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Fibrosis is the final common manifestation of a wide variety of kidney diseases and
it is a harbinger of organ failure and reflects inadequate resolution of inflammation in
response to injury or inappropriate organ remodelling. Many studies targeting key
fibrogenic pathways have demonstrated efficacy in mitigating renal fibrosis in
experimental models. Only a small fraction of these approaches, however, have been
studied in human and even fewer have been successfully translated to clinical use.
Despite the prevalence of organ fibrosis, no good therapies directly target the fibrotic
process. Thus, understanding the mechanisms of fibrosis in response to injury is pivotal
to our development of new therapies to counteract fibrosis.

Endosialin, also known as tumor endothelial marker 1 (TEM1) or CD248, is a type
I transmembrane glycoprotein that is expressed in stromal cells in normal tissues and
cancers. Using lacZ knock-in (+/KI) mice we have shown that Endosialin expression
decreases in most organs but increases and persists in postnatal kidneys, specifically in
glomerular mesangial cells and perivascular cells. CD248 has also been identified in
normal kidney pericytes and perivascular fibroblasts of mice by specific antibody
staining. In human chronic kidney disease (CKD), upregulated expression of Endosialin
is shown in myofibroblasts, which is linked to renal survival. Many studies including

ours have identified pericytes and perivascular fibroblasts as the major source of
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precursors of scar-producing myofibroblasts during renal fibrosis. The mechanisms

underlying the impact of increased endosialin expression in myofibroblasts, namely

activated pericytes, on kidney disease progression is not clear now.

In this study, we investigated the role of endosialin in fibrosis and macrophage

phenotype switch by using UUO model to induce CKD in mice. We found that

Endosialin is up-regulated in the collagen producing cells in the kidney of mice, and

loss of Endosialin attenuated collagen-induced fibrosis. Furthermore, without

Endosialin also decreases the numbers of macrophage. Analysed the gene expression

pattern in macrophage, the M2 marker, CCL17 and CCL22 were expressed lower in

KI/KI mice. In vitro co-culture of M1/M2 macrophage phenotype-switch assay, similar

results were detected in macrophage’s CCL17 and CCL22 when culture with KI/KI

cells. These results suggest that endosialin promotes the fibrosis though macrophage

phenotype regulation.

To further investigate whether the interaction between endosialin and galectin-3

exists and leads to activation of pericytes and pro-fibrotic phenotype switch of recruited

macrophages during progressive renal fibrosis. We confirm the interaction between

endosialin and galectin-3 by immunoprecipitation.

In summary, monocytes would be recruited and activated to become M1 type

macrophages by injury signals. Macrophages will secret cytokines to activate preicytes
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becoming myofibroblasts. Myofibroblast will highly express endosialin and interact

with galectin-3 which is secreted by macrophages and consequently enhance collagen

production. In addition, endosialin will promote these M1 type macrophages switch to

M2 type through unknown mechanism. These changes will activate more myofibroblast

and tissue will become more fibrogenic.

Keywords: fibrosis, myofibroblast, endosialin, macrophage, galectin-3
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AR EEE L GhE AR TRERET R TR G R a2 B
B o fpm 342473t T lee B AT Aok RIFE g iwe 2 % B lmve
GRiFh o X 2N R B frA b2 Galectin-3 ZRET RSP - BF N R
Endosialin 2 g 4g{frs it - & ¥ &5 & Endosialin 2212 T2 Ap B fE - B 18 4 2

BT TRk R R P A 2L g R

12§52 BT

TR ENSHPET C BRYANE LD G N L oo L
TERE 9410 % 12 = P RPIESITIS L BERY25I 3 0k 0 E BT
FEEH 150 25« THROAALKXT LT X BTRIS - FF BT A
EX O ERBTAMHET TR N EET ) F AT AT E
THINEE BT R B (8- ) (Kurts, Panzer et al. 2013) » F %04
T ARGHME N gL gk o PN S R RS RWED T
BTy ﬁ,r%ﬂ%;ﬁmﬁQNAw«% TLERIEREY B
RY I RAR G o iR 2 B0 d - BAAF AT S e e 2 ] W JTiB A
pAEE AL B T s e fed > B9 fes 2 TR T
o TR FE ROk A S R B ERRFERTEER 2 ’*%"%“f
TORHTER by E AT R Y A B R ek et A2 24 3 D £ Ao
4o 37 F 5% 3k dw 2 (Juxtaglomerular cells) 4 & % % (Renin) - I i#% &
Renin-Angiotension-Aldosterone System (RAAS) ¢ n & + = ; & /F Fgk e wie ¢
B w3k 4 &% (erythropoieting EPO) Mg i 3k 4 & 5 § 5, f F422 %
D it calcidiol # it = E 4 4 %5 140 calcitriol (Lacombe, Da Silva et al.
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1991; Carey, Wang et al. 2000; Kumar, Tebben et al. 2012) - F]}* & T 5% A T 2 B o

A EUEFF LR P2 S A DL PEE R

—

%ﬁ?%{iﬁﬁ%%%ﬁﬁ’ﬂ%i$%ﬁﬁ$ﬂéﬁﬁ’ﬁS%ﬁﬁk

FREAFEAILR % - (fE=) (Stenvinkel 2010) K R A S o

_L,s

FORFALEBTHRAI AR O FETHALT RS EHF AL wh FAR
(Levey, Coreshetal. 2003) > F]ptig = § F = & c MW REPRETH T i ZET
AL RS L RS A ST A TR 0 e LR Rt
Fo TN RRET RO B AT e Ktk 27 58 g SRET
B R FIZEH AT 0 ¢ 3 AR - B B AT MAAR R FHRSE
Ao THIPL R TRPEHNE > REFITHOF LG 0 H P )
fi},‘;‘;,é,-?‘f&#‘ e éﬁi‘&']tt%?':}rﬁ v @ o X HER G Jr%fj\},%é,iﬁ (Himmelfarb and Tuttle
2013) o g A fe oo FlErag o edFE A G o RM PR ST ER I ML -4
mOERTH AL TRt E kR T 3IkiE R E (estimated glomerular filtration rate,
eGFR) = f T i > L2 M F TB|BETHasH - L F 4 i eGFR & 5
100-120 ml/min/1.73 m* » % — # p| £_eGFR & >90 ml/min/1.73 m* v & %%+ 4F
ARSI AR B & = B RIEL eGFR iE 4 3t 60-89 mi/min/1. 73m? 2 />
PLRETRE T X 60% et i 0 TG M ECT R G REBEY S R X T 4G
W e o w4 RS 4559 mMUMIn/LT3mM 2 B > 4R D Y R T A R B
o F LB S 4D eGFR & 4+ 30-44 ml/min/1.73m? 5 ¢ B T i B

$o g R T R BEY > eGFR & 4% 15-30 mlimin/1.73 m? ;& &t %
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BEFH i % >FHeGFR & < 15 m/min/1.73 m? » x # 5 End-stage renal
disease (ESRD) (Tomino 2014) - {-w & [ prp §inhk % fcd 7 P &g > Tt ¥ AL Lvk o
ﬂu%d@&ilﬁﬁﬂ’%mwvu%ﬁe%ﬁ P A R R
iﬁ?/}é‘%ﬁffim@ﬁi’ THRTHL o BALE Y (25 ) TH

AR FIT R F 0 15~60% o fRAE L T IE R S R UREF P~ B B



R T T "f TR AR AIP R RERE D ES LR ok BREo o4
FEEFEC»RDP TR IAIAN ) DASETESEL 4’}"?1;—-1%‘#*?
TR B EIE b S L ) SO PRSI g;ﬁg}%a R R RS R

(Wouters, O'Donoghue et al. 2015) -

1.3 TREgai

TR T AR 5 RUBTE 3 TOROR o i o ”@%wmmﬂ&ﬂ%QAEﬁﬂ

>‘1\\*

Bt FEORIT ARG TURA > Tl B TRRL > Le?
BT RS L FAA R A Mo Lwie 4258 (Liu2006) - 2 ¢ T f B R ;
TR ~90% AR Pl TP R FRAEL . AR AR FORR RSP R
(Hewitson 2009) 13 3 5 3L+ e 30 F otk i 5w i pEdp fds (Priming)
/&1 (Activation) ~ #4 = (Execution) 2 % %= & i&42 (Progression) (Liu 2011) -
Fetdafp 5 BRI AH o S E R R g e T LF & < 2% 1 Nuclear
factor (NF) kB 2 & > & & B F]3 > 4 IL-1 - IL-6 ~ MCP-1 12 2 TNF-0 % ¢
3 oG A e B im0 R Thae 3B > 5148 - g L F 0 P RFpE
R mie s ST F Y AR R IR 4 LTS o de TGF-B % 5tk
W B TEA T U {le B RFAFCY I NP2 AR e
IR TG 2 2 LTS Pl g R Wk aR mie €A TP A F AR
a-smooth muscle actin (0-SMA) » 8@ 30 #1 F 4p 3 e F R kg & sdk i
TR TR AR T i che e § AR Y B i) Ak
# 7z (myofibroblast) (Venkatachalam, Griffin et al. 2010) » & 75 1+ 3] i v eih a2
e s EH AT D R TR o gt b o iR e § i Y A s E i
HEE P o e Ae RO dnve (Pericyte) frm F ¥ i chik 2 fw¥e (Perivascular
fibroblast) ¢ /& i = vk i WP (%f4-=) (Lin, Kisseleva et al. 2008; Ren and

FHR eH w4 d RS E D

b

Duffield 2013; Duffield 2014) » * & 7 3
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FOXD1" ik {# Splm®e i @ & 5 Ft 4 L PIIgcis » S¥ ¥ o 4 % f
% i B 5 W e A ena & kR (Duffield 2014) o £k 834 7 gl - = 1
SR R e i g A s B AR 0 Blde D B - A s B2 AR R
(Collagen land 111') % s s & % (fibronectin) « i 5 ek KB /o ff T 5T 14
R PR ST G W R R AT £ B0 fF (MMPs) -k
o FEGEH e E s PR e wE S AT LS ARt AT a4
Transforming growth factor B (TGF-pB) ~ Platelet derived growth factor (PDGF) -
Fibroblast growth factor 2 (FGF2) ~ Connective tissue growth factor (CTGF) 1 2
angiotensin Il % » 2 ¢ TGF-f 44k 5 /o cnE £ & (Fassett, Venuthurupalli et al.
20ﬂ)°%7 TGF-B - % w® + PDGF receptor p (PDGFR-B) L 4 ~ p & 'm® + en
Vascular endothelial growth factor receptor (VEGFR) 12 2 E e w¥?z & ;e Wnt7b
& AR ERaE T M i (Lin, Lietal. 2010; Lin, Chang et al. 2011) » 41 iz 4 7]
FABRERNRFORPERAET o - EHGHFFEF RSBz R
R AE o XA g 0 AGEIRER T F]F ¢ 0 W € 4% F  transglutaminase %
lysyl oxidase e Jo gt % ¢ #neh AR E - 4= ¥ 4447 12 (Eddy 2005) -

PSS fm% Gl SRR 2 T i R e sk (scar tissue) o i § aiR BRI

M

FehT o D28 PR & Bl N ERTRENLT L2
e

it (Liu 2006; Hewitson 2009) -
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MEmie g BB AR B E T “ﬁ% A E e e ans e (Lin, Li

I

et al. 2010) » A i ehie i ? o g K EenH 1 m%e (monocyte) € AR 3IREL B
WA X LA ROREFIRE A2 R LA DE L% > e ML
M2/Mreg 14 3 M2/M2a = 7 %] i (Ricardo, van Goor et al. 2008; Lichtnekert,

Kawakami et al. 2013) - 4 % # e T B B § BB A RIBAR T
4



F oA _35_?%3«;&&% PRy SN ﬁvﬁr*ﬁ I P HER AV apahgiait 24 (Lin, Castano
et al. 2009; Lee, Huen et al. 2011; Lin 2012) - — 4& k3 » E v m % Mf 1B e
fe ot j\)];‘;})'gr X EEEEOH T e A B L e s g L F & (Ricardo, van
Goor et al. 2008; Lin 2012) ; ¢ ¢t B vifim®s § FE5d & i3F 5 hmie ek Tk f ik
A wre > RITREA W E S AR Y AL e A R 0 FIPEE

mi s ARG AL R REUR 2 £ wehd 4w (Ricardo, van Goor et al.
2008; Castano, Lin et al. 2009; Lin, Castano et al. 2009; Lin, Li et al. 2010) -

Evlw?e ik i 3R % (Macrophage polarization) $#*+ 33 e sghait4p g €
Zopmt wHPwe XD AR EELST R ENEEme o ¥ 0 RpRH
Al Enim e gk B E 1Y enA5 58w 2 5> M1 (classical activation type) A ik (A E o
%2 > 112 M2 (alternative activation type) E viim? o M1 Eefim®e i & & i8R
F]F > 4o IL-1~ IL-6 ~ MCP-1 ~iNOS & » ¢ w73 L 1v* X g & ¢ Jf i eh
k= M2 Evgimfe Pl AN B E NI HRME v T REIHLEF R RE
e T LB B AE AR kS AFS LA Mreg 2 M2a; Mreg E
T m e € %‘g d &5 IL-10 Frd )8 X F B Z2 yvia® me ans v > B4 _ELFL« i
TR ESOT e ¥ - A E A M2a o 3 5 R hE e o Jid 2
TGF-p ~ CTGF ~ PDGF ~ Galectin-3 ~ CCL17 ~ CCL22 % %]+ > fljgrvghas mre
g v 2 i i o g ¢ (Lichtnekert, Kawakami et al. 2013) (Pidfrm ) o gt #h L 30 4=

Bl RRBRA A o ? B F TR kp FeenE pwmie (Ly6CY)

o+

B LAEFBIFHOMEEFFAF B T2 LI XL ¥ kR Ly6C £ &
€ ¥ & 5 Ly6C high, intermedium, and low = 8 F s » 2@ Ly6C %€ 3
(LyBC") ey ks g A sesd X a 42 2 84 (LyBC™) chfy #p| g ai o
E v ?z (Lin, Castano et al. 2009; Lin 2012) -

