
10 

Global Journal of Life Sciences                                                            Jan. 18, 2021, Vol 2, No 1 

©Scholars Publishing, LLC                                  http://naturescholars.com                                                                                                                                                                                                                                                                                                                                                                       

Global Journal of Life Sciences 

2021; 2(1): 10-19. 

ISSN Online: 2766-9130; ISSN Print: 2766-9149 

Website: http://naturescholars.com 

Email: Glo_J_Ls@126.com 

Publisher: Scholars Publishing, LLC 

 

 

Review 

Epigenetics in Acute Promyelocytic Leukemia Pathogenesis and Treatment 

Response 

Saruna1,*, Kexin Li2,*,✉ , and Xiantao Meng1,✉ 

 

1Ordos Institute of Technology, Ordos, 017000, China. 2School of Life Sciences, Inner Mongolia University, Hohhot, 

010010, China. 

 

* These authors contributed equally. 

✉ Correspondence 

Kexin Li and Xiantao Meng, School of Life Sciences, Inner Mongolia University, 24 Zhaojun Road, Saihan District, 

Hohhot, Inner Mongolia, 010010, China. Phone: +86-13644846120. Email: lkexin8966@163.com. 

Received: March 21, 2020. Accepted: December 25, 2020. Published online: January 18, 2021. 

Cite this paper: Saruna, Kexin Li, Xiantao Meng. (2020) Epigenetics in Acute Promyelocytic Leukemia Pathogenesis 

and Treatment Response. Global Journal of Life Sciences. 2021, 2(1):10-19. http://naturescholars.com/gjls.020102. 

https://doi.org/10.46633/gjls.020102. 

Copyright © 2021 by Scholars Publishing, LLC. 

 
Abstract  

Acute promyelocytic leukemia (APL) is a subtype of acute myeloid leukemia (AML), which is 

characterized by arrest of leukocyte differentiation at the promyelocyte stage due to a specific chromosomal 

translocation t(15;17) in myeloid cells and generates the oncogenic PML-RARα fusion protein. All-trans 

retinoic acid (ATRA) is essential for acute promyelocytic leukemia (APL) treatment. It has been reported 

that ATRA induces degradation of the PML-RARα in APL cells and restores normal RAR transcriptional 

programs. The PML-RARA fusion protein has been proposed to recruit epigenetic modifiers. The epigenetic 

regulation has a critical role in normal physiologic hematopoietic stem cell lineage committed progenitors; 

its dysregulation is an important mechanism of pathogenesis of AML. The primary aim of this review was to 

evaluate the involvement of different epigenetic mechanisms in PML-RARa-induced acute promyelocytic 

leukemia (APL) pathogenesis and treatment response. 

 

Key words: Acute Promyelocytic Leukemia, PML-RARΑ Fusion Protein, All-Trans Retinoic Acid (ATRA), 

Epigenetics. 

  

Introduction  

 

Acute myeloid leukemia (APL) is a subtype of 

acute myeloid leukemia (AML) characterized by 

the arrest of myeloid cells differentiation at the 

promyelocytic stage (1). Chromosomal 

translocation produces fusion protein PML-RARA, 

which is an important genetic feature of acute 

promyelocytic leukemia (2). Studies have indicated 

that more than 95% of APL patients carry the 

t(15;17) (q22-23; q12-21) chromosomal 

translocation and express the APL-specific  fusion 

protein PML-RARA (3).  

Furthermore, in a few APL cases, rare fusion 
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genes including PLzF-RARd, NPM-RARA, 

STAT5b-RARa and NuMA-RARa are found(4,5). 

In recent years, all-trans retinoic acid (ATRA) has 

been confirmed as an effective clinical drug for the 

treatment of APL, mainly by inducing the 

degradation of the fusion protein PML-RARA to 

promote the apoptosis of cancer cells to achieve 

therapeutic effects. Furthermore, a few studies have 

also demonstrated that epigenetic regulation plays 

an important role in the pathogenesis, development 

and treatment of APL. Epigenetics refers to the 

regulation of gene expression without affecting the 

base sequence of genes (6). Therefore, this review 

focuses on the current advances in epigenetics in 

basic research and treatment of acute promyelocytic 

leukemia. 

