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Abstract

¢ AIM: To construct shRNA lentivirus interference vector
of mice orbital fibroblasts TLR4 and to research the
therapeutic effect and mechanism of TL4™ fibroblasts on
thyroid-associated ophthalmopathy.

e METHODS.: Optimal shRNA interference expression
plasmid of mouse orbital fibroblasts TLR4 gene was
designed, built, and screened. Then the best shRNA was
introduced into lentiviral expression vector by Gateway
method and recombinant lentiviral vector was used to
infect mouse orbital fibroblasts. Its capability of negative
regulating the immune inflammatory response was
researched. At last the method of fibroblast TLR4 gene
silencing in the model mice of thyroid - associated
ophthalmopathy was used, the in vivo therapeutic effect
was observed.

e RESULTS: ShRNA sequences with the best effect of
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gene silencing were selected and introduced into
lentiviral vectors (virus titer was 1.5x10°TU/mL). Balb/c
mice orbital fibroblasts transfected lentivirus could
negatively regulate the immune response, inhibit
immune inflammatory response. The proceeding of
thyroid - associated ophthalmopathyof the mice
transfected TLR4~~ recombinant lentivirus was obviously
prior to that of the control mice.

e CONCLUSION: Mouse fibroblast TLR4”~ siRNA
lentiviral vectors are successfully obtained, which has
the favourable inhibitory effect on immune inflammatory
responses. The recombinant lentivirus could protect the
proceeding of thyroid - associated ophthalmopathy,
therefore the TLR4 expression interference is a novel
potential target for thyroid-associated ophthalmopathy.
e KEYWORDS: shRNA; TLR4; fibroblast; thyroid -
associated ophthalmopathy; negative regulation to
immune responses
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BB F H/) BRURR MEE 5 27 248 41 i TLR4 1) shRNA 18 955 75
TR A, BEFT TLA™ 1) B2 4 20 JiE X6k B PR R AR G R
i TR VR HIFIBILAR]

Tk BT A T I /) BRI HEE B 2T 4k 4 i TLR4 JE A
BB T4t shRNA 323k kL, 5 8 Gateway J7 25K JFURE
AN RS A A R 2 A A R N B
L HIE B 2T 24 4t L, A 59 0T B 3 AR M s Iz ) 7, 1) 381 42 i
J3, FEAE /IS B LR Ji HR A5 A58 780 v SR 0 38R B &2 24 400
TLR4 JE K /) 5% , MBS AR PR TT RO

SRR R B F b B ERROCR 1Y shRNA J7 51, &
NSRRI RN 1.5x10°TU/mL, ¥ YL 18 5% 7%
(1) Balb/c /| U HR FIE Ji2 2T 24 41 i B f% 7 [ 8] 428 i 58 Ny 255
TV g8 RAE SN o TESEIR SRS i e e 1 45 2
BRI AT /N B LR & 2R K SR A LA TR HR A,
518 NI T/ U ET 4E L0 D TLR4 ™~ shRNA (19189
BEEMA R O 1Az A 14 /N B AR HIE 3 21 2 448 L e 6% 100 11
1E [) S8 IV 285 AT AT R0 Hi 0 o HE PR B AR s 1) & 8 L
T4 TLR4 F3R AT e B A TR AR IR 00 A= 2y it
SKHIA :shRNA s toll FESZAA 4 BT AR AN 5 FH AR A SR
o 5 B9 1) SR I
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R AR A 3¢ P IR 9% ( thyroid — associated
ophthalmopathy , TAO ) #& 4 1iif & [l /& 95 2 5 /= 114 AR HEE 2 21
PR 22—, BRI FR AR SN AR R IR S5 DhRe =
AL OL, TAO SRS R i S W AN AE TG 2h B (k)
HAREBIG PRI A AR H IR ER iz 2 A5 R 6 2l A A 22
ZA ., B TAO BIHLEIE 2%, i LA B A = X 2 AT 3%
BTG B RS & B, TAO B —Fh H B4
PEBIR , ARG 22 G0 A HOBR IR 9905 JIr e s 1) HHEER i
EREAAE A BP0 RICT 7 B S PUAER, gk iEas IR
N B £F 2 20 0, T W i A B ol T A fa e IR,
LA HIR MIE 9 G2 20 B AH B AR OF 16 4k, 7= 28 H B e R
N, S EUR AE 237 1 25 A R A R RE A

JREFHEAN it ( Fibroblasts ) & —Fp A= K 5 2458 #1719
YRR, RSP ZE 4 A 2R F2 B BRI W 4N TR B 2
Y85 4 TR 400 R AT A R SR S T 4 B A TR T
TS SR SRR A HFoT R IR HE
AT 4E 4R M ( orbital fibroblast, OF) FE1H 5 F ik ) CD40 5
T 4021 i CDAOL ( CD154) P51 454 424 T 40 i
T 5B, S BT MAA FE 061k, fE kR AE R+
B or ek ™ A FITHE AT 4 40 i P AR & R I
N B 54> T TLR4™ |y I 3R AT A 5 5 2R AR HE
P AEAR Y TLR4 5 ZRIA X TAO BIRTT ALY .

