Experimental nephrotic syndrome in mice with an
inducible deletion of podocin and the role of
plasminogen in sodium retention

Thesis submitted as requirement to fulfill the degree
“Doctor of Philosophy” (Ph.D.)

at the
Faculty of Medicine
Eberhard Karls University
Tubingen

by

Mengyun, Xiao

from

Xining, China

2022



Dean: Professor
First reviewer: Professor

Second reviewer Professor
Third reviewer: Professor

Date of or al e x almi. roalt. i2dm:2

Dr .

Dr .
Dr .
Dr .

O

Pichl er
Artunc
Feil

Lukowski



AiThe road ahead is |l ong and has no ending;
will umbending.
(Qu Yuan)



Catalog

Tabl e of contents
List of figuur.e.s..an.d..t.ab.l.eS. .. v
List of ahbire)d. a0 St s VIl
(RN N o N A O o T o B o Ut SO0 o 0 o OO OO U OO U OOV UUO U UURURUERTPUUOR 1
1.1 Definition &Andtcaus.gadobmehe..n.enp....T
1.2 Mouse models of expeud.i.me.nt.al..oephtdtic sync
1.3 The activation of epithel i al sodium chann:¢
retention in nephr.of.i.c.s.yndl.0.me. . 4
1. Rol e of pl asminoug.e.n...n..ac.t.i.xat.i.on.df ENaC
1. Al ms Qo B S Y 9
2 . M D St ettt sttt ettt senann 10
2.1 St Uyl Sud et ettt bt 10
2.1.1 Section 1 Characterization of an expe
NP NS 2 Al By se s s besenenanns 10
2. 1Sextion I1: Ef fect of pl asminogen defici el
I N dUCTE 10D 0 f LSttt 11
2. 1Sextion 111t plddmi mdgenctdof i ci ency on the
.................................................................................................................................................. 12
2.1.4 Section |V Ef fect of lapsmihogentdefti me
.................................................................................................................................................. 13
2.1.5 Secteom ¥ffeonhgof plasminogen.ldeficienc
2.2 Ani mal . e.X. Pl dadlhB Ll St e rerennns 15
2. 2.1 GeunOt Y de ettt renenenns 15
2.2n2duofierperi ment al meHPAntiod.s.c..s.y.nt7r ome i n
2.2.3 Daily monitoring of bodytiwemnghft ,spotodunm
S A MNP B Sttt bbbttt sttt bbbt b esanane 18
2. 2.4 Bl 000 .S.@mp i G 19
2.2.5 Implantation of ext.ended..rel.ed%e aproti

. 2.6 24h wurine samples collection in metabo

. 2.7 Natriureti.c..es.p.ons.e..t.o..ami.l.or2l de



Catalog

2.2.8 Euthanasiiao.m.n.d...k.i.dn.e.y.s...c.o.l.l.e.c.22

2.3 Laborator ye.me.aS. Ul . ME L. S 22
2. 01 Nar Voo PodoQudo ol h e rerenes 22
2. 3.2 UrinafyeCl.a bl il B 23

2. 3.ihavry/ fecal s.o.di.um.c.o.ngc.e.nt.r.a.t.i.oa3

2.3.4 Urinary..pl.asmi.n..acloi. et Y. 24
2.3.5 Pl asmal...ur.i.na.r.y...al.b.umi ... 25
2.3.6 Pl asma..c.hol.est.el.0l e 25
2. 3. 7 P laiaSaMa . ol BBt ssssssssessssssessssssssasssssnns 25
2.3.8 Pl asma..Cul..al bl i o 26
2. 3. MaPhBE QS Dl Bt 26

2.3.10 Plasma plasminogeun.l..uri.narny..28 asmin co
2.3.11 Plasma/ wuri nadsy..apr.ot.i.ni.n..co&entratio
2.3.12 Rlyasdmtin .C..c.o.nc.e.nt.r.at.i.q.n........30

2.3.13 Venous bl o.n.d..g.a.s..anal.y.s.i.s..(.BGCRA)

2. PeriodiSchatid(PAS) f.rom.ki.dney..t..s.s.u3¥
2.5 Western blot (WB) from uri.ne..s.ampl32s and ki

2.6 I mmunohistochemistry and i mmunof.l.3drescence

2.7 El ect r 0.0 i G i0.5.Lo0..Yeeeererereseseseeesesesesessesssesesesesenes 34
2.8 Statisuiec.ala.anal. y.S i S 35
B R B Sl Sttt bbb bbbttt b setetens 36
3.1 Characterization of a mmgiwdeénioiucshep hfestpd e(l wi t t
MO U S € MO .l ettt se s s s b s senasasassesne 36
3. Deletioms@f geme mm podocytes..af.t.e36 doxycyc

3.1.2 Characterizati on of proteaswmdiuaedand s

NP PP BT Gttt 38

3.2 Role of plasminogen in a genetic mouse mode
Pl asmi NoigeEmMC. Y B il aes 42

3. NpB%SP*htmgi ce have growth retardadt.i.gld but nor



Catalog

Su
Zu
Re
Pu
E x
Ac

3. 202 ndrupc?®s8°d I”gni ce have nor mal..s.odi.uf handl in
3. Npa%P29ftmi ce develrogpnge pphrroottdicnuri a with the
Pl asmi NO0Qgen. . ..X.Cuh..l b 46
3. NephrotAPpti'gmsd2 #p*hisf2gi ce undergo ENaC act i\
SOdi UM Tt Bl oMttt ettt nseaas 50

3.3 Aprotinin prevents B8pdsPAS giedehfsP2idng i n nept
N €28ttt ettt s st s st s et b s s s s st et se s s s s s e s s s s s snans 57
3.3.1 Dose finding study for®Pypil@gatnidni n pel

NPAPPPPTM C e 0@ Y seee 57

3.3.2 Effect of aprot ®Afmi' &md s @ phisidgi tet ent i on

3.3.3 Expression of ENaC subuniPe$i/igandki dney t

NP EPSPL P DA NG Ch et 62
3.ldontgerm obephe o2? P pA/@mms 2WPAB Ty ce..... 67
D i S CullSiSideen Qi ettt b bbbttt be bbb nanane 73

