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S EILAHE RS 7B JAK/STATE SR 1218
AIRMEAEEART K

T OB xaFE REAAN F OB OFRWE REE™
(T ABBE RS0 B 2, A1 5 E 050017; 23 LB RF 2255 = B Bes BLR}, 415 E 050051;
STALAE R T A = BEBEAR TR, 1L 063100; T ALIIAR &1 BE B id PR, 41 %K% 050000)

S FAC L AR S IA B R 8 E B R AL —, LR AE A A B T (peroxynitrite,
ONOO)R AL BN MM EZ AR, SHARAL TR EFTWMAL, ZXUEGERIET
ONOO %} % Ji&t 4m Jitr 4 iz 41 15 % & (fibronectin, FN)&) %576, FF5+ EAF A ALE] . 3+, AF IR A
JEimfa sy A ata: EFATIBLL., SAEL. SAERBRAA SHE+AGA04E. 327712, 24, 48 hia & fm
JABH EF R, FFRRMREEE ., KA BRIR LI AN 23 (ELISA)A R 40 e L7 & FEN&) &,
K o5 4 Ak F A2 Western blotA MINT %% & (ONOO & i 4 £ M A7 EM). p-JAK2Zp-STAT3 &
aeg Rk, 4RIF, SRMEF ML, SEANTE R A . p-JAK2 A p-STAT3#) KL ZAFNE&
8 3% 5 (P<0.05), F ELIL A B 18] 69 2E K RGA R #4738 % A48 hiA R A B35, SABE+RBR4, NT. p-
JAK2. p-STAT3AFN4L Z 4220 28,2V (P<0.05); $4&+AGA49048, p-JAK2. p-STAT3AFN4R #4241
B 2R Y (P<0.05), fENT4. X 5 G420 £ F L4t 5 & L (P>0.05). w3k T, SERIET & 4
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ot A E£ONOO #it & £ ik, ONOO i@ it JAK/STAT/E 5 & 248 4t £ 5 4m I FN 8494 A,

%43

B LK< 975 "B %4 (diabetic nephropathy, DN)J& 4 bR T
AR R A R LTI HE V) PRI I I A O RRE,
BE R B Bk i EE R R . BFSCER B, B R v
'V T (1) 993 A2 1F Ji2 55 AR B X 41 Jifg 1 & )5 (extracellular
matrix, ECM)(UNi i 25 IV £]-3% 2§ H (fibronectin,
FN)[F) R A% P FH ¢, ECMIP BT S 38U /INER S5
Jb PR BRI A AN . R BN i B N R ) A
8T, BRI T R A R A A
AT EAN AN BB AR . B NERBELL, ) 2R R
B R E EHLH 2 —

TR I, mobE RS T, VF 2 40 Mo DA 1/46 2% 1A
RRLIE A TEY DRI s Y D IRV e
ECM. Ak, BF 0 2o 4 iy A /4 2 8 5 SR B4
JH Ty 6 YRI5 2 8 A AF S8 PR s 0 s A AL o1 1)
— R E B AL, AR 2 09T AR B A A Y. B (oxidative
stress, OS){EWH IR s B 3 e A2 e v 4% 7 A
B, AN IO BT 2R A S PTA DT A
B %) 7 i 2R Al Pl 2 50— PR, Al 4 2R 40

R EAR L 15 R4, JAK/STAT; 2R 8 5 S G Al AL AR 2R Bl K

7. 1A AHRERH 21 (peroxynitrite, ONOO ) & 2 55
AP S N R 2L AR, AR ISR I,
ONOO 58l PRips S I RAE R R BT, AT HY
)50 52 5 45 FRAIE 52, ONOO ()3 2 4 1 5 1 PR I
V99 (1) R A2 R e RT REAH OGP, fHONOO 71 R IS 41 i
(R ZRI28 S HLXT 2R I 20 B D) G PR 2 1 vy 2 L2

