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17pSTAT6 & 1 3k & B 3% 3 ju ,CD4T 4 j # Foxp3 mRNA % & % % 415, 7 RORyt STAT3 . STAT4 STAT6 mRNA % i & § %
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(Abstract] Objective To observe the molecular mechanism of “wind-cold—damp” (FHS) exogenous pathogenic factors and the

expression of Th37/Treg cells on Bi syndrom (theumatoid arthritis, RA). Methods (1) Ninety male SD rats were randomly and evenly
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assigned into normal control group, simple adjuvant-induced arthrtis (ATA) group and FHS+AIA group. Normal control group and simple
AIA group were normally fed, and the FHS+AIA group was placed in an intelligent artificial climate box every day to receive FHS
stimulation. After 14 days of FHS stimulation, rats in the simple AIA group and FHS+AIA group were injected complete Freud’s
adjuvant (CFA) containing heat—inactivated Mycobacterium tuberculosi to establish AIA. FHS+AIA group continued to receive FHS
stimulation for additional 6 days. Peripheral blood mononuclear cells (PBMCs) were isolated 1 day before, 6 and 10 days after CFA
immunization. Percentages of CD4*Th17 and CD4*CD25'Foxp3*Treg cells were detected by flow cytometry. (2) Twenty male SD rats
were randomly and evenly assigned into normal control group and FHS+AIA group. The experimental conditions of rats in normal
control group and FHS+AIA group were the same (1). On day 14 after CFA injection, rats were anesthetized and blood specimens were
collected for isolation of PBMCs. Mean fluorescence intensity of pSTAT3 protein in CD4'T cells, pSTAT4 and pSTAT6 proteins in
CD4IL-17"T cells were detected and analyzed by flow cytometry, and mRNA expression levels of RORyt, Foxp3, STAT3, STAT4,
and STAT6 in CD4'T cells were examined by RT-PCR. Results With the progression of the disease in FHS+AIA group of rats, the
proportion of peripheral blood CD4*Th17 cells gradually increased, and the proportion of CD4*CD25*Foxp3*Treg cells gradually
decreased, compared with the simple AIA group of rats at the same time point, the difference was statistically significant (P<0.05
or P<0.01). Compared with normal control group of rats, FHS+AIA group of rats showed significantly elevated fluorescent intensities
of CD4*pSTAT3", CD41L-17pSTAT4" and CD41L-17pSTATE* proteins in the peripheral blood, markedly decreased mRNA level of
Foxp3 and significantly increased mRNA levels of RORyt, STAT3, STAT4, and STAT6 detected in CD4*T cells, the difference was
statistically significant (P<005 or P<001). Conclusion FHS exogenous pathogenic factors may activate the differentiation of CD4*Th17
cells and inhibit the differentiation of Treg cells through the JAK/STAT signaling pathway, leading to imbalance of Th17/Treg cells,
thus promoting the occurrence of RA syndrome.

(Keywords) rheumatoid arthritis; Bi syndrom; wind—cold-damp exogenous pathogenic factors; Th17/Treg; JAK/STAT sig-

naling pathway
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HI B9 A B, 55 0 0 ) 3% O B L A, XU I R i
KEL AT WL CD4*Th17 48 Jd A U] 3% 22 | s 1L-17
T E T EN, B A ST 2 E 58 CD4'Th7
SN Th17/Treg KA , i — 0 R AR« KUFEIR”
A1 85 MR 26 A 5 98 (BRI ) S A= 19 23 T BILal , LA
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1 #F#
1.1 SE5GEh)

SPF 9% SD MEPER B, B 4 90~110 g, 1 H
W W LRSI A RA A RS .
SCXX(1#1)2011-0003 , A A& 1iF 4 5 :43004700008303 ;
43004700008412;43004700008456;43004700008423 .
T 35 Ak Fe S 56 . WA e R R 2 A S 5 B R SPF
r S % VF T IE S . SYXK (31)2019-0009, == i
(22+3) °C, HIXH I E 409%~70% , At K€, 5 58 1
Fi . S B RS SE (12 h HR:12 h B, 5
WNREE 7 d IR
1.2 FEH]

