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Background: It is well known that peroxisome proliferator-activated receptor gamma
coactivator-1 alpha (PGC-10) plays an important role in tissue energy metabolism. However,
the roles of PGC-1a. in malignant endometrial cancer remain unknown.

Methods: Forty cases of endometrial carcinoma, 15 cases with proliferative endometrial tis-
sues, and 21 cases with normal endometrial tissues were collected. Real-time polymerase chain
reaction was used to detect the mRNA levels of PGC-1a and estrogen-related receptor gamma
(ERRY). ELISA (enzyme-linked immunosorbent assay) was used to detect the concentrations
of pyruvate kinase and isocitrate dehydrogenase. The results were analyzed using medical
statistical methods.

Results: The mRNA levels of PGC-1o and ERRY in the endometrial carcinoma tissues and
hyperplasic endometrial tissues were significantly greater than those in the normal endometria.
The mRNA levels of PGC-1o. and ERRY in the endometrial carcinoma patients with type 2
diabetes were higher than those in patients without diabetes. The mRNA levels of PGC-1o
and ERRY in the endometrial adenocarcinomas increased with clinical staging, depth of myo-
metrial invasion, and increases in the number of metastatic lymph nodes. The PGC-1o. mRNA
level was positively correlated with ERRYy in the endometrial carcinoma tissues. The mRNA
levels of PGC-1o were positively correlated with the concentrations of pyruvate kinase and
isocitrate dehydrogenase in the endometrial carcinoma tissues, and similar results were found
for ERRY.

Conclusion: Our results suggested that the upregulation of PGC-10o. and ERRYy in endometrial
cancer might be a requirement for cancer cell energy metabolism, which contributes to the
development of endometrial cancer.

Keywords: endometrial cancer, peroxisome proliferator-activated receptor gamma coactivator- 1
alpha, estrogen-related receptor gamma, energy metabolism

Introduction

Endometrial cancer is a common cause of malignant tumors in the female reproductive
tract; the incidence of endometrial cancer has increased in recent years, and endome-
trial cancer has become the most common female genital tract malignancy in some
countries.! Studies have revealed that there are two types of endometrial cancer, ie,
estrogen-dependent (I endometrial cancer) and non-estrogen-dependent (II endo-
metrial cancer), and that approximately 80% of clinical endometrial cancer patients
have estrogen-dependent endometrial cancer.”® Estrogen and estrogen receptors
(ERs) play roles in endometrial cancer that have been generally recognized in the
doctrine of endometrial cancer, and ERs have become a biological marker of tumors
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with important clinical implications for guiding treatment.**
ER antagonism-based hormone therapy has become an effec-
tive adjuvant therapy for endometrial cancer, but this treat-
ment is not effective for all ER-positive endometrial cancer
patients; thus, a single receptor theory cannot explain all of
the clinical signs of endometrial cancer. Signaling pathways
other than the E-ER pathway that mediate the promotion or
development of endometrial cancer might exist. Estrogen-
related receptors (ERRs) are orphan nuclear receptor fam-
ily members and include three subtypes: ERRo., ERR, and
ERRY. ERRs can bind the same target gene loci as does ERa;
thus, in addition to ERs, ERRs might play an important role
in the development of endometrial cancer.

The o subunit of peroxisome proliferator-activated
receptor gamma coactivator-1 alpha (PGC-10.) is a recently
identified transcription coactivator. This subunit can act
on a variety of nuclear receptors, such as the peroxisome
proliferator-activated receptor (PPAR), the thyroid hormone
receptor, the ERR, the glucocorticoid receptor, hepatocyte
nuclear factor 40, and other transcription factors, including
those of the nuclear respiratory factor pathway, to transmit the
cell signal; thus, this subunit participates in energy metabo-
lism in various tissues.®® Studies have found that, in meta-
bolically active tissues, ERRYy s the main ligand of PGC-1a.
and regulates energy homeostasis via a complex interaction. '
The roles of abnormal energy metabolism in the pathogenesis
of endometrial cancer are receiving increasing attention, but
the exact mechanisms are not clear. The metabolism of cancer
cells differs from the metabolic processes of normal tissue.
The glycolysis pathway is the primary metabolic pathway
for energy even under aerobic conditions. Pyruvate kinase
(PK) is a key human anaerobic enzyme in the glycolysis path-
way, and isocitrate dehydrogenase (IDH) is the rate-limiting
enzyme in the Krebs cycle. The expressions and activities of
these enzymes in tumor cells directly determine the supply of
energy, which is essential for tumor cell proliferation.'!