WA AZE e D@ A4 0 v AR T > - BER5 T o LR kg
FFHE A F LGB w0 T ep I A 2 A @ % (Lichtnekert,
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Kawakami et al. 2013) » 1RypLm A 3 dp > 2% I § 1T Edimie ¢ IRk
CGer F47R T o g B2 EHIE G U BB SRR G ML E
Wb A > @ L F PR A 4 M2/Mreg B eimre s BUF DR o M2/Mreg E v vE

mi\a e g L M1 Ergmie b 1 ¢ jﬁ[’ﬁ;!]jg_f%;);f NI ;é; L MPiEEA ﬁ;é_‘fsm’?é

P A EHE TR F A AREE LhEg o BB 4 ML E e b
dvood NEFEFHOF L ML B 4n g ’é_‘f"g_%\(\:’ - g_%\(; TR

¥ - Al eh M2/M2a Eeimie s SRR 4 0 X0 AR MR T o d S0 AT el
B XF R R PefEROALE > X2 ERERIFTHAIFH (e ) P o
Akt s R F]F VLR E S me ] > Gldet pF & (LPS) & ¥
INF-y & 7]+ ¢ ®aed 4] 5 M1 E#iiim®z (Lichtnekert, Kawakami et al. 2013) > @
IL-4 = IL-13 R EA4k4F ¢ Wi & 4] 5 M2 Evgim®z (Van Dyken and Locksley
2013) ; YL AT HEFETHR A we B Eg e X g4 (Co-culture) » §
it Fegimre cgg ] (Lee, Huenetal 2011) 277 % i wie B Evlim?z 2 5 49 3 4

st BPR e B e LAERP A FED

1.5 Galectin-3 ;i:"ti'rg_?':)ﬁ‘g

Galectin-3 #_ galectin % 7] = R 2. - > 7| 3-v i 1§ carbohydrate
recognition domain (CRD) #23% % %t pEh & FpE v B & > £ 2 PEA R Pirg
etk end & F & (Liu, Yang etal. 2012) - Galectin-3 3% % £ B AR B fw%e ¥ € £ IR
4o B m e v—%’ pa s 2 v‘g ¥ Mgk e (eosinophils and neutrophils) 2 B < fwm¥e

(mast cells) (Liu, Hsu et al. 1995; Lee, Moon et al. 2009) - ¥ ¢} galectin-3 » A% % 3 ¢

I ETHRDEEwmre 2§ g 1 A e (Bichara, Attmane-Elakeb et al. 2006) -
poav e & Galectin-3 3¢ ¢ 2= 7 F 4 Chimera-type » I ® £2 'm¥e Wooh et 48
2% & B B wre anx iy (Rabinovich and Toscano 2009) » ¢ %+ galectin-3 % i &2

Toll-like receptor 4 (TLR4) 2 &# % L £ m*e 2 4 .5 F J& (Burguillos, Svensson
6



etal. 2015) - o PELEF K Galectin-3 » ¢ #FE ! hx BS & A lwoe

5

g AT T w46 CDA5 ¢ 2 galectin-3 & - ¥ 0 R T
Pz 7+ = (Stillman, Hsu et al. 2006) - @ % Diffuse large B-cell lymphoma (DLBCL)
MR nfe € 4 s~ £ eh galectin-30 X F g e £ g i CDAS B £ o T
TOFRL S > e ia R e k= (Clark, Pang et al. 2012) - ¥ ¢k > galectin-3 » 43

F oM A et o VEGFR2 g &> ik w ¢ ch372 (% (Markowska, Jefferies et
al. 2011) -

Galectin-3 » A&zu i &gk ait4p i - #7 7 4p 01 galectin-3 HEE AL tn¥e
(hepatic stellate cells, HSC) % ¥~ iz crn#nmrz (Mesangial cells) 3 # (Sasaki,
Bao et al. 1999; Maeda, Kawada et al. 2003) - * *F g dFghait chd e i P » HF
galectin-3 ¢ 3£ Hr vy ‘- e c5 it (Henderson, Mackinnon et al. 2006) » 7]t
galectin-3 » A3n s gt g & F]F o K1 T4 Henderson % 4 [ #
LGALS3 (galectin-3 gene) 5’ | RzEF galectin-3 &2 54 @it 2 4pRE |2 o s 1 2F
) HALBRBT R $5HF MBI galectin-3 A&7 g TR AR e s
oA L TSR ET o (- A A E ) BRETRE I BLEER
(adoptive transfer) 7= ;#6854 A &P E g w2 i3~ A F P % BB S
A BT anfiait > PERWEP T Egwre oA ken galectin-3 Hig gt
73 ¥] (Henderson, Mackinnon et al. 2008) ; ¥ “tH s &= 3 » J1* gt ] RFEP
galectin-3 ¢ e B ez 4] 5 M2 A53¢ (MacKinnon, Farnworth et al. 2008) -
Ft 0 E e imRe o7 4 b e galectin-3 ‘ﬁ TEFE Rt we > L T LEE
A e B AR ik o e B we &2 galectin-3 & & iEH

HA G P E AR o



1.6 Endosilain 2. 4 &

1.6.1 Endosialin ¢ F]& 3¢ T35

Endosilain » # 4 F % - A% A 383+ (Tumor endothelial marker 1,
TEM1) # CD248 - H 3 s 8 _# 1992 & Rettig 12 A $geriz o a2 ‘wmbe 5B~ 4
JERGEFE AR FE 0 AW N B - BFRELA TR AR e 08 gRysl > FBS o Fu
FBS B thimdl 451 128 E A st A8 R R e i B 4 > 2 %3 67% "B
BATZRMBEEE & &8 B iR e g BN e o 1 i e FBS R it
Pl Aek 17 IR FBS il - 5 7 r&r ph (sialic acid) ehpE it Feo o S0
* fpt FB5 #/r = endosialin (Rettig, Garin-Chesa et al. 1992) - 4 ## Endosialin 2
CDNA 5 7] % 2001 & & Christian % * & &% # (Christian, Ahorn et al. 2001) » # i
KA G RR wre B ke i 0 endosialine ¥ 2 Edman degradation B~ 7 ik
e B 7)o bt A SF EST L2 @ B8 cDNA B 7] > & 5 2274 B e > 7 38 =
757 vk s o S50 4 $ T 454 I ENDOSIALIN & F1 5% & 11 324 4
WMo IRGE R FHARETLSH C 3k %< E (C-type lectin-like
receptor) = * #g endosialin #_% — 3|7 Wk F o H 5 rxgal O5kD o i fs HEFE
ki A5 & 3+ & 165kDa ¥ 7 v&fk2 pE kv - @ -] &0 Endosialin £ %]+ Ak &
Mg ko AT ezt s 19 5.4 ¢ 489 kF > open reading frame (ORF) #_
d 2298 B2 ¥ PP RS B G 765 BRAR > 4+ & 92kDa 2
PRgd o el L e & A 4 endosialin vt gk 0 B 5 77.5% <4p 2 & (Opavsky,
Haviernik et al. 2001) -

Endosialin #-¢ B4t £ 3 = B o tb® 3 > &AW 5 0 C-type lectin-like
domain (CTLD) ~ Sushi/ccp/scr pattern 7% 32 ~ = # £ 4§ ¢r» EGF-like domain ~ - &
sialomucin-like domain » 12 2 5 %C% 3 fo =3 W fe B chig B B cytoplasmic domain
(451 ) o 1345 v 51 W endosialin &2 thrombomodulin (TM) £ 5 39%:k ik

Mo prs B E CDI3 L3 33% ik kid ¥ ez Biho %37 it CTLD
8



Fov F o ® o Bt s BLEFH S Group XIV family (Greenlee, Sullivan et al. 2008) -
%Ry endosialin F-v Fengirrsa o ¢ s TM o0 CTLD B2 & 3
phrt e 2 pug L F B3 M (Conway, Van de Wouwer et al. 2002) - @ & endosialin

Pl A ; CD93 } & Sushidomain Pl E AL E B2 k0 L &2 Rk, ¥ F A

TM 7 EGF-like domain #_#2 » % 3 B (Van de Wouwer, Collen et al. 2004) -
e poa il 3 Ao endosialin & 3 #F i w5 5 Sialomucin-like structure domain

RIEZF S AR &Y » 2 3 27 B O-glycosylation Bkt % e 5 @ &S
A_C ¥« cytoplasmic domain >+ ¥ 51 B &AL ph ¥ 4% FF P 5 3 BAERL - i B
¥ ¢t Bz % PDZbinding motif » ¥ fi i L 2 3-v  (scaffold protein) » 22 2 & 3-v &
& > bl4oe sv CD93 1 PDZ motif ¢ & G protein & & i&m BET 2 L
(Greenlee, Sullivan et al. 2008) » i p = & & & 45 % . endosialin PDZ motif 1% &

F-v oo

1.6.2 Endosialin 2_ % &

AWF LA endosialin 3 2 A EN B FLIp LW 2 7 LAY
ESR R 2 Z B E A CHFA Wi % (St Croix, Rago et al. 2000;
Carson-Walter, Watkins et al. 2001; Brady, Neal et al. 2004)- 7= # 2005 # MacFadyen
FAQIY Ax e A EF O endosialin A& RATER L AT 2 B wiw o
% e (Pericyte) » & 2L g4 fw®2 (MacFadyen, Haworth et al. 2005) - Endosialin -~
WP g hn ¥ Bg;fmg B a® e 2 5 F ¥ Fleh¥ vz o gt vb s Christian
%4 2377 endosialin A %A RAEA A AR F w2 2E ¢ FIHT FRA
e N BN N AL e s BRI N B e s R e s ,ga Lim i ~ B dm e 1Y
A Erwe  BEKRT NG AFE Adieie (B wre s T e s B
g5 P Eirwre) & 5 4 :iE endosialin 2 sz 4 (Christian, Winkler et al. 2008) - F& p*
s i & 2 I endosialin f fE B 4p B 2. vU R B 2 w2 (tumor-associated

9



myofibroblasts) o % 4p B 2. EE e @ R dmfe 2 T svim e (tumor-associated
mural cells) ~ & # i ; F]pt > endosialin » A& § (FE "R 4p M 2. Vo e fmre 2
&2z o gL ¢t > endosialin “* PRI ARE komre et > 4 AP R AR En 4D
¢ nalve CD8" T im® (Hardie, Baldwin et al. 2011) frp & % Sgim*z (Bagley,
Rouleau et al. 2008) ™ 2 # %gig ¥ ¥ (Naylor, Azzametal. 2012) % 3 % o ¥
‘b AF 3 L e 4]* Endosialin-lacZ # 7 | 84534 Endosilain #2753 7 i
AR R BB AT > AP 3 Endosialing A A pEEp 9.5 ® B e
R BEAR O EF I T ESH e R A BN E 0 s g 42 Endosialin

IR T F THILE S F € F ks Endosialiny €1 e EREE

~i

¢ Endosialin #k ¥]## 4% (*44%- ) (Huang, Hong et al. 2011) - ot U R L

£

THHBAL S il anpt EA T we B R 22 endosialin > )4 BB &

P
—_—

& b &kt (Maia, de Vriese et al. 2010) » 2 2 IgA F X 514zl 2 Fop &

¢
¥ BEF Feoglat wies < £ 4L endosialin  (Smith, Eardley et al. 2011) -

1.6.3 Endosialin 2_ # 5%
Endosailin ggrﬂk;'ljﬁﬁz_ Bl 2006 & F RAAE A RF R Feng v 2 4T

T gl P 2 G o R e AR A QD) Bp i o e G R UL b S RS

I

ToRTPIG LR S F U EBFLF LB A RK P BESFS R

% (Nanda, Karim et al. 2006) - ¥ *F » = 3 # % 45 &1 endosialin 2 p %

@
i)
=R

)
T oo FMAEBEC] T E S S

<k

(cytoplasmic domain deletion) |- & % %6 % $i5% 3%
1% % (Maia, DeVriese et al. 2011) » iz % % & o+ endosialin ¢ %% P % 3 i
AL B En BRaE s 2 E EH o % TR a4 &k > endosialin +
WEF L AR € B riwre et 4 2 e 75 Christan &t S RS i P % ] R RS
# P pEY s (SIRNA) #r4] endosialin 2. % £ » % % % R4 @ 2 endosialin = *%
Plim?e e 2 2 R {745 4 » %g2 7 "% (Christian, Winkler et al. 2008) » ¥ ¢+ 8 ¢} 33

10



A te g 0% e o @ % SIRNA Fr4] ENDOSIALIN h i £ 0 % %8R
2 g rEMmir 2 2 L4 o K- HEF o endosialin £EER L ) FATA A
£ %+ X E (PDGFR-B) Tz & @:iE > A~ wiedf 4 i 4 7% (Tomkowicz,
Rybinski et al. 2010) - 4p ¥ ¢+ & 4 #Eh naive CD8" T fm®e » ¢ * SIRNA Fr]
ENDOSIALIN =2 i & ¢ ifawmre 3 4 - F]pt endosialin R &> i ] bm e 3 2
¢4 ¢ (Hardie, Baldwin et al. 2011) - ¥ 5 # # # % 45 41 endosialin ¢ % if &2
PDGF :u 4. 4p 3 15 % )i § ‘e ch2 32 (Naylor, Azzam et al. 2012) » & Fen B
Fra @ imae g2z & 5 (Naylor, McGettrick et al. 2014) ; Conway % A = %
) BURE & BN o P oendosailin £ i T % HIF-1 @ vE: 4 0 e Notch-3 2
& B e L F s(Maia, de Vriese et al. 2010)-Endosialin » Agdp 11 £2 e s gk
iAo B > tt'&'tt?‘:}fmﬁa B e ¢ oo I endosialin < AR AR R himre
(Smith, Eardley et al. 2011) ; ¥ ¢ &35 B 1 s L w8 & 5 Dlag el & o
g i&- 4 * Endosialin ;"J% | R P "R s imre (hepatic stellate cells) # i e
endosialin ¢ g gk it 2; & ¥ ¥ Fr4] Hepatocyte growth factor (HGF) £ %
=Pz L 4 (Mogler, Wieland et al. 2015) -

