
  

  

 

SRPK1 inhibition and other treatments for  

Acute Myeloid Leukaemia 

 

University of Nottingham  
  

School of Life Sciences  
  

  

  

Viola Erdelyi 

  

  

Thesis submitted for the degree of Doctor of Philosophy  

University of Nottingham  

2023  

  



    II 

 

“I climbed into the machine and signalled to Peter and Ian to push the 

button for a single pulse. There was an audible crack but I felt nothing. I 

then signalled to start the scan. The magnet was enclosed in aluminium 

sheeting forming an RF screen. Due to lack of time there was no light 

inside. I was therefore clamped in the magnet vertically and in pitch 

darkness for 50 minutes until the procedure was completed.”  

  

-Sir Peter Mansfield-  
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ABSTRACT 

Acute Myeloid Leukaemia (AML) is a heterogeneous disease of 

haematopoietic stem cells. It is characterised by poor prognosis and many 

sub-types carry genetic alterations that make it harder to treat. The current 

treatment of AML takes heavy tolls on patients, especially on children, causing 

life changing consequences. AML usually appears in a de novo form, although 

there are multiple cases of therapy-related AML reported due to the use of 

temozolomide, that is used for the treatment of Glioblastoma Multiforme 

(GBM).  

Previous studies showed that SRPK1 (serine/arginine rich splicing factor 

protein kinase 1) inhibition reduces AML burden in in vivo models of MLL-

translocated cells, by prohibiting cell proliferation and causing cell cycle arrest. 

SRPK1 is known for its role in phosphorylating the serine/arginine rich 

proteins, especially SRSF1 (serine/arginine rich splicing factor 1), which then 

plays a role in alternative mRNA splicing. Six AML cell lines were tested, three 

of the AML cell lines carry an MLL translocation (MLL-TL with AF9, AF10 

fusion genes) whilst the other three do not, and therefore classed as wild-type 

(MLL-WT). It has been reported that cells which carry a translocation are more 

sensitive to SRPK1 inhibitor treatment than cells without this genetic mutation. 

This thesis aims to demonstrate the efficacy of a known SRPK1 inhibitor, 

SPHINX-31, and other unpublished inhibitors for the treatment of AML and 

solid tumours. 

As an off-target effect, SRPK1 has also been shown to alter survival and BRD4 

(Bromodomain-containing protein 4) splicing in AML cells. It was shown that 
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SPHINX-31 can change the BRD4 isoform in AML from the short (BRD4s), 

oncogenic, to the long (BRD4l), tumour-suppressive form and thus significantly 

halt cancer progression. To rule out confounding factors, other genes were 

also tested that are commonly overexpressed in cancer such as MYC, HOXA9, 

BCL-2 which all showed a decrease in expression in response to increasing 

levels of inhibitor treatment. To test the clinical relevance of these inhibitors 

primary AML cells were also treated with SPHINX-31 and Griffin 51 in colony 

forming units. The data showed promising results that were previously seen 

with AML cell lines, e.g. the BRD4s isoform is reduced, and all downstream 

targets are significantly decreased. 

Cdc-like kinase 1 (CLK1) is known for its synergistic effect in combination with 

SRPK1 and their similar role in phosphorylating SR proteins, therefore the 

previous studies were repeated with a highly selective CLK1 inhibitor which 

also resulted in reduced cell viability and a significant decrease in all 

downstream targets. CLK1 inhibition caused a similar effect in BRD4 splice 

change, where increasing levels of a CLK1 inhibitor caused an upregulation in 

the tumour-suppressor BRD4l isoform and a down regulation in BRD4s 

isoform. 

BRD4 has been found to be overexpressed not only in AML but in solid tumour 

cancers such as GBM. And often AML occurs as a side effect to therapy 

applied to treat GBM. As both AML and GBM have poor survival rates, there 

is a great unmet clinical need to find potential drug targets for both. To that 

end, SPHINX-31 and Griffin 51 were used to treat GBM cells and test their 

response to treatment. A 3D model of the Blood-Brain barrier was also created 

to mimic the natural environment of GBM. 
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1. Chapter  Introduction 

1.1. Haematopoiesis 
 

Haematopiesis is the life-long formation of blood cells. The two main cell types 

in blood are erythrocytes (red blood cells) and leukocytes (white blood cells) 

along with small fragments and platelets. Haemocytoblasts or blood stem 

cells become progenitor cells and later on differentiate to megakaryocytic, 

erythroid, monocytic, granulocytic, eosinophilic or lymphoid lineages. 

Haemocytoblasts are created and stored in the bone marrow which than they 

leave once differentiated. See Fig. 1.1 below. 

 

 
Figure 1.1. Schematic representation of haematopoiesis 

The figure shows the maturation process of haematopoietic stem cells to myeloid progenitor or 
lymphoid progenitor cells. These cells then mature further into the different types of blood cells 
that are circulating in the blood stream. Image created by BioRender Premium, based on (Lai and 
Kondo, 2008). 
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Haematopoiesis is mediated by cytokines, transcription factors and 

interleukins. When haematopoietic stem cells undergo their maturation 

process, they develop into myeloid-lineage cells or lymphoid lineage cells. 

From then on, they continue their development into their final cell type.  

Genetic errors in this tightly controlled process are rare, but can result in 

mutation or deletion which can give rise to cancerous cells (Lee and Hong, 

2020). Cancers, such as acute myeloid leukaemia (AML), can be caused by 

mutations or translocations in the genome. Germ line mutations of 

RUNX1(runt-related transcription factor 1) gene can result in AML, and other 

malignant haematology diseases due to haploinsufficiency (Owen et al., 

2008).  

 

1.2. Leukaemia 
 

Leukaemia stems from the multiplication of haematopoietic stem cells with 

abnormal clones that become immune to regulatory, differentiation or 

apoptotic signals (Hanahan and Weinberg, 2000). These cells also multiply to 

the detriment of healthy haematopoietic stem cells and infiltrate different 

organs, especially lymph nodes. The most common clinical symptoms are 

related to bone marrow failure. Patients with suspected leukaemia present at 

clinic with abnormal bleeding, spontaneous bruising, recurrent infections or 

severe anaemia (Grigoropoulos et al., 2013). Leukaemia usually has a poor 

prognosis, and despite recent advancement in the field, many patients will 

relapse with fatal consequences. According to Public Health England, over 
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250,000 people were diagnosed with cancer every year, between 2010-2015, 

from which 130,000 died as a result of the disease. The NHS costs for cancer 

services were around £5 billion per year, the total cost, including the loss of 

productivity is estimated to be £18.3 billion (Policy Paper, Public Health 

England). 

 

1.3. Leukaemia classification 
 

The classification of leukaemia is provided by the stage of leukocyte 

differentiation and cell type. Leukemic cells can come from T-cell or B-cell 

pre-cursor cells. Depending on the status of the disease leukaemia also 

divided into acute and chronic subtypes. Acute myeloid leukaemia is 

characterised by proliferating immature white blood cells in the blast phase, 

whereas chronic leukaemia is described by the proliferation of mature white 

blood cells (Grigoropoulos et al., 2013). 

The latest revision from the WHO (World Health Organization) on the 

classification of acute leukaemia and myeloid neoplasms was published in 

2016 (Arber et al., 2016). New categories were created, and existing ones 

modified based on prognostic data, new knowledge on genetic mutations, 

immunophenotyping and morphology observations. However, the main 

categories remain the same, acute vs. chronic leukaemia. Within the acute 

category, they recognise acute lymphoblastic leukaemia (ALL), and acute 

myeloid leukaemia (AML). Within the chronic category, there is chronic 

lymphocytic leukaemia (CLL) and chronic myeloid leukaemia (CML). For 
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further details, see Table 1.1 below. More than half of AML patients (50-60%) 

will have a non-random chromosomal translocation, which will carry a 

prognostic factor. Translocation between the chromosomes 8 and 21, 

translocation or inversion of the chromosome 16, translocation between 

chromosomes 15 and 17 are generally considered to be favourable 

abnormalities. Whereas deletion of part of chromosome 5 or 7, translocation 

or inversion of chromosome 3, translocation between chromosome 6 and 9, 

translocation between chromosome 9 and 22, etc. are all unfavourable 

abnormalities. Certain gene mutations also confer poor prognosis. For 

instance, FLT3 (Fms-like tyrosine kinase 3) mutations occur in approximately 

30% of AML patients (the percentage increases with age) and predicts a poor 

outcome. DNMT3A mutations usually appear in combination with FLT3, 

NPM1 or IDH1 mutations and are associated with significantly shorter survival 

(Kumar, 2011). 
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Myeloproliferative neoplasms (MPN) 

• Chronic myeloid leukaemia (CML), BCR-ABL11 

• Chronic neutrophilic leukaemia (CNL)  

• Polycythemia vera (PV)  

• Primary myelofibrosis (PMF) PMF, prefibrotic/early stage PMF, overt 

fibrotic stage Essential thrombocythemia (ET) 

• Chronic eosinophilic leukaemia, not otherwise specified 

• MPN, unclassifiable  

• Mastocytosis 

Myeloid/lymphoid neoplasms with eosinophilia and rearrangement of 

PDGFRA, PDGFRB, or FGFR1, or with PCM1-JAK2 

• Myeloid/lymphoid neoplasms with PDGFRA rearrangement 

• Myeloid/lymphoid neoplasms with PDGFRB rearrangement 

• Myeloid/lymphoid neoplasms with FGFR1 rearrangement  

• Provisional entity: Myeloid/lymphoid neoplasms with PCM1-JAK2 

Myelodysplastic/myeloproliferative neoplasms (MDS/MPN) 

• Chronic myelomonocytic leukaemia (CMML) 

• Atypical chronic myeloid leukaemia (aCML), BCR-ABL12 

• Juvenile myelomonocytic leukaemia (JMML)  

• MDS/MPN with ring sideroblasts and thrombocytosis (MDS/MPN-

RS-T) MDS/MPN, unclassifiable 

Myelodysplastic syndromes (MDS) 



    6 

• MDS with single lineage dysplasia  

• MDS with ring sideroblasts (MDS-RS) 

o MDS-RS and single lineage dysplasia 

o MDS-RS and multilineage dysplasia  

• MDS with multilineage dysplasia 

• MDS with excess blasts MDS with isolated del(5q)  

• MDS, unclassifiable  

• Provisional entity: Refractory cytopenia of childhood  

• Myeloid neoplasms with germ line predisposition 

Acute myeloid leukemia (AML) and related neoplasms  

• AML with recurrent genetic abnormalities  

o AML with t(8;21)(q22;q22.1);RUNX1-RUNX1T1 

o AML with inv(16)(p13.1q22) or t(16;16)(p13.1;q22);CBFB-

MYH11 

o APL with PML-RARA 

o AML with t(9;11)(p21.3;q23.3);MLLT3-KMT2A 

o AML with t(6;9)(p23;q34.1);DEK-NUP214 

o AML with inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2); GATA2, 

MECOM 

o AML (megakaryoblastic) with t(1;22)(p13.3;q13.3);RBM15-

MKL1 

o Provisional entity: AML with BCR-ABL1 

o AML with mutated NPM1  

o AML with biallelic mutations of CEBPA  
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o Provisional entity: AML with mutated RUNX1  

• AML with myelodysplasia-related changes  

• Therapy-related myeloid neoplasms  

• AML, NOS  

o AML with minimal differentiation 

o AML without maturation 

o AML with maturation 

o Acute myelomonocytic leukemia 

o Acute monoblastic/monocytic leukemia 

o Pure erythroid leukemia 

o Acute megakaryoblastic leukemia 

o Acute basophilic leukaemia Acute panmyelosis with 

myelofibrosis  

• Myeloid sarcoma 

• Myeloid proliferations related to Down syndrome  

o Transient abnormal myelopoiesis (TAM)  

o Myeloid leukemia associated with Down syndrome 

Blastic plasmacytoid dendritic cell neoplasm 

Acute leukaemias of ambiguous lineage 

• Acute undifferentiated leukaemia  

• Mixed phenotype acute leukaemia (MPAL) with t(9;22)(q34.1;q11.2); 

BCR-ABL1 MPAL with t(v;11q23.3); KMT2A rearranged  

• MPAL, B/myeloid, NOS  
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• MPAL, T/myeloid, NOS 

B-lymphoblastic leukaemia/lymphoma 

• B-lymphoblastic leukaemia/lymphoma, NOS  

• B-lymphoblastic leukaemia/lymphoma with recurrent genetic 

abnormalities 

• B-lymphoblastic leukaemia/lymphoma with 

t(9;22)(q34.1;q11.2);BCR-ABL1 

• B-lymphoblastic leukaemia/lymphoma with t(v;11q23.3);KMT2A 

rearranged 

• B-lymphoblastic leukaemia/lymphoma with t(12;21)(p13.2;q22.1); 

ETV6-RUNX1 B-lymphoblastic leukaemia/lymphoma with 

hyperdiploidy 

• B-lymphoblastic leukaemia/lymphoma with hypodiploidy  

• B-lymphoblastic leukaemia/lymphoma with t(5;14)(q31.1;q32.3) IL3-

IGH  

• B-lymphoblastic leukaemia/lymphoma with 

t(1;19)(q23;p13.3);TCF3-PBX1 

• Provisional entity: B-lymphoblastic leukaemia/lymphoma, BCR-

ABL1–like 

• Provisional entity: B-lymphoblastic leukaemia/lymphoma with 

iAMP21 

T-lymphoblastic leukaemia/lymphoma 

• Provisional entity: Early T-cell precursor lymphoblastic leukaemia 
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Table 1.1. AML Classification 

A list of different type of leukaemias based on the cell of origin and genetic mutations. The list 
is not comprehensive as the variety of different genetic mutations make it impossible to have a 
consistently accurate list. Table adapted from Arber et al. 2016. 

 

1.4. Acute Myeloid Leukaemia 
 

Acute myeloid leukaemia (AML) is a heterogeneous disease of immature 

blood cells. It is characterised by uncontrolled growth and clonal expansion of 

blast cells which then causes haematopoietic insufficiency and, in most cases, 

leucocytosis. Genetic mutations in AML can be a prognostic tool for severity 

and relapse. Van Delft et al. found that in ALL with the ETV6-RUNX-1 (TEL-

AML1) fusion there is an overall good prognosis, but relapses (type 1-3) 

almost always occur, often many years later (median range 6.1 years, relapse 

rate 66.67%) (van Delft et al., 2011). Mutations are found in neonatal blood 

samples, meaning that they occur prenatally but does not necessary mean 

that a disease will develop later on (Iwakiri et al., 2002). 

According to Cancer Research UK’s data, there are around 3,100 new cases 

of acute myeloid leukaemia in the UK every year. It accounts for less than 1% 

of all cancer diagnoses (2016-2018) and in 2018 AML accounted for 2% of all 

deaths caused by cancer. It is most prevalent in people aged from 85 to 89 

(National Cancer Registration and Analysis Service, 2021). 

  

• Provisional entity: Natural killer (NK) cell lymphoblastic 

leukaemia/lymphoma 
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Figure 1.2. AML prevalence and mortality rate according to Cancer Research UK’s data, arranged 
in age groups. 

Average number of deaths per year from AML, adjusted to age groups and mortality rate in 
females (pink) and males (blue) in the UK based on data collected between 2016-2018. Age 
groups are separated in different columns. Credit: Cancer Research UK. 
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1.5. Risk factors and pathogenesis 
 

As with many other cancers, the origin of all types of leukaemia is poorly 

understood. According to CRUK’s data, age is a deciding factor, meaning that 

from the age of 50 it presents in increasing numbers, but the most prevalent 

age group is 85-89. Lifestyle factors such as smoking, and obesity also 

increases the chance of developing AML, as well as exposure to benzene 

(which has since been banned). In their study, (Lan et al., 2004) showed that 

even low exposure to benzene causes severe effects on progenitor cells and 

significantly lower white blood cell and platelet counts. Patients who had 

chemotherapy or were diagnosed with Hodgkin lymphoma or breast cancer 

previously and were treated with drugs such as chlorambucil, melphalan or 

cyclophosphamide also have a slightly higher chance of developing AML. 

Natelson and Pyatt (2010) found that temozolomide, that is used for the 

treatment of malignant gliomas can develop therapy induced myelodysplasia 

which may potentially lead to AML (Natelson and Pyatt, 2010). Genetic pre-

disposition such as Fanconi anaemia or children with Down’s syndrome have 

a higher chance of developing AML. The presence of blood disorders can also 

have an adverse effect; myelodysplastic syndrome and myeloproliferative 

disorders such as Polycythaemia rubra vera (PCV) carry a higher chance of 

AML comorbidity. Autoimmune diseases such as rheumatoid arthritis, 

autoimmune haemolytic anaemia and ulcerative colitis also carry a higher risk 

of developing AML (Laribi et al., 2021). 
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1.6. Therapy and management 
 

In the UK, the NHS currently offers chemotherapy in the induction phase of 

the treatment, usually Cytarabine (Ara C) and or radiotherapy (National 

Institute for Health and Care Excellence [NICE], 2022). However, bone 

marrow or stem cell transplant might also be an option if there is a match for 

the patient (NICE, 2022 TA787). 

The overall survival window of AML is usually approximately 13 months post 

diagnosis. Apart from Cytarabine other drugs that are also prescribed, such 

as tipifarnib (farnesyltransferase inhibitor), gemtuzumab, ozogamicin have 

shown improvements but not increased life expectancy. Patients with high-

risk myelodysplastic syndrome showed good response to clofarabine, which 

is a purine nucleoside antimetabolite agent (Estey et al., 2018). 

In their meta-analysis (Medeiros et al., 2015) found that in the USA more than 

half of newly diagnosed AML patients are over 65 years old, meaning that 

their treatment is complicated as comorbidities are often present. Among 

these patients who are enrolled either in Medicare part A or B only 40% 

received chemotherapy within 3 months of diagnosis. They are more likely to 

be young, male and without comorbidities. In the older age group, 60% of 

patients remained untreated, although chemotherapy with suitable drug 

treatment proved to be a significant factor in overall survival rate. In their 

study, Konopleva et al. (2021) found that combining an FDA approved drug, 

venetoclax with FLT3 inhibitors, MCL-1 inhibitors or TP53 activators is more 

effective than just the venetoclax on its own (Konopleva, 2021). Second 
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generation proteasome inhibitors such bortezomib and carfilzomib for the 

treatment of multiple myeloma and mantle cell lymphoma were also 

considered for combination treatment. In light of these findings, many pre-

clinical studies started looking at these combined treatment regimens, which 

showed that proteasome inhibition disrupts proliferative cell signalling 

pathways and induces autophagy (Csizmar et al., 2016). O’Connor et al. 

(2005) combined bortezomib to determine the anti-tumour activity of the novel 

proteasome inhibitors in patients with indolent and mantle-cell lymphoma 

(MCL). Patients in this phase II clinical trial were treated at a dose of 1.5 

mg/m2 twice weekly for 2 weeks (days 1, 4, 8, and 11) followed by a 1-week 

rest period. With a 58% response rate, this study showed a significant activity 

of bortezomib in patients with indolent non-Hodgkin's lymphoma, especially 

patients with follicular lymphoma, marginal zone lymphoma, and MCL. They 

have noted some side effect to bortezomib, such as toxicity, even after a 2-

week tolerance period (O'Connor et al., 2005). In recent years (2017-2019) 

the FDA has approved 8 new drugs for the treatment of AML. It is based on 

the most common genetic lesions in AML such as the mutant FMS-like 

tyrosine kinase 3 (FLT3) and isocitrate dehydrogenase 1 and 2 (IDH1 and 

IDH2), which improved response to therapy. Venetoclax, combined with either 

decitabine or cytarabine achieved a 54% remission in elderly population in a 

phase II trial (Wei et al., 2019). Other typical genetic mutations are the t(8;21) 

and inv(16)/t(16;16), which lead to the balanced translocations RUNX1–

RUNXT1 and CBFB–MYH11 or inv(16)/t(16;16), t(8;21), t(15;17), 

inv(3)/t(3:3), t(6;9), and KMT2A translocations are the indicators for either an 

NPM1 mutation, biallelic CEBPA mutations, or recurrent gene fusions (Short 



    14 

et al., 2020). Daunorubicin is another FDA approved and widely used clinical 

drug for the treatment of AML, it causes cell arrest and can reverse AML cell 

development in the bone marrow (Murphy and Yee, 2017). 

 

1.7. Chromosomal abnormalities in AML 
 

 Interestingly, in some cases of AML, no chromosomal aberration can be 

detected. In recent studies more and more attention has been paid to genetic 

mutations within AML with the idea that specific mutations can be treated 

better with target specific treatment. Core-binding factor (CBF) AML with 

t(8;21) (q22;q22) and AML with inv(16)(p13q22) or t(8;21)(p13;q22) which 

then develops RUNX1-RUNX1T1 and CBFB-MYH11 fusion genes 

significantly affects the clinical management of these patients. This is critically 

important as 25% of paediatric AML and 15% of de novo adult cases of AML 

carry these mutations. In 2016 the WHO revised the categories for AML to 

include genetic and morphology information, immunophenotype and clinical 

presentation.  

 

1.8. The FAB system and clinical diagnosis 
 

AML was initially divided into categories based on the French-American-

British (FAB) system that used morphology as a baseline (Kuykendall et al., 

2018). The FAB system recognises seven different subtypes of AML (Rose et 
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al., 2017) See Table 1.2 below. The diagnosis of AML is based on 

examinations of peripheral blood and bone marrow samples. Diagnosis can 

be established if myeloblasts constitutes more then 30% of the bone marrow 

or circulating white blood cells, neoplastic promyelocytes, monoblasts and 

promocytes and megakaryoblasts are also counted in. To differentiate 

between Acute Myeloid Leukaemia and Acute Lymphoblastic Leukaemia, 

monoclonal antibodies are used against CD11b, CD13, CD14 and CD33 to 

determine myeloid differentiation (Barnard et al., 1996). 
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Table 1.2. The French-American-British system of defining AML subtypes 

The most recent version of the FAB system, one of the most used classification guide of different 
AML types, published in (Rose et al., 2017). 

 

In 2017 following the WHO update, the European Leukaemic Network also 

published an updated classification system with prognostic factors which 

recognises three categories based on genetic abnormalities and predicted 

outcomes (Dohner et al., 2017). 

Subtype Description 

M0 Minimally differentiated acute myeloid leukaemia (AML) 

M1 AML without maturation 

M2 AML with maturation 

M4 Acute myelomonocytic leukaemia (AMMoL) 

M4Eo AMMoL with eosinophils 

M5a Acute monoblastic leukaemia 

M5b Acute monocytic leukaemia 

M6 Acute erythroleukaemia 

M7 Acute megakaryoblastic leukaemia 

 Acute leukaemia of ambiguous lineage 
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Table 1.3. Prognosis based on genetic abnormalities in AML 

The European Leukaemic Network’s (ELN) classification system of AML. In terms of prognosis 
and severity AML is categorised in three different groups: favourable, intermediate and adverse. 
This table sums up the likely prognosis for all AML with different types of genetic abnormalities. 
Credit: ELN, 2017. 

 

 

 

 

 

 

Prognosis Genetic abnormalities 

Favourable • t(8;21)(q22;q22.1);RUNX1-RUNX1T1 
• Inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-

MYH11 
• Mutated NMP1 without FLT3-ITD or with FLT3-

ITDlow (allelic ratio<0.5);  
• Biallelic mutated CEBPA 

Intermediate • Mutated NPM1 and FLT3-ITDhigh (allelic ratio ≥0.5) 
• Wild-type NPM1 without FLT3-ITD or with FLT3-

ITDlow (without 
• adverse-risk genetic lesions) t(9;11)(p21.3;q23.3); 

MLLT3-KMT2A 
• Cytogenetic abnormalities not classified as 

favourable or adverse 

Adverse • t(6;9)(p23;q34.1); DEK-NUP214 t(v;11q23.3); 
• KMT2A rearranged t(9;22)(q34.1;q11.2); 
• BCR-ABL1 inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2); 

GATA2, MECOM 
• (EVI1) -5 or del(5q); -7; -17/abn(17p) 
• Complex karyotype (three or more unrelated 

chromosome abnormalities), 
• Monosomal karyotype (defined by the presence of 1 

single monosomy) 
• Wild-type NPM1 and FLT3-ITDhigh 
• Mutated RUNX1 
• Mutated ASXL1 
• Mutated TP53 
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1.9. Constitutive and alternative splicing 
 

The maturation of RNA is achieved by a co-transcriptional modification 

process of RNA splicing. In constitutive splicing, as it is shown in Fig 1.9 

introns are cut out and exons joined together (Ding and Elowitz, 2019). 

Alternative splicing is a selective process where introns are removed or 

retained in the co-transcriptional pre-mRNA processing that can result in 

many mRNAs from a single gene, and therefore can produce several proteins 

(Zhou et al., 2017a). Close coupling in constitutive splicing with transcription 

is a signal processing filter that regulates the volume of mRNA. Constitutive 

splicing might provide other functions such as intron enhanced transcriptional 

efficacy, increased intronic miRNA retention and other constitutively spliced 

introns, which in turn can promote evolutionary selection of new phenotypes 

(Rearick et al., 2011). In their study, Fox-Walsh et al. (2015) found that the 

size of introns can decide if an exon is constitutively or alternatively spliced. 

When the intron size is between 200 and 250 nucleotides, the splice site is 

not recognised, which results in the exclusion of exon splice site recognition. 

The choice of splice site can also be influenced by exons that are flanked by 

long introns that can result in exon skipping. Splice site recognition is 

therefore more precise in small introns and exons (Fox-Walsh et al., 2005).  
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Figure 1.3. Constitutive and alternative splicing 

Constitutive and alternative splicing. The exons (rectangles) are connected by introns (black 
lines), splice site (broken lines). Alternative splicing can be described as exons skipping, intron 
retention, an alternative 3' or 5' site is used. See also: (Diaba-Nuhoho, 2023) 
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Roughly 90-95% of human genes are alternatively spliced (Tazi et al., 2009), 

which also indicates that alternative splicing plays an important role in most 

functions. In diseases such as cancer, neurological and vascular disease 

alternative splicing has been shown to be prevalent (Tazi et al., 2009). 

Proteomic data shows that due to alternative splicing and alternative splice 

sites, new protein coding regions were identified. Whilst alternative splicing 

can modify the structure of proteins, it also affects their stability, binding 

mechanisms, and activity (Bush et al., 2017).  

 

1.10. Pre-mRNA splicing 
 

During pre-mRNA splicing the intron sequence is identified and excised from 

the pre-mRNA with the ligation of joining exons. The spliceosome assembles 

the splice sites and binds them. The spliceosome is a large ribonucleoprotein 

complex which is made up by five small nuclear ribonucleoproteins (snRNPs). 

Each snRNP is made by from a single uridine-rich small nuclear RNA- snRNA 

U1, U2, U3, U4, U5, U6 and many other proteins, such as SR proteins, U1 

specific proteins etc. (Makarov et al., 2002). 
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Figure 1.4. Spliceosome assembly 

Graphical illustration of spliceosome assembly from pre-mRNA to mRNA with the 
different small nuclear ribonucleoproteins based on the publication of (Shao et al., 
2014) 
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The spliceosome assembly starts with the U1 snRNP recognising the 5’ splice 

site and is recruited with SR proteins by RNA polymerase, so that the coupling 

of splicing is correctly transcribed and deposited at the 5’ splice site. Genome 

stability is achieved by co-transcriptional deposition of SR proteins 

(ASF/SF2), which then prevents the formation of R loops. R loops are 

essentially RNA-DNA hybrids that form during replication and are a threat to 

genome stability (Li and Manley, 2005). The U2 snRNP recognises the 

functional 3’ splice site by base pairing with the branch point sequence (BPS) 

and the pairing of U2 and the BPS requires help from the auxiliary splice 

factors such as U2AF. U2AF, a heterodimer, consists of two subunits, 

U2AF65 and U2AF35. The two subunits bind downstream of the BPS and AG 

dinucleotide at the 3’ end of the intron, which ensures the stability of the 

branch point. SR proteins are known to interact with U1 and U2AF snRNPs 

as this spliceosome assembly is the first splice specific complex. The tri-

snRNPs U4/U6/U5 forms the A complex, including the U1 and U2 snRNPs 

and pre-mRNA forming the pre-catalytic B complexes. Afterwards U5 snRNP 

interact with the 5’ and 3’ splice site, which destabilises and dissociate the U1 

and U4 snRNP association and activating the B complex. The U5 snRNP 

binds to the 5’ splice site and U6 associates with U2 snRNPs in the U2/U5/U6 

complex. By activating the B complex and looping the spliced intron, the C 

complex is formed and when the intron is spliced out, the mature mRNA is 

completed. Then, having no further use, the U2/U5/U6 complex disassociates 

and gets recycled (Shao et al., 2014). Before spliceosome assembly, an 

important step is the recruitment of the pre-assembled tri-snRNP U4/U6/U5 

to form Complex A which interacts with the 5’ and 3’ splice site to form the 
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pre-catalytic Complex B. Pre-catalytic Complex B is responsible for the 

release of U1 and U4 and to hydrolyse ATP and GTP by catalysing Brr2 and 

SNu114 proteins (Hacker et al., 2008). Splicing involves two esterification 

processes; the first which results in the formation of a lariat structure, the 

second the 3’OH group of the 5’ exon interacts with the 3’ splice site, leading 

to the ligation of the 5’ and 3’ exon, which, at the end, releases the intron 

(Makarov et al., 2002). 

 

1.11. Regulatory elements and splice factors 
of constitutive and alternative splicing 

 

The assembly of the spliceosome complex is a multiplex and dynamic 

process, which is tightly controlled, as splicing errors can be as small as a 

mistake in adding or removing a single nucleotide. This can affect the open 

reading frame and a different splice site. snRNAs target specific phosphate 

bonds, specifically to avoid any errors. The spliceosome must be able to 

recognise the correct splice site and act accordingly. Exonic and intronic 

splicing silencers are regulatory elements that help this process (Sun and 

Chasin, 2000). As splicing either promotes or inhibits exon inclusion, it has to 

be precise and regulate this process by recruiting trans-acting splice factors, 

which activate or supress splice site recognition and spliceosome assembly 

(Chasin, 2007). Serine/arginine (SR) proteins such as SRSF1 (serine and 

arginine rich splicing factor 1) and SRSF2 (serine and arginine rich splicing 

factor 2) are known to help assemble spliceosomes which bind to the 

recognition motif domains.  SRSF1 is a known splicing factor that is 
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phosphorylated by SRPK1 (Serine-arginine protein kinase 1) in the N-terminal 

region of the RS domain. On the other hand, heterogenous nuclear RNA 

proteins (hnRNPs) are found to be splice repressors. HnRNPs are known to 

be able to block the interaction between U1 and U2 snRNPs which causes 

exon skipping. hnRPN A1 can either misplace the U1 snRNP or bind to a site 

of exon forming, thus creating a loop. Silencers therefore appear to play a 

bigger role in alternative splicing than promoters (Fairbrother et al., 2002). 

SR-proteins with serine/arginine (SR)-rich domain are known to play an 

important role in splicing by helping in the assembly of spliceosome. SRPK1 

(serine rich protein kinase 1) and CLK1 (Cdc-like kinase 1) are known to 

hyperphosphorylate SR proteins (Bourgeois et al., 2004). 

 

1.12. Aberrant splicing in cancer 
 

Alternative splicing is a tightly controlled process, therefore errors in the true 

and pseudo splice sites are rare, which is necessary for a disease such as 

cancer to develop. If the alternative pseudo splice site occurs, the 

untranslated 3’ and 5’ regions of mRNA alter the stability and translation 

efficiency of the molecule. Aberrant splicing can also produce a premature 

stop codon, which makes the mRNA transcript inactive, alters protein function 

and encodes proteins with undesirable functions (Venables, 2004). 

Alternative splicing is thought to cause loss of cell cycle control, migration and 

proliferation of cancer cells, aberrant angiogenesis, cell apoptosis and tumour 

growth (Sveen et al., 2016). Recently many studies have found that the 
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presence of alternatively spliced genes can be used for diagnostic and 

treatment purposes. Small molecule inhibitors, such as SPHINX-31, which is 

a SRPK1 selective inhibitor can alter the VEGF165 isoform from pro-

angiogenic to anti-angiogenic, which inhibits the angiogenesis needed for 

tumour formation but also to prevent macular degeneration in animal models 

of choroidal neovascularisation the process underlying angiogenesis in AMD 

patients (Batson et al., 2017). In other cancers, such as glioblastoma (GBM) 

a recent study identified 14 GBM genes that are thought to be aberrantly 

spliced to promote tumourigenesis (Cheung et al., 2008). In breast cancer, 

TP53, BRCA1 and PTEN have been found to be aberrantly spliced. In ovarian 

cancer, GRB7 and in colon cancer TIMP-1 have been found to have 

aberrantly spliced isoform (El Marabti and Younis, 2018). 

 

1.13. Aberrant alternative splicing in cancer 
 

The splicing machinery can be hijacked in processes such as cancer. As true 

and pseudo splice sites are easy to mistake, the splicing machinery can be 

manipulated into choosing an alternative pseudo-splice site instead of the true 

splice site. This can also affect the mRNA stability and translation efficiency. 

Aberrant splicing compared to normal splicing has many effects on 

tumuorigenesis, including proliferation, apoptosis, metabolism and 

angiogenesis (Venables, 2004). Recently, many studies showed that 

alternatively spliced genes can be used as diagnostic and therapeutic tools. 

For instance, U7 snRNA that is normally used to process histone pre-mRNA 
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can target and block a specific mRNA sequence to deliver a viral based 

antisense. In beta thalassemia, by modifying the cryptic splice site of b-globin 

with U1 or U7 snRNA, canonical splicing can be restored by around 50%, 

compared with healthy adults (Bergsma et al., 2018).  

