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miR-155 Regulates Proliferation, Migration and Invasion of Osteosarcoma
Saos2 Cells by Targeting SOCS1*
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ABSTRACT Objective: To investigate the effects and the mechanism of action of microRNA-155 (miR-155) on proliferation,
invasion and migration of osteosarcoma Saos2 cells. Methods: The expression of miR-155 in normal osteoblasts and osteosarcoma Saos2
cells was detected by real-time PCR, and the transfection efficiency of miR-155-mimic and miR-155-inhibitor was measured by
gqRT-PCR. CCK-8 assay was used to evaluate the cell proliferation. Transwell assay and wound healing assay were used to detect the
invasion and migration ability of Saos2 cells, respectively. SOCS1 and p-STAT3 protein expression was examined by using western blot
assay. Dual luciferase reporter gene assay was performed to determine the target gene. Results: The expression of miR-155 was
significantly higher in osteosarcoma Saos2 cells than normal osteoblasts (P <0.001). After transfection with miR-155-mimic or
miR-155-inhibitor, miR-155 expression of Saos2 cells was significantly upregulated or downregulated, respectively (P <0.001).
Overexpression of miR-155 promoted proliferation, invasion and migration of Saos2 cells, and decreased the protein level of SOCSI, as
well as increased the phosphorylation level of STAT3. The difference was statistically significant (P<0.05). Conversely, downregulation
of miR-155 inhibited the proliferation, invasion, and migration of Saos2 cells. The difference was statistically significant (P<0.05).
Conclusion: miR-155, which is highly expressed in osteosarcoma Saos2 cells, can activate the STAT3 signaling pathway by inhibiting the
expression of SOCS1, thereby promotes cell proliferation, migration and invasion. Therefore, targeting miR-155 therapy may be a
potential approach for osteosarcoma.
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RHHRS TG 22, BFE R S AEAEAERAUN 13 %P B3/ RNA
(microRNA, miRNA) J& 19-22 /% 2 1) P4 I A 2 A% /)N
RNA 731, )2 Z 5 M i kA e fle A R0 5 i A
PSR TR e R AR R B PR AR AR,
miR-155 752 PSR N R Rk, R HE T VR T, £ Bt e
PEREW, A miR-155 RYRILJS B PR AL & SOSP-9607
20 MO B S SR BE T B, JR TR G, 1 B GO/GL I RHLAF , #2271
miR-155 758 PR R R TS 2 BE N A (0. 0 miR-155 e
PR PR FAILAR LS E B PR AR 2 P T AN TS A
ARG ST miR-155 18 75 Hh— Tl 5 A UL A B PR 4 22
Saos2 FHHYVEHT, LS miR-155 7e8 PR AR i /EIBLH], &
20 B PR RTG ST $ BB B R

| AR i

1.1 ZRpELE3e

MNIEH# B4 % hFOB1.19, B ARl Z Saos2 il 293T
MR A ATCC AufE, & 10 %4 i (P02 A 6]
f) DMEM ;3235 ( Gibico 23 7] )7E 37 C .5 %CO, A h 1 37 .
1.2 4B 4

Saos2 A 28 AR G (5 = RARDIEALSS  #& B 2% 10°
L/ FLEERD TS ALAR, £F 24 h 5% IR Lipofectamine 2000
Reagent (Invitrogen 2\ 7)) $tHH - #E4T miR-155-NC (Negative
Control, Ji{4: %} #& ) .miR-155-mimic ,miR-155-inhibitor % 4 , %%
PRy 50 nM,
1.3 qRT-PCR

I Y 24 h J5 , B T Trizol (Invitrogen /23 ) ) v 42 HUE
RNA, Ff%F Hovfe B A2l B AT R . )5 244 B miRNA [z 5% 5%
i 7] & (Qiagene /A 7], miScript PCR Starter Kit) %) 15 B 45 3£ 47
miRNA S5 %53 LS S5 05 097 IVE SR , R 1 Takara 23 )
BJIRF (SYBR® Premix EX Taq TM II Tli RNaseH Plus Kit )i/
752t /& PCR 2256 (AB /2 ], QuantStudio 5 Real-Time PCR
System), miR-155 I i# 5] ¥ & :5-UUAAUGCUAAUCGU
GAUAGGGG-3'; N U6 g5 ¥ N :5-GGATGACACG-
CAAATTCGTGAAGC-3'. 5|9 Takara 23 wlid FH5 19 .
1.4 CCK-8 2346 I £H A3 7 RE

