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RS adstrl fal dd 243t A de]aT)e
SAsHA Holt ded TR OARA A2 IgGel ofsh We
Hbgo®  doju= AbAl Aoty FAIE oA kol A

FcRnol 93t 1gG9 ©]%5S V-ATPaseoll 93+ & pH A4S

ol

]
<=

Ho7 v #d FEAE VATPased 715S E9 pH 342
a2 d7e | TE ARTA Aol ke]aT]dle
IgG thAb g 7 A o] 18 el wx&= @dfol tiste] Lot gttt
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1. 32 AHA 7149 &9 5%  (Production of glomerular
antigen)

2. FAA 7149 @A % (Production of anti-GBM antibody)

3. @AA 1A FE89 2 (Induction of anti-GBM
nephritis)

4. 4 ~7]d 5o (Administration of aliskiren)

5. FEATAY 4 7} (The assessment of glomerular injury)

6. ¥ T oteld M 7} (The assessment of urine
protein/creatinine)

7. N AW Mouse IgG =7 (The measurement of total
mouse IgG and specific anti-rabbit IgG in serum and urine)

8. F& %A TGF-B1, FcRn and ATP6AP2 W& %= H7} (The
assessment of the expression of TGF-B1, FcRn and ATP6AP2 in
renal tissue by Western blot)

9. &7 2] (Statistical analyses)
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oko] E-Z (List of Abbreviations)

RAS renin angiotensin system

Ang IT angiotensin II

ACE

angiotensin converting enzyme

ACEI  angiotensin converting enzyme inhibitor

ARB

angiotensin II receptor blocker

FN fibronectin

MAPK Erk 1/2  mitogen activated protein kinase extracellular signal

regulated kinase 1/2

MAR IgG  mouse anti-rabbit IgG

C3a c

C5a c

omplement 3a

omplement 5a

FcRn  neonatal Fc receptor

PRR prorenin receptor

ﬁzm b

V-ATPase

eta-, microglobulin

vacuolar-type H'-ATPase

Vi



A&

A ZRGEe WY FRHAL doslt FE AdABolT.
L ST .

e
(renin angiotensin system, RAS)7} AR WA INE FEstH o]

m&‘l

ATA FRGNA

oA AAEHE x| ElAl I (Ang D7} F2 &4+9 49
o1zt wo] Qlti[1]. H¥E A< RAS TA3t= FEolA Hujd
ol zrelA  AAE AL EAE-AS] B3 (cleavage) <

grgozn AgEd. o HHelH AHR Ang 1S Hof

r

Aotz kA2 ElAl W3 @4 (angiotensin converting enzyme,
ACE)°ll 93] Ang IIZ W3E=d Ang 1= WA 39 F5HS
of7]sto] 1SS Yo7 FH FEoA = el MEerA
(extracellular matrix) T2 A 92 ARA] o g FxEo
e doAA WA T8 E4S FESTHILLL

QH 'l WM g4 JAA  (angiotensin converting enzyme
inhibitor, ACEI) ¢} Ang II <8 X}tAl (angiotensin II receptor
blocker, ARB)7} Ang 119 A Y #§& Adgdowxn dins
TAAZII GEMAEEY HAES ARAA TE A4S HagE
T AgE AREE om W AT TIExdATECNA

sHHEATG2,3]. 2y V1A, €9 BF, w2EET, AVl HAa

ek

5o ¥ ACES] oA gk Ang Il A AR Ang 1)

TIes e wE MAL'A FERAEC] EATTE AR

FeAWA Ang 19 BYI G Adete TATORE FRI
E4e 2RO B2 5 gkt AR ol2A HUtH4-T.
1



HToe dd A9 A @45z AEEHE Ax W AGs
o] A EAS stk Abdo] A ATHE,9]. <]
#42 Ang 118 BAstel= F@str] wiEel Ang 11 W] &E4
WAool doxitt dd e ZEdde % dd &A1
sk AlE U MAPK Erk 1/29] A5 dg AAE 43AA
TGF-819] A& 77tk TGF-pl A3k ©@9d A
7M1 71= diEAl AHF3 wisfA|ZA  fibronectin (FN),
plasminogen activator-1 & A3 G A=S A Aot o]yt

Ang 11 B]9FEA g ujfo] ACEI T+ ARBYIO 2= AH 9]

GHA QA eEy FEASS BEHE oo d  RAS
43l 3 WA Al G45E A
upt g A A L] Aol o] FoFlth[10].

dd gAAE As AT FA ok med g2 Wk,
TS, el =S HEolEhes dRE Wi AdEsEA
Fetlth H2 e dEavde ol HES Hesho
Az A dd JAAZA FE Adel] 2 g 7ML
MM ATFEoR AR Thsetw wgI7E oM sk 13
8ol Thestte AdSs 7P il AR 609.8
gimolol™  ArgHe] #de] tgh whg 5o]k IC50 0.6 nMEA
marmoset 2 nM, mouse 6 nM, rabbit 11 nM, rat 80 nM & UY&
seed Hud = o9 we =S ez Hol glnHlll.

Bl as)AE b odAle] dn Agett Al A



witoll QA S RIA =7 ] g "ol Ang 1O E O] WSS Apehsict
A o]Fe] doju= Ang 12 H[ESH 1
HEoixlE RS vt RAS A3 3o AMER AAEE
AAEA FEA S} b AR A AEE AR ATeA,
g JAAl= ACEl =+ ARBSF H|wE o G52 FAFSFRAAIRE
=4 HHol7] Z1Hel o3 A edlA fEAE T @S
wEEA odtH(12]. dAZA LA

A8, BAGASTH ALY A ofn wol 1WH o

AHA PAA 714 FEES 1A 71 9 o H =
27 A9 F8 AFAl A3 (immune  mediated  glomerular
disease) A FH o|F FAo W sF FA WY W
5 #EEs S BAST[17]. i sEAA FHE olF
s T el AbAl @3 I AMES]  fenestraes  F31o]
ARAL 1Ak TR gk ek 28 ARA Z1A Y A
4 laminin®] AWM LD, FAES ZE7] §F, AHA 714
st 24 T 1A FRAe]l FUrEe] @iwrl ddsia
AxA o w  FE7]5o] vhxth o] AL FAA 7]A R
FTEHY 27| wbg AR AFA IAA A FEDEY olF
A el Jk-g @Al (heterologous phase in experimental anti-GBM
nephritis) & 5% T},

ol A7t Y @ F 5-7LdAI HH, FHE olF FAel

el ANE FE WA ATA J1 Al olF Al Agete



% Al WY ®EE @Al (autologous phase) E O] O]
A7l olF Al Atstes 5F FAS BAL W H3HA
ot EAtol AyHM, HAHE C3a%t Csart oheFd 4

MES2 F3H4 <AA  (chemotactic factors) & ZFg&3Fo] o]xFA el
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jult
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ol
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P Aol o ol

Agu18], WAAE AL, FAXY 4F 9% AZEe

REg wh Al Bl ARAl o3 el &4 ARV B Alsta
B s Ao7 o] AT}

ARl ol e Fg UM EY] fenestrae, AR 7] Ak
SAHE FE7]9 slit diaphragm Al 7FA] 242 FA = o] QItH[20].