ARSI I A 55 75 0N B /N R R 4 i (hu-
man mesangial cell, HMC), M % =0 3% FHMCH
ONOO = J8 1) 25y b 75 W) 3- g 5k s 2 I (3-nitroty-
rosine, 3-NT). p-JAK2. p-STAT3[1 ik, [ i
¥ FHONOO™ 1) 4 7 M ¥ B 1) K IR (uric acid, UA)®7)
FITAK2 s 7 M40 1 I AGA90M R AT ¥, 188 ik WL
SR FR bR R, TR =il PR 58 R ONOO S £ Jii
21 Ty R 1) 5% i) B H BAARAE HIATL A o

Wk B 2011-10-28 52 01 2011-12-09

AL AL AR R H B4 (No.Z2011123) I [H 5 [ 4R B
2 HE 4 (No.81070658) %5 B 15 F
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1 MRI5R*
1.1 LR

N /N ER 2R 40 bk SR 5 T AR S 56 = R A7 1
N Z 54 g AR (HMC), & FIRE F7 76 5 10%M5 24 M35 -
100 KU/LF % . 100 mg/LEE5 2 1) RPMI 164085
FRerh BT 37 °C. 5% COREFeMh iR, Higk
HMCHI 2] 70%~80% )5 , FJC Il RPMI16403% 57
FEF D 83724 h, 2 )5 K 4N i 4y BRAZ: 1E 6 B4
(5.5 mmol/L, normal glucose, NG); = ¥ 21 (30 mmol/L,
high glucose, HG); = BH+)% 12 2H(30 mmol/L glucose+
100 pmol/L uric acid, HG+UA)(SCHER PRI SE, ik
Iefd); ki +AG4904H (30 mmol/L glucose+10 pmol/L
AG490, HG+AG490).,
1.2 FZERXF

B HINT R b [ 0 A4 A AR Hip-TAK2 5 v [ e A4
)T 5% | Abcam 2 w]; 4 $ip-STAT3 5L v [ HT 44 T
J[E Cell Signaling A 7] ; HBiSTAT3 2 veEHT A& K 7
PUIAK2Z v B B4R T 5% [E Santa Cruz/A w#; A (Hu-
man)£f 3% & 1 (FN)ELISA KL il 38 771 & 1 5 [ R&D
2] PP IR OE 2R G 2 A A A AR 5 A
T RSB A B A A D-4 R T R =
FRLAFIAR A ] ; JRIR (uric acid)lT-52 [E Amresco /s
7] ; AG4900 -5 [l Cayman Chemical A ]; RPMI 1640
BRI 126 [ Gibeo s ) 5 i (I T3¢ [ Sigma
A B EE TN U2 A4 TR AT BR A
Al
1.3 &
1.3.1 REfmfetes & EAMNT AL KH6
UM, #2040 il 12, 24, 48 hj, H10.01 mol/L PBS
MEEUR, 70% L BER 5230 min, SR PRSI/ R
T FH 2 G 5 A AS IR &, RS UNT )R 0K, A
FEbRRL I 6L 41 o
1.3.2 Western blot# I NT. p-JAK2. p-STAT3#9 &
r HULARHMC, 540 A 3 75%~85%Ri &,
JCIMLERPMI 164085 75 FE Uk — ¥k, 4 G L3 3 7R
B E24 h, MM DAL S 3 1 Yol i R B 97
B, LSS ORI AT 0 Al . S AL R IR
12, 24, 48 hJ5, VKA IPBS(£ 1 mmol/LAN AN YE
B UR, G INVKY TR 24300 pL, VK E L h,
B R Vs SR ORI AR RS . A
Ff il £4210% SDS-PAGEHREI LUk, HLHE# 2 PVDFJ;

