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Mechanism of IL-23/STAT3/THL17 axis in severe acute
pancreatitis and the intervention effect of Qingjie Huagong

decoction

FENG Minchao, LUO Fang, QIN Baijun, TANG Xiping, LI Kai, CHEN Guozhong
( The First Affiliated Hospital of Guangxi University of Traditional Chinese
Medicine, Nanning 530001)

[Abstract] Objective: To investigate the mechanism of IL-23/STAT3/TH17 axis
in severe acute pancreatitis (SAP) and the interventional effect of the Qingjie
Huagong decoction (QJHGD). Methods: A rat model of SAP was established by
injecting sodium taurocholate into the retrograde pancreatic duct. The blank,
model, different doses of QJHGD administration and positive group were set up
respectively. HE staining was used to observe the pathology of pancreatic tissue.
ELISA detects serum lipase, a-amylase and inflammatory markers. By combining
RT-gPCR, IHC, Western blot, and IF techniques, we elucidated the mechanism of
QJHGD in protecting pancreatic tissue in SAP rats. Results: All the dose groups
of QJHGD significantly reduced the levels of amylase, lipase, IL-1p, IL-6, IL-17,
IL-23, TNF-a and TGF-pB in the serum of SAP model rats, and the effect was best
in the medium dose group (P<0.05); The results of IHC and RT-qPCR revealed
that the medium- and high-dose groups of QJHGD significantly reduced the
expression of 1L-23, STAT3, IL-17 protein and mRNA in the pancreatic tissue of
this model (P<0.05); Moreover, the Western blot results demonstrated that the
expression of IL-23, STAT3, p-STAT3, and IL-17 proteins in SAP rats was
significantly decreased in the medium-dose group of QJHGD (P<0.05); The IF
assay indicated that TH17 cell differentiation in SAP rats was inhibited by all

dose groups of QJHGD, with the most significant inhibition effect in the middle
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dose  (P<0.05). Conclusion: QJHGD regulates the activation of
IL-23/STAT3/THL17 axis, thereby inhibiting TH17 cell differentiation and exerting

a protective effect on pancreatic tissue.

[Keywords] Qingjie Huagong decoction; IL-23/STAT3 signaling pathway; TH17
cell differentiation; severe acute pancreatitis; immunity

#HE 2 1k JE IR & (Severe acute pancreatitis, SAP) 2 IIfi FK & WL B & R 2 —,
ROl B RIEW RS, A E R, ALRIL 30%M . B AT KA R R
BT OSAP WU E, BRUL SRR RO R B RT3 R B LR
IL-23/STAT3 15 ‘7 il #% 42 WOl THL7 g0l 0 AL Wi 42 2 —, 1 Th17 40 g & 3 4>
WA B TR 15 5 1 4 R S AN G g R T AR O AR TE SAP K R I R b E AR AR,

RV SAP A BT HE M sk, (hE SRR R SIHIERM) (2021 4 i)
A% BB AR AR s 2 R] DL AR S R R R IR AS . T AR AL BT R R B I K A
ST SAP Wt E F, AT E KK L H (ZL201811021893.2). FH4h, Al
A BRI 78 O 2 0 78 T 3 MR A0 B0 1) AR S AL A B I IR ) D W 5% 2
TEPERR YT B S AT e B A A 48 iR SAP B3 Il R REIR , PR AR &
FMEFRAME S, C kMEH. TNF-a. IL-6. €M BE. A8 5B AR &K
SLA-ST i A S 58 BF 5T O UIE S R A 0T Be 0 ) AR TR R R R S, A R
O R R, FEARIRSERR R, WD IF RORE I R A 88 R Il AR S UL — A
RGBT BT SAP B AE AT AL &, W & X SAP B K
IL-23/STAT3/THL7 i 82 m, SN SAP I8 J7 £ 416 3 i) 8 2% A0 5 s o
1 AR5
1.1 ¥
1.1.1 #&E5EGH