PO S 245 A AT B H37Ra (3165 :20170320)
Pl (5 . M8410) [ Ficoll Ik I 40 i 43 5 W (L5 .
F4375) ¥ A 2% [ Sigma Aldrich 28 7 ; #it Bl CD4
Yok (415 . 11-0040-81) ¥t il IL-17 Bk (L 5 .
12-7177-81) Bl CD25 Pifk (L5 . 12-0251-81) .
Pt B pSTAT3 Fifk (3t 5 : MA5-32089) .3t fil pSTAT4
oIk (5 . 71-7900) Hi i pSTAT6 Filhk (5 . PAS-
104892) . #t il Foxp3-APC Hifk (H1L*5:17-5773-80) .
A B (5. 23228) k) B WA (S
23224) ¥ [ 5 [F eBioscience 2 Al 3 5 W bi AR
e 550 (TR N T H IR AR R A IR A R S
084989) ;38 G & (9 ABL/AH] b5 :4374967) 5
SYBR Premix Ex TaqTM II RORvyt i 7| & (b4
Y TR ARA A H#5 . B110032)

1.3 UL

RN AR AR (LT A AR A A
5 . PRX-150) ;2501 4 Jfd — Ak e B S 4 (AL 5 .
51033587 ) \ # f 1t A% W2 5 A A (A5 . 701 -
058112) ¥4 [ & [ Thermo Fisher 23 7] ;4> [ sh 4l
i Hgs (32 Bio-Rad A F], 5 . TC20) ; 5
PCR{XGti+: Roche A7) Y5 AXYPCR384LC480CNF)
AR RR BE AL (35 B SurgriVet /A, S SurgiVet

CDS9000); Uit =X 4f g 73 #r {%X ( 3£ [¥] Becton Dickinson
AT TM X=20) 5 6 20 Ve O B OHL (S
¥ Beckman Coulter 23 H] , # Allegra 64R) ; Hi T K
F(HARERAF AVS  ATY224)

2 FHik

2.1 ATA RIERS K EUAN Th17/Treg 4112k Ak
211 SR ShP BRI S % S0k [8-9],
90 HAfEME SD K BB AL 4 1E 8 X R ZH B4l ATA
ZHF ATA XUFEIRIR 2 | BE2H 30 H, 1EH X R Al
afi ATA 20K BUE % 135 14 d; ATA JXUFE IR 2 K R
TR TN R SR AR N 42 32 A FE R A (X
5 m/s JRE 0~2 C AHXHRE 90%~95%)1 ¥, 71k
4 h,14 dJ5 , BRIEE X R AN  HAh w5 41T R AR &R
J RS 0.1 mL & 200 g Mtb i CFA 55 ATAAIA
NFERIE A CFA %38 Jo 4k 223 32 N IEIR R 6 d.,
2.1.2 AIA CHRIGEOTE  CFA S5 MR R
Z RV RIGFRIE R 5 PV 43 2% CFA %
PE 5 I K BREAT G RAGEGT 4 L IE W B 0L, T 4T
Jif 3 O G 5 BV BE 55 21 B i 4 B 2T, 3 1 43 5 ko6
R B BT R BELL D 2 A BROCHT DU R
A FRET b i 5 B OGS J B LT b, 3 3 s BROCT 7
WaTR R NLL AT it 4 43 Fem B R T Ik 16 45,
2.1.3 P =40 M AR K P A8 JE il CD4*Th17 F1 CD4*
CD25'Foxp3*Treg MZHAE L] CFA #¥HT 1 X f
ST 55 6 .10 K43 SRR R B, I8 5 2l kUi, ik
EL 40 A 43 B9 T 43 5 A0 A ol B A% 40 B (peripheral
blood mononuclear cell, PBMCs), /i RPMI 1640 &5
VT Y 240 S YR, R A B R 1x107/mL,
i B FITC bRid M40 B CD4 Hithk (1:200) , B A FEAR
2.0 pL Yt 30 min, K EIEE  VEVR G, F 20 i o G
R0 G W 5 TR AT I S 40 P e € [ 5 R, U
W3 U a3 wilin# B PE ARic B9 4T B IL-17 (1:400)
Foxp3-APC (1:300) il CD25-PE #i 14 (1:400),4 C
HESEHE T 30 min, PEU, X R I AR RIS AR B
AN 3 BRI, 15 BD Cell Quest 84438 BUk
P HEAT 3T o