5% Wky37 °CIst 1A, I SYo it B WA B R 1K — it
(NT. JAK2. p-JAK2. STAT3. p-STAT3)(1:1 000) }
B N Z:B-actin(1:1 000), 4 °Cid 7. TTBSYEJE 5 i
BRI A A BAR 1 R0 BTG R AR B bR 1
PitlgG(1:5 000), 37 )CHFF2 by Peli, 245, HSEHE
UVP/AA]LabWorks 4.5 4%} Western2 7 HE1 T i€ =)
Hr, BEER 36 % B (IOD)
1.3.3  BRHX % J& K PR € % (enzyme-linked immu-
nosorbent assay, ELISA)# ) 48 Je2 £ 7 /& + FN#9 &
X F§25 e 8 IR P A K B 75%~85%
A, BT LR AL, JE 11 A, 559712,
24, 48 )i, WL B3 o LB T NENERAT I Ar I £L
FRAFALA AL L3510 pL, #E S MRRA40 ul, 78
GIRAI3T CCR /NI, BERR . BT INEEAR TAE
50 pL, 37 °CCR /N o AR AT, 37 °CiiE
S5 mine MK IEWS0 pL. LA LS X
HEFLAS IS i S Bl b AR, HoAR 28 5 AR AL
AT 2, 76 B bR 10450 nmAb I (D). BE4
WIS AL, BOPIME. S F R L DI AE AR h
218 b A HAH R R B, Tl LARRRE A4, B A S )
SEFRHRE o
1.4 itk

S BOHE DL B e kR UE 22 ) Kon, R
SPSS13.04¢ 1 8k A b AT S vl, A W) LL IR FH O 22 59
Mr, P<0.0545 G it27 7 o

2 #R
2.1 SEMETHMCHNTEREBEMSFRIL, K
BRI fEImIt & Rk

G P2 AN A 2RI &5 SR R I BRI HMC
FINTE 2 A I BH PRI AN B 25 Al A HMCHPNT
VR B A i, AR AR, DU RIE R
F, D EMZERE; SR RRANT B8 O PERIL
B ] 95 (1) . Western blotfe il 45 AL i 7
PR LN 25 T2 0 35 ) 1] 1 S K3 3 448 v, o DA
48 hdl Rk i (E2). 5IE R A, mR4INTR
KT (P<0.01); b+ R BRAINT R L 5 [F) ] i
BEALMEL, BT B (P<0.05), BTy s T 1F 1 0 R4
1 HEHAGA904, NTERIA 55 [F) ] =i 440 Lk 22 550
G2 L(P>0.05)(13).
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A V’V O T TR kDa 0 12 24 48(h)
A Z ‘ ! ]

TYARESS ¢
o B R Y, S, "

_“. - \ .- 49- Nitrotyrosine
\\ ' fe N - 35-
W, . - 26-

i P
Ar IR AL B b4l Co mbli+ R IR 4L
A: NG group; B: HG group; C: HG+UA group.
Ell HMCHNTEEBRIECRIH48 hfE) ) e R B L F ik
M L5 R (400x)
Fig.1 The expression of NT in HMC at 48 hour by immu-

nocytochemical staining(400x)

22 EHEINE FTHMCHp-JAK2, p-STAT3ZEH 2
MEFRIE, KL K& AG49014 7] TV iFp-JAK2, p-STAT3
HERIE

Western bloth il 25 4 W7« mifli4H p-JAK2, p-
STAT3 (1) 3 12 i ) 4 F 1) 170 JiE K i 38 22, e )
48 h4[l ik d i (F4) . 5 IEF AR LL, b dlp-JAK2,
p-STAT3 1k B 2 T =5 (P<0.01); i=pbii+ R IR 21 2% e B
+AG49041, p-JAK2. p-STAT3 {31k 55 [l ] mr b2 A
LI B2 R FE(P<0.01)(K15).

0351
0.30 7 *k

EP=

TE 0251

L A | *
25 020 T
22 0157

< —

£2 0107

SIh =1

0 T T -
0h 12h 24h 48h

*P<0.05, **P<0.01, 15 IE 3 H2H (0 ALt
*P<0.05, **P<0.01 vs NG group (0 h).
E2 SHEEAHMCHNTEEBRIAR R E&EE
Fig.2 The expression of NT protein in HMC induced by

HG for different time
HG HG
NG HG + +
kDa AG490 UA
117-
90-
49-
Nitrotyrosine

35-
26-

0.40
< = 0.35 - kel
s g 0.30 -
& 0254 Y
5 0.20 -
8 o
8 5 0.15 -
EZ 0.10- o
= 0.05 -

- .

