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Abstract

AIM: To investigate whether inhibition of the
JAK/STATS3 signaling pathway exerts a protec-
tive effect against acute renal injury in rats with
experimental severe acute pancreatitis (SAP) and
to explore the potential mechanisms involved.

METHODS: Fifty-six male SD rats were ran-
domly divided into three groups: control group,
SAP group and JAK inhibitor (AG490)-treated
group. A rat model of SAP was reproduced by
retrograde infusion of 4% sodium taurocholate
into the biliopancreatic duct. The levels of serum
amylase (AMY), creatinine (Cr) and urea nitro-
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gen (BUN) were measured. The concentrations
of IL-6 and TNF-o were determined by ELISA.
Pathological changes in the pancreas and kidney
were evaluated. The expression of STAT3 and
p-STATS3 in the kidney was determined by West-
ern blotting.

RESULTS: Compared to the normal control
group, pancreatic and renal injuries were gradu-
ally aggravated with disease progression, and
serum levels of IL-6, TNF-o. AMY, Cr and BUN
and expression of STAT3 and p-STAT3 increased
significantly (all P < 0.01) in the SAP group. In
the AG490-treated group, all the above param-
eters improved significantly in comparison with
those in the SAP model group (all P < 0.01).

CONCLUSION: The JAK/STAT3 signaling
pathway is involved in the development of re-
nal injury in rats with SAP, and inhibition of
this pathway can significantly inhibit excessive
STATS3 activation, which may in turn effectively
reduce renal injury.

Key Words: STAT3; Severe acute pancreatitis; Re-
nal injury; Cytokines
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B #: 33+ 3 H JAK/STAT3 43 5 38 %2 & 52 &
PRI K (severe acute pancreatitis, SAP) 'R 47
5 A R 89 52 B A K.

Fik: 8SDRR(n = 56)[A A A3 3+ 1R
20, SAP#:ALLEA=] AKF74) 7] -AG49074 57 4H.
VA QY% 2 Bk 9 85 40 Mk R A8 35 AT IR AR KRR
SAPEEAY | 3 A fn i i 0 B (AMY).  UEF
(Cr)~ k& R(BUN)K-F; ELISABAE N fo i
IL-6 & TNF-a & i oL, B4 T UL IR A K
JEJ% 22 % AL; Western blotting 4 STAT3 &
p-STAT3 /2 BNk o % & &k KT
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m/ﬁmﬁ, R 5 EFAT R, SAPEAMIRA  BUREIR T R L) H5E M Bio-Rad 2w $241.
JAK/STAT34%z 5

BB R A5 SAP
It A B ARG 65—
4FT L4254
%, SAPHEBH K
= RENRBE
JAK/STAT3 1 5
@3, A-FIL-6F=
TNF-o & & LA,
JESAPIRAL AL
TEIRAVAEA.

B ME S FE AR A5 A R B R 3R e
AMY. Cr. BUNK-F¥8 275 (P<0.01),
IL-6 A TNF-a % ik K -F 2 % EH(P<0.01),
STAT3 % p-STAT3 A AP B3 m, H18 higik
B AGA90AL P 5, LR B 36AF 5 SAPAA
R B 1) 5.3 B F AAK(P<0.01), AG49074 77 41
T BT A% P EA2 A T SAPA.

418 JAK/STAT3Z 5@ 3845 T SAP R Hi4
0 R E T A2, # 4 JAK/STAT3 7T LB 2 %)
STAT3#4at gk &, A i K R SAPATa £
SE R Ao B354

K5I STATS; BAE S HERERR 5¢; B Hi4%; 4R F

TH, skBRE, RABL BIT5, . HUAK/STATIESE
BYWSERMRIRXESRHORPIER. BRENBLRTE
2011; 19(32): 3297-3301
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SAPRImK T WHEREZ —, ZBUEH WA )=
IR, A6 IR A5 RRE NV LA E, 3
B2 s e ey, Hoh 2123% W AE B B nl
RSB, RIS B 2 PP S AP
UG B EE AR, RO, TAKER 2R
B (Janus kinase, JAK)fF 55 5 1A
%3540 F(signal transducers and activators of
transcription, STAT)EAE 1 A B8 1 2 0F e N A5
TR, 75 HNE R N AR R F B R &
BFFLR B, FH KT AK/S TATYS 5 18 1% T 7F
—EFELE RS AP A IR N, AR OGS AP
IR A 5 RAE NI, 383 TJAK/STAT3 (5 55 38
I3 G A1 B R Ik B B I
HAG S Z 0P8, A SO i 7. SAPREAY, W%
T AK/STAT3 (5 il B0 SAPH I Sk B
Pt FTHIWEE, ARG SAPIF A& W 15 P it
T B AR A S BG FE At

