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HMGB1: an important regulator of myeloid differentiation and acute
myeloid leukemia as well as a promising therapeutic target
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Abstract
High mobility group box 1 (HMGB1) is a non-histone nuclear protein which has been intensively studied in various physiolog-
ical and pathological processes including leukemia. Here in this study, we further demonstrated that HMGB1 presents higher
expression in the bone marrowmononuclear cells of acute myeloid leukemia (AML) patients compared with the normal controls
and contributes to the AML pathogenesis and progression by inhibiting apoptosis, facilitating proliferation, and inducingmyeloid
differentiation blockade of AML cells. Mechanistic investigation revealed that transforming growth factor beta-induced (TGFBI)
acts as a potential downstream target of HMGB1 and lentivirus-mediated knockdown of TGFBI expression impaired phorbol-12-
myristate-13-acetate (PMA) and all-trans retinoic acid (ATRA)–induced myeloid differentiation of AML cell lines. On the other
hand, chidamide, an orally histone deacetylase inhibitor, decreases HMGB1 expression significantly in AML cells with con-
comitant upregulation of TGFBI expression, and confers therapeutic effect on AML by inducing cell differentiation, apoptosis
and inhibiting cell proliferation. In conclusion, our findings provide additional insights that HMGB1 is a promising therapeutic
target of AML, and also present experimental evidence for the clinical application of chidamide as a novel agent in AML therapy
by downregulating HMGB1 expression.

Key messages
& HMGB1 induces cell proliferation and myeloid differentiation blockade and inhibits apoptosis of AML cells.
& TGFBI acts as a potential target of HMGB1.
& Chidamide, a selective HDAC inhibitor, confers promising therapeutic effect for AML via downregulating HMGB1

expression.
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Introduction

The granulocytic and macrophage-like differentiation and
maturation constitute the important part of myeloid differen-
tiation which is a highly orchestrated process regulated by
transcriptional factors (such as PU.1 and CCAAT/enhancer-
binding protein(C/EBP)α) [1], cytokines (in particular granu-
locyte colony-stimulating factor (G-CSF), macrophage
colony-stimulating factor (M-CSF), and interleukin-3 (IL-3))
[2], non-coding RNAs (miR-29a, miR-142-3p, and lnc-MC,
etc.) [3, 4], and RNA-binding proteins [5]. Abnormal expres-
sion of these regulators can lead to acute myeloid leukemia
(AML) which is a malignant hematopoietic neoplasm charac-
terized by arrest of myeloid differentiation, rapid growth, and
apoptotic repression of leukemic blasts arisen from the
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hematopoietic stem/progenitor cells (HSPCs) population
within the bone marrow [6]. AML is the most common type
of acute leukemia in adults. In the past three decades, great
progress has been made in understanding AML pathogenesis
and clinical treatment with novel agents and allogeneic stem
cell transplantation [7–9]. However, the current AML thera-
peutic regimen only cures ~ 20% of the patients [10]. Thus, it
is still of great importance and in urgent need to define the key
regulator in myeloid differentiation and pathogenesis of AML
and develop innovative agents and novel therapeutic strategies
for AML treatment.

High mobility group box 1 (HMGB1) belongs to the HMG
protein family and is a highly conserved non-histone nuclear
protein that acts as a chromatin-binding factor for bending
DNA and promoting access to transcriptional protein assem-
blies on specific DNA targets and contributes to the fine-
tuning of transcription in response to rapid environmental
changes [11, 12]. Additionally, increasing evidence demon-
strate that HMGB1 can be released from cells under condi-
tions of stress, such as injury, infection, and chemotherapy,
and functions as damage-associated molecular pattern mole-
cule (DAMP), eliciting immune and inflammatory response
through interaction with the receptor for advanced glycation
end products (RAGE) and some members of the Toll-like
receptors (TLR2 and TLR4) [13]. As a multi-functional pro-
tein, HMGB1 has been widely investigated and considered an
essential facilitator in diseases such as sepsis, collagen dis-
ease, atherosclerosis, cancers, arthritis, and acute lung injury
and myocardial infarction [14]. There are also several studies
indicating that HMGB1 plays an important role in leukemia
pathogenesis and its upregulation is strongly associated with
chemotherapy resistance by regulating cell autophagy [15,
16]. However, the function of HMGB1 in myeloid differenti-
ation and AML remains to be elucidated, and also whether
HMGB1 can be an effective therapeutic target in AML still
needs more convincing experimental evidence.

