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Abstract. – OBJECTIVE: The role of long 
non-coding RNA (lncRNA) H19 in endometrial 
carcinoma was studied, and its mechanism was 
also explored.

PATIENTS AND METHODS: Quantitative Re-
verse Transcriptase-Polymerase Chain Reaction 
(qRT-PCR) was used to detect the expression of 
lncRNA H19, miR-612, and HOXA10 in endome-
trial carcinoma, and the relationship between ln-
cRNA H19 and survival time was analyzed. The 
high expression or knockdown of lncRNA H19 in 
endometrial cancer cells was completed by cell 
transfection experiments. Cell counting kit-8 
(CCK-8) assay was used to detect changes in the 
viability of endometrial cancer cells. Dual lucifer-
ase reporter assay was performed to verify that 
miR-612 could bind to lncRNA H19 or HOXA10. 
QRT-PCR and Western Blot assays were used to 
detect changes in the expression of HOXA10 in 
endometrial cancer cells before and after over-
expression or knockdown of lncRNA H19.

RESULTS: The expression of lncRNA H19 and 
HOXA10 was high in endometrial carcinoma 
and miR-612 was lowly expressed. The surviv-
al curve suggested that lncRNA H19 was nega-
tively correlated with patient survival. The mR-
NA expression of lncRNA H19 in endometrial 
cancer cells, including HEC1-A, HEC1-B, AN-
3CA, and Ishikawa, was detected by qRT-PCR. 
It was found that the expression of lncRNA H19 
was highest in AN3CA and lowest in Ishikawa. 
The cell transfection experiments allowed Ishi-
kawa cells to overexpress lncRNA H19 and AN-
3CA cells to reduce lncRNA H19 expression. Af-
ter overexpression of lncRNA H19, the viability 
of Ishikawa cells as well as the mRNA and pro-
tein levels of HOXA10 increased. However, after 
knocking down lncRNA H19, the viability of AN-
3CA cells along with the mRNA and protein lev-
els of HOXA10 decreased. The dual luciferase 
reporter assay results suggested that miR-612 
could bind to lncRNA H19 and HOXA10.

CONCLUSIONS: The high expression of ln-
cRNA H19 in endometrial carcinoma may reg-
ulate the expression level of its target gene 

HOXA10 by targeting miR-612, thus promoting 
cell proliferation to play a role in the develop-
ment of endometrial carcinoma.
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Introduction

Endometrial cancer is a common malignancy 
in female reproductive system1. In the past 10 ye-
ars, the incidence of endometrial cancer was 25.1 
per 100,000 women2. It has a high degree of ma-
lignancy and strong invasiveness. The 5-year sur-
vival rate of patients with endometrial carcinoma 
in different stages is 90%, while that of advanced 
patients with distant metastasis is less than 20%3. 
Studies have suggested that the mechanism of en-
dometrial cancer is gene mutation in the process 
of endometrial hyperplasia, but the specific pa-
thogenesis is still not completely clear1.

Long non-coding RNAs (lncRNAs) are RNAs 
with a length of more than 200 nucleotides that 
are transcribed by RNA polymerase II with or wi-
thout an open reading frame. Studies have found 
that a large number of lncRNAs are abnormally 
expressed in tumors, and can play a role in the pro-
liferation, differentiation, and apoptosis of tumor 
cells through the regulation of different signaling 
pathways. Therefore, we can further understand 
the mechanism of tumorigenesis and development 
through the in-depth study of tumor-associated pa-
thways, and achieve effective treatment of tumors 
through targeted interference with the signaling 
pathway4. LncRNAs can act as mRNA sponges 
to compete with endogenous mRNAs during gene 
expression, or bind to related proteins to regulate 
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gene transcription and translation processes, thus 
inhibiting promoters and interacting with tran-
scription factors5,6. They may have a catalytic role 
in the regulation of gene expression, for example, 
HOTAIR, XIST can mediate gene activation or 
inactivation through chromosome remodeling, or 
regulate cell function by changing the important 
complex of promoter and chromosome7.