Endosialin % ¢t e & fLimre F 2 7 5 E e &2 (fibronectin) ~ % - 7]
2w AR Fd > Pkt e £ A € 53 endosialin B2 5 mre chpkig 2 T {7 A

¥ 2 f2d) MMP-9 (Tomkowicz, Rybinski et al. 2007) o ¥ ¢F & A g% n¥e €
% € # i o0 Galectin-3 binding protein (Mac2-BP/90K) > » &% 3R € foif s 2L F w
’z i endosialin % & I ¥ isg a4 45 (Becker, Lenter et al. 2008) - fL#F X—F, )
endosialin ¢ FE & Lol L BE 2 2 H L BipT (T > iea PP w4
i~ SR EFUE R (4= ) (Valdez, Maiaetal. 2012) » = § H 4p 3 1T % %

T*Jl’b 3‘1@. ‘H} F o
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17 BALT s

dONR R S FIAER 0 B2 B W5 TRk dinf A R EAE ) Aok
KRR 0 A BE P TRN VR G §E M L g
BRIl AR oA R BinR ¢ ki~ ¥t& (Eddy 2005) o 4~ Hp B
ﬁ?ﬁﬁﬁ*?ﬁ%ﬁ%%ﬂﬁﬁﬁﬁﬂ’w PR AR TR R
GHUELH LB ERE S T2 LEFRRALTERT FED
el o METHEF EEFNECF LR AL BRI R A FETRE &
PR FE o P RERA R hF o RES Y L P RS FH P A
(angiotensin-converting enzyme inhibitor, ACEI) & & ¢ 3% 4 % < %8 |2 %7 &
(Angiotensin receptor blocker, ARB) {384 5 & 4 % 5 »x > e 5 & £* (Baltatzi,
Savopoulos et al. 2011) o £ %+ 5 Ffk E%EF T L FIAE & = #r 4| statins » § »c’s
R R TR ,&Jﬁ v F a2 EFen g2 S REN TR Gl
(Palmer, Craig etal. 2012) » ¥ #F i * Foii | 45 B & chjo oy » ARAF it 8 M T p
BF = 50wy N it g (Floege and Schlieper 2013; Palmer, Di Micco et
al. 2013) » AT A S R L 5 R E MK he s F A 0 RETRE TR R
ko P R RTES o

THE R T M TR S8 0 "EF R I P kARG 5 3
S 2 L BIERSRER T sndrdlgai e 29 TGP LB
s 4k € & cn¥)3  (Bottinger 2007; Lan 2011; Loeffler and Wolf 2014) - TGF-f 4%
A g RSEREA mre E it R v AR e > RS LA F B (Lan
2011) » & Hp K34 EFH] TGF-P 3 LR E TR ehBES ) A F 0 T g
%oB % SuBcE a4 3 (Chuang, Menon et al. 2013) - p ¢ 4o Lilly 2 i 4~ 125
TR FFT- & anti-TGF-p 4 & 742 (humanized antibody) > LY2382770 = i& »
fiofk i#% % = ¥ (Friedman, Sheppard et al. 2013) - ¥ 7 # & 3 48 G *if 4o 37

TGF-B 3 L pejfensc s » ¥ ¥ 5 sedrd|g it > 4o tranilast f= pirfenidone o
12



Tranliast & - féiof £ § ¢ vied B ARTRA Y F o 2 kP T F RS NG )
TGF-B #1Er £ 5 pE ;< 4 (Soma, Sugawara et al. 2002; Soma, Sato et
al. 2006) » Flpt Akt BAEROREA FIARETROE A o P ATRERERE - B -
Pirfenidone (Esbriet) ¥ - fatus L £ -2 /77 » FRE L 7 )i 4 >
@ A% ¥ fipf idiopathic pulmonary fibrosis (IPF) g 4+ » @ &% % 4 %5 L4 2
BAEACR AR LT o PR BT ATRAFER Y - 0 BRE TR TR Y
RRT SR A > gy fov fepiev (Sharma, Ix et al. 2011) - ¥ ¢ FE g
ipdt CTGF » g 7& 1 TGF-B 3 LB/ A Mg g s+ (Abreu, Ketpura et al.
2002) - #1#* Anti-CTGF monoclonal antibody (FG-3019) » #t 3 & {7 2 Fgh a i e
o PR E BB AFORET R LK EFTRE S - PE% (Adler, Schwartz
et al. 2010) -

H 2 4 RS %2 &~ 3+ f& 44 Bone morphogenetic protein (BMP) ~ HGF -~
PDGFR-B ~ VEGF-R # microRNA-21 % » #iikdf % 8 § 4 B & sk e v fenz g
4 e poa v iR g ATk w5 iE% (Zeisberg, Hanai et al. 2003; Gong, Rifai et al.
2004; Liu and Yang 2006; Lin, Chang et al. 2011; Chau, Xin et al. 2012) » F]* % i 3%

R F L D AT R R L DAL & Tk
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1.8 =5 48

®
EHERALR CRPTRFFTUE 7~ 23 R FREETERE L
PRIV HngE o B Bk pdgal a8 P RREFETRAR
LEEL D AFER > TP ERFITR RS R w5 R B
e it R ARG AR R FREA LR TS FRF I S HLFS IR

Weio P e drp F A HF e s endosailin Mg E A A F ¥ Bleng e e

¥

A RSk e me o @ A IgA %m&lﬁ_?‘fﬁaﬁiﬂ' mf_%‘«*f L
S Bavrat i R AT R Y 0 $ ¥ < § 4 i endosailin s i2- 3 4478 R
endosailin H& M & T 5 IR F ApBEARS > A2om endosialin ¥ & § BB 2T
J e i (Smith, Eardley et al. 2011) » fe &3l A& iF o ¥ F AL 4p )
endosialin i#:& 4k &= Pz e 2 (Christian, Winkler et al. 2008) > ® endosialin ~
Adp 2 g A e v oL IR REA L R RAEE LR & (Maia, de Vriese et al. 2010) 57

d g daipl endosialin ffh 42 Fop w8 AR 0 T oL S8 LR E e B o

7

e

VI\P

J"

£
R RS e P A T o
Mk s Bk ”Emﬁ‘q'lé‘f%&’%'fmi “%‘ég«‘iﬁ #B’é,‘?f-ﬂ o B Aw © Fo %"[?:,‘E'

B Bt 6 BSR4 2 H e ML A RS 3 e e B4 M2 3

—

i o AH G AE ﬁﬂfﬁmwﬁjg@%%%gmgﬁﬁg’@;%ngﬁP

o3

Himie £ AR 3 B menss i (Lee, Huenetal 2011) - ¥ *t 4 77 5 & F E slim e #74

ws 2. galectin-3 € it ¥ i eng e w5 ¥V LR

X
>\_.
tm
N
3\
)
30
bad
P
A
(%
3
o
(=

BAatoaygil o L RA* wie b & galectin-3 B & iv* cna 3 pow v FoAR IR
(Henderson, Mackinnon et al. 2008) - @ galectin-3 = # % ¢ £ endosialin =
Mac2-BP/90OK & & » FJpt » A PR RaR me BB BErfimPe i 3 0% > ¥ 5 &

%1 endosialin = Mac2-BP/90K 2% galectn-3 % & iv#* > :&— 4 B2 5@ e
14



_l:;_'_;‘ijé AL ©

g it B 0 Ay B F 5% % © &> 2 Endosialin-LacZ konck in -

IS

BT

B3> XA RALBET R - A% AT p 2% =k endosialin

Wi

IR R GLERIT A AL BAE A TP ] Rgka 2R 0 =5 endosialin 7% T
Bip AR VM o B F IR ROpE 0 ¢ 38 e e B4 S F
Y im R ciE B~ F el g A (7% 12 2 endosialin ¥ galectin-3 z Ap B 0 1 B

7 endosialin i‘&'ﬁ?‘flﬁa BN & F o
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- F Mg

21 R %t 4
A @ * F %% LaE > 2 Endosialin-LacZ KI - &> 12 LacZ 17 2 3R E A

> #-H ¥ ~ Endosialin £ ¥ % # ) Endosialin % K,ért -] & (Huang, Hong et al. 2011) -
£ ¥ C57BL/6JNarl #¥ 4 7] ] &w = (backcross) I % - i~ (N10) » C57BL/6JNarl
kp RpF s w0 Ak L &8P 5% &5 N8~N10 - Coll-GFP &7 | & %

o FHIREBEE G ArifokdE o Coll-GFP #52| B 5 C57BL/6 # F - 1
Collagen-1 crjfcd + 4 . EGFP T 5 SR A %) % K Bk 3o Wi w2 (Yata,
Scanga et al. 2003) - Lgals3 2 %] 57| “f Bkpe dmymelrdml | &3
C57BL/6 # § » & 71§ ",% BB % E41*  Neo cassette g],\ »~ Lgals3 L F]#0 exonb
LM A F14 R (Hsu, Yang et al. 2000)» #7 5 %] B4 %307 R+ B2 o p i F
#Et s TR RAFAPPR RS RERE B S E P RE
ERFH 5 12 ) pF (8:00AM~8:00PM) » I 354 oo &l B4Rk o AFT R PTG B 4
PHRWIUE R SHARIDUEY AR REZ R LR ¢ (JACUC) 3

SRR LERVETE

2 ] RAFINFEZ
221  8E > DNA 5
JERINA 10X > RKE ) RETREG05 28 T % EHE 2 (Direct PCR
Lysis Reagent; Viagen, USA) 3 2~ DNA o /i f24e ™ @ M-k @ 2 Hr g g o 4o >
200ul &2 2 2ul F-9 p= K (Proteinase K, 10mg/ml; Invitrogen, USA) » *+ 55°C
BE it > F g3 8 o 8% f2 > 12 15,000xg *+ 4°C e 10

4o Bt e TR DNA -
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222 X & préag F & (Polymerase chain reaction » PCR))

RO F 2 e TR ARMA L 2S UL R AR F RIS F P 0 5
0.3-1 ug DNA~0.8 uM dNTPs~0.2 uM primer (each)~0.15 mM MgCI2~f= 2.5 unit Taq
DNA polymerase ( Prime Taq, GENET BIO, Taiwan ) 513 B 7|3t & - R I o & Jif
ek T A _94°C, 1 480 60°C, 2 4~ 480 72°C, 2 A dd > dept F R iE (T 35 & iR
Bfs 7T2°C L i%% 7 o dgie ¥ F - PCR A3 /5 2% A xR iAis » i@

UV R RBELRE T RAR o ikt g & 28T BUA T

3 ) B R ARIRAHIR F il
PR EHEE | H2e - 53038 30 4450 2 2,000xg *t 4CH~ 10 4 45 >
wopi e PR TPt R I AT B0 B3 2-80°C ok o T dp iR
oo B A T R o SRR AR H 2 R o T B 24hr R 0 X
2 * Protein Assay Kits ( Bio-Rad, USA) &ipl& k¥ &+ 7z & » fx ¢ Creatinine

P -Z_* Creatinine Assay Kit (BioAssay Systems, USA) 1 g o

4 ) BRI TR
e z?]ﬁi;?]fj\? Z# 2 pw¢  (Unilateral Ureteral Obstruction, UUO) » % %% /| &%
VLR IR B avertin & FRAE o s A 2 5 250 mo/kge 2t KA IR T R ) B A o

s %@]fj\?#g A1 # 2 4/0 nylon = s & ﬁ%ﬁ%ﬁcﬁ SR BRI

7

F

t'mt’
FTIRS

BRT D O 2 BT ETHMPN P2 E G o (Chang, Chiang et al. 2014) - & & ¥ 4t
v fJE 7 H-38 (unilateral Ischemia and Reperfusion Injury, ulRl) » 2 2 |- &L 12 7 3%
st avertin i€ 7AYo FRERAIE 5 250 molkg o 2 R A IRT B ) M A o s
B TH L RS ARTHRE P A A 30 A4 LR ] AR R 4F 4 36.8°C

3 37.3°C 2 & (Lin, Chang et al. 2011) -
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25 ERBMASIE P By P ELE S
251 TREFAEHT

A 4] 8Lt avertin Frps o 47 B vpx v IXPBS (3% p o OB L R
,\igpq%ﬁﬂégﬁ?f"%i 0/“\"*7"‘92?;ﬁ ﬁ‘s—%;ﬁ I‘nﬁ_’\xlj é::%;”’;%)\ 10% \Z":t:’_*_%ﬁ

BB R > B3 4°C kAR 24 L AT AR

252 7 e @y

B R i gL K e 7Rk AR T © 50% JPRHE ~ 75% P X2~ 95%
JFPE X2 100% P X2~ Xylene X3 4ot 77k o %ok % e 8 g 2% TR LMY
£ * % &_ng +wt§:k3—svﬁ?k Mo TR T B MR A B R Sum ch B

E\-L'T—L?\‘ﬂiup’“%‘ cEE 1 ’ik,,u%di > o

2.6 ERpHRR S LA
2.6.1 7> 5 sadR -k

HBr 2 B 65°C e dn 15 A4ap o 0 £ 2 Xylene Wi o

2 e
X o A =X

>‘1\F

10 A 48 o 15 i AedeT™ 1 100% FpE e 2 %~ O5%IFHE R 2 = T5% 7
#izie 1=~ 50% ’ﬁﬁk_”"e 1=t ~1XPBS g * ¥ -k ik Fizie 2 > 10 b inARE =X