 

1.14. Aberrant alternative splicing in 
leukaemia 

 

In leukaemia, it has been reported that aberrant splicing increases the number 

of leukaemic cells. Bozic et al. (2018) showed that DNMT3A (DNA-

methytransferase 3A) and transcripts DNMT3A2, DNMT3A4 are key players 

in haematopoietic cell differentiation and cell proliferation. They found that in 

the M4 and M5 subgroup (based on the FAB system) of AML DNMT3A2 

expression level is lower in high risk patients (Bozic et al., 2018). 

A key regulator in the proliferation and differentiation of several 

haematopoietic stem cells is the c-Myc gene. It has been found to have 

alternative spliced isoforms, which are highly expressed in leukaemia. C-Myc 

has also been found to be a correlating factor in poor survival groups 

diagnosed with leukaemia, high expression levels resulted in poorer 

prognosis (Zhou et al., 2011).  
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1.15. Serine/arginine-rich (SR) proteins 
 

SR proteins, illustrated with Figure 1.15. are a highly conserved family of 

splicing factors and regulators which consist of the arginine/serine (RS) 

domain. They are an essential class of splicing regulators and have a 

characteristically organised structure that contains one or two N-terminal 

RNA-recognition motifs (RRM), and a C-terminal rich in arginine and serine 

(RS) dipeptides repeats (Krainer et al., 1990). The SR protein family was 

identified by using the mAb104 monoclonal antibody which recognises 

specific phosphoepitopes on SR repeat sequences (Roth et al., 1991) 
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Figure 1.5. SR protein family and their synonyms 

The figure presents SR proteins and their synonyms which are often used in literature. It depicts 
the RRM and RS domains. SR proteins are known to be able to interact simultaneously with RNA 
and other protein components such as RS domain via an RNA recognition motif (RRM). Image 
adapted from (Twyffels et al., 2011). 

 

The classical definition of the SR protein family includes serine/arginine 

(SRSF) 1-12. Although not identical, as some have RRM1 a RRM2, others 

only the fused RRM construct, and the zinc knuckle is only to be found in 

SRSF7 (Twyffels et al., 2011) 

SR proteins are located in the nucleoplasm of mammalian cells and often 

described as ‘speckles’. More precisely, they are found in the interchromatin 

region where they can be mobilised for active transport. As mentioned before, 

SR proteins can determine and regulate splice site selection during 

constitutive and alternative splicing, a function that is performed by the RRM 

and RS domains, that mediates protein:protein interaction (Cazalla et al., 

2002).  In other studies, they SR proteins were found to bind non-coding RNA 
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and exhibit positional RNA binding during regulated alternative splicing 

events. This indicates that the SR protein level also affects the choice of 

alternative promoter and polyadenylation sites. It was also noted that SR 

proteins can act as activators to exonic splicing enhancers in pre-mRNA and 

recruit proteins to the splicing machinery through the RS-domain:protein 

interaction. SR proteins affect splice site selection, which affects non-specific 

binding during early spliceosome assembly, this suggests that 

phosphorylation and dephosphorylation of RS domain is affected which in turn 

regulates the role of SR proteins in the splicing cycle. (Bradley et al., 2015).   

In vivo studies demonstrate that SR proteins are crucial for embryogenesis 

and general cell viability. It has been shown that the germline deletion of 

SRSF1, SRSF2, and SRSF3 results in cell or embryonic death in mice (Jumaa 

et al., 1999, Wang et al., 1996, Xu and Fu, 2005), whereas the deletion of 

SRSF10 causes a severe cardiac defect and myocardial thinning (Feng et al., 

2009). This led to the conclusion that SR proteins are key in early 

development and gene transcription. For the purposes of this study, we will 

focus on the enzymes that phosphorylate these SR proteins, SRPK (serine-

arginine protein kinases) and CLK (CDC-like) kinase families, which are 

structurally distinct and differentially expressed in leukaemia and other 

diseases (Colwill et al., 1996). 
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1.16. Serine/arginine protein kinase 1 
(SRPK1) 

 

Serine/arginine-rich protein-specific kinase-1 (SRPK1) is part of the protein 

family of kinases that phosphorylates the RS-domain of serine/arginine repeat 

proteins. It was described by Gui et al. (1994) when they observed a new 

kinase, which was responsible for the redistribution of SR proteins from the 

nuclear speckle to the nucleoplasm (Gui et al., 1994). The human srpk1 gene 

is located on the chromosome 6p21.2-p21.3 and along with srpk2 

(serine/arginine-rich protein-specific kinase-2)(Ghosh and Adams, 2011) is 

known to be highly preserved (Wang et al., 1999). Like many protein kinases, 

SRPK1 is characterised by two conserved kinase domains separated by an 

accessory domain (spacer sequence). The accessory domain is known to 

regulate SRPK1 shuttling between the cytoplasm and nucleus as the deletion 

of the accessory domain results in exclusive nuclear localisation (Gout et al., 

2012). This finding suggests a role for SRPK1 in spliceosome assembly and 

in the trafficking of splice factors and subsequent phosphorylation of SR 

proteins during constitutive and alternative splicing. In terms of structure, the 

N-terminus and C-terminus are not thought to be conserved and deletion does 

not activate kinase activity (Ma et al., 2008). Another study found that the N-

terminus stabilizes the docking groove of the kinase domain, which helps with 

high-affinity binding and phosphorylating SR proteins (Ghosh and Adams, 

2011), and vice-versa, deleting the N-terminus reduces SR protein 

recognition and binding efficiency (Hagopian et al., 2008). 
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 As SRPK1 has a short activation loop that does not have a reversible 

phosphorylation site, it has a stable active site for substrates. It also doesn’t 

require any post-translational modification or any other subunits. This is 

because the presence of the short activation loop makes it available to extract 

hydroxyl hydrogen from serine (critical for phosphorylation), which in turn 

allows for a constitutively active formation of SRPK1 (Plocinik et al., 2011). In 

a healthy state SRPK1 and SRPK2 are predominantly expressed in testis 

(Giannakouros et al., 2011). SRPK1 is known to be overexpressed in prostate 

cancer, breast cancer, lung cancer and in gliomas (Bullock and Oltean, 2017). 

Other members of the SRPK family have been shown to be expressed in other 

places, such as the nervous system (SRPK2), muscle cells (SRPK3). This 

suggests that these different proteins localise at different places and have 

different roles (Hatcher et al., 2018). SRPK1 mainly localizes in the cytoplasm, 

with a low presence in the nucleus, while SRPK2 mainly present in the 

nucleus (Sigala et al., 2021). 

 

1.17. Regulation of SRPK1 activity 
 

The accessory domain (AD) of SRPK1 provides a binding surface for 

chaperone complexes for assembly - the deletion of the binding surface 

results in SRPK1 being sequestered in the nucleus (Wang et al., 1998). X-ray 

diffraction studies showed that the AD is a large, cca. 200 amino acid 

containing unit, it does not have a stable structure, and most of the AD is likely 

to be an intrinsically disordered region of SRPK1. It could still provide an albeit 
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unstructured, but large surface for chaperones to bind to unfolded proteins 

(Plocinik et al., 2011). The chaperone complex assembly is initiated by the 

binding of Hsp40/Hsp70 to SRPK1 followed by the binding of Hsp90 and 

Aha1. The creation of SRPK1/chaperone/co-chaperone complex ensures the 

correct folding of SRPK1 into its active form and prevents proteasome 

degradation. Previous studies showed that Hsp40 targets a region outside of 

the accessory domain, and Hsp90 targets the accessory domain. They also 

showed that the inhibition of Hsp90 chaperone ATPase resulted in the 

dissociation of the chaperone complex and in the failure SRPK1 nuclear 

localisation (Zhong et al., 2009). 

 

1.18. The role of SRPK1 in cancer 
 

It has been observed in many cases that SRPK1 is upregulated in many forms 

of cancer, such as prostate, colon, breast cancer, gliomas and AML (Duggan 

et al., 2022). Nonetheless, the role of SRPK1 in cancer is not entirely clear. 

Thus far research showed that SRPK1 upregulation promotes tumorigenesis, 

tumour progression and metastatic dissemination in solid cancers as well as 

chemotherapy-resistance (Mavrou et al., 2015). In comparison, tumours with 

a germline mutation showed progressive and metastatic dissemination 

following the downregulation of SRPK1 (Wang et al., 2014). Wang et al. 

(2020) showed that high levels of SRPK1 resulted in a poor prognosis, 

aggressive tumourigenesis, metastases formation in cervical squamous cell 

carcinoma (CESC) but it also showed potential to be a target for therapy 
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(Wang et al., 2020). SRPK1 inhibition has also been shown to induce a great 

effect on angiogenesis and tumour growth both in vivo and in vitro (Gammons 

et al., 2014). 

 

1.19. SRPK1 expression in leukaemia and its 
therapy targets 

 

Leukaemias known to be a heterogeneous disease with genomic instability 

and dysregulated signalling pathways. The complexity of the protein network 

involved, and kinases involved make it harder to identify druggable targets. 

As SRPK1 is known to have a role in pre-mRNA splicing, angiogenesis and 

cell proliferation it could become a potential target (Zhou et al., 2013). In their 

study, Sanidas et al. (2010) demonstrated that SRPK1 is highly expressed in 

erythroid and lymphoid cells, which contributes to the cancer proliferation 

(Sanidas et al., 2010). SRPK1 inhibition in AML has also shown to modify 

splicing of certain key regulatory genes such as brd4 (Tzelepis et al., 2018). 

There has been increasing interest in targeting SRPK1 as a therapeutic agent, 

as it has been observed that heightened levels of SRPK1 present in many 

tumour environments, such as in pancreatic, colon, breast and viral induced 

T-cell leukaemias (Nikas et al., 2019). Since then, a number of studies have 

targeted SRPK1 inhibition, specifically to see if this has an effect on cell 

proliferation, invasion, migration or even, sensitivity to commonly used 

chemotherapeutics. Wu et al. (2013) found a significant reduction in cell 

viability in U87, Caco-2 and HL60 cells, after SRPK1 inhibition (Wu et al., 
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2013). These findings are especially important in the cases of notoriously hard 

to treat cancers such as leukaemias. There is yet to be a selective SRPK1 

inhibitor to be tested in clinical trials and potentially taken to the clinic. This 

thesis aims to show the potential of a selective SRPK1 inhibitor, called 

SPHINX-31 and other unpublished inhibitors for the treatment of AML. 

 

1.20. CDC-like kinase 1 (CLK1) 
 

CDC-like kinases (CLKs) are an evolutionary conserved group of kinases with 

dual specificity. They are able to phosphorylate SR proteins (SRSF1-12), 

which also regulates the spliceosome assembly and consequently pre-mRNA 

splicing. The CLK family consists of CLK1, CLK2, CLK3, CLK4. All isoforms 

of CLK can be found in most tissues such as, leukocytes, muscles, brain, liver, 

lung, kidney, thyroid etc. but the expression levels are very variable (Martin 

Moyano et al., 2020). CLK1 regulates the alternative splicing of its own gene 

clk1 via exon 4 skipping and intron 4 retention. The clk1 gene consists of 13 

exons and the full-length protein consists of 484 amino acids, the first 130 

regulates the SR protein interaction while the other 354 is the catalytic domain 

(Uzor et al., 2018). CLK1 is known to recruit hypophosphorylated SRSF1 from 

nuclear speckles and form a complex known as CLK1-SRPK1-SRSF1. With 

SRPK1, CLK1 can work in a complex via the interaction between CLK1 N-

terminus and SRPK1 kinase domain and also facilitates the release of 

hyperphosphorylated SRSF1. In the nucleus, increased levels of CLK1 results 

in the redistribution of SR proteins and dissolution of the SR speckles (Martin 

Moyano et al., 2020). 
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1.21. SRPK1 selective inhibitors 
 

As SRPK1 has been found to be highly expressed in numerous cancers such 

as lung, breast, prostate, colorectal, stomach, liver, pancreatic cancers, 

gliomas, and leukaemia etc. great efforts have been made to produce an 

effective inhibitor that can provide treatment. The majority of these cancers 

are very hard to treat, and patients diagnosed with one of these cancers 

usually have very poor prognostics. SRPKs were also identified to have a role 

in infection mechanisms of various viruses, such as HIV, Epstein-Barr virus, 

hepatitis, dengue. This discovery led Gammons et al. (2014) to screen the 

efficacy of a newly identified pan-SRPK inhibtior N-(2-(piperidin-1-yl)-5-

(trifluoromethyl) phenyl) isonicotinamide, known as SRPIN340. This 

compound proved to have a significant effect on cellular assays as well as in 

in vivo models. SRPIN340 has proven to be an effective SRPK1 selective 

inhibitor in melanoma, which significantly reduced cell viability in cell-based 

assays and in vivo. This study also found that SRPIN340 can moderate 

splicing and switch from pro-angiogenic VEGF-A165a to anti-angiogenic 

VEGF-A165b isoforms (Gammons et al., 2014). This proved that a selective 

SRPK1 inhibitor could become an effective treatment option on its own or to 

be used in combination with a synergistic compound (Nikas et al., 2019). 

Another SPRK1 inhibitor, known as SRPKIN-1 is a SRPK1/2 inhibitor which 

has the same effect on VEGF-A165 as SRPIN340. 
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Figure 1.6. The chemical structure of SRPIN 340 

(source: MedChemExpress) 

SRPIN340 has an IC50 value of 200nM (vs.10µM of SRPKIN-1) and is the first 

irreversible SRPK inhibitor that forms a covalent bond with a tyrosine phenol 

group in the ATP-binding pocket and attenuates SR protein phosphorylation 

at submicromoclar level (Hatcher et al., 2018). 

Alectinib (Roche, UK), another SRPK1 inhibitor has made it to the clinical trial 

stage where anaplastic lymphoma patients (ALP) were treated either with just 

Alectinib (300mg/day) or in synergy with Crizotinib (approved drug in Japan) 

that has proven to prolong the life of ALP patients by 10.9 months (Zhou et 

al., 2019a). Since then, Alectinib has been used for the treatment of non-

small-lung cancer under the name of Alecensa (Ramachandran et al., 2018). 

SPHINX-31 is a highly selective potent SRPK1 inhibitor, it has been first 

published by Batson et al. (2017) (Batson et al., 2017). SPHINX-31 is based 

on a SPHINX scaffold, which is a trifluoromethyl-phenyl-furanyl-carboxamide-

piperazine base to which furan and piperazine were added to improve 

potency, stability, and lower toxicity (Gammons et al., 2014). It has relatively 

short clearance in vitro; Cmax of 1.2µM at 30 min and a half-life of 12 minutes 
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in human hepatocytes. Despite the rapid clearance, if continuously 

administered this compound can inhibit the phosphorylation of SRSF1 after 

24 hrs (Tzelepis et al., 2018). 

 

 
Figure 1.7. Chemical structure of SPHINX-31 

Chemical structure of SPHINX-31 as published in Batson et al. (2017) study. Figure copied here 
with author’s and collaborators’ permission. 

 

1.21.1. Second generation SRPK1 
inhibitors (ET1126, ET1132, ET3002) 

 

ET1126, ET1132 and ET3002 are all unpublished compounds that have been 

shown good inhibitory effect in previous enzyme studies (ã Prof Jonathan 

Morris, University of New South Wales). ET1126 and ET1132 are Griffin-type 

inhibitors whereas, ET3002 is part of the ET3000 series of new inhibitors and 

has an Indole scaffold. 
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Figure 1.8. Chemical structures of new generation inhibitors 

Chemical structure of inhibitors ET1126, ET1132, ET3002. Proprietary information- Emenda 
Therapeutics Ltd., Gloucester, UK). The images of chemical structures copied here with 
permission. 

 

1.22. CLK1 selective inhibitors 
 

In primary leukaemic cells, such as acute lymphoblastic leukaemia, CLK1 has 

been found to be 2.3-fold higher in expression levels than in the control, 

patient group (Qazi and Uckun, 2010). CLK1 has also been known to be 

highly expressed in other cancer and particularly in gliomas, which also 

correlates clinical outcomes and treatment resistance (Zhang et al., 2017).  

In recent years, many small molecule CLK inhibitors have been reported but 

these usually are unselective and also inhibit the structurally similar DYRK 

and HIPKS families. It has been a challenge so far to find potent but highly 

selective CLK inhibitors. Most inhibitors usually affect off-targets and PIM 

and/or CK1 kinases (Martin Moyano et al., 2020). 

TG003 is a well-known CLK1 inhibitor, although with many off-target effects. 

It has been proven to be active in cell-based assays and in vivo (Muraki et al., 

2004). T-025 is as a pan CLK inhibitor. It has a good selectivity profile that 

Chemical structure of 
compound ET1126

A B C

Chemical structure of 
compound ET1132

Chemical structure of 
compound ET3002
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was based on a screening against 468 kinases, it showed good results in cell 

based and in vivo experiments and it was the first compound to demonstrate 

anti-tumour activity in mice (Iwai et al., 2018). KH-CB19 another compound 

showed promise to be a selective CLK1 and DYRK1A inhibitor, against 106 

kinases but since it has a molecule that contains a potentially labile ester 

functionality, it wasn’t recommended for in vivo work (Fedorov et al., 2011). 

Other candidates published recently: ML106, ML167, CX-4945,KH-CB19, 

Leucettine 41, ML315, Thiophene 48, 3A5, cpd-2, SRI 29329, T3,Compound 

25, TG693, Indazole 1, KuWal151, CC-671, SGC-CLK-1, SM8502, MU1210, 

AB1 (Martin Moyano et al., 2020). 
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Figure 1.9. Chemical structures of different CLK1 inhibitors 

TG003, ML 106, ML167, CX-4945, KH-CB19, Leucettine 41, ML315, Thiophene 48, 3A5, cpd-2, SRI-
29329, TG693, T3, Indazole1, KuWal151, T-025, CC-671, Compound 25, 
Pyridol[3,4]glyqulnazoline 9m, SGC-CLK-1, SM08502,MU1210, A81, TCMDC-135051, Load-30. 
Adapted from Martin Moyano (2020) article. 

 

Griffin 51 is a highly selective CLK1 inhibitor which has never been published 

before. In a pilot study, based on enzyme reactions only, Griffin 51 showed 

promising results to be a highly selective, potent CLK1 inhibitor that could be 

a promising drug candidate for the treatment of AML, GBM and other cancers 
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where high levels of CLK1 expression is present (Proprietary information of 

Emenda Therapeutics Ltd., Gloucester, UK) 

 

Figure 1.10. Chemical structure of Griffin 51 

Ó Copyright. Intellectual property of Prof Jonathan C Morris (University of New South Wales) 
and Emenda Therapeutics Ltd., Gloucester, UK. 

 
1.23. Alternative splicing of BRD4 

 

Alternative splicing has been found to have a profound effect on 

tumorigenesis, as alternative isoforms of the same protein can trigger tumour 

growth. The splicing alterations (resulting in different isoforms) often linked to 

cancer driver mutations are making cells vulnerable to drug interaction. These 

can also have a synergistic effect with classic chemotherapy and radiation, 

contributing to a better prognosis (Martin Moyano et al., 2020). BRD4 

(Bromodomain-containing protein 4) is an epigenetic and transcriptional 

regulator for embryogenesis and cancer development. This gene is the 

member of the BET family, which also includes BRD2, BRD3 (Bromodomain 

containing protein 2 & 3) and BRDT (Bromodomain testis-specific protein). 

BRD4 also promotes inflammatory responses in numerous cells (Zhou et al., 

2019b). Uppal et al. (2019) showed that BRD4 is alternatively spliced in T cell 
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acute lymphoblastic leukaemia and that BRD4 expression was affected by 

exon skipping (Uppal et al., 2019). In AML cells, (Tzelepis et al., 2018), 

showed that SPHINX-31, a selective SRPK1 inhibitor (described below) is 

effective in changing BRD4 expression in AML cell lines from the short (pro-

tumorigenic) to the long (anti-tumorigenic form). BRD4 has been identified to 

be overexpressed in various cancer types.  

In glioblastoma, BRD4 expression is significantly higher than in the 

surrounding brain tissue. Clinical studies showed that BRD4 inhibitors can 

successfully penetrate the Blood-Brain barrier but have no effect on healthy 

brain tissue. As glioblastoma still remains one of the most drug resistant 

diseases, it is paramount that every effort is made to identify new treatment 

targets. Even with surgical resection and drug regimen, the median survival 

time is 13 months (Stupp et al., 2009). The current drug regimen includes 

radiotherapy with DNA alkylating agent temozolomide, but it does not seem 

to have a long-term positive effect. Therefore, many small molecule inhibitors 

were proposed and tested for the treatment of glioblastoma. Small molecule 

inhibitors displace BET protein complexes from chromatin by binding to BET 

bromodomains as competitors to acetyl-lysine. One of the most successful 

was I-BET151, a BET protein inhibitor that effects BRD2, BRD3 and BRDT 

expression through the NF-kB signalling pathway (Lai et al., 2021). Other pan-

bromodomain inhibitors are triazoloazepine (JQ1) or isoxazole derivates such 

as the I-BET151. With JQ1 they showed IC50 values of 77nM, while the I-

BET151 was IC50 794nM. Both inhibitors are currently tested in clinical trials 

but are not approved for clinical use yet (Yang et al., 2021). Given the rate of 

drug candidates that enter clinical trials but eventually fail to make it to the 
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clinic there is a constant need to test further compounds that has a potential 

to offer a much-needed treatment option with the least amount of side effects. 

 

1.24. BRD4 as a therapeutic target in AML 
 

Chromatin deregulation is often found in AML patients that contributes to the 

development and progression of the disease. Next generation sequencing 

found aberrant DNA methylation, altered chromatin states and mutations in 

chromatin modifiers (Huang and Figueroa, 2021). KMT2A, also known as 

histone H3 lysine, 4 methyltransferase protein is altered in most AML cases, 

genes such as DNMT3A, TET2 (which is involved in DNA methylation and 

demethylation) are all mutated in AML as well as transcription factors that 

leads to altered chromatin structure. BRD4 contains two tandem 

bromodomain modules that connects BRD4 to chromatin and engages in 

acetyl lysine recognition. BRD4 is also considered to be a transcriptional 

coactivator, as it can bind directly to transcription factors. It was thought that 

BRD4 performs a more general role in genomic regulatory processes, it was 

found that small molecule inhibitors bind the bromodomains with the acetyl 

lysine which releases BRD4 from cellular chromatin (Roe and Vakoc, 2016). 

Zuber et al. (2011) showed that if BRD4 is knocked down via shRNA in a 

mouse model of AML initiated by the MLL-AF9 oncogene, there is a significant 

growth arrest, terminal differentiation and apoptosis. They also showed that 

the BRD4 inhibitor, JQ1 slowed down disease progression in in vivo studies 

as well as caused a pronounced decrease in MYC transcription (Zuber et al., 
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2011). Dawson et al. (2011) showed that another BRD4 inhibitor, i-BET 

supressed oncoproteins such as MYC, BCL-2 and CDK6 (Dawson et al., 

2011). Although it is unlikely that these inhibitors directly affect MLL-fusion 

proteins, BET bromodomain inhibitors such as OTX-015 were successfully 

used in clinical trials, for the treatment of acute leukaemia patients (Berthon 

et al., 2016). BRD4 is known to have an important role in AML maintenance. 

Previous studies identified two distinct isoforms of BRD4, BRD4s (short) and 

BRD4l (long). In their study, (Tzelepis et al., 2018)  show through SRPK1 

inhibition that the tumor-supressor BRD4l isoform is upregulated and the 

tumour progressor BRD4s is downregulated in AML after SPHINX-31 

treatment. To summarise, this thesis aims to demonstrate the efficacy of a 

known SRPK1 inhibitor, SPHINX-31. It introduces and demonstrates the 

efficacy of a new CLK1 inhibitor, Griffin 51 as well presents preliminary data 

from other potentially effective SRPK1 and CLK1 inhibitors: ET1126, ET1132, 

ET1055. The data presented also shows the effect of the aforementioned 

inhibitors via BRD4 splice change, namely SPHINX-31 and Griffin 51 switches 

the splicing of BRD4 (as an indirect target), from the short tumorigenic isoform 

to the tumour-suppressor long isoform. 

 

1.25. SRPK1 inhibition in solid tumours 
 

SRPK1 was found to trigger alternative splicing in solid tumour cell lines, such 

as the HT29 colorectal cells. 25µM SRPIN340 (an SRPK1 inhibitor) caused a 

decrease in Rac1b expression and a downregulation in SRSF1 
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phosphorylation (Goncalves et al., 2014). In breast cancer, high expression 

levels of SRPK1 correlated with poor prognosis. The same study identified 

that in in vivo models, SRPK1 knockdown supressed metastasis to lung and 

liver and inhibited focal adhesion reorganisation when tested in breast 

tumours (van Roosmalen et al., 2015). Previous studies showed a link 

between SRPK1 inhibition and BRD4 splicing change in AML (Tzelepis et al., 

2018), which makes SRPK1 and BRD4 inhibition a potential drug target for 

hard to treat solid tumours, such as Glioblastoma Multiforme (GBM). Yang et 

al. (2021) showed in their study that BRD4 expression is significantly higher 

in gliomas, compared to the surrounding healthy tissue. They also show that 

BRD4 inhibitors such as JQ1, iBET151and iBET762 can pass through the 

Blood-Brain barrier, but in clinical trials were not successful and showed a 

lack of clinical efficacy (Yang et al., 2021). More importantly, Akhtari et al. 

(2013) found that a significant percentage of Non-Hodgkin lymphoma patients 

(10% in their cohort), developed the disease as a side effect of radiotherapy-

related myelodysplasia and had a life expectancy of less than 10 years 

(Akhtari et al., 2013). GBM and AML share further similarities, they both 

predominantly occur in de novo form with only a small subset of a 

myelodysplastic syndrome or diffuse glioma. They are both characterised by 

aberrant RAS pathway, heightened BCL-2 expression, while their secondary 

counterparts have abnormalities in IDH expression (Goethe et al., 2018). 

Dang et al. (2010) found that 70% of low-grade gliomas and secondary GBM 

samples had IDH1 and IDH2 mutations, while they found the same mutations 

in 10% of AML samples (Dang et al., 2010). 
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In Acute Myeloid Leukaemia (AML) drug resistance and relapse are very 

common events. Even in cases where patients respond well to therapy the 

side effects of chemotherapy drugs are very difficult to tolerate. Therefore, 

there is a clinical need to find and screen new inhibitors that can be effective 

and have minimal or no side effect to treat patient with AML. Tzelepis et al 

(2016) previously showed that knockout of SRPK1 was lethal in AML cells, 

and particularly those with MLL translocations. Moreover, it was shown that 

this acted through alternative splicing of BRD4, switching from a short isoform 

that drove HOXA9, MYC and BCL2 expression to a long isoform that 

repressed expression of those oncogenes in AML (Tzelepis et al., 2016). 

Through our collaboration we had identified a number of potential small 

molecules that could have strong effect in inhibiting SRPK1 - in the nanomolar 

to micromolar range. In previous studies it had been shown that SPHINX-31 

is a selective, highly potent SRPK1 inhibitor therefore I tested the hypothesis 

that SRPK1 inhibition by SPHINX-31 could switch splicing of BRD4 and 

expression of downstream oncogenic partners in both MLL translocated and 

MLL wildtype cells. Since SRPK1 is known to work in synergy with CLK1, I 

also tested a CLK1 selective inhibitor, Griffin 51 to see if I can recreate the 

same effect. Additionally, I also had access to a small selection of clinical 

samples from AML patients which we used to test SPHINX-31 and Griffin 51 

in a colony forming unit study. SPHINX-31 and Griffin 51 was also tested in a 

solid tumour cell line, U87 to test if there is a similar effect that would reduce 

cell viability and the level of downstream targets. 
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The hypotheses of this thesis: 

a. SPHINX-31 is a highly selective and potent SRPK1 inhibitor that would 

cause an isoform change in BRD4 expression in AML both cell lines and in 

clinical samples. RT-PCR tests will show an isoform change, switching from 

BRD4 short to BRD4 long isoform. 

b. Further to that SPHINX-31 can prevent cell proliferation in AML and 

Glioblastoma cells, which will be tested using a luminescence based ATP-

uptake assay. 

c. SPHINX-31 can decrease the expression of HOXA9, BCL2 and MYC, all 

known oncogenes that are highly expressed in AML, glioblastoma and in other 

types of cancers. Which will be tested using Digital Droplet PCR. 

d. Griffin 51 a selective CLK1 inhibitor that would cause the same isoform to 

change in AML and U87 cells and therefore reduce the tumorigenic effect of 

all these cells. This will also be tested using RT-PCR. 

e. Griffin 51 decreases HOXA9, BCL2 and MYC expression levels in AML cell 

and in Glioblastoma. This will be tested using Digital Droplet PCR. 

g. SRPK1 and CLK1 inhibition halt cell viability in solid tumours. 
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3.1. Acute Myeloid Leukaemia (AML) cell 
lines and clinical samples 

 

The THP-1 and OCI-AML2 cell lines were purchased from DSMZ 

(Braunschweig, Germany). The other four AML cell lines used in this study 

was a kind gift from Dr Claire Seedhouse (University of Nottingham, UK). 

Clinical samples were provided by the Stamm Group from the Princess 

Maxima Hospital, Utrecht, The Netherlands. All cell lines and primary samples 

were kept and handled according to the University of Nottingham’s and the 

Biodiscovery Institute’s policies. The six AML cell lines were divided into two 

distinct groups; non-translocated (MLL-WT) and translocated (MLL-TL) cell 

line harbouring the MLL-AF6, MLL-AF9 or MLL-AF10 translocation.  

 

3.1.1. OCI-AML2 

OCI-AML2 is a translocated AML cell line MLL-R rearrangement, harbouring 

DNMT3A R635W mutation in addition to KMT2A-AFDN, MLL-MLLT4, MLL-

AF6 gene fusions, purchased from DSMZ (Leibniz Institute DSMZ-German 

Collection of Microorganisms and Cell Cultures GmbH, Braunschweig, 

Germany, catalogue number: ACC 99). The cell line was stablished from the 

peripheral blood of a 65-year-old man with acute myeloid leukaemia (AML 

FAB M4) in 1986. Cells were described in the literature to express the retinoic 

acid receptor gene;  (Klijn et al., 2015)  
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3.1.2. THP-1 

THP-1 is a translocated AML cell line MLL-R, with  carries t(9;11)(p21;q23) 

leading to KMT2A-MLLT3 (MLL-MLLT3; MLL-AF9) translocation, purchased 

from DSMZ (Leibniz Institute DSMZ-German Collection of Microorganisms 

and Cell Cultures GmbH, Braunschweig, Germany, catalogue number: ACC 

16) It was established from the peripheral blood of a 1-year-old boy with acute 

monocytic leukaemia (AML) at relapse in 1978; the cells were described in 

the literature to produce lysozyme and to be phagocytic. 

 

3.1.3. MOLM-13 

MOLM-13 is a translocated AML cell line MLL_R, with MLL-AF9 translocation 

and an internal tandem duplication of FLT43 was purchased from DSMZ 

(Leibniz Institute DSMZ-German Collection of Microorganisms and Cell 

Cultures GmbH, Braunschweig, Germany, catalogue number: ACC 554) and 

an aliquot was gifted to us by Dr Seedhouse (University of Nottingham, UK), 

at passage 8. It was established from the peripheral blood of a 20-year-old 

man with acute myeloid leukaemia AML FAB M5a at relapse in 1995 after 

initial myelodysplastic syndrome (MDS, refractory anaemia with excess of 

blasts, RAEB) (Matsuo et al., 1997). 

 

3.1.4. OCI-AML3 

OCI-AML3 is a non-translocated AML cell line, however it consists of a NPM1 

gene mutation (type A) and the DNMT3A R882C mutation. It was purchased 
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from DSMZ (Leibniz Institute DSMZ-German Collection of Microorganisms 

and Cell Cultures GmbH, Braunschweig, Germany, catalogue number: ACC 

582) and an aliquot was gifted to us by Dr Seedhouse (University of 

Nottingham, UK), at passage 8. It was established from the peripheral blood 

of a 57-year-old man with acute myeloid leukaemia (AML FAB M4) at 

diagnosis in 1987. 

 

3.1.5. HL60 

HL-60 is a non-translocated AML cell line which carries an amplified MYC 

gene, it was purchased from DSMZ (Leibniz Institute DSMZ-German 

Collection of Microorganisms and Cell Cultures GmbH, Braunschweig, 

Germany, catalogue number: ACC 3) and an aliquot was gifted to us by Dr 

Seedhouse, at passage 12. It was established from the peripheral blood of a 

35-year-old woman with acute myeloid leukaemia (AML FAB M2) in 1976. In 

the literature it was described in the literature to be responsive to DMSO, 

phorbol ester TPA and other reagents (e.g., expression of TNF alpha). 

 

3.1.6. TF1a 

TF1a is a non-translocated AML cell. This cell line has a constitutive activation 

of the MAP kinase and MEK proteins in TF-1a cells. Phenotypically, TF-1a 

cells are CD34 positive and CD38 negative. TF1-a cells are resistant to 

tumour necrosis factor alpha (TNF-alpha) induced apoptosis, they could be 

used as a model for studying human primitive myeloid progenitor cells and for 
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the process of progressive malignant transformation of myeloid cells. The cell 

line was purchased from ATCC (American Type Culture Collection, 

Manassas, Virginia, USA), catalogue number (ATCC CRL-2003) and an 

aliquot was gifted to us by Dr Seedhouse (University of Nottingham, UK), at 

passage 12. It was established from a 35-year-old man with an unknown 

diagnosis.  

 

3.2. Non-AML cell lines:  
 

3.2.1. HEK 293FT 

HEK cells are a fast-growing, highly transfectable cell line. The HEK293FT 

has a clonal isolate derived from human embryonal kidney cells transformed 

with the SV40 large T antigen. This cell line is easy to grow and not too 

sensitive to manipulation. The distributor is unknown, we received it as a kind 

gift from Dr James Dixon’s group (University of Nottingham, UK). 

