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HH: fizf4ifk (Pulmonary fibrosis, PF) & —fig 1. et sRu: i e
PR . 7E—L8 1 Sy, i RSP R (Systemic sclerosis, SSc) A5
RYETHESEAAE (primary Sjogren’s syndrome, pSS) H, PR & —Fi WL &
REHF HRESEUR AT EERN Rz —. EEEENRZ, BARIXH 5w H
HHH H SR RN, HRE R RNEEPF. X—IMRRAR T H & G2,
WA HAMKN RS S TPRIIRE. HER AL, B SRR PRI &
PURITISRANTE 2, BT DAE LA T AT I8 7 o (EIX T 98 L, BRATIR A T i 2
FNSLIREN W) 2 TERI T 5 B 5 G20 A0 O I PRI R0 L o
T T FESSeis A\ S PFAE G 5 I HE R, FRATTAEPubMed &iHis i 48 2 A
KSSCHIPFIF AL M CHERITE 78, 4R 5 18 ik meta )BT ¢ LB PR BH M= 70 3 14 (19 SSc
5 AR % 5 A0 T S PFARSC I ZE R . 554k, N T T pSSHIPFIN K IR HLEE,
A 1IN 5025 R060_316-3352 ik (11 /5 V2 4 37 14 A PRAEIR [IpSS/N R AR AL . 7EIX
AN/NRBERL R, FRATRI 7R i B S PRI A DR G AR
fabr. I B C3H/HeNAI C3H/Hed P Fii /I B 7R IX AN LAY HL I PRI & AR 15 L »
AT T T TLRAZEPF R AR 2 vh B F o FRAT T4 38 5 6 C3H/HeN /N B A TLR4
fEPUA), R — P HIATLRAEPFHHIVEH
G Meta ViS5 R E M, IRF51rs2004640 (OR =1.12; 95%Cl = 1.02-1.22,
P =1.39X107?). STAT4 rs7574865 (OR = 1.15; 95%Cl = 1.07-1.47, P =5.3X 107 ),
CTGF G-945C (OR =1.42;95%Cl=1.18-1.71, P =0.0002) #! IRAK1 rs1059702
(OR =1.20; 95%CI =1.05-1.37, P=0.007) 5SSc# FPFHIRZ 25 1M
itk T TNFAIP3 rs5029939 (OR = 1.13; 95%CI = 0.89-1.43, P =0.32), CD226
rs763361(OR = 1.05; 95%CI = 0.96-1.15, P =0.29), CD247 rs2056626(OR = 0.93;
95%CI =0.78-1.12, P =0.46) Ll }ZIRF5 rs10488631 (OR =1.04; 95%ClI =
0.90-1.21, P =0.61) (L2 &AL S 5SScHEE HPFRPIRSAM L. shisily
T T 25 R R, Ro60_316-335% Ik S g% 175 5 C3H/HeN/IN B 7= A= iy 5 PF
I LpSSIE A REAR, A= E B Gyuk, I RN IRAT e, LA
JR A RE RN T 4EAE . (HC3HHed/N R EARth 2 B B 5 Bifdk LA R oh o3l B 4534



(HEN A il 98 RE AP R4 IRREIR o 3 X6 C3H/HeN /N BRI C3H/Hed /)N B fH)
TLRAKE R 7 45 SR AN T C3H/Hed /MR TLRAAAE — N R DR RAL, R
C3H/Hed/N i DA ZREUAR T C3H/HeN I e . 737k, 1A TLRATE I
TAK-242J5, C3H/HeN/) R IVPFFEFE A BT .

