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3p.KLF7 mRNA % ik & ; Western blot #:3l KLF7 £ f 4 B & A8 (MMP-2) M4 4 8 &E Q8 M& B 7 (TIMP-1) | b & 45 4
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5 NCM460 41 s % A8t ,CRC 40, % ¥ miR-212-3p %k 24 ¥ 8 T8 ,KLF7 mRNA #nE gk %k EH W B L (P<0.05), 5
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[ Abstract] Objective To explore the effect of bupivacaine (BUP) on the invasion and migration abilities of colorectal cancer
(CRC) cells by regulating microRNA-212-3p/Kriippel like factor 7 ( KLF7) pathway. Methods Normal colon epithelial cell line
NCM460 and CRC cell lines HCT-116, SW480, HCT-8, and LS513 were cultured in vitro. qRT-PCR was performed to detect the
miR-212-3p and KLF7 mRNA in various cell lines. Western blot was performed to detect KLF7 protein in various cell lines. MTT as-
say was used to detect the effect of different concentrations of BUP on the activity of HCT-116 cells. HCT-116 cells were assigned into
a NC group, a BUP-L group, a BUP-H group, a BUP-H+inhibitor NC group, and a BUP-H+miR-212-3p inhibitor group. Transwell
experiment was used to measure the invasion ability of HCT-116 cells. Scratch healing experiment was performed to measure the migra-
tion ability of HCT-116 cells. The qRT-PCR experiment was used to measure the miR-212-3p and KLF7 mRNA in HCT-116 cells.
Western blot was used to measure expression levels of the KLF7 , matrix metalloproteinase ( MMP-2) , tissue metalloproteinase inhibitor
(TIMP-1) , E-cadherin, and N-cadherin. The dual luciferase reporter gene experiment was used to verify the interaction between miR-
212-3p and KLF7. Results Compared with the NCM460 cell line, the miR-212-3p was significantly downregulated in the CRC cell
line, while the KLF7 mRNA and protein were significantly upregulated (P<0.05). Compared with the NC group, the invasion number
of HCT-116 cells, the scratch healing rate, and the expression levels of MMP-2 and N-cadherin proteins were significantly decreased,
the expression levels of TIMP-1 and E-cadherin proteins were significantly increased, the expression level of miR-212-3p was signifi-
cantly increased, and the expression levels of KLF7 mRNA and protein were significantly decreased in the BUP-L and BUP-H groups
(P<0.05). Compared with the BUP-H + inhibitor-NC group, the invasion number of HCT-116 cells, the scratch healing rate, and the
expression levels of MMP-2 and N-cadherin proteins in the BUP-H+miR-212-3p inhibitor group were significantly increased, the ex-
pression levels of TIMP-1 and E-cadherin proteins were significantly decreased, the expression level of miR-212-3p was significantly
decreased, and the expression levels of KLF7 mRNA and protein were significantly increased (P<0.05). Dual luciferase assay con-
firmed the targeting relationship between miR-212-3p and KLF7 ( P<0.05). Conclusions BUP inhibits CRC cell invasion and migra-
tion by regulating miR-212-3p/KLF7 pathway.
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B RS A BR 2SR 5 S 3R i P A 3
F & (5255 . DRO75) W [ b 5t = A A w5 — 3t
KLF7 JJ5i 43 @ 24 1 i (MMP-2) (2 204 & 48 1 i
P F (TIMP-1) | I Jz BI4E 252 ( E-cadherin) |
i 28 U4 7 2 1 ( N-cadherin ) 1§ | Abcam ; GAPDH |
B E ALY (HRP) FRic i 50 B AR L EW)
1.3 4HRaIEFE  HL2x10° /> HCT-116 4uffiEfh =
REEE i SnkrenTi= S0 E S LRI P Sy EE R
80% ~90% W HEAT1E1%, 7 HCT-116 41figfs 25 =
R ERAS TR E W] F 5256

