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Abstract: Long non-coding RNAs (IncRNAs) have been implicated in tumor development and progression. The In-
cRNA HERC2P3, located on human chromosome 15911.1-g11.2, is one of pseudogenes of HERC2 (an E3 ubiquitin
protein ligase). Its role and expression are still unclear in cancer. In the present study, we investigated the effects
of HERC2P3 on gastric cancer cell growth and migration via CCK-8 assays and Transwell assays in vitro and tumor-
bearing mouse model in vivo. The results demonstrated that HERC2P3 silencing inhibited cell growth and migration,
although it only had a weak effect on cell growth. Western blot analysis revealed that Akt phosphorylation level could
be reduced when HERC2P3 was knocked down, indicating Akt signaling may be involved in the HERC2P3-mediated
tumor development. In addition, we analyzed the expression of HERC2P3 through quantitative RT-PCR in 30 paired
gastric cancer samples and found HERC2P3 was up-regulated in gastric adenocarcinoma tissues compared with
corresponding non-tumor tissues. Taken together, our results demonstrate that the abrogation of HERC2P3 could
suppress tumor cell growth and migration, with important implication for validating HERC2P3 as a potential target

for human gastric cancer therapy.
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Introduction

Gastric cancer (GC), one of the common malig-
nanttumors, remains the second leading cause
of cancer related death [1]. Numerous efforts
have been made to improve the therapy of GC,
however, the 5-year overall survival (OS) rate of
GC patients is still lower than 25% due to most
patients present with advanced disease [2, 3].
Many studies have demonstrated that the most
important method to prolong overall survival is
early diagnosis. Therefore, revealing a novel
mechanism of GC development and promoting
effective markers of GC are urgently required.

The ENCODE project revealed that more than
98% of the human genome are non-coding RNA
(ncRNA). Long non-coding RNA (IncRNA) with a
length more than 200 nucleotides is a subcat-
egory of non-coding RNA. Although the majority
of the rest transcribes into noncoding tran-
scripts IncRNA is considered as a transcription
noise with no biological functions initially,
recently years IncRNA has been implicated in

numerous cellular and carcinogenesis process-
es, including cell differentiation, apoptosis,
embryonic development and disease process
[4-6]. Notably, many studies have proved
IncRNA may function as an oncogene or tumor
suppressor gene [7, 8]. H19, a well-known
INcRNA, is associated with embryonic stem cell
differentiation and increasing evidence indi-
cates that H19 plays an oncogenic role in blad-
der and hepatocellular carcinoma and breast
cancer [6, 9, 10]. Another noted IncRNA, MEG3
was aberrantly expressed in many human can-
cers and inhibited cell proliferation in cancer
cells [11]. These studies are exciting and sug-
gest that IncRNAs contribute differently to
human malignancy, however, a great number of
IncRNAs were still to be characterized.

In the present study, we focused on an IncRNA
HERC2P3 (Hect domain and RLD 2 pseudogene
3), which is located on chromosome 15q11.1-
g11.2, including 26 exons [12]. The role of
HERC2P3 in cancer is still unknown. Our study
demonstrated that HERC2P3 plays a critical
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role in the cell growth and migration in human
GC cells. Furthermore, HERC2P3 is frequently
up-regulated at RNA level in 30 paired GC sam-
ples. Our data suggest that HERC2P3 may
serve as a potential biomarker for diagnosis
and treatment of gastric cancer.

Materials and methods
Cell culture

The human gastric cancer cell lines AGS and
SGC7901 were purchased from the Shanghai
Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). AGS and SGC7901 cell lines
were cultured in a humidified atmosphere at
37°C with 5% CO, and cultured in MEM medi-
um supplemented with 10% fetal bovine serum
and 100 pg/ml penicillin/streptomycin.

Transwell assays

Cell migration assays were conducted using
the Transwell chamber (Corning, USA). 3x10*
cells were planted into the upper part of a
Transwell chamber with 400 ul MEM medium,
while 800 yl MEM medium with 10% FBS were
added into the bottom. Then the chambers
were maintained in the incubator (37°C and 5%
CO,) for 48 h. Then the cells were stained with
0.5% crystal violet and photographed. The cells
were counted in 5 random sections under
microscope. The experiment was repeated
three times.

