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Background: The aberrant expression of long non-coding RNAs (IncRNAs) plays a pivotal
role in the development and progression of multiple cancers, including gastric cancer (GC).
However, the underlying molecular mechanisms of IncRNA HCG18 in GC remain unknown.
Materials and Methods: The expression levels of HCG18, HNF1A, microRNA-152-3p
(miR-152-3p), and DNAJB12 were determined by RT-qPCR. Cell viability, migration, and
invasion were assessed by CCK-8, wound healing, and transwell assays, respectively. The
interaction between miR-152-3p and HCG18 or DNAJB12 was predicted by bioinformatics
analysis and verified by dual-luciferase reporter assay. The correlation between the gene
expression levels was analyzed using Pearson’s correlation coefficient. Western blot was
used to measure the levels of HNF1A, DNAJB12, epithelial-mesenchymal transition (EMT)
proteins (E-cadherin and Vimentin), and proliferation-related protein (PCNA).

Results: It was found that HCG18 was upregulated in GC tissues and cell lines, and knockdown
of HCG18 inhibited the proliferation, migration, and invasion of GC cells. Patients with high
HCG18 expression had a shorter overall survival time compared with those with low HCG18
expression. In addition, transcription factor HNF1A could bind to the HCG18 promoter to
facilitate its transcription. The upregulation of HCG18 could abolish the inhibitory effect of
miR-152-3p overexpression on GC cell progression. Furthermore, DNAJB12 was demonstrated
to be a target gene of miR-152-3p in GC cells, and HCG18 enhanced DNAJB12 expression by
competitively binding with miR-152-3p. Finally, rescue assays proved that overexpression of
DNAJBI12 partially restored HCG18 knockdown-attenuated progression of GC cells.
Conclusion: Our results demonstrated that HNF1A-induced HCG18 overexpression pro-
moted GC progression by competitively binding with miR-152-3p and upregulating
DNAJBI12 expression. These findings might provide potential treatment strategies for
patients with GC.
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Introduction

Gastric cancer (GC) is one of the most common malignancies, which ranks
the second leading cause of cancer-related death worldwide."* Several factors,
such as smoking and atrophic gastritis, are related to the incidence of GC.?
Despite great advances have been made in the treatment of GC, the 5-year survival
rate for GC patients is still low due to distant metastasis and high recurrence rate.*>
Therefore, it is urgent to improve the understanding of GC pathogenesis and
develop novel therapeutics for the treatment of GC.
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Long non-coding RNAs (IncRNAs) are a class of RNA
transcripts longer than 200 nucleotides in lengths, which
have no protein-coding ability.®” Accumulating evidence
indicated that the dysregulation of IncRNAs was involved
in the occurrence and development of various types of
cancers. For example, Zheng et al indicated that the upre-
gulation of IncRNA HULC predicted a poor prognosis and
promoted prostate cancer progression.® Zhang et al
demonstrated that IncRNA PICART]I inhibited the pro-
gression of non-small cell lung cancer cells through the
AKT!1 signaling pathway.” HCG18 was reported to be
associated with the tumorigenesis of glioma and bladder
cancer.'®'" However, the specific mechanisms of HCG18
in GC remain unclear.

MicroRNAs (miRNAs) are another type of endogenous
non-coding RNAs with a length of 22-25 nucleotides, which
regulate gene expression by complementary binding or com-
plex mechanisms.'> miRNAs have been reported to play vital
roles in cell proliferation, apoptosis and metastasis in human
cancers. For example, miR-338-3p suppressed prostate can-
cer cell proliferation, migration, and invasion via targeting
RAB23."> miR-203a-3p facilitated the proliferation and
migration of colorectal cancer cells by regulating PDE4D.'*
You et al found that miR-152-3p/miR-152-5p was lowly

expressed in GC tissues and cell lines, and miR-152-5p
inhibited cell proliferation and promoted apoptosis of GC
cells by downregulating PIK3CA."> Nevertheless, whether
miR-152-3p is involved in GC remains to be further
elucidated.

