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Purpose: Peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC-1a)
and estrogen-related receptor alpha (ERRa) play a vital role in various human cancers. The
purpose of this study was to investigate whether the PGC-1o/ERRa axis could serve as an
effective prognostic marker in ovarian cancer (OC).

Patients and Methods: We investigated the expression of both PGC-1a and ERRa in 42
ovarian cancer and 31 noncancerous ovarian samples by immunohistochemistry (IHC). The
relationship between the expression of PGC-1a and ERRa in OC and the clinical character-
istics of patients was evaluated. In addition, data from the Human Protein Atlas (HPA)
database were collected to validate the prognostic significance of PGC-1a and ERRa mRNA
expression in OC.

Results: PGC-1a and ERRa showed notably higher expression in OC tissues than in
noncancerous tissues (P=0.0059, P=0.002). Moreover, in patients with OC, high ERRa and
PGC-1o/ERRo expression significantly correlated with tumor differentiation (P=0.027;
P=0.04), lymph node status (P=0.023; P=0.021), CA125 (P=0.036; P=0.021), and HE4
(P=0.021; P=0.05), while high PGC-1a expression was only significantly associated with
tumor differentiation (P=0.029). The combined analysis of high PGC-1a and ERRa expres-
sion revealed a tendency towards poor cancer-specific survival (P=0.1276).

Conclusion: PGC-1a and ERRa are overexpressed in OC and might be significant prog-
nostic factors for this cancer.

Keywords: prognostic significance, estrogen-related receptor alpha, immunohistochemistry,

ovarian malignance, peroxisome proliferator-activated receptor gamma coactivator 1-alpha

Introduction
Ovarian cancer is one of the most fatal malignancies in women and poses a serious
threat to women’s health. Despite some progress achieved with extensive clinical
and basic research, the etiology and tumorigenesis of OC are not fully understood.
Tumor heterogeneity leads to different stages and characteristics of disease devel-
opment. Different molecular drivers may exist in patients with OC at the same
stage, leading to heterogeneous treatment responses and prognosis.' It is therefore
urgent to investigate the molecular markers underlying ovarian cancer and identify
novel therapeutic targets for OC treatment.

Estrogen-related receptor alpha (ESRRA, also known as ERRa), a member of the
ligand-independent orphan nuclear receptor superfamily, is expressed primarily in
tissues with high metabolic demand and controls the expression of genes involved in
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cellular energy metabolism.>* Notably, ERRa has been
reported to be overexpressed in breast, colon, and endome-
trial cancers, and its overexpression is related to poor
prognosis.” ® Our prior studies have demonstrated that the
mRNA levels of ERRa increase with the clinical stage of
ovarian cancer, thus suggesting ERRa as a prognostic factor
for ovarian cancer.” ERRa also has potential diagnostic and
therapeutic value in OC. ERRa activity highly relies on the
presence of coregulatory proteins, most notably that of
peroxisome proliferator-activated receptor gamma coacti-
vator 1-alpha (PPARGCIA, also known as PGC-10a).>!°
The PGC-1o0/ERRa axis has been implicated in controlling
the expression of metabolic gene networks and mitochon-
drial biogenesis.'""'? Accumulating evidence suggests that
the PGC-1o/ERRa axis plays a vital role in various cancer
development and progression, which are accompanied by
metabolic dysfunction.'®'® Our recent study indicated that
PGC-1a and ERRa positively correlate with more advanced
myometrial invasion in endometrial cancer, and were robust
predictors for myometrial invasion.'*

Currently, the suitability of PGC-la and ERRa as
biomarkers in OC tissues has not been thoroughly exam-
ined. To investigate whether the PGC-1o/ERRa axis acts
as an effective prognostic marker for patients with OC, we
detected the expression of these proteins in human OC
tissues using immunohistochemistry and investigated
their clinical significance in OC.

