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Purpose: The aim of this paper was to investigate /{19 expression in gastric cancer (GC)
and its effects on the biological behavior of gastric cancer cells (GCCs), and at exploring its
potential mechanism.

Methods: H19 expression in the patients’ tissues and serum was detected, and the correla-
tion of the expression with the patients’ pathological data and survival rate was analyzed.
Overexpression or inhibitory vectors of H19, microRNA-138 (miR-138) and E2F2 were
constructed and transfected into GCCs to observe their effects on the cells’ proliferation,
invasion and apoptosis.

Results: H19 rose in GC and was higher in GC patients with a tumor size >5 cm, high stages
(III+IV) and lymph node metastasis. High H19 expression was associated with the poorer
survival rate of the patients, so serum H/9 had a certain diagnostic value for GC. HI9
knockdown could inhibit GCCs to proliferate and invade and induce their apoptosis. miR-138
can be used as the target gene of H19, and E2F2 can be negatively regulated by this miR, so
miR-138 knockdown or E2F2 upregulation can weaken GCCs’ biological behavior changes
that were caused by H19 knockdown.

Conclusion: H]9 can be used as a biological indicator for diagnosing GC and predicting
patients’ poor prognosis. Additionally, it promotes GCCs to proliferate and invade through
miR-138/E2F2 axis.
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Introduction

As one of the most common cancers and the third leading cause of cancer-related
death across the world,' gastric cancer (GC) is currently treated based on the
combination of surgical operation, radiotherapy and chemotherapy.® Although pro-
gress has been made in its diagnosis and treatment, patients with the disease still
have a poor prognosis due to the high metastasis and recurrence of GC.* Therefore,
it is urgent to know the potential molecular mechanism of GC development and
progression and to find potential therapeutic targets for the disease.

There is more and more evidence that tumor patients experience many kinds of
long-chain non-coding RNA (IncRNA) disorders, and that partial disordered
IncRNAs are closely correlated with patients’ disease progression and
prognosis.*> Over 200 nt long, IncRNAs are a series of RNA molecules without
protein-coding ability, and they are involved in a variety of biological events via
regulating chromatin and transcription as well as gene expression after
transcription.®’” Having found to be highly expressed in various tumors, /ncRNA
HI19 (H19) is a member of IncRNAs and is considered as a tumor promoter. For
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instance, it plays a carcinogenic role in thyroid cancer
through PI3K/AKT pathway,® and promotes lung cancer
cells to proliferate and invade by regulating markers for
epithelial-mesenchymal transition.” Additionally, it upre-
gulates in GC and predicts the poor prognosis of patients,
so downregulating its expression can inhibit gastric cancer
cells (GCCs) to invade and migrate.'® However, the path-
way H19 functions in GC are still unclear.

In this study, the expression and clinical value of H/9
in GC was investigated. Its effects on the biological beha-
vior of GCCs and its potential mechanism were also ana-
lyzed. The results may be helpful to further understand the
pathogenesis of GC and to find potential therapeutic tar-
gets for it.

Materials and Methods

Sources of Clinical Samples

One hundred and twelve GC patients who underwent
surgical treatment in the Department of Oncology of the
First Affiliated Hospital of Nanchang University from
April 2015 to January 2016 were enrolled. Their cancer
tissues, normal adjacent tissues and blood were collected
during the surgery. Further 112 healthy people undergoing
physical examinations during the same period were
recruited. Their blood was obtained and stored in
a refrigerator (—70°C). Inclusion criteria for patients:
Those aged >18 years; those confirmed with GC by patho-
logical examinations; those who signed the informed con-
sent form. Exclusion criteria for patients: Those with other
tumors; those who had previously received treatment for
cancers; those with incomplete clinical data. This study
was approved by the Ethics Committee of the First
Affiliated Hospital of Nanchang University and strictly
abided by the Declaration of Helsinki.

