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Abstract. - OBJECTIVE: Gastric carcinoma
(GC) is one common malignant tumor with high
morbidity and mortality rates all over the world.
Recently, numerous studies have showed that the
microRNAs (miRNAs) dysregulation was implicat-
ed in GC carcinogenesis. This research aimed to
explore the potential associations between miR-
29c and cyclin-dependent kinase 6 (CDK®6) in GC.

PATIENTS AND METHODS: GC tissues and
corresponding normal tissues were collected
from 54 GC patients who underwent surgery at
the Second Hospital of Anhui Medical Universi-
ty between 2015 and 2017. We measured the ex-
pressions of CDK6 and miR-29¢ in GC tissues
using quantitative Real Time-Polymerase Chain
Reaction (qRT-PCR). We next investigated the
functions of miR-29c in GC cells by performing
transwell assays. To further determine the cor-
relation between miR-29¢ and CDK6 in GC cell
invasion and migration, the rescue experiments
were performed by co-transfecting miR-29¢ in-
hibitor and CDK6 siRNA into AGS cells.

RESULTS: MiR-29c expressions were signifi-
cantly declined in GC tissues and cells. Addi-
tionally, functional assays showed that the miR-
29c over-expression suppressed the invasion
and migration capacities of GC cells. According
to TargetScan and dual luciferase reporter as-
says, CDK6 was identified as a new miR-29c tar-
get. Moreover, the knockout of CDK6 had simi-
lar effects as the miR-29c over-expression in GC
cells. The current research indicated that miR-
29c over-expression could inhibit tumor behav-
iors in GC partially via down-regulating CDK®6.

CONCLUSIONS: We revealed that miR-29c
down-regulated in GC tissues and cells. MiR-
29c over-expression effectively suppressed the
GC cell invasion and migration. Moreover, CDK6
was identified as a direct functional target of
miR-29¢ in GC. The current study provides new
insights for the GC treatment and suggests that
miR-29¢c/CDK6 axis is a therapeutic candidate
target for GC patients.
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Introduction

Gastric carcinoma (GC) is a common human
malignancy with high mortality and morbidity
worldwide'. In recent decades, even though the
GC incidence and mortality rates have been
steadily declining thanks to the advanced medi-
cal treatment, it is considered that over 950,000
new patients with GC emerged per year, leaving
approximately 720,000 mortalities. This makes
GC the third primary cause of tumor-related
deaths and the fourth most common cancer in
the world?. However, the majority of GC pa-
tients are usually diagnosed with clinically poor
characteristics in the advanced stage’. As GC
development is a multi-step and multi-factorial
process, the investigation of the intrinsic mech-
anisms underlying GC development seems to
favor the effective therapies of GC*. Recently,
microRNAs (miRNAs) have been identified as
promising biomarkers and attractive therapeu-
tic targets of human cancers’. MiRNAs are a
variety of non-coding RNAs, 20-24 nucleotides
in length, and they have been found to be able
to inhibit the translation vie binding to the
3’-UTRs of target mRNAs®. Aberrant miRNA
expressions are strongly connected with the
progression of multiple tumors, such as glio-
blastoma’, and colorectal cancer®. Moreover, a
growing body of evidence supports that miR-
NAs serve as oncogenes Or tumor suppressors
in tumors’. For example, miR-92a was found
to accelerate the hepatocellular carcinoma cell
proliferation and invasion via targeting forkhead
box A2 (FOXA2)"; Wan et al'' found that miR-
767-3p suppressed lung adenocarcinoma cell
growth and migration via regulating claudinl8
(CLDNI18); Tang et al'? reported that miR-106a
promoted the human endometrial adenocarci-
noma growth by targeting Bcl-2-like protein 11
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(BCL2L11). However, the expressions and un-
derlying functions of miR-29¢ in GC still need
to be studied, which is of great significance to
explore novel biomarker and therapeutic strate-
gy for patients with GC.

