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Effects and Mechanisms of uPAR Expression in Rheumatoid Arthritis Fibroblast-like
Synoviocytes
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(1.Department of Rheumatology and Immunology, The Third Affiliated Hospital of Sun Yat-sen University, Guangzhou 510630, China;
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Abstract: [Objective] To observe the effects and mechanism of urokinase-type plasminogen activator receptor (uPAR)
expression in rheumatoid arthritis fibroblast-like synoviocytes (RA-FLS). [Methods] Tissues were collected from RA patients with
joint replacement surgery or arthroscopy and RA-FLS were obtained by tissue culture. Chemically synthesized small interference RNA
(siRNA) specifically targeting uPAR gene was transfected into RA-FLS by cationic liposome. The interference efficiency of uPAR-
siRNA on the production of uPAR mRNA and protein was determined by RT-qPCR and Western blotting respectly. The proliferative
inhibition rate was examined by CCK8 assay. Flow cytometry was adopted to determine the change of cell cycle distribution. The
migration of RA-FLS was examined by Transwell assay. Western blotting was performed to detect the influence of uPAR on PI3K/AKT
signal pathway. [Results] Transfection of uPAR-siRNA significantly decreased the mRNA and protein expression of uPAR gene. The
proliferative inhibition rate was obviously higher in the uPAR-siRNA group than the control groups (P < 0.05) after transfection for 48
h (17.51 £2.27)%, 72 h (28.62 + 4.82)%, 96 h (22.91 + 5.78)%. Flow cytometry assay showed accumulation of cells in the G,/G,
phase and the number of RA-FLS in the S and G2/M decreased; Transwell migration assay demonstrated the RA-FLS through the
transwell membrane in uPAR-siRNA group (35 + 11) were lesser than the NC-siRNA group (136 + 19) (P < 0.05) and the blank
control group (138 + 21) (P < 0.05). After transfected with uPAR-siRNA , the phosphorylation of PI3K/AKT/GSK3B decreased
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significantly.

activation of PI3K/AKT/ GSK3p signal pathway.

[Conclusion] uPAR may play a role in the regulation of proliferation, cell cycle and migration of RA-FLS through

Key words: uPAR; arthritis/rheumatoid; fibroblast-like synoviocyte; RNA interference; proliferation; migration; PI3K/AKT

25 KR 5 75 R (rheumatoid arthritis, RA) 4& —
T LIRS PR A T P ST R O A 4 B RAETE B B
PN , FEAI BEZR DO AE TS, of HLJR (4 B
LR BN (fibroblast-like synoviocyte, FLS)
ST AAE B | LA S5 A S 1 R Y
FERVAML, TAFERIITE R B, RA-FLS 1Ef8 1
RAEPOE T, BA NS A B2 IR A0 i R,
UNHEHE AR BEIG Nk 4 4 ) A% 1R 2R e 1 4
SIRAE . PRIME TR 2T 15 I LR W) 2 14K (urokinase -
type plasminogen activator receptor, uPAR) , J&4fl g
RIMA—FhZ INREZAR, | AFAET N B4
ET 2 20 S Z Pl v e A e T, LA PRI
T B2 B D S ) (urokinase—type plasminogen
activator, uPA)5 uPAR %54 5, B8 @ W Ry
X RIEVET . DuPAR FluPA 145 & AT 40
T I B AL R T TR, TR AL Rk o 465 s £
T (MMP) |, [ 22 B0 ST ER 1, gk 200 1 Fr) e 7%
R Q=% 5 HALPS R 455, 15 L0 N
{55001, BN 2 IR 5 22 TR & H 0% Sre [5
5 I R IV (STAT) 55 3 i YT T Ui 22 il
{55 55 R 4 L 36 58 Al DR T R A
fefh, BFFE RN, uPAR TE2E KR OCT S MIE Gy
HAEHNE ST I (1010 I ZE 2R 1) 3 i 2 o o )
TR IA T IER, L RA B IR ] 2,
PRAI G 77 B 200 0 S 36 E S 2 X 519 R A 19
AT RAEICTT I B 22 Fh A0 ML 2 RE 5 R 3% Gk
uPAR, JUCAE RA B Y0 5 L 40 fe o
F0) (0 JE uPAR 7E RA-FLS MRS 15835k
HEMEN, BRI MR kX L)
RENHLHIAE . ASCRI siRNA THEEARXS 117
AR TR GE T,
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PE 6, Bk 2 B, TR 48.2(S=8.7)% ,F
PIRTR 110.6(S =37.5)H . RA ZWifF & 1987 4
2 FE X h 2 (ACR) BT Y2 rbn it . AR
L 2 I O R R AR A7 I 37 RV 3% 28 50 5 2 A 7
ARG,
1.2 KFI 5