 

1 Development of Myeloid Cells 

 

Hematopoietic stem cells (HSCs) 

Hematopoietic stem cells (HSCs) have the crucial 

function of long-term maintenance and production 

of all mature blood cell lineages in the adult. HSCs 

are adult stem cells with the potential for 

self-renewal and multi-directional differentiation 

(7). The differentiation of HSCs into various 

lineages of hematopoietic cells in the body is a 

multi-step continuous biological process under the 

control of an extremely complex and fine-tuned 

molecular signal network. The underlying cause of 

the disease is abnormality of key regulators. In the 

differentiation of HSCs, first three types of cell 

division: symmetrical self-replicating division (two 

new stem cells), symmetrical differentiation (two 

differentiated cells), and asymmetric division (one 

stem cell and one differentiated cell), etc (8). After 

the following steps within a normal bone marrow, 

HSCs differentiate into multipotent progenitors 

(MPPs), and MPPs differentiates into directional 

progenitor cells and a series of specific progenitor 

cells, such as common myeloid precursor (CMP) 

and lymphoid progenitor cells (CLP) (9). And then 

CMP differentiates to produce mature erythroid 

cells and platelet cells potential megakaryocyte 

Erythroid Precursor (MEP), and simultaneously 

differentiates into granulocyte monocyte precursor 

(GMP) (9). At present, the differentiation 

mechanism of HSCs to blood cells of different 

lineages has not been fully understand. In recent 

years, many studies have indicated that 

transcription factors play a pivotal role in regulating 

cell differentiation. These transcription factors 

spontaneously act on targets genes to activate the 

cells to differentiate into specific type of cells in 

normal hematopoietic cells (10). 

 

2 Acute myeloid leukemia (APL) 

 

Leukemia is a type of malignant clonal 

proliferative disease of hematopoietic stem cells. 

Malignant clonal evolution is the formation of 

malignant tumor cells from the normal bone 

marrow blood cells, due to uncontrolled 

proliferation, impaired differentiation, and blocked 

apoptosis. Acute promyelocytic leukemia (APL) is 

M3 subtype acute myeloid leukemia whose main 

character is retardation of Promyelocytic 

differentiation and multi-granular promyelocytic 

proliferation in the bone marrow. (11) More than 

95% of APL patients have chromosomal 

translocations at t (15; 17) (q24.1; q21.2), and the 

expression of fusion protein PML-RARA (12). 

Transgenic mouse experiments have indicated 

that the fusion protein PML-RARA is the main 

cause of APL leukemia (13). The PML-RARA 

fusion protein is extremely important in the 

pathogenesis of APL. It blocks the normal 

hematopoietic differentiation process, causes the 

differentiation of myeloid cells to block indefinite 

proliferation in the promyelocytic stage, and 

leading to APL (14,15). In addition, a few APL 

cases have found rare fusion genes such as 

PLzF-RARd, NPM-RARA, STAT5b-RARa, and 

NuMA-RARa (4,5). 

Notch1/Sox2, PI3K, MEK/ERK, Notch and 

other signaling pathways play an important 

regulatory role in the pathogenesis and 

development of APL (16). Notch1/Sox2 and 
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MEK/ERK signaling pathways are mainly involved 

in the differentiation of APL cells (17,18); Notch 

signaling pathways are mainly related to the 

self-renewal of hematopoietic stem cells (19); 

inhibition of the PI3K signaling pathway enhances 

the chemical sensitivity of APL cells to arsenic 

trioxide (ATO) (20). In addition, some transcription 

factors, such as Pu.1, c-Myc, PMI1, PTEN, C / 

EBPα, HMGB1, ACTL6A,are involved in the 

pathogenesis and development of APL (17,21-26). 

