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Effect of miR-107 on expression of glycogen synthase
kinase-3p and B-catenin in CVB3-infected cells

WANG Xiuping', WU Xian', ZHANG Huirong', ZHOU Ting', XU Diandian', YAO Min',
SHAO Chen’, SHAO Shihe

1 School of Medicine, Jiangsu University, Zhenjiang 212013, Jiangsu, China
2 Department of Cardiology, Affiliated Hospital of Jiangsu University, Zhenjiang 212001, Jiangsu, China

Abstract: [Background] Abnormal expression of miR-107 can change the expression of the main
proteins of Wnt/B-catenin signaling pathway in tumor cells, while miR-107 plays the same role in human
cervical cancer cells (HeLa cells) infected with coxsackievirus B3 (CVB3) has not been reported.
[Objective] To investigate whether miR-107 can affect the expression levels of glycogen synthase
kinase-3p (GSK-3pB), P-GSK-38, and B-catenin in CVB3-infected HeLa cells. [Methods] The HeLa cells
were cultured in vitro and infected with CVB3 for different time periods. The morphological changes of
HeLa cells were observed by microscopy. The expression of miR-107 in HeLa cells was measured by
real-time fluorescent quantitative PCR. The protein levels of GSK-3p, P-GSK-3p, B-catenin and viral
capsid protein (VP1) in HeLa cells were determined by western blotting. [Results] After CVB3 infection
for 6 h, the cytopathic effect was obvious. The expression level of miR-107 and the protein levels of
GSK-3B, P-GSK-3B, and VP1 increased, while the protein level of B-catenin decreased, with the
prolongation of CVB3 infection time (0—8 h). MiR-107 overexpression in the HeLa cells infected with
CVB3 for 6 h increased the cell deaths, up-regulated the protein levels of VP1, GSK-3f, and P-GSK-3f3
(P<0.05), and down-regulated the protein level of B-catenin (P<0.001). The inhibition of miR-107
expression in the HeLa cells infected with CVB3 for 6 h reduced the cell deaths, down-regulated the
protein levels of VP1, GSK-3p, and P-GSK-3f (P<0.05), and up-regulated the protein level of B-catenin
(P<0.05). [Conclusion] Abnormal expression of miR-107 can affect the expression levels of proteins in
the Wnt/B-catenin signaling pathway and VP1 in CVB3-infected HeLa cells.

Keywords: coxsackievirus B3; viral myocarditis; miR-107; Wnt/B-catenin

5% 255 7 B3 (coxsackievirus B3, CVB3)
F& 5| # R B O WLR (viral myocarditis, VMC)
(1 ZL AN, R UBIEBE /N RNA SR HE, 3%
A R/NH 7.4 kb, Gt 4 P25 14 8 H (K
FeHEE T VP1-VP4), 7 P58 1(2A-2C
3A-3D) K HiATE 1 (2BC. 3AB. 3CD); ZFEAE
JEEER AN VP JE 52 AR 45 5 i ER AL,
HA R d I 25 ot S e 1)

MiR-107 i F 10 S YL afk, fy 20 i
WA & B 12 BR % M (pantothenate kinase ,

PANK)JE K 4 iy , AT 3 38 18 2 A [m] 14 47 538 1%
PEAT AN AR AR e bR L i A
W0 5 e vh Sk kB0, R A A A AT O
251 W miR-107 AliE i NF-«B 1553 H 2
#E CVB3 R T AHFFT L HeLa 4R T
HANM, #1455 miR-107 XF CVB3 YLK
HeLa 40 fifg tf GSK-3B. P-GSK-3pB #il B-catenin
EAMEW, B7EMM miR-107 X CVB3
PRFEAE T, S A DG B PRk O BF o 4R AR 2O
AR
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WEERE

