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GTP 454 RAS £ 3 ( DIRAS3 ) AAEJE miR-105-5p AYMEFHH & 2L B MRS 525 W R, miR-105-5p
AENL T M P DIRAS3-3'UTR (U286 R BT ; Western blot f/s, 55U miR-105-5p #L18 19 BGC-823
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Abstract Objective: To investigate the expression, clinical significance and biological function of miR-105-5p in gastric
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cancer (GC), as well as its potential action mechanism.

Methods: The expressions of miR-105-5p in GC and tumor adjacent tissues as well as in different GC cell
lines (MGC 803, MKN 1, SGC 7901, BGC 823 and AGS) and normal gastric mucosal cell line (GES-1) were
determined by real-time PCR. The relations of miR-105-Sp expression with the clinicopathologic features and
prognosis of GC patients were analyzed. The effects of miR-105-5p on migration, invasion and proliferation of GC
cells were examined by Transwell migration and invasion assay and MTT assay, respectively. The potential target
gene for miR-105-5p was predicted by using Bioinformatics tools, and then, the correlation between miR-105-5p
and its target gene was verified by Luciferase reporter assay and Western blot, respectively.

Results: The expression of miR-105-5p in GC tissues was significantly higher than that in tumor adjacent tissue,
and in each studied GC cell line was significantly higher than that in normal gastric mucosal cell line (all P<0.05).
The expression of miR-105-5Sp was significantly associated with tumor size (P=0.020) and distant metastasis
(P=0.004); the overall survival rate in GC patients with low miR-105-Sp expression was significantly higher
than that in GC patients with high miR-105-Sp expression (P=0.001 8). The BGC-823 cells with a relatively
low miR-105-5p expression and the MKN 1 cells with a relatively high miR-105-Sp expression were transfected
with miR-105-Sp mimics and miR-105-Sp inhibitors respectively, and the results after transfection showed that
the migration, invasion and proliferative abilities in BGC-823 cells were significantly increased, while were
significantly decreased in MKN 1 cells (all P<0.05). Bioinformatics analysis suggested that DIRAS family
GTPase 3 (DIRAS3) was possibly be the target of miR-105-5p; luciferase reporter assay indicated that the
luciferase activity of DIRAS3-3-UTR was negatively regulated by miR-105-5p; Western blot demonstrated
that the DIRAS3 expression was significantly down-regulated in BGC-823 after transfection with miR-105-
Sp mimics, and was significantly up-regulated in MKN 1 cells after transfection with miR-105-5p inhibitors
(both P<0.05).

Conclusion: The expression of miR-105-Sp is elevated in GC, promotes migration, which can enhance the
migration, invasion and proliferative abilities of GC cells probably through targeting DIRAS3, and thereby
promote the occurrence and development of GC.

Stomach Neoplasms; MicroRNAs; GTP-Binding RAS-Like 3; Neoplasm Invasiveness; Prognosis

CLC number: R735.2

B J (gastric cancer, GC) &t Fi# W
M bR 2 — B R R R R AE R
P B E AT B e U B R GC
A2 W T AT s, JF AR b i i ml
WMELEEER, NI T2 Ge MG T =Y. |
B GC MBI R AR R F AR YRR, A T4
Kk GCWMBIHKFELH THREGE, HEREMN
SR TS AT IR R 28 AR P70 R I R A I R
AR GC IR I & H AT 5 o VI AT 45 22—
i geg 0 1) 36 9 O H TR R Ok K A S — T
VE R Horh #5808 2 — 193/ RNA (microRNA,
miRNA ) & — 2y P U5 3 R 4 1 1 K 8 29y 18~
25 MEARIT A0 /Ny T RNA, HAE o i & 2E
RSP EEELZNMAE ", miRNA F 225
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1.1 ALRERA

Wi £ I i 62 Xt GG 2H 2RI R Y 98 55 4 4L
FrAs, FrAFRASIR A 2009 451 H 1 H—2012 4
12 7 31 HAE VG238 K55 — Mg BB 4% 32 TR
BITHARFEHRBEZEHIZH GC EBH 62 fi, H
5 43 ), 19 il AEEE 24~78 B, h AR IR
59 % A B ORET Y R T . AT A A
WEBGIT o A R4S 00 i 20 U S 24 S RO AT
TRANEZBHEE (40 g/L) . XMARJG 62 4
A IEATHE YT, BEVIET R 3~60 N . ASHFSE IK1S
VG 48 58 30 K 2 55 — I B e 40 B 23 B 4 A AL U
JF HARAS 8 S )
1.2 FEXF