Onco-protein is an attractive therapeutic target
due to its causal relationship with the development
of tumors. In addition, tumor cells often rely on
onco-proteins to continue to proliferate and sur-
vive". As the core parts of cell cycle regulation,
one kind of such onco-proteins called cyclin-de-
pendent kinases (CDKs) contained more than 20
members, which either directly or indirectly had
essential functions in all eukaryotic organisms,
such as the major cell-cycle transitions'. CDK6
is one CDK family member, the oncogenic ca-
pacity of which has been investigated in several
studies’. Moreover, previous studies showed that
specific inhibitors of CDK6 had antitumor func-
tions in multiple tumors'®!’. Nevertheless, the
functions and regulatory mechanisms between
CDK6 and miR-29¢ in GC are little-known by
people. Therefore, investigating the underlying
mechanism may contribute to develop more ef-
fective therapeutic strategies for GC.

Patients and Methods

Cell Lines and Tissue Specimens

GC tissues and the corresponding normal tis-
sues were collected from 54 GC patients who un-
derwent surgery at the Second Hospital of Anhui
Medical University between 2015 and 2017. All
tissue samples were put into liquid nitrogen for
storage within 10 min after separation and re-
served for further assays. Written informed con-
sent was obtained from all GC patients enrolled
in this study. This investigation was approved by
the Ethics Committee of the Second Hospital of
Anhui Medical University.

Table I. Primer sequences for qRT-PCR.

The human GC cell line AGS and gastric ep-
ithelial cell line GES-1 were obtained from the
cell repository for the Academia Sinica (Shang-
hai, China). All the above cell lines were cultured
in Roswell Park Memorial Institute-1640 (RPMI-
1640) medium (Invitrogen, Carlsbad, CA, USA)
which contained penicillin-streptomycin (Invitro-
gen, Carlsbad, CA, USA) and 10% of fetal bovine
serum (FBS; Gibco, Rockville, MD, USA) in an
atmosphere with 5% of CO, at 37°C.

Cell Transfection

Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) was applied to transiently transfect the
miR-29¢ mimics, inhibitor or CDK6 siRNA into
GC cells in line with the manufacturer’s instruc-
tions. The GC cells with different transfections
were used for subsequent assays.

Quantitative Real Time-Polymerase
Chain Reaction (gRT-PCR)

TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) was used to extract the total RNAs from the
above-mentioned tissue samples and cultured GC
cells in line with the manufacturer’s instruction.
Then, the TagMan MicroRNA Reverse Tran-
scription kit (Thermofisher Scientific, Waltham,
MA, USA) was used for the synthesis of com-
plementary DNA (cDNA). The quantitative Re-
al Time-Polymerase Chain Reaction (QRT-PCR)
was conducted by a SYBR Premix Ex Taq II kit
(TaKaRa, Otsu Shiga, Japan). The PCR reaction
conditions were 95°C (3 min), denaturation for 40
cycles at 95°C (15 sec) followed by an annealing
step at 60°C (30 sec). The relative expressions of
miR-29¢ and CDK6 mRNA were normalized to
U6 and glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH), respectively. The 244t method
was used to determine the relative expressions
of genes. The primer sequences were listed in
Table I.

Primer

Sequence

miR-29c¢ forward
miR-29c¢ reverse
U6 forward

U6 reverse
CDKG6 forward
CDKG6 reverse
GAPDH forward
GAPDH reverse

5’-GCCTAGCACCATTTGAAATCG -3’
5’-GTGCAGGGTCCGAGGT -3’

5’- CTCGCTTCGGCAGCACA-3’

5’- AACGCTTCACGAATTTGCGT-3’
5’-GGACTTTCTTCATTCACACCG -3’
5’- GACCACTGAGGTTAGGCCA-3’

5’- ACCTGACCTGCCGTCTAGAA -3
5’- TCCACCACCCTGTTGCTGTA-3’

