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Abstract: MiR-134 can function as an oncogene or a tumor suppressor gene depending on cell type. However, the
function of miR-134 in gastric cancer remains unclear to date. This study aims to evaluate the function of miR-134
in gastric cancer and investigate its effect on the sensitivity of gastric cancer cells to 5-FU. The expression of miR-
134 assayed by real-time PCR was significantly lower in gastric cancer tissues than in noncancerous tissues. Over-
expression of miR-134 significantly inhibited the proliferation and growth in vivo, as well as promoted the apoptosis
of gastric cancer cells by targeting KRAS. Finally, the up-regulation of miR-134 enhanced the sensitivity of gastric
cancer cells to 5-FU. In conclusion, miR-134 suppresses tumor development in gastric cancer by targeting KRAS
and enhances cell sensitivity to 5-FU. Our results encourage researchers to use 5-FU in combination with miR-134

to treat gastric cancer.
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Introduction

Gastric cancer is one of the most common
cancers and accounts for the most frequent
causes of cancer-related deaths worldwide [1].
The incidence, pathogenesis, and therapeutic
options have undergone significant changes
in the last decades, but the prognosis for pati-
ents with gastric cancer remains poor, espe-
cially in more advanced stages. Surgery is the
mainstay of treatment of this disease, while
chemotherapy plays an extremely important
role in the comprehensive treatment of gastric
cancer [2]. Conventional chemotherapy drugs,
such as cisplatin, paclitaxel and 5-fluorouracil
(5-FU), have long-term clinical application in
many cancers, including gastric cancer [3]. Un-
fortunately, numerous gastric cancer patients
who initially respond to cisplatin or paclitaxel
therapy become drug resistant and relapse.
Therefore, the identification of new biomarkers,
treatments, and therapeutic targets for human
gastric cancer is required [4]. Therefore, there
is an urgent requirement for novel prognostic
markers and therapeutic targets for gastric
cancer to effectively decrease mortality.

MicroRNAs (miRNA) are a class of small RNA
molecules that regulate the translation and
degradation of mRNAs. MiRNAs bind to com-
plementary sequences in the 3’-untranslated
regions (UTRs) of their target mRNAs to pro-
mote mMRNA degradation or translational repres-
sion [5]. In recent years, more attention has
been paid to the role of miRNAs in drug resis-
tance, with accumulating evidence that aber-
rant miRNA expression can affect drug resis-
tance by modulating the expression of relevant
target proteins, including drug transporters,
cell apoptosis mediators, and cell-cycle-related
components [6]. For example, miR-134, which
is located in the 14032.31, was initially identi-
fied in cloning research of rat; since this identi-
fication, reports have shown that abnormal ex-
pression of miR-134 is associated with tumor
formation, cell proliferation and even chemo-
resistance [7]. miR-134 expression was signifi-
cantly decreased in lung cancer tissues, and
that miR-134 affects the fluorouracil sensitivity
of lung cancer by decreasing the expression of
dihydropyrimidine dehydrogenase [8]. Further-
more, in multi-resistant small cell lung cancer
cell, miR-134 expression was decreased signifi-
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cantly, and that increasing the expression of
miR-134 in drug-resistant cells can significantly
increase therapeutic sensitivity to cisplatin,
etoposide and doxorubicin [9]. Moreover, miR-
134 targets the oncogene SirT1 or KRAS in
endothelial and pancreatic ductal adenocarci-
noma cells but targets the tumor suppressor
gene PTEN. MicroRNA-134 modulates resis-
tance to doxorubicin in breast cancer cells by
down-regulating the expression of ABCC1 which
is known to encode the multidrug resistance-
associated protein 1 [10]. However, the func-
tion of miR-134 in gastric cancer remains un-
clear to date.

