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JAA0 K K EPCNA. CyclinDI1. SurvivintgmRNAFR AK-F8H R TR, EIGAfe it A5 HOA R T I,
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hUC-MSCs Promote the Proliferation and Migration of Osteosarcoma
Cells through IL-6/STAT3 Signaling
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Abstract This work was aimed to study the effects of IL-6/STAT3 signaling on the proliferation and
migration of osteosarcoma cells. The expressions of interleukin-6 (IL-6) in human umbilical cord-derived
mesenchymal stem cells (hUC-MSCs) and Saos-2 cells were assayed by ELISA. The protein levels of STAT3
and p-STAT3 in extracts from Saos-2 cells were determined by Western blot. RT-PCR was used to determine the
transcription levels of PCNA, CyclinD1, Survivin and STAT3 genes. The proliferation of Saos-2 cells was measured
by cytometry and CCK-8 assay, and migration potential by wound-healing assay and Transwell assay. The results
demonstrated that the expression of IL-6 in hUC-MSCs was obviously higher than that in Saos-2 cells. STAT3
was activated by conditioned medium from hUC-MSCs (hUC-MSCs-CM) and IL-6 and the activation could be
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attenuated by a neutralization antibody against IL-6. The inhibition of STAT3 in Saos-2 cells by IL-6 neutralizing
antibody or AG490 down-regulated the levels of mRNAs of PCNA, CyclinD1 and Survivin proliferation related

genes related to proliferation, decreased cell proliferation and migration. The results proved that STAT3 activation

by IL-6 from hUC-MSCs might promote the proliferation and migration of osteosarcoma cells in vitro.
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FEAEH, 18] 70 5T 40 0 AT AR Bk TR A% HUM R
DR~ FH T 22 Tl P e g ) v o000 N A 1) 78 JB
T 40 fifd(human umbilical cord-derived mesenchymal
stem cells, hUC-MSCs) & [a] 78 Jit -+ 41 Hd ¥ 8 42 4%
X, 5 AR ) 78 i 40 A B, AR A SR A
T HT e M, T H B A S SR R S e A B
TR PR A G RO, 2 ok 4 AT e PRI 9 A
hUC-MSCsfig 7 2 R 4 B R 507, 2 55 i 2 i eg 1)
WaE . R R RO A SR R AT O, o, B
#-6(interleukin-6, IL-6) 1] & A& i B2 1 R VLR 2
— 1, T 22 B IR AR I A MR AR AR P IL-6
(2238 7K W) T, BIFFE W], TL-6f8 b 9 5E A
PURT A OCHE IR I R 38, B 402k ek e 440 o 3 4 1
IL-615 "5 /& tH A 7 ka2 AR (IL-6R) P52 44(gp130)
BT 310 gpl30J2 A TL-6 5% i Ji 02 1) 3 ) 52 4,
WO 5 R A 2 Ml i A 5 R O, H i
LR 2 I 2 R B 1 2 (janus kinase 2, JAK2)/M5 5
5 G 5 S BE TR 13 (signal transducer and activator
of transcription 3, STAT3){5 5 1l %%,

STAT3A5 ‘5 18 4 2 55 U 715 g 4 Jta ) 3 3.
T R AE — RAVAEY AT Y, STAT3 ) FF 2:0%
A BEAR J2E I J88 TR ORI R S, 388 5 98 0 TR AT 259
HPUE VIO Ryu 5G], STAT3 )54k
IR 558 PR B B U B G, p-STAT3 /K-l
e, BT EZE . A4k, IR WL E A AMThUC-
MSCs5 17 AR IR O 3R IR ARG IE ST IE, hUC-MSCs
G3UATRITL-6 BE AT 5% WA PR 968 40 I 1) 2B 0 24T R B
JAK2/STAT3 {5 5 il i {EhUC-MSCs 55 B P4 8 41 Jf2
AHEAE I R R AR E I ANE 2 o DAL,
AWEST 5 AE B BHhUC-MSCs X A8 41 Jfd A4 oh 3 5
AL (K15 1 S IL-64 At 1 TAK2/STAT3 {5 5 38 it
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PRGBS AR W5, B FOIRDL R o 77 EH
K@ A LI G F R, JFE B e #ZE i it
.
1.2 FERATSNEE

