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Abstract

Henoch-Schonlein Purpura (HSP) is an autoimmune vasculitis that occurs mainly in
childhood. At the acute stage of HSP, serum levels of IgA, TNF-a, IL-6, IL-8, TGF-B,
and VEGF were increased. In addition, a number of studies report that several 1gA
autoantibodies are associated with HSP. However, there were no reports regarding
cellular immunity in HSP and no HSP animal models so far to explore the mechanism
of HSP. Herein, the aims of this study are to investigate the role of Thl and Th17 cells

in HSP and try to establish a mouse model of HSP.

Part 1 : The role of Thl and Th17 cells in Henoch-Sechonlein Purpura

Recently, various studies demonstrated that Thland Thl7 are important in the
pathogenesis of several autoimmune diseases; stich as‘multiple sclerosis, rheumatoid
arthritis, and Crohn’s disease. The r(-)re'»_ of Thl and Th17 cells has not been
investigated in HSP. Therefore, the aim of this study is to examine the role of Thl and
Th17 cells in HSP. Our results-'demonstrated ‘that serum levels of IL-17 were
significantly elevated in patients. with ‘acute ‘stage .of HSP compared with healthy
controls, whereas serum levels of IFN-y remained unchanged. Furthermore, the
percentage of Th17 cells and the cytokine levels of IL-17 were increased at the acute
stage compared with those at the convalescent stage by using intracellular staining for
Th1 and Th17 cell detection and ELISA for culture supernatant detection. However,
the percentage of Th1l cells and IFN-y expression were not elevated at the acute stage
of HSP. These results suggested that IL-17 rather than IFN-y play a crucial role in the

pathogenesis of HSP.

Part Il : Establishment of mouse model of Henoch-Schonlein Purpura



B2-glycoprotein | (B.GPI) are supposed to be an autoantigen of HSP because high
levels of IgA anti-p,GPI antibodies were observed in patients with HSP. The specific
aim of this study is to establish a mouse model of HSP. We firstly immunized naive
mice with human B,GPI (hp,GPI) protein emulsified in adjuvant. Our results showed
that h3,GPIl-immunized mice had elevated serum levels of anti-mp,GPI 1gG but not
anti-mp,GPI IgA. In addition, the biopsies have not seen inflammation in the wall of
capillaries. To induce a high serum level of IgA, we used hf3,GPI and deoxynivalenol
(DON), a mycotoxin can elevate serum IgA and mesangial IgA deposition in mice, or
hp,GPI emulsified in aluminum to immunize mice. However, the serum levels of

B.GPI-specific IgA were not elevated in both strategies.

In conclusion, our results demonstrated that IL-17 may-play an important role in the
pathogenesis of HSP. Moreover, establishment|of the mouse model of HSP can

provide the further study to determine the rﬁechanism of HSP.

Keywords : HSP, Th1 cells, Th17 cells,human ,GPI
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1.1 &% s (Henoch-Schonlein purpura ; HSP)Z2 # 8 A %

WAE R A Lar b e g2 FF 2108 %1 Y
F13-20 % g (1) o St TR 0 A IR0 4 3Bk A A s o 90%
gy A [ 2v 10k (2) 0 TIEEL L6/ )0 a T A FHNS201 (4) B
BT 2 RFI AR e F G PR R AR e AR

BA - IZ U ERAAE (L4)-

12 42 F P2 /i Fk
iz y5 American College of Rheumatology.(ACR)¥ 7% == 2 $7i a4 % oz & #F

2 AR 2 ()P B RN T (palpable purpura) (#La -] 7 4% 2 5142) Q)R

E (4) -
td L i AT B L0 § - % e A 2 Immunoglobulin A
(IgA)= & (4-6) » 2 PR % F el sageym &R > @ A hd L3RR E o
{ (leukocytoclastic vasculitis) » #|4riE szt ¥ X (hypersensitivity vasculitis) -

L6 e gopfr e L (cutaneous leukocytoclastic angiitis) £ B & b IR %

(Moot AFFESFG TUBRTLAL PTRLBE> F7 L IgA LRAF
&4 (IgA immune complex)in ## i ¢ & ¥/ 2 o F B 3% (mesangium) p
(5-6) -

FLMARREAE A N 2 A2 0 B R AR LA ¥ P

= 3487k 7 (group A p-hemolytic streptococcus; GAS)»# 7 & % & .5 20-50%

ST ERECEIEER - I B S % (8-9)c # 5 7 v+ Bartonella
henselae ~ Parvovirua B19 % = THREE A S s B(10-11) -
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1.3 im¥ g% (cytokine) AiE a7 |s % s @ T

LwEy 4p 4 - & proinflammatory cytokines % SV R AT T 2. ’ﬁs}ﬁ@
#% > &4 tumor necrosis factor (TNF)-a-~interleukin (IL)-6 ~ IL-8~transforming growth
factor (TGF)-p £ vascular endothelial growth factor (VEGF) (6) -

TNF-o % E ¥% iw 2 (macrophage) - renal mesangial cells £ p & ‘w %
(endothelial cell) 2 # 2_ 'w#z %% » H ¥ {3 endothelial fibroblasts & mesangial
cells ~ & » » # {jd ¢ 272 (angiogenesis) - i@ ¥ -] zf «F» mesangial regions 2
= fm¥e b ZLET (extracellular matrix) » 3§ 3k v (12) o IL-6 &4 T cells -
Evgim® 2 N L w24 > 5 H 8 fwre cd 5 T 15 renal mesangial cells

B4 o £d A R b AT R SRA e pt ho IL-6 ¢ 51 Bcells > &

,\w

£ IgA > 352 IgA £ % 4F & = iwfx t=tenal_mesangial cells + > 3142 ¥ 53
T e 4 (13) o IL-8 #H 47 m%e  (monocyte) ~iEk L mie 2 N AL dmie A 4 o T
g gl fois it %ﬂjﬁvg‘v’ e w I @olymorphonuclear neutrophils; PMN)i& @
BT 3k (13-14) » TGF-B &3 # it mﬁml";’ FE o BT A S e e
ivs 2 L Bl A4 IgA ﬁﬂqlass SW|tch factor (15) - @ VEGF R & d p & ‘w
B os BEvgimie ~ BRRR e '(fibroblasts)éi?i? Az (smooth muscle cells) &
4 EaEHPPM L2 £ F (selective endothelial cell growth factor) » » # 3 4c

v

e B EE M B Lok g 4 2 (vasculogenesis) £ i f 72 (angiogenesis) £ &
iy g (6,16)c AL B M- & 2 P e B LB gE Y o bl4e Kawasaki
disease~Behcet’s disease £2 Wegener’s granulomatosis % *VEGF # 3 ¢ 3 4c (17)-

ARy PR AL y}ﬁpm@a(w&:;ﬁ;i;}% B ++¢ TNF-o ~ IL-6 ~ IL-8 ~

TGF-B & VEGF 353 v 4 f# 3 5 4 211 ¥ 40 0 b b P39 il 24 B s 4

Fif & hTGF-Bsecreting Tcells » %>t jadppm A 2o ¥ 4 (8) 0 3n5 F itwmie

Fok B EA e L LM 0 kg Lie- H2 T (6)-

1.4 @7l ¥ fﬁ'}i)i}?s"‘ = 2_ B



FRRFED FOEAFEI AR Hd R fr_}gl%.f‘zm’?é (antigen-presenting
cell;APC) % v fs #% #> 3ok = J% (lympoid tissue) » £ % k% CD4" Tcells » & 2
& 1 5 TGF-B-secreting CD4™ T cells (TH3 cells)> 4 i 2. TGF-B ¢ i#:& IgA isotype
switching» i&m € w F 9 IgA 2 % c A IgAT i § P Llmie B L& > iEm g
e gl - SEAITY BEF N Lo Dl ¥ - R E D RET
Aoimtz B2 L8 FF X {rid i S A Prg MG RS R 2 A E kb F
#r4= (reactive oxygen metabolites) £ gk 3-v %% (granule proteases) > i&m A3k p

2w (6) o
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- % FH @S sE 2 Thig Thi7 cells2 & ¢

21 F3 ¥ R
2.1.1 Thlcells 2 Th17 cells

1980 # i~ Mosmann [ Fj 4% 1 effector CD4™ T cells i 5 B # 4 i thim 52 jr %
¥ & = % i subsets-Thl ¥2 Th2 - Th2 cells 4 ;& IL-4 ~ IL-5 #2 IL-13 » & iFacF &
ir,ﬁ‘-“” ¥ b5l 7] (extracellular pathogens) b4 2 f35 B 5 Thl cells # s+ £
IFN-7 > 22355 Kf N R # (intracellular pathogens) - cell-mediated * delayed-type
hypersensitivity 3 B (18) - % #p 7%= 7 &7+ > ] 5 adoptive trasfer pathogenic Thl
cells = naive - R ¢+ H A4 pWLAERE i bl 4o experimental autoimmune
encephalomyelitis (EAE) == 748 M Al it e~ fAd 3 3 S fic;t > ¢ H 2 s 2
IFN-9 A3 X & “ 3 Bl geen i Thl cells &g = p M & 5 ),%’z‘),%m

IR RTF (19) e Km0 AR F BRI

‘T+-

Tar I B A E % o b4 A
IFN-y 2% IFN-y receptor-deficient -|- & = 1L.12p35 2 |L-12 receptor-p2 deficient -J
Bl F @ it EAE G % B d (20 22) - % 1@ » 1L-17=producing Th17 cells (Th17
cells)ip g k{8 - 7 E¥38 435 PR e 5.0(19)

Thl7 cells 4 ;x IL-17 ~ IL-17F ~ 1L-20 22 |L-22 % w2 % - TGF-B £ IL-6
g IL-21 §_Thl7 cells » it £ & 1%+ (differentiation factor) (23-24) > @ IL-23 R
H_Thl7 cells 04 £ )3 (growth factor)#2 stabilization factor (23) - #* ¢t » Thl7
cells # ¢ # 3R T-bet & GATA-3 > @ #_¢ # I orphan nuclear receptor (ROR y t) 5
& 4]+ (transcription factor) » * ¥ % ¥ #2 STAT3 # 3R signalingROR 7 t
(25) ¢ IL-17 % 3 d Thi7cells » i #h » & 7 d # & chim s > bi4e 78T cells ~ NKT
cells ~ NK cells ~ neutrophils ¥ eosinophils # 4 (26-28) » #] 5 IL-17 ¥ d £ % |4+
% % & %o (innate immune system) & {é % (& 4 % % su (adaptive immune system)
dumte g4 o R G L7 AR A ML R RS I AR F RaifiR (23)
IL-17 ¢ 3% % 2% F a2 31 neutrophils I 3 L enfe s > @ 0 IL-17 5142 eni &

4



3B R4 Arg sldep MAR AR TR % (23) ¢ IL-21 L5 d E s Teells
(activated T cells) 2 # (29) » @ ~ %4 2 IL-21 ¥4 Thl7 cells # 4 (30-31) - &
itz Thl7cells ¢ ~ i3 & IL-21>a 1L-21 * % Thl7 cells » i g4z 2 € & %]+ >
003 s 4 Thl7 cells &4 2z IL-21 = ¥ #4c Th17 cells #&p > ¥ 234 Thl7
responses &7 & e S LT E L £ 4 (30-32) o A WA Ap N p WA RMERR
(autoimmune diabetes) 2« P 142 & 1255 7 (chronic inflammatory bowel disease) *

IL-21 3% % autoimmunity <h& & F]% (33) -

21.2Thlcells & Thi7cells & f WAA AR HiFHL & ¢

—a g  BEHFEMp AR )i  (organ-specific autoimmune diseases) %
g ThL & F &5 B o EAE b ~dite Thicells = -] &1 €54 | &4
2 EAE (34) » & EAE A Jibc Feny 154 0 Wil 5 < £ IFN-y 2.4 5
% AP IFN-y R ™ 58 o ' i7b collagen_'-ll_n(juced arthritis (CIA) /|- &%+ 1L-12 {8
EREAHHE (35)2 & g gp;ﬁﬁ]mm blocking IFN-y = 3 » 3 % £/
¢ fedufd (neutralize antibodies)é 7 ",% IFN-y & FlervloEl (delete IFN-y gene)4r ¢
@ EAE # CIA 5 fs % B £(20/36) = F #% 5772 1L-12p835 deficient /| & ¢ EAE
FE B (21,37) - B2k i B Thicells bp WAL A FIFLE &4
w88 b Thicells s 2 2 % 2 f3 98 f W AR A 5 2 3 i A2 o

