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ABSTRACT 
 

Evaluating the regulation of signaling pathways downstream of CD44 
antibody treatment in AML 

Arwa Alghuneim 
 

Acute myeloid leukemia (AML) is a subset of leukemia that is characterized by the clonal 

expansion of cytogenetically and molecularly abnormal myeloid blasts. These blasts are 

highly proliferative accumulating in bone marrow and blood which leads to severe infections, 

anemia, and bone marrow failure. The poor prognosis of AML patients caused by the low 

tolerance to intensive chemotherapy has encouraged the pursuit of alternative therapeutic 

approaches. Differentiation therapy which involves the use of agents that can release the 

differentiation block in these leukemic blasts has emerged as a promising therapeutic 

approach. The use of All-trans retinoic acid (ATRA) represents a successful example of such 

an approach, nonetheless its efficacy is restricted to one subtype of AML. Efforts have been 

focused on finding differentiation agents which are effective for the other more common 

AML subtypes. Anti-CD44 targeted antibodies that activate the CD44 cell surface antigen are 

a promising candidate. Previous studies have shown that anti-CD44 treatment has been able 

to release the differentiation block in AML1 through AML5 subtypes. The exact mechanism 

by which anti-CD44 treatment is able to induce its effects has not been fully elucidated. 

Recent studies highlight the role that epigenetic mechanisms play during haematopoiesis and 

leukemogenesis and therefore, in this work we investigated the epigenetic mechanisms 

associated with anti-CD44 induced differentiation. Using AML cell lines from different 

subtypes, we demonstrated that anti-CD44-induced differentiation results in an extensive 

change of histone modification levels. We found that inhibiting enzymes responsible for the 

H3K9ac, H3K4me, H3K9me, and H3K27me modifications, attenuated the anti-proliferative 

and differentiation promoting effects of antic-CD44 treatment. Taken together, these data 
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highlight the promising potential of using anti-CD44 as a therapeutic agent across multiple 

subtypes in AML. 
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CHAPTER 1: INTRODUCTION 
 
Acute myeloid leukemia (AML) is a subset of leukemia that is characterized by the clonal 

expansion of cytogenetically and molecularly abnormal myeloid blasts. These blasts are 

stalled at different stages of haematopoiesis and display an enhanced ability for 

proliferation.1, 2 The malignant myeloid blasts accumulate within the bone marrow and 

peripheral blood. leading to severe infections, anemia, and bone marrow failure.1, 3 Morbidity 

of the disease is caused by the replacement of normal functional red blood cells, platelets, or 

white blood cells, with the leukemic cells. The leukemic cells can also metastasize to other 

locations in the body like the central nervous system and skin.4  

There are four common types of leukemia in adults which are categorized based on the 

maturity of the present cancer cells and whether it starts in lymphoid or myeloid lineage. The 

types are: AML, chronic myeloid leukemia (CML), acute lymphocytic leukemia (ALL), and 

chronic lymphocytic leukemia (CLL). Of these types, AML is the predominant acute 

leukemia among adults.1 In 2015, AML affected about one million people around the world.5 

The reported relapse and mortality rates are high, with more than 70% of patients 

succumbing to the disease or the highly toxic treatment regimens over a median of around 

one year.2, 6 Little improvement in long term survival rates has been achieved over past years, 

and given the highly fatal nature of AML especially in older patients alternative therapies are 

subjects of major interest.6 

Incidence of AML has been associated with several risk factors. Age seems to be the most 

relevant factor as it is common in individuals over the age of 60.2 Other risk factors include 

exposure to cytotoxic therapy and the existence of an underlying hematological disorder. The 

majority of AML cases arise as de novo malignancies or due to underlying hematological 
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disorders over a short period of time.2 Nonetheless, a rise in the number of cases seen in 

recent years is caused by the increased incidence of therapy-related AML.1  

Two systems have been used to classify AML patients. First was the French-American-

British (FAB) classification, which stratified patients into eight subtypes (M0 through M7) 

based on cytochemical characteristics of the leukemic cells. Although widely used, the FAB 

system is limited in its usefulness since it doesn’t take into account more inherent factors of 

the disease such as genetic information, which affects the progression and treatment of the 

disease. As a result, The World Health Organization (WHO) system was created in an 

attempt to incorporate genetic, morphologic, immunophenotypic, and clinical data. The 

categories of WHO include six major types: AML with recurrent genetic abnormalities; AML 

with myelodysplasia-related features; therapy-related AML; AML not otherwise specified; 

myeloid sarcoma (also known as granulocytic sarcoma or chloroma); and myeloid 

proliferation related to Down syndrome. 

 

1.1 Molecular pathogenesis 
 
Although the process of leukemogenesis is still incompletely understood, current consensus 

suggests a two-hit model for the development of AML, where mutations must both affect 

proliferation pathways and halt differentiation.1, 2, 7 Class I mutations that activate 

proliferation pathways, such as RAS-MAPK and PI3K, cooperate with class II mutations that 

alter transcription factors regulating the process of hematopoietic differentiation, such as 

NPM1 and CEBP.2 Emerging evidence suggests the inclusion of mutations affecting 

epigenetic regulators as a third class, because they result in downstream responses affecting 

both proliferation and differentiation processes. Not all mutations identified in AML cells fit 

these classes strictly, nonetheless, they synergistically produce similar effects.1  
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Haemopoietic stem cells (HSCs) are a multipotent and rare cell populations residing in the 

bone marrow that gives rise to the circulating blood and immune cells. Hematopoiesis is the 

process by which HSCs differentiate into mature blood cells.8 It is a tightly regulated process 

controlled by the different levels and combinations of various transcription factors and 

cytokines.8 In normal hematopoiesis, HSCs replenish blood components by dividing 

asymmetrically maintaining their population while producing progenitors that can give rise to 

various specialized individual lineages of blood components such as granulocytes and 

macrophages [Fig 1]. 

 
Figure 1: Hierarchical model of haematopoiesis. Haematopoietic stem cells (HSCs) maintain the ability of self-renewal and 

multi-lineage differentiation potential throughout life. The differentiation of HSCs generates multipotent progenitors 
(MPPs), which undergo further differentiation to generate all of the functional mature cells of the blood system. Multipotent 

progenitors (MPPs); common lymphoid progenitor (CLP); granulocyte-monocyte progenitor (GMP); NK, natural killer. 
(From Wang et al, Nat Rev Molecular cell biology 2011; 10.1038/nrm3184; Edited). 

The previously mentioned oncogenic mutations from classes I and II acquired by HSCs 

transform HSCs into leukemic stem cells (LSCs).6 These LSCs akin to normal HSCs are rare 
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a generalized model for stem cell regulation. However, 
in certain cases, direct evidence that this model is appli-
cable is still lacking. Nonetheless, it is widely accepted 
that niches exist in most, if not all, tissues, and that they 
provide basic cellular necessities, such as mechani-
cal support, trophic factors and hospitable physical 
and chemical conditions, as well as stem cell-specific 
self-renewal and differentiation cues (FIG. 2).

Several new and elegant techniques and model sys-
tems have been applied to the study of HSC develop-
ment, permitting an improved functional and anatomical 
dissection of HSC interactions with the niche. In par-
ticular, real-time in vivo imaging has enabled the direct 
visual ization of HSCs and their niches, providing key 
insights into the origins, dynamics and physiological 
regulation of the anatomical compartments in which 

Figure 1 | Hierarchical model of haematopoiesis in the adult bone marrow. All haematopoietic cells ultimately 
derive from a small population of haematopoietic stem cells (HSCs), which is separable into at least two subsets:  
long-term reconstituting HSCs (LT-HSCs) and short-term reconstituting HSCs (ST-HSCs). LT-HSCs maintain self-renewal 
and multi-lineage differentiation potential throughout life (represented by the bold arrow). ST-HSCs derive from LT-HSCs 
and, although they maintain multipotency, they exhibit more-limited self-renewal potential. Further differentiation of 
ST-HSCs generates multipotent progenitors (MPPs) and then oligopotent progenitors, which are marked with asterisks. 
Haematopoietic progenitor cells lose their differentiation potential in a stepwise fashion until they eventually generate  
all of the mature cells of the blood system (these are depicted at the bottom of the schematic). Several potentially  
distinct subsets of MPPs have been described, but MPPs are shown here as a condensed population for simplicity. 
Lineage-committed oligopotent progenitors derived from MPPs include the common lymphoid progenitor (CLP), 
common myeloid progenitor (CMP), megakaryocyte-erythrocyte progenitor (MEP) and granulocyte-monocyte progenitor 
(GMP) populations. HSC and progenitor populations can be discriminated by flow cytometry, using antibodies that 
recognize unique combinations of cell surface markers. Some commonly used profiles for identifying these cells are 
shown adjacent to the HSC and progenitor populations. Dotted arrows denote a proposed lineal connection. CD135, also 
known as FLK2 and FLT3; IL-7R, interleukin-7 receptor; lin, lineage markers (which are a combination of markers found on 
mature blood cells but not HSCs or progenitors); NK, natural killer; SCA1, surface cell antigen 1.
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and quiescent.6 Because of these qualities, they are able to contribute to leukemic initiation, 

pathogenesis, therapy resistance, and relapse disease.6 Progenitors from these LSCs are 

stalled at different points of differentiation and are highly proliferative.6 The leukemic 

progenitor cells will undergo further mutations with clonal expansions.6  For this reason, 

AML is characterized as being a karyotypically and molecularly heterogeneous disease.2, 6 

Chromosomal translocations are common in AML, mostly affecting transcription factors or 

regulatory components of transcriptional complexes.1, 2 Analysis of AML patient genomes 

performed by the cancer genome atlas research network (TCGA), has reported an average of 

thirteen coding mutations associated with a single AML case, of which 5 were recurrently 

mutated in the genomes.9, 10 These recurrent mutations are thought to affect disease biology 

and phenotype, therapy response, and relapse incidence. Genes most commonly targeted by 

these mutations include FLT3, NPM1, KIT, TET2, DNMT3A, and others.9, 10 2 Large scale 

comprehensive studies have been performed to analyze the genomic diversity of AML and to 

understand how these various mutations interact to affect disease phenotype and prognosis. 