1 RS

1.1 A AG490FI 2Tk IR R4k 1 26 E Sigma A
Al IL-6 I TNF-oi 71 &1 th & [ ADL A ]
Fefit; STAT3 M p-STAT3 K fil B v B i A4k i 56 [
Cell Signal’a m]$2ft; ST K B-actinPifi. B
3 A AL AR 10 (1 2E BT L g Gl T - 7
vl PVDFJE 35 [E Millipore 23 w2 {1 i
A PAGEBERCHIVKAL . HEE KA, Ik

12 7%
1.2.1 4% EHE: @ & SDARS6 R, 45 &
227 g+31 g, dH LN R Fe i 4 X = Bt
SIS SR ORI B R34 R 4L SAPiE
B4, TAKANHIFI-A G490y 7 4. Jm 241145 h6
h. 12 hy 18 h 3PMIfIA] A, 4158 HSD R, A
BIZEEr12 h, 25/K6 h. AG49074YT 41 T3/ 30
min/lE B FVESFS.0 me/kg AG490P). S iA(100
mg/kg) 28 IR N VE S BRI Eh I P O] VRN, h)
WAL TF I 5 BRI ALK, S AP AR 4] FITA G490
Ab B SN Wk e e BT TGS e+ 48
FLXT RIBE 7 RE, 4% HRAI(1 mL/kg), 0.2
mL/min>J S AT AR, EALE W5 1S min
HJ2 B ke, K 35 MIE 3 [ 40 48 1 At o
1.2.2 FACAE: AR B 5ol 1A 0 s B, 7
%1 h, 3000 r/min%/0»20 min, B 477 HUE
L ZARBEIR 24, T TN 10% H 1 P v
[ 5224 h, F A, 551400 B F-70 ‘CUKAE
thRTE .
1.2.3 My e i (amylase, AMY). LT (creati-
nine, Cr). JE % %(blood urea nitrogen, BUN)I
5E: Olympus Au-2700% H ) 440 /3 A0 & .
1.2.4 Joe S B 2 20 B 27 W82 i i R ' 2 21
P A H LR B RS D) 1, HEGL (4, 705t
OB g R B 2 A A R IR BETE S
Grewal™ Bt [ VP or bRy AT R EL VT 40 B AU 05 28
WIr S HFofi% 0y ARHEEAT 9 FL VP 47
1.2.5 MHETL-6 FITNF-ou 25 il 5« il S 35 W B
(ELTS ALK, FLAA D 387 kg 42 7] S A 6
B AT R4, 0 I 2 bR v 26 75 H R Sl
AH R 40 L P55 5. 17V R MITL-6 X TN F-ouf)
RN ng/L.
1.2.6 Western blottingf I 412 STAT3 &
p-STAT3KIA: HUEFMLRE, WA WHRK
2R, RIPAZN 220 Ja UKty 1 B 2
W, RS A, KM BradfordiEAT MR 1 E &
FIAE 100 pg/fl, 1710%SDS-Z 7 I I i ik
BRIk 43 B UK S, ¥ 8 1 2 PVDFJE
&, B G A RPUK S TAT3 Kp-STAT3 5%
FEPUAAR(L @ 500 k), B S ALY BE bR i)
Pri Pl 1 1 000F%E). 45K LAECLAL S ROt
K 22215 %5, LAB-actinfE A N2, HImage-
Pro A 43 B A 5 40 K BEAEL, LAAH R 4545 K
JEAH BN AHNT B 7 At

St AT Kodl Limean + SDR R, T %
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AXAELISA %

4R AMY(U/L) Cr(umol/L) BUN(mmol/L)
IRAE 656.94 + 53.69 37.41+1.71 3.45+0.31

SAPYS1ELA

6 h 2542.25 +287.511™ 57.44 +1.19™ 9.52+0.61™
12 h 3257.69 + 237.991™ 68.37 + 1.96™ 14.66 + 0.84™
18 h 4091.13 + 368.481™ 91.78 + 2.40™ 19.53 £ 1.07™
AGA490}8YTH

6 h 1614.30 £ 77.16™ 42.41 £1.63™ 7.91 +0.45™
12 h 2634.48 + 97.63™ 65.99 +3.15™ 11.24 +0.53™
18 h 3246.94 + 133.57™ 74.58 + 1.95™ 13.61 £0.75™

°P<0.01 vs WIBZE; 9P<0.01 vs SAPLA.