TS E S ThIT cells § #% 2 L2 A2 p AR AR (19, 34-35) -
B R AR B bl 4odg b OURIM & (Rheumatoid arthritis; RA) (38) ~ % 4 1241
i“ & (multiple sclerosis; MS) (39) - ¢ e (psoriasis) ~ # { £ %
(inflammatory-bowel-disease; 1BD) (24, 40) ¥ e 4 2 o 2t 4 L e ? IL-17
2R B4 o B IBD g5 A R AT 2 IL-17 S A e B R M
(40) » s £ SLE s 4 sk Hr 2 IL-LT i 4e s 1 prebiadode i M (41) - e

WA % g 22 Thl7 cells 2 BF B (2 ) v A 5o o



22 B3 P en
WAL S 5 - PR AR 0 1TE KRG 3F P AL IR ThUThL7 A &
e p AR 2Bl o Riac K sg & Th1Th17 fo 5 F 2 BB 0 R

Adro fptd BRI ThUThL7 5 F B s Ssmpe 2 44 o

23 R E S 2
231 HABME HRE

SRR E L m A T A X304 (F215 4 5 4az15 ) £
Ao 3~17 & s HRET + 2 30 4 (93215 4 ;%3315 &) &4 4 13~14
Fooo dmie it & B2 A e R ‘;,ﬂ’ 2R Fhey 745 234 v & #44 3 3~19
RoHRETAE B E M./T%?l9~23;%«'otbiﬂri‘.ﬁizﬁéﬂ'%}‘%fﬁ@_iﬁg%‘%

R T ELRF AR YRR R

-

2.3.2 ¢ 2> a 4 3 PBMC (Peripheral blqbd mononuclear cell)
#-heparin > ¥ 38 15migns ¢ ¢ - 2500 rpmig g g 5~ &is o Pt
:Ff: 73 %0-80°C; T & w3k MHBSS (Hank’s balanced salt solution)# % f& % &%
o R EEI G L F BB S 23§  Histopaque (Cat. NO. 1077-1 > Sigma
Aldrich - St. Louis > MO » USA)s» 15 ml &< ¢ (blood : Histopaque=2 : 1) » 1500
rpm F R AR 30 Ak (T EaE A s i) B R G K e T ATARG F o 4o
HBSS ;& £ 323 {5 » 2000 rpm % JF &t~ 10 4 48 - £ 2 HBSS &£~ = > 1500 rpm
FRHS D5 A4 0 & st~ 10 ml RPMI-10%FBS & &323 {8 » &7 mPe 31 Hc >

ol B B 5 1x10%ml o

2.3.3 1 PBMC 32 % bulk T cells £ % #} 3 (in vitro stimulation)
#-PBMC A dis > 2 1x10%well e fic > % 224 well %47 > & B well
der 1ml B EE2 ek > £ 4o~ lpg/ml LEAF™ purified anti-human CD3 Ab
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(Cat. NO. 317303 - Biolegend » San Diego » CA » USA) ~ 1pg/ml LEAF™ purified
anti-human CD28 Ab (Cat. NO. 302913 - Biolegend) % IL-2 (10U/ml) {1 gclm?e > 32
% 7 % {>f 4c » 50ng/ml phorbol-myristate acetate (PMA; Cat. NO. P-1585- Sigma
Aldrich)¥ 1pg/ml ionomycin (Cat. NO. 1-0634 - Sigma Aldrich) #1] 18 /|- ¥ {s > 4z

B e} /’Fi'n °

2.3.4 inisimrz & (flow cytometry) & 47w % 4 & & % p FLRR

FI* F RS E e AR R B R Y BB e RRE
Hiamre 22 FREBFA e 247 o

$-imre A S 1x10%F > 6000 TpM TR His 2 A 4 Hdm e BB ECH 0 b
» 50 ul 0.2% BSA in PBS (Cat. NO. A3059.; Sigma-Aldrich) » 4 » 2t 4 17 2. Fuid
(PerCP/Cy5.5 conjugated anti-human CD3 Ab ; Cat. NQ. 300429 - Biolegend ) - 4°C
% 30 ~ 45 £ 4 1 ml0.2% BSAin PBS & pekm e > 6000 rpm R AR 2 448
3k #ige > 4v > 350 pl 0.2% BSA in PBS EEEs Ak

FA AT S S te p R e & G LR ¢ (S A Tt p R
2 ¢ (PE conjugated anti-human-1L-17 Ab ; Cat."NO:512305 - Biolegend) ~ APC
conjugated anti-human IFN- ¢ Ab'5 Cat. NO. 317415 - Biolegend) - m?z p 3L 4
IL-17 2 IFN-y B]4]* BD Cytofix/Cytoperm™ Plus Fixation/Permeabilization Kit
(Cat. NO. 8750 - BD Biosciences » San Jose » CA » USA) » 7 4 3¢ ¥ & P & &7

5 EA=

2.3.5 11 Enzyme linked immunosorbent assay (ELISA)iR| £ & 8 t ik o j
2 kR

AT B 2 FTRR 2 i ¥ L ik 0 1% eBioscience ELISAKit 4 %) =
£ IL-17 (Cat. NO. 88-7176-22) ~ IL-21 (Cat. NO. 88-7216-22) ~ IL-23 (Cat. NO.

88-7237-22)% IFN-vy (Cat. NO. 88-7316-71) (eBioscience » San Diego » CA » USA)
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2 RR O FERNIE RRATATHLGEN F T

236 FWE 3L

B W2 e 4732 + GraphPad Prism 4 #c#8 > % % B2 mean ¥2 SEM #

o5 Bt UE L g a2 2. Mann-Whitney test v o 3% 2% 0.05 - *, p<0.05
2.4 %%

241 SHEFEEsERF L £ F Y IL-17 2 2R EH 4

WA K g s - PRLE F,L}]’;‘; v R iE AT % s 2 Th1/Thl7? £ 5 ~ R 2
B TR R A e Gt 2P RDE A dgidde Th17 4p B chle e ek IL-17 ~ 1L-21
2 IL-23 2 AR o Bk Er o AR T F A ERNI R RERUEILER SRR
& IL-17 232 &E%‘i’fg%c(p<005)(¥] A)ra P IL-23 2 IL-21 2 43R
EraL® (B- B Copt st 2y }]’ii’\.m ¥ ThlAp b chim®e g2 IFN-y

(F- D) %2 &% 4 ’sﬁamﬁrﬁrmﬁa Lol A HERY gL

242 &I EREK SR K &L IL-17:secreting T cells & F 77 Thl7
cytokines 2. 4 & + & |

FEA P ABATER Bzi}jf_[}ia A e Thl/Thl7 cells 2. £ & - ’p" £, A
FI* E ¥ 4 e H Pk PMA 2 jonomycin f13 18 /| iz i e &7 ¢ g
Reo AU SRV dmre R A LAF B PR e do 0 2470 B % BT 0 IL-17-secreting
T cells (CD3'IL-17")z. F A~ v 5 % 0.6% (M= A)> @ IFN-7 -secreting T cells
(CD3'IFN-y )F A1+ 4 % 1% (= C)- 2 ¥ ez IL-17 3 #9520 pg/ml (]
ZB):@a IFN-v 2 2% % 250 pg/ml (Bl= D) o d 12+ &% 18 5 Thl/Thl7 cells
B Az e E R A F] A P e g & S N g anti-CD3 ~
anti-CD28 &2 IL-2 12 % 7 % 1 » £ 2 PMA £ ionomycin 1% 18 -] v T B e

Bk e JI* N e Rt AR FREIRR A A4 BERRET



IL-17-secreting T cells (Bl1= A)£ IFN-y -secreting T cells (B]l= C) 2z | & & =
B f baRe 2 1T E IFN-y 2 284 B3 > FlRr e F sk y Lwer f
S R R B AT s s 4 e ThUThL7 cells 2 # 2 -

PR R AR g p C 0 AR SRR g p 4 2 IL-1T
secretingTcells 22 5 A+ 2 (B= A)>» 2 IL-172 z &7+ 2 (B= B)> &
IFN- 7 -secreting T cells £ IFN- 2. 7 £ & &2 & % Y Gt i s 4 &P
AR od pF %7 > IL-17 secreting T cells &2 Th17 cytokines # & |4 #p i

SO B 4§ e 0 TR R

2.5 @

EACHH g A LW D S e B K2 A AR A o 1TE KT F
PP 3 ¥ Thl/Th17 dgk F@"E’B’ﬂ"é’u_f Bhcmald o At a R IFE
Thl/Thl7 & % F}@,_ﬁ T B P ié’ PR AP T 0 1B
KITER SR RS g | %E%“iﬁ*x ’  IFNey =gz £ B o gt oh o L st
B R ¢ 2 e B sy IL-17 secreting Teells i 4 vt &2 1 i ¢ IL-17
7R R PR 4 o @ IFN-g -secreting T cells 7 4 v &2+ iFin @ IFN-y

PlamiE LR od v 3adh B g i £_Thl7 2 Eap 48 éwjt:ﬂi:f,% )
z

AW T T L AMARARY o Th1 &2 Thi7cells ¥4 & £ 4 >
© A g multiple sclerosis & # /| & EAE ;% 5 ] » Hania et al 4, !
IFN- v -producing cells ¥# IL-17-producing cells ‘¥ %22 EAE % multiple sclerosis
T REAR > 2 GARAIT Y Rl g kg L d (42) - XA o Langrish et al.
Freai d £_Thl & §_Thl7 cells = EAE &0 pathogenic T cells (43) - @ & 2% i e d
Bl %I Thi7 cells A& M Hp i ac it % ﬁfi)ﬁ A KA > e F_IFN-¢ ¥ & P&

A3 F A PR @A s A 5 Th7 2 Fehp WA R A 0 2 Thl f
EARH o ¥ b p - & A ML A G > b4 ulcerative colitis(UC) ~ Crohn’s

9



disease (CD) (40)% systemic lupus erythematosus (SLE)Js * (44)¢hs 5 # IL-17
7 3 4 s Fujinoetal 3 3R & active UC & CD i 57 IL-17 2 3 & & F 3 4c »
X active CD 2 IL-17 7 £ #x inactive CD % ¥ #{ 4r » & P35 IL-17 & 5 i £
ARG M (40) 0 AP R R E LA T WAL 4 2 ThlT cells &
IL-17 B0 a4 o & A Pins IL-17 7 & Al N sp A L AR 4 2
FRwE R &7 o FILEAENEELF? IgA 2% 0@ IgA T i ¢ 20 AL lm

LS

‘3\\-

Lk BRETCN LA L8 @ IL-6(13)% TGF-p e - € it
Thi7cells ez 2 ® » 2 IL-17 & ¥ i § H % .fs_tl.?%h); J& ™ ¥ 51 neutrophils I 4
K sk(23) 0 1 2 A F elhE R SR e 0F > A BUR R AL e (6) o
A R R AT 0 AR N R A 2w F LT A o A R i
I A I]% » )4 psoriasis Iﬁa 2o lésffa ' g2 Thl7 4p B %]+ > 4o RORyt ~
IL-17 ~ IL-22 ¥ 1L-23 mRNA" % i‘g’ 4u (45-47) ; <. multiple sclerosis 5 +
cerebrospinal fluid (CSF) ¥ 3R ez IL 17 mRNA # £ Bbe » B3 oANd
& 2 IL-17 mRNA 23L& (48)e & ‘\IF“TU?* ﬁqqh‘ If,ﬁ;i;fg/\ I e ’F“ 7 A
Toesr PHEFILIT 2 2RE Viy grE@a 2 IL-17 20835 > g
GREEGHE R EdER S SRR
ﬂw%%%@ﬁ’E%ﬁ#%ﬁ%ﬁﬁ@kﬁWMJMBﬁﬁwﬁﬁéﬁﬂ
BoRRFEINHEFLE (B=z) atgr? ILIT ZERETRFLR o4 3