For example, TP53 mutations which are common in 12% of AMLs, contribute to the 

heterogeneity by causing genomic instability and acquiring new mutations.1   Mutation 

acquisition is believed to happen in a specific order, where the earliest mutations affect 

“landscaping” genes responsible for the regulation of gene expression, such as epigenetic 

regulators and transcription factors.10 For example, mutations affecting the CCAAT/enhancer 

binding protein α gene (CEPBA), which are reported in ~10%. CEPBA protein is an 

important transcription factor that functions during haematopoiesis to promote lineage-

specific myeloid differentiation.11 When CEPBA is mutated its DNA-binding ability was 

decreased affecting the expression of its target genes.11 Mutations affecting “landscaping” 

genes promote clonal outgrowth but are insufficient to initiate leukemia.10 Later on, leukemic 

cells acquire mutations that activate proliferation pathways such as the RAS-MAPK.10 
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Mutations targeting signaling and kinase pathways typically result in the constitutive 

activations of the kinase activity of the protein leading to proliferation and survival of AML 

cells.12 FLT3 mutations are a representative example of such types and are common in ~25% 

of AMLs.3 FLT3 is a member of the of receptor tyrosine kinase (RTKs) family, that is 

dominantly expressed in hematopoietic tissues. FLT3 RTKs promote proliferation and 

survival of hematopoietic progenitors, helping to recruit early hematopoietic progenitors to 

granulocytic and monocytic lineages.12 When the FLT3 gene is mutated, it results in proteins 

which are constitutively activated leading to proliferation and survival of AML cells.12 

 
 
1.2 Management 
 

The management of AML patients first starts with a pretreatment assessment to stratify 

patients into suitable risk categories. The patient’s fitness is determined based on a number of 

factors including age, co-morbidities, cytogenetic profile, and performance status. Patients 

with a favorable risk probability are administered a course of chemotherapy with the goal of 

achieving remission.2 The course is composed of an intensive combination therapy of 

cytarabine and anthracycline.1, 2 These drugs target DNA synthesis processes and produce 

DNA damage.2, 13 1  It has been suggested that targeting drugs to cancer cells using 

monoclonal antibodies improves their efficiency by directing them to specific cell 

populations. Gemtuzumab ozogamicin is a conjugated drug that applies this concept to AML, 

where an antibody against CD33, a cell surface marker on myeloid cells, is conjugated to a 

DNA-cleaving toxin to improve targeting to the CD33 positive leukemic cells. 1 Following 

this, a post-remission consolidation chemotherapy is given to reduce the risk of relapse from 

any residual disease.1  
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Patients with adverse risk, such as elderly patients, or those with poor performance status, or 

comorbidities that affect treatment tolerance and response, are not eligible for chemotherapy 

and have limited effective treatment options available. Currently, a number of novel agents or 

therapies are being used to treat AML patients with varying degrees of efficacy. Examples of 

these include inhibitors of signaling molecules or epigenetic regulators, conjugated 

monoclonal antibodies, differentiation agents, and Chimeric Antigen Receptor (CAR) T-cell 

therapy. Differentiation therapy looks to be one of the promising approaches for AML 

therapy. Especially when considering the LSC model, as such cells are usually resistant to 

most chemotherapies and can cause relapses even after complete remission is achieved. 

 
Differentiation therapy 
 
The underlying principle for differentiation therapy in AML is that the LSCs can be induced 

to differentiate and to cease proliferation acting as an anticancer therapy. The use of 

differentiating agents for therapy presents several advantages over traditional chemotherapy 

as it is less cytotoxic and is not applied at a maximum tolerable dose allowing it to achieve 

high complete remission and cure rates. Research in the 1970s showed that AML cells can be 

stimulated to undergo terminal differentiation.14 All-trans retinoic acid (ATRA) was the first 

successful clinical application of differentiation therapy for acute promyelocytic leukemia 

(APL) resulting in remission in 90% of patients.15 APL patients have at (15;17) translocation 

which fuses the promyelocytic leukemia (PML) gene on chromosome 15 to the retinoic acid 

receptor α (RARA) gene on chromosome 17.15 ATRA molecules will bind to RARA of the 

PML-RARA fusion oncoproteins causing the dislocation of bound co-repressors reactivating 

the silenced differentiation-related genes.16 Subsequently, the therapy protocol was further 

improved to include the addition of chemotherapy and arsenic trioxide (ATO) improving 

long-term remission and survival percentages.16 ATO is another differentiating agent that 
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binds PML of the PML-RARA fusion oncoproteins targeting the oncoprotein for 

degradation.16 Nonetheless, ATRA treatment fails to induce differentiation in non-APL 

AMLs, encouraging the search for agents that are effective for other more frequently-

occurring AML subtypes.14, 16 

 
Anti-CD44 as a differentiation agent 
 
CD44 is a transmembrane glycoprotein that functions as an extracellular matrix receptor.17, 18 

The CD44 protein participate in many cellular processes like proliferation, differentiation, 

migration, survival, and apoptosis.17, 18 CD44 proteins are widely expressed on a variety of 

cell types and have been shown to be strongly expressed on AML cells of differing 

classifications.17 Anti-CD44 monoclonal antibodies (mAbs) treatment has been reported to 

induce differentiation in AML1 to AML5 of the FAB system classification subtypes.17, 19, 20 

Anti-CD44 treatment induced differentiation of APL AML resulting in comparable results to 

that of ATRA treatment.17, 20, 21 CD44 does not have an intrinsic kinase domain, so its 

activities are mediated by interactions with other effector proteins (like receptor protein 

kinases) and secondary messengers. CD44 can facilitate reactions by recruiting the ligand of 

a receptor allowing its binding to its receptor. It can also bind and promote structural changes 

to the receptors or proteins it binds by stimulating dimerization or cleavage of its partners.17 

Through these methods, CD44 activation has been seen to affect various pathways including 

PI3K, fibroblast growth factor (FGF), Rho, and others.17, 19 The interactions of CD44 proteins 

differ from cell type to the other depending on various factors such as the cell type it is 

expressed on and the target it binds. 17, 19 By using anti-CD44 antibodies the activity and 

functions of CD44 proteins can be controlled and used as therapeutic approaches, depending 

on the used epitope. The clone A3D8 targeting CD44 proteins has been observed to have 

differentiation-promoting effects on AML cells.20 It has been theorized that A3D8 mediates 
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its effects by binding to the hyaluronan (HA)-binding domain. Treatment of AML cells with 

A3D8 is correlated with the induction of M-CSF (Macrophage-Colony Stimulating Factor) 

and G-CSF (Granulocyte-Colony Stimulating Factor) and increased expression of the cyclin-

dependent kinase inhibitor p27kip-1, and inhibition of the PI3K/Akt/mTOR pathway.17, 19 In 

PML AML, A3D8 ligation to CD44 leads to degradation of the fusion oncoprotein PML-

RARA.17 Nonetheless, the exact mechanism by which A3D8 anti-CD44 antibodies promote 

differentiation has not been fully understood.17, 19 

 
 
1.3 Epigenetics of AML 
 
Epigenetics refers to the heritable changes in a chromosome that cannot be explained by 

alterations in the DNA sequence.22 Epigenetic effects are mediated by regulating chromatin 

structure through the interplay of epigenetic mechanisms, such as DNA methylation and 

histone tail modifications. These modifications can activate or repress targeted genes.22 

Epigenetic regulation plays an important role during cellular differentiation and 

leukemogenesis.23, 24 This is because epigenetic mechanisms provide an advantage of being 

both stable and reversible.23, 24 During development, epigenetic regulation controls the 

successive order of gene expression to ensure lineage commitment and cell fate 

determination.25 This is observed in the cell-specific patterns of DNA methylation and 

histone modifications when differentiating into different lineages.26 In the first stages of 

haemopoietic differentiation, the common myeloid progenitor (CMP) and the common 

lymphoid progenitor (CLP) show varying epigenetic landscapes that sustain their phenotypes 

and help to give rise to their respective progeny.23 Myeloid commitment of CMPs is 

accompanied by a general loss of methylation, while entry into lymphoid lineage of CLP 

shows a gain of methylation. The regions which are differentially methylated between the 

two progenitors were involved in cell fate determination. For example, the Lck kinase which 
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is a member of the T cell receptor (TCR) pathway was unmethylated in the cells of the CLP 

lineage and hence upregulated in expression. In addition to that, a number of studies have 

shown that the differentiation program of HSCs is impeded when the epigenetic regulation 

processes are affected by mutations.23 Cells with mutations causing a partial loss of DNA 

methyltransferases enzyme 1 (DNMT1) result in skewing of progenitors to generate CMPs 

over CLPs, as silencing of myeloerythroid regulators genes cannot be achieved.23 These 

conclusions are strengthened by the fact that mutations in epigenetic modifiers alone can 

directly confer properties of self-renewal to myeloid blasts.26 For example, mutations 

affecting the DNMT3A enzyme result in overexpression of certain HOX gene cluster 

members which increased HSCs self-renewal. Similarly, mutations in Tet methylcytosine 

dioxygenase 2 (TET2), which is an enzyme involved in the process of DNA demethylation, 

resulted in increased HSCs self-renewal. 23 

The genetics of myeloid malignancies including AML have been well described and yet few 

clinical applications have resulted from these insights. On the other hand, epigenetic 

regulators provide suitable candidates for therapeutic interventions. Over the past decade, 

alterations in the epigenomic landscape of AML cells have been well reported and are now 

being targeted with therapies and used as biomarkers to predict therapeutic responses.1, 2, 24  