 

3.2.2. U87 

U87 cells is a glioblastoma (astrocytoma) cell line, derived from a male 

patient. It is a hypodiploid human cell line with the modal chromosome number 

of 44 occurring in 48% of cells. The rate of higher ploidy is 5.9%. Twelve 

markers were common to all cells, including der(1)t(1;3) (p22;q21), 

der(16)t(1;16) (p22;p12), del(9) (p13) and nine others. The marker der(1) had 
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two copies in most cells. There was only one copy of normal X. N1, N6 and 

N9 were not found. The cells were a kind gift from Dr James Dixon’s group 

(University of Nottingham, UK). 

 

3.3. Growth conditions  
 

AML cell lines were grown in Roswell Park Memorial Institute (RPMI) 1640 

medium (Gibco, 31870074), except for the OCI-AML2 cells which were grown 

in Minimum Essential Medium Eagle (MEM, Sigma-Aldrich M8042) 

supplemented with L-Glutamine 1% (2mM) concentration (Sigma-Aldrich 

G7513). The media was supplemented with 10% serum (FBS), First Link, 

(Batch #5572). HEK293FT and U87 cells were maintained in DMEM, high 

glucose (Sigma-Aldrich D6429), supplemented with 10% serum (FBS) 

(Sigma-Aldrich F9665). Cells were incubated in a Sony HEPA filtered single 

chamber water jacketed incubator at 37°C in a humidified 5% CO2 

atmosphere. 

 

3.4. Extraction of cortical astrocytes 
 

Neonatal (P1-P5) Wistar rat pups (Charles River, UK) were culled by cervical 

dislocation and the brains were transferred to 5mL cell culture media 

(Dulbecco’s Modified Eagle’s Medium (DMEM, Sigma-Aldrich D6046) + 

Foetal Bovine Serum (FBS, Sigma-Aldrich, F4135) 10%, 

Penicillin/streptomycin 1% (Sigma-Aldrich, P4458)). The cerebellum, mid 
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brain and the optic nerves were discarded. The remaining tissue was finely 

chopped with a scalpel and dissociated with a 5mL serological pipette. The 

cells were digested in a papain solution (5mg/mL, LS003118, Worthington, 

USA) at 37°C, 5% CO2 in a Sanyo cell culture incubator, for 40 minutes. After 

incubation, 0.5mL of DNase (Sigma-Aldrich, 11284932001) was added to the 

cell suspension. The cell suspension was then centrifuged at 182 x g for 3.5 

minutes in 2mL media. The supernatant was removed, and the pellet was 

resuspended in fresh, 2 mL media and with an additional 0.5 mL DNase 

solution. The mixture was triturated and centrifuged again at 182 x g for 3.5 

minutes. Finally, all the removed supernatant aliquots were collected and 

centrifuged in one universal tube for 5 minutes at 212 x g. The supernatant 

from the mixture was discarded and the final pellet was resuspended in 10mL 

media. The cell solution then was filtered through a 100µm and a 70µm cell 

strainer (Corning, 431751 and 431752). T75 cell culture flasks were coated 

with poly-D-lysine (10% dilution in PBS, Sigma-Aldrich, P7280) and the 

solution was divided between flasks (approximately 2 tissue sample/ flask). 

The following day the cell surface washed with PBS to remove dead cells and 

media refreshed. The flasks were then put on an orbital shaker in the 

incubator at 37°C, 5% CO2 and gently moved horizontally at 200 RPM for 12 

hours to remove microglia from the astrocyte layer. After 12 hours the media 

was refreshed again, and the cells were cultured for 7-10 days before starting 

and experiment. Media was changed every 3 days. 
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3.5. Primary brain pericytes and endothelial 
culture 

 

5 week-old Wistar or Sprague-Dowley rats (mixed gender, Charles River, UK) 

were culled by CO2 overdose (5% in raising concentration for 6 minutes) and 

brains were removed immediately and immersed in dissection buffer (HEPES  

2 mL (Sigma-Aldrich H4034), Penicillin/streptomycin 1 mL (Sigma-Aldrich, 

P4458), Bovine serum albumin 30% (First Link Ltd., 43-30-850) 2 mL, and 

HBSS 95 mL (Sigma-Aldrich H6648)). Superficial vessels and meninges were 

carefully dissected under a dissection microscope. The midbrain, cerebellum 

and white matter parts were removed, and cortices were kept. The tissue was 

chopped up with a scalpel and further homogenized with a 20mL syringe.  The 

mixture was then centrifuged at 380 x g for 3 minutes, then the supernatant 

was removed. 400µl DNase (Sigma-Aldrich, 11284932001) and 20µl TLCK 

(Nα-Tosyl-L-lysine chloromethyl ketone hydrochloride, Sigma-Aldrich 90182) 

along with 20 mL Collagenase/dispase (Roche,10269638001). The mixture 

was then digested for 15 minutes at 37°C, 5% CO2 in a cell culture incubator. 

After 15 minutes it was triturated with a cut end micro pipette tip (1000µl) and 

a regular pipette tip (1000µl). The now much more homogenous mixture was 

the incubated for 50 minutes at 37°C, 5% CO2 in a cell culture incubator. The 

mixture was then triturated for the second time with a cut end and regular 

micropipette tip (1000µl), then centrifuged at 380 x g for 5 minutes. The 

supernatant was discarded and BSA solution added. (Bovine serum albumin 

(BSA) 30% 19mL, dissection buffer 11mL). The tube was shaken to 
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homogenize the content and the remaining 15mL dissection media was added 

to the tube. Then the mixture was centrifuged at 1490 x g for 15 minutes at 

4°C, in a cooled centrifuge. After centrifugation the different concentration 

levels were separated, therefore the top myelin layer could be easily removed. 

The supernatant was transferred to another tube and triturated again, and the 

concentration dependent centrifugation repeated to maximize the number of 

collected cells. 1 mL of the dissection buffer was added to the cell pellet and 

the collagenase/dispase solution was added. The mixture was triturated with 

a cut end and regular micropipette tip (1000µl) and left to be incubated at 

37°C, 5% CO2 in a cell culture incubator for 2.5 hours. After the incubation the 

solution was centrifuged at 380 x g for 5 minutes. The supernatant was 

discarded and 2mL cell media was added to 1 previously coated (0.1mg/mL 

Type 1 Rat tail collagen, Sigma-Aldrich, C3867). 3mL cell media (DMEM, 

Sigma-Aldrich D6046) + FBS 10% Sigma-Aldrich, F4135, 

Penicillin/streptomycin 1% (Sigma-Aldrich, P4458) was added to each flask 

and the 1mL cell solution. Subsequently, 50µl (1mg/mL) puromycin (Sigma-

Aldrich, P9620) was added to the flask containing endothelial cells. The media 

was changed on the next day and every 2 days after that.  

 

3.5.1. Serum free media composites for 
primary cells 

 

After the extraction of primary astrocytes, endothelial cells and pericytes, were 

cultured in serum rich media (as described above). The cell culture media 
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then was changed to a serum free composite after 5 days. Media for primary 

astrocytes: Advanced DMEM/F12 (Gibco, 12634010), G-5 Supplement 1 mL 

(Gibco, 17503012), 1% Penicilin/Streptomycin (Sigma-Aldrich, P4458), 1% L-

Glutamine (Sigma-Aldrich G7513). Media for primary endothelial cells and 

pericytes: Advanced DMEM/F12, (Gibco, 12634010), bFGF 20ng/mL 

(Proteintech, HZ-1285), EGF 10ng/mL (Proteintech, HZ-1326), Fibronectin 

(Roche, 10838039001). 

 

3.6. Detachment and passaging of adherent 
cells 

 

Adherent cells were detached before experiments and for routine 

maintenance by using Trypsin-EDTA (0.25% Trypsin/0.53 mM EDTA) 1x 

solution (diluted from 10x Sigma-Aldrich 59418C in PBS). Flasks were 

incubated for 5-7 minutes in a regular cell culture incubator, then cell 

dissociation was facilitated by mechanical pipetting. Trypsin was neutralised 

with an equal volume of cell media with 10% serum. Then the solution was 

transferred to a 20mL universal tube (Sarstedt, Leicestershire, UK) and 

centrifuged at 400 x g for 5 minutes. The cell pellet was re-suspended in fresh 

media for the specific cell type. 
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3.7. Maintaining suspension cell lines 
 

All six AML cell lines are suspension cells, therefore regular maintenance 

involved passaging the cell culture volume in 1:10 every 48 hours at 

approximately 90% confluency. To set up experiments, cells were withdrawn 

from the flask and either diluted or centrifuged at 400 x g for 5 minutes 

depending on the required cell number. 

 

3.8. Culture vessels 
For general maintenance of the AML cell lines T25 sterile tissue flasks were 

used with a ventilated cap. For the U87 and HEK 293FT cells T75 sterile 

tissue flasks were used from Corning (Loughborough, UK). For the specific 

assay different 96-well, 12-well and 6-well plates were used as it will be 

described later. 

 

3.9. Cell counting 
Cells were stained with Trypan Blue in a 1:1 ratio, then counted using a 

manual haemocytometer from Neubaurer (Paris, France). All 4 squares were 

accounted for and the average cell number was calculated (dead cells 

excluded) by the following calculation; 

(no. of cells) (dilution factor)  x 1x104 = no. of cells/ml 
(no. of squares)  
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3.10. Cell viability assays 
 

For the viability assays cells were seeded at a density of 1x104/well cell 

suspension in 100 µL media at in 96 well-plate. All six AML cell line and the 

U87 cell line were tested in n=3, each biological replicate had 3 technical 

replicates. 5µl of the inhibitor solution was added to all appropriate wells to 

achieve the concentration of between 1nM to 10µM in an increasing dose. All 

the doses were plated in triplicates. A vehicle control (DMSO at 0.1%) was 

also included for baseline measurements. 

Samples were incubated for 72 hours at 37 Celsius degree, 5% CO2 

atmosphere in a transparent cell culture plate. After 72 hours, the cell viability 

reagent, CellTiter-Glo 2.0 (Promega, Southampton, UK G9242) was added 

(30µl to each well). As this is a luminescence-based ATP production assay, 

the luminescence levels in all wells were read at 550nm excitation range on 

a FlexStation 2000 plate reader (Molecular Devices, Wokingham, UK).  

 

3.11. Colony forming units (CFU) 
 

To test the efficacy of SPHINX-31 and Griffin 51 clinical samples of AML were 

treated in a colony forming assay. Clinical samples were received from Dr 

Ron Stamm, from the Princess Maxima Hospital, Utrecht, The Netherlands. 

The samples were divided into two groups, the first group contains MLL-T 

cells, with known translocations and AF9, AF10, ENL and KIAA1524 



    61 

oncogene. The second group contains the cells with other genetic mutations 

such as translocation but without the AF9 or AF10 oncogenes. Genetic data 

for all samples can be seen in Table 3.1.  

Cells were suspended in a semi-solid media (MethoCult H4534, StemCell 

Technologies, Cambridge, UK) in the presence of either SPHINX-31 or Griffin 

51 [300nM-3µM]. Samples (1x105 cells/1mL media) were incubated in a 24 

well-plate (Starstedt, Leicester, UK) for 14 days in a cell culture incubator, at 

37 Celsius degree, in 5% CO2 atmosphere. After 14 days incubation, colonies 

were counted under a bright-field microscope (Nikon, Axio 10) and bright-field 

images were taken at 20x magnification. Colonies were defined as <100 cells 

in a tight formation. The AML cells were removed from the semi-solid media 

by adding cold (4° C) cell culture media (RPMI 1640, 31870074, Gibco, 

Paisley UK supplemented with 10% FCS (First Link, UK) and 2mM L-

Glutamine, Sigma-Aldrich, G7513). The mixture was then centrifuged for 5 

mins at 300 x g, the supernatant was removed, and the cell pellets were 

preserved and stored at -150°C for further processing. 

Lab ID Karyotype MLL status 

1584 47, XY, +6, t(11;19)(q23;p13), add(16)(q24), 

(add(22)(p1?2)) 

ENL 

3206 46, XY, der(9)(p), der(10)t(10;11)(p12;q23q1?3), 

t(?,11)(?,q1?3)del(11)(q1?3); add(19)(p11) 

AF10 

4297 46, XY, t(9;11)(p22;q23) AF9 
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Table 3.1 Genetic data of AML samples with translocation and MLL-fused oncogenes. 

List of primary human AML samples received from Stamm Group (Princess Maxima Hospital, 
The Netherlands). The first six samples carry an MLL fused AF9, AF10, ENL or KIAA1524 
expression, (and therefore classed as MLL-TL), whereas samples in the last 6 rows have no 
detected expression levels of the AF9, AF10, ENL, KIAA1524 oncogenes and were classed as 
MLL-WT, although some translocations were detected. Question marks in the information sheet 
mark uncertain observations in the karyotype. Although karyotypes are common practice in 
haemato-oncology, as a way to identify genetic mutations, they are also complex and 
breakpoints often cannot be determined. These are depicted by question marks in the 
karyotypes. Sample 6719 has additional FISH (Fluorescence In Situ Hybridization) data, but it is 
inconclusive.  

 

 

 

 

4790 46, XY, t(9;11) AF9 

6719 46, XY,a dd(3)(q?26),add(11)(q12)[18]/46,XY[1], 

na FISH: 46, XY?t(3;11)(q26;q12)inv(11)(q12q23) 

AF10 

7638 46, XX, t(3;11)(q12~13;q23)[20] KIAA1524 

672 46, XY, inv(16)(p13;q22)  

2761 46, XX, t(15;17)(q22;q21)  

5940 t(16;16)  

10349 46, XY, inv(16)(p13q22)  

11367 XY, t(8;21)  

10347B 45, XY, t(8;21)(q22;q22)[7]  
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Molecular Biology Methods 
 

3.12. Isolation of RNA 

The extraction of DNA from cell lines was performed by using Tri-Reagent 

(Sigma-Aldrich T9424). 1x105 cells/well were treated for 72 hours as 

described in paragraph 3.7 and 3.8 and centrifuged at 400 x g for 5 minutes 

than the cell pellet dissolved in 0.5mL Tri-reagent. After 5 minutes 0.1mL of 

chloroform was added to all samples, then vigorously shaken manually for 15 

seconds, and left to stand for 5-10 minutes at RT (room temperature). The 

mix then were centrifuged at 12,000 x g for 15 minutes at 4°C. The RNA phase 

layer then was transferred to a fresh tube. 

0.25mL of 2-propanol was added to the aqueous phase, and allowed to 

precipitate overnight at -20°C. The next day it was centrifuged at 12,000 x g 

for 20 minutes at 4°C to precipitate the RNA pellet. The pellets were washed 

with 0.5mL of 75% Ethanol, vortexed for 5 seconds and centrifuged at 7,500 

x g for 5 minutes at 4°C. The RNA pellets were dried for 10 minutes at RT 

then the pellet was dissolved in DEPC water at room temperature. 
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3.13. RNA isolation from clinical samples 
 

RNA extraction from clinical samples were performed by using the 

QIAShredder homogenisation kit (Qiagen 79656) and subsequently the 

QIAmp RNA Blood mini kit (Qiagen 52304) as per manufacturer’s protocol. 

See Appendix, paragraph 12.3. 

 

3.14. Quantification of nucleic acid and 
assessment of purity 

 

The quality and quantity of RNA samples was measured by 

spectrophotometric analysis using the NanoDrop 2000 (ND2000) (Thermo 

Scientific, Abingdon, UK). 0.5µl of resuspended RNA sample was analysed, 

using NanoDrop. The ratio of absorbance is measured at 260nm and 280nm 

and this ratio (260/280) is used to assess the purity of the RNA. The 

acceptable purity level for RNA was set between 1.8-2.0. 

 

3.15. cDNA synthesis 
 

First strand cDNA synthesis was carried out from 1µg of RNA. For the 

synthesis PrimeScript RT-PCR kit (Takara, RR037A) was used, as per 

manufacturer’s instructions. In brief, 1 µg of good quality (260/280 tolerance 
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between 1.8-2.0) total RNA was used for cDNA synthesis. To that end, 50 µM 

oligo dT and 100 µM Random hexamer was added in addition to the 

PrimeScript buffer and the mixture was incubated at 65°C for 10 minutes to 

melt and denature any secondary structures. Samples were snap frozen 

before the addition of PrimeScript RT enzyme. Samples were incubated at 25 

°C for 10 minutes and 37°C for 75 minutes and stored at -20°C until required 

for RT-PCR. 

 

3.15.1. Primer design 
 

Genomic and cDNA sequences were obtained from the Ensemble genome 

browser (www.ensemble.org). All primers used throughout the study were 

purchased from Sigma-Aldrich. Primers were previously validated by Tzelepis 

et al. (2018). 

 

3.15.2. Polymerase Chain Reaction (PCR) 
 

Polymerase chain reaction (PCR) is an in vitro method of DNA synthesis (or 

cDNA in this case) that allows particular regions of DNA to be copied and 

amplified. The DNA template is first denaturated by incubating at high 

temperatures, then temperature is lowered and two oligonucleotide primers 

that flank the DNA fragment are annealed to their complementary sequences, 

target the sequence. The primers then extended by the Taq polymerase and 

http://www.ensemble.org/
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the sequence between the primers is synthesized.  Multiple rounds of 

denaturation (cca. 35-40) annealing and extension allow for specific 

amplification of the sequence of interest. 

 

3.16. Semi-Quantitative PCR 
 

In reverse transcription (RT)-PCR, cDNA is used as a template in the semi 

quantitative PCR reaction. Primers are designed to amplify within the cDNA a 

copy of the mRNA sequence to be tested. That amplification is reflective of 

the gene expression at the transcript level. RT-PCR can be semi quantitative 

when equal amounts of cDNA template are used as starting material that is, 

in this case assessed by the ability to amplify an endogenous control gene 

with equal efficiencies across all of the samples. In this study, the endogenous 

control was Hypoxanthine-guanine phosphoribosyl transferase 1 or HPRT1 

(See Appendix, paragraph 12.2) as this gene is stably expressed in leukaemia 

cells. Following approximate equalisation of the housekeeping gene cDNA, 

any observed difference between amplification of the target gene provided an 

indication of differences in the level of transcript expression. 

Semi-quantitative (sq)RT-PCR amplification were carried out using Promega 

GoTaq G2 master mix containing a final reaction concentration of 10 mM Tris 

HCL (pH 9.0), 50 mM potassium chloride, and 0.1% Triton-X (Promega, 

Dorset, UK), 1.5 mM magnesium chloride, 200 µM each of dATP, dCTP, 

dGTP and dTTP (Promega, UK), 100 µM each of the forward and reverse 

primers and 1 unit of GoTaq polymerase. A master mix was prepared by 
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multiplying the volumes of the individual reagents required per reaction by the 

number of reactions being carried out. See Table 3.2. 

Table 3.2 PCR reagents per reaction 

 

Once prepared, 24 µL aliquots of the master mix were added to each reaction 

tube. Finally, 1 µL of the template cDNA or no template control (ddH2O) was 

added to the appropriate universal tube giving the final reaction volume of 25 

µL. Reaction cycles were carried out using BioRad QX100 thermal cycler. All 

sqRT-PCR amplification included a 120-minute denaturation stage at 96°C, 

followed by 35 cycles of denaturation, annealing and extension steps. A final 

extension of 15 minutes was included to terminate the reaction as shown in 

table 3.3. PCR products were electrophoresed on Agarose gels and 

visualised by ethidium bromide staining and compared to a known molecular 

size DNA ladder as described below.  

 

Name of reagent Volumes per reaction (µL) 

GoTaq B2 Mastermix 12.5 

100 µM Forward Primer 1 

100 µM Reverse Primer 1 

cDNA 1 

ddH2O 9.5 
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Table 3.3 Detailed description of the thermocycling steps for PCR 

 

3.17. Digital Droplet PCR 
 

Digital Droplet PCR (ddPCR) is a more sensitive PCR method than qPCR or 

RT-PCR as the basis of the method is separating the PCR product into 20,000 

water-in-oil droplets in each well (Chen et al., 2021). In every droplet, a PCR 

reaction is taking place, which is similar to most standard TaqMan based 

reactions but instead of the usual 40 cycle, in this case, it can measure 20,000 

reactions. In each sample the sensor can detect the fraction of PCR positive 

and negative droplets, then the target DNA concentration can be calculated 

by Poisson distribution calculation. 

The ddPCR mastermix was created by adding 10µl 2x Reaction Mix (Bio-Rad 

186-3026) to 1µl probe (Life Technologies Hs00608023 BCL2 750rxn, 

Hs04931837 HOXA9 750rxn, Hs00153408 MYC 750rxn), 1µl cDNA (0.1µg) 

 Segment 1 Segment 2 Segment 3 

Denaturation 

96°C 10 minutes  

Denaturation 96°C 

30 sec 

Final Elongation 

72°C 15 minutes 

Primer annealing 60-

62°C 30 sec 

Elongation 72° 1 

minute 

No of cycles 1 35 1 
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and 8µl RNase free water. It was plated in single wells. 20µl of the ddPCR 

mastermix was transferred to the droplet generator cartridge (Bio-Rad 186-

4109) and into the ‘sample’ row. 70µl of droplet generation oil (Bio-Rad, 186-

3005) was added to the cartridge, into the ‘oil’ row. The cartridge was placed 

into the droplet generator (Bio-Rad QX200™ Droplet Generator 1864002). 

When finished, the content of the wells were transferred into a ddPCR plate 

(Bio-Rad, ddPCR™ 96-Well Plates 12001925) and sealed it with foil at 180°C 

for 6 seconds (Bio-Rad, Pierceable Foil Heat Seals 17005225). The plate then 

was transferred into a thermocycler and the following settings were used; 

95°C for 10 minutes, 2.) 94°C for 30 seconds, 3.) 59°C for 1 second, 4.) step 

2 for 40 cycles (on repeat) 5.) 98°C for 10 minutes, 6.) Hold at 4°C until next 

step. Once the PCR reaction was finished, the plate was read using the Digital 

Droplet Reader (Bio-Rad, QX100 Droplet Digital PCR System) provides an 

exact number for positive and negative hits, which then can be adjusted to the 

house keeping gene. After baseline calculations the number of positive hits 

will indicate the presence of the target gene in the sample. 

 

3.18. Agarose gel electrophoresis 
 

To enable visualisation of the products from sqPCR, gel electrophoresis was 

used with a 2% Agarose gel, prepared by melting 2g of Agarose (Sigma-

Aldrich A9539) in 100mL of 1X TAE buffer (diluted from 50X, Merck 

LSKMTAE50) using a microwave oven on high power for 3 minutes or the 

total volume of Agarose was dissolved. The solution then was left to cool for 
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30 minutes, then Ethidium Bromide (Sigma-Aldrich E1385) was added at the 

concentration of 0.5µg/mL. The gel was then poured into a pre-prepared gel 

casting gel tray. A comb with the appropriate well sizes was immersed into 

the gel and left to fully cool at room temperature for 30 minutes for the gel to 

polymerise. After 30 minutes the comb was removed and the tray 

disassembled, the gel was immersed into a resolving tank containing 1X TAE 

buffer to cover the gel. 1µl of 6X loading dye was added to 5µl of nucleic acid 

samples, which were transferred to individual wells of the gel. Samples were 

subjected to electrophoresis in a Wide Mini-Sub Cell GT Cell (Bio-Rad, 

1704405) attached to the appropriate power supply (Bio-Rad, PowerPac 

Universal Power Supply, 1645070). The process took 45 minutes at 100V to 

get from the negatively charged cathode to the positively charged anode, 

alongside 100 base pair DNA ladder (Invitrogen, 15628050) and nucleic acid 

fragments were detected and image by a Bio-Rad EZ Gel Doc (Bio-Rad, 

1708270) system. 

 

3.19. NanoBRET target engagement 
intracellular kinase assay 

 

To eliminate any confounding variants, a target engagement assay was also 

used, which strictly focuses on a target protein and its inhibition in host cells. 

For CLK1, the K-5 NanoBRET™ TE Intracellular Kinase Assay (N2501, 

Promega, UK) was used. As there is no commercially available kit for the 

detection of SRPK1 levels, a new tracer (SRPKBNP-1) was developed by 
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Prof. Jonathan Morris (University of New South Wales) and optimised within 

this study.  

HEK293FT cells were grown until 90% confluency in complete media (DMEM 

Sigma-Aldrich 6429 + 10% FCS Sigma-Aldrich F9665), detached and re-

suspended in Assay media (OptiMEM™ 11058021 + 1% FCS). The cell 

density was adjusted to 2 x 105/mL. and the DNA complex was created by 

mixing 9µg/mL of Transfection carrier DNA from the K-5 kit and 1µg/mL 

SRPK1-NanoLuc fusion vector (Custom made product from Promega, UK, 

the sequence is proprietary information belonging to Exonate Ltd., 

Cambridge, UK) or CLK-1 NanoLuc fusion vector (NV1131, Promega, UK, 

See plasmid map in Appendix, 12.3 Protocols) in 1mL of OptiMEM™ and 

mixed thoroughly. Then 30µl of FuGeneÒ HD (E2311, Promega, UK) was 

added to the mixture and left to incubate for 20 mins at RT. Then 20mL of cell 

suspension was mixed with the 1mL DNA complex mix. 100µl cell suspension 

was added to each well in a white walled, clear bottom 96 well-plate (Thermo 

Scientific, 165306) and left to establish for 48 hours in a cell culture incubator 

(37°C with 5% CO2). 

After 48 hours the media was removed from the wells and replaced with 50µl 

of fresh assay media. Inhibitors were then added to the wells between 1nM to 

10µM in linearly increasing concentrations. Then the appropriate tracer was 

diluted to 300nM final concentration in assay media supplemented with 0.1% 

DMSO (Sigma-Aldrich, D2650) then added to the wells. The plate was placed 

on an orbital shaker (Thermofisher 88882005) and incubated for 30 seconds 

at 100 x g. For the final incubation, the well-plate was transferred back to the 
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cell culture incubator and left for 2 hours. After 2 hours, 24µl NanoBRET-

NanoGlo Substrate (part of the K-5 kit) was diluted in 3976µl assay media. 

50µl of the diluted substrate was transferred to each well. The luminescence 

levels from each well were read with a FlexStation 3 (Molecular Devices, San 

Jose, CA, USA) plate reader at 460nm for acceptor emission and 610nm for 

donor emission.  

The SRPKBNP-1 tracer was optimised using the same protocol only without 

the inhibitor treatment, the tracer concentration was between 1nM – 10µM 

that was added to transfected HEK 293FT cells and imaged with the 

appropriately diluted NanoBRET-NanoGlo substrate as per protocol. The 

optimal concentration of the tracer was decided based on the average mBU 

(BRET ratio) measurements. 
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4.1. Aims and objectives 
 

SRPK1 has been shown to be a potentially good drug target for various drug 

resistant cancers. The aim of this chapter to prove the efficiency of SPHINX-

31, a highly selective SRPK1 inhibitor in reducing common downstream 

targets such as MYC, HOXA9 and BCL-2 in AML. In addition, cell viability 

data is also presented to assess the efficacy of SPHINX-31 in reducing cell 

proliferation in response to treatment.  

 

4.2. Introduction 
 

Tzelepis et al. (2016) used a CRISPR knockout model to identify genetic 

vulnerabilities in AML. AML is a commonly drug resistant disease, which has 

a high relapse and mortality rate. They identified previously published drug 

targets such as DOT1L, BCL2 and MEN1 and showed that AML cell lines with 

an AF9 translocation (such as the OCI-AML2) were the most sensitive to 

inhibitor treatment and showed a down regulation of BCL2 (Tzelepis et al., 

2016). From then on, the same group (Tzelepis et al., 2016) identified SRPK1 

as a genetic vulnerability of AML, which then meant that a highly selective 

SRPK1 inhibitor was able to significantly decrease cell viability in in vitro 

studies and reduce tumour burden in in vivo experiments. As predicted, they 

also confirmed a genetic vulnerability for cell lines with MLL rearrangements 

(AF9 or AF6 oncogenes). The same study identified an isoform change of 

BRD4 as a result of SPHINX-31 treatment. BRD4 can be expressed as a pro-
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tumourigenic short isoform (BRD4s) and as an anti-tumourigenic long isoform 

(BRD4l). The study compared known BRD4 inhibitors, such as iBET-151 to 

SPHINX-31 and showed that SPHINX-31 was equally successful in reducing 

colony forming efficiency in in vitro studies, in wild-type samples. The same 

research group later showed that cell lines with the AF9 oncogene were much 

more vulnerable to SPHINX-31 treatment than the AML cell lines without a 

translocation and the AF9 oncogene (Tzelepis et al., 2018). 

 

4.3. Downstream targets after SPHINX-31 
treatment in AML cell lines 

 

To determine whether SRPK1 inhibition was able to inhibit expression of 

downstream targets, AML cell lines were treated with SPHINX-31 for 72 hours 

in a cell culture incubator (37° C, 5% CO2) in increasing levels (with 0.1% 

DMSO as a vehicle control in cell culture media). Cells then were harvested 

and the expression levels of MYC, HOXA9 and BCL2 were measured with 

ddPCR (See Fig. 4.1- 4.6). Expression levels were adjusted to the 

housekeeping gene, HPRT-1. Figure 4.1. (A) shows that SRPK1 inhibition 

significantly reduced MYC expression in THP1 cells (IC50 25.32 nM). Figure 

4.1. (B) shows that SRPK1 inhibition reduced HOXA9 expression in THP1 

cells (IC50 6.55 nM). These results indicate that S31 inhibits expression of 

downstream targets of BRD4 in THP1 cells. Fig. 4.1. (C) also shows that 

SPHINX-31 was successful in reducing the expression levels of BCL-2 in 

THP-1 cells (IC50 84.35 nM). 
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Figure 4.1. Downstream target levels in THP-1 cells after SPHINX-31 treatment 

Downstream target levels after 72 hours SPHINX-31 (S31) treatment in THP-1 cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 4.1.(A) MYC 
expression levels after 72 hours of SPHINX-31 treatment (IC50 25.32 nM), 4.1.(B) HOXA9 
expression levels after 72 hours of SPHINX-31 treatment (IC50 6.548 nM), 4.1.(C) BCL-2 
expression levels after 72 hours of SPHINX-31 treatment (IC50 84.35 nM). 

 

OCI-AML2 cells, also with an MLL translocation showed similar reduction in 

downstream targets as the THP-1 cells shown above. Fig.4.2. (A) shows that 

MYC levels are reduced in response to rising concentrations of S31 in OCI-

AML2 cells (IC50 14.22 nM). Fig.4.2. (B) shows the reduced levels of HOXA9 

in OCI-AML-2 in response to rising concentrations of S31 (IC50 3.783 nM). 

Finally, Fig.4.2. (C) shows the similarly reduced BCL-2 levels in the same cell 

line (IC50 0.4419 nM). 
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Figure 4.2. Downstream target levels in OCI-AML2 cells after SPHINX-31 treatment 

Downstream target levels after 72 hours SPHINX-31 (S31) treatment in OCI-AML2 cells, measured 
by assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements 
were normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 4.2.(A) MYC 
expression levels after 72 hours of SPHINX-31 treatment (IC50 14.22 nM). 4.2.(B) HOXA9 
expression levels after 72 hours of SPHINX-31 treatment (IC50 3.783 nM). 4.2.(C) BCL-2 
expression levels after 72 hours of SPHINX-31 treatment (IC50 0.4419 nM).  

 

Fig.4.3. (A) shows the reduced MYC expression levels in MOLM-13 (IC50 

95.10 nM), the third translocated AML cell line. Fig.4.3. (B) shows a similarly 

sizeable reduction in HOXA9 levels (IC50 9.021 nM), whereas Fig.4.3. (C) 

demonstrates the decreased levels of BCL-2 in MOLM-13 cells (IC50 6.612 

nM). 
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Figure 4.3. Downstream target levels in MOLM-13 cells after SPHINX-31 treatment 

Downstream target levels after 72 hours SPHINX-31 (S31) treatment in MOLM-13 cells, measured 
by assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements 
were normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 4.3.(A) MYC 
expression levels after 72 hours of SPHINX-31 treatment (IC50 95.10 nM). 4.3.(B) HOXA9 
expression levels after 72 hours of SPHINX-31 treatment (IC50 9.021 nM), 4.3.(C) BCL-2 
expression levels after 72 hours of SPHINX-31 treatment (IC50 6.612 nM).  

 

Fig.4.4. (A) demonstrates the effect of SPHINX-31 on MYC expression, in 

OCI-AML3 cells (IC50 240.2 nM), one of the non-translocated AML cell lines. 

Fig.4.4. (B) shows a similar reduction in HOXA9 levels in response to 

increasing levels of SPHINX-31 treatment (IC50 12.94 nM). Fig. 4.4. (C) 

demonstrated the levels of BCL-2 in OCI-AML3 cells after treatment (IC50 

12.74 nM). 
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Figure 4.4. Downstream target levels in OCI-AML3 cells after SPHINX-31 treatment 

Downstream target levels after 72 hours SPHINX-31 (S31) treatment in OCI-AML3 cells, measured 
by assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements 
were normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 4.4.(A) MYC 
expression levels after 72 hours of SPHINX-31 treatment (IC50 240.2 nM). 4.4.(B) HOXA9 
expression levels after 72 hours of SPHINX-31 treatment (IC50 12.94 nM). 4.4.(C) BCL-2 
expression levels after 72 hours of SPHINX-31 treatment (IC50 12.74 nM). 

 

HL60, the next non-translocated AML cell line showed a very similar response 

than the OCI-AML3 cells, shown above. Fig.4.5. (A) represents the 

decreasing levels of MYC levels in HL60 cells (IC50 30.15 nM). Fig.4.5. (B) 

shows the reduction in HOXA9 levels after treatment (IC50 6.798 nM). And 

Fig.4.5. (C) demonstrated the decrease in BCL-2 levels after S31 treatment 

(IC50 16.75 nM).  
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Figure 4.5. Downstream target levels in HL60 cells after SPHINX-31 treatment 

Downstream target levels after 72 hours SPHINX-31 (S31) treatment in HL60 cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 4.5.(A) MYC 
expression levels after 72 hours of SPHINX-31 treatment (IC50 30.15 nM). 4.5.(B) HOXA9 
expression levels after 72 hours of SPHINX-31 treatment (IC50 6.798 nM. 4.5.(C) BCL-2 expression 
levels after 72 hours of SPHINX-31 treatment (IC50 16.75 nM).  