Shi: TERXIURF T, FRATRI Fmeta- 3T i 772 %5 € T P4~ 5 SScHPRIR A AH
KIEN, EATZIRF5, STAT4 . CTGFLAKIRAKL. Zh#)siye# W TLRAYE PSS
PR A FE R B EZIEH . INIRF5, STAT4, IRAKLLRTLRAIE G
R S B BT, AR R AR GIE RS T H & i
KIPFRIR A

SRR TG RANER R, BURME TR A E S s bR sk
R i



Abstract

Objective: Pulmonary fibrosis (PF) is a chronic, lethal, diffuse interstitial lung
disease. In autoimmune diseases, such as systemic sclerosis (SSc) and primary
Sjogren’s syndrome (pSS), some patients also suffer from PF which is one of major
causes of death in patients. Notably, although all SSc and pSS patients are
characterized with autoimmunity, only some patients develop PF. This suggests that
beside autoimmunity in general, some specific additional factors are involved in the
initiation of PF. So far, the pathogenesis of the autoimmunity associated PF remains
elusive, and effective therapies to PF are still missing. In this study, we aimed to
explore the pathogensis of autoimmunity associated PF using genetic analysis and
experimental models.
Methods: To identify genetic polymorphisms associated with the status of PF in SSc,
we performed a exhaustive search of the PubMed database to identify eligible studies.
Then a comprehensive meta-analysis was performed by comparing PF™-SSc and
PF-SSc patients to identify genetic palymorphisms associated with the status of PF in
SSc. To investigate the pathogenesis of PF in pSS, we induced an animal model of
pSS by immunization mice with Ro60_316-335 peptide. Several pSS-like phenotypes
were evaluated, including autoantibody production, secretion of tears and saliva,
histological changes in exocrine gland and lung. To invetstigate the role of TLR4
signaling in the pathogenesis of PF in this mouse model, we first compared
development of PF between C3H/HeN and C3H/HeJ mice, then investiagted the
effect of a TLR4 antagonist on the development of PF.
Results: Meta-analysis showed that IRF5 rs2004640 (OR =1.12; 95% CI = 1.02-1.22,
P=1.39 ><10'2), STAT4 rs7574865 (OR = 1.15; 95%Cl = 1.07-1.47, P=5.3X10° ),
CTGF G-945C (OR =1.42; 95% CI = 1.18-1.71, P = 0.0002) and IRAK1 rs1059702
(OR =1.20; 95%ClI = 1.05-1.37, P=0.007) were associated with the status of PF in
SSc patients. By contrast, TNFAIP3 rs5029939 (OR = 1.13; 95% CI = 0.89-1.43, P =
0.32), CD226 rs763361 (OR = 1.05; 95% CI = 0.96-1.15, P=0.29), CD247 rs2056626



(OR =0.93; 95%Cl =0.78-1.12, P =0.46)and IRF5 rs10488631(OR = 1.04; 95%
Cl=0.90-1.21, P =0.61) were not associated with PF. However, After immunization
with Ro060_316-335 peptide, C3H/HeN mice developed several pSS-like
immunological and clinical features, including autoantibodies, impairment in the
secretion function of exocrine glands, and pulmonary inflammation and fibrosis. By
contrast, C3H/HeJ mice also developed autoantibodies, and impairment in the
secretion function of exocrine glands, but pulmonary inflammation and fibrosis were
absent. Sequencing of TLR4 confirmed that the C3H/HelJ mice carry a
loss-of-function mutation, with Pro in C3H/HeN mice replaced by His in C3H/HeJ
mice. In addition, administration of TLR4 antagonist (TAK-242) slightly modulated
the severity of PF in C3H/HeN mice.

Conclusion: In this study, we have identified IRF5, STAT4, CTGF and IRAK1 as
susceptiblity genes regulating the status of PF in SSc using meta-analysis. Further
more, animal experiments have demonstrated that TLR4 signaling plays an important
role in the pathogenesis of PF in mouse model of pSS. Since IRF5, STAT4 , IRAK1
and TLR4 are important regulators in innate immune response, these results suggest

that innate immunity contribute to the pathogenesis of autoimmunity associated PF.

Keywords: Pulmonary fibrosis; Systemic sclerosis; primary Sjogren’s syndrome;

Autoimmune disease; Innate immunity.



