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HDAC7/c-Myc signaling pathway promotes the proliferation
and metastasis of choroidal melanoma cells
Yimeng Zhang1,2,7, Peng Ding3,7, Yuanyong Wang 3,7, Changjian Shao3, Kai Guo4, Hanyi Yang1,2, Yingtong Feng5, Jiayi Ning1,2,
Minghong Pan3, Ping Wang1, Xiaolong Yan 3✉, Zhiqiang Ma6✉ and Jing Han 1✉

© The Author(s) 2023

Choroidal melanoma (CM) is the most common type of diagnosed uveal melanoma (UM), which is prone to metastasis and exhibits a
poor prognosis. The molecular mechanisms underlying CM progression need further elucidation to research effective therapeutic
strategies. Histone deacetylase 7 (HDAC7) is very important in regulating cancer progression, but the significance and effect of HDAC7
on CM progression are unclear. In the present study, we found that HDAC7 is overexpressed in CM tissues versus normal tissues. We
built HDAC7 overexpressing CM cell lines to study the functions of HDAC7 in CM progression and verified that upregulation of HDAC7
promoted the proliferation and metastasis of CM cells, while pharmacological inhibition of HDAC7 suppressed both the proliferation
and metastasis of CM cells. Furthermore, we found that the aforementioned cancer-promoting effect of HDAC7 was mediated by
c-Myc. Targeted inhibition of c-Myc inhibited CM progression by interfering with the HDAC7/c-Myc signaling pathway. Our study
highlighted the function of targeting the HDAC7/c-Myc signaling pathway to intervene in the pathological process of CM, which
provides potential therapeutic strategies for CM treatment.
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INTRODUCTION
Uveal melanoma (UM) is a kind of common primary intraocular
malignancy in adults. Choroidal melanoma (CM) accounts for 90%
of UM cases and always occurs in patients between the ages of 50
and 70 years [1]. A previous study reported a higher incidence of
CM in Caucasian patients. In terms of sex, male patients account
for a slightly higher proportion of CM patients [2]. Despite
treatment, up to 50% of patients with CM will die from metastases,
especially liver metastases, within 10 years of diagnosis. There are
currently no effective treatment methods for patients with
metastatic melanoma, and the prognosis remains extremely poor
[3]. Therefore, novel therapeutic targets and approaches are
desperately needed to improve the clinical efficacy of treatments
and the prognosis of CM patients.
As a member of the histone deacetylase (HDAC) IIa subfamily,

HDAC7 plays an indispensable role in regulating multiple transcrip-
tion and corepressor factors by deacetylating both histone and
nonhistone proteins [4]. A previous study reported that abnormal
HDAC7 expression levels are correlated with cell proliferation,
metastasis, and angiogenesis in different cancers, such as colorectal
cancer, glioma, and gastric cancer [5–7]. High HDAC7 is also linked
with advanced cancers and leads to a poor prognosis, which has
been validated in breast and lung cancers [8, 9]. However, the

significance of HDAC7 and its effect on CM progression have not
yet been elucidated.
As a proto-oncogene, c-Myc is crucial in modulating cell

proliferation via both transcriptional activation and repression
[10, 11]. It has been validated that c-Myc is crucial for regulating
the long-term proliferation of cancer cells. Abnormal expression
of c-Myc contributes to a poorly differentiated phenotype, tumor
progression, and a poor prognosis [12]. c-Myc inhibition can
cause tumor regression in transgenic mouse models [13]. Some
scholars found that silencing HDAC7 can suppress the expression
of c-Myc and further block cell cycle progression in Hela and
MCF-7 cells, which demonstrates the close relationship between
HDAC7 and c-Myc in tumor progression. However, it remains
unclear whether the potential HDAC7/c-Myc signaling pathway is
involved in CM regulation.
The results of this paper indicate that HDAC7 is significantly

overexpressed in CM tissues. Furthermore, We generated
HDAC7 overexpressing CM cell lines to explore the functions
of HDAC7 in CM progression and verified that upregulation of
HDAC7 promoted the proliferation and metastasis of CM cells,
while pharmacological inhibition of HDAC7 suppressed both
the proliferation and metastasis of CM cells. In addition, we
found that the aforementioned cancer-promoting effect of
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HDAC7 was mediated by c-Myc. Targeted inhibition of c-Myc
inhibited CM progression by interfering with the HDAC7/c-Myc
signaling pathway. Our study highlighted the function of
targeting the HDAC7/c-Myc signaling pathway to intervene in
the process of CM, which provides potential therapeutic
strategies for CM treatment.

METHODS
Cell culture and lentivirus infection
Human CM cell lines (OCM1 and C918) were obtained from Hunan Fenghui
Biotechnology Co., Ltd. (Changsha, China) or Shanghai Fuxiang Biological
Technology Co., Ltd. (Shanghai, China) and cultured in DMEM (Gibco, NY,
USA) supplemented with 10% fetal bovine serum (FBS, Gibco, NY, USA) and
penicillin–streptomycin solution (100 units/ml) (Solarbio, Beijing, China).
HDAC7 and empty vector lentiviruses were obtained from GeneChem
(Shanghai, China). OCM1 and C918 cells were infected with lentiviruses
according to the protocol provided by GeneChem Corporation.