The present study aims to provide insights into
the association of miR-134 expression with
gastric cancer cells growth. Results show that
miR-134 is down-regulated in human gastric
cancer and that miR-134 over-expression can
inhibit tumor cells proliferation and reduce
5-FU cell resistance in gastric cancer cell lines.
Our in vitro and in vivo data also prove that miR-
134 functions as a tumor suppressor in human
gastric cancer progression. The results of this
study may serve as a basis to explain the func-
tion of miR-134 in gastric cancer.

Materials and methods
Patients and tissue samples

We collected pairs of matched gastric cancer
and noncancerous tissue samples from 80
patients (male 53, female 27) who underwent
surgical resection at the Cancer Institute and
Hospital of Hebei; the Chongmin Hospital of
Nanjing; First affiliated hospital of Henan Uni-
versity; Hebei Cancer Hospital between 2009
and 2012 after obtaining informed consent
from all patients and receiving approval from
the Institutional Ethics Review Committee. The
gastric cancer cell lines BGC-823, SNU-16,
MGC-803, SGC-7901, MKN-28 and normal
human epithelial cells, BESA-2B were cultured
in RPMI1640 or Dulbecco’s modified Eagle’'s
medium, with 10% FBS, 100 U/ml penicillin as
well as streptomycin.

RNA extraction, cDNA synthesis, and real-time
PCR assays

Total RNA from tissues and cells was extracted
by Trizolmethod (Ambion, USA) completely fol-
lowing the instructions. Single strand cDNA was
synthesized by M-MLV (Ambion, USA) using 2
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pg of total RNA as template. Oligo (dT)18 was
used for mRNA reverse transcription while stem
loop used for miRNA. Real time-PCR (RT-PCR)
was performed by Bio-rad CFX96 (Bio-rad, USA)
using SYBR mix (Tiangen, China). The PCR con-
dition was: 95°C x 30 s, followed by 40 cycles
of 95°C x 5's,60°C x 34 s. For mRNAs, GAPDH
was used as normalized control. For miRNAs,
U6 snRNA was used for miRNA control. The
relative expression of miR-134 was computed
by 2-AACT method. Primer sequences were
as follows KRAS-FW: 5'-gcaatgagggaccagtacat-
gag-3’, KRAS-RW: 5'-gtattgtcggatctccctcacca-
3’ miR-134-FW: 5-cgtgctacagtcctggtgtgag-3/,
miR-134-RW: 5'-tactccatgacgcagecagttgt-3'.

Plasmid construction

The miR-134 precursor sequence was generat-
ed by annealing. MiR-134-precursor-F and
miR-134-precursor-R extension was digested
by BamHI and Bglll. The products were then
inserted into the BamHI-Bglll fragment of the
pcDNA-GW/EmGFP-miR vector (Gene Pharma,
China). A negative control was also construct-
ed [11].

MIiRNA transfection

The miR-134 and scramble mimics were
designed and synthesized by GenePharma
(GenePharma, China). All mimics were trans-
fected by DharmaFECT1 Reagent (Dharmacon,
USA) into the gastric cancer cells to a final
concentration of 10 nM. Three independent
replication experiments were performed for
each transfection [12].

Cell proliferation and apoptosis assay

Cell proliferation assay was performed by the
CCK8 method (DOJINDO, Japan). Briefly, approx-
imately 5000 miR-134 mimic-transfected cells
and scramble cells were seeded into 96-well
plates and then cultured. Proliferation rates
were determined at O, 12, 24, 48, 60 and 72
h after transfection by adding 10 ul of CCK8
reagent [13]. Apoptosis assays were tested in
cells with or without miR-134 overexpression
using Apoptosis Detection kit | (BD Biosci-
ences, USA) and C6 Flow Cytometer (USA).