NG HG  HG+AG490  HG+UA

NG: IEH %R ; HG: ShE4:; HGHUA: Sbi+ R R4 ; HG+AG490: 5
BE+AG4904L, **P<0.01, 5 IEH W HALHLL, *P<0.05, 5 fi4LAR L.
NG: normal glucose; HG: high glucose; HG+UA: high glucose+uric acid;
HG+AG490: high glucose+AG490. **P<0.01 vs NG group, *P<0.05 vs
HG group.

E3 HMCHNTREEHFRIE(HH48 h)HTWestern bloth il 45 R
Fig.3 The expression of NT in HMC at 48 h by Western blot
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48 (h) HG HG
0 12 24 48 (h)
— T T L) - NG HG + +
K AG490 A
p-STAT3 T T
¥ ’ R BT P SRR RO TN /e X
STAT3 - 88kDa ) s T
L7 on
[i12n FA NG
B 24h [ HG
I ssh Bl HG+AG490
B HG+UA
o 0.6 7 0.7 -
< o ]
= 0.5 1
5 S 06 - .
GRS i S wn
=< 04 ©e& 054
Ld b 113
L © 2 <
2 & 031 . 25 04 4 b4
S 2L e ##
g =
£% 02 1 S 03 1
g = S M
SN = #it
Q J £ i
Mo0.1 £= 02
: b
& 9 - < 0.1
P-JAK2 P-STAT3 &
0

*P<0.05, **P<0.01, 5 iF 5 %6 HEALHIEL(O h).
*P<0.05, **P<0.01 vs NG group (0 h).
El4 SHEEAHMCHp-JAK2, p-STAT3E | RIARIAT EKIE
Fig.4 The expression of p-JAK2, p-STAT3 in HMC in-
duced by HG for different time

2.3 REERAG490A] TS HEIEFFHMC LiE
FNHEE

SRR ML, mobE gl s P ENS & A
12 hig {2 % ETH(P<0.05), I HBEAG I ) (R ECFN S
IR SRR R AL K =B AGA904] HFN

FR1 FNEHRIERELISAIN L

P-JAK2/JAK2 ~ P-STAT3/STAT3

NG: IEH XA, HG: mblidl; HGHUA: fmfli+JR R4, HG+AG490: 1%

BH+AG4902H . **P<0.01, L5 IEH 0 IEZH A EL; #P<0.01, 5wl At LL .

NG: normal glucose; HG: high glucose; HG+UA: high glucose+uric acid;

HG+AG490: high glucose+AG490. **P<0.01 vs NG group; #P<0.01 vs

HG group.

E5 HMCHp-JAK2. p-STAT3%E [ %KIE(H %48 h)ay
Western blot#& il 45 R
Fig.5 The expression of p-JAK2, p-STAT3 in HMC at 48

hour by Western blot

AL B AL P W AR T FRE(P<0.05) (K 1)

AR (xts)

Table 1 The expression of FN protein by ELISA (x+s)

£[ 7 H F (ng/mL)

ZH FEAL FN(ng/mL)
Group n 12h 24h 48 h

12h 24h 48 h
NG 6 353.00+9.854 350.00+£8.754 348.00+6.954
HG 6 572.67+16.56* 656.00+£19.00* 982.33+15.14*
HG+UA 6 417.00£12.29 527.67+12.06 737.00+12.12
HG+AG490 6 494.67+7.09 605.67+16.56 813.67+12.06