Jifi 4= I & o-MEME; 97 JE, 0.25%J8 & 1
f-EDTAY 1k ¥ & A Gibcoss wl. T 41 AN H A
Z% -6(recombinant human interleukin-6, rhIL-6)I4 F
PeprotechA 7] . AG49014 H Selleckchem A ). 0.1%
ghm R LB A REFEREARA A RITA
STAT3Hifk. fdit Ap-STAT3HU/ANE [ Cell Signaling
Teachnology A . % it A\GAPDH¥L {4 ) | Abcam
Aw]e BRI A AIBEAR LI Rt . AR
FEAL 2 KR IR £ . HiFi-MMLV cDNAT# 5%
AN B B 2 AR PR 2wl 40 i T4k
7 #2-8(cell counting kit-8, CCK-8)I [ £ RHK. 24 R}
FAT IR AT o -6 I Ho 15 W B v A7) 00 1
KH AR AT . 5 BE TAY TR -
I A PR A 7] 4 . GREENSspin4ll flBRNA P i#
PEHCA T G B R bR A 3 R R A BR A
2xTaq Master MixI H ik (1 2E IR A R 2w
WURME IR L, 25 em®BRL T IR0 6FLAR. 96FL AR
J Transwell 24FLH 34 ) 11 Corning /A 7] o {5 & 4H 2=
MBS A Nikon A 7] o BEFR1UE H BioTek A 7] o
1.3 Ak
1.3.1 hUC-MSCs#y4srB¥EHRA %z  RHUAN
L BE v 4y 3 55 FEhUC-MSCs. i FH £5710% FBSH)
o-MEM 5T 4> 15 77 JE U BE 3% FRhUC-MSCs, 40 iyl &
JE1X80%~90%Ji7, 4% 1:34% A, BIE A 2 B il B M 5%
ML SKIEERE o A AR ARZ 555X, nian e
KL MHUCMSCs CD19. CD29. CD90 % CD105%
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1.3.2  hUC-MSCs#% 3% 7~ 3 (conditioned medium,
CM)#y 414 FEESIRhUC-MSCs, 1A% 40 i = 5
h5x10°/mL, H(3 mLAH fa e f T T2555 70N, 1%
0 o 5 A WG BE J5 5 45 58 4 8% 7R L 8 TE I i o-MEM,
55 7824 hJ5 WA 5 77 2, 3 000 r/min & /0220 min,
0.22 umid JE, —80 °CHA A7 -

133 B Bk % J& & W X 38 (enzyme-linked immuno-
sorbent assay, ELISA)  [f]LA_b 5 ¥l 5E Saos-241 il
JhUC-MSCsH; 7R3 11, % MIL-6 ELISAK A F
EEERAE UL E Saos-241 [l HThUC-MSCsHIL-6 £ 1%
o

134 &RNA4R I ZRT-PCR Y Saos-241l il LA
1x10%FL 82 P FofL A P, 44 55 7% 4 1Bl Bl 73 M6
Al (DRI 4L N 58 4 5% 9% 3 B 9%, (2)IL-641:
BN 720 pg/L rhIL-6[1) 56 4x 1 77 5 1r 7% (3)CM
41: NN 5 40% hUC-MSCs-CMf) 58 4= 55 97 L B
7%; (4)CM+anti-IL-6 41 : A5 20 mg/L IL-6 Fl
Pt 1K F140% hUC-MSCs-CMH) 58 4 55 37 FE B %,
(5)CM+AG490 41 : I 75 50 pmol/L AG490 F140%
hUC-MSCs-CM[1 58 4 55 FR 3L 5 5%, (6)AG49041:
A 550 pmol/L AG49011) 58 4= 5 97 He Hi 7% . 24 h)m,
PRI A 40 S RNA, 1855 536 cDNAJG #E/TPCRY™
B4, 1% IERE I ra KR I H SRR 464y . B RNA
MIPEE . WL 5. PCRJ N 3442638 771 £ U6 W 45 4
W Z b p-actin, H 1) % A §5: PCNA. CyelinD1,
SurvivinISTAT3, 519175\ S =R /N Ik 1.