In this study, the role of PGC-1a in the malignant pro-
liferation and energy metabolism of endometrial cancer was
experimentally elucidated. We first observed the changes
in the mRNA levels of PGC-1¢. and ERRY in endometrial
carcinomas, proliferative endometrial tissues, and normal
endometrial tissues and subsequently detected the concen-
trations of PK and IDH. We found that the activities of PK
and IDH were positively correlated with the expressions of
PGC-1o and ERRY. Thus, we suggest that PGC-10o. might
play an important role in the malignant proliferation and
energy metabolism of endometrial cancer.

Materials and methods

Patients

From October 2011 to July 2013, a total of 40 cases of endo-
metrial carcinoma (11 diabetic cases and 29 nondiabetic cases),
including 15 cases with proliferative endometrial tissues and
21 cases with normal endometrial tissues, were collected from
the Department of Obstetrics and Gynecology, Shengjing
Hospital, China Medical University. This study protocol
was approved by the Ethics Committee of China Medical
University, and written informed consent was obtained from
all subjects. Among the endometrial carcinoma cases, 10
were menopausal and 30 were premenopausal. The patients
were grouped according to the International Federation of
Gynecology and Obstetrics (FIGO) standard surgical staging
as follows: 22 level I cases, 11 level II cases, and 7 level II1
cases. The gradings according to histological differentiations
were as follows: 25 cases that were well differentiated, 9 cases
that were moderately differentiated, and 6 cases that were
poorly differentiated. The grouping according to myometrial
invasion was as follows: 6 cases with no myometrial inva-
sion, 25 cases with myometrial invasion =1/2, and 9 cases
with myometrial invasion >1/2. The grouping according to
lymphatic metastases was as follows: 7 cases with lymph node
metastasis and 33 cases without lymph node metastasis.

RNA isolation and quantitative real-time
PCR analysis

The tissues were flash frozen in liquid nitrogen immediately
upon harvesting and stored at—80°C. Total RNA was extracted
with commercially available Trizol reagent (TaKaRa, Takara
Holdings, Kyoto, Japan). DNAse was added to eliminate the
genome DNA. A 100 mg sample was used for total RNA
isolation according to the manufacturer’s protocol. 1 mL
Trizol was added to the homogenized sample for 5 minutes
at room temperature. After adding 200 puL chloroform, the
sample was incubated for 2—3 minutes at room temperature.
Then the sample was centrifuged at 12,000x g for 15 minutes
at 4°C. Approximately 1 mL isopropanol was added to
the aqueous phase and incubated at room temperature for
10 minutes. Then the sample was again centrifuged at
12,000x g for 10 minutes at 4°C. After removing the superna-
tant, 1 mL of 75% ethanol was used to wash the RNA pellet.
The sample was centrifuged at 12,000 g for 5 minutes at 4°C.
After drying the RNA pellet in the air, it was resuspended
in DEPC water. First-strand cDNA was synthesized using
a PrimeScript RT reagent Kit (TaKaRa, Takara Holdings).
The polymerase chain reaction (PCR) conditions were as
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follows: stage 1, 30 seconds at 95°C; stage 2, 40 cycles of
3 seconds of melting at 95°C, followed by DNA synthesis for
30 seconds at 60°C. The ABI Fast 7500 (Applied Biosystems,
Foster City, CA, USA) was used. PGK-/ gene expression
was quantified relative to the endogenous expression level
of B-actin with real-time reverse transcription (RT)-PCR
using the following primer sets and probes: for PGC-1a, for-
ward primer, 5-GACACAACACGGACAGAA-3’, reverse
primer, 5-CACAGGTATAACGGTAGGTAA-3’; for ERRy,
forward primer, 5-GCCCTCACTACACTGTGTGAC-3’,
reverse primer, 5’-CCTGCTAATTTGGACTGGTCTT-3;
and for B-actin, forward primer, 5'-TCGTCACCAA
CTGGGACGACATGG-3’, reverse primer, 5-GATCTTG
ATCTTCATTGTGCT-3". A negative control for each set of
PCR reaction contained sterile water instead of the cDNA
template. After amplification, real-time data acquisition and
analysis were performed. The point at which the amplification
plot crossed the threshold was defined as C.

ELISA

The PK and IDH concentrations in the tissues were mea-
sured using a sensitive enzyme-linked immunosorbent
assay (ELISA) kit according to the manufacturer’s protocol
(Cloud-Clone Corp., Houston, TX, USA).

Statistical analyses

Statistical comparisons were performed with one-way
ANOVAs (analyses of variance), Student’s #-tests, and LSD
tests. Correlation analyses were performed with Pearson’s
correlation analyses. The data are presented as the means +
the standard errors (SEs). Statistical significance was defined
by P-values less than 0.05. The statistical analyses were
performed using the SPSS software (version 17.0).