The present study aimed to determine the potential
mechanisms of HCG18 in GC. The data of the present
study demonstrated for the first time that HNF1A-induced
HCGI18 overexpression facilitated GC progression by
sponging miR-152-3p to upregulate DNAJB12 expression.
These findings may provide novel insights into the pro-
gression of GC and help to develop novel therapeutics for
the treatment of GC.

Materials and Methods

Tissue Collection

A total of 26 pairs of GC tissues and adjacent normal
tissues were collected from patients in Nanyang First
People’s Hospital. The present study was approved by
the Ethics Committee of Nanyang First People’s Hospital
and written informed consent was obtained from all
patients. All samples were frozen in liquid nitrogen and
stored at —80 °C for further analysis. The clinicopathologic
features of patients were presented in Table 1.

Table | Correlation Between HCG18 or miR-152-3p Expression and Clinicopathologic Features of GC Patients

Characteristic Total HCGI8 P miR-152-3p P
Low High Low High

Gender
Male 17 9 0.687 9 8 0.268
Female 9 4 4 5

Age (years)
<60 9 4 0.545 5 4 0.317
>60 17 9 8 9

Tumor size (cm)
25 cm 6 2 0.002 5 | 0.002
<5 cm 20 12 8 12

TNM stage
-l 12 0.003 4 8 0.003
v 14 10 4

Lymph node metastasis
Yes I5 6 9 0.001 9 6 0.008
No ] 8 3 4 7

Distant metastasis
Yes 6 | 5 0.003 4 2 0.023
No 20 I 9 9 I
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Cell Culture

Gastric cancer cell lines (MKN45, AGS, SCH and
SNU638) and human gastric mucosa cell (GES-1) were
purchased from Cell Bank of the Chinese Academy of
Medical Science (Shanghai, China). The cell lines were
cultured in RPMI-1640 medium and supplemented with
10% fetal bovine serum (FBS; Thermo Fisher Scientific)
and 1% penicillin-streptomycin (Thermo Fisher Scientific).
All cells were maintained at 37 °C in a humidified atmo-
sphere with 5% CO,.

Cell Transfection

The short hairpin RNA (shRNAs) targeting HCG18 (sh-
HCGI18; 5-UUGGCUUCAGUCCUGUUCAUCAG-3")
and HNF1A (sh-HNF1A; 5-AGACUGCAGAAGUACC
CUCAA-3") with negative control (sh-NC; 5'- AAUUC
UCCGAACGUGUCACGU-3"), miR-152-3p mimics (5'-
UCAGUGCAUGACAGAACUUGG-3") with negative
control (NC mimics; 5'-GGAACUUAGCCACUGUGAA
UU-3") and miR-152-3p inhibitor (5-UCGCUUGGUG
CAGGUCGGGAA-3") with negative control (NC inhibi-
tor; 5-UCGCUUGGUGCAGGUCGGGAA-3") were
synthesized by GenePharma (Shanghai, China). The full
length of HCG18 or DNAJBI2 was subcloned into
pcDNA3.1 (GenePharma, Shanghai) to overexpress
HCG18 or DNAJBI12 levels with empty pcDNA3.1 ser-
ving as the control. The transfection was performed
using Lipofectamine 2000 (Invitrogen, Carlsbad, USA).

RT-qgPCR
Total RNA was extracted from GC tissues and cells using
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer’s instruction. RNA concentra-
tions were measured using a NanoDrop™ 2000 spectrophot-
ometer (Thermo Fisher Scientific, Inc., Waltham, MA,
USA). The RNA was reverse transcribed into cDNA using
the Reverse Transcription kit (Takara Biotechnology Ltd.,
Dalian, China). Subsequently, PCR amplifications were per-
formed using SYBR® Green PCR Master Mix (Applied
Biosystems; Thermo Fisher Scientific, Inc.) The primer
sequences were as follows: HCGI18 forward, 5'-ATCC
TGCCAATAGATGCTGCTCAC-3' and reverse, 5'-AGCC
ACCTTGGTCTCCAGTCTC-3'; HNF1A forward, 5'-CCC
AGCA GATCCTGTTGTTCCAG-3' and reverse, 5'-GTGC
CGG AAGGCTT CTTCTT-3"; miR-152-3p forward, 5'-T
CGGCAGGTCAGTGCATGACAGAA-3' and reverse, 5'-C