10 4 48

262 AR friz 2 @
BRAGAARR mre o RS ey e 10 240 F IR RIE S A b
BEN LR BRME LS i LA KIkER S Al R e

-~

FaR AR Bl 1Y AR o
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2.6.3 Picosirius red % ¢

2 Picrosirius Red Stain Kit (Polysciences, Inc, USA) & {7 » AL #-» 5 s 4p AR >
24 2.6.1 5 -7 3 2z~ Solution A (BHéppk) 2 A48 £ #7 BB ke o 2T
Solution B (Picrosirius Red) 60 4 4& » £ #-*» % 2z » Solution C (0.1 N Hydrochloride

Acid) - B fs 75% P 2 440 RS A MK AR T 35 o

264 LB EHMERI
B R iAok oz 5 0.05% Tween 20 7 10mM & #Fc4p 3 R B TR B4R
(antigen retrieval) - 4c#A % 20 ~ 4B = A o & F M 3% HO, 1F* 10 ~ 48> 2
R RALaEF 1 pE A 0 2 IXPBS ks o 4~ RodentBlock M i3 (Biocare,
USA) 1% 1 | pF > i&£{7 Blocking o & ¥ 4c » - % Judll » A% @ *
(F4/80,1:200, MF48000, Invitrogen, USA) ~ (a-SMA, 1:200, ab5694, Abcam, USA) -
(Ki-67, 1:400, ab15580, Abcam, USA) 4= (a-SMA, 1:400, C6198, sigma, USA) > 4C
30 F B 161 BF o IR P 2§ 0.5% Tween 20/1X PBS (PBST) #i£= =t » & = 10 A
48 c BeF - kR Y 2 EA e o ] Blfed F R *  Super Sensitive
PolymerHRP IHC detection kit (BioGenex, USA) » + & & ., X p 4 w| * Histofine
Simple Stain Max PO (Rat or Goat) :##| % (Histofine, Japan) - & {1« DAB % ¢ >

FSRF BB TR X AN R FHI A o 2 kY

265 LAEF kG
B AR B LS A b - Al 0 4°C 15 F s 16 o] pF e 14 PBST
;3};—;;%3:'( v & 25 10 A4 o 4 »EFEERSAF A FL F-FF G F R A
Fio 2 PBST k== » &= 10 24 o 2 DAPI % ¢ 10 448+ 2 PBS» &% 5

2 AR SRR SR LSRN E SR O L e A
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2.7 B3 e o B
271 Esgwre 83
M| BURRER 1S R AE R 0 P ¥ P B E R SR TR 0 A 0 2

5% 124 (DMEM+10 %FBS) 2. 24 ' 448 o #-B%% 7 ¥ a1+ 2R

’L""f'—jﬁ“ /z\’ﬁ5m|DMEM7' 15 ml %ﬁl'u? R AR AR o b AT
fis % > DNasel (100 U/ml) - Type I collagenase (1 mg/ml) {= Hyaluronidase (1 mg/ml)

37 °C =z % 45 ~45 > % 10 ~ 48 vortex > — =x 15 #5 > 4 » 5 ml & %%

(DMEM+10%FBS) > I 12 40 pum strainer /g * ' 1,000xg > 4°C . 5 4 45 -

2.7.2 BIRim% A BEMARE S im% » MACS

UUO jists & = % 2 Fogesigd Pl i Azt » #mie w330 500 pl 1X
BD IMag™ buffer (% *t7k+) > 4 » 10 ul  Anti-Mouse CD11b Magnetic Particles
(BD bioscience, 558013, USA) % ** ROCKER *%:4 % (6~12°C) % 30 4 45 - 1/
1X BD IMag™ buffer 84 3 Iml > & %888 % 955 > S B A 8 A4 |
e B bk (Vs negative control) o 4e ~ Iml 1X BD IMag™ buffer 2 /&

T’E‘q"4/w\%‘ ig 7"& /I\ ’é‘f ,F,,Q""l"'_‘jéﬁ H‘J”EO

273 imNimre RAIT LR L mrE

bt AR W H At o im0 e (2% FBS/1IXPBS) 0 i-lm
PRI PR TR AT 0 e e 0 Ly6C-FITC (1:200; BiolLegend,
128005, USA) ~ CD11b-APC (1:400; eBioscience, 17-0118, USA) 4= F4/80-APC
(1:400; eBioscience, 17-4801, USA) - i ;% fm 2 & i k4% 4] 2 BD FACSArialllu » =

WA FREBRE - 2 EFT R
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28 MR %8 FER %
2.8.1 vuga® wmre 3 %

Hapmre Qi 4o b 2.7.1 A oo {8 e w3 3 RF medium (DMEM+20%
FBS+1%P/S)- 4 » = * 0.59% gelatin coatingz. 10cm ¥ & % > fg % L # medium -
HE5xEgEB ;L PO e o e ig * 0.1% Trypsin/EDTA ¥t % > * /4

b2

Rk

EIF 28 TR T A

2.8.2 HEK293FT ~ L929 12 2 RAW264.7 im% 32 %
(2 0% 832 % 2t § DMEM+10%FBS+1%P/S 2 medium - L929 i 7 ¢t
4v 1% HEPES - » RAW264.7 F &% m® > & & * Non-Coating 5 % r £

% o

283 ¥ WRILE vEwm® (BMDMs) 2 %

AR BUSA  HER o] o 3 g 0t 25G 44 R B IXPBS it ) 4 & 01 1,500
rpm s 5 A4 #-me w A & BMDM medium ( 80% fibroblast medium+20%
L929 C.M) > [ % -] oo { #— £ medium > >t ¥ X { ##70 medium > ¥ &% 7

AT EES X AE % o & 0.1% Trypsin/EDTA #-‘m% o

284 M1 Evimee i E&1) 8%

Ergimie 4t icfs far 24 34479 > 5 well /& 5%10"5 B fwz > T 4¢
» LPS (10ng/ml, Sigma, USA) 12 % INF-y (100U/ml, R&D, USA) % %32 % 36 -]
s 12 IXPBS % = = o 4e » 1ml fibroblast medium I well & > 3 2 f& » 1*10"5
BreghaR me > 3 37 °C CO B R fas P& > 48 | PFis 5 B~Evgim? RNA

B4 -
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2.85 HEK293FT i %
#-HEK293 FT %21 84k > #weirz s ¥ 410 24 % & T 5x10%6
B lnre o g3k L@ Aednd & fhmedium > fg = 1% Lipofectamine 2000 A4 48 i

»lmPe o T8 A X (S ePdmte Fevd oo

2.9 w7z g\ e %ﬁ MRNA 2 3¢ F & 47
29.1 %3 RNA

Ervgimie ~ e g2 fmre g '%T T e 3%‘« RNA ;JSK f_*% TRIzol & A&
(Invitrogen, 10296028, USA) - #-im¥e ¢ o S B Ais - 48 ¢ i 5 H4# 2 TRIzol #-#

JERR
1/

f2 > 8 1T* 5445 > 4o~ chloroform (J.T Baker, 9182, USA) * 4 ;& 3 {4 %

o5

BT 344 RN AR o 11 15000xg *t 4°C s 15 A dh 0 ] s B
% 3 & F o 4o~ isopropanol stk RNA - £ 04 75% Ep i 0 R IR Rz 10 A

48 0 4v » iE § WA 0 0.1% DEPC ddH20 % /%3 RNA

29.2 F &4 RNA 2 2§ PCR £ 47

& - 34 DNA Bl & ehF e#ft £ 20 ul> ek + L3R £ 9 pl total RNA (5 pg)
4 1% DEPC ddH20 -~ 1 ul 10uM random hexamers ~ % 1 ul 10 uM oligo dT > { 65°C
% 54 HBFlRFE4ere EpARE5 1 ul40 MM dNTPS~2 pl 0.1M DTT -~
4 ul 5X First Srand RT buffer ~ 1 pl RNase #r+#1]#| ( RNase Out, Invitrogen, USA) % 1

ul & 4% 2% (Super Script I, Invitrogen, USA) » i2 £ 353 {8 P drw > B 30 42

CREFFESF BL1 X 3044 T% 2 &5 ge %3 2-20°C- ¥ PCR
Pl E -5 F i (Tr chi 45 cDNA 4~ 2 F Ju# » B3 b 2 733 4 SYBR

JORLE A0 2 (8 A4t AR R Y A5 ABIT300 o #rF 315 B A IR

¥ (£-) e
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293 30 FEB2 T AL

fmre g e e~ RIPAlysis buffer » Braeis § vkt 20 » 4818 > 12 15,000Xg
»t 4°C & 5 4 480 B ik 14 Protein Assay Kits ] 2 ¢ Bk & - # 5x loading
dye 2 1x PBS #r » sample F—v B r-k & 4c £t 10 & 48 38.< {5 > & 2 well 72~ 10pl
sample F-v B 3| fie ¥ 4+ SDS-PAGE » 17 150 REF T REFT T A 5 A 41530
I 100 REFTE o TG o B A0 FHEF PVDF W (EFE R TR
300V ; 7% 300MA ; FERF 1 | B 45 A 48) > ¥ 12 5%% %544 /0.1%PBS-T i& {7
blocking > 8 F & 60 4 45 - 4 » anti-ddk #t4% (mouse monoclonal, 1:1000;
OriGene, USA) & ant| -galectin-3 %% (Rat polyclonal, 1:1000; BioLegend, USA) »
3t 4°C k4 shaker MR i8% o 12 0.1%PBST jrie= =t » £ 4 » ¥ 2 = Bin
2 (1:5000, anti-Rat IgG £ 1: 10000, anti-mouse 1gG) % & & &— | BF » & 181U
ECL (enhanced chemiluminescence reagent) g R iE&[>t4 kKB Ho 7R 7 » 7.8

B o

2.10 £ & A& (Immunoprecipitation, IP)

Lysis buffer = 5 @ 20mM Tris-HCI (pH=8.0), 137mM NaCl, 10% glycerol, 1%
NP-40, 2mM EDTA o jt fie * G fo > i & (8% 2042 R332 Fv o L -lmie 4
T 5 F e x 200 pl lysis buffer o Ak b iF* 30 245 0 & 10 2 4ER 3 - X 0 2 {8
15,000xg *+ 4°C #g~ 30 & 4& 0 fxP~t jik - ¥ 2 Protein Assay Kits ( Bio-Rad,
USA) & 39 Fik& o4 » 500 7] 1000 g 3—v F I AT g 3¢ 12 lysis
buffer 4 48 4% $] 200pl = 4v » 20 ul protein G beads & F-v F T % » 3+ 4°C g
T% 1] P JgBt ,%’—/ I Frendges 7;7 v e n P FRE 0 3t 4°C EggEahivr 1)
s > £ v~ 40 pl beads £ % [ 7% o Fg % 12 3,000 rpm *+ 4°C g 4 2480 o)
3 Tt #ik o 4v o~ 500ul  lysis buffer 7% » £ 12 3,000 rpm ** 4C 3w 4 4 48 -

LAz = 0 Bts * western blot buffer w3 sample -
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Y2 REES
3.1 Endosialin-LacZ KI -] &

L ¥ 3t Endosialin a4 RehpEF R BRI E =8 > AF HE EAw oo oaE
Endosialin-LacZ KI |- &-d ** Endosialin £ %)% 3 — & exon »#% i f 14 LacZ
ZARE AT > #%-H % ~ Endosialin £ %) ATG z {& h ~eh 5 7| » %’ﬁﬁ“ Wk {8
Endosialin fx# + 5x# ¢ LacZ 3F ¥4 %] > F pF» Z_ Endosialin 7| fmﬂﬂpﬁ% ‘m
e BEFRRIAF e B E A N B A R EF L & (chimera) (it )
(Huang, Hong et al. 2011) - #“3@;‘; &% >90% z =& { & C57BL/6 * Bl fie#-
Endosialin-LacZ 4% L ] &+ & @17 3] N1 (B6, 129) | &2 {s if &2 C57BL/6
774 4] &w 2 (backcross) I % -+ ®& (N10)» A%~ i1 & F 5% ] & 5 N8~N10 -

Endosialin-LacZ KI ] Bl & 3 3 & ¥ ehd saa 4 > & 2 BB rog v 804

Y
=

A R mm AL R o 4% LacZ stain 1B Endosialin #3254 7 pFp £ JLenpF
B2 =3 3R An Y % 95=% (E9.5) pF A #na # 2% k= (dorsal aortic wall)
S MR F > % - %5 (first branchial arch) 122 R ehR E e sk (cephalic
mesenchyme) B 4% o2 {8 44 78 2 & (genital tubercle)~ » ¥ (mesonephros)

BN S T e

—HE

WA T il sy 165 X TEF AR
Endosialin » fei4 (81 # wsehd ME RN > N ATHRDT U F F o
7 FFEFREAR (eI

& 7 &5 endosialin A F % Gy 0 A 4 470 BF 4 3] +/KI (heterozygous KI)
fo KI/KI (homozygous KI) /| & -7 ch® s it dpth (£ 2 ) S5 87 7 b A FF]
TRELEARE 8- HUEHEo P A BFTRERBHE LR e md o b

H&E % ¢ &% ¢ » s 4] K2 KUK | &5 F T siak a5 e

‘E\

28 (R-) #Hod ETHRTUREIFRAS FRLE > 5 2T Soplere

mA R e i)  KIKI 2852 A1) &4p 05 7o 50350 TR i 0
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e @Rl R Y R Ak ¥ (Blood urea nitrogen, BUN) 2 svpFaL (Creatinine,
CRE) - ﬁifﬂv AR ek, Ay

