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Abstract  
Acute myeloid leukemia (AML) is one of the subtypes of leukemia that is genetically and 

medically heterogeneous. The FLT3-ITD mutant variant is one of its form of leukemia, that 

constitutes 30% of the occurrences.  This mutation confers inferior prognosis. This could 

be due to several reasons, one of them being immune evasion.  

In an effort to unravel how this evasion happens, we hypothesize that FLT3-ITD mutation 

could be causing the upregulation of PD-L1. PD-L1 have immunosuppressive roles in 

immune response to certain types of cancers.  Using Flow cytometry, PD-L1 surface 

expression was observed on the murine model cell line Ba/F3, transfected with plasmids 

encoding human wild type FLT3, and the FLT3-ITD mutation.  

PD-L1 was up regulated in both FLT3 and FLT3-ITD Ba/F3 cells. Yet, this was not the case 

for the human cell line MV4-11, both using flow cytometry and western blot. We conclude 

that FLT3-ITD is not upregulating PD-L1 in this AML cell type. Regardless, the results 

obtained in the murine model suggest that more experiments are needed to understand 

the role of FLT3 in the regulation of PD-L1 levels.  
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Abbreviations  
Akt - Protein kinase B   

ALK – Anaplastic lymphoma kinase    

AML – Acute myeloid leukemia  

AP – 1 – Activator protein – 1  

APCs – Antigen presenting cells 

ATP - Adenosine triphosphate  
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BSA - Bovine serum albumin 
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DTT – Dithiothreitol 

E.R - Estrogen receptor 

EGFR – Epidermal growth factor receptor 

ERK - extracellular-signal-regulated kinase 

FACS -  Flow cytometry 

FBS – Fetal bovine serum 

FDA – Food and Drug Administration 

FL – FLT3 ligand 

FLT3-ITD mutation - Fms-Like Tyrosine Kinase-3 internal tandem duplication 

gDNA - Genomic Deoxyribonucleic acid   
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H2X – Histone family member X 

HIF-1a – Hypoxia induce factor  

HSP90 – Heat-shock protein 90.  

IFN𝜸 – Interferon gamma  

IL-3 – Interleukin 3 

mAb/Ab - Antibody  

MAPK – Mitogen activated protein kinases  

MEK – mitogen-activated extracellular signal regulated kinase 

MFI – Mean fluorescent intensity 

MHC - Major Histocompatibility Complex molecules 

MQH2O – MilliQ water  

NK- Natural killers  

NONO – Nou-Pou domain-containing octamer-binding protein   

NSCLC – Non-small-cell lung cancer 

PAGE – polyacrylamide gel electrophoresis  

PB – Pacific blue  

PD-L1 - Programmed death-ligand 1 

PI3K - Phosphatidyl inositol-3 kinase 

qPCR – RT-PCR – Real Time Polymerase chain reaction 

RPM – Revolutions per minute 

RTP – Room temperature and pressure.  

RW1 – RNeasy Wash 1 

SDS – Sodiumdodecylsulphate 

SEM – Standard error mean  

SHP- Src homology region 2 domain-containing phosphatase – 1 

STAT - Signal transducers of activation and transcription  
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TBS-(T) – Tris-buffered saline-(Tween) 

TKD – Tyrosine kinase domain  

W.B – Western Blot/Immunoblot  

W.T/w.t -  Wild type  

WHO – World Health Organization  
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Introduction 

Cancer - Leukemia  

Cancer is a clinical condition that is manifested by the presence of one or another type of 

neoplastic growth [1]. There are several types of cancers, one of them is leukemia. 

Leukemia broadly defined is cancer of the blood. The status of leukemia in Norway, is  

ranked at a mortality rate of 17.7 and incidence rate of 45.2, as compared to other types 

of cancers, figure 1, (fig.1) [2].  The type of leukemia depends on the type of blood cells 

during the early stages of their maturation.  Acute myeloid leukemia (AML) is the type 

where the bone marrow makes abnormal myeloblasts [3].  

 

Figure 1. Incidence vs. Mortality rates of selected cancer sites in Norway as from 2017. 

Incidence (Number and age-standardized rates of new cases by primary site), Mortality 

(Number of death cases by primary site and sex, 2016). (Source: Norwegian Cancer registry 

2017)  

In the process of myeloid hematopoiesis, cell differentiation can be impaired, which could 

potentially lead to AML. However, the particular phase at which differentiation is 

impaired varies from AML patient to patient [4]. Some of the differentiation phases as 

shown on fig.2 below, with the potential for AML differentiation is as from common 

progenitors before they become matured differentiated cells [5], [6]. In the myeloid 
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lineage, the progenitors terminally differentiate into monocytes, macrophages, and 

dendritic cells (not shown on fig.2).  

 

Figure 2.  A simplified schematic representation of the process of Hematopoiesis in humans. 

The relative survival rate of leukemia in Norway is 62.7% (2013-2017), [2]. AML accounts 

for a 5-year survival rate in approximately 24% adults [7] [8]. Within this subtype, there 

are still different types, wherein the World Health Organization (WHO) system classifies 

AML according to the recurrent genetic abnormalities, myelodysplasia-related changes, 

and unspecified diagnosis (NOS) [9]. One of such subtypes is found in the acute monocytic 

leukemia, commonly known as MV4-11 cells and in acute lymphoblastic leukemia in the 

cell line RS4-11.  

FLT3 and FLT3-ITD mutation 

Fms-like tyrosine kinase 3 (FLT3) is a member of the class III family of receptor tyrosine 

kinases, including c-KIT and c-FMS [10]. The general structure of the class III family of 

receptor tyrosine kinases is made up of five-immunoglobulin-like domains in the 

extracellular region, a transmembrane domain, a juxta-membrane domain and an 

interrupted split tyrosine kinase domain in the intracellular region [11]. An overview of 

these domains is schematically depicted on fig.3.  
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Figure 3 A schematic figure showing the different active forms of FLT3 receptor, and  its 

downstream effects as described in [11]. 

C-KIT and  FLT3 have important roles in the cell growth and differentiation of early 

hematopoietic progenitor cells [12]. The myeloid and lymphoid progenitor cells express 

FLT3 receptors, and are one of the defining factors for growth and differentiation for 

several hematopoietic lineages [13], [14]. The kinase activity of FLT3 specifically, is 

stimulated upon binding of the FLT3 ligand (FL) to the FLT3 receptors. The binding of the 

FL ligand causes the dimerization of the receptors, followed by autophosphorylation and 

phosphorylation of downstream signalling pathways (fig.3). Some of these pathways 

include mitogen-activated protein kinases (MAP kinases), phosphatidyl inositol-3 kinase/ 

Protein kinase B  (PI3K/Akt) and signal transducers of activation and transcription 

(STATs) [15][16]. A study on the endogenous role of FLT3 ligand in mice showed that the 

genetic disruption of the gene encoding the FLT3 ligand, led to a dramatic reduction in B 

cell progenitors, Natural killer (NK) cells, and dendritic cells. Consequently affecting the 

immune system in the mice [17].  

Some of the genetic mutations  in the FLT3 gene induce constitutive kinase activity, 

independent of ligand binding [18], [19]. One of such mutation is the FLT3 internal 
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tandem duplication, commonly known as FLT3-ITD mutation. The FLT3-ITD mutation 

occurs in about 30% of AML patients [20]. It is located at the internal tandem duplication 

in the juxta-membrane domain [18] (shown on fig.3). The ITD mutation of FLT3, results 

to its constitutive activation, that promotes leukemic cell proliferation and survival [20]. 

Moreover, the activating mutations in FLT3 are one of the strongest single predictor of 

poor prognosis and relapse in AML [21] [22].  

In the AML cell line MV4-11,  a cell type that differentiated from the myeloid lineage, has 

the FLT3-ITD mutation [23]. On the other hand, the RS4-11 cell type that differentiated 

from the lymphoid lineage, expresses the wild type (w.t) variant of FLT3 receptor [24]. 

Both of these cell lines carry translocations that involve chromosome 4; 11 band q23 

mutations [25]. Implying that this chromosomal translocation is part of the genetic 

aberration along lymphoid or myeloid lineage [26]. The survival and growth of the MV4-

11 cells are enhanced by the amplification of downstream signaling pathways of FLT3-

ITD mutation. Some of these pathways stimulated by FLT3-ITD are PI3K/Akt, MEK, ERK 

and STATs [27], [28].  

However, there could be other means by which some of named pathways confer the 

survival and or proliferation of AML cells as described in the hallmarks of cancers [29], 

the evasion of cancer from immune destruction. 

Therapeutic approaches for AML 
AML is genetically heterogeneous, this makes AML medically heterogeneous as well [30], 

[31].  Therefore, it calls for precision medicine for individual AML patient. FLT3-ITD 

mutation is categorized as one of the clinically detrimental  genotypes of AML, with 

regards to remission duration or survival in adults [22], [32], [33]. In addition,  FLT3-ITD 

mutation in AML confers adverse prognosis [34], [35].  

From published clinical trials in 1958 – 1960, a combination of the chemotherapeutic 

drugs with Corticosteroids, Methotrexate (folic acid antagonists) and 6-mercaptopurine 

(purine antagonists) was used to treat leukemia. Notwithstanding, patients responding to 

these drug combinations had short-term survival [36], [37].  

Presently, the standard mode of treatment for AML is an induction therapy  coupled with  

stem cell transplantation[38], [39]. The treatment begins with the induction therapy, 
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where the patients are treated with Cytarabine and Anthracycline in a 7 days regimen 

with Cytarabine (100 – 200 mg/m2) and 3 days anthracycline. The Cytarabine upon 

cellular uptake,  inhibits DNA synthesis by inducing S Phase cell cycle arrest [40], [41]. 

The anthracycline is an antibiotic analog that inhibits DNA synthesis by intercalating 

between base pairs of nucleic acids as well as inhibiting Topoisomerase II activity [42], 

[43].  After the induction therapy, the patient is evaluated for allogeneic or autologous 

stem cell transplantation. If the patient is strong enough for the stem cell transplant and 

there is a donor available (in the case of allogeneic transplant), then the transplantation 

proceeds. If the patient is not healthy enough, then palliative care could be prescribed. 

Unfortunately, the Cytarabine has an array of toxicity, including neurotoxicity, and nausea 

[44], [44]. The collateral damage that comes with stem cell transplantation, is that it 

causes morbidity (adverse side effects) due to transplant-affiliated complications [47]. 

Above all, the 5-year overall survival rate after this mode of treatment remains below 20% 

for AMLs [45].  

Therapeutic resistance by FLT3-ITD mutation 

FLT3-ITD confers inferior AML prognosis. This inferiority, stems from relapse after 

remission with chemotherapy of most patients [46].  There are several ways by which 

AML cells are resistant to chemotherapeutic treatments. In FLT3-ITD AMLs, the resistance 

to chemotherapeutic treatments such as Midostaurin and Sorafenib (both FLT3-ITD 

inhibitors), stems from the expansion of other types of FLT3-ITD point mutated AML cells. 

For example point mutations like Y842C, F691L  and others in the ATP binding site of the 

FLT3 TKD cells, are not the inhibited by these drugs [47], [48], [49]. Since these named 

drugs do not affect the cells that have these FLT3-ITD point mutations, they selectively 

proliferate, which leads to relapse.   

In addition, FLT3-ITD oncoprotein promotes resistance to genotoxic chemotherapy by 

stabilizing PI3K. PI3K phosphorylates the histone variant H2AX [50]. Activating H2AX 

through its phosphorylation, enhances the repair of DNA double stranded breaks  in MV4-

11 [51]. Again, the downstream pathway of FLT3, PI3K/Akt confers therapeutic 

resistance in the treatment of AML by indirectly regulating the activity of MAPK, which 

causes drug resistance in the leukemic cells [52], [53].  
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Figure  of Mechanism of FLT3-ITD induced chemoresistance to the anti-leukemic Arsenic 

trioxide drug.  

The poor prognosis related to the FLT3-ITD AMLs could be due to their ability to 

collaborate with the immune system by dodging immune attack. Hence, this calls for novel 

treatment options for FLT3-ITD driven AMLs. One of which could be immunotherapy.  

The immune system  

The main role of the immune system is to protect the body from infectious diseases, 

pathogens and even cancers. Two main types of immune response are the innate and 

adaptive immune response. The innate immune response is the first line of rapid defense  

against infection through the quick detection of microbial components by the immune 

system [54]. While the adaptive immune system is the slow response to infections due to 

the  need for the development of antibodies and cluster of differentiation T cells (CD – T 

cells) to execute this response [54]. The innate and the adaptive immune response, 

collaborate in order to eliminate pathogens or fight diseases.  

Due to the fact that the immune response can be self-destructive, it is important that they 

do not target the host cells. The differentiation between self-cells and non-self-cells is a 

fundamental process of the adaptive immune response [55]. Without this process, it could 

lead to autoimmune diseases.  
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One of the ways by which the immune system identifies self-cells from non-self-cells is 

through the activation of T-cells (naïve). In this process, activated antigen presenting cells 

(APCs), interacts with the T-cell through major histocompatibility complex (MHC) 

molecule and co-stimulatory molecules [69]. The MHC molecules present processed 

antigens either from the cytoplasm of the cell (MHC class I) or from extracellular 

compartments (MHC class II) to the T- cell [56]. The MHC class I APCs on the dendritic 

cells for example, present cancer antigens to CD8 T- cells. For the CD8 T- cell to become 

activated, it requires signals from the interaction between MHC and the T- cell receptor 

(TCR), co-stimulatory interaction, and cytokine mediated instructive signals [57]. If the 

MHC molecule presents a cancer antigen to the T – cell, and it is recognized as a non-self-

antigen, the T- cell becomes primed and activated to target the cancer cell. Primed and 

activated T- cells recognize the cancer cell and kills it by secreting cytotoxic enzymes into 

the cell.  

An immune response can only be mounted against a cancer cell if the antigen stemming 

from the cancer cell is recognized as a non-self-antigen. In the instance where, the TCR 

interacts with self-antigen on the MHC molecules, it becomes negatively selected through 

an induction of apoptosis in the thymus [58]. The induction signal is co-stimulated from 

co-stimulatory immune checkpoints molecules such as Cytotoxic T-lymphocyte-

associated protein 4 (CTLA4) and B7-H1. B7-H1 also called Programmed death ligand-1 

(PD-L1) interacts with Programmed death-1 (PD-1), a transmembrane protein on T-cells, 

B-cells and Natural killer (NK) cells [59], [60].  When the PD-1 interacts with PD-L1 

(fig.4a), it inhibits T-cell activation signals by recruiting the SHP-2 protein tyrosine 

phosphatase [61], [62]. The interaction between PD-1 and PD-L1 induces programmed 

cell death (apoptosis) of the cytotoxic T cells [63], [64]. In this manner, the cytotoxic T-

cell do not kill self-cells. NK cells function by secreting cytotoxic enzymes towards its 

destined target such as cancer cells [65], [66]. The inactivation of cytotoxic T-cell also 

means no activation of NK- cells. Last but not least, the PD-L1/PD-1 interaction induces 

the differentiation of T helper cells (CD4 T cells) into regulatory T cells, that functions in 

regulating other immune cells [67]. Due to the interaction between PD-1 and PD-L1, the 

signaling maintains immune tolerance to self-antigens under physiological conditions 

[61]. Such an interaction is one of the key roles in immunosuppression [64].   
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Figure 4 Role of some tumors in immune suppression and a mechanism of immune evasion. A. 