TCAACTGGTGTCGTGGA-3"; DNAIJBI12 forward, 5'-TT
CCCTTCTAGTAACGTCCACG-3' and reverse, 5'-GCTG
AGAGCTGACACGAGAAT-3"); GAPDH forward, 5-TG
ACGTGCCGCCTGGAGAAAC-3'" and reverse, 5'-CCGG
CATCGAAGGTGGAAGAG-3"; U6 forward, 5'-GAGGG
CCTATTTCCCATGATT-3' and reverse, 5'-TAATTAGA
ATTAATTTGACT-3'. The relative expression of genes was
computed using the 2“4 method and normalized to
GAPDH and U6, the endogenous controls.

CCK-8 Assay

Cell proliferation was determined by Cell Counting Kit-8
(CCK-8, Beyotime Biotechnology, Shanghai, China) assay.
Briefly, GC cells (1x 10* cells/well) were seeded in 96-well
plates. After being incubated for 0, 24, 48, and 72 h, 10 pL
of CCK-8 solution (Dojindo, Tokyo, Japan) was added to
each well and incubated at 37°C for 2 h. The absorbance at
450 nm was determined through a microplate reader (Bio-
Tek, Winooski, VT).

Wound Healing Assay

The transfected GC cells were plated into 6-well plates
and cultured until 80% confluence for the wound healing
assay. Subsequently, a 200-uL pipette tip was used to
generate a single wound in the cell monolayer. Images of
the migrating cells were acquired at 0 and 24 h using
a microscope (DFC500; Leica, Wetzlar, Germany).

Transwell Assay

The invasive ability of the GC cells was analyzed using
Transwell chambers (8.0-um pore size; EMD Millipore)
and Matrigel (Corning Inc.). Cells (8x10* cells/well) were
plated in the upper chambers of the Transwell plates in
serum-free medium. Transwell membranes were pre-
coated with Matrigel. A volume of 600 plL. DMEM,
supplemented with 10% FBS was plated in the lower
chambers. Following incubation for 48 h, the non-
invasive cells in the upper chamber were removed and
invasive cells in the lower chamber were fixed in 4%
paraformaldehyde and stained with 0.1% crystal violet
(Beyotime Institute of Biotechnology). Finally, invaded
cells were counted under an inverted microscope (ZEISS,
Jena, Germany) and photographed.

Luciferase Reporter Assay
Luciferase reporter assay was performed to verify
the binding ability between genes. For the binding
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ability between HNF1A and HCGI18 promoter region,
wild-type (5'-ATATTAAC-3") and mutant (5'-TATAATTG
-3") sequences of HCG18 promoter regions were inserted
into pGL3 vectors. The pGL3 vectors were then trans-
fected into MKN45 cells with sh-HNF1A or sh-NC. For
the binding ability between HCG18 (or DNAJB12) and
miR-152-3p, wild-type and mutant sequences of HCG18
(or DNAJB12) were cloned into pmirGLO vectors. These
constructed pmirGLO vectors were then transfected into
GC cells with miR-152-3p mimics or NC mimics. 48
hours after transfection, luciferase activities were evalu-
ated by the Dual-Luciferase Reporter Assay System
(Promega, Madison, WI, USA).