1.4 ZAYIREFERDE K HCT-116 4 (2x
10° N/FL) #FP 2 96 LA, K5 M 3555 24 h
5,439 0.1.25.2.5.5.10 mg/ml (¥ BUP 4k B
HCT-116 40l 24 h, 2z J5¥ HE MTT #0387 & v iH
B BEBRAE K 570 nm b4 FLASIROG B, I A
YHMLAFIG R

1.5 4R A ¥ HCT-116 415> K. NC 4 (A
WATATALEE) BUP-L 41 (% 2.5 mg/ml BUP K53k
K59%) .BUP-H 41 (% 5 mg/ml BUP $; = EHEH#) |
BUP-H+inhibitor-NC 41 (4% %% inhibitor-NC 5 k7 J5 F
45 mg/ml BUP 53245 9%)  BUP-H+miR-212-3p
inhibitor £ (% miR-212-3p inhibitor JFi ki 5 FH & 5
mg/ml BUP Hi 3R 57)

1.6 Transwell L3541 HCT-116 40212 &6
¥ HCT-116 41 R %% B 2 5x10" 4~/ml, B 200 pl
HCT-116 41 fifd 322 Fh %= 3 i i 0 9% 1Y Transwell /N2
FER L FEMA S0 wl R R R 24 h e,
[ E HCT-116 40, 45 & 4 0, s T~ I
41 HCT-116 4R ZE G HLIFTEL,

1.7 XRAAELIEKN HCT-116 HT 6
BUHALIE B HCT-116 40 (1x10° ) A £ 6 cm
MLrp, BE 348 R 35 35 24 h, B 8 3 e A Sk %l
2, USSR 24 h, S TE WUE T WS A4 HCT-
116 40 RIJE A A 15 00, I3 45 40 HCT-116 41 i
RIRAAH,

1.8 RT-PCR %36 # il HCT-116 48 fg 1 miR-
212-3p #1 KLF7 mRNA RiXE ¥ HCT-116 40/
Br AR EXEOCE RIS O SREUE RNA, il I
B AL cDNA, LI B cDNA R AR 1T
qRT-PCR, Lk U6 1 GAPDH fF Jy & & i jf 2744
Pofr £ mRNA ik #1745 MEAL , qRT-PCR 5|
YIFFILER 1,

1.9 Western blot 3£ I # Il HCT-116 £ i@ =
KLF7 MMP-2, TIMP-1 . E-cadherin N-cadherin &
ARIEE  YEL T X HUE K& 41 HCT-116
Y, FH 2 1 2R SR R F T 1 AR S B R
Re R = I S e o Il 1 D= 5 o g e e = 713
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i JfiEit 10% SDS-PAGE 43 B 30 wg B4k A T
¥R F) PVDF I b, K5 5% Bils 49— &R E
1 h DABHWrARR R RS 5, AR5 1E 4 °C N 5 KLF7
MMP-2  TIMP-1 ., E-cadherin , N-cadherin 1 GAPDH

S E BRI R 2R3 2025 4F 9 A4 22 &5 5 )

H—PiE ., TER)E B IES HRP I 1gG
W2 E 30 min, I A shib2: ZEERG51 R Ge itk
TEWT, B J5 L IMAGE ] X 2R 11 4545 3647 4%
AL,

#1 qRT-PCR 3457

I 519537 RI5H(5°3")
miR-212-3p GTCGTATCCAGTGCAGGGTCCGAG TGGTTCGTGGGTAACAGTCTCCAGTC
KLF7 TTGTGTGGCACTTCCTCCTC GTCAGTCTGTCTGGCTCACC

