC22A17 showed good prognosis and clinically relevant subgroups like
ER/PR positive and HER2 negative tumours. It was also strongly associated with
clinicopathological variables with good prognosis including low grade and Good Nottingham
prognostic index, highlighting a potential tumour suppressive role in BC. Although these were
not consistent with SLC22A17 protein expression, except for HER2 which could be attributed
to the discrepancy of post-transcriptional/translational modifications and proteins may differ
substantially in their in-vivo stages (103, 104). Further confirmation in larger cohorts of both
HER2-positive and HER2-negative cases is warranted to determine the exact role of SLC22A17
in HER2-positive BC. Within the METABRIC integrative clusters, high SLC22A17 mRNA
expression was associated with clusters 3 (Luminal A) IC which is good prognosis and provides
further support for potential hormonal therapy. Luminal A is associated with good clinical

outcome and non-resistant to chemotherapy (105).

However, high SLC22A17 protein expression was significantly associated poor performing
histological subtypes such as medullary-like tumours and also showed a positive correlation
with EMT genes (TGFB1, PELP) which could also have its role in tumour progression. TGFB1
acts as an oncogene in tumour progression by inducing cell invasion, dissemination to distant
sites and angiogenesis (106). High expression Mucin 3 (MUC3) correlates with poor prognosis,
MUC3 expression was detected in 91% of cases and its expression was associated with
increased local recurrence, and lymph node stage (107). Previous study by Emad Rakha et.
al., suggested that the elevated expression of MUC3 shown to be associated with high
grade, poorer NPI and ER negative status (107). Moreover, metastasis to bone in our study
suggests the involvement of tumour spread and LVI plays a major role in the metastatic

process, placing patients at the highest risk for early metastasis and death (108).
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Our results suggest that increased SLC22A17 protein expression promotes BC progression.
This is in concordance with previous reports indicating that high SLC22A17 protein expression
facilitates metastasis in different types of cancer which further reinforces its role as a
oncogene (109). High SLC22A17 expression in BC is associated with favorable prognostic
parameters. SLC22A17 appears to play a role in inhibiting tumour cells proliferation, invasion

and metastasis.

Few studies have suggested that there is an inverse relation between LCN2 and SLC22A17,

wherein apo-LCN2 plays an important role in antibacterial innate immunity (110), and have

demonstrated that apo-LCN2 induces apoptosis in LCN2-R expressing cells (78, 111), whereas
holo-LCN2 is anti-apoptotic and may even promote cell proliferation, e.g. in cancer cells (112).
Devireddy et al., 2005 suggested that apoptosis is initiated by reduction in intracellular iron
via endosome recycling pathway as like several other endocytosed receptor-ligand
complexes, also proved that forced expression of SLC22A17 induces apoptosis in BCR-ABL-
transformed mouse cell lines, indicating that downregulation of SLC22A17 is critical for
survival of tumour (78). Further functional studies to decipher the role of SLC22A17/LCN2 and

its mechanism of action as a tumour suppressor is required.

The difference in mRNA and protein analysis is may be due to posttranslational modification
(103). Over last two decades few studies have suggested that the mRNA to protein ratio is not
directly proportional since there are many factors involved in post-translation. The central
dogma is very well understood but the post-transcriptional and post-translational
modification is still ongoing. The mRNA would undergo lot of changes like intron splicing or
can correlate to the variation of mRNA to protein concentration which arises from same genes

across different individuals or conditions.
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CHAPTER 5

CD276 as a Prognostic Biomarker in invasive Breast cancer

Purpose: CD276/B7-H3 is part of the B7 superfamily of immune regulatory ligands and plays
an important role in regulating T cells in the adaptive immune response of co-inhibitory /
stimulatory factors. However, the extent to whichCD276 directly affects mechanisms of

tumour immune evasion remains unclear, especially in breast cancer patients.

Methods: CD276 mRNA and protein expression were assessed in the METABRIC cohort and
utilizing a large well-characterised BC cohort using immunohistochemistry. Association with
well-established clinicopathological characteristics, BC-related biomarkers and patient

outcome were investigated.

Results: High expression of CD276 mRNA levels were associated with characteristics of poor
prognosis such as high tumour grade, poor Nottingham Prognostic Index (NPI), and hormone
receptor negativity (all; p<0.001). High CD276 protein expression was positively associated
with high histological grade, medullary tumour type (p<0.001) and poor NPI (p<0.001).
Multivariate analysis revealed that CD276 protein expression was an independent predictor

for BC specific survival.

Conclusion: CD276 expression was associated with poor breast cancer prognosis. The
expressions were correlated suggesting that expression of CD276, regardless of any

biomarker, plays an independent role in tumour immune evasion.
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5.1 Introduction

CD276 [CD276] is part of the B7 family's most significant co-inhibitory molecule and can adjust
the immune response of T-cells by inhibiting activation and proliferation of T-cells (113).
There was no clear identification of the receptor for CD276, so the mechanisms underlying
the effects of CD276 on the immune system remain unclear, especially in terms of targeting
T cells for suppression. CD276 protein expression was detected in several tumour cell lines
along with human lymphoma (114), ovary (115), lung (116), stomach (117), prostate (118) and
pancreas malignancies (119), and colorectal carcinoma (120). It has been reported that CD276
is a type-1 transmembrane protein (121). Two possible receptors on T cells for CD276 have
been postulated, one giving rise to the activation of signals, while the other exerts inhibitory
signals (122). In mice, CD276 is constitutively expressed on competent antigen-presenting
cells (APCs) and upregulated with lipopolysaccharide (LPS) activation on dendritic cells [DCs]
(123). CD276 co-inhibitory function was described using the fusion protein CD276-Ig, where
it decreased proliferation, and the production of T-cells activated with anti-CD3 interleukin-2
(IL-2) and interferon-mt (IFN-1t) (124). In humans, during T-cell activation, CD276 was first
identified as a positive co-stimulator in DCs that enhanced the development of Interferon

(IFN-m) (125).

