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[HZE] B IR H ORI R 2 K (TSHR ) A48 18] 5 B 4> -1 (ICAM-1) i8I H &
KR (GD) W ik, A& Wil & M TSHR BY/N T3 RNA (siRNA) & ICAM-1 B35 [ 3 A
(mAb) . 30 2 GD A ALFEHLE 744 siRNA J3I7 4 ICAM-1 mAb JR¥7 40 K RVAIT 4, 5 B
10 HIE#/NRAERZS AR BP0 5 e /N B FORAR 2 (T,) R FRIRILE (TSH) \TSH 32
PRABAEBUA (TSAD) TSH R BE B TIAR (TSBAD ) 7KV, 1077 45 IS I 2 45 20/ BRUR Bl 0
PEAS HUR AR T 0, A8S1 WM/ SR ERARfh , SR WAl LA ¢ A58 TR ¢ A8 A B A
EIT MR, SR 3 YOAYT)G ,siRNA 41 ICAM-1 mAb A/N A SR T iE# /N (F=
3.50, P=0.025) , LRIUETRIAITLL GD HHEI R (F=24.73, P<0.001) , HA siRNA 4103 FFFI 5,
BHEIEH /MR, 3 KIAYTIE , siRNA 2 ICAM-1 mAb 4/NRUIME T, [ (27.58+1.94) (27.24+3.50) pg/L] .
TSAb[ (331.44+43.38) .(275.16245.80) mU/L] .TSBAb[ (13.94+1.11) .(14.59+1. 02) mU/L]/K 3%
YT SR T, : (65.71£6.89) . (70.84£8.46) wg/L, TSAb: (457.33+45.85) (443.91+42.32) mU/L,
TSBAb: (15.83+5.92) (17.05+6.16) mU/L;¢ {8 :4.45~10.87,3) P<0.05],2 41/ LT TSH /K
[(0.13£0.05) . (1.46+0.34) mU/L]¥E5AI7HTA & LT+ (0.04£0.05) ,(0.06+0.03) mU/L;e {H.-2.22,
-5.87,P {£:0.007 .<0.001 ], ICAM-1 mAb £H /)N B TSH F+ 725 W BF X TSAb KA i B =5 T siRNA 4 (¢
f:1.03.-1.63, P {H:0.002.0.031) , J&J7)5 siRNA ZH . ICAM-1 mAb ZH /> B4 U FROIR JI 380 4o Jigt - 4%
B Te™0; BESTIAR , AH R BRI B R AR AR /1N o A7 A/ B R B T AL PRt 0 940 IR A 4 96 ik
D ORI G A ek, ARG VSRR WL B, &8 #LM TSHR A9 siRNA K
ICAM-1 mAb ¥J%} GD #58) BR A J& J7 /E L, ZE 95 .0 3 J7 16 siRNA 0 R 547, 78 F+ i TSH I [ AIG
TSAb F7 1 ICAM-1 mAb RUCREA4T, FIRIRYT k% e AR, AT LA GD W3R iR Y7 B AT L
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[ Abstract] Objective To explore new methods of treating Graves’ disease (GD) by targeting thyroid
stimulating hormone receptor (TSHR) and intercellular adhesion molecule-1 (ICAM-1). Methods The
small interfering RNA (siRNA) targeting TSHR and the ICAM-1 monoclonal antibody ( mAb) were de-
signed and synthesized. Thirty GD model mice were randomly divided into siRNA treatment group, ICAM-1
mAb treatment group, and untreated GD group ( 10 mice in each group) , and 10 normal mice were taken as
blank control. Serum thyroxine (T, ), thyroid stimulating hormone (TSH), TSH receptor-stimulating anti-
body (TSAb) and TSH-stimulation blocking antibody ( TSBAb) were measured before and after treatment.
At the end of the treatment, body mass and heart rate of mice in each group were measured, and thyroid up-
take of *Tc™0;, thyroid size and pathological changes were evaluated. Independent-sample ¢ test, paired ¢
test and one-way analysis of variance were used to analyze data. Results After three treatments, the body
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mass of mice in siRNA group and ICAM-1 mAb group were significantly lower than that of normal mice (F=
3.50, P=0.025) ; the heart rates of the mice in two groups were significantly lower than that of untreated
GD mice (F=24.73, P<0.001). Heart rate of mice treated with siRNA decreased significantly, close to
that of normal mice. After treatment, the serum T, ( (27.58+1.94) vs (65.71+6.89) pg/L, (27.24+3.50) wvs
(70.84+8.46) pg/L), TSAb ((331.44+43.38) ws (457.33+45.85) mU/L, (275.16+45.80) vs (443.91+
42.32) mU/L) and TSBAb ( (13.94+1.11) ws (15.83+5.92) mU/L, (14.59+1.02) vs (17.05+6. 16) mU/L)
levels of mice in both siRNA group and ICAM-1 mAb group significantly decreased (¢ values: 4.45-10.87,
all P<0.05), while the serum TSH levels of mice in two groups significantly increased ( (0.13+0.05) wvs
(0.04+0.05) mU/L, (1.46+0.34) »s (0.06+0.03) mU/L; ¢ values; —2.22, —5.87, P values: 0.007, <
0.001). The elevated TSH level and decreased TSAb level of mice treated with ICAM-1 mAb were signifi-
cantly different from those treated with siRNA (¢ values: 1.03, —1.63, P values: 0.002, 0.031). After treat-