DNA methylation is the addition of a methyl (CH3) group to the 5th carbon (5mC) of 

cytosine by DNA methyltransferases enzymes (DNMTs).22 Studies have shown that DNA 

methylation levels fluctuate during HSCs differentiation.23, 24 Initially, differentiation-related 

genes are hypermethylated to ensure the maintenance of their stem-like phenotype. After that, 

during the CMP to granulocyte-macrophage progenitors (GMPs) transition, methylation takes 

place on genes related to self-renewal and pluripotency. In the terminal stages of 

differentiation, myeloid-specific genes are demethylated to allow their expression. On the 

other hand, DNA methylation in AML cells is less regulated. As previously mentioned, 
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mutations in genes of DNA methylators, such DNMT3A and TET2, have been reported in 

preleukemic cells even before the onset of AML, suggesting that these mutations are 

functional components in the process of leukemogenesis.2, 24 Studies have shown that AML 

cells have a CpG island methylator phenotype, which is characterized by the global 

methylation of multiple genes.24 Hypermethylation is detected on differentiation and tumor 

suppressor genes, such as RARβ and p15, respectively.24, 27 Studies have used the 

methylation pattern of this core set of genes to subclassify patients and predict therapy 

outcomes.26 The use of DNA methyltransferase inhibitors (DNMTi) such as azacitidine and 

decitabine has led to improved outcomes even in older patient groups.1 Recent clinical trials 

have shown that combining epigenetic therapies with chemotherapies (cytarabine) appeared 

to have synergistic effects. 1 

DNA of eukaryotic cells is packaged into nucleosomes made of 147 base pairs of DNA 

wrapped around an octamer of core histone proteins which include H2A, H2B, H3 and H4.22 

The amino-terminal tail protruding from the nucleosome is subject to various 

posttranslational modifications. These modifications act as signaling modules that regulate 

chromatin structure. The histones are subject to various post-translational modifications such 

as acetylation of lysine, methylation of lysine and arginine, phosphorylation of 

serine/threonine and tyrosine, and attachment of ubiquitin. The attached modifications can 

directly alter chromatin structure or allow/prevent the binding of effectors “readers” that 

recognize specific modifications.28 The locations and levels of each modification are 

controlled by the actions of “writer” enzymes which transfer the modification group to the 

histone residue and “eraser” enzymes which remove them.28  The chromatin structure of 

AML cells can be affected either directly by mutations in genes that code for epigenetic 

regulators, or indirectly by class I and II mutations that result in epigenetic changes as part of 

their transforming activity.26 For example, mutant JAK2 proteins have been shown to 
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phosphorylate tyrosine on H3 leading to transcriptional silencing.26  The work highlighted in 

this thesis will focus on acetylation and methylation of histone 3 as previous studies have 

shown the pathological effects of their disruption in cancers.29 

A. Histone acetylation 
 
Histone acetylation is correlated with the activation of gene expression. The addition of an 

acetyl group to a lysine residue neutralizes the histone’s basic charge thereby weakening 

DNA packing and producing a relaxed euchromatin state allowing for gene transcription. 

Acetylation levels are controlled by histone acetyltransferases (HATs), that catalyze the 

transfer of an acetyl group from acetyl-CoA lysine residues, while histone deacetylases 

(HDACs) catalyze the opposite reaction. Aberrant epigenetic reprogramming caused by 

altered HAT and HDAC activities are reported in many cancers.30 In AML, chromosomal 

translocations fusing HATs and HDACs to other proteins are common.24, 30 Such 

translocations have been implicated in the pathogenicity and progression of cancer. As a 

consequence, the fusion oncoproteins disrupt normal functions of the protein and lead to 

changes in gene expression patterns.2, 26 During hematopoiesis, transcription factors will 

regulate gene expression patterns by recruiting HATs or HDACs to the promoters of target 

genes that play important roles in cell cycle control and differentiation.26 The characteristic 

fusion of acute promyelocytic leukemia (APL) cells which fuses the PML gene to the RARA 

gene is an example. 24, 26, 30 RARA is an important transcriptional regulator for myeloid 

differentiation.29 In the absence of a RARA ligand, the RARA complex will form a co-

repressor complex with HDAC leading to repression, but when it is ligand-bound, it will 

complex with a  HAT to activate transcription.24, 26, 30 The fused PML–RARA oncoprotein is 

constitutively complexed with HDAC co-repressor leading to silencing of critical 

differentiation-related target genes [Fig 2].24, 26, 30  
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Figure 2:Mechanism of APL pathogenesis. In acute promyelocytic leukemia (APL), the promyelocytic leukemia (PML) 
gene is fused to the retinoic acid receptor-α (RARA) gene, resulting in a fusion oncoprotein. In the absence of a RARA 

ligand, the RARA complex will form a co-repressor complex with HDAC leading to repression, but when it is ligand-bound, 
it will complex with a histone acetyltransferase (HAT) to activate transcription. PML–RARA fusions will be constitutively 
bound with histone deacetylases leading to repression of critical differentiation-related target genes. (From de The et al, Nat 

Rev Cancer 2010;10:775-83; Edited). 

Fusion mutations have been reported to affect the HAT genes themselves, resulting in 

products with preserved acetyltransferase activity but altered interaction with binding 

partners.31 The altered interactions might lead to a change in gene expression profile by the 

aberrant requirement of HATs to promotors of pro-leukemic genes or by sequestering them 

from their targets leading to an imbalance of proliferation and differentiation. 31 

The HATs families are divided into two types (A and B) based on their localization in the cell 

and substrate specificity.32 Type B HATs are found in the cytoplasm and acetylate free 

unbound histones before they are incorporated into chromatin.33 Type A HATs are mostly 

localized inside the nucleus and include five families: p300/CBP; GNAT; MYST; (NCOA-) 

related HAT; and transcription factor-related HAT. Type A HATs target histones and 

transcription factors. 32 The p300/CBP family of proteins, composed of CBP and its 

paralogue P300, are a widely expressed and regulate gene expression in many cell types. 31, 32 

In addition to their acetyltransferase function, they can also act as coactivators for a plethora 

of different transcription factors like p53 and GATA-1.32 31 The p300/CBP acetyltransferase 

are involved in HPSCs generation, maintenance, and function.34 35 Heterozygous mutations 

affecting p300/CBP in mice result in defected haemopoietic differentiation.32 p300/CBP 

family of HATs have been implicated in the pathogenesis of multiple cancers. In AML, the 
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directly couples RA-induced transcriptional activation to  
proteasome-mediated RARα degradation95. This pathway 
is active in primary cells and accounts for RA-induced deg-
radation of RARα and of all APL-associated RARα fusions. 
In fact, such ligand-induced nuclear receptor degradation 
seems to be a post-activation feedback mechanism that 
is observed for all other nuclear receptors. This mecha-
nism requires DNA binding and the ligand-dependent 
transactivating domain95. In contrast to transcriptional 
activation, such RARα proteolysis is best seen with high 
doses of RA, probably reflecting a low-affinity interaction 
between the 26S proteasome subunit SUG1 (also known 
as PSMC5) and the AF2 domain of RARα105 (FIG. 4). 
Both RARα and PML–RARα are degraded through this 
pathway. However, because of persistent transcriptional 
auto-induction of RARA expression, PML–RARα protein 
downregulation is considerably more efficient than that of 
RARα. A third pathway involves formation of autophagic 
vesicles106. Conversely, chemical biology approaches have 
recently identified compounds that greatly stabilize RARα 
and PML–RARα107; it will be of interest to test the effects 
of these agents in vivo.

By contrast, arsenic trioxide degrades PML–RARα by 
targeting its PML moiety and accordingly also degrades 
the normal PML protein. Arsenic trioxide first induces 
the targeting of nucleoplasmic PML or PML–RARα 
into nuclear bodies before its degradation7,94,108–110. Two 
mechanisms cooperate for arsenic trioxide-triggered 
nuclear body reformation. On the one hand, arsenic tri-
oxide induces the formation of reactive oxygen species 
(ROS)111, which trigger the formation of PML intermo-
lecular disulphide crosslinks that induce multimerization, 
targeting to nuclear bodies and allow PML sumoylation 

in trans by ubiquitin-conjugating enzyme 9 (UBC9; also 
known as UBE2I)110. On the other hand, arsenic trioxide 
also directly binds PML cysteines110,112, enhancing UBC9 
binding to the PML RING finger and consequently PML 
sumoylation112 (FIG. 4). Nuclear body formation was origi-
nally proposed to result from intermolecular interactions 
between SUMO-conjugated PML and a SUMO-binding 
domain of PML108,113. Although nuclear body formation is 
indeed altered in UBC9-deficient cells114, PML sumoyla-
tion is actually dispensable for nuclear body formation in 
UBC9-proficient cells40,109,110. PML sumoylation recruits 
RING finger protein 4 (RNF4) onto PML nuclear bodies. 
RNF4 is a SUMO-dependent ubiquitin ligase that poly-
ubiquitylates PML and targets it to the proteasome115,116. 
Despite initial disbelief 109, PML is therefore the first pro-
tein for which a SUMO-initiated ubiquitin-proteasome-
dependent pathway has been implicated in degradation. 
Thus, PML multimerization and arsenic trioxide binding, 
followed by PML hypersumoylation, constitutes the pri-
mary mechanism of arsenic trioxide-induced APL cure. 
These observations also imply that ROS exert some con-
trol over PML nuclear body formation and suggest that 
PML could mediate some of the effects of ROS110.

cAMP sensitizes APL and non-APL cells to RA-induced 
differentiation. It also reverses genetic RA resistance in 
many cell lines31,64,117. cAMP enhances therapy-induced 
PML–RARα degradation and facilitates APL eradication 
in mice and patients31,64. cAMP directly triggers RARα 
phosphorylation on S369, activating a phosphorylation 
cascade that is essential for full RARα transcriptional 
activation70. This cascade explains cAMP sensitization 
of RA-induced APL or non-APL cell differentiation. 
Signalling by cAMP also detaches co-repressors from 
RARα, allowing the normally transcriptionally silent 
RXRα partner of RARα to activate transcription through 
the RA metabolite 9-cis RA. This mechanism allows 
RA-induced differentiation and accounts for the reversal 
by cAMP of RA-resistance that is associated with RARα 
or PML–RARα mutations31,53,118,119.