Cell proliferation assay

After transfection, AGS and SGC7901 cells
were seeded in a 96-well plate at a concentra-
tion of 3x102 per well. Cells were tested for pro-
liferation per 24 h using Cell Counting Kit-8
(CCK-8, Dojindo Laboratories, Kumamoto, Ja-
pan), 10 ul of Cell Counting Kit-8 reagent was
added to each well for 1 h at 37°C and then the
absorbance of 450 mm wavelength was read.
All experiments were performed independently
at least three times in triplicate.

RNA interferences, lentivirus construction and
transfection

The siRNAs and lentivirus used in the ex-
periment were obtained from GenePharma,
Shanghai, China. The sequences of siRNA are
SiIHERC2P3-1 (5-GCUGUUCAGAACAUUCGAA-3),
SiHERC2P3-2 (5-CACCAAGACUUUAUGCGGA-3)
and siNC (5-UUCUCCGAACGUGUCACGUATAT-3).
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The cell transfection with siRNAs was conduct-
ed using Lipofectamine 3000 (Invitrogen) ac-
cording to the manufacturer’s constructions.
The lentivirus LV-shHERC2P3 was packaged
using the siHERC2P3-2 sequences mentioned
above. Stably infected cell lines were isolated
by puromycin selection.

RNA extraction and quantitative real-time PCR

Total RNA was extracted from frozen tissues
or cultured cells using TRIZOL reagent (Invi-
trogen, Carlsbad, Calif). For real-time PCR, the
isolated RNA was reverse transcribed to cDNA
using a Reverse Transcription Kit. Real-time
PCR was performed with SYBR Green Kit
(Roche, Switzerland). The results were normal-
ized to the expression of B-actin. The primers
were as follows: HERC2P3-QF: 5-GCGATCAGG-
ATAGGCCTCCT-3, HERC2P3-QR: 5-GTTCGGCT-
TCAGAGT-CGTCC-3, R-actin-gF: 5-CCTGGCACC-
CAGCACAATG-3,R-actin-gR:5-GGGCCGGACTCG-
TCATACT-3.

Animal experiments

Nude mice (Four-week-old, male) were obtained
from the Animal Center of the Chinese Academy
of Science (Shanghai, China) and raised under
specific pathogen free conditions. 1.5x10°
SGC7901 cells transfected with LV-shHERC2P3
or a LV-NC were injected through tail vein. After
6 weeks, the mice were sacrificed and its lungs
were collected and photographed. The nodes
on the surface were counted. For tumor growth,
2x10° cells were resuspended in 150 pl PBS
and subcutaneously injected into the right flank
of each nude mouse. After 4 weeks, the mice
were sacrificed and the tumor was collected
and weighted.

Gastric cancer tissue samples

The tissue samples were gained from the gas-
tric cancer patients who had surgery at
Shanghai East Hospital, all the samples were
snap-frozen in liquid nitrogen and stored at
-80°C prior to RNA extraction. All the patients
were provided with written informed consent
under the approval of Human Resources Ethics
Committee of Shanghai East Hospital.

Western blot

Total proteins were extracted in RIPA buffer,
and the protein concentration was determined
using the BCA protein assay kit (TaKaRa,
Japan). To detect the expression of Akt (1:1000,
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Figure 1. Knocking down HERC2P3 inhibited the cell growth in gastric cancer cells. A. HERC2P3 expression was
detected in AGS and SGC7901 cells after transfection with si-HERC2P3. B. The cell grow rates were determined by
performing CCK8 proliferation assays. HERC2P3 depletion inhibited the proliferation of SGC7901 cells.

Cell Signaling Technology, #9272), phospho-
Akt (Ser473) (1:1000, Cell Signaling Tech-
nology, #4051), Slug (Slug (1:500, Cell Signaling
Technology, #9585)), Cyclin D1 (1:1000, Cell
Signaling Technology, #2978) and [-actin
(1:500, Santa Cruz Biotechnology, sc-58673),
we loaded 10 ul of whole-cell protein lysates on
SDS-PAGE and performed Western blotting.
Detection of proteins was achieved by using the
Odyssey Infared Imaging System (Li-COR, USA)
according to the manufacturer’s instructions.

Statistical analysis

Each experiment was repeated two or three
times or more as mentioned. Data are present-
ed as mean * s.d., unless stated otherwise.
Data processing was analyzed through Stu-
dent’s t-test: "P<0.05, “*P<0.01. Only p-value
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less than 0.05 were considered statistically
significant.

