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H19 promotes endometrial cancer progression by
modulating epithelial-mesenchymal transition
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Abstract. Endometrial cancer is one of the most common types
of gynecological malignancy worldwide. Novel biomarkers
and therapeutic targets are imperative for improving patients'
survival. Previous studies have suggested the long non-coding
RNA HI9 as a potential cancer biomarker. To investigate the
role of H19 in endometrial cancer, the present study examined
the expression pattern of H19 in endometrial cancer tissues by
quantitative polymerase chain reaction, and characterized its
function in the endometrial cancer cell line via knocking down
its expression with small interfering RNAs. It was found that
H19 level was significantly higher in tumor tissues than in para-
tumoral tissues. Knockdown of H19 did not affect the growth
rate of HEC-1-B endometrial cancer cells, but significantly
suppressed in vitro migration and invasion of HEC-1-B cells.
Furthermore, H19 downregulation decreased Snail level and
increased E-cadherin expression without affecting vimentin
level, indicating partial reversion of epithelial-mesenchymal
transition (EMT). The present findings suggested that H19
contributed to the aggressiveness of endometrial cancer by
modulating EMT process.

Introduction

Endometrial cancer is the fifth most common type of cancer
in females worldwide, accounting for 4.8% of all cancer cases
in women (1). The incidence of endometrial cancer is higher in
developed regions, such as North America and Northern and
Western Europe than in Asia and Africa (2-4). However, the
number of newly diagnosed cases of endometrial cancer have
significantly increased between 2003 and 2013 in China (5).
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Endometrial cancer has been broadly classified into 2 groups
based on histological examination (6,7). Type 1 endome-
trial cancers are mainly adenocarcinomas of endometrioid
origin, accounting for 70-80% of cases. Type 2 cancers are
of non-endometrioid origin and classified as serous, clear cell
and squamous cell cancers, accounting for 10-20% of all endo-
metrial tumors. The prognosis of type 1 endometrial cancers
is usually more favorable than type 2 cancers (8). In addition
to tumor histology type, survival of endometrial cancer is
strongly affected by tumor stage, grades, and invasive status.
When diagnosed at advanced stages, or with poorly differenti-
ated tumors, surgical treatment and chemotherapy are not
curative for the two types of endometrial cancer patients, and
S5-year survival rate is poor. Novel biomarkers and therapeutic
targets are therefore imperative for improving the survival of
advanced endometrial cancer patients.

The H19 gene is located on chromosome 11pl15.5 and is
established as an imprinted gene (9,10). The H19 gene encodes
a spliced and polyadenylated RNA that lacks conserved open
reading frames. Since no endogenous translation product
has been identified (11), the transcript of HI9 gene has been
proposed as a long non-coding RNA (IncRNA). Expression
of IncRNA H19 is developmentally regulated, since it is
abundantly expressed in extra-embryonic and fetal tissues
but significantly repressed in the majority of adult organs
following birth. Deregulation of H19 is found in a variety
of cancer tissues, but its status and roles in cancer remains
controversial. H19 is initially suggested as a suppressor for
tumor development and metastasis (12,13). However, previ-
ously H19 has been proposed as an oncogenic IncRNA in
numerous cancers (14,15), and is found to positively regulate
the metastatic potential of cancer cells (16,17). In endometrioid
endometrial cancer tissues (18-20), overexpression of H19
exists and is associated with neoplastic cell invasion. However,
the precise function of H19 in cellular processes involved in
progression of endometrioid endometrial cancer is not yet
understood.