1.1 REK

W B4 8 B3 BEMR(CVB3)M FifEE H oK
S REEJE L B R PR Y, IR IR TL
BN Y (T A P 4
1.2 ZHAEHE

HeLa 4] 5 HH VL I5 K546 56 B2 27 0 50 e
Pt
1.3 EZRFIALR

FEgu | Lipofectamine 3000, Thermo Fisher
Science v ] ; miR-107 5141 | ifE R Je W14
ARA PR F A ; miR-107 mimics. miR-107
inhibitor, miR-NC #I Inhibitor NC, i ¥/
#l; VP1 $iiiKk, Genetex /A 7); GSK-3B HiiAk .
P-GSK-3B #iifAkF1 B-catenin Hifk, FTZAEYL
Al; GAPDH HLIRFIBUR & A AL P i (HRP) bR ic
FILAEPTLR —H0, CST AF]; s PG
7 RIPA FI PMSF, L3 = KREYIFAAFRA
w; HRP-ECL BEGI FI2 0 e ial il &, ma ot
EMEREAE R R A PR A A . SEBT Ot E i PCR
{F1 ABI StepOnePlus %64, B AW R G0 0
H); YMIREIEAE, Eppendorf /AH]; WiEE, B
/AN]; NanoDrop 2000, Thermo Fisher /3 F]; Pierce
ECL Western Blot Substrate, Pierce /3] ; BEK

&1 HeLa a5 4A

WA M 755, Bio-Rad 23]
1.4 HeLa {fAtEF RTREH RS

HeLa Z8H & 10%Mf 4 1137 (fetal bovine
serum, FBS)MHTfHE DMEM 35 5 #i 4% 35 T
37 °C.5% CO, AR F46H . AR E {57710 HeLa
ade 2.5%10° DNALEEFPF 6 FL. 4N 41
AR E 70%-90%, #MFT 1 mL HrEE I M i B 57
ARSERESE 1 h, BFLIIA 10 R 52 B (mutiplicity
of infection, MOIVHREIRAELERE SR 1 h, WALAE
X B fL o R 2% ol £k (phosphate  buffered
saline, PBS)EIA&40MY , #M 78 2 mL #rff 7 2% FBS
BRI, AR FRFE Ak s, - FIResis,
1.5 HeLa Zf8 4y ¢H KX 40 s 4

LI IR 1o B AERRE RIFH HeLa
U 2.5%10° A HLEEFF 6 LA, 37 °C. 5%
CO, M FREF: . W H AL A L85 70%
B FEAT 85 Y AR 4l Lipofectamine 3000 £4F 1% B
F43 544 miR-107 mimics. miR-107 inhibitor.
miR-NC . Inhibitor NC %% Y& FI| i jfd v 4k 22 15 77
48 h, %M.
1.6 HeLa HEFEESF TN E

Sy AHE G 2R BB T 6 fLikih s E
4H. FEEZH. miR-CL+CVB3 2H. miR-107+CVB3
20, CL-in+CVB3 2. 107-in+CVB3 #H HeLa 41
MOEZS, HARGE AR A

Table 1 HeLa cell groupings

Group Treatment

Mock group Normal culture without CVB3 infection

CVB3 group CVB3 was infected for 2, 4, 6, and 8 h, respectively

MiR-CL group
MiR-107 group

CL-in group

107-in group
MiR-CL+CVB3 group
MiR-107+CVB3 group
CL-in+CVB3 group
107-in+CVB3 group

Transfection of miR-NC

Transfection of miR-107 mimics

Transfection of inhibitor NC

Transfection of miR-107 inhibitor

CVBS3 infection 6 h after transfection of miR-NC

CVB3 infection 6 h after transfection of miR-107 mimics
CVB3 infection 6 h after transfection of miR-107 inhibitor NC
CVB3 infection 6 h after transfection of miR-107 inhibitor
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1.7 HeLa #f2E BB K % & BN ik 5L
I8 (Western blotting)

SRR A AN, A 100 pL % 1%
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Ft A 1:2 000)5% 7 1 h, TBST ¥R 3 Wk, Hik
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Imagine J 3K X558 B iE AT 4k .