I

1 & o (R B ] B 0 R

F-v 7 B 122 Creatinine (ufFik) » 3 ¥ i vuiFpg L A E 0L (8 5 SR BB

daF i > BEESWAAN] 2 KUK ) B¥ 5 & ¥ enT i (B2) F o

Endosialin 7] “,f T3 g RBTRE T R THERSREE SN

2 ] R AL T S

AR/ SRR SR 1,?’7 ® % ¢ ~ £ 47 endosialin ; - #F > Smith % 4+ #®

endosialin i % T4 R A F Sk3k o0 mesangial cells 12 2 ficd 2 R en ¢ ¥

LA e AR RAR A RAR AT FRLC e (Smith,
Eardley etal. 2011) - & 7 % j endosialin & ¥ i 4] > 2 18 % H Rl
o BEIS (UUO) SF %[ RALBIET R X7 @I d 32 KIKI o} 8

e\ BT

ZRM o kAT E LI o UUO FHE T X ST RTEY Ia 14 % 5 R

mﬁﬁmﬁ’ai7%&%%,3%ﬂéﬁ@§$%%ﬁ@ﬁ%ﬁ* T AT

#

WA AR L RIFHRETR > T e L g er ] AE e 14 X

=

=7
v

WRL FES > f TR we k- g AP IR LR A e
Pag (Blem)e ¥obo azh s % 8 pT e 280 (UIRI B3 > &Pas

E-SR ]

it GRIAEMTIG > X2 RS TRALL > ANE 14 ARES TR

TR SR T o

3.3Endosialin 3 £ 2 3B R 356 FHld e * REBRI0 TR

¢ v endosialin 7 A FEf 1+ ?‘I,%g < B A AR R e > FpL A )

LacZ % ¢ ~ 47 & UUO # 18 2 T3 n& A5 T e a-SMA 22 L5 ¥ £ 4 ¢

R A e > BTG UUO FH2 Tes o g -

P RvR AR e
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SRR AR

(= d ¥k) smff T FF 5 b > Endosialin-LacZ KI & % %3

=

mesangial cells B 5]+ € LacZ %4 (%4 ) a5 UUO % E1S > RSk
mesangial cells » & Favvg a4 mzs ~ £ 4R LacZ (BT ) ¥ ¢ » BB T
% e sk Endosialin mRNA sh# 2 » # R & UUO S FH T RmitR et R4 d
%4115 %3 30 & (p<0.001) > A & KIUKI -] & p]|E_ihipl 2 5] (Bl A) - &L

lﬂ‘

o+

chME s THRER hmie L r]ffa’«‘“&‘« WA dwfe o ML 50 { e FERR
endosialin 8 % % i Azt wm¥ > AP * 1 Coll-GFP s | 8k w ¥ o
Coll-GFP 78 -] & &% ¢ %k 3-v ¥ (collagen-producing cells) ¢ 4 )% 4
Wk I dpt o] B 7 UUO £ (s - N imie A E R A 2l SRR R
B d-o chlmre > T2 R 0t g Endosialin mRNA 4 B8 > 5% A om
UUO # 2 ‘me & 5 g i RE (Bl B)oiddt %% &7 & endosialin ¢ 443
E-RARATRHEFIRES me > B&EEA éﬁﬁ'ﬁwi%*:ﬁﬁ % S FRBE 0L o
i iR % R endosialin ¢ £ R A& v ®WiEmre o FHEFNP LT
endosailin _7F ¢ B ikt b ARG M1 o3t iy o) * Picosirius red % ¢ i %%
B e spader (RS AP B RES A 143 UUO # Eamsd
KIKI -] 885 R 3ev 3fFf2 8 P RERIT 4 3] 8> > T % % 50% (p<0.05)
(B~ B)eit— #H 247"k v MRNA A T9hE A S50 b pin > &
% 14 % UUO #¥enmsd » KIUKI ] BF AR F-d & P A 007 4 3]
& (p<0.05) (Bl ~) - % 7 % & &% Pk Endosialin ¢ i & s Wig %R 3
8 B ehgg 4 T 2P - Endosialin-LacZ KI o] & ¢ Coll-GFP = fe 2~ {7
Endosialin-LacZ- Coll-GFP | & » ¥ ¥ izt fmbe & 3F kA kg 495 2 3]-GFP
e KI/KI-GFP /] Bz ‘m¥e > ¥ 2 2459 3-v 22 2 I8 > B 5 o7 KIUKI /] Blw
Fe A B M A A R’ g At A R (p=0.08, n=3) > i F < F % Ec (B
1)
plek s 57 FEE% endosialin AR A TR E S > AP Y b H R
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itk B Ein (UIRD) PR BTSN A o & UIRL £ jeis 14 % 2 T8
Endosialin # i P 5 > 4R 2 T % 4 13 & (B L) & F {1+ Picosirius red
Ad AT R oo A A A g KIKI -] B2 B 5 &g 53t B 4 4] &
mEitEEsy 2 UUO BN Ap8E 0 > B0 ) 50% (Bl — ) o SulEF i igsh » A
Fa:p) endosialin ¥ i¢ % f&i@&ﬁ%"f)ﬁ?ﬁﬂi § oo 5"]% Endosialin &: i% i "% X fm

el R By 0 U R Ben A R TR hide o

3.4 Endosialin §lt% ¥ 3 2 o 2 o & T op 3K e 3
PG B e ch i A TR R e g AR 0 @ AW g A7 3 4 ) endosialin

4§ fEArimie 4 (Tomkowicz, Rybinskietal. 2010) - & 7 4/ endosialin £_

THWH TR AR e i 4 o i A RGBT i > AP LR R
$ RO A A E KIUKL | Byeghia® mre > 30 W03 %5 54 FlA g

Hmte o BRH AT F A I AR BRTFLE L a-SMA FARTRL R
2w (B 2)0 7 REF A UUO TR0 as mee P i 5 W HBE » KA
UGk A e PR e A B A A R KIKI ) REEP LR (B - A);
roa 7 i T2 SMApositive (0% 3 0 % % BT SEF A R S B 0 ek e
e GeB R 4 0 B I L A KIUKE ) 87 3 a3 AR S F B AP
BA R (BLt=-B)e Wk o-SMARNA 2 RE~am g1 8 (BL=)-

BFE- A aR mre i 4 530 A {lr o-SMA 112 Ki-67 §m
8 & UUO 33“’«’%,3_5'_37%“«*7 PR E L > WppeRaR e B B4 et ()
Lw A) 2 P EAGASL 2w £ B SR A4 Al KUK )
REFaid (Bte B)o ¥eh Apsnprd ) &2 KIKI -] & UUO
TR AR Rt e (TR R A > X RA B T e s 4 4 o
KAERZ > WA e KIKI e f 2Pl LR 1 o-SMA Ffie 7 L5 ¥ &

B FRE TG himref AR BB e LIRS e 0 ¢ B4 )2
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KI/KI fm?zc7 SMA 2IRE 2P LR (B+71 Afe B)og-HfI* MTT
WHlEs YA BAF A L > BEHTA FF TR (RH1 C) stf
b % o o endosialin T RE N 2 RY b 20 FARDVCR A et PR T R
KI/KI ] &85 4 A B2 vegh a* wmre ficd 4p 10 > o 5 % Endosailin %_i% if

ek A e 2 F G A 2him e P 0 A RE TRB AT o

3.5 Endosialin # 3E s 2B 2 # 5

R R R me REL G F LF o & F BB

P Elme i PR ERhE ¢ > ARREL N E e g;ﬁ“d i b e

Foh B Pouga® vz enjE i (Lin, Lietal 2010; Lin2012) » ieq 28 i 4R o
% 7 4£31 endosialin £ FEBEEwe A PRRA > 5 AP P E w2

B3 “gﬁ—k sficp o 1% FA/80 FARiE T LA %Fk tgad > BEkT A KIUKI |
Rpkglanmd Al & (B> AdeB) e 2478088 =& F4/80 positive =% &
7 KIUKI -] &7 #%HA_ e+ 5 7 % & 14 % ’j‘a’fi’s}“ ME g mbe ZEEP P A AT
24 A ) B (B+ = C)(p<0.001) - 1345 F & % 4&:p| endosialin ¥ i 457 HEEF v
KREST- A= sk B2

BRI E e 2 F a0 NP BErRiwre & s (MACS) KB-F gz
UUO jists % = X chie e o g ¥ 7 X5 Fegfimie 2. RNA > i&- vt i 2 7
2z KIKL O} SR FAEOL B RBATE LR N E e T RS
FnA oo A G GEH W ML A > 2 DGR RT a M2 A e
b2 4R pE o ML A R P E i fe B € 4% ) = M2 3] & (Lin, Castano et al. 2009) - &)
Lo R Eemre R g LA T AR ﬁ,}m‘?\Ml ma‘ﬁﬂ- ¢ #& INOS~IL-1pB ~
Mip-la 7 2 Mip-20c % % 377 iow B & F] 405 4 4|2 KIUKI /| 8 i B3 g szt
A3 B EHAEE KUK | A F1 & E ez 3300 4 A & o B+ ~ B2 M2

Ap iR Fleha 47 - @ &5 Argl ~ TGF-B ~ PDGF-C ~ CCL17 m2 2 CCL22 » % Argl ~
28



TGF-p ~ PDGF-C ¢h# B4 B eni B 1 (B~ ~ AC) e L& CCL17 w2
CCL22 ehfk T4 3> B KIKI | & B (005 4 4] 812 B %343 & (p<0.05)
(R~ DirE)- 5 & b 5% &7 > Endosialin Jl'% i > B iim ™ 2 B 2 T

oo 30 FEE AP E L M2 3B mie o e 2. CCLLT e CCL22 > 5]t »

Faip] endosialin ¥ iL S F BB E R 2 > T 9 Vi 28 A M1 2 M2 B

fvg Ry o

3.6 Endosialin 82 58 E ¥ % i 7

5 ¥t endosialin £.F B¢ BB mre A (v > AP FHEEFET F K F
BB A ) dikie 3od LyBC & 17 A 41 o 1R A B AT L 4 41 Aol B UUO HE
RO F TR BTG § 7 - 3 CDLLb'Ly6CM" chimre ¢ CF RERE I TR
Bt e AR S GRS LA T TS BFET S ML Al NE et o
FPER 4 > CDLIb'LY6C™" ¢ 4] & & CDI11b'Ly6C'™" thimee » @ pt 3 i P
S S I N L e 3 @,tﬁfg # % M2 A 8 hE e w2 (Lin, Castano et al. 2009)
FIh 0 AR e R A 4T UUO Gt § = % en®g0 £t 0% 4 412 KIKI /)
REmeh g LB L4 el LA BANEFELA ) EZ2 KIKI /|
212 CD11b 2 Ly6C % ¢ #-im%e A ¥ fba) > f& ¥ B CDI1lb' chiwmre ¥ ¥ 1 A
Ly6C chi £ § % i > 3+ 8 Ly6C"" 12 Ly6C™" ik #r§ CDI1b" ime e 4 vt
(B4 fcBl =+ B-C)o %87 KIKI | RT3 ) ¢h CDI1b'Ly6C" E vt
G T4 4] 5 > @ CD1Lb'Ly6C'™" E vitimse P 4o d9 2 3] R0 > 2 w4 st g
£ (p<0.05) (B= +-)-

Foeb oo L7 FERpegk S e £ iE oo endosialin 22 B orgim e chiE 4] 0 4
PRy AR T > AR RN T E 2 Eegiee angg A)38% (Lee, Huen et al.
2011) > 3B R ARAC L, o AME e A L L ML AR 0 2 A w B A

A& KIKI | BTt a2 fme — 4232 % > Bfs A 1 F i chik T4 T
29
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B EvEmiz 2 &3] o §ANPREY ) QE giwie hlniz k RAW264.7 1% 5 #23) >
Sk E 1 RAW264.7 € £ 3 M1 Al hk Fl4e INOS > 2 7 € &30 M2 3 f
I F) (B2 L = A) o gt imre A w22 m e (vehicle) ~ B 4 A 2 KIKI e
—AeR A BERETE KUK e %3 4 Faime i CCLLT 438 i
77 4 A mre 2 % (p<0.05) (Bl= L = B)o ¥ ¢b> 1 ¥ MR FE s wie (BMDMs) %
BEsS o W F IR ehi % o Betimie 22 KIKI v - A2z % > 4 # (7 CCL17

LB RIS 4w w s (p<0.05) (Fl= L= C)o 4 2& 1+ %% & » Endosialin

m}‘

Ak g EFoREsN ML Ervglmie A1 M2 318 > & R R E%k s 7 T
B eni % > #Fu] ¢ 4 CCLL7 fr CCL22 ehE wiim®e PP B > » Tt > aip)
endosialin ¥ it 5 d A dlidy M1 2 M2 E im0 i3] -

1954 1 4p 11> CCLL7 2 CCL22 ¢ ¢ iasg v genigh s i (Inoue, Fujishima et
al. 2004) - v 2 = 7 3 R RER ) anti-CCL17 #ik8 st 3 »xfrd| | BUH BRengh it >
@ anti-CCL22 #uif f & »c% » &g7 CCLL7 ¥t i jxieehE £ |4 (Belperio,
Dyetal. 2004) - 5 7 % 77 CCLL7 ¥ F- 58 A it ihf SRR A A ] BlLE T
UUO & jiF» I ¥ e pFi1 & anti-CCL17 %Y —fﬁ HRepii | &9 o jisis 10 %
A F i A2 &R o 1% Picosirius red % ¢ MR R Fd Gl SRR
% BT L8t Anti-CCL17 Fim B>t e (- - = A4eB)> 54 45 #c8Y

B4 ZMAPE B % (p<0.05) -

3.7 Endosialin 2 E vfim e B2y a* W% ch J 1T
& F£ 31 endosialin 4oie 33 i E rglim e & 4] > A * cytokine array A 47 %5 4

A2 KIKI o] B3vg g mie dr e is 3+ (Bl Lw) 2% KT KI/KI | &

AR e T s F RS A o A2V EEET A > R EED
FRIE AT T - 20 o WA B4R ES ) Mac2BP/90K ¢ £ endosialin & &