 

TF1a cells responded similarly to SPHINX-31 treatment as the other two non-

translocated cell line, displaying a significant drop in MYC expression, as it is 

shown in Fig.4.6. (A) (IC50 9.425 nM). HOXA9 expression levels were also 

significantly reduced as it is shown in Fig.4.6. (B) (IC50 10.75 nM). BCL-2 

expression levels were significantly reduced even in the nanomolar range 

(IC50 21.37 nM), as it can be seen in Fig.4.6. (C). 
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Figure 4.6. Downstream target levels in TF1a cells after SPHINX-31 treatment 

Downstream target levels after 72 hours SPHINX-31 (S31) treatment in TF1a cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 4.6.(A) MYC 
expression levels after 72 hours of SPHINX-31 treatment (IC50 9.425 nM). 4.6.(B) HOXA9 
expression levels after 72 hours of SPHINX-31 treatment (IC50 10.75 nM. 4.6.(C) BCL-2 expression 
levels after 72 hours of SPHINX-31 treatment (IC50 21.37 nM). 

 

4.4. Cell viability assay 
 

Following the successful treatment of AML cell lines with SPHINX-31 to 

reduce the levels of MYC, HOXA9, and BCL-2 expression, all 6 AML cell lines 

were treated with increasing levels of SPHINX-31 in regular in vitro conditions 

(37°C, 5% CO2 atmosphere) for 72 hours. Then an ATP-based reagent, Cell-

Titer Glo 2.0 was used to assess the viability levels. Fig.4.7. (A) shows that 
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SPHINX-31 did not have an obvious effect on cell viability in OCI-AML3 cells. 

Since all measurements were adjusted to the vehicle control, in some groups 

the viability levels increased above 100%, as it can be seen below. Fig.4.7. 

(B) shows the big variability in the viability levels of MOLM-13 cells, and the 

greatest effect in response to SPHINX-31 treatment. Fig.4.7. (C) shows no 

response to treatment in HL60 cells. Fig.4.7. (D) similarly demonstrates no 

effect to treatment in OCI-AML2 cells. Continuing with this trend, Fig.4.7. (E) 

shows that TF1a cells had no decrease in viability levels in response to 

treatment. In Fig.4.7. (F) it can be seen that THP-1 cells were not affected by 

treatment, although they displayed a significant standard error of mean 

(SEM). As a summary, 4.7. (G) shows the effect of SPHINX-31 in all the six 

different cell lines and that MOLM-13 cells are the most sensitive to S31 

treatment (IC50 9753 nM). Due to viability levels increasing above 100% in 

some treatment groups, IC50 values were not available for the other cell lines. 
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Figure 4.7. Cell viability levels in AML cell lines after SPHINX -31 treatment 

Fig. 4.7. (A) OCI-AML3 (MLL-WT ) cells after 72 hours SPHINX -31 treatment. 4.7. (B) MOLM-13 
cells (MLL-TL) after SPHINX -31 treatment, (IC50 9753 nM). 4.7. (C) HL60 (MLL-WT ) cells after 
SPHINX -31 treatment. 4.7. (D) OCI-AML2 (MLL-TL)cells after SPHINX -31 treatment. 4.7. (E) Tf1a 
(MLL-WT ) cells after SPHINX -31 treatment. Error bars were calculated but cannot be displayed 
due to the lack of SEM. 4.7. (F) THP-1 (MLL-TL) cells after Sphinx-31 treatment. 4.7. (G) 
Summarised cell viability levels after Sphinx-31 treatment from in AML cell lines. All values were 
normalised to the vehicle control group (DMSO 0.1%), averages presented from three biological 
replicates (n=3) which each was calculated from three technical replicates.  
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4.5. Discussion 
 

SPRK1 has been established to be a potentially good therapeutic target for 

various cancers both in solid tumours and hard to treat cancers such as 

leukaemia. SRPK1 inhibition has been shown to have an anti-tumoural effect 

in prostate cancer, breast cancer, lung cancer and gliomas (Bullock and 

Oltean, 2017). SPHINX -31, a highly selective SRPK1 inhibitor proved to be 

an interesting drug candidate to target cancer cells. In a previous study 

(Tzelepis et al., 2018) showed the vulnerability of AML cell lines and 

especially, the vulnerability of MOLM-13 cells to SPHINX -31 treatment. In 

contrast with the results published by Tzelepis et al. (2018), there was no 

difference in the effect of SPHINX-31 in the MLL-TL vs. MLL-WT group in this 

data presented here. It is worth noting that in their study they used a 6-day 

treatment regimen and a split back method which does not account for the 

dilution of compound by adding fresh media to the wells. In this study, a 3-day 

treatment was used, where the dosage of compound and number of cells can 

be strictly controlled. 

In a study of PC-3 prostate cancer cells treated with SPHINX -31, a decreased 

tumour growth was observed in an in vivo model of PCa (Mavrou et al., 2015) 

but did not affect cell viability. The same has been shown in melanoma cells 

(Gammons et al., 2013). In endometrial carcinoma 5µM of SPHINX -31 

treatment could not achieve a significant reduction in cell viability, but it was 

significantly more effective in combination with 1µM Lapatinib (GlaxoSmith 

Kline, C29H26ClFN4O4S) (Kurimchak et al., 2020). In this study the effect of 
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SRPK1 inhibition is significant in AML cells, when compared to the control 

group. It significantly reduced BCL2, HOXA9 and MYC expression but it does 

not induce cell death. A similar result was observed in other studies, where 

SRPK1 inhibition alters gene expression (e.g. VEGF splicing) to reduce 

tumour growth but not necessarily induces cell death (Gammons et al., 2013). 

 

4.5.1. Downstream target levels after SPHINX-

31 treatment 

MYC, HOXA9 and BCL-2 are all known oncogenes that have high expression 

levels in cancer, and especially in haematological malignancies (Perini et al., 

2018). Previous studies showed that the inhibition of any or all of these 

oncogenes could be a therapeutic regimen for hard to treat types of cancers 

(Cerella et al., 2017). The data presented here demonstrates that SPHINX-

31 can significantly reduce the expression levels of MYC, HOXA9 and BCL-2 

across all six AML cell lines, regardless of their translocation status. The fact 

that this could be done in both MLL translocated and non-translocated 

suggests that it is acting on a change in expression of a common upstream 

regulator, such as ATF4 (Wortel et al., 2017). 

 

4.5.2. Cell viability levels in response to 

treatment 

In terms of cell viability, SPHINX-31 did not have a significant effect when 

adjusted to the vehicle control group. The cell line with the greatest drop in 
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viability was the MOLM-13 (MLL-TL) cell line (IC50 9753 nM), which is in line 

with previous findings (Tzelepis et al., 2018). It should be noted that the 

treatment duration in this study was 3 days, whereas other studies used 6 day 

or longer treatments. We decided to treat for 3 days as it was the ideal length 

for the compound to have an effect but also to keep the number of cells in the 

wells at an optimal density. As other studies noted, after 3 days cells either 

need to be split back or the experiment to be terminated as the number of 

cells (especially in the control group) exceeds the volume capacity of the well 

and the lack of nutrients and oxygen triggers an artefact reaction. It is possible 

that in order to achieve a significant reduction in cell viability levels a 6-day 

treatment is required. We made a couple of attempts to create a 6-day 

treatment by systematically checking the number of cells in the wells and 

replenish the cell media with appropriate concentrations of treatment. 

However, the data did not support previous findings, and for the reasons 

mentioned above, the 3-day treatment regimen was implemented. 
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5. Chapter 

BRD4 Splice change in 

response to SPHINX-31 

treatment 
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5.1. Aims and objectives 
 

In this chapter the aim was to look at the splice change of BRD4 in response 

to inhibitor treatment. BRD4 isoform change in AML cell lines was reported in 

(Tzelepis et al., 2018) in response to SPHINX-31. BRD4 has been found to 

have two isoforms, a short pro-oncogenic (BRD4s) and a long isoform 

(BRD4l), which is anti-angiogenic, which in turn provides a tumour suppressor 

function. By switching from BRD4s isoform to the BRD4l isoform, BRD4 

splicing could become a drug target in AML. In other cancers the same 

change was observed; Wu et al. showed that BRD4s in breast cancer is 

oncogenic, whilst BRD4l is tumour-suppressive (Wu et al., 2020).  

 

5.2. Introduction 
 

In this study, 6 AML cell lines  were treated (w/o MLL translocation) with 

SPHINX-31 to trigger a splice change in BRD4. Expression of BRD4s, BRD4l 

and HPRT-1 was determined by RT-PCR and visualized on a 2% gel by 

agarose gel electrophoresis (Fig.5.1 - 5.6). The expected band sizes were 

206 bp for BRD4s and 488 bp for BRD4l. HPRT-1 was used as a positive 

control for RNA extraction and cDNA generation, which produces a band at 

101 bp. Optical density was measured using Image Studio (LI-COR 

Biotechnology, Cambridge, UK). Data from all 6 cell lines was collected and it 

shows a difference in intensity between the two BRD4 isoforms (BRD4s - 
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BRD4L) normalised to HPRT-1. Primer sequences can be found in the 

Appendix 12.1. 

 

5.3. Results 
 

RT-PCR data shows that with increasing concentration of SPHINX-31, the 

expression level of BRD4s decreases and the level of BRD4l increases in the 

treatment groups. Meanwhile, the housekeeping gene, HPRT-1 was 

unaffected. The data is presented according to the MLL translocation status 

of each cell line, starting from the MLL-translocated cell lines MOLM-13, THP-

1, OCI-AML2, followed by the MLL-wildtype; OCI-AML3, HL60 and TF1a.  

Fig.5.1. (A) below shows the effect of SPHINX-31 treatment on the BRD4 

isoform change in MOLM-13 cells (IC50 133.1 nM). It can be seen that in the 

micromolar range the pro-tumourigenic BRD4s isoform was almost non-

existent, and the tumour supressor BRD4l isoform is predominant. Fig.5.1. (B) 

shows the difference of the two isoforms in response to increasing levels of 

inhibitor treatment. Fig.5.1. (C) shows the normalised level of difference in the 

expression of the two isoform. 
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Figure 5.1. BRD4 splice change in MOLM-13 cells after SPHINX31 treatment 

Fig.5.1. (A) BRD4s, BRD4l and HPRT-1 expressions in MOLM-13 cells (MLL-TL), after 72 hours of 
SPHINX-31 treatment visualised on a 2% agarose gel (IC50 133.1 nM). Figure 5.1. (B) Difference in 
expression of BRD4s- BRD4l in MOLM-13 cells after 72 hours of SPHINX-31 treatment. Fig.5.1 
(C) Normalised levels of expression between BRD4s-BRD4l isoform after 72 hours of SPHINX-31 
treatment, the difference in expression was normalised to the vehicle control (i.e., 100% BRD4s) 
and the highest concentration (i.e. 100% BRD4L expression). Expressions of BRD4s, BRD4l and 
HPRT-1 in MOLM13 cell line was determined by RT-PCR and visualized on a 2% gel by agarose 
gel electrophoresis. The expected band sizes were, BRD4s: 206 bp and BRD4l: 488 bp, HPRT-1: 
101 bp. The optical density was measured using Image Studio. All data points represent three 
biological replicates (n=3), which each were calculated using three technical replicates. 

 

In Fig.5.2 (A) THP-1, another MLL-translocated cell line shows a decreasing 

level of BRD4s as the SPHINX-31 concentration rises in the sample, (IC50 

36.03 nM). Fig.5.2 (B) shows a decreasing level of Short:Long ratio, and in 

Fig.5.2 (C) can be seen that the normalized level of Short-Long isoform ratio 

displays a strong dose response curve. 
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Figure 5.2. BRD4 splice change in THP-1 cells after SPHINX31 treatment 

Fig.5.2 (A) BRD4s, BRD4l and HPRT-1 expressions in THP-1 cells (MLL-TL), after 72 hours of 
SPHINX-31 treatment visualised on a 2% agarose gel (IC50 36.03 nM). Figure 5.2 (B) Difference in 
expression of BRD4s- BRD4l in THP-1 cells after 72 hours of SPHINX-31 treatment. Fig.5.2 (C) 
Normalised levels of expression between BRD4s-BRD4l isoform after 72 hours of SPHINX-31 
treatment, the difference in expression was normalised to the vehicle control (i.e., 100% BRD4s) 
and the highest concentration (i.e. 100% BRD4L expression). Expressions of BRD4s, BRD4l and 
HPRT-1 in THP-1 cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel 
electrophoresis. The expected band sizes were, BRD4s: 206 bp and BRD4l: 488 bp, HPRT-1: 101 
bp. The optical density was measured using Image Studio. All data points represent three 
biological replicates (n=3), which each were calculated using three technical replicates. 

 

Fig.5.3 (A) shows that in OCI-AML2 cells, BRD4s does not disappear 

completely but gets significantly reduced in the µM range of treatment (IC50 

54.42 nM). Fig.5.3 (B) shows that the ratio of Short vs. Long isoform reduces 

significantly and in Fig.5.3 (C) it can be seen that when the Short-Long 

isoforms were normalised to the base line, there is a strong response to 

inhibitor treatment. 
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Figure 5.3. BRD4 splice change in OCI-AML2 cells after SPHINX31 treatment 

Fig.5.3 (A) BRD4s, BRD4l and HPRT-1 expressions in OCI-AML2 cells (MLL-TL), after 72 hours 
of SPHINX-31 treatment visualised on a 2% agarose gel (IC50 54.42 nM). Figure 5.3 (B) Difference 
in expression of BRD4s- BRD4l in OCI-AML2 cells after 72 hours of SPHINX-31 treatment. Fig.5.3 
(C) Normalised levels of expression between BRD4s-BRD4l isoform after 72 hours of SPHINX-31 
treatment, the difference in expression was normalised to the vehicle control (i.e., 100% BRD4s) 
and the highest concentration (i.e. 100% BRD4L expression). Expressions of BRD4s, BRD4l and 
HPRT-1 in OCI-AML2 cell line was determined by RT-PCR and visualized on a 2% gel by agarose 
gel electrophoresis. The expected band sizes were, BRD4s: 206 bp and BRD4l: 488 bp, HPRT-1: 
101 bp. The optical density was measured using Image Studio. All data points represent three 
biological replicates (n=3), which each were calculated using three technical replicates. 

 

The splice change in the TF1a (MLL-WT) cells are not as pronounced as in 

the MLL-TL cells, as it can be seen from Fig.5.4 (A) (IC50 83.61 nM). It is clear 

that the ratio of Short:Long decreases in response to rising concentrations of 

S31 treatment, as it is shown in Fig.5.4 (B). Finally, Fig.5.4 (C) shows the full 

effect of inhibitor treatment after the Short-Long ratio was normalised to the 

baseline. 
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Figure 5.4. BRD4 splice change in TF1a cells after SPHINX31 treatment 

Fig.5.4 (A) BRD4s, BRD4l and HPRT-1 expressions in TF1a cells (MLL-WT), after 72 hours of 
SPHINX-31 treatment visualised on a 2% agarose gel (IC50 83.61 nM). Figure 5.4 (B) Difference in 
expression of BRD4s- BRD4l in TF1a cells after 72 hours of SPHINX-31 treatment. Fig.5.4 (C) 
Normalised levels of expression between BRD4s-BRD4l isoform after 72 hours of SPHINX-31 
treatment, the difference in expression was normalised to the vehicle control (i.e., 100% BRD4s) 
and the highest concentration (i.e. 100% BRD4L expression). Expressions of BRD4s, BRD4l and 
HPRT-1 in Tf1a cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel 
electrophoresis. The expected band sizes were, BRD4s: 206 bp and BRD4l: 488 bp, HPRT-1: 101 
bp. The optical density was measured using Image Studio. All data points represent three 
biological replicates (n=3), which each were calculated using three technical replicates. 

 

The HL60 cell line that displayed double bands in the BRD4l expression 

levels, as it is shown in Fig.5.5 (A), with an IC50 value of 20.61 nM, herefore 

the Short-Long ratio does not show a clear reduction but a reducing trend in 

response to treatment, as it can be seen from Fig.5.5 (B). Fig.5.5 (C) shows 

the normalised ratio of Short-Long isoform in response to increasing levels 

S31 treatment. 
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Figure 5.5. BRD4 splice change in HL60 cells after SPHINX31 treatment 

Fig.5.5. (A) BRD4s, BRD4l and HPRT-1 expressions in HL60 cells (MLL-WT), after 72 hours of 
SPHINX-31 treatment visualised on a 2% agarose gel (IC50 20.61 nM). Figure 5.5 (B) Difference in 
expression of BRD4s- BRD4l in HL60 cells after 72 hours of SPHINX-31 treatment. Fig.5.5 (C) 
Normalised levels of expression between BRD4s-BRD4l isoform after 72 hours of SPHINX-31 
treatment, the difference in expression was normalised to the vehicle control (i.e., 100% BRD4s) 
and the highest concentration (i.e. 100% BRD4L expression). Expressions of BRD4s, BRD4l and 
HPRT-1 in HL60 cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel 
electrophoresis. The expected band sizes were, BRD4s: 206 bp and BRD4l: 488 bp, HPRT-1: 101 
bp. The optical density was measured using Image Studio. All data points represent three 
biological replicates (n=3), which each were calculated using three technical replicates. 

 

In the OCI-AML3 cells, the expression of BRD4s completely disappears in the 

10µM treatment group as it is shown in Fig.5.6 (A) (IC50 40.39 nM). Fig.5.6 (B) 

shows the decreasing levels of Short-Long ratio in response to treatment, 

whereas Fig.5.6 (C) shows the normalised ratio of the Short-Long isoform 

ratio. 
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Figure 5.6. BRD4 splice change in OCI-AML3 cells after SPHINX31 treatment 

Fig.5.6 (A) BRD4s, BRD4l and HPRT-1 expressions in OCI-AML3 cells (MLL-WT), after 72 hours 
of SPHINX-31 treatment visualised on a 2% agarose gel (IC50 40.39 nM). Figure 5.6 (B) Difference 
in expression of BRD4s- BRD4l in OCI-AML3 cells after 72 hours of SPHINX-31 treatment. Fig.5.6 
(C) Normalised levels of expression between BRD4s-BRD4l isoform after 72 hours of SPHINX-31 
treatment, the difference in expression was normalised to the vehicle control (i.e., 100% BRD4s) 
and the highest concentration (i.e. 100% BRD4L expression). Expressions of BRD4s, BRD4l and 
HPRT-1 in OCI-AML3 cell line was determined by RT-PCR and visualized on a 2% gel by agarose 
gel electrophoresis. The expected band sizes were, BRD4s: 206 bp and BRD4l: 488 bp, HPRT-1: 
101 bp. The optical density was measured using Image Studio. All data points represent three 
biological replicates (n=3), which each were calculated using three technical replicates. 

 

To compare the efficacy of SRPK1 inhibition of Wild type versus MLL 

translocated cells on BRD4 splicing, IC50s for each dose response curve were 

calculated from all 6 cell lines. As it is shown in Figure 5.1 (C) - 5.6 (C). Figure 

5.7. shows that there is no significant difference in the IC50s between MLL-

WT and MLL-TL. 
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Figure 5.7. IC50 values for SPHINX31 in MLL-WT and MLL-translocated cell lines for BRD4 
splicing. 

Fig.5.7. shows the difference between the IC50 values of MLL-WT and MLL-TL. IC50 values were 
calculated to show the effect of SPHINX-31 on BRD4 splice change. The MLL-WT cells were 
compared to the MLL-TL cells, using an unpaired T-test which had p=0.495 value, showing now 
significant difference between the two groups. 

 

5.4. Discussion and conclusion 
 

5.4.1. BRD4 splice change in AML cell lines 

BRD4 has been found to be critical for the disease maintenance in AML and 

BRD4 suppressors such as JQ1 had robust anti-leukaemic effects both in vitro 

and in vivo. The treatment with JQ1 has shown significant reduction in 

proliferation in THP-1, MOLM-13, and HL60, etc. cells after 72 hours of 

treatment with SPHINX-31 (Zuber et al., 2011). Another study showed that 

when OCI-AML2 and OCI-AML3 cells were treated with JQ1, after 48 hours 

of treatment and with 200nM concentration it significantly reduced cell viability 

(Zhou et al., 2018).  

BRD4 splice change in THP-1 cells has been previously reported in (Tzelepis 

et al., 2018) study and their preliminary results were replicated here in a much 
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wider data set, using 6 AML cell lines. The data shows that splice change 

occurs in all 6 AML cell lines, regardless of their rearrangement status. 

Furthermore, in our data set the treatment concentration ranges from 1nM to 

10µM to show optimal treatment concentration. In the higher dose treatment 

groups, the long version of BRD4 significantly outweighs the short version. 

The only obvious sticking point in the data set is the double bands that 

appeared in the HL60 data, which likely were the result of unspecific binding. 

 

5.4.2. Concluding remarks 

The opportunity to change the splicing of BRD4 from the tumourigenic short 

to the anti-tumorigenic long form provides a great possibility of treatment for 

such notoriously therapy resistant cancers such as AML. As previous studies 

show, BRD4 inhibition (using a pan BRD4 inhibitor) can be very toxic and not 

sustainable for a long period of time, modulating the isoform could provide a 

solution and advance drug development. Therefore, a selective inhibitor such 

as SPHINX-31 could be used to switch the splicing of BRD4 isoforms to aid 

the anti-tumourigenic effect of BRD4l. In the future, short-read RNA-

sequencing could be performed to calculate the percent splicing index which 

describes the proportion of reads that represent the inclusion isoform and 

includes transcriptions of all the exons of the specific gene. 
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6. Chapter 

Second generation inhibitor 
treatment in AML 
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6.1. Aims and objectives 
 

In the previous chapters, it was shown that SPHINX-31 is successful in 

reducing downstream targets in AML cells, it can decrease cell viability in 

MOLM-13 cells and is able to switch the isoform of BRD4. ET1126, ET1132 

and ET3002 are three new inhibitors that showed good results in SPRK1 

inhibition in an in vitro kinase assays (Proprietary data- Emenda Therapeutics 

Ltd.). There was a need determine whether these were able to inhibit SRPK1 

in cells using an Intracellular kinase target engagement assay and whether 

there was a change in SRPK1 expression in response to these new inhibitors. 

Since there is no SRPK1 tracer available on the market, a new tracer was 

developed by Prof. Jonathan Morris’s group (University of New South Wales, 

Australia). Based on the data gathered from the SPHINX-31 treatment group, 

these inhibitors were tested to see if they would replicate previous results in 

reducing the expression levels of common oncogenes such as MYC, BCL-2 

and HOXA9. The expression levels were measure using ddPCR in all 6 AML 

cell lines, after the validation of new SRPK1 inhibitors in the intracellular 

kinase target engagement assay. 

 

6.2. Introduction 
 

ET1126, ET1132 and ET3002 are second generation inhibitors that were 

developed by Prof. Jonathan Morris’ group at the University of New South 

Wales. ET1126 and ET1132 have a Griffin-type structure, whereas ET3002 
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has an indole scaffold (See Figure 1.8). As these are all unpublished 

inhibitors, information on their efficacy is limited. 

 

6.3. Intracellular kinase target engagement 
assay 

 

Kinase signalling pathways have been successfully exploited to be therapy 

targets to inhibit cancer cell proliferation and angiogenesis. There are 484 

kinases encoded in the human genome and every kinase has multiple ways 

for intervention (Ferguson and Gray, 2018). SPHINX-31 and other inhibitors 

used here have been tested to show specificity and selectivity in cell free 

assays. However, to determine whether an inhibitor that has shown to 

successfully target SRPK1 expression in in vitro (in a cell free environment) 

can work inside a cell, it needs to be tested further. To that end, a 

NanoBRETä based intracellular kinase target engagement (TE) assay was 

used, which made it possible to test SPHINX-31 and other inhibitors within 

the intact cell but without any confounding factors. The advantage of this 

assay is that we could study the effect of the compound directly on the gene 

of interest under cellular conditions (physiological ATP, after uptake/diffusion 

into the cell, and in the right cell compartment). When the host cells are 

transfected with the NanoLuc-tagged target protein, then the test compound 

can be added for a short treatment with the cell-permeable tracer. After a 

couple of hours, the luminescent NanoBRET substrate is added, through 

bioluminescence resonance energy transfer (BRET) the level of nonradiative 
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transfer of luminescent energy determines how much effect the inhibitor had 

on the target protein and results in a dose dependent decrease in BRET. TE 

assays measure a blue-shifted donor signal and a red-shifted acceptor signal 

which result in a BRET ratio, or more commonly mBRET (mBU), which is 

calculated by the following formula: 

 

𝐀𝐜𝐜𝐞𝐩𝐭𝐨𝐫	𝐞𝐦𝐦𝐢𝐬𝐬𝐢𝐨𝐧
𝐃𝐨𝐧𝐨𝐫	𝐞𝐦𝐢𝐬𝐬𝐢𝐨𝐧 × 𝟏𝟎𝟎𝟎	 = 𝐦𝐁𝐑𝐄𝐓	𝐫𝐚𝐭𝐢𝐨(𝐦𝐁𝐔) 

 

6.3.1. SRPKBNP tracer optimisation 

In order to use a NanoBRETä based intracellular kinase target engagement 

(TE) assay to measure the inhibitory effect of various SRPK1 inhibitors, a 

specific SRPK1 tracer was developed. Similar to the commercially available 

NanoBRET tracers, this tracer was also covalently conjugated to a fluorescent 

dye which uses a small molecule ligand to bind to the target protein. The 

solubility and concentration of the tracer was optimised by using the same 

method as for the commercially available NanoBRETä based intracellular 

kinase target engagement (TE) assay (Promega, N2501). 
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Figure 6.1. Ilustration of the NanoBRET TE cell assay. 

Panel A. shows the labelled NanoLuc vector within the cell (NLuc), the fluorescent tracer (purple 
circle) and the target protein (light blue circle) bound together in close proximity which then 
results in a BRET signal. It also shows the effect of a test compound (orange circle) which can 
inhibit the binding of target protein and fluorescent tracer (purple circle) which then results in 
very low or no BRET signal. Panel B. illustrates the predicted raising BRET signal in response 
to a rising concentration of fluorescent tracer. It also shows the predicted decreasing values 
(hypothetical presentation) of an effective compound. Graph based Manual TM598 (Property of 
Promega, UK), images created using BioRender Premium. 

 

Figure 6.2. shows the NanoBRET values measured at increasing 

concentrations of tracer. It shows that the SRPKBNP-1 tracer can achieve 

BRET values from ~9 mBU (mBRET unit) to 17 mBU from 300nM-1µM tracer 

concentration. As these values were in line with the manufacturer’s 

recommendation for similar tracers, the SRPKBNP-1 tracer was used for all 

SRPK1 TE assays. 

 

 A 

 

 B 
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Figure 6.2 Optimisation data for the newly developed SRPKBNP tracer for SRPK1 

Fig. 6.2. shows the increasing levels of BRET signal (mBU) correlating with the increasing levels 
of tracer concentration(1nM – 10µM). Protocol is based on TM598 (Promega, UK) with 
modification and no inhibitor treatment. The luminescence levels were measured at 460nm for 
acceptor and 610nm for donor emission and mBU ratio were calculated based on the equation 
mentioned in paragraph 4.3. Data presented were calculated from one biological replicate which 
had three technical repeates. 

 

6.3.2. SRPK1 assays 

 Based on previous in vitro and enzyme data (Proprietary data commissioned 

by Emenda Therapeutics Ltd.) 3 inhibitors were pre-selected with high 

potential potency for SRPK1 inhibition. These are SPHINX-31 which has been 

used for other studies and two second generation inhibitors, ET1126 and 

ET1132. Figure 6.3. shows the inhibition of nanoBRET signal (in mBU) 

resulting from incubation with increasing concentration of SPHINX-31. From 

this it can be seen that SPHINX-31 trestment resulted in a dose dependent 

decrease in mBU with an IC50 of 190nM.  
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Figure 6.3. SRPK1 inhibition after Sphinx-31 treatment measured via the NanoBRET Target 
Engagement assay. 

Fig. 6.3. shows the decreasing levels of BRET signal (mBU) correlating with the increasing levels 
of SPHINX-31 treatment (IC50 of 190nM). The mBU values were normalised to the vehicle control 
group (DMSO 0.1%).The luminescence levels were measured at 460nm for acceptor and 610nm 
for donor emission and mBU ratio were calculated based on the equation mentioned in 
paragraph 4.3. 

 

ET1126 and ET1132 are second generation SRPK1 selective inhibitors that 

have a Griffin-like scaffold. Figure 6.4. shows that ET1126 and ET1132 both 

resulted in a dose dependent decrease in mBU.  

 

 

Figure 6.4. SRPK1 inhibition after ET1126 and ET1132 treatment measured via the NanoBRET 
Target Engagement assay. 

Fig. 6.4. shows the decreasing levels of BRET signal (mBU) correlating with the increasing levels 
of ET1126 and ET1132 treatment(1nM – 10µM). The mBU values were normalised to the vehicle 
control group (DMSO 0.1%).The luminescence levels were measured at 460nm for acceptor and 
610nm for donor emission and mBU ratio were calculated based on the equation mentioned in 
paragraph 4.3. 
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To determine an IC50 for each of these compounds the mBU were normalised 

to 100% (no compound) and 0% (maximum inhibition), all data was 

normalised to the vehicle control group (DMSO 0.1%). Figure 6.5. shows the 

effect of ET1126 on SRPK1 inhibition and that it has an IC50 of 136 nM, lower 

than SPHINX31. 

  

Figure 6.5. SRPK1 inhibition after ET1126 treatment measured via the NanoBRET Target 
Engagement assay. 

Fig. 6.5. shows the decreasing levels of BRET signal (mBU) correlating with the increasing levels 
of ET1126 treatment (IC50 136 nM ).The mBU values were normalised to the vehicle control group 
(DMSO 0.1%).The luminescence levels were measured at 460nm for acceptor and 610nm for 
donor emission and mBU ratio were calculated based on the equation mentioned in paragraph 
4.3. 

 

Figure 6.6. shows the effect of ET1132, another second generation inhibitor 

on SRPK1 inhibition. It has an IC50 of 46 nM, the most potent of all compounds 

tested. This compound has not been tested either in previous studies. It has 

a Griffin-type scaffold and although some optimisation is needed, it showed 

great potential for further tests. 
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Figure 6.6. SRPK1 inhibition after ET1132 treatment measured via the NanoBRET Target 
Engagement assay 

Fig. 6.6. shows the decreasing levels of BRET signal (mBU) correlating with the increasing levels 
of ET1132 treatment (IC50 46 nM). The mBU values were normalised to the vehicle control group 
(DMSO 0.1%).The luminescence levels were measured at 460nm for acceptor and 610nm for 
donor emission and mBU ratio were calculated based on the equation mentioned in paragraph 
4.3. 
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6.4. Downstream target levels in response to 

ET1126 inhibitor treatment 

As previously mentioned, BCL-2, HOX9 and MYC have been identified to be 

an interesting drug target in haematological malignancies (Perini et al., 2018). 

To test if inhibitors ET1126, ET1132 and ET3002 would have a similar effect 

and reduce these downstream targets in AML cells, ddPCR was used to 

measure BCL-2, HOXA9 and MYC expression levels. This study shows that 

ET1126 was successful in reducing the level of BCL-2 expression in AML cell 

lines. Fig.6.7. (A) shows the effect of ET1126 in THP-1 cells and the reduction 

levels in MYC expression (IC50 29.51 nM). Fig.6.7. (B) shows the effect of 

ET1126 in THP-1 cells, in reducing HOXA9 expression levels (IC50 52.84 nM). 

In Fig.6.7. (C) the levels of BCL-2 can be seen in THP-1 cells, after ET1126 

treatment (IC50 35.71 nM). 
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Figure 6.7. Downstream target levels in THP-1 cells after ET1126 treatment. 

Downstream target levels after 72 hours ET1126 treatment in THP-1 cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 6.7.(A) MYC 
expression levels after 72 hours of ET1126 treatment (IC50 29.51 nM). 6.7.(B) HOXA9 expression 
levels after 72 hours of ET1126 treatment (IC50 52.84 nM). 6.7.(C) BCL-2 expression levels after 
72 hours of ET1126 treatment (IC50 35.71 nM).  

 

A similar effect can be observed in the MOLM-13 cell lines (as to what the 

data has shown in Fig. 6.7.) where all inhibitors significantly reduce the level 

of BCL-2, HOXA9 and MYC expression levels. Fig.6.8. (A) shows the 

reduction in MYC levels, in MOLM-13 cells in response to ET1126 treatment 

(IC50 16.43 nM). Fig. 6.8. (B) shows the reduction in HOXA9 in response to 

ET1126 treatment (IC50 26.85 nM). Fig.6.8. (C) shows the reductions in BCL-

2 in response to ET1126 treatment (IC50 7.082 nM). 
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Figure 6.8. Downstream target levels in MOLM-13 cells after ET1126 treatment. 

Downstream target levels after 72 hours ET1126 treatment in MOLM-13 cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 6.8.(A) MYC 
expression levels after 72 hours of ET1126 treatment (IC50 16.43 nM). 6.8.(B) HOXA9 expression 
levels after 72 hours of ET1126 treatment (IC50 26.85 nM). 6.8.(C) BCL-2 expression levels after 
72 hours of ET1126 treatment (IC50 7.082 nM).  

Fig.6.9. (A) shows the response to ET1126 treatment in OCI-AML2 in MYC 

expression levels (IC50 29.80 nM). Fig.6.9. (B) Shows the reduction in HOXA9 

levels in OCI-AML2 cells after ET1126 treatment (IC50 46.24 nM). Whereas 

Fig.6.9. (C) shows the level of reduction in BCL-2 expressions in the same 

cells after ET1126 treatment (IC50 61.74 nM). 
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Figure 6.9. Downstream target levels in OCI-AML2 cells after ET1126 treatment. 