Patients and Methods

The HPA Database

First, we explored mRNA expression of PGC-10 and ERRa
in normal tissues and ovarian cancer tissues from the HPA
database (https://www.proteinatlas.org/). The HPA data-
base provides abundant transcriptome and proteome data

in specific human tissues through RNA-sequencing analysis
and immunohistochemistry analysis.'>'® In addition, we
analyzed the prognostic significance of PGC-lo and
ERRa mRNA in patients with OC.

Patients and Tissue Samples

A total of 42 OC and 31 noncancer ovarian samples with
related clinical data were obtained for immunohistochem-
istry from patients who received surgical therapy between
September 2012 and April 2019. None of the patients
received preoperative chemotherapy or radiotherapy. This
study was approved by the Ethics Committee of Fujian
Maternity and Child Health Hospital affiliated with Fujian

Medical University (approval number 2013-004), and per-
formed in compliance with the Declaration of Helsinki.
Informed consent was obtained from all patients. The
patients were followed up postoperatively by their sur-
geons at 3-month intervals for 5 years and yearly there-
after. Overall survival (OS) was defined as the interval
between surgery and mortality or the last follow-up (cen-
sored data for living patients). At the end of the follow-up
period, seven patients (16.7%) died of OC.

Immunohistochemistry

To examine the expression of PGC-1a and ERRa in OC, we
performed a tissue microarray constructed by Shanghai
Zhuoli Biotechnology Co., Ltd (Zhuoli Biotechnology Co,
Shanghai, China). Rabbit polyclonal anti-ERRa (ab93173,
Abcam) and rabbit polyclonal anti-PGC-1 alpha-N-terminal
(ab191838, Abcam) antibodies were used. In each case, 1-2
um-thick sections from paraffin tissue blocks were cut,
dewaxed, pretreated, and transferred to glass slides using
an adhesive tape transfer system, in order to conduct ultra-
violet cross linkage. All reactions were performed using an
automated staining device. Two pathologists independently
evaluated the quantitation of immunostaining for PGC-1a
and ERRa, who were blinded to patient details. The expres-
sion of PGC-1a and ERRa in tumor parenchyma was semi-
quantified by immunoreactivity score (IR score) based on
intensity and heterogeneity. The IR score was determined as
the sum of heterogeneity and intensity. The percentage of
positive cells was scored as 0 points (0%), 1 point (1-25%),
2 points (26-50%), 3 points (51-75%), and 4 points (76—
100%). Positive staining intensity was scored as 0 points
(none), 1 point (low), 2 points (medium), and 3 points
(high).

Statistical Analysis

Frequency and percentage were calculated for the classified
variables. We used the Chi-square test to evaluate the differ-
ences in PGC-lo and ERRa expression between the two
groups of clinicopathological features. The comparison
between IR score in cancer foci and in noncancer lesions
was analyzed by Student’s #-test. Cancer-specific survival
curves were obtained using the Kaplan—Meier method and
verified by the log-rank (Mantel-Cox) test. All statistical
analyses were performed using SPSS 19.0 software (SPSS
Inc., Chicago, IL, USA) and GraphPad Prism Version 8.0
software (GraphPad Software, Inc., La Jolla, CA, USA). All
P-values in the statistical analysis were two-tailed, and
P<0.05 was considered statistically significant.
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Result and ERRo in normal ovarian tissues (Figure 1A and B).

Expression and Prognostic Signiﬁcance of We then explored the association between mRNA
expression of PGC-lo. and ERRo and survival outcome

PGC-la and ERRa. mRNA in the HPA in OC from the HPA database (https://www.proteinatlas.