A-RERHER 4 (35 [ Sigma A F], S0900000); JEH AL EMMT ()7 KKK
A2l AR, 032005103); R AKE AL (H&E) 4tk il & (solarbio 4
A, G1120); Wi A& (b2 NeEEMEARK M AR A A, AE301-02);
RIPA ZfF (32 R aw, P0013); @M =8kl A & . DAB & 7 & (
& A T, it PV-9000, ZL1-9018); K B HE Wi B . o-JE A0 B . 1L-17. 1L-23.
TNF-a 1 TGF-p ELISA {7 & (CUSABIO » 7, #it5: CSB-E13784r,
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ELO01689RA, CSB-E07451r, CSB-E08462r, CSB-E11987r, CSB-E04727r);
IL-1B. IL-6 ELISA i jl & (Abcam A w, #t'5: ab255730, ab234570); IL-23
Jifk C(Proteintech 24 @, 27163-1-AP); STAT3 Jiifk, IL-17 ifk, GAPDH W
% (Abcam A 7], #it5: ab109085, ab79056, ab8245); 5|4 (Ribobio A A,

[T
112 LRz

36 A SD i K BRI i T i 3R B A S 56 B WA IR 22 W] (4 E 2004200,
SPF %), M F& T )M b R A OK B S i ® (U Ak S

SYXK(#£)2019-0001). = W& M MR 7 KRG #EAT LR (24~26 °C, 12 h %
MERMEH). AMAZ FHEHRFRRIVICEZ A, (BHS.
DW20220310-020).
1.1.3 %M

BB A L BAb. S K. s HREEHR (5
17010267, 16182144, 16060431, 16060117, 16060431, 16080375, 17010163),
MET TR AR AERAR, &7 R EAREPAEERA O HEH
4 € N IE
1.2 W

1.2.1 SR BT W &
EMAT S (QIHGD): 24#] 12 70, X 105, EF 87w, FI£ 91w,

K3 650, S 10 3w, HE 5 5. A 600 = Z&BM/KEIE 30min, KAk&
WhJE E N K E W 30min, JEHI W, fREEZE: NN 300mL Z WK, IR
0.5h; K 5 K R & 1 25 WIR &, 198 J5 R B B 28 AR 4, & 1 g/mL I R 2
VEW (100%3K 1) .
122 sHAS5KHE

R T RE, BRRONEFHA, A, 2. F. SR EHam
PHPESTBEZL (fR2H 6 ). SAP REAI & 5 3% Uk U7 vE 9. AR X BRI N 284k
RMIMAM S, hME. . @R EHS %A 4.59/kg. 9g/kg. 18g/kg 1135 fig
W T HEE 7 Ko BHPE X 8 ZH MG s v i 5 "] At T (BUMKgD . AR 2H FH 4 i A B
HOKAE . AT BUG, BN 3% F R EF AT R, EEE &M T, W
MW, B IHAEAFE-20°C. BUH AR, A 4% W 8] € B AE-80°C R
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& R ARAT
1.2.3 JREZRN

R . Y (Spm B, JH WA K B, AR 45 1K )
R U, (A H&E BRI & et 78 6 % B AOUBE T L 5% 0 I 2H 2 1% s B AR Ak
1.2.4 qPCR ¥4 #1 1L-23. STAT3. IL-17 mRNA Ri&

MRS HE R B, A TRIzol B0 42 BUK B IR 2H 21 RNA, 1 4% 5%
WA & A B cDNAG R M 210 R« 95°C T P 5min, 95°CAE 1% 40 41 3% 15s,
60°Cil K AL A 34s, f31 FI 2744CH Jy ik 1 B 0f 5k (Rl 2 38 7K 7 (AR ¥ GAPDH 1E
SHEFEFD. 5T IE L.