Here in this study, we demonstrated that HMGB1 presents
significantly high expression in AML patients and mediates
the effect of facilitating proliferation and apoptotic repression
on AML cells. Furthermore, HMGB1 is identified as a nega-
tive regulator of myeloid differentiation by influencing the
expression of transforming growth factor beta-induced
(TGFBI) which is demonstrated to promote phorbol-
12-myristate-13-acetate (PMA) and all-trans retinoic acid
(ATRA)–induced macrophage-like and granulocytic dif-
ferentiation of AML cell lines. Chidamide, a histone
deacetylase (HDAC) inhibitor, can significantly down-
regulate HMGB1 expression and confers therapeutic ef-
fect on AML by inducing cell differentiation, apoptosis,
and inhibiting cell proliferation. These results further
demonstrated the important role of HMGB1 in myeloid
differentiation and the leukemogenesis of AML, and
provide experimental evidence for the cl inical

application of chidamide in AML therapy by targeting
HMGB1 expression.

Materials and methods

Bioinformatics analyses

Microarray data of AML expression profile (GSE79605),
HMGB1 deletion (GSE18721), and chidamide treatment
(GSE104280) were downloaded from GEO DataSets, and
the differential genes were screened through bioinformatics
analyses and act as clues for subsequent experimental
validation.

Human samples

The bone marrow samples of AML patients and iron deficien-
cy anemia (IDA) normal controls were collected from the
Hematology Department of the Affiliated Hospital of Jining
Medical University. Informed consent to perform the biolog-
ical studies was obtained from the individuals examined, and
the related study was approved by the ethics committees of the
hospitals and the Institutional Review Board of Jining
Medical University. Mononuclear cell (MNC) fractions were
isolated from the samples by Percoll density gradient [d =
1.077 g/ml] (Amersham Biotech, Germany), and CD34+ cells
were enriched fromMNCs through positive immunomagnetic
selection (CD34 MultiSort kit, Miltenyi Biotec, Bergisch
Gladbach, Germany). The characteristics of AML patients
used in this study are presented in Table S1.

Cell culture and differentiation induction

The following human cell lines were used in this study: THP-1
and HL-60 purchased from cell resource center of Shanghai
Institutes for Biological Science, NB4 and 293TN purchased
from cell resource center of Institute of Basic Medical
Sciences, Chinese Academy of Medical Sciences. THP-1
and NB4 were cultured in PRMI 1640 medium (Hyclone);
HL-60 was cultured in Iscove’s Modified Dubecco’s
Medium (IMDM) (Hyclone); 293TN was cultured in
Dulbecco’s Modified Eagle’s medium (DMEM) (Hyclone).
All cultures were supplemented with 10% fetal bovine serum
(FBS) (Hyclone), 100 U/ml penicillin, and 100 μg/ml strep-
tomycin (Sigma-Aldrich, St. Louis, Mo, USA) at 37 °C in 5%
CO2. The macrophage-like differentiation of THP-1 and HL-
60 was induced with PMA (Sigma-Aldrich) at final concen-
tration of 10 nM. The granulocytic differentiation of NB4 and
HL-60 was induced with ATRA (Sigma-Aldrich) at final con-
centration of 2 μM. The CD34+ HSPC cells were cultured in
IMDM with 30% FBS, 1% bovine serum albumin, 2 mM L-
glutamine, 0.05 mM 2-mercaptoethanol, 50 U/ml penicillin,
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50 μg/ml streptomycin, 50 ng/ml stem cell factor, and 20
ng/ml IL-3. The granulocytic and macrophage-like differenti-
ation cultures of CD34+ HSPCs were performed as previously
described [17]: 20 ng/ml G-CSF and 10 ng/ml IL-6 were
added for granulocytic differentiation, and the cytokine cock-
tail of 50 ng/ml M-SCF, 1 ng/ml IL-6, and 100 ng/ml Flt-3L
was used for macrophage-like differentiation. All of these cy-
tokines were purchased from PeproTech (Rocky Hill, NJ,
USA). Chidamide (Cat. No.: HY-13592) was purchased from
MedChemExpress (MCE) and used to treat AML cells at final
concentration of 2 μM.

