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W) TAO FB 1% & e o B2 (1 IR 25, ROC il 60 T 1L v
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21 TAO BFE A L, 16 S 4 BB IV 1L-35 7K1 BH B B A%,
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NHEFEMINE ($ P<0.01) , I3 1L-35 IgG4/1gG TSI 7K
T2 W TAO 3l & A B 4 AR (AUC) 43
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Abstract

¢ AIM: To investigate the correlation of serum interleukin-35
(IL-35), immunoglobulin 4/immunoglobulin (IgG4/1gG),
thyroid stimulating immunoglobulin (TSI) levels with the
activity and severity of thyroid associated ophthalmopathy
(TAO).

e METHODS.: Prospective study. A total of 148 TAO
patients admitted to our hospital from January 2023 to
July 2024 were selected as the observation group. They
were assigned into an active group (75 cases) and an
inactive group (73 cases) based on their activity level,
and were assigned into a severe group (95 cases) and a
mild group (53 cases) based on the severity of their
condition; another 148 healthy patients who underwent
physical examinations were regarded as the control
group. The levels of IL-35, IgG4/1gG, and TSI in serum
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were compared between the two groups. The correlation
between serum IL-35, IgG4/1gG, and TSI levels and TAO
activity and severity of illness were analyzed. A
multivariate Logistic regression was performed to analyze
the influencing factors of TAO patients developing severe
symptoms. ROC curve was applied to analyze the
diagnostic value of serum IL-35, IgG4/1gG, and TSI levels
for the development of severe TAO in patients.

¢ RESULTS: Compared with the control group, the serum
IL- 35 level in the observation group was significantly
lower, while IgG4/1gG and TSI levels were significantly
higher (all P<0.01). Compared with non - active TAO
patients, active TAO patients had significantly lower
serum IL-35 level and significantly higher IgG4/lgG and
TSI levels (all P<0.01). Compared with the mild TAO
patients, severe TAO patients had significantly lower
serum IL - 35 level and significantly higher disease
duration, IgG4/l1gG, and TSI levels (all P<0.01). The
serum IL - 35 level was negatively correlated with TAO
activity and disease severity (r=-0.529, -0.554, both P<
0.01), IgG4/1gG level was positively
correlated with TAO activity and disease severity (r =
0.625, 0. 663, both P< 0.01). Serum TSI levels were
positively correlated with TAO activity and disease
severity (r=0.594, 0.607, both P<0.01). Multivariate
Logistic regression analysis showed that serum IL - 35,

while serum

IgG4/1gG, and TSI levels were all factors influencing the
progression of TAO patients to severe disease (all P<
0.01). The areas under the curve (AUC) for diagnosing
the progression of TAO patients to severe disease using
serum IL-35, 1gG4/IgG, and TSI levels were 0.868, 0.859,
and 0.830, respectively. The combined AUC for the three
markers was 0.955, significantly higher than that of each
= 2. 893,
=4.157,

individual marker ( Z,

hree factors combination-IL-35

Zthree factors combination-IL-35 — 3 51 O ’ Zt

P=0.004, <0.01, <0.01).

e CONCLUSION: Serum IL - 35 level is significantly
downregulated in TAO patients, while 1gG4/1gG and TSI
levels are significantly upregulated. The levels of IL-35,
IgG4/IgG, and TSI are correlated with the activity and
severity of TAO, and their combination has high
diagnostic value for TAO developing into severe.

o KEYWORDS.: thyroid associated ophthalmopathy;
interleukin - 35 (IL - 35); immunoglobulin 4/
( 1gG4/1gG ); thyroid stimulating
immunoglobulin (TSI)
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FFCR A 5 FIR 93 ( thyroid associated ophthalmopathy,
TAO) Je—Fh e B RSk A B S BEVE , 5 R IRAH 5%

