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[ Abstract] Objective To investigate the effect of cytokine signaling inhibitor (SOCS)1 on T cell
differentiation in Hashimoto's thyroiditis ( HT). Methods CD4 " T lymphocytes and B lymphocytes were
isolated from HT patients and divided into pEF-FLAG-1 empty vector control group, SOCSI vector group,
signal transduction and activator of transcription 3 (STAT3) gene silencing group, and SOCSI1 vector +
STAT3 gene silencing group. The level of SOCSI expression in CD4 " T cells was up-regulated by gene trans-
fection technique; STAT3 was silenced; T helper cell 17 (TH17), regulatory cells ( Treg) and follicular
helper T cells (Tfth) were detected by flow cytometry. Fluorescent quantitative PCR was used to detect the
mRNA level of retinoic acid-related orphan receptor yt (RORyt) , forkhead box protein 3 ( FoxP3)and B cell
lymphoma 6 (Bcl6) in CD4 * T cells. ELISA was used to detect the levels of interleukin-6(11.-6) , interleu-
kin-17 (IL-17 ), interleukin-23 (IL-23 ), interleukin-21 ( IL-21 ) and transforming growth factor B1
(TGFB1). Western blotting was used to detect the levels of SOCS1 and STAT3 protein. Results  After
transfection of CD4 * T cells with SOCS1, TH17 and Tfh were inhibited (¢=8.63, 7.66, all P <0.01).
SOCST1 inhibited the expression of RORyt mRNA and Bel6 mRNA | while promoted the expression of FoxP3
mRNA (7 =14.38, 8.86,9.46,all P<0.01). Compared with SOCSI vector group and pEF-FLAG-1 empty
vector control group, the suppression of IL-6, IL-17, IL-23, IL-21 and the promotion of TGFB1 were greater
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in SOCS1 vector + STATS3 silencing group (z=8.64, 11.02, 9.76, 12.18, 14.08, all P <0.01). The
level of STAT3 protein was decreased in SOCS1 group (¢=5.12, P<0.05), and the STAT3 protein level

in SOCSI vector + STAT3 silencing group was significantly down-regulated compared with that in
pEF-FLAG-1 empty vector control group (¢t =4.78, P <0.05). Conclusion SOCSI regulates T cell differ-

entiation by inhibiting STAT3, which may be related to the pathogenesis of HT.

[ Key words]

tor of transcription 3; T cell differentiation

Hashimoto's thyroiditis; Cytokine signaling inhibitor 1 ; Signal transduction and activa-

Fund program ; National Natural Science Foundation of China (81260125 ) ; Science and Technology

Project of the Jiangxi Provincial Health and Family Planning Commission(20171024)

A HUIR R 28 (HT) 2 —Fh B B S e i , vl
51 R IR LU AT REA T, F AR A v
PH I YA £ 200 v R R R S v A B AR )
2, Suciu-Foca 25 A58 B, HT 53 HUR IR 22
ANH FE R CDA T 4w, CD4 " T 4i it SV A 4l Bl ik
T 4/ 17 (Th17) FyESTPE T 400 (Treg) () 2% iy n]
figt HT 19 EE R ML = —" . s b &
PULHT B3 08 I A ORI 2 2 b v S B bE T
Y (Tfh) FmE 38, 2 W] Tth Al g2 5 HT 19 &%
AR AR T E S I T (SOCS) E—2 i
R & A, A i T e A R Janus JEAG- 15
A G I ST N T (JAK-STAT) {5 538 % b i
BRI H . SOCS1J&ESOCS S ik 1) 51 22 1 1,
1E T A0 S 0 G 28 B 1o AN G 28 1 1w ke £ PR A
IR o Mt FEARBIEE Y, 5 2 H1FSOCST B STAT3
X CD4 " T 4 i W #F 434k i 52, A B2 0k — 20 1 fit
HT {96232 &AL o
1 #EAnsgx
1.1 CD4*T 4ifg fICDI19 "BYII A A B ASHF5Y
I 5T 50 i) HT &35 [ HF IR IR Bk & f b fk
(TgAb) FIHUIR i3 S AL Dy i b 44 ( TPOAD ) 7K SF- 34
B, e B E RS ] IRAES mlAh JE ki, I 8 i
Ficoll % J& Bf & B .0 15 4 55 40 J8] I 50 4% 4n g
(PBMC) . ffi F f2 % #E Bk 7 25 CD4™ T 41 fifg Al
CD19* B 40, FE47 40 M 31 B0OF i it & W ik e 6 1%
I EL TS 1
1.2 SOCSI 1255 8¢ F AR £ S i e CDA ™ T 2l ifd
¥4 % pEF-FLAG-1/ mSOCSI #; &, {d 3% 9% & .
Brie fly,2937T, J&YL%70% ~ 80% I F T4 4s, ¥4 &
ORI G A293 T4 ,8 h J5 , LS AR A
YIHR B W B B R L I AGHr B B R 3 48 h R I sE
Y L R, a0 B 2 AN R R, SR R
0.45 pm P 5 4 B (PVDF 8 F T u& Al
RALBE BB . 43 B 1 AR R I CD4 ™ T 41 fifg
CD3/CD28 HiiAmili 24 h J5 , F & 47 58 WUk 9 L
WS s 32 5, 538 pEF-FLAG-1 75 44K % ff
2H  SOCS1 5 Yy 21 STAT3 Uit 2k 21 . SOCSI1 #% YL +
STAT3LERAH .