Downstream target levels after 72 hours ET1126 treatment in OCI-AML2 cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 6.9.(A) MYC 
expression levels after 72 hours of ET1126 treatment (IC50 29.80 nM). 6.9.(B) HOXA9 expression 
levels after 72 hours of ET1126 treatment (IC50 46.24 nM). 6.9.(C) BCL-2 expression levels after 
72 hours of ET1126 treatment (IC50 61.74 nM).  

 

OCI-AML3 cells are a non-translocated AML cell line, but it shows the same 

response to inhibitor treatment. After ET1126 treatment, the level of MYC 

expression was significantly reduced as it can be seen in Fig.6.10. (A), (IC50 

15.91 nM). The effect of ET1126 in reducing HOXA9 expression levels in OCI-

AML3 cells can be seen in Fig.6.10. (B), (IC50 19.29 nM). Fig.6.10. (C) shows 

the effect in OCI-AML3 cells on BCL-2 expression levels in response to 

ET1126 inhibitor treatment (IC50 11.68 nM).  
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Figure 6.10. Downstream target levels in OCI-AML3 cells after ET1126 treatment. 

Downstream target levels after 72 hours ET1126 treatment in OCI-AML3 cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 6.10.(A) MYC 
expression levels after 72 hours of ET1126 treatment (IC50 15.91 nM). 6.10.(B) HOXA9 expression 
levels after 72 hours of ET1126 treatment (IC50 19.29 nM). 6.10.(C) BCL-2 expression levels after 
72 hours of ET1126 treatment (IC50 11.68 nM).  

 

Fig.6.11. (A) shows the decrease in MYC levels in response to ET1126 

treatment (IC50 16.53 nM). Fig.6.11. (B) shows the reduction in HOXA9 levels 

in TF1a cells after ET1126 treatment (IC50 21.45 nM). Fig.6.11. (C) shows that 

ET1126 was successful in reducing the expression levels of BCL-2 in TF1a 

cells (IC50 11.31 nM).  

0 1 2 3 4 5
0

10

20

30

Log conc  (nM)

H
O

XA
9 

ex
po

re
ss

io
n 

(c
op

ie
s 

pe
r H

PR
T)

ET1126 

OCI-AML3

0 1 2 3 4 5
0

10

20

30

40

Log conc  (nM)

M
yc

 e
xp

re
ss

io
n 

(c
op

ie
s 

pe
r H

PR
T)

ET1126 

OCI-AML3

0 1 2 3 4 5
0

10

20

30

Log conc  (nM)

BC
L2

 e
xp

re
ss

io
n 

(c
op

ie
s 

pe
r H

PR
T)

ET1126 

OCI-AML3

A B

C



    112 

 

Figure 6.11. Downstream target levels in TF1a cells after ET1126 treatment. 

Downstream target levels after 72 hours ET1126 treatment in TF1a cells, measured by assessing 
the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were normalised 
to HPRT-1 housekeeping gene. Data represents the average of three biological replicates (n=3), 
which each were measured from three technical repeats. 6.11.(A) MYC expression levels after 72 
hours of ET1126 treatment (IC50 16.53 nM). 6.11.(B) HOXA9 expression levels after 72 hours of 
ET1126 treatment (IC50 21.45 nM). 6.11.(C) BCL-2 expression levels after 72 hours of ET1126 
treatment (IC50 11.31 nM).  

 

The HL60 cells demonstrated a similar response to inhibitor treatment as the 

TF1a cells (seen in Fig.11.). ET1126 caused a significant reduction in BCL-2 

(IC50 12.78 nM), HOXA9 (IC50 8.39 nM) and MYC expression levels (IC50 11.92 

nM) as it can be seen in Fig.6.12.  
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Figure 6.12. Downstream target levels in HL60 cells after ET1126 treatment. 

Downstream target levels after 72 hours ET1126 treatment in HL60 cells, measured by assessing 
the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were normalised 
to HPRT-1 housekeeping gene. Data represents the average of three biological replicates (n=3), 
which each were measured from three technical repeats. 6.12.(A) MYC expression levels after 72 
hours of ET1126 treatment (IC50 11.92 nM). 6.12.(B) HOXA9 expression levels after 72 hours of 
ET1126 treatment (IC50 8.39 nM). 6.12.(C) BCL-2 expression levels after 72 hours of ET1126 
treatment (IC50 12.78 nM).  

 

 

6.5. Downstream target levels in response 
to ET1132 inhibitor treatment 

 

HOXA9 has been found to be overexpressed in AML and it is essential for 

maintaining leukaemic transformation. It has also been shown that higher 

levels of HOXA9 carries worse patient prognosis. Therefore reducing the 

expression levels of HOXA9 could be a successful treatment option in AML 

(Collins and Hess, 2016). Alongside with MYC and BCL-2, the reduction of 
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these downstream targets showed good potential to be drug candidates 

(Perini et al., 2018). In this paragraph the data demonstrates the efficacy of 

another inhibitor, ET1132. The results are very similar to the ET1126 data;. 

Fig.6.13. (A) shows the reduction in MYC expression levels in response to 

increasing levels of ET1132 treatment (IC50 47.2 nM). Fig.6.13. (B) shows a 

similar effect, where the level of HOXA9 expression significantly decreases 

even in the nanomolar range of inhibitor treatment (IC50 10.23 nM). BCL-2 

levels also significantly decreased in response to ET1132 treatment in THP-

1 cells, as it can be seen in Fig.6.13. (C), (IC50 12.37 nM). 

 

Figure 6.13. Downstream target levels in THP-1 cells after ET1132 treatment. 

Downstream target levels after 72 hours ET1132 treatment in THP-1 cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 6.13.(A) MYC 
expression levels after 72 hours of ET1132 treatment (IC50 47.2 nM). 6.13.(B) HOXA9 expression 
levels after 72 hours of ET1132 treatment (IC50 10.23 nM). 6.13.(C) BCL-2 expression levels after 
72 hours of ET1132 treatment (IC50 12.37 nM).  
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Similar results can be observed in the MOLM-13 cells, Fig.6.14. (A) shows the 

reduced levels of MYC in MOLM-13 cells in response to ET1132 treatment 

(IC50 27.43 nM). Fig. 6.14. (B) shows to response in MOLM-13 cells after 

ET1132 treatment, HOXA9 expression levels were significantly reduced (IC50 

36.01 nM). Fig. 6.13. (C) shows the effect of ET1132 in MOLM-13 cells, which 

caused a significant reduction in BCL-2 levels. 

 

Figure 6.14. Downstream target levels in MOLM-13 cells after ET1132 treatment. 

Downstream target levels after 72 hours ET1132 treatment in MOLM-13 cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 6.14.(A) MYC 
expression levels after 72 hours of ET1132 treatment (IC50 27.43 nM). 6.14.(B) HOXA9 expression 
levels after 72 hours of ET1132 treatment (IC50 36.01 nM). 6.14.(C) BCL-2 expression levels after 
72 hours of ET1132 treatment (IC50 5.12 nM).  

 

There were similar results observed in the OCI-AML2 cell line as in previous 

AML cells. Fig.6.15. (A) shows the effect of ET1132 inhibitor in MYC 

expression levels in OCI-AML2 cells (IC50 29.8 nM). Fig.6.15. (B) shows the 
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reduced levels of HOXA9 expression in OCI-AML2 cells after ET1132 

treatment (IC50 32.21 nM). Fig. 6.15. (C) shows the effect of ET1132 in OCI-

AML2 cells and finally in reducing BCL-2 expression levels (IC50 19.95 nM). 

 

Figure 6.15. Downstream target levels in OCI-AML2 cells after ET1132 treatment. 

Downstream target levels after 72 hours ET1132 treatment in OCI-AML2 cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 6.15.(A) MYC 
expression levels after 72 hours of ET1132 treatment (IC50 29.8 nM). 6.15.(B) HOXA9 expression 
levels after 72 hours of ET1132 treatment (IC50 32.21 nM). 6.15.(C) BCL-2 expression levels after 
72 hours of ET1132 treatment (IC50 19.95 nM).  

 

The OCI-AML3 cells are non-translocated AML cells, which showed similar 

response to inhibitor treatment. Fig.6.15. (A) shows the effect of ET1132 in 

OCI-AML3 cells, which significantly reduced the levels of MYC expression 

(IC50 29.45 nM). Fig.6.15. (B) shows the reduced HOXA9 levels in OCI-AML3 

cells after ET1132 inhibitor treatment (IC50 22.96 nM). Fig.6.15. (C) shows the 

0 1 2 3 4 5
0

10

20

30

Log conc  (nM)

H
O

XA
9 

ex
pr

es
si

on
 

(c
op

ie
s 

pe
r H

PR
T) ET1132

OCI-AML2

0 1 2 3 4 5
0

10

20

30

40

Log conc  (nM)

M
yc

 e
xp

re
ss

io
n 

(c
op

ie
s 

pe
r H

PR
T) ET1132

OCI-AML2

0 1 2 3 4 5
0

10

20

30

Log conc  (nM)

BC
L2

 e
xp

re
ss

io
n 

(c
op

ie
s 

pe
r H

PR
T) ET1132

OCI-AML2

A B

C



    117 

reduced BCL-2 levels in OCI-AML3 cells after ET1132 inhibitor treatment (IC50 

7.681 nM).  

 

Figure 6.16 Downstream target levels in OCI-AML3 cells after ET1132 treatment. 

Downstream target levels after 72 hours ET1132 treatment in OCI-AML3 cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 6.16.(A) MYC 
expression levels after 72 hours of ET1132 treatment (IC50 29.45 nM). 6.16.(B) HOXA9 expression 
levels after 72 hours of ET1132 treatment (IC50 22.96 nM). 6.16.(C) BCL-2 expression levels after 
72 hours of ET1132 treatment (IC50 7.681 nM).  

 

Downstream target expression levels were significantly reduced in TF1a cells 

after ET1132 inhibitor treatment. As it can be seen in Fig.6.17. (A) ET1132 

was effective in reducing the MYC expression levels (IC50 9.378 nM).  

Fig.6.16. (B) shows the effect of ET1132 in reducing HOXA9 expression levels 

0 1 2 3 4 5
0

10

20

30

Log conc  (nM)

BC
L2

 e
xp

re
ss

io
n 

(c
op

ie
s 

pe
r H

PR
T) ET1132

OCI-AML3

0 1 2 3 4 5
0

10

20

30

Log conc  (nM)

H
O

XA
9 

ex
pr

es
si

on
 

(c
op

ie
s 

pe
r H

PR
T) ET1132

OCI-AML3

0 1 2 3 4 5
0

10

20

30

40

Log conc  (nM)

M
yc

 e
xp

re
ss

io
n 

(c
op

ie
s 

pe
r H

PR
T) ET1132

OCI-AML3

A B

C



    118 

in TF1a cells (IC50 48.83 nM). Fig. 6.17. (C) shows the reduction in BCL-2 

levels in response to ET1132 treatment (IC50 13.94 nM). 

 

Figure 6.17. Downstream target levels in TF1a cells after ET1132 treatment. 

Downstream target levels after 72 hours ET1132 treatment in TF1a cells, measured by assessing 
the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were normalised 
to HPRT-1 housekeeping gene. Data represents the average of three biological replicates (n=3), 
which each were measured from three technical repeats. 6.17.(A) MYC expression levels after 72 
hours of ET1132 treatment (IC50 9.378 nM). 6.17.(B) HOXA9 expression levels after 72 hours of 
ET1132 treatment (IC50 48.83 nM). 6.17.(C) BCL-2 expression levels after 72 hours of ET1132 
treatment (IC50 13.94 nM).  

 

Fig.6.18. (A) shows the effect of ET1132 on HL60 cells, and the reduction in 

MYC expression levels (IC50 38.06 nM). Fig.6.17. (B) shows the effect of 

ET1132 on HOXA9 expression levels in HL60 cells (IC50 34.93 nM). Fig.6.17. 

(C) shows the effect of ET1132 on HL60 cells in reducing BCL-2 expression 

levels (IC50 9.773 nM). 
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Figure 6.18. Downstream target levels in HL60 cells after ET1132 treatment. 

Downstream target levels after 72 hours ET1132 treatment in HL60 cells, measured by assessing 
the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were normalised 
to HPRT-1 housekeeping gene. Data represents the average of three biological replicates (n=3), 
which each were measured from three technical repeats. 6.18.(A) MYC expression levels after 72 
hours of ET1132 treatment (IC50 38.06 nM). 6.18.(B) HOXA9 expression levels after 72 hours of 
ET1132 treatment (IC50 34.93 nM). 6.18.(C) BCL-2 expression levels after 72 hours of ET1132 
treatment (IC50 9.773 nM).  
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6.6. Downstream target levels in response to 

ET3002 treatment 

ET3002 is another second generation inhibitor that showed great results in 

enzyme data. Data presented here shows that ET3002 was succesfull in 

reducing all downstream targets, albeit not as successfully as the ET1126 and 

ET1132 inhibitors. Fig.6.19. (A) shows the reduced levels of MYC expression 

levels after ET1132 treatment (IC50 330.7 nM). Fig.6.19. (B) shows the 

reduced HOXA9 expression levels in THP-1 cells after ET3002 treatment 

(IC50 229.5 nM) and Fig.6.19.C shows the effect of ET1132 in THP-1 cells in 

terms of BCL-2 expression levels (IC50 243.0 nM). 
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Figure 6.19. Downstream target levels in THP-1 cells after ET3002 treatment. 

Downstream target levels after 72 hours ET3002 treatment in THP-1 cells (MLL-TL), measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 6.19.(A) MYC 
expression levels after 72 hours of ET3002 treatment (IC50 330.7 nM). 6.19.(B) HOXA9 expression 
levels after 72 hours of ET3002 treatment (IC50 229.5 nM). 6.19.(C) BCL-2 expression levels after 
72 hours of ET3002 treatment (IC50 243.0 nM).  

 

MOLM-13 cells showed a similar dose response curve in response to inhibitor 

treatment with ET3002. Fig.6.20. (A) shows the effect of the ET3002 inhibitor 

in terms of MYC expression level reduction (IC50 475.7 nM). Fig.6.20. (B) 

shows the reduced expression levels of HOXA9 in MOLM-13 cells after 

ET3002 treatment (IC50 203.3 nM). Fig.6.20. (C) shows the decrease in BCL-

2 levels in MOLM-13 cells after ET3002 treatment (IC50 710.7 nM). 
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Figure 6.20. Downstream target levels in MOLM-13 cells after ET3002 treatment. 

Downstream target levels after 72 hours ET3002 treatment in MOLM-13 (MLL-TL) cells, measured 
by assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements 
were normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 6.20.(A) MYC 
expression levels after 72 hours of ET3002 treatment (IC50 475.7 nM). 6.20.(B) HOXA9 expression 
levels after 72 hours of ET3002 treatment (IC50 203.3 nM). 6.20.(C) BCL-2 expression levels after 
72 hours of ET3002 treatment (IC50 710.7 nM).  

The OCI-AML2 cells had a very similar response then the MOLM-13 cells (Fig. 

20). All the inhibitors triggered a significant reduction, Fig.6.21. (A) 

demonstrates the effect of ET3002 on MYC expression levels in OCI-AML2 

cells (IC50 330.0 nM). Fig.6.21. (B) demonstrates the reduced expression 

levels of HOXA9 in OCI-AML2 cells after ET3002 treatment (IC50 256.6 nM). 

Fig.6.21. (C) shows the reduced levels of BCL-2 expression in OCI-AML2 

cells after ET3002 treatment (IC50 187.0 nM). 
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Figure 6.21. Downstream target levels in OCI-AML2 cells after ET3002 treatment. 

Downstream target levels after 72 hours ET3002 treatment in OCI-AML2 (MLL-TL) cells, 
measured by assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All 
measurements were normalised to HPRT-1 housekeeping gene. Data represents the average of 
three biological replicates (n=3), which each were measured from three technical repeats. 
6.21.(A) MYC expression levels after 72 hours of ET3002 treatment (IC50 330.0 nM). 6.21.(B) 
HOXA9 expression levels after 72 hours of ET3002 treatment (IC50 256.6 nM). 6.21.(C) BCL-2 
expression levels after 72 hours of ET3002 treatment (IC50 187.0 nM).  
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The OCI-AML3 (MLL-WT) cells had a similar response to the inhibitor 

treatment, regardless of their MLL translocation status. Fig.6.22. (A) shows 

the effect of ET3002 on OCI-AML3 cells in terms of MYC expression (IC50 

76.78 nM). Fig.6.22. (B) shows the reduced HOXA9 expression levels in OCI-

AML3 cells after ET3002 treatment (IC50 93.87 nM). And Fig.6.22. (C) depicts 

the reduction of BCL-2 expression levels in OCI-AML3 cells after ET3002 

treatment (IC50 133.0 nM). 

 

Figure 6.22. Downstream target levels in OCI-AML3 cells after ET3002 treatment. 

Downstream target levels after 72 hours ET3002 treatment in OCI-AML3 (MLL-WT) cells, 
measured by assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All 
measurements were normalised to HPRT-1 housekeeping gene. Data represents the average of 
three biological replicates (n=3), which each were measured from three technical repeats. 
6.22.(A) MYC expression levels after 72 hours of ET3002 treatment (IC50 76.78 nM). 6.22.(B) 
HOXA9 expression levels after 72 hours of ET3002 treatment (IC50 93.87 nM). 6.22.(C) BCL-2 
expression levels after 72 hours of ET3002 treatment (IC50 133.0 nM).  
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TF1a cells had a similarly robust response to inhibitor treatment, Fig.6.23. (A) 

shows the reduced MYC expression levels in response to increasing levels of 

ET3002 treatment (IC50 184.0 nM). Fig.6.23. (B) shows a strong dose 

response curve to ET3002 in HOXA9 expression in TF1a cells (IC50 322.7 

nM). Fig.6.23. (C) shows the effect of ET3002 on TF1a cells on BCL-2 

expression levels (IC50 223.0 nM). 

 

Figure 6.23. Downstream target levels in TF1a cells after ET3002 treatment. 

Downstream target levels after 72 hours ET3002 treatment in TF1a (MLL-WT) cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 6.23.(A) MYC 
expression levels after 72 hours of ET3002 treatment (IC50 184.0 nM). 6.23.(B) HOXA9 expression 
levels after 72 hours of ET3002 treatment (IC50 322.7 nM). 6.23.(C) BCL-2 expression levels after 
72 hours of ET3002 treatment (IC50 223.0 nM).  
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HL60 cells had a very similar response to the inhibitor treatment as the TF1a 

cells (Fig.23.), both displaying a significant reduction in all of the studied gene 

expression levels. Specifically, Fig.6.24. (A) shows the decreased levels of 

MYC expression in HL60 cells after ET3002 treatment (IC50 333.6 nM). 

Fig.6.24. (B) shows the effect of ET3002 in HL60 cells on HOXA9 expression 

levels (IC50 294.7 nM). Fig.6.24. (C) shows the decrease in BCL-2 expression 

levels after ET3002 treatment (IC50 485.6 nM). 

 

Figure 6.24. Downstream target levels in HL60 cells after ET3002 treatment. 

Downstream target levels after 72 hours ET3002 treatment in HL60 (MLL-WT) cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 6.24.(A) MYC 
expression levels after 72 hours of ET3002 treatment (IC50 333.6 nM). 6.24.(B) HOXA9 expression 
levels after 72 hours of ET3002 treatment (IC50 294.7 nM). 6.24.(C) BCL-2 expression levels after 
72 hours of ET3002 treatment (IC50 485.6 nM).  
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To determine whether any of these inhibitors were more or less potent the 

IC50 values for each compound were plotted for each expression marker. 

Figure 6.25. shows that there was a significant difference in potency between 

the three new generation inhibitors and SPHINX31 when MYC expression 

levels are compared (p=0.0115). 

 

Figure 6.25. EC50 data of ET1126, ET1132 and ET3002 compared to SPHINX-31on MYC 
expression levels 

Fig.6.25. shows the EC50 data on the expression level changes in MYC, after ET1126, ET1132, 
ET3002 and SPHINX-31 treatment, respectively. ET1126, ET1132, ET3002 are second generation, 
inhibitors that were selected for their high potency for SRPK1 inhibition but never tested before. 
SPHINX-31 is a known compound that proved to be a worthy candidate in in vitro and in vivo 
conditions to inhibit SRPK1 expression and therefore used to be as a drug target. EC50 values 
were calculated using data from all six AML cell lines, nine treatment conditions [1nM-10µM], 
three biological replicates (n=3), which each had three technical repeats. *P=0.0115. 
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Fig.6.26. shows the data on HOXA9 levels and the efficacy of ET1126, 

ET1132, ET3002 inhibitors compared to the published, SPHINX-31 

compound. 

 

Figure 6.26. EC50 data of ET1126, ET1132 and ET3002 compared to SPHINX-31on HOXA9 
expression levels 

 

Fig.6.26. shows the EC50 data on the expression level changes in HOXA9, after ET1126, ET1132, 
ET3002 and SPHINX-31 treatment, respectively. ET1126, ET1132, ET3002 are second generation 
inhibitors that were selected for their high potency for SRPK1 inhibition but were never tested 
before. SPHINX-31 is a published compound that proved to be a worthy candidate in in vitro and 
in vivo conditions to inhibit SRPK1 expression and therefore used to be as a drug target. EC50 

values were calculated using data from all six AML cell lines, nine treatment conditions [1nM-
10µM], three biological replicates (n=3), which each had three technical repeats **P=0.0036, 
***P=0.0008. 

 

Fig.6.27. shows the effect of ET1126, ET1132, ET3002 and SPHINX-31 in 

terms of BCL-2 expression levels. The graph shows the significant difference 

between the inhibitors, ET1126, ET1132, ET3002 and SPHINX-31. It also 

depicts how these second generation inhibitors are significantly more 

effective in reducing SPRK1 levels in the assay. Which makes these inhibitor 

potentially effective drug candidates. 
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Figure 6.27. EC50 data of ET1126, ET1132 and ET3002 compared to SPHINX-31on BCL-2 
expression levels 

Fig.6.27. shows the EC50 data on the expression level changes in BCL-2, after ET1126, ET1132, 
ET3002 and SPHINX-31 treatment, respectively. ET1126, ET1132, ET3002 are second generation, 
unpublished inhibitors that were selected for their high potency for SRPK1 inhibition. SPHINX-
31 is a published compound that proved to be a worthy candidate in in vitro and in vivo 
conditions to inhibit SRPK1 expression and therefore used to be as a drug target.***P=0.0005, 
0.0006. n=3, 3 experimental replicates were used when calculating the SEM, in each experimental 
round 3 technical replicates were used for each condition. 

 

6.7. Discussion 
 

A robust dataset is shown here to present the reduction of common 

downstream targets such as MYC, HOXA9 and BCL2 expression levels in six 

AML cell lines in response to inhibitor treatment. All six AML cell line showed 

a significant reduction in response to inhibitor treatment, ET1126 and ET1132 

being the most effective. ET3002 also showed a significant reduction and a 

very clear dose response curve in MYC, HOXA9 and BCL2 expressions when 

adjusted to the housekeeping gene. As oncogenes are known to be 

upregulated in cancer, any significant reduction in their expression level is a 

valuable result and could be a potential drug target. 
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6.7.1. Intracellular target engagement assay 

Within the intracellular target engagement assay, it was shown that SRPK1 

inhibition is present after SPHINX-31, ET1126, ET1132 and ET3002 

treatment, which indicates that these inhibitors are highly selective for SRPK1 

and the other inhibitory effect in different assays are a direct result of SRPK1 

inhibition. The optimisation step for a new SRPK1 tracer which has not been 

used or tested before is also shown here. The BRET levels (mBU) measured 

in these assays are in line with previous publications (Yang et al., 2023) and 

show reliable results that can be used in further screening of new inhibitors. 

 

6.7.2. Downstream targets after ET1126 
inhibitor treatment 

 

BCL-2 expression in AML has been a longstanding drug target, as BCL-2 

expression strongly correlates with resistance to therapy and apoptotic cell 

death. In their study (Cerella et al., 2017) tested the UNBS1450 glycoside, 

venetoclax and BH3 mimetic and their combinations in a colony formation 

assay, using primary AML cells in a zebrafish xenograft. They found promising 

results which could make UNBS1450 a good candidate, however high IC50 

values could cause potential toxicity issues in the future which limits the 

translation capability of the model (Cerella et al., 2017). Data presented here 

shows promising results in all AML cells when treated with ET1126. BCL-2 

expression levels were reduced signficantly where the highest IC50 value was 

61.74 nM in the MOLM-13 cells, and the lowest was 7.082 nM in the OCI-
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AML2 cells. In their study, Lillico et al., (2018) tested MOLM-13 cells (w/MLL-

F9 translocation), to measure the efficacy of DOT1L (EPZ5676), LSD1 

(GSK2879552), and HDAC (mocetinostat) inhibitors. Each of the compounds 

achieved reduced cell viability but only DOT1L induced apoptosis. DOT1L 

was also the most effective compound to reduce HOXA9 expression to about 

30% (corrected to vehicle control) (Lillico et al., 2018). In their study, Koo et 

al., (2022) demonstrated that a CDK7 inhibitor, YPN-005 can not only reduce 

viability in OCI-AML2 cells but also significantly reduce MYC expression 

levels even in the nM range, after a 24 hour treatment (Koo et al., 2022). In a 

similar study, AG490 inhibited IL-5-mediated c-Myc induction and promoter 

activity in TF1 cells (Lee et al., 2009). The Liu et al., (2022) study also looked 

at HL60 cells (MLL-WT) and showed that MYC is severely inhibited after only 

6 hours (most significant difference after a 24-hour treatment) after AZD5991 

treatment (Liu et al., 2022). Data shown here demonstrates that all AML cell 

lines displayed a significant reduction in MYC expression levels as well as all 

other downstream target levels (in the nM range) in response to ET1126 

treatment, regardless of their MLL status. 

 

6.7.3. Downstream target levels after 
ET1132 treatment 

 

In the OCI-AML3 cell line, the same study by Koo et al. (2022) found that BCL-

2 expression was not altered even after the lentiviral downregulation of MCL-

1, via an shRNA system, as they hypothesized that MCL-1 downregulation 

could sensitize OCI-AML3 cells to ABT-199. Their data only showed a 
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relevant reduction in BCL-2 levels at around 1µM concentration (Koo et al., 

2022). Our data here shows that ET1132 was successful in reducing BCL-2 

expression levels in MOLM-13 cells, where the IC50 value was 5.12 nM. The 

highest IC50 value was measured in the OCI-AML2 cells (19.95 nM), 

significantly below the µM range. Slack and Yu (1998) presented similar 

results in their study when they treated TF1 cells with All-trans retinoic acid 

(ATRA) and showed a similar reduction in BCL-2 expression than what we 

found in the similar TF1a cells (Slack and Yu, 1998) Our data shows an IC50 

value of 19.94 nM for TF1a cells after ET1132 treatment. Another study found 

that the HL60 cells were the most sensitive to ABT-199 (venetoclax) treatment 

in terms of BCL-2 expression levels (Ishizawa et al., 2015), similarly to what 

is shown here. In a previously published study, Sonoda et al. (2021) tested a 

synthetic HOXA9 inhibitor, DB818 which was able to reduce the HOXA9 

expression in THP-1 cells as well as supress growth and induce apoptosis 

(Sonoda et al., 2021). A similar outcome was presented in this study, in 

response to the second-generation inhibitor ET1132. HOXA9 expression 

levels are reduced in all cell lines, even in the nM range (IC50 10.23 nM). 

AZD5991, a selective MCL-1 inhibitor has been found to lower MYC 

expression levels in AML cell lines. Liu et al. (2022) found that AZD5991 is 

the most efficient after a 24-hour treatment. In this study it is shown that after 

a 72-hour treatment, MYC is virtually undetectable in the THP-1 samples in 

the highest treatment concentration which is set at 10µM. The same study 

looked at the effect of AZD5991 in MOLM-13 cells. They found that MOLM-

13 cells were even more sensitive to the AZD5991 treatment (Liu et al., 2022). 
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This study shows that ET1132 treatment reduces the level of MYC expression 

levels in MOLM-13 cells effectively with an IC50 value 27.43 nM. 

 

6.7.4. Downstream target levels after 
ET3002 inhibitor treatment 

 

In their study, Koo et al., (2022) demonstrated that a CDK7 inhibitor, YPN-005 

can not only reduce viability in OCI-AML2 cells but also significantly reduce 

MYC expression levels even in the nM range, after a 24 hour treatment (Koo 

et al., 2022). In a similar study, AG490 inhibited IL-5-mediated c-Myc 

induction and promoter activity in TF1 cells (Lee et al., 2009). The Liu et al. 

study also looked at HL60 cells (MLL-WT) and showed that MYC is severely 

inhibited after only 6 hours (most significant difference after a 24-hour 

treatment) of AZD5991 treatment (Liu et al., 2022). We show here that all AML 

cell lines displayed a significant reduction in MYC expression levels in the nM 

range, after ET3002 treatment regardless of their MLL status. As previously 

described by Wu et al. (2022), MOLM-13 cells respond well to treatments 

such as AZD5991, gilterinib, MRX-2843 or their combination. Concentrations 

above 50nM resulted in a significantly higher (2-4-fold difference, ranging from 

cca. 20%-80%) value in apoptotic cells than in the control group or, in fact in 

the lower concentration treatment groups (Wu et al., 2022). In this study 

similar results are presented, after 72 hours of ET3002, the levels of BCL-2 

expression reduced significantly even in the nM range of treatment groups. 

The lowest IC50 value was measured in OCI-AML3 cells; 133.0 nM. Similar 

results were published in a study by (Ishizawa et al., 2015) where in OCI-
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AML2 cells, they found a significantly reduced BCL-2 levels after a 48-hour 

treatment of ABT-199 (BCL-2 selective inhibitor). Another study looked at the 

effect of USF1 and USF2 compounds in the OCI-AML2 cell lines, which 

carries the MLL-AF6 translocation. A slight decrease in HOXA9 expression in 

each treatment group was observed but the biggest effect was achieved in 

the combined treatment group, that reduced the expression level to about 

50% (Zhang et al., 2020). Tzelepis et. al., (2016) show that HOXA9 

expressions in OCI-AML3 cells reduces in response to MB-3 which is a drug 

regulating the GCN5/PGC-1α pathway (Tzelepis et al., 2016). A similar 

reduction is shown here, in HOXA9 levels in OCI-AML3 cells (IC50 93.87 nM), 

after a 72-hour of ET3002 treatment. In HL60 cells, a previous study found 

that in response to arsenic trioxide (As2O3) and ATRA (all trans retinoic acid) 

HOXA9 expression goes down significantly after a 12-hour treatment (Chen 

et al., 2017).  

Overall ET1126, ET1132 and ET3002 displayed a very strong efficacy to 

decrease the level of all downstream targets in AML cell lines, median IC50 

value roughly 10nM for ET1126 and ET1132 inhibitors, whereas ET3002 was 

not as effective. This data suggests that ET1126 and ET1132 could be a 

worthy drug candidate for solo regimen or for combination treatment. 
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7. Chapter 

CLK 1 activity in AML cells 
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7.1. Aims and objectives 

In their study, (Iwai et al., 2018) demonstrated that a pan-CLK inhibitor, T-025 

has a tumour suppressor effect in an AML cell line (MV4-11) and in PDX 

(Patient derived xenograft) models. They also show that CLK inhibition 

downregulates c-myc-driven cancers and acts as a splicing modulator. In this 

study, a highly selective CLK1 inhibitor, Griffin 51 was tested to see if by CLK1 

inhibition treatment, a down regulation in MYC can be seen. Other common 

oncogene levels such as HOXA9 and BCL-2 were also measured to test if 

Griffin 51 would have the same or similar effect on AML cells as SPHINX-31 

(significant reduction in MYC, HOXA9 and BCL-2). To that end, cell viability 

levels in six different cell lines were measured and gauged if there is a similar 

effect on the BRD4 isoforms that can be used as a druggable target.  

 

7.2. Introduction  

CDC Like Kinase 1 (CLK1) plays an important role in pre-mRNA splicing by 

regulating serine-arginine-rich (SR) proteins. When phosphorylated, SR 

proteins transfer from nuclear speckles to the spliceosome. CLK1 enables the 

release of phosphorylated SR proteins by interacting with the RS-like domain 

in the N-terminus. By modulating the pre-mRNA splicing, many cancer cells 

can be rendered vulnerable to growth suppression and later to cell death. In 

their study, Iwai et al. (2018) showed that CLK inhibition functions as a pre-

mRNA splicing modulator in MYC driven cancers and that T-025, a selective 

CLK inhibitor can be successfully used to reduce tumour burden in vivo which 

makes T-025 a worthy drug candidate for clinical use (Iwai et al., 2018). Based 
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on this study and on the fact that CLK1 has a unique, symbiotic relationship 

with SRPK1, it was the logical next step to test if the same effect could be 

achieved.  

 

7.3. Griffin 51 treatment on AML cell lines 

As a highly selective CLK1 inhibitor, Griffin 51 was expected to reduce cell 

viability in AML cells as a previous study showed that CLK1 inhibition can be 

effective in reducing viability in T cell acute lymphoblastic leukaemia (Cordo 

et al., 2022). A CRISPR based screening study identified that combining a 

CLK1 inhibitor with the clinically approved Venetoclax provides the best 

outcome for survival as it overcomes BCL-2 resistance. Although SM09419 is 

a pan-CLK pan-DYRK inhibitor, a separate target engagement assay showed 

that it is most effective in inhibiting CLK1 and CLK4 with an IC50 value of 1nM 

(Wang et al., 2022). 

 

7.4. CLK1 intracellular TE assays 

To assess the efficacy of these inhibitors without any potential confounding 

factors an Intracellular Kinase Target Engagement assay (K-5) was used with 

Griffin 51, ET1055, Thiii27 and ET1008, which all showed significant reduction 

in CLK-1 levels. For the ease of vector delivery, HEK293FT cells were used 

which were cultured as described in Chapter 3., paragraph 3.2.1. 

