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capable of passing through the Matrigel was significantly 
reduced after lncRNA-LOWEG transfection (P  <  0.05). 
However, lncRNA-LOWEG overexpression did not signifi-
cantly influence cell proliferation (P > 0.05) and cell cycle 
progression (P > 0.05). Lastly, western blot and real-time 
PCR analysis suggested that lncRNA-LOWEG is positively 
correlated with the expression of leukemia inhibitory factor 
receptor (LIFR) gene at the translational level.
Conclusions  LncRNA-LOWEG is a tumor suppressor 
that inhibits GC cell invasion. And LIFR gene is up-regu-
lated by lncRNA-LOWEG.

Keywords  Long noncoding RNA · Gastric cancer · 
Tumor suppressor · Biomarker · Leukemia inhibitory factor 
receptor

Introduction

Cancer is the one of the leading causes of death (Murray 
et  al. 2012), and gastric cancer (GC) is the second lead-
ing cancer-related cause of death worldwide (Jemal et  al. 
2011). Fast development and metastasis of GC contribute 
greatly to its poor prognosis (Hohenberger and Gretschel 
2003; Luebeck et al. 2013). In order to improve early diag-
nosis and targeted therapy of GC, there is a pressing need 
to understand the underlying molecular mechanism as well 
as identify new prognostic biomarkers and therapeutic 
targets that can be utilized to effectively treat this disease 
(Kong et al. 2013).

Long noncoding RNAs (lncRNAs) are a class of tran-
scripts longer than 200 nucleotides that do not code for any 
proteins (Mattick and Makunin 2006; Ponting et al. 2009). 
Recently, many studies have demonstrated that lncRNAs 
are involved in various diseases and have multiple functions 
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in a wide range of biological processes (Gupta et al. 2010; 
Yuan et al. 2014). Furthermore, there is growing evidence 
suggesting that lncRNAs can function as an oncogene or 
tumor suppressor (Hu et  al. 2014b; Yang et  al. 2013a), 
making lncRNA an ideal candidate for better understanding 
the development of cancers, including GC. For instance, 
lncRNA-GAPLINC, which can regulate CD44-dependent 
cell invasiveness, associates with the poor prognosis of GC 
and can be utilized as a means of diagnosing this disease 
(Hu et al. 2014b).

Even though lncRNAs have been found to be involved in 
many diseases, the mechanisms by which lncRNAs regu-
late cancer progression remain largely unknown. LncR-
NAs are capable of regulating different cancer pathways at 
various levels (i.e., transcriptionally, post-transcriptionally 
and translationally) (Di Gesualdo et al. 2014). At the same 
time, a limited number of studies have investigated the role 
of lncRNAs in GC (Fang et al. 2015; Han et al. 2014; Hu 
et al. 2014b; Li et al. 2014). And so it is necessary to not 
only identify new lncRNAs, but also elucidate their biolog-
ical effects on GC. In our study, we report the identification 
of lncRNA-CTD-2108O9.1 (ENST00000508986), which 
we have named lncRNA low expressed in GC (lncRNA-
LOWEG). Here, we focus on the expression level of 
lncRNA-LOWEG in GC and the role of lncRNA-LOWEG 
in inhibiting cell invasiveness and regulating leukemia 
inhibitory factor receptor (LIFR) gene.

Material and method

Human tissue samples

Ninety-four gastric tissue samples were obtained from 
patients who were diagnosed with GC and underwent 
surgical resection at the First Hospital of China Medical 
University, between 2007 and 2009. Ninety-four samples 
of matched nontumorous adjacent tissue (NAT) were also 
collected from parts of the resected specimens that were 
furthest from the tumor (>5 cm). The samples were snap-
frozen in liquid nitrogen and stored at −80 °C. No previous 
local or systemic treatment had been conducted on these 
patients before the operation. Tumor histological grades 
were assessed according to the criteria set by the World 
Health Organization using the 7th edition TNM staging of 
the International Union Against Cancer (UICC). Patient 
follow-ups were performed every 3–6 months after surgery 
until February 2014. Overall survival (OS) was defined as 
the length of time between surgery and death or the last 
follow-up examination. Disease-free survival (DFS) was 
defined as the length of time between surgery and disease 
recovery or the last follow-up examination.