U6: small nuclear RNA, snRNA; CDKG6: cyclin dependent kinase 6; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.
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Western Blots

The total proteins were extracted by lysing
cells with the radioimmunoprecipitation assay
(RIPA) buffer which contained protease and phos-
phatase inhibitors (Beyotime, Shanghai, China).
The protein concentrations were measured with
a bicinchoninic acid protein (BCA) assay kit
(Thermo Fisher Scientific, Inc., Waltham, MA,
USA). After the separation with Sodium Do-
decyl Sulphate-Polyacrylamide Gel Electropho-
resis (SDS-PAGE), the proteins were then trans-
ferred onto the polyvinylidene difluoride (PVDF)
membrane (Millipore, Billerica, MA, USA). The
PVDF was pre-incubated in Tris-Buffered Saline
and Tween (TBST) with 5% of skimmed milk
for 2 h at room temperature, followed by incu-
bation with the appropriate antibody overnight
at 4°C. Then, it was incubated with Anti-Rabbit
IgG (1:4000; ab191866; Abcam, Cambridge, MA,
USA) for 2 h. The enhanced chemiluminescence
reagent (Thermo Scientific, Waltham, MA, USA)
was applied to observe the results of the anti-
gen-antibody complex on PVDF. The primary
anti-bodies were as follows: anti-CDK®6 (1:10000;
ab222395; Abcam, Cambridge, MA, USA); an-
ti-GAPDH (1:500; ab181603; Abcam, Cambridge,
MA, USA). Protein levels were measured by
an enhanced chemiluminescent detection system
(Beyotime, Shanghai, China). GAPDH was an
internal reference.

Transwell Assays

The invasion and migration abilities of the
treated GC cells were assessed by transwell as-
says using transwell chambers (Corning, Corn-
ing, NY, USA) with or without Matrigel (Clon-
tech, CA, USA) coated. Firstly, GC cells with
different transfections were seeded into the top
chambers in the serum-free medium. In the
meantime, the medium containing 10% of FBS
was added into the bottom chambers. Having
been cultivated for 48 h, cells stayed on the top
chambers were removed carefully with cotton
swabs, while the invasive cells on the bottom
chamber were subsequently fixed and stained,
respectively with formaldehyde (4%) and crys-
tal violet (0.1%). The difference between the
migration assay and the invasion assay was that
the transwell chambers were not coated with
Matrigel. An inverted microscope (Olympus,
Tokyo, Japan) was used to measure and count
the invasive and migratory cells in five random-
ly selected fields.
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Luciferase Reporter Assay

The amplified wild-type (WT) or mutant
(MUT) CDK6-3’-UTR was synthesized chemi-
cally and respectively cloned into the pGL3 lu-
ciferase vectors (Promega, Madison, WI, USA).
Then, the GC cells were seeded in 96-well plates
and co-transfected with CDK6-3’UTR-WT or
CDK6-3’UTR-MUT together with miR-29¢ mim-
ics. Subsequently, the Dual Luciferase Reporter
Assay kit (Promega, Madison, WI, USA) was
used to detect the relative luciferase activities 48
h after the transfections.

Statistical Analysis

All the above experiments were conducted at
least three times. All the data were shown as the
mean + SD (standard deviation). The GraphPad
Prism 6 (GraphPad Software, Inc., La Jolla, CA,
USA) together with the Statistical Product and
Service Solutions (SPSS) 18.0 version (SPSS Inc.
Chicago, 1L, USA) were applied to assess the
statistical analysis. The Student’s ¢-test was used
to determine the statistically significant differ-
ences, p<0.05 was considered to be statistically
significant.