Fig.7.1. shows a significant reduction in CLK1 (IC50 106.3 nM) after a 2-hour 

treatment of Griffin-51, a highly selective CLK1 inhibitor. The inhibitor 
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treatment successfully reduced CLK1 levels akin to a normal state which 

indicates that Griffin 51 could be a good drug candidate, with lesser side 

effects. 

 

Figure 7.1. CLK1 inhibition after Griffin 51 treatment measured via the NanoBRET Target 
Engagement assay 

Fig. 7.1. shows the decreasing levels of BRET signal (mBU) correlating with the increasing levels 
of Griffin 51 treatment(1nM – 10µM). The mBU values were normalised to the vehicle control 
group (DMSO 0.1%). IC50 value 106.3 nM The luminescence levels were measured at 460nm for 
acceptor and 610nm for donor emission and mBU ratio were calculated based on the equation 
mentioned in paragraph 4.3. Data presented were calculated from one biological replicate which 
had three technical repeates. 

 

ET1055 is a dual CLK1 and SRPK1 inhibitor that showed a significant 

reduction in CLK1 expression in this intracellular target engagement assay. 

With an IC50 value of 142.6 nM it proved to be a worthy candidate to be further 

tested. Due to its dual inhibition quality (Based on previous data, proprietary 

information, Emenda Therapeutics, Gloucester, UK) ET1055 could have a 

synergistic effect  on CLK1 and SRPK1 in supressing cell growth in AML (vs. 

when compared to single treatment) and other types of cancer. Fig.7.2. shows 

the effect of ET1055 on CLK1 inhibition after a 2 hour treatment.  
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Figure 7.2. CLK1 inhibition after ET1055 treatment measured via the NanoBRET Target 
Engagement assay 

Fig. 7.2. shows the decreasing levels of BRET signal (mBU) correlating with the increasing levels 
of ET1055 treatment(1nM – 10µM). The mBU values were normalised to the vehicle control group 
(DMSO 0.1%). IC50 value 142.6 nM The luminescence levels were measured at 460nm for acceptor 
and 610nm for donor emission and mBU ratio were calculated based on the equation mentioned 
in paragraph 4.3. Data presented were calculated from one biological replicate which had three 
technical repeates. 

 

Thiii27 is CLK1 inhibitor that showed great potential in this study but failed to 

achieve meaningful effect when tested in cell viability assays (data not 

shown). Fig.7.3. shows the effect of Thiii27, a selective CLK1 inhibitor’s 

effect after a 2-hour treatment. 

 

Figure 7.3. CLK1 inhibition after Thiii27 treatment measured via the NanoBRET Target 
Engagement assay 

Fig. 7.3. shows the decreasing levels of BRET signal (mBU) correlating with the increasing levels 
of Thiii27 treatment(1nM – 10µM). The mBU values were normalised to the vehicle control group 
(DMSO 0.1%). IC50 value 220.2 nM. The luminescence levels were measured at 460nm for 
acceptor and 610nm for donor emission and mBU ratio were calculated based on the equation 
mentioned in paragraph 4.3. Data presented were calculated from one biological replicate which 
had three technical repeates. 

IC50 220.2 nM 

IC50 142.6 nM 
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ET1008 is another CLK1 inhibitor that showed great potential in this assay 

and is yet to be tested in other assays to see if it is capable of achieving 

meaningful CLK1 inhibition in AML or other types of cancers. Fig.7.4. shows 

the effect of ET1008 on CLK1 inhibition in the cellular kinase target 

engagement assay, after a 2 hour incubation period with ET1008. 

  

Figure 7.4. CLK1 inhibition after ET1008 treatment measured via the NanoBRET Target 
Engagement assay 

Fig. 7.4 shows the decreasing levels of BRET signal (mBU) correlating with the increasing levels 
of ET1008 treatment(1nM – 10µM). The mBU values were normalised to the vehicle control group 
(DMSO 0.1%).IC50 value 91.71 nM.The luminescence levels were measured at 460nm for acceptor 
and 610nm for donor emission and mBU ratio were calculated based on the equation mentioned 
in paragraph 4.3. Data presented were calculated from one biological replicate which had three 
technical repeates. 

 

 

 

 

IC50 91.71 nM 
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7.4.1. Cell viability assays after Griffin 51 

treatment 

Griffin 51, the most effective CLK1 inhibitor was selected to be tested for cell 

viability assays. all six AML cell lines (three with an MLL translocation and 

three without an MLL translocation or wild type) were tested to see if CLK1 

inhibition would cause reduction in cell viability levels. In Fig. 7.5. the cell lines 

without MLL translocation can be found on the left hand side (figures 7.5. A, 

C, E) and cell lines with an MLL translocation (7.5. B, D, F) can be found on 

the right hand side. A compilation of all the data can be seen in Fig 7.5. (G). 
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Figure 7.5. AML Cell viability levels after Griffin 51 treatment 

Fig. 7.5. (A) OCI-AML3 cells (MLL-WT) after 72 hours of Griffin 51 treatment, cell viability 
measured with Cell Titer Glo 2.0 (IC50 7181 nM). 7.5. (B) MOLM-13 cells (MLL-TL) after 72 hours 
of Griffin 51 treatment, (IC50 499.0 nM). 7.5. (C) TF1a cells (MLL-WT) after 72 hours of Griffin51 
treatment. 7.5. (D) OCI-AML2 cells (MLL-TL) after 72 hours of Griffin 51 treatment. 7.5. (E) HL60 
cells (MLL-WT) after 72 hours of Griffin 51 treatment. 7.5. (F) THP-1 (MLL-TL) cells after 72 hours 
of Griffin 51 treatment(IC50 3034 nM). 7.5. (G) Summarised cell viability levels after Griffin 51 
treatment in six different AML cell lines. All values were normalised to the vehicle control group 
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(DMSO 0.1%), averages presented from three biological replicates (n=3) which each was 
calculated from three technical replicates. Due to the high baseline the model was unable to 
calculate the IC50 values for the OCI-AML2, HL60 and TF1a cell lines, the predicted range would 
be between 13-19µM. 

 

7.5. Downstream targets after Griffin 51 
treatment in AML cell lines 

 

As it was shown previously that CLK1 inhibition can be a successful drug 

target in MYC driven cancers. Griffin 51, a selective CLK1 inhibitor was tested 

in six different AML cell lines. Fig. 7.6. demonstrates that Griffin 51 was 

successful in significantly reducing the expression levels of MYC, HOXA9 and 

BCL-2 in all the six AML cell lines, even in nanomolar range. Fig.7.6. (A) 

shows the reduced levels of MYC expression in response to Griffin 51 

treatment in THP-1 cells (IC50 41.29 nM). Fig.7.6. (B) shows the effect of 

Griffin 51 on BCL-2 levels in THP-1 cells (IC50 14.34 nM). Fig.7.6. (C) shows 

the effect of Griffin 51 on HOXA9 expression in THP-1 cells (IC50 68.60 nM). 
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Figure 7.6. Downstream target levels in THP-1 cells after Griffin 51 treatment. 

Downstream target levels after 72 hours Griffin 51(GR51) treatment in THP-1 cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 7.6.(A) MYC 
expression levels after 72 hours of Griffin 51 treatment (IC50 41.29 nM). 7.6.(B) BCL-2 expression 
levels after 72 hours of Griffin 51 treatment (IC50 14.34 nM). 7.6.(C) HOXA9 expression levels after 
72 hours of Griffin 51 treatment (IC50 68.60 nM). 

 

OCI-AML2, an MLL-TL cell line showed similar results to the THP-1 cells (Fig. 

7.6.) where the reduction in MYC expression level was significantly reduces 

as it is shown in Fig.7.7. (A), (IC50 45.86 nM). HOXA9 expression level were 

similarly successful with an IC50 value of 10.47 nM, as it is presented in 

Fig.7.7. (B). BCL-2 levels were also considerably reduced even in the 

nanomolar range, as it is demonstrated in Fig.7.7. (C), (IC50 0.7619 nM), 

making Griffin 51 the most effective inhibitor candidate for BCL-2 driven 

cancers.  
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Figure 7.7. Downstream target levels in OCI-AML2 cells after Griffin 51 treatment. 

Downstream target levels after 72 hours Griffin 51(GR51)  treatment in OCI-AML2 cells, measured 
by assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements 
were normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 7.7.(A) MYC 
expression levels after 72 hours of Griffin 51 treatment (IC50 45.86 nM). 7.7.(B) HOXA9 expression 
levels after 72 hours of Griffin 51 treatment (IC50 10.47 nM). 7.7.(C) BCL-2 expression levels after 
72 hours of Griffin 51 treatment (IC50 0.7619 nM).  

 

MOLM-13 cells showed a significant reduction in MYC expression level as it 

can be seen in Fig.7.8. (A), IC50 6.569 nM, as well as in HOXA9 expression 

levels (as shown in Fig.7.8. (B), IC50 2.28 nM) and BCL-2 expression levels 

(as shown in Fig.7.8. (C), IC50 4.178 nM) expression levels. It showed similar 

results when compared to the previous two AML cell lines.  
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Figure 7.8. Downstream target levels in MOLM-13 cells after Griffin 51 treatment 

Downstream target levels after 72 hours Griffin 51(GR51)  treatment in MOLM1-3 cells, measured 
by assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements 
were normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 7.8.(A) MYC 
expression levels after 72 hours of Griffin 51 treatment (IC50 6.569 nM). 7.8.(B) HOXA9 expression 
levels after 72 hours of Griffin 51 treatment (IC50 2.28 nM). 7.8.(C) BCL-2 expression levels after 
72 hours of Griffin 51 treatment (IC50 4.178 nM).  

 

OCI-AML3, an AML-WT cell line showed very similar reduction in all three 

downstream targets as the MLL-translocated cells. The expression level of 

MYC was significantly reduced as it is shown in Fig.7.9. (A), IC50 7.158 nM. 

HOXA9 and BCL-2 levels were also significantly reduced in the nanomolar 

treatment range. The decrease in HOXA9 expression levels in response to 

Griffin 51 treatment can be seen in Fig.7.9. (B), (IC50 3.307 nM). Whereas the 

reduction in BCL-2 expression in OCI-AML3 cells is shown in Fig.7.9. (C), 
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(IC50 0.84 nM), which is very similar to the level of BCL-2 reduction in the OCI-

AML2, making this the second biggest inhibitor effect on BCL-2 expression. 

 

Figure 7.9. Downstream target levels in OCI-AML3 cells after Griffin 51 treatment 

Downstream target levels after 72 hours Griffin 51(GR51)  treatment in OCI-AML3 cells, measured 
by assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements 
were normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 7.9.(A) MYC 
expression levels after 72 hours of Griffin 51 treatment (IC50 7.158 nM). 7.9.(B) HOXA9 expression 
levels after 72 hours of Griffin 51 treatment (IC50 3.307 nM). 7.9.(C) BCL-2 expression levels after 
72 hours of Griffin 51 treatment (IC50 0.84 nM).  

 

All cell lines, including the HL60 cells showed a significant reduction in all 

downstream targets. As with the previous cell lines, the highest level of 

baseline expression was measured from MYC and similar levels of 

expressions were measured from HOXA9 and BCL-2, which all responded 

well to Griffin 51 treatment. The reduction in MYC expression levels in 

response to Griffin 51 treatment in shown in Fig.7.10. (A), (IC50 9.222 nM) The 
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decreased HOXA9 levels in HL60 cells is shown in Fig.7.10 (B), (IC50 18.30 

nM). And the level of BCL-2 expression in HL60 cells is shown in Fig.7.10. 

(C), (IC50 5.429 nM). 

 

Figure 7.10. Downstream target levels in HL60 cells after Griffin 51 treatment 

Downstream target levels after 72 hours Griffin 51(GR51)  treatment in HL60 cells, measured by 
assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All measurements were 
normalised to HPRT-1 housekeeping gene. Data represents the average of three biological 
replicates (n=3), which each were measured from three technical repeats. 7.10.(A) MYC 
expression levels after 72 hours of Griffin 51 treatment (IC50 9.222 nM). 7.10.(B) HOXA9 
expression levels after 72 hours of Griffin 51 treatment (IC50 18.30 nM). 7.10.(C) BCL-2 expression 
levels after 72 hours of Griffin 51 treatment (IC50 5.429 nM).  

 

TF1a, the last cell line without the MLL-translocation expressed similar levels 

of MYC, HOXA9 and BCL-2 as the previous cell lines, regardless of their MLL 

status. The highest level of baseline expression was measured in the MYC 

group as shown in Fig.7.11. (A), which was significantly reduced by Griffin 51 
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treatment, (IC50 7.139 nM). Moderate baseline expression levels were 

measured in HOXA9 (as it is shown in Fig.7.11. (B), IC50 43.26 nM) and BCL-

2 (as it is shown in Fig.7.11. (C), (IC50 12.03 nM). 

 

Figure 7.11. Downstream target levels in TF1a cells after Griffin 51 treatment 

Downstream target levels after 72 hours Griffin 51(GR51)  treatment in TF1a (MLL-WT) cells, 
measured by assessing the MYC, BCL-2 and HOXA9 expression levels, using ddPCR. All 
measurements were normalised to HPRT-1 housekeeping gene. Data represents the average of 
three biological replicates (n=3), which each were measured from three technical repeats. 
7.11.(A) MYC expression levels after 72 hours of Griffin 51 treatment (IC50 7.139 nM). 7.11.(B) 
HOXA9 expression levels after 72 hours of Griffin 51 treatment (IC50 43.26 nM). 7.11.(C) BCL-2 
expression levels after 72 hours of Griffin 51 treatment (IC50 12.03 nM).  

  

0 1 2 3 4 5
0

10

20

30

40

Log conc  (nM)

M
yc

 e
xp

or
es

si
on

 
(c

op
ie

s 
pe

r H
PR

T) GR51

TF1A

0 1 2 3 4 5
0

10

20

30

Log conc  (nM)

BC
L2

 e
xp

or
es

si
on

 
(c

op
ie

s 
pe

r H
PR

T) GR51

TF1A

0 1 2 3 4 5
0

10

20

30

Log conc  (nM)

H
O

XA
9 

ex
po

re
ss

io
n 

(c
op

ie
s 

pe
r H

PR
T) GR51

TF1A

A B

C



    150 

7.6. IC50 values of different AML cells after 

SPHINX-31 and Griffin 51 treatment 

To sum up the inhibitory effect of SPHINX-31 and Griffin 51 on the expression 

of MYC, HOXA9 and BCL-2, ddPCR data is shown below with averages IC50 

data for all six AML cell lines, separated by their MLL-status. In terms of 

reducing the MYC protein levels, SPHINX-31 and Griffin 51 seemed to have 

no difference, with MOLM-13 cells being the most vulnerable to Griffin 51 

treatment and HL60 cells to be most affected by SPHINX-31 treatment. The 

different IC50 values are shown in Fig.7.12 below. 

 

Figure 7.12. Comparison of IC50 values of MYC levels in AML cells 

IC50 values were plotted and compared based of the MYC level measurements 
presented in the above figures. The MYC levels were measure after a 72 hour treatment 
in the 6 AML cell lines. The figure shows the effects of SPHINX-31 and Griffin 51 
treatment in reducing MYC levels in AML cell lines. No significant difference was found 
(p=0.356) between the efficacy of the two inhibitors. 

 

The biggest effect could be seen in HOXA9 levels in MOLM-13 cells, after 

Griffin 51 treatment and in OCI-AML2 cell line, which was the most 

susceptible to SPHINX-31 treatment, as it is shown in Fig.7.13. below. 
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Figure 7.13. Comparison of IC50 values of HOXA9 levels in AML cells 

IC50 values were plotted and compared based on the HOXA9 level measurements 
presented in the above figures. The HOXA9 levels were measure after a 72 hour 
treatment in the 6 AML cell lines. The figure shows the effects of SPHINX-31 and Griffin 
51 treatment. 

Levels of BCL-2 expression showed similar results, HL60 cells were most 

effected by Griffin 51 treatment and THP-1 cells turned out to be most 

vulnerable to SPHINX-31 treatment. Data shown below in Fig.7.14. 

 

Figure 7.14. Comparison of IC50 values of BCL2 levels in AML cells 

IC50 values were plotted and compared based on the BCL-2 level measurements 
presented in the above figures. The BCL-2 levels were measure after a 72 hour 
treatment in the 6 AML cell lines. The figure shows the effects of SPHINX-31 and Griffin 
51 treatment. ***p=0.0004, calculated by one way ANOVA, comparing the MLL-TL and 
MLL-WT groups and cell lines within 
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7.7. BRD4 splice change after Griffin 51 
treatment in AML cell lines 

 

Given the effect that was achieved using SPHINX-31 in modulating the BRD4 

isoform change, CLK1 inhibition was also tested to see if, Griffin 51 a selective 

CLK1 inhibitor could trigger the same effect. A somewhat similar study tested 

T-025, a pan CLK inhibitor for the treatment of MYC driven breast cancer 

cells, MDA-MB-468, which showed significant reduction in in vitro cell 

proliferation and in in vivo xenograft size. Since it has been shown that T-025 

works through the modulation of pre-mRNA splicing, the next logical step was 

to look at other targets which can influence alternative splicing and use it as 

a druggable target for treatment (Iwai et al., 2018). 

MOLM-13 cells were treated with Griffin 51 with increasing concentrations and 

tested via RT-PCR, using BRD4s and BRD4l primers. Fig.7.15. (A) 

demonstrates the changes in band intensity; with the increasing concentration 

level of Griffin 51 the anti-tumourigenic BRD4l isoform becomes more 

profound, IC50 166.0 nM. In the gel, there are signs of double bands which 

could be due to unspecific primer annealing but the overall picture shows that 

BRD4s practically disappears in the highest treatment group. Fig.7.15. (B) 

shows the ratio of BRD4s-BRD4l from the raw data. And Fig.7.15. (C) shows 

the normalised values of the BRD4s-BRD4l values in the different treatment 

groups. 
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Figure 7.15. BRD4 splice change in MOLM-13 cells after Griffin 51 treatment 

Fig.7.15. (A) Expression levels of HPRT-1, BRD4s and BRD4l isoforms are shown on 2% agarose 
gel in MOLM-13 (MLL-TL) cells, after 72 hours of Griffin 51 treatment, IC50 166.0 nM. Expression 
of the housekeeping gene HPRT1 was not altered by Griffin 51 treatment. Figure 7.15 (B)shows 
the difference in expression of the two isoforms with increasing concentration of Griffin51. Fig. 
7.15. (C) To obtain the sensitivity of the MOLM13 cells to these inhibitors the difference in 
expression was normalised to the vehicle control (i.e., 100% BRD4s) and the highest 
concentration (i.e. 100% BRD4L expression). Expression of BRD4s, BRD4l and HPRT-1 in 
MOLM13 cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel 
electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 
bp. The optical density was measured using Image Studio. All data points represent three 
biological replicates (n=3), which each were calculated using three technical replicates. 

 

OCI-AML2 cells, also an MLL-translocated cell line showed an even more 

robust response to treatment. Where the short isoform visibly disappeared 

from 300nM concentration as it can be seen in Fig.7.16. (A). Here, double 

bands (that could signal some unspecific binding) also appear but the isoform 

change is definitive in the sample, IC50 182.7 nM. Fig.7.16. (B) shows the 

difference in short-long isoform, whereas Fig.7.16. (C) demonstrates the 

response curve in OCI-AML2 cells, normalised to the baseline. 
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Figure 7.16. BRD4 splice change in OCI-AML2 cells after Griffin 51 treatment 

Fig.7.16. (A) Expression levels of BRD4s and BRD4l isoforms are shown on agarose gel in OCI-
AML2 (MLL-TL) cells, after 72 hours of Griffin 51 treatment IC50 182.7 nM. Expression of the 
housekeeping gene HPRT1 was not altered by Griffin 51 treatment. Figure 7.16 (B)shows the 
difference in expression of the two isoforms with increasing concentration of Griffin51. Fig. 7.16. 
(C) To obtain the sensitivity of the OCI-AML2 cells to these inhibitors the difference in expression 
was normalised to the vehicle control (i.e., 100% BRD4s) and the highest concentration (i.e. 
100% BRD4L expression). Expression of BRD4s, BRD4l and HPRT-1 in OCI-AML2 cell line was 
determined by RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. The expected 
band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was 
measured using Image Studio. All data points represent three biological replicates (n=3), which 
each were calculated using three technical replicates. 

 

THP-1 cells showed a similar dose response to Griffin 51 treatment, with 

multiple bands appearing in same of the samples, as it can be seen in 

Fig.7.17. (A). However, the short isoforms visibly disappear in the micromolar 

range and that the long isoform is well presented from 300nM concentration 

IC50 227.9 nM. In Fig.7.17. (B) the difference between the short and long 

isoform is shown in response to increasing concentration of inhibitor 

treatment. Fig.7.17. (C) shows the dose response curve (in response to Griffin 

51 treatment in THP-1 cells) normalised to the baseline. 

400

200
100

300
200

NTCUn Veh 1 3 10 30 0.1 0.3 1 3 10

nM µM
Griffin51

BRD4L
BRD4S

HPRT-1

OCI-AML2 cells
(MLL translocated)

CLK inhibition

A

500

-4 -2 0 2 4 6
-1000

-500

0

500

1000

log conc (nM)

Sh
or

t-L
on

g

OCI-AML2
G51

B C

-4 -2 0 2 4 6
0

50

100

OCI-AML2

log conc (nM)

N
or

m
al

is
ed

 D
iff

er
en

ce
 in

 in
te

ns
ity

 (s
ho

rt-
Lo

ng
)

G51



    155 

 

Figure 7.17. BRD4 splice change in THP-1 cells after Griffin 51 treatment 

Fig.7.17. (A) Expression levels of BRD4s and BRD4l isoforms are shown on agarose gel in THP-
1 (MLL-TL) cells, after 72 hours of Griffin 51 treatment, IC50 227.9 nM. Expression of the 
housekeeping gene HPRT1 was not altered by Griffin 51 treatment. Figure 7.17 (B)shows the 
difference in expression of the two isoforms with increasing concentration of Griffin51. Fig. 7.17. 
(C) To obtain the sensitivity of the THP-1 cells to these inhibitors the difference in expression 
was normalised to the vehicle control (i.e., 100% BRD4s) and the highest concentration (i.e. 
100% BRD4L expression). Expression of BRD4s, BRD4l and HPRT-1 in THP-1 cell line was 
determined by RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. The expected 
band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was 
measured using Image Studio. All data points represent three biological replicates (n=3), which 
each were calculated using three technical replicates. 

 

Results from TF1a cells are less clear than from the previous cell lines. BRD4s 

expression disappears after 100nM of Griffin 51 treatment but a shadow can 

be seen (these are likely to be unannealed primers) in all the higher treatment 

groups, as it is shown in Fig.7.18. (A), IC50 11.24 nM. Fig.7.18. (B) shows the 

difference of the short and long isoforms in the different treatment groups. 

Fig.7.19. (C) shows to dose response curve (in response to increasing levels 

of Griffin 51 treatment in TF1a cells) normalised to the baseline. 
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Figure 7.18. BRD4 splice change in TF1a cells after Griffin 51 treatment 

Fig.7.18. (A) Expression levels of BRD4s and BRD4l isoforms are shown on agarose gel in TF1a 
(MLL-WT) cells, after 72 hours of Griffin 51 treatment IC50 11.24 nM. Expression of the 
housekeeping gene HPRT1 was not altered by Griffin 51 treatment. Figure 7.18. (B)shows the 
difference in expression of the two isoforms with increasing concentration of Griffin51. Fig. 7.18. 
(C) To obtain the sensitivity of the TF1a cells to these inhibitors the difference in expression was 
normalised to the vehicle control (i.e., 100% BRD4s) and the highest concentration (i.e. 100% 
BRD4L expression). Expression of BRD4s, BRD4l and HPRT-1 in TF1a cell line was determined 
by RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. The expected band sizes 
were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was measured 
using Image Studio. All data points represent three biological replicates (n=3), which each were 
calculated using three technical replicates. 

 

Similar to the TF1a cells (Fig.7.18.), the HL60 cells also showed a less clear 

expression of the two different BRD4 isoform. The BRD4s isoform visibly 

disappears from the 300nM treatment group but a background shadow can 

be seen in all the treatment groups as it is shown in Fig.7.19. (A), IC50 40.76 

nM . The BRD4l isoform appears from 30nM treatment group, with the splice 

change seemingly complete in the 300nM treatment group. Fig.7.19. (B) 

shows the difference between the short and long isoforms. Fig.7.19. (C) 
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shows the dose response curve in HL60 cells, which is normalised to the 

baseline. 

 

Figure 7.19. BRD4 splice change in HL60 cells after Griffin 51 treatment 

Fig.7.19. (A) Expression levels of BRD4s and BRD4l isoforms are shown on agarose gel in HL60 
(MLL-WT) cells, after 72 hours of Griffin 51 treatment IC50 40.76 nM. Expression of the 
housekeeping gene HPRT1 was not altered by Griffin 51 treatment. Figure 7.19. (B) shows the 
difference in expression of the two isoforms with increasing concentration of Griffin51. Fig. 7.19. 
(C) To obtain the sensitivity of the HL60 cells to these inhibitors the difference in expression was 
normalised to the vehicle control (i.e., 100% BRD4s) and the highest concentration (i.e. 100% 
BRD4L expression). Expression of BRD4s, BRD4l and HPRT-1 in HL60 cell line was determined 
by RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. The expected band sizes 
were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was measured 
using Image Studio. All data points represent three biological replicates (n=3), which each were 
calculated using three technical replicates. 

 

OCI-AML3 cells also showed a strong response to Griffin 51 treatment. 

Fig.7.20. (A) demonstrates the isoform change from BRD4s (more 

pronounced in the lower concentration groups) to BRD4l which is more 

pronounced in the higher concentration groups, IC50 42.79 nM. There are also 

double bands which can indicate non-specific annealing. Fig.7.20. (B) shows 

the difference between the short and long isoform of BRD4 in the different 
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treatment groups. Fig.7.20. (C) shows the normalised response curve in OCI-

AML3 cells. 

 

Figure 7.20. BRD4 splice change in OCI-AML3 cells after Griffin 51 treatment 

Fig.7.20. (A) Expression levels of BRD4s and BRD4l isoforms are shown on agarose gel in OCI-
AML3 (MLL-WT) cells, after 72 hours of Griffin 51 treatment IC50 42.79 nM. Expression of the 
housekeeping gene HPRT1 was not altered by Griffin 51 treatment. Figure 7.20. (B)shows the 
difference in expression of the two isoforms with increasing concentration of Griffin51. Fig. 7.20. 
(C) To obtain the sensitivity of the OCI-AML3 cells to these inhibitors the difference in expression 
was normalised to the vehicle control (i.e., 100% BRD4s) and the highest concentration (i.e. 
100% BRD4L expression). Expression of BRD4s, BRD4l and HPRT-1 in OCI-AML3 cell line was 
determined by RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. The expected 
band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was 
measured using Image Studio. All data points represent three biological replicates (n=3), which 
each were calculated using three technical replicates. 
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7.8. IC50 data for BRD4 splice change in 
AML cells 

 

A compilation of IC50 data shows that SPHINX-31 (S31) was more successful 

in initiating a splice change in BRD4 expression than Griffin 51 (GR51) in the 

AML cell lines where there is a MLL translocation present. However, the 

statistical analysis did not show significant differences due to large SEM 

values. In the AML cell lines without the MLL translocation, a smaller effect 

can be seen and the difference between the SPHINX-31 and Griffin 51 

treatment is not significant. Fig.7.21. shows the difference between the IC50 

data of SPHINX-31 and Griffin 51. Datapoints are separated into two groups, 

representing the three cell lines with translocations (MLL-TL) and the cells 

lines without a translocation (MLL-WT). 
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Figure 7.21. IC50 data for BRD4 splice change in AML cells 

Fig 7.21 shows the effect of SPHINX-31 and Griffin 51 treatment on the isoform change of BRD4. 
Data was gathered from six different AML cell lines with or without an MLL translocation. It can 
be seen that SPHINX-31 was a lot more effective in both MLL-TL and MLL-WT groups, whereas 
Griffin 51 had little effect in the MLL-TL group. Overall, the tested inhibitors achieved a robust 
effect in switching the expression of BRD4s to the favourable BRD4l in small dosage whit IC50 
values well below the micromolar range. Statistical analysis was done by using a paired t-test, 
p=0.125. 
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7.9. Discussion and conclusion 
 

In previous studies, cells with low expression of CLK1 such as T47D (breast 

carcinoma) and THP-1 (monocytic leukaemia) were tested with 

developmental inhibitors and compared to high expression level CLK1 cell 

lines such as T24 (urinary bladder carcinoma), MDA-MB-231 (breast 

adenocarcinoma) and HepG2 (hepatocellular carcinoma). The most sensitive 

cell lines were those with higher CLK1 levels; T24 and HepG2 with 0.6µM and 

2.8µM GI50 values respectively. The low level CLK1 cell lines were 

considerably less affected, such as THP-1 and T47D, and the cell line with 

moderate expression levels of CLK1 was only mildly affected (GI50 9.6 µM) 

(ElHady et al., 2017). Other studies showed similar effects, when gastric 

cancer cell lines: SNU-1, SNU-5, SNU-16, KATO-III and AGS were treated 

with TG003 and CLK1 siRNA. Silencing CLK1 in these cell lines resulted in 

decreased cell viability, proliferation and the lack of invasion and migration 

capability, which usually is present. These results were later replicated in 

patient derived xenografts (PDX) (Babu et al., 2020). In other cancer types, 

such as lung cancer, hypoxia stimulated the expression of alternatively 

spliced isoform of tissue factor (asTF) which is highly expressed in the A549 

cell lines, whereas in normoxia they express the full-length tissue factor (flTF). 

They also found that alongside asTF CLK1 is also highly expressed and by 

using siRNA the effect can be reversed (Eisenreich et al., 2013). 

Previous work showed that CLK1 can be a good drug target for hard to treat 

cancers such as AML. Iwai et al. (2018) tested T-025 which caused a 
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modulation in pre-mRNA splicing, which reduced the CLK dependent 

phosphorylation, resulting in skipped exons, cell death and suppression in cell 

growth both in vitro and in in vivo models. They found that the biggest effect 

was observed in CLK2 (0.096 Kd nmol/L) inhibition but T-025 also reduced 

MYC expression which had a synergistic effect with CLK inhibitors. In a MYC-

driven breast cancer (MBA-MD468) in vivo model, T-025 achieved a 

significant reduction in tumour progression and was well tolerated through oral 

administration (Iwai et al., 2018). However, T-025 is not CLK selective as it 

has an inhibitory effect on the DYRK kinase group (for instance DYRK1A 

0.074 Kd nmol/L). Therefore, we cannot be certain if the positive effects of the 

inhibitor were a result of CLK1 inhibition or inhibiting other protein kinases. 

 

7.9.1. Intracellular target engagement 
assay 

 

Very recently an effective benzothiophene-based hydrazides CLK1 inhibitor 

on a 5-methoxybenzothiophene scaffold was published, which was effective 

in reducing CLK1 levels in T24 cells (El-Gamil et al., 2023). In our study, we 

show similar results, namely that Griffin 51 had a similarly strong effect on 

CLK1 inhibition in transfected HEK cells only after 2 hour treatment vs. the 

6.4 hour treatment used in the El-Gamil et. al (2023) study. See Fig.7.1. 
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7.9.2. Cell viability assays 
 

A previous study showed that CLK inhibition results in reduced viability levels 

in various cancer cells such as MDA-MB-468, SW620, HCT-116, etc. (Araki 

et al., 2015). It is shown in our data that Griffin 51 was successful in 

significantly reducing cell viability levels in AML cells in the micromolar range, 

regardless of their MLL status. A drop in viability levels can be seen from 1µM 

inhibitor concentration with most cell lines displaying the greatest effect in the 

highest treatment group (10µM). 

 

7.9.3. BRD4 splice change in response to 
Griffin 51 treatment 

 

Previously, Tzelepis et al. (2018) showed that SPHINX-31 can initiate a splice 

change in BRD4 in AML cells. Here, it is shown that Griffin 51 is equally 

successful in initiating a splice change in BRD4 in the MLL-WT cells and 

slightly less successful in the MLL-TLL cells. None of the results are however 

significantly different due to large SEM. This is due to a couple of outlier data 

points, especially in the MOLM-13 and TF1a cell line data. See. Fig.7.21. 
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7.9.4. Downstream target levels after 
inhibitor treatments 

 

Another study found high MYC expression levels to correlate with higher 

chances of relapse in amongst untreated AML patients. It was also associated 

with a significantly lower median survival (24 vs. 13 months) and a lesser 

chance of a relapse free survival (25 vs. 12 months), (Ohanian et al., 2019). 

When looking at AML cell lines, (Brondfield et al., 2015) found that JQ1, a 

BRD4 selective inhibitor can indirectly reduce the MYC expression levels in 

the MOLM-14, MV4-11, HL60, FKH-1, OCI-AML5, AP1060, MUTZ-2 AML cell 

lines even in nanomolar range. AZD5991, a selective MCL-1 inhibitor was 

able to downregulate the expression levels of MYC in MOLM-13 cells. The 

study by (Wu et al., 2022) show similar results to the ones presented here, 

with the slight difference that their focus was on specifically testing inhibitors 

against FLT3-mutated AML cells such as MOLM-13 and MV4-11.  

OCI-AML2 cells overexpress BCL-2, which can be inhibited with only 100nM 

of Venetoclax with only a 2-hour treatment. Venetoclax is an FDA approved 

BCL-2 selective inhibitor (Zhang et al., 2022). It is shown here that very low 

doses of Griffin 51 can have the same effect within the same period. 