7y AEL A7) e HE AgA o3 7AS 7RI Qo)A

WA U7EA] e s AdE Hesls 9SStk 3 U9 A2
fenestracs= 371 93 7+ZA (coarse filter) S 7FA|+=d|, 3717} 70—

g e,

—
[}
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=

=

o,
krt
fu
W
N
N
N
=
Rl
)
ru
ek
12
o,
M
iy
lo
offt

ojEsto] Fade AAs] Wl A% Vee Buk § mAEH
zdg 5 v FHo dn(21]. FAE FH=7|ek it
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diaphragm AFFA] o2 A o] wpu @A EA wA] oz 744

(fine filter) = 7FA™, ¢F 70 kDa ©]s}e] #-2 Fx&Fo] Ak

¢

E9AIeH[22]. Aol ok 150 kDa¢l IgGE AFAl 71 A 9S
& 3SHA Tt slit diaphragm®] 7]l wE AE A Fupd Ag ool
AR} A FEstar AbAl o3 gHe] wA #vh a9y A
SN 1gGz AbAl o3 el FAWHA et 1 ol
IgG H= IgG-complex7t A2 7ol AbFAl o3k FH e slit
diaphragm© 2 H-¥] A7 %= o3 7]do] EAer]  wiEeltt
Haymann 5 [23]2 FAZe M= brush borderel IgG2
o]3}9}l o]%of oI&= neonatal Fc receptor (FcRn)©] =43t}
AH S GFT STl Kobayashi 5 [24]1-2 AFFAlolA o3& 1gG7)
AT MAES] brush borderdll EAEH= FeRnoll &3l IgG
trafficking®] dojum AEZE F33to] basolateral membrane o %
ol 3t AAS Bttt Akilesh 5 [25]18 IgG7F SAIES slit
diaphragm © 2 5-Ef AW 7} (urinary space) W= ©o]s3sts 3o
FcRno] #ogth= AMES F9skalal, FeRnol A ¥ mouse?]
AFTA o3 A IgG7E AHA R JHREHE dAdE 7HA L

Moy BT AT Ado] MASHE o FeRnol 1gGE of 3}

7] ol EAY IgGr}
HALE A a1 AlAJel Hi= gote] PHOo R olFH= S olF
Aasks mWAAZE A (intestine) ¥l EAE7]  witolE=
7Fs7dol  Brambell 5[26]1°] oJsf AIAESATE ©]F  Simister

5



s[28]el 9@l FeRn> A% 11¥9 ¥ rate] & AIAx
ZA3F= Fereceptor=A] MHC class 13} FAFSH 25 7FA| ¢F 50
kDa®] heavy chain® % T4 ¥ heterodimer@d©] B}3] 53 12 kDao
beta-2 microglobulin (B,m) ¥} AFHE YHEE FEAsth= AR
A FA . FeRn> F25 BlXEste] #, 1t =, 95, gink, ¥, &3
g MEE Fol Fxstar glom, Zhzke] FoloA 1gGe] o]l
Wyt [29-31].

FcRn# 1gGe] AE ¥ o]l&& w2 pH oA dojdr}[27,32].
FcRnS T2 AI3Z°] endosome HF-o $xskal 91w endosome
Ui

A FoRnelgG HEAE golagel o8 wal7l 94 ¢ A

A G2 pHE A Hth W2 pH 37 2] endosome®] A

1r
il

oft

Axuaozg olF 3, A¥e & pH IS Tyd I[gGe

FcRn?t Telso] doom fldnh o w2 v TS

AAA @M dab Vs FAE SIS Al 84w Ho
Atk AxE FE&AE /R o] FoyR = T (receptor mediated
endocytosis) 2t ¥ wHWAEZo o], FE&A EHT (receptor
recycling) M| 3 7B E Alol 9] ulg-sk A=
lysosomal/autophagosomal ©¥ &3l 52 thAl #p4> w& pH 34
stoll Al 7hsstrh. w2 pHZF FAHA o AlEY diAbs
EehdstA dojuA  tiab AbEEol FAEW  AEe] A

(cellular homeostasis) ©] 7| A A A3 AFE  (apoptosis) & ©] o] Xt}

(2

6



AE W w2 pH 372 vacuolar-type H'-ATPase(V-ATPase) 2]
proton (H") pump Z&e°f 3] FA& ASE =o] Qlth[34]. V-
ATPasex= F2F&Fo] & thke] H3AZ A AlZW peripheral domain
V13 A Q= integral domain VOZ T/ Eo] ¢low VI
ATP hydrolysis, VO H'%] olF< HE3Ith V-ATPasei= endosome,
Ui
271352 9 (membrane) oA BRF ot FZAM T, FAHE, =
o3 A, AAME T oueFs AEY Mz R EAET
gl A SlHH[35].

V-ATPasei= Ang 1l % Wgle] wet I S5 zpo]& Rl

e

lysosome, Golgi-derived vesicles, secretory veiscles &3 &< Al

k]

= Ang II 57} A538tH V-ATPase AT Xy w] Ang I
Tt AN oE FAEY V-ATPase B4 £+ S 7Fstrh[36].

gl 48 (prorenin receptor, PRR) = V-ATPaseS T35t o
Qxoly, FAdA FE7F V-ATPased o F<& dwzdz ryd
ATP6ap2¢} Fdstth= Aol defxHA #Hd FEA &3
AL AEY 75 A S V-ATPase &7 3)el wl-¢- 212 A3Ado]
i Ao AAXT[IT].