B B e I
AADSEACT . ... s 11
= [ T PP V
B =1 o] (SN0} 0] 01 (=] 01 €T, WAL
g <R = - 1 USRS 1
1.1 BREFEIL . . 1
111 BB — R B . o oo 1
1.1.2 BEREREEIALEWL . .. 1
1.2 BEEMTFIRESIESIHAHEN .. 2
1.2.1 BAMTFIRESIEREARSE . ... 2
1.2.2 BAMTFIREEIESIRETRENL . ..o 3
1.2.3 RAMTFIRESENRERSHAHENL . ... 3
1.3 AU S R GEERIR . 4
1.3.1 ARG R AR .. 4
1.3.2 RERGMME R R AHEASEEERM . ... 5
1.4 ASTHIRFSTEBY . . . 5
-k~ b SNy o S 7
B 7
2.1 SO A . 7
2.1, 2 B 7
21,3 EEIR T . 9
2.1 4 IR FUBIEE . . 10
S ey .~ 12
2.2.1 Meta= ST ST o5 . o 12
2. 2. 2 B N T3 13



2.2, 3 IR RIS S . 16
2.2.4 NREBEBIETHERREM AR ... 17
2.2.5 BRI . 25

2. 2.6 B T oot 25

g N - RS 26
3.1 SSc FpFF 4 FHEEEIBY meta—analysis. ... ..o o 26
311 EEFAEBHMMARMEESSM. .. 26
3.1. 2 1B EZ7aME SSc M PFIRZSHIRER. ... 28
3.2 pSS INERAERBERAFHEIRRST .. 30
3.2.1 pSS #2AYFE C3H/HeN /NERHFAIIER ... ... o 30
3.2.1.1 C3H/HeN /NERHEIIN S B R . e 30
3.2.1.2 C3H/HeN /N HIBB R R A B . oo e 32
3.2.2 pSS #HABYAE C3H/Hed /NRABIIEI . oo 34
3.2.2.1 C3H/Hed NRHEIIN S A BRREE . e 34
3.2.2.2 C3H/Hed INRBIBBERRZIB L. .o 36
3.2.3 TLR4 ZST7E C3H/HeN F0 C3H/Hed /INEHHIER. ... oo 37

3. 2. 3.1 C3H/HeN #1 C3H/Hed /J\Fi. 2= B [K]2H DNA $2BX A TLR4 FERHY PCR £55R
............................................................... 37
3.2.3.2 C3H/HeN #1 C3H/Hed /NER TLR4 HEXFHIESHIREM. ... ... .. 37
3.2.4 TLRA EHFITE pSS NRIRE B IR T RIER RS, .. ... .. .. 38
3.2.4.1 TLRA FEHSFIAZM N b BB m R . . e 39
3.2.4.2 TLRA FEI R B EBm T BRI, . o oo 39
BB 0 oo, 41
A 1 SSc HPhAHEENERENIIR ... 41
4.2 TLR4 ZERAHEELTBIER . .. ... 43
4.3 ERFBERGEB SR EFRBXNMAENMLHBIGIFER. . ... 45
- K U1 |- SR 46
B G 46
5.2 BB . 46
7 s~ SR RRORRROR 47



VIl



Table of contents

ADSTraCt IN ChINESE ....ccvviiiiieeieeic e eeees I
Abstract iINn ENglish..........cooiiiii i
Table of contents iN ChiNESE .......oviviiiiiiiie e \/
Table of contents in ENGlISh ..., Vil
Chapter 1 INtroduCtion..........ccuuiiiiiiie e 1
1.1 Pulmonary fibrosis ... ... 1
1. 1.1 General introduction of pulmonary fibrosis. .. ........ ... ... ... .... 1
1.1.2 Autoimmune disease associated pulmonary fibrosis. ................ 1

1.2 primary Sj&gren’ s syndrome(pSS) and pulmonary fibrosis.............. 2
1.2.1 The basic characteristicsof pSS . ... ... ... . i 2
1.2.2 pSSand pulmonary fibrosis. . ......... ..o o i 3

1. 2.3 pSS mouse model and pulmonary fibrosis. . ............. ... ... ... 3

1. 3 Pulmonary fibrosis and systemic sclerosis(SSc). ....................... 4
1.3. 1 Pulmonary fibrosis in SSC. . .« .« o oo vt 4