1.3.5 Western blot#& M STAT3 A8 4L K- Saos-2
AN MRl T BT, T A ik 80% I #% ik 7 5%
A, EHA N IR, 30 min)T, PRECE-4140 1 R

HL VK 20 B9 2R 1 (55 4L30~50 pg), e, S, —Ht
4 °CIFE IR, “PrEliF G2 h, (2E RO EX-LR
JrBEOG, A AT K EE S BT N2 A GAPDH,
H I8 2 10 75 STAT3 Allp-STAT 3
1.3.6  tmfeit ik FCCK-87k 4 | &40 4m 38 74 1
Ao T BOE: B Saos-240 i34 1104/ B A T
6FLIR, BEWLZY A6, [A)1.3.410 V50 4, &AL
2 mLAHCHE IR L, B4 BAAN AL, 20 5l T AH B B
[E) 0 25 2 40 R4 T 1 #. CCK-8¥2:: B Saos-24 i)
21 000/FLEFR 96 FLAR, BEHL /A 62, 4% 13k 7 i
o, R BEAN AL, BEFLIIA200 pLAH R 85 57
o a3yl T E6 dREE9 dA UL HUbR, BEFLINIATO0 uL
CCK-8iA A5 737 °CHFH2 h, Mgk 2 H450 nm
BRI B (D) E -
1.3.7 Transwelli£#% 525 H{Saos-241 i FFT-64L
B, 57 40 I A5 B IR 80% I 42 _F-3Ak Ty v Bt WL 20 4,
B A B 5 SR BE T 9548 b, R AL i, LAJC I
T o-MEMEE & 41 g, 3 40 i % % 4 1<10%mL. L
ERALIMAT00 pLAH MR, &40 T =3 A600 pL
£10% FBS[flo-MEM5¢ 4= 15 77 %, 37 °CH%5 7%12 ho
1% i R Y (iR g b= FRESN M, 2 108E FEEAL
TERSAS S BT AT HEA T 4 M T2
138 XRZEH  HlSaos-241 i fEhh T-65LIL A, £F
AN ML A B IR 80% T, % ik i kBN ke, H
200 pLAG S 7F A7 FL AN M b ek — Rl 2k, B A T
FERLB IR, HT37 °C. 5% COJEFRAE %97, 24 h
Jo TR E AR ZE WAEE N LR 4 BT B i LI e
14 ZHit=EHH

JIT AT S 5034 B /> T 5T 30K, U SR T 3 B hm v
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Table 1 Sequence of primers and product length

B S5 5

Genes Sequences of primers

KIS
Product length

Forward: 5'-CGG GAA ATC GTG CGT GAC-3’

PB-actin 443 bp
Reverse: 5'-TGG AAG GTG GAC AGC GAG G-3'
Forward: 5'-CGG TTA GAA GGG GTT A-3’

PCNA 360 bp
Reverse: 5'-GAC GGT CTC GGT GTG T-3'
Forward: 5'-GTGCTGCGAAGTGGAAACC-3'

CyclinD1 174 bp
Reverse: 5'- ATC CAG GTG GCG ACG ATC T-3'

. Forward: 5'-AGG ACC ACC GCA TCT CTA CAT-3'

Survivin 118 bp
Reverse: 5'- AAG TCT GGC TCG TTC TCA GTG-3'
Forward: 5'-CCT GAA GCT GAC CCA GGT AG-3'

STAT3 133 bp

Reverse: 5'-TTC CAA ACT GCA TCA ATG AAT C-3'
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A: JFAChUC-MSCsk577%6 d; B: JAfthUC-MSCsk3714 d; C: 25 11RhUC-MSCs#%772 d; D: 5 54¢hUC-MSCs5 773 d.
A: hUC-MSCs at primary cultured for 6 days; B: hUC-MSCs at primary cultured for 14 days; C: hUC-MSCs at passage 1 cultured for 2 days; D: hUC-

MSCs at passage 5 cultured for 3 days.

Ell hUC-MSCsF.ASZEHE
Fig.1 Morphology observation of hUC-MSCs

ZEFoR, KHISPSS 19.048 vF A3 T B 0 Hr . 41
) L3R FH B DR 25 5 2 20 M, A P LL 28R il Scheffe
R, VHECEORER F HE S B RIS 56, P<0.0524 % 5
EENES DS

2 R
2.1 hUC-MSCsByEMF451%

I aE 0 SR ACEE 7R 10~14 A, B RS
JIET 2 R 40 R 52 RO R AR K, AR AR 4l B A Y
—, BRKRIE YT, ek (& D). /i
ot A AR SR, 4 s R IACD29. CDY0.
CD105(>95%), PR #ECD19(0.1%), 545 18] 78 Jit T
0 25 5 bt
2.2 IL-6F1hUC-MSCs-CM 37 Saos-24f AEISTAT3
Fp-STAT3E H R FIEHI M0