Ethical approval of the study protocol

This study was conducted according to the principles 
expressed in the Declaration of Helsinki. Tissue speci-
mens were collected after obtaining the informed consent 
of patients in accordance with institutional ethical guide-
lines, which were reviewed and approved by the Research 
Ethics Committee of China Medical University (Shenyang, 
China).

Cell culture

Human GC cell lines (SGC-7901, AGS, BGC-823 and 
HG-27) and one normal gastric epithelial cell line (GES-
1) were purchased from the Institute of Biochemistry and 
Cell Biology at the Chinese Academy of Sciences (Shang-
hai, China). SGC-7901, HG-27 and BGC-823 were cul-
tured in RPMI 1640 medium (Invitrogen, Carlsbad, CA, 
USA), AGS was cultured in F-12 medium (Invitrogen), and 
GES-1 was cultured in Dulbecco’s Modified Eagle medium 
(Invitrogen). All cell culture media were supplemented 
with 10 % fetal bovine serum at 37 °C and 5 % CO2.

Plasmids, SiRNAs and transfection

For construction of eukaryotic expression vectors, the 
full-length lncRNA-LOWEG cDNA was synthesized and 
cloned into pEX-2(pGCMV/MCS/IRES/EGFP/Neo) plas-
mid (GenePharma). A pEX-2 negative control plasmid, 
with no functional cDNA, was also constructed. DNA 
sequencing was used to verify nucleotide sequences. Trans-
fections were performed using Lipofectamine 2000 rea-
gent (Invitrogen) following the manufacturer’s protocol. A 
final concentration of 0.2 µg/ml plasmid was used for each 
transfection in a 6-well plate with 2.5 ml culture medium. 
The lncRNA-LOWEG transfected cells, the negative con-
trol plasmids transfected cells and SGC-7901 cells were 
named as LOWEG group, negative control (NC) group and 
SGC-7901 control (SGC-7901) group, respectively. SiRNA 
duplexes specific for lncRNA-LOWEG were synthesized 
(RIBOBIO) with a sequence 5′-GGCCGAAAUGUGAU-
CUCAA dTdT-3′. A control nonspecific siRNA was also 
provided by RIBOBIO and used as negative control. Trans-
fections were performed using Lipofectamine 2000 reagent 
(Invitrogen) following the manufacturer’s protocol. A final 
concentration of 100 nM was used for each transfection in 
a 6-well plate with 2  ml culture medium. The siRNA for 
lncRNA-LOWEG transfected cells and negative control 
siRNA transfected cells were named as Si-LOWEG group 
and Si-NC group, respectively. Transfection efficiency was 
monitored by real-time RT-PCR.
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RNA isolation and real‑time RT‑PCR

Total RNA from the specimens and cultured cells was iso-
lated using the Trizol reagent (Invitrogen) according to the 
manufacturer’s instructions. The concentration and purity 
of RNA were controlled by UV spectrophotometry (A260/
A280 > 1.9) using a nano-photometer UV/Vis spectropho-
tometer (Implen). The first strand of cDNA was synthesized 
using the PrimeScript RT reagent Kit (Takara) according to 
the manufacturer’s instructions (Invitrogen). For real-time 
PCR, 2 μL diluted RT products were mixed with 12.5 μL 
SYBR Premix Ex Taq II (Takara), 0.5  μL forward and 
reverse primers (10 μM) and 9.5 μL nuclease-free water 
in a final volume of 25 μL, according to the manufactur-
er’s instructions. All reactions were run using the follow-
ing protocol: one cycle at 95  °C for 3  min, 40 cycles of 
95  °C for 15  s and 60  °C for 60  s. The specificity of the 
PCR amplification was validated by the presence of a single 
peak in the melting curve analysis. The expression of tar-
get RNA was calculated relative to an endogenous reference 
(GAPDH RNA). The primers used are as follows: GAPDH 
primer: 5′-CGGATTTGGTCGTATTGGG-3′ (forward) and 
5′-CTGGAAGATGGTGATGGGATT-3′ (reverse); lncRNA-
LOWEG primer: 5′-CCCAGAAGTTTTCAGCCCTCA-3′ 
(forward) and 5′-GACACTTTCCTTCATGGAATTTG-3′ 
(reverse); and LIFR primer: 5′-TCCAATCAGAGCCATC-
CCTA-3′ (forward) and 5′-GAACAAGGCAGGAGTT-
GAGG-3′ (reverse).