U6 CTCGCTTCGGCAGCACAT TTTGCGTGTCATCCTTGCG
GAPDH AAGGTCATCCATGACAAC AGGCAGGGATGATGTTCT

1.10 LK ERER &5 E FE L WIIE miR-212-3p
1 KLF7 EfEXZR i Ml TargetScan Flil 3545
miR-212-3p Fl KLF7 #[) BAE 75 8 KLF7 B A7
o Ax By 5 A pmirGLO AR b, DLk
KLF7-WT F1 KLE7-MUT JBiA, 3835 % Y it a) Fe ook
FERBANT 3 4% A HCT-116 409 . KLF7-WT+miR-
NC,KLF7-WT +miR-212-3p mimic , KLF7-MUT + miR-
NC KLF7-MUT+miR-212-3p mimic, 54424 h J5 f§i 7]
R EE HCT-116 Ao Z R

.11 SEitEA%E R GraphPad Prism 9 PEF 753
T . EERIIFIR R bR vE 2 PR TR) F AR o
Kz, 222 18] LR R L R R T 255007, itE— 25 PR EL
BRI SNK-q ¥, P<0.05 N2ESAG 5 X,

2 #R

2.1 miR-212-3p #1 KLF7 ZEIE® 485 F K 4R Fn
CRC #ifa P HIRIEE 5 NCM460 40 MU AH L,
HCT-116 .SW480  HCT-8 18513 41 Jifi F miR-212-3p
FekiE I B R R (P<0.05) , KLF7 mRNA Fl#E H %
B EFH(P<0.05) , Hf HCT-116 4451k
BRI, WK1 &2,

KLF7 e D D s=e e

GAPDH i > - e

a b c d e

B 1 KLF7 #EE4EH ERAMIN CRC Ef R RE
B a:NCM460 Ziii;b. HCT-116 4 ; c. SW480 4l Jifl ;
d.HCT-8 #liffid ;e.1.S513 4l

%2 miR-212-3p #1 KLF7 ZEIEE £ 87 K AaFn
CRC il R RIZE (n=6)

EHTES miR-212-3P KLF7 mRNA KLF7 &M
NCM460 1.00+£0.00 1.00+£0.00 0.68+0.07
HCT-116 0.31+0.03* 2.01+0.21* 1.53+0. 16"
SW480 0.53+0.06" 1.35+0. 14" 0.99+0. 10"
HCT-8 0.57+0.06* 1.54+0. 16" 0.84+0.05*
LS513 0.62+0.07* 1.89+0. 19* 1.08+0.11°

a5 NCM460 48, P<0.05

2.2 BUP 4%EX} HCT-116 AREFEHEZm A
[F]¥ % BUP(1.25.2.5.5.10 mg/ml) 4L ¥ J5 , HCT-
116 4 MO 2234 1 25 = TR AL B (0 mg/ml) HY 4
Ji(P<0.05) ,BUP % HCT-116 ZHHIAE 19 1650 K
5.81 mg/ml, I LA3EE BUP b FE R E N 5 mg/
ml, KRR 2.5 mg/ml, W33,

#£3 FRERE BUP & IEXt HCT-116 fHHEMAIRN (n=6)

BUP ¥} (mg/ml) AMIAFIT 2 (% )
0 99.24+0.31
1.25 72.3427.35°
2.5 63.1926.54"
5 51.37+5.66°
10 42.16+4.74"

a 50 mg/ml A, P<0.05

2.3 &4 HCT-116 HFBZERE LR 5 NCH
#HLE, BUP-L 41 fi1 BUP-H 41 HCT-116 4 Jifi /= 22 41
JH %0 B b (P<0.05) , H BUP-H #41%¢ BUP-L 41
HCT-116 AR 72508/ (P<0.05) ;5 BUP-H+in-
hibitor-NC £H #] It , BUP-H + miR-212-3p inhibitor £
HCT-116 #2250 B3 (P<0.05) ., WKl 2,
*4,

7t

BUP-H+miR-212-3
p inhibitoréfl

o o 3 FPRE e ®e
BUP-H+
inhibitor-NC4L

B2 &4 HCT-116 MR L%
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F4 BHEHCT-116 MAEEMMEELLE (n=6)

