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Abstract. - OBJECTIVE: This study was made
to investigate whether long noncoding RNA (In-
cRNA) MEG3 could participate in the occurrence
and development of non-small cell lung cancer
(NSCLC) by regulating the expression of BRCA1
through competitive binding to microRNA-7-5p.

PATIENTS AND METHODS: We used quantita-
tive Real Time-Polymerase Chain Reaction (qQRT-
PCR) to explore the expression of IncRNA MEG3
and BRCA1 in NSCLC tissues and adjacent nor-
mal tissues, as well as NSCLC cell lines. The du-
al luciferase reporter gene assay was used to
detect the binding of microRNA-7-5p to IncRNA
MEG3 and BRCA1. Meanwhile, the expression of
BRCAT1, B-cell lymphoma-2 (Bcl-2) and BCL2-as-
sociated X (Bax) was detected by Western blot
after the cells were overexpressed or knocked
down of IncRNA MEG3. All these experiments
were designed to investigate whether IncRNA
MEGS3 participated in the pathogenesis of NSCLC
through inhibiting the expression of BRCA1 and
Bcl-2 and promoting Bax expression.

RESULTS: The expressions of IncRNA MEG3
and BRCA1 in NSCLC tissues and A549 and
HCC823 cell lines were significantly lower than
those in the normal group. Overexpression of
IncRNA MEG3 and BRCA1 in A549 and HCC823
cell lines resulted in increased apoptosis of
lung cancer cells. Dual luciferase reporter as-
say demonstrated that IncRNA MEGS3 can reg-
ulate the expression of BRCA1 through com-
petitively binding to microRNA-7-5p to form the
IncRNA MEG3/microRNA-7-5p/BRCA1 regulato-
ry network. Besides, IncRNA MEG3 could in-
hibit the apoptosis inhibitory protein Bcl-2 and
promote the expression of apoptosis-promot-
ing factor Bax.

CONCLUSIONS: LncRNA MEG3 was signifi-
cantly downregulated in NSCLC, and it could
regulate the BRCA1 expression by competitive

binding to microRNA-7-5p.
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Introduction

Lung cancer is the most common pulmonary
primary malignancy. Since most lung cancers
originate in the bronchial epithelium, it is also
called bronchial lung cancer. It can be divided
into two main types: non-small cell lung cancer
(NSCLC) and small cell lung cancer (SCLC)!, of
which about 80-85% of lung cancers are NSCLC.
The most common NSCLCs are adenocarcinoma
and squamous cell carcinoma?. High incidence,
rapid growth, high mortality, and poor prognosis
are prominent features of the epidemiology of
NSCLC?. As NSCLC seriously affects the health
of people, the diagnosis and treatment of NSCLC
have become a crucial issue in the respiratory
research. Recent studies have found that the re-
duction of tumor cell apoptosis is an important
pathogenic factor in the development of NSCLC*.
B-cell lymphoma-2 (Bcl-2) is the most important
apoptosis-inhibitory gene, and BCL2-associated
X (Bax) is the most important apoptosis-pro-
moting gene. The ratio of Bcl-2/Bax affects the
occurrence of apoptosis®.

Non-coding RNAs (ncRNA) including mi-
croRNA (miRNA) and long noncoding RNA
(IncRNA) and account for about 98% of gene
transcription products. MicroRNAs have been
shown to act as crucial roles in the pathogenesis
of a variety of inflammatory diseases, neoplas-
tic diseases, cardiovascular and cerebrovascular
diseases®’. Long-chain non-coding RNA is a
type of non-coding RNA molecules and is wide-
ly present in the nucleus and cytoplasm. Due to
the lack of the open reading frame, IncRNAs do
not participate in protein-coding or are rarely
involved in protein-coding®. However, IncRNAs
can act as a crucial role in various biological
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processes such as cell proliferation, cell cycle,
differentiation, and apoptosis through various
molecular mechanisms’. For instance, MALATI
inhibits apoptosis in tumors such as pancreatic
and prostate cancers'®. Decreased HOTAIR ex-
pression leads to cell cycle arrest in GO/G1 and in
situ tumor growth suppression'!. LncRNA-PVTI
oncogene can promote cell proliferation, cell
cycle progression, and stem cell performance'?.
Long non-coding RNAs have been illustrated
to participate in gene expression regulation at
epigenetic, transcriptional, post-transcriptional
and translational levels. In recent years, many
studies have found that IncRNAs can exert
its biological function as competing endoge-
nous RNA (ceRNA). CeRNAs, also known as
miRNA “molecular sponges,” have revealed a
novel regulatory mechanism for long non-cod-
ing RNAs which “absorb” miRNAs and affect
miRNA downstream functions.