Figure 3 | PML–RARα functions. The promyelocytic 
leukaemia (PML)–retinoic acid receptor-α (RARα) fusion is a 
multifaceted protein that deregulates differentiation and 
self-renewal of myeloid progenitors and confers resistance 
to apoptosis. DAXX, death domain-associated protein; 
RXRα, retinoid X receptor-α. 

Figure 2 | The classical model of APL pathogenesis. a | Structure of the 
promyelocytic leukaemia (PML) and retinoic acid receptor-α (RARα) proteins, together 
with the PML–RARα fusion. RING (R), B boxes (B) and coiled-coil (CC) domains in PML are 
indicated. The RARα DNA-binding domain (C) and hormone-binding domain (E) are 
shown. A, B, D and F are other regulatory domains. PML–RARα retains the functional 
domains of both proteins, allowing dominant-negative activities on both PML and RARα. 
b | PML–RARα homodimers bind and repress RARα targets through enhanced 
recruitment of co-repressors. Retinoic acid (RA) converts PML–RARα into an activator 
and restores differentiation, yielding clinical remissions. HAT, histone acetyltransferase; 
HDAC, histone deacetylase.
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p300/CBP genes are involved in various chromosomal translocations that contribute to 

leukemogenesis.36 For example, the CBP/MOZ translocation joins CBP to MOZ protein, 

which is another HAT, resulting in a fusion oncoprotein that retains acetyltransferase 

domains from both proteins. The MOZ-CBP fusion oncoprotein can facilitate the constitutive 

recruitment of CBP to MOZ-regulated genes resulting in a deregulated gene expression 

pattern thereby preventing proper differentiation. 36 

The HDAC family of proteins are divided into four classes: class I includes  HDAC 1 to 3 

and 8 (which have nuclear localization); class II consists of HDAC 4 to 7, 9 to 10 (both 

nuclear and cytoplasmic); class III consists of sirtuins (SIRT 1-7); and class IV consists of 

HDAC 11 (which displays features of both class I and II).29 Mutations affecting HDAC genes 

are not common in AML, however they seem to exert their pathogenetic effects when they 

are aberrantly recruited by fusion oncoproteins leading to repression of differentiation genes, 

such as the PML–RARA oncoproteins.30 Knockdowns of various HDACs result in anti-

proliferation and pro-apoptotic effects. 30 Inhibitors of HDAC such as butyrate, trichostatin A 

(TSA), and trapoxin A (TPX), have been used to reverse the transcriptional repression caused 

by fusion oncoproteins. Recent clinical trials studying the efficacy of using HDAC inhibitors 

for AML patients either alone or in combination with chemo or differentiation therapies have 

reported encouraging results showing complete remission in some cases.2, 24 

B. Histone methylation 
 
Histone methylation can have differing effects on gene expression, depending on the number 

and position of the methyl groups. In general methylation of H3K4, H3H36, and H3K79 are 

associated with activation, H3K9, H3K27, and H4K20 are associated with repression.30 

Histone methyltransferases (HMT) catalyze the transfer of methyl groups from S-adenosyl-l-

methionine (SAM) to lysine and arginine residues. Histone lysine demethylases (KDM/LSD) 
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catalyze the methyl removal process. HMTs have been implicated in the pathogenesis of 

AML via several mechanisms, similar to those reported in HATs.24, 26, 30  

The first mechanism is through the mutation in HMT, often caused by chromosomal 

translocations and found in mixed lineage leukemia (MLL or KMT2A) fusions.24, 29 MLL is 

an H3K4 methyltransferase that is predisposed to abnormal gene rearrangements. Studies 

have reported MLL translocations with more than 60 different fusion partners.37 It can affect 

cell cycle progression, proliferation, HOX gene expression, and chromatin structure. These 

effects are either directly mediated by the HMT function or by the interaction with other 

effectors such as transcription factors or HAT/HDAC.24, 27, 38 AML with MLL 

transformations have aberrant H3K79 methylation on target genes crucial for leukemogenic 

transformation leading to their constitutive expression.27, 38 Mutated MLL is also able to 

recruit PRMT1, which is an arginine methyltransferase, leading to similar leukemogenic 

effects.38   

The second mechanism involves loss-of-function mutations such as those affecting enhancer 

of zeste 2 polycomb repressive complex 2 subunit (EZH2).29 EZH2 is an H3K27 

methyltransferase that is an enzymatic member of the polycomb repressor complex (PRC2). 

H3K27 methylation of histones is associated with repression of target genes. The effects of 

EZH2 loss of function mutation are not well elucidated but they are correlated with worse 

overall survival in hematological malignancies.26, 38  

The third mechanism implicates the amplification/silencing of HMTs, which can also 

promote pathogenesis through silencing of critical tumor suppressor genes .29 The G9a and 

G9a-like protein (GLP) complex is a H3K9 methyltransferases that have been connected to 

the processes of differentiation and leukemogenesis.38, 39 40 H3K9me2 is a histone mark that 

is associated with facultative heterochromatin and hence is distributed in characteristic 

patterns for each cell type as functionally un-related genes are silenced.40 It has been shown 
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that inhibition of G9a proteins in LSCs reduced proliferation and cell number in mouse 

models and AML patient samples.39 The malignant effects of G9a/GLP HATs are thought to 

be mediated through their interactions with other transcription factors or chromatin 

regulators.39  The UHRF1 protein, which is an epigenetic regulator that is responsible for 

DNA methylation maintenance and cell cycle control, was found to be repressed by G9a 

activity in AML cells.39 

DNA methylation pattern can also influence histone modifications, which highlights the 

coordination between epigenetic regulatory mechanisms. Methylated DNA sites will attract 

HDACs, H3K9 methylators, and H3K4 demethylase leading to transcriptional silencing.27 24 

Treatment of AML cell lines and patient blasts with DNA methylation inhibitors and HDAC 

inhibitors has resulted in an increase in H3K4me3 marks on cell cycle critical genes.27 

Hereinafter, we focus on the most widely studied H3 modifications: H3K4me, H3K9me, 

H3K27me, and H3K9ac. The effects of these modifications on chromatin regulation have 

been well elucidated in many different cell types and their dysregulation has been linked to 

various aberrations. 

With the high mortality rates and low tolerability of intensive cytotoxic therapy in AML 

patients, there is an urgent need for finding novel effective therapies that will improve long-

term prognosis of the disease. Differentiation therapy presents an attractive alternative for 

traditional chemotherapy. ATRA mediated-differentiation has shown to be successful in 

patients by inducing terminal differentiation into granulocytes. However, it is most effective 

in APL patients which represent a small percentage of AML patients. Recently, efforts have 

been focused to finding a differentiation agent that is effective in the other AML subtypes 

which are more common. Anti-CD44 targeted antibodies that activate the CD44 cell surface 

antigen are a promising candidate. Previous studies have shown that anti-CD44 treatment has 

been able to release the differentiation block in AML1 through AML5 subtypes. The exact 
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mechanism by which anti-CD44 treatment is able to induce its effects has not been fully 

elucidated. Recent studies have highlighted the role that epigenetic mechanisms play in the 

process of haematopoiesis, which has encouraged interest to investigate how they behave 

during leukemogenesis. For this reason, this work will investigate the epigenetic mechanisms 

associated with anti-CD44 induced differentiation.   

 
1.4 Objectives and Contributions 
 
Objective 1: To determine if anti-CD44 treatment induces epigenetic modifications in AML 

cells. 

 

Objective 2: To determine the mechanism of anti-CD44 mediated histone modifications and 

their effects on gene expression.  
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CHAPTER 2: MATERIALS AND METHODS 
 
 
2.1 Cell Culture 
 
The cell lines HL60, KG-1a, and THP-1 were purchased from American Type Culture 

Collection (ATCC).  All cells were cultured in RPMI (Gibco) and supplemented with 10% 

fetal bovine serum (FBS) (Gibco) and antibiotics (100 U/ml penicillin, 100 μg/ml 

streptomycin). Cell lines were maintained in 37 °C at 5% CO2 humidified incubators. 

2.2 Cell treatments and inhibitors 
 
Differentiation was induced by anti-CD44 treatment mAbs (0.2 mg/ml stock, A3D8 clone 

NB600-1457 Novus Biologicals) for three days. C646 (20 μM stock in dimethyl sulfoxide 

(DMSO); SML0002) and UNC0638 (20 μM stock in DMSO; U4885) were purchased from 

Sigma-Aldrich. GSK126 (1 mM stock in DMSO; GSK2816126A) was purchased from 

Medchem Express. MI-503 (10 mM in DMSO; 50 136 5300) was purchased from Fisher 

scientific. 

To investigate the effects of cisplatin treatment (2mg/mL stock in PBS; Sigmal-Aldrich) cells 

were seeded in 6-welled dishes at a density of 100,000 cells/well for HL60, and 250,000 for 

KG-1a, U937, and THP-1 and treated with cisplatin so that the final concentration in each 

well ranged from 1 μM to 2.25 μM for a period of four days.   