2051 2N MA ()
NC 41 137.17+14.01
BUP-L 41 81.83+8.95°
BUP-H 41 62.1746.93%

BUP-H+inhibitor-NC ZH 65.83+7.02

BUP-H+miR-212-3p inhibitor £ 119.83+12.24°

a5 NC 4%, P<0.05;b 5 BUP-L 4 48, P<0.05; ¢ 5 BUP-H+
inhibitor-NC 2 FL#¢, P<0. 05

75

2.4 FHEHCT-116 AMEHEEHLLE S NCU
AL, BUP-L 41 f1 BUP-H £ HCT-116 40 Y %I fx
ERPE T (P<0.05), 3 H'5 BUP-L 4141 I,
BUP-H £ HCT-116 4 Jifd %] /1 75 2 5 & 4478 ]
1 (P<0.05) ; 55 BUP-H+inhibitor-NC ZH#H [t , BUP-
H+miR-212-3p inhibitor 21 HCT-116 4 i X I8 i1 &
R B T (P<0.05) , WIE3 £S5,

BUP-H4L

BUP-L4L

BUP-H+miR-212-3
p inhibitor#fl

BUP-H+
inhibitor-NCZ4

3 &4 HCT-116 AMRKIRESER LR

RS5 HBAHCT-116 MHEXIRAEERILE (n=6)

215 RIRAAR(%)
NC 41 79.82+8.31
BUP-L 4] 52.44+5.95°
BUP-H 41 39. 12+4. 50
BUP-H-+inhibitor-NC 41 41.39+4.26
BUP-H+miR-212-3p inhibitor £ 68.16+7.47°

a5 NC 4 H#,P<0.05;b 5 BUP-L 41 b %:, P<0.05;¢ 55 BUP-H+
inhibitor-NC 41 FL2, P<0. 05

2.5 &% HCT-116 88 H miR-212-3p #1 KLF7
mRNA RIZELLE 5 NC 44 Ik, BUP-L 4 Al
BUP-H 4 HCT-116 i} miR-212-3p ik w B i
9, KLF7 mRNA £k & B F M (P<0.05), H
BUP-H # &k m BB R (P<0.05); 5
BUP-H +inhibitor-NC ZHAH L., BUP-H+miR-212-3p in-
hibitor Z1 HCT-116 4fi fifd o miR-212-3p ik i B ik
TIH,KLF7 mRNA ik & 8 L8 (P<0.05), UL

6,

F6 FZHHCT-116 48 miR-212-3p F1 KLF7 mRNA

RIZE (n=6)

415 miR-212-3P KLF7
NC 41 1.00%0.00 1.00=0.00
BUP-L 4] 1.35£0.14*  0.6120.06"
BUP-H 4 1.64=0. 17" 0.24x0.03*
BUP-H-+inhibitor-NC 41 1.68+0.17 0.38=0.04
BUP-H+miR-212-3p inhibitor £ 1.1220.11°  0.79=0.08°

a5 NC 4l Lb#,P<0.05;b 5 BUP-L 41 [b4:, P<0.05;¢ 55 BUP-H+

inhibitor-NC 41 I, P<0. 05

2.6 &% HCT-116 ZHfas KLF7 ,MMP-2, TIMP-
1.E-cadherin N-cadherin EBRIZELE 5 NC
2040 [, BUP-L 41 #il BUP-H 41 HCT-116 4i i
KLF7 MMP-2 il N-cadherin 85 [ 3 1k 5 1 i F&AIK
TIMP-1 il E-cadherin 25 [ 3 35 2 W 5 7+ & ( P<0.
05), H BUP-H #H 4% 45 br 722 fk #a #40 hn i i ( P<O0.
05) ; 5 BUP-H +inhibitor-NC £H#H k., BUP-H + miR-
212-3p inhibitor £ HCT-116 4fififi 4 KLF7 ,MMP-2 #il
N-cadherin 75 4 # ik 2 0 2 T &, TIMP-1 1 E-cad-
herin 2 1 KA B B FEM (P<0.05), WK 4,
%7,

