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Abstract. – OBJECTIVE: To explore the ef-
fects of long non-coding ribonucleic acid (ln-
cRNA) maternally expressed gene 3 (MEG3) on 
proliferation and apoptosis of gallbladder can-
cer (GBC) cells and its molecular mechanism.   

MATERIALS AND METHODS: The relative 
expression level of lncRNA MEG3 in GBC cell 
lines was detected via quantitative Reverse 
Transcription-Polymerase Chain Reaction (qRT-
PCR). The lncRNA MEG3 expression plasmids 
were constructed, the cell proliferation ability 
was detected via Cell Counting Kit-8 (CCK-8) as-
say and colony formation assay, and the apopto-
sis was detected via flow cytometry. The effects 
of lncRNA MEG3 expression on endoplasmic 
reticulum stress (ERS)-related proteins were de-
termined using Western blotting, and the chang-
es in nuclear factor-κB (NF-κB) protein in the 
nucleus were determined after overexpression 
of lncRNA MEG3.  

RESULTS: The expression of lncRNA MEG3 in 
three kinds of GBC cell lines was lower than that 
in human immortalized normal biliary epithelial 
cells (p<0.05). The results of CCK-8 assay and 
colony formation assay showed that overex-
pression of lncRNA MEG3 significantly reduced 
the proliferation rate and colony formation abil-
ity of GBC-SD cells compared with negative 
control (NC) group (p<0.05, p<0.05). According 
to the results of flow cytometry, the apoptosis 
rate was higher in lncRNA MEG63 overexpres-
sion group compared with that in NC group 
(p<0.05). Moreover, the ERS-related proteins 
(MANF, GRP78, and caspase-3) were remarkably 
upregulated in lncRNA MEG63 overexpression 
group compared with those in NC group, indi-
cating that ERS is activated by lncRNA MEG63 
overexpression. The NF-κB signal in GBC cells 
was activated by lncRNA MEG3.   

CONCLUSIONS: LncRNA MEG3 activates the 
NF-κB signal in GBC cells to affect the prolifer-
ation and apoptosis of GBC cells. 
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Introduction 

Gallbladder cancer (GBC) is a kind of ma-
lignant tumor in the biliary tract, often found in 
developing countries, and its therapeutic effect is 
unsatisfactory due to poor prognosis and late di-
agnosis1. Great progress has been made in surgery 
and chemotherapy for GBC, but the overall 5-year 
survival rate of patients is still lower than 5%1. 
Although curative surgery may be performed, 
lymph node metastasis occurs in 50% of patients, 
and less than 10% of tumors can be surgically 
resected2. It is reported in the literature that the 
genomic protocols and biomarker-directed tri-
als in clinical practice represent the direction of 
treatment for GBC in the future3. Therefore, it is 
of important significance to reveal the molecular 
mechanism of GBC to promote the identification 
of new biomarkers and the selection of better 
treatment methods.

Long non-coding ribonucleic acids (lncRNAs) 
are a subgroup of ncRNAs, with more than 200 
nucleotides in length and little protein-coding 
potential4. LncRNAs are abundantly expressed 
in mammalian cells and exert biological func-
tions, including carcinogenesis, by regulating 
the gene expression level. Many lncRNAs have 
been identified as key regulators in various cellu-
lar processes5,6. There is increasingly more liter-
ature demonstrating that the lncRNA expression 
profile may contribute to the diagnosis of human 
cancers7, and lncRNAs may become prognostic 
indexes and therapeutic targets. Although more 
than 95,000 human lncRNAs have been discov-
ered8, only a few have been functionally charac-
terized. LncRNAs are involved in regulating the 
cellular processes in many malignant tumors. Of 
note, lncRNA HOTAIR plays an important role in 
the resistance of breast cancer to tamoxifen9. Ln-
cRNA CAI2 contributes to the abnormal overex-
pression of p16 and has an association with poor 
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clinical outcome of neuroblastoma10. LncRNA 
PCAT-1 can regulate the stress response of cells 
to genotoxicity, and its expression leads to func-
tional defect in homologous recombination by in-
hibiting the BRCA2 tumor suppressor, which, in 
turn, is highly sensitive to small-molecule inhibi-
tors of PARP111.

In the present study, the associations of ln-
cRNA maternally expressed gene 3 (MEG3) with 
biological functions of GBC cells were mainly ex-
plored, so as to lay a theoretical foundation for un-
derstanding the mechanism of GBC occurrence 
and development.