Hee gt 24 h J5 14 Saos2 AMI IR 3% 10° 4Hfid / fLAFA 96
Uik, B E 6 ZAL, /3 HIFEEEFR 24 h 48 h 72 h 96 h J5 , L
H—He ALk, FfLIN CCK-8(MCE /A &) )# i 10 wL, 4kLEi A
AR TR 1 /NS ARSI . AR E 490 nm Zh i)Y

B

1.5 Transwell 28546 iNI4HRE(E 226

B 3 /N $RET T4/ EH A 50 wL Matrigel (1:8 7
)R (BD A H] ) K55 4% 24 h J5 1Y Saos2 4L Ak MR
J&, FJCIE ) DMEM K3 BB, 4% 1> 107 LA A
Transwell /N2 (Millipore /A7) ) Hr, T )2 M52 IG5 5L, i35 24
h JFBUH/NE . F 4 %2R FE(FTEYAR) = EEE
20 min Ji5, F 5 %45 b4 (Sigma 2% 7] )44 (4, 20 min, PBS %
=l 5 FUER
1.6 XYRCIGH N IER A

RS S BN TR 3 5 HL, BALAT 1% 10° 4

Ji AN, AR B dE R 24 /NE, T 1 mL Sk T 05 RIS A 2R
YR 7F PBS V=5 , I ATCINL I () DMEM B33 4k 2%
7%, T 0 124 h BUHEATE,

1.7 Western blot #:iU&E A7k FT4,

i RIPA (38 = RAHE) R RERAMESER, &
SDS-PAGE HiikJ& , 5% PVDF i L, {111 5 % B4 114 2
h,4 CREH —Prad &, PBST VeI =k /5, F IR HE 402 h,
PBST Wl =K, &fb2E ROtIR #7845 R 400 (K fig 4200), —
$1:SOCSI HLfA 1:1000 5 B (Abcam /3 &) ,ab62584 ), STAT3
Bl 1:1000 F5 B¢ (Abcam 2\ ] ,ab68153),p-STAT3 i {4 1:
1000 F7i#¢ (Abcam A 7] ,ab76315), B-actin HLiATE 1:1000 e
(CST /A#],3700), —#i:HRP prichif IgG 1:2000 # B (CST
], 7074) ,HRP Fridfi /b B 1gG 1:2000 #i B¢ (CST A,
7076),

1.8 XN REFREEELR

&1 miR-155 AHERER SOCST /9 3”7 R4S X 5|97
51, b i 8 % % 5~ AAACTCGAGTGCACGCAGCAT-
TAACTGG-3' (FRIZFIIALEAIX), FiELI¥H:5- AAA
GAGCTCTAGGATTCTGCACAGCAGAA -3', H1 v /N w4 1
pGL3-promoter-SOCS1 [Fiki, 75 293T #ATAMMIELL , Sc3 40
ZSH AR ZH (pGL3-promoter) X i ZH (pGL3-promoter-SOCS 1+miR-
155-NC) #1532 5 2H (pGL3-promoter-SOCS1+miR-155-mimic ) ,
YL 48 h J5 T LA A, b LR AT A ( Glomax 20720
Luminometer) .

1.9 #EGEIT o

1 FH Image Pro plus 6.0 #44-/3#7E F, GraphPad Prism 6.0
PEATEIR G R, T35+ prE2s” R, AL R) HhisecR
FATRSTREAS t K5, p<0.05 TR BHRZ A Gt 255 .

2 R

2.1 miR-155 £ NIEE B B4 & hFOB1.19 5 8 WIEHE &R
Saos2 HIR A KT B, B Saos2 ZAREEE SR HILEITF

ik qRT-PCR 556 % A IE 5 B8 41 ifd & hFOBI.19 5
B RRE A 2 Saos2 4 i B miR-155 (49 & i HEATR I , 45 51
BN, Saos2 4L 7 miR-155 [ k7K - & % % F hFOB1.19
(1A, ***p<0.001 ), %} Saos2 4l 1T miR-155-NC/mimic/
inhibitor 7445, AP miR-155 133K K& A AH R AR,
qRT-PCR SEH 25 FUIE L YA 3 (] 1B C, ***p<0.001) .
2.2 miR-155 T FIA{EH# Saos2 MHFAIILTE (B EFTR

H Saos2 HfIFPIL, 43HH#AT miR-155-NC il mimic %
Yoo B Yv 24 JNEYE, 4T CCK-8 . Transwell 14 JE SE &
CCK-8 SLE 5 7R , #54% miR-155 mimic Ji5, Saos2 4l A1
FafE S AR ([ 2A, *P<0.05,**P<0.01,***P<0.001 ), [F]
¥, Transwell SE5645 R0, FIF4MIE M miR-155 AR A2
HEAMMEAR22 (B 2B, **P<0.01) . R SCE4E A3 190
miR-155 [FRIKXESE Saos2 AHMIERE (] 2C,**P<0.01),
2.3 T8 miR-155 HIFR LM% Saos2 MPAAILIE . BEFNTRE

