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miR-4677-3p regulates the proliferation, apoptosis and invasion of colorectal cancer
cells by targeting and modulating KLF7
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Abstract Objective To explore the effects of miR-4677-3p on the proliferation, apoptosis, and invasion of colorectal cancer (CRC)
cells by targeting KLF7. Methods Real-time PCR and Western blotting were used to detect miR-4677-3p and KLF7 expression in CRC
tissues and cells. HCT116 cells were assigned into miR-NC, miR-4677-3p mimics,si-NC, si-KLF7,miR-4677-3p mimics+pcDNA3.1,
and miR-4677-3p mimics+pcDNA-KLF7 groups. Cell cloning experiments, flow cytometry,and Transwell assay were used to detect cell
proliferation, apoptosis, and invasion, respectively. Western blotting was used to test proliferation, apoptosis, and invasion-related pro-
teins. The nude mouse transplant tumor experiment was used to observe the growth of the transplant tumor. Real-time PCR was performed
to detect miR-4677-3p in tumor tissue. Immunohistochemistry was performed to detect the proteins related to tumor tissue proliferation,
apoptosis,and invasion. Results In the CRC tissues and CRC cells HCT116,SW480,and HT29,miR-4677-3p was downregulated and
KLF7 was upregulated (P < 0.05). The miR-4677-3p mimic group showed a decrease in the number of cell clones formed,the number
of cell invasions, KLF7,Ki-67, MMP-9,and CLDN1,and an increase in the apoptosis rate and cleaved caspase-3 when compared to the
miR-NC group (P < 0.05). For the si-NC group, the si-KLF7 group showed a decrease in the number of cell clones formed, the number of
cell invasions, Ki-67, MMP-9,and CLDN1, and an increase in the apoptosis rate and cleaved caspase-3 when compared to the si-NC group
(P < 0.05). The miR-4677-3p mimics+pcDNA-KLF7 group showed an increase in the number of cell clones formed, the number of cell
invasions, KLF7,Ki-67 ,MMP-9,and CLDN1,and a decrease in the apoptosis rate and cleaved caspase-3 compared to the miR-4677-3p

mimics+pcDNA3.1 group (P < 0.05). The starBase website prediction and dual-luciferase assay reports indicated a targeted relationship
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between miR-4677-3p and KLF7. In the miR-NC group, the miR-4677-3p mimics group showed a decrease in regard to the tumor volume
and mass,an increase in miR-4677-3p and cleaved caspase-3 levels,and a decrease in KLF7,Ki-67, MMP-9,and CLDN1 (P < 0.05).
Conclusion miR-4677-3p can inhibit CRC cell proliferation, invasion, and promote apoptosis by targeting KLF7.

Keywords miR-4677-3p; KLF7; colorectal cancer; proliferation; apoptosis; invasion
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pcDNA3.1 . peDNA-KLF7J50R W 11 AR 71 A= Rk
Ho A BR2A 7] s lipofectamine™ 20000 [ AASETR (RHEE)
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mimics+peDNA-KLF74H . R HCT 11621 i A= 4 22 %4
W Fh Z6FLAL, 753524 h, 2 Blipofectamine™ 2000
T2 18 BH 5 43 ) i G AR L k24 b, WOAR 20 A T
1.2.4 ALV TV 18 S 06 Ao 00 A4 AR < K5 1.2 355 e I



+ 702 -

HREERRESR H55%

25 A0 M A AL, B %28, 4% 2 T H R [
Jo 2 AR A AR T SR

1.2.5 370 2 40t AR 4G 000 400 it 9] 72 TR PBSHEE &
12356 UL J5 45 AL AL, 500 37 3, JHPBSE &, 1K
I A Annexin V-FITCHIPHRFITRS) 4 CROGIEE
30 min, AILAPBS, #4750 20 537

1.2.6  Transwell 564G I 41 AU 4= 28 : FH 1% FBSK:
FRIL TR 235 YL 5 A AL AN, H50.5 mLAT iRk
(1 x 10°/mL) Jll ATranswell/N%E (5l A MatrigelJit), 7]
IHE R 28 A0.75 mL & 10% FBSIREFEWE , 7637 C .
5% CO5 324 453548 h, B /N2 PBSTH VB
ST [, 45 SR g o, PBSTE TR L T,
BT R TSR,

1.2.7 Western blotting#& i 34 5 8 7= I 1% 7841 %
B RIE 1.2 356 Y J5 45 L AN A T 28 11 24 42
BUEVEE 1, BCAKE 5t o 8 78k A, EA T I H Uk
Sy B A EPVDRRE, IS B A —$t (4 Cid
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1210 f 95 20 234k 27 e 40 46 DN Jp 2H ZRKLF7 A 4
B AT AR ZEAOCHE 3R : B2 9 W RE [ A A
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2.1 CRCAHZ K ANME T miR-4677-3p KLF7 )ik
598 55 2 21 LA, CRCHL ZHmiR-4677-3p# ik 7K
SEREAR (1 = 23.515,P < 0.001), KLE7Z kKT (1 =
31.530,P<0.001) . CRCHIMIHCT116.SW480 HT29
NG5 b 40 fINCM460 miR-4677-3p3 1k /K
[ AR (F = 130.688,P < 0.001), KLF73 ik 7K % It &
(F=80.118,P<0.001) VLK1, %1,