A7

ool'

FAFTEA] 7)1 A FE2 A RAS B43FE A7|+= Ang 1T
o] Wz} G A AEEY] Wkl disiAe B2 A7 Ao
ek Yayama 5 [38]12 AFA FALA 7IAY F2A HE F
127N EF dlda XAl Fevh HaAe o2

gl FrbEglod, AdRndE nFdiHEdsd



FoAdgles o A AZES A
Fosd Afdes adrr vt RStk Timmermans
51391 @FAFAl 71A T T2 A A el Ang I &A1 9
A7 AdEo] Sles BT e dTelA Ang 1T
TEAE At TGF-Rle w7 AW &4 HA el
Hofstth= AFES AAESITH40]. olet FE AHHES #Hd

243t AAd dyavldo]l weld T2 ARA AghelA

ARTFAL Aol wAl= veket ofAlEd 1 mael Wi A
dyss wAY, 2 71dd ddd 16 tiAkek Ao
Yol vA= delA7lAe] gadte] dheir= oA Had
HE7E @ik TEA 2 Aol WA T2 ARAl dghellA
de] 7)o 1gG A FAel vl makel AWl e thgh

A wHh ojme A stolu A S,



ATAES B

. w2 ARA 7149 @9 3% (Production of glomerular antigen)

12v}2] 9] male Sprague-Dawley ratsolA FZ&¥ F2S 2
F<= % (chopping) A&°] 200, 150, 125, 183 75 m<l
ol (sieve) = A2 FIHAZ v, 75 m Aol H#
AFEAIE 58ZF 1500 rpmeZ YT T NS HE L
Zhereks ARTAlE EaE A Al ¥ 5 -70TelA
UE Basidinh fojil AMAIE 2a9E 4 (ultrasonic
disruption) A1 7132 Ev®l Al A9eet ddH,07F Al e
fdo=w A (washingd $ 4C Al 8200 rpmCO=E

1087 A8 E 53] Algsta o]F tA] Hod ddH,0=

iz

FA F FLE xHoR dHZHE 53] AT F 156 m

cornical tube®l] HAA HITAIFTE WE AZRZ|A WY

d

AZA7 T R

-

bel @ AbAl 71 v F9e Aok

il

. FAYA 1A 9 A S
FF AFA] 71 AY gwA 39S E7] (New Zealand White
rabbits) o] ¥ tE Fojsto] WSty FEgH FANA 1A E

GA7E A=A At

i
=)
N
N
o
2
12
N
N
i
o,
N
)
:o{:r
N
)
g

HACw Fds TS TS FAVE A E AT

&
N

s = AlHeA E7|Z2FYH d9E F%F 3§ F| DEAE anion-
exchange chromatography (Elution 75 mM NaCl) %5 0.2 A}

71Ae FAE EAT



GATA 71 A FEE A2 (Induction of anti-GBM nephritis)
A % 105 male BALB/c mices> VA7l & AR+
FATA 71AY FAE AT g@ 0.2 mge Ay FHS F
TFAF L AdTels wdst 4o Hyd Ay A9TE

FAFsHe T,

o]~ 7]l 5o (Administration of aliskiren)

G A7) oFE2 EF AT kg 20 mgS osmotic minipumps
(Model 2002 Alzet mini-osmotic pumps, Durect Corp.)°ll F 3+
Al A @7 37C Ao RASITIE  priming©l]
Fo3%k 6A17F0] AU mice FstE Foletith. o] Fof HiR

SALEA 71 A GAS g Ao g F]sd )

FEZAA 9] =73 7 (The assessment of glomerular injury)

1) 33 dv)7 ZHAF (Light microscopy); 3% ZHS A& &

Fel

2urdo] vl nAS H 4 ymE 2HASlal PASE GAE &
A s Sl AFrAL WS Brreinh B7F e
BALB/c mouse 7NAE 3070¢] AbAE 7HA old EdE
astel 1 7)ol weEl fasieto] Frlekivi41]. 29

A a7 Fud BAe WAdnA F e sojag

o
A%

4

-

nN'

H

[‘.gl.’z
O

d

HAE)7F o] WAW (double blind method) &7 A} H¥HE
1 st $ Fte gho 2 zpols A ST

) W 33 HAF  (Immunohistology): &4 AH7] (frozen

¢
-

i
olr
o
o
)

\V] o

LA

microtome) = F&S 4 um=z HHEst] &EEto]l = HAAIF| AL

10



Aol 3083 Axd F -20C oplECoR 20837
st AA oF 20x37F AXAIZIYE pH 7.0°8] phosphate
buffer (Dako, code $3024)°] 7+ 10%2 4zF8] &2fol|=8 A4 &
FITC-conjugated rabbit anti-fibronectin IgG (Bioss, bs-0666R-FITC),
FITC-conjugated goat anti-mouse IgG (Abfrontier, LF-SA5015) H=+
FITC-conjugated goat anti-rabbit IgG (Santa Cruz Biotechnology, sc-
2012)5 4°C wet chamberol A ©F 1A]7F 30+ &<k HESA|ZIT)
o]% &go]=5 pH 7.09 phosphate buffer (Dako, code S3024)]
ZF 104 42kd] A4S - aqueous mounter (scyteck, AMT060)=

Fmouny® ¥ GAlN Wl Y AMPL ol g3t

2 g agoeleld  H] H7F (The assessment of urine
protein/creatinine, Up/Ucr)

AWior WEyHe @A AY Pom AW U TdA
G g gotEld vE SAsIth AW mice] WAl 1 cc
syringes A AFHT F W Y Bio-Rad protein assay
(Bio-Rad, Richmond, CA)E ©o|&3] SAsxr A9
AYetel e 58] 32X 35Fe] Advia 2404 (Siemens)E ©]-&3t

ZYgrow S doleld vE AEsgc

. Mouse IgG =7 (The measurement of total mouse IgG and specific
anti-rabbit IgG)

1) 8N F mouse IgG =7 (The measurement of the circulating

11



mouse IgG in serum by ELISA kit, E99-131, Bethly Laboratories)
3 3%
gy 20-25TC %

NBE T8 7Z; welld] B33 3

100 peo] 3%+

plateS dellA 1AIZF &<t incubationdt
43)o A=A plates FASFITE 2 welle] 22 AE 100
H7F ¥ plates Hil AA] 1A F<F incubation$t § THA|
43] FABFE T ©] % ZF welloll HRP solution 100 W& H7F %
3L 43] #A4] & TMB solution

plates 93 3043t incubationd} S
100 W& 7t welle]l &5 % SHAeoA 30F &<k plateol A
dojrb= A whgg #ESAT Zb wellel 100 wee] whE
Absorbance