Results

MiR-29c was Down-Regulated and
CDK6 was Up-Regulated in GC

We measured the expressions of CDK6 and
miR-29¢ in GC tissues and the corresponding
normal tissues using qRT-PCR. Results showed
that the miR-29¢ expressions in GC tissues were
decreased significantly when compared to the
corresponding normal tissues (Figure 1A). In the
meantime, we also measured the miR-29¢ expres-
sion in GC cells. It was found that, compared to
the normal gastric epithelial cell GES-1, the GC
cell line AGS presented a significant lower miR-
29c expression (Figure 1B). We next detected the
mRNA expression level of CDK6 in GC. The
results inversely revealed that the CDK6 mRNA
expression in the GC cell line AGS was markedly
up-regulated in contrast with that in normal gas-
tric epithelial cell GES-1 (Figure 1C). Addition-
ally, we further explored the relationship between
CDK6 and miR-29¢ expressions in GC tissues
to fully understand the underlying mechanisms.
The results showed that miR-29¢ expressions
were negatively correlated with CDK6 expres-
sions in GC (Figure 1D).
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Figure 1. MiR-29¢c expression was decreased and CDK6 expression was increased in GC. A, The qRT-PCR analysis was
applied to detect the miR-29¢ expressions in GC tissues (n=54) and matched normal tissues (n=54) (**p<0.01). B, The miR-29¢
expressions in GC cells were determined using qRT-PCR (*p<0.05). C, The CDKG6 expression in GC cells was measured using
the qRT-PCR (**p<0.01). D, Correlation between miR-29¢ and CDK6 expressions in GC tissues were analyzed.

MiR-29c Repressed GC Cell Migration
and Invasion

We next investigated the functions of miR-29¢
in GC invasion and migration by performing
transwell assays. Firstly, we transfected miR-
29c¢ mimics or inhibitor into GC cell lines to
induce or inhibit the miR-29¢ expressions. Then,
gqRT-PCR was conducted to verify the transfec-
tion efficiencies (Figure 2A). Subsequently, we
performed transwell assays to determine the
invasion and migration capacities of GC cell
line AGS which were transfected with miR-
29c mimics or inhibitor. As shown in Figure
2B, the miR-29¢ over-expression significantly
suppressed while the miR-29¢ down-regulation
prominently enhanced cell invasion ability when
compared to the control group. Furthermore,
we examined the migration capacity of AGS

cells which were treated with different trans-
fections. It was found that the migration abil-
ity of miR-29c-overexpressed AGS cells was
significantly inhibited when the migration of
the miR-29c-inhibited AGS cells was markedly
promoted (Figure 2C and 2D).

MiR-29c Inversely Modulated the
CDK6 Expressions via Directly
Targeting its 3'UTR

Bioinformatics analysis by TargetScan indi-
cated that CDK6 was a functional target of miR-
29c. The target sequences of miR-29¢ in CDK6
3’UTR or the mutant sequences were inserted
into the luciferase reporter vectors (Figure 3A).
Subsequently, the luciferase reporter assay was
carried out to confirm whether CDK6 was a



H. Jiang, Z.-N. Liu, X.-H. Cheng, Y.-F. Zhang, X. Dai, G.-M. Bao, L.-B. Zhou

A AGs B AGS C AGS
3 2.5+ P 150 150~
& [ - 4
£ 20 g 2 o
- £ £
1] 5 1004 S 1004
S 1.5 = = i
] ] ©
2 05 g 5
o = =
% 5.0 0
R’ ) \é\o" ) &n\@‘ ] \é\o"’ ) ;é“é
& & & &
of o o o
& 2 & 2
& & & N
D miR-29c inhibitor
- —— ™
.W, ? -’;‘s : ol
B zi.ﬁwl 1
AGS o e 4 5
f’ B O :' & PE
Invasion X *4 Sy b -t
o X L%
L Ry », .‘/ ” -
MR~ Lol S &
LA N e D
E miR-29c¢ inhibitor
B D A
:_' . .b, ’V é“"h’;ﬁ\_
w3 BORINE A
AGS .l&*{ A
SRS Tl i X
Migration SIS 1 #