NG: [EH A2, HG: mikE4l, HGHUA: @i+ RERAL; 2P<0.05, 15 44T LL; *P<0.05, L5 mfi+ R BR 41 5l b+ AGA9041A LL
NG: normal glucose, HG: high glucose, HG+UA: high glucose-+uric acid; #P<0.05 vs HG group; *P<0.05 vs HG+UA group or HG+AG490 group.
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3 it L 1 ONOO 1] ¥ 3 STAT31fij 184 i ifi. & py Bz A= K A

FHTA R, B8 IR 0 1R R AR R O e @ A et A%
TR, ZRRGGEIE R, Wdh 20
RUFZREL. BRACH 3 aL. B A v 3 )y 2% i A,
P AU N A A A2 B B 9 ) B AT L
2 BESURIL, BRI 1 57— UL
(inducible nitric oxide synthase, iNOS)i% 1 #4 &, &
HNOMW I /= A ik B INOR] 50, B i W A
JONOO™™, Bl CLiIE SLONOO 1L £ A= jl 15 2 Flop
PRI FFRIE B IR K o

B PR 5 3 1 A8 1 3k i S AR TR B /N BN
B /N 18] 5T PR IS A A0, R B /N BRBE AL B AR IR X
ECMIWRRIE S DIAOC . BH PRI B Iy, Z 540 fifd (me-
sangial cell, MC) 5 ik o 19 22 fIFNL ISV 2
ECMBLRIN F 25 . BH70RIL, SiliREE , U2
A R Ak 27 PR T R EMC Y R s, SUFECMIsE
HE M. FATSEHTI B S8 T B, ONOO ) it
Z AT e 2 SR8 PR R K kA2 R R, {HONOO™
EMCH) Dy GE 38 S ML w502 He b o ARSI Y
AL EEFFAMC, F ] PRIRBEAT -7, W8 = B EA G
FNTH) 2 15 (ONOO A= 1 1) A= W) bk 75 90) SAFNTR 5
i, SRR, MR RES SHMCINT R R (S Mg
FERTCR), [FINAEBEFNA i 25 JRIR T Tl vl i
F FIANTH R RIE, FNFNG IR . $E5 mpEr
5i FHMCHONOO 1 2 HFN {7 Jil 48 2 1772 W] . 1)
HAZRE, ONOO 7 K3k 1] fig S AL HEMC 5 BRECMUBE 1]
FECE N BRAE A ) R R 22— IRIRAE R S
P UEPEONOO ¥ B 771 W] BEAE 7 YA PR3 B s v A 4%
HEAE .

A4, ONOO s Wi fZEMC A ECMIF- 2 5
ANEREEAL R B A . R BLIandr 2 KSR T
FTRW], ONOO 71 Z Fhalffs 5 i i h R IEAE &
LR PE/E M, ONOO Tl i G sk (G 54 T,
S H5RZIIRNKER R JanusEAE 5 S M
AL A F-(Janus kinase/signal transducer and activatior
of transcription, JAK/STAT)fi5 5 i 18 & — 4 {5
IS, AT LA 32 R PR R AR R BT ) A

ERSEE RS SUR ) DRI IVA o 5PN MY NI sXa = 7/ 2 Vs
F DA BT 9T COE 5K, JAK/STATYS 5 & 12 5
5570 DRI 905 (R I ik RS S AR R S S R
A0 2 G R EFEN A 3 6 0 B 23 D) A DT,
I, PlattZEUIF 0B, FEAARSNG 5% 1) ML P 5 4

