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Abstract: Long noncoding RNAs (IncRNAs) have been identified to be critical functional regulator in the human
tumors, while the deepgoing mechanism by which INcRNAs modulates the endometrial carcinoma is still elusive. In
this work, we found that IncRNA GAS5 was under-expressed in the endometrial carcinoma tissue specimens, espe-
cially these samples with type 2 diabetes mellitus. Besides, the aberrant under-expression of GAS5 was correlated
with the advanced tumor stage as well as poor prognosis outcome. In cellular experiments, GAS5 was decreased
in the cells exposed to the high glucose. Enforced GAS5 expression repressed the tumor phenotype of endometrial
carcinoma cells, including proliferation and invasion. Molecular mechanism study further demonstrated that GAS5
functioned as a sponge for miR-222-3p, abrogating its ability of inhibiting p27 protein expression. In conclusion,
these results confirmed the vital regulation of GAS5/miR-222-3p/p27 axis in the endometrial carcinoma tumori-

genesis.
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Introduction

Endometrial carcinoma is one of the most com-
mon cancers of the female reproductive sys-
tem, occurringl in the endometrium of women
with postmenopausal and perimenopausal
period. Clinically, the mortality rate of endome-
trial carcinoma is second only to cervical can-
cer and ovarian cancer. The etiology of endo-
metrial carcinoma is closely correlated to the
somatic systemic disease. Emerging evidence,
meta-analysis of cohort studies, have indicated
the close relationship between diabetes melli-
tus and the increased risk of endometrial carci-
noma incidence [1]. Diabetes mellitus is a
group of metabolic diseases characterized by
hyperglycemia. The long-standing hyperglyce-
mia leads to chronic damage and dysfunction
of various tissues, including eyes, kidneys,
heart, blood vessels and nerves. Endometrial
carcinoma complicated with type 2 diabetes

mellitus has significant complex characteris-
tics, which increases the difficulty of clinical
treatment for endometrial carcinoma [2].

Long noncoding RNAs (IncRNAs) are an novel
member of noncoding RNAs (ncRNAs), attract-
ing great attention for their potential value in
pathophysiological process [3-5]. Recent years,
the technological advances of epigenetics have
revealed the vital functions of IncRNAs in the
human pathogenesis and a variety of biological
processes, including immune response, cell dif-
ferentiation, cell metabolism [6-8]. For instan-
ce, IncRNA GAS5 knock-down significantly
decrease the airway hyper responsiveness in
asthmatic rats and the GAS5/miR-10a/BDNF
regulatory axis plays vital role for ASMCs prolif-
eration of asthma [9]. In ovarian cancer, lower
GAS5 expression is associated with larger
tumor size and more advanced FIGO stage of
ovarian cancer patients by targeting miR-196a-
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5p and thereby down-regulating HOXAS expres-
sion [10].

The valuable findings suggest the vital role of
IncRNA in the human pathogenesis by which
IncRNA accelerate or impair the pathological
process [11]. In this research, we find the ecto-
pic expression of INcRNA GAS5 being capable
of the modulation for the endometrial carcino-
ma. LncRNA GAS5 was closely correlated with
the endometrial carcinoma with type 2 diabe-
tes mellitus. In the simulative high glucose,
GAS5 functioned as a sponge for miR-222-3p,
abrogating its ability of inhibiting p27 protein
expression, might function as promising inter-
ventional therapeutic targets for endometrial
carcinoma.

Materials and methods
Clinical specimens

The tissue samples from endometrial carcino-
ma were collected who were undergoing sur-
gery. These patients were diagnosed with or
without diabetes mellitus. The tissue speci-
mens were rapidly frozen in liquid nitrogen after
surgical resection. All the informed consents
were obtained before this study, and the
scheme was approved by the Ethics Committee
of The Metabolic Disease Hospital of Tianjin
Medical University.

Cell culture

Human endometrial carcinoma cell lines
(HEC1-B, HEC1-A and Ishikawa) were offered by
the China Center for Type Culture Collection
(CCTCC, Wuhan, China) and cultured in RPMI-
1640 (HyClone, Logan, UT, USA) medium.
Normal endometrial cell line (EMC) was pur-
chased from Cell Resource Center, Shanghai
Institutes for Biological Sciences (Shanghai,
China). Medium was supplemented with peni-
cillin/streptomycin (100 U/mL) and 10% fetal
bovine serum (FBS). Cells were passaged in the
environment of 5% CO, incubator at 37°C.

