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Abstract

e AIM. To construct the mice model with lentivirus
expressing AHNAK1 shRNA in CD4" T cells, and to study
its inhibitory effect on the thyroid - associated
ophthalmopathy (TAO) in mice.

e METHODS: The shRNA sequence with good disturbing
potency towards AHNAK1 was designed and selected;
then the shRNA was packed into lentivirus; and the CD4*
T cells were infected. The infected CD4* T cells of mice
by the packed lentivirus were observed to detect the
inhibition effect on T cells. And then the
immunotherapeutic effects of AHNAK1™~ on TAO were
observed by experimental animal model.

e RESULTS: The shRNA with good disturbing potency
was successfully screened and correctly inserted into the

lentivirus. The titer of the recombinant lentivirus was
1.0x10°TU/mL. The CD4* T cells infected by lentivirus
showed the anergy trend and restrained the immune
response of inflammation. Suppressing the expression of
AHNAKT1 in T cells of animal model can effectively control
the occurring and proceeding of TAO, which can
significantly reduce the expression of IL-2 /IL-1B/IFN-y
in the T cells of the control group.

¢ CONCLUSION' : This paper successfully constructs mice
model with the recombinant lentivirus expressing
AHNAK1 shRNA, which has a favorable inhibitory effect
on secretion of IL-2, IL-1B, IFN-y by T cells. The
recombinant lentivirus can effectively inhibit the
occurring and proceeding of TAO in mice.
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J %% J& RNA (short hairpin RNA |, shRNA) 18952 £ 44, If:
AR5 I % /)N BRLCH IR i A & M BR 9% ( thyroid — associated
ophthalmopathy , TAO ) B4l I 3R
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FF PR AR AH S A% HR 5 ( thyroid —associated ophthalmopathy
TAO) & 4w Tk [ & 9 5 o e (09 B R MIE S, Bk HIR
HIRAE A, AR A A AS [ R2 B A DR AR 61 IR, fHL
XF TAO W HARAIRHLHN I A B, 5207 %) TAO Gk
ARG FEBS , HETAKH, TAO MRS R 5
1EH BPUR (HARBRERE A R RIR R 21K G2a HE 1
YK IARIBL T, 7= A B B P R— R R S
(thyroid stimulating antibody, TsAb) , i ¥ AR HE 1 Ath £H
L7 ) RAE B E B8, HAR SRR LA MY e 5 N A
F T YU HLIAR SR N A AT I T 40
ZAUFRNG 2 KA N PR R 2R B e A
AHNAKI J& T 20 i Jig P9 i — 45 38 38 S 2R 85 11, REE A
SEGV S S R S N B R AT Ol ST R
Erik AHNAKI FIKRE S5 CDATT 40 & A= ok, 4 ikl 21
e G 8 O 25, BEL 0 48 O R Ry & AR B 9T 4R R R
AHNAKI1 A4 T REHH] TAO 41 g S e i & b A2, Ry
HEIRATES T AHNAKI #ERXT T 41 i D) 58 A9 52 ) 1 Xt
TAO MWIRYT RN
1 #RF T E
1.1 &8 293 4/l 5 ATCC, /MELIL-2 IL-1B IFN-vy
B ELISA L %] & W A RD A A, miRNA £ ik £ (&
pcDNA™ 6. 2 — GW/EmGFPmiR | 18 J5 # £ ik it ki
pLenti6. 3/V5 —DEST JE Rl 3 R4 ViraPower™ Packaging
Mix & Invitrogen INEIFEE L 6 ~8 JEIR Y Balb/c /N R
SRR VAT
1.2 7k
1.2.1 shRNA EARMMAE AT RT-PCR Jrik A
Balb/c /N AN I CD4™T 41 il 13545 AHNAK] fi%) 3 [
FEH 8 H v B B B AZ 2K pEGFP-N1 H | ##E AHNAK1
B HA% R AR pEGFP-NT-AHNAKI . HHE 753 (1 3 ]
JPH, il FHAEZE RNA #3144 thome 31 4 Fhnl 8 HA
THAITHIFES, H Bam H 1 1 Hind 11 3] B (935 H
FFH AR peDNA™6. 2 -GW/EmGFPmiR , LA TADNA %
LB e 2 R B B SE ], #9 # AHNAKL shRNA 4]
1.2.2 T RNA W05 F ity 4 By 9050l 4 4
J shal21,shal22, shal23, shal24 ( 1 % B4 4 shaNC) ,
Sk i i e T PR B TR, W5 4% BUORE 4 51 5 AHNAK1
BN FR RS YL E A 293 4L, 72h J5 USCAE 41,
P PN B A TR B e B A
1.2.3 I BRBSHENHENECERSE HHEN4 BT
Y5 B 3R 1 — Bt shal24 F Gateway BAIF R
AR SRERE R IA AR, iy 2 N pLenti6. 3 —shal24 il ¥
IOE S HEAT IS5 R A0 %%, FF ViraPower™ Packaging Mix 1
1R FE AR YL A 293 4, 48h J5 U 4E BV, AL
JRTEAT 24N Lv—shal24 55 B 1% 80 52 SR A A R 12 Jak
Y 293 Zfi g2
1.2.4 SpEHIRE Rl CD4A'T 4B /5 ELISA & iUl 48 f [A
FFRix H12 H Balb/c /N, HF Balb/c /MR CD4T 4
JLEERN T 24 FLAR T, % B 1x10°/mL, BL 1mL, #5537
24h J55r k4 A A 3 H/NEORTER T 40 . B394 X5
HEZH (RIBRI Y CDA*T 40, i A SE AT PBS) |, shal24
B ZH ( shal24 J&IE CD4™T 400, in A %5 4AFH PBS) |
shal24 H¥H (shal24 YL CDA'T 4, BALIA 100pg
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B2 EBRENEHRA shRNA B FHME 1. shal24; 2,
shal23; 3:shal22; 4.shal21; 5.shaNC,