Materials and Methods

Materials

TRIzol reagent and Lipofectamine 2000 trans-
fection reagent (Invitrogen, Carlsbad, CA, USA), 
pCMV6-XL5 vectors (ANNORON Biotechnology, 
Beijing, China), PrimeScript reverse transcrip-
tion (RT) kit (TaKaRa, Otsu, Shiga, Japan), Fast 
SYBR Green polymerase chain reaction (PCR) kit 
(Applied Biosystems, Foster City, CA, USA), cell 
counting kit-8 (CCK-8) reagent and apoptosis as-
say kit (Beyotime Biotechnology, Shanghai, Chi-
na), bicinchoninic acid (BCA) protein quantitation 
kit (Wuhan Boster Biological Technology Co., 
Ltd., Wuhan, China), real-time fluorescence quan-
titative PCR (qPCR) instrument (Applied Biosys-
tems, Foster City, CA, USA), and FACScan flow 
cytometer (BD, Franklin Lakes, NJ, USA).

Cell Culture and Transfection
Human GBC cell lines (EH-GB1, GBC-SD, 

and OCUG-1) and human immortalized normal 
biliary epithelial cells (H69) were purchased 
from the Shanghai Cell Bank, Chinese Academy 
of Sciences (Shanghai, China). All the cells were 
cultured in a high-glucose Dulbecco’s Modified 
Eagle’s Medium (DMEM; Gibco, Rockville, 
MD, USA) containing 10% fetal bovine serum 
(FBS; Gibco, Rockville, MD, USA), 100 U/mL 
penicillin and 100 μg/mL streptomycin under 
5% CO2 at 37°C. With the whole genomic DNA 
of H69 cells as the template, the correspond-
ing primers of lncRNA MEG3 were designed, 
amplified via PCR and ligated to pCMV6-XL5 
vectors (pCMV6-XL5-MEG3), and the pC-
MV6-XL5 empty vector (pCMV6-XL5-NC) was 
used as the negative control. The lncRNA MEG3 
expression plasmids were transfected according 

to the instructions of Lipofectamine 2000 trans-
fection reagent, followed by further experiments 
at the corresponding time. 

Total RNA Extraction and qRT-PCR
The total RNA was extracted from cells us-

ing TRIzol reagent, and reversely transcribed into 
complementary deoxyribose nucleic acid (cDNA) 
according to the instructions of the PrimeScript 
RT kit. Then, qPCR was performed for cDNA us-
ing the Fast SYBR Green PCR kit, with 3 repli-
cates in each group. The fold changes in lncRNA 
MEG3 were calculated using the 2-ΔΔCt method, 
with glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) as an internal control. The primer se-
quences in qRT-PCR are shown in Table I.

Cell Proliferation Analysis
The cell proliferation was detected using the 

CCK-8 kit. The cells transfected with the pC-
MV6-XL5-MEG3 or pCMV6-XL5-NC were in-
oculated into a 96-well plate (1×103 cells/well), 
with 6 replicates in each group. The absorbance 
at 450 nm was measured every 24 h for 96 h.

Colony Formation Assay
At 24 h after transfection, the transfected cells 

were inoculated into a 6-well plate (200 cells/
well) and cultured in the incubator with 5% CO2 
at 37°C. After 2 weeks, the cells were fixed with 
4% paraformaldehyde (Ruisheng co., LTD. Linyi 
Chemical Solvent, Linyi, China) and stained with 
0.1% crystal violet. Finally, the number of colo-
nies was counted visually.

Detection of Apoptosis Via Flow 
Cytometry

Apoptosis was detected at 24 h after the cells 
were transfected with the pCMV6-XL5-MEG3 or 
pCMV6-XL5-NC. The cells were washed twice 
with cold phosphate-buffered saline (PBS) and re-
suspended in 1× binding buffer (1×106 cells/mL), 
followed by analysis of apoptosis via Annexin 
V-FITC/PI double staining using the BD flow cy-
tometer (Franklin Lakes, NJ, USA).

Table I. Primer sequences in qRT-PCR.

Gene Primer sequence

LncRNA MEG3 F: 5'-CTCAGGCAGGAT CTGGCATA-3'
 R: 5'-CCTGGAGTGCTGTT GGAGAA-3'
GAPDH F: 5'-GTGGACCTGACCTGCCGTCT-3'
 R: 5'-GGAGGAGTGGGTGTCGCTGT-3'
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Western Blotting
The cells were digested with trypsin, collect-

ed, and lysed on ice using radioimmunoprecipita-
tion assay (RIPA) lysis buffer (Beyotime, Shang-
hai, China) containing protease inhibitors. The 
protein concentration was determined using the 
BCA protein quantification kit. After separation 
via 10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE), the proteins 
were transferred onto a polyvinylidene difluoride 
membrane (PVDF) and sealed with 5% bovine se-
rum albumin (BSA) for 2 h to prevent non-specif-
ic binding, followed by incubation with primary 
antibodies at 4°C overnight. After the membrane 
was washed, the proteins were incubated again 
with secondary antibodies at room temperature 
for 1 h. Finally, the image was developed via en-
hanced chemiluminescence (ECL).