i K HSPSS17.04¢ v A (o b 7, 22 20 1355 1m) L
SR T B DR 25 5 22 0 M, A AL 3 B L AR T
LSD-#i 5t AT W 3 AL IS, P<0.05K = RA
SN

2 #ER

2.1 S HFAMY R B 445 47 T AL X I 2 i 35
AMY. Cr. BUNJKV-IIRAK; SAPIG R MG
AMY. Cr. BUNZK #4528 P<0.01), biE
VEH I IR B K B T 5, 18 Wt 28 e, 5t
W2 LA AT 3 Ik 25 7 (P<0.01); AG49034TT )i,
L[l 1] s SAPZH U RAMY . Cr. BUNZRIL
FIALP<0.01, %1)

2.2 i TL-642TNF-a8%& SS9l ifiiEHa >
HIL-6MITNF-otf [131%; SAPIEAA MIEIL-671
TNF-o/K P34 314 IN@P<0.01), FtisE B I TR ZEK
BT, 18 WAt i, 50 R LA B vk
ZEF(P<0.01); AG490769T Jim, LRI H] SIS APAL LL
BIL-6MITNF-outf 1A B IN(P<0.01, #2).

23 ABIRE F

2.3.1 MEARAA LR IL A A T A B IR 45 4 1
W, MR B A MR IR A, MR B84,
TG H I S RESN M3, SAP-6 hZ i 1 iz 41
MOAZ PR RO, Bz 4E . R, WE, R
A DLER LTt IR AR AL, PR B DX K i 48 E 4 v
(EI1A); SAP-12 hA B v IR, 1) 5T ifi & 1
24, AR B IR AR R, 9% R 4 32 v B
SAP-18 hIfFEFEEJE— D I eE, i 15 45 R
SR, RIS T2 H LR AE K 90T 4 =i (1]
1B). AG4903A 77 41 IR IR 4L 23 2 A% 55 S APAL [A] I
5] SUAH EL AT TR, AG490-18 h4, iR bz an
i P K B A, K SR AN R (T 1C).

2.3.2 BRELA LRI F A A X AL T 45 k3
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D4R IL-6 TNF-a
WiRAE 55.56 + 4.81 87.09 +5.45
SAPiEEH

6h 322.24 + 16.93™ 288.12 + 12.42™
12 h 379.02 +10.87™ 327.83+16.70™
18 h 43455 +20.91™ 420.78 + 16.27"™
AG490 87342

6h 139.61 +9.62" 142.93 +10.03"™
12 h 249.30 + 18.74™ 271.74 +7.99™
18 h 331.02 + 13.89"™ 337.29 + 10.04™

°P<0.01 vs WBBLA; %P<0.01 vs SAPLA.

AKIE . SAP-6 halF/NE R 5K, 40 i >F,
B Ta) ST A, B /N ROR L) 8 3 (JB12A);
SAP-12 h41 B /INEF 15z 240 A8 1 7K e, A% WL - Rz
A MIIRTE, B P LD T v A TR A R e, Al
Ji 3% 23 i T il SAP-18 haL B /INERA L, 17 5 78
i KI5, B /NG b R A2 IR AE, Ik
UL R 2040 i J 4 i Y (612 B). AG4903R YT
Y1 AL LA A 55 S APALIF] I R) i AH LA BTz,
AG490-18 hZH W /N Ik B YA ML K i, 1) 538 5,
/b B HHOLE 90 A0 I, A AL A L 2R e
JER(E2C).

2.4 MEAELALASTAT3 R p-STAT3 & A oL 5L
55 R IR AL 2R 3847 /> S TAT3 Jep-STAT3 K
ik; SAPIEMEAL I STAT3 Mep-STAT3 /K -3
B IN(P<0.01), BEA1EHI I 8] 4 K2 % T+
i, 18 Wt Rl mfE, 5o A LU AT W& v e
F(P<0.01); AG490iR77 )i, L5 [AIF W] fiS APIE
WA LA S TAT3 M p-S TAT3 25 [ K14 I 2 Ik
(P<0.01, &13).

#o il o A TL-6Fe
TNF-o8-%, KA
Western blotting 7
AR R
20 4% ¥ STAT3 A=
p-STAT3 R ik &
W ER, SRS
SAP B 445 64 +T
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| B3E XA

AL EEHRIE
SAPX A . X
FTRY S EES
BHRPH—FE
245 5B IIAK/
STAT31z 5 i %
FESAP K B 45 F
Rk g TACH L,
T4 SAPE TR
BTG T F

E 2

3 BIAKRAMALLRPSTATIRp-STATIEARIL. 1: &
HEBZH: 2: SAP—6 h; 3: SAP—12 h; 4: SAP—18 h; 5: AG490—6 h;
6: AG490—12 h; 7: AG490—18 h.