Cell counting kit 8 proliferation assay

The capacity for cellular proliferation was measured with 
the cell counting kit 8 (CCK-8, Dojindo). Twenty-four 
hours after vectors transfection, cells (approximately 
2.5 × 103) were seeded into 96-well culture plates for 24, 
48, 72 and 96 h. The cells were then incubated with 10 μL 
of CCK-8 for 1 h at 37 °C. The optical density was deter-
mined with a spectrophotometer (Spectra Max plus384, 
Molecular Devices) at a wavelength of 450 nm.

Transwell invasion assay

The invasive potential of SGC-7091 cells was assessed 
using a transwell invasion assay, which was conducted 
in 24-well plates using the transwell device containing 
microporous 8-μm membranes (Corning). Each membrane 
was coated with 50  μg of Matrigel (BD Biosciences), 
which was rehydrated by adding 45  μL of serum-free 
medium. After incubating at 37  °C for 4  h, the Matrigel 
solidified and served as the extracellular matrix for analy-
sis of tumor cell invasion. Cells (approximately 5 × 104), 
in 200 μL of serum-free RPMI-1640 medium, were added 
into the upper compartment of the chamber. A total of 

600  μL of RPMI-1640 medium with 10  % fetal bovine 
serum were placed in the bottom compartment of the cham-
ber. After 24 h of incubation at 37 °C with 5 % CO2, the 
medium was removed from the upper chamber. The nonin-
vaded cells on the upper side of the chamber were scraped 
off with a cotton swab. Cells that had migrated from the 
Matrigel into the pores of the inserted filter were fixed with 
100 % methanol and stained with hematoxylin and eosin. 
The number of cells invading through the Matrigel was 
counted in ten randomly selected visual fields from the 
central and peripheral portion of the filter using an inverted 
microscope (Leica DMI300B).

Cell cycle detection

At 48 h after transfection, the adhered cells were obtained 
by trypsinization and pooled with the floating cells and 
centrifuged at 2000  rpm for 5  min. Then, the cells were 
treated by cell cycle detection kit (KeyGene) according to 
the manufacturer’s instructions. Finally, the samples were 
analyzed using the FACScalibur flow cytometer (BD Bio-
science) and BD CellQuest software.

Western blot

Western blot assays were performed to examine the expres-
sions of LIFR proteins. Briefly, 48  h after transfection, 
whole cell extracts were prepared using a Protein Extrac-
tion Kit (KeyGene). Proteins were separated by SDS-
PAGE and blotted onto a polyvinylidene difluoride (PVDF) 
membrane (Millipore). Membranes were probed with the 
specific primary antibodies and then with peroxidase-con-
jugated secondary antibodies. The bands were visualized 
by chemiluminescence (Thermo Fisher) and analyzed by 
Microchemi 4.2 (Dnr). The β-actin antibody was used as a 
control for total protein input. The western blotting analysis 
was repeated at least three times. The following antibodies 
were used: LIFR antibody (1:1000, Santa Cruz Biotechnol-
ogy) and β-actin antibody (1:4000, Sigma Aldrich).