Database org/ENSG00000109819-PPARGC1A/pathology, https:/
The mRNA expression profiles retrieved from HPA (https://  www.proteinatlas.org/ENSG00000173153-ESRRA /pathol
www.proteinatlas.org/ENSG00000109819-PPARGC1A/tis  ogy). As shown in Figure 1C, the 5-year OS rates in patients
sue, https://www.proteinatlas.org/ENSG00000173153-  with high and low ERRo expression were 25% and 34%,
ESRRA/tissue) revealed low mRNA expression of PGC-1o.  respectively. Patients with high ERRa expression had
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Figure | Expression and prognostic significance of PGC-1o and ERRa mRNA in HPA database. (A and B) PGC-1o and ERRa mRNA expression in different normal human
tissues. (C) Patients with high PGC-la mRNA expression tend to have a poorer overall rate compared with those with low PGC-la mRNA expression in OC (P = 0.17).
(D) Patients with high ERRo. mRNA expression exhibited a poorer overall rate compared with those with low ERRa mRNA expression in OC (P=0.035). All the pictures
were downloaded from HPA database.

Abbreviations: ERRo, estrogen-related receptor a; HPA, Human Protein Atlas; OC, ovarian cancer; PGC-la, peroxisome proliferator-activated receptor gamma
coactivator |-alpha.
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significantly lower OS rates than those with low ERRa
expression (P=0.035; Figure 1D). The 5-year OS rates in
patients with high and low PGC-la expression were 27%
and 39%, respectively. However, while patients with high
PGC-1a expression tended to show poor cancer-specific
survival rates, this association was not significant (P = 0.17;
Figure 1C).

Expression of PGC-la and ERRa in OC

Tissues

Next, we determined the protein expression of PGC-la
and ERRa in 42 OC tissues and 31 noncancerous ovarian
tissues by IHC. Statistical analysis showed that OC tissues
exhibited significantly higher PGC-1a and ERRa expres-
sion than noncancerous ovarian tissues (P=0.0059,
P=0.002; Figure 2A and B). As shown in Figure 2C,
ERRa was primarily detected in the nuclei of tumor
cells, while PGC-1a was mainly detected in the cytoplasm.
IHC also revealed that the expression of PGC-la and
ERRa was low in noncancerous tissues, but elevated in
OC tissues.

Association Between PGC-|o/ERRa

Expression and Clinical Parameters in OC
To investigate the clinical significance of PGC-lo and
ERRa in ovarian cancer, we analyzed the association
between expression of these proteins and clinical charac-
teristics of 42 patients with OC (Table 1). Almost all
tumor foci showed IR scores > 3 and > 4 for PGC-la
and ERRa, respectively (Figure 2A and B). Thus, we
defined an IR score of 4 and 7 as the cut-off for high
PGC-1a and ERRa, respectively, in order to identify
a potential correlation between PGC-10/ERRa expression
and patient clinical characteristics. Significant associations
were identified between high ERRa and PGC-1a/ERRa
expression and tumor differentiation (P=0.027; P=0.04),
lymph node status (P=0.023; P=0.021), CA125 (P=0.036;
P=0.021), and HE4 (P=0.021; P=0.05). However, high
PGC-la expression was only significantly associated
with tumor differentiation (P=0.029).

Prognostic Significance of PGC-1a and
ERRa in OC

The Kaplan-Meier estimator model was employed to eval-
uate the prognostic significance of PGC-lo and ERRa
expression (Figure 3). Seven (16.7%) patients died of
ovarian cancer during the follow-up period. No significant

relationship was observed between expression of PGC-1a
and ERRa and cancer-specific survival rate (P=0.4736,
P=0.3119; Figure 3A and B). However, combined analysis
of high PGC-1a and ERRa expression revealed a tendency
(P=0.1276;

towards  poor survival

Figure 3C).

cancer-specific

Discussion

Increasing evidence has suggested that ERRa promotes
tumor cell proliferation, angiogenesis, metastasis, and
drug resistance in various cancers.'”'” Willy et al'® and
Chisamore et al'’ revealed that suppression of ERRa
blocks the cell cycle in the G1/S transition, hindering the
growth of breast tumor cell lines and their tumorigenicity
in vivo. Epithelial-mesenchymal transition (EMT) plays an
essential role in OC cell invasion and metastasis.”**'
Wang et al** reported that suppression of ERRa expression
inhibits tumor metastasis and migration in OC cell lines by
restraining mitochondrial activity and preventing EMT
in vitro. Moreover, in an orthotopic model of OC, Lam