Figure 2. MiR-29c inhibited GC cell invasion and migration. A, The miR-29¢ expressions in GC cells transfected with miR-
29¢ mimics or inhibitor were detected using the qRT-PCR (**p<0.01). B, The invasion cell numbers of GC cells were counted
(*p<0.05, **p<0.01). C, The migration cell numbers of GC cells were counted (*p<0.05, **p<0.01). D, Cell invasion was
observed by the transwell assay in transfected GC cells (magnification: 40%). E, The transwell assays were conducted to detect

cell migration in transfected GC cells (magnification: 40x).

direct target of miR-29c. The results revealed
that the AGS cells with transfections of miR-29¢
mimics significantly reduced the luciferase activ-
ity of CDK6-3’-UTR-WT; on the other hand, the
luciferase activity of CDK6-3’-UTR-MUT was
not notably affected by the miR-29¢ mimics (Fig-
ure 3B), suggesting that the interaction between
CDK6 and miR-29¢ was specific. Moreover, we
next examined the effects of miR-29¢ on the mR-
NA expressions and protein expressions of CDK6
using qRT-PCR and Western blots. Data demon-
strated that the miR-29¢ over-expression in the
AGS cells resulted in depressed CDK6 mRNA
and protein expressions; on the contrary, the miR-
29c¢ down-regulation contributed to an increase
in CDK6 mRNA and protein expressions (Figure
3C and 3D).

Knockdown of CDK6 Reversed the
MiR-29c-Mediated Inhibitory Effects on
GC Cell Invasion and Migration

To further determine the synergistic func-
tions between miR-29¢ and CDK6 in GC cell
invasion and migration, the rescue experiments
were performed by co-transfecting with the miR-
29c¢ inhibitor and CDK6 siRNA into AGS cells.
gRT-PCR and Western blots results showed that,
compared to the cells with transfection of miR-
29c¢ inhibitor, CDK6 siRNA was sufficient to in-
hibit CDK6 mRNA and protein expressions in the
AGS cells co-transfected with the CDK6 siRNA
and miR-29c inhibitor (Figure 4A and 4B). Subse-
quently, transwell assays were used to determine
the functions of CDK6 siRNA in the GC cell
invasion and migration. The results indicated that
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Figure 3. MiR-29c regulated CDK6 expression via directly binding its 3°-UTR. A, The binding sequences of miR-29¢ in the
CDKG6 3’-UTR were shown. B, The luciferase reporter gene assay was carried out to show the correlation between miR-29¢ and
CDKG6 (¥*p<0.01). C, The qRT-PCR analysis was used to determine the regulatory functions of miR-29¢ in the CDK6 mRNA
levels in GC cells (**p<0.01). D, Western blots were performed to detect the CDK6 expressions in GC cells with different

transfections.

cell migration and invasion were promoted when
the miR-29¢ inhibitor was transfected into AGS
cells; however, the invasion and migration were
both partially reversed by co-transfecting with
miR-29c¢ inhibitor and CDK6 siRNA. Thus, these
results suggested that CDK6 was implicated in
miR-29c-mediated suppression functions in GC
cell invasion and migration (Figure 4C and 4D).

Discussion

As one common malignancy globally, GC re-
mains a huge burden and serious threat for human
health'®. Recently, although remarkable progress
has been made in GC diagnosis and treatment,
the recurrence and metastasis make the progno-
sis of patients with GC still dismal'®?°, In recent
years, a number of studies have shown that GC is
a kind of multi-stage processes caused by the ac-
cumulation of epigenetic and genetic alterations,
especially the aberrant expressions of miRNAs?'.

Therefore, accurate determinations of miRNA
expressions in cancer tissue are important param-
eters to understand the key functions of miRNAs
in various biological processes, including devel-
opment, apoptosis, metastasis, and differentia-
tion?2. Hence, the tumor-related miRNAs have
been studied to fully understand GC carcinoge-
nicity and explore new biomarkers.

