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Purpose: Histone deacetylase 3 (HDAC3) has been suggested to play a role in hepatocel-
lular carcinoma (HCC). In the present report, we aimed to identify the effects of RGFP966, a
specific HDAC3 inhibitor, on the cell proliferation and migration of HCC cell lines.
Methods: Human HCC cell lines, which were identified using short tandem repeat (STR) DNA
profiling analysis, were used in this report. Cell proliferation assay was used to identify the growth
viability of cells. Wound healing and transwell assay were used to identify the migration ability of
cells. Further, a human phospho-receptor tyrosine kinases array kit was used to screen out
RGFP966 effects on key receptor tyrosine kinases. Then, the mRNA expression was quantified
by real-time PCR, and protein expression was identified by Western blot immunoassay.

Results: We found that RGFP966 inhibited both proliferation and migration of HCC cells.
Further, RGFP966 represses the expression and phosphorylation levels of epidermal growth
factor receptor (EGFR) in HCC cells. Moreover, HDACS3 is involved in the inhibition of EGFR
by RGFP966. Overall, we elucidated an inhibitive function of RGFP966 in HCC progression.
Conclusion: RGFP966 inhibits EGFR signaling pathway and suppresses proliferation and
migration of HCC cells.
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Introduction

Globally, liver cancer is the fourth leading cause of cancer death in 2018.!
Hepatocellular carcinoma (HCC), which is accounting for 75-85% of all liver
cancers, is the major histological type of primary liver cancer." Due to the advanced
stage of the disease, many HCC patients are not eligible for curative surgery at the
time of diagnosis. For a number of years, sorafenib was the only first-line medical
therapy for patients with HCC.” Even though encouraging studies have emerged,
such as the kinase inhibitors lenvatinib, regorafenib,* and cabozantinib,” there is an
unmet need for the pharmacological therapy for HCC.

Histone deacetylases (HDACs) play major roles in diverse biological functions, and
HDAC inhibitors show clinical promise for the treatment of cancers, including HCC.®®
Based on sequence similarity, HDAC family are divided into four subfamilies: classes I,
IIa, IIb, I11, and IV. HDACS3 was the third one to be identified of HDACs and belongs to
class I HDACs.” RGFP966, a selective histone deacetylase 3 (HDAC3) inhibitor, has
been proved to be effective in inhibiting different types of tumors. RGFP966 inhibits
growth of both PTEN-deficient and SPOP-mutated prostate cancer cells in culture,
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patient-derived organoids and xenografts in mice,'” and also
holds promise for the treatment of castration-resistant prostate
cancer.'' RGFP966 decreased cell growth in T cell lymphoma
cell lines due to increased apoptosis that was associated with
DNA damage and impaired S phase progression.12 RGFP966
markedly increased the protein level of AKAP12 and sup-
presses the progression and migration of colorectal cancer.'
But the effects of RGFP966 on HCC remains to be further
evaluated.

Although hdac3 is shown to be essential for the main-
tenance of chromatin structure and genome stability and
hdac3-Null livers develop hepatocellular carcinoma in
mouse, HDAC3 protein expression was downregulated
only in a small number of human liver cancers.'* Copy
number gain of HDAC3 occurs in HCC and overexpressed
HDACS3 is associated with increased tumor growth and a
poor prognosis in HCC patients.®'> Further, HDAC3 is an
important regulator of STAT3-dependent cell proliferation
in and liver cancer cells proliferation.'> Moreover, HDAC3
plays a critical role in regulating self-renewal of liver cancer
stem cells and liver regeneration.'>'® In addition, HDAC3
may be served as a candidate biomarker for predicting the
recurrence of hepatitis B virus-associated HCC following
liver transplantation and a potential therapeutic target.'”
Consequently, HDAC3 suppression by RGFP966 may be
a potential medical-therapeutic approach for HCC.