1.8 HeLa ZAf82 RNA IREUK H3E 7

STl A . WEEA . miR-CL 4.
miR-107 4, CL-in 41 107-in ZH 4L, FH Trizol
WA AR, RNEE . ST T5% BT B
4lifk, RNA, NanoDrop 2000 43 BE A AL
Al MR BE AN AEBE . Ml4E TaKaRa 23w ALAY I
B SR ) B (RRO36) U I A5 EA T30 5 57
1.9 LRIRKHNEE PCR XL

M Pubmed il GenBank Z(3& 38 BLA miR-107
U6 J741] . B Primer 5435115 19741 . miR-107
B IMIFESNE): 5-CTCAACTGGTGTCGTGG
AGTCGGCAATTCAGTTGAGTGATAGCC-3',
T I¥FES(R): 5'-ACACTCCAGCTGGGAG
CAGCATTGTACAGGG-3'; U6 L 5|4 ¢4
(F): 5-CTCGCTTCGGCAGCACA-3', 5|4
FEHI(R): 5-AACGCTTCACGAATTTGCGT-3',,
PCR W& F (20 uL): b, FUHE51#1(10 pmol/L)
£ 0.4 pL, ROX Reference Dye 0.4 pL, TB Green
Premix Ex Tag 10 uL, i 2 uL, JG RNA fifi/k
#MEZ 20 uLo PCR W 451F: 95 °C 5 min; 95 °C

155, 60°C40s, 3£ 45 NMEH; 4 °C IR-A4E. LU
U6 HINSHEH, M4 3 ANEFL, Fdidnf
mRNA /KDL 244 it
110 HITFFFE

1% GraPhad Prism 8.0 Z - Ab #REHE . ™
YA A ¢ R B, B 38 B ehr o 25 (x+SD)
TR, DL P<0.05 WESAHHITFE L,

2 HERE504

2.1 CVB3 7 HeLa ffF I E #|

WEA R, 55 A4, CVB3 &Y
J& 0-2 h 4HE LS TOI AR Ak 4 h A BREE
TR 46 5 6 h 4 B [l AR B A (R 40 L BT
8 h A% . WivEBHE. . K 1B ) Western
blotting Z5H: R, FRELL VP & A A /K F-bifi
YL} B (0-8 h)IERKZ W, T 8 hBfEE
KV f 5 o
2.2 MiR-107 #£ CVB3 23#H) HeLa 40jf
FRIRIETFER

mE 2 pion, SEOdE, wEd
miR-107 7Y 3R K 5 Pl o 2 Sk L sf ] 114) S K 340 37
Hhn, CVB3 JEYL)E 6 h i ik = {H(P<0.01),
2.3 MiR-107 ¥ CVB3 £HlI#952 0

wE 3 fin, 5 miR-CL 4 Hb#, miR-107
ZH miR-107 By FRR 5 B W N(P<0.01); 5 CL-in
ZH FV#, 107-in 20 miR-107 Fak i B E 0/ (P<0.01);
5 miR-CL+CVB3 4 4, miR-107+CVB3 4 VP1
TR IRACE T (P<0.001), 2 i BF &[5 45 A1
WY&, dBMAET- B B 5 CL-in+CVB3
HH#E, 107-in+CVB3 41 VP1 E R AKF 8
FRRAR(P<0.001), AHAEAETHA S .
2.4 CVB3 R HeLa 40P/ GSK-3p.
P-GSK-3p F1 B-catenin B RIZMWZ L

mME 4 R, 528 ALK, RiEHME
GSK-3B. P-GSK-3p fHHKEKFkEE CVB3
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22 05}
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0.0
- Mock 2h 4h  6h  8h

\

1 CVB3 BRI HeLa MAAMSFETUHFIEX100)% VP1 EHKRIE  A: Hela 4IIE &2

ft; B: HeLa 4l VP1 SR FKIX/KF-; C: VPI EHHKEHH

Figure 1 Morphological changes (X100) and the protein level of VP1 in CVB3-infected HeLa cells. A:
Morphological changes of HeLa cells; B: The protein level of VP1 in HeLa cells; C: Gray scanning of VP1
protein.