Animal experiment

Experiments involving animals were performed
according to the Guide for the Care and Use of

Am J Transl Res 2016;8(10):4320-4328



Tumor suppressor gene microRNA-134 in gastric cancer

N=80 cases
Down=71 cases
Up=9 cases

NoOoON B

Relative expression >
of miR-134 (C/N)
A

[]
[+2]

Case of patients

w

.“2’ 1.5

55

E§1.0

™ = ¥

v £05 & .

mu *k

€ 0.0
a8 22§§
w® 23 2 R2Z
< O zZ 5 60X
ma ? s Q=

Figure 1. MiR-134 expression in gastric cancer clinical samples and
cells. A. MiR-134 expression was detected by real-time PCR in 80 pairs
of gastric cancer tissues compared with their matched adjacent non-
neoplastic tissues. A total of 71 samples showed down-regulated miR-
134. B. The expression levels of miR-134 in normal epithelial cell line
(BEAS-2B) and 5 gastric cancer lines. Data were collected from three
independent experiments and were average + SD. values. *P < 0.05,

**P < 0.01 compared with BEAS-2B cells.

Laboratory Animals and the institutional ethical
guidelines for animal experiments. Scramble-
transfected and miR-134-overexpressing MKN-
28 or SGC-7901 cells (6 x 10° cells) were inocu-
lated s.c. into the dorsal flanks of BALB/c nude
mice (female, Nu/Nu, six week old). The mice
were purchased from the Animal Centre of
Henan University and raised under pathogen-
free conditions. The tumor volume was mea-
sured for 5 weeks. All mice were Kkilled, s.c.
tumours were resected, and tumour weights
were recorded.

Immunohistochemistry

Mouse tumour tissues were embedded into
paraffin sections, treated for 2 h at 65°C and
then deparaffinized. Before applying the prima-
ry antibodies at 4°C overnight, we carried out
the antigen retrieval step. The slides were incu-
bated with a secondary antibody for 2 h at
25°C and then conjugated to HRP (1:100;
Zhongshanjingiao, China). Liquid DAB+ Sub-
strate (zsgb-bio, China) was used to detect HRP
activity [14].
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Luciferase miRNA target reporter
assay

The full length of the 3’'UTRs of
KRAS, who has complementary
sequences in their 3'UTR pre-
dicting by Targetscan on line soft-
ware, were amplified by PCR and
inserted into the pMIR-REPOR-
TTM Luciferase Reporter Vector
(Ambion, USA). Mutations of the
predicted seed regions in the
MRNA sequences were created
using primers including the mu-
tated sites. HEK-293T cells were
transfected with pRL-TK lucifer-
ase reporters (50 ng/well, 24-well
plates, 1 x 10° cells per well),
pGL-3firefly luciferase (10 ng/
well), and mimic-134 (50 nmol/L,
GenePharma, China) or scramble
(50 nmol/L) using Lipofectamine
2000 (Invitrogen, USA). Lucifer-
ase activities were measured
according to the manuscript of
the Dual Luciferase Reporter
Assay (Promega, USA).

Western blot

Proteins were separated on 10% SDS-PAGE
and then transferred to 0.45 ym PVDF mem-
branes (Amersham, UK). The membranes were
incubated with 5% non-fat dried milk overnight
at 4°C and with anti-KRAS antibody (CST, USA)
at 1:1000 dilution for 2 h at room temperature.
After washing twice with TBST, the membranes
were incubated with goat anti-rabbit antibody
(zsgb-bio, China) at 1:5000 and 1:50000 dilu-
tions for 2 h.

Statistics

Each of the experiments was at least per-
formed triplicate. Student’s t-test (two-tailed)
and the x? test were performed, and statisti-
cally significant level was set at = 0.05 two-
side). Mean + SD is displayed in the figures.