4R 1ML YE  (fetal bovine serum,FBS) 2 & b
DMEM 7 IfiL ¥ 5 7% 3£ W B 3¢ [E Hyclone 72\ Fl ;
RNAiso Plus (RNA #2 B ) PrimeScript ® RT
reagent Kit SYBR® Premix Ex Taq™ I Kit J1l5 H
Takara FA YA SR ARG & A
KARAE AR A PR w75 ; uPAR —Hiil [ 36 [
Santa Cruz,p-PI3K I [ 3 [&] Millipore,p—-Akt. .p-
GSK3B — Pt [ Cell Signaling; GAPDH — ¥ |
FRic =P A b st AR A W H AR BR S w5 4
T 48 5 55 HE IR R 4 (CCKS) Mg I M S ik 2 B B
Fe A BR 2N A 7= il 5 Jo L5 15 97 2 Opti-MEM I 5
N Lipofe(:tamine® RNAIMAX N invitrogen N1 0ka
by A5 uPAR -siRNA | B % iIf NC—siRNA |
GAPDH-siRNA ¢ JthRic siRNA XUEE i L i 75 35
N R AL BE (PL) AT Rnase A W H FIREVT3E
W B R A FR 23 ] 5 Transwell24 LA W B 36 [H
Corning A\ F] .
1.3 LIAHZE
1.3.1 @iy B3z RS TIRERA
JEEZHEZ, SRR W7 | 148 M2 2F 420 41, PBS 2% il
e 2 ~ 3 WU K S B BT 22 1 mm x 1
mm x 1 mm /N, LU 2 53R -
A1 IMAGE 5 10%FBS ) DMEM 55 359,37 °C .
5%CO, TEIRIGFEAH 55 iR A IS TR E O, B
2~ 3 R 1 IR, MMAERKERSR > 80%H,
JBEME T AL IR AL AR 592 2 3~6 R T LA TS5,
1.3.2 siRNA 4% RA-FLS 405k 5 x 10* mL~
WEER T 6 FLAL, ARFL 2 mL, AP A R A F)
70% ~ 80% I % Yu A& Ab & 1 14 /N 43 F siRNA,
siRNA 29K B2 40 nmol /L, M3 AS [R] 5256 7 7415
SEANEGTAL, R SR/ N uPAR-siRNA J751) .« 1E
X% 5’ -GCCGUUACCUCGAAUGCAUTT-3" 5 iz X
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5% 5" ~AUGCAUUCGGUAACGGCTT-3" , BH:Xf iR
NC-siRNA J¥41 . 1E X4 5’ -UUCUCCGAACGUG
UCACGUTT-3"; Jx X 4% .5 ~ACGUGACACGUUCG
GAGAATT-3" , %YL 24 h J W40 i, FEHUE
RNA #Ef796 ¢ & PCR, KA ¢ mRNA & &
AT AL AREEEE IR A 48 h BTWCAR A, 1R
BUSEE H , 4T Western blotting #21E , Kl A 8 H
[ ZRIRTE D

1.3.3 Real time—qPCR F 4 uPAR mRNA 8 &
B EEYY 24 h 5 AE 4 I, RNAiso Plus £ B
RNA, EAM30CCEE THR I & RNA & &, §%
PrimeScript® RT reagent Kit RFN &L B kAT 2
Bek RUEE S ¢cDNA % SYBR® Premix Ex Taq™
A& Ul B B U T AL PCR ROV B4, Rl
uPAR mRNA 3R3i5, 51975140 F . GAPDH 1F X
B 5'~AAGGTGAAGGTCGGAGTCAAC-3", Jz X 5
5" -GGGGTCATTGATGGCAACAATA -3’ ;uPAR iF
Bk 5'-TGTAAGACCAACGGGGATTGC-3", X X
% 5'~AGCCAGTCCGATAGCTCAGG3' . ABI 7000
PGE i PCR 44X L iR AT BN, I 45 o) 43
MrAAREAS Cu L, 158 2720 A7 B AR IR (AR X 58
o