m

ment, the uptake of ®Tc™ 0} in part of the thyroid lobes of mice was decreased, and the enlargement degree
of the corresponding lobes was reduced. The thyroid pathology of mice in the treated groups showed that the
absorption vacuoles of thyroid follicles were reduced, and the phenomenon of thinner colloids was improved.
No obvious damage was observed in the heart, liver and kidneys of the mice. Conclusions Both the siRNA
targeting TSHR and ICAM-1 mAb have therapeutic effects on GD model mice. The siRNA is better at con-

trolling heart rate, and ICAM-1 mAb is better at increasing TSH and decreasing TSAb. Each of the above

treatment methods is safe and effective, which can provide new ideas for GD targeted therapy.
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1% H5 RIWTIK ( Graves’ disease, GD) 4& H S5y
PEHUIR B B i ILRYZE A, HT GD 1R)7 T2 AR
LA F8 B IR RV AR 2 EwE R, IR ABE
5% GD A | A AL S ] M S 47 1Y) GD 3BT T
2 AWESE FTHE 1 42 HIR BRIECR 524K (thyroid stimu-
lating hormone receptor, TSHR) BN T3 RNA ( small
interfering RNA, siRNA) S 4 fifd[E] 25 [ 73+ 1 (intra-
cellular adhesion molecule-1, ICAM-1) B 58 B b {4
(monoclonal antibody, mAb) 43 5| X} BALB/c /) i,
GD FRIHEAT R 1090 97, D DR 2% A BE XS GD 1 &
Az R R KGR YT RN AT IR ARIESE .

w5 FE

— SERATRS AR

NIE S HUIR AR 40 A Nihy-ori-3-1 W B 176 2 &4
YRHA R, 70 2 BALB/ ¢ MErE/NR[ 6~8 JE,
AT 5 18 ~ 20 g, JoHE A2 i K (specific pathogen
free, SPF) 2 | ) B 1 [E B 22 Bl 22 B B 2R 5L 58 3h )
WFFE T [ AT UE S : SYXK ( 50) 2015-0035 ], Bh# 5k
2 R EER A BB B S 0 sh Y e A e B2 D1 2%
HEHE (1S . TRB2020-DW-12) . siRNA H 549
TRE(KRE) AR A, ICAM-1 mAb KBS
B 2% R BS e 9 00 25 1 o S PR AE Y HR IR R
(thyroxine, T, ) 4% F ¥ ST G328 I 1455 65 A2 H
IRBR 4 Z (thyroid stimulating hormone, TSH) 4% /722
B ORI R 105 & 30 AL st AE 7 AR M HOR IS