In this study, we found that RGFP966 inhibited both
proliferation and migration of HCC cells. Further, we
screened out that RGFP966 represses the expression and
phosphorylation levels of EGFR in HCC cells. Moreover,
HDAC3 is involved in the inhibition of EGFR by
RGFP966. Overall, our results suggested that RGFP966
inhibits EGFR signaling pathway leading to suppression of
proliferation and migration of HCC cells.

Materials and Methods

Chemicals
RGFP966 was obtained from MedChemExpress (MCE,
HY-13909), and was dissolved in DMSO.

Cell Lines and Cell Culture

Human HCC cell lines were obtained from Kunming cell
bank of Chinese Academy of Sciences and were identified
using short tandem repeat (STR) DNA profiling analysis.
Huh7 cells were cultured in Dulbecco’s modified Eagle
medium (Gibco), while PLC/PRF5 and HepG2 cells were

cultured in Minimum Essential Media (Gibco), and

supplemented with 10% (v/v) fetal bovine serum (Gibco).
Cells were incubated at 37°C in a humidified incubator
containing 5% CO2.

Cell Proliferation Assay

Cells were seeded into 96-well plates at a density of 3x10°
cells/well and cultured overnight. Then, cells were treated
with different concentrations of RGFP966 for indicated time.
Finally, growth viability of cells was assayed using the one-
solution cell proliferation assay (MTS) assay (Promega).

Wound Healing Assay

Cells were seeded into 12-well tissue culture dishes. After
confluent cell monolayers were formed, a linear wound
was generated with a sterile plastic pipette tip. Then, cells
were washed with phosphate buffer saline (PBS) and cul-
tured in 1% FBS with or without RGFP966 treatment.
Representative images of the scratched region were photo-
graphed. After incubation for 40 hrs, image from the same
area was photographed.

Transwell Assay

Transwell chamber system (Corning) with 8-um pore filter
inserts were used. 2.5 x10* or 5x10* cells were planted
into upper chamber per well in serum-free medium, and
medium supplemented with 10% FBS was placed in lower
chamber. RGFP966 or vehicle was added into both upper
chamber and lower chamber. After incubation for 40 hrs,
cells were fixed with 95% ethanol and the invaded cells
were stained by crystal violet.

Human Phospho-Receptor Tyrosine

Kinases Array

The proteome profiler human phospho-receptor tyrosine
kinases (RTK) array kit was obtained from R&D Systems
(ARY001B). Whole-cell lysates from Huh7 cells with or
without RGFP966 treatment were collected, and a total of
300 pg fresh protein was for determination of the relative
phosphorylation of 49 human RTKSs.

Cell Transfection
HA-tagged HDAC3 expression plasmid was obtained from
Sino Biological. Transfections were performed according
to the manufacturer’s instructions of jetPRIME reagents
(Polyplus-transfection).
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Figure | Growth repression induced by RGFP966 in HCC cells. (A—C), PLC/PRL/5, Huh7 and HepG2 cells were treated with indicated doses of RGFP966, or vehicle. 48

hrs later, relative cell numbers were determined using MTS assay by absorbance at 492 nm. Data are represented as mean

+ SD from three independent experiments. P

value refers to two-sided t test. (D—F), PLC/PRL/5, Huh7 and HepG2 cells were treated with RGFP966 (10 or 25uM) or vehicle. Relative cell numbers were determined at

indicated times using MTS assay by absorbance at 492 nm and normalized by 0 hr group. Data are represented as mean

refers to two-sided t test.

* SD from three independent experiments. P value

Drug Design, Development and Therapy 2020:14

123


http://www.dovepress.com
http://www.dovepress.com

Yu et al

Dove

Western Blot

Cell lysates were prepared by extraction with RIPA lysate.
Protein concentration was determined with BCA protein
assay kit (Pierce). Approximately 20 ug of total protein was
loaded. Antibodies against Phospho-EGFR (Tyr845) were
obtained from Cell Signaling Technology. Antibodies against
EGFR, HA tag, GAPDH and histone H3 were obtained from
Proteintech. Antibodies against total histone H3 acetylation
(H3ac) and specific acetylation on histone H3 lysine of
(H3K9ac) were obtained from Abcam. Goat anti-Mouse/
Rabbit IgG (HRP) were obtained from Invitrogen.