4 Saos2 4/ PHAL, 43947 miR-155-NC #1 inhibitor
gy Y 24 NEFJR, 4T CCK-8 Transwell AIKIJE S5
CCK-8 SC I 45 WL 7%, % Y miR-155-inhibitor 1 %1 2 1 Py
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miR-155 A5, Saos2 HMIAYIESHAE I IR TFE (18 3A,*P<

0.05,%*P<0.01 ) A, Transwell SCIGEE AL, T 409

miR-155 FRIK AT LM H 2 AR 22 (K 3B, **P<0.01). R

SRS R — UESE T P8 miR-155 (925 W] ] Saos2 4/l
RYIER (Kl 3C, **P<0.01)
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Fig.1 Expression of miR-155 in hFOB1.19 and Saos2 cells and identification of transfection efficiency
iE: AL #&i hFOB1.19 #1 Saos2 #HAH miR-155 FI5RIE KT ; BEEF miR-155-mimic J5, 5K F qRT-PCR &l L5 %;
C.#4 miR-155-inhibitor 5, % F qRT-PCR &ML E, (***P<0.001)

Note: A. Detection of miR-155 expression in human normal osteoblast cell hFOB1.19 and osteosarcoma cell Saos2;

B. Transfection efficiency was evaluated using qRT-PCR after miR-155-mimic transfection;

C. Transfection efficiency was evaluated using qRT-PCR after miR-155-inhibitor transfection.(***P<0.001)

2.4 miR-155 @13 #8[m SOCS] #iE STAT3 i B VH = 4HAa 4 18
g

F5E M, miR-155 1] L 24 () SOCS1 #EFLVE T &
ARG E R @, 7E Saos2 4 fifd 43 %] #F 4T miR-155-NC FI
miR-155-mimic ¥4 48 h Ji7 , It BUEE (A 984T Western blot L5,
5K, 3T 3R5K5 miR-155 J5 , 40Py SOCS1 (18R /K RS
([l 4A,**P<0.01) , 728 miR-155 ££H PR H A1 n]5E 2 1
T SOCS1 ZHAEH, JR SR R Bt L R S 505 T
SOCSI 2 miR-155 (4 EL##153F (& 4B, ***P<0.001) . W5},
Western blot 5255260, | # miR-155 f{) kAT {3 p-STAT3
HEEKETE (K 4C,**P<0.01), %t ,miR-155 768 A
Saos2 2 fifd H AT fig ARt VR T SOCST 7% STAT3 i#
BEAR B PR R
3 Pig

B PR R i L SRR B s R R AR MR
HYWW5 kA MR, SR AR, g BT B b s, B
B RIEE R TS A A (VB PR AR Y 5 AR AR AR RATIAR
HAE 70%4A4, MBS R R E W 5 F AR AR
30%M, ST R IHTHIRTT R A AR — 25 R PR AR
FHITE

AHFFEFR I, miR-155 16 B WA R Saos2 & # 9 3E
FHEA, Lid miR-155 FIkmT LR SEANARIGSE . (RZEFTRE
miR-155 {3 A7 F 21 S YAk /Y B A1 & 5% (B-cell
integration cluster, BIC) X1y ©, ‘B J&—Fp #8592 Ui fig
miRNA , 2 50 HE1E M RAE s o L9 995 i e e 45 22 i
A PR R, miR-155 VR Ay BRI 7E 22 Fh SRS s 638,
Z SRR B U R LR e e AR 2

TR & A& R . A HRGESE ), miR-155 il 13155 MCF-7 #%
SR BB I LI N 2 A & TR 'Y, miR-155 il 1 £ 2 SR
W TGFRR2(FG b A K HF -B 324k 2) 42 i B 4 4 i iy A= < A
TR, FRATIAY SN, S ) miR-155 £E FoAth e 4 i i 56
IRIAVE FAE—35. FEB R T, A B Ts ), miR-155 76 R
# ML R SOSP-9607 T R AR AEH . i A B REW,
miR-155 B[] PTEN fi263%, #4998 PI3K / AKT / mTOR {3
S, T R RS S R A MG-63 YR TR [
I L RAAR T B 25 22 AR, {2 SOSP-9607 41 fitd 22 i FHAS )™
12, Hik miR-155 765 R A F 408 & b VR T RE AR —2L,
B A S L BT 2 AT 1 Saos2 VE kB A 98 40 AR 70 14 47
ARG5S QRT-PCR S5 & 3 miR-155 758 R Saos2 Hfififirh
FA LS T IE R BCE M, 488 T miR-155 gk # (R fE
Mo JREX B NV Saos2 4 i#F4T miR-155-mimic/inhibitor %
Py, K& BUEL Y mimic 33 FeIK A NI BB AR FE RN RS RE F1 1Y
HE5R A, e ¢ inhibitor H1HI 20 A IGTE (R 2 FERGE
IR 25 R R 2 0B R iR E Y miR-155 Ay e /e R —
2, LB T miR-155 768 P9 T AR R

