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ORIGINAL ARTICLE

Estrogen-related receptor y is upregulated in liver
cancer and its inhibition suppresses liver cancer cell
proliferation via induction of p21 and p27

Ji-Hyun Kim!?7, Yeon-Kyung Choi'*’, Jun-Kyu Byun®’, Mi-Kyung Kim*, Yu Na Kang>, Seong Heon Kim®,
Sungwoo Lee®, Byoung Kuk Jang* and Keun-Gyu Park!??

Orphan nuclear receptor estrogen-related receptor v (ERRY) regulates cell growth and tumorigenesis in various cancers. However,
the clinical relevance of ERRy to hepatocellular carcinoma (HCC) remains unclear. Here we examined the clinical significance
of ERRy in HCC and its potential as a therapeutic target. ERRy levels in tissues from completely resected specimens from 190
HCC patients were examined immunohistochemically and their association with clinical stage and pathological grade was analyzed.
Small interfering RNA (siRNA)-mediated knockdown of ERRy (siRNA-ERRY) or an ERRY inverse agonist, GSK5182, were also
used to examine the effects of ERRYy inhibition on the proliferation and growth of a human hepatoma cell line, PLC/PRF/5.
Immunohistochemical analysis revealed that tumor tissues showed higher levels of ERRy-positivity than adjacent non-tumor lesions.
Tumors showing high levels of ERRy immunoreactivity also had advanced tumor node metastasis (TNM) and Barcelona Clinic Liver
Cancer stages and a higher Edmondson-Steiner grade. In addition, high-level expression of ERRYy in tumors of advanced TNM
stage correlated with poorer overall survival. Treatment of PLC/PRF/5 cells with siRNA-ERRy or GSK5182 inhibited proliferation
through G1 arrest, increased expression of p21 and p27 and decreased expression of phosphorylated retinoblastoma protein.
GSK5182-induced reactive oxygen species also suppressed the proliferation of PLC/PRF/5 cells. The present study showed that
ERRYy expression is clinically significant in HCC; therefore, it can be considered a biomarker for HCC diagnosis. Moreover, the
results provide a rationale for the use of ERRy inhibitors such as GSK5182 as potential therapeutic agents.
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INTRODUCTION

molecular biomarkers that may predict the prognosis of patients

Hepatocellular carcinoma (HCC) is the sixth most common
and leading cause of cancer-related death worldwide.! Curative
treatment is effective only if the cancer is diagnosed at an early
stage; however, recurrence rates are high and long-term survival
is poor.? Therefore, it is imperative to identify markers that can
improve early diagnostic accuracy and predict disease prognosis;
such markers would enable clinicians to decide the most
appropriate course of treatment. Increased understanding of
the signaling pathways underpinning HCC development and
progression has stimulated interest in the identification of

with HCC and/or be developed as potential therapeutic targets.?

Estrogen receptor (ER)-related receptors (ERRs; ERRa,
ERRB, and ERRy) belong to the NR3B group of nuclear
receptors and are closely related to ERs, sharing highly
homologous DNA-binding domains; however, they are con-
stitutively active and do not bind to natural estrogen.*> Among
these receptors, ERRy is expressed in tissues associated with
high metabolic demand, including heart, skeletal muscle and
brown adipose tissue.® Accumulating evidence indicates that
ERRy is involved in controlling mitochondrial biogenesis and
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cellular energy homeostasis and that it has a pivotal role in
metabolic deregulation in various tissues.” Besides its role in
metabolic disease, recent studies report the clinical significance
of ERRy in estrogen-dependent cancers such as those of the
breast and endometrium. For example, ERRy is overexpressed
in breast cancer and correlates with lymph node-positive status,
indicating that ERRy has an important role in promoting the
growth and metastasis of breast cancer.®® ERRy is upregulated
during the acquisition of tamoxifen resistance, suggesting that
it may be a predictive marker for a poor therapeutic response
by breast cancer.®? Similarly, ERRy is upregulated in endo-
metrial cancer, and its expression increases with clinical stage,
depth of myometrial invasion and an increase in the number of
metastatic lymph nodes.!’ Moreover, ERRy mediates estrogen-
induced proliferation of endometrial cancer cells.!! However,
no studies have examined the clinical relevance of ERRy to
HCC or its potential as a therapeutic target.