*® 1 51 F 3
Tab.1 Primer sequences
Gene name Primer sequence (5' to 3') Product length/bp

IL-23 F1: ATCTTCAAAGGGGAGCCTGC 151bp
R1: GCTGCCACTGCTGACTAGAA

STAT3 F1: TAGGTGAGGTGGGACAGAGT 150 bp
R1: AGGTGGCTTTGAGTCACTGA

IL-17 F1: CCGTACCAGCTGATCAGGAC 142 bp
R1: GGCGTTTGGACACACTGAAC

GAPDH F1: TCTCTGCTCCTCCCTGTTCT 104 bp

R1: TACGGCCAAATCCGTTCACA

1.2.5 IHC & IL-23. STAT3. IL-17 A RZ

JERR L300 L B L R B R, 10%2F I 3E (A & [ & 30min, i IL-23
(1: 100). STAT3 (1: 100). IL-17 (1: 100) —#i 4°CHE & L%, W EHih
fL/% 19G ¥ & 20min, DAB I, PBS Wik 3 WG, HAHRAREE Y, H
F . Imaged Toolbox B 4 X} BH 14 45 S it 47 ¥ & & 45 pr 120,
1.2.6 ELISA KWK E. fEPEE. IL-1p. IL-6. IL-17. IL-23. TNF-a-
TGF-p /KF

AR A 1) 32 R A U0 BA B RS AXCE 450nm AR W e R LR W R L IL- 1B
IL-6 IL-17. IL-23. TNF-a. TGF-B [¥] OD {&, %l Ff & br 1 i 28 Jf e 5k 5
1.2.7 Western blot ¥E#& W 1L-23. p-STAT3. STAT3. IL-17 EHEE

RIPA ZZ b iR IR SUR R, BCA RFEMEAWE, ME» B E
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T I 8 B R S i, 5% B E 2R Wil iR 1 ANE, 4°CiEE
IL-23. STAT3. IL-17 —Hid &, ZH=REE 1 h, KH ECL {f&X & H
JiR i BEAT AT A4, Image J T &% 4% A I K B A

1.2.8 IFEMW THL17 40 Ml R &

FERR 2300 F . Wi, K4k, CD4 Al IL-17 (1: 100) —#HHH (4°C, T
B. R NSRRI ZHERE TG 1h, #1T DAPI Jeft . 2% B
)R HEAT A
1.3 ZGiih¥EiE

FF A 41t 4 #T ¥9% FH Graph Pad Prism Version 9.0 ¥ f£F b B, %4 LI X3S
R, ZHMILEBRHBEZRT %255 (One-Way ANOVA), P<<0.05 # i\ N
BH¥ES.

2 &R
2.1 JEMACIT X SAP KRR B R 21 405 B 1Y R

wmE LR, FAHHRKRBERASES ., w8, BRAHRAESHET: SAP
158 TR 40 K B A 4 2R 4 R TR IR R R L JBE IR N T AL B R M R AR L BRI 4
7 ) A8 RE A0 BRI s PR RO BE2E 5 0 AL 00T % R B AL AL B S BRI L A
ANTFFERE B, KRB 2 A MR e B, ROE A IR . BRI K b L R ok

Bl ZHAXRBERASKRE HEREBLER (200X)

Fig.1 HE staining results of pathological sections of pancreas of rats in each
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group (200X)
Note: A. Blank group; B. Model group; C. QJHGD low-dose group; D. QIHGD
medium-dose group; E. QJHGD high-dose group; F. Positive group.

2.2 IEMEMITT X SAP K RUER BE . MW M. IL-1B. IL-6. IL-17. IL-23.
TNF-a. TGF-B 5

Pl 2. F 2050, SAP BRI KR MG H e . feilE. IL-1B. 1L-6.
IL-17. I1L-23. TNF-a. TGF-p K& & ¥ A B FRT: Sl fih T H ] & 3& FFARE
Yol MR EE. IL-1B. IL-6. IL-17. IL-23. TNF-a. TGF-p MI& &, &Mtk
W &R A R e b B AT B, IL-1B. IL-6. IL-17. IL-23. TNF-a.
TGF-B & &, Hoi @ R E: B4, SHEX KA,
T A BT R R E R B . RS . IL-1B. IL-6. TNF-o RIA MR8 15
sR, A REFEEER