Western Blot

Proteins were extracted using RIPA buffer (Beyotime Institute
of Biotechnology). Protein concentration was measured with
the
Biotechnology). Following denaturation, 10 pg protein/lane

bicinchoninic acid assay (Beyotime Institute of

was separated by 10% SDS-PAGE. Proteins were transferred
onto polyvinylidene difluoride (PVDF) membranes and
blocked in 5% non-fat milk for 2 h at room temperature. The
membranes were incubated with primary antibodies against
HNF1A (1:1000; ab96777; Abcam), DNAJB12 (1:1000;
ab154410; Abcam), PCNA (1:1000; ab92552; Abcam),
E-cadherin (1:1000; ab231303; Abcam), vimentin (1:1000;
ab16700; Abcam) and GAPDH (1:1000; sc-47724; Santa
Cruz Biotechnology) overnight at 4°C. Following primary
incubation, membranes were incubated with secondary anti-
bodies for 2 h at room temperature. Protein bands were visua-
lized using the Pierce ECL Western Blotting kit (Pierce;
Thermo Fisher Scientific, Inc.). Protein expression was quan-
tified using Image-Pro™ Plus software (version 6.0; Media

Expression-log;(TPM + 1)

Relative HCG18 expression

Tumor
(n=26)

Normal
(n=26)

o - —_—

(num(T)=408; num(N)=211)

Cybernetics, Inc.). GAPDH was used as an endogenous con-
trol for data normalization.

Statistical Analysis

Data are presented as the mean + standard deviation (SD).
Each experiment was performed at least 3 times. Statistical
analysis was carried out with SPSS 18.0 software (SPSS,
Chicago, IL, USA). Comparisons between two groups were
performed by a Student’s ¢-test. Comparisons among three
groups were analyzed using one-way ANOVA followed by
Tukey’s test. The correlation between gene expression levels
was analyzed by Pearson’s correlation coefficient. P < 0.05
was defined as statistically significant.

Results
HCGI8 Is Upregulated in GC and

Associated with a Poor Prognosis
According to the TCGA database, HCG18 expression
levels were upregulated in stomach adenocarcinoma
(STAD) tissues compared with normal tissues
(Figure 1A). In addition, RT-qPCR revealed that HCG18
was highly expressed in GC tissues (n=26) or cell lines
(MKN45, AGS, SCH and SNU638) compared with that in
adjacent normal tissues (n=26) or human gastric mucosa
cell line (GES-1) (Figure 1B and C). Moreover, GC patients
with high levels of HCG18 possessed a lower survival rate
compared with patients with low expression levels of
HCGI18 (Figure 1D). Furthermore, it was found that
HCGI18 expression was positively correlated with tumor
size, TNM stage, lymph node metastasis and distant metas-
tasis, while no correlation was found between the HCG18
expression and gender or age (Table 1).

Overall survival

— Low HCG18 Group
== High HCG18 Group|
Logrank p=0.0094
HR(high)=2.9
p(HR)=0.013

Relative HCG18 expression
Survival probability

s0 100
Months

Figure | HCGI8 is upregulated in GC and associated with a poor prognosis. (A) TCGA analysis showed the levels of HCG18 expression in stomach adenocarcinoma
(STAD) tissues and normal tissues. (B) RT-qPCR analysis showed the relative expression of HCG18 in GC tissues (n=26) and adjacent normal tissues (n=26). (C) RT-qPCR
showed the relative expression of HCG 18 in human gastric mucosa cell (GES-1) and GC cells (MKN45, AGS, SCH and SNU638). (D) Kaplan-Meier survival analysis showed
the correlation between HCG 18 expression and prognosis of GC patients. *p<0.05, **p<0.01.
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Figure 2 Knockdown of HCGI8 inhibits the tumorigenesis of GC. (A) The knockdown efficiency of sh-HCGI8#1/2 was assessed by RT-qPCR. (B) CCK-8 assay showed
the proliferation of MKNA45 and AGS cells transfected with sh-NC, sh-HCGI18#I and sh-HCG18#2. (C and D) Cell migration and invasion were detected by wound healing

and transwell assays. *p<0.05, **p<0.01.