HI9 is associated with epithelial-mesenchymal transition
(EMT) in certain cancers (16,17), which presents a novel mech-
anistic insight into the role of H19 in tumor progression. EMT,
first described in embryogenesis, is integrated into pathological
processes such as organ fibrosis and cancer progression. EMT
refers to the process by which epithelial properties, including
the compacted morphology and epithelial marker expression,
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are replaced by the mesenchymal phenotype, such as dispersed
spindle-shaped morphology and mesenchymal gene expres-
sion, accompanied by the enhancement of cell motility and
invasion. This provides evidence for EMT having a role in
the promotion of the migratory and invasive capabilities of
cancer cells. The most studied EMT-associated molecules are
E-cadherin, the adherens junction protein in epithelial cells,
and its transcriptional repressors, including Snail, Slug, Twist
and Zeb. These transcription factors are upregulated during
EMT, binding to the E-box in the promoter region of the gene
encoding the E-cadherin (CDH), repressing CDH transcrip-
tion, and finally leading to the loss of apical-basal polarity and
cell-cell adhesion junction.

In the present study, the level of H19 was increased in
cancerous tissues compared with paratumoral tissues. Suppres-
sion of H19 by small interfering RNA (siRNA) inhibited cell
motility and invasion, reduced Snail expression and increased
E-cadherin expression, without affecting the vimentin level in
HEC-1B endometrial cancer cells, indicating partial reversion
of EMT process by H19 decrease. These results highlighted
the pro-tumor role of H19 in endometrial cancer progression.

Materials and methods

Tissue specimens. The study included 20 primary adenocar-
cinomas of endometrioid origin and matched paratumoral
normal tissues. Tissue samples were acquired from the Depart-
ment of Gynecology and Obstetrics at the First Affiliated
Hospital of Xi'an Jiaotong University between January 2013
and October 2014. The patients underwent radical hyster-
ectomy with complete clinical history records. All patients
received no chemotherapy or radiotherapy prior to surgery.
Informed content was obtained from all patients involved, and
the study protocol was performed under approval of the Ethics
Committee of the First Affiliated Hospital, Xi'an Jiaotong
University.

Cell line and culture. The human endometrial cancer cell
line HEC-1-B was obtained from the Shanghai Cell Bank of
Chinese Academy of Sciences (Shanghai, China). Cells were
grown in RPMI 1640 supplemented with 10% newborn bovine
serum (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) in a humidified atmosphere with 5% CO, at 37°C.

SIRNA transfection. Transfection of siRNA was conducted
using the X-tremeGENE siRNA transfection reagent (Roche
Applied Science, Madison, WI, USA) according to the
manufacturer's protocol. siRNAs specific to the human H19
gene were synthesized by Shanghai GenePharma Co., Ltd.
(Shanghai, China), and the sequences were as follows siH19-a,
5'-UAAGUCAUUUGCACUGGUUdTAT-3" and siH19-b,
5'-CCAACAUCAAAGACACCAUATAT-3". A scrambled
siRNA (5'-UUCUCCGAACGUGUCACGUTT-3') was used in
parallel experiments as a negative control. Cells were plated
onto 6-well plates and grew to 40-50% confluence at the time
of transfection. For each sample, 1 g of the siRNA and 5 pl
of transfection reagent were incubated in 100 gl of serum- and
antibiotics- free medium for 5 min, respectively. This was
followed by mixing the solutions together and incubating at
room temperature for another 20 min, and the resultant solution
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was layered over cells at 37°C for 48 h for RNA extraction and
72 h for protein extraction.

RNA isolation and reverse transcription. Isolation of total
RNA was performed using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), in accordance with the manu-
facturer's protocol. Quality and concentration of total RNA
were assessed using a UV spectrophotometer (Bio-Rad Labo-
ratories, Inc., Hercules, CA, USA) at a 260/280 nm absorbance
ratio and at the 260 nm absorbance, respectively. First strand
cDNA was synthesized using RevertAid first strand cDNA
synthesis kit (Thermo Fisher Scientific, Inc.), according to
the manufacturer's protocol. The reverse transcription reac-
tions were performed at 25°C for 5 min, followed by 42°C for
60 min and 70°C for 5 min. The cDNAs were stored at -80°C
for later use.