RNA Extraction and qRT-PCR analysis

Total RNA was extracted from cell samples using TRIzol
reagent (Invitrogen) and quantified using the NanoDrop
2000 spectrophotometer (Thermo Scientific, Bremen,
Germany). The first strand of cDNA was synthesized using
Moloney murine leukemia virus (M-MLV) reverse transcrip-
tase (Invitrogen) according to the manufacturer’s instructions.
Oligo (dT) was used as the primer for reverse transcription of
mRNA. GAPDH was used as the internal control. qRT-PCR
was performed in a Bio-Rad CFX-96 System (Bio-Rad, Foster
City, CA, USA) using the SYBR Premix (CWBio). The
primers used for reverse transcription and qRT-PCR are listed
in Table S2.

Plasmid construction

The shRNA sequences for HMGB1 and TGFBI were synthe-
sized, annealed, and inserted into pSIH1-H1-copGFP (System
Biosciences). The oligonucleotides used for plasmid construc-
tion are listed in Table S3.

Lentivirus production and cell infection

The recombination lentiviruses for knockdownwere produced
in 293TN cells using pSIH1-H1-copGFP-based constructs.
Lentivirus packaging was performed using the pPACKH1
HIV Lentivector Packaging Kit (LV500A-1, System
Biosciences, CA, USA) according to the manufacturer’s in-
structions. The culture supernatant containing the virus parti-
cles was directly used to infect the leukemia cells in 6-well
plates with 5 μg/mL polybrene (Sigma-Aldrich).

Cell proliferation assay

After lentiviruses infection, the cells were plated in 96-well
plate at a density of 10,000 cells/well and incubated in 10%
CCK-8 (Dojindo, Japan) diluted in normal culture medium at
37 °C for 1.5 h. Then, proliferation rates were determined at 0,
24, 48, 72, and 96 h by measuring the absorbance with a

microplate reader set at 450 and 630 nm. All experiments were
performed in triplicate.

Cell apoptosis assay

The infected leukemia cells were starved in low FBS medium
for 48 h and then collected, washed once with PBS, and re-
suspended in the 1× binding buffer. Apoptotic cells were
stained with APC-annexin V and 7-AAD (Biolegend) at room
temperature for 20 min and immediately analyzed by flow
cytometry.

Flow cytometry analysis

The infected THP-1 and NB4 cells were induced towards
macrophage-like and granulocytic differentiation, respective-
ly, and harvested at 48 h of differentiation. The cells were
rinsed twice with PBS, re-suspended in 100 μl PBS, and in-
cubated with APC-conjugated anti-CD14 or anti-CD11b
(eBioscience) at 4 °C for 30 min. Then, the cells were washed
with 1 ml PBS, re-suspended in 300 μl PBS, and analyzed
immediately using an AccuriC6 flow cytometer (BD, SD,
USA).

Western blot

The whole cell lysates were harvested and subjected to SDS-
PAGE (10% separation gel) and transferred to a
polyvinylidene difluoride (PVDF) membrane. Primary anti-
bodies against the following proteins were used: HMGB1
(10829-1-AP; Proteintech), TGFBI (10188-1-AP;
Proteintech), GAPDH (10494-1-AP; Proteintech), and actin
(60008-1-Ig; Proteintech). Horseradish peroxidase–
conjugated secondary antibodies were used (ZSGB-BIO).
Signals were detected using an ECL (enhanced chemilumi-
nescence) kit (Millipore).

Statistical analysis

Student’s t test (two-tailed) was performed to analyze the data.
Statistical significance was set at P < 0.05, as indicated by an
asterisk (*P < 0.05; **P < 0.01).

Results

HMGB1 presents significantly high expression in AML
patients

To systematically identify key regulator involved in the leu-
kemogenesis of AML, we first performed bioinformatics anal-
ysis using the expression profiling data of AML patients
(GSE79605) annotated in the GEO DataSets. HMGB1 is
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defined as one of the significantly differential genes (Fig. 1a),
and further Western blot analyses validated its higher expres-
sion in the bone marrow mononuclear cells (MNCs) of AML
patients compared with the normal controls (Fig. 1b), which is
in accordance with the findings previously reported [18] and
implies important role of HMGB1 in the leukemogenesis of
AML.