Statistical analysis

RNA expression levels in GC tissues, relative to con-
trol tissues, were calculated using the formula: 2−ΔΔCT, 
where ΔΔCT is the difference in the ΔCT values between 
the treatment tumor cells and the control (ΔΔCT = ΔCT 

tumor lncRNA − ΔCT NATs lncRNA) and ΔCT is the difference 
in the CT value between the target and endogenous refer-
ence (GAPDH; ΔCT = CT lncRNA − CT GAPDH). Survival 
analysis was performed by cox proportional hazards model 
and log-rank test. For experiments, data are presented as 
mean  ±  1  standard deviation (SD) of the mean from at 
least three separate experiments. Statistical analysis was 
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performed using Student’s t test and nonparametric tests 
(Mann–Whitney U test between two groups and Kruskall–
Wallis test for three or more groups). Statistical analysis 
was performed using SPSS 17.0 computer software (SPSS 
Inc., Chicago, IL, USA), and P < 0.05 was considered sta-
tistically significant.

Results

Expression of LncRNA‑LOWEG is down‑regulated 
in GC

Among 94 patients with GC, 56 (59.6  %) showed lower 
expression of lncRNA-LOWEG in GC compared with 
their NATs (Fig.  1a). The median fold change was 0.69. 
Moreover, the ΔCT of lncRNA-LOWEG in cancer tis-
sues and NATs were 5.63 ± 3.09 and 4.79 ± 2.55, respec-
tively (Fig. 1b). There was a significantly lower expression 
of lncRNA-LOWEG in GC tissues in comparison with 
matched NATs (P  <  0.01). Furthermore, compared with 
normal gastric cell line GES-1, lncRNA-LOWEG expres-
sion was also reduced by different degrees in SGC-7901 
(P  <  0.05), BGC-823 (P  <  0.01), HG-27 (P  <  0.05) and 
AGS (P < 0.01) cell lines (Fig. 1c).

We next assessed the correlation between lncRNA-
LOWEG expression and clinical characteristics. There was 
no statistically significant association between lncRNA-
LOWEG expression and clinical pathological features 
including gender, age, tumor size, histologic grade, tumor 
stage, depth of tumor, lymphatic metastasis or lymphatic 
vessel invasion (P > 0.05, Table S1). At the same time, we 
also assessed the correlation between LOWEG expression 
and patient survival. Analysis on OS (HR 0.97, 95  % CI 

0.58–1.63, P > 0.05) and DFS (HR = 1.00, 95 % Cl 0.59–
1.67, P > 0.05) both demonstrated no significant difference 
in prognosis for patients with lncRNA-LOWEG expres-
sion higher than 1 compared with that for patients with an 
expression less than this relative value.

The effect of LncRNA‑LOWEG on cell invasiveness, 
cell proliferation and cell cycle

First, we detected expression of lncRNA-LOWEG by 
real-time RT-PCR at 48  h after transfection in LOWEG 
group, NC group and SGC-7901 group. The expression 
level of lncRNA-LOWEG in LOWEG group was dramati-
cally higher than other groups (42.94 ±  2.93-fold, com-
pared with NC group, P < 0.01, Fig. 2a). To determine the 
effects of lncRNA-LOWEG on cell invasion, a transwell 
assay was performed. The invasive potential of tumor 
cells in the transwell assay was determined by the abil-
ity of these cells to invade a matrix barrier. After the cells 
were incubated for 24 h, the cells that had migrated to the 
basal side of the membrane were captured and counted. 
Representative micrographs of transwell filters are shown 
in Fig.  3a. The lncRNA-LOWEG transfected cells, the 
negative control plasmids transfected cells and SGC-7901 
cells were named as LOWEG group, negative control 
(NC) group and SGC-7901 control (SGC-7901) group, 
respectively. The number of cells passing through the 
Matrigel in the LOWEG group (8.49 ±  2.77, P  <  0.05) 
was significantly lower than in the NC (29.63 ± 8.18) and 
SGC-7901 (29.44 ± 10.58) groups (Fig. 3b). Also, there 
was no significant difference between the NC and SGC-
7901 groups (P = 0.96).