CM tissue samples and tissue microarray
immunohistochemistry (IHC)
We first collected the data of CM patients who underwent surgery in
Tangdu Hospital from March 2012 to October 2021 and screened 16
eligible patients as the research objects (Supplementary Table 1). The
author submitted the report to the hospital ethics committee and obtained
the approval of the Department (TDLL-202207-09). Before the experiment,
full communication and exchange were carried out with subjects, and all
subjects signed written informed consent. The subjects included in the
study had no other diseases and had not received radiotherapy or
chemotherapy before. After the intervention, follow-up will be carried out
for a certain period of time, and the relevant data or information will be
updated until January 2022. After the subjects were determined, the
collected samples were prepared into paraffin-embedded tissue chips.
Then IHC staining was performed on the collected samples with the
prepared anti-HDAC7 (1:100, #33,418, CST) primary antibody according to
the established process [14]. The immunostaining intensity classification
included 0 (negative), 1 (weak), 2 (moderate), or 3 (strong), and the
proportion classification of positively stained cells included 0 (<5%), 1

Fig. 1 HDAC7 overexpression facilitates OCM1 and C918 cell proliferation in vitro. A Typical picture and statistical analysis of the colony
formation assay in LV-HDAC7 OCM1/C918 and LV-Control OCM1/C918 cells. B Typical pictures and statistical analysis of the EdU incorporation
assay in LV-HDAC7 OCM1/C918 and LV-Control OCM1/C918 cells. The results were calculated as the ratio of the number of EdU-positive cells
(red fluorescence) to the total number of Hoechst 33342 stained cells (blue fluorescence). Scale bar, 100 μm (inset). C Typical Western blot
results of HDAC7, c-Myc, CDK1, Cyclin B1, CDK2, and Cyclin A2 in LV-HDAC7 OCM1/C918 and LV-Control OCM1/C918 cells. β-actin was used as
an internal control. Data are exhibited as the mean ± SD. Student’s t-test, *P < 0.05 vs. LV-Control group. Abbreviations: LV lentivirus, HDAC7
histone deacetylase 7.
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(6–25%), 2 (26–50%), 3 (51–75%), or 4 (>75%). The two numbers were
multiplied to determine the total score. According to the average score,
CM samples were divided into a low HDAC7 expression group and the high
HDAC7 expression group.

Colony formation assay
A total of 800 OCM1 or C918 cells were cultured in 6-well plates for
14 days. Then, colonies were fixed with formalin (Solarbio, Beijing, China).
The colonies containing 50 cells were counted for further analysis.

5-Ethynyl-2′-deoxyuridine (EdU) incorporation assay
The BeyoClick EdU Cell kit with Alexa Fluor 594 (Beyotime, Shanghai,
China) was used to detect the newly synthesized DNA and cell
proliferation according to the manufacturer’s directions. Cells were
imaged by an Olympus FV1000 confocal microscope (Olympus, Tokyo,
Japan). EdU-positive cells were manually counted as percentages of cells
calculated by the Hoechst 33342 nuclear label.

Wound healing assay
Prepare the medium containing fetal bovine serum, and then inoculate the
cells into its 6-well plate in strict accordance with the established process.

When the cells reach 90–100% fusion, then use the prepared 200 μL
pipette tip to produce scratches. The samples prepared by the above steps
were washed three times with 1× phosphate-buffered saline, and after the
impurities were completely removed, a new culture medium was added,
and then photos were taken and stored. One day later, observe the gap
between the edges of the wound, record, and save the results.

Transwell cell migration assay
In the detection of cell migration and diffusion, the classical transwell
detection method is introduced. First, the cells were incubated in a
serum-free medium (SFM) for one day. After completion, inoculate in the
upper chamber (Costar, Corning, NY, USA). The second step is to fill
200 μL SFM in the upper chamber according to the established process,
and the lower chamber was filled with the same medium supplemented
with 10% FBS. The third step is to fix the cells with formalin after 24 h,
then stained them with 0.1% crystal violet, and finally record and save
the results.

Western blot
Western blotting method was used in the following experiment
[14, 15], loading 25 μg of total protein lysate per lane. The following

Fig. 2 SAHA suppresses HDAC7-mediated CM cell proliferation both in vitro and in vivo. LV-Control and LV-HDAC7 OCM1/C918 cells were
pretreated with SAHA for 48 h in vitro. Athymic nude mice were treated with 50mg/kg/d SAHA intragastrically. A Typical pictures and
statistical analysis of the colony formation assay. B Typical pictures and statistical analysis of the EdU incorporation assay in LV-HDAC7 OCM1/
C918 and LV-Control OCM1/C918 cells. The results were calculated as the ratio of the number of EdU-positive cells (red fluorescence) to the
total number of Hoechst 33342 stained cells (blue fluorescence). Scale bar, 100 μm (inset). C Typical Western blot results of HDAC7, c-Myc,
CDK1, Cyclin B1, CDK2, and Cyclin A2 in LV-HDAC7 OCM1/C918 and LV-Control OCM1/C918 cells. D Representative pictures of tumor weight
changes after subcutaneous injection of C918 cells. Photographs show tumor xenograft morphologies in the LV-Control and LV-HDAC7 C918
groups treated with/without SAHA. E Typical Western blot results of HDAC7, c-Myc, CDK1, Cyclin B1, CDK2, and Cyclin A2 in the LV-Control and
LV-HDAC7 C918 xenograft tumor tissues. F Typical Western blot results of HDAC7, c-Myc, CDK1, Cyclin B1, CDK2, and Cyclin A2 in the LV-
Control and LV-HDAC7 C918 xenograft tumor tissues treated with/without SAHA. β-actin was used as an internal control. Data are exhibited as
the mean ± SD. Student’s t-test, in vitro: *P < 0.05 vs. the LV-Control+ SAHA 0 μM group; #P < 0.05 vs. the LV-Control+ SAHA 1.25 μM group;
&P < 0.05 vs. the LV-HDAC7+ SAHA 0 μM group, in vivo: *P < 0.05 vs. the LV-Control+ SAHA 0mg/kg/d group; #P < 0.05 vs. the LV-
Control+ SAHA 50mg/kg/d group; &P < 0.05 vs. the LV-HDAC7+ SAHA 0mg/kg/d group. Abbreviations: LV lentivirus, HDAC7 histone
deacetylase 7.