Results

Expression of miR-134 in clinical gastric can-
cer patients and cell lines

The expression of miR-134 in 80 patients (53
males/27 females, mean age of 51 years) was
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Figure 2. miR-134 over-expression regulates gastric cancer cell growth. A. miR-134 over-expression inhibited MKN-
28 and SGC-7901 gastric cancer cell proliferation. The growth index was assessed after O, 12, 24, 36, 48, 60 and
72 h. Data were collected from three independent experiments and were average + SD. values. B. miR-134 over-
expression promoted cell apoptosis in MKN-28 and SGC-7901. Data were collected from three independent experi-
ments and were average + SD. values. C. Western blot analysis showed that cleaved PARP was higher in miR-134
transfection cells than in scramble transfection MKN-28 and SGC-7901 cells.

detected by RT-PCR. The expression of miR-
134 was down-regulated in 71 (88%) of the 80
gastric cancer samples compared with adja-
cent tissues (Figure 1A). Meanwhile, miR-134
was up-regulated in 9 (11%) of the 80 gastric
cancer samples. In addition, the expression of
miR-134 in five gastric cancer cell lines was
determined. As shown in Figure 1B, the relative
expression levels for miR-134 in these gastric
cancer cells were significantly decreased, espe-
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cially in MKN-28 and SGC-7901 cells when
compared with that of the normal epithelial cell
line BEAS-2B.

miR-134 inhibits gastric cancer cells prolifera-
tion in vitro

The results of MTT growth assays at 0, 12, 24,
36, 48, 60 and 72 h after miR-134 and scram-
ble transfection were shown in Figure 2A.
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Compared with scramble transfection, miR-
134 transfection significantly inhibited the pro-
liferation of gastric carcinoma cell lines MKN-
28 and SGC-7901 cells. We also investigated
the effect of miR-134 on the apoptosis of MKN-
28 and SGC-7901 cells by DNA fragmentation
assay and PARP cleavage assay. Similarly, miR-
134 transfection induced the apoptosis in
both MKN-28 and SGC-7901 cells (Figure 2B).
Meanwhile, the expression of cleavage PARP
was significantly slight in MKN-28 and SGC-
7901 cells transfected with scramble when
compared to miR-134 transfection (Figure 2C).
These results indicate that miR-134 can sup-
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press gastric cancer cell survival by inducing
apoptosis.

miR-134 inhibits gastric cancer cells growth in
vivo

To further verify these findings, an in vivo model
was constructed. Scramble-transfected and
miR-134 over-expressing MKN-28 cells or SGC-
7901 cells were inoculated s.c. into the dorsal
flanks of athymic nude mice. After 25 days,
tumor growth was significantly slower in the
mice inoculation with miR-134-overexpressing
cells than in the control mice (Figure 3A). In
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of the luciferase coding re-
gion was constructed. HEK-
293T cells were co-trans-
fected with reporter plasmid
(KRAS) and scramble. Luci-
ferase activity was markedly
reduced by approximately

MKN-28

did not inhibit KRAS mRNA expression.

agreement with the tumor growth curve, the
weights of tumors induced by scramble trans-
fection were significantly higher than those
induced by miR-134 over-expression (Figure
3B). Similarly, immunohistochemical analysis
was performed to measure the protein levels of
ki-67 in the tumor tissues. Lower ki-67 index
was obtained in the miR-134-transfected cell
tissues than in the controls (Figure 3C). This
result indicates that miR-134 over-expression
can limit the proliferation of gastric cancer cells
in vivo.
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Figure 4. KRAS is a direct target of miR-134. A. Sequence of the miR-134
binding sites within the human KRAS 3’-UTR and a schematic of the reporter
construct shown the KRAS 3’-UTR sequence and the mutated KRAS 3’-UTR se-
quence. B. Luciferase activity of the KRAS reporter in the presence of miR-134
or scramble. Data were collected from three independent experiments and
were average + SD. values. **P < 0.01, compared to scramble transfected
cells. C. Immunoblotting of KRAS in MKN-28 and SGC-7901 cells transfected
with miR-134 or scramble, which showed that the miR-134 reduced the KRAS
protein level, indicating that KRAS can be a direct target of miR-134. D. Rela-
tive expression of KRAS in MKN-28 and SGC-7901 cells not transfected or
transfected with miR-134 or scramble for 24 h, indicating that the miR-134

36% in the miR-134-overex-
pressing cells. The same
assay was performed for
another reporter plasmid
containing mutated KRAS
3-UTR in miR-134 binding
sites. As expected, lucifer-
ase assays showed that the
luciferase activity of KRAS
was decreased in miR-134-
expressing cells as com-
pared with vector control
cells, whereas that of the
control plasmid remained
unchanged (Figure 4B). These results indicate
that miR-134 represses the 3-UTR of KRAS
and that the expression of KRAS is directly reg-
ulated by miR-134.