The lncRNA H19 was the first imprinted gene 
that was found to be the father’s imprinted mater-
nal expression and located on the human gene clu-
ster of H19/IGF2 on chromosome 11p15.58. It plays 
a role in a variety of tumors. For example, in liver 
cancer, lncRNA H19 can affect the phenotype of 
vascular endothelial cells by affecting excretion 
secreted by CD90+ cells, thereby affecting the 
growth of liver tumors9. Meanwhile, lncRNA H19 
can regulate metastasis through miR-675/TGF-β1 
signaling pathway in prostate cancer10. In addition, 
lncRNA H19/ID2 in bladder cancer can antagoni-
ze p53-mediated cell cycle through the JB-D1 pa-
thway and play a role in the regulation of bladder 
cancer cell proliferation11,12. In this investigation, 
we first explored the role of lncRNA H19 in endo-
metrial cancer and discussed the mechanism.

Patients and Methods

Sample Collection
The fresh endometrial cancer tissues and 

normal tissues adjacent to them of 43 cases 
from July 2010 to July 2012 were collected. 
All surgical specimens were placed in sterile 
RNA-free cryotubes within 15 min and placed 
in liquid nitrogen and frozen for later use. All 
surgical patients did not receive any chemothe-
rapy, radiotherapy, targeted therapy, biological 
therapy, or other treatment measures before 
surgery, and did not suffer from other diseases. 
All patients were followed up and their survi-
val time was recorded. OS of patients with dif-
ferent lncRNA H19 level was calculated using 
Kaplan-Meier survival analysis. This study 
has been approved by the Ethics Committee of 
Dezhou People’s Hospital and all patients have 
signed a paper version of informed consent.

Cell Culture and Transfection Experiments
Endometrial cancer cells, including HEC1-A, 

HEC1-B, AN3CA, and Ishikawa, were cultured 
in Dulbecco’s Modified Eagle Medium (DMEM) 
medium containing 10% fetal bovine serum 
(FBS), and incubated in a constant temperature 

incubator at 37°C with 5% CO2 (Gibco, Rock-
ville, MD, USA). LncRNA H19 overexpressing 
plasmid (pcDNA-H19) and knockdown sequen-
ce (si-H19-1, siH19-2) were constructed. One 
day before transfection, Ishikawa and AN3CA 
cells were seeded into a 6-well plate. When the 
cell density reached 60%-70% on the second day, 
transfection was performed according to the lipo 
2000 instructions. The Ishikawa, AN3CA cells 
were transfected with pcDNA-H19 or its con-
trol plasmid and si-H19-1, si-H19-2 or its nega-
tive control, respectively. After 6 hours of tran-
sfection, complete medium was used to replace 
the medium without serum. After 48 hours, cells 
were collected for follow-up experiments.

RNA Extraction and Quantitative Reverse 
Transcriptase-Polymerase Chain Reaction 
(qRT-PCR) Experiments

TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA) was used to extract total RNA of cancer 
cells and cervical cancer tissue or its adjacent 
normal tissue. UV spectrophotometer was used to 
measure total RNA concentration, and A260/280 
value of qualified sample was between 1.8 and 
2.1. According to the reverse transcription kit in-
structions, 1 ug of total RNA was then taken for 
reverse transcription to obtain complementary 
Deoxyribose Nucleic Acid (cDNA). The qRT-PCR 
reaction solution was prepared according to the 
SYBR Fluorescent Quantitative Premix Kit opera-
ting instructions. The total system was 10 μL. The 
PCR reaction conditions were pre-denaturation at 
95°C for 30s, 95°C for 5s, and 60°C for 30s for a 
total of 40 cycles. The experiment was repeated 
three times. U6 was used as the control of miR-
612, and glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) was taken as the control of other 
genes. The primer sequences were as follows. 
LncRNA H19: F: GGTAGAAAAAGCAACCAC-
GAAGC, R: ACATAAACCTCTGTCTGTGA-
GTGCC. MiR-612: F: GCTGGGCAGGGCT-
TCT, R: CAGTGCGTGTCGTGGAGT. HOXA10: 
F: GCCCCTTCCGAGAGCAGCAAAG, R: AG-
GTGGACGCTGCGGCTAATCTCTA. GAPDH 
F: CGCTCTCTGCTCCTCCTGTTC, R: ATCC-
GTTGACTCCGACCTTCAC. U6: F: GCTTCG-
GCAGCACATATACTAAAAT, R: CGCTTCA-
GAATTTGCGTGTCAT.