RNA Extraction, cDNA Synthesis and
Real-Time PCR

Total RNA was extracted using TRIzol reagent (Thermo
Fisher Scientific). cDNA synthesis was carried out with
PrimeScript RT reagent Kit with gDNA Eraser (TaKaRa),
and then analyzed by SYBR Green technology in Roche
LightCycler96 system according to the manufacturer’s
instructions. Relative quantification of EGFR expression

RGFP(10uM)

T a,‘._ %

40h

DMSO

RGFP
(10uM)

Huh?7

was normalization with the endogenous GAPDH control.
Primer sequences were EGFR-Sense 5-CCCACTCATGC
TCTACAACCC-3'; EGFR-anti-Sense 5'-TCGCACTTCTT
ACACTTGCGG-3"; GAPDH-Sense 5-GGAGCGAGATCC
CTCCAAAAT-3'; GAPDH-anti-Sense 5- GGCTGTTGTC
ATACTTCTCATGG-3".

Statistical Analysis
Statistical differences were determined by using the
Student’s ¢ test.

Results
RGFP966 Suppresses the Proliferation of

HCC Cells

Given that HDAC3 play major roles in HCC develop-
ment and RGFP966 is a specific inhibitor of HDAC3, we
sought to investigate the effects of RGFP966 on HCC.
We first measure cell proliferation by MTS method. In
PLC/PRF/5, Huh7 and HepG2 cells, RGFP966 inhibited
proliferation of in a dose-dependent manner, with

RGFP(10pM)

40h

RGFP
(10uM)

PLC/PRF/5

Figure 2 RGFP966 suppresses cell migration of HCC cells. (A) and (B), 5x10* Huh7 and PLC/PRL/5 cells were plated into transwell chamber with treatment of RGFP966
(RGFP,10pM) or vehicle. After 40 hrs, the invaded cells were stained, and representative images were photographed. (C) and (D), After a linear wound was generated, Huh7
and PLC/PRL/5 cells were treated with RGFP966 (RGFP, 10pM) or vehicle. After 40 hrs, representative images were photographed.
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maximum suppression observed at 25uM (Figure 1A-C).
Then, growth curves were measured under RGFP966
treatment with an effective concentration. The results
showed that cell proliferation was slightly inhibited in
Huh7 cells or HepG2 cells, while proliferation of PLC/
PREF/5 cells was more significantly inhibited (Figure 1D
and E). These data suggested that RGFP966 has an anti-
proliferative effect on HCC cells.

RGFP966 Suppresses the Cell Migration
Ability of HCC Cells

Next, we evaluated whether HCC cell migration is
regulated by RGFP966. We carried out our analyses in
Huh7 and PLC/PRF/5 cells, which showed a higher
ability of migration. Transwell assay showed that cell
migration was also suppressed by RGFP966 at 10 uM
(Figure 2A and B). And wound healing assay showed
that cell movement and cell migration were repressed by
RGFP966 treatment (Figure 2C and D). These results
show that RGFP966 suppresses the cell migration ability
of HCC cells.

DMSO  RGFP(10uM)

HUh7I I

[] p-EGFR

RGFP966 Represses the Expression and
Phosphorylation Levels of EGFR in HCC
Cells

Activation of RTK pathways has been shown in several
human cancers including HCC."® In order to better under-
stand the mechanisms of RGFP966 action in HCC cells, we
wondered whether RGFP966 has effects on RTK pathways.
We then evaluated the phosphorylation status of RTKSs after
RGFP966 treatment with Proteome Profiler Human
Phospho-RTK Array Kit. Among the examined 49 RTKs,
the phosphorylation levels of epidermal growth factor recep-
tor (EGFR) were significantly repressed in Huh7 cells
exposed to RGFP966 (Figure 3A). In addition, Western
Blot showed RGFP966 treatment not only inhibited the
phosphorylation level of EGFR Tyr845, which is phosphory-
lated in most hepatocellular carcinomas,'® but also induced
reduction of EGFR total protein amount in a dose-dependent
manner in Huh7 cells (Figure 3B). Similar results after
RGFP966 treatment were obtained in PLC/PRF/S cells
(Figure 3C). These data suggested that both the phosphoryla-
tion level and total protein amount of EGFR are markedly
downregulated upon RGFP966 treatment in HCC cells.
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&% 8 == =% EGFR
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Huh?