Quantitative (q)PCR. qPCR was performed using a CFX-96
gPCR system (Bio-Rad Laboratories, Inc.) and SYBR Green
Master Mix (Takara Biotechnology Co. Ltd., Dalian, China).
The gene (-actin was used as an internal control. The PCR
reaction mixture was prepared following the manufacturer's
protocol for the SYBR® Premix Ex Taq™ (Takara Biotech-
nology Co., Ltd., Dalian, China). The temperature cycle
profile for the PCR reactions was 95°C for 30 sec, followed
by 40 cycles of 95°C for 5 sec and 60°C for 30 sec. Each
measurement was performed in triplicate, and no template
controls were included for each assay. Subsequent to PCR,
a dissociation curve analysis was performed. The relative
quantity of gene expression was calculated automatically by
the 224% method (21). Primers were synthesized by Shanghai
Shenggong Biology Engineering Technology Service, Ltd.
(Shanghai, China), as follows: H19 forward, 5"TGCTGCACT
TTACAACCACTG-3' and reverse, 5'-ATGGTGTCTTTG
ATGTTGGGC-3'; E-cadherin forward, 5-GCTGCTCTTGCT
GTTTCTTCG-3' and reverse, 5'-CCGCCTCCTTCTTCA
TCATAG-3"; vimentin forward, 5-AAGTTTGCTGACCTC
TCTGAGGCT-3' and reverse 5-CTTCCATTTCACGCATCT
GGCGTT-3"; Snail forward, 5"TCCAGAGTTTACCTTCCA
GCA-3" and reverse 5'-CTTTCCCACTGTCCTCATCTG-3';
B-actin forward, 5'"TCCCTGGAGAAGAGCTACGA-3' and
reverse 5-AGCACTGTGTTGGCGTACAG-3'.

Western blot analysis. Total protein was isolated from
cells in RIPA lysis buffer on ice. Protein concentration was
determined using Bradford Protein Assay kit (Bio-Rad Labo-
ratories, Inc.). Proteins were boiled, then separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and trans-
ferred onto nitrocellulose membranes (Pall Life Sciences, Port
Washington, NY, USA). The membranes were blocked with
5% non-fat milk at room temperature for 1 h, incubated with
primary antibodies, including monoclonal rabbit-anti human
E-cadherin (dilution, 1:1,000; #3195), monoclonal rabbit-anti
human vimentin (dilution, 1:1,000; #5741), monoclonal
rabbit-anti human Snail (dilution, 1:500; #3879) and mono-
clonal mouse-anti human f-actin (dilution, 1:1,000; #3700)
(Cell Signaling Technology, Inc., Danvers, MA, USA) over-
night at 4°C. The membranes were then exposed to horseradish
peroxidase (HRP) conjugated goat anti-rabbit immunoglobulin
(IgG) (dilution, 1:1,000; #31460; Pierce Biotechnology, Inc.,



Table I. Clinicopathological parameters of patients with

endometrial cancer.
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Table II. Clinicopathological parameters of patients with
endometrial cancer according to H19 expression.

Clinicopathological parameter Value, % (n)  Clinicopathological parameters H19 level P-value
Age, years Age, years 0.637
<50 65.0 (13/20) <50 1.662+0.475
=50 35.0 (7/20) =50 2.028+0.494
FIGO FIGO 0.374
I 70.0 (14/20) I 1.790+0.384
II 15.0 (3/20) II 1.271£0.272
111 15.0 (3/20) 111 3.041+1.613
Grade Grade 0.014
Well differentiated 25.0 (5/20) Well differentiated 0.965+0.229
Moderately differentiated 60.0 (12/20) Moderately differentiated 1.742+0.291
Poorly differentiated 15.0 (3/20) Poorly differentiated 4.092+1.676
Invasion depth® Invasion depth® 0.192
<1/3 75.0 (15/20) <1/3 1.627+0.359
=1/3 25.0 (5/20) =1/3 2.718+0.911
Invasion to cervix uterus, ovary or oviduct Invasion to cervix uterus, 0.427
No 80.0 (16/20)  ovary or oviduct
Yes 20.0 (4/20) Negative 1.754+0.336
Positive 2.485+1.269

*More or less than one third into the uterine wall. FIGO, international
federation of gynecology and obstetrics.