(Becker, Lenter et al. 2008) » @ E viim®s % 4 4F f ¢ % i Mac2 (galectin-3) & * i&_
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EF % it (Henderson, Mackinnon et al. 2008) » ¥ ¢t > galectin-3 » 4% 4F 22 ¢
35O Fed B & Tt A0 Bk endosialin ¥ it 3538 Mac2BP/90K FY 42 8% S8k

-t s 2 Bt & endosialin ¥ ¢ galectin-3

ik

LR g R fme 2
Eviimbe ihrt qc (M4) o &7 @ galectin-3 & endosialin i * o 2 g LA
17 galectin-3 7 5] & Endosialin 1% | R h& i) > B % 7 7 h L b m s & K
E ¥ m?2 » Endosialin I;"Jﬂf 3 ¢ P galectin-3 AF|ehiE (Bl= 1) 24147
Lgals3 (galectin-3) & F|7I' &gk F1 & & - 1% Bskin % & Yok oit-E o o2
UUO sk @ A g -

T v

Ewgime 2. RNA> 247 M1 §o M2 A Flend i &

4

% B ot & galectin-3 4 £ enE vgimre > CCL17 32 CCL22 enid @ M4 Al
Mo R 80% (B E-F)2e AFPlEap LR 2% ¥ Endosialin
PIv | BUAP AR 2> (e %% MG R % o 99500 & %P endosialin 7 ¢ 25 galectin-3
o d AR fﬁ&fﬂﬁ‘l“f AL LA > F RS FRV LG AR
SR A

% 7 431 endosialin #2 galectin-3 & e i®¥ * > A i 44 endosialin-ddk £
galectin-3 £ JLI“ 48 — b & 4 *% HEK293FT Mwie i v » 3 ¥ {1% § 5 £ ik (co-IP)
% 30 FEP endosialin ¢ ¥ galectin-3 % & (fit4+ - ) - Endosialin &2
WH 3 Hisdke ddk> Flpt# * anti-ddk #8874 endosialin 3o B0 H <] 4
%> 100 kDa~130kDa 2 B » @ galectin-3 3¢ F ~ -] ¥ 30kDa- Bl=- -~ AL R
& M anti-galectin-3 8ok -0 F {50 £ * anti-ddk 4288 i ] endosialin .5 %
= Cell lysate Z @& 4R > L RIALFRE > EEA3 BLIRFTRT D 20 r
anti-galectin-3 %8 7 &g @ jp| ] endosialin 535 » @ & IgG = # 4 endosialin-ddk
HREPLGF A - 4pF o Bl L= B £41* anti-ddk sk 3-s > £ ¥
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Cell lysate IP:Galectin-3 1B

Endosialin-DDK = + + + + +
Galectin-3 - = + = + +
anti-Galectin-3 - - - + + g
IgG L e o T & +
130- "l
. anti-DDK
- v
100- g
25 - M .  anti-Galectin-3
- - anti-g-actin
Cell lysate IP:DDK IB
Endosialin-DDK - - + + +
Galectin-3 - + + + +
anti-DDK - - - + -
IgG - - - - +
25 - ' . B anti-Galectin-3
) .
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Q-RT-PCR 2_313 & 7|

Tablel. Primer Sequences Used in Quantitative RT-PCR
Gene Sequences

GAPDH

Forward 5'-CTGGAGAAACCTGCCAAGTA-3'

Reverse 5-AAGAGTGGGAGTTGCTGTTG-3'
TGF-p1

Forward 5-GGACTCTCCACCTGCAAGAC-3'

Reverse 5'-GACTGGCGAGCCTTAGTTTG-3'
Arginasel

Forward 5-GCTGTCTTCCCAAGAGTTGGG-3'

Reverse 5'-ATGGAAGAGACCTTCAGCTAC-3'
CCL17

Forward 5-AGTGGAGTGTTCCAGGGATG-3'

Reverse 5'-CTGGTCACAGGCCGTTTTAT-3'
CCL22

Forward 5-GTGGAAGACAGTATCTGCTGCC-3'

Reverse 5-AGGCTTGCGGCAGGATTTTGAG-3'
PDGFC

Forward 5'-GAGTCCAACCTGAGCAGCAAGT-3'

Reverse 5-GAAACTTCGGGCTGTGGATGCT-3'
iINOS

Forward 5-CAGCTGGGCTGTACAAACCTT-3'

Reverse 5'-CATTGGAAGTGAAGCGGTTCG-3'
CCL3/Miplo

Forward 5-CGGAAGATTCCACGCCAATTC-3'

Reverse

5'-GGTGAGGAACGTGTCCTGAAG-3'

CXCL2/Mip2 o

Forward
Reverse

5'-CTCTCAAGGGCGGTCAAAAAGTT-3'
5-TCAGACAGCGAGGCACATCAGGTA-3'

CXCL2/Mip2 o

Forward
Reverse
Endosialin
Forward
Reverse
Collagen |
Forward
Reverse

5'-CTCTCAAGGGCGGTCAAAAAGTT-3'
5'-TCAGACAGCGAGGCACATCAGGTA-3'

5'-CTGCCACTCGACCCACACTA-3
5'-GGTGGGCGTGTAGCTGAAAT-3'

5'-GGCTATGACTTTGGTTTTGAAGGA-3'
5-CGTTGTCGTAGCAGGGTTCTTT-3'
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Lo e THAANEE

TEM1-LacZ Kl mice, 10 wks, n = 6/group

Item Unit
BUN  mg/dL
CRE mg/dL
UA mg/dL
Na mEq/L
K mEq/L
Cl mEq/L
P mg/dL
Ca mg/dL

Mg mg/dL

+/+
28.87 £ 0.57
0.10 £ 0.00
2.3210.16
140.67 £ 0.67
5.87 £ 0.08
129.33 + 0.84
6.80 £ 0.39
9.25 1+ 0.04
2.65 1 0.08

+/KI
29.57 £1.33
0.10 £ 0.00
2.33£0.11
144.00 £1.03
5.60 £0.27
126.67 £ 0.84
7.60 = 0.47
9.28+0.28
2721013

KI/KI
2943 £219

0.10 £0.00
2.68 £0.12
144.67 £1.23
6.13 £0.17
125.33 £ 0.84
7.00 £ 0.49
9.37 £0.08
277 £0.08




# = Cytokinearray 7]+ 2% %

Table 3. Chemokine profile in WT and KI/KI RF

Relative expression level

Protein (folds of KO RF/WT RF)
E78 TREM-1 2083
D56 CXCL1/KC 1878
D2122  RANTES/CCL5 1.801
D15 16 MIP-1a 1778
D19 20 MIP-2 1718
E56 TNF-a 1,601
D1314  MIG/CXCLY 1.489
D12 IP-10 1.468
D17 18 MIP-1B 1.456

Cr78 IL-6 1.452
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basic concepts and clinical implications.” Nat Rev Immunol 13(10): 738-753.
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Human: IVYCTRCGPHAPNKRITDCYRWVIHAGSKSPTEPMPPRGSLTGVQTCRTSV 757
Bovine: IVYCTRCGPHAPNKRITDCYRWVTHAGSKSPTEPMPPRGSLTGVQTCRTSV 757
Canine: IVYCTRCGPHAPNKRVTDCYRWVTHAGSKGPTEPAPPRGSLTGVQTCRTSV 631
Murine: IVYCTRCGSHAPNKRITDCYRWVTHAGNKSSTEPMPPRGSLTGVQTCRTSV 765

Rat: IVYCTRCGSHTPNKRITDCYRWVTHAGNKSSTEPMPPRGSLTGVQTCRTSV 764

eI ~ Endosialin eh3-¢ F i

RI(A) & Endosailin chi-v F 4% A 5 C-type lectin domain ~ Shushi domain -
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AT Dl R E B oo d SRR AR 1 ch i TSV R A PDZ motif -
kR - Valdez, Y., M. Maia, et al. (2012). "CD248: reviewing its role in health and

disease.” Curr Drug Targets 13(3): 432-439.

120



Cephalic E15.0

mesenchyme -+ + + + +  +

Dermis/whisker

follicles + + +

Lungs + + +

Aorta & Heart t t -
Sep. trans./

liver + -

Gut mesenchyme

Mesonephros + +
Kidneys + + +
Umbilical

vessels

Uterus +

| | | | | | | L/ S
T T T T T T T 7/ T7/1
E 95 105 115 125 135 145 155 165 175 P1 P80

‘t4%> ~ Endosialin % RehpFF 2 =8

B % f1* Endosailin-LacZ Kl -] B:& 7 LacZ % ¢ 2 i jp] endosialin # If crpe
2l Xghi BRIPFAFE Y Rl EAEme®it o & ¢ %&£ endosialin
ZEORE ARFEAEH S o (+) A7 & endosialin s (-) RIEE () * A
Amd ey e mRNAoOr j—v B pl5 & Eapr g o

F 4 kR Huang, H. P, C. L. Hong, et al. (2011). "Gene targeting and expression
analysis of mouse TemZ1/endosialin using a lacZ reporter.” Gene Expr Patterns 11(5-6):

316-326.

121



“t4%- ~ Endosialin (CD248) =% {#+4]

® (A) Endosialin 22 PDGFR-B & enit* - 5 Fibonectin & 4 collagen & &

endosialin i%_¢ PDGFR-B T #53 & @i % & m Bk lwmie 3 4 2 = {7 -F (B)
g e# 'mre @ Endosialin ¥2 Notch-3 [ &1 it* o Endosialin & £ ¢ 4]
Notch-3 3t & @ iE# 7 MMP-9 £ £ + # » |r p¥ endosialin ™ 75 HIF-1 ¢ - & 2
EFFARE L BagE A EEFUE R o

7R kR s Valdez, Y., M. Maia, et al. (2012). "CD248: reviewing its role in health and

disease.” Curr Drug Targets 13(3): 432-439.

122



Sc ATG X x E S|

H | ! I? | |
A rargeting L5 g LacZ-pA P{NeoH> voTR —

vector
Ev X 5 \76 / X E
WT TEM1 il k 3 probe o

X TEM1 3
allele ; 5’ UTR 3" UTR 3
= 15 kb )
! 13.7 kb 1
E S ATG & X B
Y 5 1 g S sx
TEM1-Lacz- 5 UTR | TaczpA _ H{Neols TumR L L
Neo | -
+Cre & 5 kb
S sl
Ev 5’ probe © - AIYG Elv )I( B g G
TEM1-LacZ - 5 UTR | LacZ-pA : | 3’ UTR .
|
12 kb i ' 3.8 kb .
3’ probe 5' probe D 3
B € £ 2 WT primers LacZ primers
+/LacZ +/+ +/LacZ +/+ +lLacZ LacZ/ +/+ +/LacZ LacZ/
neo LacZ LacZ #+  +lacZ LacZlacz M 4+  +lacZ LacZllacZ

*té& N ~ Endosialin-LacZ KI -] & 2. i‘iﬂﬁ_%i A F AN &Ew

Bl A 5 AFEDRE k2 v LacZ A F1 % # ~ Endosialin & 7] ATG 2 {5 > e pF
5"]% Endosialin 2k Flera friz me > St % & iF D wmredk > 02 Cre £ 2058
% % P i Neo AT Y oW B v C ALY & = 5Bk ALl Ak Flikenim
etk o Boutsarnizimre Sd i stiiE » AR R - B D 5 PCR A ¥ &
EBRZ AT B E® DNA E S 7 il 3 3cx oWT 2%+ ¥ E L 328b.p >
LacZ *x+ % B 5 440 b.p - Neo : Neomycin resistance gene ; TEM1: endosialin -
AL %k Huang, H. P, C. L. Hong, et al. (2011). "Gene targeting and expression
analysis of mouse Tem1/endosialin using a lacZ reporter.” Gene Expr Patterns 11(5-6):

316-326.
123



In-vitro assay for M1/M2 switch

Macrophageline:
Raw264.7/BMDMs EI
5X10° Cells/one 24- Remove induction medium and add fibroblast inserts

well
| M1linduction Co-culture I
| LPS+ IFN-y 48 hr I

36 hr I | l

I 5| RNA

Ivsi
Passage WT/KI fibroblasts and seeding 1x10° cells T;? I\\’:;S
on inserts cultured separately

marker

M4~ E i %o ol 335 5 A2 )
4 #-5X10° chE wimre 6~ 24 well 33 %4 ¢ » 4c » LPS 122 INF-y 3% % 36 |
g Eegmre s 5 ML ARG 0 2 e 4 A8 KIKI svga® mee X 32 % 48

JBE S B BB egime o RNA & A 45 H 2 7% 1

124



________ > Fibrosis

Fibroblasts

Macrophages

Fibroblasts

“+4%- ~ Endosialin 2@ Galectin-3 &% $4/F]

Bl A £ 71 iegh g * e e oh endosialin 3 38 A So$ 4] BGER E i £ 3R CCLL7 1
2 CCL22: itm MABGh @i chief2 o BB £ 7 v ik a2 w7 i 1538 endosialin

¥ Evgim?e 2. Galectin-3 (Mac2) i&{74p 3 i¥% o

125



HEK293T

Tranfection

48 hr
~7.2 kb ~5.7 kb 1
Anti-DDK Anti-Galectin-3
» antibod antibod
& %. Immunoprecipitation
< pCMV6-Entry = .,
2 Vector § .
) 4.9 kb
2 B
o Western Blot
'p Xho |
04,4

o

&+ - ~ Endosialin & Galectin-3 §*48 > »1 2 @ % 2 Ko}
% HEK293FT 'w# ¢ i§ ¥ 4 3R Endosailin-DDK 12 2 Galectin-3 2. % 3R.{"4¢ - 48
JPEZF B G B I L K UK 3V 4 47 Endosailin £7 Galectin-3 ih.% £ o

Endosialin # 4" %8 & v £ 473 3z kv (DDK) -

126



RESEARCH ARTICLE

TXAS-deleted mice prevent hypertension and growth restriction in
fetus after high salt treatment during pregnancy

Chen-Hsueh Pai', Ching-Tzu Yen', 1-Shin Yu?, Chie-Pein Chen®, Shu-Wha
Lin', and Shu-Rung Lin**

(in submission)

'Department of Clinical Laboratory Sciences and Medical Biotechnology, National
Taiwan University Hospital, College of Medicine, National Taiwan University, Taipei,
Taiwan

?Laboratory animal center, National Taiwan University Hospital, College of Medicine,
National Taiwan University, Taipei, Taiwan

*Division of High Risk Pregnancy, Department of Obstetrics and Gynecology, Mackay
Memorial Hospital, Taipei, Taiwan

*Department of Bioscience Technology, College of Science, Chung-Yuan Christian
University, Taoyuan, Taiwan

* Corresponding author

E-mail: shurung@cycu.edu.tw

127



Introduction

Preeclampsia (PE) is a serious complication occurring in pregnant women, and both the
affected mother and child may encounter high morbidity and mortality. Women with PE may
suffer from all or some of the symptoms as hypertension, proteinuria, renal insufficiency,
hemolysis, decreased platelet counts, and increased platelet activation. The present management
of PE patients depends on severity of symptoms, and selective drugs targeting from mild to
severe PE’s have been available, i.e., methyldopa, hydralazine, and magnesium sulfate, etc. [1].
Nevertheless, the best treatment currently available for PE, particularly for those diagnosed
beyond the gestation period of 38 weeks or with maternal compromise or eclampsia at gestation
greater than 20 weeks, is delivery of the infant and the placenta. Consequently, this contributes
to the incidences of intrauterine fetal growth retardation (IUGR) and preterm birth.