However, more recently, during T-cell activation, a study showed a potent inhibition of the
production of IFN-a, IL-2, IL-10, and IL-13 (122). Until now, the CD276 receptor has not been
characterised. CD276 expression has been identified as a poor prognostic factor in cancer
patients. For example, CD276 expression is associated with advanced tumour stage, tumour
size, and lymph node metastasis in patients with non-small cell lung cancer (126). The protein
expression of CD276 is elevated in sarcoma and assists in tumour progression (127) but still ,

the underlying mechanism of CD276 action in cancer is ill-defined.

CD276 was expressed in human tumour microenvironment and inhibition of CD276 controlled
tumour growth and anti-tumour immunity depended on cells of CD8 + T and natural killer

(124) cells. In comparison, CD276 specifically prevented NK cell activation (124).

In the current study we examined the function of CD276 using well characterised breast
cancer cohorts. Therefore, CD276 acts as a crucial negative regulator of tumour immunity and

could be aimed in cancer immunotherapy in general.
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5.2 Materials and Methods

5.2.1 Transcriptomic evaluation
The Molecular Taxonomy of Breast Cancer International Consortium [METABRIC] [19],

comprising 1980 early invasive breast cancer, was used to explore and analyses the prognostic
value of CD276 mRNA. The Kaplan—Meier Plotter-[Breast Cancer] [KM-Plotter; n=1967] online
dataset (31), and Breast Cancer Gene Expression Miner v4.0 (30) were used to validate the
prognostic significance of CD276 mRNA. For CD276 protein expression, we investigated the

Nottingham Breast Cancer Primary Series (32), as previously described in section 2.1.

5.2.2 Immunohistochemistry [IHC]

Specificity of CD276 [rabbit monoclonal antibody; 227670, abcam, UK] was verified by
western blot analysis of whole cell lysates of MCF-7, SKBr3 and MDA-MB-157 cell lines
[obtained from the American Type Culture Collection; Rockville, MD, USA] using 1:750
dilution of the primary antibody, and fluorescent secondary antibodies at [1:15000] [IR Dye
800CW donkey anti-rabbit and 680RD donkey anti-mouse, LI-COR Biosciences, UK] as
previously described (sections 2.2). The specificity of the antibody was validated by the

presence of a single specific band at the predicted size [55 kDa; Figure 15].

5.2.4 Statistical Analysis
This study was conducted according to recommendations for tumour marker prognostic

studies [REMARK] criteria (128). Statistical analysis was performed using SPSS 24.0 [Chicago,
IL, USA]. The interclass correlation coefficient [ICC] test was used to assess the concordance
rate of the CD276 scoring between both observers. Associations between the CD276
expression and the clinical data for the Nottingham Breast Cancer Primary Series were
assessed by performing Pearson chi square analyses. Univariate survival analysis was
performed using Kaplan-Meier curves, using a log rank test to determine statistical
significance, and multivariate analysis was performed using the Cox regression method. Data
was determined to be statistically significant if p<0.05.

5.2.5 Scoring

The TMA (Nottingham series) slides produced from immunohistochemistry were analysed
using the method previously described (Section 2.2).

CD276 showed both cytoplasmic and membrane immuno-reactivity. TMA cores with less
than <15% tumour cells, or showed Ductal Carcinoma in Situ (DCIS) were excluded. All slides
were scored by the same observer, Pavan and compared against a second, more

experienced observer, Chitra Joseph or Mansour Alsaleem, where a consensus was reached.
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5.3 RESULTS
Antibody Validation

5.3.1 Western Blot (WB)

Antibody was validated by Western Blotting as described earlier, CD276 expression in MCF7,
SKBr3, MDA-MB-231 and Hela (Figure 8) breast cancer cell lines using rabbit monoclonal
antibody against human CD276 [227670, abcam (UK)]. Green and red bands represent CD276
and Beta-Actin (house-keeping), respectively. The anti-CD276 showed a band at 55 KDa and
the anti-actin antibody (Fig. 16) showed a single band at a molecular weight of 44kDa, and

the single band indicates specificity of the antibody.

MCF7 SKBR3 231 Hela

100 KDa

70 KDa

50 Kda

44 KDa

Fig. 16 Western blot and immunohistochemical expression of CD276 in BC. Western blotting
results for CD276 expression in MCF7, SKBr3, MDA-MB-231 and Hela using rabbit
monoclonal antibody against human CD276 [227670, abcam (UK)]. Green and red bands

represent CD276 and Beta-Actin (house-keeping), respectively.
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5.3.2 CD276 genomic profiling

High expression of CD276 mRNA was positively associated with high histological status
(p<0.001), ER-/PR- (p<0.001), and HER2+ (p<0.001). When BC was classified using intrinsic
[PAM50] subtypes, high expression was associated with Basal and HER2 positive status
[p<0.001] similarly, elevated CD276 mRNA expression was associated with IC cluster 5 [HER2
enriched] associated with poor prognosis and also showed high association with IC clusters 6
(ER+) respectively (p<0.001;Table 13), also high expression was associated with Triple-
negative status (p<0.001; Table 13).

