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Abstract
Acute myeloid leukemia (AML) is a type of blood malignancies with high genetic heterogeneity. Epigenetic alterations including histone
acetylation have been found to be the key genetic variations driving the occurrence of AML. However, targeting histone acetylation remains
to be unsuccessful in leukemia therapy. Recently, acidic nuclear phosphoprotein 32 family member A (ANP32A) was shown to be a novel
biomarker of unfavorable outcome for leukemia and promote AML by stimulating histone 3 (H3) acetylation and the abnormal expression of
lipid metabolism genes. A small peptide that competitively binds to H3 to block the interaction of ANP32A and H3 exhibited therapeutic effect
in vitro and in vivo. Here, we further explore the potential anti-leukemia strategy by targeting ANP32A that consequently lead to alteration of
H3 acetylation. In view of the therapeutic significance of targeting ANP32A in AML, the intervention tactics as well as its clinical perspectives
and challenges will be adequately discussed.
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Background
Acute myeloid leukemia (AML) is a type of hematological
malignancies that originate from hematopoietic stem/
progenitor cells in myeloid lineage [1]. The genetic
heterogeneity of AML causes varied responses to the existing
treatment options, as well as drug resistance and refractory/
recurrent, posing a challenge to personalized precision
medicine [2]. Therefore, it is urgent to identify novel molecular
targets, discover patient specific and disease specific risk
factors, and explore effective combinations of modalities and
drugs in the foreseeable future.
Disorders of histone modification patterns in acetylation,
methylation, and phosphorylation are important features
of epigenetic inheritance that closely related to aberrant
gene expression profiles associated with different disease
states in leukemic cells. Epigenetic modifications of histone
play important roles in the initiation, development, drug
resistance and even relapse or refractory of leukemia [3,4], of
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which histone acetylation was noted to be associated with
transcriptionally active chromatin and the intervention of
histone acetylation is a potential therapeutic strategy against
AML [5]. However, acetylation modification of histone proteins
is a highly regulated and reversible process and coupled with
the overall metabolic state of a cell [6]. The role and mechanism
of histone acetylation in the occurrence and treatment of
leukemia have not been fully revealed that obstructs the
utilization and development of optimal therapeutic strategies
[5]. Targeting histone acetylation in anti-AML therapy still
faces many challenges.

ANP32A is a H3 Acetylation Regulator and Promising
Target for AML
Acidic nuclear phosphoprotein 32 family member A
(ANP32A) is an important epigenetic regulatory “cofactor”
in the acetylation of core histone H3 [7,8], which highly
expressed in varieties of solid tumors and promotes tumor
proliferation [9-14]. Despite whether and how the oncogenic
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activity of ANP32A depends on histone acetylation remains
debating, ANP32A deficiency is associated with reduced
levels of histone acetylation in prostatic cancer TSU-Pr1 cells
and cervical carcinoma HeLa S3 cells [14,15]. Our previous
studies revealed ANP32A as a novel target and biomarker
of unfavorable outcome in AML [16,17]. We found ANP32A
dysregulation contributes to abnormal megakaryopoiesis in
acute megakaryoblastic leukemia (AMKL) cells by regulating
ERK signaling [16]. What’s more, abnormally high ANP32A is
indispensable for the maintenance of malignant survival of
AML cells and promotes leukemogenesis by increasing H3
acetylation and gene expression on key biological processes
including the lipid metabolism [17]. A recent report evaluating
the prognostic significance of ANP32A through multivariable
analysis reaffirmed the significance of high level ANP32A as
an unfavorable prognostic biomarker in AML risk stratification
and a potential therapeutic target for AML patients [18].
Interestingly, Anp32a null mice exhibits apparently negligible
impact on steady hematopoiesis [16,17]. Thus, the differential
effect in normal and malignant blood cells indicates that
targeting ANP32A will be a promising epigenetic strategy for
the treatment of AML.