Knockdown of HCG8 Inhibits the

Tumorigenesis of GC

To investigate the biological role of HCG18 in GC pro-
gression, loss-of-function assays were performed. RT-
gPCR confirmed that HCG18 was effectively silenced by
transfecting sh-HCG18#1 and sh-HCG18#2 into GC cells
(Figure 2A). CCK-8 assay revealed that HCG18 knock-
down decreased the viability of MKN45 and AGS cells
(Figure 2B). Wound healing and transwell assays indicated
that knockdown of HCGI18 inhibited the migration and
invasion of GC cells (Figure 2C and D). These results
suggested that HCG18 promoted the proliferation, migra-
tion and invasion of GC cells.

HNFIA Activates the Transcription of
HCGI8

To further explore the upstream factors of HCG18 in GC, we
used PROMO (http://alggen.Isi.upc.es/) and JASPAR (http://
jaspar.genereg.net/) databases to determine the transcription
factors that may regulate HCGI18. The DNA motif of
HNF1A and predicted five binding sites of HNFIA in
HCGI18 promoter were illustrated in Figure 3A and B. RT-
qPCR and Western blot showed that the shRNAs targeting
HNF1A (sh-HNF1A#1/2/3) caused an apparent decrease of
HNF1A expression in MKN45 cells (Figure 3C and D). As
shown in Figure 3E, the luciferase activity of vectors con-

structed with HCG18 wide-type promoter region was
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Figure 3 HNFIA activates transcription of HCGI18. (A and B) DNA motif of HNFIA and predicted five binding sites of HNFIA in HCG18 promoter were provided by
PROMO and JASPAR databases. (C and D) The knockdown efficiency of sh-HNFIA#1/2/3 in MKN45 cells was confirmed by RT-qPCR and Western blot. (E) Luciferase
reporter assay was adopted to verify the binding ability between HNFIA and the HCG18 promoter in MKN45 cells. (F) RT-qPCR showed the relative expression of HCGI8
in MKN45 cells transfected with sh-NC and sh-HNFIA#1. (G) The wild-type and mutant sequences of HCG 18 promoter region-| were presented. (H) Luciferase reporter
assay verified that HNFIA bound with HCGI8 at the first predicted promoter region. (I-K) CCK-8, wound healing and transwell assays showed the viability, migration and
invasion of MKN45 cells transfected with sh-NC and sh-HNFIA. *p<0.05, *p<0.01.

decreased by silencing of HNF1A, confirming the binding
ability between HNF1A and HCGI18 promoter region.
Besides, knockdown of HNF1A also reduced HCGI18
expression (Figure 3F). Among the five binding sites, we
hypothesized the first binding site (Region-1) might be
responsible for the binding between HNF1A and HCG18
promoter. The detailed binding sequences and designed
mutant sequences were showed in Figure 3G. Luciferase
reporter assay revealed that silencing HNF1A weakened

the luciferase activity of vectors with HCG18 wild-type
promoter region-1 whilst no such alteration was observed
in vectors with HCG18 mutant promoter region-1, implying
that HNF1A could bind with HCG18 promoter at the first
binding site (Figure 3H). Moreover, we found that knock-
down of HNF1A inhibited the proliferation, migration and
invasion of GC cells (Figure 31-K). Taken together, HNF1 A
activated the transcription of HCG18 by binding with the
promoter region of HCG18.
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Figure 4 HCGI18 promotes GC progression via miR-152-3p. (A) RT-qPCR showed the relative expression of miR-152-3p, miR-34a-5p, miR-34c-5p, miR-148a-3p and miR-
148b-3p in GC tissues (n=26) and adjacent normal tissues (n=26). (B) RT-qPCR showed the relative expression of miR-152-3p in human gastric mucosa cells (GES-1) and GC
cells (MKN45, AGS, SCH and SNU638). (C) Kaplan-Meier survival analysis showed the correlation between miR-152-3p expression and prognosis of GC patients. (D)
Starbase showed the binding site between HCG18 and miR-152-3p. (E) Luciferase reporter assay was adopted to verify the binding ability between miR-152-3p and HCG18
in MKN45 cells. (F) RT-qPCR showed the relative expression of miR-152-3p in MKN45 cells transfected with sh-HCGI8#2. (G) Pearson correlation analysis shows
a negative correlation between HCG18 and miR-152-3p in patients with GC tumors. (H-J) CCK-8, wound healing and transwell assays showed the proliferation, migration
and invasion of MKN45 cells transfected with NC mimics and miR-152-3p mimics. *p<0.05, *¥p<0.01.
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HCG 18 Promotes GC Progression via
miR-152-3p