2 89S H7F $ xMark  Microplate

Spectrophotometer (Bio rad)E ©]&3to] 450 nmollA] FFEE
37}stgiet
2) dNy Ao A 5] anti-rabbit IgG 57 (The measurement
of mouse anti-rabbit IgG in serum and urine by ELISA)

96 well plate®]l rabbit IgG (BGM)E 50 mM Bicarbonate/Carbonate

buffer® 10 pg/m¢ =7} U 5% 324 F 7 welld 100 w

B33t 4T 4] HHAY  incubationd}$ITF. PlatesS 43] PBSTZE
skim milkE  ZF welle]l 200 pl? 535}
< Al FAESIE 22

(mouse anti-rabbit IgG, BD, 550326) ¥ =% Al55 2 wellel 200

FA] 2%
37CoA 2412 At (blocking) St
w  FE (duplication) 3]  ¥F3FaL plated] F4S ©
37ColA 2A7F &<t incubationsti Tt olw] T A+ 1000,
500, 250, 125, 62.5, 31.25, 15.625, 0 ngmlZ x4 o=
12



sAslal, & AREA 2 10004, AW 20082
3243k th Plate A & 22F &A|Q1 goat anti-mouse IgG-HRP
(Santa Cruz Biotechnology, sc-2005)% blocking buffer (2% skin
milk) & 1:2000 3143t 2+ welld 100 w® FH7psk &
plates Y1 37TCoA  2AIZF &< incubationd}il plateE
FAEAT. 2 welll TMB €48 100 wH w53 F
FAA 15-30% &t LA AZ F whg Ak g (2 N
H,S0) = 100 pw¢® Y3 xMark Microplate Absorbance

Spectrophotometer (Bio rad)E ©]€3to] 450 nmolA SHEE

Gtk

_4

o}-ﬂ

& ZA oA western blot= ©]€3 TGF-p1, FcRn¥} ATP6AP2
WS = 7} (The assessment of the expression of TGF-B1, FcRn and
ATP6AP?2 in renal tissue by western blot)

600 x£°] lysis bufferell 2E3 FZ A4S P11 daelA
=3 (homogenization) A7 —20TCA 20-30%3F Y5 R#ASH
T 5% ek 4TelA 13000 rpmoE A5 AlWskt.
A 15wl owbeel AT A &7]a, Ao @mEe -

20CAA Y5 HASFTE Bradford assay= ©HA FEE

4% ¢ @A 40 pg ¥ 5X sample buffer, DWE 4]¢] 5%
el BFe o B ¥ dSoA @i ARE A% 12%

polyacrylamide gel® Z}  welld wa 40 pgo] H3}
(loading) ¥ =% &3k 100 V oA oF F Aj7ke] ZAA

A719F5S Algssith. o] % Wil A =S PVDF membrane®] +



AlZEe A=A 100 VoA #7131, ponceau S solution® = H}oj

o]l HAF=A #elsiih. A2l PBSTZ 5% <t

A&

slefl AA w& FAgt & PBSTZ 3|A% 5% skim milkel
uhS ©@7F 4ColA HHAR blocking incubationd}$lth. ©] % PBST=Z
1024 33 A4 2& A8 5% BSA, 0.1% sodium
azide®= 3] ¥ 12} &<l TGF-p1 (Santa Cruz Biotechnology, sc-
31690), FcRn (Santa Cruz Biotechnology, sc-66893), ATP6AP2 (Santa
Cruz Biotechnology, sc-67390)2} t %5 £ 3t o-tubulin antibody=
4T 2A13F &<t incubationd} Sl T, o] F uh& At & 23
A1 HRP-conjuated antibody (Santa Cruz Biotechnology, sc-2020,
sc-2004)8} Al AF2o A 1A17F &<t incubation SFATE. wHE
FA|et 3 ECL solution® % ¥YF§ A]# ChemiDoc MP Imaging

System (Bio rad)E ©]&3}o] o|n| A& LIt}

. A 4] (Statistical analyses)

7t AwEd ddas getel Mg 2 dks 100 EE
gatstka, o] #e VlEstel uE AdEld HA WS
100882 438k 7k (relative value) 2 EAISFATH As 71H9]

zfo] AL SPSS FA IIIAE o] €3FSl3l, Mann-Whitney
HAAL o] gste] JIEs 7k o)l Hrtsrglow, pEke]l 0.05
R (P<0.05)d o FAACE oul e Aol HAGL

A ol sk,
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23

el A7) A WY TR ATA BN AQAA WY BYHE
AAGozH AP AP Aeact,

GAEA 71 AT PRGN FEE ATAG 7T PAS GAF
e a7lo] TR AFFACIA AL A iAo el uA =

P&l disll Fordnd deld #Fs @& Ay (2™ 1A,

hxoy AT Abolel Alxerld wmd Mz Ade 2
2ol 2 yERSIY. iz 3Fe] BlaelM = BIAIET (CO)
AF7T (CT) Afolel Aol QU3Ivh add ARE wA FUW
AR (DO) oA AbAl ZdRbell A Alxze)7]d whido]l Az
23 FA b eF AE FAo] wEE W, AgE w2 AWT
DDA AFAl dFolARE A7 e o]
g EAY. AEVE Gl e Jres Aestste] wlawdt

A7 (29 1B), ¢E271d A5E oA Id AW (Do)
Hlg] X 5E w2 Ay (DDA A7 9o A wskek (Do,
1.54+0.45 vs DT, 1.38£0.28, Mann-Whitney test, P=0.037). ©]

Avke GAEA AT Fegeld  delsslde]  AFRAIY

=
=<
o
N
i)
i
z
i)
%
oX,
tlo
12
2
of
ol
rr
DL
oo
o
39
mlo
o
>
N
>
Ol
ol
i)
al
1)

ATNA Sl F Aes R ARE AR AHHE
FN 4ol mAE Seaslde) 9wl s dogzzse
BYAA Aol o2 HAF AW (1 2), dETH AT

15



Atelell FN #d Hme] et zto]lE JERYQITE A RE WA
aokd AW (Do)el v A5E w2 AW (DT)elA
ARFAIS] FN Ed o] sl QRlth Wixd 3Fe] HlalelAM =
XS (CO)H A= (CT) Akelel Aol §loith. o] A=
GAA 1A TR A] gl aT]Ee] tEAl AEe A
G Adel FN A4S oAgdozH FE 715S HIde ays
UEbdthE 7HsA S AlAl g
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CO ; control group, CT ; control treated group, DO ; disease untreated group, DT ; disease
treated group