4.1 A new mouse hmode i nduci bl e podocin def i ci

nephrotic syndrome and dew.el.o.p.s..chr.oni7s kidney

4 . T2he i mpact of pl asimpiBfsbifieme.d.e.f.i.c.i.ency74i n

4.3 The role of popodttsmsmoigemiamdaihec uiPABRENIi on an
sodium retention in experi.ment.al..nephi®tic synd
4.4 The potenti al treatmenti mHi lsiotdiiugn ENd @ nd ¢ toir

in nNephr ot dC Sy O M ettt sesens 79
TN I @ Leo Y teteteierereceesesesetetses s s sese b et b sasasseseses et bssasasassebebebesssasassebes et et sbesasasaesetesesesssasassesasesesssasasasans 84
S A MME N firiB.S Sl Dhrcceeeeeeeeeee ettt e et s st s s s e s besesesssas s sesesesesesesasassesasesnes 86
B T i e B S et e Appendix |
D1 i e dee e Appendix X

planation of the personadl..c.o.nt.r.i.bAppendixXl t o t hi s
KN O WI €.0.0.ME.0 ettt sttt ssssssesses Appendix Xl



List of figures and tables

Li st of figures and tabl es

Figure1UIl t rastructure of glomerular filtratlion barri

Figure2l | l ustration of podocuyt.e..dama.g.e..and.Zproteinur
Figure3The wunder fil|l theory and overfill theory of

..................................................................................................................................................................... 5
Figure4L oc at, i onol ecul ar structure and regul ation of
..................................................................................................................................................................... 6
Figure5The r ol e of pl asmi noagreeng ulnatfiidonrsi noofl.yistiss aacntdi v

Figure6The t heory of plasmin..i.n.ENacC..r.egqg.ul.a&ion in I
Figure7Ti mel i ne for t he..s.t.udy..o.f..s.e.c.t.i.q.n...l.10

Figure8Ti mel i ne f aur..Se.cti.0n bl 11
Figure9Ti mel i ne f our..s.ecti.0n bl b, 12
Figure10Ti mel i ne f oO.n..S.€.CluivQ DM 14
Figure 11 Ti mel i ne f .0.h..S.e.CluiuO D M 14
Figure12Ex ampl es of bgeRGRY. DG 17
Figure13A schematic diagram of inducible nphs2 (podo
before and af tietri adtoixoync.y.c.l.i.n.e. ..l 18

Figure14Aprotinin pellets i mpi.ant.at..an..s.uhcl@t aneousl
Figure15The schematic diagtamuofsami.edanpicdea.@ént

Figure161 | |l ustration of the principle of wurinary ami
SYNt het i C -BRB.E L L dl o oS eeereeeeseereresesssssssseseseseseses 24
Figure 17 Di agram of t he principle and steps of pl e
measurement by wusing an ELI SA k..t..hased2bn compet
Figure 18 St andard curve of pl asma..al.dast.er.an8 measur e
Figure 19 Di agr am ofi ptl ke amrdi nsct eps of pl asma/ urinary
measurement by usi ng..a..s.andwi.c.h.. ELL.SA..ki28

Figure20St andard curve of plasma/ uri.nary..pBasmin(og
Figure21St andard curve of plasma/ wurinarwy..aprotinin

Figure22St andard curve of pl asma..Cys.t.ati.n.3Blmeasurem
Figure 23 We st er n bl ot reveal ed npReahi del etyi onsiinmg aac

doxycyscelnisniet i VR SO S H. 0. Xt eresene s senens 36
Figure 241 mmunofl uorescence and uPlPtmaserbefore anddnf
N 0 U Ceihee Dt heeee ettt ettt et b bbbt b b e b et b s s asanas s bt esenenas 37

Figure 25 Nph4 2ti ce devel oped massive proteinuria, pr
sodium retention and edema after indwuct.idHn of exrg

Figure26 PAS of uninduced 2o mep.hr.o.t..c...n.p.h.s40
Figure 27 P| asaelaol ester ol and kidney function before
NP RS P I Gttt bbb et 41

Figure28Compar i son of t h2& Pafii gnrdelpciEsd ® p-pnbisc.e.....42
Figure29Ki dney function i20rfh¥gonp REPPOEni 6P4B s

v


file:///D:/PhD%20study/Thesis/Thesis/Mengyun%20Xiao-Dissertation_9.docx%23_Toc53397374
file:///D:/PhD%20study/Thesis/Thesis/Mengyun%20Xiao-Dissertation_9.docx%23_Toc53397375
file:///D:/PhD%20study/Thesis/Thesis/Mengyun%20Xiao-Dissertation_9.docx%23_Toc53397376

List of figures and tables

Figure30Hi st ol ogy of t h&r*gpiigmaph&sdtpgi 2 showed t he
NOT Mal 1 @ N7l Sl UGl L L et se s naens 44
Figure31Sodi um handling i%P*phHgndplce? pPrtmhese runae
standard and a | ow..s.al.t..di.e.f...c.o.ndi.t..o.n...44

Figure 32 The chaplgasmd al dosterone concentration, bo
intake in unidprhd/gedphmiRtmgi ce under either a sta

l ow salt di.edo . .CQn.duil Qe 45

Figure 33N s®2P* /' mi ce antPo9ipthgi Z e were successfully ini
extent of massive proteinuria and hy.poaalddumi nemi ¢
Figure 34 Pl asma cholesterol ¢€oé%fciégnd anhpP®PLigncephs?2

before and aft er..i.nduct.i.on. .0l . NS 47
Figure35P1 asma urea (A) and plasma cr eatPpPiiphee( B) cor
AN A B IP I  NIi Gttt bbb aene 48
Figure 36 Pl as ma aldosterone concent fasgpiogasnd i n nep
N PILRET P B YT MY Gttt b e ae s bbb s s s s s ae b s s s e s esasaenesas 48
Figure 37 Qual i tative study of pl as mi rpoiggam)d expr es
NP RIS PE AT MY Bttt st a st aesanees 49