TRIzol i 7 # g W& & (Lipofectamine™
2000 ) ¥4 A Invitrogen 2>l . JE4 MW (FBS)
I H Gibco 2% #l; DMEM IJ F ThermoFisher
Scientific 2% #l; miRNA 300 % 3 ik 7 & (All-
in-One™ miRNA First-Strand ¢DNA Synthesis
Kit) . miRNA qPCR i #| & (All-in-One™
miRNA qPCR Kit) . miR-105-5p 3 ¥E514 (7
‘F. HmiRQP0025) . miRNA § % U6 5| ¥ ( 1%
S HmiRQP9001) . miR-105-5p Bl (525 .
HmiR0408-MR04 ) . miR-105-5p #i#l# (%5 .
HmiR-AN0024-AMO02 ) ¥l H Genecopoeia 23 7] ;
Transwell /N & lJ B Becton Dickinson Labware 23
Al Matrigel JEBUIZIA A BD 22 Fl 5 MTT 305 & 18
B VLI LA W R AT BR A 7l 5 RIPA 24
(58 W B V2R AR A RS ¥ s BCA &
1 R & A 3 S KA AR AT R
Hbt N DIRAS3 Z 3 FEHUIR I H Abcam 23] ; /)
AT B -actin H5d BEHUA N F XU L4844 T
A RAFR; ECL 2RI A Milipore 24 A .
1.3 LWHIE
1.83.1 @b id NEWEFHKLEMN
Ml (GES-1) 5 H 4 48 it & (MGC-803, MKN-
1, SGC-7901, BGC-823 fil AGS) #0y H o B B
U AW AR 5 A A ) 2R AR . 4 MBS R
4% 100 mL/L i 4 13 /9 DMEM 35 3% W, 1H iR
BRI N 5% CO,. 37 C. Y5 R
Lipofectamine™ 2000 i 5 1d 91 45 I 19 25 3R 147 .
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TR R e A M B R T 6 FLAR PO R 5 A A0 i
G N 50%~T0%, 55 YT 24 h, B IEF 10 E 5 45
TR 100 mL/L I 4= 17 9 DMEM K5 32, %%
Lt , ¥ 100 nmol miR-105-5p A4 4 5 100 nmol
B3 P XF B8 ( miR-control), LI & 100 nmol miR-
105-5p M #1475 100 nmol M XF M (anti-miR )

F Lipofectamine™ 2000 4 B #EAT 6 4%, FHJC AT
100 mL/L JIf 4= L35 /9 DMEM 55 32 W 4k 221535 8 h
Jo 4 BOE B R R R EAT R 3R, R SR Y ORI K
FHC I RESZ B AE 55 U 48 h J WSO H 2 M k47

1.3.2 real-time PCR % 3 W ] TRIzol ik 7 #%
R U8B 45 1 B 20 B 4 BOCZH SR 40 i FP A0 2 RNA,

JF R s AR E 5635 ( Thermo Nanodrop
1000 ) 52 RNA A e B fiali i o 3 5% S 46 2 )
% M miRNA 08 5% 500 & (All-in-One™ miRNA
First-Strand ¢cDNA Synthesis Kit ) 39 5% 55 35
£ ( RevertAid First Strand ¢DNA Synthesis Kit )

VL ERA RS . MiRNA real-time PCR % JI#
miRNA qPCR ( All-in-One™ miRNA qPCR Kit) i
R E VL L BIETT, LLU6 HINS . 455
N 2748 i, phr A R 3R