C
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Figure 3 RGFP966 downregulates the expression and phosphorylation levels of EGFR in HCC cells. (A), Huh7 cells were treated with or without RGFP966 (RGFP, |10puM).
And Human Phospho-RTK array was used to detect the effect of RGFP966 on relative phosphorylation of 49 different RTKs. Representative images were shown. (B) and (C)
after treatment with indicated concentrations of RGFP966 (RGFP) for 48 hrs, proteins from Huh7 (B) and PLC/PRL/5 (C) cells were harvested, and Western Blot analysis

was performed with the indicated antibodies. GAPDH was used as internal control.
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HDAC3 Enhances the Expression of showed that RGFP966 repressed the mRNA expression
EGFR and Is Involved in the Inhibition of of EGFR in Huh7 cells in a dose-dependent manner
EGFR b)’ RGFP966 (Figure 4A). Having established that RGFP966 inhibits

We therefore examined whether RGFP966 can modulate EGFR expression, we further wonder whether the inhibi-
mRNA expression of EGFR in HCC cells, real-time PCR  tion is associated with HDAC3. Ectopic expression of
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Figure 4 Inhibition of EGFR by RGFP966 is associated with HDAC3. (A), Huh7 cells were treated with indicated doses of RGFP966 (RGFP), or vehicle. After 40 hrs, cells were
harvested, and total RNA was extracted. Relative expression of EGFR mRNA was determined by real-time PCR. GAPDH was used as internal control. Data are represented as
mean * SD from three independent experiments. P value refers to two-sided t test. (B), Huh7 cells were separately transfected with empty vector and expression vector for HA-
tagged HDACS3. After 40 hrs, cells were harvested, and total RNA was extracted. Relative expression of EGFR mRNA was determined by real-time PCR. GAPDH was used as
internal control. Data are represented as mean * SD from three independent experiments. P value refers to two-sided t test. (C), Huh7 cells were separately transfected with empty
vector and different doses of HA-tagged HDAC3 expression plasmids. After 48 hrs, cells were harvested, and Western Blot analysis was performed with the indicated antibodies.
GAPDH was used as internal control. (D), Huh7 cells were separately transfected with empty vector and expression vector for HA-tagged HDAC3. After 24 hrs, 2.5 x10* cells
were plated into a transwell chamber. After 40 hrs, the invaded cells were stained, and representative images were photographed. (E), Huh7 cells were treated with indicated doses
of RGFP966 (RGFP), or vehicle. After 48 hrs, cells were harvested and Western Blot analysis was performed with the indicated antibodies. GAPDH was used as internal control.
(F), Huh7 cells were separately transfected with empty vector and expression plasmids for HA-HDACS3, and then were treated with RGFP966 (RGFP, 0pM) and vehicle for 48hrs.
Then, cells were harvested, and Western Blot analysis was performed with the indicated antibodies. GAPDH was used as internal control.
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HDAC3 can promote mRNA, total protein, and the
phosphorylation of levels of EGFR (Figure 4B and C).
Migration of Huh7 cells was promoted, too (Figure 4D).
Moreover, global histone H3 acetylation (H3ac), and
specific acetylation on residue lysine 9 of H3 (H3K9ac)
under RGFP966 treatment were increased, suggesting the
efficacy of HDAC3 inhibition by RGFP966 (Figure 4E).
In addition, ectopic expression of HDAC3 reversed the
RGFP966-induced downregulation of EGFR (Figure 4F).
These data suggested that HDACS3 is involved in RGFP-
induced inhibition of EGFR expression.