AP p| F en Th17 cells A4 vb B i fm e ik A 47 ILL7'CD3 F 4 v+ » £_18 3

—=

50 T cells g 2% IL-17 ehim¥e 7= Th17 cells ; @ 2 ELISA = 34 ip| ¢ ik @
IL-17 2 £ 978 D en % e X 20 IL-17 22 3 £ » F]pb A {8 orge 28 Thl7
cells iz » e & ¥ & uix 5 e IL-17 - ¥ #F » IL-23 5 Thl7 cells &2 £ 53 &
stabilization factor » e & A P e sk 2% kg 0 Al ¥ A BT R FEE i 5
FOORESET R R SR 2 FRET LA 0 2R 0 b4 cytometric
beads array - #* “F » IL-23 &_d innate immune cells & ;& > &]4- DCs 22 E ¥ m ¥z »
Fleb o T A g A F e B Pk & DCs (8 0 e Bl iR IL-23 AE -
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Ba gz o AP R FRASHYETEEER A 2L LT 7 £
H4v > 2 Th17 cells # 8 7= 5 4c > F]ot Th17 cells fiBacit d s> in £ & &
$oo AR F R AEABE R A R A AT T BB A B R 4

2 IL-17 4o 2 R F1R O IL-1T7 GEATH R R o 4 2 RS -
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CEE R ] 2 3 2 SRS 23 =

KN = i
311 pMAEARHL THh

PR A RZ LA ARY TS AR (benign autoimmunity) i& &
| Rk s7p #8 £ & (pathogenic autoimmunity) o @& 3 Koch B3 » # 2 #-p 48 4 %
Bofs Tk & 1P AU (autoantibody)# tw e LA N A 2 P AR F
2V ETAAHRZ R (antigen) 5 B ot FUR N HoAp inde AT F 7 51 4R
ZpMLEF RBE A i fEAR ° Rose 27 Bona #-p 8 4 % Pﬁm}? A i R I 3
7# P (direct proof) ~ F iz P (mdlrect evidence) fr F 4 7 4% (circumstantial
evidence) (49) -

THEEPLTERA G VO R RIS S L S L e
B A Y R K %“'ifmﬂ"% f% ," A4 P © 4w Harrington f& p 4 42
o] E LK R (|d|opath|c thrombocytopenlc purpura)p A s RiL s 2o

P

(&
(=

AL BRE AT ] e L 2 G AR IR % (50) 5§ p AR

N5
oy

g T B o £ A2 pathogenic 1gG # RSB E WL T Bldr kR & WO
(Graves' disease){r & Jr*“& 4 (myasthenia gravis) & ; = % #74 /| B X &
(pemphigus)fs 4 ok 5 ® S v 2 LR IR Fd (8o RT | B A 2 A A KR e p in
A K ke (blister)ys % % (51) -

Fdwm £41% #4545 £ 224 (reproduction)sf iv A % e > bl4e g
FLk % 2 P (antigen analogue) 3k av# 4= 8 2. A& 4 3 0 A 5 ATk 3;11 N
(Hashimoto's thyroiditis)f= % 4 |44 i* Jz (multiple sclerosis) -

iﬁl;'.”i ﬁ%@«}ﬁp’} ;vlgﬁ/ _E’}" pé; g Eﬁ-%ﬁpﬁ*&—;ﬁ%,k ,T}K__.; J{.E#rf}im

T Bl RE AP RET LB T 3R - MHC class Il antigen
R 4 ’frf | % G A ;’Isg_f }}%H‘i o
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3.1.2 Autoantigen 22§ 5714 & s

ol 26 g MR R EACE R s A 20 Y ORI S Wi
Roa faFsRan IR % 48 IgA p t 38 (1gA autoantibodies) s Lsujﬁrﬁvg ¢ e
Ik %z B 448 (antineutrophil cytoplasmic antibodies; ANCA) (52) ~ IgA # kb /& 7]
<+ (IgA rheumatoid factor) (8, 53) ~ IgA #< = « g f 48 (IgA anticardiolipin
antibodies; IgA aCL) (8, 53)¥& IgA #<p & w*z fi¥ (IgA anti-endothelial cell

antibodie; AECA) (54) % -

3.1.3 Bo-glycoprotein | (B,GPI)z_ f§ 4

B.GPIE_= -] ¥ 5 50 kDaifa="#&pF #—v = (glycoprotein) > 5 anticardiolipin
antibodies (aCL).% & 2 cardiolipinz -.& 82 5]+ (55-56) - B.GPI&_d # #4548 »5 4
Wit o # i % 2 £ §150,300n0/ml (56) - B2GPIG H 44 (single-chain)#-5 - 2
7 326 1@ "= 25 f& 22 5 B repeating sequence,s* a'fﬁ;:% short ‘consensus repeats (SCRS) ~
complement control protein® (CCP) & Sushl domains o B.GPl:h d # % 4 & R
J-shaped > & 7 & ® &Aj 5014 SCRs#2 %5 SCRs % ¢ dthydrophobic lysine-rich
loopr2 4k » #q %% (phosphelipid'membrane).» ¢+ *F> $5% SCRs+ 7 $ £ % &
iz (phospholipid-binding site) (55-57) ¢ ¥ ¢k > 7= 7 3 PGPl tvf - 556 47 & 7
BRETAEA o2 s e RE-d X3 60-80% =R 4 - T

%% 2 4 5% SCRs (55) ¢

3.1.3.1 B.GPlerns $ # it

B.GPIF &4 § T hmens 3 % & > bl4emi®y (phospholipids) (4-cardiolipinfe
phosphatidylserine) ~ %% (heparin)£? — & "5 3=v & » A ¥ B E L 2 g o] Fenime
Wefeph Al g o o 0 A Y dp HBGPl g S d Fralph FIH R HE S
(contact activation of the intrinsic coagulation pathway) ~ = -] 4% & 5 fis Ja = 5 12
(platelet prothrombinase activity)f-ADP-mediated platelet aggregation# 58 . ;% 4% 7

13



B o Rd o BGPl 2 F M -y 2 2 B IEH 4102 5% (58) -

Free & monomeric B,GPI4+>t 4 § T j7 cmarq 3 g enilfe 4 (affinity) » @
anti-B,GPI antibodies ¢ £ dimeric B,GPli¢ & » @ 3£ i¢ # i re % o H 4edimeric
PGPl & 1 w2 & o BiPq crifr 4 (58) o B.GPl» ¢ &2 lmPe 2w | X B
(receptor)-apolipoprotein E receptor 2 (apoER2) % & - i = apoOER2ewips it » H_
£ T Ak » >t pro-thrombotic: i > 3 4canti-B,GPI antibodies 2 2 x>

(thrombosis) =7+ &t 4 (55, 58) °

3.132B.GPl sk st i & ¢

PR P T A 7 3B BL.GPLE F TR EE A A o AT A N ek
BB Y 0 oGP & Adrmnig 7 B A B Fantigenic target - F]
% % anti-B,GPI antibodiesiz §# /& 2 %7 i +}_ FtaCl antibodies { & 7 # £ &

(58)c TS EF T BT o antl -B.GPI antlbodles & B 7% x> (arterial thrombosis) £ &

hip 1k f B Tk (systemlc lupus erythematosus; SLE){-4uei 75
T Fp A A B PR g B R AT T i A2 7 1 BGPI anti-B,GPI antibodies> i

£ &4 d (58)-

B2GPI+ ¢ 22 75 5 (lipid) ~ 5 48 % A5 8% 51 4= A T 0AF & ¥ (pathogenic
complex) o &]4-% i cOLDL (OXLDL) e+ *% Al e w £ & & 4 > BGPlg &2 5 it
ILDL & 25 % B,GPI/oXLDLAE & + » v“4F & AR Eviflm?e B v (8 Tl A 2
anti-B,GP1/oxLDL antibodies:& @ i _i¢ & PX i gk A 1* e, =0 o d 3 A — itk 2 B M g
LR T - oo Blde > B s j0E ~ > £ M e (Systemic sclerosis)fe
Bk g 1% ¥ 2 anti-B,GPI/oxLDL antibodies 3 # 4v e3f5-25 » F] 4 § i enLDLA_
highly proinflammatory ® 3 7 4& = éhd= 5 > F]t § 514~ k5|5 R A & 3

4 Ep L aimied £ o 80 3 UL N A& plk (B9) o

3.1.3.3 B.GPl B H pp ¥ ¥ it PiF2 & 4
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WAL sE s 4 o @ aCL (anticardiolipin antibodies)= % - @ B.GPI 5 aCL
g cardiolipinig & 2. 1 & fif 22 F]+ (8, 60) > 4 P|BGPIF st s oo % sz ? 45087
FAEE S > P AR Y R BN s m 4 ¢ 2 anti-B.GP1 IgA antibody £
anti-cardiolipin IgA antibody z* anti-endothelial cell IgA antibody's 3 & & 4p B » ®
B A R B AT B 2 o 4 B IR E & P anti-B.GPI IgA antibody P g

T R A A0 5 BGPIT A B A mp chp AR 2 — o

3.14 =74 (Adjuvant; CFA/IFA 2 Aluminum)

FEREFE GRS LA FERRASIEN TTHRLAF BE AR
FR (T PR (61)-Freund’s adjuvant'{;‘é: Mo 2 2 Uk R £ 252 water-in-oil
Fok$H 5 Incomplete Freund’s Adjuvant (IFA)« & & 3 7 A i FRIH 5
Complete Freund’s Adjuvant (CFA) ° Freund’s adjuvant # 1125 % A 4 (X i B K
o ¢ MR ELAEE w4 B R 1@ (61) o Aluminum = p| £35E# 7 4
(electrostatic forces)& /i 5 & 0 B 2R *i% Vel MR £ o e 1Y AR s B

PPN ST RARIFRD T2 (62) x ;ia;% aluminum%£:3% % Th2 & (61-62) -

3.1.5 ¥%et % (Deoxynivalenol DON 3 vomitoxin)

DON & ¢ % et % & - #& & # & % (mycotoxin) » d &7 ' f (Fusarium
graminearum) ik FAE A 4 0 ¥ AR EF RS GERE A E L0 - 2 F
FERITP (63)c 77 FMA|* B6CIFL | K5 F k™t | &> Aka ;N84 )
Brfeek 206 R F A2 B E2I0A 0 2 BT i 2 IQARL AT & 47 3 4c >
¥l 3% 3 mesangial IgAz T f & 5 /i (hematuria)z 3 £ (63-65) - H 5 o 4 Heif

ire &~ g enlgA nephropathy (65).

“13;

32 % B

P E B TR 2 B MR R AR - B3 R &

¥
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PR RFUR 7 N LR B B A A AN sk 2] RUA B EES
d TR AT G ALY SR A ke ¢ IQAE B 00 A7 S AT ] B DON
T2 i IgA S F 0 b AR BoGPI A BACHLE R B g 2 ALR

Feav 4 B,GPl ¥ DON 51 /] & & 4 F & 2. anti-B,GPI IgA antibody » # ¥

Rl RA S A A S ALY SR 2 B o

3.3 R HEH S
331 27 | R

% 81 9ir+ 2 C57BL6 # BALBIC #pth | &+ Hf 5+ 8 F & s
AR SRR 13 ,U;A;% A

JEERR SRR o R AR, F iR ] HiE 26 8T %
AR &P E Ak Bade S JEOR 60£10% 0 8 R R 21E2°C o & @ Kk (P
TR RNCEERYORE 2y ST E R CEEE R

A ¢ (Animal Committee of National Tai.Wan University)+= & -

3.3.2 hB,GPI 31 % Esc i K ] RN 22>

C57BL/6 # BALB/c -] &2 g azia &+ (intraperitoneally ; i.p.) 10 ug hp.GPI
(Cat. NO. B2G1-0001 > Haematologic Technologies Inc. - Essex Junction > VT » USA)
2 & >t adjuvant @ CFA (Cat. NO. SI-F5881 - Sigma Aldrich) ¢ aluminum hydroxide
(alum ; Cat NO. 77161 - Pierce Chemical > Thermo Fisher Scientific > Rockford - IL >
USA)*® Az | B » 2 {8 & g5 312 2 pug hp,GPI ;& & >+ adjuvant (IFA ; Cat. NO.
SI-F5506 - Sigma Aldrich) 2 alum boost -] & » ¥ #F > 12 #g %3 &+ 40 ug DON (Cat.