1.3.3 Transwell i # fo 42 & 5 6
B8 S0 I AN B (R AR SE IR I, etk 1:6 B R
e Bl 50 me/L B9 Matrigel B H B 5 32145 T 1
FEANEIRE . KR B, EE. 7E
Transwell FJZ2/NEHIIA 600 puL & 100 mL/L A&
A LT Y S8 A RE IR, RS 2 4N B 200 plL (4
JIE R 2% 10°) ST Transwell /N b3, A0
HA 3, 24 h U /NE, B S PBS I IR
ANE YR 3K, SR T R R /N & B LI )2 Y
Matrigel 58 M 4 L2 525004, #2486 H 40 o/L 2R
H WS [ 20 min, A1 o/L M5 S48 444 10 min,

F PBS ¥ W Uk J5 R N = B TR S WU T R AT
LT RL, B REARBEALEER 5 AL ST B0
RIS, LLUL T4 4 i i 1= 78 1 Fe e

1.8.4 MTT %% WrHEHG 24 h J5 0% 4 400,

R R A B B R MR B, A M R R & 96 FLAR,
i 15 5 FL 40 I B R 3 x 107, 4% 41 4 A 43
3ANE AL, dkEdEIR. S0 TR 24, 48, 72 h
JaFEER IR, HFLIMA 50 pL¥RE R 5 o/L )
IR DR M (MTT) JG4kSEE 4 h e, &
LA 200 pL —H WA (DMSO ) #EfT4 1k,

Transwell if
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SR N FE R W BFFR AL ( SpectraMax 190, FEA4>
TALZR T ) MAE 490 nm Kb AW BE - BEFT 4047
1.3.5 @& G It % Western blot 55 4
Yy 48 hJi, FH RIPA 24 i 4h 45 40 i B3
F BCA ¥ ¥t 17 8 M % & . Western blot 52 58 B,
T K R A R 4 30 pe/ FLEBEJS AT SDS-
PAGE HLIK, SR)5 IR B4 % PVDF B I,
FH 5% WA= L] 2.0 h 5, AR B DIRAS3
oK (1:1000) = # B-actin B A& (1:1000) ,
4 CHENK. WHBGHEE, EZEPBFF 30 min,
FH TBST ¥ (TBS, 1 mL/L Tween-20) M 3 7k,
10 min/ K, ¥EEFRR B —Pi; 550100 HRP #rid
AP S st/ B B (1:5 000) , FIEMEE 2 h,
TBST( TBS, 1 mL/L Tween-20 ¥ 3 ¥, 10 min/ ¥X,
VERBRARN PR ERE = M ECL &R
1.8.6 #EEE@IREEH  &iHA DIRAS3-3'-
UTR By BFLE 77 50 RS 28 J5 91 0F AT 47 1, K431
B F B 2 9 %5 N pMIR-reporter ™ A miRNA % ik
# & (Applied Biosystems ) , 4 H B % 3R 5950
F 0 AR A AT Y EE A PR 4 0 5 miR-
105-5p 4L 5 miR-105-5p #1047 3 7] 5% 4 &
203T #M A, 72 h JFURAEAM AL, ™% 4% I8 Luciferase

34 P<0.001
1 o
7"5! l.f. K1
.HJ,)\& 2 .I.I.. ..l.l.
= —ti
E I...;ll
& 0ga 000 o
b PRRT, e '
Vs o0 o
S 1 S et ©
E:I_ ®00qq000°°
&
0

WSS (n=62)  GC 418 (n=62)

B 1 real-time PCR #:illl miR-105-5p £ GC HZRFnE=A
AR

Figure 1 The expressions of miR-105-5p in GC tissues and

adjacent non-tumor tissues measured by real-time
PCR

2.2 miR-105-5p £ix 5 GC i [k 7% I FE & & Tl
BRIX%H
M miR-105-5p 7E GC 4141 i1y rp i 6 35 7K
T, 624 GC B FE B/ NP4l : miR-105-5p /= %
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Reporter Gene Assay Kit Ui BHEAESCR, 5T
KA EASRG I 2 K AR B 9 A
1.4 it arE

I SPSS 20.0 FEGu T A BRI, I ERERE
BEUAIR = bRifE2E (x+s) RoR, MG
TSR R T 22001 . t KL% . Pearson x * K
%y . Kaplan-Meier % . Spearman AH O P K 08 5
H Graphpad Prism 6 X Adobe PhotoShop CS6 5% %K
PRt ATRIRM 20 . P<0.05 HZEFAGITHE X .