Jr, TSHR 3 HT /& ( TSHR-stimulating antibody,
TSAb) ' TSH 3] 384 BHL Wi P4 T /& ( TSH-stimulation bloc-
king antibody, TSBAb ) i 5k 5 5 W 0 22 ( enzyme-
linked immunosorbent assay, ELISA) {7 & K HELE
FHRAA B e S g == F ) 2 Tem 0, #h b B - g
PSR H AT A 2 d il 55 . ECM830 HL 2 LA
H & BTX 24w, /NG E T (BP-2010) 4 H
H A4S Softron 23 7, IIfi FRAT/N8h#) SPECT/CT ( Nano
SCAN) It [ 4 2F #1] Mediso 23 7, BALB/c /IN§L GD
PRI Pl R R 2 i I g S s A

BRI

1. BALB/c /N GD BE AUy #4442 BBt A1 4
FRPAERE 50 HU/NR, SIROCHR3-5] , BEIFE 3 )4
/)N ERRU JHE i L1 S5 2 28 BT peDNA 3.1/ TSHR
289, FfAE TSRO L ZE AL, 36 4 Yk A3 BALB/ ¢ /)
R GD AAY , Hr 20 HU/NRIE R SR,

2. siRNA 1A RS % . M5 GeneBank
A ) TSHR ZE P41, #IH ambion #E %11 2 4>
TSHR [A] J5 ¥ 51 siRNA Jf 317 & B (1) siRNA
1012; iF ¥ ACAAAACUCCAAGUUCCAGH, & 5
CUGGAACUUGGAGUUUUGU; (2) siRNA 1041 iF
J¥ GCAACUCUCACUAUUACGUtt, JZJ¥ ACGUAAUA-
GUGAGAGUUGCtt, 73 il % 4+ %2 Nthy-ori-3-1 4 Jif2
JE PRI BT, R TR 15 e 8 B3 vk A i e iy
Jii TSHR ikKF-,

3. SIS KA AL N FUIR YT H BEAL B
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P R /NG, 30 L BEL( Tk E) 43k 3 4
(siRNA JG¥74H ICAM-1 mAb JG97F 40 L RIGTF4) |
B 10 Ko 20 HIEE R 3R 09/ B BERL (J7 2
A ) BEFE 10 HAENZS AXT R,

3H/PNREE R 4 WA iE, B 13 TG,
T b 3 AR AL e 1 RS 18 JH L ah

H 55 12 TR, siRNA 2H /)N BRUIE B VE 5 siRNA
60 pg/ L, BE48 h 4524 1 Ik, 35 3 R (2 Ff siRNA #%
FR1:1 IREZ2); ICAM-1 mAb 20 /)s B 8 03 5
ICAM-1 mAb 10 pg/ 2, 548 h 4325 1 &, 3 3 Ik,
siRNA J2 ICAM-1 mAb i A= #ER K 41 200 pul ;
RIGITA/NRAGH TR 3 8 1 RIS s, T
KARIT ISR WE 1,

4R BB E, TIRITE R G5 6
(SCEGEE 18 JA)) I Fp /N B B 1 B 3, i
CR K/ BURT A B BRI Y A PR BT, PR IR
AT AR R R 39.5 °C ¥ /N BN e S8
i E T BRI I

S MR AR PRIE . T55 12 J4 18 JABUNR M
HURE 5 ik 1L 3000 5 1L 3 T, \TSH &2 TSAb  TSBAb 7K,
L& FE AR E kS WSCER[ 3]

6. HURAR SPECT/CT A%, TIRITEE G 6 [
(SEHHE 18 JA) 47 FRIR Tem0; B1%. DMRRER
BE (B EL 3% ) WA ZRRBR)S , FH 5 98U0e (R84
2% ) 4 FR R, BE S 13 59 Te™ 0, 37 MBq (3.7 x
10° MBq/L) , JREEM[E 2 , 10 min J5 REEL

