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(HBE] a@:WgZB%EENSF MHC [ % 2 F (major histocompatibility complex class [| molecules) K & ¥ & B F & & &
(COTAm)ZH &7 /DN R LB M B & %% R R K (experimental autoimmune thyroiditis, EAT) 8 2% & , 55 4%+ & 7 6k 09 1
FHLH . F k31 REERMME CBA/] MR R EAT HE A 4 (n=8).CIl TAm %77 4 (n=9) .GFP X [ 4l (n=9) M E ¥
MEA =5, BWIEFAEATEREKRLENS, L4 3 4% UR TR EEE B (porcine thyroglobulin, pTg) -+ # K £ 7| (com-
plete or incomplete Freund adjuvant, CFA/IFA)# L EAT /N RAEA ,Cll TAm 3 J7 41 Fn GFP Xt B8 4 2 7l # fk iF 47 = 41 IR %
# Ad-CMV-CI TAm % Ad-GFP #A4T# 7 .EATEAAEfHEELELI K, ¥R EEEH 29 BARNR . #HT HELEWN
BRRBREDS; AL FLENETRE MHC [ X240 FRFZ; 00 pTg B THEKEC ARy HARL LERY
IFN-y & 43 A F;ELISA Al it K ¥ 5i-pTeg B A WAEBE; R X AR AR M fo Ik B e CD4™ T % B 28 g
EA 5 £ A ¥4 F (inducible costimulator, ICOS) #y &k AF, &R HEEZGLERXN.CITAm BT A FTRBRKE 88
BEFEH(0.3E0. 5T EAT A 4 (1.4+0. 4% GFP 3 B4 (1.5+0.2,P<<0.01), #EANEEE T, EAT EA 4
GFP st A R AL HHFEM MAC [ 240 T XA . MCHTAm BT ARNLHAE RA, EF T HAKAE WM, 80 pg/ml
pTe Al # T .CIl TAm # 577 41/ B Ak 2 40 f %) ¥ 48 0 (SD W B T EAT H & 4120 GFP 3t B 41 (P<C0.05); ¥ » L 4 4
IFN-y i KF 5 SI &R E M (P<C0.01), CIl TAm %7 Al ¥ 4-pTg 0 A WA HE L FM®KT EAT A A K GFP ¥ B 4
(P<20.01);CII TAm ¥ 57 4158 JE o g JiE CDA™ T 40 f ICOS 4 F MM R A & 8 & F 1K T EAT # A 41 3 GFP 3 B 41 (P<<
0.0), &R :FARKE ACCMV-CIl TAm ##14 EAT MR FREA L MHC 1T £ 4 FRE W06 8 & KW T 4038
ELORBEFRB R AR ERE AR EAT A - WiETER,
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Adenovirus-mediated MHC class ][ transactivator mutant in gene therapy of mouse experimental autoimmune

thyroiditis
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[ABSTRACT] Objective: To observe the therapeutic effect of major histocompatibility complex (MHC) class Il transactivator
mutant (C [] TAm) for gene therapy of mouse experimental autoimmune thyroiditis (EAT) and explore the possible mecha-
nisms. Methods: Thirty-one healthy female CBA/J mice were randomly divided into 4 groups.namely EAT model group(n=28),
C Il TAm therapy group(n=9) ,GFP control group (n=9) ,and normal control group(n=5). Animals in the first 3 groups were
immunized with porcine thyroglobulin (pTg) and complete or incomplete Freud’s adjuvant (CFA/IFA) to establish EAT mod-
el; mice in the C [[ TAm therapy group and GFP control group were also treated by intravenous recombinant adenovirus
Ad-CMV-CIl TAm and Ad-GFP, respectively, while those in the EAT model group were injected with equal volume of normal
saline. Mice in the normal control group received no special treatment. All mice were sacrificed on the 29" day after the first im-
munization. The thyroid pathological changes were examined using H-E staining; the expression of MHC ]I molecules in the
thyroid was examined using immunohistochemical staining; the spleen lymphocyte proliferation and IFN-y secretion stimulated