1.3.4  Western blotting - #48% % & &k LY
48 h JEUHE RA-FLS, S8 U S 4 s 2
F1,BCA L I i, SHIERE AR LR
P, 100 CKHZEPE 5 min, 48 10% SDS—-PAGE
MUK B, TR AR BN 3] PVDF JBE, 5% BSA f
HE A T 3,4 CHFE K, TBST YEfE, THiE
TR 1 h, TBST YEEALEE 32 F ECL &6 2
min J57 , THERE A R RGO, 1] Alpha View
SA BAFIAT B BN ERE A L A HBE A
SO (S GAPDH 85 DG 1 He i =
TN R

1.3.5 CCK-8 s:#ml zm b A& ¥ #p4HE oL Bihb T
KPR RA-FLS 4HAELL 2.5 x 10* mL (9%
FEER T 96 LR, FEFL 100 WL, 20 i Fl 4 1 ik 3
50%0 4 UL b ik T g S84y D2 6 IR
ZH AUINIE 55 2R RA-FLS ; Q5% B 26 . fin
NG | IE H 55 IR WM RA-FLS ; Q) BA Xt A8
2 . RA-FLS #YedEFr5% NC-siRNA;  (@DuPAR-
siRNA #H . RA-FLS %% 4% uPAR-siRNA, %4t 24 h
JEHM, I TEEYL 24 48 72 96 h 5, HALINA
CCK8 ¥ 10 wL, 37 CAKZEWEE 3 h, 1206

450 nm E A KGO (A)VE TR AR
UMBE SRR TCA L A (A 2E{E A4, TR
3 AL TN R (%) =(1-AA 50 /AA i) X
100% .,
1.3.6  wX A 4o i B 2 BOS R K
f) RA-FLS L) 5 x 10* mL™ % M T 6 LR, 5
fL2 mL, WiBEfSRIEAEE 3R 12 h, 3% LA ikt
TPy W H NS FR LR RA-FLS A% IR R4
B34 XT i NC—siRNA 21 F1 H 19 3E [ uPAR-siRNA
2, FYL 24 h ¥R, N 20%FBS ) DMEM
RN S SR 24 h WOHE AN, K 20 B ) i B 4
M, T PBS BEI% 2 KIG /N0 IR FEaR A4
WS RESEAS AT 70% .85 1 mL 40,4 °C
[ b A, B [ A RE i, PBS PRV 2 W,
A 500 L PBS HEELHM, FEAIA 5 wL RNaseA,37 °C
JiCE 20 min, B5OSEWFE BV, A 95 wL PBS H
B0, JEIA 5 pL 1 mg/mL B9 PI W K I kE
e A, 20 min, HIA 600 wL 7% 0.1% BSA ) PBS,
25,300 HJE e W i ER A4 T, # 2 iU
i, EALRIN A I 5 SR Modifit 438 45 44 43
BT o 4 R 3 58 15 1 2 5B 45 2L (proliferation index,
P, PLE R =, 20 B3 58 B I, PI=( G/ M+
S) A 4H MK/ (Co/M+S+ Go/G,) 40 it % x
100% .,
1.3.7 Transwell & &AL F£ 3 7F 24 fLHR T
ATLAFLAE 8.0 wm [ Transwell /N ZE LA 600
pL 7 10% FBS(fE ML F) ) DMEM, R&EE
FI ER 755 Y 48 h () RA-FLS, F JC L5
DMEM £ 2 K, & T I DMEM H,
AN EE E 1 x 10° mL™, B 100 pL &N E E
%37 °C. RN BON 5% CO, tH IR B 748 4k 2:
MR 20 h, FHMR 24504825 Transwell PR [ %) 40 Y
40 g/1 22 B BV W E %E 20 min, 0.1%%5 55K G
5 min, T BT TS 7R ARSI rh il 2k
LR S AR, BB AR, S ST
YRR 20 FRZZR TR,
1.4 SEitEabE