MKN-28 and SGC-7901 cells were transfected
with miR-134 to further investigate the interac-
tion between miR-134 and KRAS. Western blot
was conducted to measure the level of KRAS
protein. The protein expression of KRAS was
down-regulated in the miR-134-treated MKN-
28 and SGC-7901 cells but not in the scramble
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or untreated cells (Figure 4C). The mRNA ex-
pression of KRAS was determined by real-time
PCR. No significant difference was observed
between miR-134-treated and scramble-treat-
ed or untreated MKN-28 and SGC-7901 cells
(Figure 4D). These results suggest-that miR-
134 directly recognizes the 3-UTR of KRAS
MmRNA and inhibits KRAS translation. Thus,
miR-134 down-regulation in gastric cancer
inhibits KRAS suppression, which consequently
decelerates tumourigenesis.

Up-regulation of miR-134 enhances the sensi-
tivity of gastric cancer cells to 5-FU

Previous research demonstrated that miRNA
dysregulation is related to the chemo-resis-
tance of gastric cancer. However, to the best of
our knowledge, the relationship between miR-
134 expression and gastric cancer sensitivity
has yet to be explored. Therefore, we treated
scramble- or miR-134-transfected MKN-28 and
SGC-7901 cells with 0, 5, 10, 15, 20 and 25
pug/ml of 5-FU. The results of MTT assay indi-
cated that miR-134 up-regulation significantly
decreased the cell viability of MKN-28 and
SGC-7901 cells in response to 5-FU in a dose-
dependent manner (Figure 5A). Moreover, 5-FU
up-regulated miR-134 in the two cell lines. The
expression level of miR-134 increased with
5-FU in a dose-dependent manner (Figure 5B).
To confirm this effect, we evaluated the protein
expression levels of KRAS and found the pro-
tein levels of KRAS significantly were reduced
(Figure 5C).

Discussion

MicroRNAs (miRNA), a novel class of regulatory
molecules, have been frequently indicated to
be dysregulated in diverse human cancers
and play important roles in tumourigenesis
[15]. MiRNAs have been documented to func-
tion both as tumor suppressor genes and
oncogenes, regulating many cellular events
by targeting specific target genes. Therefore,
mMiRNAs may serve as new biomarkers to pre-
dict clinical outcomes in the future [16]. Recent
studies have been reported that miR-134 plays
a potential role as a tumor suppressor in many
kinds of cancers. However, there are no results
referring to the role of miR-134 in gastric carci-
noma at present.

In this study, we found that the expression of
miR-134 is downregulated in gastric cancer
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samples compared with normal tissues. More-
over, over-expression of miR-134 significantly
inhibited gastric cancer cell growth and incre-
ased sensitivity to 5-FU. The present study pro-
vided insights into the association of miR-134
expression with cell proliferation and apopto-
sis in gastric cancer. We evaluated miR-134
expression in gastric cancer patients. Results
showed that 88% of gastric cancer clinical sam-
ples showed significantly lower miR-134 expres-
sion than adjacent normal tissues. This result
suggests that miR-134 may function as a tumor
suppressor. In vitro and in vivo studies proved
that miR-134 can also serve as a tumor sup-
pressor gene in human gastric cancer progres-
sion. The results of the assays on cell prolifera-
tion and apoptosis may be used to further
understand the mechanism by which miR-134
contributes to gastric cancer tumourigenesis
and progression.