Using BC Gene-Expression Miner v4.0, high expression of CD276 mRNA was correlated with
ER- and PR- status (n=2024; p=0.004), high tumour grade (n=1639; p=0.0075) and BC Gene-
Miner revealed a positive association between CD276 mRNA and PAM50 subtypes (basal and
triple-negative; n=520; p=0.006) in agreement with METABRIC.
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Table 13 Associations between CD276 mRNA expression and clinicopathological variables in

Clinico-
pathological
Criteria

Age at Diagnosis

the METABRIC cohort

CD276 mRNA expression

X2 &

Low Expression N (%) High Expression N (%) p Value

<50 190 (45.3) 229 (54.7)
>50 797 (51.8) 771 (48.2)
Tumour Size (cm)

<2.0 421 (49.8) 425 (50.2)
>2.0 551 (50.5) 541 (49.5)
Histological Grade

1 99 (58.9) 69 (41.1)
2 404 (52.9) 359 (47.1)
3 434 (46.1) 507 (53.9)
Tumour Type

Ductal 817 (48.6) 863 (51.4)
Lobular 98 (67.1) 48 (32.9)
Medullary-like 17 (53.1) 15 (46.9)
Special type 30 (65.2) 16 (34.8)
Miscellaneous 8 (66.7) 8(33.3)
Nottingham Prognostic Index (NPI)

Good 367 (54.6) 305 (45.4)
Prognostic

Group

Moderate 524 (48.1) 566 (51.9)
Prognostic

Group

Poor Prognostic 96 (49.0) 100 (51.0)
Group

PAMS50 subtype

Luminal A 394 (55.6) 314 (44.4)
Luminal B 241 (49.9) 242 (50.1)
Basal 94 (39.7) 143 (60.3)
Her2 129 (39.4) 198 (60.6)
Normal like 125 (63.5) 72 (36.5)
IntClustMemb

IntClustMemb 1 64 (47.1) 72 (52.9)
IntClustMemb 2 40 (55.6) 32 (44.4)
IntClustMemb 3 167 (58.0) 121 (42.0)
IntClustMemb 4 183 (53.8) 157 (46.2)
IntClustMemb 5 61 (32.4) 127 (67.6)
IntClustMemb 6 35 (41.7) 49 (58.3)

5.465
(0.0193)

0.923
(0.762)

13.672
(<0.001)

23.805
(<0.001)

7.290
(0.026)

47.893
(<0.001)

60.264
(<0.001)
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IntClustMemb 7 98 (52.1) 90 (47.9)

IntClustMemb 8 178 (61.0) 114 (39.0)

IntClustMemb 9 72 (49.7) 73 (50.3)

IntClustMemb 89 (39.6) 136 (60.4)

10

Oestrogen Receptor (ER)

Negative 186 (39.5) 285 (60.5) 29.574
Positive 801 (53.9) 686 (46.1) (<0.001)
Progesterone Receptor (PR)

Negative 438 (46.9) 495 (53.1) 8.551
Positive 549 (53.6) 476 (46.4) (0.003)

Human epidermal growth factor receptor 2 (HER2)

Negative 898 (52.4) 815 (47.6) 22.215
Positive 89 (36.3) 156 (63.7) (<0.001)
Triple Negative (TPN) status

Negative 863 (52.4) 783 (47.6) 16.887
Positive 124 (39.7) 188 (60.3) (<0.001)

*significant values are highlighted in bold.

5.3.3 CD276 protein expression

Full-face BC tissue from Nottingham series sections selected based on tumour grade, LVI
status, and histological type, were used to evaluate the pattern of CD276 protein expression
prior to staining of TMAs. Full-face tissue sections showed weak CD276 expression in normal
glandular epithelium and TDLU (Fig. 17A & 17D). In contrast, CD276 immunopositivity was
observed in the membrane of invasive cancer cells (Fig. 17B). On TMAs, a variable degree of

CD276 protein expression was observed as shown in (Fig. 17 D & E).

The median cut-off point for CD276 was set at 50, out of the 385 cores where low expression
was described as H-score <50 (49%) and >50 (51%).

High CD276 protein expression was associated with high histological grade (p<0.001), high
pleomorphism (p<0.001), mitotic figure (p<0.001) and poor Nottingham Prognostic Index
(NPI; p<0.001) (Table 14). CD276 protein was also associated with positive ER, PR and HER2
status (p=0.013; p=0.010 and p=0.021 respectively), P53 association was also seen (p=0.002)
along with pAKT (p<0.001) (Table 15).
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Fig. 17 IHC image of CD276: In Full Face A) Tumour B) Invasive C) TDLU. CD276 expression in
membrane in TMA cores D) Low expression E) High Expression.