Constitutive immunosuppression could be achieved by manipulating the immune response by 

tumor cells through an oncogenic up regulation of PD-L1 independent of inflammatory signals 

[58]. B. Adaptive immunosuppression. In certain immunosuppressive milieu, inflammatory 

cytokines such as Interferon-gamma could potentially increase the levels PD-L1 expression on 

tumor cells that do not originally express PD-L1, enhancing the inactivation of cytotoxic T-

cells that are specific for the tumor antigens [1]. Image adapted from [64].  

The PD-1/PD-L1 interaction mechanism is exploited by cancer cells as well. It has been 

shown that PD-L1 is up-regulated in numerous tumor types such as in melanoma, ovarian, 

and lung cancer [60], [68].  

Cancer immunotherapy 

Cancer immunotherapy is our immune system strengthened to fight cancer directly or 

indirectly. Cancer immunotherapies targeting both PD-1 and CTLA-4 have revolutionized 

cancer therapy and established it as one of the robust therapies for several types of 

cancers [75], [76].  Nevertheless, cancer immunotherapy through immunosurveillance 

can only be executed if there is a clear difference between the cancer cells and healthy 

cells. Differences between cancer cells and healthy cells can arise when there is a mutation 

in the cancer cells. The mutation could lead to the production of altered non-self-antigens, 

consequently creating cancer-specific antigens that can be recognized by the immune 

system [82].  
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Indeed, antibodies blocking the PD-1 and PD-L1 have garnered attention as one of the 

targets in immunotherapy [69].  The US Food and Drug Administration (FDA)-approved 

immune-checkpoint inhibitors such as Keytruda and Nivolumab. Both of these immune 

checkpoint inhibitors are anti-PD-1 antibodies that have shown significant clinical 

improvement in metastatic cancers such as non-small-cell lung cancer (NSCLC), 

Melanoma and Hodgkin lymphoma [64], [70]. Moreover, the FDA also approved an 

antibody that blocks PD-L1 interaction called Roche (MPDL3280A) for the treatment of 

PD-L1 positive NSCLCs.  In certain tumor microenvironments, the myeloid cells 

commonly express PD-L1 [71], [72], making it a target for immunotherapy should the 

cells become cancerous.   

FLT3 and PD-L1 

One of the hallmarks of cancer is the evasion from immune attack [29]. Therefore, it is not 

surprising that PD-L1 elevation in some cancer cell types could be the reason for 

immunosuppression [64]. Some of the reasons why these cancers have elevated levels of 

PD-L1 remains to be clarified. Due to the fact that FLT3-ITD in AMLs, is attributed to poor 

prognosis, it can be speculated that these AML cells have evolved to avoid immune 

recognition. The immune evasion could be through the up regulation of PD-L1, as 

exhibited by numerous cancer types. As portrayed on fig.2, the MV4-11 subtype of AML, 

originates from the myeloid cell lineage. Cells on the myeloid lineage, are destined to 

become terminally differentiated to macrophages or dendritic cells in a healthy 

hematopoietic process. These cells are characterized by several mechanisms to avoid 

cytotoxic T cell killing, due to their critical roles in antigen presentation.   

Although, the molecular mechanisms by which the PD-L1 levels are up regulated during 

cancer pathogenesis is unclear, contemporary studies have pointed out the role of 

oncogenes in enhancing signaling pathways, that led to an up regulation of PD-L1 in 

cancer cells [73], [74]. This might also be the case for FLT3-ITD, as it might amplify 

downstream signaling pathways that propagate the up regulation of PD-L1 in AMLs.  

MAPK, one - of the downstream pathways of FLT3 for instance, has been described as one 

of the pathways that drives PD-L1 expression in melanoma cells [73]. In addition, MAPK 

is also stimulated by the oncogenic activity of epidermal-growth factor receptor (EGFR) 

in NSCLC to promote high levels of PD-L1 [75].  
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HSP90 is a molecular chaperone, ubiquitously expressed in cells and functions in 

regulating the maturation and functional stability of a variety of cellular proteins, 

commonly known as “client” proteins [76]. FLT3 and many other ontogenetically 

activated proteins are the “client” proteins of HSP90 [77]. Preliminary data have indicated 

the role of HSP90 in the up regulation of immune checkpoint proteins, including PD-L1 

[78],[79]. One of the studies described the role of oncogenic ALK (an HSP90 “client” 

protein) in  lymphoma pathogenesis, to be a regulator of PD-L1 expression [80]. Thus, the 

stabilization of FLT3-ITD oncoprotein by HSP90, might participate in the regulation of PD-

L1.  

Identifying the molecular mechanisms by which PD-L1 is controlled by FLT3-ITD 

mutation is beneficiary for therapeutic purposes, in  both AML and other FLT3-mutated 

cancers, such as in some lymphoma cell lines [81], or multiple myeloma [82]. 

Subsequently, regulating such molecular mechanisms in the cancer cells can make them 

susceptible to the immune system, leading to their regression.  

These literature about PD-L1 and FLT3-ITD invokes the hypothesis that FLT3-ITD activity 

confers and up regulation of PD-L1.  

 

 

 

 

 

 

 

 

 



17 

 

Aims of the study. 
1. Characterize the regulation of PD-L1 by FLT3-ITD mutation.  

2. Unravel the molecular mechanisms by which FLT3-ITD mutation up regulates 

PD-L1. 

3. Evaluate a means to down regulate PD-L1 for AML immunotherapeutic purposes.   
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Materials and Methods 

Materials 

1. Software 

Microsoft Office Excel 2013/2016 

GraphPad Prism version 6 .01 

Adobe Illustrator CC 2015 

BD FACS Diva Software 

FLOWJO 

Image lab 

StepOneTM Real-Time PCR system (software), Applied biosystems                       
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 Cell lines  

Name Cell type Tissue Derivation 

Ba/F3 Lymphoblast Lymphocyte This cell line is derived from a mouse Pre-B-cell used as a 

model organism cell line for protein expression studies. 

The Ba/F3 cells in this project were gotten from Pro. Bjorn 

Tore Gjertsen’s Lab at the University of Bergen. Some of 

the Ba/F3 cells have been transfected with plasmids 

carrying the human wild type FLT3 and FLT3-ITD mutant 

plasmid (CRU5-FLT3-IRES-GFP and CRU5-FLT3-ITD-

IRES-GFP respectively).  

MV4-11 Macrophage  Peripheral 

blood 

The MV4-11 cell line was established by Rovera and 

associates from the blast cells of a 10-year-old male with 

biphenotypic B-myelomonocytic leukaemia [83]. 

RS4-11 Lymphoblast  Bone 

marrow 

This cell line was established from the bone marrow of a 

patient with acute lymphoblastic leukaemia [83]. 

H1975 Epithelial Lung This cell line was established in July 1988 from a female 

non-smoker tissue donor[83].  

K562 Lymphoblast Bone 

marrow 

Erythroid-Myeloid precursor cell line was derived from a 

female chronic myeloid leukaemia (CML) patient in blast 

crisis [83] . 
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Cell culture materials 
Product Supplier 

Roswell Park Memorial Institute 1640 (RPMI-1640) 

Medium 

SIGMA-ALDRICH 

0.25% Trypsin-EDTA(1%) (T/E) GIBCO 

EDTA acid solution, 0.02% in DPBS(0.5mM), E8008  SIGMA-ALDRICH-

Aldrich 

Fetal Bovine serum (FBS) SIGMA-ALDRICH 

Penicillin-streptomycin (PS) ThermoFisher 

Interleukin-3 (IL-3) N.A 

Culture flasks (T25-T175) ThermoFisher 

6-Well plate (Sterile) ThermoFisher 

Sterile Falcon tubes ThermoFisher 

Burker’s counting chamber + Trypan blue dye Gibco life Technologies. 

Light microscope  Nikon ECLIPSE TS100 
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Materials for Flow cytometry 

Product/Reagent/Solution Supplier 

Sterile Falcon tubes (15 – 50 ml) ThermoFisher 

Autoclaved 1.5ml Eppendorf tubes Eppendorf  

5ml Polystyrene Round-bottom tube with cell strainer 

cap. 

FALCON 

Centrifuge (Eppendorf centrifuge 5417R) Eppendorf 

Phosphate buffer saline pH 7.2 1x (1x PBS) GIBCO 

Pacific Blue™ Succinimidyl Ester (PB, Cat: P10163) Thermo Scientific   

0.5% Bovine serum albumin (A2153-50g) SIGMA-ALDRICH 

37O Incubator Termaks.  

Becton, Dickinson LSR II flow cytometer Becton, Dickinson and 

Company 

Paraformaldehyde (PFA, Cas: 30525-89-4) SIGMA-ALDRICH 
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Materials for Western Blot  

Device/Material Supplier 

Mini-Protean®TGXTM precast gel polyacrylamide gel percentage 4-
15%  
(10 – 15-well combs) 

BIO-RAD 

Trans-Blot Turbo RTA Transfer Kit, Nitrocellulose (Cat. #170-4270) BIO-RAD 

Power source PAC 1000 BIO-RAD 

Trans-Blot®TurboTM Transfer system  BIO-RAD 

ChemiDoc XRS  BIO-RAD 

Eppendorf 1.5mL Heating block ThermoMixer C Eppendorf 

Agitator  Heidolph unimax 
1010 

 

Buffers/Reagents Supplier Dilution calculations 

5x Trans-blot Transfer 
buffer (Cat. # 10026938)  
Ethanol  

MilliQ water (MQH20) 

BIO-RAD For 1L of 1x Transfer 

buffer,   

- 200ml of 5x 

transfer buffer +  

- 600ml MQH20 + 

- 200ml Ethanol.  

Tween 20 SIGMA-ALDRICH  

Tris-buffered saline, (TBS) 
Made by mixing (NaCl + 1M 
Tris-HCl (Ph = 7.5) + MQH20 

BIO-RAD For 1L TBS,  

- 80g NaCl +  

- 200ml 1M Tris-
HCl (Ph = 7.5) +  

- 800ml MQH20 

Tris-buffered saline, 0.1% 
Tween 20 (TBS-T) 
Made by mixing TBS, 20% 
Tween-20 and  MQH20 

BIO-RAD For 1L TBS-T,  

- 1ml Tween-20 +  

- 1000ml MQH20 

5% ± 1%  Fat free milk (Skim)  
Made by diluting in 1x TBS-T 

SIGMA-ALDRICH  5g/100ml TBS-T 

MilliQ Water (Lab water 
purification system) 

ELGA  

Running Buffer = 
Tris/Glycine/SDS Buffer, 10x   
(Cat. # 161-0772). Diluted in 
MQH20.  

BIO-RAD For 0.5L,  
- 100ml 

Tris/Glycine/SDS 
Buffer +  

- 400ml MQH20 
Signal substrates West Dura, 
and  Femto 

Thermo Scientific  
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Laemmli Buffer 
Final 

concentration 
Stock 

For 60 

ml (5X 

LB) 

Made by… 

Tris-HCl pH 6,8 300 mM 2M, pH 7,8 9 ml 1. Mix Tris 2M plus 4 ml H2O 

and adjust pH to 6,8 with HCl.  

2. Add SDS and glycerol. Heat to 

dissolve. 

3. Add DTT and bromophenol 

blue. Dissolve 

4. Adjust to final volume with 

ddH2O 

 

SDS 10% Powder 6 g 

DTT 500 mM 

Powder 

154,25 

g/mol 

4,65 g 

Glycerol 50% 99% solution 30,3 ml 

Bromophenol 

blue 
0,025% Powder 15 mg 
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Materials for CellTiter-Glo (Cell Viability) 

Product/Solution/Reagent Supplier 
384 well plates VWR 
Incubator NUAIRE 
Celltiter glo reagent Promega 
Echo 550 acoustic liquid handling device (Labcyte Inc.) Labcyte Inc 
VWR PCR Plate spinner VWR 
Multidrop Combi Thermo scientific  
PerkinElmer Multimode plate reader machine Victor X3 

 

Drug  Inhibition Vendor 
1. C188-9 – Calbiochem STAT3 Calbiochem 
2. Dactolisib (BEZ235, NVP-BEZ235) PI3K  Selleckchem 
3. Quizartinib (AC220) FLT3 Selleckchem 
4. Trametinib (GSK1120212) MEK1/2 Selleckchem 
5. SCH772984 ERK1/2 Selleckchem 
6. Hypoxia Inducible Factor-1α Inhibitor(SC-

205346B) 
HIF-1α SANTA CRUZ 

7. Ganetespib (CAS 888216-25-9) HSP90 Cayman 
CHEMICAL 

8. 8.    I-BET762 BRD4 Selleckchem 
9. Dimethyl sulfoxide (DMSO, D2650-100ML) Solvent SIGMA-ALDRICH 
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Materials for qPCR 

For the following Kits, and their materials were used: 

1. QIAGEN RNeasy Plus Mini Kit (for RNA isolation).  

2. iScript™ cDNA Synthesis Kit (Reverse transcription). 

3. SYBR green master mix kit (Reference: 4385612) 

Others  Supplier 

NanoDrop Spectrophotometer Thermo Scientific  

Thermo cycler  Applied biosystems by life technologies  

StepOne Plus Real-time PCR System Applied biosystems by life technologies 

MicroAmp Fast 96-well Reaction plate Applied biosystems by life technologies 

MicroAmp optical 8-cap strip Applied biosystems by life technologies 

MicroAmp optical Adhesive film Applied biosystems by life technologies 
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Methods 

 Cell culturing 

The different cell lines were cultured in the suspension medium RPMI-1640 

supplemented with 10% fetal bovine serum (FBS), Penicillin and Streptomycin 

antibiotics. The Ba/F3 cells were cultured in medium supplemented with interleukin-3 

(IL-3) (7.5ng/ml).   

All cells were contained in cell culture flask and stored in an incubator with a humidified 

system containing a supply of 5% CO2 gas and a constant temperature of 37°C.  

The cells are inspected by light microscopy for confluence, contamination by bacteria or 

yeast and viability (via morphology and luminescence). If the cells are not undergoing any 

particular treatment, the cells are splitted, if there is an increase in confluence. This is 

done by aspirating about 11 ml volumes of the cells in medium and adding just 11ml -

12ml fresh medium (at room temperature or at 37°C) into the flask. Another way is by 

centrifuging the cells at 900 revolutions per minute (rpm) for 3 minutes in order to 

separate the death cells from the live cells, after which the pellet is dissolved in new 

medium (5ml±1ml). Then the concentration of the cells in the fresh medium is then 

calculated. After cell concentration calculations, the concentration is made to be around 

0.6 X 106 cells/ml pipetted into the flask and checked after two days. As the cells are 

growing, they are collected at the exponential growth phase for experiments.  

EDTA Treatment for H1975 Cell line. 

The H1975 cell line is adherent, thus, it has to be detached from the flask wall before 

treating for analysis.  Ethylenediaminetetraacetic acid solution (EDTA acid solution, 

0.02% in DPBS(0.5mM). The advantage of this treatment as compared to trypsin (a serine 

protease) is that it prevents any chance of degrading cell membrane proteins as compared 

to trypsin. Effectively, cell surface markers are conserved, cell viability is extended, and 

the protocol is relatively simple. EDTA is a chelator, that when used to suspend the 

adherent cells, removes calcium from the cell, in effect reducing cell clumping.  

1. The H1975 cells are viewed using a light microscope to assess the degree of 

confluence and confirm the absence of bacterial and fungal contaminants.  

2. The spent medium (where the cells have been growing) is aspirated with a 

sterile Pasteur pipette. 
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3. 10ml 1x PBS is used to wash the cell monolayer, then the PBS is aspirated.  

4. 5ml EDTA is pipetted onto the washed cell monolayer. 

