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Interleukin-6 Regulates Proliferation of Human Umbilical Vascular Smooth
Muscle cells via STAT3/Oct-1/ATM Pathway

LONG Caifeng, HAN Haoru, DENG Weiyan, SUN Jianle, ZHANG Ping*
(National Experimental Teaching Demonstration Center of Life Sciences & Biotechnology,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract  This study aimed to explore the effect of IL-6 on the proliferation of HUVSMCs (human umbili-
cal vascular smooth muscle cells) and classify one of its molecular pathway. Cell proliferation was examined with
CCK-8 (cell count kit-8) and EdU (5-ethynyl-2-deoxyuracil riboside) imaging assay. The protein expression level
was tested with Western blot. Oct-1 (octamer transcription factor-1) expression was inhibited using small interfer-
ing RNA, and the position of Oct-1 in cells was detected with immunofluorescence microscopy. It was found that,
firstly, IL-6 promoted HUVSMC:s proliferation and viability apparently. Secondly, IL-6 activated phosphorylation
of STAT3 (signal transducer and activator of transcription 3) at Ser727, and enhanced the expression of Oct-1 and
ATM (ataxia telangiectasia mutated). Thirdly, Oct-1 was mainly concentrated in the nucleus when IL-6 stimulated

cells at 0 h and 6 h, and part of Oct-1 transferred to the cytoplasm at 12 h and 24 h. Finally, inhibition of Oct-1 re-
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duced cell proliferation and decreased the expression of IL-6 and ATM. Adding IL-6 reversed the proliferation of
HUVSMC:s inhibited by Oct-1. In conclusion, the results classify that IL-6 induces the proliferation of HUVSMCs
through the STAT3/Oct-1/ATM pathway. This study provides a new clue for the mechanical treatment of cardiovas-

cular disease.
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A: CCK-8KMIL-63HUVSMCs 5T 2R 1k, #EZ N5 ng/mL. 10 ng/mLAI120 ng/mL, KA 524 h., 48 hAil72 ho n=4; B: # P G/R TIL-6/J¥K
AR ST 1) 5 40 3 A 56k . n=4; C: EAUASIIIL-63% 2 920 ng/mL, $J B4 7] 948 hifg4n s 5g 5¢ 56 &l . n=3; D: EAUKI4 IS0 45 5 .

n=3; EdU: 4t ff, DAPL: ¥ ffi; *P<0.05, **P<0.01, ***P<0.001.

A: IL-6 treated cell for 24 h, 48 h, 72 h at 5 ng/mL, 10 ng/mL, 20 ng/mL, respectively, and the cells viability was tested by CCK-8 thereafter. n=4;
B: heat map showing correlation of treatment time and IL-6 concentration with cell viability. n=4; C: IL-6 stimulated HUVSMCs for 48 h; the cells

were then incubated with EAU and analyzed by confocal microscopy. n=3; D: Statistical result of EQU image. n=3; EdU: green, DAPI: blue; *P<0.05,

**P<0.01, ***P<0.001.

Ell CCK-8$FIEdUIRFIEMMIL-63THUVSMCs3E 14 & 158 A £/
Fig.1 Effects of IL-6 on the viability and proliferation of HUVSMCs by CCK-8 and EdU kits
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Az B0 C: 51/ S 2 E: 304, T M), P: SRR AL/ BERR L, RB: 45 G H1Y; T: #e3%; TR: ¥ ; PP: A 45 & LO: fE AL M: LB
A: activation; C: causes/leads; E: expression, I: inhibition; P: phosphorylation/de phosphorylation; RB: regulation of binding; T: transcription; TR:

translocation; PP: protein-protein binding; LO: localization; M: biochemical modification.
E2 IPATIN SIL-6 K 8 AARIEEAE X 55 F
Fig.2 The moleculars screened by IPA about IL-6 and SMCs proliferation

(A) (B)
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©)
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i Total STAT3 e sw— w— —

GAPDH " == e e
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3 * 2 . 24
§ 24 § n.s. % n.s
s S, S,
13} 51 5 14
24 2 @
= = =
Q [} E
[~7 ~

ol oLl = ool

0 15 30 60 0 15 30 60 0 15 30 60
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A. B: Western blotiMIIL-6F#HUVSMCs 15 min. 30 minF160 min/5Ser727 1 Tyr705 i BR 615 i; C: Western blotk MITL-6f] BTHUVSMCs
15 min. 30 minf160 min/5 & STAT3 KL iL; n= 5, *P<0.05, n.s.: LR FMET 5.