T — — — —
MMP2 G - — —

e -

et G — — ——

a b c d e
B4 &4 HCT-116 R KLF7  MMP-2, TIMP-1, E-cadherin & B
FRIZE a:NC 4l;b:BUP-L 41;c:BUP-H 41 ;d: BUP-H+inhibitor-NC
2l ;e: BUP-H+miR-212-3p inhibitor ZH ,
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S E BRI R 2R3 2025 4F 9 A4 22 &5 5 )

*x7 KA HCT-116 A KLF7 ,MMP-2 TIMP-1E-cadherin N-cadherin EERIZE (n=6)

20 51 KLF7 MMP-2 TIMP-1 E-cadherin N-cadherin
NC 4 0.92+0.09 1.03+0. 10 0.87+0.09 0.65+0.07 0.81+0.08
BUP-L £ 0.68+0. 07" 0. 64+0. 06" 1.13+0. 12* 0.82:+0.08" 0.58+0.06*
BUP-H £ 0.520.05% 0.48+0.05™ 1.36+0. 14 1.13+0. 12% 0.24+0.02%
BUP-H+inhibitor-NC 20 0.56+0. 06 0.51+0.05 1.310.13 1.09+0. 11 0.28+0.03
BUP-H+miR-212-3p inhibitor £ 0.85+0. 09° 0.97+0. 10° 1.02+0. 10° 0.77+0.08° 0.74+0. 08°

a5 NC 414, P<0.05 ;b 5 BUP-L 41 HL#, P<0. 05 ;¢ 5 BUP-H+inhibitor-NC 41 [ #% , P<0. 05

2.7 miR-212-3p #1 KLF7 $8EXRZWIE 4W1i5
J 245 BN R miR-212-3p 1 KLF7 FETESS &1
SR 2D T WO 3R MR R G IR, 4
B R, 5 KLF7-WT +miR-NC 44 4H [, KLF7-WT +
miR-212-3p mimics 21 HCT-116 2 8 3¢ ' 25 il 1% P
B 3K (P<0.05) , 15 KLF7-MUT+miR-NC ZHAH
[t , KLF7-MUT+miR-212-3p mimics 20 HCT-116 4 ity
POCETIEE T B2 57 (P>0.05) , WS %8,

miR-21 2-3p 3 {‘(‘(:i(il'."'..('L'(l if"l.(".l‘Ur.'l‘ElJ(l}gigil‘.ﬁl'\.*itL.' 3

KLF7 3" CCUGUCCUCCUUUGACUGUUU 5’

5 miR-212-3p 1 KLF7 & K5

R WRAREEMKD (n=6)

25 51 KLF7-WT KLF7-MUT
miR-NC 1.02+0. 05 1.030.01
miR-212-3p mimics 0.33+0.04° 1.01+0.02
! 26.396 2.191
P 0.001 0.053

3 iTig

CRC &5 WHEMEMIE Z —, 2 — 2 BREn
R A TR, BT R R H AR K R, CRC
B & R R AE BT (HAET R E I B R, K
53 CRC B FE WS Wi &N M | e 12 W ok B0 9
a1 R A R o3 S8 T e e I e A g e
B FRMARGIRIT G BB EE R E NS T
HAFHN 40% |, T Bt CRC HE AR A 17 R AL
H20% e A B GIRIT T BEE R BE T Ak
CRC B R AR 45 , ¥ 1] RN SR 88 7 6 19 Y B CRC
BEAR T A B BAE YIRS — PR s CRC &
o RN A% AL TR T R B e i O H R, DA 4y b
] S ek A a5, AL, 5& T CRC (%) B Al fF 5 2 b
B,