LncRNA MEG3 is a IncRNA with tumor sup-
pressor function discovered in recent years. Stud-
ies”®"* have shown that IncRNA MEG3 is lowly
expressed in a variety of tumor tissues, suggest-
ing its role of tumor suppressor gene. Overex-
pression of IncRNA MEG3 could inhibit tumor
growth, invasion, and metastasis. Meanwhile,
overexpression of IncRNA MEG3 could induce
apoptosis, increase the sensitivity of cells to che-
motherapy drugs. Xia et al'® have confirmed that
high expression of IncRNA MEG3 can lead to
apoptosis of NSCLC cells; however, its specific
regulatory role in NSCLC remains unknown.

Patients and Methods

Specimen Collection and Processing

72 cases of NSCLC tissues and adjacent tissues
were obtained from the specimens after radical
NSCLC. The specialized doctors used special
clamps to take fresh tissue from the lesions,
which were immediately rinsed with diethyl py-
rocarbonate (DEPC) water and stored into lig-
uid nitrogen tanks. Subsequently, patient-related
clinical data were collected in the Department
of Pathology and Medical Records. All of the
above-mentioned tissue samples were solicited
for patient consent and authorized by the Ethics
Committee of Shan County Central Hospital.

Cell Culture and Transfection
BEAS-2B, A549, and HCC823 cells were cul-
tured in Roswell Park Memorial Institute-1640

(RPMI-1640) (HyClone, South Logan, UT, USA)
containing 10% inactivated newborn calf serum
(Gibco, Rockville, MD, USA), 100 U/mL peni-
cillin and 100 pg/mL streptomycin. Cells were
placed in a 37°C, 5% CO, incubator with a rela-
tive humidity of 90%.

Recombinant lentiviral vectors were construct-
ed by Gene Pharma (Shanghai, China). A549 and
HCC823 cells were digested into single cells with
I mL of trypsin analog TrypLE Express. Cells
were then cultured in a 24-well plate (5 x 10°
cells per well) and added with a certain volume
of virus fluid according to the multiplicity of in-
fection (MOI) value of 40. Transfection enhancer
Polybrene was added in a ratio of 1:200. After
24 hours, the fresh culture medium was added
to replace the medium containing lentivirus. For
cell transfection, cells were transfected with mi-
croRNA-7-5p mimics or inhibitors according to
the Lipofectamine 2000 instructions (Invitrogen,
Carlsbad, CA, USA).

Apoptosis Detection

Cells were digested, washed and adjusted to
a cell density of 10°mL. Then, cell suspensions
were stained with 10 pL of Annexin-V in the dark
for 15 min. After adding 10 pL propidium iodide
solution in each tube, cells apoptosis was imme-
diately determined by a FACS flow cytometer
(Arlesheim, Switzerland).

RNA Extraction and Quantitative
Real Time-Polymerase Chain Reaction
(GRT-PCR)

Total RNA of tissues or cells was extract-
ed by the TRIzol reagent (Invitrogen, Carls-
bad, CA, USA). Complementary Deoxyribose
Nucleic Acid (cDNA) was synthesized by reverse
transcription according to TaKaRa PrimeScript
RT Master Mix instructions (Otsu, Shiga, Ja-
pan). The microRNA quantitative PCR proce-
dure was performed according to the miScript
SYBR Green PCR Kit instructions (TaKaRa,
Otsu, Shiga, Japan). PCR amplification condi-
tions were: pre-denaturation at 94°C for 5 min,
followed by 40 cycles at 94°C for 30 s, 55°C
for 30 s, 72°C for 1 min and 30 s. The primer
sequences were listed below: IncRNA MEG3
(F: 5-GGCTGCAGACGTTAATGAGG-3’, R:
5’-GAAATGTCGGCTCCATCACC-3’), GAP-
DH (F: 5-AGCCACATCGCTCAGACAC-3’, R:
5>-GCCCAATACGACCAAATCC-3’), BRCAIl
(F: 5-GAAACCGTGCCAAAAGACTTC-3, R:
5>-CCAAGGTTAGAGAGTTGGACAC-3").
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Dual Luciferase Reporter Assay