Figure38Qual i fi cation of urinamny 2 hedpsihmminc(ea.g56n) excr e
Figure 39 ENaC activation and sodium 2rrédp¥gatnidon i n r

NP RIS PP I NG € ettt sttt s s s s ae s ae s s s aesesasaesesans 51
Figure 40 Sodi um retention and efdPpd gind mPepeipZog i ¢ nph
MM € BBttt a st A AR AR ARt s et enes 52
Figure 41 Phenot ypes % Rfpl/ gmhds 2n%hpH*HPd mi ce before and af
I N UCTE T 0 NSttt en 54
Figure42Chr onol ogi cal features of expé&pPifmégmrndcl NS de
NP RS P B AT MY Gttt ettt se bbb st ae s ae s s s s s s sesasaenesas 54
Figure43An il lustration of hematocr..t..i.n..ubbnduced a

Figure 44 Hi st ol ogy 2 PP¢fpl’  aplhg2S2?2*Pt mi ce before doxycyc
induction and 14 day.s..af.t.er..i.nduct.i.o.n..afB7 NS
Figure45| nvesti gation of effective concentration of

of nephr2Zttiel/ amdh S BHPAPD TN Coeeeeeeeeee e 58
Figure46Pr ot ei nuri a of 2irAHgptr optirpdmipbes 2wi t h aprotir
or placebo pel.l.et.s..i.mpl.anti.at i 0. ..,,, 59

Figure47Ur i nary ami dol ytic a%Xt®ipuigtnyd infpHhsedpdircoet i ¢ nph
with placebo or .a.p.r.ot.i.nd.n..t.eat.me.nt..........060
Figure48| nhi bi ti on effect of aprotinin iin nseopdhiruont ircet

NP REPEDH GNd BYAPDINYI €t 61
Figure 49 Change of pl asma aldosterone concentration
treat men2 PP gpth s BPIPPINY CoBineeeeeeeeeeeeee e 62

Figure50Speci fi city of the bands olnhgENa@€ wubbnansib
in kidney cortex 2MpPodfiméda.n.i.nduc.e.d..np.hs......63
Figure 51 Expressi on of ENaC subumi tnspheg®@pi/kpinddney cor
NP R PED NP € ettt bbbt st anees 65
Figure 52 Ex pr e s soiEdNm Co fgelBMda C i n ki dney t4r*&d/égsndf rom np


file:///D:/PhD%20study/Thesis/Thesis/Mengyun%20Xiao-Dissertation_9.docx%23_Toc53397388
file:///D:/PhD%20study/Thesis/Thesis/Mengyun%20Xiao-Dissertation_9.docx%23_Toc53397388
file:///D:/PhD%20study/Thesis/Thesis/Mengyun%20Xiao-Dissertation_9.docx%23_Toc53397390
file:///D:/PhD%20study/Thesis/Thesis/Mengyun%20Xiao-Dissertation_9.docx%23_Toc53397390
file:///D:/PhD%20study/Thesis/Thesis/Mengyun%20Xiao-Dissertation_9.docx%23_Toc53397392
file:///D:/PhD%20study/Thesis/Thesis/Mengyun%20Xiao-Dissertation_9.docx%23_Toc53397399
file:///D:/PhD%20study/Thesis/Thesis/Mengyun%20Xiao-Dissertation_9.docx%23_Toc53397399
file:///D:/PhD%20study/Thesis/Thesis/Mengyun%20Xiao-Dissertation_9.docx%23_Toc53397401
file:///D:/PhD%20study/Thesis/Thesis/Mengyun%20Xiao-Dissertation_9.docx%23_Toc53397401
file:///D:/PhD%20study/Thesis/Thesis/Mengyun%20Xiao-Dissertation_9.docx%23_Toc53397403
file:///D:/PhD%20study/Thesis/Thesis/Mengyun%20Xiao-Dissertation_9.docx%23_Toc53397403

List of figures and tables

NP R PED NP € ettt ettt sanees 66
Figure53Lontger m obser vati on..o.f...t.he..haod.ywe.i.g67t

Figure54Food and fluid intake moni%o.ur.i.n.g..h.e6Bor e and
Figure 55 Long term study of survival®raptigaRddney f 1

NP A PP AT MY Gttt ettt st s s st s ae bt st esasaenesans 69

Figure56 Long term investigation 2MP*HEMHi aed.70Hb value
Figure57The hi stology ofekmdadgy 247 i s é.e.g.....71

Figure 58 Long term study of o-EhNea C e xaprEdd a € i olmy o f

i mmunohi stochemi $t 5% uie " kKpd/nni rceh.s...eenee. 72

Figure 59 Long term study of Electron ®MiPtpP10gndpy of Kk
nph%2%+tngi ce before induction, on day 8 and day 40

................................................................................................................................................................... 72
Figure 60 Ex pr essi on of al bumin and plasmin(ogen) in
UPA (fuPANnd Pl gd e(fpP.lehi Bl Gyt 78
Figure61Summary of urinary sodium excretion”and body
Mi C e, A2 2 A DI IS Gttt sttt 78
Figure62The current model of the role of proteasuri a
................................................................................................................................................................... 82

Table1PCR conditi ons’4f.0...0.80.0.1L.Y. 0000, 16

Table2Pr i mers used "f.Ql . .0.6.0.00L. Y. Pl oo 16
Table 3 Sodium bahph®Pil/tgandhph®2Pt mi ce during vario
C 0 N 0 i Dl Sttt ettt ettt ae bbb bbb s s et s anee 53

Table 4 Pl asma parodmetvtemsus bl ood ngah®dlig@drydi s in
npREPeF I"gni ce befloddaysanafter inductiom..of.5hephrotic

Table5Densi t ometric analysis of ENaC subunits expre:
and nemhpre& P99 gndp R%P*Ptgi ce with diff4er.ebt treat m