1. 3.2 The genetic basis of pulmonary fibrosisinSSc..................... 5

1.4 Aimsofthisstudy . . ... 5
Chapter 2 Materials and methods .........ccoovvvviiiiiiiiiii e, 7
2.1 Materials . ... 7
2.1.1 Experimentalanimal . ....... ... . .. 7
2.1.2 EQUIPMENES .« .ottt e e 7
2.1.3 ReAGENES. .ot 9
2.1.4 Reagent preparation. . .. ......ouuiutun et 10
2.2 MethOds. . . ..o 12
2.2.1 Meta-analysis. . ..o .oon 12
2.2.2 Molecular biology methods . .. ..........c. i 13



2. 2.3 Introduction of the mousemodel . . ......... ... ... . .. ... . ... 16

2. 2. 4 Detection and analysisof mousemodel. ............ ... ... ... .... 17
2. 2.5 Evaluation of the pulmonary fibrosis. . .......... ... .. .. ... ... 25
2.2.6 Statistical analysis . . ... 25
Chapter 3RESUIT......ccviiiiii 26
3.1 Meta-analysis about PF associated polymophisminSSc................ 26
3. 1.1 ldentification of eligible studies and genetic polymorphisms......... 26
3. 1. 2 Relationship between genetic polymorphism and PF status in SSc .... 28
3.2 StudyonPFinpSSmousemodel......... ... ... .. i, 30
3.2.1 pSSmodel inC3H/HeNmIice ......... . ..., 30
3.2.1.1 Exocrine gland lesions of C3H/HeN mice. .................... 30
3.2.1.2 Pulmonary lesionsof C3H/HeNmice........... ... ... ... .... 32
3.2.2 pSSmodel INC3H/HeImMIice. . ..ottt 34
3.2.2.1 Exocrine gland lesions of C3H/HeJmice ..................... 34
3.2.2.2 Pulmonary lesionsof C3H/Helmice......................... 36
3.2.3 TLR4 mutations in C3H/HeN and C3H/HeJmice ............... 37
3.2.3.1 Genome extraction of C3H / HeN and C3H / HeJ Mice and PCR results
Of TLRA fragment . ... e e 37
3.2.3.2 Detection of TLR4 fragment sequence in C3H / HeN and C3H / HeJ
] o PP 37

3. 2. 4 Study on the role of TLR4 antagonist in pulmonary lesions of pSS mouse

MOUEl . o e 38
3.2.4.1 TLR4 antagonist do not affect exocrinegland. .................. 39
3.2.4.2 Effect of TLR4 antagoniston PF. .......... .. ... .. .. ... .... 39
Chapter 4 DiISCUSSION .....iiiiiiiiiii et et e s 41
4.1 Genetic Mechanism of PFinSSc.............. .. ... . ... 41
4.2 The role of TLR4 in the pathogenesisof PF.......................... 43
4.3 The role of innate immune system in the pathogenesis of autoimmune disease
aSSoCiated PR . . o 45
Chapter 5 Summary and perspectiveS..........oovvvuvriineeeeriiinnneseeninnnns 46
5.1 SUMMArY . . . 46



5.2 PeISPeCHIVES. . . . ot 46

ADDIeviations ... 47
RETEIENCE. ... 49
PUBIISNEd PAPEIS. ... 61
ACKNOWIEAGEMENT ....uiiiii i e ene 62



[
o
=
ull

B WS

1.1 BheF%L

1.1.1 BRI —ARIT 4R

fili£F 44k (pulmonary fibrosis, PF) 2 [A] 53 P4 fifi% 7 CInterstitial lung diseases,
ILD) H—Fh EFZERIIEN. E-—FBATIE . BOEH AR I 1] 5T A
HRFELE T AT 4E 4 H R S RO B JS (R SRR . PR 2R, S0 e L)
R R MELT4E4k Cidiopathic pulmonary fibrosis, IPF), IPF AR & A i K]
AN BR B 0B P T A0 T S P o o LR R S Bt A 8 B KT U T . 7E50
BN L AFEIPFRI S, BAET5 DL E AR P AH0.2% 2 K4
\PF™ o AT 1 R B 248 IR s o LB 5 LI AR s, PRI A A7 28 55 il A
M, AL IIDCAZE™

