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T=588: M5 kP, miR-199b-3p 75 B i A LU 8T 0, 102 bt 28R T+ & 25 B BMP i 45 K7 1
(CRIM1) 7E B A L £k 4. H AT miR-199b-3p 75 5 i 410 0 A= B 247 0 B 694 FH ML i oA D A
H 5 CRIML Z [HJE G CHATERE . I, AHFSE R 2 A miR-199b-3p 5 CRIML A7 75 AH HAE I DL X
Xof 5 i 4H 0 21 e 1 52 0

ik K qRT-PCR 5 G2 41 Ak J5 i Kor i B i 4 05 i 55 2 20 miR-199b-3p Al CRIML B3R 36 . DL B ¥
MGC803 2 Ml A BF 58 % 4, ML 8<ad 26 35 miR-199b-3p (miR-199b-3p #4214 ) 5 i {% CRIM1 (si-CRIM1)
5, ANBEIEAERE Ty . RZELTFERE ) LA TR AR A s T AR W E R A T TR TN R AU O R A AR
PRS2 43 M1 miR-199b-3p AT CRIMI A9 HE [ 9E 2R, I Western blot J7 i B 3iF

R (RT-PCRE R E/R, Smssdgitbi, BREALUP miR-199b-3p KB KCFBEAT, 1fif CRIM1 34 fin
(¥1P<0.05); eI fbocs s R Won, CRIMI 7R LU R RE, Emrd 2 RL, I
ik miR-199b-3p 8w Ik CRIML J5 , MGC803 4 i 1Y) 15 58 5 4= 28 AT B RE JT REAIL, P T2 1 (34 P<0.05) .
A WAE B TR ORI R 28 IR 15 3 PH S 56 7R miR-199b-3p 5 CRIMI 77 7E L [7] 3¢ 52 5 Western blot
TR LERERY], G miR-199b-3p B 5, CRIMI FRIKFEML (P<0.05)
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M . 228, TR, IFTUEE A TS, miR-199b-3p/CRIMI 38 F& ] /5 S B 9 16 97 10 79 70 #0 p5 gk—
5T

B MR CRNAs; CRIMI; ZHA5E s Mhii 2

FESES: R735.2

The targeting relationship and function of miR-199b-3p and
CRIM1 in gastric cancer cells

WANG Qinxi, ZHANG Jiong, CHE Kangming

(Department of Surgical Oncology, Tianshui First People's Hospital, Tianshui, Gansu 741000, China)

Abstract

Background and Aims: Studies have shown that miR-199b-3p is downregulated in gastric cancer
tissues, while cysteine-rich transmembrane BMP regulator 1 (CRIM1) is upregulated in these tissues.
However, the role and mechanism of miR-199b-3p in the biological behavior of gastric cancer cells are

still unclear, as is its potential association with CRIMI. Therefore, this study was conducted to
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investigate whether there is an interaction between miR-199b-3p and CRIM1 and how they affect the
function of gastric cancer cells.

Methods: qRT-PCR and immunohistochemistry were used to detect the expression levels of miR-199b-
3p and CRIM1 in gastric cancer tissues and adjacent non-cancerous tissues. Gastric cancer MGC803
cells were used to assess changes in cell proliferation, invasion/migration abilities, and apoptosis rates
after overexpression of miR-199b-3p (using miR-199b-3p mimics) or knockdown of CRIMI1 (using si-
CRIM1). Bioinformatics analysis was used to predict the targeting relationship between miR-199b-3p
and CRIMI1, which was further validated by dual-luciferase reporter assay and confirmed through
Western blot analysis.

Results: The results of qRT-PCR indicated that, compared to adjacent non-cancerous tissues, miR-199b-
3p expression was significantly lower in gastric cancer tissues, while CRIM1 expression was higher
(both P<0.05). Immunohistochemistry results demonstrated positive expression of CRIM1 in cancerous
tissues, while it was negative in non-cancerous tissues. Overexpression of miR-199b-3p or CRIMI
knockdown resulted in decreased proliferation and invasion/migration abilities of MGC803 cells, along
with increased apoptosis rates (all £<0.05). Bioinformatics prediction and dual-luciferase reporter assays
confirmed that CRIMI is a target of miR-199b-3p. Western blot analysis showed that CRIM1 expression
was significantly reduced after transfection with miR-199b-3p mimics (P<0.05).