Y. Zhang et al.

3

Cell Death and Disease           (2023) 14:38 



Fig. 3 TMP269 suppresses HDAC7-mediated OCM1 and C918 cell proliferation. LV-Control and LV-HDAC7 OCM1/C918 cells were pretreated
using TMP269 for 48 h. A Typical pictures and statistical analysis of the colony formation assay. B Typical pictures and statistical analysis of the
EdU incorporation assay in LV-HDAC7 OCM1/C918 and LV-Control OCM1/C918 cells. The results were calculated as the ratio of the number of
EdU-positive cells (red fluorescence) to the total number of Hoechst 33342 stained cells (blue fluorescence). Scale bar, 100 μm (inset). C Typical
Western blot results of HDAC7, c-Myc, CDK1, Cyclin B1, CDK2, and Cyclin A2 in LV-HDAC7 OCM1/C918 and LV-Control OCM1/C918 cells. β-actin
was used as an internal control. Data are exhibited as the mean ± SD. Student’s t test, *P < 0.05 vs. the LV-Control+ TMP269 0 μM group;
#P < 0.05 vs. the LV-Control+ TMP269 20 μM group; &P < 0.05 vs. the LV-HDAC7+ TMP269 0 μM group. Abbreviations: LV lentivirus, HDAC7
histone deacetylase 7.
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primary antibodies were used: anti-HDAC7 (1:1000, #33,418, CST), anti-
c-Myc (1:1000, #5605, CST), anti-CDK1 (1:1000, 19,532-1-AP, Protein-
tech), anti-Cyclin B1 (1:1000, 55,004-1-AP, Proteintech), anti-CDK2
(1:1000, 10,122-1-AP, Proteintech), anti-CyclinA2 (1:1000, 18,202-1-AP,
Proteintech), anti-E-cadherin (1:1000,#14,472, CST), anti-Zeb1 (1:1000,
21,544-1-AP, Proteintech), anti-α-SMA (1:1000, 14,395-1-AP, Protein-
tech) and anti-β-actin (1:1000, #3700, CST). The secondary antibodies
used were HRP-linked anti-IgG antibodies (1:5000, Zhongshan Com-
pany, Beijing, China).

Cell treatment
SAHA, TMP269, and 10058-F4 (MedChemExpress, USA) stock solutions
were prepared in DMSO media prior to the subsequent experiments. The
CM cells were treated with these chemical compounds for 48 h and then
harvested for further analyses.

In vivo tumor xenograft models
The animal experiment was authorized by the Animal Experimentation
Ethics Committee of The Air Force Medical University (No. IACUC-
20210557). Male athymic nude mice (6-8 weeks) were purchased from
formal institutions. Different groups (LV-Control/LV-HDAC7) of 7 × 106 C918
cells were separately injected into the left/right flanks of nude mice. Then
days after injection, tumors were palpable and an equal number of mice
from LV-Control/LV-HDAC7 groups were randomly selected to be treated
with 50mg/kg/d SAHA intragastrically. After 21–28 days, the mice were all
sacrificed at the same time, and the tumors were excised and weighed for
further analysis.

Statistical analyses
In this study, the experimental data are input into SPSS 23.0 software for
statistics and processing. In addition, this paper also introduces χ2 test to
further characterize the relationship between HDAC7 content and
pathological characteristics of CM patients. When comparing between
groups, the student t-test is introduced. The data collected in the
experiment is described by mean ± SD. Statistical significance was
set at P < 0.05.

RESULTS
HDAC7 overexpression promotes CM cell proliferation
To detect the expression of HDAC7 in CM, we conducted IHC
staining analysis to investigate the HDAC7 level in a tissue
microarray including 16 CM tumor-normal tissues, and it was
significantly higher in CM tissues (P < 0.001, Fig S1A). In addition,
CM patients with T3/T4 stage exhibited higher HDAC7 expression
than those with T1/T2 stage (P < 0.01, Fig. S1B). To explore the
function of HDAC7 in regulating the CM proliferative phenotype,
stable HDAC7-overexpressing OCM1 and C918 cell lines were
generated through HDAC7 lentivirus. We conducted colony
formation and EdU incorporation assays to assess the role of
HDAC7 in OCM1 and C918 cell proliferation in vitro. In contrast
with the control group, we found that HDAC7 overexpression
obviously facilitated colony formation and enhanced the number
of EdU-positive cells in both OCM1 and C918 cells (P < 0.05, Fig. 1A,
B). Western blot analysis showed that c-Myc, which plays an
indispensable role in tumor progression, was dramatically upregu-
lated in the HDAC7 overexpression groups (Fig. 1C). We also
detected the expression level of some cell cycle proteins and found
that CDK1, Cyclin B1, CDK2, and Cyclin A2 could be upregulated by
HDAC7 overexpression while others exhibited no evident changes
(Fig. 1C, Fig. S2A). To summarize, the results demonstrate that
HDAC7 has a proliferation-promoting effect on CM cells.