HMGB1 regulates the proliferation and apoptosis of
AML cells

To investigate the role of HMGB1 in AML leukemogenesis,
we make use of the recombined lentiviruses that express spe-
cific shRNA for HMGB1 (lenti-shHMGB1) to infect THP-1,
NB4, HL-60, and primary AML MNCs. Western blot analy-
ses revealed that lenti-shHMGB1 infection remarkably de-
creased HMGB1 expression which significantly inhibits pro-
liferation and facilitate apoptosis of AML cells (Fig. 2a–d) as
compared with the lenti-control (lenti-ctrl) infection. These
results suggest that aberrant high expression of HMGB1
may participate in the progression of AML by contributing
to cell proliferation and also repressing cell apoptosis.

HMGB1 is identified as a negative regulator of
myeloid differentiation

AML development is often accompanied with myeloid differ-
entiation blockade [19]. To evaluate whether aberrant

expression of HMGB1 influences the myeloid differentiation
process, we first detected the expression of HMGB1 using
qRT-PCT and Western blot during the PMA-induced macro-
phage-like differentiation of HL-60 and THP-1 cells, and
ATRA-induced granulocytic differentiation of HL-60 and
NB4 cells. The results showed that HMGB1 presents gradu-
ally decreased expression during the PMA/ATRA-induced
myeloid differentiation of AML cell lines at both mRNA
and protein levels (Fig. 3a, b). Besides, we further validated
the decreased HMGB1 protein expression during the in vitro
cytokine-induced myeloid differentiation of CD34+ HSPCs
derived from umbilical cord blood (Fig. 3c).

Next, we performed functional analysis to investigate
whether HMGB1 participates in AML development by im-
peding myeloid differentiation through use of the PMA/
ATRA-induced differentiation model of THP-1/NB4 leuke-
mia cell lines. THP-1 cells were infected with lenti-
shHMGB1 or lenti-ctrl, followed by PMA induction for 48
h. Western blot analyses revealed that lenti-shHMGB1 infec-
tion remarkably decreased HMGB1 expressionwhich resulted
in significant upregulation of mRNA level of the macrophage-
like differentiationmarkers (CD14, CD11b, and CSF1R) (Fig.
3e) as compared with the lenti-ctrl infection. Flow cytometry
analysis revealed increased CD14 expression upon lenti-
shHMGB1 infection relative to lenti-ctrl infection (Fig. 3f).
These results demonstrated that knockdown of HMGB1 ex-
pression facilitated the PMA-induced macrophage-like differ-
entiation of THP-1 cells. On the other hand, NB4 cells were

Fig. 1 HMGB1 presents aberrant high expression in AML patients. a
Partial gene expression profile in AML patients and normal controls
was presented by analyzing the array data (GSE79605) annotated in

GEO DataSets. bHMGB1 expression in 16 AML patients and 16 normal
controls was analyzed by Western blot analysis. GAPDH was used as a
loading control
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infected with lenti-shHMGB1 or lenti-ctrl, followed by
ATRA induction for 48 h. Knockdown of HMGB1 expression
was confirmed byWestern blot analyses (Fig. 3g), which con-
tributed to the upregulation ofmRNA level of the granulocytic
differentiation markers (CD11b, MPO, and CSF3R) as com-
pared with the lenti-ctrl infection (Fig. 3h). The increased
CD11b expression after HMGB1 knockdown, and ATRA in-
duction in NB4 cells was also observed by flow cytometric
assay (Fig. 3i). The results indicated that targeted inhibition of
HMGB1 expression in NB4 cells promoted the ATRA-
induced granulocytic differentiation.

Collectively, HMGB1 is identified as a negative regulator
of myeloid differentiation and may participate in the AML
development by inducing the differentiation blockade.

TGFBI is verified as a target of HMGB1 and regulates
myeloid differentiation

To reveal the molecular mechanism of HMGB1 regulating
myeloid differentiation and AML leukemogenesis, we first
performed bioinformatics analyses of the expression profile
after HMGB1 deletion (GSE18721). Combined with the ex-
pression profile in AML patients (GSE79605), several differ-
entially expressed genes after HMGB1 deletion were selected,
and finally, we focused on TGFBI which is a transforming
growth factor beta (TGF-β)–induced protein and presents sig-
nificantly high expression after HMGB1 deletion (Fig. 4a).
Experimental validation indicated that knockdown of
HMGB1 expression in THP-1 and NB4 cells resulted in ob-
vious increased expression of TGFBI in both before and after
PMA/ATRA-induced differentiation (Fig. 4b, c). Remarkable
upregulation of TGFBI upon PMA/ATRA induction was also
observed (Fig. 4b, c), implicating its potential role in myeloid
differentiation.