Conclusion: CRIM1 is a target gene of miR-199b-3p, which can inhibit the proliferation, invasion, and
migration of gastric cancer cells while promoting apoptosis by targeting and regulating CRIM1 activity.
The miR-199b-3p/CRIM1 pathway may serve as a potential therapeutic target for gastric cancer.

Stomach Neoplasms; MicroRNAs; CRIM1; Cell Proliferation; Neoplasm Invasiveness
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T 9 A L ZR MGC803 At I [ b 5t R /- 3 2E W 4
ABRA T ARPFRE TR — KR B R A 2
GaHEEFIF R (S 2023XWE-08912) .
1.2 AFIFLER

fG 4=y (LA TAYRHE A ) s RPMI-
1640 35 75 3 (BUMI BB AE YR A R ) 5 TRIzol 5
RIPA 20 Jitd 24 i i (b o 0 1l e A 0 4 R FR 2
Al s AU TR IR & (R s RAE YR
NF]); Transwell /NE (W RIEFE AW FHEA R
A s IR B AR 2000 (1 R B AR AR A R
Al); BREZNY (LEEFAEYAF); mR-
199b-3p A4 4 5 B X B (miR-NC) . CRIM1 /N1
YL RNA (si-CRIM1) R HCBAPE XTI (si-NC) (R 52
4 W i A Fl ) 5 CRIMI B o B b iR (58 [H Cell
Signaling Technology 7% ®] ) ; GAPDH Fil Ki-67 4T {4
(£ [¥ Santa cruz A\ ) ) o

NanoDrop {{ #% (3£ EFEER KA ; 8 %k
BB (HARRERAR); MR (EEZER L
Al )5 AR AR B S 50 FL UK (35 [E BIO-RAD 24
Al ) BER R G AURAL (TN ) s R
K M Etn R A ARA ) A emdni
BrsE (BRI R FERHE A R A A .
1.3 EWHE
1.3.1 @iy § ML f CRIMI Rk A
WP B R, AT R A B B YUR . 3%
(1 3 Ak R 25 N TR I e AR L Ll A E
T AR R SR A 05 . 5 CRIML B 5 BE SR AE 4 °C
AL E R . WH I BERRZ il ik 3k, H
AW EARIC I PRI F 15 min, F A DAB
Yt 2 mine ARG AR EZ Y 1 min, 2B B
KFHESG, PR RS B K R i BE 2 4 i R
(5 o A 0 EF BE P A B R 1) 4 (<5%, 0435
6%~10%, 14%; 11%~20%, 24%; 21%~50%, 34%;
>50%, 441) FANHLE R (8, 04; 59,
145 ', 2435 5%, 34%) ZRCAZAIZY) A PEME
1.3.2 qRT-PCR # # miR-199b-3p % CRIM1 #4 %
B4 BRI A U B, PR HUSE B R AR RNA L B
J& , i F§ NanoDrop 1 #8% %J $2 B A RNA 3£ 17 5 & i)
E.o. SRJE, i ReverTra Ace qPCR RT & ] & & i,
H 4 DNA . % J5 #£ QuantStudio 6 Flex & 40 b k4T Ak
W92 62 i PCR A . AR S ESI P8 W % 1,
GAPDH #1 snRNA U6 43 51| FH /E mRNA F1 miRNA /) 4
R RE ¥ B IR R R bR AL

x1 5I¥F7)
Table 1 Primer sequences
HH igdl
miR-199b-3p 5'-GTG CGC ATA GCT AGA GCA CC-3'
5'-AGT ACA TGA TTT TGT TGC GTG T-3'
snRNA U6 5'-TTA GGC TAG CCT GTG TTG AGT T-3’
5'-GCG CTC AGT AGT GAT TTG GGT AA-3’
CRIM1 5'-CCA TAG ACA GAC CAG TAC TGA-3'
5'-AGA GAC TCA CAC CAT AGA CAG AA-3'
GAPDH 5'-CCC AGT ACT GAG CAA AGG ACA T-3'
5'-TGC GTG AGA GAG GAG TTC ACA A-3’