22 ATA XUFEIRI K B JAK/STAT {55538 A
22,1 SrHSRERE HEME SD KR, AR 90~110 g,
Bl HL 43 0 IE % %k 8 2 A ATA XU IR R4 R4 10
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H IR X B R BUIE 81 55 5 ATA XUIE IR 3 40 K R
WIEWR A B 14 dJ5, TR L T & Mib (1
CFA, gk 2 4 52 WIETR R 6 d, IR LA ATA
BB A “2. 117 T,

222 A AR A I A JE 1 CD4*T 44 il pSTAT3
A CDATL-17 Wk LU 40 Ml pSTAT4 1 pSTAT6 4 [
& CFA i )a 14 d, BREE R R, I8 32 30 ik
I, JH bk E 20 B 3 25 W o3 29 Hh PBMCs, H] RPMI 1640
% 5 VR P R VR, VR A N 1x107/mL,
PLFG B 19 CD4=FITC (1:200) 617, [ 2 8, 4R 4
T2 43 AR B 5 10 1L-17-APC (1:300) .pSTAT3 -
PE (1:400) ,pSTAT4—PE (1:400) .pSTAT6—PE (1:400)
Yot Ve G EALKRI, CD4'pSTAT3 4 F1-F- 15
58 JE A0 CD4'T 41 JAK/STAT {5 5 i #% 1% 1k IR
A, CD4'IL-17"pSTAT4*Fl CD4'IL~17"pSTAT6" 2K
- 2498l 3 B 4G 26 CDAYT 40 Md o Th17 40l JAK/
STAT 3 % G A AR S

2.2.3  RT-PCR il 4hJE il CD4T 4}l o RORyt
Foxp3 .STAT3 STAT4 1 STAT6 mRNA #ik PBM-
Cs LB PEMEER 43 18 CDA'T 41, % i35 9, Horp
K PCR 51958 W3 1, Trizol 42 HUIE PR 2H 21 44
RNA, 5585300 BT 2 RNA &5 & K2l B i
S cDNA, JEEFT 5 7 PCR §7#% . UL GAPDH Wy
WZ, HdiE L ABL A4 54 SDS %t RT-PCR #4743
Br ,RORyt mRNA 3K ik /KPR Th17 40 MoK F
Foxp3 mRNA ik K- Treg 40 /K - ,STAT3
STAT4 STAT6 mRNA % ik /K ¥t % CD4*T 41 jig
JAK/STAT i % i) AR S

x1 FEEEMFT

514 % Bk 519551 P73 )1 BE R /Mbp
Sz CTTCACCACCATGGAGAAGGC
GAPDH 238

IE GGCATGGACTGTGGTCATGAG

K GCGCCTGGAGCCAGCATA

STAT3 217
1E[  CTGGCTGCATATGCCCAATCTT

I GCCTCAAGTGGGTGGAGAAATG

STAT4 , 116
iEfm  CTCTCTCCGTCCAGGCAGTG
i GAACCCTTGTGACCAGCTCT

STAT6 . 141
1EM  CTCTGACCAGTGGAGGCTTG

15 AATGTGGCCTACTCCTGCAC
RORyt 195
iEH CTGCTGCTGTTGCAGTTGTT

I GCAGCTCCGGCAACTTTTC

Foxp3 . 103
IEl]  CTTGTCTGAGGCAGGCTGGAT

2.3 Gl

K SPSS 23.0 Ge it Akt AT 43 # i BT R
il R F “xs” R, 4L E] LG AR FH A ST REAS ¢ A
By, 22 R R BRI R O 22 0 B, 7 25 5%
W, LSD 35 75 24550, Dunnett’3 . LA P<
0.05 M 2ZERA G EE L, P<0.01 HERA B EL

e EE X,
3ER

3.1 AR ESMNE ML CD4*Th17 41l Lt 4]

BPERT 1 K, 25 41 m ) CD4*Th17 4H ffd b 7] Lt
2R IGEIFE X (P>0.05), FEREER 6.10
K, G IEH X AR L, gl ATA 20 Je ATA RIFEIR
AR FUAY AN 1l CD4*Th17 20 M e 451 24 38 fin (P<
0.05,P<0.01) ; [F] B [B] 5, ATA XU FE R I 41 15 P ali ()
ATA 20 AH H, CD4*Th17 41 Jid Lk 51 34 Jin (P<0.05 , P<
0.01), W#%2,

