Journal of Biosciences and Medicines, 2021, 9, 30-40
https://www.scirp.org/journal/jbm

ISSN Online: 2327-509X

ISSN Print: 2327-5081

/
o2o Resmits
0.00 Publishing

Inhibitory Effect of Histone Deacetylase
Inhibitor on the Proliferation of Leukemia
Cells and Its Anti-Tumor Pharmacology

Shubo Wang

College of Pharmacy, Jinan University, Guangzhou, China

Email: o_kihiro@163.com

How to cite this paper: Wang, S.B. (2021)
Inhibitory Effect of Histone Deacetylase
Inhibitor on the Proliferation of Leukemia
Cells and Its Anti-Tumor Pharmacology.
Journal of Biosciences and Medicines, 9,
30-40.
https://doi.org/10.4236/jbm.2021.91003

Received: November 30, 2020
Accepted: January 15, 2021
Published: January 18, 2021

Copyright © 2021 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

Abstract

The aim of this study was to explore the inhibitory effect of histone deacety-
lase inhibitor (HDACI) on the proliferation of leukemia cells. The two kinds
of leukemia cells (human promyelocytic leukemia cell (HL-60) and human
acute myelogenous leukemia cell (KG-1)) were selected for in vitro research.
Besides, Chidamide, a kind of benzamide HDACI, was applied to induce and
culture the HL-60 and KG-1 cells, and the anti-tumor cell proliferation activ-
ity of Chidamide on HL-60 and KG-1 was detected by the methyl thiazolyl
tetrazolium (MTT) assay, which was 5.6 and 6.1 in turn. The cell scratch ex-
periment verified that Chidamide had the metastasis inhibitory effect on
HL-60 and KG-1 cells. Flow cytometry was employed to measure the percen-
tage of apoptotic cells, and it was found that the percentage of apoptotic cells
was 55.6% + 1% and 48.6% + 1% in sequence after HL-60 and KG-1 cells
were treated with Chidamide for 36 hours. The number of auto-phagosomes
was determined by transmission electron microscopy showing that the num-
ber of auto-phagosomes in HL-60 and KG-1 cells was 12 £ 1 and 10 * 1, re-
spectively after the induction process of Chidamide. The phosphorylated his-
tone H2AX protein ()-H2AX) recognition antibody immunofluorescence
method was adopted to determine the deoxyribonucleic acid (DNA) damage,
and the positive rates of HL-60 and KG-1 cells reached 28.41% and 26.35%,
respectively after Chidamide treatment. Therefore, Chidamide, as a kind of
HDACI, could effectively inhibit the proliferation of leukemia cells, so that
the results of this experiment had a good guiding meaning for the clinical di-
agnosis and treatment of leukemia.
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1. Introduction

At present, malignant tumors have become the number one killer of human
health and one of the main causes of human death [1]. As a malignant tumor,
leukemia has seriously affected the survival and health of human beings. In tra-
ditional tumor treatment methods, the general method is to directly intervene in
tumor cell mitosis and the synthesis and repair of DNA [2]. However, this treat-
ment method is often accompanied by serious side effects, not only affecting the
clinical treatment effect but also leading to a great burden on the patient’s body.

Studies have pointed out that histone acetylation and histone de-acetylation
(HDAC) are widespread in collective growth and development, and the level of
histone acetylation is closely related to tumor growth [3]. The imbalance be-
tween histone acetylation and HDAC results in abnormal differentiation and
proliferation of cells, so as to cause the production of malignant tumors in the
body. A large number of experiments have proved that the level of HDAC is of-
ten overexpressed in tumor cells [4], and the overexpression of HDAC shows a
positive correlation with tumor invasion. Therefore, some specific drugs were
employed to inhibit HDAC in the body in order to suppress the tumor expres-
sion, which has become a new clinical treatment for tumors. The basic mechan-
ism of HDACI in the treatment of tumors is that the specific functions and
groups in HDACI inhibit the structure of zinc finger (Zn**) in HDAC [5]. In
terms of cell performance, HDACI mainly manifests itself as inhibiting tumor
cell growth, metastasis, and invasion, blocking the cell cycle, and inducing
apoptosis [6], but the specific medicinal functions still need a lot of research data
to prove.

In this study, Chidamide (a type of benzamide HDACI) was applied to inves-
tigate the inhibitory effect of leukemia cells. HL-60 and KG-1 cells were selected
for in vitro experiments to explore the mechanism of Chidamide on leukemia
cells. Moreover, the objective of this study was to provide a theoretical basis for

the clinical diagnosis of leukemia.