By performing bioinformatics analysis on starBase, 5 poten-
tial targeting miRNAs (miR-34a-5p, miR-34c-5p, miR-
152-3p, miR-148a-3p and miR-148b-3p) of HCG18 were
screened out. RT-qPCR revealed that miR-152-3p was sig-
nificantly downregulated in GC tissues (Figure 4A).
Moreover, the expression of miR-152-3p was downregu-
lated in GC cell lines (Figure 4B). Kaplan-Meier survival
analysis showed that GC patients with low miR-152-3p
expression had a shorter overall survival time compared
with those patients with high miR-152-3p expression
(Figure 4C). In addition, miR-152-3p expression was strik-
ingly associated with tumor size, TNM stage, distant metas-
tasis and lymph node metastasis (Table 1).

To verify the binding ability between miR-152-3p and
HCG18, mutant sequences were designed and presented in
Figure 4D. Luciferase reporter assay revealed that miR-
152-3p mimics reduced the relative luciferase activity of
the MKN45 cells transfected with the wild-type HCG18-
fused luciferase gene, whereas no significant differences
were observed in cells harboring the mutant HCG18
(Figure 4E). In addition, knockdown of HCG18 increased
miR-152-3p expression (Figure 4F). Pearson correlation
analysis further demonstrated that HCGI18 expression
was negatively correlated with miR-152-3p expression in
GC tissues (Figure 4G). Moreover, CCK-8, wound healing
and transwell assays revealed that miR-152-3p mimics
inhibited the proliferation, migration and invasion of GC
cells, while this effect was abrogated by HCG18 over-
expression (Figure 4H-J). Based on these results, it was
confirmed that HCG18 executed its oncogenic role in GC
cells by regulating miR-152-3p.

HCGI18 Promotes DNAJB12 Expression
by Acting as a ceRNA of miR-152-3p in

GC Cells

6 potential target genes (DNAJB12, COX6A1, PNPLAG,
PDRGI1, RNF145 and NDUFAF6) were selected out from
starBase under a specific condition (CLIP Data: strict strin-
gency; Degradome Data: high stringency; Pan-cancer num-
ber: 8). The expressions of target genes were determined in
GC tissues and DNAJB12 was the most significantly upregu-
lated (Figure 5A). In addition, the expression of DNAJB12
was also higher in GC cell lines than that in normal gastric
cells (Figure 5B). The predicted binding sites between
DNAJBI12 and miR-152-3p were displayed in Figure 5C.

Luciferase reporter assay illustrated that the luciferase activity
of cells with wild-type 3'UTR of DNAJB12 was significantly
reduced by miR-152-3p overexpression whilst no alteration
was observed in cells with mutant 3'UTR of DNAJB12
(Figure 5D). In addition, we found that the overexpression of
miR-152-3p downregulated DNAJB12 expression (Figure SE
and F), and DNAJBI12 expression was negatively correlated
with miR-152-3p expression in GC tissues (Figure 5G).
Moreover, knockdown of HCG18 reduced the expression of
DNAJBI12 (Figure 5H and I), and there was a positive correla-
tion between the expression of HCG18 and DNAJBI12
(Figure 5J). Meanwhile, the expression of DNAJB112 was
increased by the silencing of miR-152-3p, but this effect was
partially abolished by knockdown of HCG18 in MKN45 cells
(Figure 5K and L). Likewise, miR-152-3p inhibitor enhanced
the luciferase activity of wild-type DNAJB112 reporters,
while knockdown of sh-HCG18#2 counteracted such promo-
tion (Figure 5M). Collectively, these findings revealed that
HCGI18 upregulated DNAJBI12 expression through competi-
tively binding with miR-152-3p.

