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Abstract
Background: Choriocarcinoma is a rare and aggressive gynecological malig-
nancy. The standard treatment is systemic chemotherapy as choriocarcinoma

chemoresistance; thus, the prognosis remains very poor. This study aimed to
Funding information identify novel therapeutic agents for choriocarcinoma by utilizing a drug repo-
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Methods: Three choriocarcinoma cell lines (JAR, JEG-3, and BeWo) and a human

extravillous trophoblast cell line (HTR-8/SVneo) were used for the analyses. The
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growth inhibitory effects of 1,271 FDA-approved compounds were evaluated in
vitro screening assays and selected drugs were tested in tumor-bearing mice.
Functional analyses of drug effects were performed based on RNA sequencing.
Results: Muti-step screening identified vorinostat, camptothecin (S, +), topote-
can, proscillaridin A, and digoxin as exhibiting an anti-cancer effect in chorio-
carcinoma cells. Vorinostat, a histone deacetylase inhibitor, was selected as a
promising candidate for validation and the IC50 values for choriocarcinoma cells
were approximately 1 pM. RNA sequencing and subsequent pathway analysis
revealed that the ferroptosis pathway was likely implicated, and key ferroptosis-
related genes (i.e., GPX4, NRF2, and SLC3A2) were downregulated following
vorinostat treatment. Furthermore, vorinostat repressed tumor growth and down-
regulated the expression of GPX4 and NRF2 in JAR cell-bearing mice model.
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choriocarcinoma.
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1 | INTRODUCTION

Choriocarcinoma is the most aggressive gestational tro-
phoblastic disease (GTD), which is characterized by ab-
errant proliferation of atypical placental trophoblasts.
The incidence of choriocarcinoma ranges from 1 to 9.2 in
40,000 pregnancies.' The specific marker for choriocarci-
noma is human chorionic gonadotropin (hCG), which is
used to evaluate response to treatment and to diagnose re-
currence. Choriocarcinoma can develop after all forms of
pregnancy, including complete hydatidiform mole (CHM),
partial hydatidiform mole (PHM), and abortion.? CHM
accounts for 50% of all choriocarcinoma cases.’ Typically,
CHM has two paternal genomes, whereas PHM is triploid
of both maternal and paternal genetic origin.* The under-
lying genetic characteristics and molecular pathology is
complicated and remains unclear. Chemotherapy, includ-
ing methotrexate, etoposide, and actinomycin D, is the pri-
mary treatment option for choriocarcinoma.’ In general,
the chemosensitivity of choriocarcinoma is high; there-
fore, approximately 90% of the patients achieve a response
following initial treatment.®” However, the prognosis is
poor for the remaining 10% who develop metastasis and
acquired resistance. Therefore, it is important to identify
novel therapeutic agents for these patients.”

Recently, high-throughput methodologies, such as
next-generation sequencing, have been developed, and
target-based screening is a strategy to identify novel thera-
peutic agents.® However, target-based screening has been
less successful than expected.9 Thus, an alternative method
is a phenotype-based approach, including research using
small molecule libraries.'®"' The Prestwick Chemical
Library® consists of 1271 compounds with well-annotated
pharmacology. Moreover, they are clinically approved
by the Food and Drug Administration (FDA), European
Medicines Agency (EMA), and other agencies. Therefore,
the toxicity is considered to be well-tolerated in humans.
This is a significant advantage in the development of
drugs for rare cancers, including choriocarcinoma.

In this study, we identified novel therapeutic agents
based on a drug repositioning strategy using three

Conclusion: Vorinostat, a clinically approved drug for the treatment of advanced
primary cutaneous T-cell lymphoma, showed a remarkable anticancer effect
both in vitro and in vivo by regulating the expression of ferroptosis-related genes.
Therefore, vorinostat may be an effective therapeutic candidate for patients with

choriocarcinoma, drug repositioning, ferroptosis, histone deacetylase inhibitors, vorinostat

choriocarcinoma cell lines. Vorinostat, a histone deacetyl-
ase (HDAC) inhibitor, decreased cell proliferation both in
vitro and in vivo. Then, RNA sequencing suggested that
vorinostat may induce ferroptosis in choriocarcinoma
cells.

