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Abstract. – OBJECTIVE: Recently, long non-cod-
ing RNAs (lncRNAs) have been widely studied for 
their vital roles in human diseases. In this study, 
we investigated the effect of lncRNA AB073614 
on the metastasis of gastric cancer (GC), and ex-
plored the possible underlying mechanism.  

PATIENTS AND METHODS: AB073614 expres-
sion in GC tissue samples was detected by Re-
al-time quantitative polymerase chain reaction 
(RT-qPCR). The roles of AB073614 in GC metas-
tasis were identified through wound healing as-
say and transwell assay, respectively. Moreover, 
RT-qPCR and Western blot assay were used to 
explore the potential mechanism.  

RESULTS: AB073614 expression level in GC 
samples was significantly higher than that of adja-
cent ones. Besides, the migration and invasion of 
GC cells were obviously repressed after AB073614 
was knocked down. After AB073614 was knocked 
down in vitro, the mRNA and protein expressions 
of insulin-like growth factor 2 (IGF-2) was remark-
ably down-regulated. Furthermore, a negative cor-
relation was found between the expression level 
of IGF-2 and AB073614 in GC tissues.

CONCLUSIONS: AB073614 could promote GC 
cell migration and invasion via up-regulating IGF-
2. Our findings might provide a potential therapeu-
tic target for GC patients.
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Introduction

Gastric cancer (GC) is the fourth most prevalent 
malignant disease, which is also the third leading 
cause of tumor-related death in the world1,2. Due 
to advances in the diagnosis and therapy, the inci-
dence and mortality of GC have been decreasing 
in recent years. However, GC remains a threat to 
public health. More than 24,590 patients are diag-
nosed with GC every year in America, with about 
10,720 deaths3. Most of GC patients are diagnosed 
at an advanced stage because of atypical or absent 

symptoms at early stage. This greatly limits suc-
cessful therapeutic interventions4. Therefore, it is 
urgent to identify the underlying molecular mecha-
nism of GC and to find out novel biomarkers for its 
therapeutic strategy. Long non-coding RNAs (ln-
cRNAs), a cluster of non-coding transcripts, have 
been proved to play an important role in numerous 
heterogeneous molecular actions. Through func-
tioning as a ceRNA of microRNA-215, lncRNA 
UICLM enhances colorectal cancer liver metasta-
sis and modulates the expression level of ZEB25. 
LncRNA MNX1-AS1, mediated by E2F1, partic-
ipates in MNX1-AS1-miR-218-5p-SEC61A1 feed-
back loop and promotes the progression of colon 
adenocarcinoma6. Meanwhile, lncRNA CDKN-
2BAS promotes the growth and migration of he-
patocellular carcinoma cells through miR-153-5p/
ARHGAP18 signaling pathway7. Overexpression 
of lncRNA FALEC facilitates the proliferation of 
melanoma cells by silencing p21. LncRNA FALEC 
up-regulation is also associated with poor prog-
nosis of patients with melanoma8. In addition, ln-
cRNA BACE1-AS inhibits the proliferation and 
invasion of ovarian cancer stem cells, eventually 
functioning as a novel target for ovarian cancer9. 
However, the specific role of lncRNA AB073614 
in the metastasis of GC has not been fully eluci-
dated. In our study, the expression of AB073614 
was significantly up-regulated in GC tissues. Func-
tional assays showed that AB073614 promoted the 
migration and invasion of GC cells in vitro. In ad-
dition, we also explored the underlying mechanism 
of AB073614 function in GC development.

Patients and Methods

Cell Lines and Clinical Samples
Human GC tissues were collected from 48 GC 

patients who received surgery at Affiliated Wu-
jiang Hospital of Nantong University between 
February 2015 and December 2017. No patients 
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received radiotherapy or chemotherapy before 
operation. All collected fresh tissues were kept 
at -80°C for subsequent use. This study was ap-
proved by the Ethics Committee of Affiliated 
Wujiang Hospital of Nantong University. Signed 
written informed consents were obtained from all 
participants before the study.

Cell Culture
3 human GC cell lines (SGC-7901, BGC-823, 

HGC-27) and 1 normal human gastric epithelial 
cell line (GES) were cultured in Dulbecco’s Mod-
ified Eagle’sMedium (DMEM; Gibco, Rockville, 
MD, USA) containing 10% fetal bovine serum 
(FBS; Gibco, Rockville, MD, USA) and peni-
cillin. All cells were maintained in an incubator 
with 5% CO2 at 37°C.