The 3’UTR sequences of IncRNA MEG3 and
BRCA1 were downloaded from the NCBI web-
site to construct IncRNA MEG3 and BRCAI1
wild-type sequences IncRNA MEG3 WT 3’UTR,
BRCA1 WT 3’UTR and mutant sequences In-
cRNA MEG3 MUT 3’UTR, BRCA1 MUT
3’UTR. The cells were then cultured and 50
pmol/L microRNA-7-5p mimics or negative con-
trols were co-transfected with the constructed
80 ng IncRNA MEG3 and BRCA1 wild-type or
mutant plasmids. After 48 hours of transfection,
the fluorescence intensity was detected by dual
luciferase reporter gene assay.

Western Blot

Total proteins were extracted by radioimmu-
noprecipitation assay (RIPA) lysate (Beyotime,
Shanghai, China). Proteins were separated in so-
dium dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) while the immunoblots
were incubated overnight at 4°C with the primary
antibodies. The immunoblots were incubated with
horseradish peroxidase (HRP)-labeled antibodies
for 2 h at room temperature after washed 3 times
in Tris-Buffered Saline-Tween (TBST). Protein
bands were determined by imaging analysis sys-
tem with enhanced chemiluminescence (ECL)
imaging (Thermo Fisher Scientific, Waltham,
MA, USA).

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 22.0 statistical software (IBM, Armonk,
NY, USA) was used for statistical analysis. The
chi-square test was used for classification data,
and the #-test was used for measurement data.
Data were expressed as mean =+ standard devia-
tion. The difference was statistically significant
at p < 0.05.

Results

LncRNA MEG3 is Lowly Expressed in
NSCLC Tissues and Cell Lines

We detected the expression of IncRNA MEG3
in NSCLC tissues and normal tissues by Re-
al-Time quantitative PCR. Results demonstrated
that IncRNA MEG3 was lowly expressed in
NSCLC tissues (Figure 1A). Subsequently, we
found that IncRNA MEG3 was also lowly ex-
pressed in A549 and HCCS823 cells (Figure 1B).
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The prognosis of patients with high expression
of IncRNA MEG3 was worse than that of pa-
tients with low expression of IncRNA MEG3
(Figure 1C, 1D). Next, we used LV-sh IncRNA
MEG3 and LV-IncRNA MEG3 to achieve In-
cRNA MEG3 knockdown or overexpression in
AS549 cells (Figure 1E). Flow cytometry revealed
that the number of apoptotic cells in the LV-sh
IncRNA MEG3 group was decreased compared
to the LV-Vector group, while the apoptotic cells
in the LV-IncRNA MEG3 group were increased
(Figure 1F). These findings demonstrated that
IncRNA MEG3 was lowly expressed in NSCLC
tissues and cells and may function through reg-
ulating cell apoptosis.