Statistical Analysis
The t-test was used for analyzing measurement 

data. The differences between the two groups 
were analyzed using the Student’s t-test. The com-
parison between multiple groups was done using 
One-way ANOVA test followed by Post-Hoc test 
(Least Significant Difference). p<0.05 suggested 
the statistically significant difference.

Results

LncRNA MEG3 Expression Was Down-
regulated in Human GBC Cell Lines

To explore the specific role of lncRNA MEG3 
in the development of GBC, the relative expres-
sion level of lncRNA MEG3 in GBC cell lines 
(EH-GB1, GBC-SD, and OCUG-1) to that in hu-
man immortalized normal biliary epithelial cells 
(H69) was detected first. As shown in Figure 1, 
the expression of lncRNA MEG3 in three kinds 
of GBC cell lines was lower than that in human 
immortalized normal biliary epithelial cells 
(p<0.05). It was speculated that lncRNA MEG3 
is downregulated in human GBC cell lines, and 
its overexpression may play a role as a cancer sup-
pressor gene.

Effect of LncRNA MEG3 Expression 
on Proliferation of GBC-SD Cells

To confirm the above speculation, the effect 
of lncRNA MEG63 expression on the prolifera-
tion of GBC-SD cells was detected. The lncRNA 
MEG3 expression plasmids were transfected for 

the upregulation of lncRNA MEG63 in GBC-SD 
cells. Then, the overexpression efficiency of ln-
cRNA MEG3 was detected using qRT-PCR, and 
it was discovered that a large amount of lncRNA 
MEG3 was expressed exogenously (p<0.05, Fig-
ure 2A). The effect of lncRNA MEG3 overex-
pression on the proliferation of GBC-SD cells was 
observed by virtue of CCK-8 assay, and it was 
observed that overexpression of lncRNA MEG3 
significantly reduced the proliferation rate of 
GBC-SD cells compared with NC group (p<0.05, 
Figure 2B).

Effect of LncRNA MEG3 Expression on 
Colony Formation Ability of GBC-SD Cells

The effect of lncRNA MEG3 expression on 
the colony formation ability of GBC-SD cells was 
determined through colony formation assay. The 
results revealed that overexpression of lncRNA 
MEG3 remarkably decreased the colony forma-
tion ability of GBC-SD cells compared with NC 
group (p<0.05, Figure 3).

Effect of LncRNA MEG3 Expression on 
Apoptosis Rate of GBC-SD cells

The effect of lncRNA MEG3 overexpression 
on the apoptosis rate of GBC-SD cells was exam-
ined through flow cytometry. The results man-
ifested that the apoptosis rate was higher in ln-
cRNA MEG63 overexpression group than that in 
NC group (p<0.05, Figure 4). Combined with the 
above results, it is demonstrated that overexpres-
sion of lncRNA MEG3 suppresses proliferation 
and promotes apoptosis of GBC-SD cells.

Figure 1. Relative expression level of lncRNA MEG63 in 
GBC cell lines detected via qRT-PCR. *p<0.05.
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Effects of LncRNA MEG3 Expression
on Endoplasmic Reticulum Stress 
(ERS)-Related Proteins 

The potential molecular pathways of lncRNA 
MEG3 in inhibiting proliferation and promoting 
apoptosis of GBC cells were explored. Previous 
studies12,13 have showed that lncRNA MEG3 plays 
a key role in the ERS pathway, which is directly 
related to tumor growth and apoptosis. Therefore, 
the effect of lncRNA MEG3 on the ERS pathway 
was studied. As shown in Figure 5, the ERS-re-
lated proteins (MANF, GRP78, and caspase-3) 
were evidently upregulated in lncRNA MEG63 
overexpression group compared with those in 

NC group, indicating that ERS is activated by ln-
cRNA MEG63 overexpression.

LncRNA MEG3 Activated Nuclear 
Factor-κB (NF-κB Signal in GBC Cells

To explore the association between lncRNA 
MEG3 and NF-κB signal transduction, the chang-
es in NF-κB protein in the nucleus were detect-
ed using Western blotting after overexpression 
of lncRNA MEG3. It was found that the NF-κB 
protein in the nucleus was remarkably upregulat-
ed after overexpression of lncRNA MEG3 (Fig-
ure 6A), indicating that lncRNA MEG3 overex-
pression activates the NF-κB signal. To further 

Figure 3. Effect of lncRNA MEG3 expression on colony formation ability of GBC-SD cells (magnification: 10×). *p<0.05.