NO. D0156 - Sigma Aldrich) i sz | & > 2w AR~ ~ - = ~ -~ 22+ o

333 £ FH &L kh
FHREFTSEF RS T BB FP FHa (retro-orbital) 2 T & o Bla % o B
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£9% 100l 248 2~4 | PS> 2 7500 rpm s 5 A 48 0 £ 2 7000 rpm

g 10 A 480 ok 0 20-20C iR o

3.3.7 12 ELISA | & 7 # anti-hB.GPI IgA & 19G

Human B,GPI r+ TBS coating buffer ## 2 10 pg/ml > % ELISA # = well *
der B0l 4°C# % Wk FE = 2 TBS #*i% 1 =t 4c » 150 ul blocking buffer (0.3%
gelatin in TBS)» % /g # % 1/ P> 12 TBS #2505 4e » 50 ul s 5 (4 0.1% gelatin
in TBS #¥; 19A ,1: 3200;1gG, 1 : 5000) » ¥ @ # % 1.5 ] (s » 12 TBS #ix 7
= 5 4e»~ 50 pl HRP conjugated anti-mouse IgA (% 0.1% gelatin in TBS £+ 1 :
20000 ; Cat. NO. 62-6720 » Zymed laboratories » Carlsbad - CA » USA): IgG (M4
0.1% gelatin in TBS ## 1% 100000,:-Cat~NO.62-6520 » Zymed laboratories) - %
BFEE 1) TBS % 1054 » 50 ul tetramethybenzidine substrate (TMB;
Cat. NO. 01016-1 - Clinical Science Produf;ts IMansfield » MA > USA) & ¢ » & {8
v~ 50 pl AN HySOg ¥ o F J& > f 12 ‘_.I—EI._ISA reader (SpectraMaz M5° - Cishio

Bioassays » Bedford - MA > WUSA):# B OD450nm j 2 0D540nm = k & o

3.3.8 11 ELISA s '}%“’ total IgA

goat anti-mouse IgA (Cat. NO. 62-6400 - Zymed laboratories) '+ carbonate
coating buffer f### 1:10000 » % ELISA & well # 4c~ 100 pl > 4CHE B B »
Fe % 12 PBST i*i% 1 =t ; 4c » 200 ul blocking buffer (1% BSAInPBS) » B # %
1} p> 2 PBST it & 5 =t 5 4e » 100 pl & 5 (4 1% BSAin PBS ﬁ&% ;1:5000) -
FRFE 2 )PS5 2 PBST i#7% 7 = ; 4 » HRP conjugated anti-mouse IgA (1 :
20000) (Cat. NO. 62-6520 » Zymed laboratories) » % g # % 1] pF > 12 PBST #* %
10=x 5 4 » 100 ul TMB % ¢ > B 4c » 100 pl IN H,SO4 % 2k & J& - £ 12 ELISA

reader (SpectraMaz M5° Cisbio Bioassays):# B~ OD450nm ;&2 OD540nm w3k & o
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3.3.9 #-5Kim®e (splenocyte)2 im¥e 3 4

F * A 5 ve 5 1Y 3x10°/well ‘m*s B> % % 96 well [fl %45 + > 12 human B,GPI
peptide (100 pg/ml)% human B,GPI protein (5 pg/ml 2 20 pg/ml) 5 » 28 H 5
200 pl > mee 32 % & 5 RPMI-10%FBS » fm® fjc32 % 4 % 15 > 40 » 1uCi/ml 2
[*H]-thymidine 32 % 18 -] B% - 12 cell harvest 4 B jc & m® 2 Jh A+ » R AR §5 14

12 B counter 3+ ¥ [*H]-thymidine 3 & -

3.3.10 -} ﬁiL-‘)ﬁsEE’-_*f P

BRI 0 BBE o BT ORHR U S R MRS 1S P BRI 2T s
ot & Bt 10%48 5 e @ B3 paraffine &2 T Sum R W ivagl Yo

2 hematoxyline-eosin (H&E) ¢ > 35k B dg sy = ’E,%Jﬁa@_%ﬂ °

3311 1 E.coli # RF-v & 3ui R ﬂ 'BZGPI

1% pET303/CT-His # #jk stz J ﬁ B.GPIs H 2 5 % £:E 7 = (multiple
cloning site) ¥ "L e +» 4 (Xhol ; Cat. NO. R0146S . New England Biolabs -
Ipswich > MA > USA % Xbal ;" Cat. NO. R0145S »'New England Biolabs) » & # #-
B PGPl AT £ ied o gt AT HSF 6x His-Tag #42> # * Ni** affinity

column (ProBond™ resin purification system ; Cat. NO. K850-01 - Invitrogen Life

Technologies > Carlsbad » CA > USA)#-2\ it 7 p 15 3-9 F d cell extract » 4 g} o

3.3.11.1 E.coli 4 3. % 3%

ﬁrl PCR ~ &8 3/ & B,GPl 22 PCR & 4= » #- Xhol 2 Xbal *» 2]:§2_ /] &
B2GPI DNA % vector DNA 12 ig # 578 & T 4c » T4 ligase :& 7 DNA & & ~ &
(DNA ligation) » % if & B is » #4% & & B ¥ E.coli DH5a i£ {7 #& 78
(transformation) » 2 7 3| % 7 E 482 @tk o 2 colony PCR = sV P& 4 5 Faf2
Ttk 0 2 (500 1%EE T AT 0 B IR B AFEIR 0 A 1S R T TR R
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B (S FERe #h G -] B Bo.GPI 2 Fl2- B 484 75 ~ E.coli BL21> £ 4 IPTG (Cat. NO.

1-6758 » Sigma Aldrich)z% 4 | & B,GPl 35 £ JLi it 2 o

3.3.11.2 -} & B.GPI A& ¥] % £ ¢ pET303/CT-His FHH &

fI* tip ¥ - F% (colony) » *x » z F 100pg/ml Ampicillin (Cat. NO.
A-9518 - Sigma Aldrich)sn LB sz &% ® » B3 37Ceavk TR % ¢ 16~18
|- pE o £ 41 * Mini plasmid kit (Cat. NO. PD300 » Geneaid > Sijhih City > Taipei
County » Taiwan)4é 2~ plasmid DNA - 5 % ¥ 28 ¢ ik PR A & 4752 p & o

#-%4 v e B B,GPI DNA & vector » 4 » NEB4 (10X) ~ BSA (100X) ~ *2+]
= Xhol 2 Xbal » 8 248 ddH,O #& 28 F 5 50 pl > ++ 37°C ¥ * 15 ] pF > 2 {3
1% R A A T 0 & EUEBr Ld s UV i 5 o

B pe e+ {8 2. pET803/CT-His expression<vector # insert -] & B,GPI
DNA 12 1:3 &g pf4e » 10X Iigatidn_kaqffer~T4 ligase % 4 ddH.O % %484 &

OulieFasF ko 38 BIER -

3.3.11.3 FH#&% (transformation)» E.coli.DH50 & BL21

Bk iz e DHSo 2k 13 S4e 238 F ik 393 R £ 18 » £ B30k 30
AhBisE T A2CRiF 0 ki@ LR vk 102480323 REME Y =
% w2z 7 Ampicillin 22 LB (Cat. NO. L3022>Sigma Aldrich)#: % & + »3t 37°C
BxErgi 12~18 | pF -

P20z fwPe BL21 f2 U3 154 ~ plasmid /3 7% » 323 R £ 15 » L B 3tk

"W
o~
[}

0~ sais T 42°C-kip 0 f# iR £ R Wikt 24480393 R £ {840 »
1 ml SOC medium » ** 37°C-k T R ifs % fare % 1 ] pF > B~ 100 pl % & & 3 3
Ampicillin 2. LB 3z 4 &+ 37°C# % #532 % 16~18 /| ¥ » #] T chjFi% 5 5800
rpm &g 3 4451 0 2 H 800 pl bk o B #1100 pl % @ Az 5 Ampicillin
Z IBEARK »»37TCE A% 16~18 ] FF -
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33114IPTCG# % v 2R
[ £F#F &0 AR p 27 Ampicillin 2 LB % A+ $+2- 8 - 5% > 4o »
z 7 Ampicillin (100pg/ml)s7 LB 32 &% ¢ > ¥ > 37C-kT 23 % {93 % 16~18
JPE e B LB &R 110 b4 24855 0 3T C R T RET R AR R
I ODgpo i 0.4~0.6> 4 » 2 B kR FAIPTG (B4 k& % 01,1, 10mM) 3+ 37C
RIRA#REF I FAR 18 | HEFE 1 ml 7k % P ODe > ™
5800 rpm .o 3 A 45 > A & ;;‘—;,@ % fmve BB o mre B4 » 50 ul PBS #-tmre
Frcis o freeze and thaw = =t (R-wmPe RigiR e » R § 7 E Pl e %o » §

b Bl Lo 3TCRIEH 0 B Rl BRiR AR Rt iFZ &) o
1A AL A (100% amplitude; Q.5 sec/eyele) > ek b TR 37 30 53 8 -
W -t R Rk 3 5-20C 0k e

CEFE Y AR R R AER ﬂ;??%é‘»w P N WU R RER B
7 0 1212000 rpm e 25 N RN ;_},7*-,,"& % ik d~ (inclusion body) o itk 4~
4v » denaturing binding buffer (¢ 8M urea) BiAfEee » B3k F 30 4480
1212000 rpm s 25 & 45 {8 *14:?& P ik TR e T T 2 %3 3-20°C 7k

e

8 e

3.3.115 - & B.GPI 35 2 st

e % Ni** % 41 0 3 2 ml ProBond™ resin % 10 ml % it % 45 » #4575 2 2 48
(20%iFpE )i & #gc B 6ml = Fp ki » B4 o FTE 2 R MR T Rz B~ 6 ml
denaturing binding buffer (z 8 M urea);i » » &F#r 7 2. %4 3 #57 0 £ 2~ 6 ml
denaturing binding buffer (z 8 Murea);L » » &1 3 2 R R T Mgz - B3 2 A 3
% 8Murea s binding buffer v i » @ B FFens it P40 L ACT =R 1
‘[ B> £ 2z 3 8 Murea 1 binding buffer 2 wash buffer (pH6, 20 mM imidazole;
pH5, 20 mM imidazole; pH5, 40mM imidazole)iF-£ s » §1* % I ik & imidazole
elution buffer (350mM imidazole, 500 mM imidazole, 1 M imidazole)#= F-v * #% 1
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k> & 1 mlycf - ¢ > 2 Pierce® BCA protein assay kit = & 3¢ & (Cat. NO.

23227 > Thermo Fisher Scientific) > £ 14 SDS-PAGE # =z % & -

3.3.12 SDS-PAGE 3¥-v F & &

F1#* 12% SDS separating gel solution % 5% stacking gel i& {7 -2 & T & » &
B tR& 1 100°CHzis 4 #h 10 A4 e Bafiira s § 2kt > Rk EE
;23 SDS-PAGE #z_wf b > 12 80V it {7 T 74 Ik &7F% 1 separating gel =z 1z

120V &7 2k e

3.3.13 Coomassie blue staining

Frar T A f BT o %5 spBCoomassie blue solution (PageBlue™
protein staining solution ; Cat. NO. R0571 » Fermentas.Burlington , Ontario , Canada)
ﬁ%ﬁﬂ%%i%ﬂ’fiﬁfﬁiﬁw@M§%’*iﬂTuﬁfﬁﬁ@m
%154 Coomassie blue solution &l » 1. ddHb0 752 522 7 » 4 » § £ ddH,0
Mk 304 WERETHRTEF BRI PFEIRLIGEP £ T o Ryl
SRR B el RS e BB EA KRR I s 4

S S T S

3.3.14 & * & Bix (Western blotting assay)

FT B LA A4 b s transfer buffer iz B2 /s oW 2 B K g X -PVDF
membrane ~ SDS-PAGE %%} ~ jg /A ~ & % (12} % 12 transfer buffer iz ) » #-44x
SAFE PR T A TR f R Y o Bk g - A2 T AH 0 - transfer
buffer /276 & B T A4 » 2 300mA Tinie 60 445 o B~ &= = 2 PVDF
membrane - ¥ > %5 if £ 2 [EfE % @ (blocking buffer; 5% skim milk in TBS)