5. The flask is rotated to cover the monolayer with EDTA. After which the flask is 

then returned to the incubator and incubated for ~12 minutes.  

6. At about 12 minutes, the cells are examined under a microscope to ensure that 

all the cells are detached and floating. The side of the flasks is gently tapped to 

release any remaining attached cells. 

7. 10-15ml 1x PBS is added to the flask, and the EDTA/PBS/Cells is transferred 

onto a 50 ml falcon tube for centrifugation at 1500 rpm for 5mins. 

8. The supernatant is aspirated and the cells are washed in 10ml 1x PBS. This 

removes residual EDTA (1500rpm, 5mins).   

9. Finally, the cells are re-suspended in a fresh cell culture medium (~5ml) and 

cell counting is performed for appropriate number of cells for the experiments. 

 Cell counting 

Before cell counting is done, the live cells are separated from death cells by centrifugation 

at 900rpm for 3 minutes and dissolving the pellet in new medium. Then an aliquot of 10µl 

is collected and mixed with 10µl trypan blue. The device countess TM is used to count the 

live cells and determine its concentration. The device manages to discriminate between 

live and dead cells by the influence of trypan blue which can penetrate the pores of 

death/dying cells, making them appear darker and thus excluded upon counting. This 

gives a result consisting of percentage live and dead cells and simultaneously cell 

concentration per ml. The counting is repeated if there is variability observed in cell 

concentration or percentage live-dead. After which an average of the live concentration is 

calculated and used as the main concentration.  

 Cell culturing with drug treatment 
Before the cell line of interest is treated with a drug, they are counted and a befitting 

concentration of the cells is made with regards to the experiment. The drugs, which have 

been dissolved in Dimethyl sulfoxide (DMSO) and made to a specific concentration of 

interest is added to the counted volume of cells. And the corresponding volume of DMSO 

is added to another well containing the same cells, serving as the control for DMSO. Then 

the drug treated cells are incubated in a 37°C incubator with a humidified system 

containing a constant supply of 5% CO2 gas.  
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Flow cytometry 
Flow cytometry is a laser-based technique used to study the distinction of cells in the 

aspect of protein expression on their cell surface, or intracellular molecules [84]. When 

cells pass through a cytometer as singlets, they emit scattered light which is detected as 

they go through a laser beam. The emitted light is measured in the form of forward scatter 

(FS) and side scatter (SS).  FS is affiliated with cell size, while SS is attributed to granularity 

of the cells. In this manner, cell populations can often be differentiated based on the 

differences of their size and granularity alone.  The emitted light creates pulse of photon 

emission over time, which is converted to a voltage pulse known as an event. The total 

pulse is then acquired with height and area, measured by the flow cytometer. Together, 

these measurements are a direct correlation of the intensity of the fluorescence for that 

event.  

Signal detection is enhanced by staining the cells with antibodies. In indirect staining, the 

cells are first stained with a primary antibody, that recognizes and binds to the protein of 

interest. The primary antibody is then detected by a secondary antibody that is 

fluorochrome-tagged. The secondary antibody recognizes and binds the primary antibody 

with high specificity and avidity. The cells bound by the primary and secondary antibody 

are excited and they emit light based on the excitation by lasers at a specific wavelength.  

Together, the emitted signals are analyzed by a detector, that counts the cells with 

particular characteristics and the abundance of each type of stained cell molecule is 

measured. For a single type of cell-surface protein, the data could be displayed as a 

histogram, comparing the different surface expression of the protein between different 

cell population.  

The flow analysis in this project warranted the cells to be fixed. And so, the cells are fixed 

in 4% Paraformaldehyde (PFA). Fixation renders the cell static and thus no dynamic 

metabolic processes occur within the cells.  

Standard Operation Protocol:  

Fixing  

If the cells are to be fixed, after cell counting, the cells are treated with Pacific Blue™ 

Succinimidyl Ester dye (PB).  
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Protocol for Live/dead-staining with Pacific blue. 

Before the cells are fixed, they are stained with PB in order to know which were dead or 

alive before fixation. The Pacific Blue covalently binds to amine groups to form stable, 

covalent amide bonds. And when the cells have been washed or treated for fixation etc., 

the dye is retained within the cells. Cells that have more of the dye signify they were dead 

before fixation, while those that have nothing to less of the dye signify, they were alive 

before fixation. The reason behind this, is the dye can easily cross the cell membrane of 

dead cells. Therefore binding to amine groups to form stable amide bond in the dead cells. 

Live cells easily exclude the dye because their cell membranes are intact, and the dye is 

washed away after staining  [85]. 

1. After cell counting, spin cells for 5 mins at 1500 rpm and remove supernatant. 

2. Make a working solution of PB by diluting the 5.0 µg/µl stock of PB with DMSO to 

0.018 µg/µl (2µl stock+553.5 µl DMSO).  

3. Dilute the working solution to a “L7-solution” of PB (1.5 ng/µl) with DMSO (8.53µl 

working solution+91.47µl DMSO). The working solution and the L7 of PB can be stored 

for up to six months at -20˚C. 

4. Mix 195µl 1x PBS and 5µl L7 and add to tube containing the pellet cells, resuspend 

it and incubate in the dark at 4˚C for 15min. 

5. Add 3ml PBS and spin for 3 minutes at 1500 rpm. Remove supernatant, and fix as 

normal. 

Fixing Protocol  

- Dissolve the pellets with 1ml of 4% PFA/1x PBS and incubate on ice (40C) for ~10 

minutes (this fixes the cells).  

- Centrifuge in order to extract pellet and discard the supernatant (1500rpm, for 5 

mins).  

- Resuspend pellet in 1x PBS, and extract pellet by centrifuging at 1500 rpm for 5 

mins and discard the supernatant. This removes residual PFA.  
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Collected and counted cells are aliquoted for unstained (no Ab), 2nd antibody only, isotype 

control and test sample (primary + secondary antibody) treatments. The unstained 

controls for autofluorescence (or fluorescence of the PB dye), while the 2nd antibody only 

controls for fluorescence resulting from non-specific binding of the antibody. Both 

unstained and 2nd antibody therefore constitute background controls. The isotype control 

controls for unspecific binding by the primary antibody and simultaneously how efficient 

blocking procedure was executed.   

Blocking  

- Discard the supernatant and resuspend the pellet in 50µl 0.5% Bovine serum 

albumin (BSA) for blocking.   

- Incubate samples in 37°C for about 30 minutes.  During incubation, carefully shake 

the tubes occasionally to enhance the blocking.  

- If FC blockers are required, then after addition of the BSA, incubate for 10 - 15 

minutes in 37°C. This is followed by 5 minutes at RTP, after which add 5µl of the 

FC block and then incubate at 4°C (in the fridge or on ice).  

Addition of primary monoclonal antibody (mAb) 

- Dilute primary antibody as recommended by vendor in 0.5% BSA and divide by 

number of corresponding tubes e.g. for Abcam PD-L1 mAb (ab205921), 1µl mAb 

in 500µl 0.5% BSA divide by 3 technical repeat of test sample (150µl per test 

sample).  

- Incubate for 30 minutes – 1hour in 37°C.  

- Wash the cells 1- 2 times with 1ml 1x PBS by centrifuging 1500 - 3000rpm for 3 

minutes.  

-  Discard the supernatant carefully without disrupting the pellet.  

Addition of secondary mAb 

- Mix and dilute secondary antibody with 0.5% BSA as recommended by vendor for 

instance Alexa Fluor 488 2nd mAb (ab150077), 1µl mAb in 2000µl 0.5% BSA.  
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- Add diluted secondary antibody to corresponding sample tubes and resuspend 

pellet. Here, the diluted 2nd mAb is added in equal ratio of volume to the diluted 

primary mAb.  

-  Incubate for 30minutes – 1hour in 37°C. 

- Add 1ml 1x PBS to sample tubes and wash cells (1500 - 3000rpm, 3-5mins).  

Transfer of cells via Nylon mesh  

-  Dissolve pellet with 0.5ml 1x PBS and pipette via a cell-strainer cap of a 

polystyrene round bottom 12 x 75 mm2 Falcon tube. The cap is made up of a nylon 

mesh cell-strainer that ensures uniformity in cell suspension as well as prevent 

cell clumps.  

- Store tubes in ice box protected from light, and take samples to the cytometer for 

analysis.  

- BD LSR II Flow Cytometer is used where the cells are counted and control 

parameters are adjusted accordingly for singlets, fluorochromes and 10000 

events.  

Analysis with FlowJo software. 

- After the flow cytometer cell counting, samples are analyzed in FlowJo software, 

where the cells are gated by FS vs. SS (Cell population), followed by SS-Area vs. SS-

Width (for singlet’s), and lastly SS-A vs. dye Pacific blue dye for live cells only.  

- Plot histogram graphs from the above analysis for count vs fluorochrome and add 

medians data for analysis in GraphPad prism where column graphs are plotted.  

- For statistics, use the Student- T test to evaluate the significance in the differences 

because of the Gaussian distribution (normal distribution) of the mean median 

fluorescent intensities (MFI) between samples to compare.  
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Western Blot 
Western blotting or immunoblotting is a commonly used technique to detect specific 

proteins or measure their expressions, in a complex mixture such as cell lysate. The 

protein of interest is separated and secluded within the extract via 

Sodiumdodecylsulphate (SDS)- polyacrylamide gel electrophoresis (PAGE).  Here, the SDS 

acts as a reducing detergent that denatures the proteins and subunits and gives each an 

overall negative charge so that each will separate based on molecular weight [86]. To 

enhance protein denaturing, Dithiothreitol (DTT) is included in loading buffers, for 

reducing protein disulfide bonds prior to SDS-PAGE. The loading buffer also contains the 

indicator Bromophenol blue dye, which assist in sample loading as well as monitoring the 

degree of migration of the proteins in the well during electrophoresis. Glycerol, one of the 

detergents included in the loading buffer (Laemmli buffer), increases the density of the 

protein sample to facilitate their application into the wells of the gel.  Together, when the 

protein extract is loaded into the wells of the gel, the proteins are separated based on 

molecular weight and electric charge (electrophoresis).   

Electrophoresis is performed in a running buffer solution. The running buffer contains 

Tris/Glycine/SDS Buffer, which together, enhances protein denaturing and migration as 

the uniform negative charge on the protein lysate migrates towards the cathode.  

After electrophoretic separation, proteins are transferred from the gel to a nitrocellulose 

membrane by an electric field (blotting). In semi-dry blotting, the transfer buffer which is 

diluted in MilliQ-water (MQH2O) and ethanol helps facilitates elution of SDS from gel. The 

ethanol disengages SDS from the protein, enhancing binding of protein to the 

nitrocellulose membrane.  

The pros of having the proteins transferred to a membrane is that they are fixed and 

accessible for antibody binding and analysis. To enhance antibody binding and 

recognition of the antigen of interest, the membrane is incubated in fat free milk diluted 

in TBS-T, which serves as blocking. Blocking reduces unspecific binding of the antibody. 

To detect the primary body bound to its antigen on the membrane, the membrane is 

incubated in the blocking solution containing a diluted concentration of the secondary 

antibody. The secondary antibody specifically recognizes IgG from the species where 

primary antibody was produced. They are usually tagged with a detectable substrate or 
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signal. One of such substrates are Horse radish peroxidase (HRP). HRP catalyzes an 

oxidative reaction with a chemiluminescent substrate known as luminol. Oxidized 

luminol produces light that can be detected by a camera, that collects protein band signals. 

The protein band signals depict the expression of the protein of interest.  

 Standard Operation Protocol: 

Protein extraction  

a. Start with cell counting ~2 x106 live cells per test samples. This eventually aids 

with loading control. 

b. Collect cells and pipette them into 15ml tubes then centrifuged for 1500 rpm, 5 

minutes. Discard the supernatant.  

c. Wash cells with 5ml of 1x PBS. Resuspend in 1ml 1x PBS and transfer to an 

Eppendorf tube.  

d. Centrifuge at 3000 rpm, 5 minutes. Aspirate the PBS supernatant.  

e. Lyse the cells in 300µl 1x laemmli buffer, for 2 x 106 cells.  

f. Cook the lysed cells at 95oC for 5 minutes.  

g. Allow the treated cells at RTP for loading into gel wells.  

 

Gel electrophoresis  
 

h. Select gels with concentration 4-15% polyacrylamide.  

i. Dilute the 10x TGS to a 1x dilution and pour into electrophoretic chamber 

containing the gel cassettes.  

j. Load 6 µl of standard marker. It serves as a monitor for gel electrophoretic 

running, evaluate the transfer quality and reference for molecular weights of 

target proteins on the blot.   

k. Load 12 - 20 µl of protein extract depending on number of wells/experiments. For 

15 well gels, 12µl and 20µl for 10 well gels.  

l. In a Bio-Rad POWER PAC 1000 device, run: 150 volts/400milliamperes/ 100 watt, 

at about 30±5 minutes these conditions until bromophenol blue dye reaches the 

border of the gel.  
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Blotting  

 
m. Soak filter papers and nitrocellulose membrane in transfer buffer.  

n. Place the filter paper on the blot, then the nitrocellulose membrane on top of the 

filter, followed by the gel on the membrane.  

o. Cover the gel with another soaked filter paper. At all stages, carefully roll over it to 

remove air bubbles, this evades blank spots on the membrane. This positioning is 

critical, as the protein lysate, which has been made negatively charged, is attracted 

towards the membrane via electrostatic interaction on the cathodic side.   

p.  Close the cassette and select the appropriate program with respect to molecular 

weight and membrane size.  

Blocking  

q. After protein transfer, rinse the membrane with MQH2O by agitation for 1-3 

minutes.  

r. Make a 5% fat free tween milk diluent in TBS-T and use about 6ml for blocking on 

the membrane for 30mins – 1hr. This process prevents unspecific binding of mAbs.  

s. Transfer blocked membrane to primary antibody that has been diluted in 5% fat 

free tween milk/TBS-T as recommended by the vendor of the mAb.  

t. Incubate overnight at 4 º C in a roller or for 1 hour at RTP (e.g reprobing for β-

actin).  

u. Wash the membrane 3x for 5-10 minutes in TBS-T. 

v. Incubate membrane at RTP in the secondary antibody (linked to HRP) that has 

been diluted in 5% fat free tween milk/TBS-T solution for ~1hour. 

w. Wash 3x for 10 minutes in TBS-T. After last wash, allow the membrane in the TBS-

T to avoid drying.  

 

Signal detection 

  

x. Chemiluminescent HRP substrate is added to the membrane and few seconds are 

allowed for it to react with HRP linked to the secondary mAb for detection with 

camera and the Image lab/Software.  

y. Images are collected as “saved for publications”. After which the ladder (or 

Marker) image is also taken. 
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z. A chosen image from step «y» is merged with the ladder in order to control for 

accurate molecular weight and protein signal identity.  
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 Cell viability assay with CellTiter-Glo® 2.0 Assay for EC50.  
CellTiter-Glo® 2.0 Assay (CellTiter-Glo) is a method used to assess the number of living 

cells in culture by quantifying the amount of ATP present, which is directly proportional 

to the  metabolic activity of these cells [87].  

The CellTiter-Glo can be used with multiwell-plate formats designs. This makes it possible 

for cell proliferation and cytotoxicity assay determination. The procedure involves an 

addition of a single reagent (CellTiter-Glo®2.0 reagent) directly to treated cell culture.  

This lysis the cell, and causes a luciferase reaction, generating a luminescent signal that is 

proportional to the amount of ATP present from either dead or live cells in the culture 

[88]. The luminescent signal, which is a “glow-type”, can be detected and measured.  