\



Abbreviations

Li st of abbreviations

Uni t s

% percentage

b w body wei ght

crea creatinine

dl deciliter
Ep Eppendor f
g gram

k Da kil odalton

mg milligram

mi n mi nut e

mi milliliter
mM millimolar
nm nanometer

pg petagram

Og mi crogram

Ol microliter

em mi crometer
emo | mi cromol ar

w/ v weight/ vol ume
A

A aprotinin

ACE || angiotengénting enzyme inhibitor

g

ANS acquired nephrotic syndr ome
g
e

AR B angiotensin 1|1 receptor bl ocker
AUC area under curve

B

BGA bl ood gas anal ysi s

BW bodywei ght

C

Ca cal cium

CAP1 <chamnancetli vating protease

cBSA cationic bovine serum al bumin

cHb calculated hemoglobin concentration

CK D Chronic kidney disease

CNS congenit al nephrotic syndr ome

Crdleox Cre enzyme and the original Lox sitc¢

\l



Abbreviations

D

ddH2O0 di stilled water

DF dilution factor

DI N doxorubicin induced nephrotic
DNA deoxyribonucleic acid

E

ELI SA enzylmenked i mmunosorbent assay
ENaC epithelial sodium channel

ENS ex per iNeepnhtraolt i ¢ syndr ome

[=
FSGS foealgment al gl omerul oscl erosi s
G

GF B gl omerul ar filtration barrier
GF R gl omerul ar filtration rate

H

Hct hematocr it

HC Q bi carbonate ion

het heterozygote

HNO3 Nitric acid

I

i .p. intraperitoneal injection

IF i mmunofl uorescence

K

K* potassium

k o knockout

L

L l ow salt diet

LP S |l i popolysaccharides

M

M met abolic cage

MCD mi ni mal change di sease

Ma x . ma x i mum

Min. mini mum

N

N nephrotic

N a sodi um
npHsP2d doxycycline senskinoicvke oiuntd uwiitbh ep ondpohc

Vil



Abbreviations

NS nephrotic syndr ome

@)

OCT optimal cutting temperature compoun:
compou

oD optical density

P

P pl asma/ pl acebo

p probability value

PAN puromymiimonucl eosi de

PAs pl asminogen activators

PAS Periawdi$achi ff staining

PBS phospBhuaftfeer ed Saline

PCR polymerase chain reaction
PFA paraformal dehyde

PH power of hydrogen

pl g pl asminogen

Po open probability

R

RAAS reminmgi o-Akdesherone system

RB C red blood cells

RT room temperatur e

rt TA reverse tetracycline transactivator

S

SD slit diaphragm
SDPAGEsodium dodpelyyascuylf amiede gel el ectrc
Sec second

SEM standard error of the mean
SGK1 seramgll ucoclei hiasei d

std standard

T
TAE Bu Tr-As e tEaDtTeA buffer

tP A Ti sgwepse plasminogen activator
Tris btris(hydraoni ynnoenientyhla)ne buf f er

U

U uninduced/ urine

uPA ur okiphnaseni nogen activator

\Y




Abbreviations

\Y, vehicle

VSs. versus

vo | vol ume

W

wt wild type

WB Western bl ot

WBCs white blood cells




Introduction

1. |l ntroducti on

1.1 Definition and causes of the nephrotic
Nephrotic syndrome (NS) I's a characteri sti
proteinuria, hypaaldb thnyipreernii gp,i dedé ma, Among
massive proteinuria is considered as the e:
range proteinuria is defined as a concentr e
protein/creatirnaatei miata of oM .a& PP @t curi ne s
the age of onset, NS can be categorized as
acquired nephrotic syndrome (ANS). It can
syndr ome wisple c atfhieic skeiadsneeys or secondary nep
systemic diseases for example di 8bemasyaiNég

is the most prevalently presemtreacdkiidmrcededi
of-72100, 000 EThe | daweshes of pri marayeNS rargd omi,
and race. Pathologically, minimal <change di
NS in % hiwmhdrlen in white Caucasian adults,

gl omeruldné&pbrfocal segment al gl omerul oscl e
of NS in African natives, and the inciden

wor | dwiedrd?l rye

podocyte
endothelium
GBM

SD

foot process

Figure1Ul t rastructure of glomerular filtration barr.i

|l mage provided by I111. Depart ment o fE pMedidwirif e, Uni
Hamburg, Ger many.



Introduction

I n a heal thy ktcdmepy,u nldasr gseu cnno laesc uplreot ei n an
to transit the gl omerul aaronki bt satoifiont hbraerer

fenestrated endothel i al cel |, gl omerul ar be
celplosdocyte) with the footYprooesessey. slit di
The cddlvee filtration of GFB i $?2 mMolnd yulbas ewli
a radius qmadl ¢ efrr e dlayn Ril tered. Proteins ca

of more than 4.2 nm or a molecul ar weight >

4.2 nm are poorl y-updrakelnatbed tehred paoaxibalr @

iI's barely deat ewadtianbe sampl es with nor mal re
contrary, massive proteinuria will be prese
current knowl edge, the functional or struc

| eadi nd caudsaenaaged GF?B'3 nRlo doorcoytteei nduyy yfaunct i

| eads to NS whi ch i s t he mo st extreme 14
di sed%él 16,17

Normal podocyte Damaged podocyte
podocyte Q%’ )’“’ - - r’ podocyte

N

Figure2| | | ustration of podocyte damage and pr

Damaocgfe podocyte |l eads to | arge proteinuria (photos o
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Podocytes are highliggaendeif @bleatc altlesd e@xpr eion
which are crit itéNaplh sfhojrc ha ne nicnotdaecst i nGespBh rgiem,e w
i dentified and 34%0 cFaulritzheedr isnt updo pederjct@ehsd wd t e d
ani mal 'Snoadweé & t hatp hceelt ecivehby devel oped mas
and nephrotic syndr ome. B st mdogs  caldl yat ed
effaced foot processes and absent sl it di a
featfir@snonish type of congenitai®Podpbintic
i's encodaededye tdared expresses onltftmieduroot pr
Genet i c ndpehfse2enti 4 airm y!!t adP®¥do €NS and nephri
ot her mondteerudcets wi th each other and maintai

and the sPit CHMS$apthor amenphrin and podocin de

nephrotic syndrome in early infancy and | e
renal replacement therapy.