A — R WHIPFRAEREE L8 5 5 e VR IR AL . XA H Bk
Vg 1 B LR B A A 2R Y o X 2RPRR A A B A G
MR T 4Eq, BN ffst 2 4149% (connective tissue diseases, CTDs) FHI<HIflit
Yetb. o, BUHALH e FEPFI KA, UIMHSAZ R0, YUk E L
SHEMATRE, BRBEEEN, RIEEMBEZ, BRI, Mgl
HZPF

PRIV R, RIEARW R, N EE R KK aE" . RERERA
— ELAESS Sy M T, BRI SR AN AE , BRI RfE CAREAT 3 7 0 A R 9T
FIUL, 3E— DR X — 5 B R B B R B SO PR S

1.1.2 BRREmRAXRIAMFLHEL

E—Le B e, LRI AL h & 2 U2 RS,
W LIS I 4T 4Efk . fECTDs, H57 2 KA J% (Systemic sclerosis,
SSc). JREMETHRLEAAE (primary Sjogren’s syndrome, pSS). R4 BEIRIE
(systemic lupus erythematosus, SLE). 2&XEHE I % (rheumatoid arthritis, RA)

DA 2 KA LA (polymyositis/dermatomyositis, PM / DM) 1, 5 A4

1



AA

FE—-E R

i3

W BIPFRAEIR " . TIEFTA ICTDsH, SSCHEPFA AR m m, Hk
PEATERMHR R, [ S 0 AR B s AR B R[], 220 % F140 %6 AN
RAZCTDsH & W, BIRENLY% ~2%, Lh5 B RmLEe N3 1. PF
MR ERRABIEM —KNE, MOXTOIER . H4h, PFHEPM / DMH B
TP RRE , i IR R 3R 22 AR K, I e T s bR A0 AR R K
P WA RTT RIS ER K T 458 [ E AFITA BE-tRNA S BT
HILDHEAEH BEZEMFMS™, XECTDsHKMPF, MR ARG, WA
RIBEBALIEH, JEBCN FEOR AT R BERE ",

SIPFAE, H & %A WP HA MmN AR, iR S
IR, GEANHI YRS RS B B G DG IR AR 44, X R
H B e e AR R A R AR R TR

1.2 BEAMTIREEESHIA%HEKL

1.2.1 [REMFIREEEREAFFHE

TELEAME (Sjogren's syndrome,SS) 2 — g 8 i A ybk B8 A= P s
FAE AT B AL AR MR I A1 75 UL IR B S R VMEARFAE , Rp ol 2 TH R A MR R, A1t
WRRIZAT A H & G AN IR o Z R R WL B RIS RBIERZ
—, FERHEAE T ARE I FEX VR R R MR IR 0 AT MEREER SRR R T
MFLRMOR AR, FONE R M ERLSEAAE (primary sjogren's syndrome, pSS)
ML N A G B R 5 AR R AR TIRER G AR, RO R R TR LR
4HIE (secondary sjogren's syndrome, 2ndSS) . pSSHI & i H 41 °40.5%, M FrE
I BIbRHEAN TR, o AT RO 22 57 o 2000078 111 14 R 073 4 4 T 5 7E40 150 % 1
AT HRAEmR T L, S BN RRE RN 1M BT SEO AR
F4b, pSSIETI e R LB EZA AR T, wlil, B, B, G
FEThAEZ BB ) o pSSAR I LI AR A TT LA I B 22 R i v BE 1K E B L
h, WNHISSABUA . HISSBIUIK. HUHUASE™, It HIEAF1EA Z i T IEH K
PRI T, ANL-17ARIFEN-y 5 ™ 0 FRFFCRR, AgAE (L -170]
BEAZ PSS AN ok it o T S B E FH ) 28 PR IR 72—, Y BRIL-17 AT DS 280 % Ak e
WA VR
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