¥ 1. (A FEgdnd PAS @27 (original magnification: 400-fold)
e A7ldlo] AbgAS] ME V1 E A el m A= g A A S
MEL71H duwd o]l LYA7|H ARE WA AU AW
DO)A Aggs W AW ODEY o F7hEo] glom Anrt
ARE B4 o AT (Do) oAM= WHEeF Axe F24 AdE 3
HEE I gty g2 ke vlwelA HIXET (CO)Y AuT (CT)
Atole] ztel= @lSith (B) Alx&71d wuid e AxEs et
Ay ARE $A d AP (Do)l vlE A5E v AWT

DD oA FA7F gn) QA Sk (P<0.05).
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CO ; control group, CT ; control treated group, DO ; disease untreated group, DT ; disease

treated group

a4 2. WAgxAse 3N (immunohistochemistry stain) % (original
magnification: 100-fold) 2] A7]do] ARl o] Al29]7]4 @A F FN
ddel A= gk A7) A R5E PA k| Ayt (Do) el s
ARE TS AT DDA F2 AFFAIS FN o] Zad Aol
gty tixa o] HlweAE HIXET (CO)H A= (CT)

Atolel AFoli= fISA
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GFAA TN A F2al ddE Al wE delAav]dle
A8 Fmde] s @@ (Up/Uer) Aol mx= &bel] ts)
oo} E Ay (29 3), @¥nE Aol thERdtel ulE)

Hlvh A5E wA Askd AW (Do) el vl AmE W
A (DD oA ©ei= on] QA ZAE v (P=0.05). ARE
e dxzT (CDS HFAAE §F &% A oA g
o]l AA FAY Aes Aol dold AW AR
dns SAT stk o] Ay FA Al 71AH

FeGel eIl WMRE F2AE S50 AL

T2 JQeld TGRBIY wde] wAL deladdAe AR
adel dla] ol ® A (2% 4), AATA AnE WA
ATA L TGE-BLE) BAL AASA 7Haslel Ut 2T 19

Hluo|AE BAET (CO)F BT (CT) Atolo] xpol:= At

o] A¥t= dElav|do] HAA FE AbAl Aol A TGF-B19]
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Up/Ucr

120 P=0.05 |
100.0

;\3100 73.8
=
o
T 80
€
g 60
I}
o
_g 40
k<t
< 20 16.1

, 1l

CcO DO DT

CO ; control group, DO ; disease untreated group, DT ; disease treated group

a9 3. dyiaz|de] Wy (Up/Uer) ol mX= &3 A9 (DO,

DD elAM iz (Co)ell wlsh ofv] 3= Aol B L] A7]d

AEE WA Akd AW (Do) vlE] A5E W AW (D) lA
gl 7} on) QA A E A TH(P=0.05).
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5 TGF-B1
co CcT DO DT P<0.05

100.00
GAPDH ——
ToR-pL T e

.
45.50

40 24 92 2851

Relative expreesion(%)
(]
o

—

a-tubulin it epm— .

CO ; control group, CT ; control treated group, DO ; disease untreated group, DT ; disease

treated group
a4 4.0 dEaT|e]l FE vAS] TGF-ple wde] vA= &k
A7l ARE A AFUE AW (Do)l Bl ARE W2 AT
ODelA T AbAS TGF-p1e] 2ol dAsHA AAHUT thxd
e wlwel s AR (CO) ¥ AR (CT) ARolel Akol= I3

g

21



PAEA AT TRRNA LelAAAE ATA AT A IgG
BAk SRl BelgomA WY WS Aawt.

gAA 1A gede AW sl¥e] 2A AW 1
AAQl olF Al W] whg wAleA Ll A7]™o] AREA] o7}
Aol gA AH Pl VAL BHE Az YA
(immunohistochemistry stain) ©. = ¢Fol 2 Ay (¥ 5), ARE
WA gk AT (bond AxE w2 AWT (DT EF
A AATE W ol BaAlrt FAsA FAFAT F kel

gk Apol= dWEEA v o] A= FAbAl 7IA™

FeA o]F FA WY W AN ersido] A

Al A AT dlo] AbRAl o el Al A 3o
nAE w23dE WxAse FFY4 (immunohistochemistry
stain) = Yo} ¥ Ay (2" 6), AEE A
A¥TL DO A &5 FTA~7

].
AP 2 B AT OTDAME 1 @go] dA3

ry

el gl aea 4 AT Al mE Aol ofl
daeld (29 7)), AsE T2 ALY A4 JhA (DT
I-DTH) A A mE oA k2 AW (D-1-D-4) B} AbA| of 7}
el wF FA @8 AErF @A wobd U ol

s AREA AT FRd AREA olga ol

22
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CO ; control group, DOL1 ; disease untreated group at 1 day after disease induction, DT1 ;

disease treated at 1 day after disease induction

% 5. W9 xZA st ¥FA A (immunohistochemistry stain) A AW -3

1AAQL olF A wWel W wACNN Lezslde] AFA Az

Sy

A AH el vAL mvh BATNE AR wA e Ay
(POD T AR W AR OTH mFed A7A A4 we o

At FAS GAsE daol BRIUT F WU Hol ATk

.
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CO ; control group, DO7 ; disease untreated group at 7 day after disease induction, DT ; disease

treated group at 7 day after disease induction

a4 6. W9xAse PFAA  (immunohistochemistry stain) % ¥ &
7AAR] TE A WHel whg WAlelA dejAaT]™o]l ARl 71 A E
G AZ HAel A= 'y AT ARE TA 2 AN
(DO7) elA AbAl 714 2ol & A7 ddeA dAEE @il
FElo] #AEHJAN A5E WS AW (DTN AA = 1 d4do] dA3

N
5

= A,

25



D-1~D-4 ; 4 mice of disease untreated group(one panel per mouse),

DT-1~DT-4; 4 mice of disease treated group(one panel per mouse)

O 7. "9z sst §FA A (immunohistochemistry stain) A AW -3

TUA BE FA W g AN LexTIe] ATA S|ATY

o
2

uJ

Y
i
o
2
=)
2
rlr

AT HAE mah el ARE A

dtel AW ez WAl (D-1-D-4) A= AREAl ZIA e S5 A7

HAdsHA dAEE= Fafo] FElo] AHLYPA R 55 e AWt 7t
MA (DT-1~DT4) oA = 1 dAto] A A3 7HAH Yt
26