et al®®

found that inhibition of ERRa dramatically reduces
tumor burden, ascites formation, and metastatic peritoneal
nodules in vivo. Our recent research also demonstrated
that inhibition of ERRa reduces EMT phenotypes, thereby
significantly inhibiting invasion and migration in endome-
trial cancer cells.'"* ERRa expression has also been asso-
ciated with negative outcome in various human cancers.
For example, in breast cancer, the mRNA and protein
expression of ERRa positively correlates with node status,
increased risk of recurrence, and metastatic status.>*>> Our
previous studies have demonstrated that a high mRNA
level of ERRa is associated with advanced FIGO stage
and histological grade, and is thus associated with poor
prognosis and shorter median overall survival time in OC.”

However, ERRa activity is primarily controlled by its
coactivators, especially PGC-1a. The PGC-1o/ERRa axis
also has been implicated in regulating several genes involved
in energy metabolism, and increased mRNA and protein
levels of ERRa in tissues are accompanied by high expres-
sion of PGC-1a.2%?” Expression of PGC-1a and ERRa is
sensitive to physiological and pathological changes, which
strengthens their crucial role in energy homeostasis in health
and disease.” Compounds affecting either the coactivator or
the receptor could regulate signaling activity.”'® Moreover,
several studies indicate that PGC-1o/ERRa efficiently induce
vascular endothelial growth factor (VEGF), and promote
angiogenesis, mitochondrial biogenesis, and OXPHOS, lead-

ing to tumor angiogenesis, invasion, and metastasis.”*>°
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Figure 2 The expression of PGC-la and ERRa in OC by IHC. (A and B) Ovarian tissues exhibited significantly higher PGC-la and ERRa expression compared with
noncancer ovarian tissues (P=0.0059, P=0.002). (C) PGC-la and ERRa presented low expression in noncancer tissues while elevated PGC- 1o and ERRa expression was
recorded in the OC tissues. Original magnification, x200.

Note: **p<0.01.
Abbreviations: ERRa, estrogen-related receptor o; IHC, Immunohistochemistry; IR score, immunoreactivity score; OC, ovarian cancer; PGC- |, peroxisome proliferator-

activated receptor gamma coactivator |-alpha.

Numerous studies have focused on the potential mechanism  latest research detected ERRa levels in uterine tumors by
of action of PGC-1a/ERRa,>' * and multiple potential novel ~ THC and found that high expression of ERRa is associated
agonists have been identified, such as genistein, apigenin,  with myometrial invasion. In addition, we identified a novel
resveratrol, daidzein, flavone, and cholesterol.'®**3¢ Our  role for PGC-1o and ERRa as positive regulators of EMT,

OncoTargets and Therapy 2020:13 submit your manuscript 13059

Dove


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

Huang et al

Dove

Table | Association Between PGC-10a/ERRa Expression and Clinicopathological Parameters in Patients with Ovarian Cancer

Clinical Total PGC-lo Ve P ERRa. Va P PGC-1«/ERRa Ve P
Features (n) Expression Expression Expression
High | Low High | Low High/ Neither
High High
Age, years 0.032 | 0.859 0.095 | 0.758 0.033 | 0.856
<55 42 17 8 15 10 I 14
255 12 5 I 6 7 10
Tumor size, cm 3.459 | 0.063 0.119 | 0.73 1.073 | 0.3
<10 41 21 5 17 9 13 13
=10 8 7 9 6 5 10
Tumor 4.786 | 0.029 6.275% | 0.027 54517 | 0.04
differentiation
Well, moderate | 37 6 8 6 3 I
Poor 18 5 19 14 9
FIGO stage 0.149 | 0.699 1.036 | 0.309 0.717 | 0.397
[-1I 41 14 5 10 9 7 12
N-1v 15 7 15 I I
Lymph node 1.332* | 0.425 5.772% | 0.023 7.1617 | 0.021
status
Absent 32 13 8 10 I 5 16
Present 9 2 10 | 8 3
CAI125, U/mL 0.497 | 0.48l 4.388 | 0.036 5.8027 | 0.021
<78 42 8 5 5 8 2 I
=78 21 8 21 8 16 13
CAI53, U/mL 2.844 | 0.092 2.085 | 0.149 3.635* | 0.078
<14.8 38 5 6 5 6 2 9
2148 20 7 19 8 14 13
HE4, U/mL 0.296 | 0.67 5.625% | 0.025 4.568% | 0.05
<75.5 34 6 3 2 | 8
275.5 19 6 17 8 13 12