2 | MATERIALS AND METHODS

2.1 | Cell culture

The human choriocarcinoma cell lines, JAR, JEG-3, and
BeWo, were purchased from the American Type Culture
Collection. The human extravillous trophoblast cell line,
HTR-8/SVneo, was provided by Dr. Charles H. Graham
(Queen's University). Cells were maintained in RPMI
1640 (Nacalai tesque) supplemented with 10% fetal bovine
serum (FBS) and antibiotics.

2.2 | Measurement of hCG in the culture
supernatant

To measure hCG protein levels in a conditioned medium,
cells were seeded into 60 mm plates and cultured for 48 h.
The culture supernatant was collected and hCG levels
were measured by SRL, Inc.

2.3 | Immunofluorescence

The cells were fixed with 4% paraformaldehyde. Then,
cells were blocked with 7% FBS/PBS at room temperature
for 1 h and permeabilized with 0.5% Triton X-100 in PBS at
room temperature for 10 min. Next, the samples were in-
cubated with anti-hCG primary antibody (HCG-55, Novus
Biologicals LLC) in 7% FBS/PBS at 4°C overnight. The
samples were incubated with Alexa Fluor 488-conjugated
secondary antibody (Thermo Fisher Scientific) and
4’ ,6-diamidino-2-phenylindole for 1 h. Finally, the sam-
ples were analyzed with a Keyence BZ-X800 (KEYENCE).
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2.4 | Cell proliferation assay

The Prestwick Chemical Library (Prestwick Chemical),
which contains 1271 small molecules, was used. About 95%
of the compounds are clinically approved drugs. Vorinostat
was obtained from ChemShene, LLC (Monmouth Junction).
Drugs were dissolved in DMSO for each analysis.

Cells were seeded into 96-well plates at 8000 cells/
well (JAR) or 10,000 cells/well (JEG-3, BeWo, HTRS&/
SVneo). Twenty-four hour after seeding, drugs were
added to each well at a concentration of 10 pM. After
48, cell viability was measured using the CellTiter
96 Aqueous One Solution cell proliferation assay kit
(Promega). The optical density was determined using a
microplate reader (Agilent Technologies). Cells exposed
to vorinostat (1 puM) were evaluated in real-time for cell
confluence using IncuCyte ZOOM equipment (Essen
BioScience). The percentage of confluence was analyzed
by IncuCyte ZOOM software.

2.5 | RNA sequencing and pathway
analysis

Cells were treated with either 1 pM vorinostat or DMSO
for 24 h. Total RNA was extracted from JAR and JEG-3
cells using the RNeasy Plus Mini Kit (QIAGEN). Total
RNA concentration was measured using a NanoDrop
ND-1000 spectrophotometer (Thermo Fisher Scientific).
Rarevariant, Inc. conducted the RNA sequencing.
Kallisto software was used to quantify the expression
of each gene. Subsequently, the tximport package (ver.
1.18.0) of R software (ver. 4.0.3) and RStudio (RStudio)
were used, and scaledTPM counts were calculated.
Excluding genes with low read coverage, 1159 differen-
tially expressed genes (DEGs, [log2FC|>1) were used
for heatmap and principal component analysis (PCA).
The heatmap.2 function of the gplots package (ver.
3.1.0) and the prcomp and plot3d functions of the rgl
package (ver. 0.100.54) were used. The Wald test in
DESeq2 (ver. 1.30.0) was used to calculate adjusted p-
values for each gene, and the volcano plot was visual-
ized. The Ingenuity Pathway Analysis (IPA, QIAGEN)
program was performed using significant DEGs from a
vorinostat-treated JAR or JEG3 cells. Commonly dys-
regulated pathways following vorinostat treatment were
identified using a Venn diagram.

2.6 | qRT-PCR

Total RNA was isolated as described above and cDNA
was synthesized using a cDNA Reverse Transcription
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Kit (Toyobo). TB Green Premix Ex Taq (Takara Bio) was
used. The primer sequences are shown in Table S1, and
Mx3000P (Agilent Technologies) was used. The follow-
ing amplification program was used: denaturation at
95°C for 10 min, followed by 40 amplification cycles of
95°C for 15s and 60°C for 1 min. GAPDH was used as a
loading control.