20 pg/L thIL-6 5 40% hUC-MSC-CM4y 5l 1& il T
Saos-241 930 min/i7, p-STAT3 %4 B W TH . i TIL-6
FESTAT3) 3= BEHGE ) 5T, 18 I ELISAKS Ml & B, hUC-
MSCs-CMH i 5 1] i1 804.8+152.2) ng/L, 1] [ £F %k
T [1)Saos-241 i 43 W TL-63K J5 AN h(170.1422.5) ng/L
(E2). ECMH Iin N IL-64 AT 44 B WTIL-611 7E
J&i, p-STAT3 % A5 N B, STAT3 % 7E 52 )30 ), (H
AT 6 HE 4. AG490 R JAK 24 i 71, FL W 25 4
il T Saos-241 USTAT3 )% 44, [A] It Il 95 1 CMXY

2 000+
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12004
1 0004
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2004
L
Saos-2 hUC-MSCs

1.5x10°hUC-MSCsH1Saos-24fl il £:3 mLIC M {FFDMEM 1155724 hii,
ELISARLIN 4 it L5 KIL-67K 1. n=4, *P<0.05, 5jSaos-24t [ £ Lt
1.5%10° hUC-MSCs and Saos-2 cells were grown in 3 mL serum-free
DMEM for 24 h, and the IL-6 level in the supernatant was measured by
ELISA. n=4, *P<0.05 vs Saos-2 cell group.
El2 ELISANSaos-24AMFThUC-MSCsHIL-68) 5% 1% 8
Fig.2 The expressions of IL-6 in Saos-2 and hUC-MSCs
detected by ELISA
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STAT3 M BEAE H, 2 5 B g ik 27 5 X (P<0.05).
20 A MU STAT3 1 £ 1 /K- JE W8 22 5 (113)
2.3 IL-6FNSTAT3XfSaos-24M i 1858 48 5 B F &
e =0pA

RT-PCRA I 2 W, CMZH 384 B AH 9 %5 K PCNA
CyclinD1. Survivink ik /K V- %) 3 & I, IL-6H
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= Control
=3 IL-6
. = CcM
1.0- Em CM-+anti-IL-6
- T, D CM+AG490
.S B AG490
2 0.8
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2 0.4
a
2
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=
(5]
=4 0-
p-STAT3

Western blotht; il % £1Saos-241 il # 730 min/5FSTAT3Flp-STAT3 1)
K. n=3, *P<0.05, 53T ALLLE; “P<0.05, 5CMALIL#;
£P<0.05, 5AG49041 LL# .

The expressions of STAT3 and p-STAT3 protein in the different groups
of Saos-2 cells cultured for 30 min were analyzed by Western blot. n=3,
*P<0.05 vs control group; *P<0.05 vs CM group; “P<0.05 vs AG490
group.

E3 IL-6FfAhUC-MSCs-CM3XJSaos-22H fISTAT3Fp-STAT3

BABRFIEHFNT
Fig.3 Effects of IL-6 and hUC-MSCs-CM on the
expressions of STAT3 and p-STAT3 protein in Saos-2 cells

(A)
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3 IL-6
150, == CM
B CM-+anti-IL-6
OO0 CM+AG490
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=)
= 100+
; *#
o
\3 *
5 50 *#
“ A .
0_
6

Relative mRNA expression
=)
~

(B)

CyclinD1

STAT3

e
o

PCNA Survivin ~ CyclinDl ~ STAT3

7% 41Saos-240 My K% 7724 hJi5, 4 M ERNA. RT-PCRE; JIIPCNA.
CyclinD1 SurvivinFISTAT3 mRNAIRIL /Ko n=3, *P<0.05, 5%}
M LA *P<0.05, 5 CMALLEER; #P<0.05, 5 AG4904] LA -
Total RNA was extracted from different groups of Saos-2 cells cultured
for 24 h, and the expressions of PCNA, CyclinD1, Survivin and STAT3
mRNA were detected by RT-PCR. n=3, *P<0.05 vs control group;
#P<0.05 vs CM group; “P<0.05 vs AG490 group.
[El4 IL-6FNSTAT3%}Saos-24M IS8 H X
ERFEFRIEBIFIE
Fig.4 Effects of IL-6 and STAT3 on the expressions of
proliferation related genes in Saos-2 cells

= Control

3 IL-6

mm CM

mm CM-+anti-IL-6
IIm
EER

159 CM+AG490

AG490

L UK (A)RICCK-83(B) 3 Jill 1556 dRI 559 disr Il % ZH Saos-241 Ji 14 JE 1% L. n=4, *P<0.05, 5 X} 41 L "P<0.05, HCMZL HL 48

AP<0.05, 5 AG49041 LL % .