2 # =

2.1 miR-105-5p £ GC AR M b R EE R

5, W A real-time PCR Kl 62 %} GC 41
21 F X} B i 55 40 21 TP miR-105-5p ) 3 35 K
Ko, ZERFEW, miR-105-5p 78 GC 20 41 4 X %
KK m TR 4140 (2.151£0.050) s
(1.129+0.02) , P<0.001] ( B 1) . L4k, 5Fb
GC 41 M % (MGC-803, MKN-1, SGC-7901,
BGC-823 fl AGS) ' (J miR-105-5p [ 3 ik K F
BB e T AERBREEEAME (GES-1) (1
P<0.001) (Kl 2) .

P<0.001

miR-105-5p A% Feik i

GSSABGC"%’L% P”G:GC:I ()QNX\GQ—%&’ N\\Qﬁ‘x

B 2 realtime PCR#ill GC M 72 51EE B FIEE 4+
&Y miR-105-5p HIF %L
Figure 2 The expressions of miR-105-5Sp in GC cell lines and
normal gastric mucosal cell line detected by real-time
PCR

KA (n=31) Fl miR-105-5p lKFkH (n=31) .
53R W78, miR-105-5p 5 K/ (P=0.020) LA
K kb ek (P=0.004) BB A, W 5ER. M
SAERHMETTH R OCR (¥ P>0.05) (K1) .
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&1 miR-105-5p WRIAKFE GC BE Ia KR IRFFIER)
K& [n=62, n (%) ]
Table 1 The relations of miR-105-5p expression with the

clinicopathologic characteristics of GC patients [n=62,

n(%)]

iy (%)

= 60 25 14 (56.0) 11 (44.0)
PRI

5 43 19 (442) 24 (558)

4 19 12(632) 7(368) |897 0168
JifEE AN (em)

>3 46 27 (58.7) 19 (41.3)

<3 16 4(250) 12 (750) 391 0020
TNM 433

[+ 23 9(39.1) 14 (60.9)

I+IV 39 22 (564) 17 (436) L1728 0.189
MEgEEER

f 41 18 (43.9) 23 (56.1)

I 2l 13(619) 8 (38.1) 1800 0.180
AL EERS

Gl 16 13 (81.3) 3(187)

I 46 18 (30.1) 28 (6oo) 5424 0004

2.3 miR-105-5p X} GC AT MEZN N
¥ miR-105-5p £ 481 ¥, miR-105-5p 41 ]

Y1 4y 5 5 Y« &= BGC-823 Hl MKN-1 40 i, real-

time PCR A 25 5 & /%, miR-105-5p #5540 4 g€

P<0.001

Kaplan-Meier ¥ 73 1 45 £ .78, miR-105-5p
AR 3K B 1 SR A AE B 1 " T miR-105-5p &
Fkm#H (P=0.0018) (K3) .

—L— miR-105-5p F ik (n=31)
miR-105-5p K3k (n=31)
P=0.001 8

3 Kaplan-Meier i% 43 #f miR-105-5p &R ik 7k F 33 GC
BEWERIRM
Figure 3 Influence of miR-105-5p expression on prognosis of

GC patients analyzed by Kaplan-Meier method

i B & I " BGC-823 41 Mg ' miR-105-5p 19 F ik
JK ¥ (P<0.001) , T miR-105-5p ) 1 ¥y fig %
W1 &R 9 MKN-1 44 j ' miR-105-5p /) 3 15 7K
(P<0.001) (K4) .

P<0.001

4 real-time PCR #&ifll miR-105-5p #& M1 E M H¥xt GC 4k miR-105-5p RiXKIF M
Figure 4 Effect of miR-105-5p mimics or inhibitors on miR-105-5p expression in GC cells detected by real-time PCR

Transwell IL# LK 45 B Ws , B T XA,
miR-105-5p BAUY) g% W] W {2 F BGC-823 4 i 2F
HNE R ECH (P<0.01) 5 1% % miR-105-5p
090 J5 B MKN-1 40 i 28 2o /)8 28 JBE A4 55 5 Bt 9l
/B (P<0.01) ( B 5A) . Transwell 13 28 52 46 45