1.8.3 @i A H i MGC803 41 fifd 7 RPMI 1640
B e B b B IR L N A s R 2 B SR LIS Y 80%~
90% 1Y % B J5 , B MGC803 21 ity B L 43 >~ U 4 .
miR-NC 2 | miR-199b-3p £ 8L 97 41 . si-NC 41 Al si-
CRIMI £H . 3 53 i 5 1 2000 18 5 k7 5% G A X6} R 1Y
24 h 5, HEHRE IR

1.3.4 MTT &M 2 & 20 MGC803 28 i3 s & &%
ZH MGC803 4 ffu % YL 58 Wi J5 . #4441 MGC803 4 il
PL5 x 10° 1Y % FE R 2] 96 FLl 35 5%, 430 T 12,
24, 48 h G M A MTT iR b 3 4 b, f Ji5 78 B bn A
470 nm 1Y 7T R I G BEAE .

1.3.5 A X @i K& MGC03 @ e A — & K4
B 9 MGC803 4fl Jf % YL 5¢ B J , 1B 1l I 1k )5 ¥
MGC803 4l il % A % A T 1 B 2 £k 2% b i 1y 148
o A B A T N IR 2 V-2 R R B U
Tt DA R Bl AR PR WE R 07 15 min, 85 40 3 80 A 37 =X 40 i
A3 17 I8 1 FlowJo B 53 Bir 240 ML A 7 254 -
1.8.6 Transwell 5 ¥ 5 A7 MGCS803 4w & 12 & %8 A
W g 52 Y R MGC803 41 ift 4% 45 4H 1 x 10° 4 %K
ERFET L2 Transwell =, ZEIRA LTI, HiFF
HEPAREIRA M . &4 5% R4 LT 58 8 77
BRI BN AR AR A E WG R . BEfk 24 b
Ja . TV 4R 2R S bR MGC803 4 i, FF H 1%
Mg fh s e, B FL B T I 9 B 2 i
IEAE I B T AR

1.3.7 4@ o X R 5 3 5 M MGC803 48 fig, it 45 4%
20 5 G 5 UG TR 6 FL 3% 35 LU BY 6 T80 30 45 28 ) 1
2 4B 5E H LT R R MGCSO3 40 i, 7 LB R Ad
JH 200 wL 7% WA 1Y A Sk 4 B 10 30 A7 B 2k PN 240 i Rl
B, SR FE4EL VR () MGC803 2 fitd , T 48 97 fif 1% 5
e, I BIAERIE 24 b5 A BE ORI 40 i G A
B9, AN MR RS R = R PR R - 3 B B 4 i IR B RS/
IR .
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1.3.8 Waestern blot 2 #7 & & & ik K -F UYL 52
A H O MGC803 41 i, RIPA il 71 24 fift 20 Mg
30 min, &0 JF WA B R 6 R e i,
3 3k 2R D TR M R S R UK 3 B A R 43 - i KN
ey E, #RHCE i 8 E D0 5 I 5 2R e — 9
IR RS A JE AT LR o 5% W B RE AR 1 A
JHTBST ZZ whi G U8, RIEH—$isE, 74 CT
W . WH FHTBST 3 ¥ 3 IR& — P Ab BRI, JF
EER TS P E 1 h KR RO E R RER
T4 b 2 & LWL B 1 F A L .

1.3.9 % & & B4R & K B 4 Al miR-199b-3p Fo
CRIM1 8] &5 #e &) 4E A1 @ 1o Targetscan Ak B miR-
199b-3p 5 CRIM1 2 [a] ) 3'-UTR 45 & X 3 . K & FH
T 3'-UTR X 385 51 FRS & B 9 3'-UTR X 35,
J 30 43 590 o e 3] 1 L2 ' 3% T 4T 15 2k DR 4R 4 il
438 CRIM1 BF 4= %0 (CRIM1 WT) F1 CRIM1 %€ 75 B
(CRIM1 MUT) #k & . % 40 BE AL 40 Sy U 41 -
CRIMI WT+miR-NC 41 ., CRIM1 WT+miR-199b-3p &
L% 44 . CRIMI MUT +miR-NC 21 . CRIM1 MUT+
miR-199b-3p B W 4 o M4 43 2H 220K, i FH X g