Table 14: Associations between CD276 protein expression and clinicopathological

parameters
Clinico- CD276 membrane staining N (%) X2 &
P a-tho.log ical Low Expression High Expression p Value
Criteria
Age at Diagnosis
<50 112 (62.2) 68 (37.8) 1.605
>50 203 (67.9) 96 (32.1) (0.205)
Histological Grade
1 53 (85.5) 9(14.5) 31.629
2 115 (77.2) 34 (22.8) <0.001
3 151 (55.7) 120 (44.3)
Pleomorphism
1 4 (100) 0(0) 26.104
2 132 (81.0) 31(19.0) <0.001
3 181 (58.6) 128 (41.4)
Mitosis
1 123 (83.7) 24 (16.3) 34.323
2 59 (70.2) 25 (29.8) <0.001
3 135 (55.1) 110 (44.9)
IHC subtypes
Luminal B 119 (67.2) 58 (32.8)




Role of tumour microenvironment in the development of lymphovascular invasion in breast cancer

Luminal A 84 (81.6) 19 (18.4) 19.004
<0.001

Triple Negative 52 (57.1) 39 (42.9)

HER2+ 33 (53.2) 29 (46.8)

Stage

| 184 (65.7) 96 (34.3)

[ 103 (66.5) 52 (33.5) 2.057

Il 32 (68.1) 15 (31.9) 0.561

Tumour Size

> 2.0cm 161 (70.6) 67 (29.4) 4.312

<2.0cm 154 (61.6) 96 (38.4) 0.038

Nottingham Prognostic Index

Good Prognostic 95 (82.6) 20(17.4)

Group 18.906

Moderate 160 (60.2) 106 (39.8) <0.001

Prognostic Group

Poor  Prognostic 60 (61.9) 37 (38.1)

Group

*Significant values are highlighted in bold

5.3.4 Association of CD276 with patient outcome

CD276 mRNA has shown a trend of poor patient outcome throughout the METABRIC cohort
but did not reach a statistical significance, but CD276 protein expression showed poor patient
outcome (n=453; p=0.009) (Fig.18A). The KM plotter showed a significant correlation with
overall survival (n=626; p=0.048) (Fig.18B) and DMFS (n=664; p=0.0016) (Fig.18D) indicating
low patient overall survival and was also associated with poor RFS (n=1764; P=0.035)
(Fig.18C). In comparison, evidence from the bc-GenExMiner v4.0 datasets found that cases
with elevated CD276 mRNA expression had a shorter overall survival rate [ n=614; p=0.0072;
Fig.19A), ER- and PR- (n=2127; p<0.001 and n=1534; p=0.004 respectively) (Fig. 19 B & C).
Also showed correlation with positive Basal/TNBC status and higher grade (n=186; p=0.006
and n=767; p=0.007). Multivariate analysis demonstrated that CD276 as an independent
predictor of BC-specific survival (10 year) [p=0.017; HR 1.0 (95% CI 1.0-1.5); Table 16] and

higher probability of distant metastasis.
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Table 15: Associations of CD276 IHC expression and other BC related biomarkers within the
Nottingham BC series.

Clinico- CD276 membrane staining X2 &
p a'tho.logical Low expression N (%) High expression N (%) p Value
Criteria

Estrogen Receptor (ER)

Negative 74 (57.4) 55 (42.6) 6.120
Positive 245 (69.4) 108 (30.6) 0.013
Progesterone (PR)

Negative 111 (59.0) 77 (41.0) 6.635
Positive 203 (70.5) 85 (29.5) 0.010
Human epidermal Growth Factor receptor 2 (HER2)

Negative 276 (68.1) 129 (31.9) 5.348
Positive 33 (53.2) 29 (46.8) 0.021
P53

Negative 233 (70.8) 96 (29.2) 9.724
Positive 82 (56.2) 64 (43.8) 0.002
Epidermal Growth Factor Receptor (EGFR)

Negative 308 (59.7) 208 (40.3) 5.141
Positive 58 (48.3) 62 (51.7) 0.233
Ki67

Negative 97 (70.8) 40 (29.2) 2.168
Positive 163 (63.4) 94 (36.6) 0.141
Lymphovascular Invasion (LVI)

Negative 189 (69.7) 82 (30.3) 2.711
Positive 87 (61.7) 54 (38.3) 0.100
CK5/6

Negative 223 (66.4) 113 (33.6) 0.16
Positive 43 (67.2) 21 (32.8) 0.899
Protein Kinase B (AKT)

Negative 39 (48.8) 41 (51.2) 13.018
Positive 198 (70.5) 83 (29.5) <0.001
Cluster of Differentiation 3 (CD3)

Negative 171 (72.5) 65 (27.5) 8.535
Positive 99 (58.6) 70 (41.4) 0.003
Cluster of Differentiation-68 (CD68)

Negative 202 (71.9) 79 (28.1) 18.651
Positive 48 (48) 52 (52) 0.001
Cluster of Differentiation-8 (CD8)

Negative 181 (70.2) 77 (29.8) 10.672
Positive 67 (53.2) 59 (46.8) 0.001

*Significant values are highlighted in bold.
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Table 16 Multivariate analysis of CD276 expression compared with tumour stage, grade, size, CD8,
CD68, CD3 status for breast cancer-specific survival.

Breast cancer-specific survival
Variable Multivariate
HR 95%Cl p value

Whole cohort

Stage 2.7 1.6-2.0 <0.001
Grade 2.3 1.6-2.1 0.003
Tumour size 1.6 1.3-1.8 0.212
CD276-Membrane 1.0 1.0-1.5 0.017
CD71 1.1 0.4-0.8 0.651
CD8 1.0 0.8-1.3 0.784
CD68 1.1 1.1-1.7 0.587
CD3 0.7 0.8-1.3 0.460