2.3 Cell proliferation and cytotoxicity assay 
 
To assess the viability of cells, they were seeded in 6-welled dishes at a density of 1×106 

cells/well and treated with anti-CD44 mAbs (at 2.5 μg/mL) alone or with the inhibitor at the 

indicated concentration for 72h. Viable cell number were determined by trypan-blue 

exclusion.  
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2.4.  Flow cytometry  
 
Evaluation of myeloid differentiation 

Flow cytometry analysis of CD11b and CD15 expression was also used to assess myeloid 

differentiation. Cells were collected and washed twice by centrifugation in Hanks' Balanced 

Salt Solution (HBSS; Gibco) at 300 g for 5 minutes. Cells were resuspended in HBSS at a 

concentration of 1×105 /mL and then stained with fluorescein isothiocyanate (FITC)-

conjugated monoclonal antibody against CD11b (IgG1, 2 μg/ml; BioLegend) or CD15 (IgM, 

1 μg/ml; eBioscience) and incubated in the dark at 4 °C for 20 min. Mouse IgG1 FITC-

conjugated (1 μg/ml; eBioscience) and IgM FITC-conjugated (1 μg/ml; Invitrogen)  were 

used as isotypic controls. Staining was measured by flow cytometry relative to isotype-

matched control antibodies, using a BD FACSCanto II flow cytometer (BD Biosciences). 

Data were analyzed with FlowJo software.  

Cell cycle analysis  

Treated cells were collected after 72h incubation, washed twice by centrifugation in 

phosphate-buffered saline (PBS; Gibco) supplemented 1% FBS (Gibco) with at 300 g for 5 

minutes.  1×105 cells were Fixed in ice-cold 70% ethanol for at least 1 hour at 4oC. Cells 

were washed twice with PBS supplemented with 1% FBS and subsiquently stained with 50 

ug/ml Propidium Iodide (PI; Invitrogen) for 15 minutes at room temperature.  Samples were 

analyzed on a BD FACSCanto II flow cytometer (BD Biosciences). 

2.5 Histone extraction 
 
Cells were treated with anti-CD44 mAbs (at 2.5 μg/mL) or left untreated. After 72 hours, 

histone was extracted with a total histone protein extraction kit (Epigentek Group, Inc.; OP-

0006-100) following the manufacturer’s protocol. Briefly, the cells were centrifuged at 1000 

rpm for 5 min at 4 °C and suspended in 1X pre‐lysis buffer at 107 /mL. After centrifuging at 
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3000 rpm 4 °C for 5 min, the supernatant was discarded, and the cells were re‐suspended at 

about 107 cells/200 μL of cell lysate and incubated on ice for 30 min. After centrifuging at 

12,000 rpm at 4 °C for 5 min, the supernatant was moved to a fresh tube. The supernatant 

(containing acid-soluble proteins including histones) was reduced by addition of 0.3 volumes 

of DTT and balanced salt solution at a ratio of 1: 500 (1 μL DTT + 500 μL balanced salt 

solution) and stored at −80 °C for use. Protein concentrations were determined using the 

Pierce BCA Protein Assay Kit (Thermo Scientific). 

2.6 Histone 3 assays 
 
The EpiQuik Histone H3 Modification Multiplex Assay Kit (Epigentek Group, Inc, NY, #P-

3100) was used to measure the Histone 3 modification levels was used according to the 

manufacturer’s protocol. Reading were taken in triplicates and averages. The amount of each 

histone modification was compared to the total Histone 3 amount and then expressed as a 

percentage.  

 

Results are expressed as fold change to better highlight the results obtained.  

 

2.7 Western blotting 
 
Treated and untreated cells were grown for 72h and subsequently lysed using RIPA buffer 

(Sigma Aldrich). Protein concentrations were determined using the Pierce BCA Protein 

Assay Kit (Thermo Scientific). Lysates were run on a 2-20% stain-free SDS-PAGE gel 
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(BioRad), transferred to a Polyvinylidene difluoride (PVDF) membrane, blocked with 5% 

non-fat milk in tris-buffered saline and Tween 20 and (TBST) and immunoblotted with 

antibodies. Membranes were incubated with anti-H3K9me2 (ab1220), anti-H3K9me3 

(ab8898), anti-H3K4me2 (ab7766), anti-H3K4me3 (ab8550), anti-H3K9ac (ab10812), anti-

H3 C-tail (ab8898) from Abcam all at 1:1000; and Anti-H3K27me3 (07–449) from Millipore 

at 1:1000. Membranes were incubated with Anti-rabbit IgG, HRP-linked Antibody (#7074) at 

1:10,000. The signals were detected and imaged by Enhanced Chemiluminescence (Pierce)-

associated fluorescence. Band intensity was determined by ImageJ software. 
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CHAPTER 3: RESULTS 
 

 
3.1 Anti-CD44 treatment reduces proliferation and induces myeloid maturation of AML 
cell line 
 
To confirm the previously published growth inhibition and differentiation effects of anti-

CD44 on AML cells,17, 19, 20 human AML cell lines HL60, KG-1a, and THP1 which belong to 

different FAB subtypes (AML-M2, AML-M0/M1, and AML-M5, respectively) were treated 

with anti-CD44 for 72 hours and counted using trypan-blue exclusion at the 24h, 48h, and 

72h time points. A reduction of proliferation was observed in all tested cell lines that ranged 

from 1.9 to 1.3 fold [Fig. 3].  

 
Figure 3: Inhibition of proliferation in anti-CD44-treated leukemic cells. A total of 106 cells/mL of (A) HL60, (B) KG-1a, 
and (C) THP1cells were seeded into 6-well plates and treated with anti-CD44 (2.5 μg/mL). Viability was determined by 
trypan-blue exclusion following treatment of cells for 72h with anti-CD44 mAbs. Error bars represent the standard error. 

This is a representative experiment of n=2 independent experiments. 
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To determine if anti-CD44 treatment induced differentiation, HL60 cells were evaluated by 

flow cytometric analysis for the expression of differentiation markers CD11b and CD15 after 

anti-CD44 mAb treatment. In representative experiments (n=2), anti-CD44 mAb treatment 

increased expression of the myelomonocytic and granulocytic differentiation markers CD11b 

by ~15% [Fig. 4A] while the geometric mean of fluorescence intensity (MFI) of the 

granulocytic differentiation marker CD15 (expressed on both control and treated cells) 

increased by ~710 units compared to the untreated controls [Fig. 4B]. 

 
Figure 4: Anti-CD44 treatment induced differentiation of AML cells. A) CD11b (percentage) and B) CD15 geometric mean 
fluorescence intensity expression was higher in anti-CD44 mAb treated cells than in control cells. Untreated and anti-CD44 

mAb treated cells (2.5 μg/mL A3D8 antibody) were grown for 72h and then harvested and stained with FITC-conjugated 
CD11b and CD15 mAbs. Their expression was measured by flow cytometry relative to their respective isotypic controls. 

Featured data are representative of n=2 independent experiments. 
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3.2 Anti-CD44 treatment results in changes of histone modification patterns in AML 
subtypes 
 
The aim of this work is to investigate if CD44 antibody treatment induces epigenetic 

remodeling to bring about its differentiation-promoting effects. To assess potential 

differences in the histone modification pattern induced by anti-CD44 mAb treatment, HL60 

cells were first treated with anti-CD44 antibodies (A3D8) for 24h and then histones were 

extracted in acidic conditions from control and treated cells and ran on an SDS–

polyacrylamide gel electrophoresis (SDS-PAGE) gel. Bands seen at 11, 13, and 15 kDa are 

indicative of the core histones H4, H2A/H2B, and H3, respectively [Fig. 5]. The observed 

sizes are in agreement with values reported in the literature demonstrating the purity of the 

extracted histones.41 

 

Figure 5: Stain-free SDS gel image of extracted histones. 4-20% SDS–polyacrylamide gel electrophoresis (SDS-PAGE) 
stain-free gel image of extracted histones. Arrows indicate the locations of linker histone protein H1 and the core histone 

proteins H3, H2B, H2A, and H4.  

 
The extracted histones were used to determine whether changes to epigenetic modifications 

occurred in anti-CD44-treated cells. To do so, the levels of 21 posttranslational H3 

modifications were measured using an enzyme-linked immunosorbent assay. Results are 

expressed as a percentage of the modification compared to the total amount of histone 3 [Fig. 
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showing an increase in histone marks after triggering the CD44 adhesion molecule was 

observed. This experiment suggested that global histone acetylation of H3K9 and the 

methylation of H3K4, H3K9, and H3K27 were highly modified during anti-CD44 mAb 

induced differentiation. 

 

 
Figure 6: Global histone 3 modifications observed in anti-CD44 mAb treated and untreated AML cells. Histones from 
untreated and anti-CD44-treated (2.5 μg/mL A3D8 mAb) cells were extracted by EpiQuik total histone extraction kit. 

Extracted histones were subsequently assessed using the Epiquick Histone Modification Multiplex Assay kit to test the 
levels of the 21 posttranslational H3 modifications. Featured data are from a representative experiment (n=2). 

Based on these results, four histone 3 modifications were selected to study their role in anti-

CD44 induced differentiation, based on the function they play in haematopoiesis, reported 

connection to AML, and availability of inhibitors and antibodies. They were H3K9ac, 

H3K4me2, H3K9me3, and H3K27me3. Their roles in these processes are listed in [Table 1].  

The change in histone modification levels were confirmed by western blot analysis [Fig. 7]. 
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Table 1: Histone modifications associated with anti-CD44 mAb induced differentiation.  