%2 SAKXRIEM CD4*Th17 408 L B (x5, n=10)
SR i CD4*Th17 40 He /%

Zigl

BRI 1R RS 6R  RERH 10K
TE X A 1.05+0.01 1.08+0.02 1.09+0.05
gl ATA 41 1.06+0.30 4.69+0.79* 7.93+0.95%%*
ATA KFEWRSFAL 1.0320.31 8.16£0.82%+% 10.52£0.93%*

5RO AL, *P<0.05, %4 P<0.01 ; 5 54 AIA 41 H AR, 'P<
0.05,%P<0.01
3.2 FAKFRINAIM CD4CD25Foxp3 Treg i A
BPERT 1 K, 45 411 1) CD4*CD25 Foxp3*Treg 4l
JiL L) LB, 22 S T gt 2R B L (P>0.05) . TE
JE 55 6 10K, 5 1E 8 X AL AH b, 54l ATA 241 K A-
TA UFE MR 2H K By &0 J il CD4°CD25Foxp3 Treg
20} L 451 34 B AIG (P<0.05, P<0.01) ; 8] B ] £, ATA
JRUFE I 9B 40 5 B Al ATA 20 A HE , CD4*CD25 Foxp3*
Treg 4 Y Fb 9 B4 (P<0.05,P<0.01), W5 3,

= 3 SHEKXKRBIEM CD4CD25Foxp3*Treg £ A bk 51
(x+s ,n=10)

AP I CD4*CD25 Foxp3*Treg 41l il L 4il/%

A AN K RIERW 6K AR 10 K
NNGeopiEE 8.12+0.44 8.28+0.48 8.19+0.41
gl ATA AH 7.94+0.43 7.13+0.47%* 6.68+0.45%*

ATA KUFEWR 4 8.15+0.50 6.93+0.55%*# 4.19+0.46%*#

S5 IEE W B4 4, #P<0.05, #%P<0.01 ; 5 84l ATA 41 b,
P<0.05 ,*P<0.01
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33 A4l KR AN M CD4pSTAT3* .CD4*IL-17*
pSTAT4 I CD4IL~17*pSTAT6 K [ 635 H 4%

55 1E 5 6 BE AL H B, ATA XUFE 18 955 21 4 A 1
CD4*pSTAT3* .CD4*IL—-17 pSTAT4* &% CD4*IL-17*
pSTAT6 8 {1 # 1k 131 fill (P<0.05,P<0.01), W3 4,

£ 4 SAKRSNEM CDAPSTAT3 . CDA'IL-17"pSTAT4",
CD4'TL-17"pSTAT6 5 3% 7K T (x5 ,n=10)

A CD4*pSTAT3* CD41L-17'pSTAT4* CD4'IL-17"pSTAT6*
TE X B 0.10+0.03 0.13+0.04 0.18+0.04
ATA WIEWRFIAL  0.45£0.11% 0.48+0.10%* 0.49+0.13*

T 5 05 % B2 L3R, #P<0.05, %% P<0.01

3.4 S KESMNE I CD4T 41 RORyt , Foxp3
mRNA # 35 7KF AL

5 OE 8 6 B 41 L g, ATA XU S i 5 20 40 ] i
CDATHIMEH Foxp3 mRNA FHAEFEL, RORyt mRNA
FR RN (P<0.01), WS,

F5 SHKRRIE M CD4T 48 A H RORyt,Foxp3 mRNA
i K P (s ,n=10)

20 5 RORyt mRNA Foxp3 mRNA
E xR 4L 0.43+0.04 1.62+0.08
AIA KFEWR SR 41 1.50£0.08** 0.60+0.05%*

5 IE O R L #R, *#P<0.05 , *#P<0.01

3.5 FHAAKRFAMNE M CD4'T 41 STAT3 STAT4
STAT6 mRNA FRik/KF-Hig

5 IE 5 REAT LA, ATA JRIERIRZ M 1 CD4T
20 g h STAT3 STAT4 STAT6 mRNA 3 ik & 14 i
(P<0.05,P<0.01), W% 6,

%6 SAKXRIEM CDA'T 4B H STAT3.STAT4,
STAT6 mRNA ik 7k F (v+s ,n=10)