*significant values are highlighted in bold

5.4 Discussion

This study has demonstrated that high expression of CD276 in BC is associated with poor
prognostic characters and poor BC patient’s outcome, over the last decade (129) there have
been very few studies looking into the role of CD276 as a potential prognostic marker and
predictor of patient survival for various cancers including lung cancer (130), pancreatic cancer
(130), renal cell carcinomas (131). CD276 has been reported as a negative regulator that
preferentially downregulates T helper type 1-mediated immune responses (121). CD276 is
found on many different types of tissues and cells. Non-lymphoid and lymphoid organs such
as liver, heart, prostate, spleen, and thymus are ubiquitously found at the mRNA level (132).
Given the broad expression of mRNA, protein expression is constrained at a steady state,
indicating an important post-transcription control mechanism to be present. Additionally,
CD276 is also detected on natural killer cells, B cells, and a minor population of T cells

following PMA/ionomycin stimulation (133).
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CD276 being reported to down-regulate and avoid host immunity, though, its clinical and
functional importance is still uncertain (134). In vivo studies suggested that B7—-H3 was
involved in inhibitory immunoregulation in non-small-cell lung and prostate cancers (118),
patients with strong expression of CD276 in prostate cancer had a worse prognosis compared

to patients with low expression of CD276 (118).

In our current study high expression of CD276 mRNA was significantly associated with poor
prognostic characteristics, including high histological grade, younger age, poor NPI, ER-/PgR-
tumours and histological subtypes of poor prognosis. This is in agreement with studies of
other cancer sites. For example, CD276 is significantly associated with tumour aggressiveness

and poor prognosis in lung cancer (135), gastric (136) and renal cell carcinomas (131).

CD276 mRNA overexpression was significantly associated with TNBC as previously
documented (137). Within the METABRIC Integrative Clusters, high CD276 mRNA expression
was associated with clusters 10 (TNBC/basal-like) and cluster 5 (HER2 enriched) IC, which
provides further support for a potential role in TNBC with HER2+. TNBC is synonymous with
chemotherapy resistance and strongly linked with worse clinical results, which means that
CD276 plays a role in tumourigenic processes and could be a predictor for weak TNBC

prognosis.

High CD276 protein expression was associated with p53 and pAKT suggesting the involvement
of cell growth, proliferation and survival. An overactive PI3K / AKT / mTOR pathway can either
be triggered by loss of tumour suppressor gene activity (phosphatase and tensin homolog
(PTEN), p53) or benefit of PI3 K function, resulting in increased glucose uptake, glycolytic flux,
and a change from mitochondrial respiration to lactate development. Inhibitors of proteins in
the AKT/mTOR pathway, including everolimus, are currently being tested in the clinic as new

therapeutic agents in breast cancer patients (137).

The expression of CD276 did not alter the activation of the AKT/mTOR pathway, but the high
levels of expression of CD276 in tumour cells increased the cell survival and glycolysis. The
presence of API-2 or everolimus inhibitors did not alter the expression of CD276, but their
inhibitory effect on both cell growth and glycolysis depended on the levels of endogenous

expression of CD276.
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Together, these results suggest that putative different mechanisms would act with each other
by inhibiting API-2 and everolimus along with knockdown of CD276 (138). Further recognition

and comprehension of the CD276 signaling pathway and possible receptor(s) in breast cancer

is required which offers new therapeutic strategies.
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CHAPTER 6

Leukocyte associated immunoglobulin like receptor-1 confers poor prognosis
in Invasive Breast Carcinoma

6.1 Background

Leukocyte-associated immunoglobulin-like receptor-1 (LAIR-1/CD305) is a transmembrane
glycoprotein and a member of the superfamily of immunoglobulin, expressed on most
immune cells. LAIR-1 is an inhibitory receptor that is involved in immune response down-
regulation and cell differentiation (139-141). The immune system plays an important role in
actions and consequence of breast cancer (BC). Tumour-infiltrating lymphocytes (TILs) are
correlated with outcome in BC and their presence before chemotherapy is a healthy
phenomenon (142) however lymphocytes secretellL-6 and IL8 which in effect stimulate PI3K
/ AKT, STAT3 signaling and create a positive feedback loop between the tumour cells and the
immune microenvironment. Most TILs with prominent CD8 + T cells are linked to better
prognosis (143) whereas Foxp3 + or PD-1+ T cells infiltration mediates worse prognosis (144).
Additionally, multiple transmembrane and extracellular matrix collagens, which are ligands of
high affinity for LAIR-1 (145), have been implicated as metastasis avenues in BC [8]. The
expression of LAIR-1 in both tumour cells and immune cells indicates a regulatory role for
LAIR-1 in tumour biology, but further studies are required; the biological role of LAIR-1 in BC

has yet to be clarified.
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6.2 Methods
Specificity of LAIR-1 antibody was validated by western blotting prior to

immunohistochemistry (IHC). Full-face BC tissue sections and TMAs (Nottingham series) were
immunoassayed using Novolink Max Polymer Detection system (Leica, Newcastle, UK) as
previously described (146). Immunoreactivity of LAIR-1 cytoplasmic expression in invasive
tumour cells were individually assessed using the histochemical score (H-score) and its

association with clinico-pathological paraments and patient outcome were evaluated.

Immunohistochemistry

Specificity of LAIR-1 [rabbit monoclonal antibody; NOVUS, UK] was verified by western blot
analysis using 1:500 dilution of the primary antibody, and fluorescent secondary antibodies
at [1:15000] [IR Dye 800CW donkey anti-rabbit and 680RD donkey anti-mouse, LI-COR

Biosciences, UK] as previously described (section 2.2).
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6.3 Results

Antibody validation

6.3.1 Western Blot

Antibody was validated by Western Blotting as described earlier (section 2.3), LAIR-1
expression in MCF7 and Hela (Fig. 20) breast cancer cell lines using rabbit monoclonal
antibody against human LAIR-1 [ NBP1-84590, polyclonal rabbit, NOVUS (UK)]. Green and
red bands represent LAIR-1 and Beta-Actin (house-keeping), respectively. The anti-LAIR-1
showed a band at 70kDa and the anti-actin antibody showed a single band at a molecular

weight of 42kDa, and the single band indicates specificity of the antibody.