To evaluate the effect of TGFBI on the differentiation, we
use the recombined lentiviruses that express specific shRNA
for TGFBI (lenti-shTGFBI) to infect THP-1 and NB4 cells
followed by PMA and ATRA induction, respectively, for 48
h. As expected, lenti-shTGFBI infection of THP-1 cells result-
ed in significant downregulation of TGFBI expression and
impaired the PMA-induced macrophage-like differentiation
as revealed by the decreased mRNA expression of

differentiation markers (CD11b and CD14) compared with
the lenti-ctrl infection (Fig. 4d). Decreased CD14 expression
in lenti-shTGFBI-infected and PMA-induced THP-1 cells was
also observed evaluated by flow cytometric assay (Fig. 4e). In
the meanwhile, lentivirus-mediated knockdown of TGFBI in
NB4 cells also presented similar results that decreased expres-
sion of TGFBI attenuated ATRA-induced granulocytic differ-
entiation characterized by the downregulation of granulocytic
differentiation markers detected by qRT-PCR and flow cy-
tometry (Fig. 4f, g).

Taken together, these results demonstrated that TGFBI
could act as a potential downstream target of HMGB1 and
positively regulates PMA/ATRA-induced myeloid differenti-
ation of AML cell lines.

Chidamide downregulates HMGB1 expression and
confers therapeutic effect in AML

Our results indicate that targeted inhibition of HMGB1 ex-
pression in AML can suppress cell proliferation, induce cell
apoptosis, and overcome differentiation blockade, implicating
HMGB1 as a promising therapeutic target in AML.
Unexpectedly, through bioinformatics analyses, we found that
chidamide, a novel orally subtype-selective HDAC inhibitor,
whose chemical structure is presented in Fig. 5a, exerts sig-
nificant suppressive effect on HMGB1 expression (Fig. 5b).
To test whether chidamide regulates HMGB1 expression
in AML cells, primary MNCs derived from the bone mar-
row of AML patients were separated and treated with
chidamide for 48 h. Chidamide treatment led to remark-
able downregulation of HMGB1 expression at both
mRNA and protein levels (Fig. 5c, d), with concomitantly
increased TGFBI expression in the partial AML samples
(Fig. S1). To investigate the therapeutic effect of
chidamide on AML, cell proliferation and apoptosis as-
says were performed after chidamide handling. In agree-
ment with HMGB1 expression, chidamide presented strik-
ing inhibitory effect on the proliferation of primary AML
cells (Fig. 5e–g, top panel) and remarkably facilitated cell
apoptosis (Fig. 5e–g, bottom panel). On the other hand,
chidamide treatment also led to significant downregula-
tion of HMGB1 expression accompanied with upregula-
tion of TGFBI expression in THP-1, NB4, and HL-60
cells (Fig. 5h). In the meanwhile, apparent proliferation
repression of THP-1 and NB4 cells was also observed in
the cul ture medium with chidamide (Fig . S2) ;
macrophage-like and granulocytic differentiation markers
also presented significant upregulation with chidamide
treatment alone (Fig. 5i, j). Altogether, these results indi-
cated that chidamide can contribute to the striking down-
regulation of HMGB1 expression and confers promising
therapeutic effect on AML by regulating the proliferation,
apoptosis, and differentiation of AML cells.

�Fig. 2 HMGB1 regulates the proliferation and apoptosis of AML cells.
a–d THP-1, NB4, HL-60, and primary AML MNCs were infected with
lenti-ctrl and lenti-shHMGB1, replaced with fresh medium 24 h later and
cultured for another 48 h. Then, HMGB1 expression was detected by
Western blot, cell proliferation was evaluated by CCK-8 assay, and cell
apoptosis analyses were performed using double staining of annexin V
and 7-AAD followed by flow cytometry assay. Knockdown of HMGB1
in a THP-1, b NB4, c HL-60, and d primary AML MNCs inhibits cell
proliferation and promotes cell apoptosis. *P < 0.05 and **P < 0.01,
Student’s t test
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Discussion