The ETS family member PU.1, encoded by 

SPI1, is a main regulator of PML-RARA inhibition 

of bone marrow differentiation at the transcription 

level. This inhibition leads to the suppression of 

targeted genes of PU.1, which directly participates 

in bone marrow differentiation (15). Wang et al.'s 

studies showed that PU.1 binds to PML-RARα near 

the RARE site and form PML-RARα/PU.1 complex 

(27,28). After ATRA intervention, APL cells 

restored the expression of PU.1 and differentiated 

into neutrophils. Moreover PU.1 showed 

ATAR-like biological effects in PML-RARA 

leukemia cells (22). Experimental results in 

transgenic mouse models indicated the incidence of 

APL increased significantly after PML-RARα mice 

were crossed with PU.1 +/- mice (23). Therefore, 

according to the above mentioned reports, the 

pathogenesis of APL has a significant relationship 

with some inhibitors related to the inhibition of 

bone marrow cell differentiation during myeloid 

cell differentiation. 

 

3 Epigenetics 

 

Epigenetics is the study of changes in the 

expression of genes that do not result from 

alterations in the sequence of the genetic code (6). 

Epigenetics were first discovered in tomatoes (29), 

and subsequent studies proved that this 

phenomenon is also common in animals and 

humans. Epigenetic regulation mechanism is a 

universal gene expression regulation method in life 

phenomenon, including DNA methylation, genomic 

imprinting, histone modification, chromatin 

remodeling, long non-coding RNAs (lncRNAs), 

and microRNA-associated post-transcriptional gene 

silencing (30). Histone modifications is a covalent 

post-translational modification (PTM) to histone 

proteins which includes methylation, acetylation, 

phosphorylation, ubiquitination , sumoylation (31) 

and lactylation (32). Histone modifications are 

usually towards the C-terminal end of the specific 

amino acids within the histone proteins. These 

modifications can both positive and negative 

regulation of gene expression by changing the way 

in which histones bind to DNA. In the recent years, 

methylation is the most studied and in-depth histone 

modification (33). Several studies showed that 

Three methylation modifications occur on lysine 

residues of histones H3 and H4, including mono-, 

di-, and tri-methylation. Methylation of H3K4 and 

H3K36 is associated with transcriptional activation 

of genes, while methylation of H3K9, H3K27, and 

H4K20 is associated with transcriptional repression 

(34). Histone arginine undergoes only one or two 

methylation modifications (35), involved in the 

regulation of gene expression, DNA repair and 

other important life processes, and related to many 

diseases such as tumors, cardiovascular diseases, 

viral infections and autoimmune diseases (36-39). 

Various histone modifications are dynamically 

regulated by methyltransferase and demethylase. 

Histone methylation is the main way to regulate the 

structure of chromatin and gene transcription. 

Diseases are often caused by a dynamic imbalance 

between methylation and demethylation. Thus 

exploring the process and mechanism from gene 

deduction to phenotype in diseases, providing 

theoretical basis and scientific basis for explaining 

genetic phenomena and elucidating pathogenesis 

(40). 

 

4 Epigenetic regulation of the development of 

APL 

 

Recent studies have found that the PML-RARA 

fusion protein abnormally recruits multiple 

inhibitory epigenetic modification factors in APL 
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patients, such as HDAC (41), DNA 

methyltransferases (DNMTs) (42), lysine 

methyltransferase SUV39H1 (43) and multi-comb 

inhibitor complexes 1 and 2 (PRC1/2) (44,45). In 

addition, PML-RARA down regulates the target 

genes (such as RARB) and induces arrest of bone 

marrow cell differentiation. 

 

4.1 Histone modifications 

Histones are the major components of 

chromosomes and are crucial in regulating gene 

expression and controlling chromatin structure. 

Recent research has shown that detuning of histone 

modification levels and disturbance of recognition 

may be an important cause of diseases (such as 

cancer), which has made histone 

modification-related proteins became one of the 

popular targets for epigenetic drug discovery in 

recent years. (46-48). 