BRI N s L
A: qRT-PCR i miR-199b-3p 15 CRIM 1 ZEJR 4140 S im a2 42U (038355 B: W%
ALK I CRIM L ZER A2 S A 4Uh i 2R3k (%400)

1 miR-199b-3p 5§ CRIM1 Ri&E#&

Figure 1 Expression analysis of miR-199b-3p and CRIM1

JoT KL AE R T 44 2000 O VE FH T S g AR Y o B g
48 h G AR AH I, IR AT O C R BIE M. Jy U4l
MM, 53555 e miR-199b-3p A 14 Fll miR-NC, 18 i
Western blot SZEE &M CRIM1 19 11, TR 1.3.8,
1.4 SEitFEabE

i 12 SAS 9.3 FAF I R gE it oy M o A B R
KR AN, BIE U « trifE2E (F+s)
Foon o WAL N e R IR R N R Oy 2200, £
2H 2 [] P 9 L 48R FH SNK-q K 36 . P<0.05 19 22 S 77
G EE L,

2 & R

2.1 miR-199b-3p 5 CRIM1 £ B EA LA RIL

qRT-PCRZ5 R 7R, Hmss A g, Himd
241 miR-199b-3p & 35 K F BE K, 1fi CRIM1 34 Jin
(¥ P<0.05) (& 1A) 5 AR b L5 45 R 8o,
CRIM1 7 4 40 B PHME 2 GE 7R 55 4 4L 5 [k
#ik (E1B).

1 > 3
S >
s e L, av¥

A: qRT-PCR analysis of miR-199b-3p and CRIM1 expressions in

cancerous and adjacent non-cancerous tissues; B: Immunohistochemical analysis of CRIM1 expression in cancerous and

adjacent non-cancerous tissues (x400)
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2.2 &HEEMGCS803 AL EE 4 L&

MTT 5255 45 3 n , 5 miR-NC 41 48, miR-
199b-3p HE 481 1y 20 19 MGC803 41 Jit 1) 444 B RE 1 W A%
(P<0.05); 5 si-NC 40 Fe %8, si-CRIM1 41 Y MGC803
21 0 (1% 356 58 RE )1 B IK (P<0.05) o Western blot 52 4

miR-NC 41
—— miR-199b-3p BELIH 41
—h—si-NC 4
—¥—i-CRIM1 41

E2 &ETEMGCS03MmaiEsaEE e

Figure 2 Analysis of proliferative activity in MGC803 gastric cancer cells across different groups

assay; B: Protein expression levels of Ki-67

2.3 £AEEMGC803 MR EMLE:
Transwell 52 5 45 3 8 78, 5 miR-NC 2H b %5,
miR-199b-3p #1147 2H il MGC803 4 Jifd i) 1= 28 fig 11 %

miR-NC 2H miR-199b-3p FfLIHIZH

si-NC2H si-CRIM1 21

ik (P<0.05) . 5 si-NC 41 b #% ,
MGC803 4 it 1Y = 22 RE J1 %A (P<0.05) (&13).

KM, 5 miR-NC 4L LA, miR-199b-3p 404 41 (1)
MGC803 4 i (1 Ki-67 45 1R A FEAL (P<0.05); 5
si-NC 41 H 5%, si-CRIM1 4 () MGC803 4 i 1) Ki-67
FEFRILFEM (P<0.05) (F2),

AR
5 Nl o
GANCT AT e

Ki-67 e o em— —

5
W2
s'vc'“‘

A: MTTSEGZER; B: Ki-67 B RIKF

A: Results of the MTT

si-CRIM1 21 1y

El3 &HABEMGCS03MREZEFERN (x400)

Figure 3 Analysis of invasive activity in MGC803 gastric cancer cells in different groups (x400)

2.4 FKHABREMGC803 AT iEMELLEE
20 i R R R B 45 1 R, 5 miR-NC 41 [ %%,
miR-199b-3p #1149 2H il MGC803 4 Jifd %) 1T 7% fig 11 %

X (P<0.05) ;
MGC803 41 it it i 74 BE J1 FRAIE (P<0.05) (&1 4),

5 si-NC 41 b %, si-CRIM1 41 (%)
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miR-NC 41

miR-199b-3p BLUHI AL

si-NC 4]