miRNA #1378 28R 58 4 BAMICVE ] T HI LR mRNA
Y 3’ UTR X3 B0 AL R B 17 B sl e, b 7% SRR K
XA IR ) ek AT AR, miRNA BIFSY ) S SR il =
FRIHEIERR , FRAT1F A miR Base AHIC 4545 2 1 Target Scan
Pic Tar 3K {55 %t miR-155 #ATAEYE B 24500, Bl T 24
HE5. SOCS1 A Z— , miR-155 o] GEiE 1B T2k k1%
1R RRE TR F

SOCS M EFESHs+, S5E2MAEF A4
KEFFMENES T, ARy JAK/STAT {553 #& %,
HuiFEL s e ina 8 ANEE 41, 40 1 R (SOCS4-7) il
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Fig.2 Effects of overexpressed miR-155 on Saos2 cell proliferation, invasion and migration
iE: A CCK-8 IR 4BRERIHIIEIERE /1 ; B. Transwell SEIGHETMARTRIRZEEE ST ; C. IR KW MARTREEE S *P<0.05, **P<0.01, ***P<0.001

Note: A. Detection of cell proliferation using CCK-8 assay. B. Detection of cell invasion ability using Transwell assay.

C. Detection of cell migration ability using wound healing assay. *P<0.05, **P<0.01, ***P<0.001

I £ (CISH #1 SOCS-3 ), T E &5 1 £ 4% SH2 X F1 SOCS & IX .
SOCS & X & i BEORSF I 51, al il SOCS 2 [ e fige i 4k -5
HARAS il SE M 1 Elongin B/C 453U A A4, kTN 5%
B ARG, AL RS iz 1AL, N5 5 5%
il SH2 X O mEEORSFIY SH2 S5H 5k, rIHRUBIAN A 43
T SRS G AR EROREIR LR 2R , W15 55 T S e
1005 K7 (Signal transducing activator of transcription, STAT )f¥
BT 515 SRS S,

STAT AU IF I3 | STAT 261193
AT I FL SRR (2 STAT {E4FHEHE B

SR Z AR, KB AEAE STAT B3GR 4™, 20 1
LN SR 2 ARG A, OIS A SE I SR I (Janus kinase,
JAK), #TGEY JAK f 5 BRI 2 454 12 it . JAK i
WIS 2R 5 STAT 1) SH2 S5 F3 45 A5 JE it STATs —3RAK,
PEA N R R 52, HRTE M STAT 8HA 7 %K
WL, A4k STAT 25 HIWFGT 0, STAT3 {5538 i 5 b
SRR R AR R R VARG, 38 R 8 T Ak T S S0 9 240 e 1 5
WG R AR, ] STAT3 XbFRiiiia 7 B — ik
JHED, JAK/STAT {55 A =2 R f AT H 1, SOCS
Hpz—,
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Fig.3 Effects of downregulated miR-155 on Saos2 cell proliferation, invasion and migration
i A CCK-8 ity 4R AT AIETEAE 71 ; B. Transwell LI MARMIAIRZEEE S ; C. XIIRLRMMATREE S, *P<0.05, **P<0.01,

Note: A. Detection of cell proliferation using CCK-8 assay. B. Detection of cell invasion ability using Transwell assay.

C. Detection of cell migration ability using wound healing assay. *P<0.05,**P<0.01.

A 2% miR-155/SOCS #i1E T STAT3 {5 5@ I e 24
Jiea % 4138 , miR-155 75 [BRARIEE 2 21 i 33K, 7] SOCST (1)
TR, Wi STAT3 {7553 5 A i I 42 F i 200 e 1 12 52
FAER, A 5T R, ZUIRE h miR-155 1535, SOCS1 182
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Note: A. Measurement of SOCSI1 protein level using Western blot; B. Evaluation of relationship of between SOCS1 and miR-155 using dual luciferase

report gene assay; C. Measurement of p-STAT3 protein level using Western blot. **P<0.01,***P<0.001, ns( not significant ).
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