Results
PGC-lo and ERRY mRNA levels

in the tissues

The PGC-1o and ERRY mRNA levels in the different tis-
sues were measured with quantitative real-time RT-PCR
(Figure 1). Compared to the PGC-1oo mRNA levels in the
normal endometria, the PGC-1ae mRNA levels in the endo-
metrial carcinoma tissues and the hyperplasic endometrial tis-
sues were elevated by 2.02+0.74-fold (P<<0.01 vs the normal
endometrium) and 1.63+0.74-fold (P<<0.05 vs normal endo-
metrium), respectively, and ERRywas elevated to 2.15+0.60-
fold (P<0.01 vs normal endometrium) and 1.81+0.74-fold
(P<<0.05 vs normal endometrium), respectively.
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endometrium  endometrium carcinoma
Group

Error bars: 95% CI

Figure | PGC-lo and ERRY mRNA levels in the different tissues.

Notes: *P<<0.05 vs normal endometrium, AP<<0.0| vs normal endometrium.
Abbreviations: PGC-lo, peroxisome proliferator-activated receptor gamma
coactivator-| alpha; ERRY, estrogen-related receptor gamma; Cl, confidence interval.

PK and IDH concentrations in the tissues

The PK and IDH concentrations in the endometrial carcinoma
tissues were significantly higher than those in the normal endome-
tria and hyperplasic endometrial tissues (Figure 2). The levels of
PK and IDH in the endometrial carcinoma tissues were increased
to41.43+4.89 and 168.11£19.98 ng/mL, respectively, and these
levels were significantly greater than those in the endometria
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Figure 2 PK and IDH concentrations in different tissues.

Notes: *P<<0.01 vs normal endometrium, *AP<<0.01 vs hyperplasia endometrium.
Abbreviations: PK, pyruvate kinase; IDH, isocitrate dehydrogenase; Cl, confidence
interval.
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(8.47£3.07, 143.87£18.83 ng/mL) and the hyperplasic endo-
metria (36.75%4.29, 61.16£17.79 ng/mL; P<<0.01 vs normal
endometria and the hyperplasic endometria).

PGC-lo and ERRY mRNA levels in the
endometrial carcinomas with different

clinicopathological features

The PGC-1a and ERRy mRNA levels in the endometrial
carcinoma patients with type 2 diabetes were higher than
those in the patients without diabetes. The PGC-1ocand ERRY
mRNA levels in the endometrial adenocarcinomas increased
with clinical staging, the depth of myometrial invasion, and
increases in the number of metastatic lymph nodes. There
were no significant correlations of PGC-1oe or ERRYymRNA
levels with the degree of cell differentiation among the
patients regardless of menopausal status (Table 1).

Table I PGC-lo and ERRY mRNA levels in the endometrial
carcinomas with different clinicopathological features

Item Cases mRNA levels mRNA levels
of PGC-la of ERRy

Diabetic Il 2.51+0.85 2.50+0.57
Nondiabetic 29 1.84+0.62 2.01+0.56
t-value 2.738 2.446
P-value 0.009 0.019
Menopausal 30 2.01+0.78 2.13+£0.59
Premenopausal 10 2.07+0.65 2.20+0.65
t-value 0.243 0.322
P-value 0.809 0.749
FIGO stage

| 22 1.69+0.64 1.90+0.57

Il I 2.3240.52 2.34+0.45

1] 7 2.6240.85 2.624+0.55
F-value 7.100 5.770
P-value 0.002 0.007
Degree of differentiation

Well 25 2.0740.75 2.15+0.63

Moderately 9 1.96+0.84 2.06£0.71

Poorly 6 1.93+0.65 2.08+0.50
F-value 0.118 0.068
P-value 0.889 0.935
Myometrial invasion

No 6 1.43+0.41 1.65+0.38

=172 25 1.88+0.56 2.02+0.47

>1/2 9 2.84+0.76 2.8410.47
F-value 12.380 14.723
P-value 0.000 0.000
Lymphatic metastasis

No 33 1.90+0.71 2.53+0.68

Yes 7 2.0340.58 2.62+0.43
t-value 2.241 2.707
P-value 0.031 0.010

Abbreviations: PGC-la, peroxisome proliferator-activated receptor gamma
coactivator-| alpha; ERRY, estrogen-related receptor gamma; FIGO, International
Federation of Gynecology and Obstetrics.

Correlation analyses of PGC-Ia with
ERRYy and their respective correlations
with PK and IDH concentrations in the

endometrial carcinomas

The PGC-1a mRNA levels were positively correlated
with ERRY in the endometrial carcinoma tissues (R=0.713,
P<0.01). The PGC-1oo. mRNA levels were also positively
correlated with the concentrations of PK and IDH in the endo-
metrial carcinoma tissues (R=0.854 and 0.865, respectively,
P<0.01), and similar results were found for ERRy (R=0.713
and 0.738, respectively, P<<0.01).