“f-(vascular endothelial growth factor, VEGF)FJ 1A,
A2, IAK/STAT(E 5 & 4% /2 15 /1 5 7 ONOO 3FN
HEAR? MR NRIE . ARSZEATI T SRS
HMCHJAK2, STAT3#% 1% 14 7K P (R 0 IRTAK2 .
STAT3), JH-HIJRIR X AGA90BEAT 11, 45 R I, ok
Yp-JAK2. p-STAT3E [ [ 1k B 1F 5 o L 4H W] f
B RB TG, p-TJAK2, p-STAT3 3 % B i) FA1IK,
P& 7R IR IR XFONOO [ ki 1I fig 5 JAK/STATYS 5 1
% H PO SZAAFAE A G HE . AGA90T- Tl 4, p-JAK2,
p-STAT3 3 W Wl PR AR, [m) I Ff BEFNR) 2 5 W] 2 F
B, P RIAK/STATSS 51l i 2 5 NI & e h
HE— R ITONOO HIAK/STATYS ‘53l ik (1) b Rk
R, TEAGA90T- T, FeAi 1 A TNT S A (A 3R
ik, 459 I 4 HMCHINT 355 55 [ 391 bl 25 6
BZER, R, ONOO &1 HIAK/STATAS 5 i % )
FUHE S P REHAER . Ait, Dell’ AlbaniZ5!"k
B, P20 S5 40 M P TAK/S TATAS 530 8% 7 /5 41 i
K71 S HIINOSI £ I . WFSTIESE, INOSE A £
A FHNOA Hidh 22, INOJE A BRONOO 1) H 22 i
fhz —. IXHER, JAK/STATIS St 4% th vl 68 4E -
Weor AL HEONOO 1 A e PRI FRATT AR, FEAR Y
ONOO 5 JAK/STAT/F 5t i 2 1] & 15 4778 FE [
TR ER, ML RERE PRI B ik e, & 80
AP ) NERAEAG 2 e RE 2R AT

g LA, BHEA B FONOO (1) i £ ik 5MC
o A ENZE V) A ¢, TAK/STATAS 5 38 4% 00
HJ BE/EONOO FFNI & 45 hi, B i T B /N ERAEAL
Y EZLHLH o
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Upregulation of Fibronectin by Peroxynitrite in Mesangial Cell via the
JAK/STAT Signaling Pathways

Wang Hui', Liu Huiying”, Zhao Dongjie’, Wang Pin*, Wang Xiaomeng?, Duan Huijun'*
("Department of Pathology, Hebei Medical University, Shijiazhuang 050017, China; *Department of Pathology, Third Hospital, Hebei
Medical University, Shijiazhuang 050051, China; *Department of Fifth Surgery, Third Hospital of Tangshan City, Tangshan 063100,
China; *Department of obstetrics and gynecology, Hebei Modern Women's Hospital, Shijiazhuang 050000, China)

Abstract Oxidative stress is one of the important underlying mechanism of diabetic nephropathy (DN)
development and progression. Peroxynitrite (ONOQO") plays a very important role in the pathogenesis caused
by oxidative stress and has been demonstrated to be involved in diabetes and its complications. In our study, we
observed the effect of ONOO™ on fibronectin (FN) generation in glomerular mesangial cells (MC) and explored its
mechanism. The human glomerular mesangial cells (HMC) were divided into four groups: NG group, HG group,
HG+UA group, and HG+AG490 group. Then, HMCs were harvested and the total protein was extracted at 12, 24,
48 h after stimulation; meanwhile, the medium was collected for detecting the protein level of FN by enzyme-linked
immunosorbent assay (ELISA). The expression of NT total protein (a marker for ONOO"), p-JAK2, p-STAT3 were
examined by immunocytochemistry and Western blot. The results showed that in HG group, the content of FN and
the expression of NT, p-JAK2, p-STAT3 all increased significantly compared with NG group at the corresponding
time (P<0.05), meanwhile, the above protein all increased in a time course manner and reached to highest level at
48 h after stimulation; in HG+UA group, the content of FN and the expression of NT, p-JAK2, p-STAT3 were lower
than HG group (P<0.05); in HG+AG490 group, all above protein except NT decreased significantly compared with
HG group (P<0.05), there was no obvious difference of NT expression between HG+AG490 group and HG group
(P>0.05). These demonstrated that the excessive of ONOO™ in high glucose environment could upregulate FN
generation in MC via JAK/STAT signaling pathways.

Key words peroxynitrite; mesangial cell; JAK/STAT; fibronectin; oxidative stress; nitrotyrosine; diabetic

nephropathy
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