Pharmacological inhibition of HDAC7 suppresses the
proliferative abilities of CM cells
To further confirm the proliferation-promoting role of HDAC7 in
CM, the HDAC7-overexpressing and control OCM1/C918 cell lines
were treated with the pan-inhibitor vorinostat (SAHA) for 48 h. The
HDAC7-induced promotion of proliferation was significantly
attenuated by SAHA, which was confirmed by colony formation
and EdU incorporation assays (Fig. 2A, B). Western blot results
validated that increased SAHA concentrations contributed to

Fig. 4 HDAC7 overexpression facilitates OCM1 and C918 cell metastasis in vitro. A Typical pictures (×200) and statistical analysis of the
wound healing assay. In wound healing assays, the migratory capacity was shown as the mean scratch area. The initial scratch area (0 h) was
set to 100%. B Typical pictures (×200) and statistical analysis of the transwell assay. C Typical Western blot results of HDAC7, E-cadherin, Zeb1,
and α-SMA in LV-HDAC7 OCM1/C918 and LV-Control OCM1/C918 cells. β-actin was used as an internal control. Data are exhibited as the
mean ± SD. Student’s t-test, *P < 0.05 vs. LV-Control group. Abbreviations: LV lentivirus, HDAC7 histone deacetylase 7.
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decreased HDAC7 levels in both cell lines (Fig. 2C). Consistently, the
upregulation in c-Myc, CDK1, Cyclin B1, CDK2, and Cyclin A2 level
induced by HDAC7 overexpression were also inhibited by SAHA,
and there is a positive correlation between the corresponding
inhibition level and dose (Fig. 2C). The average expression levels of
HDAC7, c-Myc, CDK1, Cyclin B1, CDK2, and Cyclin A2 in the HDAC7-
overexpressing groups were higher than those in the normal cell
groups (Fig. 2C). To further validate the proliferation-promoting role
of HDAC7 in vivo, we established tumor xenograft nude mice
models with LV-Control/LV-HDAC7 C918 cells and found that the
weight of xenograft tumors in the HDAC7 overexpression group
was evidently greater (P < 0.05, Fig. 2D). Western blot results
exhibited increased expression of c-Myc, CDK1, Cyclin B1, CDK2,
and Cyclin A2 in HDAC7 overexpressing xenograft tumors, which
were consistent with the results of in vitro experiments (Fig. 2E).
After treating with SAHA, the weight of xenograft tumors in the

SAHA treatment group was evidently less than those in group
without SAHA (P < 0.05, Fig. 2D). Western blotting also showed that
after treatment with SAHA, the expression levels of HDAC7, c-Myc,
CDK1, Cyclin B1, CDK2 and Cyclin A2 were downregulated in both
the HDAC7-overexpressing groups and control groups (Fig. 2F). To
further verify the above results, we repeated colony formation
assay, EdU incorporation assay and Western blot with the specific
class IIa inhibitor TMP269 and obtained the conclusions consistent
with the above experimental results utilizing SAHA (Fig. 3A–C).
Therefore, HDAC7-induced CM cell proliferation was partially
reversed by HDAC7 inhibition.

HDAC7 overexpression promotes CM cell metastasis
To further study the role of HDAC7 in CM progression, we assessed
the metastatic changes of HDAC7-overexpressing and control
OCM1/C918 cell lines in vitro. We conducted wound healing and

Fig. 5 SAHA suppresses HDAC7-mediated OCM1 and C918 cell metastasis. LV-Control and LV-HDAC7 OCM1/C918 cells were pretreated with
SAHA for 48 h. A Typical pictures (×200) and statistical analysis of the wound healing assay. In wound healing assays, the migratory capacity was
shown as the mean scratch area. The initial scratch area (0 h) was set to 100%. B Typical pictures (×200) and statistical analysis of the transwell
assay. C Typical Western blot results of HDAC7, E-cadherin, Zeb1, and α-SMA in LV-HDAC7 OCM1/C918 and LV-Control OCM1/C918 cells. β-actin
was used as an internal control. Data are exhibited as the mean ± SD. Student’s t-test, *P < 0.05 vs. the LV-Control+ SAHA 0 μM group; #P < 0.05 vs.
the LV-Control+ SAHA 1.25 μM group; &P < 0.05 vs. the LV-HDAC7+ SAHA 0 μM group. Abbreviations: LV lentivirus, HDAC7 histone deacetylase 7.
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transwell assays, validating that HDAC7 overexpression contrib-
uted to increased migration capacity in both OCM1 and C918 cells
(Fig. 4A, B). In addition, we detected the level of some essential
proteins associated with the EMT process using Western blotting
and found that HDAC7 overexpression obviously downregulated
E-cadherin expression but upregulated Zeb1. However, the level
of another EMT biomarker, α-SMA, did not change (Fig. 4C).
Therefore, the results above demonstrate that HDAC7 has a
metastasis-promoting effect on CM cells.

Pharmacological inhibition of HDAC7 suppresses the
metastatic abilities of CM cells
We also incubated the HDAC7-overexpressing and control OCM1/
C918 cell lines with SAHA for 48 h to further confirm the metastasis-

promoting role of HDAC7 in CM. We found that the HDAC7-
induced promotion of metastasis was significantly attenuated by
SAHA, which was confirmed by wound healing and transwell assays
(Fig. 5A, B). Western blot results validated that increased SAHA
concentrations contributed to decreased HDAC7 and Zeb1 levels in
both cell lines, but upregulated E-cadherin levels (Fig. 5C). The
average expression levels of HDAC7 and Zeb1 in the HDAC7-
overexpressing groups were higher than those in the control
groups, while the E-cadherin level was higher in the control groups
(Fig. 5C). To further verify the above results, we repeated wound
healing assay, transwell assay and Western blot with TMP269 and
obtained the conclusions consistent with the above experimental
results utilizing SAHA (Fig. 6A–C). Therefore, HDAC7-induced CM
cell metastasis is partially reversed by HDAC7 inhibition.