by pTg were examined in their culture supernatant; the titer of plasma anti-pTg autoantibody was assayed by ELISA; and the
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expression of inducible costimulator (ICOS) on CD4™ T cells in both peripheral blood and spleen was analyzed by flow cytome-
try. Results; H-E staining showed that the infiltration index of thyroid lymphocyte in the C ][ TAm therapy group (0. 3=+0.5)
was significantly lower than that in the EAT model group (1.4+0.4) and the GFP control group (1.5%+0. 2, both P<C0.01).
Immunohistochemical staining showed diffused expression of MHC ]| molecules in the thyroid of the EAT model group and
GFP control group, compared to very weak expression in the C[] TAm therapy group and the negative expression in the normal
control group. The lymphocyte stimulation index (SI) against 80 pg/ml pTg in the C [l TAm therapy group was significantly
lower than that in the EAT model group and the GFP control group(P<C0. 05). The IFN-v secretion in the culture supernatants
showed a similar difference as Sl in all the groups (P<C0. 01). The titer of plasma anti-pTg autoantibody in the C I TAm thera-
py group was significantly lower than those in the EAT model group and the GFP control group (both P<C0.01). The positive
rate of ICOS on CD4™ T cells in the C]] TAm therapy group was significantly lower than that in the EAT model group and the
GFP control group(both P<C0.01). Conclusion: Ad-CMV-C || TAm recombinant adenovirus can inhibit the MHC ]| molecule
expression in the thyroid of EAT mouse and the proliferation of self-reactive T cells, attenuate the inflammatory cells infiltration
in the thyroid, and decrease the titer of plasma anti-pTg autoantibody, indicating that C [l TA mutants might have therapeutic
effect for EAT.
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SLuME H B e g M B R AR 48 (experimental au-
toimmune thyroiditis, EAT) & A #F A R IR £
(Hashimoto’s thyroiditis, HT) i% 3 9 # 58 , FLAR AR
B IR S PR 0 8 B AR DL K PR R R 5 ok T 4 A
Hoft pp A~ R g MR EAT #IA o 2 —Fh
CD4" THMASFHSERSEA SRR HA
By ROBLPE CDA™ T 240 M fif 5 A= LA K% LA Fift HIL 1) 51
EHRBRE, HET A S 202, PR A HT
A AR b B4 % 2R i8 MHC 11 2843 F (ma-
jor histocompatibility complex class [ mole-
cules)™ ™, 1fif HZ& 1k MHC 11 2843 F 19 R iR b
AN 5 A PR O RE Y I T BE S A B
FCRiPE T 4 B A 1 AL B8 55 — 15 5, 51 & FHOIR B 43
i, X AME FUR IR MHC 1 284> 7 %3k ml gE XF
EAT AIRIFEH . MHC 11 284 7 R 2800 W1
(class I transactivator, CI[ TA) & # MHC [
Koy F RN B KA F 2 — 7 e K F il
& MHC [ 287> 7R L, T 5 MHC 1 28
Y FAHSE R RPEDIRES R T I MHC [ 284373
BERBRABHE 5, R, Cai 255 22300 F IR 9% 2 &
9 CII TA & 30 RNAJRYT SE R 1k A B G 0 L
R IF AT A BRI ROCR .