Atole]l glwl wWa] 22 HAMY Apolo] ZEASEe] o A E
5% FAZA F mouse I1gGE ATt 1 AF (1Y 8A),
A5E T AHL DDA F mouse [gGe 9717F A 5E WA

ok At (DO) Ol vldll &m] A AdsEHo AN (P<0.05). &

mouse IgG &, THH olF Ao Soldo=x wgato] Ajtste

flo

o] MAR IgGe s%& &gt Ay (19 8B), Xg5&
AW DDA gn] A =4 SHHAT (P<0.05). 2wl

=°] MAR IgGel &kl wAl= avte] wha] o} 2 A3 (19

X

9), AEE ¥4 &4 AW (Do)l vl&| A5E ¥ AT
(DDA 2 W s=7F oJv] A sl AT (P<0.05).
dza ke vaeAE HAET (CO)H A=T (CT) Abold
Apol= At o] A AbA o] 3 gHelA] o]3tE So] MAR
IgG7F Awow widHA o1 FE Axds TI AFFTL
dojits 7ol EAEkL ks ARAI 1 @AbA 71A
TELAeA G xrldo] FAH g T Aol 1gG2 tiAt

ZAdo] PolFrhe ZAZ A HT}
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120 P<0.05 1044 120 P<0.05

100.0
100 100
80
80 63.4
60 392 g0
320
2 40
40 1 27
20 - 20 1.9 13.0
: . 1
co c1 Do DT co cT Do DT

CO ; control group, CT ; control treated group, DO ; disease untreated group, DT ; disease

Relative concentration(%)
Relative concentration(%)

treated group

a9 8. dEa7ldo]l e mouse IgG(A) 9+ 5°] MAR IgG(B)<] 5%l
mA= 2y dElATl ARE wx skd AT (Do)l Hls|
ARsS T2 AT ODelAd F A 2 W s=7F 9wl s
S7FH ) Ytz 7He] HlwelA = HIA R (CO) I AFT (CT)
Atolel zfol= AT

28
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140 P<0.05

~ 100.0

X 120

[=

8

T 100

&

5

g 80

c

8

S 6o

2

E=

& 40

& 17.5
20 15.4 07 -
0 —- -

co cT DO DT

CO ; control group, CT ; control treated group, DO ; disease untreated group, DT ; disease

treated group

O™ 9. dElAT|le]l AWle] Bo] MAR IgGe sEel vAl= mih
gl A7 A RS WA odrd AT (Do)l Blal A RS S AT
DT M Ao 2 s dAs] gAaEgIY. dxd 79

i
Hla ol A= BIAEa (CO)H A Z (CT) Akolell zkol= glolth.

x2
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PATA AT FBG ATFA ol BRI 16 BT
FeRnel 9js) Qojuie], Yelaslde Fernd Woh 28 YL

Ay,

T2 AFA o A ellA BEEE 1G] Ak FAIEY it
diaphragm®] 13 #AJ¥ FAA =S AEY AT Fgol™ 1gGY
°]F FeRnoll 93] o]FoAEmz, FE3 T2 3AE o]§3t9
FcRne W& @A 1 2ol E western blot o2 &R1&}qItt, 1 A3}

(29 10), AxrA oz AW (DO, D) oA FA+ (CO, CT) el

B8] FeRn® TS F7bse] dlar oz ke mlaelA]
B A B (CO) X BT (CT) Alololl AFol7h flglth ol ARAl
o3t guelA 1gGel thA7F FeRnol old dojum deg
wolFt Aotk Jgu AEE ¥A e AWE (DO)IA

AT (DT)efl H]3] FeRn® o3> 3
o]l A7)dle] 23] FcRne IFriatado] gty

A
2 Stk o] A= FeRngl ' o] el Aa7ldlo]
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FcRn

- 120
P<0.05
100.0
100
FcRn ' -
-
155

a-tubulin -
co CcT Do oT cT

Relative expression (%)
o
S

0

co DO CcT

CO ; control group, CT ; control treated, DO ; disease untreated, DT ; disease treated

I3 10, FE T A L] A~7]#o] FeRnol 2o njX = &y AW
(DO, DT)ellA 74" (CO, CT)ell vl FeRno &2 S7kso] Uil
dlA7]dS A gEA] gL AT (DO)A AeE v AL

(DT) o ®]3] FcRnol 23

lo

ul A Sk SASleh EEA

T el 9vl g AolE welFch

Sh
1z

(densitometric analysis) 23+ F
gzt 7ke] el HIHET (CoO)F AFT (CT) Atolo Aol
A3tk
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PAEA 1A FRANA LeiaTlAES A A3 FHe) Py

AL Fo B Age AATOEA A FIHE At
relszlgle] et @ BT oA 1A% waAste] FE

T2 WAL ol gate] Qeasldol B A0 WHe] wA

s dolr oyt (2™ 11). 2 Ay Avrdo=z AW (DO,

gt W, NRE we APEeldr dd FeAd v wd

ol JAHAT (P<0.05). °o] A= dld &A1 e THo
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Renin receptor
P<0.05

Renin 120
receptor 100
g
S 80
@
8 360
- g 8
$
£ 40
2 140

8
0 |

co CcT DO DT co CcT DO CcT

CO ; control group, CT ; control treated, DO ; disease untreated, DT ; disease treated

b G ———

I8 11, T8 Aol LElavldo] dAdsEA (ATP6AP2) 2 '3 d
2= &7 AT (DO, DT) oA A4 (Co, CD el &) eld58-49)
1 S7hEol A dElAavdE Azwx ok AW (DO) A
A5g B AW OD #lE dd FEAe FdEe on 9l
7 =0l Atk F=A A (densitometric analysis) A¥= T T
Atolef olm] 9l AolE HoIFTh tFRT ko] BlwolA WX T

(CO) I} A g (CT) Atelel Abol= gl
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BT dse wWely 3w AA And dd AA
ore2gldle] AREAl ARE B Adeli BunE THAE
a3t BE, ATA o 3NAA 169 tAb el
gojgloms Age WAL odAs: mA Utks FAEL