PHA) , FHH X B AL (SRR YL CD4™ T 40 i, &5 L m A
100pg PHA) . H3 1,6,12,24h J5 4> IR 35 64T
IL-2 IL-1B . IFN—vy KJ ELISA ¥
1.2.5 NREFRIFRFN W ER PN EFAERFS Lv-
sha124 3t % fE & M FRRIBERSIER Bt 40 H Balb/c /)
S, BEMES Ak 2 dH AR 20 H(MEERS 10 B . 43
BT 0,3, 6wk LU FT LA 3 5 41 k7 peDNA3. 1/h
TSHR 50ng, AR BCRL G ERT T VAR AT LRSS Sg/L AR Pt
R P BIGRs . 18wk JGALFE/INER, 43 B 45 ECAS /)N BB 4
J 45 /0N BRUVG 240 Jf 22 S v ok e i A5 — 4tk 40 2 Balb/c
INEUR (HEREASE ) 4wk SR 3RS TAO ALY 12 T oRB 8L
B /NI AR BEER K ZH (20 U MEMEA2F ) | HRIE J=) 358
WA 0. 5mL A FHEE /K ; Lv-shal24 6740 (20 H | M
), IR HE J3 38 P 2R A S R AR A 4 10° TU 55 4118 9% 2
Lv—shal24 , £ §F i #2 50mg/kg T LA G B BY 2 T 0K 1 /)N
BLIHEE R MNEA G F &S 1/3 Zbdkgr, 3 i R BE 13
SPHEFER KRN Lv—shal24  FESPESE 1,7,14,21,28d srdit
UbBEEhY) , B AR AL AR AE 4 HOR R, BOHR HE 204U vk )
Wt B, HREER 2% CDATT 40 4h, 5% /1] Bio—Plex &
T R E o 1IL-2 IL-1B IFN—vy & &,
Giit2 Ay B 45 SR FH SPSS 17. 0 88 i #5443 #r ik
PO ] LU ¢ K3, P<0. 05 N AT G248 L,
2R
2.1 %% pEGFP-N1-AHNAK1 &4 #15 B 3 shRNA
HISEIE M AHNAKL B % %3k 31k pEGFP - N1 -
AHNAKI1 5474 293 41l 72h J& , 240 40 i A7 45 1 o BN 3
R Al L AHNAKL 2635 (B 1), i 8 4 Bt shRNA ¥
GI(F 1), 4547 shRNA 2R S L 293 4l 72h 1786 H
FRENCAI (1K 2) , 3R A Quantity One BT 45 55
K, % 25 shRNA B9 30 1 % R 2 51 4 shal2l (5.6 +
1.3)% ,shal22 (35. 4+2.6)% , shal23 (79 3. 9) % ,
shal24(82.6+2.9)% ,shaNC(3.2+2.1)% , 7] Ul shal24
PR R E
22 BRBHANEREE MHIMHIBERIER shal24
P a1 e AR O L 3E S B R AT E N 1. 0x
10°TU/mL, 7626 G088 T 1T 57 Bl B A e 1) 4 i A ¢
JCERIL(E3)
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%1 i%it# shRNA F5|