Results

Silencing of HERC2P3 inhibited cell growth in
GC cells

To explore the function of HERC2P3 in gastric
cancer, firstly, two specific siRNAs against
HERC2P3 and the negative control si-NC were
transfected into AGS and SGC7901 cells,
respectively. As shown in Figure 1A, the ex-
pression of HERC2P3 was decreased in the
two cells after transfection with si-HERC2P3-1
and si-HERC2P3-2. CCK8 assays were per-
formed and the results indicated that SGC7901
cells transfected with si-HERC2P3s exhibited a
slower growth rate than control group (Figure
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Figure 2. HERC2P3 depletion inhibited the cell migration in gastric cancer cells. A. HERC2P3 suppression by siRNA
decreased AGS and SGC7901 cell motility by Transwell test. B. The migrated cell number of AGS and SGC7901 cells

decreased after knocking down HERC2P3.

1B). However, AGS cells did not show the simi-
lar result, implying that the effect of HERC2P3
on cell growth is dependent on cell type. These
results suggest that HERC2P3 knockdown may
decrease tumor cell growth capacity.

HERC2P3 depletion restrained cell migration
in GC cells

Next, Transwell assay was used to determine
the effect of HERC2P3 knockdown on cell
migration. After 24 hours of suspending the
cells in the upper chamber, it was found that
the cells transiently transfected with si-HER-
C2P3s migrated to the lower chamber less
than those transiently transfected with si-NC,
indicating that knockdown of HERC2P3 strong-
ly suppressed cell migration in AGS and
SGC7901 cells (Figure 2A, 2B). These findings
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suggest that HERC2P3 play an important role
on GC cell migration in vitro.

HERC2P3 was decreased in SGC7901 /LV-
ShHERC2P3 cells

As HERC2P3 depletion inhibited GC cell prolif-
eration and migration, we constructed a stable
cell line by infecting SGC7901 cells with
LV-shHERC2P3 lentivirus. After puromycin se-
lected, more than 90% of the SGC7901 cells
strongly expressed GFP fluorescence (Figure
3A), revealing in these cells HERC2P3 was suc-
cessfully knocked down. Moreover, the mRNA
level of HERC2P3 was further verified by qRT-
PCR. The resulting data showed that HER-
C2P3 was significantly downregulated in the
SGC7901/LV-shHERC2P3 cells (Figure 3B).
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Figure 3. LV-shHERC2P3 was transfected effectively in SGC7901 cells. A.
Represent images of SGC7901 cells infected with IV-shHERC2P3 and V-
shNC for 96 h. B. LV-shHERC2P3 transduction obviously inhibited HERC2P3

mMRNA levels as determined by qRT-PCR.

Silencing of HERC2P3 suppresses the tumori-
genicity and metastasis of GC cells in vivo

Based on our findings in vitro, we performed
tumor xenograft assays to examine whether
silencing HERC2P3 could decrease the tumor-
igenicity in vivo. The results demonstrated
that low HERC2P3 expression had a slight
suppressive effect on the growth of SGC7901
xenograft tumors in nude mice (n=5) (Figure
4A), consistent with the in vitro result.
Moreover, we also used SGC7901 stable cell
line to analyze the effect of HERC2P3 on tumor
metastasis. Knockdown of HERC2P3 in SG-
C7901 cells by using lenti-viral shRNA signifi-
cantly reduced the nodule number formed on
the lung surface from mice receiving SGC7901-
LVshHERC2P cells than that formed from mice
receiving SGC7901-LVshNC cells (Figure 4B),
indicating HERC2P3 promotes GC cell metas-
tasis in vivo.
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Knockdown of HERC2P3
could reduce AKT phosphory-
lation

Our above studies have dem-
onstrated that silencing HER-
C2P3 decreased cell growth
and migration in vivo and in
vitro. Subsequently we attem-
pted to explore the underlying
mechanisms by western blot
analysis. AGS and SGC7901
cells were transfected with si-
HERC2P3 or si-NC and then
the proteins were extracted.
The western blot results sho-
wed that the phosphorylated
AKT (p-Akt) was decreased in
si-HERC2P3 transfected cells
than that in si-NC transfected
cells (Figure 6). Furthermore,
silencing HERC2P3 could re-
duce the expression of cyclin
D1 and Slug in SGC7901 cells
whereas no significant differ-
ence was observed in AGS
cells (Figure 6). This phenom-
enon might be in accordance
with cell proliferation experi-
ment, reflecting the cell type
specific. These results strong-
ly suggest that Akt signaling
may mediate the regulation of HERC2P3 on
tumor cell proliferation and migration.