The pros with CellTiter-Glo in a high-throughput format is the reduction of pipetting 

errors as well as reduction of variability during signal acquisition measurement.  

Standard Operation Protocol: 

- Plates are designed as source, pipetting map, and plate map using the Excel 

software. 

- Source plates are those containing various stock concentrations of drugs 

(inhibitors) diluted to their various initial concentrations (C1) in DMSO and stored at 4oC.  

- From here, Echo 550 (Labcyte Inc.) acoustic liquid handling device at the 

Biotechnology Centre of Oslo is used to pipette different nanoliters (nl), of volumes of each 

drug to a 384 well plate at different allocations per the design of the plate map. This device 

uses sound energy to move extremely-low volume droplets of liquid from a source 

location (source plate), to an inverted destination (plate map) with high precision and 

accuracy [89].  



37 

 

 

Figure 5. Sample of the plate map with the different targets to be inhibited at different 

concentrations with 5 replicates, DMSO (20 replicates) and BZCl (22 replicates) control 

replicates of different wells of a 384 well plate. 

Drug concentrations and dilution calculation 

Firstly, the various stock concentrations were made by diluting them with DMSO to a final 

volume of 20µl. After which the different drugs were made such that those with lower 

concentrations are in 2.5nl volume and those with high concentrations in 12.5nl. Each 

concentration had 5 technical replicates.  

Looking at STAT3 drug inhibitor as an example, which had a stock concentration of 

10mM… 

V1 (Initial volume) = 12.5nl 

C1(initial concentration) = 10mM 

V2(final volume with cells) = 25µl,  

C2 (final concentration) =?   

From C1V1 = C2V2, C2 = C1V1/V2  

 C2 = 
12.5 𝑥 10−3µ𝑙 𝑥 10 𝑥 103µ𝑀

25µ𝑙
     = 5µM  

The table below shows the same calculations and for lower volumes of the drug… 
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Sample C1 in mM V1 in nl V2 C2 in µM 

1 10 12.5 25µl 5 

2 5 10 2 

3 1.67 7.5 0.5 

4 0.5 5 0.1 

5 0.1 2.5 0.001 

Table 1 Calculations for other volumes of STAT3i concentration as an example for one of the 

drugs. 

Thus, the final concentrations for STAT3i and other inhibitors could be shown on the table 

below… 

Inhibition 

targets 

1 2 3 4 5 

STAT3 5µM 2µM 0.5µM 0.1µM 0.001µM 

HIF-1α 5µM 2µM 0.3µM 0.15µM 0.01µM 

Erk 5µM 2.5µM 0.5µM 0.05µM 0.005µM 

HSP90 100nM 50nM 10nM 1nM 0.1nM 

Mek  10µM 4µM 1.5µM 0.5µM 0.1µM 

FLT3 10nM 5nM 1nM 0.2nM 0.05nM 

PI3K 5µM 0.4µM 0.15µM 0.02µM 0.001µM 

BRD4 5µM 1µM 0.1µM 0.01µM 0.001µM 

Table 2 Final concentrations of all the drug inhibitors. 

Benzoyl chloride (BZCl) is an organochloride compound that is used as a positive control 

for killing all cells. The BZCl had a stock concentration of 100mM (C1), in a volume of 

25nl(V1), into a final volume of 25µl, its final concentration is 100µM.  DMSO, the solvent 
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to all the drugs and diluents, is used as a positive control for viability (12nl). These were 

also included to be pipetted into the plate as shown on the plate map (fig3).  

Addition of MV4-11 and  RS4-11 Cells 

- Incubate the 384 well plates containing the drugs at room temperature for about 

15mins for the DMSO/drug to become liquid. 

- Perform a cell counting (by trypan blue exclusion), and resuspend the cells to a 

final concentration of 6 × 104 cells/ml in RPMI medium, in a total volume of about 

25ml.  

- Spin the plate containing the drugs for ~30 seconds in a VWR PCR Plate spinner to 

prevent the drug from sticking on the walls of the wells.  

- Pipette cell media into the plate using a Multidrop Combi device, by setting the 

device to dispense 25μl of the cell suspension (~15,00 cells) into all wells of the 

prepared plate. 

- Incubate the plate at 37°C for 72 hours in a humidified, 5% CO2 atmosphere. 

(Precaution; To prevent the plates from drying out, tissue paper is soaked in water 

and placed in front of an unlocked zip bag. Also, the plates are placed below in the 

incubator since it has the highest humidity).  

Addition of CellTiter-Glo reagent 

- After ~72 hours of incubation of the cell culture-drug(s) mixture, inspect the plate 

using a light microscope for cell morphology and or possible contamination (e.g. 

bacteria).  

- Incubate the CellTiter-Glo reagent to room temperature, after which, pipette 15µl 

of it into the wells using the multi-drop combi device.  

- Cover the plates with aluminum foil and incubate the plates at room temperature 

for about 7 mins ± 2 mins for cell lysis and generation of a luminescent signal that 

is proportional to the amount of ATP present.  

- This is then followed by detection and visualization in a PerkinElmer Multimode 

plate reader device. Here the 384 luminescence 0.1 sec 8mm protocol is used to 

read the plate.  

- In the normalization process, the DMSO treatment represent 100% Viability, BZCl 

treatment represent 0% viability. Here, the median of the DMSO and BZCl are 
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calculated (using excel) and are used to normalize the measurement of the 

luminescence in the form of number of photons per seconds (CPS values) according 

to the formula below… 

100% 𝑥 
(𝐶𝑃𝑆 − 𝐵𝑍𝐶𝑙 𝑚𝑒𝑑𝑖𝑎𝑛)

(𝐷𝑀𝑆𝑂 𝑚𝑒𝑑𝑖𝑎𝑛 − 𝐵𝑍𝐶𝑙 𝑚𝑒𝑑𝑖𝑎𝑛)
 

- Store the results in Excel format for analysis on GraphPad prism, where graphs of 

cell viability in % vs dose concentrations (in log format) are plotted.  

Data Processing 

- After the above normalized results are collected, allocate their values against their 

various respective final concentrations. Their concentrations are converted to 

molarity and then log values e.g. for 0.5µM = 0.5 x 10-6M, in log10 = -6.301M. 

- Together, the CPS values and their corresponding log concentrations are then 

transferred to GraphPad Prism software where the means of each concentration`s 

viability, expressed %  are plotted vs log concentrations scale in dose response 

curve in order to get an EC50 concentration. The error bars are those of standard 

error of the mean (SEM).  

Drugs used for the cell viability experiment.  

• STAT3 Inhibitor XIII, C188-9 - Calbiochem 

The signal transducer and activator of transcription 3 (STAT3), is part of the STATs 

family. Upon its activation by phosphorylation, it dimerizes and translocate to the cell 

nucleus, where it acts as a transcription activator [90].  

The STAT3 inhibitor XIII, C188-9 controls the biological activity of STAT3 by 

competing for the Src homology 2 (SH2) binding domain of STAT3 with 

phosphotyrosine proteins [91]. It has been reported to inhibit the phosphorylation of 

STAT3 at Tyr705 in AML primary cell lines  [91]. 

• Hypoxia Inducible Factor-1α (HIF-1a) inhibitor – SC-205346B. 

HIF-1a is a transcription factor whose functions are stimulated by an adaptive response 

to hypoxia [92]. In normoxic conditions (normal oxygen concentration levels at 

physiological states), HIF-1a is targeted and degraded  by proline hydroxylation and 

subsequently Von Hippel-Lindau protein- mediated ubiquitination [93]. HIF-1a has been 
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reported to directly bind the  PD-L1 proximal promoter in myeloid derived cells, 

effectively increasing the expression of PD-L1 [94].  

The HIF-1a inhibitor SC-205346B works by reducing the accumulation and gene 

transcriptional activity of HIF-1a [95], [96].  

• MAPK (ERK1/2) Inhibitor – SCH772984 

The extracellular-signal-regulated kinase (ERK) pathway, also known as MAPK is one of 

the majors signaling cassettes of the mitogen activated protein kinase signaling pathway. 

The ERK cascade is activated by a variety of extracellular agents, including growth factors, 

hormones that induces processes that include mainly proliferation and differentiation of 

cells [97].  

SCH772984 is a novel specific inhibitor of ERK1/2,  that selectively competes with ATP 

inhibition [98]. SCH772984 also inhibits phosphorylation of residues in the activation 

loop of ERK itself.  

• HSP90 Inhibitor - (Ganetespib) 

HSP90 is a chaperone protein that regulates the folding, maturation, and stabilization of client 

proteins (e.g. FLT3), that are involved in important cellular functions, such as proliferation, 

differentiation, and survival [76] .  

Ganetespib is a  synthetic small-molecule inhibitor of HSP90 that works by causing a depletion of 

receptor tyrosine kinases [99].  

• MEK Inhibitor – Trametinib (GSK1120212) 

The mitogen-activated extracellular signal regulated kinase 1/2  (MEK1/2),  function specifically 

in the MAPK/ERK cascade, where it is the upstream regulator of ERK pathway [100]. It is part of 

the MAPK cascade, that is a highly conserved and is involved in various cellular functions, 

including cell proliferation, differentiation and migration. 

Trametinib is a reversible inhibitor of MEK1/2 activation that has allosteric regulation on the 

kinase domain of MEK1/2 [101].  

• FLT3 Inhibitor – Quizartinib (AC220).  

The FLT3 protein is a transmembrane with and extracellular domain on certain cell types 

where a specific protein called FLT3 ligand (FL), can bind to its ligand binding site (Fig.3). 

This binding activates the FLT3 protein, which subsequently activates a series of proteins 

inside the cell that are part of multiple signaling pathways.  
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AC220 is a selective inhibitor of FLT3. AC220 inhibits the autophosphorylation of FLT3 

by inhibiting its kinase activity [102]. 

• PI3K Inhibitor – Dactolisib (BEZ235, NVP-BEZ235)  

 PI3K acts as a messenger signal to Akt, by phosphorylating it leading to additional 

reactions that transmit chemical signals within cells. PI3K signaling is important for 

numerous cell activities, including the synthesis of new proteins,  cell growth and division 

[103].    

Dactolisib inhibits PI3K kinase activity by binding to its ATP binding cleft [104].  

• BRD4 Inhibitor – I-BET762 

Bromodomain-containing protein 4 (BRD4) is a Chromatin reader protein that recognizes 

and binds acetylated histones and has a key role in transmission of epigenetic memory 

across cell divisions and transcription regulation [105].  

It has been reported that in most hematopoietic malignancies, inhibiting bromodomain 

and extra-terminal domains (BETs), commonly leads to a repression of MYC [106], [107], 

[108].  

I-BET-762 is a BRD4 inhibitor, that binds to the tandem bromodomains and extra-

terminal domains, displacing a pre-bound Histone 4 peptide. This displacement is 

achieved by the I-BET-762 occupying the acetyl-lysine binding pocket of the BRD4, 

disrupting the formation of the chromatin complexes  [109]. 
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Real-Time quantitative Polymerase Chain Reaction (qPCR) 
 qPCR is an advanced version of the PCR technique that involves the amplification and 

detection of a target gene in real time. Unlike in classical PCR, where the amplification of 

the genetic product of interest is ran on a gel for detection and evaluation, the Real-Time 

PCR omits this step. The omission step is avoided as the technique exploits a combination 

of the DNA amplification with the immediate detection of the product in a single tube.  

Therefore, this confers an advantage of less to no risk of contamination during post-PCR 

handling. Moreover, it is less time consuming than running a gel analysis. qPCR detection 

method exploits the changes is fluorescence, which are proportional to the changes of the 

target gene. [110] 

2. Standard Operation Protocol: 

RNA isolation 

For RNA isolation from cells, the RNeasy® Plus Mini Kit is used [111]. But before its 

applications, the cells are separated from their spent medium by centrifuging at 1500rpm 

for 5 mins and aspirating the supernatant. Then the cells are washed twice with 1x PBS 

(cold, 4oC) and stored on ice. This is then followed by the kit protocol, adapted and 

summarized below… 

1. Mix 100µl β-mercaptoethanol (β-ME) with 10ml buffer RLT Plus (used to lyse the 

cells).  

2. Lyse pelleted cells with 350µl buffer RTL + β-ME mixture.  

3. Vortex for 30 secs in order to homogenize the lysed cells.  

4. Transfer the homogenized lysate to a gDNA eliminator spin column placed in a 2ml 

collection tube (removes genomic DNA contamination from lysates).  

5. Centrifuge for 30secs at 10000rpm, and discard the column and safe the flow 

through.  

6. Add 350µl of 70% ethanol to the flow-through, and mix well by pipetting (to 

precipitate the nucleic acid from the lysate and removes residual salts).  

7. Transfer 700µl of the sample to a RNeasy spin column placed in a 2 ml collection 

tube. 

8.  Close the lid, and centrifuge for 15 secs at 10000 rpm. Discard the flow-through. 

9.  Add 700μl Buffer RW1 to the RNeasy Mini spin column and repeat step 8 (used to 

wash the membrane in order to purify the RNA).  
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10. Add 500μl Buffer RPE/Ethanol to the RNeasy spin column and repeat step 8 (to 

wash membrane-bound RNA).  

11. Repeat step 10 but increase the time and rpm by 2 mins and 12000rpm 

respectively (for ethanol removal).  

12. Collect the RNA by adding 30µl RNase-free water directly to the spin column 

membrane and place the spin column in a new 1.5ml collection tube.  

13. Centrifuge in order to elude the RNA for 1 min at 10000rpm.  

14. Measure RNA concentration at once, while the samples are on ice. Measure RNA 

concentration from 1µl using the Nanodrop spectrophotometers.  

Complementary DNA (cDNA) production using iScript™ cDNA 

Synthesis Kit (Reverse transcription) 
For the production of cDNA, the iScript™ cDNA Synthesis Kit is used [112]. It is a sensitive 

and easy-to-use first-strand cDNA synthesis kit for a target gene expression for qPCR. 

Basically, the kit uses the iScript reaction mix and its reverse transcriptase to convert the 

isolated RNA to a double stranded complementary DNA.   

1. Label PCR tubes according to samples e.g. no RT and H2O only and keep on ice.  

2. Dilute the isolated in order to get 1µg in a final volume of 15µl into PCR tubes.  

3. Into all tubes, add 4µl of 5x iScript Reaction Mix.  

4. Into sample tubes only, add 1µl of iScript Reverse Transcriptase.  

5. Spin for 30 seconds.  

6. Transfer tubes to the Applied Biosystems SimpliAmp Thermal Cycler, where the 

iScript protocol have been adapted for the following… 

 

 

 

 

 

 

 

 Priming  5 min at 25oC 

Reverse transcription 20 min at 46oC 

RT inactivation 1 min at 95oC 

Optional step Hold at 4oC or for long term -20 oC 

Table 3 Adapted processes in the thermal cycler. 
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7. After cDNA production, dilute it in the ratio 1:5 with RNase free water.  

PCR amplification and detection 

In this project, the SYBR Green is used as the fluorescent dye. It works by detecting 

and binding to double-stranded DNA (dsDNA) molecules, intercalating between the 

DNA bases at the minor grooves [113]. Also, the primers used here are that of murine 

PD-L1 gene and NONO gene (Housekeeping gene). These primers are the 

oligonucleotides fragments that align the borders of the genetic sequence of the PD-

L1 and the NONO genes for replication and eventually amplification by DNA 

polymerase. After every cycle of replication, the targeted sequences are expected to 

be replicated exponentially. Generally, this amplification progression is achieved by 

the processes of denaturation, annealing and extension of the DNA strands. During 

denaturation, the dsDNA is separated by heat, while during annealing, the primer 

pairs bind the flanking sequences of the target DNA sequence. And extension is 

basically the catalytic process by the DNA polymerase adding deoxynucleotides at the 

3’-end of each primer.  