Transfection

GAS5 sequence was subcloned into the
pcDNA3.1 vector (Invitrogen) for the plasmid
construction. Mimics for miR-222-3p and
scrambled sequence were purchased from
Transheep (Transheep, Shanghai, China). Ve-
ctors, mimics and controls were transfected

2414

into cells using Lipofectamine 2000 (Invitrogen,
Carlsbad, USA) following the manufacturer’s
instructions. Sequences were found in the
Table S1.

RNA isolation and reverse transcription quanti-
tative polymerase chain reaction (RT-PCR)

RNA extraction was performed with the Trizol
LS reagent (Thermo Fisher Scientific) according
to the manufacturer’s protocol for the total
RNA. Total RNA was reversely transcribed into
cDNA using PrimeScript RT Reagent Kit (Dalian,
China). qRT-PCR reactions were carried out on
ABI 7500 real-time PCR system (Applied
Biosystems, Foster City, CA, USA). All primer
sequences are listed in Table S1.

Cell proliferation assay

HEC1-A and Ishikawa cells, 2 x 102 cells per
well, were seeded in 96-well plates 24 h for fur-
ther experiment. After being transfected with
vectors, cells were measured using the Cell
Counting Kit-8 (CCK-8) kit (Dojindo, Japan)
according to the manufacturer’s protocol.

Colony formation assay

Cells were transfected and suspended in medi-
um with 10% Fetal Bovine Serum and seeded
in 6-well plates 1 x 10° cells/well. After two
weeks, cell colonies were washed by the PBS
and fixed with methanol and stained with 0.1%
crystal purple. Clone number was calculated as
the clone quantity more than 450 cells.

Invasion assay

For the migration assay, Transwell chambers (8
pm pore) (Corning, Corning, NY. USA) with
24-well plate were pre-applied with 50 uL
Matrigel (dilution 1:2; BD Biosciences, Franklin
Lakes, NJ, USA). Medium (600 pl) with 10% FBS
was added to the lower chamber to attract
cells, and the serum-free RPMI-1640 medium
(200 pl) with 2 x 10* cells was added to top
chamber. After incubation of 24 h, the invaded
cells were stained and counted.

Western blotting assay

Cells were lysed with the RIPA buffer (Sigma-
Aldrich, St. Louis, MO, USA) supplemented with
protease inhibitor and phosphatase inhibitor
(Diagnostics, Mannheim, Germany). Then, the
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BCA protein assay kit (Thermo Scientific, USA)
was used for the protein concentration. Primary
anti-p15 antibody was purchased from Abcam
LTD.

Subcellular fractionation

The nuclear and cytoplasmic fractions were
separated from the cells. Cells were suspended
in the cell fraction buffer and incubated under
the ice. After centrifugation, the extracted RNA
was precipitated in the lower with the nuclear
pellet.

Luciferase reporter assay

The sequences matched with miR-222-3p (wild
type, mutant) in the GAS5 and p27 gene 3’-UTR
were sub-cloned into the downstream of the
luciferase reporter gene to construct the plas-
mids. For the transfection, the miR-222-3p
mimics and controls were co-transfected with
the GAS5 wild and mutant type, p27 wild and
mutant type respectively. After 48 h, the bind-
ing specificity was measured using the lucifer-
ase assay kit (Promega, Madison, WI, USA) nor-
malized to Renilla fluorescence.

Statistical analysis

All data were expressed as mean + standard
deviation (SD) and calculated by SPSS 19.0
software with the ANOVA analysis and Stu-
dent’s t-test. The statistical significance differ-
ence was set as the threshold value less 0.05
and 0.01.