JITA B F SPSS17.0 Geit SR BE, 58 ¢
FHTIBL = RS (v +5) Foo% , BIATREAS LB ¢
K, Z ARSI ECR H One-Way ANOVA
A3, W LA LSD ¥k ISR AR e A
I3 A0 , K Kruskal-Wallis B FIAG L . P < 0.05 4
ERAGIFENL,
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2 % R

2.1 RA-FLS fifEiZHREE

et i R SR LU BEfS 2 ~ 3 d 1T I
YK AU N U, Bl 22 2 U IR
(E1A) , 1~ 2 JAJSHE MR 70% ~ 80%., 3 U5
ERALE AL, AR, Mk OR R R
o JBAS FLS HHFF (I 1B) i UMM A I 41 i
FIMbRIC CD5S5 Fik, 45 R4 3 18 RA-FLS
YRR CD5S PIPEFRGAFIL 93.2% (K 2),
2.2 %3 siRNAs J§Xf RA-FLS uPAR mRNA
MEARIEHEIE

%Ot & PCR £ R K U RA -FLS §% 4

uPAR—siRNA J&7 uPAR mRNA ik, Ct £33 GAPDH
brifEfb b BRIS RS PERY uPAR-siRNA X} mRNA
1 FHERCE N (84.0 + 3.8)% , 525 4 XF HE AT A 1
X HEAH E 25 A G it (116 £ 0.24 vs 1.00 +
0.00 or 0.16 + 0.04) , Western blotting £ {7~ | 7%
¢ uPAR-siRNA 48 h J5 ,uPAR SRR A E T
e, DUERAOR AN F a5 AT IR 4L A (89.35 =

11.12)% (P < 0.05), #HIPEXTIEZH R (90.44 +
9.91)%(P < 0.05), NC-siRNA X} uPAR J&:[H 3k
JoH B (K 3),

2.3 CCKB8 ix#é il 4 A 4 78

CCK-8 ¥ W /ni% % uPAR—siRNA 114 21 Jifg 434 4
MZest e s 48 h WL, BERZE Hot, =
FIXTREZE | AN Je il A 41 F NC—siRNA 4173

Counts

10¢
CD55TE

@

5

20
1

ﬂ o ! 1F
D35 PE

1 RZBHET RA-FLS AERES
Fig.1 Morphology of RA-FLS observed under optical microscope
A: Primary cells scratched from the tissues; B: Passage 3 RA-FLS. x 100
2 mAAEMAKNE =K RA-FLS R CD55 Rix
Fig.2 CDS5S expression of passage 3 RA-FLS detected by flow cytometry

A blank control; B: CDS5S5 positive RA FLS

FR 1 SiRNA B [ER 85 RA-FLS 40 E i & &

Table 1 The proliferative inhibition of RA-FLS after uPAR-siRNA transfection (%, x+s,n=4)
Proliferative inhibition rate

Group

24 h 48 h 72 h 96 h
Blank control 0x0 0+0 0+0 0+0
Transfection reagent -2.15+5.84 3.16 £2.95 3.54 £2.08 0.16 £4.20
NC-siRNA -2.55+£6.51 6.95 +2.86 6.90 + 4.44 3.03 £4.95
uPAR-siRNA 2.90 £3.73 17.51 £2.27 28.62 + 4.82 22.91 £5.78
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Control NC-siRNA  uPAR-siRNA .
uPAR — * - —— 0.9 - -
GAPDH < S S— 0.8 1 -
T 1.2
g v 0.7 1
= &
o 1 L 0.6 —
E] = N
® 5 051
% 0.8 - R
E o6 £ 044 =4 Blank control
;3 = 0.3 1 == Transfeclion reagenl
E 0.4 0.2 A NC—-siRNA transfection
=]
% 0.2 1) 0.1+ == UPAR-siRNA transfection
[E‘ 0 T T T 1
blank control NC-siRNA uPAR—-siRNA 24 48 72 26

t/h

B3 %% siRNA 48 h F&ZEXTERLE NC-siRNA 4,
uPAR-siRNA 4H uPAR W& B &RiX

Fig.3 Western blot analyses of uPAR expression in blank

B4 sSiRNA ¥3/5 RA-FLS 878 i £
Fig.4 Cell growth curves of RA-FLS treated with si—