The proliferation of Saos-2 cells in different groups were measured at 6 d and 9 d with cytometry (A) and CCK-8 assay (B). n=4, *P<0.05 vs control

group; *P<0.05 vs CM group; “P<0.05 vs AG490 group.

[El5 IL-6F1STAT33}Saos-24M 1478 HY #2010
Fig.5 Effects of IL-6 and STAT3 on the proliferation of Saos-2 cells
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(A)

CM-+anti-IL-6

CM+AG490 AG490

©

Control

CM-+anti-IL-6

(B

Cells/field

CM+AG490

A: %54 Saos- 241 fu 55 9724 hE, HIsE A RT IR IE T AL, R T Transwell B 1%, B 7312 hJG BEAT AU M R o2 o 4 (N3 2 (bf =50 pm); B: % i
Transwell/N% [ ATHEELZE T C: AN MR 256 (b5 N=200 pm)«n=5, *P<0.05, L5 % AL LLAEL; *P<0.05, HCMALLLEL; #P<0.05, HAGA9041 LLAL .
A: Saos-2 cells in different groups were cultured for 24 h, then cells were suspended in complete medium and plated onto upper chamber of a transwell
plate for 12 h. Cells migrated to the undersurface were fixed, stained and counted (Scale bars=50 um). B: the number of migratory cells. C: wound-
healing assay (Scale bars=200 um). n=5, *P<0.05 vs control group; *P<0.05 vs CM group; “P<0.05 vs AG490 group.
[El6 IL-6F1STAT3X}Saos-24M AT # H £/ M0
Fig.6 Effects of IL-6 and STAT3 on the migration of Saos-2 cells

R AR TT B 2 98 55 CMI {39 5 JE PR 3R A 4 L 1
CM-+anti-IL-62H £ J [A] # 55 7K P AT & T %0 4.
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Saos-241l fifl [FJPCNA. CyclinDI . Survivin[fJmRNA
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FEAHSGHE R R B BRE, =R gt
2 X(P<0.05) s STAT3HE R 1) % 55 7K T 76 45 Ab 22
I E 24 hJia, R LB B0 (K14).
2.4 IL-6F0STAT33FSaos-24M BEIETE AY 520

0 T B S 56 K CCK-852 3 7, AU EIL-6
JhUC-MSCs-CM35) g it % & i3F Saos-2 41 Jig 3 58, 1y
CM-+anti-IL-641 4fl A % & KD ¥ 2 A% T-CM4L.
AG490W] {2 FEZE T Saos-241 Jitd (8 4, BT = CMAF

TEMI A TS RE B8 s 4 M )3 3 e ), 2= S 3
4t L(P<0.05)(&15).
2.5 IL-6F1STAT333Saos-24M BT # #9520

20 pg/L rhIL-6F1140% hUC-MSC-CM %) 5l Fi b
Saos-24 124 h)5, 41 MiT# fig 7 B 5 19 55 (P<0.05);
T-CMHIIL-6 1 FIHTAR, 40 M2 e ) B W 9d 59,
TR TR Z1(P<0.05); CM+AGA4904H 7 ik 58 Bk R i
JI5S (1) 40 i 25 1 S /D 5 B AT & CMAL(P<0.05)(]
6AFIEI6B). KI5 B R, 1L-6 XhUC-MSC-CM¥)
P& T Saos-241 g (¥ H 47 &4 e 1, TiCMH IL-6
B RS, 9 r A re ) R T, 1X 5 Transwell
iR —2 M AG490MHI T Saos-241 f [FITAK2/
STAT3{5 il i J5, LIhUC-MSC-CM & 57745, 4l
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SRR N BB, LA AR 2 P DGR R (AR A,
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Hsp90. VEGF(vascular endothelial growth factor)55,
T AT R W, STAT3HE Y 19 miR-200c ) 3k, if
T U 428 L e 0 B 22 o e sy IR 1 (19 2 GBS0 8K T,
STAT3 1344 55 1 PRJR 40 it %) H AR A SR R AN
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FHIFITAK2/STAT 35 5 18 % 11 BEL 7 77010 o4 17 1 W
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