Overexpression of DNAJBI2 Partially
Restored HCG18

Knockdown-Attenuated Progression of

GC

RT-gPCR and Western blot showed that DNAJB12 was
significantly upregulated in MKN45 cells transfected with
DNAJBI12 overexpression plasmid (Figure 6A and B).
Next, the levels of epithelial-mesenchymal transition
(EMT) proteins (E-cadherin and Vimentin) and prolifera-
tion-related protein (PCNA) were measured, and the results
indicated that overexpression of DNAJB12 increased the
expression of PCNA and Vimentin but decreased the
expression of E-cadherin (Figure 6C and D). To explore
whether HCG18 accelerated GC progression through reg-
ulating DNAJB12 expression, rescue assays were per-
formed. CCK-8, wound healing and transwell assays
revealed that overexpression of DNAJB12 abolished the
inhibitory effect of HCG18 knockdown on the proliferation,
migration, and invasion of GC cells (Figure 6E-G). In
conclusion, these results demonstrated that HCG18 pro-
moted GC progression by regulating DNAJB12 expression.

Discussion

Accumulating researches have demonstrated that IncRNAs
play vital roles in the development and progression of
various types of cancers, including GC.'® For instance,
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Figure 5 HCGI8 promotes DNAJBI2 expression by acting as a ceRNA of miR-152-3p in GC cells. (A) The relative expression of 6 potential target genes (DNAJBI2,
COX6AI1, PNPLA6, PDRGI, RNF145 and NDUFAF6) was detected in GC tissues (n=26) and adjacent normal tissues (n=26) by RT-qPCR assay. (B) The relative expression
of DNAJBI2 in human gastric mucosa cells and GC cells was detected by RT-qPCR. (C) Starbase showed the binding site between DNAJBI2 and miR-152-3p. (D) Luciferase
reporter assay was used to confirm the binding ability between miR-152-3p and DNAJBI2 in MKN45 cells. (E and F) RT-qPCR and Western blot showed the mRNA and
protein levels of DNAJBI2 in MKN4S5 cells transfected with NC mimics and miR-152-3p mimics. (G) The correlation between DNAJBI2 and miR-152-3p in GC tissues was
analyzed by Spearman analysis. (H and I) RT-qPCR and Western blot showed the mRNA and protein levels of DNAJBI2 in MKN45 cells transfected with sh-NC and sh-
HCGI18#2. (J) The correlation between DNAJB12 and HCG18 in GC tissues was analyzed by Spearman analysis. (K and L) RT-qPCR and Western blot showed the mRNA
and protein levels of DNAJBI12 in MKN45 cells transfected with NC inhibitor, miR-152-3p inhibitor and miR-152-3p inhibitor+sh-HCGI8#2. (M) Luciferase activity of wild-
type DNAJBI2 vectors was monitored by luciferase reporter assay in MKN45 cells transfected with NC inhibitor, miR-152-3p inhibitor or miR-152-3p inhibitor+sh-

HCGI18#2. *p<0.05, **p<0.01.
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Figure 6 Overexpression of DNAJBI2 partially restored HCG 18 knockdown-attenuated progression of GC. (A and B) RT-qPCR and Western blot showed the mRNA and
protein levels of DNAJB12 in MKN45 cells transfected with pcDNA3.land pcDNA3.I/DNAJBI2. (C and D) Western blot showed the protein levels of PCNA, E-cadherin
and vimentin in MKNA45 cells transfected with DNAJBI2 and pcDNA3.I/DNAJB12. (E-G) CCK-8, wound healing and transwell assays were used to evaluate the
proliferation, migration and invasion abilities of MKN45 cells transfected with sh-NC, sh-HCG18#2 and sh-HCGI8#2 + pcDNA3.I/DNAJBI2. *p<0.05, **p<0.01.