Fig. 6 TMP269 suppresses HDAC7-mediated OCM1 and C918 cell metastasis. LV-Control and LV-HDAC7 OCM1/C918 cells were pretreated
with TMP269 for 48 h. A Typical pictures (×200) and statistical analysis of the wound healing assay. In wound healing assays, the migratory capacity
was shown as the mean scratch area. The initial scratch area (0 h) was set to 100%. B Typical pictures (×200) and statistical analysis of the transwell
assay. C Typical Western blot results of HDAC7, E-cadherin, Zeb1, and α-SMA in LV-HDAC7 OCM1/C918 and LV-Control OCM1/C918 cells. β-actin was
used as an internal control. Data are exhibited as the mean ± SD. Student’s t-test, *P< 0.05 vs. the LV-Control+ TMP269 0 μM group; #P< 0.05 vs. the
LV-Control+ TMP269 20 μM group; &P< 0.05 vs. the LV-HDAC7+ TMP269 0 μM group. Abbreviations: LV lentivirus, HDAC7 histone deacetylase 7.
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HDAC7 promotes the proliferation and metastasis of CM cells
via c-Myc
A previous study reported that c-Myc gene amplification is linked
to tumor progression and increased aggressiveness [16]. In our
study, we found upregulated c-Myc expression level and
proliferative capacity in HDAC7-overexpressing OCM1/C918 cell
lines. Besides, silencing HDAC7 contributed to decreased c-Myc
level, further demonstrating that c-Myc expression was modulated
by HDAC7 (Fig. S2B, C). To explore the potential function of c-Myc
in CM progression, we treated original OCM1 and C918 cell lines
with the c-Myc-specific inhibitor 10058-F4 to evaluate the
proliferative and metastatic capacity of CM cells. We conducted
colony formation and EdU incorporation assays in 10058-F4-
treated OCM1 and C918 cells, showing that c-Myc inhibition could
significantly suppress CM cell proliferation (Fig. 7A, B). Western
blot results showed that with increased concentrations of 10058-
F4, the levels of both c-Myc and HDAC7 were decreased (Fig. 7C).
Consistently, the levels of CDK1, Cyclin B1, CDK2, and Cyclin A2
were also decreased, which indicated that c-Myc inhibition might
attenuate the proliferative capacity of CM cells (Fig. 7C). We also
evaluated the role of c-Myc in metastasis. Both wound healing and
transwell assays validated that c-Myc inhibition contributed to
decreased migration capacity in both OCM1 and C918 cells
(Fig. 7D-E). Western blot results showed that with increasing

concentrations of 10058-F4, the E-cadherin expression level was
increased, while the Zeb1 level was decreased. The α-SMA
expression level still showed no change (Fig. 7F). Altogether,
these results revealed that HDAC7 promotes the proliferation and
metastasis of CM cells via c-Myc, thus facilitating CM progression.

Targeted inhibition of c-Myc suppresses CM progression by
interfering with the HDAC7/c-Myc signaling pathway
To further validate the role of the HDAC7/c-Myc signaling pathway
in CM progression, we also incubated the HDAC7-overexpressing
and control OCM1 cell line with 10058-F4 for 48 h. In proliferation-
related assays, the HDAC7-induced promotion of proliferation was
significantly attenuated by 10058-F4, which was confirmed by
both colony formation and EdU incorporation assays (Fig. 8A, B).
Western blot results showed that increased 10058-F4 concentra-
tions contributed to decreased HDAC7 and c-Myc levels (Fig. 8C).
Consistently, the changes in CDK1, Cyclin B1, CDK2, and Cyclin A2
expression induced by HDAC7 overexpression were also inhibited
by 10058-F4 and there is a positive correlation between the
corresponding inhibition level and dose (Fig. 8C). The average
expression levels of HDAC7, c-Myc, CDK1, Cyclin B1, CDK2, and
Cyclin A2 in the HDAC7-overexpressing groups were higher than
those in the normal cell groups (Fig. 8C). In metastasis-related
assays, the HDAC7-induced promotion of metastasis was

Fig. 7 10058-F4 suppresses the HDAC7/c-Myc signaling pathway to inhibit OCM1 and C918 cell proliferation and metastasis. OCM1/C918
cells were pretreated with 10058-F4 for 48 h. A Typical pictures and statistical analysis of the colony formation assay. B Typical pictures and
statistical analysis of the EdU incorporation assay in OCM1/C918 cells. The results were calculated as the ratio of the number of EdU-positive
cells (red fluorescence) to the total number of Hoechst 33342 stained cells (blue fluorescence). Scale bar, 100 μm (inset).C Typical Western blot
results of c-Myc, HDAC7, CDK1, Cyclin B1, CDK2, and Cyclin A2 in OCM1/C918 cells. D Typical pictures (×200) and statistical analysis of the
wound healing assay. In wound healing assays, the migratory capacity was shown as the mean scratch area. The initial scratch area (0 h) was
set to 100%. E Typical pictures (×200) and statistical analysis of the transwell assay. F Typical Western blot results of E-cadherin, Zeb1, and α-
SMA in OCM1/C918 cells. β-actin was used as an internal control. Data are exhibited as the mean ± SD. Student’s t-test, *P < 0.05 vs. control
group. Abbreviations: HDAC7 histone deacetylase 7.
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significantly attenuated by 10058-F4, which was confirmed by
both wound healing and transwell assays (Fig. 8D, E). Western blot
results validated that increased 10058-F4 concentration contrib-
uted to decreased Zeb1 level, while the level of E-cadherin was
upregulated (Fig. 8F). The average expression of Zeb1 in the
HDAC7-overexpressing groups was higher, while the E-cadherin
level was higher in the control groups (Fig. 8F). In addition, there
has no obvious difference in the α-SMA expression level between
the HDAC7-overexpressing and control groups or among the
different drug concentration groups (Fig. 8F). Altogether, these

results revealed that the effects of the HDAC7/c-Myc signaling
pathway in promoting CM cell proliferation and metastasis can be
partially reversed by c-Myc inhibition.