Aberrant expression of cell cycle protein kinases is a
hallmark of human malignancy; therefore, a considerable
number of small molecules targeting cell cycle regulatory
proteins have been studied as candidate treatments for
attenuating the proliferation of cancer cells.'> Cyclin-
dependent kinase inhibitors such as p21WAF! and p27KiP! are
negative regulators of the cell cycle check point and essential
mediators of cell cycle arrest.!»!4 Therefore, increasing the
expression of p21 or p27 has been attempted to induce growth
arrest in cancer cells.!” In this context, expression of the ERR
subfamily in tumor tissues has focused attention on their role
in cancer cell cycle progression in conjunction with regulation
of cyclin-dependent kinase inhibitor.'® Upregulation of ERRa
in breast and colon cancer has a role in cell cycle
progression,!”!8 whereas downregulating ERRP affects the cell
cycle and tumor progression in prostate cancer.!*?’ Accord-
ingly, small molecules that enable the selective inhibition of
ERRa or activate ERRp induce cell cycle arrest and inhibit cell
proliferation. For example, a synthetic ERRa inverse agonist,
XCT790, downregulates cell proliferation and inhibits G1- to
S-phase transition by upregulating p21.2! On the other hand,
the ERRP agonist, DY131, inhibits the ERRf-induced growth of
prostate cancer cells, which is attributed to p21 induction.?”
However, despite the increasing attention focused on the
relevance of ERRy in cancer, no studies have examined whether
the ERRy inverse agonist, GSK5182, effectively modulates cell
cycle progression.

Therefore, the present study examined the expression of
ERRy in HCC and compared it with that in adjacent non-
tumor lesions. We also investigated the correlation between
ERRy expression and clinicopathological stage. Furthermore,
we determined whether GSK5182 inhibits cell cycle progression
and HCC cell proliferation.

MATERIALS AND METHODS

Patients and specimens

Samples of HCC and adjacent non-tumor tissues were obtained from
190 HCC patients who underwent surgical resection at Keimyung
University Dongsan Hospital in Daegu, Korea from 2001 to 2011.
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Patients who had received preoperative anticancer treatment, such as
transarterial chemoembolization or local ablation therapy, were
excluded. Tumor staging was determined according to the American
Joint Committee on Cancer (AJCC 2010, Seventh Edition) tumor
node metastasis (TNM) staging system?? and the Barcelona Clinic
Liver Cancer (BCLC) staging system for HCC.?* Tumor differentiation
was defined according to the Edmondson grading system.

Immunohistochemical staining and scoring

A tissue microarray containing tissue from HCC (n=190) and
adjacent non-tumor tissues (n=187) was constructed as previously
described,?* Immunohistochemical analysis was performed on 5-pm
thick tissue sections using an anti-ERRy antibody (1:1600) (R&D
Systems, Minneapolis, MN, USA). ERRy expression was evaluated
using the proportion score, defined as the estimated fraction of
positively stained tumor cells (0, none; 1+, <10%; 2+, 10-25%; 3+,
>25%). Scores of 2 and 3 were considered as high-level expression. All
slides were evaluated independently three times by a senior pathologist
blinded to the patients’ clinical information and follow-up data.

Cell culture

The human hepatoma cell line PLC/PRF/5 was purchased from ATCC
(American Type Culture Collection, Manassas, VA, USA) and grown
at 37 °C/5% CO, in Roswell Park Memorial Institute 1640 medium
(Life Technologies, Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (Hyclone, Logan, UT, USA). Cells were trypsinized and
then stained with 0.2% trypan blue solution (Sigma, St Louis, MO,
USA) and counted using a hemocytometer (Superior, Marienfeld,
Germany).