 

Modification  

 

Transcriptional 
outcome 

 

Role reported in literature 

 

References 

H3K9ac 

  

Activation - 
active 

transcription 

Increases during differentiation  

 

An aberrant pattern in AML cells 

 

[34] 

H3K4me2 

 

H3K4me3 

Activation - 
transcription 

initiation 

Increases during differentiation 

 

Increased levels are associated with ATRA 
sensitivity  

 

[27] 

[42] 

 

H3K9me2 

 

H3K9me3 

 

 

Repression 

Dysregulated pattern in AML cells 

 

Reduced on promotor regions of AML 
patients 

 

Increases during differentiation  

 

[43] 

[44] 

[45] 

 
 

H3K27me3 

 
 

Repression 

Reduced in AML cells compared to normal 
bone marrow myeloid cells 

 

Inactivates PU.1 pathway impairing myeloid 
differentiation 

 

[46] 

[47] 

[48] 
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Figure 7: Effect of anti-CD44 mAb treatment on histone modifications in HL60 cells.HL60 cells were incubated with 
2.5 μg/mL of anti-CD44 mAb (A3D8) for 24h and then histones were subsequently extracted and the levels of histone 

modifications were determined by western blot analysis. Total H3 levels were used as a control. 

We extended this analysis to a panel of human AML cell lines representative of various FAB 

classifications, to test if these effects are confirmed in other AML subtypes [Fig 8]. Similar 

effects were observed in 2 other AML cell lines, KG-1a and THP1.  

 
Figure 8: Analysis of anti-CD44 mediated changes in a panel of AML cell lines. (A) HL60, (B) KG-1a, and (C) THP1 cells 
were incubated with 2.5 μg/mL of anti-CD44 mAb (A3D8) for 24h and histones were subsequently extracted and subjected 

to western blot analysis to determine the levels of histone modifications. Total H3 levels were used as a control. 
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3.3 All inhibitors had tolerable cytotoxic effects on AML cells except H3K9me inhibitor 
 
The observed increase in the level of each histone modification after anti-CD44 mAb 

treatment could be mediated through the activation of writer enzymes (such as HAT and 

HMT) or by the inhibition of eraser enzymes (such as HDAC and KDM/LSD).28 To 

understand the mechanism of the anti-CD44 mAb mediated increase in histone modifications, 

small molecule inhibitors of HAT or HMT enzymes were utilized. Studies have shown that 

P300/CBP acetyltransferases are one of the main enzyme families that mediate histone 3 

acetylation.36 The C646 inhibitor was used to inhibit their activity.34, 49 MI-503 was used to 

inhibit H3K4 methylation by targeting the HMT menin-MLL complex.28, 50 The GSK126 

inhibitor was used to inhibit the H3K27 methyltransferase EZH2, which is part of PRC2 

complex that is active in AML cells.28, 29, 51 Methylation of H3K9 in AML cells is mediated 

by the G9a/GLP complex and the SUV39H1 enzyme28, 52 39, 43 and therefore to inhibit their 

activity, the UNC0638 inhibitor was utilized.52, 53  

To demonstrate that the HAT and HMT inhibitors do not present any significant toxicity to 

AML cells at the concentrations used for subsequent assays, cells were treated with the 

inhibitors at the indicated concentrations and incubated for 72h. The concentrations used for 

H3K9ac, H3K4me, H3K9me, and H3K27me inhibitors were selected based on 

concentrations reported in the literature and optimization experiments performed with HL60 

cell line. 34, 37, 52, 54 Untreated and vehicle (DMSO)-treated cells were used as a control. Cell 

number was determined using trypan-blue exclusion at each time point. The HMT inhibitors, 

MI-503 and GSK126, and the HAT inhibitor, C646, show no significant toxicity to AML 

cells at these concentrations [Fig. 9A, B, and C, respectively]. All subsequent experiments 

were performed at these concentrations: 20μM for the H3K9ac inhibitor C646, 1uM of the 

H3K4me inhibitor MI-503, and 1μM of GSK126 the H3K27me inhibitor. The H3K9me 

inhibitor UNC0638 did show some toxicity against HL60 cells at the functional concentration 
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[20μM] as it affected cell viability drastically [Fig. 9D]. Therefore, it was determined that 

UNC0638 was not a suitable inhibitor for further perusal during the differentiation of AML 

cells as cultures need to be incubated for 72h for effects to be seen. Decreasing the 

concentration of the H3K9me inhibitor UNC0638 lessened its cytotoxic effects but impeded 

its methylation inhibition effects when tested by western blotting [data not shown].  

 

 
Figure 9: Viability of HL60 cells treated with inhibitors. Figures show proliferation of HL60 cells treated with (A) 20μM of 
C646 (B)1uM of MI-503 (C) 1μM of GSK (D) 20μM of UNC0638. Untreated and vehicle (DMSO) treated cells were used 
as control. Viable cell count was determined by trypan-blue exclusion after inhibitor and vehicle treatments over 72 hours. 

Error bars represent the standard error (n=2). 
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3.4 Inhibition of the HAT and HMT activity does not affect anti-CD44 mediated 
proliferation arrest in AML 
 
In order to determine the effect of the inhibition of the specific HAT and HMT on cell 

survival and anti-CD44 proliferation inhibition activity, HL60 cells were either treated with 

anti-CD44 mAb alone or following the pre-treatment of cells with the histone modification 

inhibitor. Untreated and vehicle (DMSO)-treated cells were used as a control. 

As shown in Fig. 10, inhibition of H3K27 and H3K4 methylation shows no effect on the 

proliferation inhibition effects of anti-CD44 treatment, as the number of cells treated with 

H3K27 or H3K4 inhibitors and anti-CD44 mAb showed no significant difference compared 

to those treated with anti-CD44 mAb alone. Combined treatment of anti-CD44 mAbs and the 

H3K9ac inhibitor had similar results with a slightly increased efficiency of its anti-

proliferative effects. At this concentration, the H3K9 methylation inhibitor was too harsh on 

cells and severely decreased the number of viable cells across the three days of culture 

compared to the controls. The currently used H3K9 methylation inhibitor shows very high 

cytotoxic effects and was not included in subsequent experiments. Nonetheless, H3K9me 

seems like an interesting target for further study and an alternative inhibitor will be used to 

study its role in anti-CD44 mediated differentiation. 
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Figure 10: Viability of HL60 cells treated with Anti-CD44 mAb with and without histone modification inhibitors. Figures 
show proliferation of HL60 cells treated with (A) 20μM of C646 (B) 1uM of MI-503 (C) 1μM of GSK and (D) 20μM of 

UNC0638, alone or in combination with anti-CD44.  Untreated, vehicle (DMSO)-treated, and anti-CD44 mAb treated cells 
were used as controls. Viable cell count was determined by trypan-blue exclusion after inhibitor and vehicle treatments over 

72 hours. Error bars represent the standard error (n=2). 
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marker.20 Anti-CD44 treatment increased the expression of CD11b by ~19% compared to the 

control [Fig. 11A, B, and C]. Generally, treatment of cells with the inhibitor alone decreased 

the expression of CD11b to varying degrees [Fig. 11A, B, and C]. Pretreatment of cells with 

the H3K9ac inhibitor followed by anti-CD44 mAb treatment resulted in a decrease of CD11b 

expression compared to anti-CD44 treatment alone (P= 0.0129) [Fig 10.A]. Similar effects 

were seen for the H3K4me and H3K27me inhibitors treatment, although the expression levels 

were still significantly increased compared to the control (P= 0.0029 and 0.0084, 

respectively) [Fig. 11B and C, respectively]. 

Cells treated with anti-CD44 showed significantly increased CD15 expression compared to 

the control cells (P=0.0267) [Fig. 11D, E, and F]. Treatment with the H3K9ac, H3K4me, and 

H3K27me inhibitors showed decreased expression of CD15 [Fig. 11D, E, and F].  Treatment 

of the H3K9ac inhibitor combined with anti-CD44 mAb slightly increased CD15 expression 

but not in a statistically significant manner (P=0.1046) [Fig. 11D]. As for the H3K4me and 

H3K27me inhibitors when combined with anti-CD44 mAb, expression of the CD15 

differentiation marker was decreased to levels expressed in the control cells [Fig. 11E and F, 

respectively. The changes in levels of CD15 expression were not very high which might be 

because it is a marker that is expressed on both control and treated cells.  
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Figure 11: Inhibition of HAT and HMTs attenuates Anti-CD44’s effects on differentiation of AML cells. A), B), and C)   
show CD11b in percentage. D), E), and F) depict CD15 in mean fluorescence intensity (MFI). HL60 cells were treated with 

20μM of C646 or 1uM of MI-503 or 1μM of GSK, alone or in combination with anti-CD44 at 2.5 μg/mL for 72h.  
Untreated, vehicle (DMSO)-treated, and anti-CD44 treated cells were used as a control. After 72h, cells were harvested and 
stained with FITC-conjugated CD15 and CD11b mAbs. Their expression was measured by flow cytometry relative to their 

respective isotype controls. Featured data are from a representative experiment (n=2). 

 
3.6 Treatment with HAT and HMTs inhibitors affects cell cycle regulation 
 

To further determine the cellular consequences of HAT and HMTs inhibition on anti-CD44 

mAb mediated differentiation, a cell cycle analysis was performed. In order to test if 
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As expected, cells treated with anti-CD44 antibodies show an increase in the percentage of 
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Figure 12: The G1/G0 cell cycle arrest mediated by anti-CD44 mAb is affected by HMT inhibition. HL60 cells were either 
treated with 20μM of C646 or 1uM of MI-503 or 1μM of GSK, alone or in combination with anti-CD44 at 2.5 μg/mL for 

72h.  Untreated, vehicle (DMSO)-treated, and anti-CD44 treated cells were kept as a control. After 72h, cells were harvested 
and stained with propidium iodide (PI). Fluorescence was measured by flow cytometry. Featured data are from a 

representative experiment (n=2). 
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and anti-CD44 mAb significantly decreased the level of H3K4me but did not completely 

prevent it [Fig. 13B].  