DISCUSSION
CM is the most common type of UM and is prone to metastasis
and exhibits poor prognosis [1]. At present, the mechanism of CM
progression has not been fully clarified, so more in-depth research
and discussion are needed in order to effectively control the

Fig. 8 10058-F4 suppresses the HDAC7/c-Myc signaling pathway to inhibit the proliferation and metastasis of OCM1 cells. LV-Control and
LV-HDAC7 OCM1 cell was pretreated with 10058-F4 for 48 h. A Typical pictures and statistical analysis of the colony formation assay. B Typical
pictures and statistical analysis of the EdU incorporation assay in LV-HDAC7 and LV-Control OCM1 cell. The results were calculated as the ratio
of the number of EdU-positive cells (red fluorescence) to the total number of Hoechst 33342 stained cells (blue fluorescence). Scale bar,
100 μm (inset).C Typical Western blot results of HDAC7, c-Myc, CDK1, Cyclin B1, CDK2, and Cyclin A2 in LV-HDAC7 and LV-Control OCM1 cells.
D Typical pictures (×200) and statistical analysis of the wound healing assay. In wound healing assays, the migratory capacity was shown as
the mean scratch area. The initial scratch area (0 h) was set to 100%. E Typical pictures (×200) and statistical analysis of the transwell assay.
F Typical Western blot results of E-cadherin, Zeb1, and α-SMA in LV-HDAC7 and LV-Control OCM1 cell. G Schematic picture of the molecular
mechanism by which HDAC7 facilitates CM progression. HDAC7/c-Myc signaling pathway upregulates the level of CDK1, Cyclin B1, CDK2,
Cyclin A2, and Zeb1 and decreases E-cadherin levels, thereby facilitating CM proliferation and metastasis. β-actin was used as an internal
control. Data are exhibited as the mean ± SD. Student’s t test, *P < 0.05 vs. the LV-Control+ 10058-F4 0mM group; #P < 0.05 vs. the LV-
Control+ 10058-F4 0.2 mM group; &P < 0.05 vs. the LV-HDAC7+ 10058-F4 0mM group. Abbreviations: LV lentivirus, HDAC7, histone
deacetylase 7.
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disease. The results of this study showed that HDAC7 is
significantly overexpressed in CM tissues and high AJCC T stage
CM. HDAC7 promoted both the proliferation and metastasis of CM
cells. In addition, our preliminary results indicated that CM
progression could be enhanced via the HDAC7/c-Myc signaling
pathway, thus providing a potential therapeutic target for future
CM treatment.
HDAC7 plays an indispensable role in the modulation of various

cellular activities, mainly including migration, proliferation, and
apoptosis [16]. Dysregulated HDAC7 expression has been vali-
dated in various cancers, such as ovarian cancer, and glioma.
HDAC7 overexpression contributes to migration and is linked with
a poor prognosis in lung cancer, nasopharyngeal carcinoma, and
esophageal squamous cell carcinoma (ESCC) [17–19]. In the
present study, the IHC analysis results based on 16 paired CM
tumors and normal samples showed that the HDAC7 level was
significantly higher in CM tumor tissues. These results confirmed
the carcinogenic function of HDAC7 in CM.
Previous research has reported that HDAC7 plays an indis-

pensable pro-proliferative role in some cancer cells, including
MCF-7, HeLa, and HCT116 [20, 21]. A recent study on lung cancer
also validated HDAC7 contributed to the proliferation of cancer
cells by deacetylating β-catenin and further activating FGF18
expression [18]. In our study, we explore the effect of HDAC7 on
CM proliferation both in vivo and in vitro. The results showed that
HDAC7 overexpression could enhance the proliferative ability of
CM cells, which was validated by colony formation and EdU
incorporation assays. Additionally, pharmacological inhibition of
HDAC7 consistently suppressed CM cell proliferation. Western blot
analysis indicated that HDAC7 overexpression upregulated c-Myc
and some cell cycle regulatory molecules, further modulating the
cell proliferative process. Consistently, pharmacologic inhibition of
HDAC7 downregulated the molecules described above.
Studies have also reported that HDAC7 is crucial in cancer

metastasis, for instance, in breast cancer, nasopharyngeal cancer,
and ovarian cancer [17, 22]. A previous study verified that HDAC7
dramatically increases Snail levels and decreases E-cadherin levels,
further promoting the migration and invasion of ESCC [19]. Our
current study revealed that HDAC7 overexpression promotes the
metastasis of CM cells, which was validated by wound healing and
transwell assays. Pharmacological inhibition of HDAC7 also
consistently suppressed CM cell metastasis. Western blot analysis
showed that HDAC7 overexpression upregulated Zeb1 while
downregulated E-cadherin, which suggested that CM metastasis
might be facilitated by HDAC7-mediated changes in the expres-
sion of specific EMT biomarkers.
As an important transcription factor, c-Myc correlates with

tumor progression and contributes to poor clinical outcomes in
the context of multiple tumors [23]. Recent studies have shown
that HDAC7 and c-Myc have a close relationship in promoting
tumor aggression. Studies reveal that the carcinogenic effect of
HDAC7 depends on the amplification of c-Myc, which promotes
tumor cell escape from the cellular senescence process and
facilitates tumor cell growth by suppressing the expression of
p21/p27, thereby accelerating the G1-S cell cycle transition
[20, 24, 25]. A recent study reported that HDAC7/β-catenin/c-
Myc could form a positive feedback loop to enhance tumor cell
growth in ESCC [26]. Besides, HDAC7 inactivation results in the
inhibition of breast cancer stem cell phenotype by down-
regulating c-Myc [4]. HDAC7 silencing also attenuates c-Myc
expression in MCF-7 and Hela cells, thereby blocking cell cycle
progression [20]. In our study, we found that HDAC7 over-
expression promoted CM progression and c-Myc expression
while HDAC7 silencing caused decreased c-Myc level. Pharma-
cological inhibition of HDAC7 also consistently downregulated
c-Myc levels. Surprisingly, c-Myc inhibition also decreased the
expression of HDAC7 and partially attenuated HDAC7
overexpression-induced CM cell proliferation and metastasis.