Cell Counting Kit-8 (CCK-8) Experiment
After transfection for 48 h, Ishikawa and 

AN3CA cells were seeded in 96-well plates at 
3. 5 × 103 cells per well. Three replicate wells 
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were set up. After incubated for 6, 24, 48, 72, 
and 96 hours, each well was added with 100 
μL of fresh DMEM medium without FBS or 
penicillin-streptomycin solution and 10 μL of 
CCK8 (Dojindo, Kumamoto, Japan), which was 
then incubated at 37°C for 1 h. The microplate 
reader was subsequently used to measure the 
absorbance (OD value) at 450 nm. The experi-
ment was repeated 3 times, and then the growth 
curve was drawn.

Western Blot Assay
The cells transfected for 48 hours were col-

lected, and an appropriate amount of radioim-
munoprecipitation assay (RIPA) lysate (Beyo-
time, Shanghai, China) was added to lyse the 
cells, which was then followed by sonication on 
ice, centrifugation, collection of the supernatant, 
and determination of protein concentration by 
bicinchoninic acid (BCA). After the protein was 
separated in 10% sodium dodecyl sulphate-polya-
crylamide gel electrophoresis (SDS-PAGE), wet 
transfer method was used to transfer the isola-
ted protein to polyvinylidene difluoride (PVDF) 
membrane (Roche, Basel, Switzerland). After 
blocking in 5% skim milk at room temperature for 
1 hour, the membrane was cut into protein bands, 
and corresponding primary antibody was added 
and incubated in a refrigerator at 4°C overnight. 
Tris-buffered saline-Tween (TBS-T) was used to 
wash the bands for 3 times, and the corresponding 
secondary antibody was added and incubated for 
1 hour at room temperature. After washing for 3 
times by TBS-T, the protein bands were develo-
ped using ECL solution. 

Dual Luciferase Reporter Assay
Ishikawa, AN3CA cells with good growth state 

were seeded in 12-well plate, and then miR-612 
mimics were co-transfected with HOXA10-WT, 
HOXA10-MUT, lncRNA H19-WT or lncRNA 
H19-MUT into Ishikawa or AN3CA cells. After 
6 hours of transfection, the culture medium was 
replaced with complete medium. After 60 hours, 
the cells were lysed and dual luciferase activity 
was detected. The fluorescence value of renilla 
plasmid was used as internal reference.

Statistical Analysis
Data were analyzed using statistical product 

and service solutions (SPSS) 13.0 statistical 
software (SPSS Inc., Chicago, IL, USA). Measu-
red data were expressed as mean±standard devia-
tion (x±s). The paired t-test was used for compa-
rison between the two groups. The difference was 
statistically significant at p<0.05.

Results

High Expression of lncRNA H19 
in Endometrial Carcinoma

QRT-PCR assay was performed to detect the 
expression of lncRNA H19 in endometrial carcino-
ma tissues and adjacent normal tissues. The results 
suggested that lncRNA H19 was highly expressed 
in endometrial carcinoma (Figure 1A), and the re-
lationship between lncRNA H19 expression and 
patient survival was analyzed and found to be ne-
gatively correlated (Figure 1B). To further explore 
the role of lncRNA H19, bioinformatics analysis was 

Figure 1. LncRNA H19 was highly expressed in endometrial cancer tissues. A, The expression of lncRNA H19 in endome-
trial cancer tissues was significantly higher than that in normal endometrium tissues. B, The overall survival rate of endo-
metrial cancer patients with high expressed lncRNA H19 was significantly lower than that with lncRNA H19-low expression 
group. C, MiR-612 expression in endometrial cancer tissue was significantly lower than that in normal endometrium tissue.
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performed and miR-612 was predicted to be able to 
bind to lncRNA H19, suggesting that lncRNA H19 
might play a role through miRNA-612. In addition, 
it was found that miR-612 was lowly expressed in 
endometrial cancer tissues (Figure 1C).