1.2 Mouse models of experiment al nephrotic
Ani mal model s agiemwwelssteedtN&|li n owilwo taoand t o s
wel | as potenti al t herapeutic approaches t
model ing NS; among those model s, mi ce ofr

commonly used duet y ot d tlreumaem,etdtcorsti nridparrddu
of handling.

Experi ment al model s of NS can be basically
model s. Genetic models are based on mice
member s of t haendslextprdeisaspehdr abgym t he podocyt es
mol ecules of the podocytes have been recog
years, nphephiBa@3mh2tw4l addadpP?2AmMédng all thos
genepgharddp har2e t he most frequently targeted
model s. Constitutive del eti on of t hose g
i mmedi ately after birth and | eading to sevc¢
Therefore, Colénsnodeusi wetdel eti on of these
value td6'8%udy NS

Thanks to the devel opment of genetic engin

genes specifically from a pard#ainéwBAbhs tiss
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Conditional gene manipulation metomdd | dred 1
transcriptional -oancgt ianédt iTepw sesg sesrednleesty st e ms
are depended on the ransil sthaesGoceagmbi v¥¥t bacyelt
The -olhetsystem functions when the reverse te
I s aecd ibvyatbi nding to tetracycline or one of
expression of Cre recombinase that <cl eaves
based on the compdhis2hoodl ndef et i pmm oem Nnt) u s i
was reported i n 20009 i mitating NS effe
hypoal bumi nemi a and hypZ%r cyredl! eshtee rdoi | seantivaa na f
conidointal nephrotic model is the requirement
timensuming breeding of the mice.

On the other hand, experi ment al NS can be
adriamycin 3¢ doxcer mbideilnhasameemeasctapt ed
pur omymiinmoc| eosi de (PARY Dhoxdend odiinc erdatnsephr ot
mi ce a#nddBANMd nephrotic rats were reported
Howevdédese toxic drugs could cause tubul e dze
to toxic substances*®™Bndi3db'Be**rel ated to sp
Ot her methods, such as induction by repeate
(cBSA) in ICR (outdbrrtidi) popolByAsaBd cch amiicdee s (|
BALB/ c, C57BL/ 6 and 129 miakbitaandl om¢reel i o
to filae e al so reporteedphmotesct alnddeslhs . adidd
proteinuria reported in these models does

proteinuria.

1.3 The activation chfanepl t {&INiadll) Dydipu ot e
sodium retention in nephrotic syndr ome

Sodium retention and oedema are the traits
with acute NS. The mechani sms of sodium r e
expl aitrmeod tbhyeori es, the overfill, and the wu
theory was proposed abaumedOOhgeatoswagbas
consequenceprooft emasusi ae |l eads to *3amtdravasc

buil dup of fluid in the inargistcibkdeai nsmparce.
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system (RAAS), cCawpgsa khgn idgr ehsedki Naeys. Ho
t hrey is not able to explain the mechanism o
been evidence indicating that RAAS activat
patients or?2a@2fhi mal model s

Thus, overfill %*hesdarayt iwas tfhoartmueldaetmead f or mat
an intrarenal mechani sm that stimul ates tu
ENaC, which heéls athbfi’aedsubuexpsessed in dist
4, is considerédtasntti b sintde voP Rdmee eNpansi

The mechanisms of sodium retention and edema in nephrotic syndrome

Underfill theory Qverfill theory B E—

Proteinuria Proteinuria

Hypoalbuminemia Proteasuria

Plasma oncotic pressure § Intrarenal mechanism
(ENaC activation)
Plasma volumey
RAAS 4
‘ ® Na* reabsorption $ Plasma volumet
Sodium retention —® Edema J
Figure3The under fil]l t heory and overfildl theory of so

gindi cat eA nidnccradaesse;decr ease

Il ncreased ENaC activity im cM®phast beenstde

experi ment®adneNSst udy rmemar tveidt ht htalte thrlecadk er

amiloride, protected nephrotic mieeThiem EI
study suggested an essenti al role of ENaC &
NS.

Al dosterone is the primary mineralocortico

adrenafP® cobhhda ekncreased reabsorption of so
experi mental NS was thought to be associate
i s regul ated by aldosterone (Figure 4). Thi
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rats, rwhsiecnht ep 4dail dlostpé acma, i ncreased numb
speci UEN&El yn addition, elevated plasma al
towards to the apical rleega toinn go fd utchte, pwhiincch

apical thngeateiphhgotic rats with adremNd&ct
expression was upregul at ed, however, t he
experienced sodium retenti bn HeweVdare, tthtee ad
targeting wilds nnamoobserséddy, blocking the
by canrenoate *‘died emdti opmr ewneantedNana I%°n exper
Similar to that -anglhecoce€eniavseihd s€B5GHK1) def
which represeesssbadosetdeoprboped sodium re
NS2 Besides the evidence from experi ment al
di splay an increasecd’|l Aveltbésel asmdi agsophb

mechani sm of ENaC regulation in NS than hyp
glomerular
* 7 distal
convoluted)
tubule
proximal ] (5%)
convoluted
tubule
(67%) thick
ascending . .
limb - Na Na Na*

(25%)

1
|
'
Furin \, e ond
I
]

= ool cleavage o /1| || -l cleavage p=—, /|| \lc-l
Aldosterone 3 i = T —p [ ]
“AENac > ?L""*““’f“f“‘“'l\,‘ ( v ) y] o
thin thin . Bon 4 /
descending ascending COIIeCang N 76 N : J3
limb limb duct(3%) Ct N ]
, v v
Na* Na™*
low Po intermediate Po
FiguredLocati on, mol ecul ar structure and regulation o

ENaC is sensitive tob&l desbeonopéedandohefubtaeesd3Ebui
serine proteadleubunin tweaepegswhédeeas the extracell ul
subunit once. Th)e ofpeENgQC oibsabiindrtegageld t o the intern
secord ®@rawagred+ENaG by some ot her oorfotEdNaLe 9 nitroc rae vy ee g
l evel (this figure was drawn by Mr. Hao Tian).
*indicates the cleavage sites.