AML is a heterogeneous disorder of aggressive hematopoietic
disease characterized by malignant proliferation and apoptotic
repression of clonal neoplastic cells and also differentiation

arrest of myeloid blasts [20, 21]. HMGB1, as a critical anti-
apoptotic and pro-autophagic protein, has been reported to be
overexpressed and released following chemotherapy and radi-
ation therapy in many cancers including leukemia cells [22].
High expression of HMGB1 is associated with the

113J Mol Med (2021) 99:107–118



progression of lymphocytic leukemia and chronic myeloid
leukemia [23]. The extracellular and endogenous HMGB1
could also activate autophagy through PI3K-MEK-ERK and
PI3K/Akt/mTORC1 pathways and mediate the drug resis-
tance to chemotherapy in leukemia cells [16, 24]. Here in this
study, our results demonstrated that HMGB1 is involved in
the development and progression of AML not only by
inhibiting cell apoptosis and promoting cell proliferation but
also through acting as a negative regulator of myeloid differ-
entiation, which provides more experimental evidence for
conferring HMGB1 as a therapeutic target for AML.

As a multi-functional protein, HMGB1 is widely expressed
and has been intensively studied in various physiological and
pathological processes [14]. HMGB1 is first identified as a
chromatin-binding chaperon protein containing two DNA
binding boxes (N-terminal A and central B) along with an
acidic C-terminal tail, which binds to DNA and modulates
the architecture of the chromosome, thereby regulating gene
transcription, DNA recombination, and repair [25]. Increasing
evidence indicate that extracellular HMGB1 released from the
cell could act as an inflammatory signal to elicit inflammation
and immune response and participate in the late-stage patho-
genesis of sepsis [26]. HMGB1 is also implicated as a poten-
tial RNA-binding protein regulating RNA metabolism at the
post-transcriptional level [27], although its direct downstream
targets have not yet been identified and reported. In this study,
we found that TGFBI was negatively regulated by HMGB1
during the PMA/ATRA-induced myeloid differentiation of
AML cell lines. As to the detailed molecular mechanism of
howHMGB1 regulates TGFBI expression transcriptionally or
post-transcriptionally during myeloid differentiation, it was

not fully elucidated in this study. Our previous work found
that TGFBI, highly expressed in the bone marrow mesenchy-
mal stem cells, is identified as a direct target of miR-199a-5p
and negatively regulates adipogenic differentiation [28]. MiR-
199a-5p is also reported to inhibit monocyte/macrophage dif-
ferentiation by targeting ACVR1B-mediated activation of the
TGF-β signaling pathway [29]. As a TGF-β-induced protein,
we demonstrated that TGFBI acts as a positive regulator and
facilitates PMA/ATRA-induced myeloid differentiation of
AML cell lines. However, obvious influence on cell prolifer-
ation and apoptosis was not observed after TGFBI interfer-
ence (data not shown), which may be due to the low-
abundance expression of TGFBI in AML cells.

HDACs are enzymes involved in remodeling of chromatin
by deacetylating the lysine residues and play important roles
in cancer development by regulating the expression and activ-
ity of numerous proteins involved in cancer initiation and
progression [30, 31]. Aberrant activation or overexpression
of HDACs has been reported in various cancers including
leukemia [32, 33], and HDAC inhibitors represent a new class
of targeting agents that have been developed and still in dif-
ferent stages of clinical trials for the treatment of both hema-
tologic and solid malignancies [34, 35]. Chidamide is a novel
and orally available benzamide-type HDAC inhibitor that se-
lectively inhibits the activity of HDAC1, 2, 3, and 10 [36, 37].
It is developed by Chipscreen Biosciences and has gained
approval from China Food and Drug Administration in 2015
for the treatment of relapsed/refractory peripheral T cell lym-
phoma [38, 39]. Moreover, chidamide is also being investi-
gated in preclinical and clinical studies through use alone or in
combination with other chemotherapeutic agents for other
types of hematological cancers including non-Hodgkin’s lym-
phoma, diffuse large B cell lymphoma, and AML [40–42].
Here our results demonstrated that chidamide alone presents
promising therapeutic effect on AML by strikingly inhibiting
proliferation, promoting apoptosis, and inducing differentia-
tion of AML cells. Active mechanisms of chidamide as an
anti-cancer agent are manifold and involve various biological
processes such as cell cycle arrest, apoptosis, differentiation,
and amplification of immune cell-mediated cytotoxicity
targeting tumor cells [36, 43]. Chidamide has been reported
to exert its function mainly by upregulating the post-
translational acetylation status of histones and non-histone
proteins, which increases expression of various genes associ-
ated with the growth and survival of tumor cells, decreases the
expression of Bcl-2 family and other pro-survival proteins,
and upregulates some molecular markers recognized by im-
mune cells and other chemotherapy drugs [44–46]. In this
study, HMGB1 presents significant decreased expression up-
on chidamide treatment in AML cells and acts as a potential
target of chidamide mediating the therapeutic effect on AML.
Although the molecular detail about how chidamide decreases
HMGB1 expression in AML cells remains to be elucidated,