3 111E

SAPE—FlARIEYLE . IRPEE, EERIN
BRI AT S BN S PEA 2 PE RO, 7™ T AT E
A5 GONE RN RIS b A B A s, Wi il
Z 2T UNRERERG, 5 R 28 N7 7 FE St
JRA A KRR Pl E A AT 7 Ak
Z RN, TNF-afE N UHEIIA 1, /&SAPHK
ISR R T, A AT 51k 4 B T 40 if
EPETE i, ARDS, HUf# R ELAE; M4k, TNF-on]
755 JIE AN BB I L-625 45 Bl e 48 I 7 HORR L,
TIL-6 ) &S AP™ HLFE BE P R Skt ™. H
HIA N, SAPR B, ZAER T K ERUE

IIR/\‘

SR IVRIES RN HERE x 200). A: SAP—6 h; B: SAP—18 h; C:AG490—18 h.

I S APH R B B I B ML 2 —, AR0M, IX
SEE 5 K1 AES AP I B 450405 Hh IR A FH LA 1
A 5E 4 .

STAT3/E HTAK/STATA 5 i % o ) 5 2L
B, Tz AE T 2 R A R, %
P fu 1ol % STAKSE AL, 3546 T AR A] i
AR R IR 45 A A B IR AL, 40 i 2 BAE
5 IO 5 R SRR R A 45 45 T R LS TAT3(
p-STAT3), p-STAT3RHF S 46 T R4tz N,
AH YKL R ARk, I A A M A S I At
LR B PE. p-STAT3 ] B 422k a4 i &
i R T I AU STAT3E 5 30 I 53 Wi 7T
Sl R T Re kR, T B0A B RAE RV IR AR
BN, AT AER, 22 BRI W] 2% Aol 4 i A)
T RIEN . AR, S TNF-o. IL-6.
IL-1B+ NF-xB%, A B IS IAK/STAT S 5
R E, TR AE RN R A RIEEFE TR
FEAE FRUTRY i I S R 7 S P A e
SN, [F IR AN ER P A i R SR A
PR A5 A FEU S DR, At o) 2 b BEL T T A/
STAT3 {5 5 il 5 44 A v] Rl B S SAP I Kk
Bt B FE ) H 1.

AHIFFER F 4% AR IH R A 5 3 7 TR R
SAPEIIRERL, J£H] FH Western blottinger i ' i
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"STAT3Flp-STAT3 & 1 1A, [A] i 45 & i
AMY. BUN. Cr. IL-6. TNF-a bl } 2045 P
SERIAE, WGBTS TAT3 Mlp-STAT3ZESAP &
I BB R AR R AR . ASBEOR IR, R R
20 W5 ) ] Wb B STAT3 Flp-STAT3 2 [, 1 SAPA.
KRB ESTAT3 Alp-STAT3 & ik, 18 hdlik i
e, L fke R AR O 453 407 o v 48 o,
$E/RSTAT3 ) 5 8 o vl e 5 FLIHS APIN 28 9E Je
A . AGA90ME T AK 2R S 4, ny i
RELITI A KURE 53 45 A7 fU AT IS 21 BT RS TAT
S AT TRAT 145 T AGA90TIAL B =, SAP K BRI
Y ZASTAT3 Fip-STAT3 & [ 4 IA 45 [R] IN [A] i A Ak
HAH AT AN RV RE BE ARG, 5 BRI, 55 %6 B 4L A
tt, & SAPA MLIEIL-6 I TNF-a. %32 K -3 B 3%
ThEr, H 5 STAT3Mp-STAT3 &k 5h AL
FEALRFE 5, MAG490 T AL FEZHIL-6 I TNF-o
5 ] ][] S S AP LG A ARG, 7R SAPIN,
JAK/STAT3 5 7 1l Bk 4 0%, IL-6 I TNF-o&iA
i, dEITIE S AP 4 (R FHKTT ARG S,
HE T4 T NS S A > T STAT3 A
p-STAT3AI= A Ji4b, 456 M #4505 vl WL, 9
PR, B MR A0 B 2 2P0 S0 £ 5 ik ™
I, ZEHHEMSAPRY, tHTSTAT3MIp-STAT3 R fiE
15 SAPTILJ 4 T (1) % Bh 4 b

2t FPTIR, TAK/STAT3 S 53 4% i 0, LA
MRS TAT3N S LIS LAESAPI R K
J& ] fie kTS AR A A S
B R I B R i P R 1 e SN T S
o5 B i SR S Bt b 2% T B, ARIE T K
B SR R RIIF A ReAS B HE— D E 5.
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