To determine the effect of lncRNA-LOWEG on cell pro-
liferation, a CCK-8 assay was performed. As determined 

Fig. 1   Expression of lncRNA-LOWEG in gastric cancer. a Expres-
sion level of lncRNA-LOWEG in 94 gastric cancer patients. Expres-
sion of lncRNA-LOWEG was quantified by real-time RT-PCR. Data 
are presented as log base 2 of the fold change in gastric cancer rela-
tive to its NAT. In each case, experiments were conducted in tripli-
cate and repeated three times. b ΔCT of lncRNA-LOWEG in cancer 
tissues and NATs. LncRNA-LOWEG was normalized to GAPDH 

mRNA levels. ΔCT =  CT lncRNA-LOWEG −  CT GAPDHRNA. c Expres-
sion of lncRNA-LOWEG in four gastric cancer cell lines. Levels of 
lncRNA-LOWEG in gastric cancer cell lines, BGC-823, SGC-7901, 
AGS and HG-27 are lower than those in human normal gastric epi-
thelial cell line GES-1 (*P < 0.05, **P < 0.01). Data are presented as 
mean ± SD. Experiments were independently conducted three times 
to obtain the presented data
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by a CCK-8 assay, no significant differences were observed 
between lncRNA-LOWEG and NC or SGC-7901 groups 
(P  >  0.05, Figure S1A). As in cell cycle detection, exog-
enous expression of lncRNA-LOWEG also did not cause 

significant differences, relative to the other two groups, in 
G0/G1, G2/M and S phase changes (P > 0.05, Figure S1C). 
Representative results of the cell cycle assay can be seen in 
Figure S1B.

Fig. 2   Indication of lncRNA-LOWEG expression in transfected 
cells. Forty-eight hours after transfection, the efficiency of transfec-
tion with plasmids or siRNA was monitored by real-time RT-PCR. a 
The relative expression of lncRNA-LOWEG in LOWEG group was 

very high (42.94 ± 2.93-fold, compared with NC group, **P < 0.01). 
b The relative expression of lncRNA-LOWEG in Si-LOWEG group 
was very low (0.18  ±  0.04-fold, compared with Si-NC group, 
**P < 0.01)

Fig. 3   Effect of lncRNA-LOWEG on cell invasion. A transwell 
assay was used to determine cell invasion. Cell invasive potential was 
markedly inhibited in the LOWEG group compared with the NC and 

SGC-7901 groups. a Representative micrographs of transwell filters, 
scale bars: 50 μm. b Statistical results are based on four independent 
experiments (mean ± SD, *P < 0.05)
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LIFR is regulated by LncRNA‑LOWEG in SGC‑7901 
cells

It is widely accepted that lncRNA can regulate its neighbor 
protein-coding genes7. LncRNA-LOWEG is located on the 
reverse strand of chromosome 5p13.2. The LIFR gene is 
located less than 50 kbp downstream of lncRNA-LOWEG. 
Furthermore, some studies have shown that LIFR is related 
to cancer and cancer metastasis (Chen et  al. 2012; Oka-
mura et  al. 2010). Thus, we hypothesized that LIFR may 
be regulated by lncRNA-LOWEG. To test this hypothesis, 
we performed real-time RT-PCR and western blot to detect 
the transcription and protein level of LIFR upon lncRNA-
LOWEG overexpression. Forty-eight hours after transfec-
tion, we examined the mRNA level of LIFR in cells and 
we did not find significant variation (P  >  0.05, Fig.  4a). 
However, the protein level of LIFR was significantly 
increased by lncRNA-LOWEG overexpression at 48 h after 
transfection. As shown in Fig. 4b, the LIFR protein levels 
in the lncRNA-LOWEG group were dramatically higher 
than that of the NC or SGC-7901 groups. To provide fur-
ther evidence that lncRNA-LOWEG could regulate LIFR, 
we knocked down the expression of lncRNA-LOWEG 
by siRNA which showed a perfect transfection efficiency 
(Fig.  2b). Similarly, the mRNA level of LIFR in Si-
LOWEG group and Si-NC group did not show significant 
difference (P  >  0.05, Fig.  4a). The protein level of LIFR 
was significantly decreased upon knocking down lncRNA-
LOWEG expression. As shown in Fig. 4b, the LIFR protein 
levels in the Si-LOWEG group were dramatically lower 
than that of the Si-NC group. Taken together, our results 
suggest that LIFR is up-regulated by lncRNA-LOWEG at 
the translational level.