Western blotting analysis

Cells were washed three times with phosphate-buffered saline (PBS)
and lysed with lysis buffer containing 20 mm Tris-HCI (pH 7.4), 5 mm
EDTA (pH 8.0), 10 mm Na,P,07, 100 mm NaF, 2 mm NazVOy, 1%
NP-40 and protease and phosphatase inhibitors. The protein con-
centration in the whole-cell lysate was determined using the BCA assay
(Thermo Fisher Scientific, Waltham, MA, USA). Denatured protein
(25 pg) was separated on a 10% polyacrylamide gel and transferred to
a polyvinylidene difluoride membrane. The membrane was blocked
with 5% skim milk in Tris-buffered saline (TBS) containing 0.1%
Tween 20 (TBST) and incubated with each primary antibody over-
night at 4 °C. The primary antibody against ERRy was purchased from
R&D Systems; antibodies against p21 and p27 were purchased from
BD Pharmingen (Lexington, KY, USA); the antibody against phos-
phorylated retinoblastoma protein (p-pRb) was purchased from Cell
Signaling Technology (Beverly, MA, USA); and the antibodies against
total-pRb and f-actin were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Membranes were washed three times with
TBST and incubated with horseradish peroxidase-conjugated mouse
(Santa Cruz) or rabbit (Cell Signaling Technology) secondary anti-
bodies. ECL reagent (Bionote, Hwaseong-si, Korea) was used to detect
horseradish peroxidase, and images were analyzed using an Image-
Quant LAS4000 mini (GE healthcare Life Science, Piscataway,
NJ, USA).

Small interfering RNA (siRNA) transfection

Cells were transfected with 50 nm of scrambled siRNA or siRNA-ERRy
using lipofectamine LTX (Invitrogen, Carlsbad, CA, USA), according
to the manufacturer’s protocol. The following siRNA sequence was



used for ERRy silencing: sense: 5'-CUGAUAGGUUUCCUCUACU-3’,
and antisense: 5'-AGUAGAGGAAACCUAUCAG-3'.

Flow cytometric analysis

The cell cycle was analyzed by staining cells with propidium iodide.
Briefly, cells were trypsinized, washed twice with PBS and fixed with
absolute EtOH overnight at —20 °C. The fixed cells were then washed
twice with PBS and stained with 0.5ugml~!' propidium iodide
solution. The cell cycle was examined using an Accuri C6 flow
cytometer (BD Biosciences, San Jose, CA, USA) operating at
585/40 nm with a fl2/A filter. After gating to eliminate debris and
doublets using side scatter and forward scatter, 10* cells were collected
and analyzed per sample. Analysis was performed with the BD Accuri
C6 software (BD Biosciences).

DCEF-DA staining

The generation of reactive oxygen species (ROS) by ERRy inhibition
was analyzed by chloromethyl-2’,7’-dichlorodihydrofluorescein diace-
tate (CM-H 2 DCF-DA) staining. Briefly, 20 pm of DCF-DA was
added to cells plated on a coverslip and incubated for 30 min. Cells
were then washed three times with PBS and fixed in 4% paraformal-
dehyde for 20 min at room temperature. Fixed cells were then washed
three times with PBS, and images were captured using an Olympus
IX81 fluorescence microscope (Olympus Corp., Tokyo, Japan).

Luciferase reporter assay

PLC/PREF/5 cells were used for transient transfection assays. Cells were
transfected with a luciferase reporter gene plasmid using Mirus
TransIT-LT1 transfection reagent (Mirus Bio LLC, Madison, WI,
USA), according to the manufacturer’s protocol. Cells were transfected
for 1 day and then treated with GSK5182 for 2 days. Luciferase activity
was then measured using a luminometer (Berthold Detection Systems,
Pforzheim, Germany). -Galactosidase activity was used for normal-
ization. The plasmid encoding stf4-Luc was kindly donated by Heung-
Sik Choi (Chonnam National University, Gwangju, Korea).?>

Chemicals

GSK5182 was synthesized as previously described.?® GSK5182 was
obtained as an HCI salt, dissolved in dimethyl sulfoxide and used at
the indicated concentrations for in vitro experiments. N-acetylcysteine
was purchased from Sigma.

Relative quantification analysis

Relative protein levels and fluorescence signals for DCA-DA were
analyzed using the Image J software (US National Institutes of Health,
Bethesda, MD, USA).

Ethics statement

The study was approved by the institutional review board (IRB) of
Keimyung University Dongsan Hospital (IRB no: 11-256). Written
informed consent was obtained from each patient.