Cell Sources and Treatment

GCC lines (HGC-27, AGS, MKN-45) and normal gastric
mucosal cells (GES-1) were purchased from ATCC cell
bank, USA. The cells were placed in a RPMI-1640 med-
ium (Gibco, USA) that contained 10% fetal bovine serum
(PBS; Gibco, USA), and the medium was placed in an
incubator (37°C, 5% CO,). Cell transfection: With pcDNA
3.1 plasmids considered as vectors, inhibitory or overex-
pression plasmids of H/9, microRNA-138 (miR-138) and
E2F2 as well as corresponding negative controls were
established. Their transfection was performed using
Lipofectamine™ 2000 kits (Invitrogen, USA). Six hours

later, the transfected cells were transferred to a 10% PBS-
containing medium for culture.

gRT-PCR

qRT-PCR was carried out to detect H/9 and miR-138 expres-
sion, with TRIzol kits (Invitrogen, USA) for total RNA
extraction and an ultraviolet spectrophotometer and agarose
gel electrophoresis for detecting the purity, concentration and
integrity of the RNA. Subsequently, qualified RNA (2 ug)
was reversely transcribed into cDNA using reverse transcrip-
tion kits (TaKaRa, Japan). Next, based on the instruction of
SYBR_Premix ExTaq II kits (TaKaRa, Japan), PCR ampli-
fication was conducted. The system was 10 pL of SYBR
Premix Ex Taq II (2X), 2 puL of cDNA, each 0.8 pL of
upstream and downstream primers, and Sterile purified
water that was added to supplement to 20 pL. Conditions
for the amplification were pre-denaturation (95°C, 30 s),
denaturation (95°C, 5 s), and annealing and extension (60°
C, 30 s), for a total of 40 cycles. Data analysis was performed
using 2 4“!! GAPDH and U6 were internal reference genes
of H19 and miR-138, respectively. The upstream and down-
stream  primer sequences of HI9 were 5'-
TGATGACGGGTGCAGGGGCTA-3' and 5-TGATGTT
CGCCCTGTCTGCACC-3'. Those of GAPDH were 5'-
GCACCGTCAAGGCTGAGAAC-3' and 5-TGGTGAA
GACGCCAGTGGA-3". Those of miR-138 were 5'-

CGAGAGCTGGTGTTGTGAAT-3" and 5-GTGCAG
GGTCCGAGGTAT-3'. Those of U6 were 5'-
GTAGCGTCGTGAAGCGTTC-3' and  5-GTGCAG
GGTCCGAGGTAT-3'.

Western Blotting (WB)

After culture, the cells were cleaved with RIPA lysis
buffer (Thermo Fisher Scientific, USA), with BCA pro-
tein assay kits (Thermo Fisher Scientific, USA) for pro-
tein concentration determination. The loading quantity of
sample (40 pg) was taken for 10% polyacrylamide gel
electrophoresis (100 V) and PVDF membrane transfer.
After sealed in 5% skimmed milk powder for 2 hours,
the membrane was cleaned with TBST buffer solution
for three times, and then added with E2F2 (1:1000) and
pf-catenin (1:1000) primary antibodies (Abcam, USA) for
sealing all night at 4°C. After washed to remove the
antibodies, it was added with goat anti-rabbit IgG anti-
body (1:1500; Sigma, USA), incubated at 37°C for
1 hour, and finally rinsed with PBS over 5 min for 3
times. After unnecessary liquid was removed, ECL

(Millipore, USA) was used for luminescence and
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developing. The protein bands were scanned to analyze
their gray values in Quantity One. Relative expression
levels of the protein = the gray value of target protein

band/the gray value of f-Actin protein band.

Dual-Luciferase Reporter Gene Assay

(DLRGA)
HI19-3'UTR wild type (Wt), H19-3'UTR mutant (Mut),
E2F2-3'UTR Wt and E2F2-3'UTR Wt were, respectively,
established, for respective co-transfection with miR-138-
mimics or miR-NC into HEK293 cells. Luciferase activ-
ities were detected by DLRGA kits (Solarbio, Beijing).

Flow Cytometry for Cell Apoptosis

After digestion with 0.25% trypsin, the cells were added
with 100 pL of buffer solution to prepare into a 1%¥10°
cells/mL suspension. Next, the suspension was added with
10 pL of AnnexinV-FITC/PI (Yisheng Biotechnology Co.,
Ltd., Shanghai) in sequence, for 5-minute incubation at
room temperature in dark. A flow cytometry (BD Cantoll)
was used for analysis, and the apoptotic rate was
calculated.

CCK-8 for Cell Proliferation
CCK-8 assay kits (Beyotime Biotechnology, Shanghai,

China) were used for detection. Cells were collected after
24-hour transfection, then adjusted to 4* 10° cells/well, and
finally inoculated on a 96-well plate. After 24-, 48-, 72-,
and 96-hour culture, each well was, respectively, added
with CCK-8 solution (10 pL) and DMEM (90 uL) for
2-hour culture at 37°C. Next, optical value (OD) values

were measured at 490 nm using a microplate reader.