B2 BERLBGTX SAP KR o-WEm B BB, IL-1B. IL-6, 1L-17. 1L-23,
TNF-a. TGF-p BB 0
Fig.2 Effects of QJHGD on a-amylase, lipase, IL-1p, IL-6, IL-17, IL-23,
TNF-a and TGF-p in SAP rats
Note: A. Blank group; B. Model group; C. QJHGD low-dose group; D. QIHGD

medium-dose group; E. QJHGD high-dose group; F. Positive group; *. P< 0.05 vs blank
group; #. P< 0.05 vs model group; A.P< 0.05 vs positive group.
R2 RKRMLFEBHE. o-EHEE. REBTRNLSR

Tab. 2 Results of serum lipase, alpha-amylase and inflammatory indexes in
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rats

Groups a-amylase lipase IL-1pB IL-6 1L-17 1L-23 TNF-a TGF-B TGF-B
Blank 46.92+ 41.41+ 106.41+ 79.38+ 98.08+ 21.73+% 54.8+ 13.93+ 13.93+
15.78 12.71 15.74 20.26 22.3 4.38 7.37 5.63 5.63
Model 588.58+ 376.31+ 329.69+ 295.58+ 595.70+ 117.87+ 237.84=* 160.03+ 160.03+
76.09Y) 44.15%) 25.871) 33.42Y1 82.200 14.219 18.71Y 28.021) 28.021)
QJHGD- 419.72+ 265.35+ 251.29+ 234.14+ 418.11+ 84.98+ 190.67+ 98.84+ 98.84+
low-dose 34.732)4) 22.062)4) 19.6624 20.492)4) 36.152)4) 6.2524) 12.6524) 13.3494 13.3424
QJHGD- 119.10+ 103.63+ 147.53+ 135.22+ 185.25+ 41.26+ 104.40+ 40.03+ 40.03+
medium- 18.452)3) 25.22)3) 9.42)3) 14.12)9) 26.42)3) 6.5723) 13.5099) 8.882)3) 8.882)3)
dose
QJHGD- 282.65+ 194.73+ 202.19+ 187.24+ 315.03+ 63.37+ 154.29+ 66.13+ 66.13+
high-dose 25.212)3)4) 29.922)3)4) 16.392)3)4)  17.01934)  33.622)3)4) 5.10234  9,632)3)4) 6.342)3)4) 6.3423)4)
Positive 200.72+ 179.46+ 178.40+ 177.53+ 193.00+ 45.60+ 138.51+ 39.28+ 39.28+
22.602)4) 20.672)4) 11.5994 202)4) 46.992) 8.042) 11.0824) 8.62) 8.6%

Note: Compared with blank group,1)P<0.05; compared with model group,2)P<0.05;
compared with QJHGD low-dose group,3)P<0.05; compared with QJHGD medium-dose
group,4)P<0.05; compared with positive group,5)P<0.05.

2.3 IFMAICIT R SAP KR EARZH 21 1L-23. STAT3. IL-17 mRNA [ 5 i

P 3458, SAP B KRR AR 441 IL-23. STAT3. IL-17 mRNA XA &
WS T, AR W) IL-23/STAT3 B8 15 3 W0, SECIL-17 Bl &1 5 A
i T AL B R, KRB AR 4140 1L-23. STATS3. IL-17 mRNA % ik & 52 3| & & 0 41 ;
T Ml A6 0T %5 50 B 4 W B PR AR IL-23. STATS3. IL-17 mRNA RiE &, T H&E4H
MR EBAE, HSRHMEXNRAR L, TR X



B3 BERALITX SAP KRBERALR 1L-23. STAT3. IL-17 mRNA KM
Fig.3 Effects of QJHGD on IL-23, STAT3 and IL-17 mRNA in pancreatic
tissue of SAP rats
Note: A. Blank group; B. Model group; C. QJHGD low-dose group; D. QIHGD
medium-dose group; E. QJHGD high-dose group; F. Positive group; *. P< 0.05 vs blank
group; #. P< 0.05 vs model group; A.P< 0.05 vs positive group.