TIRBREE ST, SEER A S A R S B A AT/
B, IR o0 I B AL T i A B 4% PV
W S HIVEL SN 47 HE Yo Sl B -
PUESEL I T

8.4t FAC ], SR FH IBM SPSS 25.0 #4Fk 474K
oI, FFEIESMTAE R FORH] 225 #R,2 4HIH]
R PN, RS ¢ K36 VAT RIS LR RO X
o K3, Z2 A0 A) LR B R 3R 5 22 03B St /N 2
251 R, P<0.05 NERAGITEEE L,

# R

1. Nthy-ori-3-1 ZHHI%4 4% siRNA Ji TSHR %A1
B, Y siRNA J5 24 h, 41 TSHR k7K ¥
TR IFSZA A siRNA X TSHR A #IHI7ER

2/NEUARRTE (OAAE, B 4 RS 2 JH]
(5512 ) ,50 H/NEH 41 B PR T, TSAb  TSBAb
FHiE7, TSH R, R B R A R BT R g 2208 IR AR
B Te"0, e 13 aR, @A R TR R 82%
(41/50) , 3 KIAIT)E , siRNA 4 ICAM-1 mAb 4 J%
KIGIT AL GD /N B 5 & 34 B 8 AIK 1 1E H / BR
[(23.87+3.41) g.(24.28+3.43) g (24.11£2.91) g
5 (27.56+1.72) g;F=3.50,P=0.025], siRNA 4
ICAM-1 mAb 2IAY7 J5 /N BUC R B B AR T Rip)r 4l
JNERL[ (384.70 £54.50) . (409.90+70.35) 5 (544.40 +
62.62) K /min; F = 24.73,P<0.001 |, H: ' siRNA
HPREE IR, B & TIE® /DR (327.70
42.41) W/ min ] (HZEF TG4 XL (1=3.39, P=
0.059) ;ICAM-1 mAb ZHA/3HA &t = FIEH /N (1= 6.11,
P=0.020) .

3 /MR =8 bR A2 Ak, TRITHT 3 4 GD /MR
FIEHR /NI T, ) TSH  TSAb [ TSBAb 7K F-[a] 22
S G L (F {H:9.45~21.75, 1 P<0.05) ,
341 GD /NEIE A I T 2= A8 A 22 S B Ge it 22 X
(1 {8 :-4.87~5.45,1) P>0.05) ,3 41 GD /NI T
T, .TSAb TSBAb 7K-F-H41BH & i F1E 5 /NG (¢ {H:3.34~

4 BEE. LBRE
- G
PR *  MEFEFAE
& FREER &
=) sy | * ! * | ll' |
A HREESH 1 2 3 4 5 6 T
| | | | & &
[ | | | | I | | | | |
0 1 4 7 10 12 13 16 18 A
# % # % # x # % # % & #x& A
\ ] | , |
| [
BB RHT% (D) B I

1 BALB/c /NRASE IHYT BRI T5 %
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6.18,% P<0.05) , TSH 7K-F-$4B BAILF 155 /N B (¢
fH.-2.12~-1.70, P<0.05) .
3UIARITIE , 4 /NS T, ) TSH  TSAb  TSBAb
KB AR (1) T, JKF, siRNA 4 J
ICAM-1 mAb 4/ BRI T, 7KF 43 5 f (65.71
6.89) .(70.84+8.46) pg/L T (27.58+1.94) .
(27.24+3.50) pg/L(r fH:5.88.4.45, P {H.0.021,
0.018) K TRIAITZH GD /MR (69.03£2.72) pe/L;
F=17.58, P<0.001, ¢ {H.-4.59 .-2.36,P {&.0.002 ,
0.007 ] A4 F 1% /INEL[ (13.97+1.41) pe/L;t
{4:3.12.1.55,P {£:0.006.0.010 ] ,2 NIEGIF4H0E) T,
K ZEF TG FE L (1=1.85, P=0.542) ,