FATHA R T CII TA BRI AK (C
[l TAm) B H B AR 7 Ad-CMV-CII TAm'"', Jf
HAESLHAER S e A oM il MHC 11 284 73R
B ARG — B Ad-CMV-C [ TAm 5 4 I
5 BN TIRYT EAT BRI, LA X [ 5 i
PE IR B A8 B3R T7 280 , IR 4R 0 AT BR A/ FHAIL I

1 MBRFITE

1.1 £ZXA Ad-CMV-CI TAm 54 55 75

Ad-GFP I 8 R 35 i A S2 06 5 0 DR A7 T 9 4
alifb'", % B O R BR 8 A (porcine thyroglobulin,
pTe) . 3 [KAEF (complete or incomplete Freund ad-
juvant, CFA/IFA) filJ] 5.8 H A(concanavalin A,
ConA) W FI Sigma 22w, itk T 20 g 73 5 7 (FicolD) 1
A R =, H-TdR 1 A3 R B B Be A 5%
B, KRBT/ MHC 11 558 BEHUA I H NeoMark-
er AH  HRP-EHL K B 1gG 85 BB IR [ SBA
DL /NERAME N T ELISA I 5 350500 & i =X 40 i
AR HFRIEBUIERIE A eBioscience 23 ,

1.2 #hHa@Bka®E  CBA/J(H-29 /MR, B,
6~8JH Y IR BTfE (20£5) g, Wy T ERL 2 B 1 ik
gL NRBENL 8 EAT B2 (n=28) |
CII TAm AT (n=9) .GFP X B2 (n=9) FIIE#
XTHEAH (n=5), EAT BRI CIl TAm iR J7 4 K&
GFP %t R /NFUCR FH pTe+ CFA/IFA 177 5 @57
EAT BRI F8 1 HE T2 8EH 0.1 mg pTg
5100 pl CFARAWFLIUE, T4 8 HX T LA
HH 0.1 mg pTg 5 100 pl IFA RA AR,
T 15 ~ 17 H 70 5 B8 i bk 1 55 28 B #h UK L Ad-
CMV-CIl TAm,Ad-GFP, i H /N T 5 0 7 (19 5
WFN IR 5 X107 viral particles (vp),1 IK/d, i%
223d., % 29 HALSE/NRR,

1.3 ¥RBRALX HERLRALRALFEE FH
AR S B 2 vk R s B 45 . BCHER R K VR e
Y R H-E Y )5 K A HOR IR 20 2005 Bk 2, 2 R
SCHRE K IR B bk 2 40 B 32 e 4R B 0~ 4 g3
(O CRANMERE ;1. RANME M T 2 A~ 2408
M2 1~2 DRI E 1 DI HRAN; 3. R
PEAA IR T 1026 ~40 Y0 19 IR AR 5 4. 28 11 41 g Hie
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T 40% RA L B HR AR o HRUH IR AR VK R 7 B )
R d g A AR U B B A I MHC I 280 T
(FAY) B IR DAB W, I3 AR & 3L, 40 it B ol 40
JIfD 5T 22 A 8 € 5y B

1.4 FEMEH C 40 03 78 X 36 A 3 & L P IFN-
v 89 mE

14,1 B am¥aERn BUNLURIEAL, L
B e il 5l 41 e B 9, Ficoll ¥4 3 80 B 41 g
W BRI A% 200 Ak A 400 R 2 B R K 2 5 < 10° /ml 5 Bl
M. 53k 3 4.3 LA 80 pg/ml pTg.2 pg/ml ConA
R SRR 58 4 RPMI 1640 3535 3501038, 37°C .CO,
RBU 8L 5% 5 9% 48 h J5 N A H-TdR, 4k 22 15 5%
16~20 h. W 4E 20 At 25 3% 388 2F 4 J55 1 JF M6 L m A
DALY o 00 i S 1 5 L DL RPMIT 1640 21k %o 1A 4%
T B+ 8 (stimulation index, SD , B 58 45 ik
ISP O Ok R BSOS T T R Y LA

1.4.2 33 B # IFN-y Wl & 50 85 M4 E oA~ 4%
0, % B R ZE 5 X 10° /ml JF ali AP E) 96 FLAR ,
80 pg/ml pTg HPL T .37°C .CO. KRBT % 5% 4
FHEFE 48 b JE WA A B 3R B IS W, R A ELISA
AR S A I TEN-y B3R5, LA 450 nm B K
PEBFBRAL 1 B L 2 b ofi il 42, I s ELA TR B
1.5 ®RR-pTg 8 Fwmtkten  L£H/NRBERG
BUMATEEIF B M, L5 pg/ml pTg @8 96 fL
SR PBS B I A B 1 3 200, 1 ELISA
PRI 3 T 4-p Tg B S PRI R, L 450 nm %