2.7 | Western blot analysis

Total protein was prepared using lysis buffer (0.1% tri-
ton X, TBS, phosphoblocker). After the separation of
the cell lysate proteins by SDS-PAGE electrophoresis,
the cells were transferred to nitrocellulose membranes
and blocked with 5% non-fat milk. The membranes
were then incubated overnight at 4°C with the follow-
ing primary antibodies: Anti-GPX4 antibody AB125066
(Abcam), anti-NRF2 antibody #12721 (Cell Signaling
Technology), and anti-f-actin (Sigma-Aldrich, St
Louis). After incubation for 1 h at room tempera-
ture with peroxidase-conjugated secondary antibody
(Jackson Immuno Research Laboratories), the protein
bands were examined using an ECL Western Blotting
Detection Reagent and ImageQuant LAS 4000 mini soft-
ware (GE Healthcare).

2.8 | Immunohistochemistry

Sections of 4-pm thickness were prepared using a mi-
crotome. The sections were deparaffinized, rehydrated,
and subjected to antigen removal in 10mM citrate
buffer (pH 6.0; GPX4) or Tris-EDTA buffer (pH 8.0;
NRF2) at 95°C for 15min. Endogenous peroxidase ac-
tivity was blocked with 3% H,0, in methanol for 5 min
at room temperature. The sections were blocked with
10% goat serum and incubated with primary antibod-
ies at 4°C overnight. Anti-GPX4 antibody AB125066
(Abcam), anti-NRF2 antibody #12721 (Cell Signaling
Technology), anti-4HNE antibody bs6313R (Bioss),
and anti-Ki67 ab16667 (Abcam) were diluted at 1:250,
1:100, and 1:600, respectively with 1% BSA/PBS. Then,
the sections were incubated for 5 min with second-
ary antibody and peroxidase-labeled streptavidin using
SAB-PO kits (Nichirei Biosciences). The sections were
developed using DAB (Nichirei Biosciences). Finally, the
sections were incubated with hematoxylin, dehydrated,
and mounted. TUNEL-HRP-DAB staining (ab206386)
was performed according to the manufacturer's instruc-
tions. Images were captured using a whole slide scanner
(OliVIA VS120: Olympus Corp.) and quantified using
TissueMorph software (VisioPharm).
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2.9 | Animal studies

All animal procedures were reviewed and approved by the
Nagoya University Institutional Animal Experimentation
Committee (Approval No. 20392). Five-week-old female
BALB/Slc-nu/nu mice were purchased from Japan SLC,
Inc. JAR cells (4.0 x 10°cells/PBS) were injected subcuta-
neously on both flanks. When tumors became palpable,
the mice were divided into two groups and drug treatment
was initiated. The mice were treated with either 150 mg/
kg of vorinostat or vehicle (0.1% DMSO) three times
every other day. The tumor volume was measured every
2days and calculated using the modified ellipsoid formula
(Length x Width?x 0.5). The weight of the mice was meas-
ured once a week.

2.10 | Statistical analysis

Statical analysis was performed with GraphPad Prism ver.
5.00 software for Windows (GraphPad Software). Student's
t-test was used to determine the significance of differences
between the means of two sets of data. Differences with
P <0.05 were considered statistically significant.

3 | RESULTS
3.1 | Primary screening of a chemical
library using choriocarcinoma cells

We used three choriocarcinoma cell lines (JAR, JEG-3,
BeWo) and one trophoblast cell line (HTR-8/SVneo).
Their representative images are shown in Figure 1A.
Choriocarcinoma cell lines secreted more hCG into the
culture medium compared with HTR-8/SVneo cells, and
immunofluorescence confirmed that hCG was highly
expressed in JAR and JEG-3 cells (Figure 1B,C). These
results were consistent with the properties of choriocar-
cinoma cells.

First, we evaluated the relative growth inhibitory
effect of 1271 compounds in each cell line using the
screening procedure summarized in Figure 1D. Briefly,
the cells were treated with 10 pM of each compound for
48 h. Growth inhibition was determined using an MTS
assay. For each cell line, most of the compounds had no

effect on cell viability, but several compounds exhibited
relatively high growth inhibitory effects (Figure 1E). We
evaluated the drugs with the high anticancer effects (z-
score>2) on at least two cancer cell lines with a lim-
ited effect on the HTR-8/SVneo cell line (z-score<2).
Using a Venn diagram, 38 compounds were selected
(Figure 1F). A heatmap shows the names of the 38 com-
pounds and their relative inhibitory effects on the cell
lines (Figure 1G).