RARa is a retinoic acid receptor which can 

transmit oncogenic signals in cells (39,44,50). In 

normal cells, heterodimers of the retinoic acid 

receptor (RAR) and rexinoid receptors (RXRs) bind 

to RARE binding sites in the promoter region of 

target genes (51). In the absence of ligand RA, an 

auxiliary repressive complex including N-CoR, 

retinoids, thyroid hormone receptor silencers and 

histone deacetylases (HDACs) is formed, which 

collectively leads to chromatin condensation and 

inactivates gene transcription (52). After binding to 

ligand RA, the auxiliary repressor complex is 

dissociated and recruits transcriptional coactivators, 

such as histone methyltransferase, histone 

acetyltransferase (HAT) and SRB-containing 

complexes, causing chromatin decondense and 

activating the transcription of target 

genes(53,54,55). The conformational changes by 

ATRA binding trigger the dissociation of 

co-repressors and promote the recruitment of 

coactivators (56). RA enables RAR-RXR to release 

nuclear cosuppressor complexes and recruits 

coactivators with histone acetyltransferase (HAT) 

activity. This leads to high acetylation of histones at 

the retinoic acid response element (RARE) site, 

chromatin remodeling, and transcriptional 

activation of the RAR-target genes. 

Other studies have found that the demethylase 

KDM3B mediates the proliferation of NB4 cells by 

histone H3K9 lysine methylation (57). in sum, the 

regulatory mechanism of histone modification 

during the pathogenesis and development of APL 

still needs to be clarified. 

 

4.2 DNA Methylation  

Blood cells are derived from bone marrow 

hematopoietic stem cells(HSCs). Based on the 

regulation of specific growth factors and cytokines, 

HSC can develop into promyelocytic cells, and then 

into mature granulocytes. DNA methylation is 

critical in the typing and differentiation of 

hematopoietic lineages and abnormal DNA 

methylation is a potential factor in the pathogenesis 

of APL. Genomic DNA methylation was increased 

in APL patients, which has higher plasticity than 

healthy CD34 + promyelocytic cells (30). Recent 

studies have found that there is a close cross 

regulatory mechanism between PML-RARA and 

DNMT3A. The activity of methyltransferase 

DNMT3A is required for PML-RARA to drive 

self-renewal in vitro. Overexpression of DNMT3a 

and PML-RARα promote together the pathogenesis 

of APL in vivo (58). Simultaneously， competitive 

migration advantage by PML-RARA and APL 

evolution require the participation of the DNMT3A 

(58). In summary, the PML-RARA fusion gene 

requires DNMT3A to initiate the development of 

APL (58). Moreover, other studies have shown that 

although DNA hypermethylation in APL cells is 

often formed in genomic regions regulated by 

polycomb repressive complex 2 (PRC2), but no 

significant difference was found in DNA 

methylation in the PML-RARα binding site or near. 

Therefore, changes in DNA methylation patterns 

may occur in later stage in APL pathogenesis, 

during APL maintenance instead of pathogenesis 

(59). However, decitabine, a DNA demethylation 
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drug, induce apoptosis of APL cells by activating 

the TRAIL pathway in vitro, so it may mainly 

target the cooperative process in later stage (55). 

Studies have found that methylation in 

promoters of p15INK4B and p16INK4a gene 

occurs in a high frequency in APL (60,61). The 

mechanism of p15INK4B gene hypermethylation in 

APL patients is unknown and may have prognostic 

significance (62). Several other research results 

have shown that the DNA binding site of 

PML-RARA is significantly different from 

wild-type RARA (63-65). The study showed that 

most PML-RARA binding sites are atypical RARE 

sites, which are very close to the common binding 

sites of PU.1, ETS and AP-1, indicating that 

PML-RARA have synergistic effects with these 

transcription factors (65). Another study has shown 

that PML-RARA directly interacts with PU.1 (26). 

PML-RARA affects RAR signal transduction by 

regulating the expression of RARA and RARB and 

binding to classical RAR-RXR target genes. 

PML-RARA binds to genes for normal 

hematopoietic differentiation, such as PU.1, GFI1, 

and RUNX1. Study based on ChIP-seq shows that  

only a few PML-RARA binding sites have 

significant changes in DNA methylation after 

expression of the PML/RARA (63). 

 

5 Epigenetic Regulation of ATRA in APL 

 

All-trans retinoic acid (ATRA) is one of the 

three isomers of retinoic acid (RA), a metabolic 

intermediate of vitamin A in animals. and is a 

therapeutic drug of APL (66). ATRA reduces the 

stability of the fusion protein PML-RARA, 

solubilizes the protein, and promotes the 

differentiation of promyelocytic leukemia cells to 

have a therapeutic effect (66). Studies have shown 

that ATRA is a ligand of RARα (retinoic acid 

receptor α) and a specific antagonist of RARα, 

which can offset the effects of RARα (56). ATRA 

exerts a biological effect by transporting retinoic 

acid binding protein 2 (Crabp2) into the nucleus 

and regulating transcription of the target genes (67). 