1 #HRFN T %

1.1 &8 203 gHfiEkkE 3 ATCC, /NEL TNF-a IL-2
IFN—vy i ELISA i & W [ Sigma /2 H] , miRNA FKikzk
& pcDNA™6.2-GW/EmGFPmiR 18 55 # JFi ki pLenti6. 3/
V5-DEST . £ 2% 5% B 22 4 ViraPower " Packaging Mix 1415
A Invitrogen A ), TLR4 —¥$i( RPLK ) (B-actin —Hi
(/MEITRR) , E5iR FEP/DR P H Santa Cruz 2
A, DMEM Ji54- fiLi& W H Gibeo 23 H], 6 ~8 JE ) SPF
9% Balb/c /NRIW H LIEASEFEA A,

1.2 7k

1.2.11&11#3# TLR4 siRNA F#BEH  #H RT-PCR
J75 /IS B BIE o5 2 448 400 i vh v B TLR4 1 35 K 5 91
BELH F 5 A B A AR pEGFP-N1 H | #) B A% &
K& pEGFP - N1 -TLR4, fifi F 7 £ RNA & 11 8
ihome ¥&it 4 Al g ELA TLR4 J K 1308800 19 591,
Bam H I F1 Hind 1T XUAEG V) B 09 3 K R BRI 3638 2%
pcDNATM 6.2-GW/EmGFPmiR , LA TADNA 13 fiff i 43 4%,
TFD H A EE A F EE IR HE B 2T 45 40 il TLR4 shRNA HE4H
TR,

1.2.2 &RfEF#H BRNA BIRIE AR 200 4 B T 51
39l 4R sht001 , sht002 , sht003 , sht004 ( FF 44 X R ¥ %71)
K sht NC) K545 FURLor 315 TLR4 BLAZ 6 8 2 A M i e
PEA 293 i, 48h JE AL, R N B AT EE A
J A RE BN ARG | i e i EE T PR 1 RNA

1.2.3 BmETHBGEHHENFESEENE KiE
B4 BEP A h B Bl T AR Y shool JE 5
Gateway T A T4 F]12 9% 5 % 5 2 (K pLenti6. 3 1, Ay 44
4 pLenti6. 3—sht001 , 25 I 7 3o ik 1E A J 264 76 2 4%,