100 KDa

70 KDa

50 Kda

42 KDa

Fig. 20 Western blot image of LAIR-1. Green band LAIR-1 at 70kDa and Red band
beta-actin at 42 kDa.

6.4 LAIR-1 genomic profiling

In the large METABRIC BC cohort (n=1980), we evaluated the LAIR-1 mRNA. This showed a
positive association of up-regulation of LAIR-1 mRNA with higher histological grade (p<0.001),
Nottingham Prognostic Index weak prognostic category (p<0.001) (Table 17), medullary-like
tumours (p=0.024), and triple negative phenotype (p<0.05). High levels of LAIR-1 mRNA
expression were significantly associated with METABRIC Integrative Clusters with
upregulation within intClust.10 (p=<0.001) representing poor-outcome patients and basal-

like intrinsic PAMS50 subtype (Table 17).
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Table 17 Associations between LA/R-1 mRNA expression and clinicopathological variables in
the METABRIC cohort

Clinicopathological LAIR-1 mRNA expression X2 &

Criteria Low Expression High Expression p Value
N (%) N (%)

Age at Diagnosis

<50 234 (55.2) 190 (44.8) 0.764

>50 846 (54.6) 710 (45.6) (0.764)

Tumour Size (cm)

<2.0 488 (56.9) 370 (43.1) 3.280

>2.0 581 (52.8) 520 (47.2) (0.070)

Histological Grade

1 112 (65.9) 58 (34.1) 56.994

2 479 (62.2) 291 (37.8) (<0.001)

3 435 (45.7) 517 (54.3)

Tumour Type

Ductal 926 (54.4) 775 (45.6)

Lobular 92 (62.6) 55 (37.4) 11.279

Medullary-like 10 (31.3) 22 (68.8) (0.024)

Special type 29 (59.2) 20 (40.8)

Miscellaneous 12 (57.1) 9(42.9)

Nottingham Prognostic Index (NPI)

Good  Prognostic 438 (64.4) 242 (35.6)

Group 50.501

Moderate 564 (51.2) 537 (48.8) (<0.001)

Prognostic Group

Poor Prognostic 78 (39.2) 121 (60.8)

Group

Stage

I 290 (57.9) 211 (42.1) 17.033

I 417 (50.5) 408 (49.5) (0.001)

1l 53 (44.9) 65 (55.1)

PAMS50 subtype

Luminal A 478 (66.6) 240 (33.4)

Luminal B 254 (52.0) 234 (48.0) 81.734

(<0.001)

Basal 127 (38.6) 202 (61.4)

Her2 116 (48.3) 124 (51.7)

Normal like 101 (50.8) 98 (51.7)

IntClustMemb

IntClustMemb 1 71(51.1) 68 (48.9)

IntClustMemb 2 33 (45.8) 39 (54.2)

IntClustMemb 3 178 (61.4) 112 (38.6)

83



Role of tumour microenvironment in the development of lymphovascular invasion in breast cancer

IntClustMemb 4 145 (42.3)
IntClustMemb 5 94 (49.5)
IntClustMemb 6 52 (61.2)
IntClustMemb 7 130 (68.4)
IntClustMemb 8 221 (73.9)
IntClustMemb 9 76 (52.1)

IntClustMemb 10 80 (35.4)
Oestrogen Receptor (ER)

Negative 189 (43.1)
Positive 869 (58.0)
Progesterone Receptor (PR)

Negative 423 (45.0)
Positive 657 (63.2)

Human epidermal growth factor receptor 2 (HER2)

Negative 963 (55.6)
Positive 117 (47.4)
Triple Negative (TPN) status
Negative 863 (52.4)
Positive 124 (39.7)
Lymph node (LN)

Negative 609 (58.8)
Positive 469 (50.0)

*significant values are highlighted in bold

198 (57.7)
96 (50.5)
33 (38.3)
60 (31.6)
78 (26.1)
70 (47.9)
146 (64.6)

250 (56.9)
629 (42.0)

517 (55.0)
383 (36.8)

770 (44.4)
130 (52.6)

783 (47.6)
188 (60.3)

426 (41.2)
469 (50.0)

126.426
(<0.001)

30.648
(<0.001)

65.768
(<0.001)

5.863
(0.015)

16.887
(<0.001)

15.516
(<0.001)
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6.5 LAIR-1 protein expression

Full-face BC tissue sections were used to evaluate the pattern of LAIR-1 protein expression
prior to staining of TMAs (Nottingham series). This showed uniformly weak LAIR-1 expression
in normal glandular epithelium and DCIS. On TMAs, a variable degree of LAIR-1 protein
expression in invasive BC was observed. Out of 569 informative TMA cores, 49.4% showed
negative/low expression (Fig. 21a) in the cytoplasm while 50.6% showed high expression (Fig.

21b).