Transwell for Cell Invasion

The cells were adjusted to 1*10° cells/well and inoculated
on the upper chamber of the 24-well plate, with 600 pL of
the 10% FBS-containing medium added on the lower one.
After the Transwell was cultured in an incubator for 24
hours, the matrix and the cells without penetrating the
membrane surface in the upper chamber were wiped off.
After the cells were cleaned with PBS (3 times), they were
fixed with paraformaldehyde (20min), cleaned with double
distilled water (3 times), and finally stained with 0.5%
crystal violet after they were dried. The cell invasion was
observed with a microscope.

Statistical Analysis

In this study, SPSS21.0 (IBM Corp, Armonk, NY, USA)
was used to statistically analyze the collected data.
GraphPad 7 was used to plot the required figures. The
comparison of count data was analyzed by chi-square
test or Fisher’s exact test, while that of measurement
data between two groups was analyzed by independent
samples ¢ test. One-way analysis of variance (ANOVA)
was used for the comparison between multiple groups,
followed by Tukey HSD method for wverification.
Repeated measures ANOVA was used for the compari-
son between multiple time points, and then Bonferroni
was used for test. Kaplan-Meier (K-M) survival curves
were plotted to show patients’ survival, and Log rank
test was used for analysis. A receiver operating charac-
teristic (ROC) curve was plotted to assess the diagnostic
value of serum H/9 for GC. When P<0.05, the differ-
ence was statistically significant.

Results
H19 Expression in GC and Its Clinical

Value

According to the qRT-PCR, HI9 upregulated in GC
serum, tissues and cells. Based on the analysis of the
diagnostic value of serum H19 for GC, its sensitivity,
specificity and area under the curve (AUC) were
90.07%, 90.18 and 0.943, respectively. With HI9
expression in patient tissues as the median, the patients
were divided into low and high expression groups, to
analyze the correlation of H/9 with patients’ clinical
pathological data and survival rate. High H19 expres-
sion was related to a tumor size >5 cm, high stages (III
+IV), lymph node metastasis and a poor survival rate.
This suggests that this RNA is involved in GC patho-
genesis and may act as an oncogene. See Table 1 and
Figure 1.

H 19 Knockdown Can Inhibit GCCs to

Proliferate and Invade

In this part, we explored the effects of H/9 knockdown
on the biological behavior of MKN-45 and AGS cells
(H19 had the largest differential expression in the two
cells). According to the CCK-8 assay, cell proliferation
was inhibited in the si-H/9 group compared with the si-
NC group. According to the Transwell, the number of
cells penetrating the membrane reduced in the si-H/9
group compared with the si-NC group. According to the
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Table | Correlation of HI9 with Clinical Pathological Data

Groups n HI9 1> P
Low Expression Group High Expression Group
(n=56) (n=56)
Gender 2.396 | 0.122
Male 68 | 30 (53.57) 38 (67.86)
Female 44 | 16 (46.43) 28 (432.14)
Age 2.939 | 0.087
<60 years old 49 | 29 (51.79) 20 (35.71)
260 years old 63 | 27 (48.21) 36 (64.29)
Tumor size 1.820 | 0.177
25cm 45 | 19 (33.93) 26 (46.43)
<5cm 67 | 37 (66.07) 30 (53.57)
TNM staging 6.196 | 0.013
Stages | + Il 65 | 39 (69.64) 26 (46.43)
Stages llI+IV 47 | 17 (30.34) 30 (53.57)
Lymph node 6.053 | 0.014
metastasis
Yes 53 | 20 (35.71) 33 (58.93)
No 59 | 36 (64.29) 23 (41.07)
Degree of 5.486 | 0.019
differentiation
Lowly differentiated 42 | 27 (48.21) 15 (26.79)
Moderately + highly 74 | 29 (51.79) 41 (73.21)
differentiated

flow cytometry, the apoptotic rate rose in the si-H/9
group compared with the si-NC group. See Figure 2.