Master Mixing 

 

 

 

 

 

 

 

 

Samples per primer type e.g PD-L1 
  

30 

concentration component µl     x 

2x SYBR mix 5.00    150 

10 µM primers 0.20       6 

 
Rnase-free 

H2O 

2.80 84 

Total 
 

8.00    240 

Table 4 Showing an example of all the components required for the Master mix. 
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qPCR for standard curves 

A standard curve for the primers and a reference DNA sample such as from a wild type is 

good to have in order to evaluate how well the primers work, especially since the primers 

were gotten from a publication where they have been used in this case [114]. 

Furthermore, it assesses the presence of the genes in the sample and lastly how efficient 

the PCR worked [115]. 

 In general, keep reagents on ice. The qPCR plate can be on a fridge-cold metal, well labeled 

for allocated mix.   

1. Dilute cDNA in RNase free H20. For one full 96 well plate, you’ll need 32µl of each 

dilution, so make 50ml to have some extra.  

a. In an 8-tube strip: Add 37.5µl RNase free H20 to 5 wells.  

b. Add 12.5µl undiluted cDNA to the first well (1:4 dilutions), mix well.  

c. Take 12.5µl 1:4 dilution and add to the second well (1:16 dilutions), mix well.  

d. Take 12.5µl 1:16 dilution and add to the second well (1:64 dilutions), mix well.  

e. Take 12.5µl 1:64 dilution and add to the second well (1:256 dilutions), mix 

well. 

2. Prepare and distribute master mixes to a 96 well qPCR plate accordingly by 

pipetting 8µl per well respectively.  

3.  Add 2µl diluted cDNA to respective wells accordingly.  

4. Seal the qPCR plate with a film.  

5. Spin down the plate in a plate centrifuge, 2x 20secs in order to precipitate all 

reagents and enhance mixing.  

6. Run the plate on applied Biosystems StepOne qPCR machine according to the run 

method on the table below... 
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Cycling stages  1 2 3 4 5 6 

Processes dsDNA 
separation 

(initial 
denaturation) 

Denaturation Primer 
binding 

(Annealing) 

Addition of 
dNTPs/Extension. 

(melt curve) 

Hold  

Temperature 95oC 95oC 60oC 95oC 60oC 6oC 

Time, in 
minutes 

2 0.05 0.5 0.025 1  

Cycles 1 40 1  
Table 5. Steps in the qPCR machine, as seen from the software.  

7. After running, the data is converted to an excel file for analysis, where the 

threshold cycle (CT) mean values are analyzed for respective treatments and 

primers.  CT is the cycle in which the fluorescent level is above background level 

(threshold). Too much template in the sample is directly proportional to small CT 

values, while little amount of template would yield high CT values [110].  
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Statistical Analysis 

Student’s T-test 

Student T-test is a statistical model used to analyze differences in data between groups, 

by assessing if the differences in the measured  means/medians  could have been by 

chance [116]. This model uses both the T-score and P-value to establish the validity in the 

differences being measured. T-score is the ratio between the differences between groups. 

The value of the T-score is directly proportional to the degree of differences between 

groups. The p-value is the probability that the results from the data occurred randomly 

expressed in percentage (%). Low p-values indicates validity in the differences meaning 

the data did not occur by chance. In this project, the Unpaired Student’s T-test was used 

for the flow cytometry results, comparing two samples, as they followed the normal 

distribution curve.  
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Results 
In order to characterize the regulation of PD-L1 by FLT3-ITD mutation, the Ba/F3 cell line 

was used as a model cell line. To explore the molecular mechanisms by which FLT3-ITD 

mutation could regulate PD-L1, we will study the FLT3 downstream signaling pathways. 

The characterization of this cell line would eventually be compared to the human AML cell 

lines MV4-11 for similarities. Here, their endogenous levels of PD-L1 would be looked at 

and possible pathways through drug screening, in the form of cell viability assay would 

be exploited simultaneously.  

1A. The induction of PD-L1 surface expression on the model cell line a 

Ba/F3 cells by FLT3 and FLT3-ITD. 
In order to evaluate the hypothesis that FLT3-ITD mutation could be the reason for PD-

L1 up regulation, Ba/F3 cell line is used.  Ba/F3 cells are murine B-lymphoid cells widely 

used as a model system for studies on hematopoietic cell signaling [117], [118], [119]. The 

advantages that Ba/F3 cells confer are, they are fast growing suspension cells, easily 

transfected, and with few to no ethical concerns.  

An important attribute that the Ba/F3 cells are heavily exploited for is that they are 

isogenic. Isogenic cells are a family of cells with the same genetic background that can be 

used to study defined genetic mutations that have been introduced into the cells as 

compared to their wild type parental cell line [120]. That way, the phenotypes observed, 

are directly attributed to their genotypes.  

The Ba/F3 cells are dependent on Interleukin 3 (IL-3) for their survival. IL-3 is a cytokine 

that promotes cell growth and proliferation of broad range of  hematopoietic cells [121]. 

IL-3 stimulates growth and cell viability by activating signaling pathways, especially the 

mitogens. The Ba/F3 cells dependence on IL-3 is nullified upon oncogenic expression, as 

it can stimulate their viability and proliferation.   

In this experiment, the aim is to observe PD-L1 surface expression on the Ba/F3 cells. The 

Ba/F3 cells are those that have been transfected with CRU5-FLT3-IRES-GFP (human wild 

type FLT3) and CRU5-FLT3-ITD-IRES-GFP (human FLT3-ITD mutation) plasmids, and 

wild type Ba/F3 (parental Ba/F3 cells), all cultured in IL-3.  Flow cytometry (FACS) was 

used to measure PD-L1 surface expression. These cells are hematopoietic, meaning they 
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express FC receptors. FC receptors might interfere with Ab binding. Also, Western blot 

(W.B) was done on these same cells to visualize FLT3.   
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Figure 6. The induction of PD-L1 surface expression on the different Ba/F3 cells: w.t, 

FLT3 and FLT3-ITD on. a. Representative Gating of one of the samples for, cells -> 

singlet’s -> Pacific blue (live cells only). b. Histogram representation for the FACS 

results plotted against Alexa Fluor 647 (Dylight649 2nd Ab). c. Column graph for all 

forms of Ab treatment. The error bar is the Standard error mean (SEM) for the technical 

triplicates. d. Western blot of the same Ba/F3 cell types showing their expression levels 

of FLT3 and their corresponding loading control, β-actin. e. A repeat of the PD-L1 

surface expression on the different FLT3 transfected Ba/F3 cell types with and without 

FC block. f. PD-L1 expression on the different Ba/F3 cells normalized (mean median 

intensities for PD-L1 - mean isotype ctrl + fold change w.r.t wild type Ba/F3.) from 3 

independent biological repeats (mean ± SEM, n = 9). *** and **** P < 0.0001. ns = 

not significant. g. A schematic figure explaining FC interference with mAb.  
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As depicted on fig.6a, the cells were gated in order to analyze live singlets. Fig.6b. 

shows a histogram plot of a representative sample for each Ba/F3 cell type 

including their Ab treatment versus Alexa Fluor 647 (2nd Ab). It also shows the 

shift in the histogram for PD-L1 Ab treatment to the right, and for both Ba/F3 w.t 

FLT3 and FLT3-ITD, the shift is more noticeable.  Fig6.c depicts analysis of all 

samples with regards to their Ab treatment. PD-L1 up regulation is observed in 

both the Ba/F3 cells that have exogenous expression of human wild type (w.t) 

FLT3 and human FLT3-ITD-mutation at similar levels. The Ba/F3 wild type cells, 

portray endogenous levels of PD-L1 surface expression on Ba/F3. The W.B result 

on Fig6.d depicts the different band signals of FLT3 in the Ba/F3 cells, with the 

strongest intensity observed for the human FLT3-ITD-mutant. No FLT3 band on 

the W.B analysis is seen for the W.T Ba/F3 cells. To make sure the FC receptors 

expressed on these Ba/F3 cells were not interfering with the results, the 

experiment was repeated with and without FC block as shown on Fig.6e. On Fig6.e, 

though the median fluorescent intensity (MFI) reduced for samples treated with 

FC block, this reduction is negligible (fig6.g). The differences in PD-L1 surface 

expression are significant (P<0.0001) between the wild type Ba/F3 and the human 

w.t FLT3 Ba/F3, and the wild type to the FLT3-ITD Ba/F3 cells (Fig6.f). However, 

there is no significant (n.s) difference between the Ba/F3 cells expressing the 

different FLT3 types.  
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1B. Human wild type FLT3 activity in the transfected Ba/F3 cells. 
IL-3 is essentially required for culturing the Ba/F3 wild type cells for their survival, 

unlike the FLT3-ITD-mutant variants, that could rely solely on the oncogenes for 

survival. As demonstrated on the previous results showing PD-L1 surface 

expression on the Ba/F3 cells, fig6.f, the human w.t FLT3 variant has no significant 

difference to the human FLT3-ITD-mutant Ba/F3 variant. We are not sure of the 

reasons but we hypothesize that the human w.t FLT3 activity might be amplified 

when expressed in the Ba/F3 cells.   

To address this phenomenon, we evaluated the activity of the w.t FLT3 in the 

Ba/F3 cells in different IL-3 culture conditions.  

Hence, to find out if the transfected human w.t FLT3 is active in the Ba/F3 cell line 

the cells are starved from the IL-3 for 4 hours. The starvation is to prevent IL-3 

from obscuring phosphorylation dependent on FLT3 downstream pathways.  The 

starvation process is done by collecting the cells, then allocating part of these cells 

for IL-3 condition medium and in IL-3 free medium. This is followed by washing 

away the IL-3 in the cells to be incubated in IL-3 free medium. Those to be cultured 

in + IL-3, are treated the same way but they are cultured in their conditioned 

medium. After which the cells are incubated for 4 hours and then collected for W.B 

analysis. W.B is used to observe protein expression of PD-L1 and activity of some 

of the downstream pathways targeted by IL3 and FLT3, which are Akt, MEK, and  

STAT5 [7], [122].    
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Figure 7. Human wild type FLT3 activity in the transfected Ba/F3 cells.  W.B results 

used for evaluating w.t FLT3 activity in IL-3 condition medium vs. IL-3 starved 

conditions for the above pathways in the different named Ba/F3 cells, and a 

representative loading control in the form of β-actin. 

Generally, from the above results (fig.7), the influence of the IL-3 starvation is seen 

for P-STAT5, P-Akt, P-MAPK pathways, where their band signals are reduced 

significantly for both the Ba/F3 wild type (W.T) and the Ba/F3 with the human w.t 

FLT3 plasmid. As for the Ba/F3 with the FLT3-ITD-mutation, these signals seem to 

reduce slightly for the P-Akt and the P-MAPK. Looking at the activated states of 

STAT5, Akt, and MAPK, for the IL-3 starved condition, the bands are stronger on 
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Ba/F3 with the FLT3-ITD, as compared to the other Ba/F3 types in this condition. 

These same bands on the human w.t FLT3 Ba/F3 cells seems to have reduced as 

compared to the that in the IL-3 condition medium. As indicated by the blot, upon 

the removal of IL-3, the w.t FLT3 still seems to stimulate the named pathways. The 

PD-L1 band signals were not included in the above analysis because the Ab was 

not optimal for W.B (appendix 3) Therefore, to evaluate these influences without 

that of the FLT3 activity, a new approach is required.  
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1C. Optimal concentration and incubation time for inhibiting FLT3 on 

Ba/F3 FLT3-ITD cells (- IL-3). 
 

In attempting to evaluate the hypothesis that FLT3-ITD mutations is an up regulator of 

PD-L1 surface expression, we aim to inhibit the activity of FLT3 in all the Ba/F3 cells and 

examine PD-L1 expression.  

Quizartinib (AC220) is a second-generation FLT3 inhibitor that works by hindering the 

autophosphorylation of FLT3 [123]. The first step to study the effect of Quizartinib-

induced inhibition of FLT3 is to identify the concentration and incubation time required 

to observe a significant inhibition of FLT3 activity. The FLT3 inhibition can be assessed 

by checking its effect on its downstream signaling pathways as in fig.7.  

Since the human FLT3-ITD mutation is oncogenic, the Ba/F3 FLT3-ITD cells can rely on 

its oncogenic attributes for their survival and growth.  Hence, Ba/F3 with the FLT3-ITD 

oncogene cultured in IL-3 free medium (long term) were used for this experiment.  That 

way, the evaluation of the effects from the inhibition of FLT3 would not be compromised 

by the effects of IL-3.  
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Figure 8. AC220 treatment on human FLT3-ITD-mutant Ba/F3 cells (IL-3 starved). 

W.B results showing the effects of AC220 treatment for DMSO (control), 25nM and 

50nM concentration on downstream pathways of FLT3. 

 

The results from Fig.8 indicate that both the 25nM and 50nM at 2-4 hours reached the 

same inhibition levels of FLT3. This is asserted by the down regulation of all pSTAT5, P-

Akt and P-MAPK as compared to the DMSO control. The corresponding total proteins of 

the above-named pathways are generally stable in all forms of treatments. The PD-L1 

probing was not successful, therefore it is not included in the analysis. From this, 50nM 

concentration of AC220 at an incubation time of 2 hours is sufficient enough to inhibit 

FLT3 and consequently, its downstream pathways.    
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1D. Quizartinib (AC220) treatment on Ba/F3 cells to evaluate PD-L1 

mRNA levels. 
The results (fig.8), indicated that a concentration of 50nM of AC2200, at an incubation 

time of 2hrs is sufficient enough to inhibit FLT3. Yet, due to PD-L1 Ab probing issues on 

the W.B, the inhibition of FLT3 effect on PD-L1 expression could not be analyzed. 

Moreover, as we don´t know the half-life of PD-L1, it is not certain that a short period of 2 

– 4 hours could potentially lead to a regulation of PD-L1 surface expression. In addition, 

the half-life have been reported to be reduced by non-glycosylation of PD-L1 [124], or 

prolonged by inhibiting its ubiquitination [125]. The transition from protein levels to RNA 

expression in examining PD-L1 levels is required because in a short-term incubation 

period, the mRNA levels are more likely to be affected than protein levels. Lastly, PD-L1 is 

a  transmembrane protein and undergoes numerous modifications during its synthesis, 

namely posttranslational editing of its N-glycosylation in the endoplasmic reticulum 

[124], or its cytosolic attachment of fatty acids (palmitoylation) [126]. 

Thus, the ideal analysis here would be to measure mRNA levels of PD-L1 using Real-time 

quantitative PCR (qPCR).  

Hence the goal for this experiment is to render FLT3 inactive within the Ba/F3 cells using 

AC220 drug at a short incubation time and monitor PD-L1 mRNA levels using qPCR. Here, 

the murine Non-POU domain-containing octamer-binding protein (NONO) primers 

(housekeeping gene) are used as the endogenous control. NONO is a DNA and  RNA 

binding protein, involved in several nuclear processes [127]. Both NONO and  PD-L1 

primers, which have been used in the publication [114] on Ba/F3 cells are used as well. 

Table 10 below shows these primers.  

Oligo Species Forward primer Reverse primer 

PD-L1 Murine GAATTTCCGTGGATCCAGCC ACTTCTCTTCCCACTCACGG 

NONO 

(Housekeeping) 

Murine  AGAGAGAACAGCCACCCAGA GATCCTGCTGTTGCTTCTCC 

Table 6 Primers for detecting mRNA levels of PD-L1 in the Ba/3F cells. 