Cell Transfection
The cDNA oligonucleotides targeting 

AK027294 (sh-AB073614) were provided by Ge-
nePharma and cloned into pGPH1/Neo vector 
(GenePharma, Shanghai, China). Subsequently, 
sh-AB073614 and negative control (NC) were 
transfected into GC cells according to relevant 
instructions. 48 h later, transfection efficiency in 
transfected cells was verified by real-time quanti-
tative polymerase chain reaction (RT-qPCR).

RNA Extraction 
and RT-qPCR

Total RNA in tissues and cells was extracted by 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA). 
Then extracted RNA was reverse-transcribed to 
complementary deoxyribose nucleic acids (cD-
NAs) in strict accordance with reverse Transcrip-
tion Kit (TaKaRa Biotechnology Co., Ltd., Dalian, 
China). Primers used for RT-qPCR were shown 
as follows: AB073614, forward 5′-ATTTCT-
GCTCCTGGGTCTTAC-3′ and reverse 5′-AGT-
GGCTTGTCTGTTAGAGTC-3′; Glyceraldehyde 
3-phosphate dehydrogenase (GAPDH), forward 
5′-CACCCACTCCTCCACCTTTG-3′ and reverse 
5′-CCACCACCCTGTTGCTGTAG-3′. Specific 
thermal cycle was: 30 s at 95°C, 5 s for 40 cycles 
at 95°C, and 35 s at 60°C.

Wound Healing Assay
Transfected cells were first seeded into 6-well 

plates and cultured in Dulbecco’s Modified Ea-
gle’s Medium (DMEM) overnight. Next, they 
were scratched with a plastic tip, followed by 
culture in serum-free DMEM. 48 h later, wound 
closed area was viewed and analyzed.

Transwell Assay
To detect the migration ability of GC cells, 

4×104 cells in 200 µL serum-free DMEM were 
transformed to the upper chamber of an 8 μm 
pore size insert (Millipore, Billerica, MA, USA). 
Meanwhile, the lower chamber was filled with 
DMEM and fetal bovine serum (FBS). 48 h later, 
the top surface of chambers was wiped by cotton 
swab before immersed with pre-cooled methanol 
for 10 min. The cells were then stained with crys-
tal violet for 30 min. To detect the invasion ability 
of GC cells, 4 ×104 cells in 200 µL serum-free 
DMEM were transformed to the upper chamber 
of an 8 μm pore size insert (Millipore, Billerica, 
MA, USA), which was previously coated with 50 
µg Matrigel (BD Biosciences, Franklin Lakes, 
NJ, USA). Meanwhile, the lower chamber was 
filled with DMEM and FBS. 48 h later, the top 
surface of chambers was wiped by cotton swab 
before immersed with pre-cooled methanol for 10 
min. The cells were then stained with crystal vio-
let for 30 min. Finally, cells were observed under 
a microscope, and the number of migrating and 
invading was calculated. 

Western Blot Analysis
Total proteins were extracted via radioimmu-

noprecipitation assay (RIPA) buffer. The concen-
tration of protein sample was determined by the 
bicinchoninic acid (BCA) method (Beyotime, 
Shanghai, China). Target proteins were separat-
ed by Sodium Dodecyl Sulphate-Polyacrylamide 
Gel Electrophoresis (SDS-PAGE) and transferred 
onto polyvinylidene difluoride (PVDF) mem-
branes (Millipore, Billerica, MA, USA). Then, 
the membranes were incubated with primary an-
tibodies of rabbit anti-GAPDH (Cell Signaling 
Technology, CST, Danvers, MA, USA) and rab-
bit anti-IGF-2 (Cell Signaling Technology, CST, 
Danvers, MA, USA) overnight. On the next day, 
the membranes were incubated with correspond-
ing secondary antibodies. Chemiluminescent film 
was applied for assessing protein expression with 
Image J software (NIH, Bethesda, MD, USA).