1.3 Th17 Treg Tfh¥) 4 S M £k F i = 20 i 4 SOR:

BRSO H 4/ 2 (IL) -2 (10 U/ml) (IL-18
(10 pg/L) FE Al KA T (TGF)-B (30 pg/L) Bt
L4 B0 (1 me/L) F 4 2y Hobh (1 me/L) JH T
Th17# 4k, i ATL-2 (10 U/ml) F1 TGF-B (30 peg/L)
H T Treghz 4k, IL-6 (10 U/ml) FIIL-21 (10 U/ml) i
T T Hefb, K EA15 CDI9" B 4 fg %557 3 d,
JHI PMA (50 /L) . B 45 % (500 pg/L) Al 1X
Golgi Stop i Th17 A1 Tih 4 h., WAk FiF4 4 i -
WA AR I, 40 B N IL-17A ] BD Perm/ Wash
LZ PR YL {4, , 7% FoxP3 ] Biolegend foxp3 fx/perm %
ff,, CD4* CXCRS5 "ICOS high/g& Tfh F 1 FREAR AR o
1.4 RT-PCR 5 I # v 2 AH 5¢ 19 I L 32 4K yt
(RORvyt) H s Hl ¥ SR AR 1 3 (FoxP3) A1 B 21 ifd bk
ELRE 1 6 ( Belo ) mRNA - [ JGRNase [ PBS ¥BE4%
WOAR AN . 1 FH RNeasy Mini 32851 & A2 4f5 ) & 7Y
17 2R IBCE RNA L AT 04 ¥ B2 A48 B2 FH Qubit 5%
itk 336 5 5% K ) & (Promega ) X1 pg
RNA#EAT 300 %% 5%, i F§ SYNBR Green PCR Master
Mix ( Qigen) #E4T52HF PCR, AHHF5E H i T 095 1) UL
F 1, 95°CHIAZYES min,95°C 28 30 s,60°C 1B k
45 s, 78 T2°CHEMH 30 s, JE17 40 MEER, 2749k
THEAEXT mRNA k7K,

1.5 ELISA £:IL-6 \IL-17 IL-21 IL-23F1TGF-B

H i 156 B A5 B ELISA 5 50) G0 0 240 i 15 7% 05 W
HIL-6  1L-17  1L-21  1L-23 FITGF-B ) 7K . i 3
ELISAJ Z£450 nmA&b ¥ OD {H

&1 RT-PCR P51

a7 PNIN

314 1 o

GAPDH [ W51 5/ -ACCACAGTCCATGCCATCAC-3’ 52
RS ;5 -TCCACCACCCTGTTGCTGTA-3'
FoxP3 IEREF .5'-CACCCAGGAAAGACAGCAACC-3' 34
FUET1:5'-GCAAGAGCTCTTGTCCATTGA-3'
|31 :5'-ACCTCCACTGCCAGCTGTGTGCTGTC-3
t Rl :5-TCATTTCTGCACTTCTGCATGTAGACTG 383
TCCC-3!
Bel6 FUEFES 5 -GACGTTGTCATCGTGGTGAG-3’ 109
T #EF5) .5 -GGTTGCATTTCAACTGGTCA -3’
1 : GAPDH ; -7 -3 - 198 16 20 6 RORyt: B 3% R AH OC Y UL