At the same time, do a W.B to evaluate the degree of FLT3 inhibition on the Ba/F3 cells. 

And so, the cells would be Ba/F3 –parental wild type, human w.t FLT3 and human FLT3-
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ITD-mutation (±IL-3). The degree of inhibition will be evaluated by looking at the 

activated states of STAT5, MAPK, Akt and their corresponding total proteins.  

 

 

Figure 9. Quizartinib (AC220) treatment on Ba/F3 cells to evaluate PD-L1 mRNA levels. W.B 

results from the AC220 drug treatment on the named Ba/F3 cells.  
The W.B results on fig.9a. show a general decrease in signals, especially for the band 

signals of P-STAT5, P-Akt and P-MAPK after FLT3 inhibition.  The effects of the drug were 

strongest for the FLT3-ITD mutant Ba/F3 cells grown in - IL-3. This is seen from the 

reduction of the band signals of P-STAT5, P-Akt and P-MAPK. Looking at the DMSO 

control, the levels of P-Akt for both Ba/F3 W.T and that of the human w.t FLT3 are at 

critically low levels as compared to the Ba/F3 with FLT3-ITD mutation. Yet, the Akt total 

protein seems to be expressed at a relatively similar levels between these cells in the 

DMSO control.  
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Although the qPCR experiment was done to observe PD-L1 mRNA levels, the PD-L1 

primer set was not optimal for analysis and interpretation (Appendix 4).   
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2. PD-L1 in the human cell lines MV4-11 and RS4-11 AMLs.  
After the observation that FLT3-ITD up regulates PD-L1 in the Ba/F3 cells, as compared 

to the W.T parental Ba/F3 cells, we wonder if the same effect would happen in human 

leukemic cells. For that reason, we transition to the human cells MV4-11 and RS4-11, 

where we will characterize the PD-L1 expression levels. At the same time, perform drug 

sensitivity screens using drugs against some metabolic pathways driven by FLT3-ITD, and 

other targets implicated in the regulation of PD-L1 (e.g. HSP90 and C-Myc (via BRD4 

inhibition)). The drug screening would be used to identify the EC50 for these drugs, which 

will be useful in further experiments exploring the pathways that could affect PD-L1 

expression.  

2A. Screening of pathways influenced by the FLT3-ITD mutation in 

human AMLs.  
 

MV4-11 is a subtype of AML, with the FLT3-ITD mutation,  while RS4-11 is an acute 

lymphoblastic leukemia (ALL) subtype [10], [81] . Again, MV4-11 are endogenous for 

FLT3-ITD expression, while RS4-11 are endogenous for wild type FLT3. Since both have 

the same mutational translocation, the RS4-11 is a good control for the MV4-11.  The 

FLT3-ITD mutation  could potentially cause downstream effects on some of its 

downstream signaling pathways like in PI3K/mTor where FLT3 controls dendritic cell 

development [128]. Also, in fig.8, we see that after the inhibition of FLT3, the P-MAPK is 

downregulated as well. These pathways could potentially control the expression PD-L1.  

Hence, the main objective is to find what signaling pathways could cause PD-L1 up or 

down regulation as a result of the FLT3-ITD-mutation. Some of the pathways that could 

be influenced by the FLT3-ITD mutation and that could potentially cause PD-L1 up 

regulation in AML are STAT3, HIF-1α, Erk (MAPK), MEK (MAPKK), and PI3K. This brings 

forth the aim of unraveling the molecular mechanisms by which FLT3-ITD could 

potentially confer an up regulation of PD-L1 by inhibiting some its downstream pathway.  

The drugs that inhibit the above-named pathways, including FLT3 were used to treat both 

MV4-11, versus RS4-11 and their cell viability measured (CellTiter-Glo) after 72 hours 

treatment. We aim to find the EC50 values (the concentration of a drug that gives half-
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maximal response) for the different treatments. Working around the EC50 concentration 

will be suitable in assessing the regulation of PD-L1 as these concentrations do not 

completely kill the cells. Rather, we are working within the drugs active range. 

Target  Drug  

PI3K Dactolisib   

BRD4 I-BET762 

STAT3 C188-9  

HIF-1a SC-205346B 

ERK1/2 SCH772984 

HSP90  Ganetespib 

MEK Trametinib  

FLT3  Quizartinib   

Tabel 2A. Drugs used for the screen and their different targets. 
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Figure 10. Dose-response curves on MV4-11 and RS4-11 Cell lines with plots of Cell viability 

in % vs. Concentration in Molarity in a log scale from 3 Biological repeats. The curves were 

generated using GraphPad prism software.  

 

 

 

 

 

 

 

 

 

 

The drug treatments targeting STAT3, HIF-1a, HSP90, PI3K, and BRD4 gave 

approximately similar responses between the MV4-11 and RS4-11 cells. The HIF-1a drug 

response was not evident for both cell lines (plateau curve).  For the Dactolisib drug 

response (PI3K inhibition), the RS4-11 responded to lower doses than the MV4-11. This 

Dactolisib response by the cells is also supported by the EC50 value of MV4-11, 130nM, 

as compared to the RS4-11 which is 30nM (Table 11).  

On the other hand, the MV4-11 and the RS4-11 cells gave different responses to drugs 

inhibiting FLT3, MEK and Erk.  FLT3 inhibition was more noticeable in the MV4-11 than 

in RS4-11. As shown on table 11, with the EC50 concentrations, Erk drug inhibition 

treatment had the highest EC50 concentration on RS4-11. The RS4-11 did not have EC50 

values for both MEK and FLT3.  

 

 

 

Inhibited Targets MV4-11 RS4-11 

STAT3 4.0µM 3.0µM 

Erk 2.5µM 12.3µM 

HSP90 30nM 40nM 

MEK 90nM - 

FLT3 1.5nM - 

PI3K 130nM 30nM 

BRD4 0.6µM 0.9µM 

Table 11. Depicting calculated mean EC50 concentrations from the 3 biological repeats. 
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2B. PD-L1 expression in MV4-11 as compared to RS4-11. 
FLT3-ITD mutation being constitutively active, might lead to signal amplification of the 

downstream pathways its influences. As we saw in the Ba/F3 cells, the FLT3-ITD mutation 

caused an up regulation in PD-L1. Could this observation be similar to the human cell lines 

MV4-11 as compared to RS4-11?   

We now sought to characterize the endogenous levels of PD-L1 in both MV4-11 and RS4-

11. Therefore, the goal for this experiment is to establish the difference in PD-L1 

expression between the MV4-11, which is an FLT3-ITD-mutant versus RS4-11, which has 

the wild type FLT3.  

Here, western blot with the “Cell signaling” (vendors) PD-L1 mAb, that is reactive to 

human epitopes of PD-L1 and that has been validated, will be suitable for PD-L1 protein 

band signals. The hypothesis is that FLT3-ITD mutation confers an up regulation of PD-L1 

expression in the MV4-11 cell line, which implies that more PD-L1 protein signal should 

be observed on the blot for MV4-11 as compared to RS4-11. That way, the next step is to 

inhibit the potential signaling pathways, based on the information extracted from the cell 

viability results (Fig.10). And using a concentration around the EC50 value (Table 11), for 

both Erk and MEK drug inhibitors in order to examine if it down regulates PD-L1 in the 

MV4-11 cells, as compared to RS4-11.   

 

Figure 11. Comparing endogenous levels of PD-L1 expression between MV4-11 vs. RS4-11 

cell lines. Analyzed image of the western blot result showing PD-L1 and its corresponding 

loading control β-actin for different biological samples of the cell lines.  
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From the above result (fig.11), we see that the unspecific PD-L1 bands appears at a higher 

molecular weight than expected (~70kDa, instead of ~40-50kDa) on all biological 

samples, indicating that this might not be PD-L1.  
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2C. Comparing PD-L1 expression in the leukemic cell lines MV4-11 and  

RS4-11 to H1975 cell line.  
Western blot  was used to compare endogenous levels of PD-L1 between MV4-11 and 

RS4-11 in order to assess the hypothesis that FLT3-ITD mutation might confer PD-L1 up 

regulation. The results (fig.11) were unfounding as the PD-L1 band signal was not at the 

expected molecular weight. Consequently, to evaluate the PD-L1 band signal, western blot 

was used again to compare endogenous levels of PD-L1 band signal between the leukemic 

cell lines (MV4-11 and  RS4-11) versus the lung cancer cell line H1975. The H1975 cell 

line is a lung adenocarcinoma that is a positive control for high levels of PD-L1 expression 

[129], [130]. From this, comparing the bands would aid in identifying what band is 

specifically PD-L1, using the same Cell signalling PD-L1 mAb.    

 

Figure 12. Comparing endogenous levels PD-L1 in RS4-11 and MV4-11 vs H1975. Showing 

analyzed results for the comparison of PD-L1 between the named cell lines with long and 

short exposures, and its loading control B-actin.  

The results above, show a band signal that appears again at higher molecular weight for 

the leukemic cell lines (~70kDa) in both of the biological samples as compared to the 

H1975 (~50kDa). Also, the level of PD-L1 band signals in the H1975 cell lines has a strong 

intensity. Most likely, the bands of the leukemic cell lines are unspecific bands of the PD-

L1 mAb.  
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2D. Abcam PD-L1 mAb validation with H1975 and K562. 
From the previous studies, where PD-L1 expression was monitored using Cell signalling 

PD-L1 mAb on the western blot (fig.11 and 12), comparing PD-L1 between MV4-11 and 

RS4-11, the PD-L1 band signal was not localized at the expected molecular weight (40 – 

50kDa). Meaning these cells might not have PD-L1. These invokes another strategy, which 

is to check PD-L1 surface expression by FACS. Therefore, to make sure that when 

observing PD-L1 levels, what is being analysed and interpreted is actually PD-L1 calls for 

some form of validation. The Abcam PD-L1 mAb (ab205921) has been reported to be the 

most efficient PD-L1 mAb for flow cytometry experiments as well as its been used in 

several publications [131], [132]. This means it will be suitable for measuring PD-L1 

surface expression on the cells as well as the efficacy of the Ab in binding and in avidity 

for PD-L1 epitopes.  

The goal for this experiment is to make sure the Abcam PD-L1 mAb works before 

measuring the surface expression of PD-L1 on MV4-11.  The H1975 cell line is a lung 

adenocarcinoma that is a positive control for high levels of PD-L1 expression [129], [130]. 

K562 is a hematopoietic cell line that are positive control cells for low levels of PD-L1 

expression [133], [134], [135]. K562 cell line might express high levels of FC receptors. 

Hence, FC blockers are included to block these FC receptors for the K562 cell line (fig.6g). 
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The hypothesis here is that H1975 should express high levels of PD-L1 as compared to the 

K562 cell line.  

 

Figure 13. Abcam PD-L1 mAb Validation with H1975 vs. K562 cell lines. a. Gating of one of 

the samples for cells ->singlet’s -> Pacific blue (live cells only). b. Histogram representation 

for the FACS results plotted against AF488(2nd Ab). c. H1975 column graph for all forms of 

Ab treatment. The error bar is the Standard error mean (SEM) for the technical triplicates.  d. 

K562 column graph for all forms of Ab treatment. The error bar is the Standard error mean for 

the technical triplicates. e. Column graph showing PD-L1 surface expression normalized (mean 

fluorescent intensity PD-L1 – Mean fluorescent intensity isotype control) between H1975 vs. 

K562. The error bars are SEM.  

The gating for live singlet’s only is shown on fig.13a. Fig.13b displays a histogram plot 

comparing one technical sample repeat per Ab treatment for both H1975 and K562. In the 

histogram plot, the H1975 shift to the right indicates more 2nd Ab detected, synonymous 
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to more PD-L1 recognition. Fig.13c-d are column graphs of both cell line with all forms of 

Ab treatment.  Summarily, from the above comparison between H1975 and K562, fig.13e, 

it affirms the supposition that H1975 expresses high levels of PD-L1 as compared to K562, 

using the Abcam mAb PD-L1. Thus, confirms that this antibody recognizes and binds to 

surface PD-L1 with great avidity. Though, this experiment was done once, it demonstrates 

that this mAb would be suitable to evaluate PD-L1 levels in MV4-11.  
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                       2E. PD-L1 Surface expression on MV4-11. 
The goal for this experiment is to study the actual surface levels of PD-L1 with and without 

FC blockers, using FACS.   

 

Figure 14. PD-L1 surface expression of MV4-11 a. Gating of one of the samples for cells -

>singlet’s -> Pacific blue (live cells only). b. Histogram representation for the FACS results 

plotted against AF488 (2nd Ab). c. Column graph for all forms of Ab treatment with and 

without FC block treatment in their various blocking reagent (0.5% BSA). The error bar is 

the Standard error mean (SEM) for the triplicates.   

The above results on fig.14, indicates a dramatic decrease in AF488 median intensity upon 

addition of FC block for the Isotype control, and the Abcam PD-L1 mAb (fig14: b-c). With 

the addition of the FC block treatment for the Abcam PD-L1 mAb treatment, it depicts a 

legitimate level of PD-L1 surface expression. The PD-L1 level with FC block, is significantly 

similar to that of the isotype control with FC block, as shown on fig.14b, on the histograms 

at the same position, and on fig.14c.  Also, without FC blocking, the levels of the Isotype 

control and the Abcam PD-L1 mAb are relatively the same. This means that there is no 

PD-L1 expressed on the MV4-11. 
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Discussion 
The FLT3-ITD mutation confers inferior prognosis in AML, one of which is the relapse. 

The FLT3-ITD AMLs could developed immunosuppressive strategies to maintain their 

growth and survival, even after treatments such as chemotherapy.  Some oncoproteins 

and their constitutive activity up regulate PD-L1 [73],[74], [75] and this could also be the 

case for FLT3-ITD oncoprotein.  

Therefore, the main goal of this project was to characterize the regulation of PD-L1 by 

FLT3-ITD mutation. Then should this up regulation be observed, inquire the molecular 

mechanisms by which FLT3-ITD mutation up regulates PD-L1 by identifying downstream 

pathways, including those that are not directly stimulated by FLT3, such as HIF-1a and 

BRD4. This could be relevant in the development novel immunotherapies.  

1. PD-L1 levels caused by FLT3-ITD mutation on Ba/F3 cells. 
With the aim of testing the hypothesis that FLT3-ITD mutation would up regulate PD-L1, 

the Ba/F3 model cell lines transfected with the different FLT3 plasmids as compared to 

the parental W.T Ba/F3 cells were examined by FACS. PD-L1 up regulation was observed 

in both the Ba/F3 cells that have been transfected with plasmids encoding human w.t 

FLT3 and human FLT3-ITD-mutation at similar levels, and higher as compared to the 

Ba/F3 wild type. Besides the FACS results, the immunoblot on Fig6.d portrayed the 

different band signals of FLT3 in the Ba/F3 cells, with the strongest intensity seen for the 

FLT3-ITD-mutant Ba/F3 cells. Here, the wild type Ba/F3 cells showed no distinctive band 

for FLT3, emphasizing the fact that they were not transfected. However, it is difficult to 

identify which FLT3 band could be that of the endogenous mouse FLT3. The FLT3 mAb 

used for probing FLT3 on the W.B, is reactive to FLT3 in both human and mouse species, 

with a non-glycosylated form at 130kD and a glycosylated mature form at about 160kDa 

as stated by the vendors of this mAb.  Nevertheless, FLT3 receptors under physiological 

conditions should not be observed in an already differentiated B lymphocyte, as its 

endogenous role is functional at an earlier lymphoid progenitor lineage.  