Rockford, IL, USA) for detection of E-cadherin, vimentin
and Snail, or HRP conjugated goat anti-mouse IgG (dilution,
1:1,000; #31430; Pierce, Biotechnology, Inc.) for detection of
[(-actin. Immunodetection was performed using ECL reagent
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) and lumi-
nescence image system (Bio-Rad Laboratories, Inc.). The
protein amounts were semi-quantified by analyzing blot inten-
sity using [-actin as loading control. In total, 3 independent
experiments were performed.

Cell viability. Cell viability was assessed using Cell Counting
kit-8 (CCK-8) (7sea; Pharmatech Co., Ltd., Shanghai, China)
assays. The cells were inoculated into 96-well plates, and then
transfected with siRNA or negative control, respectively, for
24-96 h. The cells were then incubated with CCK-8 for 4 h
at 37°C, and absorbance at 450 nm was determined using an
EnSpire multimode plate reader (PerkinElmer, Inc., Waltham,
MA, USA).

Wound healing assay. Cells were seeded into 6-well plate
and transfected with siRNA specific to H19 or scrambled
siRNA control for 24 h. When cells reached 90% conflu-
ence, wounds were generated by scratching the monolayers
using a 200 ul pipette tip. Cells were washed to remove the
detached cells and then maintained in media without serum.
Images were captured on an inverted microscope (Leica
Biosystems, Wetzlar, Germany) installed with a ToupCam
digital camera and ToupView 3.7 software (ToupTek, Hang-
zhou, China) of the wounded areas following incubation for
72 h.

*More or less than one third into the uterine wall. FIGO, international
federation of gynecology and obstetrics.
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Figure 1. HI9 mRNA in endometrial cancer and para-cancer tissues. Total
RNA was extracted from tissues and quantitative polymerase chain reaction
was used to detect the HI9 mRNA level. HI9 mRNA level in cancer tissues
was almost 2-fold of that in paratumoral tissues. P<0.05 was considered to
indicate a statistically significant difference.

Transmigration and invasion assays. Cellular migration
and invasion were tested using Millicell modified Boyden
chambers (EMD Millipore, Billerica, MA, USA) with (inva-
sion assay) or without (migration assay) Matrigel-coated
membrane. Cells were seeded in serum-free medium into the
upper chamber and allowed to migrate or invade toward media
containing 20% fetal bovine serum (FBS) as a chemoattrac-
tant in the lower chamber for 24 h (migration assay) or 48 h
(invasion assay). Cells on the upper surface of the membrane
were removed with a cotton swab, and cells at the bottom
of the membrane were fixed with 5% glutaric dialdehyde
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Figure 2. H19 inhibition had no effect on proliferation of HEC-1-B endometrial cancer cells. (A) Examination of efficacy of H19 siRNAs. HEC-1-B cells
were transfected for 48 h with siRNAs specific to H19 (siH19-a and siH19-b) or scrambled control siRNA (siNC), and mRNA level of H19 was determined.
Quantitative polymerase chain reaction results showed that siH19-a and siH19-b may effectively knock down H19 mRNA level. (B) Cell Counting Kit 8 assay
was used to assess the effect of H19 downregulation on growth of HEC-1-B cells in vitro. Compared to negative control cells, H19-suppressed cells showed no
inhibition of cell growth. Results represent the mean of 3 independent experiments performed in triplicate. siRNA, small interfering RNA.

and stained with Giemsa (Sigma-Aldrich; Merck Millipore,
Darmstadt, Germany). The number of transmigrated cells
was counted in 5 random fields under an inverted microscope
(Leica Biosystems) installed with the ToupCam digital camera
and ToupView software (ToupTek) (magnification, x200). Each
experiment was performed in triplicate.

Statistical analysis. Statistical differences were determined
by Student's two-tailed #-test. All statistical analyses were
conducted using SPSS statistical software (SPSS, Inc.,
Chicago, IL, USA). Values were considered to indicate a statis-
tically significant difference at P<0.05 and highly significant
difference at P<0.01.