AR yt; FoxP3 5% 5 R 1 Sk B 35 Bel6 : B AI I LR 731 6




[P SR AL 2 2018 4F O A 55 38 555 5 1

Int J Endocrinol Metab, Sep 2018, Vol. 38 ,No. 5

£ 295 -

1.6 Western EJ7E A& MISOCST STAT3 26 1 33k
FH RIPA 24 it 2% wh i 224 fidk 40 R, 35 B8 25 O
SDS-PAGEHLIK 43 #T o SR 5 4 H HL 7 %% 2= PVDF i,
SIS, FH TBS % PVDF 10 ~ 15 min, & F 54
5% (w/v) i BE Wy ks B TBST 4 11 2% whife v , I 78 25 Y
THESN 1 h, FEMAE SRR P HEA 1%
(w/v) B NE W k3 () TBSTHG BE1: 5 000 | )5 , i HAE =
M TFEE2 ho SRJ5H TBST w3 (5 ~ 10 min
1R BiREZRTHSA0.05% (w/v) s 05
¥ %) TBST # B HRP FRic i) —$Hi(1: 10 000) fiF &
1 h,JfH TBST #E5E 3 IR (HHIKS ~ 10 min) , FHER
& e mAEN S B-WshE i R,

1.8 Zit2ab ¥ EASMEITFEEEER v £
N, HSPSS 17. 0%k 443 Fr , PR 41 (B $41%% b 3k H
KR, P<0.05F RS BAAGIHE L.

2 45

2.1 SOCSI! 1 STAT3 5 TYIE W HERI -5 A
PR G 4 A A 8 SOCST-Tg-CD4 ™ T 4t fif (&l 1A)
anlE 1B frzs : CD4 " TN AEAR SN Y SOCST H- Al £k
72 h )5, IL-17 (%) 3% 35 R AIK M FoxP3 (1) 2% 3k 4 Jin
(1=8.63.9.06, P¥<0.01), WA 1C frx, 5
SOCS1HE Y20 A HY , STAT3 YT ERZH XF Th17 f 40 ) K %ok

Treg 1 4y fb {2 #F B & 2 (:=12.01, 9.28,
P 7 <0.01), 5pEF-FLAG-1%5 #k {4 % FE 4 4 L,
SOCS1 4% L2 MISTAT3 YT ER 2 1 Tth Eb 51 BH I FEAIG
(t=7.66.12.56, P ] <0.01) , 5 SOCSI #% Y 2 1
STAT3ULERZH A1 H , SOCST + STAT3 Itk 41 B 1 FAI%
(t=9.14,P<0.01)

PR PCR 25418 2 ffyR, 5 pEF-FLAG-1
23 #R AR K HR A1 AH Fb, SOCS1 %4 Y 4 1 STAT3 1. 2k 41
RORyt mRNA /%35 17, Belé mRNA fit) 26 1k B I
{8, 3 HFoxP3 mRNARYZEAIEAN (1 =14.38 8.86.9. 46,
P 4 <0.01) , ESOCS14% % + STAT3 VT ERZH 53 Fpr s i
— R (1 =12.14 14.17 8.26,P ¥ <0.01) ,
2.2  SOCS1 # e 4] 1L-6 ., IL-17 , IL-23 , IL-21 fiI
TGF-B1f45 k. ELISAZ5 SR WKl 3 frs, 5 pEF-
FLAG-175 54K B 41 4 e, SOCST #% Y 41 FISTAT3
TTERAHIL-6 1117 (IL-21  IL-23 /KB, 1 TGF-B1
IKF-Th 5 (SOCS1§% e 2] HpEF-FLAG-1 %5 A4 Xf H]
4H,0=9.63.12.02 8.96.10.57 .11.48,P ] <0.01;
STAT3 it 2R 41 It pEF- FLAG-1 25 #% {& % 18 41,
t=8.72.11.03.9.01.11.39 10.07, P #] <0.01),
TESOCST 44 Yy + STAT3 P ER 413X M ole A 3F — 25 1 i
(1=8.64.11.02.9.76 12.18 .14.08,P #] <0.01) ,