KAERARAL LI,

1.6 T # & e kT % 5 3t #1# £ -F (inducible
costimulator, ICOS) &9 & /N AN E ML 50 4l
Ny 10° /4~ I PR A4S B 40 B8, A PE-anti-mouse
ICOS.,APC-anti-mouse CD3 #1 PE/CY5-anti-mouse
CD4 3t 3 PR TARIC . BB IRk 7 &
veHT B B AT, W 2 4l i X (Calibur, BD) & I,
CellQuest #fF40H7 T 40 E 1COS By ik,

1.7 %itFam HEH o+t RRHTRHEE
i 25081 R BME Z B Hr, L P<<0.05 B ER
B #FE L,

2 &5 B

2.1 VORI LRI T IEH O IR IR Rk
R FE SO B, b R 40 S A AR R, T8 ik B 40 i
2 EAT R4 5 GFP X B 28 55 33 oig 48 0 4
BL, b Bz 200 Jrb i, A BRI O, LS I R L PR AR 4
S A R ol R U A L A R L £ IR R U i
245 C 11T Am I657 41 HUR IR 28 48 At 32 3 1)l 0 4%
(1), EAT BAI4H [ C [ TAm R ¥7 2H . GFP X 1]
4 B 1EH X R I B AN IR i s A B 1. 4+
0.4.0.340.5,1.5+0.2 Ffl 0, EAT BAIHFI GFP
Xof R 5 B AR o OE R O IR AL 25 5 O G
B (P<<0.01), 1 CII TAm A7 40 9% BE 1 15 ¢
EAT #EAIA M GFP X HR 41 W i, 2 R HA 5
R L (P<<0.01),

1 EATHEEA(A) . CITAm B TH(B) .GFP HRA(C)REEMRA (D) NERRBREARA HELEER
Fig 1 Pathologic changes in thyroid of EAT model group(A),C I TAm therapy group(B),

GFP control group(C) and normal control group(D)

H-E, Original magnification: X 100

2.2 WHKMmp MHC [ £ F0 R &4 % IF
WX B FDIR IR LT %A MHC [ 59 F£Em
EAT HiRIZH F GFP X FRZH H AR R P B IR 5 308 30, [

J7 20 R IR I O Ob B A 3 A Bk 8 M MHC T 255
FHRE;CI TAm RITH /DR HFARFEHL KW
MHC [ 255 FHE3RE (A 2),
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2 EAT#EA(A).CITAm &7 4 (B) .GFP X RA(C)REFEXRA (D) /MEBKBREAL P MHC [ £ TFHRE
Fig2 MHC [ molecule expression in thyroid of EAT model group(A),C I TAm therapy group(B),
GFP control group (C) and normal control group (D)

Immunohistochemistry, Original magnification: X 200

2.3 MEKC@EIEHE 80 pg/ml pTg Ml 2.4 WE MBI LF P IFN-y £i& 80 pg/ml

T, 5IER X BAAM I, EAT #E A4 Al GFP % 41
/N BB B A ) SR S (SO BT B TR L 2 5 B
A2 L (P<0.0);CII TAm {GYT 4l Ltk EAT
BRI GFP X IR 8% T, 2R B A G R
SL(P<C0. 05), 1 45 1E % X B4 T8 48 i % 22 7%,
2 pg/ml ConA KR 45418 SIEBRITHER,
W1,

1 FBHNRBEEREMAETE pTg(80 pg/ml) =K
ConA (2 pg/ml) R80T B R E3E 8
Tab 1 Stimulation index (SI) of spleen lymphocytes with
pTg (80 pg/ml) or ConA (2 pg/ml) in different groups