2.4 EMRALTCHT X SAP KRR AR 4H 40 IL-23. STAT3. p-STAT3. IL-17 EH K
AL

470, IHC Rl 45 R EK7x, SAP KR EMAZ 1L-23. STAT3., IL-17
HERE KT BRSO &R EHMBA X Y — e RERG T
IL-23. STAT3. IL-17 & HRIEKF M FE, (557 2 40 5 BE 1 oo 1820 J0 B
5t

Western blot 45 £ 7~, SAP KERMBMAHZ IL-23. STAT3. p-STAT3.
p-STAT3/STAT3. IL-17 FE B K& KB Z i, &7 IL-23/STAT3 & % 57 % i
W A T 4 A B B G 1IL-23. STAT3. p-STAT3. p-STAT3/STAT3. IL-17
() 1 2R 05 5 T AL B %% 77 & 40 AT BRI 1L-23. STAT3. p-STAT3.p-STAT3/STAT3
HEMRE, PRERREHE; ERAITME IL-17 EAmREMF 2 —
SE PR R FEE AR 1



Bl 4 WEHERALBTX SAP KRBEBRAELS 1L-23. STAT3. p-STAT3. IL-17 &
HEEm (IHC, 200X)
Fig.4 Effects of QJHGD on IL-23, STAT3, p-STAT3 and IL-17 proteins in
the pancreatic tissue of SAP rats (IHC, 200 X)
Note: A. Blank group; B. Model group; C. QJHGD low-dose group; D. QJIHGD
medium-dose group; E. QJHGD high-dose group; F. Positive group; *. P< 0.05 vs blank
group; #. P< 0.05 vs model group; A.P< 0.05 vs positive group.

2.5 TEMATCIT R SAP K BRI 4 21 THL7 48 il () 52 i

FIF IF K0 THL7 40 80 £ 1 Ar &4 CD4Y. 1L-17, 45 R 4K 5 Ak, SAP
R B JBE R 20 28 THLT 20 i 0 5 2 35 109 20 o R ko HEE 26 R 07 i A 25 7 4% 77 2 2
FEWAT THIT R E, HpmEd 28 R KM st 446 LR
SRS AR AR 18, BROR B IL-23/STAT3 K AE % 5 THL7 gt /0 4k, Bl
P PR 110 51 RS G 2 AORE SONE, T I AR AL T e G 1R R e g AR R
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B5 WEHELBTX SAP KRBERHAR THI7 4K\  (IF, 400X)
Fig.5 Effects of QJHGD on TH17cells in the pancreatic tissue of SAP rats
(IF, 400X)

Note: A. Blank group; B. Model group; C. QJHGD low-dose group; D. QIHGD
medium-dose group; E. QJHGD high-dose group; F. Positive group

3 iR

RN HE SAP Rt RJE, WALEE T KRN E S,
R H 45, BRI EY, WIWIhEELIE, EHWMMA . Hik, <. 9L
SAP B JE i B B L Br, R AN AR R R AT, 0 R R TS O B A A
o T, PRERIIEN R R A, 5. FmBital, DL9g g =L
B, WA BCI " 8 E, P ER, sl S A BRI LB BT, IS
PTG N R 3 i W/ I TR o - 5 AP e VN = s B N
Wi, 27 REE L, FREIZS.. AAGRER, BHRLIUTTHE
B0 SAP JR MR R B B OL, B RS T HON R R A R B R R .