© MR IT F EHFFNHFEIH

WRExR, SXEAMEL, miR-105-5p B4 AE W
W AE i BGC-823 A i 2k /N E B (P<0.01) , Tl
miR-105-5p # %1 9 fig W1 1 90 % MKN-1 40 A 2 i
/NERE (P<0.05) (I 5SB) .
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BGC-823

P<0.001

iR miR-105-5p HL14Y)

MKN-1

miR-105-5p 14

BGC-823
POy miR-105-5p #4214

MKN-1

miR-105-5p 14

5 Transwell 23846 miR-105-5p 3 GC 4T . BEBENMENE A TEEE; B. FELE
Figure S Effect of miR-105-5p on migration and invasion GC cells examined by Transwell assay A: Migration analysis; B: Invasion

analysis
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2.4 miR-105-5p 3 GC M A & 58 B9 2% Mo
MTT 258 7R, 4 miR-105-5p BIfIY 56 gL =
BGC-823 4 fifl 48 h Fl1 72 h J5, 20 a4 58 g 1 B i

XM
I miR-105-5p B4

ok, A% % miR-105-5p M H14% 48 h A1 72 h 5
f9 MKN- 1 41 it 1) 3% 58 B8 ) B W1 R 4 il (11 6) o

X
— I miR-105-5p $0iH14

E6 MTT L3#&M miR-105-5p Fixxt GC LARIIETARE J1H) N0
Figure 6 Effect of miR-105-5p expression on proliferative ability in GC cells examined by MTT

2.5 miR-105-5p WERERE S 47

N A W15 B B microRNALorg (http://
www.microrna.org/microrna/home.do ) .
Targetscan ( http://www.targetscan.org/vert_72)
F1 miRBase ( http://www.mirbase.org ) ¥ il miR-
105-5p By #L LK. W& 7A FT7R, miR-105-5p fig
% 5 DIRAS Z i GTP 45 & RAS K 3 ( DIRAS3)
( DIRAS Family GTPase 3, DIRAS3) f 3' 4k
i 51X (3'-UTR) % &, 42 /8 DIRAS3 1 fiE 0

DIRAS3-3' UTR-WT: 5' -auugluaaaaca[ljU(l}(l}(lL?Ilﬂlﬂlj(l}a-S'
hsa-miR-105-5p: 3' -ugguguccucagAC IIJCGUAAACU-S'

DIRAS3-3' UTR-WUT: 5' -auuguuaaaacaACUCGUAAACa-5' A

% 7 miR-105-5p AY$BE F

miR-105-5p AYHLJE R o 2806 28 B4 4 55 36 s
miR-105-5p fig £t [a] % 15 ¥F 4= % i) DIRAS3-3'-UTR
PO F WA TE PR, X 548 A B DIRAS3-3'-UTR
MR B E MR A m (K 7B) o #E— L%
R, 54 LE, miR-105-5p K84 0] B %
it DTIRAS3 Ay % F1/KF (P<0.001) , 1fif miR-105-
Sp B B FE DIRAS3 9485 7K F ( P<0.001 )
(E8) .

X R
1 miR-105-5p FE4L14)
oy
W miR-105-5p Al

A AEYMEBEEO M B, miR-105-5p R 58 4E 81 DIRAS3 1Y 3 B4 651X (3'UTR)

i (WT: BFERL, MUT: 2874881) 5 B: ZOGEMERE S50 W R, miR-105-5p 8 G ) 7 87 4= B4 1) DIRAS3-3'-UTR
PEEETRIE M, WX ZEAS I DIRAS3-3"-UTR 42656 2 W% 1% A 5

Figure 7 Prediction of the target gene of miR-105-5p

A: Bioinformatics analysis suggesting that miR-105-5p can bind to3” non-coding

region of the wild-type DIRAS3 (WT: wild-type; MUT: mutant); B: Luciferase reporter assay indicating that miR-105-Sp can negatively

regulate the luciferase activity of the wild-type DIRAS3-3-UTR and exerts no effect on the mutant type
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H28 %

BGC-823

%o miR-105-5p B4

BGC-823

1.2+
P<0.001

EL

= 1.0-

S
%

DIRAS3 & XS # ik
o o
-{k (=)}

o
o

—_—

S
=3

Xﬂ:ﬁﬁ miR-los-Sp U A

E 8 miR-105-5p H#BE: [E I

MKN-1

Xt R miR-105-5p 14

DIRAS3 ~ Q
-

MKN-1

6.