MiRNAs exert important functions in the reg-
ulation of GC pathogeny and progression®. A
large amount of studies have revealed that differ-
ent types of miRNAs, which participate in GC
carcinogenesis, alter the expression profile in GC.
For example, Tang et al** revealed that miR-182,
through targeting zinc finger, ANI-type domain
4 (ZFANDA4, also known as ANUBLI), inhibited
GC proliferation and miR-107 could promote cell
proliferation in GC via targeting cyclin-depen-
dent kinase 8%%; in addition, Rao et al? indicated
that miR-122 inhibited the GC cell invasion and
proliferation through targeting cAMP responsive
element binding protein 1 (CREBI). In the current
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Figure 4. Knockdown of CDK6 abrogated the inhibition function mediated by miR-29¢ in GC cell invasion and migration. A-B,
The mRNA or protein expression level of CDK6 was measured by qRT-PCR or Western blots in GC cells which were co-transfected
with the CDK6 siRNA and miR-29¢ inhibitor (*p<0.05). C-D, Transwell assays were conducted to detect migration and invasion
ability in GC cells co-transfected with CDK6 siRNA and miR-29¢ inhibitor (*p<0.05, **p<0.01) (magnification: 40x).

study, miR-29¢c was shown to be down-regulated
in GC and miR-29c¢ over-expression could inhibit
the GC cell invasion and migration, suggesting
that miR-29¢ functioned as a tumor suppressor in
GC. These results supported the findings of the
previous researches?”28,

In the current research, CDK6 was identified
as a new functional target of miR-29c. CDK6
belongs to the family of serine-threonine kinas-
es?, the activation of which could facilitate cell
cycle*®. CDK6 has been regularly reported to
be over-expressed in various cancers, including
hepatocellular carcinoma®, non-small cell lung
cancer’?, and osteosarcoma®®. In line with this
evidence, our data showed an increased expres-
sion level of CDK6 in GC, which was negatively
correlated with miR-29¢c expressions. Western
blots and the luciferase reporter assays were also
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conducted in the experiments of GC cells. The re-
sults also demonstrated that the CDK6 down-reg-
ulation could restore the miR-29¢ effects in GC
cells.

Conclusions

MiR-29¢ expressions were reduced in GC
tissues and cells. MiR-29¢ over-expression ef-
fectively suppressed GC cell invasion and mi-
gration. Moreover, CDK6 was identified as a
direct functional target of miR-29¢ in GC. The
current work provides new insights into the GC
development and suggests that the miR-29c¢/
CDK6 axis may be a therapeutic candidate tar-
get for GC patients.



MiR-29c suppresses cell invasion and migration by directly targeting CDK6 in gastric carcinoma

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

Acknowledgements
The study was granted by the Anhui Medical University
School Fund (No. 2017xkj033).

1)

5)

6)

7)

10)

11)

References

Ren J, Lw J, Sur X. Correlation of COX-2 and
MMP-13 expressions with gastric cancer and
their effects on prognosis. J BUON 2018; 23:
665-671.

MaJeep W, IFTIKHAR A, KHALIQ T, AstAM B, MUZzAFFAR
H, Atta K, MaHmoop A, Waris S. Gastric carcino-
ma: recent trends in diagnostic biomarkers and
molecular targeted therapies. Asian Pac J Can-
cer Prev 2016; 17: 3053-3060.

Kostakis ID, AcGrociANNis G, Vaiopouros AG, My-
LONA E, Patsouris E, Kourakus G, KoursiLERS M.
KISS1 and KISS1R expression in gastric cancer.
J BUON 2018; 23: 79-84.

Xie H, Lu Q, WanG H, ZHu X, Guan Z. Effects of pro-
biotics combined with enteral nutrition on immune
function and inflammatory response in postoper-
ative patients with gastric cancer. J BUON 2018;
23: 678-683.

Cortes-SEmPere M, IBANEZ DCI. MicroRNAs as nov-
el epigenetic biomarkers for human cancer. Clin
Transl Oncol 2011; 13: 357-362.