All-trans retinoic acid (ATRA) interfered with 

PML-RARA-positive leukemia cells, and the 

results showed the DNA methylation have no 

significant change at most PML-RARA binding 

sites (65), suggesting that DNA methylation is not 

the main reason of the suppression of transcription 

by PML-RARA. Recent studies have shown that 

DNMT3A is necessary for PML-RARA to induce 

self-renewal and activation of bone marrow 

progenitor cells (65). 

After all-trans retinoic acid (ATRA) treatment 

in APL cells, H3K9/K14 acetylation of DNA 

binding sites increased in PML-RARA, while 

H3K9me3 levels remained unchanged (65). 

However, some studies showed increased histone 

H3 acetylation only in APL cells sensitive to ATRA 

(68). Histone H3 acetylation binds to RNA 

polymerase II at or near the PML-RARA fusion 

protein binding site. In summary, these results 

indicate that histone acetylation of PML-RARA and 

recruitment of HDAC are key determinants of 

ATRA reactivity. Contemporaneously, histone 

acetylase (HDAC) inhibitors, such as Sodium 

butyrate (NaF), valproic acid (VPA) and 

trichostatin A (TSA), combined with ATRA can 

activate the PML-RARα and inhibit its binding to 

the conjugate factor complex containing HDACs 

(69,70). The above findings suggested that 

combination of targeted histone deacetylase drugs 

and ATRA may be a suitable strategy to enhance 

the sensitivity of APL cells to ATRA. 

In addition, recruiting histone demethylase 

PHF8 (KDM7B) recruit to RARA fusions proteins 

enhances the effect of ATRA in APL cells (71). 

The demethylase PHF8 with JmjC domain mediates 

histone H3K9me1/me2 and activates target gene 

transcription, thereby promoting the sensitivity of 

ATRA to induce cell differentiation (72). In 

ATRA-treated cells, PHF8 was significantly 

enriched in promoter of multiple PML-RARA 

targets (including RARB, TGM2, and IDH1 (63)), 

while binding of other PHF8-related promoters was 

reduced (71). In ATRA-insensitive APL cells, 

PHF8 is significantly down-regulated, but 
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overexpression of PHF8 reactivates ATRA-induced 

differentiation (71). 

Reports confirm that ATRA regulates miRNAs, 

miR-15b, miR-223 and miR-342, which were 

inhibited in APL, but were up-regulated after 

ATRA treatment. In contrast, miR-181a and 

miR-181b were up-regulated in APL but 

down-regulated after ATRA treatment (73,74). 

Most of them has been identified as target involving 

hematopoietic cell growth, differentiation and 

apoptosis, including HOX genes (75). On one hand, 

RARA fusion proteins can inhibit the transcription 

of several miRNAs; on the other hand, ATRA and 

arsenic trioxide (As2O3) restore RARA expression 

(73,74). Therefore, the above reports suggest that 

miRNA can provide a new therapeutic strategy for 

APL. 

In summary, with the constantly improvement 

of molecular biology, technical means and the rapid 

development of epigenetic research, many etiology 

and pathogenesis that cannot be explained by the 

original theoretical system of acute promyelocytic 

leukemia (APL) is revealed. Moreover, the 

mechanism of ATRA-induced differentiation of 

acute promyelocytic leukemia was also well 

documented. However, how to reduce the mortality 

and recurrence rate of high-risk APL is still a major 

clinical challenge. In addition, the combination of 

multiple drugs to increase the efficacy or reduce the 

side effects can improve the patient's remission rate 

and long-term survival rate. However, the issues of 

refractory recurrence, high early mortality and 

adverse drug reactions have not been improved. 

Therefore, based on better understanding of the 

cellular and molecular mechanisms of APL 

pathogenesis and development, it is of great 

theoretical and clinical value to explore safer and 

more effective treatments and drugs and to clarify 

the molecular mechanisms of epigenetic regulation 

in APL. 
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