SAP 1) AL 160 45 G 8 R AT, 98E A 5. UG R, Al B A A
TGF-B 2 W THMAKE.. #HAMIETHFMNREENHNEKE T, 5 IL-6 Bt&
FESOM T MK THLI7 200, 25 %% kDS Thi7 408 4E A
PEORL 20 i 55 AR R BOE B P R, AT A W R E W IL-17, A 3 B R 40 ORI
TNF-o R4 RO, N RO N, 185 B G g - RORE R 18l 540, IL-17 e

ﬁﬂ
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5 IL-18+ 1L-6 %540 i 57 B [ 4E A, DA I &% i 980 A B R = AR, R ROE
Bk ) N, R Th17 48 M 4 7™ AR T IL-23/STAT3 {5 S Hlife 3, RFaim
IL-23 15 5 ¥ STAT3 F IR 2 Th17 4 a4 3% A0 4E 45 5 28 (10 4 0 jx w1281, & 22
72, 5T R B 1L-23 B STAT3 [k 25 4 fie & 35 0 THL7 4ife k & fAL &,
W IL-17 B 4y w190,

ASTRY B %K L7 SAP WA, 1L-17. 1L-23 %55 &M iR 2% 10 )™ & F2
TEAH DG, IL-23/1L-17 B R0k 1] e 5 )5 3 R 0 A0 4 B 9F KORE 1 K e A o8l
Ve 5 S5 E 60 7 EERE AR 2% B R ESL T IL-6. IL-17. IL-23. TGF-B1 . Th17
gy Wb B b D203 sal A i AT AR B S BT TR VE I JURL RE 8 Ik ) THL7 48 i
IL-17 4% W & 0 3 SAP B (MAE R, F 4k, R0 0 70 3R W K3 I 7 iz il il
B AIG g I 4H 21 STAT3. p-STAT3 & H K&, #i> TNF-a. IL-6 )40, KRIFEK
T SAP KRR AH L. SRIEMME P2, Hit, 1L-23/STAT3/TH17 $h 5
SAP JHEIRH L5 ) KA R B VIR G .

R T, IL-23/STAT3 il % 7 SAP KRB b S w v 1k, — R 5140 e A
¥ 4 IL-1B IL-6+ IL-17. IL-23. TNF-a. TGF-B %) BB A, FHF. &
SE S FTHE THL7 40 M i 43 AL i 72, HE3h SAP KRB . &35 Ik W5 T His , 1L-1B.
IL-6+ IL-17. IL-23. TNF-a. TGF-B X& & ®EW WD, R 1L-23. STAT3.
p-STAT3. IL-17mRNA Al H &K IAKF W &2 2, ¢ H THL7 40 i %= 9
R, A AL O REAM R THLT 408 0 Ah 3R AR, SRR S RO RN, B
% SAP. R E, AW T R EEX IL-23. STAT3 5 1L-17 #4735 47,
DL L B BB AUE B IL-23/STAT3/IL-17 @S IEH, AR HERAT T .

By m) A TR A PR R AR W R, 48 R 8 BTE A YR T R R A R A N
LR T T R SRR A, FLRE R I O SN, o R IR B, kD &
P B TR 96 1) 9 O 23, (R st U SR, TERZHUE ML, I K K 7R & A
F a5 5l ke B T8 SR, AR A A b . TR T RS . R
R4 AR FIE R BT R R R R IL-23. STAT3. IL-17 1) mRNA
HEARIEKTY, 5EAM T AN LS %2 L, X TR G A0 7 &
M55 E T HAEHBCRERL, RS A 1L-23. STAT3. IL-17 ) mRNA
H5EARBRPREBERAL, WIERNEBIT SAP AR BREGWZ —.
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H AT R B 3RAT R )20 W8 T 7R V6 R R T b b0 I R Ak BT RE BE Ak
%M SAP BRI RREAMR, o0 M o RO AR AR, BR AR IR RORE K AR
[4-5.250 i i A A0 2 7 BR A 5 R A T VR ST SAP AR 5 B p 2 B 1 A
T HEHE IS, ARAEREHE - PMA s, REFELERFEEA.

g TR, 3 R A X7l ik ) IL-23/STAT3/THL7 4l 1 3% THL7 40 i 43 1k,
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