Accumul ative studies have proved that abe
(proteasuria) due to defective filtration b

|l ead to sodium?3r &% eNeplmotaind mideenar ecei vi ng
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serine protease'gtiemhi bintas avbededvi¥aas tre
i ndicating the speci al regul ation of ENaC [
t hat ENaC waXenokhiudrad ye depint lmel i &Ix paelsisiloinne
with one of the serine protacadsesat i wigi ohr ow
(CAP1L)In this study, the authors also obser
serine protease inhibitor, to the A6 <cel |l :
transport could be r ectorvyeprseidn bayf teeddvamrrgd , e xwth
serine protease. Later on, a study discover
of the channel by the intracedéefuilcaire nste rcienlel
f usrsipreci fic i nhiidbfi tSuwbssye gnu dvrettlr wo s¢l eavage s
t hGesubunit, and a 9bobleitctl| wdliag egdieiet e4f)iae dT |
f u fmierttiead cl eavage was proven t o be respoec
(N8 8 (°RBi gure 4). In 2007, aoslle@wvisy e ueavteendt awe
from t kd eRvaigre sit e, and was related to tF
chanmhhed .same group obser vedostuhbalireitaweseenc otntde c
Furcilneavage site and a polybasic’{Fagurstim
4) .

1.4 Role of plasminogen in activation of EN

tPA/ UPA <« PAHorll
+

<—— a2-Antiplasmin

+
Fibrin Fibrin degradation products
Figure5The role of plasminogen in fibrinolysis and |
+ indicat eisndiicddtveasg iiomhi bi ti on
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Pl asmin is a serine protease released as a
circulation and degrades fibrin clots. The
(t PA) and in soidtylplee oforumA)uURaEH P.av &cet | wli & ym
of plasmin and its activatorBi gwame b®) regul a

I n 2009, a study-pildemiinf asdtpleapmi magenurin
nphrotic pa’?i dmt ¢ haosEdNsECuidsy tmauseeo ncol | ect i ng
cel |I-s) (aMen o mu 0 olcaidneissiainr e cl eavee@d bTyo nephi
confirm if UuUPA converts plasminogen to pl as
uPA and pl asimi a®lg¥en cdippdsdolcay@eissi | t s reveal ec
whodell currents sensitif%eSineaeamihleoari ¢pd awen
proposed as the essenti al serine protease i
these conclusions iwennsdttuodiyl.y Ddurrawng bty et hlea st

vipgooof of plasmin in EmMma€sriragul ation in NS

urokinase

plasminogen -

Urinary

* %% excretion

l
Ll
a

Glomerular capillary

=
< —t

apy

[t‘ \

ENaC

tNa*
ENaC

Po

intermediate Po very high

Figure6The t heory of plasmin in ENaC regul ati c

The current hypothesis about plasmin in ENaC activat
along with the | eakage erfr amatslsyi vfei Iptreorteed nwrrii rmari yn pNS:
by uPA into plasmin which is supposed to activate E
reabsorption (this figure was drawn by Mr. Hao Ti an)
Ten years -aptft tae miptl bagsemidaAvaaxs br ought up, t wo
published simultaneously which investigated

two different ex-mede®meinitmal BsSNfidmpawseEes T ch
applied either -amtilwodyetimdiuamadxdigpfBadroc e nt
nephrotic mice. Results revealed that amil o
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pl asminogen t or etl earstmi aan .auMPiAcNet r veiatt hmtelma t ir e d u

cumul ative sodium andENalbi dewe vt ehre, ctl heea viamtei
sodium retention and edema was ntoitbocdympllen e
anot her study performed by our group, uPA
i nduced nephPt Resuslymsir e me wewP-Atomia¢ e ,i nt mes p I
decrease iexametniacgry &Nrad an i ncreased body w
effects to amiloride treat memRWNtwiece. nbhe si
finding indicated that uPA deficiency did
retention and edema. Yet, twuPdod cemocwrutlsd onfo
be ruled out.

I n humans, a study includimtgs twas hperdfr @rdme:
investigate the hyppatsimé :1i § no fENmIEa aami¢ m d ge we
assigned into different groups according tc

Vv
S

that wuri nasmpy aplm samicmegdn ni nieatread | wi twhase ctd ma
s

w a an independent ris®% factor for more sev
All those findings mentioned above did not
plasmin in ENaC activation. Thus, an expe
pl asminogencygyeifs$ necessarily required.

1.5 Aims of the study

This study aimed to investigate the role of
retemtni ohiyvoappl ying an experiment al NS m
pl asmi nageinc yde fTiheeref ore, a nE€mweabo syestmod e |

with comphgenoen adepEsPbhad to be introduced
the features of enxppfstaimeet Ahd NBhedhéose be
pl as midneofgiecni ency mice to-ogbpisP@pBg anodisweb!l e
model that allowed to induce experiment al )
detri ment al effects of pl asminogen deficier
np P2 1”"gni ce needed to be studied for under|
the study was to testify the treatment e f
np P29 tmgi ce. Fi natlelrym efhfeecltonogn ki dney func

defnacy ein nephrotic mice had to be studied.
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2 Met hods

2.1 Study design

2.1.1 Section |I: Characterization of an exp
n

phs2 deficiency

. + euthanasia
kidney
L] ® ® ¢ blood sample

aprotinin pellet implantation
spot urine sample
doxycycline induction

0000000000000 0000000000000000 e food/ fluid intake
R o e ok o = +  body weight
| IIIIII I IIIIII I IIIIII I IIIIII I
-14 7 0 7 14
Time [d]
Figure7Ti mel i ne for the study of section |
To generate an inducible experiment al NS in
t eCBOleox P system was applied. This mouse mc
which has anplaEl2l eots pfhlgtBId wi t h mi ca carryi
tetracygotiokled transcriptional -acld)%Wator o

and a -na@mpdhetied driven -rprTAREEr TH& gg € Nepthysde
t hese mi eNep hig®dr ¥AT'E| 6Np FATFENGt ectr@ B'nd wer e
referrrepPLdfli &eéli ce have two podocin alleles
absent of eictrhdddr tThee -(TINPACIIEHWDe r e ser'fed as
Thes

g

Or i

e mice werebra KFilmwmdignftGr ahammer (Uni ve
inally, -Meh'stdelhdlicvee df rBIm6 G®r al di ne Mol |
Antignac (Il magine Institute of Genelfic Dise
and Tg-(tNpEEB)ce from Jeffrey H. Mi ner ( Wa
Loui s’y . USA