A 1 000 1 000 1 000
8001 800 8001
% ol % 3
= 6001 :: 2 600] - 6007
2 400 2 400 2 400
0N 0N n -
200 : 200 2007 48
e , , F
0 200 400 600 800 1 000 0 200 400 600 800 1 000 200 400 600 800 1 000
CD3 FITC CD4 PE-CYS PSC-Height
B
iy 10°
10°
g g
2 210
O L O q
. 4l dsg o o .o
¥ UR 104 UR 1011 UL 5748
ST ' L 91.74 LL 7705 UR 419
! o ; . ; 411{ 4.16 ; . : 4LR 7.29 . i} i} {uk ?7&2
10 100 100 10° 10 10 0> 10° 10 100 100 100 10° 10
IL17 Alexa Fluor647 Foxp3 Alexa Fluor647 CXCRS FITC
C a0k 80 a N 501
- a
60 T S 407
S £ 30
& 40 +
% 2 20
L 3
20 5 10
0 0
1 2 3 4 1 2 3 4 1 2 3 4

T 1:pEF-FLAG-1 2 (406t FR 4L 5 2.S0CS1 56444133 .STAT3 YiBk4l; 4:S0CS1 54 J+STAT3 Ui#k4L; CXCR5*Tth.CXC ¥k
T STUE ML INYE T 410 ; 5 pEF-FLAG-1 %8 24T IBL1AR L ,*P<0.01;SOCS1 - 41 S B F-15 55 0 ik [l 7, STAT 135 5 5 55 4 543
T Th17 BB E T 400 17, Treg: 351 T 400 Tth JEIABITE T 40

& 1

SOCS1 Xf Th17 Treg il Tfh 5r 4k # 5% 1iy



-+ 296 - [ B N 4 R 2 25 2018 4E 9 A48 38 545 5 ] Int J Endocrinol Metab,Sep 2018, Vol. 38 ,No. 5

L5p
3_
= L
= = 10
= =
E E
by ©
£ 2 0.5
a1
0 0

FoxP3 mRNA
[\e)

0

U 1:pEF-FLAG-1 Z8 3 /R 0 TR 41; 2.S0CS1 5 e4 ;3.STAT3 JTURZL; 4.S0CS1 45 Ye+STAT3 JLdk4L; 5 pEF-FLAG-1 %54
T B L ,"P<0.01;SOCS T AT B 115 5% S M 7 1;STAT3 A5 5% 5554 53405 I T 3; RORyt: MUE TR HH C A9 9T L 32 1A

vt FoxP3 . 7 5 7 X3k 3 11 3;Bel6: B A0tk B2 501 6

B 2 %S PCR A CD4T 40l FoxP3 .RORyt .BclémRNA 7K %

1.5F 1000
800
= 1.0f =
dm = 600
& £
& =
= 05 o 40
200
0 0
400F
= 3001
9
o)
?‘.'- 200F
=
&)
= 100}
0

1 2 3 4

400
300
=
2
= 200
o
=
100
0
400
300
=
g?/
= 200
Q
=

100 ¢

0

1 2 3 4

T 1:pEF-FLAG-1 ZS 2 MAK IBAL 5 2.S0CS1 #5241 ;3. STAT3 YIBRAL; 4:SOCS1 #Y+STAT3 YUERAL;11-6: 1411 %-6;11-
17: VA IEA FR-17; 1L-23: A0 3R-23; TGF-BL: ALK EF B1; 1L-21: FT 414 R -21;S0CS1: 4t K {55 il 5 15
STAT3 {5 55 G 55 RGN F 3; 5 pEF-FLAG-1 23 #MAX FRZLA L ,*P<0.01

B 3 SOCSI X T 4il il 731k i 5% i

2.3 SOCSI #EyusH h STAT3 & IA9A8 4k SOCS1
YL 2 STAT3 25 11 7K 7 W Wik T pEF-FLAG-1 75 £,
AN REZH (1 =5.12,P <0.05) , 5pEF-FLAG-123 #
& %F B ZH AH Lb, SOCS1 & B K W B 7 &
(t=4.47,P <0.05), 7ESOCS1 %44t + STAT3 I Bk
gl STAT3 8 1 & = W i [ AIK, SOCS £ /K-
i & T pEF-FLAG-1 75 /K X M4 (1=4.78
6.36,P 1 <0.05), LK 4,
3 itig