Gl g R FRTURTES LR IR B WH AR R -
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B (Mouse anti-His-Tag antibody ; Cat. NO. MCA1396GA > AbD Serotec >
Kidlington » UK) o B~— # % 24 B = :# » 2c }+ blocking % = 2. PVDF membrane -
WA O R R F o B BB R ok 3 % AR
PVDF membrane } e & > 12 4 82 B aliie ) £ AR A B ¢ o -H 20 47
TURFTEF RIE R B0 PVDF membrane > ¥ » %3 washing buffer (TBST)
T g N ERETURTERY 350 A 10 A4 e dod A BEE - iy
(Goat anti-mouse 1gG HRP conjugate ; Cat. NO. 62-6520 > Zymed laboratories) » %
FRETURTRFRL)PFF =22 1 PVDF membrane > ¥ » %73 washing
buffer |- £ ¢ >t BT N EF Biv* 3=t 5 =x 10 » 48P 1 ml oxidizing reagent
F= 1 ml enhanced luminal reagent »/¥23 % &= % PVDF membrane > 2_ {5 & i #
Fujifilm LAS 4000 P& 4p > £ *.Multi Gauge.analysis<software Version 3 42 47.% % -
vk s 2 o] B BoGRI B R G R 5T T SDS-PAGE Rz W p 0 ¥
i& {7 & & {r blocking ¥ - #- PVDF mefnt_alrarje S 2mm 4 o) o £ 12 hB,GPI 513
A s ) B2k i o PO R e ﬁi—%? A $100 (= it S 1gG) - 41
= 1:25 (= %348 5 IgA) > #4-3 %“ 4°C‘r‘,‘u @ BE eI & & 0 2 washing buffer
i & 1 PVDF membrane s >3 £ T TR F R EY 4= > 50 10 A4 e WK -
4748 (Goat anti-mouse IgG HRP conjugate) ™ f= i % =% 4§ (1:10000)# Goat
anti-mouse 1gA HRP conjugate (1:1000) » ** 2 B T N 2 BF B 1/ FF - F B %
£ P~ 1! PVDF membrane > 12 washing buffer ;= /& # i# PVDF membrane > »* § ;8 ©

NEFEET A% 0 E 10 Ao 4t EHME S R A o
3.3.15 B W= s34

B RZ e 4732 + GraphPad Prism 4 #c#8 > % % B2 mean ¥2 SEM #

7T o5 St E S R 2 2. Mann-Whitney test 0 o 8 3% % % 0.05 - *, p<0.05
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341 ™ E.coli # %9 %34 R | & B,GPIl }-v
Fli ~F %A% human B.GPl Rac ] & > 5 1 I Raga | A 4
anti-mouse immune response > #x2% 712 E. coli % B 3F-v & Sv& ] & PGPl #-

AR R R AT BT A4 p g -

342 M E.coli # %% s3miE2>E 2 ) & PGPl 396

4@ {1* pET303/CT-His 4 (W= B): 14 E.coli £ Mp-s 4 i# | &
B.GPI & 39 (Blz A)> g‘iﬁm“’?ﬁ%ﬁ.ﬂ?i?%ﬁﬂkﬂﬁ* o FHRESHT A
37°CH 7 ik 2 IPTG (B kR 5 0.1~ 1% 10mM)E % | & PGPl > £ 34
2O FERT L 12426 /J‘B%’ e S i IPTG kB 2 pF > 55 Coomassie
blue & ¢ » %% ¥ & P kgemband IR (Ble A) o f 8- A d > % BEE A AT
P A LR OPl R LG iR (W2 B)o o SRS R PGPl 2 £ b5 4T

R 2 o

343 M E.coli # %9 i3 3»1] & B;GPI P E
F1 5] & PGPl 2 £ s B3 AT R AP AL RS B30 (37 1-133
Bredm (Fle AdAMR)  F %5 2dedaf > & 37°C 17 pikR 2 IPTG (bt
ER L 011 10mM) % | B BGPl v 2 ¥R 52 2-4-6% 8]
o g % IPTGER & > i Coomassieblue 4 ¢ » &% 4.2-4-6 %
8 P4 MAEhband I (Bl= A)» RiE— % Al > LB A BRET
BARRERZE A2 IPTGAR%ERT %3 %% | & BGPl 3v #1 (H- B)>
FET IPTCEMER S IMM F 8 6 | FiTi 2.8 x £ 2 F-0 pF¥ cif 2

T2 o

3.4.4 4% hB,GPl 514 @acid s 2 | Kzt 2>
A RAZ A FESRE N R BB T R4 (RN) 0 F &)
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£¢ 7 BALB/c ¢ C57BL/6 /| &lA fa 5 4 » 4 A L A% et HBe » F o]
R aeit s hBoGPl iR £ 2% CFA ¥ &g | B > 2 {8 Pl vt 8453 hB,GPI
REIFA P RAC) B B ) BRI TS PBS e & [ A i #] B
BB B~ @ 5 F e R anti-hBoGPIIgG & IgA > © & % 68 2 143 4] &

| ERAEGS o BorsE e h A e 4 F B o

3.4.4.1 1 hp,GPI 257 C57BL/6 2 BALB/c-] &2 2 3 £ 2. anti-hp,GPI IgG
#& P & anti-hp,GPI IgA & 3

d %87 (R4) > % C57TBL/6 | & » %% 57 | B a4 > ) BHE
R A 4 2 anti-hB,GPl 1gG 7 3 46l & % 4 B3 E (B4 A FH#EE > &
BALB/c /|- & » % ¥ 3< 7¢/] E?B*P“"mig droa] BLRER A2 2 anti-hB,GPI IgG 7+
oo ¥ A% 4xE AR E (B4 B) ztr‘r PR BEARK) ATV /] BAA
% & 2. anti-hB,GPI 1gG - @ &CS?BL{@ J E"Zi BALB/c /|- &l 2 p 2_ anti-hp,GPI

IgA > A% ez YR BT AWM LS (EH C,D)

3.4.4.2 1 hp,GPI x5 C57BL/6 2. .BALB/c - o) BRA A (s 2 0] BUSRR e 3 2

% 7 3t autoreactive T cell 7% B2GPI peptide 2 epitopes > F]yt #4 i 41 * 15
£~ human B,GPI peptides (% — )2 human B,GPI protein {1 ;] B -5 w5z 3 4 >
dF B RR T ) R 3 K RATHs 2 e s 4§ % » C57BL/6 2 BALB/C /| &
¥t % ~ £ human oGPl peptide & 7 * & (Rl A, B) > @ human B,GPI protein
%3 & BALB/c /] &3 F J& (Bl B) - ] K5 4 st RATE 2 w4 5%
C57BL/6 2 BALBI/c |- & %> % — £ human B,GPI peptide % + * & (B-+- A)’
POARROY) BG 3 N RATIS 2 e 4 0 5 4 SR ATIS 2w e B 4 18 ¥ human
B.GPI peptide &~ g~ » 7= CPM E#2% ° F $k# > human B,GPI protein ¥
% & BALB/lc | Bt F 5 (B+- B)em | R 7RI meH2 sk &
etz wmag (B-L=) B8 F %- BF B+ o Fidaip oGPl peptide % ~
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Fo¥ % - g7 i #_autoreactive T cell ¢ $:3 2 epitopes -

& 0 % s AP L BALB/C | 8 A 2 anti-hB,GPI IgG »< % 1+ C57BL/6

KN

‘!H‘ ) * '-L‘ i; ﬁ‘rﬂﬁ 56} ’}} BALB/C 'J‘ &‘\,A ;%' %i}‘\‘ °

3.4.5 1% hB,GPI 31 @& s ] Bi:V2 22 %P ) {44 anti-mouse
immune response

FEALA 4o (B =) BALB/c /] &4 % 2 % ;group 1: rPgwed 8444
PBS #* CFA 3¢ & » 2 {5 |2 IFA 3¢ & 5 group 2 © 14 #L it it hp,GPI
i £ CFA ¥ 5A¢ ) B 0 20 15 B r2 Mot bt hB,GPl iR & 3 IFA ¥ A7) & o
024682 T7THRFHL B"f‘*ﬂ_ 7 " RlE anti-hB.GPI IgG ~ IgA ¢ total IgA
Z kR 2T & BRI RacHE & 3 A 2 anti-mouse immune

response - % 14 FEP EO TN H AR (S o BORTER S O~ MR 5 o 3L

PRBRILE L - N

3.4.5.1 r2 hp,GPI %%t BALB/c - J ﬁ{féi.n. rﬁ"“ anti-hp,GPI 1gG = 3

R AT e 3 Bl P g 12 ELISA = 58 i#] 2 anti-hB.GPI 19G k& - % % &
7% o NE % Y e e o group 2 2. anti-hBaGPIIGG 2 £ 7 4 4e (Bl = A)» @ groupl
Ko VEP ] BRAAF om Ud S REZ R LGP anti-hBGPI IgG
LEEFR G ¥ 4% ] 84 A4 anti-hB,GPIIgG (= B)> d st i % @i

ELISA & g Mt & 3 L gLz 3 o

3.45.2 hp,GPI =47/ &t » & 2 anti-mouse B,GPI antibodies

A g kB FE R ATH BV A& 4 anti-mouse BoGPI antibodies ¢ i %
B o 797 14 % o LR st hB,GPI iR £ CFA & IFA eh¥ 327 5 4 &
[ &5 & 2 anti-mouse PGPl IgG (Bl 1 ) » d ¢+ 7 &P 1 hBGPI k47| &+
TR R a X () & > & 4 anti-mouse B,GPI antibodies -
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3.4.5.3 14 hB,GPI %% BALB/c -] &1 2 &  anti-hB.GPI IgA £ total IgA & P
B3 4

PP B AR e i B P2 R anti-hBoGPLIgA » 5 % &m0 & e

F AR T BN RFRAPER R eh B (RS~ A)e gt eh o] BLL G total
AL Hitem H e (B2 B) -
3.45.4 11 hB,GPl 5=  Rig| R | &1s 325 4F145F~),%;“'%1L

LB vEid b PBS iR £ %Y CFA 2 IFA 50| 8182 19 vz 54 hB,GPI iR
CFA & IFA 5ae | 815 - &% 1434k | B ] R PT T 9% - g
2% > 11 hematoxyline-eosin (H&E)A ¢ > 3tk & B e ™ » LB B E 1 - B

RET O RAC BRI G A A R ZRE (Bl S) -

3.4.6 §1* hp,GPI £2 DON 518 :§ 47} tij,‘g ) RN 2 2 2

F1h P s R Rk A B g_i anti-hBaGPLIGA » & £ 4 5 % 24
3 ELDON 7 i 2 s i IgA 3 F %2 i I B8+ BaGPI 22 DON 11 55 &1 »
#% L RAZ B E anti-B.GPLIgA antibody o A2l doB] - N A 1AL IEIE b
hB,GPI ;% & ** CFA 34t BALB/C /W& s & & ¢ 12 #g w1 b4 DON X #¢] &
{85 e 3R] 2 hBoGPl R & 3% IFA boost /] & » ¥ ¢F L 12 #g9=i3 &+ DON » & [
— £ %91 5+ DON in PBS boost /| &  # [f 5 @ # ] &P § 4w B i

2 jp] autoantibody °

3.4.6.1 11 hp,GPI £ DON 1 & j# 3142 & ¢hanti-mouse B,GPI IgA F /&

F oS %RM T o K2 &7 § anti-human B,GPIIgG ¥ J& (%% # X 3R) -
i3 A4 anti-human oGPl IgA (B % A FR) o peb > &% 4% ehy 12 % 2
g E“'uj}qu'E 47 anti-mouse B,GPI1gG A2 4 (B+ ~B)> " ¥ § 3% 14k - &
X0 ] B4 L4 A4 P A2 anti-mouse B.GPI IgA * & (B+ ~ C) -
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34.62 11 hp,GPl 5w k%50 R KL L A2 PR pBEEN
g v gt hBoGPI R & % CFA kAt BALB/c /] 8> & 5 ¢b i #g w3 &+ DON
RKAC] B0 2 {54 I3 W) 2 hB,GPI iR &+t IFAboost | & » F #h L 12 sEved b
DON » & Ff— i £ 14 % ¥ix s+ DON in PBS boost /| & = &% 15 ¥ 4| & » |
SRS BT T~ % R % > 1 hematoxyline-eosin (H&E) % ¢ » »+ k£ &
BMABT™ BEREZELT S5 T R RIERX A2 2 g8 X2RE (W