LncRNA MEG3 Regulates MicroRNA-7-5p
Expression

By bioinformatics prediction of miRNAs
that can bind to IncRNA MEG3, we found
that microRNA-7-5p had the highest binding
fraction. By luciferase reporter gene assay,
we also found that after transfection of mi-
croRNA-7-5p, the fluorescence intensity of
the IncRNA MEG3-WT 3’UTR group was de-
creased, while no difference was observed
in that of the IncRNA MEG3-MUT 3’UTR
(Figure 2A), suggesting that IncRNA MEG3
could bind to microRNA-7-5p. Then, we pre-
dicted the microRNA-7-5p target gene and per-
formed a functional analysis. Reporter gene
results demonstrated that after transfection of
microRNA-7-5p cells, the fluorescence inten-
sity in the BRCAI-WT 3’UTR group was de-
creased, while no significant difference was
found in BRCAI-MUT 3’UTR luciferase (Fig-
ure 2B), indicating that BRCAI1 could bind
to microRNA-7-5p. Furthermore, we detected
the expression of microRNA-7-5p after infec-
tion of LV-sh IncRNA MEG3 and LV-IncRNA
MEG3 on A549 cells. We found that microR-
NA-7-5p expression was markedly increased
in the LV-Vector group compared with LV-sh
IncRNA MEG3 group while the expression of
microRNA-7-5p in LV-IncRNA MEG3 group
was decreased (Figure 2C), indicating that
IncRNA MEG3 could negatively regulate the
expression of microRNA-7-5p. Meanwhile, we
found that BRCA1 expression was significantly
decreased after transfection of microRNA-7-5p
mimics and that microRNA-7-5p inhibitor in-
creased the expression of BRACI in A549 cells
(Figure 2D), suggesting that microRNA-7-5p
could directly target BRCAL.
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Figure 1. LncRNA MEG3 is lowly expressed in non-small cell lung cancer tissues and cell lines. 4, The expression of
IncRNA MEG3 in non-small cell lung cancer was detected by qRT-PCR. B, The expression of IncRNA MEG3 in A549
and HCC823 cells was detected by qRT-PCR. C, Prognosis of patients with non-small cell lung cancer with low or high
expression of IncRNA MEG3. D, Prognosis of patients with non-small cell lung cancer with low or high expression of
miR-122-5p. E, IncRNA MEG3 expression was detected after transfection of LV-shincRNA MEG3 and LV-IncRNA
MEG3 on A549 cells. F, cells apoptosis was detected by flow cytometry after LV-shIncRNA MEG3 and LV-IncRNA

MEGS3 transfection.

BRCA1 Promotes Apoptosis of
Lung Cancer Cells

In A549 cells, the mRNA expression of BRCA1
was detected in LV-Vector, LV-sh IncRNA MEGS3,
and LV-IncRNA MEG3 group; we found that com-
pared with the LV-Vector group, the expression of
BRCA1 was decreased in LV-sh IncRNA MEG3
group while increased in LV-IncRNA MEG3
group (Figure 3A). The same result was verified
at the protein level (Figure 3B). These results indi-
cated that IncRNA MEGS3 can positively regulate
the expression of BRCAIL. Next, we detected the
expression of BRCAI in NSCLC tissues and ad-
jacent normal tissues by Real-Time quantitative
PCR. Results illustrated that BRCA1 was lowly
expressed in NSCLC tissues (Figure 3C). We also
found that BRCA1 was lowly expressed in A549
and HCC823 cells as well (Figure 3D). In addition,
we used LV-sh BRCA1 and LV-BRCAL to achieve

BRACI1 knockdown and overexpression (Figure
3E). Then, we examined the effect of BRCA1 on
apoptosis of lung cancer cells by flow cytometry.
Results demonstrated that compared with the LV-
shBRCAL1 group, the number of apoptotic cells in
the LV-Vector group decreased, while the apoptot-
ic cells in the LV-BRCAI group increased (Figure
3F). These results suggested that BRCAI promot-
ed apoptosis of lung cancer cells.

LncRNA MEG3 Regulated Bcl-2 and
Bax Expression

To investigate the effect of IncRNA MEG3
on apoptosis, we detected the expression of the
pro-apoptotic protein Bax and apoptosis-inhibit-
ing protein Bcl-2 in A549 cells. Results showed
that LV-shincRNA MEG3 significantly inhibit-
ed Bax but promoted Bcl-2 expression, whereas
LV-IncRNA MEG3 promoted the Bax but inhibit-
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Figure 2. LncRNA MEGS3 regulates microRNA-7-5p expression. 4, Dual luiciferase assay was performed to detect the
binding of IncRNA MEG3-WT and IncRNA MEG3-MUT reporter plasmids microRNA-7-5p. B, Dual luciferase assay was
performed to detect the binding of BRCA1-WT and BRCA1-MUT reporter plasmids with microRNA-7-5p. C, Detection of
microRNA-7-5p expression in A549 cells transfected with LV-shincRNA MEG3 and LV-IncRNA MEG3. D, Detection of
BRCAL1 expression after transfection of microRNA-7-5p mimics and microRNA-7-5p inhibitor in A549 cells.

ed Bcl-2 expression (Figure 4A, 4B). These above
results suggested that IncRNA MEG3 regulates
the expression of Bcl-2 and Bax.