To characterize nmhEsPafiodde B 1 9amidg ucroent7)o,l mi c €
recei vieadx yocryacll i ne administration for 2 week
after iTrhdeudtiiresn. day started with dBxycycl.i

10
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The end of or al doxycycl i ne Baldonoidnissatnipaltei so nw ¢
collected bBdbody eweinghictifomod, and fluid int
spot urine samples were daily collected unt
To characiNafCi aetthatiEB\on by proteasuria 1in
containing extended release maphfgdfi oenower e
day 7 (Nph%PPdi c®e) were divided into two groufg
aproti nitn attr ead tdmegsnep BEdife draggst of the mice di
treatméemtday 14, bl ood samples were taken,
bohpHsafi ce and co@neoki acnhey was harvested f
and t hee owahserusoend f or i mmunofl uorescence (I

2. 1Sezxtion |1: Ef fect of plasminogen defi ci
i nduction of NS

+ euthanasia
° . ] ® blood sample
doxycycline induction
X XXX XXX X x  low salt diet
standard diet
©00 000 000 ¢ metabolic cages
24h urine / fece sample
0000000000000 00000000000800080800 e food / fluid intake
+++ +++++++ R+ +  body weight
L L L L BN N
28 -21 -14 -7 0 7
Time [d]
Figure8Ti mel i ne for Section |1

To generate an experimental NS pnPstdilc ewi t h p
were intercrossed with PI'dsamphggber denhattie
ref er rnepdfPst2diagsi c en piPsP2btrgi ce r e s preltagnii ve |l y)
were a kind gift from Edward/’%l oMl I( Lmiraerwd
on C57BlI /6 background, and the offspring wa
rd

To study the influence of pl asminogen def
uni nchplt®?fd dmi ce (nph@P*%lmgi ce (n=11) were o
startinxgb onledadyays before doxycycline treat

11
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i metabolic cages individuall-yepbet ¢ woi etays!
and feces were collected, food and fluid i

bal ance. Results of sodium balance were av.
Mi ce were then put back into standar2d cages
unti-Ll5dapfdtaggr laows salt diet, the observatior
for the samel7mitmé5S5danyTleysame proceidure in

metabolic cages was repeated after inducti c
the effect of plasminogen deficiency on sod
of a significanttexcdetieased Ghdhdnarny rhblhAd aan cp

with a standard diet condition would be cl

mi c e . Food, fluid intake, and BW were moni
da-25 as a ba$8&lamnheer omadaydn rdggy advdafot er i nc
respectively. In a subset of mice from each
study as the uninduced control. Mice were e
2. Sextion |11 . The ef fnedtheofc opulrassemionf o geexmp ec
. + euthanasia
. ° ° e blood sample

doxycycline induction
spot urine sample
6h urine sample

VA VA VA v vehicle 2 amiloride
0000000000000000000000 0000000 e food / fluid intake
++++++++ A +  body weight
|IIIIII|I\IIIIIIIIIIIIIIIIIIl
-14 -7 0 7 14
Time [d]
Figure9Ti mel i ne for section |11
For the investigation of ENaC activity in e

an observati emtfour esmid odudeng NS dags af't
performed in bot hNph&dPlydpesl1qFi gouce2°%9ind
*plf@n=milye received an intraperitoneal i nje

respecti veéelsy,andh4ddhayys the basekbdnd healoual

12
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doxycycline t-l44aameaet oOhedamil oride inject]
i ntraperitoneal administrasuicearswayvyelgpedi ed
euthanized on day 8 after ami lucartiedde aisnj ec
significant 1cyo ndceecnrteraastreiidnreNaiarf t@h a vehicle |
i ncreasedgeamiltoviedaeri nary sodium excretion
Because of the unexpectedly rewmi wei ght of ose¢
and increased urinary sodamim exicteed i @eni St ar
was performed in mh®R¥siémi od Oreph)roand nej
nph®¥Pdfngi ce dm=bgy 13 and da&y glBhee ODispewas v
to prove the ENdWasophaisty wadsr doginrlegul at ec
bl ocked by amMiloeiwer aniynadnoced of NS by dox
under went bl &8§d omanidpalyi n7g. Ad hdrhtenp e®@@% of t hi
*pl'gmouse anmph®Fbgni ce were ruled out becau
Eventually, four mice of each genowgmpe rece
euthani zed afteAnamddiotr i chesa liprey @ lod itgedwnf or s |
observation of the effect of pl asmi nogen

characters o f exnp le® 2°phidgmiade NShEL@Y.r e 9)

Nph€2°p1 ' gni ce Wr*rr6lusedBady cwaitqhdtl flfudoad iat a
were daily recorded. Spot urine samples wer
Bl ood samples and kidneys were taken on da

increase of body weirghdr etdiecp-aias eacaditlaynpi par

2.1.4 Section 1 V: Ef fect of aprotinin tre:

deficiency

. + euthanasia
© o Kidney
e blood sample
aprotinin pellet implantation
doxycycline induction
spot urine sample

so0000cc000c000000000000000000 e food /fluid intake
++++++++ AR +  body weight
IIIIIIIIIIITT]IIIIIIIIT]]]II|
-14 -7 0 7 14

Time [d]
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Figure10Ti mel i ne for section |V