__L,L)o

34.7 1% hB,GPIl g2 Alum 314 a0 % s -] RS 242 &

Fu R sk AR | E @ Rkage) BUA A anti-mouse BoGPI IgA > #&:xt Alum
% adjuvant » #p ¥ | & 2 4 anti-mouse-B;GRLIgA 4 4z /5 = - A 1L FEVE B
10ug hp.GPI ;& & > Alum:3k ¢ BALB/c |- & 5 2% & fg & 3% 12 2ug hB,GPI & &
*+ Alum boost -] & o & Fg & iF #-1]: E:Rﬁl‘}ié:}am P~ 18w i 1L 3R) autoantibody -
3.4.7.1 r2 Alum ¥ adjuvant.i® ?’%,a‘: * 31""% - & anti-mouse B.GPI IgA * & » »
#& % & 2 anti-mouse p.GPIIgG

F oS % o o ) &3 A2 anti-human PGPl 1gG » 25 A # anti-human
B.GPI IgA (Bl= + B)o ¥ ¢k » it iz ] & B,GPI % & 3¢ 55t
SDS-PAGE #} g p »igm fl* & > B2 P 7 Uitk A %%
Bgor oo &% 22 anti-mouse BoGPI 1gG (Bl= - C)> ® 7 X5 anti-mouse B,GPI

IgA = B (Fl= * D) -

Z By EM PGPl A garH S ap ik 2 - (Yang et al,

unpublished data) > F]t 24 i 4] * hB,GPl 3%/ BU1s » # ¥ 7 gk &4 % @t
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anti-mouse B,GPl antibody > * w3 3% 143 > » P 7 g X2 7 & -] & break
tolerance i 2 4 p WA A& oo d W E PRI g H L i FIgA S 7 o
HAPEY)RSAT A4 FE 2 IgA - 4ot F 22 antiphospholipid syndrome (APS)
2o BB R W] o F AP e B4 ~ DON % 12 aluminium g adjuvant {é £r &
i 314 ] B anti-B,GPI IgA & # a4 o

Bt A id o] B human BoGPl 2 ] B HSP # 4~ 3% 4345 5l HiEst
(antigen mimicry) (T % @3 aL | HatL 242 2 pRALEF B o F2 A 5pee)
£2 PGPl 3= ¥ T0%=ihps B 78— 4% F)pt A 41 * human B,GPI 5 &
RS AR R AP SRESET 0 | &7 &4 anti-mouse B,GPI
kY o b 2 % 27 Blank et al Bk mﬁﬂ T A2 (60) - F15 B.GPl 7= 5 APS 2 p
WHR 2 - > 2 APS | R ¢ > Bl v 18 36 tail vein & ip.> 5864
18 788 antiphospholipid antibodies (aPL)i T AR p R PGPl Rt
;¥ BiEM FE ) BLA A APS o it %fﬁ_':p_G\haravi etial. )2 aluminium % adjuvant
¥ i NIH/Swiss |- & & 4 anti-B,GPI IgGiﬁﬁg (66) o ™. F i e B 2 aluminium

% adjuvant ;& & * hB,GPI 3ace] & fs -] &L A A anti-mouse B,GPI 19G +48

=

EET R AL S (NBA) L LR EY ] B - R R R A
#io ] KA 4 anti-mouse B,GPl 1gG e ¥ wc ¢ % % > E\'—ﬁ FlLAPE LAY
B BUBGPl 3-v (1-133 %=fkpk) > ] RV v Ht PR IO G F B A F T A
¥ b BB Gee (133-326 vezk k) E] B € inihepitope o fh2 o AP SR
M3 2 5 human BoGPI 7 =l dL & @< % - BLA 4 anti-mouse B.GPI 1gG »
R RIXGAAL FFNZREARS FT R RA L 2 p WP T ¢
A 2 anti-endothelial cell antibody » & - &P - HEF € 5 :)ﬁ;g% L oo

Al A A Bl& & > C57BL/6 2 BALB/c /] &2 human B,GPI 3% 57 » %
% &5 > BALB/c /] &L & 2 2 anti-human B,GPI » & #.4E ©_- % Katzav et al. <%=
TR R k] BB GE BT R O(67) 0 ¥ ot 15 CH57BL/6 2
BALB/c /] RF R L £ F 5+ F > &4 C57BL/6 2L & &2 4 Thl response > @
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BALB/c i & F_& 4 Th2response (68) - ¥ #F » 2N 4] * & f& iz #& : CFA £ Alum
& B,GPI kAT B0 % AE 7 o 10 CFA 4 1541 »c % # Alum + > #] % 2 CFA
AR KA 2 B £ 2 anti-human B,GPI+=48- 2 ¢ 514 | & 4 # anti-mouse
B.GPI k8 » ¥ 5t #_%] % Freund’s adjuvant ¥ ™% & 4 (X% P BEF B @
i hdoe i il Ba AlumRBIE 5 EFT 2 R S5E 2kt
fizA A (61)

Pestka et al.§]* B6C3FLl -] & » 4k & > ;X %4 25 ppm 7 DON # 4§ & 24
o BEET o s IGA LF ARRP R P HEEIE 2450 0 A7)
3 mesangial IgA 2 /g » B PF > @ e FIR) G ow RS R FehA 2 0 &
iz 4 4 e57 IgA nephropathy (63) o f2% 9 erf S # o SN 00w B vEIE 62 L A ] B

DON > & | R i & # %8 22AgA L faipivoas 7 F1E d 20 IgA 1 & 5% i 47 o

&
b
H
T
i
=

gl
ER
Vg

e 5 & 5 f@f R DON G * Z 2 e ) B/

DONMJ~E"‘J§;§_2‘_IgA°»:?!‘»‘S{E;"DONmﬁ%bl%lﬂ RuEi2a2 3

=k

2_ IgA - pt et > 7145 CD40L & T-cell- dependentclass switching % & 1%+ » & in
vitro F % » B 22 TGF-B en¥il IF"* 514 IgA class switching (69) » & &+ ¥+ 14
f]#* CDAOL ¢ TGF-p «ie# - IgAclass switching - £ iﬂz ol T IUAARTE B et B
A X BN F g AD T BLUgA(T0) F ¢ T BT 20-50%:0% %
BT o A OB A PR A Q1A F ey b Bt e RS T Y 48
e B G adjuvant W RAC ) R Y He g A2 3 E2 IgA L T A
IgA nephropathy z_ # 4 ;% e ddY -] & (71) 2 hyper IgA (HIGA) | & (72) 7 #
I A

A Ecoli £ T % A L 2 £ 2] B B,GPI eh g 2 5 3 13015 4 ehs
it 5 ¥4 ] & B,GPI 2 human B,GPI % 3 326 3=k ik » F] # | B B,GPI & 4%
Hattori et al. (73)h~ i A » B # & 1t 7 % — £ & PGPl (M sk ik 1-133) 10 2
p 3 a7-] & 2 autoantibody &_anti-mB,GPI antibody » 2t i chig & FEF ] K
$ PGPl # B dd FF A fbc @ * BRI B BGPI F £ dd T2 B M7 %
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TORIR] P &30 b (17KD) 5 B W R B] < o] 5 34KD chd-v > ¥ s A5 5 dimer
oo FaaF R R PR 2B o TR {82 0] B PGPl B B
FokR = M gz 1 ELISA = 34/ 8l i ¥ autoantibody « 4 3 & 11 *
EBEEFEP ] &3 A2 anti-mB,GPI antibody - 4 ** ELISA = 3% 12 human B,GPI
v coating ek & £_0.5 pg/well> » 2L 4] * & = & 272 o mouse PGPl v jk
K % 05 ng/lane » & &= ;N1 * ehj-v Jk AR 4p £ 1000 & > @ & > % BRiE A0
denatured 3-v - # % % ¥ 5 3| band~ A F & < o R ﬂf %14+ (false positive)
PEBMRELISAR c ViE- BT AR I EY L P e ; & denatured
-0 ¥ AL € B A native v ch- 4t epitopes #Efr 0 ¥ F] i ELISA AT i
(BlL =) F)ptE4* ELISA 3 5¢ ,P'J [P e autoantibody 0 &% € F OB D
#iE o

B2 NP REMD 7] &7 human B.GPRI #i& 2 # 4 anti-mouse B,GPI
lgG e & miZ R H A2 3 £ 2 anti- BZGPI Ig ¥ iE 2 B ATE K s 2 o] B

B Rl A F LT e }
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e 8

i+

WA g 23 ¥ Leahx P L AR BRI R
JI%ML,F IgA £ %3 » A PP R 5 F R ér’}_@g{]"}#j}i]ﬁa&7ﬂ_lﬂ
POAL-17 7 R e ¥ GBS sk 4 2 ki B k2 IL-17 secreting T
cells &2+ i @ IL-17 3 BRE Ry o84 w LIFN-y Rl@ £ 8 -0 2 7 e

WA s ¥ A ALThL7 LA Hehp AR AR o ¥ b > ARG PGPl 7 v &

s ,J\

3
—%
5%53

WEACH Y saE e p B FLR 2 — 0 F)P A 2 human B,GPI kA7) 8 e
RAEZ WA g 2 A 0 BB A e kg ] BA 2T

anti-human B,GPI IgG- » # 4 7 anti-mouse BoGPIIgG » J& > »* Z M 7 i %+ human

Bﬁm?ubﬁ¢ﬂiﬁﬁﬁﬁéié%i&ﬁ@o%?éiﬁ@%ﬁ%ﬁﬁi

R 0 Bl 0 T 2 io.r-

o .
-

1
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W -~ ERCHE R A Lk L7 § R R o

S ——
600+ ° 13004
°
]
500+ 8004
= 4004 =
E = e E 300+ ng" .
2 300- oo 2 - ®
— ] PP —
~ ("]
= 200 L oo N 1004 .
= = ] — = —eay— °
1004 o... L]
4 sl =~
0+ _.m © csssseene’s o
Control HSP Control HSP
D.
800+ 2000+
600 a" — 1500 L
E (=
= ]
2 004 0% E 1000-
= Hgm > [ ]
3 .... ... ° uZI_ 500 .. ..
= —a—a ]
200{ ~ mEmET YIS = T ®eqe°
Il.l-. 00 o0 n_unul AT LA
5] X °
0- (O 2 )
c T T ] ]
Control HSP Control HSP

2 ELISA % 8 et % s s A 2R s iF ¢ (A)IL-17 > (B) IL-23

(C)IL-21 > 2 (D)IFN-y z £ B - *, p<0.05 -
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B.
- 3 400-
(%]
s . .
o L)
- ) o® = 300 °
2 £ 200 o:
N~
é 14 - ® ‘_Tl
~ [ ] = o
A —_— . 100 oe®
=
~ L [ | °
=0 ; ; 0- :
wlo culture culture w/o culture culture
D.
) 30+ 15000+ ®ee®
2 °
Q
- =
o 204 £ 10000+ ®
£ B
o
§ =
[ ] >
&3 104 ° : ] %
- E 5000 .
1 . —
E . L " ° [ ] °
S 0 —Eg ® [ °
° 0
1 ] T
w/o culture culture w/o culture culture

W = ~ #F:¥x Hyrakz2 IL-17 secreting T cells ~ IFN-ysecreting T cells ~ I1L-17

BAFN-y Rl E AAR X T X BT AR ETERIESF -

PFAZFRE PR T XS E {18 ) FF (culture)® ¥ 1% 18 | ¥

(w/o culture) {4

rpn N smre kA 45 (A)IL-17 secreting T cells (IL-17°CD3%) 7 4

¢ (C)IFN-y secreting T cells (IFN- y "CD3")F 4 1+ o i 12 ELISA % & # } Fi%

¢ IL-17 (B)= IFN-y (D)2 L B -
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*
P
4
5 700+
2 [ ]
8 3 = 600
- 3-
=} = 5004
£ £
g ] S 400
5 21 oo S
g " . = 300 .
~ g :' — o = 2004 -
' %o [ ] ]
= °
= a" . 100 . L
(4 ﬁ
=0 . T 0 - Sapas
Acute Convalescence Acute Convalescence
—~ 12.54 150001
2 " ' -
[}
: 10.0
o & E 10000 o®
£ 7.5 \g n
° ) = u
3] —_—a
i
g s ut Z  5000-
N [] ° L
Z 254 ® "u
= °e®
= 00 = L LP 0 " ®agel
Acute Convalescence Acute Convalescence

W = &EHETE SR A 2 [L-17 secreting T cells 2. F 4 v &1+ g ¥
IL-17 &+ 2 o

I E R B E TR s A L kB P s £ T R (S F 18 ]
1S dm e kA 47 (A)IL-17 secreting T cells (IL-17°CD3")F 4+ 2 (C)
IFN- 7 secreting T cells (IFN- y *CD3")F 4 +“ - 2 ELISA % # # Gk IL-17 (B)

o IFN-y (D)2 ik B - *, p<0.05 -
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GRICPKPDDLPFATVVPLKTSYDPGEQIVYSCKPGYVSRGGMRRFTCPLTGMWPINTLRCVPRVCPFAGIL
ENGIVRYTSFEYPKNISFACNPGFFLNGTSSSKCTEEGKWSPDIPACARITCPPPPVPKFALLKDYRPSAGN
NSLYQDTVVFKCLPHFAMIGNDTVMCTEQGNWTRLPECLEVKCPFPPRPENGYVNYPAKPVLLYKDKATF
GCHETYKLDGPEEAECTKTGTWSFLPTCRESCKLPVKKATVLYQGMRVKIQEQFKNGMMHGDKIHFYCKN
KEKKCSYTVEAHCRDGTIEIPSCFKEHSSLAFWKTDASELTPC

|7 o [PORSAPTS - .

