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Chidamide combined with paclitaxel effectively reverses the
expression of histone deacetylase in lung cancer
Na Zhang?, Pan Sun?, Haizhen Jin? Yugin Yang®, Qingya Zhao?, Lin Zhou?,

Lili Guo®, Xiaohua Yang® and Liming Lu®

The role of histone deacetylases (HDACs) in lung cancer
has been extensively studied. Inhibition of HDAC activities
have been used as a new cancer treatment strategy. To
date, many HDAC inhibitors have been shown to induce
apoptosis and inhibit tumorigenesis. Chidamide (CS055)
is a new member of HDAC inhibitors. In China, Chidamide
has been approved for the treatment of relapsed or
refractory peripheral T-cell ymphoma. However, the
efficacy of Chidamide in non-small cell lung cancer
remains unclear. In this study, we used lung cancer
primary cells and investigated the effects of Chidamide
combined with paclitaxel on lung cancer. We found that
Chidamide combined with paclitaxel effectively inhibited
the expression and activity of HDAC in primary lung
cancer cells, induced their apoptosis and blocked cell

Background

Non-small cell lung cancer (NSCLC) is one of the leading
causes of cancer-related death worldwide [1]. In recent years,
the role of histone deacetylases (HDACs) in lung cancer has
been extensively studied, and this family of enzymes plays
an important role in lung cancer. To date, four classes of
HDACG:s have been identified based on function, subcellular
distribution, and DNA sequence similarity. Each HDACs
contains several members. The first two classes are consid-
ered to be typical HDACs, whose activity can be inhibited by
"Trichostatin A; the third class is a class of NAD+-dependent
proteins whose activity is related to NAD and is not affected
by Trichostatin A, the four classes are considered to be atypi-
cal HDAC:s because their members are classified as HDACs
based solely on their DNA sequence similarity to other
HDAGC:s [2]. HDACs remove the N-terminal lysine residues
of histones, in contrast to histone acetyltransferases. Studies
have demonstrated that HDACs are activated in lung cancer
and their activation promotes proliferation and tumorigene-
sis of NSCL.C cells i vitro and in vive. Inhibition of HDAC
activity may offer a new cancer treatment strategy [3].

To date, various HDAC inhibitors have been shown to
induce apoptosis and to inhibit angiogenesis in tumor
cells. Vorinostat (SAHA) has been approved by the US
FDA for the treatment of cutaneous 'T-cell lymphoma [4].
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cycle. Chidamide combined with paclitaxel may therefore
provide a new promising therapeutic treatment for lung
cancer. Anti-Cancer Drugs 31: 702-708 Copyright © 2020
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Paclitaxel is extracted from plant shupi and induce apop-
tosis by blocking cell cycle, it is used as a single agent
in first-line chemotherapy of advanced and metastatic
NSCLC. However, the treatment of paclitaxel-resistant
patients remains a key clinical challenge [5,6]. Finding
and designing new and effective treatment including
HDAC inhibitors would provide a new and promising
therapeutic direction for NSCLC patients.

Chidamide (CS055) is a new HDAC inhibitor. Studies
have demonstrated that Chidamide selectively inhibits
HDAC1, HDAC2, HDAC3, and HDAC10 [7], and exerts
antitumor effects by inducing growth arrest and apop-
tosis of blood and lymphoid tumor cells. Additionally,
Chidamide can reverse the drug resistance of tumor cells.
Chidamide also shows good tolerance and antitumor
activity in advanced solid tumors such as colon cancer
and liver cancer [8,9]. In China, Chidamide is currently
used for the treatment of relapsed or refractory peripheral
"T-cell lymphoma. However, the efficacy of Chidamide in
NSCLC is not known [10]. In this study, we first estab-
lished cultures of primary NSCLC cells, and examined
the consequences of combining the new HDAC inhibi-
tor — Chidamide and paclitaxel. Our results demonstrated
that the Chidamide and paclitaxel combination effec-
tively inhibited the expression and activity of HDACs in
the primary NSCLC cells, induced apoptosis and blocked
cell cycle. Interestingly, Chidamide and paclitaxel treat-
ment substantially decreased MYC expression. The
Chidamide and paclitaxel combination may therefore
offer a potentially new therapy for NSCLC.
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Materials and methods