HERC2P3 is frequently up-regulated at gene
level in 30 paired GC samples

To determine the expression pattern of HER-
C2P3 in the human GC tissues, we examined
HERC2P3 expression in 30 paired of GC tis-
sues by quantitative RT-PCR. Among 30 paired
samples, 13 paired samples were found to be
at least 1.5 fold overexpressed, 9 samples
were down-regulated and 8 samples were not
significantly variable (Figure 5). The data sug-
gest that HERC2P3 is largely overexpressed in
GC.

Discussion

LncRNAs have been identified as being linked
to human disease and exerting specific func-
tions. Recent years, many researchers have

Int J Clin Exp Pathol 2017;10(7):7632-7639
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Figure 4. Knocking down HERC2P3 inhibits gastric cancer cell metastasis in vivo. A. The tumors from SGC7901/
LV-shHERC2P3 group were averagely lighter than shNC group. B. The numbers of nodes on the lungs’ surface from

shHERC2P3 group were less than the negative control group.
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Figure 5. Knocking down HERC2P3 downregulated
pAKT expression in vivo. The tumor extracts from
each group were subjected to a Western blot analysis
to detect pAKT, AKT, Slug, cyclin D and B-actin.

also proved that IncRNAs exhibits its correla-
tion with the occurrence, development and
metastasis of cancer [13]. LncRNAs are of
great importance in the cancer field and play
different biological and physical roles in normal
individuals. Several GC related IncRNAs includ-
ing H19 [14], AC130710 [15], FER1L4 [16],
MRUL [17] and UCA1 [18] are explored. With

7637

the technological development and thousands
of genomic sequences analysis, we are more
likely to find possible therapeutic targets and
new prognostic markers of IncRNAs. Although
there have been multiple studies of the IncRNA,
this is the first study that describes the correla-
tion between GC and HERC2P3.

The human HERC gene family has six members.
HERC2 is one of HERC family which is highly
homologous and comprises the “large” HERC
subfamily. HERC2 resides in the 15q11-q13
region which is highly conserved, encoding a
putative giant protein of 528 kD, comprises 93
exons. HERC2 has been reported that HERC2
shows a predictive role in advanced NSCLC
[19]. HERC2P3 is one of the pseudogene of
HERC2 and little is known about its function in
the occurrence of disease and cancer
development.

In the present study, we tried to figure out
the function of HERC2P3 in gastric cancer
development. Firstly, we found that knockdown
of HERC2P3 inhibited cell growth and migra-
tion in human gastric cancer cell lines in vitro.
Then we got the similar results through tumor
xenograft formation in nude mice. Next, we
detected the expression of HERC2P3 in human

Int J Clin Exp Pathol 2017;10(7):7632-7639
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netic role in gastric cancer.
Further studies are needed to
expound the detailed clinic rel-
evance and underlying mech-
anism of which HERC2P3 con-
tributes to gastric cancer.
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gastric cancer specimens by qRT-PCR. Our data
showed that HERC2P3 is upregulated in most
of gastric cancer tissues compared with adja-
cent non-cancer tissues. Many studies have
confirmed that TNM stages, tumor size and dis-
tal metastasis are independent prognosis fac-
torin GC[20, 21]. However, in our study, not any
correlation between HERC2P3 and clincopath-
ological factors was found, which may be due to
the small amount of samples. Our findings
demonstrate the roles of HERC2P3 in gastric
cancer cells, suggesting HERC2P3 may offer a
new therapeutic target for this disease.
Mechanistically, western blot analysis indicat-
ed that silencing HERC2P3 decreased the
p-AKT level in both AGS and SGC7901 cells,
knocking down HERC2P3 also reduced the
level of cyclin D1 in SGC7901 cells. AKT, a ser-
ine/threonine protein kinase, is a critical down-
stream target of PI3K, which plays an important
role in cell growth modulation, angiogenesis,
migration, and metabolism [22-24]. The phos-
phorylation of AKT can promote cell prolifera-
tion and cell metastasis. Our data showed a
possible way how LncRNA HERC2P3 works on
gastric cancer cells. The findings that p-AKT
and cyclin D1 are regulated by HERC2P3 sup-
port HERC2P3 involvement in cancer cell prolif-
eration and migration from molecular level.

In conclusion, we identified HERC2P3 as a new
IncRNA involved in the gastric cancer develop-
ment. It is overexpressed in patients with gas-
tric cancer and may play a significant oncoge-
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