2. Literature Review

2.1. Research Progress on HDACI-Induced Cell Apoptosis

Studies have shown that high expression of HDAC suppresses the tumor cell
apoptosis, while HDACI induces the tumor cell apoptosis through transcription
[7]. This process is often accompanied by major changes in gene expression and
chromatin structure. Apoptosis includes 2 pathways (endogenous and exogen-
ous pathways). The endogenous pathway is also called the mitochondrial apop-
tosis pathway [8]. It means that the apoptosis pathway is activated to release the
apoptotic proteins into cytoplasm when tumor cells are stimulated by signals
(such as chemotherapy drugs), and the pro-apoptotic proteins are combined
with apoptotic protease activating factor-1 (APAF-1) in the cell to activate the
downstream Caspase-9, so as to induce cell apoptosis. For example, MHY218 (a

type of hydroxamic acid HDACI) can induce the down-regulation of B-cell
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lymphoma-2 (BCL-2) and the up-regulation of BCL2-associated X (BAX) ex-
pression in colon cancer cells. It directly leads to a marked increase in the ratio
of BAX/BCL-2 under the guidance of a drug concentration-dependent manner.
In addition, the activities of Caspase-3, Caspase-8, and Caspase-9 also rise ob-
viously. The above all proves that MHY218 can promote tumor cell apoptosis
through endogenous pathways.

The exogenous pathway of apoptosis is the activation of the apoptosis path-
way after the binding of the tumor necrosis factor (TNF) superfamily receptor
and the corresponding death ligand [9], so as to cause the activation of Cas-
pase-8 and Caspase-10. Besides, these two proteases further stimulate the activa-
tion of Caspase-3, Caspase-6, and Caspase-7, so that tumor cell apoptosis is
eventually induced. Furthermore, HDACI is selective when it induces apoptosis

[10] and can’t induce apoptosis for normal cells.

2.2. Research Progress on HDACI-Induced Cell Autophagy

In addition to cell apoptosis, cell autophagy is also one of the means to control
programmed cell death. Autophagy generally occurs in eukaryotic cells, and the
effect of autophagy is to recycle its own substances [11]. The way of autophagy is
that the organelle or cytoplasm combines with intracellular lysosomes to degrade
after it is wrapped by the isolation membrane. Autophagy can also degrade error
proteins in cells and rebuild cell structure, which can be regarded as a self-rescue
process of cells. The isolation membrane formation of autophagy is controlled
by Becin-1 gene. In clinical research, many factors such as different cell types
and drug types will influence the different biological functions of autophagy in-
duced by different HDACI monomers, and HDACI can induce the high expres-
sion of Becin-1 gene [12]. Clinical studies have indicated that tumor lesions can
lead to abnormal autophagy. In many cancerizations, there are deletions in Be-
cin-1 genesto varying degrees, and the down-regulation of Becin-1 gene may in-

crease the chance of cancerization.

2.3. Research Progress on HDAC Anti-Tumor Angiogenesis and
Metastasis

One of the characteristics of tumor growth is the formation and metastasis of
blood vessels in the tumor [13]. Tumor growth is divided into an avascular
phase and a vascular phase. In the avascular phase of tumor growth, the oxygen
supply mode of diseased cells in the tumor is mainly the diffusion of surround-
ing tissues. However, the nutrients provided by the surrounding tissues can no
longer meet the metabolism of the hyperplastic diseased cells as the tumor grows.
The tumor tissues will solve the cell nutrient supply by proliferating blood vessels.
At present, there is a large amount of evidence that HDACI has an excellent ef-
fect of inhibiting angiogenesis [14]. Studies have displayed that common HDA-
CIs such as tumor-specific antigen (TSA), suberoylanilide hydroxamic acid

(SAHA), and romidepsin (FK228) present the strong ability in tumor angioge-
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nesis.

In advanced cancer, it is often accompanied by tumor metastasis. Tumor me-
tastasis is related to a variety of cell behaviors, including blood vessel growth,
invasion, and colony formation. Tumor metastasis will affect other normal tis-
sues and organs, making clinical diagnosis difficult to cure. Tumor metastasis is
similar to angiogenesis, both of which promote the movement of tumor cells af-
ter changing cell adhesion characteristics and regulating the ability of matrix de-
gradation [15]. In clinical cases, the extracellular matrix (ECM) will have to first
be degraded to break the barrier between tissues if tumor tissue migration oc-
curs. The acetylation level of histones is directly associated with the aggressive-
ness of tumor cells. HDACI inhibits the transcription of matrix metalloprotei-
nase (MMP) by up-regulating the expression of RECK inhibitors [16], which
decreases the degradation ability of ECM and exhibits a strong anti-migration
effect.