Materials and reagents

Chidamide and paclitaxel were donated by Shenzhen
Microcore Biotech Co., Ltd.,, (Nanshan district,
Shenzhen) RPMI11640 medium and fetal bovine serum
were purchased from Hyclone (Logan, Utah, USA);
DMSO and thiazolyl blue (M'T'T) were purchased from
Sigma (USA); Annexin V-FITC /PI apoptosis detection
kit was purchased from Roche; (Basel, Switzerland)
bicinchoninic acid (BCA) protein quantification kit was
purchased from Tiangen Biochemical Co., Litd.; (Beijing,
China) anti-HDAC3(85057) antibody and anti-HDAC6
antibody(7612s) were CST products, anti-B-actin and
horseradish peroxidase (HRP)-labeled secondary anti-
body were all derived from Beijing Zhongshan Jingiao
Biological Co., Ltd (Beijing, China). patient-derived
tumor xenograft (PDX) mice were purchased from Bikai
Experimental Animal Co., L.td. (Xuhui district, Shanghai),
and the use of experimental mice complied with the eth-
ical charter of experimental animals; the acquisition of
patient tumor tissue complied with biomedical ethics.

Culture of primary lung cancer cells

The patient’s tumor tissues were separated and washed
with phosphate buffer saline (PBS) containing penicil-
lin-streptomycin solution. The tumor tissues were cut
into 1 mm® millet, 0.2% type I collagenase digested for
2 h and filtered through a 200 mesh filter. The cells were

Fig. 1
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washed with PBS, cultured with RPMI1640 medium.
And the fibroblasts were removed, the monoclonal cells
were identified for subsequent experiments.

Western blot

About 1 x 10’7 CAFQL1 cells, PC-9 cells, and H1975 cells
were gathered after pretreatment for the indicated time
periods as described previously (addition of Chidamide
and paclitaxel). Collect protein samples and detect the
protein concentration using the BCA protein concentra-
tion assay kit. After protein quantification, protein samples
were fractionated by 10-15% SDS-PAGE and then elec-
trically transferred onto polyvinylidene difluoride (PVDF)
membranes. Mouse or rabbit primary antibodies and
appropriate HRP-conjugated secondary antibodies were
used to detect the designated proteins. The bound sec-
ondary antibodies on the PVDF membrane were reacted
with ECL detection reagents (Pierce, Rockford, Illinois,
USA). Results normalized to the internal control $-actin.

CCKS8 analysis

The CAFQ1 cells (50 cell/ul) were seeded to 96-well
plates. After overnight incubation, the cells were treated
with different concentrations (0, 4, 8, 16, 32 pM) of
Chidamide for 48 h. Then 10 pl CCK8 MT'T solution
(2.5 mg/ml in PBS) was added to each well, and the plates
were incubated for an additional 4 h at 37 C. Measure
absorbance at 450 nm by a microplate reader.

CAFQ1 cells in culture (200x).
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Chidamide and paclitaxel down-regulate the expression of HDACS3, HDACS6 in lung cancer cells. (a) Effect of Chidamide on the viability of CAFQ1
cells. CAFQ1 cells were treated with different concentrations (0, 4, 8, 16, 32 uM) of Chidamide for 48 h. (b) Effect of Chidamide and paclitaxel on
HDAC expression. PC-9 cells were treated with 16 uM Chidamide and 10 uM paclitaxel for 48 h. (c) Effect of Chidamide and paclitaxel on HDAC
expression. H1975 cells were treated with 16 pM Chidamide and 10 pM paclitaxel for 48 h. (d) Effect of Chidamide and paclitaxel on HDAC
expression. CAFQ1 cell was treated with 16 uM Chidamide and 10 pyM paclitaxel for 48 h.
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Effects of Chidamide and paclitaxel on lung cancer cells growth. (a) Effects
of 16 pM Chidamide and 10 pM paclitaxel in CAFQT cell. (b) Effects of
16 uM Chidamide and 10 pM paclitaxel in PC-9 cells and H1975 cells.

RTCA analysis

T'he cell proliferation was measured by ACEA Biosciences
(San Diego, California): xCELLigence real-time unlabe-
led cell analysis technique (RTCA) DPlus. First, 50 pl of
medium were added to the wells of E-Plate 96. And then,
the E-Plate 96 was placed on the RTCA Station to auto-
matically check the contact and the background: Make
sure the selected wells are in normal contact, and the
Cell Index of all wells is lower than 0.063. Next, took out
E-Plate 96 and added 100 pl of the well-mixed CAFQ1
cells, PC-9 cells and H1975 cells (50 cell/ul) to the wells.
Placed E-Plate 96 in a clean bench for 30 minutes at
room temperature, and then, placed the E-Plate 96 in
the incubator. After overnight incubation, the cells were
treated with Chidamide (16 pM) and paclitaxel (10 pM)
to detect the cell proliferation curve for 1 week at 37 C.
The RTCA system would automatically generate curves
and values that can be used directly or added values to
GraphPad for graphing.