Statistical analyses

Statistical analysis was performed using a two-tailed Student’s t-test.
Data are expressed as the mean +s.e.m. Clinical data management and
statistical analyses were performed using the SPSS software (version
18.0; SPSS, Inc., Chicago, IL, USA). The association between protein
levels and categorical variables was evaluated using Pearson’s 2 test.
Overall survival was estimated using the Kaplan—Meier method.
P<0.05 was considered statistically significant.
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RESULTS

ERRY levels in HCC and their association with clinical stage
and pathological grade

We first measured the level of ERRy in tumors obtained from
190 HCC patients after liver resection and compared it with
that in adjacent non-tumor tissues obtained from the same
patients. The baseline characteristics of the 190 patients?* are
described in Supplementary Table S1. The immunoreactivity of
ERRy in non-tumor and tumor tissues was scored from 0 to 3+
according to the intensity of staining. Immunohistochemical
analysis revealed that 183 non-tumor lesions stained negative,
with only four cases staining positive. By contrast, only 55
tumor lesions stained negative, whereas 135 cases stained
positive. Notably, high levels of ERRy (defined as an immu-
noreactivity score of 2+ or 3+) were observed only in tumor
tissues; all non-tumor tissues expressed low levels of ERRy
(immunoreactivity score of 0 or 14) (Figure 1a).

We next examined whether this upregulation correlated with
tumor stage and grade. The results showed that a higher
percentage of patients with low-level ERRy expression had
tumors at TNM stage I and II, whereas a higher percentage of
patients with high-level ERRy expression had tumors at TNM
stage III (P=0.005; Figure 1b). Furthermore, a significantly
higher percentage of patients with low-level ERRy expression
had early-stage BCLC (0 and A) and showed a lower
Edmondson—Steiner grade (I and II) (Figures lc and d;
P=0.049 and P=0.026, respectively). Taken together, these
results suggest that the ERRy level was markedly higher in
HCC than in adjacent non-tumor liver tissues and that higher
ERRy immunoreactivity correlated with more advanced clinical
stage and higher HCC pathological grade.

Relationship between ERRy level and overall survival

Next we examined the relationship between ERRy immuno-
reactivity and overall survival. The median follow-up period
was 31.4+1.41 (range, 0.2-136.0) months. Although there
was no correlation between ERRy level and survival at early
TNM stages (stages I and II) (P=0.200, Figure 2a), high-level
ERRy expression and an advanced TNM stage (stage III)
correlated with shorter overall survival (median survival,
47.1 months vs 99.9 months for high and low level
of ERRy immunoreactivity in tumors, respectively; P=0.012;
Figure 2b).

Knocking down ERRy inhibits HCC cell proliferation and
induces G1-phase arrest

Because ERRy was upregulated in human HCC tissue, we next
explored whether downregulating ERRy inhibits HCC cell
proliferation and growth. As shown in Figure 3a, siRNA-
mediated knockdown of ERRy inhibited PLC/PRF/5 cell
proliferation. We then examined whether knocking down
ERRy inhibits cell growth by measuring the expression of cell
cycle regulatory proteins and by fluorescence-activated cell
sorting analysis of cell cycle progression. Immunoblot analysis
showed that siRNA-ERRy increased the expression of the
cyclin-dependent kinase inhibitors, p21 and p27, but reduced

)
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Figure 1 Immunohistochemical (IHC) analysis of ERRy expression in surgically resected human HCC tumors and corresponding adjacent
non-tumor tissues and its clinicopathological associations. (a) Representative images showing IHC staining of ERRy in tumor (n=190) and
adjacent non-tumor (n=187) lesions (original magnification: x400). The degree of IHC reactivity was scored from O to 3 according to the
proportion of positively stained tumor cells: O, none; 1+, <10%; 2+, 10-25%; 3+, >25%. Three cases of non-tumor tissues were
missed. (b—d) Proportion of tumors with early and advanced TNM (b) and BCLC (c) stages and with low and high Edmondson grades (d)

according to ERRy expression.
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Figure 2 Kaplan—-Meier analysis of the survival of HCC patients
according to ERRy immunoreactivity. (a) Early TNM stages (I and I1).
(b) advanced TNM stage (ll1). Low-level ERRy expression was defined

as a score of O or 1+; high-level ERRy expression was defined as a
score of 2+ or 3+.

p-pRD levels (Figure 3b). Flow cytometric analysis revealed that
siRNA-ERRy caused a significant increase in the percentage of
cells in G1 phase (55.2% in transfected cells vs 38.2% in
control cells), with a concomitant decrease in the percentage of
cells in S phase (17.7% in transfected cells vs 26.3% in control
cells) (Figure 3c).
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The ERRy inverse agonist, GSK5182, attenuates HCC cell
proliferation