Strategies on Targeting ANP32A to Intervene AML
ANP32A can bind to the disordered N-terminal tail of H3, and
the sequence spanning 151-180 amino acids of ANP32A is
necessary for its ability to bind H3 and regulate H3 acetylation
in vitro [8,19]. We synthesized the peptide and termed it as H3binding peptide (H3BP). We speculated that H3BP competed
with ANP32A to interact with H3. Therefore, H3BP could be
used to block ANP32A function and interpose leukemia (Figure
1). Indeed, our research verified that overexpression of H3BP-

GFP fusion protein in AML cells competed with endogenous
ANP32A to bind to H3, intervened ANP32A functionally,
and suppressed leukemia cell proliferation in vitro. Then, we
exploited the TAT, a cell penetrating peptide (Figure 1) derived
from the α-helical domain of the TAT protein encoded by the
human immunodeficiency virus type 1 (HIV1), to overcome the
cell membrane barrier for macromolecular peptide delivery.
This TAT-mediated drug delivery was studied in a large variety
of pathological conditions including leukemia, solid tumor,
ischemia and neurodegenerative diseases and more recently
metabolic disorders and exhibited a good application prospect
[19,20]. To explore the therapeutic potential, TAT-H3BP fusion
peptide (Figure 1) was synthesized and its therapeutic effect
was verified in AML cell lines, mouse model, as well as patient
primary AML cells.
The potential utility of H3BP in treating leukemia is supported
by the fact that disruption of physical interaction of ANP32A
and H3 by small molecule peptide TAT-H3BP mimics the
biological activity of ANP32A deficiency in leukemia cells [21],
significantly suppresses cell survival by decreasing acetyl-H3
enrichment and mRNA expression in genes of lipid metabolism
including APOC1, PCSK9, and LPPR3, etc. Spectacularly,
micromole concentration of TAT-H3BP peptide exhibits a
sensitively inhibitory effect on samples from newly diagnosed
AML patients and relapsed or refractory elderly patients
above the age of 60 years that with high ANP32A expression
(Table 1), but a little effect on samples isolated from normal
cord blood with lower ANP32A level at the same micromole
concentration. The addiction of leukemia cell to superfluous
ANP32A may provide a therapeutic window and basis for the
clinical application of TAT-H3BP peptide. Since the median
overall survival after 5 years in 18–60 year AML patients is

Figure 1: Key domain of ANP32A protein and the amino acid sequence of H3BP and TAT-H3BP fusion peptides. ANP32A protein consists
of 249 amino acids (AA). The key structures include the highly conservative N-terminal LRR (Leucine-rich repeats) domain (71-146 AA)
mainly mediating the interaction between ANP32A and other partners, the long acidic tail at the C-terminal carrying the nuclear localization
signal, and the Histone 3 binding peptides (H3BP) which are indispensable for acetylation regulatory of H3 (150-180 AA) [7,43]. TAT-H3BP is
synthesized by TAT delivery peptides fused on the N-terminal of H3BP.
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Table 1: TAT-H3BP treatment in AML patient samples.
Patient ID

FBA classification

Gender

Source

Age
(years)

Status

Efficacy

ANP32A level
(AML/Normal)

33

M2

M

BM

74

Refractory

-

0.691

75

M1

M

PB

70

Diagnosis

+

1.680

85

M1

F

PB

65

Diagnosis

+

2.477

37

M2

F

PB

62

Diagnosis

-

1.030

60

M2

M

PB

60

Diagnosis

+

5.096

84

M2

M

PB

55

Relapse

+

1.266

57

M2

M

PB

51

Diagnosis

+

2.024

83

M2

M

PB

49

Diagnosis

-

1.980

19

M2

M

BM

48

Refractory

+

1.200

22

M2

M

PB

47

Diagnosis

-

0.924

20

M1

F

BM

45

Diagnosis

-

0.901

M: Male; F: Female; PB: Peripheral Blood; BM: Bone Marrow; + indicates inhibition and - indicates no inhibition.

roughly 40%, however, with only around 10% surviving older
patients above the age of 60 years under current standard
chemotherapy that is far from being satisfactory [22,23],
targeting ANP32A through H3BP may be an alternative way
for therapy in those elderly AML patients. Thus, our works
affirmed the effectiveness and feasibility of intervening H3
acetylation by targeting ANP32A in the treatment of leukemia.
Blocking ANP32A expression may be an alternative way to
target ANP32A. The mechanism of commanding ANP32A

overexpression in AML has not been reported. Exploring
the key upstream signaling and corresponding drug that
controls the ascent of ANP32A in AML may be another
effective method to target ANP32A. It is worth mentioning
that the transcription factor ChIP-sequence database in the
UCSC Genome Browser exhibits a classic SP1 binding motif
located on CpG island (hg19_chr15:69109709-69114001)
of ANP32A gene promoter in K562 and HepG2 cell (Figure
2). Coincidentally, our preliminary experiment shown that
Mithramycin A, a clinical anti-leukemia antibiotic as the