Results

Long noncoding RNA GAS5 is decreased in the
endometrial carcinoma tissue specimens with
type 2 diabetes mellitus

To discovery the differently expressed level of
IncRNA GAS5, RT-PCR was carried out in the-
ses collected endometrial carcinoma tissue
specimens. Data revealed that IncRNA GAS5
was markedly under-expressed in the endome-
trial carcinoma tissue (Figure 1A). Moreover,
the intra-group analysis revealed that IncRNA
GAS5 was lower in the endometrial carcinoma
tissue compared with the normal adjacent tis-
sue (Figure 1B). These recruited endometrial
carcinoma patients was divided into two group
based on the complication of diabetes mellitus,
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including endometrial carcinoma group (EC)
and endometrial carcinoma group with diabe-
tes mellitus (EC/DM) (Figure 1C). The long term
prognosis of endometrial carcinoma patients
with high- or lower-GAS5 expression was ana-
lyzed by the Kaplan-Meier analysis, showing
the low survival rate of endometrial carcinoma
patients with high GAS5 level (Figure 1D).
Together, data from this clinical research dem-
onstrate that INcRNA GAS5 is decreased in the
endometrial carcinoma tissue specimens with
type 2 diabetes mellitus.

LncRNA GASS5 inhibited the proliferation and
invasion of endometrial carcinoma cells

In the cellular assays, RT-PCR revealed that
INcRNA GAS5 was under-expressed in the
endometrial carcinoma cells (Figure 2A). In the
high glucose induced endometrial carcinoma
cells (HEC1-A, Ishikawa), we found that IncRNA
GAS5 was low-expressed with the concentra-
tion increasing, indicating the suppression of
high glucose for the endometrial carcinoma
cells (Figure 2B). Proliferative CCK-8 assay
revealed that the high glucose administration
could increase the proliferation, while the
enhanced GAS5 expression markedly sup-
pressed the proliferative absorbance (Figure
2C, 2D). Colony formation assay revealed that
the high glucose administration could increase
the clone number, while the enhanced GAS5
expression markedly suppressed the clone
(Figure 2E, 2F). The transwell invasion assay
also get the similar result (Figure 2G, 2H).
Therefore, these data illustrated that the high
glucose administration could increase the
tumor phenotype of endometrial carcinoma
cells, while IncRNA GAS5 suppressed these.

LncRNA GAS5 functions as the sponge of miR-
222-3p

For the cellular mechanism of GAS5, we ana-
lyzed the subcellular location of GAS5 in
Ishikawa cells, indicating the major distribution
of GAS5 in the cytoplasm (Figure 3A). Bio-
informatics online tools revealed the possible
binding sites within GAS5 3’-UTR and miR-222-
3p, which was validated using the luciferase
reporter assay (Figure 3B). Expression of miR-
222-3p in the HEC1-A and Ishikawa cells was
over-expressed comparing to the normal endo-
metrial cell line (EMC) (Figure 3C). In the endo-
metrial carcinoma cells induced with high glu-
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Figure 1. LncRNA GAS5 is decreased in the endometrial carcinoma tissue specimens with type 2 diabetes mellitus.
A. Data from RT-PCR revealed the expression level of IncRNA GAS5 in the endometrial carcinoma (EC) tissue and
adjacent normal tissue. B. Intra-group analysis revealed the correspondence of INcRNA GAS5 in the endometrial
carcinoma tissue (EC) compared with the normal adjacent tissue. C. LncRNA GAS5 level in the endometrial carci-
noma group without diabetes mellitus (EC) and endometrial carcinoma group with diabetes mellitus (EC/DM). D.
Kaplan-Meier analysis revealed the long term prognosis of endometrial carcinoma patients with high- or lower-GAS5

expression. **presets the p-value less than 0.01.

cose, expression of miR-222-3p was increased
with the concentration gradient (Figure 3D).
Interestingly, the expression of miR-222-3p
was opposite with that of GAS5 (Figure 3E). In
the HEC1-A and Ishikawa cells transfected with
enhanced GAS5 plasmid (pcDNA-GAS5), miR-
222-3p level was markedly decreased (Figure
3F). Thus, all these results demonstrated that
INcRNA GAS5 functions as the sponge of
miR-222-3p.