Ba/F3 cells are hematopoietic. This implies that they might express FC receptors.  FC  

receptors are binds to the Fc region (or tail) of certain immunoglobulin (Ig) classes and 

subclasses [136]. Therefore, the experiment was performed with and without FC block as 

shown on Fig.6e. On Fig.6.e, although the median fluorescent intensity was reduced for 
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samples treated with FC block, this reduction is negligible, as the isotype control, which 

encompasses unspecific binding by anti-mouse PD-L1 mAb, secondary mAb, and the auto 

fluorescence of the cells(no Ab treatment),  were at an intensely low levels, demonstrating 

a low involvement to the signal from the FC receptors.  

The statistical differences from the biological triplicates in PD-L1 surface expression 

between these Ba/F3 FLT3 variants are significant (P<0.0001) to the wild type Ba/F3 

(Fig6.f). The results of the PD-L1 surface expression on the Ba/F3 with FLT3-ITD 

mutation, is supported by another study where murine leukemic stem cells that have been 

transduced with FLT3-ITD, displayed increase in PD-L1 surface expression [137].  

However, there is no significant (n.s) difference between the Ba/F3 cells carrying the 

different FLT3 transfects. Summarily, transfecting FLT3 or FLT3-ITD genotypes into the 

model cell line Ba/F3 cells, leads to a phenotypic up regulation of PD-L1.  

2. Wild type FLT3 activity in Ba/F3 cells and its role on PD-L1 

expression.  
The FACS results from the previous study of PD-L1 surface expression on the Ba/F3 cells 

indicated that the w.t FLT3 could be abnormally active. This is assessed from the PD-L1 

levels for the Ba/F3 cells with the human w.t FLT3, as compared to the W.T Ba/F3 cells. 

This means that the plasmid or something else in the culture could have been amplifying 

the human w.t FLT3 activity, for it to cause an increase in PD-L1 levels, that is relatively 

similar to that of the FLT3-ITD mutant Ba/F3 cells.  It could be that the growth promoting 

serum in the medium in which these cells are being cultured is causing this behavior of 

the human w.t FLT3. The fetal bovine serum (FBS), a supplement of RPMI culture medium, 

contains growth factors that are vital for the preservation and growth of the cultured cells, 

could interfere with the molecular activity of FLT3 [138], [139]. Some of the components 

of FBS are amino acids, lipids, and hormones. One of such hormones is the epidermal 

growth factor in the culture medium [140]. These factors can potentially interfere with 

experimental results. Alternatively, high levels of w.t FLT3 expressed on the cells, could 

lead to an increase of FLT3 dimerization. With an increase in FLT3 dimerization, it 

increases FLT3 activity that is similar to that of the FLT3-ITD mutation. This is 

reminiscent of other cancer types, where the cancer stems from an overexpression of 

growth factor receptors, e.g. estrogen receptor-positive (E.R positive) breast cancer. In  

E.R positive breast cancer, estrogen binds to an abnormally increase number of estrogen 
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receptors on the breast cancer cells, causing an effect of constitutively stimulating 

downstream pathways that promotes their growth [141].  

 IL-3 is a growth stimulating cytokine that is added to the serum medium in which the 

Ba/F3 cells are cultured. Interestingly, some of the downstream signaling pathways of IL-

3 such as STATs, MAPK and Akt are also the downstream pathways of FLT3 [142]. This 

may be the reason why FLT3-ITD Ba/F3 cells can grow without IL-3.   

In an attempt to explore if the w.t FLT3 is abnormally active through activating 

downstream pathways and PD-L1, the Ba/F3 cells were starved from IL-3 for four hours. 

That way, the assessment would be independent of by IL-3 signaling. Western blot was 

used to evaluate some of the downstream signaling pathways of  IL-3 and simultaneously 

FLT3. As shown on fig.7, all phosphorylated proteins, which imply protein activities, were 

affected by the IL-3 starvation. Band signals reduced dramatically for P-STAT5, P-Akt and 

P-MAPK after IL-3 starvation in all the different Ba/F3 cells. This is expected as these 

pathways are stimulated by IL-3 to promote growth. Probing for PD-L1 levels in this 

experiment had difficulties because the antibody seems to bind unspecific proteins on the 

blot. Making it difficult to specifically identify PD-L1 band signals. Due to this, it was not 

included in the analysis on fig.7.  

In the IL-3 conditioned medium, the P-Akt for Ba/F3 W.T, and for the w.t FLT3 were at 

lower levels as compared to the FLT3-ITD mutant Ba/F3 cells. This might mean that the 

FLT3-ITD, differentially stimulates Akt by enhancing its activity through its 

phosphorylation. Nevertheless, upon IL-3 starvation, the P-Akt signals although reduced, 

it’s still higher for the FLT3-ITD mutants as compared to the other Ba/F3 types. Meaning 

that the P-Akt signal on the IL-3 starved Ba/F3 FLT3-ITD mutant cells are might be 

dependent on the FLT3-ITD mutation.   

On the IL-3 starved FLT3-ITD-mutant Ba/F3 cells, the immunoblot shows an increased 

signal intensity of FLT3 (fig.7).  It could be probable that the cells are relying solely on its 

oncogenic activity for survival, which seems to have been increased upon IL-3 starvation. 

Although, there is a general decrease in band signals upon IL-3 starvation, it still shows 

more activity in the w.t FLT3 than in the non-transfected Ba/F3 cells.  

Nevertheless, these results need to be confirmed with three different biological replicates. 
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3. FLT3 inhibition on Ba/F3 cells with AC220 for the evaluation levels 

of PD-L1 mRNA levels.  
Given that detection of PD-L1 expression by W.B was not possible, we needed another 

route to evaluate the levels of PD-L1. The method selected was to completely inhibit FLT3, 

and then examine levels of PD-L1. To do this first we had to find the optimal concentration 

and optimal incubation time with the AC220 drug for the inhibition of FLT3. Here, Ba/F3 

cells that were cultured in IL-3 starved medium where used for this purpose. That way, 

the influence of the inhibition could be observed without it being compromised by IL-3.  

As predictable, (Fig.8), P-STAT5, P-Akt and P-MAPK showed lower signals for both 25nM 

and 50nM AC220 treatment, as compared to the DMSO control treatment. We concluded 

that with 50nM AC220 drug treatment, within a 2-hour incubation time, FLT3 could be 

inhibited, as proven from its impact on its downstream pathways.  

Though this experiment was done once, the findings here are similar to another study 

where upon the knockdown of FLT3 in Ba/F3 FLT3-ITD, P-STAT5, P-Akt and P-MAPK 

band signal significantly decreased [143]. The PD-L1 detection in the immunoblot had    

technical difficulties as well. Repetition is required to confirm these observations.  

The experiment was repeated using a concentration of 50nM AC220 and incubation time 

of 2 hours for all the Ba/F3 types, including FLT3-ITD mutants both cultured in serum 

medium with and without IL-3.  As seen from the band signals of P-STAT5, a direct 

downstream effect of FLT3 and P-MAPK (Fig.9) reduced significantly for the Ba/F3 FLT3-

ITD in – IL-3. Conversely, for the W.T and w.t FLT3 Ba/F3 cells, the drug treatment seems 

to have a lesser effect as compared to their DMSO control and the BA/F3 FLT3-ITD -IL-3. 

P-Akt band signals in the DMSO treatment for the Ba/F3 W.T and w.t FLT3 seems to be 

expressed at low levels. This is probably due to the fact that these cells, lack the FLT3-ITD 

stimulation on Akt, which seems to have been amplified in the Ba/F3 cells with FLT3-ITD 

mutation. Based on the effects of FLT3 inhibition from these data, the activation of FLT3 

and FLT3-ITD results in activation of downstream signaling pathways that propagate cell 

survival. Consequently, inhibition of FLT3 could potentially promote apoptotic responses 

through the inactivation of such signaling pathways. 

Apart from the Ba/F3 FLT3-ITD cultured in IL-3 starved conditions, the effects of FLT3 

inhibition less pronounced as compared to the other Ba/F3 cells, cultured in IL-3 medium. 
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We see this in the presence of signal bands for P-STAT5, P-Akt and P-MAPK with 50nM 

AC220 treatment for the cells grown in IL-3 (fig.9). This might be because the signals we 

are seeing could have been compromised from the downstream effects of IL-3. Regardless, 

these cells require IL-3 for their growth and viability. Thus, this poses a technical difficulty 

as it is impossible to study the influence of FLT3 in dead cells. One can argue that the FLT3 

inhibition for Ba/F3 W.T could not be evident due to their potential lack of FLT3 

expression (fig.6d). This is also emphasized by the fact that between the DMSO treatment 

and the 50nM AC220 treatment, the phosphor states of these pathways are relatively the 

same to their total proteins for the W.T Ba/F3 cells (fig.9).  

The W.B experiment on fig.9 was included in order to observe the inhibition of FLT3 in 

the other variants of the Ba/F3 cells. Simultaneously, the cells were used for analysis by 

qPCR in an effort to evaluate mRNA levels of PD-L1. The qPCR standards result, used to 

evaluate how well the PD-L1 and the NONO (housekeeping gene) primers worked, 

showed that the PD-L1 primers were not optimal (appendix 4). The standard curves 

assess the presence of the genes in the sample and lastly how efficient the PCR worked. 

For the PD-L1 primers, there were outliers on the standard curve. This was not observed 

for the housekeeping genes (NONO primers) as all the points lie on the curve. One 

limitation with this experiment is that the concentrations for the serial dilution should 

have occupied a wide range of standards points. That way, we have a better possibility to 

extrapolate varying concentrations of DNA from experimental samples.   

The melt curve is an indication of the temperature at which 50% of the DNA is denatured 

as well as a single PCR product by the primers (no unspecific amplification). The efficiency 

of the NONO primers is also emphasized by the melt curve, as it had a single peak. 

Conversely, these were not the case for the PD-L1 primers (appendix 4). The melting 

curve showed two peaks for the PD-L1 primers. Meaning there is an unspecific 

amplification of an unknown PCR product by the PD-L1 primers. This renders the 

evaluation of the PD-L1 mRNA levels inconclusive in the Ba/F3 cells. Together, the FLT3 

inhibition has to be repeated in optimal conditions, so as to evaluate a downstream effect 

on all the Ba/F3 cell types. In addition, a new set of murine PD-L1 primers are required 

and last but not least a standard curve that spans a wide range of concentration. With all 

things working and with more than 3 biological triplicates, only then can the levels of PD-
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L1 due to FLT3 or FLT3-ITD mutation be evaluated. Hence, the qPCR experiment requires 

optimization.  

Due to the fact that the Ba/F3 cells are of the lymphoid lineage, the analysis from these 

cell lines might not be directly translatable to myeloid AMLs. Secondly, the transfected 

FLT3 and FLT3-ITD genes were isolated from human cells. Ba/F3 cells are murine cell 

lines. And so, the transfected human FLT3 forms should be examined critically as their 

activities could be due to its expression in a foreign system. Thirdly, the mechanism for 

immune evasion in myeloid cells might not necessarily be the same as in lymphoid cells.  

And so, these should be evaluated carefully. Nonetheless, the Ba/F3 model cell line gave 

an approximation for the study. Hypothetically, the best model cell line to use could be 

from a myeloid lineage. That way, their direct mechanism of immune escape through the 

regulation of PD-L1 expression can be directly translatable.  

4. Drug inhibition response by MV4-11 and RS4-11. 
The cell viability experiment was done in order to prepare the use of non-lethal drug 

concentrations around the EC50 value. In this manner, the inhibited pathways response 

to the drugs could be examined. And concentrations that do not kill the cells could be used 

to evaluate the molecular mechanisms by which the FLT3-ITD mutation could up regulate 

PD-L1, as shown from the Ba/F3 transfected cells. Then for those pathways that might 

give a response that is dependent on the FLT3-ITD mutation, with non-lethal doses could 

be applicable in the quest for finding its influence on PD-L1 expression.  

The drug treatments targeting STAT3, HIF-1a, HSP90, PI3K, and BRD4 showed similar 

responses between the MV4-11 and RS4-11 cells. The STAT3 inhibition drug treatment 

had an EC50 value of 4.0µM (for the MV4-11), this is similar to the dose response 

inhibition in a publication  [144], where they looked at four different types of AMLs and 

they reported that the STAT3 inhibition led to apoptosis of the cells. The HIF-1a drug 

response was not evident for both cell lines and requires a repetition with higher dose. In 

the HSP90 drug response, both MV4-11 and RS4-11 had relatively similar response, yet 

the EC50 values indicated a stronger response in the MV4-11 (30nM) than in the RS4-11 

(Table 11). This means that the MV4-11 cells are more sensitive to HSP90 inhibition, than 

in RS4-11 cells, supported by the finding in this publication [145], where they reported 

that FLT3-ITD mutation carrying cells are more sensitive to HSP90 inhibition.  The drug 
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response to PI3K inhibition seems to be more cytotoxic to the RS4-11 than the MV4-11, 

as indicated by their EC50 values, which is 30nM and 130nM respectively. This supports 

other works, where ALLs, including RS4-11 are very sensitive to PI3K/mTOR inhibition 

at low doses [146].  

On the other hand, the MV4-11 and the RS4-11 cells have different responses to drugs 

inhibiting FLT3, MEK and Erk. As shown on table with the EC50 concentrations (Table 

11), Erk drug inhibition treatment had the highest EC50 concentration on RS4-11. The 

RS4-11 did not have EC50 values for both MEK and FLT3. As for FLT3 inhibition (with a 

1.5nM concentration), the response by the MV4-11 cell line is expected, as it is positive 

for the FLT3-ITD-mutation. The MV4-11 gave a response to the drugs mainly targeting 

the mitogen-activated protein kinase, especially in the MEK. This is not the case for RS4-

11 as it had no response to both MEK and Erk inhibition.  This means that the MV4-11 

carrying the FLT3-ITD mutation might rely on its constitutive activation of mitogen-

activated protein kinase pathway for its viability. A publication that supports this finding  

indicated that MV4-11 and other types of AMLs showed apoptotic response to MEK and 

ERK inhibitors [147]. Furthermore, preliminary data support the role of  MAPK pathway 

to be the pathway stimulated by other forms of oncogenes in AMLs and leukemia 

promoting therapeutic resistance [148], [149], [150]. Additionally, MEK inhibition has 

been shown to down regulate PD-L1 in the primary human pancreatic ductal 

adenocarcinoma cell line UM2 [129].   This gives an indication that targeting the MAPK 

pathway in FLT3-ITD mutant AML could be beneficiary for therapeutic purposes.  

5. PD-L1 surface expression on MV4-11.  
Before the dose response of both MV4-11 and RS4-11 can be further exploited for the 

study of PD-L1 regulation, there was a need to first establish the differences in PD-L1 

expression by both cell lines. The immunoblot on fig.11, depicted less to no differences 

between these cell lines in protein band signals. Plus, the PD-L1 bands appeared at a 

higher molecular weight than expected (~70kDa, instead of ~40-50kDa). This is unusual 

as the Cell signaling mAb has been used and validated in several publications, including 

[151], [152].  

Since the PD-L1 band signals for MV4-11 and RS4-11 appeared at a higher molecular 

weight than expected, it required validation. That way it could be easy to question if those 



80 

 

bands, appearing at a higher molecular weight are actually PD-L1. This is the reason why 

as shown on fig.12, the H1975 was included. In fig.12, H1975 PD-L1 bands migrated 

within the gel as expected, in terms of molecular weights. In here, the PD-L1 band signals 

are dramatically stronger for the H1975. This is expected as the H1975 cell lines are 

positive for high levels of PD-L1. Based on the fact that the Cell signaling PD-L1 mAb used 

here has been validated as earlier stated, it could mean that for the leukemic cell lines, 

their PD-L1 binds to something that retard its migration during gel electrophoresis. 