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 (Armonk, NY, USA) was adopted 
for all statistical analysis. Data were presented as 
mean ± standard deviation (SD). Each assay was 
independently repeated in triplicate. Student t-test 
was utilized to compare the difference between 
two groups. p<0.05 was considered statistically 
significant.RE
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Results

The Expression Level of AB073614
in GC Tissues and Cells

AB073614 expression in 48 patients’ tissues 
and 3 GC cell lines was first detected by RT-qP-
CR. Results showed that AB073614 expression in 
GC tissues was significantly higher than that of 
adjacent tissues (Figure 1A). Similarly, AB073614 
level in GC cells was remarkably higher than that 
of GES cells (Figure 1B). 

Knockdown of AB073614 Inhibited 
GC Cell Migration and Invasion 

In our study, SGC-7901 GC cells were chosen 
for transfection of AB073614 shRNA. RT-qPCR 
was utilized to verify transfection efficiency (Fig-
ure 2A). Subsequent wound healing assay found 
that the migration ability of GC cells was signifi-
cantly repressed after knockdown of AB073614 
(Figure 2B). Transwell assay also revealed that 

after AB073614 was knocked down in vitro, the 
number of migrated cells decreased significantly 
(Figure 3A and 3B). Furthermore, transwell as-
say revealed that after AB073614 knockdown, the 
number of invaded cells decreased remarkably as 
well (Figure 3C and 3D).

The Interaction Between IGF-2
and AB073614 in GC

Further mechanism assays showed that com-
pared with IGF-2 level in NC group, the expres-
sion level of IGF-2 in GC cells of sh-AB073614 
group was significantly higher (Figure 4A). West-
ern blot assay showed that after AB073614 was 
knocked down, the protein level of IGF-2 was 
obviously down-regulated (Figure 4B). Moreover, 
IGF-2 expression in GC tissues was remarkably 
up-regulated when compared with adjacent tis-
sues (Figure 4C). Furthermore, IGF-2 expression 
level was positively correlated with AB073614 
expression in GC tissues (Figure 4D).

Figure 1. Expression of AB073614 was up-regulated in GC tissues and cells. A, AB073614 expression significantly increased in GC 
tissues compared with adjacent tissues. B, Expression levels of AB073614 were determined in human GC cell lines (SGC-7901, BGC-
823, HGC-27) and normal human gastric epithelial cell line (GES) by RT-qPCR. GAPDH was used as an internal control. *p<0.05.

A B

Figure 2. Silence of AB073614 inhibited GC cell migration. A, AB073614 expression in GC cells transfected with AB073614 
shRNA (sh-AB073614) and negative control (NC) was detected by RT-qPCR. GAPDH was used as an internal control. B, 
Wound healing assay showed that silence of AB073614 significantly repressed the migration of GC cells (magnification: 10×). 
The results represented the average of three independent experiments. *p<0.05. 
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Discussion

Evidence demonstrated that lncRNAs play a 
pivotal role in the progression of GC. For exam-
ple, acting as a sponge of miR-495-3p, lncRNA 
SNHG20 promotes the proliferation and invasion 
of GC cells via up-regulating the expression of 
ZFX10. By crosstalk with miR-21, lncRNA LINC-
PINT functions as a tumor suppressor in GC. 
Meanwhile, it is also associated with poor survival 
of GC patients11. LncRNA LOC554202 enhanc-
es the proliferation and migration of GC cells by 
regulation of E-cadherin and p2112. Overexpres-
sion of lncRNA CTD-2510F5.4 is associated with 
malignant phenotype of GC, which predicts poor 
prognosis for GC patients13. In addition, lncRNA 
SNHG5 serves as an important anti-oncogene in 
the progression of GC through trapping MTA2 in 
cytosol14. LncRNA AB073614, as a novel lncRNA, 
promotes tumorigenesis of ovarian cancer and pre-

dicts poor prognosis for these patients15. AB073614 
plays an important role in regulation of colorectal 
cancer proliferation and migration by modulat-
ing PI3K/AKT signaling pathway16. AB073614 
promotes the proliferation and migration of gli-
oma cells by regulating epithelial-mesenchymal 
transition. It also indicates poor prognosis of pa-
tients with glioma17. In this study, we found that 
AB073614 was significantly upregulated in GC 
samples. Besides, GC cell migration and invasion 
were remarkably suppressed through knockdown 
of AB073614, suggesting that AB073614 acted as 
an oncogene in GC cells. IGF-2 is a protein hor-
mone, which plays a crucial role in anti-apoptosis 
and mitosis. Recently, IGF2 has been widely ex-
plored to be involved in the modulation of tumor 
growth. For instance, the mRNA expression of 
IGF2 is upregulated in fibroadenomas, especially 
in stromal cells18. Up-regulation of IGF2 is report-
ed to be remarkably correlated with poor prognosis 