Next we used the inverse agonist, GSK5182, to examine
whether pharmacological inhibition of ERRy activity has an
antitumor effect. HCC cells were transiently transfected with
the Stf4 luciferase reporter plasmid containing the ERRy
response element and then exposed to various doses of
GSK5182.2% A luciferase reporter assay revealed that GSK5182
significantly attenuated ERRy activity in a dose-dependent
manner (Figure 4a). Consistent with the results from experi-
ments involving endogenous knockdown of ERRy, we found
that treatment with GSK5182 led to a significant and dose-
dependent reduction in the number of proliferating PLC/PRF/5
cells (Figure 4b). GSK5182 also caused a dose-dependent
increase in the expression of p21 and p27 while at the same
time reducing the level of p-pRb (Figure 4c). The results
obtained from flow cytometry revealed that GSK5182 induced
cell cycle arrest at Gl phase, which in turn induced a
corresponding dose-dependent reduction in the percentage of
cells in S phase (Figure 4d). Taken together, these data indicate
that the antitumor effect of GSK5182 in HCC cells is mediated
by the induction of cell cycle arrest at the G1/S checkpoint.

The antitumor effects of GSK5182 are also mediated by ROS
To examine the factors that contribute to GSK5182-induced
cell cycle arrest, we next examined whether cellular GSK5182
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Figure 3 Knocking down ERRy inhibits HCC cell proliferation and
induces G1 phase arrest. (a) Growth curve analysis of PLC/PRF/5
cells after transfection with scrambled or siRNA-ERRy. A white
circle denotes scrambled siRNA and a black circle denotes ERRy-
siRNA. (b) Representative western blotting showing the effect of
siRNA-ERRy on the levels of cell cycle regulatory proteins. PLC/
PRF/5 cells were transfected with scrambled siRNA or siRNA-ERRy
for 2 days. ERRy, p21 and p27 levels were normalized to p-actin
and phospho-pRb levels were normalized to total-pRb levels. Data
are expressed as the mean+s.e.m. of three independent
measurements. **P<0.01, and ***P<0.001 vs scrambled control.
(c) Representative flow cytometric data derived from the analysis of
cell cycle progression in PLC/PRF/5 cells. Quiescent cells were
transfected with scrambled siRNA or siRNA-ERRy. Propidium
iodide-stained cells were separated by flow cytometry.

increased ROS levels. As shown in Figure 5a, GSK5182
increased the level of cellular ROS (as measured by DCF-DA
staining) in a dose-dependent manner (Figure 5a). Moreover,
pretreatment with the antioxidant, N-acetylcysteine, attenuated
GSK5182-induced suppression of HCC cell proliferation
(Figure 5b), indicating that the antitumor effects of GSK5182
are, at least in part, mediated via ROS generation.

DISCUSSION

Here we showed that the level of ERRy-positivity in HCC
tissues was markedly higher than that in adjacent non-tumor
liver tissues and that tumors expressing high levels of ERRy
were of more advanced clinical stage and pathological grade.
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Figure 4 An ERRy inverse agonist, GSK5182, inhibits HCC cell
proliferation. (a) Luciferase reporter assays were used to examine
the effect of GSK5182, which inhibits ERRy activity. PLC/PRF/5
cells were transfected with the luciferase reporter construct stf4-
Luc in the presence of the indicated doses of GSK5182. Relative
promoter activity was determined after 2 days. (b) Growth curve
analysis of HCC cells after treatment with DMSO or with the
indicated doses of GSK5182. A white circle denotes the vehicle; a
gray circle denotes 10 pm GSK5182; a black circle denotes 20 pm
GSKb5182. (c) Representative western blotting showing the effect of
GSK5182 on the expression of cell cycle regulatory proteins. PLC/
PRF/5 cells were treated with DMSO or with the indicated doses of
GSKb5182 for 24 h. ERRy, p21 and p27 levels were normalized to
fB-actin and phospho-pRb levels were normalized to total-pRb levels.
Data are expressed as the mean+s.e.m. of three independent
measurements. *P<0.05, **P<0.01 and ***P<0.001 vs control.
(d) Representative flow cytometric data derived from analysis of cell
cycle progression in PLC/PRF/5 cells. Quiescent cells were treated
with DMSO or with the indicated doses of GSK5182. Propidium
iodide-stained cells were separated by flow cytometry.