Notes: “Fisher test was performed. The rest of the scores were from Chi-square test.
Abbreviations: ERRa, estrogen-related receptor o; PGC-la, peroxisome proliferator-activated receptor gamma coactivator |-alpha.

and showed that disruption of PGC-1o/ERRa signaling could
reverse EMT and inhibit endometrial cancer invasion and
migration."*

Currently, there are no reports in the literature on the
analysis of PGC-1a and ERRa expression in OC tissues by
IHC. To verify the clinical significance of PGC-1o/ERRa
expression in OC, we first performed analyzed the mRNA
levels of PGC-1a and ERRa in OC tissues using data from
the public database HPA. We found that patients with high
ERRa mRNA expression had significantly lower OS rates
compared with patients with low ERRa expression, which
supported our prior observations.” Similar trends were
observed between PGC-1a mRNA levels and patients with

OC in HPA. According to the central dogma of molecular
biology,®” the sequential information transfer residue-by-
residue, thus mRNA expression correlates to protein expres-
sion. Consistent with these results, immunohistochemical
staining indicated that PGC-1a and ERRa were remarkably
overexpressed in OC tissues rather than in non-cancer ovar-
ian tissues. We further investigated the correlation between
PGC-1a and ERRa expression and the clinical features of
patients with OC. High ERRa expression was significantly
associated with tumor differentiation, lymph node status,
CA125, and HE4, whereas high PGC-la expression only
differentiation.

significantly  correlated ~with  tumor

Moreover, Kaplan-Meier survival analysis revealed that the
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Figure 3 The prognostic significance of PGC-la and ERRa in OC. (A and B) No significant relation was observed between PGC-la and ERRa expression and the cancer-
specific survival rate (P=0.4736, P=0.3119). (C) Combined analysis of high PGC-1o and ERRa expression tended to show poor cancer-specific survival (P = 0.1276).
Abbreviations: ERRa, estrogen-related receptor o; OC, ovarian cancer; PGC-la, peroxisome proliferator-activated receptor gamma coactivator |-alpha.

prognostic value of PGC-1a and ERRa in OC was not sig-
nificant. Interestingly, combined analyses of the expression
of the two proteins enhanced their clinical significance in OC
as compared with the analysis of their expression alone. Poor
differentiation and positive lymph node predict poor out-
comes in OC. CA125 and HE4 are crucial biomarkers in
the diagnostic and therapeutic monitoring phase.*® These
data enhance the role of PGC-1a and ERRa in the develop-
ment and progression of ovarian cancer, as with what we
observed in the experiments of cell lines and animals.****

This study has several limitations. Firstly, this is
a retrospective study and might have selection bias.
Secondly, our current study was based on small sample size
and lack of adequate samples for further validation of protein
biomarkers. Thirdly, future studies are necessary to address the
mechanism that regulates the development and progression
of OC.

Conclusion

In conclusion, the present study showed the expression
and clinical significance of PGC-1a and ERRa in human
OC. The combined analysis of PGC-1a and ERRa expres-
sion could be a useful prognostic indicator of OC.

Abbreviations

ERRo, estrogen-related receptor alpha; HPA, Human
Protein Atlas; IHC, Immunohistochemistry; OC, ovarian
cancer; PGC-1la, peroxisome proliferator-activated recep-
tor gamma coactivator 1-alpha.
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