Figure 3. Silence of AB073614 inhibited GC cell migration and invasion. A, The representative pictures of migrated cells in 
sh-AB073614 group and NC group (magnification: 40×). B, The number of migrated cells decreased significantly via silence 
of AB073614 in vitro. C, The representative pictures of invaded cells in sh-AB073614 group and NC group (magnification: 
40×). D, Transwell assay showed that the number of invaded cells decreased significantly via silence of AB073614 in vitro. The 
results represented the average of three independent experiments. *p<0.05, as compared with control cells.
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of ovarian cancer patients19. Through depressing 
IGF2 expression and IGF2-mediated AKT/mTOR 
pathway, curcumin functions as a tumor sup-
pressor in the development of urothelial tumor20. 
Moreover, lncRNA 91H enhances the aggressive 
phenotype of breast cancer cells. Meanwhile, it 
positively regulates the expression of H19/IGF2 via 
epigenetic modifications21. Our study showed that 
IGF-2 expression was significantly downregulated 
via knockdown of AB073614 in GC cells. Besides, 
IGF-2 expression was positively correlated with 
AB073614 expression in GC tissues.

Conclusions

We revealed that AB073614 could enhance GC 
cell migration and invasion through up-regulat-
ing IGF-2. Our findings suggested that AB073614 
might be a candidate target for GC therapy.

Conflict of Interests
The authors declare that they have no conflict of interest.

References

  1) McLean MH, eL-OMar eM. Genetics of gastric 
cancer. Nat Rev Gastroenterol Hepatol 2014; 11: 
664-674.

  2) TOrre La, Bray F, SiegeL rL, FerLay J, LOrTeT-TieuLenT 
J, JeMaL a. Global cancer statistics, 2012. CA 
Cancer J Clin 2015; 65: 87-108.

  3) SiegeL rL, MiLLer KD, JeMaL a. Cancer statistics, 
2015. CA Cancer J Clin 2015; 65: 5-29.

  4) SiegeL r, Ma J, ZOu Z, JeMaL a. Cancer statistics, 
2014. CA Cancer J Clin 2014; 64: 9-29.

  5) cHen DL, Lu yX, ZHang JX, Wei XL, Wang F, Zeng 
ZL, Pan ZZ, yuan yF, Wang FH, PeLicanO H, cHiaO 
PJ, Huang P, Xie D, Li yH, Ju HQ, Xu rH. Long 
non-coding RNA UICLM promotes colorectal 
cancer liver metastasis by acting as a ceRNA 

Figure 4. The association between AB073614 and IGF-2 in GC. A, RT-qPCR results showed that IGF-2 expression in sh-
AB073614 group was significantly lower than NC group. B, Western blot assay revealed that IGF-2 protein expression de-
creased remarkably in sh-AB073614 group when compared with NC group. C, IGF-2 was significantly up-regulated in GC 
tissues compared with adjacent tissues. D, Linear correlation between the expression level of IGF-2 and AB073614 in GC 
tissues. The results represented the average of three independent experiments. *p<0.05. 

A

C

B

D

RE
TR

A
CT

ED



X.-Y. Wu, H.-Y. Zhou, X.-M. Yao, X.-D. Chen, J. Wu, X.-C. Lu

150

for microRNA-215 to regulate ZEB2 expression. 
Theranostics 2017; 7: 4836-4849.

  6) ye y, gu B, Wang y, SHen S, Huang W. E2F1-me-
diated MNX1-AS1-miR-218-5p-SEC61A1 feedback 
loop contributes to the progression of colon adeno-
carcinoma. J Cell Biochem 2019; 120: 6145-6153.

  7) cHen J, Huang X, Wang W, Xie H, Li J, Hu Z, ZHeng 
Z, Li H, Teng L. LncRNA CDKN2BAS predicts poor 
prognosis in patients with hepatocellular carcino-
ma and promotes metastasis via the miR-153-5p/
ARHGAP18 signaling axis. Aging (Albany NY) 
2018; 10: 3371-3381.