PET303/CT-His
5369 bp,

.

Comments for pET303 CT-His

\ I |
5369 nucleotides y 4 ! |
T7 promoter: bases 20-36 : l : ;: |

T7 promoter priming site: bases 20-3é h l
lac operator (/acO): bases 39-63 ] A ] l
Ribosome:binding site (RBS): bases 95-100 (‘1

6X His Tag: bases'119-136 T LS \
T7 reverse priming site: bases 186-206

T7 transcription termination region: bases 147-277 ‘
F1 origin: bases 287-742 \
bla promoter: bases 775-879

Ampicillin (bla) resistance g‘enei.b'ases 874-1734 -
pBR322 origin: bases 1945-2678 (c) ~ . =
ROP ORF: bases 2920-3011(c) - .

lacl ORF: bases 3914-5032 (¢)

(c) = complementary strand

W =~ ] & B.GPI (MP,GPI)*= kit & 7|4 pET303/CT-His {4 -

(A)] BUBGPI 2 £ 2 =k pe B 7|(% 7 326 Br=ghpe) » 3145 /| B PGPl #
Bk e B 7(1-133) 5 (B)pET303/CT-His 48 41 * y* § 1 £ 30 & s & 3R] &
BoGPI» 12 L4 s =7 2] (Xhol 2 Xbal)#-| & PGPl & Fl4% & i8 3 (4o 5977 ) >
#F 3 F Ampicillin £ 7]> =+ * Ampicillin & 3% clone; # % 3 T7 lac promoter »
T#-F6 AT ¥ 4 6xHisTag > ¥ * Ni* column & it 3o o

36



( ) ( )

Purify mouse 3,GPI PCR product Check plasmid with
and pET303/CT-His vector restriction enzyme digestion
- @ J - @ J
e N s D
Digest the vector and insert Sequence the expression construct
L with Xhol and Xbal ) to confirm mouse B,GP! is
@ in frame with C-terminal 6x His Tag
g . - n! J
Ligate mouse B,GPI into the vector s N
L ) Transform the plasmid into
1l a BL21 E. coli strain
p N for expression study
Transform the ligation product into ~ @ -
competent E. coli (DH5a ) g <
- J
1l IPTG induction
Select clones and perform @
colony PCR s N
~ ~ Use Ni2+ column to purify
@ mouse B,GPI protein
- J

W I~ /& PGPl ™ E.COlI'EIR % st 2] o

F % #2 i| B B,GPIPCR A 447 pET303/CT-His {48+ £ 41 Xhol = Xbal
"I FE > 2B 2 | B P,GPI DNA % Vector DNA 1 ij 1 538 & i i¢ (7 DNA £
EF o ZEF EIERS 0 #4% ¢ S EcoliDHSa » @ 2% 5 2
thed2 ¥ 12 colony PCR = X 438 3 4 FAE 2 o tho 2 15 12 106 9T A A 45
£ IR B AR 0 @ (8 AR F] T b (SRRl o B 5 ] K PGPl A Fl2
A » EcoliBL21 - £ 2 IPTG 3% | & B,GPI 3% % 312 Ni** column

itz o
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1hr 2hr 4 hr 6 hr

B.
o RIS T
2 hl’ 1\!:'& % 3 'R.j'::_A . /8
P10 01 1 10 “1- 0 LAPTG conc.(mM)
&
O\
. t— - § e
n— 3. &
4
o] N
.~ ‘?\,
> &
- v
— > __.__y ooy ¥ W s
)/\: . ‘:}.;‘ ~ L:?/ .
,J_r‘\.) - PG

W &~ A R2E RGPl 36 2 %é—gvl

& 37°C 2 IPTG #% | B BGPI > £ 3-v (43 £ 4 38kD) % W2
SDS-PAGE » 41 #* IPTG & % k& 5 0.1~ 14~ 10mM %% | & B,GPI 31 % I »
FEBEEL 12426 [ (A): L% (B)F * LBk fEint %% 1 & B.GPI

v %I o P % positivecontrol > 2 3 5 HisTag ehd-v 5 th& o
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2 hr 4 hr 6 hr 8hr

10mM|PTGM 0 01 1 10 01 1 10mMIPTG

ll"“\h <

10—
B.

" 4hr 2 hr

101 10 1 01 0 M IPTGconc.

(mM)

34
26
17

10

W =~ &37CT M IPTG# % | & foGPl ¥ B3¢ (RAR 1-133)* £ 4R -

& 37°C ™ IPTG # % ) & PGPl ¥ & 3-v (A3 89 17kD) % R 2
SDS-PAGE » {1 * IPTG 5. % kA 5 0.1~ 14c 10mM 3% % |- & B,GPl 3¢ % 3R >
AEER L 224628 pF (A)-F£ 1% (B)F > R 8E AT A% | R PGP
Fod AR H2 5E IMM IPTG 35 6 | P54 g £ it 2 o P 3 positive

control » 1 7z 5 HisTag th3-v & & o
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* : Blood sampling

* * * * * * * *
0 2 4 6 8 10 12 14
Week | | | | | | | |
| | | | | | | |
hB,GPI (10ug) hB,GPI(2ug) hB,GPI(2ug) hB,GPI(2pg) hB,GPI(2pg)  hB,GPI(2ug) hpB,GPI (2 ug)
+CFA +IFA +IFA +IFA +IFA +IFA +IFA
i.p. 200ul i.p. 200ul i.p. 200ul i.p. 200ul i.p. 200ul i.p. 200ul i.p. 200ul I
1 ;
Sacrifice

Mice : BALB/c and C57BL/6

W ~ > hp.GPl 31 % @i s | BN 2 %es (1)

BALB/c # C57BL/6 /| & » v/ #gkxi1 5510 ug hB,GPI i 4 +* CFA # xic/]
8 (200 pl) » 2 f5 & R ik 1 2 (g hB,GPI ;& &3¢ IFA boost -] & (200 ul) » * &
W B R R anfi-thGPI 196 # fgA- ¥ &% 68 2 14 k| & ;

,,,,, : veit id PBS « 4
En=2,; 9wEn=4-.
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1.61 -& hB,GPlimmunized mice

1.4 -e— control

1.2
1.0
0.8
0.6 1
0.4
0.2
0.0 — T T T T T T
0 2 4 6 8 10 12 14
weeks post immunization

anti-hp,GPI IgG (0.D.)

- hB,GPlimmunized mice

1.64 —e— control

0.8+

0.4

anti-hB,GPI IgA (0.D.)

0'0 I \J L) J ) | ' L
0 2 4 6 8 10 12 14

weeks post immunization

anti-hB ,GPI IgG (0.D.)

anti-hB ,GPI IgA (0.D.)

- hB,GPlimmunized mice

1.6+

1.4 -e— control

1.2

1.0

0.8

0.6+

0.4

0.2

0.0-—r ? T T ? ? T
0 2 4 6 8 10 12

weeks post immunization
2.0 -m hB,GPlimmunized mice
—-e— control

1.6+

1.2+

0.8+

Ll l:y“>"<:>1—.

0.0 T ) T 1 T T U
0 2 4 6 8 10 12

weeks post immunization

W 4 > 72 hpGPI %] R # 42 8 £2 anti-hp.GPI IgG -

C57BL/6 (A, C)22 BALB/c (B, D) - & # ¥ anti-hB,GPI IgG (A, B)* IgA

(C, D) o | B ik dcen 48 (I9G 1:5000 5 IgA 1:3200) % » 41* ELISA

i1 anti-hpoGPI IgG & IgA - $tpe 2 n=2; F % 2. n=4 -
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A. C57BL/6

800+

7004

600+
500+

s
o 4004
3)
300-
200" ""@”
100
0
SNV X0 0A 0000000
(o)
® Mo
Feo®
R
D
B. BALBI/c
600-
500-
400
S e B o
o 3004
o
200-
100
0
SNV E606A 00000 0NN
[o)
» S
NN
@%@»@

W -+~ 2 hB,GPl = st Rkag ] Bis2 | R 4 o

C57BL/6 (A)] & & BALB/c (B)-| & » 5 = = IkAgis » B8 | B2 %5 w22
2 B,GPI &8 ¢k (in vitro) #] e % 4 > 4c » [*H]-thymidine16~18 -] B {4 r1 B counter
3+ 8 [PH]-thymidine # £ (72 CPM 4 7) - 44 7 2 cellonly % £ % 2 cell only

3®%e3CPM e n=1-
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A. C57BL/6

12004

0

o L
&

B. BALB/c

3000+

25004

2000+

1500+

CPM

1000+

500

0

VoV
K

W - ~ 1 hB,GPl Br & ka7 Ris2 | REFimre 32 o

C57BL/6 (A)-] B &« BALB/c (B) ] & » [§w X 3kacis » B8 ] K2 Y%K mve
11 B,GPI &8 b (in vitro) 11 % 14 > 4o~ [PH]-thymidine16~18 -| B {4 12 B counter
3+ & [°H]-thymidine 3 £ (2 CPM 4 )« # 4 4 7 2 cellonly 5 43 2 cell only

3 & ¢ CPM < n=1 o
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20000+

150004 === ===== === mm =

W L=~ 2 hBGRI &= &k RACP R {22 | AR mre H 3 o

C57BL/6 | & » § = =t RAr (s » P~ 8| &2 8K mPz 12 B,GPl %4 “F (in vitro)
flgew % 15 e~ [PH]-thymidine16~18 |- & {5 & B counter 3 ¥ [*H]-thymidine %

£ (2 CPM £ 7) » # M &7 rrcelbonly 524 % cell only 3 2 cn CPM = n=1 -
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* : Blood sampling

* * * * % *
1 1 ! L1 T
Yy
Weeki | i | | 7/ i
I Sacrifice

Immunization

Name | Immunization Dose : WO : 10 pg hp,GPI/mice
W2,4 : 2 pg hB,GPI/mice

Group 1 | PBS+CFA/IFA i.p. 200ul
hB,GPI+CFA/IFA i.p. 200ul

Group 2 Mice : BALB/c

W =~ hpGPl 318 A% s BHN 2 R AR (2) -

BALB/C -] &4 % 2 & 5 group 1> 12 #g#z;3 s+ %55 PBS g7 CFA ka7 ] & >
2 s R0t IFA 557 &S group2s v g vt sE10.ug hBaGPI iRt &+ CFA @ 5%

7’0;1

I B (200 pl) - 2 i A iR S 2ng B GRIGR £ 2% IFATE Rag | B (200 ) -

A5 0246 T3m fdis B&%E!i;‘;%_l‘z Rl e 7 anti-hB.GPI 1gG ~ IgA
2 total IgA © &% 14 348 40k B RERARES > BT RR T Y G

7 R ELRERILE T o group | h=2; group I n=4 -
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A. = group I:PBS+CFA/ IFA
Bl group IhpB,GPHCFA/IFA

1.25+
a
g 1.004
‘_3, 0.754
o
O 0.504
N
g
- 0.254
E i
©
0-00'_51- = r—|l = =y
0 2 4 6 7
weeks post immunization
B.
week 0 4 7
hp.GPI = g = % = F
CFA/IFA + + + + + =+