Discussion

In the present report, we showed that RGFP966 has the
strong potential against HCC cells, as evidenced by
decreased proliferation and migration. Our finding sug-
gests that HDAC3 inhibition by RGFP966 may offer a
new approach for HCC chemotherapy.

In previous studies, pharmacological inhibition of
HDAC:s showed clinical promise for the treatment of HCC.
Panobinostat is a non-selective HDAC inhibitor. Treatment
with panobinostat combined with sorafenib demonstrated the
highest preclinical efficacy in HCC models, providing the
rationale for clinical studies with this novel combination.®
Droxinostat, a type of histone deacetylase inhibitor, suppresses
HDACS3 expression and induces histone acetylation and HCC
cell death through activation of the mitochondrial apoptotic
pathway and downregulation of FLIP, supporting its potential
application in the treatment of HCC.” A recent study reported
that HDACS3 participates in hepatitis C virus (HCV) replica-
tion, and RGFP966 may be a potential treatment for diseases
associated with HCV infection such as HCC, although no
change in cell viability following treatment of 10uM
RGFP966 in HCV-infected Huh7 cells.?® In accordance with
this report, we found that RGFP966 mildly inhibits cell pro-
liferation of Huh7 and HepG2 cells at a higher concentration,
whereas remarkable inhibitory effect was shown in PLC/PRF/
5 cells following treatment of 10uM RGFP966 (Figure 1).

EGFR, a receptor tyrosine kinase, is overexpressed in a
significant proportion of hepatocellular carcinomas and
can be phosphorylated at different tyrosine sites, leading
to subsequent activation of different pathways.'® Notably,
a recent work suggested that activation of EGFR signal in
HCC cells caused the cells to exhibit EMT phenotypic
changes and KIAA1199 promotes sorafenib tolerance and
the metastasis of hepatocellular carcinoma by activating
the EGF/EGFR-dependent epithelial-mesenchymal transi-
tion program.”?’ EGFR activation may also contribute to

sorafenib resistance in HCC.?> In our study, RGFP966
inhibited EGFR expression and phosphorylation, which
could induce the repression of cell growth and cell migra-
tion (Figures 1 and 2), but other underlying mechanisms
may be involved in the processes.

The relationship between EGFR and HDAC3 seems
dependent on cellular context. HDAC inhibition decreases
the transcription and expression of EGFR in colorectal can-
cer cells.”> However, in another study, the down-regulation
of HDAC3 did not affect the expression of EGFR, but
HDAC3-CAGE axis regulates the activation of EGFR.** In
kidney cells, HDAC3 inhibition reduces the EGFR expres-
sion level and attenuates cellular proliferation.””> HDAC3
functions as a locus-specific corepressor to repress genes
through histone deacetylation.” In liver, HDAC3 regulates
gene transcription by catalyzing the deacetylation of core
histones and is involved in various biological processes.?’
In our study, we found that HDAC3 upregulates EGFR
transcription and RGFP966 can repress the mRNA expres-
sion of EGFR in HCC cells (Figure 4A and B) further
proving that HDACS3 is directly targeted by RGFP966, but
the mechanisms underlying involvement of HDAC3 in
EGFR transcription of HCC cells need further investigation.

Conclusions

Overall, we elucidated an inhibitive function of RGFP966
in HCC progression. Our results suggested that RGFP966
inhibits EGFR signaling pathway by repressing EGFR
expression and phosphorylation, which could lead to sup-
pression of proliferation and migration of HCC cells. In
conclusion, RGFP966 may inhibit HCC cell growth and
migration through suppressing the HDAC3-EGFR signal-
ing, and suggests a potential role in the treatment of HCC.

Abbreviations

HDACS3, histone deacetylase 3; HCC, hepatocellular car-
cinoma; EGFR, epidermal growth factor receptor; HCV,
hepatitis C virus; RTK, phospho-receptor tyrosine kinases;
STR, short tandem repeat.
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