St T IRMELL 21K A4 R0E S A B g M5 . TAO
LR MR AR FTHR B 55 D 9 165 R 2 B R AR Bk 58 1y AL )
VAR R IAL  4h R HE R ] 24 B4 L B R o R
PRI A5 | = T 5 W) 2R 1Y H R 2B B B A B
HHIT, TAO # AR AL AN TEAE , BNl A2 W AR 7 X
&I HAEPTAT IR MELR | TR0 10 R H 8 e, 32 31 4%
DB 2 R R, TR A AR bR I R A
B2 W Bt DAl nl S A2 IBRR T W3 s 2 Wi R
FOEEIRTE A EEE L, AMES 2 -35 (interleukin-35,
IL-35) & —Fp A HERITF A S R AE N 7, 2 5
Z 0 A B e B 1Y Kk A Kk A B BIFSE R, TL-35
AL A T MR EL AN AR Bk L A0, SR G B
PEPERRR Y R E G (immunoglobulin G, IgG) J&
G PE BRI (I — B, o 1G4 2 —FhEEMW R, EL
Tl G 88 G MEAR DG rh & HE T EAE . 1gG4 KT T
= IgG FH 5 PR ( immunoglobulin — G 4 related disease,
IeG-RD) W ZE R AIE, # H T2 W1 1gG-RD, 1M [gG4/1gG
FUAR AT 2 75 12 W 00 v b (R ORI e v BR AR A
(thyroid stimulating immunoglobulin, TSI ) 2 fi¢: B IR iR i &
ZAK A B P (thyrotropin receptor antibodies, TRAb) f#)—
TP RL, 2 5 30 HOR IR A0 MR 2L 015 55 5 T B,
TSI 7E TAO JE3% I3 h 3k B, 7T T TAO M2,
{HUR G T ILIE 1L-35 1gG4/1gG TSI /KF-AE TAO Hi9EH]
LB KA KT OC RAN T IRR B Tt , AW
A 1 7 1L -35,1gG4/1gG TSI K-, ik — A5 43 A7 3
5 BE TAO 16 3l BE K 1 7™ B A% B2 AH OGP 4R 58 X
TAO 81 & iy 1 2 112 W A0 {8, S i R 32 W F s
SURYT AT R RS %
1 N&RMFGE
1.1 38 FIEPEMSY, HEHC 2023 4F 1 ] % 2024 4£ 7 H
ABENGHE TAO B 148 B WS, #5 I8 TAO FEIZHY
Il PR 7% 30 1 BF 43 ( clinical activity score, CAS) 25 & HR HE
MRI K2 e 455 43 P20 16 Sh 4 75 Bk CAS 343 =3
43 ELARAMUL T2 A& (T2WT) 55 [ 4 551 L 8 i 1 5 AH E
SR ES B s 4L 73 B0 CAS P43 <3 43 HAR 5 3 B
FEAR BN IR 55 . RS NOSPECS 123 s i Xof g 175 7™ H 72
FEBEAT AR c4—6 PO FEL 95 01;0-3 R AU
53 5] 53 R IUTR] S0 PACHS: { e 148 1 D X IRAL . WA
FRifE: (1) WAL R F R A TAO AR G2 Wi bR o™ 5 X
HE LT FOBR R | MR 0 5 g b A P2 PR 0 5 ( 2) BT AT
Z5F KRG R SR, HEBRbRE: (1) WA B A B
B2 A OGIR YT 5 (2) Wk Mg 85 (3) A Hfb A
B B SRR 5 (4) JBUBMER & 5 (5) KA E0A
FITNRE 57 5 o AW RS A B 48 B 22 Y 2 4t o (it
5:2022-12-105) , Fr A 25 # YA BMAARD 5
2B N W) A
1.2 7% WERHABRFHEABRRH XRS5 & EG Y
H3s R, 2SI # K 4 mL,3 000 r/min #5.0> 10 min,
SYE NG, 76 - 80 °C KA AR £ R ELISA XF Ifil i
L35 TSI /K-F-ZEATAG , I HK 50 wL LIEAEAIA 96 L
B ,37 CHER 1 h 5 UES, IMABESRHLIR 50 pL,37 °C
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B 1 hJEVEs, A AR R0 AL R R &R, i
Je ARG 5 R S BE WO L A I 1gG4 | TeG 7K
A 1gG4/1G 1H

GEiT 24453 Hr 2R FH SPSS25.0 # kit 47 8 43 A, 15
BB n( %) R AT XK 505 75 A B840 A0 1 i 5
PLhaxs iR, W92 A L3R A0 Sr FEAS ¢ K 595 R
Pearson 4TI TL-35 ,1gG4/TgG TSI 7KF 5 TAO i
Bl BE B 7 SR B A A G ; Z2 R Logistic 181134347
SN TAO B9 16 A& Ji R 3 FE 9 I 2% ROC T4 43 A I
I 1L=35 1gG4/1gG TSI /KXt TAO H & i 16 & e
(4912 W 18, I R J1] Delong £ 56 1t % ith 28 F i A1
(area under the curve, AUC), Pl P<0.05 R RERAH
S -9'8
2HER
21 WESEE—EMILE WLl 148 #5570 4],
2 78 i, AE S 38-60( 3 50.22+5.85) % ; X HRZH 148 17

BB 73 ), 2 75 1], AR 40-60 (SE1 50.37+5.92) %,
MHSH5EWN R EESHTRITEE L (X =
0.122,:=0.219,%) P>0.05) .