1 2 3 4 5 6

KLF7 S-S S S Sl sy 3 [0
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1,neoplastic adjacent tissues;2,CRC tissues;3,NCM460 cell;4,
HCTI116 cell;5,SW480 cell;6, HT29 cell.
E1  Western blotting#&ilICRCZH LR K & Al 7= FKLF73R%
Fig.1 Expression of KLF7 in CRC tissues and cell lines detec-
ted with Western blotting

%1 CRCALREMIMAEHMIR-4677-3p, KLF7REKFLILE
Tab.1 Comparison of miR-4677-3p and KLF7 expression levels in CRC tissues and different cell lines

Neoplastic adjacent

Ttem CRC tissue tissue NCM460 cell HCT116 cell SW480 cell HT29 cell
miR-4677-3p 0.42 +0.05 0.90 +0.10" 0.93+0.10 0.32+0.04” 0.35 +0.04” 0.37 £0.05”
KLF7 0.95£0.10 0.33 £0.04" 0.25 £0.03 0.88 £0.10” 0.84 +0.09” 0.83 £0.09”

1) P < 0.05 vs. CRC tissues;2) P < 0.001 vs. NCM460 cell.
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2.2 miR-4677-3pid FikXFHCT 11641 fIKLF75 1k
BB AT S AR AR R
miR-4677-3p mimicsZH #miR-NCAL 41 Jifd v T

miR-NC

miR-4677-3p mimics si-NC

miR-NC

B AR 2RO/ KLF7 Ki-67 .MMP-9 .CLDN1
FRIBREAR, A0 HE I T3 cleaved caspase-37% 35 T i
(P<0.05) ; L2 .3, %2,

miR-4677-3p
mimics+pcDNA3.1

miR-4677-3p
mimics+pcDNA-KLF7

. i I3 & A

miR-4677-3p miR-4677-3p
mimics+pcDNA3.1  mimics+pcDNA-KLF7

si-KLF7

’
1094 0.129 271%

107 0.079% 8.64%

14.31%

1633% 16.32%

- i 10 ——e :
10° 10" 10° 10° 10 10° 10" 10° 10° 10 10° 10" 10° 10° 10
Annexin V-FITC Annexin V-FITC Annexin V-FITC

miR-4677-3p mimics si-NC

0 - - - 10
10" 10" 10° 10° 10 10° 10" 10° 10° 10 10" 10' 10° 10' 10° p

Annexin V-FITC Annexin V-FITC Annexin V-FITC

miR-4677-3p
mimics+pcDNA3.1

miR-4677-3p
mimics+pcDNA-KLF7

A, cell cloning formation experiment results ( x 10) ; B, flow cytometry results; C, Transwell assay results ( x 200).

E2 FJAMEILHE. ATREEZBRILE
Fig.2 Comparison of cell proliferation, apoptosis and invasion in each group

1 2 3 4 5 6

KLFT S S —— 3 10
K67 S — —— —— 5 10
Gl m—— - — 1710

caspase-3

VMO S — S — —— 02 10
CLDNT S swse SHEED SIS “Sw S 23 x [0°
B-actin -- S e SR A, 2 10

1,miR-NC group;2,miR-4677-3p mimics group;3,si-NC group; 4, si-
KLF7group;5,miR-4677-3p mimics+pcDNA3.1 group;6,miR-4677-3p
mimics+pecDNA-KLF7 group.
B3 Western blotting#ill & B HKLF7, Ki-67. cleaved
caspase-3, MMP-9, CLDN1%&i%x
Fig.3 Western blotting analysis of KLF7, Ki-67, cleaved
caspase-3, MMP-9, and CLDN1 expression levels in

cells from each group

2.3 KLF7UUERXFHCT L1620 L3658 8 T K A= 22 (1)
=AU

si-KLF720 ¢si-NCZH 240 M 5 PP W A A= 2%
O /b, KLF7 Ki-67 .MMP-9 . CLDN 133k FAIK , 4 ffd
TR Mcleaved caspase-3%§ﬁiﬂ‘r§} (P<0.05) I
&2, 222 $ERKLF 70T ER T A I HCT 11640 Jfd 344 58 K
1278, I UEN A A T
2.4 miR-4677-3pid % ik J5 i R IAKLF7XTHCT116
HIKLEF7235 R IG5E AT AR 220500

miR-4677-3p mimics+pcDNA-KLF72H 3 miR-4677-
3p mimics+pcDNA3. 120 4 {5 B T W25 . 20 il 4= 2%
4 fin, KLF7 Ki-67 MMP-9 . CLDN 1% 35 T &5, 21 Jit
AT cleaved caspase-33¢IAFEAK (P < 0.05) . WLIK2.,
2 AR IT FRIRKLF7 v #3103 % 1 4 ik miR-4677-3p
XFHCT1 1640 IS FE A=Z2 AAmdVE HI O A 1
MPEHEVET
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2.5 miR-4677-3p 5KLF7/ ] 5¢ 5

starBase [ 33t T 45 5K it 7% , miR-4677-3p 5 KLF7
FEAERRIT C R (l4) BUHD R S B A S0 45
7R, KLF7-WT+miR-4677-3p mimicsZH (0.52 + 0.06)
BKLF7-WT+miR-NCZ1 (0.96 + 0.10) XU K fi G