Discussion

The PGC-1 family consists of PGC-10., PGC-1f, and PGC-1-
associated factor (PRC). All three of these family members
play important roles in many metabolic processes in the
body. This family can regulate mitochondrial function as
transcriptional activators, and roles for the members of this
family in thermogenesis in brown fat have been identified.!?
PGC-la is a key factor in the regulation of mitochondrial
metabolism. Studies have found that PGC-1a. is overex-
pressed in endometrial carcinomas. Cormio detected the
expression of PGC-1ow with PCR and Western blots of
36 cases of type 1 endometrial adenocarcinoma and 16 cases
of normal proliferative endometrial tissue, and this author
also found that PGC1-a. levels are increased in endometrial
carcinomas when compared to those in normal proliferative
tissues.® In our study, we also found that PGC-1o0 mRNA
levels in human endometrial carcinomas were significantly
increased compared to those in hyperplasic endometria and
normal endometria; moreover, the levels of PGC-1a were
associated with the clinical features of endometrial cancer,
which suggested that PGC-1ow might be involved in the
development of endometrial cancer.

ERRs are members of the orphan family of nuclear recep-
tors and were recently identified. ERRs share homologies in
the DNA-binding domain with ER that are as high as 68%."
ERRY is one of the ERRs and regulates the transcription of
many genes that are involved in cell proliferation, differentia-
tion, apoptosis, mitochondrial energy metabolism, and other
processes. Our experiments revealed that the ERRy expres-
sion in endometrial carcinomas was not only significantly
greater than those in normal endometrial and hyperplasic
endometrial tissues, but also positively correlated with the
levels of PGC-1a in endometrial carcinomas, and both of
them are related to the malignancy grade of endometrial
cancer. In our study, the PGC-1o. and ERRY mRNA levels
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in the endometrial adenocarcinomas increased with clinical
staging, the depth of myometrial invasion, and increases in
the number of metastatic lymph nodes, but there were no
significant correlations of the PGC-10. or ERRYmRNA levels
with the degree of cell differentiation among our patients
regardless of menopausal status. These findings might sug-
gest that PGC-10o . and ERRYy play more important roles in the
process of the appearance of tumors in endometrial cancer
as opposed to invasion and metastasis. Connaughton et al'*
found that the coactivator PGC-1a can work with ERRY to
promote the mRNA and protein expression of glucokinase.
Recent studies have indicated that PGC-1a is involved in
diabetes," which was known as an important risk factor for
endometrial cancer. Similar to these results, our experiment
revealed that the PGC-1a and ERRY mRNA levels in the
endometrial carcinoma patients with type 2 diabetes were
higher than those in the patients without diabetes.

Currently, little research exists on the mechanism of the
interaction between PGC-1a and ERRYy. PGC-1a is a key
regulator of cellular energy metabolism. Rangwal et al'®
found that ERRYy can be activated by PGC-10; thus, ERRY
can regulate gene expression that is associated with energy
metabolism via binding to PGC-10..!%!7 In our study, PGC-10.
and ERRy were significantly positively correlated in human
endometrial carcinomas, which suggested that there is a
relation between PGC-1a and ERRya in the development
of endometrial cancer.

The glycolysis pathway is the main metabolic energy
pathway even in aerobic conditions in cancer. PK is a key
human anaerobic enzyme in the glycolysis pathway, and
IDH is a rate-limiting enzyme in the Krebs cycle. The
expressions and activities of these enzymes in tumor cells
directly determine the supply of energy, which is essential
for tumor cell proliferation. Our experiments revealed that,
in endometrial cancer tissues, the expressions of these two
enzymes were significantly increased compared to those in
normal endometria and hyperplasic endometria. PGC-1o
plays important roles in the regulation of mitochondrial
function and generation. We found that the expressions
of PGC-1a. and ERRY in endometrial carcinomas were
significantly increased and positively correlated with the
concentrations of PK and IDH, which are closely related
to the clinical features of endometrial carcinoma. These
suggested that PGC-10. might be involved in the abnormal
energy metabolisms of endometrial carcinoma. It is neces-
sary to investigate how these factors interact with each
other. Additionally, the function of other members of the
PGC-1 family in endometrial cancer development should

be elucidated. Therefore, we will further investigate these
issues using an in vitro experimental endometrial carcinoma
cell model, in our future studies.

Conclusion

In summary, our results suggested that the upregulation of
PGC-1oand ERRYin endometrial cancer might be a require-
ment for cancer cell energy metabolism, which contributes
to the development of endometrial cancer.
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