The treatment of HL60 cells with EZH2 inhibitor alone inhibited H3K27me, but when 

cotreated with anti-CD44 antibodies levels H3K27me were similar to those seen in the anti-

CD44 treated cells [Fig. 12C]. 

 
Figure 13: Inhibition of HAT and HMTs decreases the anti-CD44 mAb-mediated histone modification. HL60 cells were 
incubated with 2.5 μg/mL of anti-CD44 (A3D8) alone or in combination with (A) H3K9ac inhibitor C646 at 20μM (B) 

H3K4me inhibitor MI-503 at 1μM (C) H3K27me inhibitor at 1μM. Cells were subsequently lysed and the levels of histone 
modifications were measured by western blotting using antibodies for the histone mark. Total H3 and beta-actin levels were 

used as controls. 
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CHAPTER 4: DISCUSSION 
 
The reported relapse and mortality rates for AML patients are high, with more than 70% of 

patients succumbing to the disease or the highly toxic treatment regimens over a median of 

one year.2, 6 For many of these patients, chemotherapy is not a viable option because of their 

low tolerance due to advanced age or other comorbidities. For this reason, many efforts are 

focused on identifying differentiation therapies that are effective for the most common AML 

subtypes that achieve similar success rates seen in ATRA differentiation therapy. Activation 

of the CD44 adhesion molecule is a good candidate for inducing differentiation in various 

types of leukemic cells. The signaling pathways through which CD44 ligation promotes 

differentiation and inhibits proliferation in AML cells have not been fully elucidated, 

particularly the epigenetic mechanisms which have not been previously investigated. This 

work focuses on the epigenetic modifications associated with anti-CD44-mediated 

differentiation. Understanding how anti-CD44 mediated differentiation functions and how it 

affects the epigenetic landscape will allow for the improvement of its efficacy, help in the 

patient selection process, and present an opportunity for combination therapies along with 

epigenetic therapies. 

The first objective of our work is to test if anti-CD44 mediated differentiation results in 

changes in histone modification pattern. Comparison of 21 histone 3 modification levels 

between untreated and anti-CD44 treated cells showed a strong change in patterns of global 

histone modifications. This suggests that epigenetic processes might play an important role in 

transcriptional reprogramming during anti-CD44 mediated differentiation. This observation is 

supported by studies that show ATRA mediated differentiation therapy results in epigenetic 

remodeling as well. 34, 55 During the analysis, four histone modifications seemed to be 
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promising targets for further investigation: H3K9ac, H3K9me, H3K4me, and H3K27me 

[Table 1]. 

H3K9ac is a mark related to transcriptional activation.56 More specifically, recent evidence 

shows that H3K9 acetylation promotes active transcription through the recruitment of 

proteins for the transcript elongation process.56 Increase in the level of acetylation on H3K9 

is associated with an increased commitment to a specific lineage from pluripotent embryonic 

stem cells (ESCs).57 In AML, increased H3K9 acetylation is observed after treatment with the 

differentiating agent ATRA.58, 59 In addition to that, patients with high H3K9 acetylation 

show increased sensitivity to ATRA treatment.58, 59 Another study which used animal models 

of AML to find candidate regulatory regions involved in leukemogenesis, found that these 

regions show drastically different H3K9 acetylation compared to cells going through normal 

haematopoiesis.60  

H3K4 methylation is a mark of active chromatin.28 In stem cells, H3K4me3 coincides with 

H3K27me3 on promotor regions “poising” that domain for either activation or repression, 

respectively depending on the cell fate.28 A recent paper shows that H3K4me2 was most 

enriched at regulatory regions, particularly at enhancers and subsequently increases on 

relevant genes during lineage commitment.61 AML cells show an aberrant pattern of 

H3K4me with a diminished level compared to normal CD34+ cells.27, 43 In AML cells with  

MLL translocations, H3K4 di-methylation on the RARA gene correlates with ATRA 

sensitivity. 27 

H3K9me is a repressive histone modification associated with facultative heterochromatin. Di 

and tri-methylation of H3K9 is necessary to determine the cell-specific gene expression 

patterns, and its dysregulation has been connected to cancers.39 During normal 

haematopoiesis of myeloid lineage cells, the methylation pattern on H3K9 undergoes 

dramatic rearrangements.43 Distinct differences between the pattern of H3K9me2 is reported 
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between AML and normal haematopoietic progenitors, where AML cells accumulate the 

repressive marks on regions with low gene number while normal progenerates accumulate 

them on the heterochromatin regions observed in differentiated granulocytes.43 AML cells 

show a distinct decrease of H3K9Me3 in core promoter regions.61   

H3K27 tri-methylation is a repressive mark that is typically associated with transcriptionally 

silent genes. It is found along with H3K4me3 on poised domains, where it functions to 

repress the promotor until it is activated depending on the cell fate. AML cells show reduced 

global H3K27 tri-methylation, however critical genes involved in cell cycle regulation such 

as p15INK4b and p16INK4b show increased H3K27 methylation compared to normal CD34+ 

cells.48, 62 Furthermore, reduced levels of H3K27me3 is associated with resistance to standard 

chemotherapeutics like Cytarabine, poor prognosis, and significantly decreased overall 

survival.63, 64 

Both the global histone 3 modifications assay and western blotting showed an increase in the 

level of H3K9ac, H3K4me2, H3K9me2, and H3K27me3 after anti-CD44 treatment that was 

observed in AML cell lines of varying FAB classifications.  

The next objective is to understand how anti-CD44 treatment is mediating the observed 

increase in histone modification levels. This can be determined by inhibiting the enzymes 

responsible for catalyzing the transfer of these marks by knocking out/knocking down (e.g. 

RNA interference) the genes encoding for these enzymes or by using small molecule 

inhibitors. Knocking out the genes coding these enzymes would be a cumbersome approach 

as multiple targets would have to be knocked out simultaneously. Knocking down the 

enzymes using RNA interference can vary in its efficiency depending on cell type and target, 

moreover, the knockdown is usually transient. Therefore, we opted to begin by using small 

molecule inhibitors that target the four enzymes.  
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The CBP/P300 is an acetyltransferase enzyme part of the CBP/P300 family, which catalyzes 

the transfer of an acetyl group to lysine residues.31, 36 CBP/P300 enzymes participate in the 

regulation of many processes such as proliferation, differentiation, cell cycle, and 

apoptosis.31, 36 Mice with homozygous mutations targeting the CBP and P300 proteins have 

severe defects in hematopoiesis and die during embryonic development.31, 36 Translocations 

affecting CBP/P300 are common in AMLs, highlighting their role in the process of 

hematopoiesis.34, 36 A previous study has shown that knockdown of CBP/P300 resulted in a 

decreased response to ATRA-induced differentiation and growth arrest.49, 65 This resistance is 

thought to be caused by the loss of CBP/P300 mediated activation of ATRA response 

elements.49, 65 C646 is a competitive, reversible inhibitor selective for CBP/P300 HAT.66 The 

C646 inhibitor was used to inhibit the H3K9 HAT activity of CBP/P300.66 

MLL is a methyltransferase that carries out H3K4 mono-, di, and tri-methylation.28 It is 

ubiquitously expressed in different cell types including haematopoietic stem and progenitor 

cells.67 As stated previously, MLL translocations are common in leukemias and particularly 

in AML. Over 50 different fusion protein partners have been reported for MLL in AMLs.37 

These translocations result in fusion oncoproteins that alter the H3K4 methylation on target 

genes. Patient studies have shown that AMLs with MLL translocations have a greater gene 

stability but with higher epigenetic dysregulation.68 Furthermore, patients with MLL-

rearranged ALL have a particularly worse outcome compared patients with wild type MLL.67 

The HOX gene cluster is one of the important genes controlling development and 

hematopoiesis.37 AMLs with MLL translocations have an abnormal expression of HOX gene 

cluster.37 Mutations fusion mutations are able to transform haematopoietic precursors to 

leukemic stem cells.67 MI-503 is a small-molecule inhibitor for menin-MLL interaction that 

will be used to prevent H3K4 methylation.50 
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Methylation of H3K9 in AML cells is mediated by the G9a/GLP complex and the SUV39H1 

enzyme.28 G9a/GLP is widely expressed in most tissues and is an important regulator of early 

development, differentiation and subsequently lineage commitment.40 The activity of 

G9a/GLP can result in leukemia promoting or restricting effects depending on the gene 

targeted for repression, where some studies have shown that G9a/GLP activity can inhibit 

pluripotent stem cell features, while others have shown that knocking out or inhibiting these 

proteins slows down AML cells proliferation.43 UNC0638 is a competitive reversible 

G9a/GLP inhibitor that is used to target H3K9 methylation.53 

The PRC complex is composed of several core components embryonic ectoderm 

development (EED), suppressor of zeste 12 (SUZ12), and the methyltransferases EZH2 or 

EZH1. EZH1 and EZH2 HATs catalyze di- and trimethylation of H3K27. Mutations in 

members of the PRC2 complex that affecting H3K27 methylation pattern have been shown to 

contribute to hematopoietic and solid tumors. These effects are thought to be mediated 

through silencing of critical genes involved in the control of proliferation and differentiation, 

such as CEBPA gene and HOX cluster genes.69 The effects of EZH2 loss of function mutation 

are not well elucidated, but they are correlated with worse overall survival in hematological 

malignancies. 26, 38 Furthermore, loss of the EZH2 is frequently observed in relapsed AML.64 