In their study, (Wu et al., 2015) noted the heightened expression of BCL-2 in 

the HL-60 cell line but they were able to reduce the expression rate alongside 

with inducing apoptosis just by treating the cells with a naturally occurring 

compound, asiatic acid. This study demonstrates here that HL-60 cells were 

similarly sensitive to Griffin 51 treatment, where even small doses of them 

caused a significant reduction on BCL-2 levels of expression. A treatment with 
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all-transretinoic acid in TF1 cells, similar to TF1a cells, except for 

CD34+/CD38+ status whereas TF1a are CD34+/CD38-, showed that BCL-2 

expression can be decreased, and programmed cell death can be induced 

(Slack and Yu, 1998). Our data indicate that TF1a cells have a mass reduction 

in BCL-2 even after small doses of Griffin 51 treatment. 

HOXA9 has been long known as an ‘undruggable’ target in AML, although 

high expression levels were shown in many studies. In recent years there 

have been two approaches to combat high HOXA9 expression levels, as they 

are also associated with poor prognosis and heightened aggressiveness. The 

two approaches are the following: a) at epigenetic level, through indirect 

inhibition of its expression and b) directly, through inhibition of its transcription 

factors, which would block the protein:protein and protein:DNA interactions 

(Lambert et al., 2019). In the Sonoda et al. (2021) study, they found that 

HOXA9 is also reduced in the OCI-AML3 cell line, regardless of its MLL-status 

(Sonoda et al., 2021). Similar results are presented here, namely that Griffin-

51 significantly reduces HOXA9 expressions even in low concentrations. Just 

like in clinical AML, AML cell lines also overexpress oncogenes such as 

HOXA9. In THP-1 cells, (Sonoda et al., 2021) found that DB818, a HOXA9 

inhibitor supressed growth, induced apoptosis and successfully reduced the 

expression of HOXA9. They found the same effect when looked at the levels 

of MYC and BCL-2. 
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7.10. Concluding remarks 
 

In their study, Wang et. al (2022) found that the pan-CLK and pan-DYRK 

inhibitor SM09419 inhibits CLK 1-4 and DYRK1A-B and DYRK2 even in small 

concentrations (IC50 1-77nM, the lowest being CLK1 and CLK4, the highest is 

DYRK1B) (Wang et al., 2022). They found that the compound was very 

effective in in vitro and in in vivo studies and did not cause cytotoxicity. 

However, due to its blanket effect, it is not the most ideal drug candidate. In 

this chapter it has been demonstrated that CLK1 could be a worthy drug target 

in hard to treat cancers such as AML. Within the CLK1 intracellular target 

engagement assay, it is shown that CLK1 inhibition can be achieved at low 

doses (IC50 values 90-142nM) which means that Griffin 51, ET1055, Thiii27 

and ET1008 are all proved to be good candidates for in vivo studies and 

further testing. It is also shown here the efficacy of Griffin 51 in reducing the 

expression of well-known oncogenes such as HOXA9, BCL-2 and MYC. The 

first set of experiments include six AML cell lines, three with an MLL-

translocation and three without an MLL-translocation. We found significant 

reductions in all six AML cell lines in terms of oncogene expressions but could 

not identify a distinct vulnerability in cells with an MLL translocation as it was 

suggested before in the study conducted by (Tzelepis et al., 2016).  
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8. Chapter 

The effect of SRPK1 and CLK1 

inhibition in primary AML cells 
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8.1. Inhibitor treatment on AML primary 

samples  

Following the successful inhibitor treatment of SPHINX-31 and Griffin 51 in 

AML cell lines and to test the translational capabilities of these inhibitors, it 

was reasonable to extend the data by testing primary AML cells with the same 

methods to see if the inhibitors would have the same effect as in the cell lines. 

In this chapter, the data presented here shows the expression levels of MYC, 

BCL-2 and HOXA9 oncogenes which all showed a reduction after SPHINX-

31 and Griffin 51 treatment in cell lines. The effect of SPHINX-31 and Griffin 

51 treatment was also tested to see it they would trigger the same BRD4 

splice change in AML cells as it did for AML cell lines. 

Finally, results from the colony forming unit (CFU) experiment is also 

displayed after 14 days of SPRK1 and CLK1 inhibition treatment in AML cells 

with or without an MLL-translocation. 

 

8.2. SRPK1 inhibition in AML primary cells 
 

To extend the dataset that was obtained from AML cell lines, clinical samples 

of AML was used to test the effect of SRPK1 and CLK1 inhibition. Below data 

is shown from three AML samples AML11367, AML5940 and AML10349 

(MLL-WT). These samples were treated for 14 days in the previously 

described CFU assay (See chapter 3., paragraph 3.10) with SPHINX-31 and 

Griffin 51 (300nM-3µM concentration). The samples were set up in the CFU 
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assay, imaged then collected and prepared for further processing. Figure 8.1. 

below show the MYC, HOXA9 and BCL-2 expression levels in the vehicle 

treatment group and in the SPHINX-31 treatment groups between 300nM to 

3µM. Sample 5940 show a significant reduction in all three downstream 

targets, when adjusted to the housekeeping gene (HPRT-1). The data is 

somewhat inconclusive, but there is a definitive dose response in BCL-2 

expression levels. Fig.8.1. (A) shows the reduced expression levels of MYC 

in the clinical sample AML 5940 in response to increasing levels of SPHINX-

31 treatment. Fig.8.1 (B) shows the effect of SPHINX-31 on the clinical 

sample AML 5940 in terms of HOXA9 expression levels. Fig.8.1. (C) 

demonstrates the effect of SPHINX-31 on the sample AML 5940 in terms of 

BCL-2 expression levels. In some samples, the data points did not form a 

clear dose response, therefore these data points could not be fitted to a curve. 

Where curve fitting was possible, the data points are lined up to the curve. 
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Figure 8.1. Downstream targets in AML 5940 sample after SPHINX-31 treatment 

Figure 8.1. (A) shows the effect of SPHINX-31 in sample AML 5940 on MYC expression (IC50 235.8 
nM). Figure 8.1.(B) show the effect of SPHINX-31 in sample AML 5940 on HOXA9 expression 
levels (IC50 299.9 nM), whereas Figure 8.1.(C) show the reduction BCL-2 levels in sample AML 
5940 after SPHINX-31 treatment (IC50 370.9 nM). Cells were treated for 14 days SPHINX-31 
(300nM-3µM) in a colony forming unit and processed afterwards. Data presented here represents 
one donor (n=1), MYC, HOXA9 and BCL-2 expression levels were calculated from three technical 
replicates. 

 

Sample AML 11367 showed similar response to SPHINX-31, with decreasing 

levels of MYC that can be observed, however there is no clear dose response 

as it is shown in Fig.8.2. (A). HOXA9 and BCL-2 expression levels are also 

reduced, as it is shown in Fig.8.2. (B) and Fig.8.2. (C). A clear dose response 

could only be observed in the BCL-2 expression levels. 
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Figure 8.2. Downstream targets in AML 11367 sample after SPHINX-31 treatment 

Figure 8.2. (A) shows the effect of SPHINX-31 in sample AML 11367 on MYC expression (IC50 
305.7 nM). Figure 8.2. (B) show the effect of SPHINX-31 in sample AML 11367 on HOXA9 
expression levels (IC50 314.3 nM), whereas Figure 8.2. (C) show the reduction BCL-2 levels in 
sample AML 11367 after SPHINX-31 treatment (IC50 592.4 nM). Cells were treated for 14 days 
SPHINX-31 (300nM-3µM) in a colony forming unit, and processed afterwards. Data presented 
here represents one donor (n=1), MYC, HOXA9 and BCL-2 expression levels were calculated 
from three technical replicates. 

 

In the sample AML 10349, there were clear dose response curves in all 

expression levels, Fig.8.3. (A) shows the reduction in MYC expression levels, 

Fig.8.3. (B) shows the reduced expression levels of HOXA9 in response to 

SPHINX-31 treatment. And Fig.8.3. (C) shows the dose response curve in 

terms of BCL-2 expression levels. 
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Figure 8.3. Downstream targets in AML 10349 sample after SPHINX-31 treatment 

Figure 8.3. (A) shows the effect of SPHINX-31 in sample AML 10349 on MYC expression (IC50 
212.9 nM). Figure 8.3.(B) show the effect of SPHINX-31 in sample AML 10349 on HOXA9 
expression levels (IC50 285.2 nM), whereas Figure 8.3. (C) show the reduction BCL-2 levels in 
sample AML 10349 after SPHINX-31 treatment (IC50 301.8 nM). Cells were treated for 14 days 
SPHINX-31 (300nM-3µM) in a colony forming unit and processed afterwards. Data presented here 
represents one donor (n=1), MYC, HOXA9 and BCL-2 expression levels were calculated from 
three technical replicates. 

 

The same samples were treated with Griffin 51 for the same period of time 

(14 days) and in the same concentration of inhibitors to see if there is a similar 

or more robust response to CLK1 inhibition. 
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8.3. CLK1 inhibition in primary AML cells 
 

Seeing the successful effect of Griffin 51 in AML cell lines, it was reasonable 

to test if the same effect could be achieved in primary AML samples. For that 

reason, the primary AML cells that were used for the CFU assay were 

extracted from the CFU model, to measure the levels of MYC, HOXA9 and 

BCL-2 oncogenes. Figure 8.4. (A) below shows the results from sample AML 

5940 in terms of MYC expression levels. Fig.8.3. (B) shows the level of 

HOXA9 expression in the different treatment groups. Fig.8.3. (C) shows the 

levels of BCL-2 expression levels in response to increasing level of Griffin 51 

treatment. 

 

Figure 8.4. Downstream targets in AML 5940 sample after Griffin 51 treatment 
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Figure 8.4. (A) shows the effect of Griffin 51 in sample AML 5940 on MYC expression. Figure 8.4. 
(B) show the effect of Griffin 51 in sample AML 5940 on HOXA9 expression levels, whereas 
Figure 8.4.(C) show the reduction BCL-2 levels in sample AML 5940 after Griffin 51 treatment. 
Cells were treated for 14 days Griffin51 (300nM-3µM) in a colony forming unit and processed 
afterwards. Data presented here represents one donor (n=1), MYC, HOXA9 and BCL-2 
expression levels were calculated from three technical replicates. Due to irregularities in the 
data, it was not possible to calculate IC50 values for this sample. 

 

Sample AML 11367 displayed very similar, unusual expression levels of MYC, 

HOXA9 and in BCL-2. Fig.8.5. (A) shows the expression levels of MYC in 

response to Griffin 51 treatment. Fig.8.5. (B0 shows the different expression 

levels of HOXA9 in response to inhibitor treatment. Fig.8.5. (C) shows the 

different expression levels of BCL-2 in response to treatment. 

 

Figure 8.15. Downstream targets in AML 11367 sample after Griffin 51 treatment 

Figure 8.5. (A) shows the effect of Griffin 51 in sample AML 11367 on MYC expression (IC50 245.2 
nM). Figure 8.5. (B) show the effect of Griffin 51 in sample AML 11367 on HOXA9 expression 
levels, whereas Figure 8.5.(C) show the reduction BCL-2 levels in sample AML 11367 after Griffin 
51 treatment (IC50 258.9 nM). All expression levels were significantly reduced compared to the 
vehicle control group, but there is no obvious dose response curve, although there is a 
statistical trend in the BCL-2 dataset. IC50 values could not be calculated for the HOXA9 
expression level. 
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In the AML 10349 sample, there was a uniform response to Griffin 51 

treatment; there is a clear reduction in MYC, HOXA9 and BCL-2 expression 

levels compared to the vehicle control group, but the concentration of the 

inhibitor did not seem to make a reasonable difference in the measured 

expression levels. Fig.8.6. (A) shows the reduced levels of MYC in response 

to treatment. Fig.8.6. (B) shows the different levels of HOXA9 expression in 

response to treatment. And Fig.8.5. (C) shows the expression levels of BCL-

2 in response to increasing levels Griffin 51 treatment. 

 

Figure 8.16. Downstream targets in AML 10349 sample after Griffin 51 treatment 

Figure 8.6. (A) shows the effect of Griffin 51 in sample AML 10349 on MYC expression. Figure 
8.6. (B) show the effect of Griffin 51 in sample AML 10349 on HOXA9 expression levels, whereas 
Figure 8.6. (C) show the reduction BCL-2 levels in sample AML 10349 after Griffin 51 treatment. 
All expression levels were significantly reduced compared to the vehicle control group, but there 
is no obvious dose response curve. Due to irregularities in the data, it was not possible to 
calculate IC50 values for this sample. 
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8.4. BRD4 isoform change in AML clinical 
samples 

 

The following dataset shows the effect of SPHINX-31 and Griffin 51 in BRD4 

splice change. Three primary AML cell samples were tested to see if the same 

isoform change could be achieved as reported previously in AML cell lines. 

Figure 8.7. (A) shows the effect SPHINX-31 in sample AML 5940. In the lower 

concentration treatment groups, the pro-tumourigenic BRD4s isoform is more 

prominent, but it shows a decrease in response to increasing concentrations 

of inhibitor treatment. Fig.8.7. (B) shows the difference between the BRD4s-

BRD4l isoform. 

 

Figure 8.17. BRD4 splice change in sample 5940 after SPHINX31 treatment 

Fig.8.7. (A) BRD4s and BRD4l expression levels in sample AML5940 visualised on a 2% agarose 
gel after 14 days of SPHINX-31 treatment in a CFU (IC50 909.8 nM). Expression of the 
housekeeping gene HPRT1 was not altered by SPHINX-31 treatment. Figure 8.7. (B) Difference 
between the BRD4s and BRD4l values after 14 days of SPHINX-31 treatment. Expression of 
BRD4s, BRD4l and HPRT-1 in sample 5940 was determined by RT-PCR and visualized on a 2% 
gel by agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 
488 bp, HPRT-1: 101 bp. The optical density was measured using Image Studio. Sample AML 
5940 represents one donor (n=1). 
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Fig.8.8. (A) demonstrates the expression levels of the two different BRD4 

isoform in sample AML 10349. From the image, it can be seen that there is a 

double banding issue in the 300nM treatment group which made it impossible 

to calculate the splice change via subtracting the levels of the short isoform 

from the long isoform. The response to treatment in the 1µM and 3µM groups 

are presented below in Fig.8.8.(B). 

 

Figure 8.18. BRD4 splice change in sample 10349 after SPHINX-31 treatment 

Fig.8.8. (A) BRD4s and BRD4l expression levels in sample AML10349 visualised on a 2% agarose 
gel after 14 days of SPHINX-31 treatment in a CFU (IC50 1520  nM). Expression of the 
housekeeping gene HPRT1 was not altered by SPHINX-31 treatment. Figure 8.8. (B) Difference 
between the BRD4s and BRD4l values after 14 days of SPHINX-31 treatment. Expression of 
BRD4s, BRD4l and HPRT-1 in sample 10349 was determined by RT-PCR and visualized on a 2% 
gel by agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 
488 bp, HPRT-1: 101 bp. The optical density was measured using Image Studio. Sample AML 
10349 represents one donor (n=1). 

 

Finally, sample AML 11367 is shown here after SPHINX-31 treatment in terms 

of BRD4 isoform change.Fig.8.9. (A) shows the different levels of expression 

of BRD4s and BRD4l. Fig.8.9. (B) shows the difference between the BRD4s 

and BRD4l isoforms. 
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Figure 8.19. BRD4 splice change in sample 11367 after SPHINX31 treatment 

Fig.8.9. (A) BRD4s and BRD4l expression levels in sample AML11367 visualised on a 2% agarose 
gel after 14 days of SPHINX-31 treatment in a CFU (IC50 1730.0 nM). Expression of the 
housekeeping gene HPRT1 was not altered by SPHINX-31 treatment. Figure 8.7. (B) Difference 
between the BRD4s and BRD4l values after 14 days of SPHINX-31 treatment. Expression of 
BRD4s, BRD4l and HPRT-1 in sample 11367 was determined by RT-PCR and visualized on a 2% 
gel by agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 
488 bp, HPRT-1: 101 bp. The optical density was measured using Image Studio. Sample AML 
11367 represents one donor (n=1). 

 

Sample AML 10349 was also treated with Griffin 51 to see if a CLK1 selective 

inhibitor could reduce the expression levels of BRD4s and switch the BRD4 

isoform to the tumour-supressor BRD4l. Figure 8.10. (A0 demonstrates the 

effect of Griffin 51 on primary AML cells in terms of BRD4 splice change. 

Fig.8.10. (B0 shows the data from the 300nM and 3µM treatment group, as 

there was no meaningful data available from BRD4l at 1µM concentration. 
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Figure 8.110. BRD4 splice change in sample 10349 after Griffin 51 treatment 

Fig.8.10. (A) BRD4s and BRD4l expression levels in sample AML10349 visualised on a 2% 
agarose gel after 14 days of Griffin 51 treatment in a CFU (IC50 1974.0 nM). Expression of the 
housekeeping gene HPRT1 was not altered by Griffin 51 treatment. Figure 8.7. (B) Difference 
between the BRD4s and BRD4l values after 14 days of Griffin 51 treatment. Expression of BRD4s, 
BRD4l and HPRT-1 in sample 10349 was determined by RT-PCR and visualized on a 2% gel by 
agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 488 bp, 
HPRT-1: 101 bp. The optical density was measured using Image Studio. Sample AML 10349 
represents one donor (n=1). 

 

The following sample AML 11367 show a very slight reduction in the BRD4s-

BRD4l ratio with increasing levels of Griffin 51 treatment, but the short isoform 

remains pronounced in all the treatment groups as it can be seen in Fig.8.11. 

(A). Fig.8.11. (B) shows a slight reduction in the BRD4s:BRD4l ratio in 

response to increasing levels of inhibitor treatment. 
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Figure 8.111. BRD4 splice change in sample 11367 after Griffin 51 treatment 

Fig.8.11. (A) BRD4s and BRD4l expression levels in sample AML11367 visualised on a 2% 
agarose gel after 14 days of Griffin 51 treatment in a CFU (IC50 918.0 nM). Expression of the 
housekeeping gene HPRT1 was not altered by Griffin 51 treatment. Figure 8.7. (B) Difference 
between the BRD4s and BRD4l values after 14 days of Griffin 51 treatment. Expression of BRD4s, 
BRD4l and HPRT-1 in sample 11367 was determined by RT-PCR and visualized on a 2% gel by 
agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 488 bp, 
HPRT-1: 101 bp. The optical density was measured using Image Studio. Sample AML 11367 
represents one donor (n=1). 

 

Sample AML 5940 showed an unexpected response to increasing levels of 

inhibitor treatment where there was not a clear response curve. Fig.8.12. (A) 

shows a mix result gel where there is no clear response curve. Fig.8.12. (B) 

shows variable levels of data when calculated the BRD4s:BRD4l ratio. 
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Figure 8.112. BRD4 splice change in sample 5940 after Griffin 51 treatment 

Fig.8.12. (A) BRD4s and BRD4l expression levels in sample AML5940 visualised on a 2% agarose 
gel after 14 days of Griffin 51 treatment in a CFU (IC50 4182 nM), however the data does not follow 
the level of inhibitor concentration. Expression of the housekeeping gene HPRT1 was not altered 
by Griffin 51 treatment. Figure 8.7. (B) Difference between the BRD4s and BRD4l values after 14 
days of Griffin 51 treatment. Expression of BRD4s, BRD4l and HPRT-1 in sample 5940 was 
determined by RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. The expected 
band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was 
measured using Image Studio. Sample AML 5940 represents one donor (n=1). 
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8.4.1. Colony forming units 

Colony forming units (CFU) are used to establish long term treatment options 

for freshly extracted or cryopreserved cells in vitro. Sutherland and et al. 

(2001) evaluated the best combination of serum rich and serum free medium 

with or without cytokines and found that blood cells grow well in all conditions, 

regardless of their origin (bone or marrow). They also optimised the length of 

treatment and found that cells could be cultured long-term, between 2-8 

weeks which allows for establishing long-term treatment models (Sutherland 

et al., 2001). 

In this study the effects of SRPK1 and CLK1 inhibition were tested in a colony 

forming unit (CFU) using primary AML cells. The primary AML cells were a 

kind gift from the Stamm group from Utrecht, the Netherlands. All samples 

were handled in accordance with international and local regulations. By 

establishing primary cells in a colony forming unit (CFU) it was possible to add 

inhibitor treatment for a longer period of time (14 days vs. 3 days) to see if it 

would cause a higher level of apoptosis (if any) that can be observed in a 

semi-solid media, as well as self-assembling capabilities, proliferation rate 

and basic morphology. In Figure 8.13 the number of colonies are shown as it 

was recorded on day 14 in the different treatment groups. In each treatment 

group, the number of colonies were recorded by visual observation, under a 

brightfield microscope, using a 10x magnification lens, from the three AML 

samples with a translocation and (MLL-TL) and the number of colonies from 

three AML samples without a translocation (MLL-WT). 
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Figure 8.113. Number of colonies in CFUs in response to long term inhibitor treatment  

Fig. 8.13. Shows the number of colonies in the translocated and wildtype AML clinical samples. 
Data divided by the translocation status of samples (n=3 in each group). Translocated samples 
represent the cohort with a AF10 or AF9 translocation. The Wild-type group represent a cohort 
of cells without a translocation with AF10 or AF10 fusion genes. All cells were set up and treated 
in the CFU assay for 14 days in a cell culture incubator. The number of colonies were assessed 
by counting under a brightfield microscope on day 14. No significant difference was found 
between the MLL-TL and MLL-WT groups (p=0.5893) and neither SPHINX-31 nor Griffin 51 had a 
significant effect on the number of colonies. Averages were calculated from n=3 in each group. 

 

The next graph (Figure 8.14) represents the average number of colonies in 

each treatment group. There is a significant difference between Translocated 

group (MLL-TL) and Wild type (MLL-WT). Statistical analysis was performed 

by using a two-way ANOVA with Geisser-Greenhouse correction, p<0.001. 

Fig.8.14. shows the average number of colonies in each treatment groups. 

MLL-WT group consistently had lower number of colonies than the MLL-TL 

group, meaning that the MLL-WT group was more sensitive to inhibitor 

treatment, on average. There was no significant difference between the MLL-

TL and MLL-WT group, p=0.4180. 
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Figure 8.114. Average number of colonies in CFUs in response to long term inhibitor treatment  

The average number of colonies in each treatment group, recorded on day 14 of the long term 
treatment. Colonies were established and maintained in a semi-solid media and counted under 
a bright-field microscope on the last day of treatment. It can be seen that the cells without an 
MLL translocation (MLL-WT) were more sensitive to treatment than the cells with the 
translocation (MLL-TL). The type of treatment did not seem to make a difference, e.g. the number 
of colonies did not significantly differ in the SPHINX-31 and Griffin 51 treatment group 
(p=0.4180). 

 

8.4.2. CFU assay images- MLL-WT 

Below images are shown of a randomly selected sample from the MLL-WT 

group on day 14. Images were taken using a camera system attached to a 

brightfield microscope. Below, Fig.8.15. shows a randomly selected sample 

from the MLL-WT group. Each image represents a well/treatment group that 

depicts a randomly selected colony formation. Each sample were treated in 

one technical replicate, due to the low number of cells available (which in 

usual and accepted in primary cell research). 
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Sample 5940 wild type (without a translocation) treated with S31 and G51 

 

Primary AML cells in CFUs, imaged on day 14 under a brightfield microscope, each image 
represents a randomly selected colony from each treatment group. Sample 5940 was randomly 
selected from the AML MLL-WT group, e.g. cells without an MLL translocation. Cells were set up 
and maintained in a semi-solid media, then harvested after treatment and imaging for further 
processing. 
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Figure 8.115. Randomly selected images of sample 5940 (MLL-WT) in CFUs 
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8.4.3. CFU images- MLL-TL 

Fig. 8.16 depicts a randomly selected sample; 6719 (MLL-TL). Each image 
represents a colony formation from a treatment group, as labelled below. 

 

Sample 6719 with AF10 translocation after S31 and GR51 treatment 

 
Figure 8.16. Randomly selected images of sample 6719 (MLL-TL) in CFUs. 

Primary AML cells in CFUs, imaged on day 14 under a brightfield microscope, each image 
represents a randomly selected colony from each treatment group. Sample 6719 was randomly 
selected from the AML MLL-TL group, e.g. cells with an MLL translocation and AF10 mutation. 
Cells were set up and maintained in a semi-solid media, then harvested after treatment and 
imaging for further processing. 
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8.5. Discussion and Conclusion 
 

8.5.1. SRPK1 and CLK1 inhibition in 
primary AML cells 

 

In a previous clinical study, where MYC levels of AML patients were tested, 

they found that high levels of MYC correlated with poor patient outcomes. 

Although patients with low MYC levels did not have a significant advantage in 

terms of clinical outcomes, their overall survival rate was longer (median 42.3 

vs. 17.5 months) (Yun et al., 2019). It is shown here that SPHINX-31 and 

Griffin 51 were successful in reducing the levels of MYC, HOXA9 and BCL-2 

expression levels in all samples. It must be noted that in some samples the 

data is inconclusive and only a few samples show a clear dose response to 

increasing concentration of treatment The least amount of reduction can be 

seen in sample AML5940 (HOXA9 and BCL-2 levels) and AML11367 (MYC, 

HOXA9 and BCL-2). There was no clear reason as to why the results would 

be different but it would certainly be beneficial to extend the database to a 

larger number of primary samples (>50). 

 

8.5.2. BRD4 splice change in AML clinical 

samples 

Previous studies have shown that JQ1, a BRD4 pan-inhibitor can induce 

major growth inhibition and even apoptosis in primary human AML stem and 
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progenitor cells, with an IC50 value of 0.005-0.5µM (Herrmann et al., 2012). 

However, BRD4 splice change is not a well-researched subject and there was 

no available publication that would describe BRD4 splice change in primary 

AML at the time of writing. One similar study looked at BRD4 splice change 

after JQ1 treatment and similarly found that the BRD4s isoform to promote 

breast cancer growth and metastasis (Wu et al., 2020). Whereas BRD4l 

inhibits tumour progression and metastatic capabilities. Based on the data 

presented here, it can be said that the BRD4s isoform is clearly present in all 

samples but the BRD4l isoform is only very vaguely expressed, if expressed 

at all. These results are not in line with my previous findings in AML cell lines 

presented in paragraph 5.3 and 7.7. It should be noted that results from the 

primary AML samples are very low in numbers which could cause a difference 

in results. A larger database would provide a statistically more robust result. 

It is also a concern that primary AML samples are genetically much more 

diverse than cell lines, therefore the results can vary from one database to 

another. It could also be hypothesised that a shorter treatment would show a 

different result, rather than a pro-longed treatment in CFUs as it was the case 

here, and of course perhaps a higher dosage would be necessary for primary 

cells than for immortalised cell lines. 
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8.6. Colony forming units (CFU) 
 

When using HSPCs to model de novo leukemogenesis, Schneidawind et al. 

(2018) found that by editing the genome of these blood cells, they can induce 

AML with MLL-AF9 translocation in a mouse model. They also found that cells 

with this specific translocation have an increased ability to form colonies 

(Schneidawind et al., 2018). In this study, there was no difference between 

the number of colonies in the translocated group (MLL-TL) and the non-

translocated (MLL-WT) group. The difference in results could be explained by 

the heterogeneity of the different samples and the low number of samples 

which does not provide a robust base for data analysis. The type of treatment 

whether it was SPHINX-31 or Griffin 51 did not make a significant difference,in 

response to treatment but the non-translocated cells (MLL-WT) seemed to 

form a lower number of colonies than the cells with a translocation (MLL-TL). 

The difference was not statistically significant (p=0.418). 
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9. Chapter 

SRPK1 and CLK1 inhibition in 

astrocyte derived cancer cells and in 

primary glia cells 
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9.1. Aims and Objectives 
 

SRPK1 has also been found to be a main contributor to the growth, metastasis 

and drug sensitivity in gliomas. Wu et al. (2013) found that by silencing 

SRPK1 in glioma cells such as U251, U87 inhibited tumour cell growth, 

invasion and migration (Wu et al., 2013). Based on this finding, it was the next 

logical step to test a highly selective SRPK1 inhibitor, such as SPHINX-31, to 

see if the viability levels in U87 cells can be reduced. CLK1 inhibition has been 

found to be a drug target in pancreatic cancer (Chen et al., 2021) and in 

gastric cancer (Babu et al., 2020). High expression levels of CLK1 have been 

associated with poor prognosis in gliomas (Zhang et al., 2017). Therefore, a 

CLK1 selective inhibitor, Griffin 51 was applied to U87 cells to test its efficacy 

in reducing cell viability and expression levels of MYC, HOXA9 and BCL-2. 

 

9.2. Introduction  
 

This chapter focuses on the effect of SPHINX-31 and Griffin 51 in a 

glioblastoma cell line, studying cell viability and common downstream targets 

such as HOXA9, BCL-2 and MYC. According to previous data high 

expressions of CLK1 and CLK2 were associated in poor prognosis for patients 

diagnosed with Glioblastoma (GBM) (Naro et al., 2021). However, modulation 

of specific splice variants (FOXO3a) impaired growth and metastatic 

properties. CLK inhibition have been found to favour the cytoplasmic isoform 

of oestrogen related receptor b, which inhibits tumour cell growth and 



    192 

migration (Park et al., 2016). Sigala et al. (2016) showed that glioblastoma 

cell lines express an aberrant form of SRPK1 and that the knockdown of 

SRPK1 with siRNA does not influence the cell viability in these GBM cell lines, 

nor does it enhance the effect of approved drugs such as cisplatin (Sigala et 

al., 2016). The effects of both SRPK1 and CLK1 inhibition are shown below 

in Fig. 9.1. after a 72 hour treatment of SPHINX-31 and Griffin 51 in U87 cells, 

respectively. Fig.9.1. (A) demonstrates the cell viability levels measured in 

U87 cells in response to increasing levels of Griffin 51 treatment. Fig.9.1. (B) 

demonstrated the viability levels in U87 cells after SPHINX-31 treatment.  

 

Figure 9.1. Cell viability of U87 cells after Griffin 51 and SPHINX-31 treatment 

Fig. 9.1. (A) shows the cell viability levels of U87 cells after 72 hours of Griffin 51 treatment in 
increasing concentrations [1nM -10µM]. Fig. 9.1. (B) shows the cell viability levels of U87 cells 
after 72 hours of SPHINX-31 treatment in increasing concentration [1nM -10µM]. All data points 
were corrected to the vehicle control (0.1% DMSO), and values were recorded from three 
biological replicates (n=3), which each had three technical replicates. Due to high levels of 
baseline, the model could not calculate IC50 values. 

 

 

0 2 4 6
0

50

100

150

log nM of Griffin 51

%
 c

el
l s

ur
vi

va
l

Cell viability levels after Griffin 51 treatment

Griffin 51

0 2 4 6
0

50

100

150

log nM of Sphinx-31

%
 c

el
l s

ur
vi

va
l

Cell viability levels with Sphinx-31 treatment

Sphinx 31

0 2 4 6
0

50

100

150

log nM of [inhibitor]

%
 c

el
l s

ur
vi

va
l

Cell viability levels of U87 cells after treatment

Griffin 51

Sphinx 31

BA



    193 

9.3. Downstream targets after SPHINX-31 
and Griffin 51 treatment in U87 cells 

Given the clinical relevance of the highly expressed CLK1 and SRPK1 in 

gliomas, the next logical step was to test SPHINX-31 and Griffin 51 to see if 

the same effect can be observed in Glioblastoma cells (GBM) as in the AML 

cell lines. According to their study, (Fels et al., 2000) found that BCL-2 is 

overexpressed in high-grade gliomas, which are usually therapy resistant. 

Therefore, any inhibitor that reduces the levels of BCL-2 expression could be 

beneficial for treatment. Within patients diagnosed with Grade IV 

Glioblastoma, BCL-2 negative patients have a significantly longer survival 

rate than patients with positive BCL-2 tumours. Which indicates that reduction 

in BCL-2 can be a future drug target. Below in Figure 9.2., the effect of 

SPHINX-31 and Griffin 51 is shown in reducing the levels of MYC, HOXA9 

and BCL-2 in the U87 cell line. Fig. 9.2. (A) shows the decrease in BCL-2 

expression levels in response to SPHINX-31(S31) treatment in U87 cells, 

(IC50 34.47 nM). Fig.9.2. (B) shows the decreasing levels of BCL-2 levels in 

response to Griffin 51(GR51) treatment, (IC50 32.07 nM). Fig.9.2. (C) shows 

the decrease in MYC expression in response to S31 treatment, (IC50 17.16 

nM). Fig.9.2. (D) shows the decreasing levels of MYC expression in response 

to GR51 treatment, (IC50 6.986 nM). Fig.9.2. (E) shows the decrease in 

HOXA9 expression levels in response to S31 treatment, (IC50 3.303 nM). 

Fig.9.2. (F) shows the decreasing levels of HOXA9 levels in response to 

GR51 treatment (IC50 2.801 nM).  
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Figure 9.2. BCL2, HOXA9 and MYC levels in U87 cells. 

BCL2, HOXA9 and MYC expression levels measured with ddPCR from U87 samples. (A) BCL2 
expression in U87cells after SPHINX-31 treatment (IC50 34.47 nM), (B) BCL2 expression in U87 
cells after Griffin-51 treatment, (IC50 32.07 nM). (C) MYC expression in U87 cells after SPHINX-31 
treatment, (IC50 17.16 nM), (D) MYC expression in U87cells after Griffin-51 treatment. (IC50 6.986 
nM), (E) HOXA9 expression in U87 cells after SPHINX-31 treatment, (IC50 3.303 nM). (F) HOXA9 
expression in U87 cells after Griffin 51 treatment (IC50 2.801 nM). 
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9.4. The role of the BBB in Glioblastoma 
therapy 

Glioblastoma Multiforme (GBM) remains the most common and aggressive 

primary brain tumour which is associated with high resistance to radiotherapy 

and chemotherapy. The median survival rate of GBM patients is still between 

12-15 months, with less than 5% of patients surviving longer than 5 years 

(Ostrom et al., 2014). One of the main challenges in delivering effective 

treatment for GBM is the Blood-Brain Barrier (BBB), which is in healthy state 

serves as a barrier protecting the central nervous system from harmful 

substances. The BBB is composed of brain endothelial cells, pericytes, 

cortical astrocytes, neurons, microglia and oligodendrocytes which are tightly 

packed together to form the neurovascular unit (Abbott et al., 2006). See Fig. 