�Fig. 3 HMGB1 regulates myeloid differentiation. a qRT-PCR and b
Western blot analyses of HMGB1 expression during PMA-induced mac-
rophage-like differentiation of HL-60 and THP-1 cells and ATRA-
induced granulocytic differentiation of HL-60 and NB4 cells. c Western
blot analyses of HMGB1 expression during the in vitro macrophage-like
and granulocytic differentiation of CD34+ HSPCs. d The expression of
HMGB1 was analyzed byWestern blot in THP-1 cells that were infected
with lenti-shHMGB1 (or lenti-ctrl) followed by PMA induction for 48 h.
e qRT-PCR detection of macrophage-like differentiation markers CD14,
CD11b, and CSF1R in the infected and PMA-induced cells. Three inde-
pendent experiments were performed, and data are means ± standard
deviations. f CD14 expression was evaluated by cytometric analyses in
infected and PMA-induced cells. Red and black curves show results for
untreated cells and anti-CD14 antibody-stained cells, respectively. g The
expression of HMGB1 was analyzed by Western blot in NB4 cells that
were infected with lenti-shHMGB1 (or lenti-ctrl) followed by ATRA
induction for 48 h. h qRT-PCR detection of granulocytic differentiation
markers CD11b, MPO, and CSF3R in the infected and ATRA-induced
cells. Three independent experiments were performed, and data are
means ± standard deviations. i CD11b expression was evaluated by cy-
tometric analyses in infected and ATRA-induced cells. Red and black
curves show results for untreated cells and anti-CD11b antibody-stained
cells, respectively. *P < 0.05 and **P < 0.01, Student’s t test.
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Fig. 4 TGFBI is identified as a downstream target of HMGB1 and
regulates myeloid differentiation. a Combined analysis of microarray
data of HMGB1 deletion (GSE18721) and AML expression profile
(GSE79605), partial differentially expressed genes were presented after
HMGB1 deletion. b qRT-PCR analyses of HMGB1 and TGFBI expres-
sion in THP-1 cells that were infected with lenti-shHMGB1 (or lenti-ctrl)
followed by PMA induction for 48 h. c qRT-PCR analyses of HMGB1
and TGFBI expression in NB4 cells that were infected with lenti-
shHMGB1 (or lenti-ctrl) followed by ATRA induction for 48 h. d qRT-
PCR detection of TGFBI expression and macrophage-like differentiation
markers CD14 and CD11b in THP-1 cells that were infected with lenti-

shTGFBI (or lenti-ctrl) followed by PMA induction for 48 h. e CD14
expression was evaluated by cytometric analyses in infected and PMA-
induced cells. Red and black curves show results for untreated cells and
anti-CD14 antibody-stained cells, respectively. f qRT-PCR detection of
TGFBI expression and granulocytic differentiation markers CD11b and
CSF3R in NB4 cells that were infected with lenti-shTGFBI (or lenti-ctrl)
followed by ATRA induction for 48 h. g CD11b expression was evalu-
ated by cytometric analyses in infected andATRA-induced cells. Red and
black curves show results for untreated cells and anti-CD11b antibody-
stained cells, respectively. *P < 0.05 and **P < 0.01, Student’s t test.
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our results provide experimental clue for targeting HMGB1
expression using chidamide as a novel strategy in AML
therapy.

In summary, our findings provide additional insights that
HMGB1 contributes to the AML pathogenesis and progres-
sion by inhibiting apoptosis, facilitating proliferation, and
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inducing differentiation arrest of AML cells, acting as a prom-
ising therapeutic target in AML, and further demonstrating the
therapeutic effect of chidamide on AML by reversing the bi-
ological processes correlated with the pathogenesis and pro-
gression of AML via downregulating HMGB1 expression.
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