EA S F31(5-3%)

shn121 TGCTGTACAGTGGCTGCCACAAGCACGTTTTCGCCACTGACTGACGTGCTTGTTAGCCACTGTA
CCTGTACAGTGGGTAACAAGCACGTCAGTCAGTGGCCAAAACGTGCTGGTGGTAGCCACTGTAC

shn122 TGCTGATAACGTTCCGGCTCTTGTGGGTTTTGGCGACTGACTGACCCACAAGACGGAAAGTTAT
CCTGATAACTTTCGGTCTTGTGGGTCAGTCAGTGGCCTAAACCCACAAGAGGCGGAAAGTTATC

shn123 TGCTGTGATCAAGCCATGAAATATGCGTTTTGGCCACTGTCTGACGCATATTTTGGCTTGATCA
CCTGTGATCAAGCGAAAATATGCGTCAGTCAGTGGCCAAAAGGCATATTTCTTGGCTTGATCAC

shn124 TGCTGTTCAAAGATAGACCAACGGCTGTTTTGGCCACTGACTGAGAGCCGTTGGTATCTTTGAA
CCTGTTCAAAGATACCAACGGCTGTCTGTCAGTGGCCAAAACAGCGGTTGGTGTATCTTTGAAC

shnNC TTTCTCCGAACGTGTCACGTTTGAAGAGAACGTGACACGTTCGGAGAATTTTTTCGCCTGGTAC

TCGAGAAAAAATTCTCCGAAGGTGTCACGTTCTCTGGAAACGTGACACGTTCGGAGAAATTCGAA

*2 CD4'T aparh 4 i E T4 E B 8 & o i iE i bR

(x%£s, pg/mL,n=3)

4 [N+ 1h 6h 12h 24h

1L-2 R X Rt 2 - 34.76£10.13 73.24£23.19 120.23+34.27
shal24 JEHII 4 - 35.98+11.72 71.47£25.36 124.13+36.09
shal24 Hil#2H 34.71£19. 16 68.21+24.23" 94.12+28.61° 136. 15+28. 22"
FH A X HE 20 48.49+14. 65 143.30+30.41 278.65+28.91 375.34+35.21

I-1B BRP: X HE 21 - 56.74+12.76 34.71+8.71 5.43+4.46
shal24 LR 4R - 58.34x14.15 33.24+7.56 5.87£5.05
shal24 il 2 87.65+46.31 146.53+16.72° 21.36+4. 12° 120.34+78. 24
FH X HE 20 70. 14£20. 32 376.47+19.71 251.08+34.53 698.52+60. 12

IFN—vy BH X R 2 - 44.51+80. 14 36.34£53.52 -
shal24 JEHHA - 46.32+78.86 34.27+56.01 -
shal24 il 2H 17.43+8. 54 810.45+37.11° 1467.31£67.71° 1732.38£160. 32
FE X e 2] 78.85+121.36  2865.46+56.73 3632.36+26. 41 4346.08+89. 02

*P<0.05 vs IL-2 shal24 JEH#2H ;°P<0.05 vs IL-1B shal24 R4 ;° P<0. 05 vs IFN—vy shal24 JEHlE4H

®3 AR ERRRRRFEEE D T 4050210 E 5 i 15 5

(X%£s, pg/mL,n=4)

41t K 1d 7d 14d 21d 28d
IL-2  shal24 41 24.1449.42 38.34%15.16 48.43+17.41 46.42+13.21 42.13+10.54
AR KA 120.34£10.75  130.48+18.21 146.63+20.67  136.16+16.42  128.24+12.08
IL-18  shal24 41 4.38%4.15 3.83+3.01 3.41£2.92 2.86+1.92 1.97+1.51
A FRER KA 12.44%6. 15 8.24+5.26 7.58+4.87 6.48%3.36 4.39+2.08
IFN—y  shal24 4.38+4.15 3.83+3.01 3.41%2.92 2.86+1.92 1.97+1.51
A BER Kl 12.24%7.15 18.13+8. 11 20.76+10.33 18.78+9.32 14.34+6.04

3 EEE CDA'T gk GFP BE R
A KIS 5 B IRAE ;B . 9006 B BB E

1§52 (200x)
2.3 B Lv—shal24 i CD4"T 40P 4y ih 2 1 40 iy (Bl F B
ZTFE DL LPS HIB Lv—sh124 741 NR8383 , 7ERIIE 6 ~
24h 43 TL-2 IL-1B IFN—y 251 i i (P<0.05, 7% 2) .