A,B: Western blot was used to detect the phosphorylation of Ser727 and Tyr705 after IL-6 stimulated HUVSMCs at 15 min, 30 min and 60 min; C:
Western blot was used to detect the expression of total STAT3 after 15 min, 30 min and 60 min by IL-6 stimulation; n= 5, *P<0.05, n.s.: no significant

difference.

[El3 Western bloti&IL-6 R HUVSMCs Xt STAT3 B ES 1t HY 52
Fig.3 Western blot detected the effects of IL-6 on phosphorylation of STAT3

T LLEE R SR 3 A8 i /NRNA T $EOct- 1 32 J 46l
IL-6/ 3R 1A, 45 R WIR, #HilOct-17] DA RicHh B IS
IL-6f1 3 3%, T-424 hifIL-6 K s il &, 5x 4
FHEE TP IL-6FFAIK T £950%(El5). X — 45 545
7~ TIL-6F1Oct-1/77EAH BT IR R o

2.6 IL-6F10ct-13fATMZRIZ RN

N T FRIL-61 FHUVSMCsH 58 (1) 43 7 HL i,
S5 AN Z AR AL BB 7T R FIPA 2 A7 Oct- 1)
NI T, TR S A AR S 1 2 FATMP .
T K MIL-6F1Oct- 106 ATM 2 32K 52 0, FA11 90 31 7l



TR A% IL-63 3 STAT3/Oct-1/ATMIA 8 17 At i P LA 14 5 1319
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154 | 3
=] kk
8
d104 0% DAPI
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5
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~
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Time /h
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A: Western bloths JIIL-6 4 #HUVSMCs 6 h. 12 hfi124 hj5Oct-1(3iE. n=5; B: G5 HE A WIL-6HHHUVSMCs 6 h. 12 hfil24 h)5
Oct-11f147 & ; Oct-1: £¢ff; DAPIL ¥ ff; *P<0.05, **P<0.01.

A: Western blot was used to detect the expression of Oct-1 after IL-6 stimulated HUVSMCs at 6 h, 12 h and 24 h. n=5; B: immunofluorescence tech-
nique detected the position of Oct-1 after IL-6 stimulated HUVSMCs for 6 h, 12 h and 24 h; Oct-1: green; DAPI: blue; *P<0.05, **P<0.01.

4 Western blotfUIL-63TOct-1FIARIFM, FZER R MIL-63FOct-11L E HIFZNT
Fig.4 Western blot detected the effect of IL-6 on Oct-1 expression, and immunofluorescence
detected the effect of IL-6 on Oct-1 position

24 h 48 h

NC  si-Octl NC  si-Octl

IL-6
Oct-1
B-tubulin
2_
3 24h
B B8 48h
2
i‘é ek sk
S 11
2
g T
[}
o~
O L} )
& &8
& &>
24 h 48 h

Western blotKrilll T-HL0ct-13424 hAI48 hJFIL-6/1735; n=5, #*P<0.01, ***P<0.001.
Western blot was used to detect the expression of IL-6 after inhibiting Oct-1 for 24 h and 48 h. n= 5, **P<0.01, ***P<0.001.
[El5 Western bloth& T Oct-13F1L-63 1% Y 20
Fig.5 Effect of interfering Oct-1 on IL-6 expression by Western blot

FHTL-63] 3 21 it A1 ZNRNA T $LOct-12 3% )5, Western Fik48 hfE v] LA 2 FRRATMIP KA (El6B) .
blotKE MATM{I ik . 453 oK, IL-64 #4024 b/ 2.7 IL-6iESHUVSMCsi85E 50ct-14H%
ATMEE A0 h3 i 2= £92.56%5(El6A); Rl T 0ct-1 N T EIL-6IE T Oct- 152 MTHUVSMCs [ B4 5,
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A: TL-6J 4120 hy 6 hy 12 hF124 h)5Western bloti M ATM R i%; B: T4 0ct-131524 h148 hj5 Western bloth M ATM IR IE; n= 5, n.s. /LR

T ZE S, #P<0.05.

A: the expression of ATM was detected by western blot after IL-6 stimulated cells at 0 h, 6 h, 12 h and 24 h; B: the expression of ATM was detected by
western blot after inhibiting Oct-1 expression at 24 h and 48 h. n= 5, n.s. represents that there is no significant difference, *P<0.05.

&6 IL-6F10ct-13TATMZRIE

g

Fig.6 Effects of IL-6 and Oct-1 on ATM expression
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Fig.7 IL-6 alleviated inhibition of cell proliferation by Oct-1
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Fig.8 IL-6 induces the proliferation of HUVSMCs by the STAT3/Oct-1/ATM pathway
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