AR 22 I 5T 4 TR rh fet R A R e R 2 A
AT REZ R MR 0 I K I 45 0y | I R AF 98 3 43l S
FRRREEID & T2 FARVIBR R E M E K,
BUP J&—F Ry ERRREE ], H A C A KEH 5 R U
AT LA ) 22 Fofo i 200 L 15 6 . BUP 410361 1 15 i 44

WL T Bt A FOME 1 fie ol R TR (2 T g A
Mg g8 =10 s BUP AT 3 sk 410 1 55 1 96 4 i eh i
PI3K/ Akt 15 518 %1% S 40 i - A se =t B
Fh, BUP 38 3 815 4% P kB ( NF-kB) {58 0
il CRC 4134 58, {2 0F 4 M g v A 1 et FE AR
W5EH, 5 NC ZHAH L, BUP 434 HCT-116 40
(R Fl 4= 22 W1 0 gl 4 i), MMP-2 R ] W T
k%, TIMP-1 . E-cadherin %35 & B & [ 7}, & B BUP
ALIE A CRC 4L fR 22 FERS ] CRC A&

miRNA TEAHL 734k & & | 4 i &) 300 9 4 F 2
Mg T B BT RE, HELAG A R B T
S A T RELYY L miR-212-3p 3 2 # R [ £
Gy RN 22 g AE 1) b SR 2F S . 0, miR-212-
3p AT TE I ET A ) MAP3K3 100 B9 S50 40 it 34 5
SRR L A= 22 NI B BEL S 1 0 0) SR R D 59 i
JEPY ) miR-212-3p 8 A L o # p  4AE KHF
TEPER L F Z A R B e AS 2 L Ak, miR-
212-3p 7£ CRC Ry 8 o . FLAR I 55 2 i iE h &
FERBAMEM, KLF & {0 T4 Ffi ki i
IERI/E R XEE  KLF & 78 CRC P &% %
PR R R BUR M EN e L
IS B s A 82 31 KLF7mRNA 5 CRC &
R ZIAAEFE 2 B ) SR KLFT 3 ik 2
T CRC 20 % 5 BB B 14, -0 T CRC A&
FRARBUG !, HAT, % KLF7 75 CRC #ERE T i
YERIBLE e B A PR, ASE 58 2 A P15 8 I
T % 3, miR-212-3p 5 KLF7 fE7E45 G 7 A4,
T T miR-212-3p 5 KLF7 78 CRC HHIFEH],
ZER R, 7E CRC 40/ & miR-212-3p ik & W]
i, KLF7 mRNA A &k I 0 E R s
BUP 4t B J5 , miR-212-3p %3k & W & [, KLF7
mRNA FlE 15 U 5N, 3R BUP A B & fig
# miR-212-3p KL, M KLF7 Kik, FgBHr
FT miRNA 22 [B) A4 AH B A FH 5% ) 356 DR 42 P 4% AT
PR A5 Rl A ) & Rk JE Y IRk, HE T BUP
Xt CRC 20 A9 /E AT i85 miR-212-3p/KLF7 $liA5
Ko NUESLZHEN , A FAE = W B2 BUP b B i) 5k
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fili B miR-212-3p, 45 8 & 3, CRC 4 i f= 28 A
TR fE )15 BUP-H 41H] 145k, H KLF7 FRikB i
Thi o WIS TG R BRI AE T miR-212-3p
N KLF7 fE7ER0 i ¢ &R, itk ], BUP W]
i 8 ¥ miR-212-3p/KLF7 18 % #1 #%] CRC {2 28 Al
T,

2 LR, BUP #8458 miR-212-3p/KLF7 i 0
il CRC MM RYIZZ2 MRS, ABFFE R CRC Kl ifF
SERRHE T BRSS9 CRC YA T Al E 1R 4L T
R {HIET BUP X CRC A4 F i 75 2 ik — A5 1
AT .
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