£ 5] STAT3 mRNA  STAT4 mRNA  STAT6 mRNA
1E 6 IR 0.56+0.04 0.52+0.05 0.58+0.03
ATA NIEWRTZH  0.88+0.09%* 0.74+0.08* 0.72+0.07*

5 IE IR L #, #P<0.05 , %% P<0.01
4 i

RA J& F v B2 “JFE " v e o 8 LI I R 9 J 22
— R IS AR Dl SE T A R AR A B
B PE VRSN . RA I R B R AL &2 4%, 0 7
g FLERAE 2 DL K i CD4YT 40 i i= ¥ Ay =8 A 18 1
JEE S RE I, Th17 42 CD4*T 4H A5 8 %}éf
W TL—17 25 RV PR 7, A 2 4% i S 0 i ik S

M RHEREN . RA BEE SN I CDAT 41 Th17 2
L1 LU B 18 i, T Treg 40 FfS 19 L0 (9 R ARG, 23 Th17/
Treg 40 J A, 17 Treg 20 M 388 A 22 422 fi =X ™= A= 0
il AN 7 (G TGF— IL-10) %+ [ B 7 T 41 i
T ARG B B0 ) 428 A TSI A E R 45 2R R RA
JAFE IR A BT A Th17/Treg 40 o 2% 17 38 4 | X FE
TR 38R BUAN I CD4*Th 17 403 He ) 42 B4l ATA
41 & ZF B (P<0.05,P<0.01) , Treg 41 ity b 171tk 2 [
fik (P<0.05,P<0.01),Th17/Treg 41 ffd kb 1] Ak F 2
MRS

AW JAK/STAT 15 538 #1% L 2 5RA
() 2 A, HLJE A7 5 B89 T 41 B 43 4k B JAK/STAT
5 PR O I A 5 AR 20 B | BRLA% A A e
533 41 i (antigen presenting cell, APCM’EFFJ T, IL-
6 P Al A% 4 5 (19 TGF —B, 34 1% JAKIL, HF ifi 47 5%
STAT3, JF- i i b, 1% 1k (1 JAK1/STAT3 i % %
6 RORyt, 014 CD4'T 41 Th17 2 A 434k,
RIS, 76 Th17 2 Ak 6 il 815 53 b 40 i D9 1%
55 A 1 3 (suppressor of cytokine sig-
naling3, SOCS3) /& 5 21y 7 [a] 4 15 X 7, & dd ok 4
il STAT3 ) f 2 Ak & #2751, RORvyt #IA 2
Th17 40 M35 2 Re 5P 00 % S0 5, ol i S 0 4
IL~17 (R K53, I 306 Treg 40 M43 4£2, Th17
I M e 5% S K F- STAT4 F1 STAT6 4%, A= il T1-17,
] B 0] 7= A 1L-23 IL-6 FIl TNF—o 55 48 % 40 it [9
T TL-23 0] fi #F 0% 0 i0 12 40 B AR TL-17, fifi
Th17 475 LUAF TG FAERR DI, Foxp3 & Treg Y
PR PERR Y, HRRLE R SR G Treg 16 1 1 ¢
HZE, WFRP2R0] RA B E SN I RORyt Fik &
T E AN, Foxp3 ik i i S REAL, AT 9T 45 1 o
ATA KRR BN E i RORyt 28 35 5 5 2 e
Foxp3 ik it i 2 FEAL, 5 SClikE — 20, $278 ATA
RIENR I K B Th17/Treg 4 AL T 52 BRRAS , AFFER
7R RA H3 STAT3 STAT4 STAT6 mRNA ik &
BB AT AT 45 R R, ATA JRFE R IE K RN A
Ifil. CD4*T 41 fifi 7h STAT3 STAT4 STAT6 mRNA ik
N (P<0.05,P<0.01) ,RORyt FlFoxp3 mRNA
FEIR AR B BN (P<0.05,P<0.01) , 2 /k JAK/STAT
@IS S T RAEDL AT T 4051k

Zi b RIEWR Hh AR AT RE G o B JAK/STAT
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5 5 18 #% , JF 7F STAT3 ,STAT4 STAT6 .RORvyt X
Foxp3 mRNA 92 58 3% Th17 4531k, If- 40
1 Treg 20 M1 534K , 230 Th17/Treg 4l 26 A , DA T {2
HERAE K

S % 3Tk
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