Discussion
Several reports show that IncRNA acts as a

crucial role in maintaining normal cell growth
and function, and changes in IncRNA expression
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are also closely related to cancer. It has been
confirmed that IncRNA inhibits oncogene func-
tion"”. Qin et al®® found that IncRNA TSLC1-AS1
is a novel tumor suppressor in gliomas. Besides,
MTIDP inhibits tumors by regulating cell pro-
liferation and migration in liver cancer”. Since
IncRNA is involved in a variety of important
physiological processes, their functional disor-
ders may have important effects on the homeo-
stasis of cells.
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Figure 3. BRCAI promotes apoptosis of lung cancer cells. 4, RNA expression of BRCAl was detected in A549 cells
transfected with LV-shincRNA MEG3 and LV-IncRNA MEGS3. B, Protein expression of BRCA1 was detected in A549 cells
transfected with LV-shincRNA MEG3 and LV-IncRNA MEG3. C, BRCA1 was lowly expressed in non-small cell lung cancer.
D, BRCA1 was lowly expressed in A549 and HCC823 cells. E, LV-shBRCA1 and LV-BRCA1 were transfected into A549 cells

to detect the expression of IncRNA MEGS3.

LncRNA MEG3 is located on human chromo-
some 14q32.2. A study found that IncRNA MEG3
expression was reduced in a variety of malignant
tumors and that it functioned as a tumor suppres-
sor gene. A large number of studies have illustrat-

ed that overexpressing IncRNA MEG3 can lead
to cell growth arrest of tumor cells by inducing
apoptosis and regulating cell cycle?®. Overexpres-
sion of IncRNA MEG3 can also increase the sen-
sitivity of tumor cells to chemotherapy drugs?'.
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Figure 4. LncRNA MEG3 regulates the expression of Bcl-2 and Bax. The expression of Bax and Bcl-2 were detected by
Western blot after transfection of LV-shincRNA MEG3 and LV-IncRNA MEG3 on A549 cells.
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MicroRNAs have been regarded as a new class of
molecules that regulate the expression of genes in
stem cells, and many miRNAs have been shown
to be important intermediates in the regulation
of related signaling pathways. Many studies have
found that in addition to being directly involved
in regulating target gene expression, IncRNAs
can also interact with microRNAs as a competing
endogenous RNA (ceRNA) and participate in the
development of malignancies, resulting in cell
proliferation, apoptosis, angiogenesis, invasion,
and metastasis. For example, in prostate cancer,
IncRNA PTENP1 has been shown to absorb
miR-19 and miR-20a so as to release inhibition
of the well-known tumor suppressor gene PTEN,
thereby inhibiting the PI3K signaling pathway
and inhibiting cell growth?’. Besides, IncRNA
HOTAIR targets miR-331 in the form of ceRNAs
in gastric cancer, thereby regulating the expres-
sion of the well-known oncogene HER2%. In
this work, we demonstrated that the expression
of IncRNA MEG3 was strikingly decreased in
NSCLC tissues and lung cancer cell lines and
that highly expressed IncRNA MEG3 can pro-
mote apoptosis. Dual luciferase reporter assay
demonstrated that IncRNA MEG3 can target
microRNA-7-5p and regulate its expression,
thereby mitigating the degradation of BRCALI
by microRNA-7-5p.