PR (P < 0.05); KLF7-MUT+miR-NCZ (0.94 + 0.10)
5KLF7-MUT+miR-4677-3p mimicsZH (0.93 + 0.10) XX
HOGR MGG 22 5% (P> 0.05) & WmiR-
4677-3p SKLF7Z [AIfFAERE ] C R o

2.6 PREBAEIR AT 5 miR-4677-3p kK-

®2 BAMMIEE. AT, BREALREXEARE

Tab.2 Proliferation, apoptosis, invasion status in each group of cells and expression of related proteins

Group KLF7 Number of cell clones formed Ki-67 Apoptosis rate (%)
miR-NC 0.85+0.10 86.33 +9.12 0.89+0.10 5.64 +0.63
miR-4677-3p mimics 0.31 £0.04" 39.27 + 4.08" 0.40 £0.05" 26.71 +2.89"
si-NC 0.84 +0.10 83.44+8.76 0.85+0.10 6.19+0.71
si-KLF7 0.27 £0.04” 35.17 +3.74” 0.32 £0.04” 28.45 +3.07”
miR-4677-3p mimics+pcDNA3.1 0.34 +0.04 40.22 £4.32 0.42 +0.05 24.81 +2.73
miR-4677-3p mimics+pcDNA-KLEF7 0.80 + 0.09” 76.28 + 8.05” 0.83 +0.09” 9.12+ 1.03”

Group Cleaved caspase-3 Number of invasive cells MMP-9 CLDN1
miR-NC 0.35+0.04 127.38 + 13.85 0.94 £0.10 0.83£0.10
miR-4677-3p mimics 0.79 + 0.09" 50.46 +5.72" 0.48 + 0.06" 0.37 +0.05"
si-NC 0.38 +0.05 117.64 + 12.43 0.90 +0.10 0.81+0.09
si-KLF7 0.82 +0.09” 4826 +5.12” 0.42 +0.05” 0.30 + 0.04”
miR-4677-3p mimics+pcDNA3.1 0.77 0.09 55.60 = 5.92 0.50 £ 0.06 0.39 £0.05
miR-4677-3p mimics+pcDNA-KLEF7 0.39 + 0.05” 115.23 £ 12.39” 0.89 +0.10” 0.80 + 0.09”

1) P < 0.05 vs. miR-NC;2) P < 0.05 vs. si-NC group;3) P < 0.05 vs. miR-4677-3p mimics+pcDNA3.1.

Binding Site of hsa-miR-4677-3p on KLF7:

Show 10 v entries
TargetRegion i

chr2:207081045-207081051[-]  8mer

Type Alignment

Target: 5' CACAUAUACACACACUCACAGA 3'
(I RN

miRNA : 3' UCAUCAAGAAACCAGAGUGUCU 5°'

B4 miR-4677-3pSKLF7HIHBE % Z Tl
Fig.4 Prediction of the targeting relationship between miR-4677-3p and KLF7

miR-4677-3p mimicsZH #miR-NCZH B A A
(K5). E 5 (796.24 mg + 81.53 mg vs. 1 526.38 mg +
155.29 mg, P < 0.05) Jk /)N, miR-4677-3p ik /K F
(0.85 +0.09 vs. 0.39 + 0.05,P < 0.05) JI & .

2.7 WA AL KLET R a5 JH T RZEM
PSRN V)

miR-4677-3p mimicsZH miR-NCZH IR L1 41
KLF7(0.34 + 0.04 vs. 0.82 + 0.09) . Ki-67 (0.44 + 0.05 vs.
0.89 + 0.10) . MMP-9 (0.50 + 0.06 vs. 0.93 + 0.10) .CLDN1
(0.41 +0.05 vs. 0.86 + 0.09) FIEF(K, cleaved caspase-3
(0.82 £ 0.09vs.0.36 + 0.04) Fih T+ (P<0.05) . HLIK6,
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*P < 0.05 vs. miR-NC group.
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Fig.5 Tumor volume of transplanted tumors in nude mice
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Cleaved caspase-3
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RN (o LR S BT

Fig.6 Immunohistochemical detection of the expression of KLF7, Ki-67, cleaved caspase-3, MMP-9, and CLDN1 in the transplan-

ted tumor tissues x 200
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PELE W 247 R B IR, 10 H starBase R 328 75 0
B G ZR FEE R R 52 5601 R, miR-4677-3p 5
KLF72Z [0 4775 80 1] ¢ 2, Ut miR-4677-3pn] il 1
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INELCT2640 A A g i A2 K L caspase-3J2: 4
J 8 T B R AR AT B T, B caspase-3 A iE iE
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