Fig. 21 IHC expression of LAIR-1 in TMA cores a) Low b) High

High LAIR-1 cytoplasmic expressions were associated with high tumour grade (p<0.001), poor
Nottingham Prognostic Index (NPI; p=0.012), hormone receptor negativity (p<0.01), among
IHC subtypes associated with triple negative and human epidermal growth factor 2 (HER2) +
tumours (p=0.019) (Table 18). High LAIR-1 expression positively associated with Cyclin B1
(p=0.010) and signaling pathway associated markers; epidermal growth factor receptor
(EGFR; p=0.045). Elevated expression of LAIR-1 was also associated with T-cell markers (CD3,
CD8, and FOXP3; p<0.01) and histiocytic marker (CD68; p<0.001) (Table 19). Breast cancer-
specific survival (BCSS) of patients with tumours expressing high cytoplasmic LAIR-1 was
significantly shorter than that of the negative/low expression subgroup (p=0.002) and HER2
only cohort (p=0.019) (Fig. 22). Multivariate analysis revealed that increased LAIR-1 protein
is an independent risk factor for shorter BCSS [p=0.037; HR 0.6 (95% Cl 0.3-0.9); Table 20].
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Table 18: Association of LAIR-1 protein with other BC related biomarkers

Clinico-

pathological Criteria

Histological Grade

1

2

3
Pleomorphism
1

2

3

Mitosis

1

2

3

IHC subtypes
Luminal A

Luminal B
Triple Negative
HER2+

Stage

|

Il

1

Tumour Size

>2.0cm
< 2.0cm

LAIR-1 cytoplasmic staining N (%)

Low Expression

41 (54.7)
115(62.2)
122 (40.0)

4 (100)
132 (81.0)
181 (58.6)

103 (62.4)
64 (55.2)
102 (39.1)

69 (61.6)

86 (49.4)

46 (42.2)
41 (44.1)

175 (51.2)
84 (46.9)
19 (45.2)

161 (70.6)
154 (61.6)

Nottingham Prognostic Index
Good Prognostic 88 (59.9)

Group
Moderate Prognostic 153 (46.5)
Group
Poor Prognostic 39 (43.3)
Group

*significant values are highlighted in bold

High Expression

34 (45.3)
70 (37.8)
181 (60.0)

0(0)
31 (19.0)
128 (41.4)

62 (37.6)
52 (44.8)
159 (60.9)
43 (38.4)

88 (50.6)

63 (57.8)
52 (55.9)

167 (48.8)
95 (53.1)
23 (54.8)

67 (29.4)
96 (38.4)

59 (40.1)
176 (53.5)

51 (56.7)

X2 &
p Value

23.004
(<0.001)

26.104
<0.001

23.849
<0.001

9.979
0.019

1.158
(0.763)

4.312

0.038

8.866
(0.012)
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Table 19: Associations of LAIR-1 IHC expression and other BC related biomarkers within the
Nottingham BC series.

Clinico-pathological LAIR-1 membrane staining X2 &
Criteria p Value
Low expression N (%) High expression N (%)
Estrogen Receptor (ER)
Negative 64 (41.0) 92 (59.0) 6.143
Positive 216 (52.7) 194 (47.3) 0.013
Progesterone (PR)
Negative 112 (47.1) 126 (52.9) 0.891
Positive 161 (51.1) 154 (48.9) (0.345)
Human epidermal Growth Factor receptor 2 (HER2)
Negative 233 (50.7) 227 (49.3) 1.113
Positive 42 (44.7) 52 (55.3) (0.291)
P53
Negative 211 (54.7) 175 (45.3) 11.755
Positive 63 (38.7) 100 (61.3) (0.001)
Triple Negative (TPN)
Negative 231 (51.2) 220 (48.8) 3.528
Positive 44 (41.1) 63 (58.9) (0.060)
Ki67
Negative 91 (56.9) 69 (43.1) 3.057
Positive 135 (48.2) 145 (51.8) (0.080)
Lymphovascular Invasion (LVI)
Negative 142 (52.6) 128 (47.4) 0.431
Positive 91 (49.5) 93 (50.5) (0.512)
Matrix Metalloproteinase-15 (MMP-15)
Negative 136 (61.0) 87 (39.0) 35.041
Positive 66 (32.4) 138 (67.6) (<0.001)
Matrix Metalloproteinase-14 (MMP-14)
Negative 140 (56.7) 107 (43.3) 19.691
Positive 65 (35.1) 120 (64.9) (<0.001)
Forkhead box P3 (FOXP3)
Negative 97 (58.1) 70 (41.9) 8.960
Positive 136 (43.7) 175 (56.3) (0.003)
CD3
Negative 124 (55.6) 99 (44.4) 8.320
Positive 109 (42.4) 148 (57.6) (0.004)
CD68
Negative 158 (51.1) 151 (48.9) 5.225
Positive 54 (39.4) 83 (60.3) (0.002)
CD8
Negative 156 (51.0) 150 (49.0) 7.149
Positive 54 (37.5) 90 (62.5) (0.007)

*Significant values are highlighted in bold
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Table 20 Multivariate analysis of LAIR-1 expression compared with tumour stage, grade,
size, ER, HER2, NPI status for breast cancer-specific survival.