22WAS5EME IL-35 # 1gG4/I1gG K TSI KT LL i
550 B b, SR A AR E LY L - 35 7K OF- B B R AIC,
1gG4/1gG TSI K P W 1, 2 5 A e it 2¢ 3 L (P<
0.01), L% 1,

23 A E TAO EFEHEEIMF IL-35 71 19G4/19G &
TSIKFEERB:  SAETG sh A H, 16 sh 4l B i E 1L-35
K- i AR, 1G4/ TG TST /K F- W 8 T 85, 25 5 ¥ 4¢
TR L (P<0.01) , 1L 2,

24 FERBEREMN TAO EHEREKARLE SKEAH
AH LY, 2 20 5 A8 ) S T i, LT 1L -35 ZKF B i R
1gG4/1gG TSI /KB 8. TH 5, 22 5 ¥ B G it 4 3 L (P<
0.01), HRIGKFERLEZSF Y XRIT¥E XL (P>
0.05) , W% 3,

x1 FWASSHEME IL-35 70 1gG4/1gG K TSI kK F b xXxS
25 Gk IL-35( pg/mL) 1gG4/1gG( %) TSI(IU/L)
M 148 6.55+1.82 5.80+1.55 0.75+0.23
papilcE| 148 12.34£3.38 2.39+0.84 0.33+0.09
t 18.349 23.531 20.688
P <0.01 <0.01 <0.01
W WERALR TAO B s X IR Ky [R] A RS fa R
x2 AETAO EFHEMHEEMTF IL-35 F1 1gG4/1gG K TSI 7K P L& x*s
205 ke IL-35( pg/mL) 1gG4/1gG( %) TSI(IU/L)
B 75 5.46+1.56 6.83+1.85 0.93+0.27
E| I 73 7.66+2.08 4.74+1.24 0.57+0.18
t 7.292 8.051 9.518
P <0.01 <0.01 <0.01

TGS TAO F 3 CAS TE4r =3 4r BLERAMIL T2 IAUE (T2W1) 5[50 385 WILERE A (3 B AH b 5 3 5 55 ARG 320 R TAO H3% CAS

VE4h<3 4 FLIH SRRSO 475

*R3 AREFBEREN TAO 2EIGEERERIELE

Bzt HIFEH (n=95) REFAH (n=53) e P

AR (XS %) 50.33+5.94 50.01+5.68 0.319 0.750

PER (B, % ) 3 48(50.5) 22(41.5) 1.110 0.292
i 47(49.5) 31(58.5)

BMI(X£S,kg/m?) 23.65+3.32 23.47+3.09 0.324 0.746

FRTR(X£S ,mo) 11.74£2.43 9.89+2.21 4.584 <0.01

WA 2 (5], % ) H 39(41.1) 18(34.0) 0.722 0.395
¥ 56(58.9) 35(66.0)

R (1, %) H 30(31.6) 19(35.9) 0.280 0.597
T 65(68.4) 34(64.1)

TR LR (1], % ) H 23(24.2) 15(28.3) 0.298 0.585
g 72(75.8) 38(71.7)

BHIRIE (B, %) H 26(27.4) 10(18.9) 1.335 0.248
g 69(72.6) 43(81.1)