(2) TSH 7K, siRNA 24 K% ICAM-1 mAb 2H/]N R,
1ML TSH /K435 1 (0.04+0.05) | (0.06+0.03) mU/L
FFFE(0.13+£0.05) . (1.46+0.34) mU/L(¢ {H.-2.22.
-5.87, P {f:0.007.<0.001), & TARIGIFH GD /N
[ (0.04+0.03) mU/L;F=28.16, P<0.001, ¢ {H:3.12.
2.64,P {H:0.021.,0.003 ] , (A F1E % /NRLU[ (4.61+
0.28) mU/L;t {H:-4.40 -2.17,P {&.:0.004 0. 001 ] .,
JRYT)E ICAM-1 mAb 44 TSH | FHIE I & 75 T siRNA
ZH(1=1.03,P=0.002)

(3) TSAb JZ TSBAb 7K, siRNA 21}z ICAM-1
mAb £ /]y BUIL 7 TSAb 7K SF 43 %1 i1 (457,33 =
45.85) . (443.91+42.32) mU/L FIE%E (331.44+
43.38) .(275.16+45.80) mU/L(¢ {4:7.79.9.01, P
{f . <0.001.0.002) ; Ifl{F TSBAb /K435 H (15. 83+
5.92) (17.05+6.16) mU/L FFEZE (13.94+1.11) |
(14.59+1.02) mU/L(¢ {4.10.87 8.08, P {#:0.001 .<
0.001) , ¥HE T ARIVAIT 4 GD /NEL[ TSAb: (504.84 +
42.77) mU/L, TSBAb: (17.14+2.76) mU/L;F {#.
15.42 14.64, t {H:-2.44~-1.47,%) P<0.05] ,{H4 & F
IEH /NEL [ TSAb: (6.37 £1.86) mU/L, TSBAb.
(5.94+3.72) mU/L;¢ {H:1.34~3.28,3 P<0.05] .
18Y7 5 ICAM-1 mAb 4 TSAb T R & 0 B & T
siRNA 2H (t=-1.63,P=0.031) ,2 ZH[A]Ifi% TSBAb 7K
PRSI E L (1=-248, P=0.184),

4. HURAR SPECT/CT AR (&1 2A) . HARBE T 0,
WA, ARIBITH GD /N A HHE J) o, siRNA
2 ICAM-1 mAb ZHHEHLAE 7 B & F1E /N (H
2 H 5 ARIGITA GD /NER E A, 2] UL 3R 43 it it 4
HRE 198K

5. /NIRRT 285 S o B 4% B s B2 o it (&
2B,2C), 3WIRYIT I, SARIBITA GD /N IEH
ANECEEAS, 2 AR YT 2 /0N B R B 34 R DA 1 4 18

OSSN Lii  G E AN c RTNN
B IR WA

i e,

2 /NFHE RNA(SiRNA) VY7L 40 [ 5 B o0 7 SR T et
M (ICAM-1 mAb) JAYT 2 SRIAIT IR 5 R0 (GD) /U IE
H/ANRON LBF) HUR R R AR SRR, AR R Tem o)
B1%, siRNA 41 ICAM-1 mAb £ GD /UK IR HC° Tem 0
A BE T ER /MR, A5 KE5741 GD /N RUELE, #5 H
I E8 CRE B ATE ; B AR IR HE K] (HE % 100) . siRNA 41,
ICAM-1 mAb 4L 5 R IAIF A GD /N FR AR AR 35 0T L = 30t &
0, SHL PR R S S R VA R R A S, o b e AN s A 43T
DLEARAR S ; C AR AR HE IS (HE x400) o EH /MR AR
YR B S) , GD /I B bR AR 208 76 N T DL S A 8 R R i
Weas I A, 2 AMIEITAL GD /N B AR B 343t P T e
R RS T A

Wi

GD R R B & s BIL il i AN B A, ) P A0 X 2 e
5T Z 4 F7E TSHR J71, Ak TSHR J& GD 19 A &
YU 6 GD M Kk Mt e h e m B dhff—
PSR, 8L 5 TSHR £54 mix Hogb A7 il , 24k
WA NEREIT TB AL BT Y siRNA A 1)
il TSHR MY3R35 , F H A% YL 2 Nthy-ori-3-1 4L f5,
TSHR & /KB N,