Figure 2: ANP32A promoter contains canonical SP1-binding motif. The potential SP1 binding site located on CpG island of ANP32A promoter
and the matrix of SP1 consensus motifs in UCSC Database.
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canonical inhibitor of SP1, which decreases SP1 protein by
inducing proteasome-dependent degradation and displaces
SP1 from GC-rich regions of genes regulatory motif, efficiently
suppressed ANP32A expression leading to apoptosis in
AML cells. The combination of Mithramycin A and low-dose
TAT-H3BP pre-treatment optimized the inhibitory effects of
Mithramycin A on leukemia cells (data not shown). Therefore,
we speculated that SP1 might be one upstream regulatory
signal that triggers ANP32A overexpression in AML. The
transcription factor SP1 (Specificity protein 1) belongs to the
Sp/Kruppel (KLF) family, binds to GC-rich regions of regulatory
motif of various genes and thus controls the transcription of
genes responsible for proliferation, cell cycle regulation, and
differentiation [24-26]. It has been reported as a metastasis risk
and poor prognostic factor in multiple solid tumors, and an
undertaking tumor therapeutic target [27-30]. Several studies
have also uncovered the oncogenicity of SP1 in leukemia.
Paranormal SP1 contributes to the drug resistance of leukemia

stem cells by inducing the expression of Survivin through
ERK-MSK MAPK signaling pathway and drives the expression
of oncogene DHX15 in acute lymphoblastic leukemia [31,32].
Mithramycin A consequently exhibited anti-cancer effect
through a SP1-sensitive action both as monotherapy and in
combination with antitumor drugs [33,34] (Figure 3). It is likely
that combination of TAT-H3BP and clinical agent Mithramycin
A may provide a solution to alleviate dose-toxicity, off-target
effects and drug resistance caused by single drug treatment,
and will be an alternative tactic in targeted therapy in leukemia
(Figure 3) [35].

The Challenges and Perspectives of H3BP in Future
Our TAT-H3BP peptide basing on the molecular, cellular, and
structural data with more explicit information shows great
superiority on targeting ANP32A to disturb leukemia. However,
the TAT delivered system still has some drawbacks including

Figure 3: Combination of TAT-H3BP and Mithramycin A synergistically targets ANP32A to induce apoptosis of AML cell. Disruption of physical
interaction of ANP32A and H3 by small peptide TAT-H3BP to alleviate disordered H3 acetylation and gene expression of lipid metabolism
genes or/and inhibiting ANP32A expression by targeting the oncogene SP1 with the clinical drug Mithramycin A can be new strategy for
AML therapy targeting ANP32A.
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poor stability in blood circulation, potential immunogenicity,
and non-organ/tissue/cell specificity. In addition, the reversible
activity of TAT to move out cells may cause lower intra-cellular
concentration of cargo [19,36]. That may partly limit the action
of TAT-H3BP and the clinical applications of TAT-H3BP in the
future. Novel drug delivery systems integrating modification
of TAT with nanoparticles [37], specific targeting antibody
or ligand [38,39], and liposome [40] with targeting or/and
stimuli-responsive properties (triggered manually by pH, light,
magnetic field, enzymes etc.) may facilitate the application
of H3BP in leukemia therapy. Nevertheless, it is necessary to
create a less toxic and leukemia-cell-targeted carriers for small
H3BP delivery in future studies.
In comparison to the immaturity of peptide drug and the
difficulty for clinical use in the future, small molecule inhibitors
seem to be a better choice. Over the last decades, amplified
luminescent proximity homogeneous assay (AlphaLISA) has
emerged as one of the most reliable screening technologies
for competitive blocking agent because of its versatility,
sensitivity, and homogeneous format without the need for
plate evacuation or washing [41,42]. The AlphaLISA screening
system can be established based on the H3BP-dependent
binding activity of ANP32A with H3. Hopefully, small molecule
compounds disrupting the interaction may be identified for
drug development.

Conclusions
In summary, our studies revealed that ANP32A is a key
epigenetic regulators and therapeutic target for leukemia,
provided the competitive intervention strategies of small
peptide H3BP, and confirmed the effectiveness and feasibility
of targeting ANP32A against leukemia. It is a novel treatment
option different from the previously reported inhibitors
specific to the “writers” or “readers” of H3 acetylation. These
researches provide new scheme and idea for targeted therapy
and precision medicine for AML.
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