B 1 pEGFP-N1-TLR4 EiZFiLFMAIEE 1.pEGFP-NI1-
TLR4 ;2 ; Untransfeced ,

¥ ViraPower TM Packaging Mix Fl18% FBRIREAR Y A
293 4fififs,48h J W AE AR 13, ke M R B w44 ok Ly -
shtOO1 , 5 17 B2 A R A HUARR B ke 203 AR ASI
1.2. 4 NRERBERY 7 4E 4H B A9 3R BY 4B T Balb/c /NER,
TCHE T BOIRME 41 20, 89 RE 52 Lmm® K/, R T LS 1 g
TR 2R, A I A 7 T 1 20 25 A M, 70 3 ok 2 R O B
P 5 55 /0 SR AE ol 2T 4 40
1.2.5 *H-TdR # X\ % %M TLR4 iTEkA OF &I E #h
SET MMIEERN KN OF 4328 4 4HIFF 24 4L
MR IR P B % 1x10°/mL, 4L 1mL, 43 4 24, 43 %
S92 (1) AR OF 41 (R FE Yk ) ; (2) 28 k% 44 OF
(Y25 3K Lv—shtNC) 5 (3) sht 1 OF 20 (%5 4% Lv—
sht001) ; (4) LPS H|# OF 2 ( A %% 4% sht+200ng LPS H
W) o YL 555 240 SRR AR CD4' T
AR SEREFE 48h I A H, T8 DN S50 ASUAS: I 4% 21 )2 1oy A=
Y cpm i, WHESS I 40 BT 3% BT, ELISA A i) H:
o TNF-a IL-2 IFN—y 35K T,
1.2.6 HlE/NMNRBERBRFERNAREAERS Lv-
sht001 Xt/NRERAE LT 4L S FE MO BT R 2 IR Sk
Dkt S SR B AR B 40 H Balb/c MEPE/NE, 43
221, 54120 K, LIE A iR peDNA3. 1 -TSHR Z#B4
TR Nk S/ BRUFIR BR R A AL 3 T Rk
PN R A2 BEER AK 4R Lv—sht001 B4 HGTR4 2 4,
B 20 H A FRER K 40 ) HR IE 5350 9 1 5 0. Sl A= B R
7K ; Lv—sht001 4195 5 2, R FH R HE P 56 AR 3 A Ly -
sht001 [ E LG 4x10°TU, 4359 F45 7 .14 21 28d 4b
Feh), B BE AR BE 5 R REER A Hh R AE B g CD4* T
AN, K555 4h SRR SR I B SR RGN E
Hf TNF-a \IL-2 IFN—vy (BT &,
Bt 0T R FH SPSS 12. 0 Ge i 8443 BT b 28, 41
6] FE A4 ¢ K36, DL P<0.05 HESASHE X,
2R
2.1 ¥ pEGFP-N1-TLR4 Rz FH M iE ik HE S Fit
REH shARNA K TLR4 %KL KA #i K pEGFP -
N1-TLR4 %3t 293 4l 48h J5 , 2L 20 H AT 55 11 5 4 28
EEAG I o] WL PN A TLR4 3k (1), ARS8 & 1T
) 4 Bt shRNA J¥31 (% 1), #4 T3 shRNA 10 2 A e
293 #ifif1 48h J5 47 TLR4 2 I BTERiCARIN (&1 2) , JfRH]
Quantity One 4. 0 #4507 45 85 11 38 550 KB, 45 7%
shRNA 193 1 5 343 514 sht001 (86. 8 £4. 8) % , sht002
(15.9+1.9)% , sht003 (75. 1+6. 3) % , sht004 (78. 1 =
5.9)% ,shiNC (6. 8% +1.5)% , o] W shi001 17 46l
TLR4 SR e ft,
22 EFBWHBEENEEMFSHENE  HiHE S
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#1 i&itH9 shRNA F5l

ZFR F51(5-3%)

sht001 TGCTGTACAGTGGCTGCCACTAGCACGTTTTCGCCAGGGACTGACGTGCTTGTTAGCTACTGTA
CCTGTACAGTGGGTAACAAGCGCGTCAGTCAGTGGCCCAAACGTGCTGGTTGGAGCCACTGTAC

sht002 TGCTGATAACGTTCCGACTCTTGTGGGGCTTGGCGACTGACTGACCCACAAGACCCAAAGTTAT
CCTGATAACTTTCGGTCTTGTGGGTCACGCAGCTGCCTAAACGCACAAGAGGCGGATAGTTATC

sht003 TGCTGTGATCAAGCCATGAAATATTCGTAATGGCCACTGTCTGACGCACTGTTTGGCTTGATCA
CCTGTGATCAAGCGAAAATATATGTCAGTTAGTGGCCAAAAGGTGCATTTCTTGGCTTGATCAC

sht004 TGCTGTTCAAAGAGTAACCAGCGGGTGTTTTGGCCACTGACTGAGAGCCGTTGGTATCTTTGAA
CCTGTTCAAAGTCCCCAACGCGTGTCTGTCCCTGGCCAAAACAGCGGTTGGTGTATCTTTGAAC

shtNC TTTCTCCGAACGTGTCACGTTTGAAGATGACGGCACACGTTCGGAGAATTTTTTCGCCTGGTAC
TCGAGAAAAAATTCTCCGACCCTGTCACGTTCTTAGGAAACGTGACACGTTCGGAGAAATTCGA

) 5 3 A . 2.5 TLR4 inEK/a/NR AR BRAR R R B th CD4' T 4l ff 53

facin— | W R - - -

B2 ZEARGENTERNFBESRRLETFRBAEN

ShRNA 1:sht001;2:sht002 .3 :sht003; 4 .sht004 ;5 :sht NC,
45
40 - LPS ]
~ Lv-shNC
§ 35 Lv-sht001 1
% 30
£
§ 25
]
< 20
BE 15 .,»,_/,;‘. ¢
o i
’-‘/V -
50 — ‘
0