However, there is an unspecific band signal on the H1975 cell line (~100kDa), that seems 

to be at the same molecular weight as that of the leukemic cell lines (fig.12). These bands 

within the H1975 and the leukemic cells could be located at this molecular weight due to 

PD-L1 glycosylation of PD-L1. Protein glycosylation have been proven to retard protein 

migration in gels for Western blots [153]. Moreover, it has been reported that PD-L1 is 

glycosylated in cancer cells [124], which leads to the  suppression of T-cell activity. Thus, 

to actually affirm that there are higher levels of glycosylation of PD-L1 in the leukemic cell 

lines, their cell lysates have to be treated with glycosidase, an enzyme that removes the 

entire N-glycan structures from protein post-translational modifications. Most 

importantly, to also make sure that what is being accessed as PD-L1 bands, entails a knock 

down of PD-L1, as compared to its scramble control.  

The immunoblots for PD-L1 levels in MV4-11 and RS4.11 were inconclusive (fig.11). Thus, 

to evaluate the levels of PD-L1, FACS was used to observe its surface expression. First, the 

Abcam PD-L1 mAb had to be controlled for its recognition and binding to PD-L1. This is 

the reason why the H1975 and K562 cell lines were selected for the experimentation. As 

demonstrated on fig.13e, H1975 expresses high levels of PD-L1 as compared to K562, 

using the Abcam mAb PD-L1. Thus, confirming that this antibody recognizes and binds to 

surface PD-L1 with great avidity. Therefore, this mAb would be suitable to evaluate PD-

L1 levels in MV4-11. A limitation with this control experiment is that to be certain that the 

mAb binds to and recognizes PD-L1; there is a need for a knock down of PD-L1 and 

comparing it to its corresponding scramble control between these cells. 

As earlier stated, MV4-11 is a hematopoietic cell line. Meaning that the chances for it to 

express FC receptors are high and FC receptors are addicted to IgG mAbs (fig.6g). 

Therefore, after controlling that the FC receptors on the MV4-11 are not interfering with 

the Abcam PD-L1 mAb, the results on fig.14 indicated a dramatic decrease in AF488 
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median intensity (2nd Ab) upon addition of FC block for the Isotype control, and the Abcam 

PD-L1 mAb (fig14: b-c). With the addition of the FC block treatment for the Abcam PD-L1 

mAb treatment, it demonstrated a truer level of PD-L1 surface expression. The PD-L1 level 

with FC block is significantly similar to that of the Isotype control with FC block, as shown 

on fig.14b on the histogram plot. Also, without FC blocking, the levels of the Isotype 

control and the Abcam PD-L1 mAb were relatively similar. This means that the FC 

receptors on the MV4-11 interfered with the Abcam PD-L1 mAb binding, giving a false 

positive signal of PD-L1 without FC block (fig.14d). Thus, the hypothesis that FLT3-ITD 

mutation in the MV4-11 might up regulate PD-L1 surface expression is rejected. It is 

important to note that this might not necessarily be the case for FLT3-ITD AML patient 

primary cells, as demonstrated by a study where patient carriers of FLT3-ITD mutated 

cells had higher percentage of PD-L1 surface expression measured by FACS [154]. 
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Conclusion 
Another treatment option for the poor prognostic AMLs, could be immunotherapy. PD-L1 

which has immunosuppressive roles, was characterized by studying how it is regulated 

by the FLT3-ITD oncogene in both murine and human cell lines. Firstly, the analysis 

revealed that within the isogenic mouse model cell lines, FLT3, and FLT3-ITD up regulates 

PD-L1. There is still the need to clearly establish the function of the human w.t FLT3 in 

the Ba/F3 in order to examine its effects on PD-L1 expression. The up regulation of PD-

L1 by FLT3-ITD in the Ba/F3 cells supported the study of PD-L1 levels in MV4-11. This 

result inspired the study of FLT3-ITD in human cell lines, however the levels of PD-L1 by 

western blot and FACS on MV4-11 were undetectable. The proliferative role of MAPK 

signaling pathways stimulated by FLT3-ITD is consistent with reports in the literature. 

With this study, PD-L1 surface expression was shown to be increased in murine mouse 

models due to FLT3-ITD but not in the human cell line in MV4-11. More research in human 

myeloid cell lines is needed to understand the molecular biology of AMLs, as their 

complexity is different than mice lymphoid models.  
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Future perspectives 
Undoubtedly, the characterization of PD-L1 in the Ba/F3 cells is an approximation to draw 

conclusions from. Notwithstanding, when the w.t FLT3 and FLT3-ITD Ba/F3 mutants are 

compared to the W.T Ba/F3, there is an increase in PD-L1. Hence, there is a need to clearly 

establish the function of the human w.t FLT3 in the Ba/F3 in order to examine its effects 

on PD-L1 expression. One of such ways could be to starve the Ba/F3 with the w.t FLT3 

cells from IL-3 for longer term, to see if they can survive without IL-3.  With regards to the 

qPCR experiment, design new primers for PD-L1 and increase the concentration range for 

the standard curve.  

The high molecular weights of PD-L1 observed for the leukemic cell lines can be studied 

by including glycosidase into the protein lysates for western blot. But first, the PD-L1 band 

signals have to be validated by knockdown of PD-L1 within the leukemic and the H1975 

cell lines to affirm the presence of PD-L1.   

The MAPK signaling pathway seems to resonate throughout the experiments in this 

project. In the Ba/F3 experiments, it showed functional influences both from IL-3 

starvation and FLT3 inhibition. Further still, in the drug dose response experiment with 

MV4-11 and RS4-11, it had a distinctive response as compared to the other inhibition 

targets. This implies that it could be a very important therapeutic target for FLT3-ITD 

mutations, something that is already exploited for combination therapy.  

As demonstrated from the FACS results, looking at PD-L1 levels on MV4-11 surfaces, 

which is basically no expression, could be insignificant for immunotherapeutic purposes. 

Yet, several reports state that in certain microenvironments, such as those rich in 

cytokines, e.g. IFN-γ/β in melanomas [155], tumor necrosis factor-alfa (TNF-α) in breast 

cancer [156] propagate the up regulation of PD-L1. So, this should be considered in the 

study of PD-L1 in AMLs with regards to FLT3-ITD mutation. After which the knowledge 

gotten from the above could be studied on patient primary cells expressing FLT3-ITD 

mutation for immunotherapeutic options.  

As earlier stated, the protein half-life of PD-L1 remains to be ascertained. Therefore, 

another dimension of checking the levels of PD-L1 due to FLT3-ITD could be at the 

epigenetic or transcriptional levels. Besides, transcription factors such as AP-1 that 
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promotes the expression of PD-L1 in Hodgkin lymphomas by binding to its enhancer 

region [157], and HIF-1a that binds to the proximal promoter of PD-L1 in myeloid derived 

suppressor cells [94], highlights the need for examining the molecular dynamics by which 

PD-L1 is up regulated through transcriptomic strategies.   

Other co-stimulatory  immune surface proteins that could be explored other than PD-L1 

is CD80/86  (members of the B7 family [158], [159]), that interact with both CD28 and 

CTLA-4 on the T cell [160], and their relationship with regards to the FLT3-ITD oncogene 

could be studied for CAR-T therapy.  
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Appendix 

1. Antibodies Used  
Number Antibody Cat.NO/Ref Company Molecular 

weight 
Technique  
Used in 

Description 

1.  
 

β-actin ab8227 Abcam 37 – 
50kDa 

Western 
Blot (W.B) 

- Rabbit mAB ,  
Human reactive only.  
Diluting ratio 1:1000 

2.  PD-L1 XP(R) 13684S Cell signaling 
technology 

40 – 
50kDa 

W.B - Rabbit mAB ,  
Human reactive only.  
Diluting ratio 1:1000  

3.  FLT3 3462S Cell signaling 
technology 

140 – 
200kDa 

W.B - 1:1000 
- Reacts to Human 

and  Mouse 
 

4.  Alexa flour 488 Ab150077 
 

Abcam - Flow 
Cytometry 
(FACS) 

- Goat polyclonal 
Secondary 
Antibody to 
Rabbit IgG - 
Hand L (Alexa 
Fluor® 488). 

- 1:2000 FACS 
5.  PD-L1 ab205921 

 
Abcam - F.C - Anti-PD-L1 

antibody [28-8] 
(ab205921) 

- 1:500 FACS.  
6.  Mouse IgG2b, 

kappa isotype 
400375 Biolegend   - Mouse 

monoclonal 
IgG2b kappa 
Isotype Control.  

7.  PD-L1   14-5982-82 eBioscience™  ~40kDa F.C /W.B - Rat Monoclonal 
Antibody 
(MIH5), 

- 5µl:1000µl FACS 
- Reacts to mouse 

8.  Rabbit IgG, 
monoclonal 
[EPR25A]  

ab172730 Abcam  F.C -  Isotype Control 
PD-L1 mAb 
Abcam.  

- 1:500 FACS. 
9.  Dylight649-

donkey-anti-rat  
JAC-712-495-
153 

Jackson  F.C - 2ND Ab for PD-L1  
- 1:2000 FACS. 

10.  STAT5 SC-835 Santa Cruz ~90kDa W.B - 1:1000 
- Reacts to Human, 

Mouse and  Rat 
epitopes.  

11.  P-STAT5 (Tyr694) # MA5-14973 Invitrogen ~90kDa W.B - Reacts to 
Human, Mouse,  

- 1:500  
12.  MAPK (Erk1/2) 137F5/4695T Cell Signaling 42-44kDa W.B - 1:1000  

- Reacts both to 
human and 
mouse etc 

13.  P-Akt (Ser473) 193H12 Cell Signaling 60kDa W.B  - 1:1000 
- Reacts bothe to 

Human and 
mouse 
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14.  Akt (pan) (C67E7) Cell Signaling 60kDa W.B - 1:1000 
- Reacts to both 

human and 
mouse.  

15.  Phospho-p44/42 
MAPK (Erk1/2) 
(Thr202/Tyr204)  
 

9101L Cell Signaling 42-44kDa W.B - 1:1000 
- Reacts to both 

human and 
mouse. 

 

2. Gating’s for PD-L1 surface expression on Ba/F3 cells (FLT3-ITD only, One 

Biological repeat).  
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3. PD-L1 expression of the different IL-3 condition medium on the different 

Ba/F3 cells.  
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4. Quizartinib (AC220) treatment on Ba/F3 cells to evaluate PD-L1 

mRNA levels. qPCR standard curves and melt curves for both 

NONO and  PD-L1 primers. 
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5. Abcam PD-L1 mAb validation with H1975 and  K562 (H1975 only). 
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6. MV4-11 PD-L1 Surface expression (1 biological repeat) 
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7. EC50 derivation  
 

  

Pathway 

inhibited 

MV4-11 RS4-11 

 
Average log 

(EC50) 

µM Average log 

(EC50) 

µM 

STAT3 -5,409604 4.0 -5,544269 3 

HSP90 -7,51813 0.03 (30nM) -7,41185 0.04 

(40nM) 

FLT3 -8,85756 0.0015 

(1.5nM) 

- - 

PI3K -6,876276 0.13 

(130nM) 

-7,60451 0.03 

(30nM) 

BRD4 -6,245955 0.6 -6,058449 0.9 

Erk -5,622644 2.5 -4,896533 12.3 

Mek -7,052283 0.09 (90nM) - - 

HIF-1a - - - - 

 

 

 

 

 

 


	Acknowledgements
	Abstract
	Abbreviations
	Table of contents
	Introduction
	Cancer - Leukemia
	FLT3 and FLT3-ITD mutation
	Therapeutic approaches for AML
	Therapeutic resistance by FLT3-ITD mutation
	The immune system
	Cancer immunotherapy
	FLT3 and PD-L1







	Aims of the study.
	Materials and Methods
	Materials
	1. Software
	Cell lines
	Cell culture materials
	Materials for Flow cytometry
	Materials for Western Blot
	Materials for CellTiter-Glo (Cell Viability)
	Materials for qPCR







	Methods
	Cell culturing
	EDTA Treatment for H1975 Cell line.
	Cell counting
	Cell culturing with drug treatment



	Flow cytometry
	Standard Operation Protocol:
	Fixing
	Protocol for Live/dead-staining with Pacific blue.
	Fixing Protocol
	Blocking
	Addition of primary monoclonal antibody (mAb)
	Addition of secondary mAb
	Transfer of cells via Nylon mesh
	Analysis with FlowJo software.








	Western Blot
	Standard Operation Protocol:
	Protein extraction
	Gel electrophoresis
	Blotting
	Blocking
	Signal detection






	Cell viability assay with CellTiter-Glo® 2.0 Assay for EC50.
	Standard Operation Protocol:
	Drug concentrations and dilution calculation
	Addition of MV4-11 and  RS4-11 Cells
	Addition of CellTiter-Glo reagent
	Data Processing
	Drugs used for the cell viability experiment.






	Real-Time quantitative Polymerase Chain Reaction (qPCR)
	2. Standard Operation Protocol:
	RNA isolation
	Complementary DNA (cDNA) production using iScript™ cDNA Synthesis Kit (Reverse transcription)
	PCR amplification and detection
	qPCR for standard curves





	Statistical Analysis
	Student’s T-test

	Results
	1A. The induction of PD-L1 surface expression on the model cell line a Ba/F3 cells by FLT3 and FLT3-ITD.
	1B. Human wild type FLT3 activity in the transfected Ba/F3 cells.
	1C. Optimal concentration and incubation time for inhibiting FLT3 on Ba/F3 FLT3-ITD cells (- IL-3).
	1D. Quizartinib (AC220) treatment on Ba/F3 cells to evaluate PD-L1 mRNA levels.
	2. PD-L1 in the human cell lines MV4-11 and RS4-11 AMLs.
	2A. Screening of pathways influenced by the FLT3-ITD mutation in human AMLs.
	2B. PD-L1 expression in MV4-11 as compared to RS4-11.
	2C. Comparing PD-L1 expression in the leukemic cell lines MV4-11 and  RS4-11 to H1975 cell line.
	2D. Abcam PD-L1 mAb validation with H1975 and K562.
	2E. PD-L1 Surface expression on MV4-11.
	Discussion
	1. PD-L1 levels caused by FLT3-ITD mutation on Ba/F3 cells.
	2. Wild type FLT3 activity in Ba/F3 cells and its role on PD-L1 expression.
	3. FLT3 inhibition on Ba/F3 cells with AC220 for the evaluation levels of PD-L1 mRNA levels.
	4. Drug inhibition response by MV4-11 and RS4-11.
	5. PD-L1 surface expression on MV4-11.
	Conclusion
	Future perspectives
	Bibliography
	Appendix
	1. Antibodies Used
	2. Gating’s for PD-L1 surface expression on Ba/F3 cells (FLT3-ITD only, One Biological repeat).
	3. PD-L1 expression of the different IL-3 condition medium on the different Ba/F3 cells.
	4. Quizartinib (AC220) treatment on Ba/F3 cells to evaluate PD-L1 mRNA levels. qPCR standard curves and melt curves for both NONO and  PD-L1 primers.
	5. Abcam PD-L1 mAb validation with H1975 and  K562 (H1975 only).
	6. MV4-11 PD-L1 Surface expression (1 biological repeat)





	7. EC50 derivation