24 h

%336
80— P<0.01
1
P<0.01

si-CRIM1 £ —~ 60—
5 e §

H

=

£ 20

E4 FEHEEMGCS03 MPRITERFERN (x200)
Figure 4 Analysis of migratory activity in MGC803 gastric cancer cellsin different groups (x200)

2.5 KATEMGCS03AEAYETIERLE
A MR SE R 25 R R W], 5 miR-NC 41 L
3, miR-199b-3p A5 48141 4H A MGC803 4 Jifd A 7 7= %

miR-NC 2] miR-199b-3p B4 41
2.82% 7.38% ® 0.89% 13.36%
10° o 10° i
] =108 "ﬁ
10' :
10018998 : 0.22% 10018 1.16%
100 10" T0F 10° 10 10° 10" 10° 10° 10*
Annexin-V-FITC Annexin-V-FITC
si-NC 41 si-CRIM1 41
10* 10*
0.40% 5,48%
10 oot
= 102
10" ‘ i ;

1.19% 9
10° 2 10
100 10" 10‘ 10 10° 10 10° 10" 10 103 10*
Annexin-V-FITC Annexin-V-FITC

Bom (P<0.05) . 5 si-NC 4 [ #, si-CRIM1 41 1)
MGC803 21 it A% 98 T- R 34 i (P<0.05) (1&15) .

259 P<0.05
20 —
2\5 P<0.05
%’{_ 15 —
=
= 10—
=
=
5 —
o= Y B Ion Y
ANC Qa%ﬁw 2N orat
b—
s

BE5 ZEBEMGCS03 A E T
Figure 5 Apoptosis analysis of MGC803 gastric cancer cells in different groups

2.6 miR-199b-3p 5 CRIM1 gy%R [ % &7

18 3 Targetscan i Il miR-199b-3p 5 CRIMI 77 7E
gEA X (5 6A) . 5 CRIMI WT+miR-NC 4] H %%,
CRIM1 WT+miR-199b-3p £5 $ 9 21 40 Bfd (1) 5% Ot K
W6 PE B B REME (P<0.05) . 5 CRIM1 MUT+miR-NC
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ZH L%, CRIMI MUT+miR-199b-3p 5 #1147 20 2% % %
fili 1% 1 T W] 725 4k (P>0.05) (141 6B) . Western blot
SCOHG g5 R E I, % Y miR-199b-3p B LW )
CRIM1 B FFEAL (P<0.05) (& 6C) .
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L= miR-NC 2
miR-199b-3p HEFIHI4L
P<0.01
H 104 e
Hi
&
#&
3 054
miR-199b-3p  3-tgttGGTCGATTCTGTGACGGH-5' ®O" -
CRIMI WT 5'-gtet TCAAC—AGGACACTGCCe-3' 00
CRIM1 WT CRIMI MUT
CRIMI MUT  5'-gtetTGTAG-TGCTGTGACGGe-3' A B
1.0
P<0.01
5 0.8 I
%
x|
ﬁ 0.6
iR- 4] iR- _ L A2
miR-NC 41 miR-199b-3p B2 % 04
CRIMI | — L — E T
5 02
0.0 - -
CAPDIL o S— miR-NCAL miR-199h-3p Bl

E6 MGC8034HAEH miR-199b-3p 5 CRIM1 HI4E 6] % &

A: miR-199b-3p FICRIM1 4557 i s B: 98GR EHR S IEH

SCERZES; C: miR-199b-3p YIS, MGC803 CRIM1 45 H #£ ik /K-

Figure 6 Targeting relationship between miR-199b-3p and CRIM1 in MGC803 cells

A: Binding sites between miR-199b-3p

and CRIM1; B: Results of the luciferase reporter assay; C: Protein expression level of CRIM1 in MGCS803 cells after

transfection with miR-199b-3p mimics

3 i #

B e i R B R GCR R 2 —
2 B 5 R E A G SE T R R . 2018 4,
2 ERAL T 100 J7 61 15 9 802 WA 78.3 T 1] R AR
HHETO L R X BN T 2R IT RS,
Hme 9 B B B s sk A 2, IRIT TR
RO B, AR B R R AR RWEEL
Y5y 0L, IF R BT 502 W A 9 A0 n)
TG A B A AR S miRNA S AS [R5 % B
A% F 5 2%, W miR-199b-3p BE % 10 1 4% 25 g 14
K, T WIBF SRS, miR-199b-3p 1E B i 2 41
WRIE T, X —HE IR miR-199b-3p 1 GES 5
THBEMNRRESE, HIL, FERIEX—/BHE, &
F 5% 38 1 T A% 28 miR-199b-3p 75 5 & 40 it 4 4 %
T e E R, DL 98 B 00 TR IT O SR F it
B