Apoptosis inhibitory protein Bcl-2 and apopto-
sis-promoting factor Bax are important members
of the apoptotic molecules family, which have
been widely confirmed in regulating apoptosis
of brain cells. Of the many apoptosis-regulat-
ing genes, the roles of Bcl-2 and Bax have been
widely confirmed and are considered to be one
of the last common pathways of apoptosis®**.
In 1990, researchers discovered a gene directly
associated with hereditary breast cancer. It was
named Breast Cancer No. 1 gene, which has been
referred to as BRCAI. BRCALI is an excellent
gene that inhibits the development of malignant
tumors (called “suppressor gene”) and acts as a
significant role in the repair of damage and nor-
mal cell growth?. In this study, we found that the
expression of BRCA1 was strikingly downregu-
lated in NSCLC tissues and lung cancer cell lines.
Overexpression of BRCA1 in A549 cells can pro-
mote cell apoptosis. Through overexpressing and
knocking down of IncRNA MEG3, we found that
IncRNA MEG3 promoted apoptosis of A549 cells
by inhibiting Bcl-2 and promoting Bax, thereby
participating in the occurrence and development
NSCLC.
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Conclusions

We showed that IncRNA MEG3 expression
was significantly decreased in NSCLC, and it was
involved in the occurrence of NSCLC through In-
cRNA MEG3/microRNA-7-5p/BRCAL1 pathway.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) KumarakuLASINGHE NB, van Zanwik N, Soo RA. Mo-
lecular targeted therapy in the treatment of ad-
vanced stage non-small cell lung cancer (NS-
CLC). Respirology 2015; 20: 370-378.

2) Brack RC, KHursHiD H. NSCLC: an update of driv-
er mutations, their role in pathogenesis and clin-
ical significance. R | Med J (2013) 2015; 98: 25-
28.

3) CHuanGg JC, NeaL JW, Niu XM, Waketee HA. Adju-
vant therapy for EGFR mutant and ALK positive
NSCLC: Current data and future prospects. Lung
Cancer 2015; 90: 1-7.

4) FaN LF, Diao LM, CHen DJ, Liu MQ, ZHu LQ, Li HG,
TANG ZJ, Xia D, Liu X, CHEN HL. [Expression of HIF-
1 alpha and its relationship to apoptosis and pro-
liferation in lung cancer]. Ai Zheng 2002; 21: 254-
258.

5) De Bem T, ApoNa PR, Bressan FF, Mesquita LG, Chi-
aratti MR, Meirelles FV, Leal C. The influence of
morphology, follicle size and Bcl-2 and Bax tran-
scripts on the developmental competence of bo-
vine oocytes. Reprod Domest Anim 2014; 49:
576-583.

6) Tutar Y. MiIRNA and cancer; computational and
experimental approaches. Curr Pharm Biotech-
nol 2014; 15: 429.

7) SHiN VY, CHu KM. MiRNA as potential biomarkers
and therapeutic targets for gastric cancer. World
J Gastroenterol 2014; 20: 10432-10439.

8) WuZ LuX, LiuL, Deng H, ZHanG J, Xu Q, Cen B, Ji
A. Regulation of IncRNA expression. Cell Mol Bi-
ol Lett 2014; 19: 561-575.

9) Latevee S, Fei R. Long noncoding RNAs in human
disease: emerging mechanisms and therapeutic
strategies. Epigenomics 2015; 7: 877-879.

10) Prensner JR, CHINNAIYAN AM. The emergence of In-
cRNAs in cancer biology. Cancer Discov 2011; 1:
391-407.

11)  ZnanG JX, HAN L, Bao ZS, WANG YY, CHeN LY, Yan W/,
Yu SZ, Pu PY, Liu N, You YP, Jiang T, Kang CS; CHi-
NEse Guoma Coorerative Grour. HOTAIR, a cell cy-
cle-associated long noncoding RNA and a strong
predictor of survival, is preferentially expressed in
classical and mesenchymal glioma. Neuro Oncol
2013; 15: 1595-1603.



Role of INncRNA MEG3 in non-small cell lung cancer

12)

13)

14)

15)

16)

17)

18)

19)

ZHUANG C, LI J, Liu Y, CHEN M, YuaN J, Fu X, ZHAN Y,
Liu L, Lin J, Znou Q, Xu W, ZHao G, Cal Z, HuANG
W. Tetracycline-inducible shRNA targeting long
non-coding RNA PVT1 inhibits cell growth and in-
duces apoptosis in bladder cancer cells. Oncotar-
get 2015; 6: 41194-41203.