These results further validated that HDAC7 and c-Myc formed a
signaling pathway to enhance CM progression. Targeted
inhibition of c-Myc suppresses CM progression by interfering
with the HDAC7/c-Myc signaling pathway.
Despite the findings in our study, there are some limitations that

should be noted. The mechanism by which HDAC7 regulates c-Myc
has not been fully elucidated. Previous studies indicated that
β-catenin was essential in the HDAC7/c-Myc regulatory pathway.
As the key mediator of the Wnt/β-catenin signaling, β-catenin is
associated with various diseases including cancer [27]. Ma et al.
validated that HDAC7 deacetylated β-catenin and promoted its
nuclear import, further upregulating c-Myc expression and
promoting ESCC tumor growth [26]. Guo et al. also reported that
HDAC7 facilitated non-small cell lung cancer proliferation and
metastasis via β-catenin/FGF18 pathway [18]. Therefore, it is
inferred that β-catenin may play an indispensable role in the
HDAC7/c-Myc signaling pathway during CM progression. Relevant
conclusions need to be clarified by further experiments. In addition
to the limitation mentioned above, we focused on the role and
mechanism of HDAC7, and the upstream signaling pathway of
HDAC7 has not been thoroughly explored. Besides, only one kind
of HDAC7-overexpressing CM cell line was selected for both in vivo
and c-Myc pharmacological inhibition experiments (not both the
OCM1 and C918 cell lines). Our further experiments aim to answer
the above questions and increase the reliability of our study.

CONCLUSION
Overall, our studies first confirmed that HDAC7 functioned as a
tumor promoter by enhancing CM cell proliferation and metas-
tasis. We demonstrated that HDAC7 is overexpressed in CM tissues
compared with normal tissues. More importantly, CM progression
could be enhanced via the HDAC7/c-Myc signaling pathway, thus
providing new ideas for future CM treatment.

DATA AVAILABILITY
The datasets are available from the corresponding author upon reasonable request.

REFERENCES
1. Jager MJ, Shields CL, Cebulla CM, Abdel-Rahman MH, Grossniklaus HE, Stern MH,

et al. Uveal melanoma. Nat Rev Dis Prim. 2020;6:24.
2. Singh AD, Topham A. Incidence of uveal melanoma in the United States:

1973–1997. Ophthalmology 2003;110:956–61.
3. Sallam A, Hungerford J. Choroidal melanoma. Br J hospital Med. 2007;68:669–73.
4. Caslini C, Hong S, Ban YJ, Chen XS, Ince TA. HDAC7 regulates histone 3 lysine 27

acetylation and transcriptional activity at super-enhancer-associated genes in
breast cancer stem cells. Oncogene 2019;38:6599–614.

5. Yu X, Wang M, Wu J, Han Q, Zhang X. ZNF326 promotes malignant phenotype of
glioma by up-regulating HDAC7 expression and activating Wnt pathway. J Exp
Clin Cancer Res. 2019;38:40.

6. Gao S, Liu H, Hou S, Wu L, Yang Z, Shen J, et al. MiR-489 suppresses tumor growth
and invasion by targeting HDAC7 in colorectal cancer. Clin Transl Oncol.
2018;20:703–12.

7. Yu Y, Cao F, Yu X, Zhou P, Di Q, Lei J, et al. The expression of HDAC7 in cancerous
gastric tissues is positively associated with distant metastasis and poor patient
prognosis. Clin Transl Oncol. 2017;19:1045–54.

8. Cutano V, Di Giorgio E, Minisini M, Picco R, Dalla E, Brancolini C. HDAC7-mediated
control of tumour microenvironment maintains proliferative and stemness
competence of human mammary epithelial cells. Mol Oncol. 2019;13:1651–68.

9. Lei Y, Liu L, Zhang S, Guo S, Li X, Wang J, et al. Hdac7 promotes lung tumor-
igenesis by inhibiting Stat3 activation. Mol Cancer. 2017;16:170.

10. Seoane J, Le HV, Massagué J. Myc suppression of the p21(Cip1) Cdk inhibitor
influences the outcome of the p53 response to DNA damage. Nature
2002;419:729–34.

11. Staller P, Peukert K, Kiermaier A, Seoane J, Lukas J, Karsunky H, et al. Repression of
p15INK4b expression by Myc through association with Miz-1. Nat Cell Biol.
2001;3:392–9.

12. Pelengaris S, Khan M, Evan G. c-MYC: more than just a matter of life and death.
Nat Rev Cancer. 2002;2:764–76.

Y. Zhang et al.

10

Cell Death and Disease           (2023) 14:38 



13. Jain M, Arvanitis C, Chu K, Dewey W, Leonhardt E, Trinh M, et al. Sustained loss of
a neoplastic phenotype by brief inactivation of MYC. Science. 2002;297:102–4.

14. Liu D, Ma Z, Di S, Yang Y, Yang J, Xu L, et al. AMPK/PGC1α activation by melatonin
attenuates acute doxorubicin cardiotoxicity via alleviating mitochondrial oxida-
tive damage and apoptosis. Free Radic Biol Med. 2018;129:59–72.