IL-35(X£S, pg/mL) 5.84+1.57 7.82+2.26 6.258 <0.01

1gG4/1gG(X£S ,%) 6.57£1.75 4.43%1.19 7.932 <0.01

TSI(X+s,1U/L) 0.88+0.26 0.53+0.17 8.800 <0.01
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2.5 miF IL-35 #0 19G4/19G B TSI 7k F 5 TAO i&zh E
EFEFEERENMEXRME  ME IL-35 KF5 TAO i)
JE K 7 R R R A G (r=-0.529,-0.554, 3 P<
0.01) , IfiL7% TgG4/TgG /K5 TAO 1% 3h B K I ™ A
HEIEM Y (r=0.625.0.663, ¥ P<0.01) , Il %% TSI K F5
TAO 1 2l BE S I ™ E AR B 52 TEAH O (r=0.594 ,0.607 , 2
P<0.01),
2.6 ZEXE Logistic Bl &M TAO EEREXZEH
BEEMEZR DTAO BFERIEEGRRIEE (E=1,
5 =0) ARG, DL (SSIME ) i 1L-35 K7 (5
DR (I3 1G4/ 1gG K (SEDUE ) (IR TSI K- (S
) J E7 5 AT 2 E Logistic A0 HT . 4558 Wow, i
1 1L-35 1gG4/1gG TSI /K21 5200 TAO 561 &
REER R E () P<0.05), L% 4,
2.7 % IL-35 #1 1gG4/1gG K TSI 7k F3t TAO B &K
BERAZEENISHWNE R Logistic I3 B4 £ 1
1 TL-35 1gG4/TgG TSI Be & PFAl TAO M i1 & e N &
FE WY | AN Z2=0.051XIL-35+0.909x1gG4/ 1gG +
2.154xTSI-0.692, ROC £ 70 #1 /R, IL-35 . 1gG4/IeG |
TSI /K2 TAO B35 & ey & B i 2T AL (AUC)
2394 0.868 .0.859 .0.830, = FHHLA 2 W) AUC 50.955,
SHBAZWN AUC E E T &% —ini2 il
( Zf%l{%{.\—u—ss =2.893, Zr#u)&{.\—m—ss = 3.510, Z?%H*G—IL—% =
4.157,P=0.004 .<0.01 .<0.01) , =F B2 W 0 UK E H
96.84% ¢S H 81.13% , WL 5 A 1,
3itit

TAO 2 PR IR B B S sie 5 5 & i BR AR | &
g S At IR IE 21 2109 SRAE S H B G O, erh T 4 i e
FORBRFNER J5 20208 UL [ S b Ji = A6 1 F B Pk 5 4
SCHEMEFY | B R F T W S S S AN
R X TAO RAH GBI 55 AT IR A WF 98 & B, TAO 1 &
JR— A n gt R, I B S HUR AR D Re 5w % DA
S HET, TAO 1Y & L] i A A, I HLXHZ P09
155 PP 22 21 2 0P 2 i 2 %000 04 P bR o TR T AR
AR R L, T3k A %0 bR T I PR 2 I R0 15 DA
o R SR B SRR T Rt — 2 2 %

1L-35 1E R HAT G e 3 il Dy 8 1) 4 A PR, ] 38 2 0
5 Treg T , 412 11 306 5 5 4 ML XL -7, - 9046 Th17 s34k,
HET S 54 i fe L BRI, IL-35 BA B4 A
G E PR TR, N Treg 40, 2 JE VR 551 B 400, it

S92 B8O T A, 2 580 9 B S s 3l 1
FH L E TAO A& R P 5 HE A8/, Gao 261 BF 58 %
W, 1L-35 A S (015 538 B AN IR 716 vk T 40 4 b %
FHOCHE I 7E TAO IR IFE B B 22 57 W4 de A B
REPEPEIR h G2 - Kk 1R T AR A, AR B 5 R
TAO & S AR TAO Wtk SRS sh itk i, LA &
PREE SREBRF MG IL-35 K F Ak, 5 Gao
A 18] W RTHAZE Y A IR R TAO FR 3% I TE 1L-35 /K F i %
IR R, LI 25 52 995 0% Sl P 1 5 AL 175 i, 1L -35
KRBT, XA — 2R T 1L-35 A G
PHITE TAO B E A v (1 5 B2 | o AR 1 3R 5K 2 i 48 /R
1L-35 /K7 9 AT Bl ok 51 & fo % 2 i I S5 9T R Ak
WEES 5 TAO i Bl e 2, (R HAE %k b i 1R
FVLERE it — R

IAER B 1sG-RD MW B TR A, DF98 K B,
1gG4 75 F B e Mg h R HE 1 ZAE H, 1G4/ 1gG J2 1T
fh9 15 A Z 48 AR 7, Sheremeta 25" & B, TAO H3 Il
1 1G4 /KB B T, H 1gG4/1eG WAl T, 5 B %
T & RFEDIME, 2 5E RN fE, Zhao 45" BF 5T
W 1eG4/1eG HAES TAO BE G ShEAAEE VIR I
S E 16G4/1eG WAEH BT+ &, I H 5 CAS P46,
AHWFSE 38 3 %] FRAM T 2 B, TAO B3 1L 19G4/1gG L 1E