LINCO00858 was upregulated in GC tissues and patients
with high expression of LINCO00858 had poor overall
survival.'” LINC00152 promoted the migration and inva-
sion of GC cells through inhibiting ERK/MAPK
signaling.'"® LncRNA MALATI promoted cell prolifera-
tion and contributed cisplatin resistance in GC via PI3K/
AKT pathway.'® In the present study, it was demonstrated

that HCG18 was upregulated in GC tissues and cell lines,

and high expression of HCG18 was associated with poor
prognosis in patients with GC. Moreover, loss-of-function
assays demonstrated that knockdown of HCG18 inhibited
the proliferation, migration, and invasion of GC cells.
These results suggested that HCG18 acted as an oncogenic
role in GC progression.

Transcription factor has been reported to promote or
inhibit the development and progression of various cancers
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through regulating the expression of IncRNAs. For exam-
ple, Huang et al reported that transcription factor YY1
promoted the tumorigenesis of lung cancer progression
by activating IncRNA PVT1.?° Gao et al indicated that
SP1-induced IncRNA TINCR overexpression inhibited the
migration and invasion of lung adenocarcinoma cells.?!
Hepatocyte nuclear factor 1 alpha (HNF1A) was reported
to increase the expression of CASC2, which further regu-
lated pancreatic cancer progression.”” In our study, we
investigated the upstream regulatory mechanism of
HCG18 and discovered that HNF1A could directly bind
to the promoter region of HCG18 to increase the expres-
sion of HCG18, and knockdown of HNF1A inhibited the
proliferation, migration, and invasion of GC cells. In sum,
we confirmed that HNF1A acted as a transcription activa-
tor to promote the expression of HCG18 in GC.

Increasing evidence indicated that IncRNA could func-
tion as a competing endogenous RNA (ceRNA) to regulate
the expression of target genes of miRNA via competitively
binding miRNA in GC.**** Tao et al reported that IncRNA
OIP5-AS1 could function as a ceRNA in regulating
HMGA?2 through competitive binding to miR-367-3p in
GC.> Xie et al demonstrated that IncRNA OIP5-AS]1
upregulated ANOI1 expression by sponging miR-422a to
promote GC cell growth.”® miR-152-3p was reported to be
downregulated and serve as a tumor suppressor in several
cancers, such as glioma, breast cancer, and prostate
cancer.””?° In our study, miR-152-3p was demonstrated
to be a target gene of HCG18, and knockdown of HCG18
upregulated the expression of miR-152-3p. The absorbing
effect of HCG18 on miR-152-3p in GC was first discov-
ered. In addition, we discovered that miR-152-3p inhibited
DNAJBI2 expression by direct interaction. The silencing
of miR-152-3p increased the expression of DNAJBI2,
while this effect was reversed by HCG18 knockdown.
Furthermore, the expression of HCG18 was negatively
correlated with miR-152-3p but positively correlated with
DNAJBI12 in GC tissues. Moreover, rescue assays demon-
strated that overexpression of DNAJBI12 partially abol-
ished the inhibitory effect of HCG18 knockdown on the
proliferation, migration, and invasion of GC cells. In sum,
these results demonstrated that HCG18 promoted GC pro-
gression by acting as a ceRNA of miR-152-3p to upregu-
late DNAJB12 expression.

In conclusion, the present study for the first time
reported the potential molecular mechanisms of HCG18
in the tumorigenesis of GC. Our study identified the
HNF1A-induced upregulation of HCG18 promoted cell

proliferation, migration, and invasion by competitively
binding with miR-152-3p and upregulating DNAJB12
expression in GC. However, the limitations of the present
study are required to be addressed in future studies. Firstly,
whether other microRNAs or downstream effectors are
crucial to HCG18-regulated phenotypes of GC. Secondly,
in vivo experiments are required to further validate these
findings in follow-up studies.
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