Xia H, Qu XL, L LY, Qian DH, Jing HY. Lncrna
meg3 promotes the sensitivity of vincristine by in-
hibiting autophagy in lung cancer chemotherapy.
Eur Rev Med Pharmacol Sci 2018; 22: 1020-1027.

Luo G, WaNG M, Wu X, Tao D, Xiao X, WANG L, MIN
F, ZenG F, Jiang G. Long non-coding RNA MEG3
inhibits cell proliferation and induces apoptosis in
prostate cancer. Cell Physiol Biochem 2015; 37:
2209-2220.

PenGg W, Si' S, ZHANG Q, LI C, ZHAao F, WANG F, Yu J,
Ma R. Long non-coding RNA MEG3 functions as
a competing endogenous RNA to regulate gastric
cancer progression. J Exp Clin Cancer Res 2015;
34: 79.

XiaY, He Z, Liu B, WaNG P, CHen Y. Downregulation
of Meg3 enhances cisplatin resistance of lung
cancer cells through activation of the WNT/b-cat-
enin signaling pathway. Mol Med Rep 2015; 12:
4530-4537.

Li Z, Yu X, SHen J. ANRIL: a pivotal tumor suppres-
sor long non-coding RNA in human cancers. Tu-
mour Biol 2016; 37: 5657-5661.

QN X, Yao J, GeEnG P, Fu X, Xue J, ZHanG Z. LncRNA
TSLC1-AS1 is a novel tumor suppressor in glio-
ma. Int J Clin Exp Pathol 2014; 7: 3065-3072.

Yu W, Qiao Y, TANG X, MA L, WANG Y, ZHANG X, WENG
W, Pan Q, Yu'Y, Sun F, WanNG J. Tumor suppressor
long non-coding RNA, MT1DP is negatively reg-
ulated by YAP and Runx2 to inhibit FoxA1 in liver
cancer cells. Cell Signal 2014; 26: 2961-2968.

20)

21)

22)

23)

24)

25)

26)

WaNG M, HuanG T, Luo G, Huang C, Xiao XY, WANG
L, JanGg GS, Zeng FQ. Long non-coding RNA
MEGS3 induces renal cell carcinoma cells apop-
tosis by activating the mitochondrial pathway. J
Huazhong Univ Sci Technolog Med Sci 2015; 35:
541-545.

Tao YH, SHARF N, Zeng BH, Cal YY, Guo YX. Later-
al ventricle injection of orexin-A ameliorates cen-
tral precocious puberty in rat via inhibiting the ex-
pression of MEGS. Int J Clin Exp Pathol 2015; 8:
12564-12570.

KHan I, Kerwin J, Owen K, Griner E. Correction:
Registered report: a coding-independent function
of gene and pseudogene mRNAs regulates tu-
mour biology. Elife 2015; 4: e13015.

Liu XH, Sun M, Nie FQ, Ge YB, ZHANG EB, Yin DD,
KonG R, XIAR, Lu KH, LiJH, De W, WanG KM, WANG
ZX. Lnc RNA HOTAIR functions as a competing
endogenous RNA to regulate HER2 expression
by sponging miR-331-3p in gastric cancer. Mol
Cancer 2014; 13: 92.

Pronka J, LatocHA M, Kusmierz D, ZieLiNska A. Ex-
pression of proapoptotic BAX and TP53 genes
and antiapoptotic BCL-2 gene in MCF-7 and
T-47D tumour cell cultures of the mammary gland
after a photodynamic therapy with photolon. Adv
Clin Exp Med 2015; 24: 37-46.

AL-FatLawi AA, Al-FAaTLawi AA, IRsHAD M, ZAFARYAB M,
Rizvi MM, Anmap A. Rice bran phytic acid induced
apoptosis through regulation of Bcl-2/Bax and
p53 genes in HepG2 human hepatocellular car-
cinoma cells. Asian Pac J Cancer Prev 2014; 15:
3731-3736.

RomagNoLo AP, Romagnoro DF, Secmin Ol. BRCA1
as target for breast cancer prevention and thera-
py. Anticancer Agents Med Chem 2015; 15: 4-14.