HI19 Can Negatively Regulate miR-138
For understanding the potential mechanism of H/9 in
regulating the biological behavior of GCCs, we pre-
dicted its potential targeted miRs using starBase3.0 find-
ing that miR-138 and HI19 have targeted binding sites.
For further verifying their relationship, we conducted
DLRGA, and found that miR-138-mimics could inhibit
HI19-3'UTR Wt luciferase activity, with no remarkable
effect on H/9-3'UTR Mut luciferase activity. In addi-
tion, we tested the effects of si-
H1i9%transfection on miR-138 in GCCs. This miR rose
in the cells after transfection. Subsequently, we explored
the effects of miR-138 upregulation on the biological
behavior of GCCs. Compared with the miR-NC group,
miR-138 rose, cell proliferation and invasion reduced,
and the apoptotic rate rose in the miR-138-mimics
group. See Figure 3.

miR-138 Can Play an Anti-Cancer Role in
GC Through E2F2

miRs can affect the basic biological behavior of cells by
regulating target genes. For further exploring the mechanism
of H19/miR-138 regulating GCCs’ biological behavior, we
found that E2F2 and miR-138 had targeted binding sites
through a prediction software for miR target genes.
Therefore, we detected E2F2 changes in cells transfected
with miR-NC and miR-138-mimics, and found that E2F2
reduced after miR-138-mimics transfection. According to
the DLRGA, miR-138-mimics could inhibit E2F2-3'UTR
Wt luciferase activity, with no remarkable effect on E2F2-
3"UTR Mut luciferase activity. Next, we tested the effects of
E2F2 knockdown on GCCs’ proliferation, invasion and
apoptosis. Similar to the results of si-H/9 and miR-138-
mimics transfection, si-E2F2 transfection could also enhance
the proliferation and invasion and reduce the apoptotic rate,
and the co-transfection of si-E2F2 and miR-138-inhibitor
could reverse the effects of si-E2F2 on the biological beha-
vior. See Figure 4.
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H 19 Promotes GCCs’ Proliferation and
Invasion by Regulating miR-138/E2F2 Axis

According to the above results, we know that the tumor-
promoting effect of H19 may be related to the miR-138/E2F2

axis. For further understanding the correlations of the two, we
co-transfected GCCs with si-H79 + miR-138-inhibitor and si-
HI19 + sh-E2F2, respectively, to observe whether such treat-

ment could reverse or weaken the effects of H19 knockdown
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Figure 3 HI9 can negatively regulate miR-138. (A) miR-138 and HI9 had targeted binding sites. (B) miR-138-mimics could inhibit H/ 9-3'UTR Wt luciferase activity, with no
remarkable effect on H19-3'UTR Mut luciferase activity. (C) miR-138 rose in GCCs after si-H /9 transfection. (D) miR-138 rose in GCCs after miR-138-mimics transfection.
(E and F) Cell proliferation reduced after miR-138-mimics transfection. (G) Cells penetrating the membrane were relatively few after miR-138-mimics transfection. (H) The
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Notes: *Indicates P<0.05 when compared with the miR-NC group. *Indicates P<0.05 when compared with the si-NC group.

on the cells’ biological behavior. The results showed that both
co-transfections could reduce changes in cell proliferation,
invasion and apoptosis caused by si-H79 transfection. This
shows that H/9 can promote GCCs to proliferate and invade
by regulating miR-138/E2F?2 axis See Figure 5.

Discussion

At present, targeted therapy in tumor treatment has been
recognized by medical personnel, so finding potential thera-
peutic targets for it is a hot research topic currently. With the
continuous understanding of IncRNAs, it has been found that
they have a great effect on tumor progression and are consid-
ered as potential targets for tumor therapy.'>'* As one of the
earliest IncRNAs found, H19 (also an oncogene) is located on
chromosome 11 and highly expressed in various tumors.>’ In
our study, we explored the role and mechanism of action of
H19in GC. HI9rose in tissues, serum and cells of GC patients,

and this increased RNA was related to a tumor size >5 cm, high
stages (III+1V), lymph node metastasis and a poor survival
rate. Based on the analysis of the diagnostic value of serum
H19 for GC, the AUC of H19 was 0.943. According to the
in vivo experiments, H19 could promote GCCs to proliferate
and invade and inhibit their apoptosis. These findings show
that H19 has an extremely high research value, because it is not
only a potential biomarker for GC diagnosis and prognosis, but
also an important potential therapeutic target for the disease.
More and more studies have revealed that IncRNAs can act
as a sponge for miRs, thus regulating levels of target genes
downstream of miRs and regulating cell biology.'> For exam-
ple, IncRNA SNGG1 increases CDK7 expression by competi-
tively binding to miR-199a-3p, and then promotes the
proliferation and cycle process of prostate cancer cells.'®
LncRNA CCATI may promote retinoblastoma cells to prolif-
erate, migrate and invade, and reduce their apoptosis via the
negative regulation of miR-218-5p."” For exploring the
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after co-transfection with miR-138-inhibitor. (G) Cell invasion enhanced after si-E2F2 transfection, which could be reduced after co-transfection with miR-138-inhibitor. (H)
The apoptotic rate rose after si-E2F2 transfection, which could be reduced after co-transfection with miR-/38-inhibitor.