Nearly 5~10% of women develop hypertension during pregnancy, and pregnancy-induced
hypertension (PIH) is one of the most prevalent risk factors for PE [2]. Hypertensive conditions
are multifactorial, and one such factor closely associated with PIH or PE is inadequate
implantation and defective cytotrophoblastic invasion of the maternal spiral arteries that results
in poor placentation and placental dysfunction [3,4]. Defective placentation may lead to focal
regions of hypoxia which, in turn, is thought to alter the production of growth factors, cytokines
[5], lipid peroxides [6], and prostaglandins by placental trophoblast cells [7]. For example, the
production of inflammatory cytokines such as tumor necrosis factor-o (TNFa), interleukin
(IL)-1a, IL-1pB, and IL-6 were elevated in placenta and are generally proposed to be unfavorable
to pregnancy [8]. Moreover, clinical studies have shown changes in the levels of cytokines,
prostaglandins etc. in women with PE [9,10]. These observations have raised interest in
understanding the effect of these cytokines on placentation and disease progression in relation to
hypertension and PE [11].

In women with PE, the balance between TXA2 and PGI2 has been altered and high levels
of thromboxane A2 (TXA2) metabolite have been detected in circulation [12,13]. Both TXA2
and PGI2 are derivative of the arachidonic acid and functional antagonized to each other. While
TXAZ2 stimulates platelet activation and aggregation, vessel constriction, and proliferation and
mitogenesis of vascular smooth muscle cell (VSM), PGI2 acts to be an inhibitor of platelet
aggregation and a vasodilator [2]. Studies have shown that during placenta ischemia/hypoxia as
caused by aberrant implantation, PGI2 synthesis may be downregulated and TXA2 synthesis
upregulated. Moreover, it seems that the release of TXA2 from basal trophoblast cells had been
increased in PE placenta [14]. Elevated levels of TXA2 might explain major clinical symptoms
of PIH and PE, such as hypertension, platelet aggregation and reduced utero-placental blood
flow [15,16]. Low dose aspirin has been used for many years for prevention of PE. A 10%
reduction in the prevalence of both PE and delivery before 34 weeks’ gestation has been
observed with low-dose aspirin [17]. Aspirin at low dosages selectively blocks the synthesis of
TXAZ2 and consequently tips the balance between thromboxane A2 and PGI2 in favor of PGI2.
This may improve the uteroplacental circulation [18]. However, aspirin usage during pregnancy
demonstrated the controversial outcomes in clinical patients and animal models [11]. Low dose
aspirin has been shown to reducing risk of developing PE and damage mediated by TXA2 [19],
whereas it is useless in women at high risk of PE and side effects such as post-partum bleeding
and epigastric pain were observed in pregnant women [20]. Moreover, in RUPP (reduction in
utero-placental perfusion pressure) rats TXA2 did not contribute to hypertension or renal
vasoconstriction [21], or did not show decreased effects on the uterine artery of pregnant guinea
pigs [22]. In contrast, other studies showed that TXA2 analogs caused hypertension in pregnant
animals [23,24] and ozagrel, a TXA2 modulator, could reduce pregnancy-induced hypertension
and proteinuria in PE [25]. Thus, the role of TXAZ2 in PE remains unclear.

Studies in rats have shown that high salt treatment in late pregnancy induce maternal
hypertension and renal dysfunction [26,27], and this treatment also develop to IUGR. We have
generated TXA2 synthase (TXAS)-deleted mice and reported that TXAS is not essential for
embryogenesis, reproduction, growth, thrombopoiesis and lymphocyte differentiation. However,
TXAS deletion causes a mild hemostatic defect but protects mice against arachidonate-induced
shock and death due to systemic platelet thrombi [28]. To investigate whether blockade of
TXAS may provide an alternative strategy for PIH or PE prevention, we have used
TXAS-deleted mice treated with high salt as a model. Our results demonstrated that TXAS KO
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female mice were more resistant to high salt-induced PE than WT counterpart. Moreover, TXAS
KO female mice had reduced apoptosis and inflammatory cytokine expressions in placenta and
decreased level of growth factors in circulation. Our study suggests that specific blockade of
TXAZ2 production may have beneficial to women at high risk of PE.

Materials and Methods
Tissues

Placental tissues were obtained under Institutional Review Board approval at Mackay
Memorial Hospital, Taipei, Taiwan, from spontaneous preterm birth, normal term delivery or
pre-eclamptic patients (33 to 38 weeks of gestation) following Cesarean delivery in the absence
of signs and symptoms of chorioamnionitis. Preeclampsia was defined as gestational blood
pressure elevation with proteinuria, usually occurring after 20 weeks of gestation according to
the ACOG guidelines [29].
Animals

Male and female mice (8-16 weeks) were used in this study. C57BL/6J mice from the
Animal Center of the College of Medicine, National Taiwan University were used in early
treatment experiment. We have generated TXAS-deficient mice and were breed to ten
generation on BALB/c background [28]. All mice were maintained in the institutional
laboratory animal center of department of Bioscience Technology of Chung Yuan Christian
University. All animal experiments were approved by the board of Animal Welfare of CYCU
and performed according to its guidelines. The protocol was approved by the Institutional
Animal Care and Use Committee (IACUC) of Chung Yuan Christian University.
Treatment Protocol

High salt solution in drinking water induced preeclampsia symptoms in rats had been
established [26,27]. Here we treated 2.7% NaCl solution in mice and protocol were shown in
Figs. 1. In briefly, pregnant mice were fed with dH20 (control group) or 2.7 % NaCl solution
(treatment group) in drinking water and starting at Day 12 of gestation and end at Day 18 (S1
Fig.). After parturition, the given birth mice were immediately sacrificed and collected the
plasma. Kidney and placenta tissue were collected rapidly and stored at formalin or snap frozen
at -80 oC.
Physiological Measurements and Analysis

For pregnant mice, blood pressure was measured by the indirect tail-cuff method (Softron
BP-98A tail Blood pressure system; Japan). Body weight and feet size of the mice were
recorded every day from Day 10. Urine samples were collected at Day 11, Day 14, and D 18.
Urinary protein and creatinine were determined by Protein assay kits (Bio-Rad, USA) and
Creatinine Assay Kit (BioAssay Systems, USA), respectively. Placental weight, fetal weight, as
well as fetal length (nose-rump length) were measured after birth immediately.
Plasma collection and Molecular detection

Blood was collected by cardiac puncture into heparin tube and then centrifuged 15 min at
1,500 x g, 4 oC to collect plasma. TXA2, PGI2 were measured by detection of their metabolite
using ACE competitive enzyme immunoassays (Catalog # 501020 and 515211, Cayman,
USA). Blood urea nitrogen (BUN) and creatinine (CRE) were determined by assay kit (Catalog
# DIUR-500 and DICT-500, BioAssay Systems, USA). Mouse soluble Flt-1 (sFlt-1) was
measured by ELISA kit (Catalog # DY471 and DY1320, R&D systems, USA). Electrolytes
were detected by TBA-120FR Automated Clinical Analyzer (TOSHIBA, Japan). All assays
procedures were followed the manufacturer’s instructions.
RNA preparation and mRNA expression

Total RNA was extracted from placenta tissue using the TRIzol kit (Invitrogen, USA) and
used for complementary DNA synthesis as described previously. [28,30] Human TXAS, human
GAPDH (internal control for human gene), mouse Tbxasl, and mouse Gapdh transcripts
(internal control for mouse gene) were detected by quantitative reverse-transcription PCR
(gRT-PCR) using TagMan gene expression assays (Hs01022706_m1, Hs02758991 g1,
Mm00495553_m1 and Mm99999915 g1; Applied Biosystems, USA) according to the
manufacturer’s instructions. Real-time qPCR was performed using a standard protocol on
ABI-7300 (Applied Biosystems, USA). Quantification of mouse Il1b, 116, and reference gene
gapdh were conducted by SYBR Green gRT-PCR using previous reported primers [31,32]. The
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primers sequence were as follows: IL-1f Forward: 5'-CAGGCAGGCAGTATCACTCA-3,

Reverse: 5-ATGAGTCACAGAGGATGGGC-3; IL-6 Forward;
5'-CAGGAGAGGAGACTTCAAG-3', Reverse: 5'-CAGAATTGCCATTGCACAAC-3'
GAPDH Forward: 5'-CTGGAGAAACCTGCCAAGTA-3, Reverse:

5-AAGAGTGGGAGTTGCTGTTG-3'. All samples were run in triplicate. The threshold cycle
is defined as the fractional cycle number at which the fluorescence passes the fixed threshold.
Relative quantification of target gene expression was calculated by the comparative CT method.
Western blot

Total tissue protein (25 mg) was separated by SDS-PAGE (10% gel) and transferred onto
an Immobilon polyvinylidene difluoride membrane (Pall, USA) [33]. Immunoblot analysis was
conducted using antibodies against TXAS (Catalog # 160715, Cayman, USA), GAPDH
(Catalog # GT239, GeneTex, Taiwan). The proteins were visualized by DuPont Western Blot
Chemiluminescence Reagent (NEN Research, USA).
Histologic analysis, Immunohistochemistry, and TUNEL assay

Placenta and kidney were collected and weighed. The tissues was fixed in 10% buffered
formalin for 24 hours, embedded in paraffin, cut at 5-7um and stored at 4°C in dark. For
histologic analysis, the sections were de-waxed before staining with hematoxylin and eosin
(H&E) [28]. For immunohistochemistry analysis, the de-waxed tissue sections were incubated
with a rabbit polyclonal anti-IL1p antibody (1 : 500 dilution, Catalog # ab9722, Abcam, USA)
or a rabbit monoclonal anti-phospho-p38-MAPK antibody (1 : 500 dilution, Catalog # 4511, Cell
signaling, USA) at 4°C overnight. After washing with PBS containing 0.5% Tween 20, the
detection of primary antibody was conducted by using Super SensitiveTM IHC detection
systems (Biogenex, USA) based on the manufacturer’s instructions. Hematoxylin
counterstaining was used. For detection of apoptotic cells, the sections were stained by TUNEL
assay kits (Millipore, S7110). All control tissues stained appropriately.
Statistical analysis

Statistical analysis Data were expressed as means + S.E.M. Statistical analyses were
performed between different groups using ANOVA test. Asterisks are used in the figures to
indicate statistically significant differences (*P <0.05; **P < 0.01; ***P <0.001).

Results

Increased TXA2 synthase levels in the placenta of pregnant women with PE
Because abnormal placentation and elevated levels of thromboxane A2 (TXAZ2) are found in
pregnant women with PE [12], we investigated whether the TXA2 synthesis in the placenta of
women with PE were increased. The results showed that both the RNA and the protein levels of
the thromboxane A2 synthase (TXAS), the enzyme responsible for TXA2 production, in the
placenta of women with PE were higher than those of women without PE (Fig. 1). This is in
agreement with the knowledge that pregnant women with PE had elevated TXA2 metabolite in
circulation [34] and suggests that the placental TXAZ2 levels are in correlation with the
pathogenesis of PE.

High salt treatment induces severe growth restriction in mice during pregnancy
Abnormally elevated TXAZ2 levels were known to induce thrombosis and hypertension [35].
To investigate the role of TXAZ2 in the pathophysiology of PE, we used wild-type (WT) mice
and TXAS-deficient (KO) mice that are defective in synthesizing TXA2 [28] as models, and
induced PE in the pregnant female mice by high salt treatment with 2.7% NaCl in drinking
water started on day 12 of pregnancy till delivery (fig. S1). Under this experimental condition
we found that the pregnant wild-type (WT) control mice exhibited significantly increased TXB2
levels (metabolite of TXA2) as found in women with PE (fig. 2A). They also developed specific
PE phenotypes, including high blood pressure and growth restriction in fetus. In contrast, high
salt-treated TXAS-deficient pregnant mice had undetectable TXB2 due to loss the TXAS gene,
and had less severe phenotypes. We found that while WT pregnant female mice gradually
developed high blood pressure (deltaMAP=15 mmHg) upon high salt treatment, the KO group
did not (fig. 2B). Moreover, the weights and sizes of the fetuses born to the high salt-treated WT
mice were reduced by nearly 50% and 24%, respectively. In contrast, those of the fetuses born
to the high salt-treated KO mice were mildly affected (fig. 2C and 2D). In addition, we found
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that the 6-keto-PGFla (metabolite of prostacyclin) levels remained unchanged in and
comparable between WT and KO groups during high salt induction (fig. 2E). This suggests that
prostacyclin does not play a role in this experimental model.