Flow-cytometry analysis

Analyses for apoptosis were also conducted with an
Annexin V-FITC Apoptosis Detection Kit (BioVision,
San Diego, California). CAFQ1 cells (1 x 10%) were
exposed to Chidamide (16 pM) and/or paclitaxel (10 pM)
for 48 h. They were collected by centrifugation and
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Effects of Chidamide and paclitaxel on CAFQ1 cells apoptosis. (a) Ctrl. (b) 16 uM Chidamide treatment. (c) 10 uM paclitaxel. (d) 16 pM
Chidamide and 10 pM paclitaxel. (e) Bar chart shows statistical analysis of the flow cytometry results.

resuspended in 500 pl of 1 x binding buffer. Annexin
V-fluorescein isothiocyanate (FI'TC; 5 pl) and PI (5 pl)
were added to the cells. After incubation at room tem-
perature for 5 minutes in the dark, cells were analyzed by
FACS using a flow cytometer (Becton Dickinson, Bergen,
New Jersey, USA). Cells that were stained for Annexin
V-FITC were analyzed.

PDX establishment

The patient’s tumor tissues were separated and washed
with PBS containing penicillin-streptomycin solution
and were cut into four pieces of 3-5 mm®. And then,
implanted into mice. Intragastric administration with
30 mg/kg Chidamide combined with 10 mg/kg paclitaxel
for 18 days and examined tumor volume and HDAC
expression.

Statistical analysis

The study was analyzed by GraphPad Prism 5.0 software,
and the mean + SEM was used. The mean difference
between the groups was analyzed by unpaired 7-test. P <
0.05 was considered statistically significant.

Results

Derivation of new non-small cell lung cancer primary
cell lines

We have recently derived a number of new NSCLC
primary cell lines from Chinese patients’ tumor tissues.
One of the new cell lines, CAFQI1 (patent pending), has
been subcloned and extensively characterized including
short tandem repeat (STR) and karyotype analysis. Flow-
cytometry analysis found that they expressed high Epcam
and Vementin. In this study, we used CAFQ1 primary
cell (Fig. 1) and investigated the effect of Chidamide and
paclitaxel focusing on to HDACs.

Chidamide combined with paclitaxel decreased HDAC3
and HDACS in lung cancer cells

We selected CAFQL1 cells, PC-9 cells, and H1975 cells to
study the inhibitory effect of Chidamide and paclitaxel on
HDAG:s in lung cancer cells. To test the inhibiting kinet-
ics of Chidamide in CAFQ1 cells, we first tested differ-
ent concentrations of Chidamide for 48°h and identified
IC, =10.18"Um in CAFQ1 cells (Fig. 2a). Subsequently,
CAFQL1 cells, PC-9 cells and H1975 cells were treated
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Effects of Chidamide and paclitaxel on cell cycle in CAFQ1 cells. (a) Ctrl. (b) 10 pM paclitaxel. (c) 16 pM Chidamide. (d) 16 uM Chidamide and

10 pM paclitaxel.

with Chidamide and paclitaxel for 48 h, and were har-
vested for detecting HDAC3 and HDAC6 in Western
blot. Chidamide decreased HDAC3 and HDACH6 protein
levels. Significantly, Chidamide combined with paclitaxel
demonstrated synergetic effects of decreasing HDAC3
and HDACO (Fig. 2b-d).

Chidamide combined with paclitaxel inhibited lung
cancer cells growth

To investigate the combined effect of two drugs in
inhibiting lung cancer cells growth, we treated CAFQ1
cells, PC-9 cells and H1975 cells with Chidamide and
paclitaxel for 7 days to detect the cell growth. In CAFQ1
cells, Chidamide and paclitaxel combination dramati-
cally decreased the cell growth in 46.43°h (Fig. 3a). In
PC-9 cells and H1975 cells, Chidamide and paclitaxel
combination dramatically decreased the cell growth in
20 h (Fig. 3b). Chidamide and paclitaxel together sub-
stantially inhibited lung cancer cells growth.

Chidamide combined with paclitaxel-induced CAFQ1
cells apoptosis

Activation of HDAC in lung cancer promotes prolifera-
tion of NSCLC cells 7 vitro and in vive. To investigate
whether Chidamide combined with paclitaxel inhibited
the proliferation of CAFQ1 cells, we treated CAFQ1
cells with Chidamide and paclitaxel for 48°h to detect

apoptosis. In the control group, 1.42% were undergoing
apoptosis (Fig. 4a), whereas, Chidamide group signifi-
cantly increased the apoptosis cell to 16% (P = 0.0276,
Fig. 4b), and paclitaxel treatment to 14.6% (Fig. 4c).
Chidamide and paclitaxel combination dramatically
increased apoptotic rate to as high as 63.3% (P = 0.0015,
Fig. 4d).