miR-199b-3p 7E A [A] Mg i i SR IK A E 22 5%
AH 5 SCHRPOHR B miR-199b-3p HE % 411 51 B 51 Ji i 40
L2 28 RS B e ) o AEFLARIE B, miR-199b-3p

FIRPEML, HE5BRHEWE R EME, i £k miR-
199b-3p HE % 1 i — 9714 2L A 9 20 MO 79 %% 7% g
IR UE R T RYE AR T A R, HE miR-
199b-3p 7£ 5 9 20 S i) Be A 400w ik 2 i 1 1
H il miR-199b-3p 7£ & 9 H EL AR L 17 STk & 2 5
Do Ry HE— A R miR-199b-3p 75 5 i 44 4 i )
REAEFIALE , AW 5% 8 bR B s MGC803 4i g
f) miR-199b-3p £ ik /K - & B, MGC803 4f it Y 14
B . R AR ZERE T BEAR, BGGE AH OCHE M Ki-67 R
KPR, JFH TR, EiRGRER,
b 98 miR-199b-3p & 15 ] $0 fil] B % 40 M A% 3 1k o
CRIM1 J& — Ffoffi 3 b i) T 85 5 2 1, T 000 il
BESEEEA . FrFHS MR TR
FIEERTAE 1. MOk 2 5™ &3, CRIML 725
B S 2 R SR R R R s R, S R 28
RV RS VA5 . CRIMI 3 IR 3006 A AL 36 22 A0 45
SN ZRAPERJE, CRIMI A T 4i A 1] G0 5% A b 42 ik
T o3 A T JEE b, 3R WSk 2 R PR 8 A8 W R T 9 40
() 265 B, o e 40 B o TR RS A TR g B B
th, CRIMI AT DA o Jib g 40 M (/) 34 48 ;78 CRIMI1 3
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33 &

I 7L R 40 AR MCF-7 BB 9E b, &% B CRIMI Af
DA 0 B 0 T, I U i S A A 3 5 A
B o 7E =5 e B Ve 2T 4 e 40 B b i) CRIMTL W G
A ) T 2R A ) e B KO Ak, fERGE
957 0 98 20 M 22 v, CRIM W) DA 3 9 40 i 2E K
IE U g A0 R g0, 5 ORE 1R O oY 45 R —
0 RAFSE & B CRIMI 78 B 9 40 21 v £ 3k K 7
B, M CRIML J& wF 30 5 9 40 0 a9 6 L ik
bk, #F— L i i Targetscan F i T miR-199b-3p 5
CRIMI 77 1£ 25 & X 3, 28 W 5¢ 6 & i 4 45 2 5 fn
Western blot 73 1 & Bl , miR-199b-3p BE 1% # ] 4171 1]
CRIM1 MR35 . DL B4R EE75 , miR-199b-3p Xf
o 240 L B A0 RV S R R CRIMIL (9 2638 B VTR 6

i TR, ABFSE A PL, miR-199b-3p 75 il g
H A - R IB KPR TS5 L, CRIM TE i
AL PP RB KT S TRESHAS . miR-
199b-3p #5114 8§ si-CRIM1 34 AE % 310 61 B Joa 20 it 5%
RIS GHGE ), JH RS H AT SRR
& B, CRIMI J& miR-199b-3p Y B 4% #0 /5, miR-
199b-3p i 2 CRIM1 410 1 15 96 20 Ff 1) 44 1 5 75 3% e
miR-199b-3p 5 CRIM1 1) ¢ R A B Wi H iR I7 1
B A

GER S SW I r VLR NV AU R

ETREN: TADRATRBEBFT ERLF
B KR 5 9r SRR HRAR s F R R T BB AT

5% Uk

[1] #lAE, NI, S0, 45 . FBXO43 75 B 8 12k S H A= Y124 1)
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