9.3. below. 
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Figure 9.3. The neurovascular unit and the Blood Brain Barrier 

Figure 9.3. represents the Blood Brain Barrier (BBB) and the neurovascular unit in 
healthy state, with all the different cell types; cortical neurons, oligodendrocytes, 
pericytes, cortical astrocytes and microglia. Image created by Bio Render Premium, 
based on Jiang, X., et al. (2018). Blood-brain barrier dysfunction and recovery after 
ischemic stroke. Prog Neurobiol. 163-164:144-171 

 

Most molecules, specifically a large number of cancer drugs cannot cross the 

BBB, due to active efflux transporters such as P-glycoproteins (Demeule et 

al., 2002). The other important factor is the Blood-Brain Tumour Barrier 

(BBTB), which is created due to the malignant alterations caused by 

penetrating tumour cells. The BBTB is characterised by excessive 

vascularisation and enhanced BBB permeability (Wang et al., 2019). This 

caused by the overexpression of VEGF and other pro-angiogenic factors such 

as cytokines (Oberoi et al., 2016). To study the effect of GBM in the 

breakdown of the BBB, a 3D spheroid of the BBB was created from primary 

cells (See paragraph 3.4 and 3.5 ) and treated with cytokines. To eliminate 
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any confounding effects in the cytokine treatment a serum free media 

composite was also developed to use for the spheroid model. 

  

9.5. Serum free cell media 
 

It has been noted in numerous studies that commonly used Foetal calf serum 

(FCS) in cell media can greatly influence the results. Ben Haim et al. (2015) 

noted that FCS triggers an activation in astrocytes in regular in vitro culture 

which then pushes them into a reactive state. In previous studies, they found 

that serum in the media appears to irreversibly alter the morphology and 

transcriptome of glia cells which means that they create false positive or false 

negative results (Foo et al., 2011). In their study Zhang et al. (2016) found 

that human astrocytes drastically change their morphology when they are 

exposed to serum, whereas immunopanned astrocytes in serum free 

condition represent the shape that we can observe in intact tissue (Zhang et 

al., 2016). For details of the serum free media composite, please see 

paragraph 3.5.1. 
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Figure 9.4. Primary glia cells in serum free media 

(A) primary cortical astrocytes 48 hours after extraction in a serum free media, magnification 
20x. (B) primary cortical pericytes 8 days after extraction in a serum free media, magnification 
20x. (C) brain endothelial cells  

 
9.6. Cytokine treatment on primary astrocytes 

For the cytokine treatment, primary astrocytes were plated in regular 6 well-

plates, in regular in vitro conditions (37°C, 5% CO2), 106 cells/well in serum 

free media, and treated for 6 hours in different conditions. Astrocytes were 

stained against GFAP, and DAPI to confirm morphology and cell density. 

Fig.9.5. (A) shows a randomly selected image of an astrocyte which is fixed 

and stained against GFAP (green) with no treatment applied. Fig.9.5. (B) 

shows a second randomly selected image of and astrocyte, fixed and stained 

against GFAP (green), nuclei stained with DAPI. 

 

A B

C
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Figure 9.5. Astrocytes after 6 hours in the no treatment group.  

Astrocytes were stained against GFAP (in green) and as secondary antibody, Alexa488 was 
used. DAPI was used for staining the nuclei (blue). Images were captured on a Zeiss 100 
epifluorescent microscope at 20x magnification. Astrocyte monocultures might contain other 
glia cells. 

 

Fig.9.6. (A) shows a randomly selected image of an astrocyte culture after 6 

hours of 50ng/mL IL-1b treatment. Fig.9.5. (B) shows another randomly 

selected astrocyte image from the same treatment group. Astrocytes stained 

against GFAP (green), nuclei stained against DAPI (blue). 

 

  

Figure 9.6 Primary cortical astrocytes after 6 hours of 50ng/mL IL-1b treatment 

 Primary astrocytes were extracted, cultured and fixed on a cover slip after 6 hours of 50ng/mL 
IL-1b direct treatment. ICC: Primary antibody GFAP (in green) and nuclei stained with DAPI, 
shown in blue. Images were captured on a Zeiss 100 epifluorescent microscope at 20x 
magnification. 

 

A B 

A B 
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Figure 9.7. (A) shows the effect of a 6-hour treatment of 25ng/mL IL-1b on 

astrocytes and the slight morphological changes. 9.7. (B) is another randomly 

selected image from the 25ng/mL treatment group. 

 

  

Figure 9.7 Primary cortical astrocytes after 6 hours of 25ng/mL IL-1b treatment 

Primary astrocytes were extracted, grown and fixed on a cover slip after 6 hours of 25ng/mL IL-
1b direct treatment. ICC: Primary antibody GFAP (in green) and nuclei stained with DAPI, shown 
in blue. Stained nuclei, where the body of the cell is not stained are likely to be other glia cells. 
Images were captured on a Zeiss 100 epifluorescent microscope at 20x magnification. 

 

In Figure 9.8. the combined effect of IL-1b and TNF-a on astrocyte cultures is 

shown. Fig.9.8. (A) is a randomly selected image of an astrocyte culture 

stained against GFAP (green) and DAPI (blue). Fig.9.8. (B) shows a second 

randomly selected image of the treatment group of 25ng/mL IL-1b and 

20ng/mL TNF-a treatment. 

 
 

A B 
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Figure 9.8 Primary cortical astrocytes after 6 hours of 25ng/mL IL-1b and 20ng/mL TNF-a 
treatment 

Primary astrocytes were extracted, grown and fixed on a cover slip after 6 hours of 25ng/mL IL-
1b and 20ng/mL TNf-alpha direct treatment. ICC: Primary antibody GFAP (in green) and nuclei 
stained with DAPI, shown in blue. Images were captured on a Zeiss 100 epifluorescent 
microscope at 20x magnification. Images shown from two different cultures. 

 

Figure 9.9. (A) shows the effect of a 6-hour treatment of TNF-a on astrocyte 

culture. A random image has been selected to represent the treatment group. 

Astrocytes stained against GFAP (green), cytokines stained against STAT3-

CY3 (red) and DAPI (blue). STAT3 is the most multifaceted member of the 

signal transducer and activator of transcription (STAT) family of transcription 

factors and mediates pivotal responses for cytokines. STAT3-CY3 was used 

to detect any potential cytokine activity in the culture that could have been 

triggered by the TNF-a treatment. Due to the merging of images, DAPI may 

appear as purple. 

 

A B 
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Figure 9.9 Primary cortical astrocytes after 6 hours 20ng/mL TNF-a treatment 

Primary astrocytes were extracted, cultured and fixed on a cover slip after 6 hours of 20ng/mL 
TNF-alpha direct treatment. ICC: Primary antibody GFAP (in green), STAT3-CY3 (red) to detect 
the likely presence of cytokines such as IL-6. Images were captured on a Zeiss 100 
epifluorescent microscope at 20x magnification. 

 

Finally, Figure 9.10. shows the effect of 100ng/mL of TNF-a treatment on 

astrocytes. Fig.9.10. (A) represents a randomly chosen image from the 

treatment group, where astrocytes stained against GFAP(green), cytokines 

against STAT3-CY3 (red) and against DAPI (blue). Fig.9.10. (B) shows a 

second randomly selected image from the same treatment group, with the 

same staining conditions. DAPI might appear as purple in the images due to 

the merging of channels. 

 
 

 
Figure 9.10 Primary cortical astrocytes after 6 hours 100ng/mL TNF-a treatment 

Primary astrocytes were extracted, cultured and fixed on a cover slip after 6 hours of 100ng/mL 
TNf-alpha direct treatment. ICC: Primary antibody GFAP (in green), STAT3-CY3 (red) to detect 

A B 

A B 
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the presence of cytokines such as IL-6. Images were captured on a Zeiss 100 epifluorescent 
microscope at 20x magnification. Images taken from two different cultures (same treatment 
group). 
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9.7. Spheroid cultures 

To create the 3D model of glia cells, a protocol was adapted from (Leek et al., 

2016), where freshly extracted astrocytes were plated in a low-adherent 96 

well-plate with a Matrigel (Corning, #11543550) that acted as a scaffold for 

the cells to attach. After attachment, cells were stained to confirm their 

location and morphology in the co-culture. Fig.9.11. shows a randomly 

selected image of an astrocyte spheroid monoculture stained against GFAP 

(red) and DAPI (blue). 

 

Figure 9.11. Primary astrocytes in a 3D spheroid culture 

Astrocytes in the control group were fixed on day 10 and stained against GFAP with Rhodamine 
X (in red) and DAPI for nuclei (in blue). 3D spheroids were established using Matrigel. Images 
were captured on a Zeiss 100 epifluorescent microscope at 10x magnification. 
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Following image shows the full scale and shape of the spheroids, depicting 

the expected self-assembling pattern. Figure 9.11. shows a spheroid 

monoculture of astrocytes, stained against GFAP (orange) and DAPI (blue). 

 

Figure 9.12. Primary astrocytes in a 3D spheroid culture 

Astrocytes in the control group were fixed on day 10 and stained against GFAP with Alexa 566 
(in orange) and DAPI for nuclei in blue. 3D spheroid cultures were established using Matrigel. 
Images were captured on a Zeiss 100 epifluorescent microscope at 10x magnification. 

 

Brain endothelial cells (BECS) were extracted based on a protocol by 

(Abbott et al., 2012), then similarly to astrocytes, cultured and established in 

a low adherent plate with the addition of a Matrigelä to act as a scaffold. 

Fig.9.13. shows a monoculture of BECS stained against VE-Cadherin 

(green) and DAPI (blue), on day 10 of the culture. 
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BECS were stained against VE-Cadherin with Alexa 488 (in green) DAPI for nuclei (in blue), cells 
were fixed and stained on day 10. Images were captured on a Zeiss 100 epifluorescent 
microscope at 10x magnification. 

  

To create a monoculture of cortical pericytes the same method was used as 

for BECS. Pericytes were also cultured in the same conditions as BECS and  

 

Figure 9.13. Primary brain endothelial cells (BECS) in a 3D spheroid model. 
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Pericytes were fixed on Day 10 after removing the Matrigel scaffold, stained against PDGFR-b 
with Alexa 488 (green), DAPI for nuclei (in blue). Images were captured on a Zeiss 100 
epifluorescent microscope at 20x magnification. 

 

established in a spheroid model in a low adherent plate. Fig.9.14. shows a 

monoculture of pericytes, stained against PDGFR-b (green) and DAPI (blue). 

Finally, a co-culture of primary brain endothelial cells, astrocytes and pericytes 

is shown here, in a 3D spheroid model. Fig.9.15. represents a randomly 

selected image of a co-culture of astrocytes, BECS and pericytes. Tight 

junctions stained against ZO-1 (red) and DAPI (blue). 

 

Figure 9.14. Primary pericytes in a 3D spheroid model. 
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Stained against ZO-1 and Rhodamine X (in red), DAPI for nuclei (in blue). Images were captured 
on a Zeiss 100 epifluorescent microscope at 10x magnification. 

 

The next image shows a co-culture of astrocytes, pericytes, and brain 

endothelial cells in a spheroid model. Fig.9.16. represents a second randomly 

selected image of a spheroid co-culture, consisting of astrocytes shown in 

yellow and nuclei stained against DAPI (in blue). 

Figure 9.15. Co-culture of primary astrocytes, endothelial cells and pericytes. 
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Figure 9.16 Co-culture of primary astrocytes, brain endothelial cells and pericytes in a 3D 
spheroid. 

Astrocytes were fixed after the removal of the Matrigel scaffold, stained against GFAP and Alexa 
566 (yellow), DAPI for nuclei (in blue). Images were captured on a Zeiss 100 epifluorescent 
microscope at 4x magnification. The middle of the spheroid represents the hypoxic core which 
firms up and does not allow for cell proliferation. 
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9.8. Discussion and conclusions  
 

U87 cells showed a drop in viability levels after SPHINX-31 and Griffin 51 

treatment in the highest concentration treatment group (10µM), however IC50 

values could not be calculated due to high baseline measurements. This 

results somewhat supports the previous findings of (Wu et al., 2013) in which 

they found that using siSRPK1 in glioma cells can inhibit tumour cell growth, 

invasion and migration, although future studies are required to definitely prove 

the inhibitory effects of these inhibitors. CLK1 inhibition in glioblastoma cells 

caused a significant reduction in viability, migration and invasion (Zhou et al., 

2017b). In this study, only the highest concentration [10µM] treatment could 

achive a visible drop in viability levels, and therefore this needs further 

investigation. On the other hand, even low concentrations of SPHINX-31 and 

Griffin 51 caused a significant drop in downstream targets. MYC, HOXA9 and 

BCL-2 levels were significantly reduced with IC50 values of [3nM- 35nM] 

across treatment groups. The 3D spheroid model was created to test the 

application of the small molecule inhibitors and their ability to cross the BBB 

in GBM. The cytokine treatment showed no adverse effect on the model, 

however the final stage of the development and the application of the 

inhibitors remain outstanding which could greatly contribute to this study in 

the future. 
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Conclusion and future work 
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Conclusion 

Acute Myeloid Leukaemia is still one of the most aggressive types of cancer. 

It is caused by the abnormal proliferation of haematopoietic cells that 

underwent a genetic mutation, which means they have an abnormal growth 

rate and are irresponsive to normal cell signalling. Many advances have been 

made in the past to develop subset-specific treatments, for instance, FLT3 

and IDH1/2 inhibitors but these have not been approved for clinical use (Dang 

et al., 2010). The current drug regime for any de novo AML is still general 

chemotherapy with venetoclax (selective BCL-2 inhibitor) and either 

azacitidine (DNA methyltransferase blocker) or low dose cytarabine 

(pyrimidine nucleoside analogue) (Roloff et al., 2022) and (NICE, 2022 

TA787). Relapse within 5 years is still very common (in 95% of cases), 

therefore there is a real clinical need for selective drugs to be used, especially 

for patients who are unsuitable for high-dose chemotherapy (Wang et al., 

2019). 

SRPK1 is a key splicing regulator, which phosphorylates specific amino acids 

of protein rich serine/arginine repeats such as SRSF1. The SRPK1 in normal 

circumstances overexpressed in the pancreas and testicular germ cells and 

interestingly, under expressed in healthy glia cells. Through alternative 

splicing, SRPK1 regulates RNA maturation, cell cycle progression, and 

immune responses. However, the aberrant version of alternative splicing is a 

key factor in carcinogenesis and a hallmark of cancer. SRPK1 has been found 

to be overexpressed in many types of cancers, and its downregulation in 

preclinical models causes tumour-suppression. (Nikas et al., 2019). In Acute 
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Myeloid Leukaemia, SRPK1 inhibition showed a significant reduction in cell 

viability (tested in AML cell lines) (Tzelepis et al., 2018) and also in extranodal 

natural killer/T-cell lymphoma (ENKTL), a very aggressive subtype of non-

Hodgkin lymphoma. The same study showed that SPHINX-31 and SRPIN340 

(both are highly selective SRPK1 inhibitors) have the same effect on 

peripheral blood lymphocytes (PBLs) that were isolated from samples from 

ENKTL patients (He et al., 2022). In glia originated cancer cells, such as 

gliomas or glioblastomas, SRPK1 has been found to be highly overexpressed, 

which is the opposite of their normal state. Furthermore, the level of SRPK1 

expression also has a significant role in predicting patient survival, wherein 

the higher the expression level is, the lower the survival rate (Sigala et al., 

2016).  

 

10.1. SRPK1 inhibition in AML 

 

SRPK1 has been known to be a relevant drug target in AML (Siqueira et al., 

2020) and various SRPK1 inhibitors showed good results in reducing cell 

viability and proliferation (Tzelepis et al., 2016). Here is shown that SPHINX-

31 can significantly reduce common downstream targets such as BCL-2, 

HOXA9 and MYC (Perini et al., 2018, Collins and Hess, 2016, Salvatori et al., 

2011) even in the nanomolar range. However, the findings of the Tzelepis et 

al. (2016) study could not be replicated, in terms of cell viability. When 

adjusted to the vehicle control group, it was not possible to show a dose 

response curve or in fact, a response to treatment.  
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10.2. BRD4 splice change in AML 

 

BRD4 has long been considered to be a worthy drug candidate in AML (Roe 

and Vakoc, 2016), however it has also been understood that pan BRD4 

inhibitors such as iBET151 have great issues with toxicity which became clear 

in clinical trials. It has been recently proposed that instead of trying to utilise 

pan BRD4 inhibitors, other inhibitors can be used that trigger an effect in the 

BRD4 splice change (Alsarraj et al., 2011). This study demonstrates that both 

SPHINX-31 and Griffin 51 trigger an isoform change in AML, which caused 

the tumourigenic BRD4s isoform to be reduced and the BRD4l, tumour 

suppressor isoform to be increased in response to rising concentrations of 

inhibitor treatment. The data in small molecule inhibitors that affect the isoform 

of BRD4 is limited but the results here show a promising opportunity to test 

the efficacy of SPHINX-31 and Griffin 51 in reducing tumour burden further. 

The obvious improvement that needs to be made is the further optimisation 

of primer sequences to avoid double banding that appeared in some gels 

during RT-PCR visualisation. 

 

10.3. New generation SRPK1 inhibitors 

 

In Chapter 6. the effect of three new generation inhibitors, ET1126, ET1132, 

ET3002 is shown. All three inhibitors caused a significant reduction in 

common downstream targets such as BCL-2, HOXA9 and MYC. Data from 
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other inhibitors from the Intracellular Kinase Target Engagement assay are 

also presented, that showed promising results in SRPK1 inhibition. These 

have yet to be tested further, however, from the data it is clear that the new 

SRPKBNP-1 tracer produces reliable measuring capabilities of the BRET 

activity and therefore is a good starting point for further testing. When 

compared to SPHINX-31, it can be seen that the second-generation inhibitors 

are significantly more potent and therefore are worthy candidates to be tested 

further. See Fig. 6.25., 6.26., 6.27. 

 

10.4. CLK1 inhibition in AML 

 

Due to its synergistic relationship with SRPK1 (Aubol et al., 2016) (as 

described in Chapter 7.) A highly selective CLK1 inhibitor was also tested, 

which has not been published yet. Griffin 51 showed great results in reducing 

cell viability levels in AML cells, in fact, it displayed a greater effect than 

SPHINX-31. It also significantly reduced the expression levels of HOXA9, 

BCL-2 and MYC. It triggered a BRD4 splice change (similarly to SPHINX-31) 

and promoted the tumour-suppressor BRD4l isoform, especially in the higher 

concentration treatment. Overall, it proved to be a good candidate to be tested 

further. 
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10.5. SRPK1 and CLK1 inhibition in astrocyte 

derived cancer models 

In this chapter, a similar effect in U87 cells after SPHINX-31 and Griffin 51 

treatment was observed as in the AML cell lines. In terms of downstream 

targets, SPHINX-31 and Griffin 51 were able to significantly reduce the 

expression levels of MYC, HOXA9 and BCL-2, even in the nanomolar range. 

To test these inhibitors further, a 3D model from primary cells was created to 

study the effect of GBM on the BBB. The application of the mentioned 

inhibitors are outstanding but the data obtained from U87 cells shows a 

promising result. 

 

10.6. Future Work 

 

Glioblastoma and Acute Myeloid Leukaemia are still some of the most 

treatment resistant types of cancers. AML carries an especially poor 

prognosis in children and elderly (De Kouchkovsky and Abdul-Hay, 2016). 

The treatment regime for AML has not changed for some twenty years now 

and not all patients can tolerate the usual treatments that consists of chemo 

and radiotherapy. As AML is a highly heterogenous disease which carries 

many variations, therefore an appropriate targeted treatment can be much 

beneficial. Here is presented how the tested inhibitors are effective in 

inhibiting SRPK1 expression in all AML cell lines. Griffin 51 a highly selective 
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CLK1 inhibitor was effective across all studies in CLK1 inhibition, and the data 

showed that both SPHINX-31 and Griffin 51 trigger a splice change in AML 

cells, causing the upregulation of the tumour-suppressor BRD4l isoform in 

response to increasing concentration of inhibitor treatment. Levels of 

downstream targets such as MYC, HOXA9 and BCL-2 showed that these 

inhibitors can cause a significant reduction at very low concentrations. 

In the future, the continuation of this work is going to be to screen new 

inhibitors similar to Griffin 51 (e.g. those with the Griffin scaffold). In vivo 

studies are currently taking place to further test the potency of SPHINX-31 

and Griffin 51, which will be extended to ET1126, ET1132 and ET3002 to 

measure their effect on SRPK1 and CLK1 inhibition in in vivo rat models of 

leukaemia. We are also expanding the scope of this research to other types 

of cancer, such as cholangiocarcinoma and will continue using U87 cell line 

for glioblastoma models.  
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12. APPENDIX I.  

12.1. RT-PCR results of BRD4 splice change 
in response to inhibitor treatment 
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Supplementary figure of SPHINX-31 treatment on THP-1 cells. Expression of BRD4s, BRD4l and HPRT-1 
in THP-1 cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. 
The expected band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density 
was measured using Image Studio. 

Supplementary figure of Griffin 51 treatment on THP-1 cells. Expression of BRD4s, BRD4l and HPRT-1 
in THP-1 cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. 
The expected band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density 
was measured using Image Studio. 
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Supplementary figure of SPHINX-31 treatment on MOLM-13 cells. Expression of BRD4s, BRD4l and HPRT-
1 in MOLM-13 cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. 
The expected band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was 
measured using Image Studio. 

Supplementary figure of Griffin 51 treatment on MOLM-13 cells. Expression of BRD4s, BRD4l and HPRT-1 in 
MOLM-13 cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. The 
expected band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was 
measured using Image Studio. 
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Supplementary figure of SPHINX-31 treatment on OCI-AML2 cells. Expression of BRD4s, BRD4l and HPRT-
1 in OCI-AML2 cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel 
electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The 
optical density was measured using Image Studio. 

Supplementary figure of Griffin 51 treatment on OCI-AML2 cells. Expression of BRD4s, BRD4l and HPRT-
1 in OCI-AML2 cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel 
electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The 
optical density was measured using Image Studio. 
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Griffin51 treatment OCI-AML3 cells N1-3 

Supplementary figure of SPHINX-31 treatment on OCI-AML3 cells. Expression of BRD4s, BRD4l and 
HPRT-1 in OCI-AML3 cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel 
electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The 
optical density was measured using Image Studio. 

Supplementary figure of Griffin 51 treatment on OCI-AML3 cells. Expression of BRD4s, BRD4l and HPRT-
1 in OCI-AML3 cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel 
electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The 
optical density was measured using Image Studio. 
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Griffin51 treatment HL60 cells N1-3 

Supplementary figure of SPHINX-31 treatment on HL60 cells. Expression of BRD4s, BRD4l and HPRT-1 
in HL60 cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. 
The expected band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density 
was measured using Image Studio. 

Supplementary figure of Griffin 51 treatment on HL60 cells. Expression of BRD4s, BRD4l and HPRT-1 in 
HL60 cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. The 
expected band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was 
measured using Image Studio. 
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Griffin51 treatment HL60 cells N1-3 TF1a 

Supplementary figure of SPHINX-31 treatment on TF1a cells. Expression of BRD4s, BRD4l and HPRT-
1 in TF1a cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel 
electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. 
The optical density was measured using Image Studio. 

Supplementary figure of Griffin 51 treatment on TF1a cells. Expression of BRD4s, BRD4l and HPRT-1 in TF1a 
cell line was determined by RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. The expected 
band sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was measured using 
Image Studio. 

TF1a 
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12.2. Full size gel images with BRD4 splice 

change 

 

Representative example of an agarose gel showing the BRD4s and BRD4l expression levels 
in MOLM-13 cells after SPHINX-31 treatment. Determined by by RT-PCR and visualized on 
a 2% gel by agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and 
BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was measured using Image Studio.

Representative example of an agarose gel showing the HPRT-1 expression levels in MOLM-
13 cells after SPHINX-31 treatment. Determined by by RT-PCR and visualized on a 2% gel 
by agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 
488 bp, HPRT-1: 101 bp. The optical density was measured using Image Studio.
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Representative example of an agarose gel showing the BRD4s and BRD4l expression levels 
in THP-1 cells after SPHINX-31 treatment. Determined by by RT-PCR and visualized on a 
2% gel by agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and 
BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was measured using Image Studio.

Representative example of an agarose gel showing the HPRT-1 expression levels in THP-1 
cells after SPHINX-31 treatment. Determined by by RT-PCR and visualized on a 2% gel by 
agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 488 
bp, HPRT-1: 101 bp. The optical density was measured using Image Studio.
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Representative example of an agarose gel showing the BRD4s and BRD4l expression levels 
in OCI-AML2 cells after SPHINX-31 treatment. Determined by by RT-PCR and visualized on 
a 2% gel by agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and 
BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was measured using Image Studio.

Representative example of an agarose gel showing the HPRT-1 expression levels in OCI-
AML2 cells after SPHINX-31 treatment. Determined by by RT-PCR and visualized on a 2% 
gel by agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and 
BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was measured using Image Studio.
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Representative example of an agarose gel showing the HPRT-1 expression levels in TF1a 
cells after SPHINX-31 treatment (Top) and Griffin 51 treatment (Bottom). Determined by by 
RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. The expected band 
sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was 
measured using Image Studio.

Representative example of an agarose gel showing the HPRT-1 expression levels in HL60 
cells after SPHINX-31 treatment (Top) and Griffin 51 treatment (Bottom). Determined by by 
RT-PCR and visualized on a 2% gel by agarose gel electrophoresis. The expected band 
sizes were, BRD4s 206 bp and BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was 
measured using Image Studio.
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Representative example of an agarose gel showing the BRD4s and BRD4l expression levels 
in OCI-AML3 cells after SPHINX-31 treatment. Determined by by RT-PCR and visualized on 
a 2% gel by agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and 
BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was measured using Image Studio.

Representative example of an agarose gel showing the HPRT-1 expression levels in OCI-
AML3 cells after SPHINX-31 treatment. Determined by by RT-PCR and visualized on a 2% 
gel by agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and 
BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was measured using Image Studio.
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Representative example of an agarose gel showing the BRD4s and BRD4l expression levels 
in MOLM-13 cells after Griffin 51 treatment. Determined by by RT-PCR and visualized on a 
2% gel by agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and 
BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was measured using Image Studio.

Representative example of an agarose gel showing the HPRT-1 expression levels in MOLM-
13 cells after Griffin 51 treatment. Determined by by RT-PCR and visualized on a 2% gel by 
agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 488 
bp, HPRT-1: 101 bp. The optical density was measured using Image Studio.
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Representative example of an agarose gel showing the BRD4s and BRD4l expression levels 
in OCI-AML2 cells after Griffin 51 treatment. Determined by by RT-PCR and visualized on a 
2% gel by agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and 
BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was measured using Image Studio.

Representative example of an agarose gel showing the HPRT-1 expression levels in OCI-
AML2 cells after Griffin 51 treatment. Determined by by RT-PCR and visualized on a 2% gel 
by agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 
488 bp, HPRT-1: 101 bp. The optical density was measured using Image Studio.
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Representative example of an agarose gel showing the BRD4s and BRD4l expression levels 
in THP-1 cells after Griffin 51 treatment. Determined by by RT-PCR and visualized on a 2% 
gel by agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and 
BRD4l: 488 bp, HPRT-1: 101 bp. The optical density was measured using Image Studio.

Representative example of an agarose gel showing the HPRT-1 expression levels in THP-1 
cells after Griffin 51 treatment. Determined by by RT-PCR and visualized on a 2% gel by 
agarose gel electrophoresis. The expected band sizes were, BRD4s 206 bp and BRD4l: 488 
bp, HPRT-1: 101 bp. The optical density was measured using Image Studio.
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12.3. Primer sequences for PCR 

 

 Forward Reverse 

HOXA9  5’-GAATGAGAGCGGCGGAGAC- 3’ 5’-GAGCGAGCATGTAGCCAGTTG- 3’ 

MYC 5’-AATGAAAAGGCC 

CCCAAGGTAGTTATCC- 3’ 

5’-GTCGTTTCCGCA 

ACAAGTCCTCTTC- 3’ 

BCL2 5’-CTGCACCTGACGCCCTTCACC- 

3’ 

5’-CACATGACCCCA 

CCGAACTCAAAGA- 3’ 

BRD4 

long 

5’-AGCCCCTGGTGGTAGTAAAG- 3’ 5’-CTTTTTGGGTGCCACTGGTGT- 3’ 

BRD4 

short 

5’-GTGCCTCAACAAGTTCCGTT- 3’ 5’-CAAACAAACGCCCCAACCTA- 3’ 

HPRT-

1 

5’-GAACGTCTTGCTCGAGATGTGA- 

3’ 

5’-TCCAGCAGGTCAGCAAAGAAT- 3’ 
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12.4. Protocols 

12.4.1. QIAamp RNA Blood Mini Kit 
 

Brief protocol for using the QIAShredder homogenisation kit (Qiagen 79656) 
and QIAamp RNA Blood mini kit (Qiagen 52304). Based on the QIAamp RNA 
Blood Mini Handbook, published by Qiagen. 
(https://www.qiagen.com/us/products/discovery-and-translational-
research/dna-rna-purification/rna-purification/total-rna/qiaamp-rna-blood-
mini-kit?catno=52304). 

 

 

https://www.qiagen.com/us/products/discovery-and-translational-research/dna-rna-purification/rna-purification/total-rna/qiaamp-rna-blood-mini-kit?catno=52304
https://www.qiagen.com/us/products/discovery-and-translational-research/dna-rna-purification/rna-purification/total-rna/qiaamp-rna-blood-mini-kit?catno=52304
https://www.qiagen.com/us/products/discovery-and-translational-research/dna-rna-purification/rna-purification/total-rna/qiaamp-rna-blood-mini-kit?catno=52304
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12.4.2. CLK1-NanoLuc fusion vector 
sequence 

NanoLuc®-CLK1 Fusion Vector  
 
 
This vector can be obtained from Promega Corporation, Madison, WI.  
Call one of the following numbers for order or technical 
information. 
 
Order or Technical     1-800-356-9526 
Outside U.S.             608-274-4330 
 
NanoLuc®-CLK1 Fusion Vector Sequence (includes open reading frame 
with kinase, linker and NanoLuc® luciferase): 
 
.. 
 
ATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGT
CCTTGAACAGGGAGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGA
TTGTCCTGAGCGGTGAAAATGGGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGC
GGCGACCAAATGGGCCAGATCGAAAAAATTTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAA
GGTGATCCTGCACTATGGCACACTGGTAATCGACGGGGTTACGCCGAACATGATCGACTATTTCGGAC
GGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGAACGGC
AACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGAGTAACCATCAACGG
AGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCGGGCTCGAGCGGCGCGATCGCCATGAGACACT
CAAAGAGAACTTACTGTCCTGATTGGGATGACAAGGATTGGGATTATGGAAAATGGAGGAGCAGCAGC
AGTCATAAAAGAAGGAAGAGATCACATAGCAGTGCCCAGGAGAACAAGCGCTGCAAATACAATCACTC
TAAAATGTGTGATAGCCATTATTTGGAAAGCAGGTCTATAAATGAGAAAGATTATCATAGTCGACGCT
ACATTGATGAGTACAGAAATGACTACACTCAAGGATGTGAACCTGGACATCGCCAAAGAGACCATGAA
AGCCGGTATCAGAACCATAGTAGCAAGTCTTCTGGTAGAAGTGGAAGAAGTAGTTATAAAAGCAAACA
CAGGATTCACCACAGTACTTCACATCGTCGTTCACATGGGAAGAGTCACCGAAGGAAAAGAACCAGGA
GTGTAGAGGATGATGAGGAGGGTCACCTGATCTGTCAGAGTGGAGACGTACTAAGTGCAAGATATGAA
ATTGTTGATACTTTAGGTGAAGGAGCTTTTGGAAAAGTTGTGGAGTGCATCGATCATAAAGCGGGAGG
TAGACATGTAGCAGTAAAAATAGTTAAAAATGTGGATAGATACTGTGAAGCTGCTCGCTCAGAAATAC
AAGTTCTGGAACATCTGAATACAACAGACCCCAACAGTACTTTCCGCTGTGTCCAGATGTTGGAATGG
TTTGAGCATCATGGTCACATTTGCATTGTTTTTGAACTATTGGGACTTAGTACTTACGACTTCATTAA
AGAAAATGGTTTTCTACCATTTCGACTGGATCATATCAGAAAGATGGCATATCAGATATGCAAGTCTG
TGAATTTTTTGCACAGTAATAAGTTGACTCACACAGACTTAAAGCCTGAAAACATCTTATTTGTGCAG
TCTGACTACACAGAGGCGTATAATCCCAAAATAAAACGTGATGAACGCACCTTAATAAATCCAGATAT
TAAAGTTGTAGACTTTGGTAGTGCAACATATGATGACGAACATCACAGTACATTGGTATCTACAAGAC
ATTATAGAGCACCTGAAGTTATTTTAGCCCTAGGGTGGTCCCAACCATGTGATGTCTGGAGCATAGGA
TGCATTCTTATTGAATACTATCTTGGGTTTACCGTATTTCCAACACACGATAGTAAGGAGCATTTAGC
AATGATGGAAAGGATTCTTGGACCTCTACCAAAACATATGATACAGAAAACCAGGAAACGTAAATATT
TTCACCACGATCGATTAGACTGGGATGAACACAGTTCTGCCGGCAGATATGTTTCAAGACGCTGTAAA
CCTCTGAAGGAATTTATGCTTTCTCAAGATGTTGAACATGAGCGTCTCTTTGACCTCATTCAGAAAAT
GTTGGAGTATGATCCAGCCAAAAGAATTACTCTCAGAGAAGCCTTAAAGCATCCTTTCTTTGACCTTC
TGAAGAAAAGTATAGTTTAA 
 
Sequence file prepared 12-Oct-2017. 

 