1.0 T
iy [—,_
'_I +
0.8 |
0.6 l'ﬁ
=
# J
® 0.4 l
0.2 IL-35
19G4-1gG
TSI
Fik
Z(;'
0.0
0.0 0.2 0.4 0.6 0.8 1.0
145 5% )%

B 1 M IL-35 #1 1gG4/IgG & TSI &k E3t TAO BEHFIEE
EAHEER ROC Hk,

£ 4 £EZE Logistic @A EM TAO BERBELXBAEENREE

Ak B SE Wald X? P OR 95%CI
R 0.623 0.319 3.817 0.051 1.865 0.998-3.485
IL-35 -0.152 0.066 5.303 0.021 0.859 0.755-0.978
15G4/1gG 0.623 0.301 4.280 0.039 1.864 1.033-3.362
TSI 0.700 0.309 5.126 0.024 2.013 1.099-3.689
%5 Mm% IL-35 F1 19G4/1gG & TSI /K E3t TAO EERBEELRAZTENISHMNE

NIy AUC BT {E 95%CI TR (%) Fr5tIE (%) Youden 5%
IL-35 0.868 6.95 pg/mL 0.803-0.918 78.95 83.02 0.620
15G4/1gG 0.859 5.44 % 0.793-0.911 71.58 92.45 0.640
TSI 0.830 0.79 1U/L 0.759-0.887 63.19 92.45 0.556
=HBA 0.955 0.908-0.982 96.84 81.13 0.780
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oA R S T, ELVE St R AR TR b R R
WIHE A FEBEE AUSEEZ I T Sheremeta L U8 xf
19G4/1gG LB 5 AR LA ILEE , T Y Zhao 55" $2 ) BUT6
B MR GEIE A TFIT 4 SR AN TR R AR 2 i it
— AR T 12G4/1gG HAEAE A TAO Hi5 1% W 845 9 11fs R
WA, AP TG ol BE PRAL B2 7 S48 T3 AR IE

WF5E & B, TSI K F-1E TAO & HLHI b 5 4 8 524
A7, GUESE 7€ TAO B3 I3 H TSI 7K B &8 755, JF 5
AT e 5 HUIR BRI BE P 16 20 B K™ FE R B DDA oG, ]
VEREYIBREY) 2 Hotte 552 BT 6 B, B HE 2T 4k
21 it H A2 FE IR R % 2R A2 1K (thyrotropin receptor, TSHR ) 3
K2 TAO & B Ry H B 40 5 TSI W] 845 TSHR 115 515 5
AR, R 25 TAO (% A, TSI A AT B -F 1744 TAO Y
KRR, AW, TAO B35 ML TSI KT B & Tk
e R, FLTG sk B 3% TST /KSF B & i e TG sh ik
B 0o b R B, T AR I TSI KT T
AR, UL TSI KR4k 5 TAO W& A & SR R a )
FHOE, BT AE R A 38R P A 25 I IR 12 W A 1 TF
flirh,

ZERA A3 H T 3 TL-35 /KF 596 3 B J ™ &
PRI B ARG 1gGA/1gG TSI K5 1 Bl Je ™ o F i o
IEAHSE, PEIH L7 TL-35 1gG4/1gG . TSI K5 TAO 75
Bl FE K™ AR BEAROC , AT VE A RS b T I R T 8 5
W, A S A FL IR T i iRt — 2%, ROC
2k 20 ml 0, I3 1L -35 . 1gG4/1gG TSI 7K 12 Wi TAO
BE R R REEM AUC 4354 0.868.,0.859,0.830, — &
G2 W AUC 9 0.955, = F A1 W AUC W] i &
TS8R, UL = EH KA 2 W A S 2 W
{80, TSP T I A4 B2 I, X 42 1o 128 W o R AR —
E LIRS

Zi L frid, TAO JR & I E 1L -35 /K0 & F i,
1G4/1gG TSI 7K *F- B & b 98, B 5% UF 5%, 1L - 35 1gG4/
IgG TSI AMY 5 TAO B 15 s Pk ™ F R AR 7R % D) ¢
B, H = WA 7E PEAG TAO FR 30555 E J JXURS: | F3i 3]
HE TAO KA J5 R B A = I R I2 Wik ie . 1% & Bt
A TAO B0 FOORS HEAL I3 155 PTAk A TR 43 T 23 1Y
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