Furthermore, we found that inhibiting ERRy had an apparent

therapeutic effect on HCC cells by inducing cell cycle arrest.
Previous studies have noted inconsistent expression of ERRy

in various tumor tissues and have attempted to examine its role
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Figure 5 GSK5182 induces ROS generation and NAC attenuates GSK5182-induced suppression of HCC cell proliferation.
(a) Representative DCF-DA fluorescence images showing the effect of GSK5182 on ROS generation in PLC/PRF/5 cells. Cells were treated
with DMSO or with the indicated doses of GSK5182 for 24 h and then stained with 2’,7’-dichlorodihydrofluorescein diacetate (DCF-DA).
(Original magnification: x200). (b) Effect of NAC on GSK5182-induced inhibition of HCC cell proliferation. PLC/PRF/5 cells were
pretreated (or not) with 8 mm NAC for 1 h, followed by incubation with the indicated doses of GSK5182 for 24 h. Data are expressed as
the mean +s.e.m. of three independent measurements. *P<0.05, **P<0.01 and ***P<0.001 vs indicated group.

in tumor growth.®>!% Overexpression of ERRy is frequently
observed in endometrial and breast cancers, whereas ERRy is
downregulated in many prostate cancer cell lines; this suggests
that ERRy has different roles depending on the tumor type.'”
The present study showed that ERRy was upregulated in
human HCC tissue but was rarely expressed in adjacent normal
liver tissue. The clinical significance of high ERRy expression in
patients is highlighted by the results showing that tumors
expressing high levels of ERRy were also of advanced TNM and
BCLC stage and had a higher Edmondson—Steiner grade. We
also showed that high levels of ERRy expression in patients
with TNM stage III tumors were associated with worse overall
survival, supporting the role of ERRy as a potential prognostic
marker for advanced HCC. However, because the study cohort
included patients who had undergone curative tumor resection,
none of the patients had TNM stage IV tumors. Therefore, to
fully elucidate the clinical significance of ERRy at all stages of
HCC, further studies should examine the association between
ERRy and clinical features in a cohort that includes patients
with inoperable tumors. Considering that early detection of
small HCC is an important prognostic factor for curative
resection, it is also important to identify biomarkers that
increase diagnostic accuracy. Although the cohort in the
present study was not selected to estimate diagnostic accuracy,
the tumor-specific expression of ERRy suggests that it is of
diagnostic value. Indeed, the sensitivity, specificity and positive
and negative predictive value of ERRy for HCC were 71, 98, 97
and 77%, respectively. These results are comparable with those
obtained for other proven HCC markers.?’~2° Taken together,
the results presented herein suggest that ERRy might be a novel
prognostic marker of an unfavorable clinical outcome and may
have utility as a diagnostic biomolecule that can improve
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diagnostic accuracy for HCC when combined with other tissue
markers.

The association between ERRy expression in HCC tissue and
clinical significance prompted us to investigate the possibility
that ERRy may be a potential therapeutic target for HCC. We
examined this possibility using siRNA-mediated knockdown of
ERRy and a 4-hydroxy tamoxifen analog, GSK5182, which is a
selective inverse agonist of ERRy that does not interact
with other nuclear receptors, including ERRa or ERat, owing
to additional noncovalent interactions with Y326 and N346
within the active site of ERRy.?®3? Indeed, ERRy knockdown
and GSK5182 treatment reduced HCC cell proliferation by
inducing cell cycle arrest. The results showing that ERRy
knockdown and GSK5182 treatment upregulated p21 and
p27 protein levels suggest that the antitumor effects occur
via p21- and p27-mediated blockade of G1-S transition.
Our data are consistent with a previous study showing that
overexpression of ERRy induced S-phase cell cycle progres-
sion in Hela cells through the induction of PIk2 expression.>!
Mounting evidence shows that p21-mediated oxidative stress
induces p53-dependent and p53-independnt cell cycle
arrest.* In line with this, our own results showed that
GSK5182 induces ROS generation and that antioxidant
treatment prevents the GSK5182-induced reduction of
HCC cell proliferation, indicating that GSK5182 mediated
its effects via ROS generation.

To the best of our knowledge, the present study is the first
to show the clinical significance of ERRy in HCC. The
evidence presented herein strongly suggests that further
studies are necessary to fully elucidate whether ERRy is a
novel biomarker for the diagnosis and prognosis of HCC.
Furthermore, the finding that GSK5182 inhibits of HCC



growth and proliferation raises the possibility that chemical
inhibitors of ERRy may be a potential resource for HCC
treatment.
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