WEAERFSE R B, HT BB A AE T 4 S0 7 i i
HEMIIRE S E  H T 8 U RE 5 1 HAR ML
KGR AR, EE W T RN T
SOCSIX} HT #3& CD4 " T 41 i\ B 43 fL Y52 0, A\
MR HT 1453+ & pL

ATFGE &P, HT 3% CD4 " T 41 g SOCS (1 i
FEIR AT LA Th17 F1Teh (1 4304k, 412 3 Treg 1) 434k,

ULEK STAT3 J5 SOCSI Xt T 4 Hd 431k 19 5% W 5 Sk i
. SOCSIJg 5 % %) 1 0 15 43, AT LA 3 3 741
STAT3 {5 5 i % 2 5 4 44 Th17 F Treg 1) 5h 7 F
7 Th177E 4 P oi B {28 41 T Treg B
B R RN VER . SeRTrpEo LB HT B
Th17 b5, Treg LU B AL, iX 26484 5 HT 3%
f6 LR IR D BE A R i R s A e 0 L AR g
R, SOCST it ik B STAT3 UL ER AT AP I Th17 1y
IR Treg 1) 534k , F B X SOCS1 5 STAT3 3 35
B S T 0T RE s IR IR 26 o B Al sh s
95 O UESE, SOCSHI LIVAYT 1R 24 A i K 515 53
%25 B IR NG B PR I SOCS Xt H 5
PEVEBR IGTT BAT —EERT . #E#AS0CS1
BB (AT 0 STAT3 , 1 1 5% Wi IL-23 AN IL-17 f 53 0%
Fs ) A G e T BE , XoF S 50 P Ao S A T %
YRR



[P SR AL 2 2018 4F O A 55 38 555 5 1

Int J Endocrinol Metab, Sep 2018, Vol. 38 ,No. 5 - 297 -

1.5}

1 2 3 4

SOCS1 -_— T
STAT? GEED S e —
B-actin D D G "=

STAT3

SOCS1

T 1:pEF-FLAG-1 28 8406 B4 ;2. SOCS T 5 Y421 ;3. STAT3 JE M UTER 4] ;4.SOCST # YL +STAT3 Uik 4l ; 15 pEF-FLAG-1 %5 #;
PR BRAH L ,*P<0.01;SOCST - A F 15 S P 1;STAT3 555 5 55 s N+ 3

Bl 4 CD4'T 40JfifY SOCST STAT3 (14 1143k

T Yt R FELZMARE TS,
It FLA BE4R IR 10 200 B DX 10 20 B S AR A A R T
TR, IL-67635 5 Th17 Al Tth (1)1 72 vt 5 24k
F, TGF-B 42— 322 iy Treg 43 WA 14 T 38 100 il X 5~
REAEAF5R R B, HT f8 35 Treg LU GIAIC T 1F 5 ARE, JF
HILIHREZ A FImt A B e vk AR R 26
SN LA T He R B R EFH KRB CDAT T
Y1 i 35 3 35 SOCSI 5, IL-6 7K - 5 2 B A%, [A] B
TGF-B/KFEFE . IL-21 FE iy Tth 4334, 78 Tth (1943
AR T REZE/EM, IL21681E S B 41805
1k, S HGTAR G 435, TR TT B 4 ThaE., 2
R IRSOCST 3 B o3k S5 IL-21 /KO- i 5 RAIG . 45 5%
$E7R , SOCST AT LA G 1) 3 25 - A7 , 48 2o 857 4
Ji PR 2 TR R BT 1k B e B M 1 A

R R R BSOCST & H T T 41 M 434k A1 Ty
REMY E 2L &K, v] 68 38 1o 0 i STAT3 7= 4= 1E H.
SOCS1A] LA 6 98 e A F-TL-17 (49 4 b , 412 34 Treg 114
534k . SOCS1 X STAT3 () i il th, T 2 Tth Lb A7 iy
A I B A A AR W A B e N Y
Ko I R T HISOCST Y % 3A ol T BRSTAT3
ATREXT HT B iayr A —EEH .