3.2 | Identification of therapeutic
candidates

Next, we classified the 38 drugs according to their ex-
pected pharmacological effects. Most of the drugs were
associated with oncology or infectiology (Figure 2A).
For the second screening, cells were treated with 10 pM
of the 38 compounds for 48h and the growth inhibition
rate was evaluated. The results indicated that 19 com-
pounds exhibited superior growth inhibition compared
with cisplatin (a positive control). In particular, several
oncological and cardiovascular drugs, including vori-
nostat, camptothecin (S, +), topotecan, proscillaridin
A, and digoxin, exhibited significant effects in the cho-
riocarcinoma cell lines (Figure 2B). We then examined
the concentration-dependent antitumor effects of these
drugs. Consistent with the results of primary screening,
these five drugs were effective even at low micromolar
concentrations without affecting HTR-8/SVneo viability
(Figure 2C). Therefore, we considered these drugs as ther-
apeutic candidates. However, camptothecin (S, +) and to-
potecan were excluded because the other topoisomerase
inhibitor was already in clinical use for choriocarcinoma.
Moreover, proscillaridin A and digoxin were excluded due
to potential cardiac adverse events. Therefore, we focused
on vorinostat, an HDAC inhibitor, for subsequent experi-
ments (Figure 3A).

3.3 | The effect of vorinostat on
choriocarcinoma cells

The IC50 values of vorinostat in JAR, JEG-3, and BeWo
cellswere 1.55,1.16, and 0.96 pM, respectively (Figure 3B).
The effect of vorinostat was validated by time-lapse

FIGURE 1 Primary screening to evaluate the relative inhibitory effects of 1271 compounds. (A) Representative images of
choriocarcinoma (JAR, JEG-3, and BeWo) and extravillous trophoblast (HTR-8/SVneo) cell lines. Scale bar, 100 pm. (B) The levels of hCG
in the culture medium of the cell lines. (C) Representative images of immunofluorescence staining of hCG in JAR and JEG-3 cell lines.

(D) Schematic overview of the screening protocol. (E) The z-scores of the inhibitory effects of 1271 compounds in each cell line. (F) Venn
diagram showing compounds with high inhibitory effects (z-score > 2) in common. (G) Heatmap showing the compound with an inhibitory
effect (z-score > 1) in at least one cell line. The names of 38 compounds with high inhibitory effects are shown.
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FIGURE 2 Secondary screening to identify therapeutic candidates. (A) Therapeutic category of the 38 compounds identified in the
primary screen. (B) Heatmap showing the inhibitory effects of the 38 compounds in choriocarcinoma cell lines. Cells were treated with

each compound in triplicate. Cisplatin and DMSO were used for positive and negative controls, respectively. (C) The efficacy of vorinostat,
camptothecine (S, +), topotecan, proscillaridin, and digoxin in choriocarcinoma and extravillous trophoblast (HTR-8/SVneo) cell lines. Cells
were treated with each compound in triplicate and the data are presented as the mean +standard error.

imaging (Figure 3C), showing that vorinostat treatment
significantly inhibited cell proliferation compared with
DMSO treatment (p <0.05).

To investigate the potential mechanisms of vorinostat
activity, we performed RNA sequencing using JAR and
JEG-3 cells. The heatmap and PCA analysis revealed that
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FIGURE 4 RNA sequencing to identify the mechanism of vorinostat-induced cell death. (A) Heatmap analysis showing differentially
expressed genes (GEGs, I1og2FC| > 1) following vorinostat treatment. Choriocarcinoma cells were treated with either 1 pM vorinostat or
DMSO for 24 h. (B) Principal component analysis of vorinostat- or DMSO-treated choriocarcinoma cells. (C) Volcano plots of vorinostat- or
DMSO-treated choriocarcinoma cells. (D) Graphical summary based on Ingenuity Pathway Analysis (IPA). Orange and blue nodes showed
activated and inhibited factors, respectively. (E) Venn diagrams representing the commonly activated or inhibited pathways following

vorinostat treatment based on IPA analysis.

vorinostat-treated cells exhibit different RNA profiles com-
pared with DMSO-treated cells (Figure 4A,B). A volcano
plot showed that there were 1207 and 3851 significantly
DEGs by vorinostat in JAR and JEG-3 cells (Figure 4C and
Tables S2 and S3). IPA analysis of the DEGs was performed
for each cell line and a graphical summary is shown in
Figure 4D. Moreover, the pathway analysis and Venn dia-
gram revealed that three and four pathways were signifi-
cantly activated and inhibited by vorinostat treatment in
both cell lines, respectively (Figure 4E and Tables S4-S7).
Of these pathways, we focused on the ferroptosis signal-
ing pathway (JAR and JEG-3, p = 4.17e-5 and 6.76e-4,
respectively). This is because choriocarcinoma clinically
exhibited intratumoral hemorrhage, suggesting an iron-
abundant cancer microenvironment.