In our study, KRAS oncogene has been experi-
mentally validated as the novel target of miR-
134. RAS family play a pivotal role in the trans-
duction of several growth or differentiation fac-
tor stimuli. It has been reported that the ex-
pression levels of KRAS are related to the
malignant degree of cancers, including glioma,
breast cancer, melanoma, and other cancers
[17]. Recently, accumulating evidence has indi-
cated that expression levels of the RAS family
can be regulated by miRNAs. For example,
over-expression of miR-145 can inhibits tumor
angiogenesis and growth by targeting KRAS
and VEGF [18]. Firstly, luciferase reporter assay
confirmed that miR-134 directly recognize the
3-UTR of KRAS transcripts. Secondly, KRAS
expression was significantly abolished in gas-
tric cancer cells which miR-134 stably-ex-
pressed. In the present study, miR-134 over-
expression decreased KRAS levels in two gas-
tric cancer cell lines. This result indicates that
KRAS also serves as a target of miR-134 in gas-
tric cancer. No significant changes in KRAS
MRNA level were observed. This result indi-
cates that miR-134 may function as a post-
transcriptional regulation factor of KRAS. In
conclusion, miR-134 is frequently down-regu-
lated in gastric cancer and acts as a tumor sup-
pressor in gastric cancer cells by targeting
KRAS. MiR-134 up-regulation enhances the
sensitivity of gastric cancer cells to 5-FU. These
results provided insights into the functions of
miR-134 in 5-FU chemoresistance and the
rational development of new targeted combina-
tions against gastric cancer.
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Figure 5. Effect of miR-134 up-regulation on the sensitivity of cells to 5-FU. A, B. Effects of various concentrations
of 5-FU on MKN-28 and SGC-7901 cells for 24 h as assessed by MTT assay, indicating that miR-134 up-regulation
can significantly increases the sensitivity of cells to 5-FU. C. Western blotting assay shown miR-134 up-regulation

facilitate KRAS protein expression.

This study is the first to report that miR-134
over-expression can reduce 5-FU cell resis-
tance in gastric cancer cell lines. Therefore,
combining 5-FU with miR-134 regulation may
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serve as a potential approach for gastric can-
cer therapy. High 5-FU doses can cause toxic
effects, such as nephrotoxicity and ototoxicity.
The results of this study showed that the sensi-
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tivity of gastric cancer cells to 5-FU significantly
increased. Therefore, we speculate that using
5-FU in combination with miR-134 as a poten-
tial approach for gastric cancer therapy may
achieve low-dose 5-FU application and reduce
5-FU toxic effects.

Acknowledgements

This study was supported by grants from the
Henan Province’s Technology Key Project of
Medical Science and Technology (20110300-
04). We declare no conflict of interest.

Disclosure of conflict of interest
None.

Address correspondence to: Guo-Ping He, Nursing
School, Central South University, No. 172 Tongzipo
Road, Yuelu District, Changsha 410013, Hunan
Province, China. E-mail: guopingmd@sina.com

References

[1] LiH, Xie S, Liu X, Wu H, Lin X, Gu J, Wang H and
Duan Y. Matrine alters microRNA expression
profiles in SGC-7901 human gastric cancer
cells. Oncol Rep 2014; 32: 2118-2126.

[2] Newton AD, Datta J, Loaiza-Bonilla A, Kara-
kousis GC and Roses RE. Neoadjuvant therapy
for gastric cancer: current evidence and future
directions. J Gastrointest Oncol 2015; 6: 534-
543.

[3] Qu CY, Zhou M, Chen YW, Chen MM, Shen F
and Xu LM. Engineering of lipid prodrug-based,
hyaluronic acid-decorated nanostructured lipid
carriers platform for 5-fluorouracil and cisplat-
in combination gastric cancer therapy. Int J
Nanomedicine 2015; 10: 3911-3920.

[4] Li X Yul, Brock MV, Tao Q, Herman JG, Liang
P and Guo M. Epigenetic silencing of BCL6B
inactivates p53 signaling and causes human
hepatocellular carcinoma cell resist to 5-FU.
Oncotarget 2015; 6: 11547-11560.