3. Experimental Methods

The leukemia cell line HL-60 applied in this experiment was donated by Tianjin
Institute of Blood, China, and the leukemia cell line KG-1 came from 6 patients
with acute myeloid leukemia in Jinan Hospital. This experiment had been au-
thorized by the Ethics Committee of Jinan Hospital. The subjects and their fam-

ily members had signed the informed consent forms.

3.1. In Vitro Anti-Leukemia Cell Proliferation Activity Test

In this study, leukemia cells (HL-60 and KG-1) were selected to test their an-
ti-tumor cell activities in vitro. The specific operation was to inoculate cells at
different phases and make them adhere to a 96-well plate. Then, HL-60 and
KG-1 cells were cultured with Chidamide compound with concentration of 80
uM for 60 hours. Next, MTT was added into the plate to culture for 6 hours. Af-
ter the incubation, the MTT blue-violet crystal formazan precipitate was taken
and dissolved in dimethyl sulfoxide (DMSO). The absorbance of the sample was
measured under a wavelength of 570 nm with a Spectramax M5 microtiter plate
luminometer, and there were multiple equilibrium tests under the same condi-

tions.

3.2. Activity Test of Leukemia Cell Metastasis in Vitro

According to related studies, HDAC6 had a great effect on tumor cell metastasis.
In this study, there was a Chidamide anti-metastatic activity test, which has an
obvious inhibitory effect on HDAC6. The two leukemia cells (HL-60 and KG-1)

were used for cell scratch experiments.

3.3. Detection of Leukemia Cell Apoptosis in Vitro

HDACI-induced apoptosis is a crucial means to inhibit tumors. In this study,

HL-60 and KG-1 cells were inoculated into a 6-well plate, and the number of
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cells was 6 x 10* in each well. The leukemia cells were cultured for 12 hours until
they were completely attached to the wall. Then, Chidamide was added into the
plate, so as to adjust the concentration to 80 uM (80 uM was selected as the most
suitable drug concentration for the two cells). Next, they were processed for 12,
24, and 36 hours. The trypsin with the concentration of 0.25% was added for di-
gestion. After the digestion, trypsin was aspirated and discarded, and then, the
medium was used for pipetting. After blowing and aspirating were finished,
there was centrifugation for 6 minutes to collect the cell pellet. Besides, the speed
of centrifuge was set to 800 rpm. The cell pellet was rinsed with 1 mL of phos-
phate buffer saline (PBS), and centrifuged twice at 800 rpm for 6 minutes. 1.5
mL of 60% ethanol was added into the centrifugal pellet and mixed uniformly,
which was kept at 6°C for 12 hours. After incubation, it was centrifuged at 800
rpm for 6 minutes, and the supernatant was discarded. Then, the cell pellet was
washed twice with 1.5 mL of PBS and centrifuged at 800 rpm for 6 minutes. In a
dark environment, 600 pL of staining solution was added into the pellet to care-
fully blow and suck, the temperature was controlled at 25°C * 2°C. After 30 mi-
nutes of staining, the flow cytometry was applied to detect the percentage of
stained cells in the total cells at the G1, S, G2, and M phases in turn.

3.4. Detection of Leukemia Cell Autophagy in Vitro

HL-60 and KG-1 cells were inoculated into a 6-well plate, with 6 x 10* cells in
each well. They were cultured at 25°C + 2°C for 8 hours (their coverage of about
70%). After the induced treatment of Chidamide with 80 uM for 16 hours, the
sample was fixed in a glove box for 6 hours with 3% glutaraldehyde solution
prepared by a buffer with pH of 7. After rinsing the sample with buffer solution
for 3 times, it was fixed with 1.2% osmium for 10 hours. Then, buffer solution
was employed to wash the mixed sample 3 times. Besides, it was dehydrated with
40%, 60%, 90%, 95%, and 100% alcohol for 30 minutes at different concentra-
tions in sequence. After dehydration, the sample was replaced with propylene
epoxide at different concentrations (15%, 30%, 90%, 100% and 100%) (each
concentration for 30 minutes). After the replacement, the cells were soaked and

the fixed sections were detected through transmission electron microscopy.