Discussion

Growing evidence shows that aberrant expression of 
lncRNAs can play an important role during the initia-
tion and development of human cancers. LncRNAs can 
act in oncogenic or tumor-suppressive roles in multiple 
cancers, including GC (Fang et  al. 2015; Ponting et  al. 
2009). For instance, lncRNA-GAPLINC (Hu et al. 2014b) 
and lncRNA-GHET1 (Yang et al. 2014) were both highly 
expressed in GC as they promote cell proliferation and 
invasiveness. Moreover, lncRNA-LEIGC, a newly identi-
fied lncRNA, was lowly expressed in GC and could inhibit 
epithelial to mesenchymal transition, thus acting in a 
tumor-suppressive role (Han et al. 2014). In our study, we 
discovered a new lncRNA (lncRNA-LOWEG) that was 
expressed at a low level in GC. To our knowledge, our 
study is the largest one to date that assesses the expression 
level of a newly identified GC-associated lncRNA by real-
time PCR. In our study, we found significantly lower lev-
els of lncRNA-LOWEG expressed in primary GC tissues, 
relative to patient-matched normal tissue samples. At the 
same time, dramatically reduced expression of lncRNA-
LOWEG was also found in GC cell lines. Taken together, 
these consistent results in tissue and cell lines suggest that 
low expression of lncRNA-LOWEG is universal in GC and 
that lncRNA-LOWEG may have a tumor-suppressive role. 
Expression of lncRNAs could be regulated by many fac-
tors. A recent study has shown that Ezh2-mediated H3K27 
methylation plays an important role in the regulation of 
lncRNA expression (Wu et al. 2010). Moreover, Yang et al. 
(2013b) found that c-Myc could directly bind to the E-box 
element in the promoter region of lncRNA-CCAT1 and 
regulate its expression. However, the exact mechanism for 

Fig. 4   LIFR is regulated by 
lncRNA-LOWEG in SGC-7901 
cells. a The results of real-time 
PCR revealed that lncRNA-
LOWEG and knocking down 
lncRNA-LOWEG both had no 
effect on LIFR mRNA level 
(mean ± SD presented repre-
sents four independent experi-
ments). b Western blot analysis 
shows that lncRNA-LOWEG 
interacted with LIFR and posi-
tively regulates its expression at 
translational level
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the aberrant expression of lncRNA-LOWEG in GC remains 
to be elucidated, and this may be a new direction for our 
group in the future.

Invasion and metastasis are very important biological 
characteristics of malignant tumors (Cheng et  al. 2013). 
Many recent studies have demonstrated that lncRNAs are 
involved in these processes and could influence the inva-
siveness of GC cells. For example, lncRNA-HOTAIR and 
lncRNA-H19 are classic oncogenic lncRNAs (Berteaux 
et al. 2005; Byun et al. 2007; Gupta et al. 2010; Kim et al. 
2013). Xu et  al. (2013) found that inhibition of lncRNA-
HOTAIR could reduce invasiveness of AGS cells. Also Li 
et  al. (2014) suggested that lncRNA-H19 could promote 
cell invasion in SGC-7901 and MKN-45 cells. In addi-
tion, lncRNA-GAPLINC, a newly identified GC during 
2014, was found to regulate CD44-dependent cell inva-
siveness by forming a molecular decoy for miR211-3p 
(Hu et al. 2014b). As demonstrated by our transwell assay 
experiment, there was a dramatic reduction in the number 
of migrating cells after lncRNA-LOWEG transfection, 
relative to controls, which suggests that overexpression of 
lncRNA-LOWEG may inhibit invasiveness of GC cells. 
Overall, our findings suggest that lncRNA-LOWEG poten-
tially inhibits cell invasion and GC progression.