Figure 2. Effect of lncRNA MEG3 expression on proliferation of GBC-SD cells. A, Overexpression efficiency of lncRNA 
MEG3 detected using qRT-PCR. B, Effect of lncRNA MEG3 overexpression on proliferation of GBC-SD cells determined 
using CCK-8 assay. *p<0.05.

A

B
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confirm whether the NF-κB signal is involved in 
lncRNA MEG3-mediated inhibition on prolifera-
tion of GBC cells, the cells were transfected with 
lncRNA MEG3 expression plasmids and treated 
with NF-κB inhibitor SN50, and then the cell pro-
liferative activity was determined through CCK-8 
assay. As shown in Figure 6B, the inhibitory ef-
fect of lncRNA MEG3 overexpression on prolif-
eration of GBC cells was reversed by inhibiting 
the NF-κB signal (p<0.05).

Discussion 

GBC is the most common biliary duct cancer 
and the fifth most common gastrointestinal malig-
nant tumor in the world. Great progress has been 
made in the treatment of GBC recently, but the 
prognosis of GBC remains extremely poor. The 
median survival time of suspected GBC and in-
cidental GBC is 9.2 months and 26.5 months, re-
spectively14. Although great effort has been made 
to clarify the biological mechanism of the pro-
gression of GBC, it is still unknown. Therefore, 
it is extremely important to reveal the molecular 
mechanism of GBC to facilitate the development 
of new cancer biomarkers and the selection of ap-
propriate therapeutic strategy.

In the research on molecular mechanism of 
GBC, many protein-coding genes have been iden-
tified as valuable biomarkers and prognostic in-
dexes15. However, there is a poor overlap among 
these GBC biomarkers. Therefore, it may be a bet-

ter solution to establish more accurate prognostic 
gene markers through combination of different 
types of transcripts16. There is increasingly more 
literature demonstrating that ncRNAs (mainly 
miRNAs) can serve as potential biomarkers for 
GBC17. Considering the abundant expression of 
lncRNAs in mammalian cells, it is speculated 
that lncRNAs, once deemed as “transcriptional 
noise”, may be potential prognostic indexes for 
GBC. Although thousands of lncRNAs have been 
discovered, their functions have just begun to be 
explained.

Figure 4. Effect of lncRNA MEG3 overexpression on apoptosis rate of GBC-SD cells determined through flow cytometry. 
*p<0.05.

Figure 5. Effects of lncRNA MEG3 expression on ERS-re-
lated proteins detected using Western blotting.
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MEG3 was originally discovered as a mater-
nally-imprinted monoallelic expression gene on 
human chromosome 14q18. Interestingly, the tu-
mor suppressor gene involved in the pathogenesis 
of meningioma is contained in the same chromo-
somal locus19, which was later discovered to be 
the new ncRNA MEG3 gene. Subsequent studies 
have demonstrated that the expression of lncRNA 
MEG3 is lost in many human tumor tissues and 
cell lines, while its ectopic expression inhibits the 
growth of human tumor cells13. These data sug-
gest that MEG3 may be a new tumor suppressor 
gene. In this paper, the biological functions of ln-
cRNA MEG3 in GBC were mainly explored. It 
was found that lncRNA MEG3 was downregulat-
ed in GBC cell lines, so it was conjectured that its 
overexpression may play a role as a cancer sup-
pressor gene. Then, the effect of lncRNA MEG3 
overexpression on the proliferation of GBC cells 
was detected using CCK-8 assay and colony for-
mation assay, and its effect on the apoptosis of 
GBC cells was measured through flow cytome-
try. The results revealed that the overexpression 
of lncRNA MEG3 suppressed proliferation and 
promoted apoptosis of GBC cells. To sum up, 
the overexpression of lncRNA MEG3 plays an 
important role in regulating the proliferation and 
apoptosis of GBC cells, which may be a biomark-
er for the diagnosis and risk prediction of GBC.

In addition, functional correlation between ln-
cRNA MEG3 and NF-κB in GBC was clarified 
in this study. LncRNA MEG3 interacts with the 
tumor suppressor gene p53 and regulates the ex-
pression of p53 target gene by directly altering the 
p53 promoter activity20. The results in this study 

manifested that the overexpression of lncRNA 
MEG3 activated the NF-κB signal in GBC cells, 
and inhibiting the NF-κB signal reversed the in-
hibitory effect of lncRNA MEG3 overexpression 
on proliferation of GBC cells.

Conclusions

In summary, the biological functions of lncRNA 
MEG3 in GBC were revealed in this study: LncRNA 
MEG3 inhibits proliferation and promotes apoptosis 
of human GBC cells in vitro, and it is a key regulator 
of GBC growth. Targeting lncRNA MEG3 may be a 
new therapeutic strategy for GBC.
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