Breast cancer-specific survival
Variable Multivariate

HR 95%ClI p value

Whole cohort

Stage 2.4 1.4-3.8 <0.001
Grade 4.9 2.1-11.4 <0.001
Tumour size 1.8 1.3-3.2 0.037
LAIR-1-Cytoplasmic 0.6 0.3-0.9 0.037
Oestrogen (ER) 0.5 0.3-0.9 0.019
HER2 1.9 1.2-3.0 0.003
Nottingham  Prognostic = 0.6 0.4-1.8 0.690
Index (NPI)

1.0 w HER2+ cohort
s 0.8 3
£ (n=277) g 0.
3 2
< 0.6 s
o
z £
& 0.4 £
© a
a

0.2 0.2

p=0.002 p=0.019
0.0- 0.01 —_—

0 10 20 30 40 50 60

Breast Cancer Specific Survival in Months

0 10 20 30 40 50 60

Breast Cancer Specific Survival in Months

Fig. 22 Kaplan Meier BCSS in LAIR-1 A) METABRIC cohort B) HER2+ cohorts only.

We suggest that from the above-mentioned studies that expression LAIR-1 is associated with
poor prognosis in BC. Therefore, we explored in this analysis the relationship between LAIR-
1, clinicopathological factors and the amount of patient outcome protein in a well-
characterized early stage BC cohort. In addition, we also investigated the relationship
between total and subtype LAIR-1 protein expression (B and T cell and histiocytic markers

(147, 148).
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6.6 Discussion

The immunoglobulin-like receptor-1 (LAIR-1) associated with leukocytes is a superfamily
member of the immunoglobulin (Ig) and is a type of transmembrane glycoprotein. LAIR-1
consists of an Ig-like domain of type C2 and two inhibition motifs (ITIMs) centered on the
immunoreceptor tyrosine. It is commonly distributed on many immune cells, such as T-cells,
B-cells, and NK cells. LAIR-1 was recently studied as an immuno-phenotypic precursor in acute
leukaemia (149). LAIR-1 is primarily found in immune cells and is also found in hematopoietic
progenitor cells, MKs and osteoclasts CD34* (150, 151). Previous study by Poggi et al., (152)
showed that LAIR-1 was not expressed in chronic lymphocytic leukemia (CLL), however the
intensity was associated with higher stage and progression of CLL. Although only a few studies
are looking into the effects of LAIR-1 in breast cancer. Since LAIR-1 is an inhibitory receptor,
it acts by binding to SH2 domain of phosphatases leading to dephosphorylation of kinases
(152).

Our current study suggests that high cytoplasmic expression of LAIR-1 was associated with
poor prognosis such as high tumour grade, poor Nottingham prognostic index and HER2+
status. LAIR-1 was positively associated with cyclin B1, which is essential for transition from
G2 phase to mitosis and in many breast cancer cases (153) cyclin B1 is mutated leading to
survival of cancer cells. A previous study by Shen et al., (154) suggested that highly expressed
cyclin B1 attaches to Cdkl in G1 step, which phosphorylates a variety of substrates
irrespective of the cell cycle process and contributes to the violent proliferation of neoplastic
tissues. Epidermal growth factor receptor (EGFR) which suggests a potential role in cell
signaling, tumour progression and in correlation with HER2+ status. Many studies has
suggested that EGFR plays a major role in breast cancer progression and survival due to

inhibition of apoptosis by EGFR (155).

Association of high LAIR-1 was also perceived with T- cell markers suggesting an involvement
in evading the immune system if mutated, FOXP3 this gene plays a crucial role in immune
system and also helps in production of CD4+ regulatory T cells (Tregs), and the loss of FOXP3
activity contributes to a deficit of Tregs, contributing to lethal auto-aggressive
lymphoproliferation (156). Previous study by Ni C et al., (157) suggested that CD68 which is
known as a macrophage marker and is used to distinguish macrophages of different types of
cancer, including breast cancer. CD68 is considered to be Tumour associated marker (TAM)
when mutated can correlate with TNBC and also HER2+ status in few breast cancer cases

(158, 159).
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Conclusions: This study provides evidence for the prognostic value of LAIR-1 in invasive BC.
Strong positive association with immune cell markers and LAIR-1 warrant further studies to

assess them individually and in combination along with the immune check point proteins.
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7.0 Strengths and Limitations

One of the important strength in this whole project is use of different well characterised
datasets for reliable results. Some procedures have been put in place to ensure reliability of
results produced in this report. Another individual ranked the whole group, to assess the
accuracy of the ranking. A second partner, more qualified, then again scored a subset of the
sample to check that the initial H scores were correct. In all studies, use of positive and
negative measures has shown that the experimental procedures have been correctly
observed. In Western Blotting, a mouse anti-beta-actin antibody was used to ensure that the
protocol was properly performed, and that any other bands found is due to the addition of
those particular antibodies. A negative and positive regulation was used for the
immunohistochemistry. The negative control revealed that any staining seen was due to the
addition of the antibodies, and the positive control suggested that the staining strength was

associated with optimizations.

Because of these modifications, we can be sure of the quality of the western blots and the
processed staining. Including TMAs (Nottingham series) in the project also made it possible
to stain a large cohort with greater ease for the marker. That increased the study's power,

and hence the results ' reliability.

However, one disadvantage of using TMAs is that they may not reflect the heterogeneity of
marker expression within the tumour. Tumors can show heterogeneity, suggesting that
tumour regions may be negative for all four markers whereas other regions may show high
expression. Because TMAs require analysing a small core of the tumour, it may be lacking
differences in expression. We tried to reduce this however by ranking multiple samples from

many tumours.

Experiments involving the application of LCN2 and CD276-specific agonists to tumours of
breast cancer may also be useful in the future to investigate their use in innovative cancer

therapies.

This is one of the few trials to specifically investigate the expression of LCN2, SLC22A17,
CD276 and LAIR-1 in breast cancer to the best of our knowledge, and as such these findings

will need to be replicated to confirm such tests.
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