(x=£s)
Group n pTg ConA
EAT model 8 3.4240.35**4 42.1+6.7
CIl TAm therapy 9 1.8440.25 41.5+9.4
GFP control 9 3.45+0.56" * 4 42.8+10.4
Normal control 5 0.95%40. 22 37.4+6.6

* P<C0. 01 ws normal control group; & P<C0. 05 vs CI[ TAm

therapy group

pTg MG 5 15 5 6 FE A0 L A 45 20 /0N B
R EL AN 8 5% B3 T IFN-y K (pg/mD ¥ g & T
LR HAFRITEE X (P<C0.05 5 0. 01); H
EAT BRI GFP X A B & F ClIl TAm IGY7
41, 2R HA G L (P<<0.01), BEILE 2,
2.5 meRF-pTg B FHRAKBEMETLERE
1:3200 FReE &1 FL.EAT BERI4 CIl TAm 3R
ST GFP XF 41/ RO R di-pTeg A BP0k E
(Dyso) IR X BRAH 2 3% THis (P<<0. 01); H EAT
B GFP XA & T CIl TAm IGIT4H . %
S HA G FE L (P<0. 0D FEW K 2,

2.6 CD4 T#eEmie ICOS »Fokix il
JAIM A 2 RE , EAT BRI . C Tl TAm JAJ7 41 .GFP
X HRZH CD4 " T ik B 40 M ICOS 43 7 22 35 1 PR 1 %
PR FIER A, 2 A G ¥ 25 (P<
0.01); H EAT # R 40 GFP % B 40 ] & & F CII
TAm JRI7 4 BA G525 5 (P<<0. 01) 5 1l EAT 45
RIZH A GFP X Al Z Mg it2e 5. WL« 2,

2 NRBRAEMBHMBELEE ST EiF R IFN-y KT M H-pTe B S HEHER
CD4* T ik B4R 1COS PRI FRIZE N E L R

Tab 2 IFN-vy secretion in supernants of spleen lymphocytes, titer of plasma anti-pTg autoantibody,

and positive rate of ICOS on CD4™ T cells in both peripheral blood and spleen

(xEs)
. IFN-y Titer of anti-pTg ICOS positve rate( %)
Group n / 1 IR -

os/(pg » ml™") autoantibody(Diso) Peripheral blood Spleen
EAT model 8 6654156 * A4 0.635740. 104" * &4 16,441, 4> * 44 7.47F0.6* * A0
CIITAm therapy 9 346+84 0.412+0. 142" * 11.441.8% 6.04+1.2%"
GFP control 9 692+159% = AL 0.584740.056* * &4 16.740.9* =448 7.740.9* =40
Normal control 5 18640 0.17040. 041 5.441.2 3.6+0.8

* P<<0.05, ** P<C0.01 ws normal control group; ©4 P<Z0. 01 wvs C[[TAm therapy group
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CIITA f&JE# MHC [[255r F ik 1Y i B85 5%
S FZ— YeE#E MHC (125 F #£Ik A TTREAL,
G TR 25 A0 AR5 21 B B T BB RE AL B AT Aol 4 AN IX
B AR E A IR SRR X, B SR B i
TR 5 & O AR | 22 2 A I DX 3, LA il By
BT GTP 456 XL RS GTP 456 R A &
Er s BRI, F e AR A TR R R Y
CIHTA AR (CIHTAm ) AL TE S 2B DI RE X Bk T
TR SLIR , AR B T A XIRE R GTP 454 X
FER iy B & S8 SR X B, PR R axX AN X8k CI
TAm 78 4 5 2 38 5 2F A 40 A A P9 A5 48 5 4 0 i )
ez K |EEN ) AN LB P, EARIRE Ad
CMV-CIl TAm BE #9 l 40 ig I MHC [12% 5 7 ) %
B HEXT EAT W67 R A w0,