A A g

2ASH W3 24 TR AZEY A% ATAA @
e 7l ada TR 9Es dovl= Aastelth4z)
ARAL 1A S A Sk AES] 7 o= type TV collagen,
heparan sulfate proteoglycan, FN, laminin, cyclooxygenase, lipoxygenase

products (urokinase-type plasminogen activator, PAI-1, antioxidant enzymes,

] o]E ZF FN& =A%

o

IL-1 and angiopoietin-1) &©°] 9l

WA AEeld  RulEt oEAd AEed wwdsi
TR MRS AET Bk FH ST0ITHAS) Ang I1E ol @

As7id e dds S7MTIE Vs wet ofyei44)
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Gl FEASe] AYyS TSI A Al #
A A UTH44] DdM=E Ang I AFel & ARRA| efferent
arteriole®] % Hi= TGF-p19 5ol &3t afferent arteriole®] Ab-&
%4 (auto-regulation) =g+O 2 AlA] I to] FrFshy] wliTel
LAsttt . =o]  QITH49]. ol st Ho AFshA wisle] %
717 %= e, Ang II7F S°l& A3tE W= proteoglycan®] A&

Zpdskal SAMES] slit diaphragmel] Sl nephrin  transcriptionS-

2

Ao ®MN fHE= AMA oA FxF &4 7)A
oldf wlwy} WAEI| = UH50-51]. 1P E Ang M9 AA
T s Adsts AL AW ostE wh=dl 9lo] v

Q% gdlojny. & Aol wEE FF ANA AFELVIH

de] 7ol Ao y]d wd A Apckyl @ o] 3o

mA = mde] el Yol E w2 dso] ST Kelly
ks



#astgtn sdvhse AR SAZE AAm ATY Ty

b= AASt] RAS &3 oA adE Lok wMlu AT+,
2 F 7 oF=el nlE davide] 1 gt o gtttk
SFTH53,54]. o] AT AL L~ RAS A5t oA

Agow Agel Aol A’ 4 gl A

ok
i)
e
a%
-
=2
'}

it

] A7]A 3 ACEI H+= ARBE Hlw A& ®YsHA| Xt Hol
ol o R HAWH dElA7]d X5 J@I+= HAT ACEI e
ARB® Xz #@yo] A=A wsjria sk £ Qlom koF Hlw

AF mE 3y AnY &WE ATHIA B Yo FEE

#EA 24 £4e W ARA Rolde $EE Agsgin
ezl et Al FEAC Ag Ag mabe] s PohR
B QTEE B ATES 1ol FrH55,56].

=S
A AFST), Y E4d3 L, T2 U9 prosegment’} W E-&
(proteolytic ~cleavage)ell ]3] "ol yrbdAA A EHE wdol
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2 3to] Ang I, IE A = o)t o]
P24l RAS 43t Ao 2A 7 HF AUYER T,

b QI Hol FE ARFAIL] AR A A E A
ddo] FgstEmA dojubs "k Fgolth A dd FEA

oJst Mzl RAS EAst= dd FE&Ao Adetes ZEHJ

::],
o,
rlo
Y

2
gk,
Az
ol
o

prosegment®] FZZ WHEF o7 Hujgdol TR o] v FUH

B Ves HASEEM doju Ang 19] A ¥ oITHET].

sk
>
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Au)
o
2
)
bt
Au)
02
!
l-'O
-4
b
=
iy
o
off
2
>
@
o
o=
rr
>
=
oo}
1o

shibel o7t olel e %

3 AZ9] RAS A3 2 autE 2Zd &AL HA3E F

ofo
~
29
E=)
Mo
o
I
Kl
i
i
i)
i)
m2
)
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N
(L

kR

s Aow FHHr

A A gAA] 7] A 9 FE A2 nephrotoxic serum nephritis 231
HE™  FZ mouses o] WA FE OAREA AEY
hE ¢l AR do|t58]. Rantala [59]> FALTAl 7] A
Fpool SD rat oA AFEA] ) AU oluel A E

Axdelx He] Z3A7E e BAA (phagosomes) 2l A3 A|
(endocytotic multivesicles) 5= QIO EM AR of 3} A ol A
dojup= HAEFAY FdH ols WAl HAHS B,
ojg]gt W EHFAL] o]lFE FAEZ EAFH= FeRnoll 93|
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7150l #@Eo] QItH60-66]. FcRno] endoplasmic reticulum (ER)S
wA o] 9%t FcRnel folding FA = Bme ZAgo] I
g Qb wheF o] o] AptE W disulfide bond oligomers & El 2
ERe A ¥t} 18|31 FcRn foldings endosomes 7 -3t IgG2
ol s Ao HFAd eloZ =gt} 60]. BomI FcRnd H3HA)
g d &ANA FeRn heavy chain 59 94 34 calnexin}
ERp57¢], FcRn-Bom ETAS] A& o=  calreticulin®]
oI sH61]. Rab 11> IgG ©] ¥ 7t olu2} endosome¥} A 3EH
T HHS fFEske AS= 4# A Q3 basolateral membrane
recyclings &9+ exocytosis g% oI $TH62]. Clathrine rat
intestine®] FcRn trafficking 2}l 7]¢J3$Ft}H63]. FcRn® cytoplasmic
tail<> endocytosis?} exocytosis ¥+ ©}UZ} basolateral membrane
targeting= 53, FcRn®] N-glycan<- apical membrane targeting®]
regulation®]  #ofdt=  ASE EHo] QItH64]. FeRnol EHS
Z7HA 71 QAZ A= TNF-a9 IL-1BE S 4 Q3L 9HA [FN-y=

FcRn 2S5 fAaA7ls A2 48 A 31TtH65,66).

b o dojudr}h AME A B %ol FeRnd IgG o HEFTA 7}
HAAE = H2 endosome?l H] endosome "ol =43 V-ATPase©]

93l endosome Wi A W pH 7 (pH 6.0 ©|sh)o] A Hr},

rl:l
%
2
g
to
l-lO
=2
1o

I V-ATPase &4 %7} "olA|W we pH 37
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zAo] MAA FeRnoll 23 1gG A3} o]%F &S dojhr] <

Wk obuel ME U RE WA ZAH oA J)F AL
oA 1 ATHB7]. o9 2ol FeRn® WA OZHE IgG b el
2 74 vhepg wMASe  oAbRgn AZSEH B4l
BgRow oFglr: AP wela) B ow W pH 74 2H2

Q1% V-ATPase®] &2 W% T3t e4%ls & + UTh
V-ATPase®] €A+ Ang 119 sXe| wet zpoe]E HRITh Harris
L6681 T2 9] Aol A % HE 9 Ang I (107 M, 107