p27 acts as the target of miR-222-3p in endo-
metrial carcinoma cells

For the further mechanism regulation of GAS5/

miR-222-3p in the endometrial carcinoma car-
cinogenesis, we discovered the functional
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effector of them. Bioinformatics tools predicted
that miR-222-3p targeted the 3-UTR of CD-
KN1B gene, moreover, there were two predic-
tive sites within miR-222-3p and CDKN1B,
including the 201-208 and 274-281 of CDKN1B
3-UTR (Figure 4A). Then, the interaction within
CDKN1B and miR-222-3p was tested using the
luciferase reporter assay (Figure 4B). In the
HEC1-A and Ishikawa cells, the transcript mRNA
of the CDKN1B, p27 mRNA, was found to be
decreased (Figure 4C). In the endometrial car-
cinoma cells induced with high glucose, expres-
sion of p27 mRNA was decreased with the con-
centration gradient (Figure 4D). Moreover,
when the IncRNA GAS5 level was enforced in
the Ishikawa cells, p27 mRNA was consistently
enhanced (Figure 4E). Western blot demon-
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Figure 2. LncRNA GAS5 inhibited the proliferation and invasion of endometrial carcinoma cells. A. RT-PCR revealed
the IncRNA GAS5 expressed quantity in the endometrial carcinoma cells and normal cells. B. LncRNA GAS5 level in
the glucose (15 mM, 20 mM, 25.5 mM) induced endometrial carcinoma cells (HEC1-A, Ishikawa). C, D. Proliferative
CCK-8 assay revealed the proliferative absorbance of endometrial carcinoma cells (HEC1-A, Ishikawa) treated with
the normal or high glucose and enhanced GAS5 expression plasmid. E, F. Colony formation assay revealed the clone
number in the high glucose administration and enhanced GAS5 expression plasmid. G, H. Transwell invasion assay
for the invaded cell number in the high glucose administration and enhanced GAS5 expression plasmid. **presets
the p-value less than 0.01. *presets the p-value less than 0.05.

strated that p27 protein was boosted in the impaired in the miR-222-3p mimics transfec-
GAS5 plasmid transfection, while it was tion (Figure 4F, 4G). These results indicate that
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Figure 3. LncRNA GAS5 functions as the sponge of miR-222-3p. A. Subcellular location of GAS5 in Ishikawa cells
for the distribution in the nuclear and cytoplasm. B. The possible binding sites within GAS5 3’-UTR and miR-222-3p
was predicted using bioinformatics online tools. The binding site was validated using the luciferase reporter assay.
C. Expression of miR-222-3p in the HEC1-A and Ishikawa cells and the normal endometrial cell line (EMC). D. Ex-
pression of miR-222-3p in the endometrial carcinoma cells induced with high glucose. E. Expression of miR-222-3p
and GASS5 in the glucose induced cells. F. RT-PCR revealed the miR-222-3p level in the HEC1-A and Ishikawa cells
transfected with enhanced GAS5 plasmid (pcDNA-GAS5). **presets the p-value less than 0.01. *presets the p-
value less than 0.05.

p27 acts as the target of miR-222-3p in endo- coding (ncRNA) in the human cancers [12]. Lots
metrial carcinoma cells. of research work have been done to assess the

various novel identified ncRNAs in tumorigene-
Discussion sis. However, the research regarding endome-

trial carcinoma is lesser, and the evidence of
In this field of epigenetics, long noncoding these studies is limited as the mechanism used
RNAs (IncRNAs) are a major group of the non- hardly illustrate the pathogenesis. LncRNAs
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Figure 4. p27 acts as the target of miR-222-3p in endometrial carcinoma cells. A. Bioinformatics tools predicted that
miR-222-3p targeted the 3’-UTR of CDKN1B gene with two predictive sites, including the 201-208 and 274-281 of
CDKN1B 3’-UTR. B. The interaction within COKN1B and miR-222-3p was tested using the luciferase reporter assay.
C. In the HEC1-A and Ishikawa cells, the transcript mRNA of the CDKN1B, p27 mRNA, was measured using the RT-
PCR. D. p27 mRNA was measured using RT-PCR in the endometrial carcinoma cells induced with the concentration
gradient. E. p27 mRNA level in the Ishikawa cells with the GAS5 enhanced plasmid transfection. F, G. Western blot
demonstrated the p27 protein in the GAS5 plasmid transfection and the miR-222-3p mimics transfection. **pre-
sets the p-value less than 0.01. *presets the p-value less than 0.05.

could function as the vital accelerator or inhibi-
tor in the cancer carcinogenesis.