AR ELWH, 4 Ad-CMV-CII'TAm Ab #
EAT /N BUHH R B 20 2 v 48 1 4 i 32 30 98 4% 1 2%
H B PR E TR, X 38 Ad-CMV-CII TAm 7] DX
T EAT /N B FE DR B 98 0 2 07 F T B 9 328 2%
HATWRITAER . aE— 25 0 fe 928 44k 1) O 325 % FROIR
PREAZY MHC [128 53 19 3R 3K K AT 1 A, 25 51
R IIE X B2 /N BROR IR B MHC (12843 &8 2 B
£, 10 EAT ALRUFT GFP % B8 21 H R iR 41 20 2 B 8 fH
PEFRIR, X 5 AJE HT B BRI g5 540w,
Wu ZEH AN MHC (12850 F 1 58 & 36 ff IR AR
B 40 AR B Bt S s 5 A0 AL R R R 2 Ak ) il
(TPOYZ5 H B B4 CD4' T 40, Wi 5 e 5
I BB OV S B i, Kimura 5555 B 5E
WESE, MHC 12653 F i Rk EAT JEAR, AHF
FAERZ I, ClIITAm JAY7 41/ B R IR MHC 12847
FRIB W] W W S T BRI A,

MHC 12843 5 5 2219 U 58 92 F0 B i i 52t 45
CDA™ T 4 M-8 )5 F06 1k . ABIFFE 00 bk I 40 At 38 5
IS AN ICOS 73 F R I8 A I 45 R 8w . 4 A B hi R
pTg ¥, EAT BIRIZLFT GFP %) JE 2 /N Ak Ik B
21 60 14 184 5 B S50 00 o R A 3 A TR i A
WEARE T CD4T ICOS™ T 4t be ol B & 7t . BT
CD4" T 40 % 1ICOS 43 F 235 H h BT 1% 40 i i b
ZIEM L SRR fE EAT R T 400
FONG AL T L RIS RO PE T At kA= T B i
HOE B — R R e A, &t Ad-CMV-C

[ITAm JGI7J5 . LR FEAR AR R B0 25 F % X R
Ad-CMV-C[[TAm A 883 &8 & i MHC 128451 F 1) &
K AH T EAT /NEUE B R CDA T 40136 1L
FE 5

A PN b 2 A P B AR | MIHC 1285 T 19 %
IR B IFN-y 55, AR5 R R JEAT 1
RIZH RN GFP X REZH /] BN AE 94k O 448 53 06 TRN-y 7K
EH W T IE R A CITAm 697 4. H &b i
FEPI R HT fEE DR MR 420 rb R e 1 3k 2 40
A KA i 94k B 40 3 2 430 TFN- 19 Thl i,
Yu SR S B, HUIR R R A0 BE A X TEN-y <A
7285 Gy I/ N U 75 B8 A & A b L A i 1 e
PEEFURBRR 10 B, AR Z5 R & B Ad-CMV-
CITAm MR8 FIH T EAT /N BMUE Ik E 40 i 4
IEN-y 43, —J5 T AT BB 23 30 IFN-y X HUR IR E J
YA MHC [125 49 F 235 1075 5 1E FH a5 . DA s
BP0 A 3 5 DA K T 4 B4 5 A 328 T D B 4 i I
T s S — 0 T AT BB B0 TFN-y X 531038 200 i 1) 38 7
VR85 , (5 35058 A ML PR 7 11 TFN-vy 9 50 W ik 2>,
AR AR

25 LTk AW SR 92 E AL R Ad-CMV-CI]
TAm BeMH EAT /NEHVIR R 2 MHC 11284+
FEIR L BRAK A B RN T 40 A 5 Ak 36 7 R TFEN-y
G3UATKAF- o DT 968 8 FR IR R % P 4 A3 L B IR 1A B
U L X EAT A — & BRI AR T (R LR AR AL
WA T — 25 I 3R
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