Note: *Indicates P<0.05 when compared with the si-E2F2 group.
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Figure 5 H/ 9 promotes GCCs’ biological behavior by regulating miR-138/E2F2 axis. (A and B) The co-transfection of both si-H/9 + miR-138-inhibitor and si-H /9 + sh-E2F2
could reduce changes in cell proliferation caused by si-H/9 transfection. (C) The co-transfection of both si-H/9 + miR-/38-inhibitor and si-H/9 + sh-E2F2 could reduce
changes in cell invasion caused by si-H/9 transfection. (D) The co-transfection of both si-HI9 + miR-138-inhibitor and si-H/9 + sh-E2F2 could reduce changes in cell

apoptosis caused by si-H/9 transfection.
Note: *Indicates P<0.05 when compared with the si-H19 group.

mechanism of action of H79 in GC and through the biological
prediction software starBase3.0, we found targeted binding
sites between miR-138 and H19. miR-138-mimics could inhibit
H19-3'UTR Wt luciferase activity, with no remarkable effect
on H19-3'UTR Mut luciferase activity. miR-138 rose in GCCs
after si-H19 transfection. These results indicate that there is
a certain regulatory effect between H/9 and miR-138, so we
believe that the effect of H/9 on inhibiting GC progression
may be related to this miR. As a kind of highly conservative
endogenous short-chain non-coding RNAs, miRs can regulate
approximately one third of human genes.'® Their abnormal
expression in human body is considered as an important factor
for the development and progression of various diseases.'® !
Previous studies have found that miR-138 as a member of miRs
downregulates in various tumors including GC.**>* In our
study, GCCs’ proliferation and invasion enhanced but the
apoptotic rate rose after miR-138 upregulation, showing that
this miR is a tumor suppressor gene in GC, and that it is
expected to become a potential therapeutic target for the
disease.

It is well known that miRs are involved in biological
processes by regulating downstream target genes. For further
improving the mechanism of H/9 and miR-138 on regulating
GCCs’ biological behavior, we predicted the downstream

target genes of this miR. There were binding sites between
E2F2 and miR-138. E2F2 reduced in GCCs after miR-138
increased. miR-138-mimics could inhibit E2F2-3'UTR Wt
luciferase activity, with no remarkable effect on E2F2-3'UTR
Mut luciferase activity. These results confirm that there is
interaction between E2F2 and miR-138. E2F2 is a member
of E2F?2 family, which is an important transcription factor that
regulates cell cycle and apoptosis.”> In tumors, E2F2 and H19
are considered as cancer-promoting factors.”**’ In this article,
after E2F2 knockdown, GCCs’ proliferation and invasion
reduced but the apoptotic rate rose, and the co-transfection of
si-E2F2 and miR-138-inhibitor could reverse effects of the
knockdown on the biological behavior. This suggests that
miR-138 and E2F2 exert a great function in GC progression,
and that the two have a mutual regulatory effect. For confirm-
ing that H/9 can promote GCCs to proliferate and invade
through the miR-138/E2F2 axis, we knocked down miR-138
and upregulated E2F2 while transfecting si-H/79. The results
showed that after such treatment, the effects of si-H/9 on the
biological behavior were reversed.

Accordingly, H19 rises in GC and predicts the poor prog-
nosis of patients, so H/9 knockdown inhibits GCCs to prolif-
erate and invade and induces their apoptosis, which is related to
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the miR-138/E2F2 axis. This study has certain limitations.
Firstly, due to the short time of this study, more research
samples cannot be collected and longer follow-ups cannot be
conducted, which results in possibly limited clinical data.
Secondly, other mechanisms of HI19 are still unclear. We
have only studied the miR-138/E2F2 axis, so whether H19
can promote GC progression through other pathways needs
further research.

In summary, HI9 that rises in GC can be used as
a biological indicator for diagnosing the disease and pre-
dicting patients’ poor prognosis, because it promotes
GCCs to proliferate and invade through miR-138/E2F2
axis.

Conclusion

In summary, H19 that rises in GC can be used as a biological
indicator for diagnosing the disease and predicting patients’
poor prognosis, because it promotes GCCs to proliferate and
invade through miR-138/E2F?2 axis.
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