15. Wang Y, Wang Z, Shao C, Lu G, Xie M, Wang J, et al. Melatonin may suppress lung
adenocarcinoma progression via regulation of the circular noncoding RNA
hsa_circ_0017109/miR-135b-3p/TOX3 axis. J Pineal Res. 2022:e12813.

16. Parra M. Class IIa HDACs - new insights into their functions in physiology and
pathology. FEBS J. 2015;282:1736–44.

17. Li QG, Xiao T, Zhu W, Yu ZZ, Huang XP, Yi H, et al. HDAC7 promotes the onco-
genicity of nasopharyngeal carcinoma cells by miR-4465-EphA2 signaling axis.
Cell Death Dis. 2020;11:322.

18. Guo K, Ma Z, Zhang Y, Han L, Shao C, Feng Y, et al. HDAC7 promotes NSCLC
proliferation and metastasis via stabilization by deubiquitinase USP10 and acti-
vation of β-catenin-FGF18 pathway. J Exp Clin Cancer Res. 2022;41:91.

19. Feng Y, Ma Z, Pan M, Xu L, Feng J, Zhang Y, et al. WNT5A promotes the metastasis
of esophageal squamous cell carcinoma by activating the HDAC7/SNAIL signaling
pathway. Cell Death Dis. 2022;13:480.

20. Zhu C, Chen Q, Xie Z, Ai J, Tong L, Ding J, et al. The role of histone deacetylase 7
(HDAC7) in cancer cell proliferation: regulation on c-Myc. J Mol Med.
2011;89:279–89.

21. Wang S, Li X, Parra M, Verdin E, Bassel-Duby R, Olson EN. Control of endothelial
cell proliferation and migration by VEGF signaling to histone deacetylase 7. Proc
Natl Acad Sci USA. 2008;105:7738–43.

22. Witt AE, Lee CW, Lee TI, Azzam DJ, Wang B, Caslini C, et al. Identification of a
cancer stem cell-specific function for the histone deacetylases, HDAC1 and
HDAC7, in breast and ovarian cancer. Oncogene 2017;36:1707–20.

23. Lin CY, Lovén J, Rahl PB, Paranal RM, Burge CB, Bradner JE, et al. Transcriptional
amplification in tumor cells with elevated c-Myc. Cell 2012;151:56–67.

24. Wagner T, Brand P, Heinzel T, Krämer OH. Histone deacetylase 2 controls p53 and
is a critical factor in tumorigenesis. Biochim. Biophys. Acta. 2014;1846:524–38.

25. Hsu A, Duan Q, McMahon S, Huang Y, Wood SA, Gray NS, et al. Salt-inducible
kinase 1 maintains HDAC7 stability to promote pathologic cardiac remodeling. J
Clin Investig. 2020;130:2966–77.

26. Ma ZQ, Feng YT, Guo K, Liu D, Shao CJ, Pan MH, et al. Melatonin inhibits ESCC
tumor growth by mitigating the HDAC7/β-catenin/c-Myc positive feedback loop
and suppressing the USP10-maintained HDAC7 protein stability. Mil Med Res.
2022;9:54.

27. Nusse R, Clevers H. Wnt/β-catenin signaling, disease, and emerging therapeutic
modalities. Cell 2017;169:985–99.

ACKNOWLEDGEMENTS
This work was supported by the National Natural Science Foundation of China
(82103508, 81871866, 82173252, and 82203758), Shaanxi Special Support Plan-
Program for Leading Talents of Science and Technology Innovation (No. 2019 Special
Support Plan), Natural Science Foundation of Shaanxi Province (2016SF-308,

2019SF-033, 2021SF-158, 2022SF-145, and 2022JQ-862), Project of Tangdu Hospital,
Air Force Military Medical University (No. 2018 Key Talents), and The Talent Support
Program of Shaanxi Provincial People’s Hospital（2022JY-38).

AUTHOR CONTRIBUTIONS
Study design and concept: HJ, MZQ, YXL, and ZYM. Data acquisition: ZYM, WYY, SCJ,
GK, and YHY. Data analysis and interpretation: ZYM, DP, FYT, NJY, PMH, and WP.
Collection of clinical data and sample disposal: ZYM, WYY, SCJ, GK, and FYT. Paper
preparation: ZYM and DP. Paper review: HJ, MZQ, and YXL. All authors read and
approved the final paper.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41419-022-05522-0.

Correspondence and requests for materials should be addressed to Xiaolong Yan ,
Zhiqiang Ma or Jing Han.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Y. Zhang et al.

11

Cell Death and Disease           (2023) 14:38 

https://doi.org/10.1038/s41419-022-05522-0
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	HDAC7/c-Myc signaling pathway promotes the proliferation and metastasis of choroidal melanoma cells
	Introduction
	Methods
	Cell culture and lentivirus infection
	CM tissue samples and tissue microarray immunohistochemistry (IHC)
	Colony formation assay
	5-Ethynyl-2&#x02032;-deoxyuridine (EdU) incorporation assay
	Wound healing assay
	Transwell cell migration assay
	Western blot
	Cell treatment
	In vivo tumor xenograft models
	Statistical analyses

	Results
	HDAC7 overexpression promotes CM cell proliferation
	Pharmacological inhibition of HDAC7�suppresses the proliferative abilities of CM cells
	HDAC7 overexpression promotes CM cell metastasis
	Pharmacological inhibition of HDAC7�suppresses the metastatic abilities of CM cells
	HDAC7 promotes the proliferation and metastasis of CM cells via c-Myc
	Targeted inhibition of c-Myc suppresses CM progression by interfering with the HDAC7/c-Myc signaling pathway

	Discussion
	Conclusion
	References
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