The regulation of lncRNA on the expression of genes 
in close genomic proximity is called cis-acting regulation 
(Ponting et al. 2009), which is a common regulatory mech-
anism of lncRNAs (Faghihi et  al. 2008; Katayama et  al. 
2005; Mercer et al. 2008). LncRNA-LOWEG is located on 
chromosome 5. Thus, we searched the neighbor protein-
coding genes near lncRNA-LOWEG on chromosome 5 to 
find potential target genes which lncRNA-LOWEG might 
influence. Firstly, we found the EGFLAM gene which is 
located at the antisense of LOWEG. However, EGFLAM 
is related to ribbon synapse formation (Sato et  al. 2008). 
Until now, no studies have demonstrated its involvement 
in cancer progression and development. Then, we found 
that the LIFR gene was located on the same strand within 
50 kbp downstream of lncRNA-LOWEG. LIFR is an inte-
gral component of the glycoprotein 130–LIFR signaling 
complex (Kishimoto et  al. 1994). Reduced expressions of 
LIFR have been found in many cancers such as colorectal 
cancer (Cho et al. 2011), breast cancer (Chen et al. 2012) 
and hepatocellular carcinoma (Okamura et  al. 2010). de 
Iglesia et  al. (2008) have previously demonstrated that 
LIFR had the tumor-suppressive function in the PTEN 
pathway. Moreover, Chen et al. (2012) suggested that LIFR 
is a metastasis suppressor that functions through the Hippo-
YAP pathway. All of these findings strongly suggest that 
LIFR has similar tumor-suppressive role compared with 
lncRNA-LOWEG. In our study, dramatically enhanced 
expression of LIFR protein was found by western blot at 

48 h after lncRNA-LOWEG transfection. Considering that 
no significant change in mRNA level was observed, the 
results imply that LIFR is regulated by lncRNA-LOWEG 
and that its regulation is likely at the translational level. 
To examine this phenomenon in more detail, we knocked 
down the expression of lncRNA-LOWEG by siRNA. Also 
with no significant change in mRNA level, dramatically 
decreased expression of LIFR protein was found by west-
ern blot. This finding could provide further evidence for 
the conclusion that lncRNA-LOWEG can regulate LIFR at 
translational level and makes it more solid. Many studies 
have shown that lncRNAs can regulate translation process 
through multiple mechanisms, such as forming ceRNA 
with miRNA (Tang et  al. 2014), forming lncRNA-mRNA 
complexes(Carrieri et  al. 2012) and influencing eukary-
otic translation initiation factor-4E (Hu et  al. 2014a). 
However, the specific biological mechanism by which 
lncRNA-LOWEG regulates LIFR still needs to be fur-
ther investigated. Presented data have shown correlations 
among lncRNA-LOWEG, LIFR gene and metastatic proce-
dures. So in the future, to clarify the concrete relationship 
between them can be another important task for our team.

To our knowledge, we have performed the largest study 
and follow-up assessing the expression level of a newly 
identified lncRNA in GC by real-time PCR to date. Sig-
nificantly reduced expression of lncRNA-LOWEG was 
found in cancerous tissues relative to noncancerous tissues 
from the same patients. Moreover, a cell invasion assay 
suggested the potential role of lncRNA-LOWEG in tumor 
invasion and the progression of gastric cancer. Additionally, 
the results of real-time PCR and western blot highlighted 
that lncRNA-LOWEG interacts with LIFR and enhances its 
expression at the translational level.

Conclusions

LncRNA-LOWEG is a tumor suppressor that inhibits GC 
cell invasion. And LIFR gene is up-regulated by lncRNA-
LOWEG. Based on our study, lncRNA-LOWEG is a poten-
tial biomarker and therapeutic target for the treatment of 
GC.
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