10 80

20 40
FAIMEE (X1000)
E3 &#4EOF MHMEFMRER T MMLE,

B RCR R shi001 P51 S A8 B 3014, [ 36 ),
BN PR EER E N 1. 5%10°TU/mL,
2.3 B EAIEBRKS Lv-sht001 B OF #M&l MLR & iz
FATH Balb/c /)N BK V5 14 HIR HIE 5 2T 4 40 38 20 S A 3 3%
OF 2 , 25 # Ak il OF 41, sht H# OF 41 A1 LPS #ili#% OF
A4 41, BN €57 /)N B [] o S5 5 R LA T 40
FPHAEAI MLR, & 3 frs, 45 B 20 . 5 R %
OF 4IAH L, Lvsht001 #5421 v] DL &g 2 40 i MLR SR ( P<
0.05) , 1M 25 ZRAARAN AL A OF 4Lt , JoFe 2% 22
5:(P=0.205) ,¥JREMEHE MLR SRy &2
2.4 Bt Lv-shto01 B E AR F HE1IHA OF 3¢ MLR
R RAMaEFRIENEM  Lv—shi001 54 18 k25 B YL
) OF 35519 MLR S op, W&l 4 Jif 7, 40 i 138 9 Thi
EHE A 4L F TNF-o (Bl 4A ) (IL-2 (& 4B) [ IFN-vy
(I 4C) By & EE AR OF 4128 384K 4H Lyv—shiNC B
WK (P<0.05)

1864

MR E F R T TAO SR/ R
YRR T A TLR4 THE W Lv—sht001 , 7351 T 4 4
Ak [R] S AR BE /N B, WOER (REBE 4336 AR HIE SRS 457 A ) CD4' T 4
Jitd, 15557 4h J5 SR Bio—Plex &% A RS0 E M TNF-a
IL-2 IFN—y (& &, KB INF-a IL-2 IFN -y & & i %
TFRE(P<0.05,%2) .
3itit

K& B5 R ITI% ( Graves disease, GD) S AL XTI B AR
BRI 2 57 /K (thyrotropin receptor, TSHR) 7= A= il FRHL A, fih
& FUIR B DR T E 4R 1 5 B0 B0 H R R E ) —Fh B B
Ba BRI 0, GD L I PR ) UL 2 B A IR R A i
KOFHIE ARAENAE , IR HIE 41 200 o 98 ml 5 B A — 2 5%
DRz A ) GD AR AR | BT 5 A HIR 389 72 B Bk
g BUR AR A S IR 935 ( TAO) o TAO (958 52 1T 43 g 3% 5l A
SRS S A 1, 1 2 00 5 SRR 2 AR HE P R IR HEE )]
FEI IR I A Es 2 AL 2L 132 RAE , IR AN ILWLET 24 Fn HRHE B i
Z A Y T I8k L 20 | A A 40 B i i, LA B A JR HE B Y
B 40, 15 3l HIR B 2 250 v 1) A A | 5 4 R
EF 7 240 E0 A P I A A M TR AR S R B SR E R
DL BOE i A M 40 35 o i iE R b R 45 T EEEE AR 5 B HE (1)
Joz AR A 375 W BT IR %) 1 I3t 5 280 AN AR A2 TAO F i 748
P AUAARAE | IR RS 2 IR HIE ZH 20 AR KL AR B e
IR0 TAO 38 #2230 A 980 K 855 TH 1B , I A I IR
SRS, TAO Y1 2l B L4306 Thl ZE 40 I+
F, T e 1k B0 S B4R 0 Th2 K40 . TAO 7E R 4E
SN A R A B TR AL Y T 20 BRI AR E | A
) &4 B R e A R R VR FH T T 4, DT SR fe s
RAERN , 185 LR ZLA Ui, RN A =73 46 #2246 TAO
P FE T A S 19 R AE I 28 T LA TAO A= W03
YR SRR

BT AE AL, 3k A AR SR AR R B T i 2 2 45 1)
B AR G A A A1 2 5T 1L 43 0T e RF 4L 2R ) 3 5 F
iy, AEHTILAFST & P, BUAT 2 40 AR 2 —Fh i 5 E g
Y 2 A A5 5 AL B T TR A 40 M, 2T 4 400 it R 3 i
Sy WA SRR LR ) B S T NS R = K S e
Jig B T R A5 1 2 2 5 A0 B TG A 00 HRMEE i T
HEANH (OF ) 45 12 Sk I F TAO S i OF , 75 5 40 fifg [H
T i B piEE | OF 5 IL-1B .CD4OL fEF R, nf 7=
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A 30001 o —OF c
= LPS I 150 LPS
~ 2500 .
5 Lv-shNC 140 Lv-shNC T
E Lv-sht001 ! ~ Lv-sht001,/[~ 2
2 2000 - E
g E 120 / E
]/ﬁ - £ 100 -
\!j il pu
. 4 80 ‘a
L 1000 N A
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500 20 . B
0 0
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80
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—~—0F I
= LPS P
Lv-shNC - -
Lv-sht001 y. /1