Z7bet AN H& 5% (107 M, 10°

4

Zragohal SkQlth. Wagner S[69]%
Ang I %7} 92 $AA 29 Alxd Axe H 87
o] Fo]Hthal &FATE. Tojo 5 [70]<, renal cortical collecting duct®]]
A= Ang 18 s&7F S7Fgel wel V-ATPase A4 =7}
stk Anel @, AT AGAE A & V-ATPase
S E7F Ao IEEE A3E 73 Ang 1ol &St V-ATPase
e 2ES ATl At dojdrial 370l 47

A= Ang 7} V-ATPase 429 24 Az #gstil e

[e)
o
Ang 9] oBE BAJAAR ST Z AR} o]Fo|AA

%o AW oA Ang 112 50| V-ATPase A EE A A AXE
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W FeRnel 9% 1gGe] o) ok} Thebg wuldse di)
Folzk Qolihy] wEe] o wAEY] 3 oA W 23
FeRn ol shthebil F7bE9ctn #3ssit. wos AR

we APZAAE Lenglde] s Ang 19 5

bt

2
ol
o

AAE 7] wZeol V-ATPased AT+ I0E A% ©] FcRno
ojxFA Rl Mt Wl ko] vrEhEA] ekgkthar dkeRgitt
Ad FE&A7E M A= AES] BE A4 7lso] AE W B

7S st wWiEolw o] V-ATPase & =9 d¥o] o=
AT AdEo]l LHEHAT Advani F[71]& rat TE AT
intercalated A Al2zel] #ld FE&A7F xSk QL™ V-ATPase’t
22 Ao FE  (colocalization)dlal  UAThi= ARA I A V-
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Abstract

The Effect of Aliskiren on IgG
Metabolism In a Mouse Model of

Immune Mediated Glomerular Disease

Kang, Ju Hyung
Molecular Genomic medicine
The graduate School

Seoul National University

Introduction: Ang II is the factor associated with chronic renal injury. The
use of ACEI and ARB may be limited because of the Ang II independent
pathway as well as the adverse effects. Aliskiren shows RAS inhibition and
the effects compatible to ACEI or ARB. The anti-GBM nephritis is mediated
by IgG followed by inflammation. IgG is normally filtered from slit
diaphragm and reabsorbed in proximal tubular cells by FcRn under the low
pH environment which is made by V-ATPase. PRR has the regulatory function
for low pH environment associated with V-ATPase. This study shows the

effect of aliskiren on IgG metabolism in immune mediated glomerular disease

Methods: 10-week-old male BALB/c mice were divided into 4 groups;
control(CO), control-treated(CT), disease(DO), disease treated(DT). Anti-
GBM nephritis was induced by anti-GBM IgG. Aliskiren were infused
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subcutaneously. Each group was sacrificed on day 7. The indicators of fibrosis
and Up/Ucr were assessed. Total mouse IgG and specific MAR IgG levels in
serum and urine were measured. TGF- 1, FcRn, and PRR expressions in

renal cortex were assessed by western blot.

Results: The ECM protein and FN increased significantly in DO compared to
DT. TGF- 1 expression on renal cortex decreased significantly in DT
compared to DO. Mouse IgG depositions in glomerular basement membrane
decreased but circulating mouse IgG levels increased in DT compared to DO.
Specific MAR IgG level increased in serum but decreased in urine in DT
compared to DO. FcRn and PRR were expressed much higher in DO than in
DT.

Conclusions: Aliskiren is able to inhibit the progression of glomerular injury
through the maintenance of IgG metabolism by FcRn in immune mediated

glomerular disease.

Key words: Immune mediated glomerular disease, Aliskiren, Ang II, FcRn,

PRR.

Student number: 2006-30525
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antigen)
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nephritis)

4. 4 ~7]d 5o (Administration of aliskiren)

5. FEATAY 4 7} (The assessment of glomerular injury)
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protein/creatinine)

7. N AW Mouse IgG =7 (The measurement of total
mouse IgG and specific anti-rabbit IgG in serum and urine)
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renal tissue by Western blot)
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oko] E-Z (List of Abbreviations)

RAS renin angiotensin system

Ang IT angiotensin II

ACE

angiotensin converting enzyme

ACEI  angiotensin converting enzyme inhibitor

ARB

angiotensin II receptor blocker

FN fibronectin

MAPK Erk 1/2  mitogen activated protein kinase extracellular signal

regulated kinase 1/2

MAR IgG  mouse anti-rabbit IgG

C3a c

C5a c

omplement 3a

omplement 5a

FcRn  neonatal Fc receptor

PRR prorenin receptor

ﬁzm b

V-ATPase

eta-, microglobulin

vacuolar-type H'-ATPase

Vi
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(renin angiotensin system, RAS)7} AR WA INE FEstH o]
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ATA FRGNA

oA AAEHE x| ElAl I (Ang D7} F2 &4+9 49
o1zt wo] Qlti[1]. H¥E A< RAS TA3t= FEolA Hujd
ol zrelA  AAE AL EAE-AS] B3 (cleavage) <

grgozn AgEd. o HHelH AHR Ang 1S Hof

r

Aotz kA2 ElAl W3 @4 (angiotensin converting enzyme,
ACE)°ll 93] Ang IIZ W3E=d Ang 1= WA 39 F5HS
of7]sto] 1SS Yo7 FH FEoA = el MEerA
(extracellular matrix) T2 A 92 ARA] o g FxEo
e doAA WA T8 E4S FESTHILLL

QH 'l WM g4 JAA  (angiotensin converting enzyme
inhibitor, ACEI) ¢} Ang II <8 X}tAl (angiotensin II receptor
blocker, ARB)7} Ang 119 A Y #§& Adgdowxn dins
TAAZII GEMAEEY HAES ARAA TE A4S HagE
T AgE AREE om W AT TIExdATECNA

sHHEATG2,3]. 2y V1A, €9 BF, w2EET, AVl HAa

ek

5o ¥ ACES] oA gk Ang Il A AR Ang 1)

TIes e wE MAL'A FERAEC] EATTE AR

FeAWA Ang 19 BYI G Adete TATORE FRI
E4e 2RO B2 5 gkt AR ol2A HUtH4-T.
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HToe dd A9 A @45z AEEHE Ax W AGs
o] A EAS stk Abdo] A ATHE,9]. <]
#42 Ang 118 BAstel= F@str] wiEel Ang 11 W] &E4
WAool doxitt dd e ZEdde % dd &A1
sk AlE U MAPK Erk 1/29] A5 dg AAE 43AA
TGF-819] A& 77tk TGF-pl A3k ©@9d A
7M1 71= diEAl AH