Chidamide combined with paclitaxel blocks CAFQ1 cell
in cell cycle G2 phase

To further investigate the effect of Chidamide com-
bined with paclitaxel, we treated CAFQ1 cells with
Chidamide and paclitaxel for 48°h and analyzed cell
cycle defects. In the control group cells in G2 phase were
7.45% (Fig. 5a), and up to 10.83% (P = 0.1515, Fig. 5b) in
cells treated with paclitaxel, and was up to 13.27% in the
Chidamide group (P = 0.0212, Fig. 5¢). The combination
of Chidamide and paclitaxel increased G2 phase cells,
up to 43.53% (P = 0.0007, Fig. 5d). We concluded that
Chidamide and paclitaxel together substantially blocked
CAFQI1 cell cycle.

Chidamide combined with paclitaxel Inhibit the
expression of HDAC3 and HDACG in the PDX model

We transplanted the NSCLC patient’s tumor tissue
into the mouse to establish PDX models, and inves-
tigated the effect of Chidamide and paclitaxel on the
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PDX model by intragastric administration. The results
showed that in the PDX model, Chidamide decreased
expression of HDAC3 and HDACG6. Again, the down-
regulation of HDAC3 and HDAC6 by Chidamide and
paclitaxel was more significant (Fig. 6a). Chidamide
and paclitaxel individual treatment inhibited the
growth of tumor measured by its volume and weight
(P =0.0118, Fig. 6b). In the Chidamide and paclitaxel
combination group, tumor volume is significantly
reduced (Fig. 6¢), and tumor weight could be reduced
to 0.2 g (P = 0.0035, Fig. 6b). Therefore, in-vivo
Chidamide combined with paclitaxel effectively
inhibited tumor growth.

Chidamide combined with paclitaxel significantly
reduced the expression of c-myc and Bcl-2 in CAFQ1
cells

Oncogenes and tumor suppressor genes can regulate both
tumor cell proliferation and differentiation, and apoptosis.
The proto-oncogene c-myc can cause cell division and
proliferation in the presence of growth factors. The Bcl-2

gene can inhibit apoptosis. To explore the regulatory pos-
sible mechanism of Chidamide and paclitaxel in CAFQ1
cells, they were stimulated with different concentrations
of Chidamide and paclitaxel for 48 h and harvested for
detecting the expression of c-myc and Bcl-2. Chidamide
decreased both c-myc and Bcl-2 in CAFQI1 cells, and
this decrease was more prevalent when combined with
paclitaxel (Fig. 7). Downregulation of c-myc and Bcl-2
may represent an important mechanism in CAFQT1 cells
treated with both Chidamide and paclitaxel.

Discussion

Previous studies have shown that HDAC inhibitors can
increase the levels of histone acetylation, cause tran-
scriptional changes, induce cell cycle arrest and apopto-
sis, and alter carcinogenic signals, blocking proliferation
of various tumor cells 7z vitro and in vivo [11]. However,
the mechanism of HDAC inhibitors in the treatment of
tumors is not fully understood. Studies have shown that
HDAC inhibitors can affect gene expression in tumor
cells, and, may induce tumor cell apoptosis and inhibit
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Chidamide combined with paclitaxel down-regulates c-myc and Bcl-2
expression in CAFQ1 cells.

tumor cell growth [12]. HDAC inhibitors have been
widely used clinically, but still have some clinical limita-
tions. Patients with HDAC inhibitor resistance remain a

key clinical challenge, finding and designing more potent
and effective HDAC inhibitors is needed.

Our results reported here found that Chidamide com-
bined with paclitaxel effectively decreased HDAC3 and
HDACH6 in primary lung cancer cells. In the mouse PDX
model, Chidamide combined with paclitaxel also effec-
tively inhibited HDAC3 and HDAC6, and substantially
reduce the volume of the tumors.

Chidamide regulates the expression of p21 protein in
tumor cells, and consequently blocks cell cycle and induces
apoptosis [13]. Our data demonstrated that Chidamide
combined with paclitaxel also significantly reduced the
expression of c-myc and Bcl-2 in primary lung cancer cells,
arrested cells in G2 phase, and induced apoptosis. One
possible mechanism is that Chidamide caused low expres-
sion of both c-myc and p21, which are well-characterized
factors in cell proliferation and cell survival.

In summary, this study presents data that Chidamide
combined with paclitaxel effectively reduced HDAC
protein levels, blocked cell cycle, and induced apoptosis
in primary lung cancer cells. In addition, Chidamide com-
bined with paclitaxel potently inhibited tumor growth in
a PDX model. Our study indicates that the combination
of Chidamide and paclitaxel may offer a potentially new
second-line lung cancer treatment.
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