& % x #t

[1] Suciu-Foca N,Manavalan JS,Scotto L, et al. Molecular character-
ization of allospecific T suppressor and tolerogenic dendritic cells:
review[ J ]. Int Immunopharmacol ,2005,5 (1) :7-11. DOI; 10.
1016/j. intimp. 2004. 09. 003.

[2] Littman DR, Rudensky AY. Th17 and regulatory T cells in medi-
ating and restraining inflammation[ J ]. Cell ,2010,140(6) :845-
858.DOI:10. 1016/j. cell. 2010. 02. 021.

[3] Wang S,Baidoo SE,Liu Y et al. T cell-derived leptin contributes
to increased frequency of T helper type 17 cells in female patients
with Hashimoto’s thyroiditis[ J]. Clin Exp Immunol,2013,171
(1):63-68. DOI.10. 1111/j.1365-2249.2012. 04670. x.

[4] Qin Q, Liu P, Liu L,et al. The increased but non-predominant
expression of Th17- and Thl-specific cytokines in Hashimoto’s

thyroiditis but not in Graves’ disease[ J]. Braz J Med Biol Res,

(9]

[10]

(1]

[12]

[13]

[14]

2012,45(12) :1202-1208.

Mahony R, Ahmed S, Diskin C, et al. SOCS3 revisited: a broad
regulator of disease, now ready for therapeutic use[ J]. Cell Mol
Life Sci1,2016,73 (17) :3323-3336. DOI 10. 1007/s00018-016-
2234-x.

Morris GP, Brown NK,Kong YC. Naturally-existing CD4 ( + ) CD25
( +)Foxp3( +) regulatory T cells are required for tolerance to ex-
perimental autoimmune thyroiditis induced by either exogenous or
endogenous autoantigen[ J ]. J Autoimmun,2009,33 (1) :68-76.
DOI:10. 1016/j. jaut. 2009. 03. 010.

Korn T, Oukka M, Kuchroo V,et al. Th17 cells; effector T cells
with inflammatory properties| J]. Semin Immunol,2007,19(6) :
362-371. DOI:10. 1016/j. smim. 2007. 10. 007.

Figueroa-Vega N, Alfonso-Pérez M, Benedicto 1, et al. Increased
circulating pro-inflammatory cytokines and Th17 lymphocytes in
Hashimoto's thyroiditis[ J]. J Clin Endocrinol Metab, 2010, 95
(2):953-962. DOI:10. 1210/jc. 2009-1719.

Montagna G, Imperiali M, Agazzi P, et al. Hashimoto’s encepha-
lopathy ; a rare proteiform disorder[ J ]. Autoimmun Rev,2016,15
(5) :466-476. DOI1:10. 1016/j. autrev. 2016.01. 014.

Bossowski A, Moniuszko M, D browska M, et al. Lower proportions
of CD4 + CD25 (high) and CD4 + FoxP3, but not CD4 + CD25
+CD127 (low) FoxP3 + T cell levels in children with autoim-
mune thyroid diseases [ J ]. Autoimmunity, 2013, 46 (3 ) : 222-
230. DOI:10.3109/08916934.2012.751981.

Ramgolam VS, Markovic-Plese S. Regulation of suppressors of
cytokinesignaling as a therapeutic approach in autoimmune diseases
with an emphasis on multiple sclerosis[ J]. J Signal Transduct,
2011,2011:635721. DOI.10. 1155/2011/635721.

Palmer DC, Restifo NP. Suppressors of cytokine signaling ( SOCS)
in T cell differentiation, maturation, and function[ J]. Trends
Immunol ,2009,30(12) :592-602. DOI; 10. 1016/]. it. 2009. 09. 009.
Jager LD, Dabelic R, Waiboci LW , et al. The kinase inhibitory re-
gion of SOCS-1 is sufficient to inhibit T-helper 17 and other im-
mune functions in experimental allergic encephalomyelitis[ J]. J
Neuroimmunol, 2011, 232 (1-2) . 108-118. DOI. 10. 1016/].
jneuroim. 2010. 10. 018.
Zhu C,Ma J,Liu Y,et al. Increased frequency of follicular helper
T cells in patients with autoimmune thyroid disease[ J]. J Clin
Endocrinol Metab, 2012, 97 (3) : 943-950. DOI. 10. 1210/jc.
2011-2003.

(ks H #1:2018-01-11)