2.4 BhARREIR T AR REEF R Fw W5k
FENT HURBRER R sh PR S A Lv—shal24 , 53951 F 45 B 1]

SALFE/NEL, Z3 TR CDATT 40, SR S T R GEIE &
P IL-2 IL-1B IFN—y &t i 2 FRE(P<0.05,%3) .
3 itit

FHCER J R 5 B A1 Ay v 29 23 RT3 40 (%) AN AT 3l e
K2 SR B 2= F AT G, AR R ZE AR B R 5 H
NGB EE WS s X2 N O NS R E 118 A |
AEMY A B PUEA TSHR, IRAMILBLR (6245 G2s FRH HE &
HMH Fp WA WUESSHE ), FARMERE A (Te) 55, 7
GPEIREE T BE N A B ROV T 415X 2 [ B4R
AHE AR, Al E B O T 43T, 43 00 22 ol 40 it IH 1
FotaAb 7, IR0 il B HE 20 20 6 B 1 i 2 3k FE kb
R BB - BOVE FH R, T 20 0 16) R BEE 4H 21 SR 46 940
WA 22 T 440 R - R T IR HEE P 4T AR 40 B ( RF) |, fiff R B458
TEAL, o3I K I R B RIS (GAG) ,GAG Al 58 %
FE IR A R (1 K 3, DT i AR FIE 21 280 K% B A1 L 1) J5 7K
Jib s BTBE R RE %% 4k R g 105 40 0, SCHE P 25 388 in, HEE 6 348

227



EfRRRIZE 204 F28 F1UE F2H
B34 .029-82245172 82210956

WWW. ies. net. cn
B8 3{=F5:1J0. 2000@ 163. com

fe JRBRETZE T 473 WA A T A AE R, AT LA 5 | ke AR HIE 241
2K JERE - Th2 4 M AT L B bk 2 4 e, 1 Hs 4k, 72 4k A
BRI i T RAE LA K R IE 45 4 20 23 R0 HR A L TA] 5
BRI AR B 2T A0 T 30T AR A I AREAR . HIR iR
HE DG AR 9 IR FEE 2] 2 v ) 4% 1 i 728 A4 9 i 5 CHIE ) 2%
s ARER 2 A LR R RS Bl R AE B S s 4N
FEE CDA'T 41, Thl 40 B 0] LA TFN—y (IL-2
PR IL-1B %5, X6 Thl BI40 MR 78 TAO B 4G Bhad 72
AR B G B ) ke T AR

Ry — e i S 208 11, AHNAK]L A IAS T 4
BEN I R S e A DG I 3K, 5 R S e 28 R
R AR B A AR e 3 MM 5 AR T 200 ) R B %
P, Matza 251" % 30, AHNAKT B /N B F A 2 Ji e
YL TR N AURR, S AL & B AHNAKL /) BUOR TR 19
CD4"T Ziifl IFN -y FIEFEAL, AN REA A HL L& Thl R
THBEA A2 R R HE— 25T &3 AHNAKL (% CD4™ T
YL TERE S UK 55, R IL—2 B9 2235 7K T4, 5 35 R A
2L [ BELIT /N B AHNAK 2 PR 3638 585 A AHNAKL 25 1
e, FECTCR HIGA S A9 CDATT 4 i 4h Ca™ YN IR
AR 520 T e s 55 7 NFAT 593646 BFST 4R 7m
AHNAK1 AJ 5t 85 Ca, 1 JBE5E 57 F1ES N AL, 520 CD4* T
MAEAIIIRE, LA 0T, QSR R BRER AE P9 A9 CD4™ T 41 i
B9 AHNAKI ik, AT g DA 3 [R5 S5 7K SF- B4 il 2% 4 200 it
P74 0 4ETT A B 7E TAO Fh 5kl [ B fh i 1 24 HE AR,
V55 25 210 i %o IR HEE 2H 2R 35 45

% RNA (shRNA) 1T LA 28 4 S BEL DT 44 P e
REFEIN ek, i 4N 2 BU R 6 L R Bl SR R A A AR
AT R 25 7E 2% 19 shRNA it T 2 | 05 %45 3 &
PLACF) shRNA , 117738 0 12 055 5 R 48 50 9 TLR2 JE 4 11y
FRER IR R G e R s T HL e AT
AL LG SR, AR 7 A i 75 2 e I 1 e A

TEARWFFE R, BATANE I CD4A™T 4 AE A AHNAKI
FE 3 i 3k 1 — 0 05 e 8, I A A R A 7 T
e CD4TT 40, T 30 H AHNAKL 4 335, 45 51 BoR
shal24 AT TLR2 335, HYF Sl % R ey 1IL-2 IL-18
IFN -y 953 WAt B S AR, AR P SE IR IE S, A T 18
W EE TP T H A S5 20 /0N RO AR FEE P T 240 0 23 0 4 P 24
Ji PR B o AR 7 R EE PN 2 A A1, A Ui 1 %
i, IXSEHFIESE B B R CDATT FP iy AHNAKIL 7E TAO i
FE AT e 2 EAE T, A AT BB TAO YR Y7 A HT A
A F TAO AN & A HE % &2 2%, % AHNAK1 185 IR
HIE P9 T 40 28 R S5 g a4 A A S A 5 % AL ol (i 7 adk —

ARARR
B 30k
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