P<0.001

o 5 T
3@1

4
£
o 3
2
521
<
=
2 11

0 . .

X HE miR-105-5p #1kI#)

B

A FEUE miR-105-5p B )5, BGC-823 4iiffi DIRAS3 [Z&iA/K - Fi; B: FEY

miR-105-5p M4 )5, MKN-1 4iffiH DIRAS3 (12235 /K -0 & -

Figure 8 Verification of the target gene of miR-105-Sp

A: DIRAS3 expression significantly down-regulated in BGC-823 after transfection

with miR-105-Sp mimics; B: DIRAS3 expression significantly up-regulated in MKN-1 cells after transfection with miR-105-5p inhibitors

Ok 2 PR R W], R RIS miRNA 5
GC 40 M i & A & s vl A 2 ™, filin, GC Hhm
FIkMY miR-371a-3p AEMEIE L ¥ 4 T TOB1 fiE
bR A A A2 28 L TR | 3 E R v R A RE g U
miR-495-3p A% GRP78/mTOR 15 5 i@ /i F
A0 A, N ce py kR N ([EAS
(), AR RS KB miR-105-5p Al fE 545 5 %
g U e g Y DL R A g Y AR 22 O 1 b
MR ZE . A% W . AT 25 W UM DL R iR
e % VA5G . X478 miR-105-5p 7] B85 i
JoE ) R A R RS YRR DG, B T WL A P AE I PR 1
Hrf. {HJ2 H AT miR-105-5p 76 GC il 3k K 1
AE W A

ARWEIEE T T miR-105-5p £ GC W iy £
IRTEBLANIG R B L. 458 7R miR-105-5p 7£ GC 41
SURIAN M h KA B R LR, JFH S M4 R
BGC-823 ik flk, MKN-1 F£ikfkmE, M, &%
LY miR-105-5p 5 M9 R/ o AR B KA R US
WEMG, ERGEREY, miR-105-5p Al §EN GC

© WA )T i [ & F I F 2P H

AR BE R, O H AT REELAT — 2 B DR . FH A0 8 .

J T T miR-105-5p Xt GC 41 g % 1 4= 9 2%
TR, AR T miR-105-5p Fik & 1)
WX GC 4H LA AT RS | R 58 B MG B fE T 5 .
gERL R, 2 GC AL miR-105-5p A9 ik KF ik
BZJE, GC U8, T8 LG aae ki
BEOE . BREE IR R, miR-105-5p 4 GC /Y
PRs LA, ARSI HE GC i B 1R 2% | 1T RS IG5

KB ED], miRNA G650 1 5 F e
LD 3'-UTR &5 G DT 0 6 8 I PRI 1% 38 35 0 & 5
TER M, ARBEgE T, ok A Z R0 A W15 B2 5 m
SE R B R, miR-105-5p fEWS 5 DIRAS3 JE[H (1
3'-UTR %54, B DIRAS3 ¥y miR-105-5p 78 A9 40
FEP . DIRAS3 J K 2 i Y £ 2 ras B K E R —
B, SRR A R R E DI OE ", DIRAS3 7E 7L
JoR i TR R i RN O S S 22 o R b 38 T AR SR 4
FRER S 5 Mg AR, HaggaEd/EH T
Ras/MAP . PI3K/Akt, APK/ERK1/2 %3 i 45 b
RN (228 . ¥ . ROAE AR M | g A B0
EAARFERENE, TR 7 kKB DIRAS3 fER
TR L R RERE A GC A 1R 28 . ks . 1
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FEFN AW, JF HIGREE A RV HRILE S GC &
HH WS RE YA G, Flan, Qiu % i@ i iR Ak
FAR Y S5 X DIRAS3 76 GC 4 Hp (1% 3 98 #IL ) 11
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TTURAE, 455K, miR-105-5p REfE @ i 5
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Rho. PI3K % {7 5 i i DL X ¥ 5 H F FOX03/
FOXO3A 1 TFEB W A% & AL i 57, M2 GC
MM ERS . (RN RIS
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