¢3
10 20 40 80

RIBATR LR (X 1000)

E4 %4 OFFESH MLR REMEZR EiEdR Th BUAEFRIZATE A K4 OF BESH MLR A ZR i d TNF-o 0K T
FiEIK ;B 4540 OF i 1 MLR SRR 2 L3l 1L-2 4IAE IR FRIBKFE;C. 444 OF i S 49 MLR W iR 5 L35 IFN— 4 A

FFIEKFE,

F2 BAHE S FRKBRARFEE h/NRARRE CD4' T 4B 53 i K 4 E F 15 5

(X% ,pg/mL,n=3)

Gaei| I Ji) £ TNF-a IL.-2 IFN—y

AR A 7d 125.26+13. 16 7.58+3.04 16.54+3.01
14d 158.62 £17.51 6.56 +2.97 25.48 +2.92
21d 132.23 £14.21 8.01x1.98 21.06+1.92
28d 109.13£10. 05 4.72+1.52 18.97+1.42

Lv-sht001 T 4% 740 7d 45.37+9.63" 6.02+5.10° 7.09+1.12°
14d 68.12 +14.62" 5.34 +3.28" 10.41 £2.41°
21d 57.41£12.11° 4.7243.09" 9.71+1.59*
28d 50.54x13. 59" 3.21£1.67" 7.62+1.74°

1" P<0. 05 vs AEFEER K 21 [R] s [] B

At TSR R E, (prostaglandin E, , PGE, ) , 3 g4 ¥
A AN A A L OB W R LT 40 M ek K T A
CD40L 5 OF Y CD40 /£ H MM TE OF i 1k rh A& 4%
HEE/EH,—H CD40 5 T 4018 (1) CDAOL 455, i &
LIIFE T AHRRAYAC IS SE R e R AN 40 TL-1 1L-6 1L-8
SR R e R 2 5 308 T TR G e LA K ) 2
AWGHFIRT T, BESR AAE SN, 3Z R OF 43 ) £
AR Fh & F IL-16 5840 F rantes, 7T LIS T
AMMIERE S, A RLBLWT OF A9 fL s 2Bl 1k OF F
T 200 it 22 [ P9 A B A 5 1 P 3 i o A S 098 IO 3R 97
— A,

TLR4 J& OF 3% [fij %) — Fofr 75 2 i 2 1 57 fA¢, How] AR
TR g 22 B IS 9IS AL, BE ) TLR4 &t ey — &R 50 K
WM 5 Ja S A IR -, N5 e — 22 91 B4 G2 S5 1y - 5 3
AR VERE Wi S AE AR A RE Hh , SORE 5 IR IE 21
278 DR BEL T s ) TLR4 15 S5 3 A 1 N IR R
TAO B & HLI A )T PG T B —Fh T Bt

5 % J¢ RNA (short hairpin RNA, shRNA ) X ¢ JE [A]
FEIR AT SR R e ZE R SE e A T T3
BRI A S8R S FEAR SRR ST R %
THATHERY TLR4 shRNA THL5 40 F B, T 15 2 ek T4
TLR4 [ FRIL ) shRNA P41, e B A6 7 R 48, T A
YA P SEERAE P9 TLR4 36 [N R SRR B, 1B B 1Y 5%
PeRSUR A e HLA R 2T 2 B s 2 5
B AR AT /NEL OF B TLR4 5 1) Hh fifi i T
AT 273, I B AL i L 18 I B % 4 OF , 13K
T T HAI TLR4 B335, RSN E5 R B75 T LV -sht001

REA AN OF H TLR4 FER 315, HAL YLy OF REA AL
P MLR B A T 40 i 4 34 58, I H AR T 40 A G 48
PEAA A A 770 WK o RN/ RS S s i s, AT
YL TLRA JE LA 1 RE S 020 /1N R, FEHRME A T 40 Jif 208 11
PR TP 3 TR, X SELE R R 2 shRNA LB
TLRA 7EAMH] TAO Y& Jf& rpn] G & B 24 A B iR
JT TAO BT R A WL 5, H il T TAO 9% A % e ML il
FEH E A X ETAREZ TLR4 T4 OF , I8 5 AR HE P9 200 i &
i S IO HE R RO FIAE FHBL TS 5 R AR R IR ST
S Hk
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