3.5. Detection of Leukemia Cell Differentiation in Vitro

A 6-well plate was adopted to culture the HL-60 and KG-1 cells, and there were
6 x 10* cells in each well. The Chidamide of 40 pM, 60 uM, 80 uM, and 100 uM
was added to treat the cells. The plate was placed in an incubator with an envi-
ronment of 35°C + 2°C and 5% CO, for 12, 24, and 36 hours, so as to collect
cells. Then, the cells were washed with 15 uL of PBS, and the supernatant was
discarded. The cell sample was re-suspended with 80 uL of PBS and added with
1.5 uL of CD11b antibody. A control group was set, added with 1.5 pL of isotype
antibody, and incubated at 5°C in dark for 1 hour. After incubation, the sample
was washed with 15 pL of PBS and centrifuged at 2500 rpm for 6 minutes. After
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centrifugation, it was re-suspended with 240 uL of PBS and transferred into a
flow tube. Finally, the proportion of CD11b* cells in the whole sample was de-
termined by the flow cytometry.

3.6. Detection of DNA Damage of Leukemia Cells in Vitro

The fetal bovine serum (FBS) was mixed with dulbecco’s modified eagle medium
(DMEM) to configure a cell culture medium (volume ratio about 1:9 of FBS and
DMEM). HL-60 and KG-1 cells were inoculated in cell culture flask and the
prepared cell culture medium was added into the flask, so as to culture in a cell
culture tank for 8 hours to observe the degree of cell fusion. When the fusion
reached about 85%, the medium was taken and discarded. Then, 80 uL of Chi-
damide digested cells with concentration of 80 uM were added, and they should
be mixed evenly. HL-60 and KG-1 cells with good growth condition were re-
moved and inoculated in a culture dish for 12 hours. After the culture, 25 pL of
trypsin was added to prepare cell suspension, so as to process the cells for 1
hour. What’s more, it was stored in at 0 - 5°C. 15 uL of cell suspension was
carefully absorbed to inject into the cell count plate. 15 uL of cell suspension was
absorbed again and mixed with the pre-melted lipopolysaccharide gel, which
was immersed in a slide and was lysed for 1 hour with the addition of 20 mL of
cell lysis buffer. After full lysis, the slide was electrophoresed in a dark place for
30 minutes, washed twice with deionized water, dehydrated in 100% alcohol for
30 minutes, and dried at room temperature. The slide was stained in dark with
SYBR gold dye for 1 hour and dried at room temperature. The stained slide was
placed under a fluorescence microscope to observe the comet trailing. Moreover,
the y-H2AX recognition antibody immunofluorescence assay was employed to

detect the positive rate of )»H2AX focal point in the nucleus.

4. Results and Discussion

4.1. Determination of Cell Proliferative Activity by MTT Assay

The growth inhibition of Chidamide inhibitor on K562 (a type of human leuke-
mia cell line) was detected by MTT assay. The anti-tumor proliferation activity
of Chidamide on HL-60 and KG-1 cells was determined to be 5.6 and 6.1, re-
spectively. It revealed that the membrane permeability of HL-60 and KG-1 mo-
lecules was positively affected under the effect of Chidamide, resulting in the
high anti-proliferation activity of Chidamide against the two kinds of leukemia

cells.

4.2. Determination of Cell Metastasis Activity by Cell Scratch Test

Figure 1 showed that the cell metastasis ability of HL-60 and KG-1 cells treated
with 80 uM and 120 uM of Chidamide for 12, 24 and 36 hours in turn was ob-
viously lower than the ability of the blank control group (2 < 0.05). It indicated
that Chidamide had marked inhibitory effect on the metastasis of HL-60 and
KG-1 leukemia cells.
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Figure 1. Comparison on the cell metastasis ability of HL-60 and KG-1 cells at different
times through the cell scratch experiment.

4.3. Determination of Cell Apoptosis by Flow Cytometry

Flow cytometry was adopted to test the cells, and the results were shown in Fig-
ure 2 below. After 12 and 24 hours of HL-60 cells processed by Chidamide in
sequence, the apoptosis percentage of KG-1 increased but its growth rate was
slightly low. After 12 and 24 hours of processing, the apoptosis percentage reached
18.7% and 31.5%, respectively. Besides, the apoptosis percentage rose sharply to
48.6% * 1% 36 hours after processing.

Similarly, the percentage of apoptotic cells increased from 4.5% to 19.3% and
29.4%, respectively at 12 and 24 hours after treatment with Chidamide on HL-60
cells. Moreover, the percentage of apoptotic cells elevated to 55.6% + 1% after 36
hours of treatment. According to the data results, Chidamide had a substantial
effect on the apoptosis of HL-60 and KG-1 leukemia cells under the control of

different times.