5 CVB3-10MOI JE YL st [B] 4K M 87 B FE, B-catenin £ 1A
L3 KB R, HAp s 8 h ERREE
L .1 (P<0.001), MRIGILILER, T H oy 1 S im A

ROV, PR 6 h TR SR .
2.5 MiR-107 %} CVB3 Bi3A) HeLa 4HAE
s f GSK-3p. P-GSK-3p #1 B-catenin & B 3%
v :opA
mE s fiR, 5 miR-CL 41 Fb#8, miR-107
Mock  2h _ 4h _ 6h _ 8h U4 GSK-3B. P-GSK-3B K (13K /K V-7t
. s _ 1 ‘j-( NP : .
22 CVB3 Bfd miR-107 FikE SN (P<0.001)., P-catenin &H %Lﬂfﬁ %ﬁﬁ%ﬁ
Figure 2 Effect of CVB3 infection on miR-107 (P<0.05); 5 miR-CL+CVB3 41[£4%, miR-107+
expression. *: P<0.05; **: P<0.01. CVB3 24 GSK-3p & kKR = (P<0.05),

Relative expression of miR-107
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P-GSK-3p K [ 3R ik 7K °F B & F+ &5 (P<0.01) , KK B THE (P<0.01); 55 CL-in+CVB3 4 1t
B-catenin & 1R IXKF-HIRFEM(P<0.001); 5 #, 107-in+CVB3 24 GSK-3p. P-GSK-3p &1
CL-in 40 tb%E, 107-in 41 GSK-3B. P-GSK-3B &~ Fik/KF-H] & FFL(P<0.001), B-catenin & [15K
228K R FEAK(P<0.001), B-catenin Z 1% A/ FETHE (P<0.05).
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Relative expression of miR-107
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€ D E CVB3 10MOI 6 h
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Mock 10MOI-6 h 2.0
& & > <>
& Q9\ & §§\ 15
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99

GAPDH | s G S S

(VP1/GAPDH)
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Relative protein level

3 MiR-107 3 CVB3 E#|f%M A F1B: qRT-PCR £ miR-107 mimics (A)F1 miR-107 inhibitor
B)WF Y4 C A F: i 3K35 miR-107 (C)FIH miR-107 (F)/F VP1 HEHKEKF; D G: VPI
FEAKERM; E M H: 123235 miR-107 (B)FH miR-107 (H)XF CVB3 755 B4 LG8 A5 . ** .
P<0.01; ***. P<0.001

Figure 3  Effect of miR-107 on CVB3 replication. A, B: Transfection efficiency of miR-107 mimics (A) and
miR-107 inhibitor (B) measured by qRT-PCR; C, F: The protein levels of VP1 after miR-107 overexpression
(C) and miR-107 inhibition (F); D, G: Gray scanning of VP1 protein; E, H: Effect of miR-107 overexpression
(E) and miR-107 inhibition (H) on CVB3-induced cytopathic effects. **: P<0.01; ***: P<0.001.
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Figure 4 Effect of CVB3 infection on expression of Wnt/B-catenin signaling pathway-related proteins. A:

Levels of Wnt/B-catenin signaling pathway-related proteins in CVB3-infected HeLa cells;

B-D:

GSK-3B/GAPDH, P-GSK-33/GAPDH and B-catenin/GAPDH gray scanning. *: P<0.05; ***: P<(0.001.
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Figure 5 Effect of miR-107 on the expression of Wnt/B-catenin signaling pathway-related proteins in
CVB3-infected cells. A, E: Expression of Wnt/B-catenin signal pathway proteins after miR-107
overexpression (A) and miR-107 inhibition (E); B—D and F—H: GSK-3B/GAPDH, P-GSK-3B/GAPDH and
B-catenin/GAPDH gray scanning. *: P<0.05; **: P<0.01; ***: P<0.001.
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XS AR AR S0 25 R R, 7E CVB3 IR GLIk
AT, &k miR-107 J5 400 GSK-38 &1
FRBR RN, P-GSK-3p E A FE Ik B ET
{5, B-catenin & [R5 W 2 FEAL; 1040
miR-107 548 GSK-3B. P-GSK-3B ZE 1k
B REAR, B-catenin IR IATHR . LR
57 B A A0 M b % % miR-107 mimics J5
B-catenin [ £ [ F A REI%, GSK-3B & Mk
Fr g P —2, 28 miR-107 ZEfE#E CVB3
R AT RERZ N T GSK-3p & H M H R
B K B-catenin 2 AU ik .

25 bRk, AT T miR-107 % Rk
A 520 CVB3 JE&YLft) HeLa 4HfifH Wnt/B-catenin
5 M B E AR AT AN RBAKE, |
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