lncRNA H19 Enhanced the Viability 
of Endometrial Cancer Cells

To further confirm the role of lncRNAs in en-
dometrial cancer, firstly qRT-PCR was performed 
to detect lncRNA H19 expression in endometrial 
cancer cells including HEC1-A, HEC1-B, AN-
3CA, and Ishikawa. The result indicated that ln-
cRNA H19 was the highest in AN3CA cells and 
lowest in Ishikawa cells (Figure 2A), so these two 
cells were selected for subsequent experimen-
ts. We predicted the binding of miRNA-612 to 
HOXA10 using TargetScan software, which sug-
gested that HOXA10 might be the target gene of 
miR-612. HOXA10 is an important transcription 
factor during embryonic development and plays 
a role in regulating the proliferation and diffe-
rentiation of endometrial cancer cells13-15. The 
results showed that HOXA10 was highly expres-
sed in endometrial cancer tissues (Figure 2B). By 
cell transfection experiments, lncRNA H19 was 
overexpressed in Ishikawa cells (Figure 2C) and 
knocked down in AN3CA cells (Figure 2D). Fur-
ther CCK8 assay was used to detect changes in 
cell viability before and after transfection of both 
cells. The results suggested that the cell viability 
increased after Ishikawa cells overexpressed ln-
cRNA H19 (Figure 2E), whereas the cell viability 
of AN3CA cells decreased after knockdown of 
lncRNA H19 (Figure 2F), indicating that lncRNA 
H19 could promote endometrial cancer growth.

lncRNA H19 as Competitive Endogenous 
RNA Competed With miR-612 to 
Regulate the Expression of Its Target 
Gene HOXA10

Predicted result of bioinformatics analysis 
showed that miR-612 can bind to lncRNA H19 
3’UTR and HOXA10 3’UTR, and the base pairin-
gs were shown in Figures 3A and 3B, respectively. 
A luciferase reporter vector containing a wild-
type or mutant lncRNA H19 3’UTR or HOXA10 
3’UTR was co-transfected with miR-612 mimics 
or control in AN3CA and Ishikawa cells, and the 
luciferase activity of each group of cells was me-
asured 48 hours later. The results indicated that 
the luciferase activity of the group of lncRNA 
H19-WT or HOXA10-WT co-transfected with 
miR-612 mimics was significantly lower than that 

of the other three groups (Figure 3A, 3B). It is 
suggested that lncRNA H19 might compete with 
miR-612 as a competitive endogenous RNA to re-
gulate the expression of its target gene HOXA10.

lncRNA H19 Promoted the Expression 
of HOXA10

To further validate our conjecture, we desi-
gned in vitro cell experiments to verify. After 
overexpression of lncRNA H19 in Ishikawa or 
knockdown of lncRNA H19 in AN3CA cells, we 
used qRT-PCR and Western Blot assays to detect 
the expression of HOXA10 at mRNA and pro-
tein levels. It was found that after overexpression 
of lncRNA H19 in Ishikawa cells, both mRNA 
(Figure 4A) and protein levels (Figure 4C) of 
HOXA10 were up-regulated. However, knocking 
down lncRNA H19 in AN3CA cells down-regu-
lated HO3A10 mRNA (Figure 4B) and protein le-
vels (Figure 4D). This demonstrated that lncRNA 
could regulate the expression of HOXA10, which 
was possible through endogenously competing 
with miRNA-612.

Discussion

HOXA10 is an important member of homeo-
box gene (HOX) family and can be expressed in 
endometrial gland epithelium and stromal cells of 
normal people. It plays a regulatory role in cell 
transcription, differentiation, and embryonic de-
velopment. Therefore, it is indispensable for em-
bryo implantation and endometrial degeneration16. 
Studies17-20 have shown that HOXA10 is involved 
in the development of a variety of gynecological 
diseases. Its abnormal expression was found in 
the endometrium of patients with ovarian cancer, 
endometrial cancer, endometriosis and other gy-
necological diseases.