Results

Expression of HI9 in endometrial cancer and paratumoral
tissues. In total, 20 informative cases were analyzed. The ages
of the patients ranged between 38 and 70 years (median age,
54 years). The clinicopathological characteristics of the patients
were summarized in Table I. The average level for HI9 RNA in
endometrial cancer was almost 2-fold that of paratumoral tissues
(Fig. 1), and the differential H19 expression status between
paratumoral and tumor tissues was statistically significant
(P=0.0205). The H19 transcript level increased with the lack
of cellular differentiation. However, no significant association
was identified between H19 level and other clinicopathological
parameters of endometrial cancer patients (P>0.05; Table II).

Downregulation of HI9 exerts no effect on cell viability. To
elucidate the roles of H19 in endometrial cancer progression,
HEC-1-B cells were transduced with siRNAs specific to H19
(siH19-a and siH19-b). As determined by qPCR analysis,
siH19-a and siH19-b could effectively knockdown H19 level
(Fig. 2A). The effect of H19 under-expression on cell viability
was subsequently examined, and the results showed that the
viability of H19-suppressed cells was almost the same as nega-
tive control cells during 96 h of siRNA transfection (Fig. 2B).
These results showed that H19 overexpression did not confer
proliferation advantage on HEC-1-B cells.

Suppression of HI9 inhibits cell migration and invasion
ability. The present study examined the effect of H19 suppres-
sion on cell mobility with a wound-healing assay. As shown
in Fig. 3A, downregulation of H19 impeded wound closure of
HEC-1-B cells over 72 h of H19 siRNA transfection. Trans-
migration and invasion assays additionally showed that H19
under-expression significantly lessened the in vitro migration
and invasion ability of HEC-1-B cells (Fig. 3B). These results
indicated H19 was involved in the metastatic spread of endo-
metrial cancer cell.

Knockdown of H19 partially reverses the EMT process. To
explore the possible mechanism of H19 in cancer cell migration
and invasion, occurrence of EMT was examined by detecting
the expression changes of EMT molecules. Knocking-down
of H19 increased E-cadherin mRNA and protein, but caused
no evident change in vimentin expression (Fig. 4A). Increase
of E-cadherin mRNA indicated H19 suppression may release
transcription of E-Cadherin coding gene from repression.
Expression of E-cadherin transcription repressor Snail was
then examined in H19-suppressed cells, and reduction of Snail
at mRNA and protein level was observed (Fig. 4B). These
results suggested H19 decrease resulted in a partial reverse of
EMT.

Discussion

Relative survival for endometrial cancer has not substantially
improved over past decades (22,23). It is necessary to mecha-
nistically study endometrial cancer progression and identify
novel markers to monitor disease progression or to develop
gene-oriented drugs. The H19 gene is transcribed in a long
non-coding RNA molecule that accumulates in fetal tissues but
is repressed in the majority of adult organs (24). Dysregulation of
H19 is associated with cancer, but inconsistency exists about the
role of H19 in tumor development and progression (25-27). The
observations in certain cancers support an oncogenic role of H19,
since it is overexpressed and regulates genes involved in tumor
growth, metastasis and angiogenesis (15,24,28,29). However,
in other cases, H19 was not considered an oncodevelopmental
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Figure 3. Knockdown of H19 reduced migration and invasion of HEC-1-B cells. (A) Cell mobility was detected by wound healing assay. HEC-1-B cells were
transfected with siRNAs for 24 h followed by being scratched. The closure of the scratch was monitored for the indicated time periods and images were
captured (magnification, x100). Compared with negative control cells, inhibition of H19 significantly slowed the closure of the scratch. (B) Cellular migration
and invasion were examined by in vitro migration and invasion assays. Cells transfected with siRNAs for 24 h were seeded into millicells with (invasion assay)
or without Matrigel-coated membrane (migration assay), followed by incubation for 24 h. The number of cells that passed through the membrane per field of
view under x10 magnification were counted and used to represent the migration or invasion capacities of cells. Transfection of H19 siRNAs into HEC-1-B cells
substantially reduced cell migration and invasion. All treatments in this figure were performed in triplicate, and the results are shown as the means + standard
deviation. P<0.05 was considered to indicate a statistically significant difference. siRNA, small interfering RNA.
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Figure 4. H19 suppression changed expression level of epithelial-mesenchymal transition molecules in HEC-1-B cells. (A) The expression level of E-cadherin
and vimentin in cells exposed to siNC, siH19-a or siH19-b was monitored by quantitative polymerase chain reaction and western blot analysis, with -actin
as an internal control. Knockdown of H19 increased E-cadherin at the mRNA level and protein level, but caused no evident change in vimentin expression.
(B) Subsequent to H19 small interfering RNA transfection, mRNA and protein levels of Snail were examined, and standardized against the level present in
negative control cells using f-actin as a loading control. H19 suppression significantly decreased Snail expression level in HEC-1-B cells. All treatments in
this fig. were performed in triplicate, and values are presented as the mean + standard deviation of the three experiments. P<0.05 was considered significantly
different for #-test. siNC, small interfering negative control, siH19, small interfering RNA specific to H19.