3.4 | Activation of ferroptosis
by vorinostat

RNA sequencing revealed that vorinostat treatment resulted
in the aberrant expression of ferroptosis-associated genes
(Figure 5A). In addition, PCR validated the downregulation
of GPX4, NRF2, and SLC3A2 in vorinostat-treated JAR and
JEG-3 cells (Figure 5B). Moreover, western blot analysis re-
vealed that the expression of GPX4 and NRF2 was decreased
by vorinostat in a dose-dependent manner (Figure 5C).

3.5 | Invivo validation of
vorinostat effects

Finally, we evaluated in vivo effect of vorinostat using a
JAR cell-bearing mouse model (Figure 6A). Tumor vol-
ume was significantly inhibited by vorinostat treatment
(p<0.01 at 12weeks) and no adverse events, including
weight changes, were observed in either group (Figure 6B).
Immunohistochemistry revealed that vorinostat sig-
nificantly decreased the expression of GPX4 (p = 0.017,
Figure 6C) and NRF2 (p = 0.024, Figure 6C). Additionally,
the expression of 4-hydroxynonena (4-HNE), a well-
known by-product of lipid peroxidation and a widely ac-
cepted marker of oxidative stress, was increased in the
vorinostat group (p = 0.020, Figure 6C). Moreover, the
expression of Ki67 was significantly decreased (p <0.001)

and TUNEL-positive cells were significantly increased in
the vorinostat group (p <0.001, Figure 6C).

4 | DISCUSSION

In this study, we demonstrated that vorinostat is one
of the novel therapeutic agents for choriocarcinoma
based on a drug screening strategy. Choriocarcinoma is
a rare tumor, and clinical trials are difficult to conduct.
Therefore, as a clinically approved antitumor agent, vori-
nostat has a major advantage over other HDAC inhibi-
tors."” Vorinostat-induced cell death and decreased the
expression of GPX4, and NRF2, suggesting that ferroptosis
was one of the molecular mechanisms underlying the an-
titumor effects of the drug.

Vorinostat, a potent inhibitor of HDACS class I and 11,
was the first agent approved by the FDA for the treatment
of cutaneous T-cell lymphoma."?> HDACs play important
roles in regulating gene expression and modulating var-
ious cellular processes. The mechanism of cancer pro-
motion by HDAC involves transcriptional silencing of
tumor suppressors through nucleosome deacetylation-
containing tumor suppressor genes.'* HDAC inhibitors
induce cell cycle arrest and apoptosis in cancer cells.
HDAC inhibitors upregulate CDKN1A (p21), a potent cell
cycle inhibitor, as well as activate p53 acetylation.'*'>1¢
Moreover, HDAC inhibitors stimulate the transcription of
proapoptotic genes, such as BAX, BAK, and APAF1, and
inhibit angiogenesis.'”*® Thus, several studies have shown
that vorinostat exhibits an antitumor effect on lung cancer,
prostate cancer, and melanoma.'*~? Moreover, according
to subsequent clinical trials, vorinostat demonstrated a
high proportion of patients with stable disease, although
it failed to exhibit a significant effect.”®

Ferroptosis is an iron-dependent form of regulated
cell death induced by the accumulation of lipid peroxida-
tion.”*?® Ferroptosis has been reported to be involved in
cancer development in a variety of cancers.”” Moreover,
ferroptosis was induced in trophoblastic cells in patients
with preeclampsia.”® Clinically, choriocarcinoma exhib-
its intratumoral hemorrhage, which suggests the iron-
abundant cancer microenvironment. However, there have
been no reports on ferroptosis in choriocarcinoma. GPX4
and NRE2 are critical regulators of ferroptosis.****™!
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Student's t-test, and the values are shown as the mean +standard error. (C) Western blot analysis of GPX4 and NRF-2 in choriocarcinoma

cell lines treated with vorinostat.