VouiniA S, CALN GA, Liu CG, Awmss S, Cimmino A, PeT-
roccA F, VisoNE R, lorio M, Rotbo C, FErRraciN M,
PrRUEITT RL, YANAIHARA N, LANZA G, ScArRPA A, VECCHI-
oNE A, NeGriINt M, Harris CC, Croce CM. A microR-
NA expression signature of human solid tumors
defines cancer gene targets. Proc Natl Acad Sci
U S A 2006; 103: 2257-2261.

Li D, SHAN W, FanG Y, WanG P, L1 J. MiR-137 acts as
a tumor suppressor via inhibiting CXCL12 in hu-
man glioblastoma. Oncotarget 2017; 8: 101262-
101270.

Sun X, Liu S, CHEN P, Fu D, Hou Y, Hu J, Liu Z, JIANG
Y, Cao X, CHENG C, CHEN X, TAO Y, LIC, Hu Y, Liu Z,
ZHAN Y, Mao J, WaANG Q, MA'Y, ConG X, SUN R, SHI
Y, WaNnG M, ZHanGg X. MiR-449a inhibits colorectal
cancer progression by targeting SATB2. Oncotar-
get 2017; 8: 100975-100988.

GonzALEz-DUARTE  RJ, Chzares-Oroofez  V, Avi-
LA-CHAvEz E. The microRNA biogenesis machin-
ery: regulation by steroid hormones and alter-
ations in cancer. Rev Invest Clin 2014; 66: 460-
464.

WanG L, Wu J, Xie C. MiR-92a promotes hepato-
cellular carcinoma cells proliferation and invasion
by FOXA2 targeting. Iran J Basic Med Sci 2017;
20: 783-790.

WaN YL, Dal HJ, Liu W, Ma HT. MiR-767-3p inhib-
its growth and migration of lung adenocarcinoma

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

cells by regulating CLDN18. Oncol Res 2018; 26:
637-644.

TanGg W, LiJ, Liu H, Zrnou F, Liu M. MiR-106a pro-
motes tumor growth, migration, and invasion by
targeting BCL2L11 in human endometrial ade-
nocarcinoma. Am J Transl Res 2017; 9: 4984-
4998.

WeinsTein B, Joe AK. Mechanisms of disease: on-
cogene addiction--a rationale for molecular tar-
geting in cancer therapy. Nat Clin Pract Oncol
2006; 3: 448-457.

MaLumBres M, HArRLow E, HUNT T, HUNTER T, LAHTI JM,
MANNING G, MorGgaN DO, Tsal LH, WoLcemutH DJ.
Cyclin-dependent kinases: a family portrait. Nat
Cell Biol 2009; 11: 1275-1276.

Marumeres M, Bareacio M. Cell cycle, CDKs and
cancer: a changing paradigm. Nat Rev Cancer
2009; 9: 153-166.

Wu J, Qian J, Li C, Kwok L, CHENG F, Liu P, PErbomo
C, Kotton D, VAziri C, ANDERLIND C, SPIRA A, CARDO-
so WV, Lo J. MiR-129 regulates cell proliferation
by downregulating Cdk6 expression. Cell Cycle
2010; 9: 1809-1818.

WANG L, SHAO J, ZHANG X, Xu M, ZHao J. MicroR-
NA-377 suppresses the proliferation of human
osteosarcoma MG-63 cells by targeting CDK6.
Tumour Biol 2015; 36: 3911-3917.

Lee SH, Jung YD, CHor YS, Lee YM. Targeting of
RUNXS by miR-130a and miR-495 cooperatively
increases cell proliferation and tumor angiogen-
esis in gastric cancer cells. Oncotarget 2015; 6:
33269-33278.

KADAR Z, JUNG |, ORLOWSKA J, SZENTIRMAY Z, SUGIMU-
RA H, TurDeaN S, Simona G. Geographic particular-
ities in incidence and etiopathogenesis of spo-
radic gastric cancer. Pol J Pathol 2015; 66: 254-
259.