[5] Yang Q, Zhang RW, Sui PC, He HT and Ding
L. Dysregulation of non-coding RNAs in gas-
tric cancer. World J Gastroenterol 2015; 21:
10956-10981.

[6] SuZ,Zhaol,RongZ, Geng Wand Wang Z. MiR-
451, a potential prognostic biomarker and tu-
mor suppressor for gastric cancer. Int J Clin
Exp Pathol 2015; 8: 9154-9160.

[7] O’Brien K, Lowry MC, Corcoran C, Martinez
VG, Daly M, Rani S, Gallagher WM, Radomski
MW, MacLeod RA and O’Driscoll L. miR-134 in
extracellular vesicles reduces triple-negative
breast cancer aggression and increases drug
sensitivity. Oncotarget 2015; 6: 32774-32789.

4328

(8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

Chen T, Gao F, Feng S, Yang T and Chen M.
MicroRNA-134 regulates lung cancer cell HG9
growth and apoptosis by targeting WWOX gene
and suppressing the ERK1/2 signaling path-
way. Biochem Biophys Res Commun 2015;
464: 748-754.

LiJ, Wang, Luo J, Fu Z, Ying J, Yu Y and Yu W.
miR-134 inhibits epithelial to mesenchymal
transition by targeting FOXM1 in non-small cell
lung cancer cells. FEBS Lett 2012; 586: 3761-
3765.

Lu L, Ju F, Zhao H and Ma X. MicroRNA-134
modulates resistance to doxorubicin in human
breast cancer cells by downregulating ABCC1.
Biotechnol Lett 2015; 37: 2387-2394.

Du J, Tao ZH, Li J, Liu YK and Gan L. Construct-
ion of a hepatocellular carcinoma cell line
that stably expresses stathmin with a Ser25
phosphorylation site mutation. Genet Mol Res
2015; 14: 12111-12117.

Lv P, Zhang P, Li X and Chen Y. Micro ribonucle-
ic acid (RNA)-101 inhibits cell proliferation and
invasion of lung cancer by regulating cyclooxy-
genase-2. Thorac Cancer 2015; 6: 778-784.
Shi R, Xiao H, Yang T, Chang L, Tian Y, Wu B
and Xu H. Effects of miR-200c on the migration
and invasion abilities of human prostate can-
cer Du145 cells and the corresponding mech-
anism. Front Med 2014; 8: 456-463.

Wen L, Sun L, Xi Y, Chen X, Xing Y, Sun W, Meng
Q and Cai L. Expression of calcium sensing re-
ceptor and E-cadherin correlated with survival
of lung adenocarcinoma. Thorac Cancer 2015;
6: 754-760.

Sachdeva M and Mo YY. miR-145-mediated
suppression of cell growth, invasion and me-
tastasis. Am J Transl Res 2010; 2: 170-180.

Li S, Qin X, Li Y, Zhang X, Niu R, Zhang H, Cui A,
An W and Wang X. MiR-133a suppresses the
migration and invasion of esophageal cancer
cells by targeting the EMT regulator SOX4. Am
J Transl Res 2015; 7: 1390-1403.

Fitzgerald TL, Lertpiriyapong K, Cocco L, Mar-
telli AM, Libra M, Candido S, Montalto G, Cer-
vello M, Steelman L, Abrams SL and McCubrey
JA. Roles of EGFR and KRAS and their down-
stream signaling pathways in pancreatic can-
cer and pancreatic cancer stem cells. Adv Biol
Regul 2015; 59: 65-81.

Pagliuca A, Valvo C, Fabrizi E, di Martino S,
Biffoni M, Runci D, Forte S, De Maria R and
Ricci-Vitiani L. Analysis of the combined action
of miR-143 and miR-145 on oncogenic path-
ways in colorectal cancer cells reveals a coor-
dinate program of gene repression. Oncogene
2013; 32: 4806-13.

Am J Transl Res 2016;8(10):4320-4328