marker (13,30). At present, the function of H19 in endometrial
cancer invasion has not been well established. In the present
study, overexpressed H19 was found to be associated with EMT
in endometrial cancer, without conferring a growth advantage
on endometrial cancer cells. This supports the conclusion that
H19 is actively linked with cell aggressiveness and positively
effects the progression of endometrial cancer.

Several lines of evidence have been presented for
the reasons why HI19 is dysregulated in adult cancer

tissues (15,16,31,32). H19 is responsive to the induction of
pro-tumor factors in the cancer microenvironment including
transforming growth factor-p and hypoxia (16). In addition,
H19 is under the control of promoter regulation. It has been
reported that the H19 promoter is activated by oncogenic tran-
scription factors such as c-myc (31), but negatively modulated
by the tumor suppressor p53 (33). Methylation in the promoter
region is another regulatory mechanism of H19 expression.
In ovarian cancer cells, overexpression of histone H1 variant
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H1.3 increases occupancy of H1.3 at the H19 regulator region,
leading to increase of DNA methylation and H19 knock-
down (15). Additional investigation is required to determine
whether similar regulatory mechanisms for H19 expression
exist in endometrial cancer.

The importance of EMT has been well documented in
cancer metastasis; however, published literature about the
implication of H19 in EMT is inconsistent. H19 promotes EMT
via antagonizing let-7 and contributing to HMGA2-mediated
EMT in pancreatic ductal adenocarcinoma (17), or by being
associated with enhancer of zeste homolog 2 (EZH?2) and acti-
vating wingless/B-catenin to decrease E-cadherin in bladder
cancer (34). H19 has been identified to encode microRNA-675
(miR-675), and a positive feedback loop between H19/miR-675
and Slug has been reported to attenuate E-cadherin and lead to
EMT in certain cancer cell lines (16). However, H19 is found
to reverse EMT by activating the miR-200 family in hepato-
cellular carcinoma (35). In addition, overexpressed miR-675
downregulates Twistl and reverses EMT in AFP-secreting
hepatocellular carcinoma (30). Furthermore, no effect of H19
reduction on proliferation is observed in endometrial cancer
cells. Although certain published studies have shown that H19
affects cancer cell proliferation (36,37), it also has been found
that H19 RNA has conferred growth advantage for the cells
when cultured in serum-poor medium rather than in 10% FBS,
partly due to the inability of the H19-expressing cells to induce
the cyclin-dependent kinase inhibitor p57 (kip2) in response
to serum stress (38). Therefore, the tumor microenvironment
or cell type may determine the expression and the role of H19
in cancer. It is necessary to verify the cellular evidence in the
in vivo systems.

In summary, the present study provides key molecular
insights into endometrial cancer biology and a possibility for
gene-oriented drug development. Nevertheless, the detailed
mechanism merits additional investigation to contribute to a
decrease in endometrial cancer mortality.
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