  8) ni n, SOng H, Wang X, Xu X, Jiang y, Sun J. Up-reg-
ulation of long noncoding RNA FALEC predicts 
poor prognosis and promotes melanoma cell 
proliferation through epigenetically silencing p21. 
Biomed Pharmacother 2017; 96: 1371-1379.

  9) cHen Q, Liu X, Xu L, Wang y, Wang S, Li Q, Huang 
y, Liu T. Long non-coding RNA BACE1-AS is a 
novel target for anisomycin-mediated suppres-
sion of ovarian cancer stem cell proliferation and 
invasion. Oncol Rep 2016; 35: 1916-1924.

 10) cui n, Liu J, Xia H, Xu D. LncRNA SNHG20 
contributes to cell proliferation and invasion by 
upregulating ZFX expression sponging miR-495-
3p in gastric cancer. J Cell Biochem 2019; 120: 
3114-3123.

 11) Feng H, ZHang J, SHi y, Wang L, ZHang c, Wu L. 
Long noncoding RNA LINC-PINT is inhibited in 
gastric cancer and predicts poor survival. J Cell 
Biochem 2018 Dec 19. doi: 10.1002/jcb.28236. 
[Epub ahead of print]

 12) Lin y, ZHang cS, Li SJ, Li Z, Sun FB. LncRNA 
LOC554202 promotes proliferation and migration 
of gastric cancer cells through regulating p21 and 
E-cadherin. Eur Rev Med Pharmacol Sci 2018; 
22: 8690-8697.

 13) Wang Z, Qin B. Prognostic and clinicopatholog-
ical significance of long noncoding RNA CTD-
2510F5.4 in gastric cancer. Gastric Cancer 2018 

Dec 17. doi: 10.1007/s10120-018-00911-x. [Epub 
ahead of print]

 14) ZHaO L, guO H, ZHOu B, Feng J, Li y, Han T, Liu L, Li 
L, ZHang S, Liu y, SHi J, ZHeng D. Long non-coding 
RNA SNHG5 suppresses gastric cancer progres-
sion by trapping MTA2 in the cytosol. Oncogene 
2016; 35: 5770-5780.

 15) cHeng Z, guO J, cHen L, LuO n, yang W, Qu X. A 
long noncoding RNA AB073614 promotes tumor-
igenesis and predicts poor prognosis in ovarian 
cancer. Oncotarget 2015; 6: 25381-25389.

 16) Wang y, Kuang H, Xue J, LiaO L, yin F, ZHOu X. 
LncRNA AB073614 regulates proliferation and 
metastasis of colorectal cancer cells via the PI3K/
AKT signaling pathway. Biomed Pharmacother 
2017; 93: 1230-1237.

 17) Li J, Wang yM, SOng yL. Knockdown of long non-
coding RNA AB073614 inhibits glioma cell prolif-
eration and migration via affecting epithelial-mes-
enchymal transition. Eur Rev Med Pharmacol Sci 
2016; 20: 3997-4002.

 18) MiSHiMa c, Kagara n, Tanei T, naOi y, SHiMODa M, 
SHiMOMura a, SHiMaZu K, KiM SJ, nOgucHi S. Loss of 
imprinting of IGF2 in fibroadenomas and phyllodes 
tumors of the breast. Oncol Rep 2016; 35: 1511-1518.

 19) DOng y, Li J, Han F, cHen H, ZHaO X, Qin Q, SHi 
r, Liu J. High IGF2 expression is associated with 
poor clinical outcome in human ovarian cancer. 
Oncol Rep 2015; 34: 936-942.

 20) Tian B, ZHaO y, Liang T, ye X, Li Z, yan D, Fu Q, Li 
y. Curcumin inhibits urothelial tumor development 
by suppressing IGF2 and IGF2-mediated PI3K/
AKT/mTOR signaling pathway. J Drug Target 
2017; 25: 626-636.

 21) Vennin c, SPruyT n, rOBin yM, cHaSSaT T, Le BOurHiS 
X, aDriaenSSenS e. The long non-coding RNA 91H 
increases aggressive phenotype of breast can-
cer cells and up-regulates H19/IGF2 expression 
through epigenetic modifications. Cancer Lett 
2017; 385: 198-206.

RE
TR

A
CT

ED