W Ltz -~ 52 ELISA 2 Y3 hp,GPl Rag | Kis2Z st d > S 82 3 -
(A) ] U&7 % ficge P 1:5000 A3 18 > 1% ELISA 2 anti-hB,GPI
IgG - group 1 n=2 ; group Il n=4 - (B):+ 0.5ng/lane =7 human B,GPI = & i1 1
SDS-PAGE #} 2w § b » 3% % # & {r blocking {6 » £ " B+ = 2 /] & jF U IEl
S e 10100 fFE 18 5 - sdidl > @ - il 5 anti-mouse 19G o A% 43R

V2 st PGPl R & % CFA & IFA ] B3 A 2 anti-hp.GPI IgG -
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week 0 4 7 14

hB,GP! - + - + - + - ¥

CRAIFA + + + + + + + o+

mouseNo. a bl121234121234121234121234
I'.‘ | — -

W +I -~ hp,GPl ®Raz2 /| & "?‘ & 4 anti-mouse B,GPI antibodies °
g 2o B BGPl B B e s k&g T SDS-PAGE 2 v > 3%
¥ Erfeblocking {8 > £ Rl = 2] Bk b s - Bkl 0 B Z iR G
anti-mouse 1gG - A% 7 ¥ 14 1¥ » 2 %9 5+ hB,GPl R £ % CFA & IFA #1% 3
2% 48 ) B3 A4 anti-mB,GPI IgG - (a) = positive control » 1+ anti-His Tag

antibody % - %3u88 ; (b) = negative control » ¥ 4v = &l o
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3 group I:PBS+CFA/IFA
Il group l:hg ,GPIH+CFA/IFA

7

0.5+
a
g 0.44
5 0.3
o
Q, 0.2
@
T 04
2 1om ] ' ﬂi
©
O-G ) ] I ) )
0 2 4 6 7
weeks post immunization
B 3 group I:PBS+CFA/ IFA
' Bl group I:hp,GPHCFA/IFA
0.8
D: 0.6
2
< 0.4
=)
s
S 0.21 i |l|
0.0 '-'.- H.
0 2 4

weeks post immunization

W -~ 52 hBGPl &%/ &1 2 & F anti-hB.GPI IgA & total IgA & P 38 £
B o

R e & gt Pk i 1:3200 A8 (anti-hB.GPI IgA) 2 14 1:5000 ¥
(total IgA)is > 1 * ELISA ip| {8 anti-hB,GPI IgA (A) ¢ total IgA (B) - group I n=2;

group 11 n=4 -
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hB,GP!I
+CFA/IFA

hB,GPI
+CFA/IFA

200X 400X

CFA/IFA

hB,GPI
+CFA/IFA

W 4=~ MhBGPl 5= ARFEL | RIGLFAIPHLHART o
YRt b PBS 22 CFA 2% IFA 3T | B8 00 st 84 hB,GPI iR & 2% CFA

RECL RS2 BT o
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* . Blood sampling

DON (40pg) DON (40pg) DON (40pg)
K  ip.aow KX ip aou KX ip oy K * *
0 1 2 3 4 5 6 7 14 15
Week | | | | | | | | 721 |
| | | | | | | | 77 ] |
hB,GPI (10 pg) hB,GPI (2g) hB,GPI (2pg) hB,GPI (2ug)
+CFA+DON (40pg) +IFA+DON (40ug) +IFA+DON(40pg)  +IFA+DON (40ug)
i.p. 240pl i.p. 240pl i.p. 240ul i.p. 240pl s
- & - . - = Sacrifice
Mice : BALB/c
B. ek 0 4 7 14 C.

mouseNo. a123412341234124

anti-hB,GPI IgA

Y

W -~ - 1 hp,GPI & DON RaT B 1819 @72 31 4=-) & & anti-mouse B,GPI
IgA -

(A) 12 353 5+ 10pg hB,GPI iR & »+ CFA it BALB/C /| &5 £ ¥ #F 1 #goziz
& 40ug DON %A%/ B » 2. {5 & Fg @ ¥ 11 2ug hPoGPI R & * IFA boost -] & > £
r Mg AT &+ 40ug DON » = Fg— i¥ £ 12 #E %23 5% 40ug DON in PBS boost /|- & -
PR ] B R B o (B) B 12 B EC] B BGPI Bed G
&2 1 SDS-PAGE # v # pr > 4% F #& & {- blocking 5 > 1 (A)/] 82w 7 e
P e 10100 AR 68 5 — Bdndll - @ - s dnd 5 anti-mouse IgG - (C) 4] Bls.
7 125 3 e > - 4l 5 anti-mouse IgA - (a) & positive control - anti-His Tag
antibody % — & Fut8 - n=4 -
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200X 400X § 20)( 40X
Lung Intestine
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* . Blood sampling

* * * * *
0 2 4 6 14 15
week | | | | /. | |
| | | | 77 | |
hB,GPI (10 pg)  hB,GPI (2pg) hB,GPI (2pg) hB,GPI (2pg)
+Alum +Alum +Alum +Alum
i.p. 200ul i.p. 200ul i.p. 200ul i.p. 200ul i
Sacrifice
Mice : BALB/c <
o
o
o
week 0 4 i 14 @
C D <
mouseNo. a123 41234123412 2%
—e— anti-hp ,GPI IgG
1.6+ - anti-hB LGPl IgA
- e |
a
o 1.2
= . - o -
T 0.8 [~
2
£ 04
5
©
0.0 1 ) ] ] 1 L L
0 2 4 6 7 14 —p
weeks post immunization

W = -+~ 12 Alum ¥ adjuvant.i® & ;* 518 -] & anti-mouse B,GPI 1gG £ IgA
F R o

(A) 12 %L 725t 5+ 10pg hB,GPI iR & »+ Alum Ik 5t BALB/C -] 8 » 2 {5 5 [E & iF
14 2ug hBGPI 7 £ *+ Alum boost /|- & & [ & ik #-] B § 3% Lo B8 o i o
(B) | B2 s iF 4 15 » 12 ELISA i#] 1% anti-hB,GP1 1gG £ IgA - (C) 12 3 i+ 15 2. #
#7-) B BoGPl 39 5 #k &1 3 SDS-PAGE % w H b > 4% % # & {v blocking & >
1 (A) ] B2 PR iR 10100 AR S - Al 0 @ S B G
anti-mouse 19G ° (D)4 /| &l 5 1:25 fF-f 1 » = B 44 5 anti-mouse IgA - (a) &

positive control - anti-His Tag antibody % — & 348 - n=4 -
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% - ~ A 3EB,GPI 2 15 £34 %% (peptide)

Peptide No. hp.GPI peptide

1 MISPVLILFSSFLCHVAIAGRTCPKPDD

2 RTCPKPDDLPFSTVVPLKTFYEPGEEITYSCK

3 KPGYVSRGGMRKFICPLTGLWPINTLK

4 KCTPRFCPFAGILENGAVR

5 RYTTFEYPNTISFSCNTGFYLNGADSAK

6 DSAKCTEEGKWSPELPVCAP

7 KWSPELPVCAPIICPPPSIPTFATLRVYK

8 RVYKPSAGNNSLYRDTAVFECLPQHAMFGND

9 DTITCTTHGNWTKLPECREVKCPFPSRPD

10 RPDNGFVNYPAKPTLY YKD

11 KATFGCHDGY SLDGPEEIECTKLGNWSAMPSCKASCKVP
VKKATVVY QGERVKIQEK

12 FKNGMLHGDKVSEFCKNKEK

13 KEKKCSYTEDAQCIDGTI

14 DGTIEVPKCEKEHSSLAFWK

15 KEHSSLAFWK TDASDVKPC

§oA DR S F e T RGPl (03 3260 B gl ) s & 15 frek

(N0.1-15) » &4 4 7+ & dp
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1. Hank balanced salt solution( HBSS) Sigma-Aldrich H2387

B ke B IR R (S0 1217 38 B &R R (autoclave) 15 > £ §1* NaHCOs3

Bk pH ER = 7.2-74 -

2. Phosphate buffered saline (PBS)

T % 10x PBS e

NaCl 80g Amresco 0241
KCI 20 Merck 529552
KH2PO4 249\ 1, J.T.Baker JTB-3246-01
Na,HPO, 14.4g o Bionovas AS0930

2 s pH B3 7.2-7.4 >4 ddH, O 2 - 2 -

#-10x PBS - 10 B f¢ 7 57 g 200x-PBS -

3. Tris buffered saline (TBS)

T % 10x TBS éhfie >

Tris-base 60.59 JT-Baker JT-4099-02

NaCL 90g Amresco 0241
Z_isAKPHER 745 4 ddHO 2 - # -

#-10x TBS A 10 B 15T 57 @& * 2 1x TBS -

Z N e iR

RPMI-1640 complete medium
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In

RPMI-1640 medium

Foetal bovine serum

1.5M Hepes

200mM L-Glutamine
PSA (4 7] #7577
1000 U/ml Penicillin
10 mg/ml Streptomycin

0.025mg/ml Amphotericin

R E

1L

100ml (10%)

10ml (15mM)
10ml (2mM)
10ml

(10 U/ml)
(0.1 mg/ml)

(0.25 pg/ml)

Pentobarbital sodium<'Ci;H;7N;NaOs

Thermo SH30027.02

Biological industries 04-001-1A

Lot no. 215538

Amresco 0511

Biological industries 03-020-1B

Biological industries 03-033-1B

SCI pharmtech 051100

(8% WEF )

% 5mg # % 4 » ImFPBS(CIk B 5 5.mg/ml )> =41 %.0.22um filter (TPP 99722)

Wi ie v @ * o A EHE S50mglkg s - &~ ToaaE < BB E G5 209 o

FC 8 2 b 200pl % o

~ ELISA #7F #3|

anti-hB,GPI IgA & 1gG coating buffer £ wash buffer

1x TBS

total 1gA coating buffer

carbonate coating buffer e = :
Na,COs

NaH003

1L

0.8g

Merck 106392

1.469 fok s & < g4 198-01315
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4.
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7

NaNs3; 0.1g Ferax Art.-Nr.11 112 25194

A 5 pH 3 9.6 » 4 ddH,0 Z 500ml e

Washing buffer (PBST)

0.05% Tween-20 in PBS fiz = :

Tween-20 500ul Sigma-Aldrich P5927

1x PBS 1L

Stop solution
2N HySO4 e = -
97% H,SO0, 55,56m| ., 1TEAE L %% § 4k 192-04696

ddH.0 L/ odaagml
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SBAE G | B e e B A o AR A 4

#-2N HzSO4 17 ddHZ0 1% 51 IN Ho80, -

s i io Bwme R LRSS OTE R

0.2% BSA in PBS

BSA 0.29 Sigma-Aldrich A3059

1x PBS 100ml

v~ SDS-PAGE #7 & & & BLi: 97T 383

1. 12% SDS-PAGE separating gel solution

ddH,0 3.3mi
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40% acrylamide mix 4ml

1.5M Tris (pH8.8) 2.5ml
10% SDS 0.1ml
10% ammonium persulfate 0.1ml
TEMED 0.004ml

. 5% SDS-PAGE stacking gel solution

ddH,0 2.5ml
40% acrylamide mix 0.83ml
0.5M Tris (pH6.8) 1.25ml
10% SDS 0.05mti
10% ammonium ‘ 0.05ml
persulfate =
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. SDS-PAGE running buffer '

12T & 5% running buffer sope =0t

Tris-base 15.1g
Glycine 729
SDS 59

4¢ ddH,O = - & o

Bionovas AA0230

JT-Baker JT-4099-02

Jersey Lab. supply 151-21-3

Amersco 0486

Bionovas AT0170

Bionovas AA0230
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Uni-reagent UR-Gly-001
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#-5x running buffer = 5 & {2 ¥ 5 ¥ & * 2 1xrunning buffer -

. Transfer buffer

Tris-base 3.028g
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6.

Glycine 14.49
Methanol 200ml

4¢ ddH,O 2 - & o

Blocking buffer (5% skim milk in TBST)

Uni-reagent UR-Gly-001

Mallinckrodt MA-3016-08

Skim milk 5¢

TBST 100mi

Washing buffer (TBST)

0.05% Tween 20 in TBS fe
Tween-20 S500pul

TBS 1L
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