Suppression of the EZH2 HMT induced chemoresistance for in vivo and in vitro AML 

models, which was mediated by deregulation of HOX gene expression.64 The competitive 

selective inhibitor GSK126 was used to target the H3K27 methyltransferase EZH2 in our 

study.51 

Western blot results show that anti-CD44 treatment increases the acetylation of H3K9 

compared to the control cells. These results are consistent with previously reported data that 

suggests histone acetylation increases with differentiation and lineage commitment.57 The 

observed increase is also similar to that seen after ATRA mediated differentiation.58, 59 
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Blocking the anti-CD44 mediated acetylation with the CBP/P300 inhibitor decreased the 

intensity of the observed band, but some residual acetylation can still be seen. Western blot 

results suggest that CBP/P300 enzymes mediate the increase of H3K9ac observed following 

anti-CD44 treatment. This result is in agreement with what is expected as a previous study 

has reported that the intracytoplasmic domain of CD44 can be cleaved and translocated to the 

nucleus where it interacts with the transcriptional factor domains of CBP/P300 leading to 

transcriptional activation of its target genes.70 Anti-CD44 treatment can also be activating 

other members of the HAT family that are not affected by CBP/P300 inhibition, explaining 

why a signal for H3K9ac can still be seen in anti-CD44+inhibitor treated cells. Inhibition of 

the HDAC enzymes is also a possibility. Anti-CD44 treatment increases the methylation of 

H3K4 compared to the control cells. Increased methylation on lineage-determining genes is a 

mark of differentiation and lineage commitment, whereas AML cells show an aberrant 

pattern of H3K4me with a diminished level compared to normal CD34+ cells.61 27, 43 

Similarly to H3K9ac inhibition, cotreatment of cells with the menin-MLL inhibitor and anti-

CD44 antibodies decreases the H3K4 di-methylation level but does not completely inhibit it. 

These results explain the cell proliferation levels where the addition of the H3K9ac and 

H3K4me inhibitor did not affect the anti-proliferative effects of anti-CD44 treatment, 

suggesting that genes involved in mediating this effect were still activated by acetylation or 

methylation. Another possibility to consider is that the anti-proliferative effect of anti-CD44 

is mediated through non-histone mechanisms. Conversely, the differentiation-promoting 

effects of anti-CD44 were affected by the H3K9ac and H3K4me inhibitors. Accordingly, this 

suggests that the pro-differentiation effects of anti-CD44 treatment are facilitated by 

activation of genes that are involved in releasing AML cells from the differentiation block 

through histone modifications. The CD11b expression levels suggest that the effect of 

H3K9ac inhibition on anti-CD44 mediated differentiation is more pronounced compared to 
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H3K4me inhibition. Cell cycle analysis shows that anti-CD44 treatment induced a G1/G0 

phase cell cycle arrest. The percentage of cells arrested in G1/G0 phase decreased after 

H3K4me inhibition+anti-CD44 treatment, while the H3K9ac inhibitor combined with anti-

CD44 had a modest increase in the percentage of cells in G1/G0 arrest. This effect of the 

CBP/P300 inhibitor on cell cycle regulation was previously reported in an AML cell line, 

suggesting that there might be a cooperation between the action of anti-CD44 activating 

genes involved in cell cycle regulation and CBP/P300 inhibitor of acetylation preventing 

aberrant activation of proliferation genes.  

The Western blot results of the H3K27me inhibitor show that the inhibitor effectively 

reduced H3K27 tri-methylation. Co-treatment of the cells with anti-CD44 mAbs and the 

H3K27me inhibitor reduced the methylation level but did not inhibit it completely, 

suggesting that the observed H3K27me3 increase might be mediated through another HMT 

(EZH1 which is the main isoform expressed in differentiated cells) or by the inhibition of a 

KDM.  

This can be determined by using an inhibitor for each of these enzymes to observe the 

coadministration effects on anti-CD44 mediated increase. Measuring the differentiation 

marker expression shows that H3K27me inhibitor alone significantly reduced the expression 

of CD11b on AML cells. This decrease suggests that silencing of genes through H3K27me3 

is an important step for differentiation. 

Differentiation results show that the H3K27me inhibitor alone significantly reduced the 

expression of differentiation markers on AML cells. This decrease suggests that silencing of 

genes through H3K27me3 is an important step for differentiation.  
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This notion is supported by studies showing that reduced levels of H3K27me3 is associated 

with resistance to standard chemotherapeutics, poor prognosis, and decreased overall 

survival. 63, 64 CD11b expression results show that the pro-differentiation activity of anti-

CD44 mAbs was reduced when combined with H3K27me3 inhibitor. Nonetheless, when 

taking into account the fold difference between cells that were treated with the inhibitor alone 

and the combined treatment, it seems like this inhibitor enhanced anti-CD44 activity. This 

observation can be explained by a cooperation between the two agents, where the inhibitor 

prevents aberrant methylation and silencing of pro-differentiation and cell cycle arrest genes, 

while anti-CD44 allows for silencing of genes that promote stemness and proliferation [Fig 

14]. This explanation seems plausible when taking into consideration the aberrant pattern of 

H3K27me in AML cells where critical genes involved in differentiation and cell cycle control 

are silenced by methylation while the rest of the genome shows a global reduction of H3K27 

tri-methylation.48, 62 

 

Figure 14:Suggested mechanism of anti-CD44 and EZH2 inhibitor mediated H3K27me3 remodeling. AML cells have 
globally decreased levels of H3K27me3 compared to normal CD34+ cells except on genes that are involved in differentiation 
and cell cycle control. This abnormal pattern results in the repression of the regulatory genes. We suggest that the addition of 

Anti-CD44 mAbs in addition to the EZH2 inhibitor results in the decrease of H3K27me3 levels on differentiation and cell 
cycle control genes by the EZH2 inhibitor. While anti-CD44 mAbs activate other H3K27 HMT restoring the active pattern 

of H3K27me3 seen in normal CD34+ cells. 
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CHAPTER 5: CONCLUSION AND FUTURE DIRECTIONS 
 

Future work will focus on connecting the observed anti-CD44 mediated increase of H3K9ac, 

H3K4me, and H3K27me to increased/decreased expression of genes via qPCR. The genes 

that will be investigated are involved in proliferation, differentiation, and cell cycle control 

and regulation. A list of candidate genes is outlined in [Table 2]. These candidate genes were 

chosen based on their role in regulating proliferation/apoptosis and differentiation processes, 

whether they are targets of the HAT and HMTs being studied, and if they show an increase 

after anti-CD44 treatment (based on a DNA microarray experiment obtained in the lab by Dr. 

Nour Madhoun). 

In conclusion, the reported data suggests that the anti-proliferative and differentiation 

promoting effects of anti-CD44 treatment are mediated, at least in part, by controlling the 

activation/repression of critical genes through promoting the modification of specific histone 

3 residues. This gives insight into the mechanism of function for anti-CD44 mediated 

differentiation and highlights the role that the epigenetic mechanisms play in AML 

development and therapy. 
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Table 2: List of candidate genes affected by anti-CD44 mediated histone modification based on microarray data.  

Data obtained in the lab by Dr. Nour Madhoun 

 Gene Role reported in literature Expected outcome References 

Pr
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n 
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d 
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ll 
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e 
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l 
 

 

CDKN2A 
(p16) 

 

 

 

 

 

 

 

Capable of inducing cell cycle arrest 
in G1 and G2 phases 

 

Decreased 
expression in AML 

cells due to 
silencing 

[48, 62] 

 
 
CDKN2B(p15)  

 

 

Decreased 
expression in AML 

cells due to 
silencing 

 

[48, 62] 

 
CDKN1C 

(P57) 

 

 

Increased after anti-
CD44 treatment 

[71] 

 
 

CDKN1A 
(p21) 

 

Capable of inducing cell cycle arrest 
in G1 and G2 phases 

Target of CBP/P300 during cell cycle 
regulation 

 

 

 

Up regulated after 
ATRA treatment 

[36] 

D
iff

er
en

tia
tio

n 
co

nt
ro

l 

 

 

 

ICAM1 

 

 

Intercellular adhesion molecule that is 
involved in regulating differentiation 

 

Increased after anti-
CD44 treatment 

 

Increased 
expression after 
ATRA treatment 

 

[72] 

 

CEBPB 

Involved in regulating differentiation 
of a broad range of tissues 

(participate in the regulation of 
macrophage and granulocyte-

restricted genes) 

 

Increased after anti-
CD44 treatment 

[31] 

 PU.1 Transcription factor important in the 
haematopoiesis process 

Down regulated in 
AML cells 

 [47, 62] 
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In addition to that we plan to look into the effects of anti-CD44 mAbs treatment on the 

“eraser” enzymes, which remove the modifications transferred to histone residues, like 

HDAC and KDM. A metabolomic study performed in our lab by Dr. Nour Madhoun showed 

a that a number of metabolites were perturbed after anti-CD44 treatment, one of which was 

succinate. Succinate plays a number of different metabolomic and signaling roles in the cells. 

Previous studies have reported that increased succinate levels result in the inhibition of KDM 

enzymes decreasing H3K4me levels.73 Preliminary western blot results show that anti-CD44 

treatment show similar H3K4me levels to the KDM inhibitor, suggesting that they have 

similar mechanisms [Fig 15]. 

 
Figure 15: Inhibition of KDM shows similar H3K4me2 levels to anti-CD44 mAb-mediated histone modification. HL60 cells 

were incubated with 2.5 μg/mL of anti-CD44 (A3D8) alone or in combination with KDM inhibitor at 1μM. Cells were 
subsequently lysed, and the levels of histone modifications were measured by western blotting using antibodies for the 

histone mark.  
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