GPX4 utilizes reduced glutathione to convert lipid hydrop-
eroxides to lipid alcohols, resulting in the inhibition of fer-
roptosis. Therefore, the loss or pharmacological inhibition
of GPX4 leads to ferroptosis induction.***' NRF2 also has
various functions, including glutathione, NADPH, and
iron regulation.**** NRF2 also indirectly regulates lip-
ids, and the amount of NRF2 contributes to ferroptosis
susceptibility.>> As a result, the activation of NRF2 leads
to cancer cell resistance to ferroptosis.***” Furthermore,

recent reports showed that NRF2 knockdown leads to
lower proliferation rates in vitro and in vivo in xenograft
experiments of various carcinomas.”®*’ Emerging evi-
dence suggests that ferroptosis is involved in tumorigene-
sis and chemotherapeutic drug resistance.?”*!

We demonstrated that an HDAC inhibitor induces fer-
roptosis in choriocarcinoma cells. This finding is consistent
with that of previous reports. Zhang T, et al. demonstrated
that vorinostat can promote ferroptosis by inhibiting xCT

FIGURE 6 The effect of vorinostat in a JAR cell-bearing mouse model. (A) The schema of the treatment schedule. Mice were

intraperitoneally administered with either vorinostat (150 mg/kg) or vehicle (DMSO) every other day. (B) Estimated tumor volume of JAR

cell-bearing mice treated with either vorinostat or DMSO. Tumor volume and weight were compared using a Student's t-test (*p <0.05,
**p <0.01, ***p <0.001). (C) Representative images of immunohistochemistry. The percentage of GPX4-positive, NRF2-positive, Ki67-
positive, TUNEL-positive, and 4HNE-positive cells were quantified by TissuemorphPD and compared with a Students ¢-test. The values are

the mean + standard error (n = 5). Scale bar, 200 pm.
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expression in EGFR-activating mutant lung cancer cells.*?
xCT is a light chain subunit of the glutamate-cystine anti-
porter system, Xc(—), which consists of two subunits, the
SLC7A11 light chain subunit and SLC3A2 heavy chain
subunit.**** SLC7A11 is overexpressed in several cancer
types and promotes cystine uptake and glutathione biosyn-
thesis, which resulted in protection from oxidative stress
and ferroptosis.*** Vorinostat inhibits XCT resulting in
the accumulation of oxidative stress and causing ferropto-
sis in cells.*” Our study showed that vorinostat reduced the
expression of SLC3A2, but not SLC7A11. SLC3A2 func-
tions primarily as a chaperone protein and is important
for regulating the SLC7A11 transportation to the plasma
membrane.*’ Hence, the loss of SLC3A2 results in a signif-
icant reduction in the levels of SLC7A11 protein.” In cho-
riocarcinoma, vorinostat causes a decrease in the level of
SLC7A11 protein through a reduction in the expression of
SLC3A2, which may lead to deregulated xCT function. As
aresult, the expression of GPX4, a downstream of xCT, was
also reduced by vorinostat, which supports this hypothesis.

Our study had several limitations. First, when vori-
nostat causes cell death in choriocarcinoma cells, it is
unclear whether the mechanism is only related to fer-
roptosis. Wang et al. suggested that the HDAC inhibitor,
quisinostat, significantly induced tongue squamous cell
carcinoma cell apoptosis and ferroptosis.> In our study,
we observed an increase in TUNEL-positive cells in tu-
mors of mice treated with vorinostat, which may suggest
that vorinostat induces both ferroptosis and apoptosis in
choriocarcinoma. Moreover, HDAC inhibitors can regu-
late various gene expressions depending on the cell types.
Therefore, the mechanisms of vorinostat will be a subject
of further exploration. Secondly, the efficacy of vorinostat
by oral administration was not determined in the animal
experiments, although vorinostat is clinically an oral drug.
However, the safety of vorinostat is clinically assured by
the FDA for advanced primary cutaneous T-cell lym-
phoma; thus, oral animal experiments are not necessarily
required.

In conclusion, our results highlight vorinostat showed
a remarkable anticancer effect by regulating the expres-
sion of ferroptosis-related genes. In the future, we will
consider conducting a clinical trial of vorinostat in pa-
tients with choriocarcinoma.
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