Liu L, Cao L, Gong B, Yu J. Novel biomarkers for
the identification and targeted therapy of gastric
cancer. Expert Rev Gastroenterol Hepatol 2015;
9: 1217-1226.

Katona BW, Rustal AK. Gastric cancer genomics:
advances and future directions. Cell Mol Gastro-
enterol Hepatol 2017; 3: 211-217.

TemBe V, ScHrRAMM SJ, STARK MS, PATRICK E, JAYASWAL
V, TanG YH, BarBour A, HarwarD NK, THompson JF,
Scowyer RA, Yang YH, Mann GJ. MicroRNA and
mRNA expression profiling in metastatic melano-
ma reveal associations with BRAF mutation and
patient prognosis. Pigment Cell Melanoma Res
2015; 28: 254-266.

DEeHGHANZADEH R, JADIDI-NIARAGH F, GHARIBI T, YOUSE-
Fi M. MicroRNA-induced drug resistance in gas-
tric cancer. Biomed Pharmacother 2015; 74: 191-
199.

TANG L, CHEN F, PaNG EJ, ZHANG ZQ, JiIN BW, DonNG
WF. MicroRNA-182 inhibits proliferation through
targeting oncogenic ANUBL1 in gastric cancer.
Oncol Rep 2015; 33: 1707-1716.

SonG YQ, Ma XH, Ma GL, Lin B, Liu C, Deng QJ, Lv
WP. MicroRNA-107 promotes proliferation of gas-



H. Jiang, Z.-N. Liu, X.-H. Cheng, Y.-F. Zhang, X. Dai, G.-M. Bao, L.-B. Zhou

26)

27)

28)

29)

tric cancer cells by targeting cyclin dependent ki-
nase 8. Diagn Pathol 2014; 9: 164.

Rao M, ZHu Y, Znou Y, ConG X, Feng L. MicroR-
NA-122 inhibits proliferation and invasion in gas-
tric cancer by targeting CREB1. Am J Cancer Res
2017; 7: 323-333.

Lu L, BiEN, Wu L, DINng X, Men Y, ZHou W, Li L,
ZHANG W/, SHI' S, SonG Y, WanG L. MicroRNA-29c
functions as a tumor suppressor by targeting
VEGFA in lung adenocarcinoma. Mol Cancer
2017; 16: 50.

Liu M, CHen Y, SonG G, CHEN B, WaNG L, Li X, Kong
X, SHEN Y, Qian L. MicroRNA-29¢ overexpression
inhibits proliferation and promotes apoptosis and
differentiation in P19 embryonal carcinoma cells.
Gene 2016; 576: 304-311.

CHor YJ, Anpers L. Signaling through cyclin D-de-
pendent kinases. Oncogene 2014; 33: 1890-
1903.

7928

30)

31)

32)

33)

MusGrove EA, CaLboN CE, BARRACLOUGH J, STONE
A, SuTHErLAND RL. Cyclin D as a therapeutic tar-
get in cancer. Nat Rev Cancer 2011; 11: 558-
572.

HuanG Z, Su GF, Hu WJ, Bi XX, ZHAnG L, WaN G.
The study on expression of CIAPIN1 interfering
hepatocellular carcinoma cell proliferation and its
mechanisms. Eur Rev Med Pharmacol Sci 2017;
21: 3054-3060.

CHen C, ZHANG Z, Li J, Sun Y. SNHGS is identified
as a key regulator in non-small-cell lung cancer
progression sponging to miR-542-3p by target-
ing CCND1/CDK6. Onco Targets Ther 2018; 11:
6081-6090.

ZHu K, Liu L, ZHANG J, WANG Y, LIANG H, FAN G, JIANG
Z, ZHANG CY, CHEN X, ZHou G. MiR-29b suppress-
es the proliferation and migration of osteosarco-
ma cells by targeting CDK6. Protein Cell 2016; 7:
434-444.