4.4. Detection of Cell Autophagy by Transmission Electron
Microscopy

The transmission electron microscopy was applied to measure the cells. The re-
sults showed that the number of auto-phagosomes after 16 hours of HL-60 and
KG-1 cells induced and processed by Chidamide had a great increase in contrast
to the number of the blank control group. In addition, auto-phagosomes under
the transmission electron microscopy displayed the double membrane structure
with embedding cytoplasm. There were 3 auto-phagosomes in the blank control
group, and the number of auto-phagosomes was 12 £ 1 and 10 £ 1 in the HL-60
and KG-1 treatment groups, respectively. The mechanism was speculated that
the acidic environment of lysosomes in HL-60 and KG-1 leukemia cells was de-
stroyed after treatment with Chidamide, leading to inhibition of the binding ef-
fect of lysosomes and auto-phagosomes. Thus, Chidamide could induce auto-
phagy in HL-60 and KG-1 cells.

4.5. Determination of Cell Differentiation by Flow Cytometry

Flow cytometry was applied to determine the cells. Figure 3 indicated that Chi-
damide markeldy promoted the expression of CD11b on the surface of HL-60
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Figure 2. Effects of Chidamide on the percentage of apoptotic cells in KG-1 and HL-60 cells.
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Figure 3. Effects of Chidamide on cell differentiation.

and KG-1 leukemia cells, while CD11b expression in HL-60 and KG-1 cells
greatly increased after treatment with Chidamide. Combined with morphologi-
cal analysis of the cells, it was found that some cells had lobulated nuclei. The
above meant that Chidamide was possessed with a strong promoting effect on

the differentiation of HL-60 and KG-1 cells to some extent.

4.6. Determination of DNA Damage by y-H2AX Recognition
Antibody Immunofluorescence Assay

The cells were detected by immunofluorescence assay with y-H2AX recognition
antibody. The results suggested that HL-60 and KG-1 cells were treated with

Chidamide for 12 hours, so as to increase the comet trailing length of both cells
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by 34.2% and 39.5%, respectively in contrast to the length of the blank control
group. The positive rates of HL-60 and KG-1 cells reached 28.41% and 26.35% in
turn, after the detection by immunofluorescence method with y-H2AX recogni-
tion antibody. It could indicate that Chidamide could cause the growth of DNA
double-strand breaks, and there were a large number of DNA double-strand
breaks that were still not repaired. In summary, Chidamide could induce DNA
damage in HL-60 and KG-1 cells and inhibit DNA repair.

5. Conclusions

In this study, the anti-tumor mechanism of HDACI was deeply explored, so two
types of leukemia cells (HL-60 and KG-1) were selected as research objects, and
Chidamide was regarded as HDACI for anti-tumor pharmacology research.
MTT assay was adopted to detect the growth inhibition of Chidamide on HL-60
and KG-1 leukemia cells, which proved the anti-proliferation activity of Chida-
mide on HL-60 and KG-1 cells. Cell scratch experiments were conducted to ve-
rify the inhibitory effect of Chidamide on HL-60 and KG-1 cells. Flow cytometry
was applied to determine the effect of Chidamide on the percentage of apoptotic
cells in HL-60 and KG-1 cells, and it was found that Chidamide could enhance
the differentiation of HL-60 and KG-1 cells, and had an obvious effect on in-
ducing the apoptosis of HL-60 and KG-1 cells. Transmission electron microsco-
py was employed to detect the cell autophagy in HL-60 and KG-1 cells, finding
that the number of auto-phagosomes increased hugely after being treated with
Chidamide. This indicated that there was an autophagy induction effect of Chi-
damide on HL-60 and KG-1 cells. Finally, -H2AX immunofluorescence assay
was applied to detect DNA damage, suggesting that the positive rate of HL-60
and KG-1 cells rose dramatically after treatment with Chidamide.

To sum up, Chidamide could inhibit the cell cycle of HL-60 and KG-1 cells,
suppress the metastasis of HL-60 and KG-1 cells, damage the DNA of HL-60 and
KG-1 cells, and control DNA repair by inducing apoptosis, differentiation, and
autophagy of HL-1 cells. The above had a good guiding effect on the clinical
treatment of leukemia, and provided data for the anti-tumor research of HDACI.
However, the inhibitory effect of Chidamide on leukemia cells was only proved

in vitro, and the experimental results in vivo should be confirmed in the future.
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