GD BEAE A S PUR MRS R T, FIR R 2
MR A ICAM-1 K& ik, ICAM-1 mAb A BH W
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ICAM-1 5 H BRI ZE A D] T 4% £k AL
7 2411 65 40 D ) AH LA R, 44 i 2k B3R 9T GD
) H Y, X A A FE B ICAM-1 mAb X} GD #5554
NI TIRIT IR

FWFFERIE, GD 4 I S e BR (A nl i i
TSHR 4~ S #F ICAM-1 ik, #/8 ICAM-1 #£ GD
(8 & s AL T B S AR T, T TSH 32 R PR
(TSH receptor antibody, TRAb) M A] ¥ £ ICAM-1
(soluble ICAM-1, sICAM-1) #0] % FH T3E4 GD K&
K& T I IR s (e o ik Jie R B RS R, HLAE
PFFE R, T sSICAM-1 7 GD JRI7 i 72 F 21,
HXF TR E & B BN Z AT TRALY A
WSR2 Fhr i, NIEDRIVR ST B e e fm il 2 A4~
T GD BN R HE AT SE R MR YT, R — 2
REWRITHERR,

TEVRIT R, o0 T GD R 7 SR A7 AR 1 IR
BRYIBETTHE (AR TC) ARA, R B HEBR 5 1k e e I
GD BB/ NELHR JTCAR A1 A & Mol s A I 58 A
B4 A PERHE BALB/ ¢ /MRl GD BERU L Ih I | 45
B 3 JEEATom Ak S, i GD A AL/ RERLE AL T H
TUIRZS  FEEBER 22 EIGAIE 2 FlvA YT ik A st

2ot L AR 3 RIARYT, 2 AEZIRTT /N
SR WEEH) T, \ TSAb  TSBAb W i N % & TSH
F LT, BARRREMK R & IEH /N B K, (HE
GD KIARITA/NRA I ok, 1Ak, 2 4/ Rk
Frit AL 51EE /DR R . IRITA/INR
FE R B AT ek SR (L VOG0 i et P R AN — 35, 5 /M)
PRI BRI Te™ 0] A RE ST BB 08I, 25 AT &
RITIEEEE A 2 siRNA A1 ICAM-1 mAb Y%}
GD A —EMIRITEH . #F—2 AL 2 Fhorik gy
S0, siIRNA Pl 0 R AR 4, T ICAM-1 mAb 767}
15 TSH K R AR TSAb J7 18 5 A L3, 1E g # m)
TSHR A Y7 [ siRNA, FEAI% TSAb I LA, vl fig &
t T TSHR LA 24456 005, ARWF5E HAE X
B 7 BT I 3 AKX LI 1Y siRNA
ANHERR TSHR H A #8547 A& 45 4F | siRNA I8 J#s 1
S AR LR ] BB, R TT BE SR 7 R = ST R
AR AR R i ST R i — PR &

ARHFGEH 2 AT /N BURCIR IR U0 R 3507 I
GD FEA 110 FRDR MR 8 0 b iz T Jo s L R o IR i 2
HTE A5 B2 AR A AT T el s, S 30 A O HOIR
U85S GD HURBR ISR ILAA AR, 2B TIRYT
FELE T GD fFReE kR i & T & GD e
WU PRIRYT A | w7 i — 2P

TRYT A A AL/ B A B R UL A ik
B L3R 2 FRTT ik BOR T Rl 2 4 vl

2% b ASHSYE IR A TSHR B9 siRNA il ICAM-1
mAb F3 % GD BN BRI T S B0 MR Y, IY A
L HAR W B FE M XOR R, 2 BTk 4
A IR HEAR AT B R 0 L s
R0 B R 5, 4 GD R [a3A Y7 30 8 T 8
FE4 TG WS I E T R G W B 1 AN B
IS BT Il 1 R A A K SR o 2 T A Pk
RIS A fE# W TR 25 e

EETBAER A EE PP SE ESURE BT X E 8 £
B SR IR DU AR PR S R TS PR SR

Beff Goit b
& % x W
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