Detailed physical examination of the pregnant mice showed that both high salt drinking
water-treated WT and KO groups had higher sodium and chloride levels in plasma compared
with regular water-treated control groups. This further indicates that the experimental treatment
was successful (Table 1). Other parameters such as potassium, total calcium, magnesium, serum
creatinine and BUN remained unchanged before and after high salt supplement on WT and KO
mice. Moreover, both WT and KO groups also did not develop proteinuria, or edema in the
lower extremity as measured by the size of the feet, or sFlt-1, which are also unchanged in all
experimental groups (fig. S2).

While the fetus sizes and weights were affected by high salt treatment (fig. 2C-2D), we
found the WT group was more severely affected than the KO group. We also found that while
the maternal weights of WT and KO groups on regular drinking water increased gradually
during the gestational period, the maternal body weights of both WT and KO groups were both
significantly lower than the regular water control groups (Fig. 3A). Moreover, the KO group on
high salt water had more body weight than the WT counterpart (31.5 g v.s 24.8 g) (Fig. 3A). The
placental weight as well as the litter size was not different among all experimental groups (Fig.
3B-3C). By calculation we found that the maternal net body weight of KO (29.3+2.7 g) on
regular water was similar with WT counterpart (27.9+2.7 g). On the other hand, in the high salt
treatment condition, the KO group (23.4+3.1 g) had higher body weight than that of the WT
counterpart (18.8+2.1 g) (Fig. 3D). However, how the TXA2 affected the maternal body weight
is unclear.

High-salt drinking water-treated TXAS KO pregnant mice show increased blood
infusion and resistant to apoptosis in the placenta

High salt drinking water may cause deleterious effects on the maternal kidney and placenta.
Moreover, placenta defects may affect fetal development due to insufficient nutrient supply [36].
To explore how high salt treatment resulted in severe fetal growth restriction, we performed
detailed examination on histopathology of kidney and placenta. While tissue sections showed no
significant alterations in the kidney and placenta in the WT or KO pregnant mice either fed with
high salt or normal drinking water, increased blood flow with numerous red blood cells were
found in the vascular sinuses of the placenta labyrinth of the KO mice, indicating there were
hemostatic defects in the KO pregnant mice (Fig. S3). Our data suggest that depletion of TXA2
as in the KO mice may increase blood infusion into the placenta and provide more nutrients
supply to fetus, and consequently render these mice sustainable to high-salt drinking
water-induced severe growth restriction.

High levels of TXA2 have been suggested to play a role in placental cell apoptosis, and
that may consequently contribute to hypertension [37]. We next assessed the extent of apoptosis
in the placenta. The number of apoptotic cells that were identified as DAPI/TUNEL
double-positive was remarkably increased in the WT placenta labyrinth as compared to the KO
fed with high-salt water (Fig. 4)

High salt treatment of pregnant mice induced IL-1p signaling pathway in the
placenta of WT mice but not the KO counterpart

Studies have indicated that elevated TXA2 and IL-1p may contribute to placental
dysfunction by restricting differentiation, induction of cell cycle arrest, and enhancing apoptosis
in human trophoblasts [37,38]. In addition, IL-1B could induce cellular apoptosis via
p38-Mitogen Activated Protein Kinase (p38-MAPK) activation [39]. Thus, we examined the
MRNA and protein expression of IL-1p and the downstream signaling molecules, including IL-6
and the activated form of p38-MAPK. We found that the IL-1f mRNA and protein levels and
IL-6 mRNA were all upregulated in high-salt treated WT placentas (Fig. 5A-5C). Moreover, the
number of cells expressing phosphorylated p38-MAPK in placenta labyrinth was increased in
high-salt treated WT group, but not in KO counterpart (Fig 5D-E). Our data demonstrated high
salt drinking water induced IL-1p signaling pathway in the WT placenta, which may be related
to the role of TXAZ in the regulation of IL-1p and its downstream molecules, and the effect was
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minimal in the TXA2 KO mice.

Discussion

Poorly development of placenta is accepted as the key factor for the etiology of PIH and
PE [3,4]. In this study, we demonstrated that TXAS mRNA and protein was highly expressed in
the placental tissue from PE patients in the comparison of gestational age-matched controls, in
agreement with previous reports shown that both TXAS mRNA and protein were abundant in
trophoblast layer, decidua, and blood vessels of placenta from PE pregnancies [40,41]. Low
dose aspirin which selectively inhibits TXA2 production has been shown beneficial effects in a
wide range of clinical trials for prevention of placenta-associated pregnancy complications
including reducing the risk by 17-21% of PE [42-47]. Recently, the US Preventive Services
Task Force (USPSTF) has recommended to use of low does aspirin (81mg daily) in women who
are at high risk of developing PE [48,49]. However, the detail mechanism of protective effects
of aspirin is not well defined, to address the role of TXA2 blockade in aspirin-mediated
prevention of PE, we established an inducible PE mouse model in which mice were treated with
salted-water in drinking and applied Thxasl KO mice on this model. Salted-water treatment
resulted in significant elevation in plasma sodium and chloride concentration in both WT and
KO pregnant mice without defective in renal function (data not shown) and structure and
decrease in litter size. We showed that WT pregnant mice with salted-water intake demonstrated
hypertension, imbalances of plasma prostanoid levels which TXAZ2 level was elevated without
change in PGI2 level, and lower fetal weight and size. The aforementioned phenotypes observed
in WT mice were mostly consistent with the rat administrated with salted-water [27]. While WT
female mice were suffered from adverse effects induced by salted-water, the KO mice did not
revealed high blood pressure and fetal weight and size only showed mild decrease. Besides, we
also found that although the body weight of KO pregnant mice with salted-water intake were
less increased as those with normal drinking along with the progression of gestation, WT
counterparts showed a more severe phenotype that almost unchanged in their body weight.
Salted-water treatment not only restricted fetal growth, it also affected pregnant mice
themselves as their maternal net body weight was obviously reduced, but this reduction was
mollified in KO mice.

It has been reported that overexpressing TP or infusing synthetic TXAZ2 in pregnant rodents
would induce IUGR [50-52]. In addition, specific inhibition of TXA2 production has been
demonstrated to reduce pregnancy-induced hypertension and proteinuria in a small scale clinical
trial of PE women. We have shown normal growth and thrombopoiesis, and only mild
hemostatic defect in Thxasl KO mice previously [28], in this study we further demonstrated
deficient in TXA2 did not result in severe bleeding at delivery and reduction in litter size, and
plasma sFlt-1 levels from KO were lower than WT mice in normal pregnancy (p = 0.08).
Together our results confirmed the protective effect of blocking TXA2 production on prevention
of PIH, PE, and IUGR and the safety of specific inhibition of TXA2 as we did not observe any
obvious side effects such as abnormal hemorrhage. Moreover, we provided additional evidence
that this protective effect was beneficial to both mother and fetus.

Infusion with TXA2 analog in the last week of C57BL/6J mouse gestation was shown to
induce IUGR. The increased production of TXA2 may be deleterious to placenta. Culturing the
trophoblasts from clinical PE samples under hypoxia condition could induce TXAS expression
[53], which may consequently inhibit the trophoblast differentiation and enhance apoptosis of
trophoblasts [37]. TXA2 was also considered to enhance oxidative stress via mediating the
superoxide production by neutrophils obtained from pregnant women [54]. All of the results
indicate TXA2 may damage placental tissues and cause placental insufficiency which may
consequently restrict fetal growth [55]. In the present study, although we did not observed
morphological and structural alterations induced by salted-water, we found that blood flow was
increased in placenta after salted-water treatment, and placenta from KO mice with normal or
salted-water drinking showed more significant blood infusion in the comparison with their WT
counterparts. Increased production of pro-inflammatory cytokines such as interleukin IL-1f and
IL-6 has been detected in women with PE [56]. IL-1B has been shown to modulate human
trophoblast proliferation through triggering apoptotic cell death and induction of cell cycle
arrest [38]. Besides induction of apoptosis by IL-1p was shown to rely on p38MAPK activity
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[57,58]. We measured gene expressions in placental tissue and identified I111b and 16 mRNA
levels were upregulated in WT but not in KO mice with salted-water treatment. Further
examination of IL-1p and the phosphorylated-p38MAPK showed that IL-1p signaling pathway
was significantly induced by salted-water treatment concordant with increased number of
apoptotic cells in placenta from WT but not in KO mice. Taken together, inhibition of TXA2
production may help to increase blood infusion and thus provides more nutrient supply to
placental tissue, and could inhibit IL-1p signaling pathway upregulation and thus protect
placental cells from apoptosis.

In summary, using salted-water treatment we successfully induced PE phenotypes in WT
pregnant mice. We further use this model to investigate how TXA2 blockade prevents PE and
found that Thxasl KO mice were more resistant to adverse effects induced by salted-water. Our
results provide evidence supporting the safety of TXAS inhibitors which may offer anti-PE
effects owing to prevention of hypertension and placental damage.
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Fig. 1 TXAS was upregulated in the human preeclamptic placentas. (A) Western
blotting of TXAS protein levels in the placentas of preeclampsia women compared with
gestational age-matched controls. (B) Quantification of TXAS protein was conducted
by densitometric analysis. (n = 6 for each group). (C) TXAS mRNA level was
determined by gRT-PCR (n = 15 for each group). Protein and mRNA expression level of
reference gene GAPDH were used as an internal control for Western blotting and
gRT-PCR, respectively. Relative expression to control patients were shown by the bars
representing the mean + S.E.M. “P<0.01, ~"P<0.001 (ANOVA).
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Fig. 2 The high salt treatment induced higher plasma TXA; level and blood
pressure, and affected fetal growth in WT pregnant mice. The plasma (A) TXB,, the
metabolite of TXA,, and (E) 6-keto-PGFLla level were detected by EIA (n = 7 for each
group). (B) The Mean artery pressure (AMAP) was measured from D11 to D18 and was
normalized to the corresponding D11 baseline pressure (n = 10 for each group). Arrow
means the beginning of high salt treatment. Fetal weight (C) and size (D) were
measured immediately after delivery. Bars represented the means + S.E.M. "P<0.05,
“P<0.01, ""P<0.001 (ANOVA).
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Table 1. Effects of 2.7% NaCl supplement on Plasma Electrolytes, Creatinine, and BUN

WT KO

dH,O NaCl dH,O NaCl
Sodium, mmol/1 158.54+5.54 169.5+7.7° 160.17+£7.65 172.85+7.9°
Potassium, mmol/L. 5.83+0.51 5.83+0.55 6.75+1.01 5.91+0.56
Chloride, mmol/L 130.67+7.89 142.75+9.74 ° 129.83+6.94 141.43£10.41
Total calcium, mmol/L 1.34+0.39 1.23+0.18 1.55+0.18 1.54+0.39
Magnesium, mmol/L. 0.59+0.18 0.54+0.04 0.62+0.12 0.61+£0.13
Creatinine, mg/dL 0.21+0.12 0.16+0.1 0.32+0.16 0.28+0.14
Blood urea nitrogen, mg/dL 27.77+9.92 33.56+30.15 32.12+6.23 46.21+18.4

Values are meanstSD. Each group number were 5. *P<0.05 compared with control groups
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Fig. 3 The Effects of high salt treatment on maternal weight and placenta. (A)
Maternal body weight was recorded during mid-late pregnancy. Placental weight (B),
litter size (C) and maternal net bod weight (D) were also recorded after delivery

immediately. Data were shown as means *+ S.E.M. 'P<0.05 ~P<0.01,
“"P<0.001(ANOVA).
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Fig. 4 Increase of apoptotic cells in placenta labyrinth of high-salt treated mice. (A)
TUNEL positive cells (green, arrow) observed in placenta. DAPI (blue) was used as for
nuclear staining. Scale bar was 100 um. (B) The number DAPI/TUNEL double-positive
cells in placenta labyrinth was quantified and averaged from ten to fifteen fields per
placenta (n = 4 for each group). Data were shown as means + S.E.M. "P<0.05
(ANOVA).
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Fig. 5 The high salt treatment induced IL-1p signaling pathway in WT placentas.
(A) Immunohistochemistry for IL-1p and (B) 111b and 116 mRNA expression were
detected by real-time qPCR (n = 5 for each group). Reference gene Gapdh was used as
an internal control for gRT-PCR. (D) Immunohistochemistry for phosophrylated
p38-MAPK (Arrow head show positive signal and co-localized with nucleus
(hematoxylin). (E) The number positive cells was quantified and averaged from ten to
fifteen fields per placenta (n = 4 for each group). Data were shown as means + S.E.M.
("P<0.05, "P<0.01). Scale bars were 100 pm in (A) and 50 pm in (D).
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Fig. S1 The experimental design. Female mice were mated, checked plug at DO.5. ,
measured body weight and random assigned to each group at D10. WT and KO
pregnant mice were fed with dH,O or 2.7% NaCl in drinking water at D12 until delivery.
Maternal weight, blood pressure and feet size were recorded every two days from D11
to D18. Blood Pressure was measured and record by tail-cuff system and performed
between 9:00 — 12:00 am. Urine was also collected at D11, D14 and D18. Blood and
tissues were collected immediately after delivery.
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Fig. S2 The feet size and urine protein of pregnant mice were measured during
mid-late pregnancy and the plasma sFlt-1 was detected after delivery. (A)
Maternal feet size was measured by electronic calipers. (B) Urine protein level was
determined by protein assay. (C) Plasma sFlt-1 level was determined by EIA assay. Data
were shown as means + S.E.M.
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Fig. S3 Histological analysis of mouse placenta and kidney. H&E stain was
conducted on (A) placenta and (B) kidney. (C) The number of glomerulus in kidney was
quantified and averaged from ten to fifteen fields per placenta (n = 5 for each group).
Data were shown as means + S.E.M. **P<0.01 (ANOVA). Scale bar was 50um.
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