control cells, NC-siRNA transfectants and uPAR-siRNA RNA
transfectants
1)P < 0.05 vs blank control and NC-siRNA group
E S
Agoreganes
& & 2] g gg E;.
2] 2
8] 2] ks
£ = 2
Eg_ F-:=§- ég_
LR #
2
2 -
° o 20 'Ic 11—.c 1'—:.c ° s!c slc = 1:I.c 1'-' ’ - 3“:‘ 5I‘C = “;C “IE‘C
) Channsls (FL2-4) N Channeis (FL2-A) - Channels (FLZ-4)

B 5 FRAAIARKMEL 48 h JF RA-FLS DNA 537
Fig.5 Flow cytometry detected the DNA distribution of RA-FLS
A Blank control; B: NC-siRNA transfection; C: uPAR-siRNA transfection

6 $ETWZ Transwell f& T RA-FLS
Fig.6 RA-FLS under transwell membrane
A: Blank control; B; NC—siRNA transfection; C: uPAR—siRNA transfection; x100
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FEINZ PR A, WIS T uPAR-siRNA 41,
ZESFEFEY G 12 h e v B (Kl 4), uPAR-
siRNA ZH i34 GE A ] 8 72 5% U I 48,7296 h 43-5il)
B (1751 £227)% , (28.62 + 4.82)% . (22.91 =
5.78)% FHLEAT RRAEAE 22 A S it # i L (P< 0.05),
2 EXTHRAL  [UIEE YRR NC—siRNA ZH 41 i
HOPEPIH R 22 R G FE L (P> 0.05; 3 1),
2.4 if st 4 RE AR 46 i £ B FE) B

YL 48 h J5 ,uPAR —siRNA #H Zf ifd G,/M +S
WIS B A3 N (13.60 + 4.31)% , B AR T 25
FIXTREZE (27.49 + 5.00) %1 NC-siRNA £H (28.99
+4.45)%(P < 0.05), RA-FLS B¢FH# T Go/G, 1,
PEA DNA & s BEi g i gm0 (1K 5)
2.5 Transwell #5{L L5646 M 20 fa 1T 75

16 100 5 2 3B W EE B T 4n g, ] I
uPAR-siRNA 41 1) 28 B4 il B 5 /b T X REZH (&
6) . U T 400, uPAR—siRNA £1(35 + 11 /) 4H
ST as (A4 (138 + 21 ) F1 NC—siRNA 41
(136 = 19 4~), AT BIFEAR T 74.82% il
74.51% , 22 A5 P<0.05,
2.6 Western blotting #: il # 3 siRNA g ,AKT
WEEEXEARIE

RA -FLS %% 4% uPAR-siRNA 48 h J5 ,AKT i
BEAH RS FR AL R L ik Sy (/1 7). X5l K
JEfFE BT, 45 B8 uPAR—siRNA 415
p-PI3K, p—AKT, p—GSK3B # NC-siRNA £l 1E %
Xif 2 1 2 B AIK (P<0.05)

3 i #®

uPAR, M 4 CD87, —FpisibiE M, 17E
Ser282 1 Gly283 v f5 i & B 5 Ak B A Mk WL A
(GPY) Bl 7 70 4H M J5 3% 1T, ELAT 22 B4 R 38 11 K fie 1l
TGPk, uPAR 7E4HMIRE R R 255 uPA FT prouPAR,
J&, AMEBEETCIG R prouPAR ¥4k A TG HERY
uPA AT LU uPA (7S PEBT R, uPA/uPAR
AL 2T R B G A S 2T T Tl 3 e A
JHL A5 SO RN JEC B B, [RTERE IR T AT AT 42 )8
B UG, DTG R T A7 35 I b %) e D D 4
W AARKET, JLFES 590 E A R At
o AN, BT/ B X, uPAR &5 uPA 4545
J T BEAEFADAR 543 F 1 U B T A B 1) 40 i D %

W55, WA 2K (integrin) B 3% £ [ (vitronectin)

Control NC-siRNA uPAR-siRBA
p-PI3K e SN  ——
PAKT  commmm— c— i

p—GSKSﬁ . — | —
GAPDH S T S

Jas) O blank contral
2 1.2 .