In recent years, the expression and regulation 
mechanism of HOXA10 in endometrial cancer 
has gradually become a research hotspot. A stu-
dy found that HOXA10 expression was abnormal 
in endometrial carcinoma, which was lower than 
that in normal endometrium. However, there was 
no significant difference of its expression betwe-
en normal endometrium and proliferative endo-
metrium. The expression of HOXA10 is regulated 
by sex hormones. Estrogen and progesterone alo-
ne or in combination can significantly upregulate 
the expression of HOXA10 in endometrial cancer 
cell lines. Progestin antagonists can significantly 
inhibit the expression of HOXA10 induced by pro-
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gesterone18. HOXA10 can also induce E-cadherin 
expression in endometrial cancer cells by down-re-
gulating Snail gene, so as to promote cell adhe-
sion and inhibit metastasis, thus participating in 
the metastasis regulation of Ishikawa, which is an 

endometrial cancer cell line. It has been suggested 
that elevated CpG5’ cytosine methylation of CpG 
island in HOXA10 promoter is associated with de-
creased expression in endometrial cancer cells. In 
addition, HOXA10 was considered to promote the 

Figure 2. LncRNA H19 enhanced the viability of endometrial cancer cells. A, Expression of lncRNA H19 in endometrial 
cancer cells was shown. B, The expression of HOXA10 in endometrial carcinoma was significantly higher than that in normal 
endometrium. C, After overexpressing lncRNA H19, the expression level of lncRNA H19 in Ishikawa cells was significantly 
increased. D, After knockdown of lncRNA H19, the expression level of lncRNA H19 in AN3CA cells was significantly de-
creased, with the most significant interference efficiency with si-H19-1. E-F, In Ishikawa and AN3CA cells, lncRNA H19 
enhanced the viability of endometrial cancer cells.
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Figure 3. LncRNA H19 competed with miR-612 as a competitive endogenous RNA to regulate its target gene HOXA10 
expression. A, Sequences of lncRNA H19-WT and lncRNA H19-MUT were shown. In Ishikawa and AN3CA cells, the luci-
ferase activity was decreased in the lncRNA H19-WT and miR-612 mimic treated groups. B, Sequences of HOXA10-WT and 
HOXA10-MUT were shown. In Ishikawa and AN3CA cells, the luciferase activity was decreased in the HOXA10-WT and 
miR-612 mimic treated groups.

Figure 4. LncRNA H19 promoted HOXA10 expression. A, After overexpression of lncRNA H19, the mRNA expression level 
of HOXA10 in Ishikawa cells was significantly increased. B, HOXA10 mRNA expression levels in AN3CA cells were signifi-
cantly reduced after inhibiting lncRNA H19 expression. C-D, After knockdown of lncRNA H19, HOXA10 protein expression 
was down-regulated in Ishikawa and AN3CA cells. After overexpression of lncRNA H19, HOXA10 protein expression was 
up-regulated in Ishikawa and AN3CA cells.
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progression of endometrial cancer by enhancing 
endothelial interstitial transformation21.

However, the regulatory mechanism of 
HOXA10 is still not clear, and the role of lncRNA 
in tumors has been increasingly valued. Currently 
known mechanism of lncRNA in the regulation 
of tumors includes the following points. First, 
it can act as a “molecular sponge” to competiti-
vely combine with other sequences or structures 
(miRNAs, transcription factors, or RNA-binding 
proteins). Second, as a backbone, it has the abili-
ty to bind multiple proteins to make each protein 
spatially close, which allows proteins to interact. 
Third, as molecular signal, it can activate or si-
lence other genes. In addition, lncRNA is capable 
of acting as a molecular guide to bind specific 
proteins by direct or indirect action and transport 
them to specific target sequences22-24.

In this work, we detected the high expression 
of lncRNA H19 in endometrial cancer tissues, 
which can regulate cell viability of endometrial 
cancer cells, such as Ishikawa and AN3CA. Ad-
ditionally, miR-612 was found to interact with 
lncRNA H19 3’ UTR and HOXA10 3’ UTR. 
Therefore, we speculated lncRNA H19 may play 
the role of “molecular sponge” and compete with 
HOXA10 for binding to miRNA-612. Cell experi-
ments confirmed that overexpression of lncRNA 
H19 could promote the expression of HOXA10, 
while knocking down lncRNA H19 inhibited its 
expression, further verifying our hypothesis.

Conclusions

We showed that lncRNA H19 was highly expres-
sed in endometrial cancer cells, and its high level 
enhanced the expression of HOXA10 by competing 
with miR-612 to bind to HOXA10, thus promoting 
the development of endometrial cancer.
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