Recent studies indicate that IncRNAs might be
potential regulator for endometrial carcinoma
[13, 14]. For instance, IncRNA MIR22HG could
act as the tumor suppressor for endometrial
carcinoma by inhibiting cells proliferation,
inducing EC cells apoptosis, and arresting EC
cells in GO/G1 phase, via regulating miR-141-
3p/DAPK1 axis [15]. LncRNA ABHD11-AS1 is
significantly overexpressed in endometrial car-
cinoma compared to normal endometrial tis-
sue, which functions as an oncogene as pro-
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moting the cell proliferation and invasion and
inhibiting apoptosis [16]. This present work
revealed that IncRNA GAS5 was markedly
decreased in the endometrial carcinoma tissue
and cells. Interestingly, the expression of GAS5
was lower in these patients with type 2 diabe-
tes mellitus or these cells administrated with
high glucose. This phenomenon indicated that
the GAS5 might be correlated with the diabetes
mellitus characteristic and its typical high
glucose.

To examine the role of GAS5 in endometrial car-
cinoma, GAS5 expression was enforced by
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plasmid transfection. In the cellular assay, the
high glucose (25.5 mM) administration could
promote the proliferation and invasion of endo-
metrial carcinoma cells. Then, the enhanced
GAS5 expression could significantly suppress
the tumour phenotype, including proliferation
and invasion. To further explore the underlying
molecular mechanisms by which GAS5 regulat-
ed downstream effectors in endometrial carci-
noma cells, the subcellular localization of GAS5
was identified. Data reported the cytoplasmic
location of GAS5 in endometrial carcinoma cell
and its function might focus on the post-tran-
scriptional regulation given that IncRNA func-
tions are dependent on its subcellular
localization.

The mechanisms underlying the regulation of
GAS5 remain to be elucidated [17-19]. Then,
miR-222-3p is identified to be the downstream
of GAS5, which is confirmed by luciferase
reporter assay. Moreover, the significant down-
regulation of p27 mRNA and protein expression
levels was observed. The post-transcriptional
regulation axis is the GAS5/miR-222-3p/p27 in
the endometrial carcinoma cells.

Emerging evidence have confirmed that p27
(CDKN1B) is identified as a negative regulator
controlling the cycle progression at G1/S phase
[20-22]. The function by which p27 protein reg-
ulate cancers is the regulation by post-transla-
tional modifications, especially phosphoryla-
tion of particular amino acid, to alter the cellu-
lar localization and the degradation [23-25]. In
the endometrial carcinoma, the loss of p27
associated with the risk [26]. Besides, the
nuclear p27 expression correlated with stage
and produced near-significant results in univar-
iate survival analysis in endometrial endometri-
oid adenocarcinoma [27].

Therefore, the GAS5/miR-222-3p/p27 axis
could inhibit the diabetes mellitus related
tumorigenesis in the endometrial carcinoma
cells. In the present study, we explored the
effect of IncRNA GAS5 in the endometrial carci-
noma. The realization that GAS5 can act as
tumor suppressor for endometrial carcinoma,
which occurred in the post-transcriptional regu-
lation, innovated the fields of competing endog-
enous RNA (ceRNA) and the therapeutic meth-
ods in future studies.
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Table S1. Primers sequences for qRT-PCR and sequences of

siRNA
Sequences 5’-3’
GAS5 Forward, 5’-ACAGGCATTAGACAGAAAGC-3’
Reverse, 5’-TACCCAAGCAAGTCATCCA-3’
miR-222-3p Forward, 5’-GACACTTGTTAGCTGGTATTGC-3’
Reverse, 5’-CTTTCTGCTTGGCTCTGTTCTAT-3’
p27 Forward, 5’-TTGGGGCAAGGCAAAGGA-3’
Reverse, 5’-TTGCAATTGGAGTCATCATCG-3’
GAPDH Forward, 5’-CTGGCCAATGAAACCGAAAG-3’

Reverse, 5'-ACGAGGCGGCAATACAGACA-3’
miR-222-3p mimics Forward, 5-UGGCAGUGUCUUAGCUGGUUG-3’
Reverse, 5’-ACCAGCUAAGACACUGCCAUU-3’