% : B NC-siRNA
% ) ~ muPAR-siRNA
B

Z 08

g

2 D} 1)

E 0.6

g

&

5 0.2

=

A~ p-PI3K p—AKT p—GSK3 B

B 7 %54 siRNA 48 h J§ RA-FLS H p-PI3K, p-AKT
#0 p-GSK3p KyFRix
Fig.7 Expression of p—PI3K, p—AKT, p—-GSK3p in RA-
FLS after transfection siRNA for 48 h
1)P < 0.05 vs NC-siRNA group and blank control

8 PRI, 5 3k S i B AT SR I NS 550 40
SRALZ3Z 3] uPA/uPAR RGN, 51 10 % 2
522 SRR AP Sre . FHE B (FAK) \Rac
0 AME ST B (ERK) /2 5r 24 R TE L B A
PG (MAPK) &5, 4k 3806 T W15 55 1% 33 30 1,
UM RIGTE ok AT SRR RIRZE

i 2 LA uPA Al uPAR RS0 HYWFFELE P
9o SR O R A B 5l KO . ATTEBL, AR
J g O 5 2 PO R o uPAR 4701 LS i) 441 i
PIGEE ik LR 1228, HiZIhE S AKT .ERK
53 VTS WY AR DG A R e IR A i
TR B, uPAR A1 AKT 3 5% i 35 A 76 A 3F fith
968 N B4 I AE TR B T A FE VR O RA-FLS J2&: 7
RSP B RRBR AR, A8 S E B B 2
Ji e 40 B A5k . uPAR 7E RA-FLS FR2 7ty 2510
e 7  Serrati ZF B &K B, uPAR/uPA R G 1E
RA-FLS HabFImRA , -5 20 0 i 14 58 AR 22
FHIE . 7E SCID /NERAIR B 5E ] uPAR/
uPA A4 fEW] B 2% RA-FLS XHRCE RIBEIR .
AT UL PRI RVEF i Bl RS RS RA R
Joa it R UM G, (R A S 2 3 2 T R L )
IR, B R IARIE

AAFFEF ] siRNA FoAR , R T4 RA-
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FLSH' uPAR mRNA i3k J5 & 8, RA-FLS f¢ 3%
B RE D] WE RS A TR uPAR FE R LB
AL G AL, FRATHE— 20 R F I A M AR A
T uPAR A 2 325 % 240 B I g 52 o), 45 2R B
uPAR BRI 5 48 Go/ G, 191 b Agl 34, S 19
FGy/M Lk /b, 20 L BHIF T Go/Gy 8, Ui
W] uPAR XJ 4t 73 2N A (R AR . B IS 19
Transwell 1F % 5250 UF 5%, uPAR R R PTER 5, RA-
FLS RYIiTFLRE 9 o 40 . 25 &3] PI3K\AKT i
A AN REAE T B 5 IR R AR 28 T T IE R,
TIRAIFEZR uPAR X RA-FLS 454 JHH TR
PL, ARG T T3 uPAR J§ ,RA-FLS 1
AKT 5l #5145 54 T B S |, Western blotting £ K
7R PI3K AKT K il GSK Ay MR 1k /K S AH L
Xof HEZH I d AT A R TSI S IR 52, 7 RA-
FLS ' Wnt/B—catenin i #% . # K ¥ KB (nuclear
factor—kappa B, NF-KB )il %  AKT if [ #5 RA-
FLS AW 2 Re PR e B A gk e 2,
RA-FLS A5 8 18 & R RIS PI3K/AKT {5
SIEE, %IEF] uPAR FELEH LT DL B A R,
GRAEGWIHETRAES, FTLAEN uPAR X
RA-FLS WfEFIPLEITR rT g5 AKT 38 2§ (935 fLAH
Ko ML UR IR 25 FATE L TR AL
B2, R E RN, uPAR 5 RA-FLS
Hgs . R R RE s, HOZ R R S
PI3K/AKT i % #H ¢ . & T PI3K/AKT i % Xf
uPAR [ SRR A AT (520, — 3 (B & A A AE IE
R R AA R — 25T [RIE, AR S 3
B, uPAR JEH &, AIEEACN RA R YT B9 3T

N o

S 3k
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