To find out the effectiveness of perbeéisin
containing extended release aprotinin were
deficiency and ytplee mmatedg &8 2Ppifl {ali Ic®) a md=8)

nph¥2°dbft mi clen=Bdcei ved doxycycline treatment
induction ofnpN%2®POhinidcaeynpehBR*ptmi ce randomly
assigned to either the aprotinin (n=4) or g
relapsetinin pellets/ mouse containing the

i mpl anted subcutaneousl!| y dwirnigngpliascoefb ou rpaenlel ¢

used as control. Bodywei ght and spot wurine
and every day from day O0. Mi ce were sacr |
i mpl antation), blood sampl elsQ) .and kidneys w

2.1.5 Secteom ¥ffkohgof plasminogen deficie

. . + euthanasia
¢ ¢ kidney
survival
. . o * o * Dblood sample

spot urine sample
doxycycline induction
e o o & o 0o o e food/ fluid intake
S +  body weight

-14 -7 0 7 14 21 28 35 42 49 56 63
Time [d]

Figure11Ti mel i ne for Section V

A cohort observation noh¥2%Pam ctei ¢( nwilade iam
mmh822pftmice (n=12) was followed up for 63

|l asting influence of plasminogen deficiency
16 minpddPBhit/ éni ce mpM®EPBPITmi ce) were observed
weeks itno a brtar mal growth curve iMicReotthegen

received doxycywéeehkdwmiodldudtliuard atnt &ke, and
were daily moddt oamed!| fdam @8y and spot uri

14
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Bl ood gqamples were Hdkeamdf wemedapl| |l ected e
thereafter for evalwuating kidney function b

bl ood samples were drawn for blood gas ana

were f ol liolweddayup63unmnmthen all experi ment al mi
contr ol mi c e . Mi ce were euthanized, and ki
score reached a valwue of more than 7, accor

the Case ahdLBboratory Animals and the Gern

2.2 Ani mal experi ments

22. Genotyping

Ear tissues were collected from the offspr
of fspring was perfor merdotacsc alle:scri bed in a s
-DNA ext Eactitossues -2WdJrCe i st oar eld. 5aml / r eact i
process. Ti ssue -DNWaiIi sxtdagesbnomwenadpgoce:
commer ci al kit (EchoLUTION Tissue DNA Micr
mi xeod fler ¢ @nttad rneal y5s e @ ptriostseuaes el yasnids 9%0u f f
was pipetted to each sample. This mixture w
agitation. After that, the temper auruirneg was
the incubDNAbDNgdi hbecgl umn was prepared and
-PurificBNMIN eaf tg @ s uRen alsyeiAs Gilndarl&dnce buff e
added respectively to each samplud.esThha mi X
maxi mum speed (13000 g) by centrifuge (Bi of
(9@ ) was collected -BMAIi ndangf €rod ednnt o Ceheér
column for 1 minute at the spP&lAdwab ecCd®@@0 g
in the 1.5ml EP tube and sto2edCatodUlCondg n
storage.

-Pol ymerase chaPni meastand (BER)tions wused
genes were |listed in Table 1 and Table 2 re
-Ag@grose gel eA geacrigyesdgs h owietshi s3 %, 1.5% or 1.7
according to the ampl i-acgopanr 9 ez emioxX e e aicrht @ elnxe
Loadi ng @arlkoeor b(pl DNA Ladder O p6exQ DNA,| oGedim
Dy e, VIWRr nfant i onalQ KAimpRwageni o#s 4Kabi GmbH,

15
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and

-PC®duct
perfor med

was pi petted-gelnt oElteet rwelhlor el
by El ectrophoresis Power Supply (
for6@O0Ominuteswa3hetgened by Nucleic Acid G

Bi otium, -PBBAMI harteesthue tasn dobser v-iemdaginm@ rs as tge 1
(Bi o Rad, USA) . Examples of genotyping i ma¢
12.
- Mice selmctiodsti.wa ynpflf’sP2b1/ gmi ce, f dwmr t o f
np PsP2bfngi ce, and ten control mice were incl
Mi ce were keptl-damhka cyzl 22 and fed a standal
content O0.24% c rmodd magndSiondgs ttMi GO 4name) fr e
access of tap water and food. AlIl ani mal ex
of the National I nstitutes of Health Guide
and foll owedwt Her Garhmanwell f are of ani mal s.
approved by 1 ocal authorities (Regierungsp
15/727)
Table1PCR conditions’"for genotyping
Gene Denatur ati Annleiang Extension Cycl e
Np hignd 7Ante 94 UC, 30 62 UC, 4572 UC, 30 40
Tg( NphsTIA®FEB 94 UC, 30 57 UC, 3072 UC, 45 40
Tg ( tcerted® 94 UC, 30 57 UcC, 3072 UC, 60 35
BIl-BIt gLosd 94 UC, 30 60 UC, 6072 UC, 60 30
Table2Pr i mers used or genotyping
Gene sensearfdor antisenseam Iicref Manufact
5R360ri ent i5MA360ri ent P enc
Np htgnd 1Antec CCAGCATCCC GCATCCAAAT 236 / 81 Eurofins
GATAGATGAC( CAGAGTTCC:' ( witlydpe
G fl oxed
Tg( NphsTIA®3 I GAAGCAGCAG ACTTTGCTC"® 400 79 Eurofins
GAGTTCACAC CCAGTCTAG!/
GTCC GGTG
Tg ( tcerte} ™ GCATAACCAG GGACATGTT! 280 80 Eur o®d mesm
AACAGCATTG GGATCGCCA(
G
BI-BI'gaind ! "I TCAGCAGGGC CTCTCTGTC™~ 450 / 78 Eurofins
GTCACGG (w TTCCATGG ( witlydpe
GCACAGCTGC and ko al l

AGGAACGCC

AAGATGGAT®
ACGCAGGTT

16
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(ko)

A wt/  floxed/ floxed/ B
Marker ' “wt  floxed

Marker +? -l

300 bp
250 bp

200.bp 400 bp

Marker +/? -/- Marker wt  het ko

450 bp

300 bp

230 bp
200 b
200bp 280 bp P )

nonspecific band

Figure12Exampl es of genotyping by PCR

) Genot ypnipnhgs 2otie f ¢ opreessi onn p hvwadso naotz y2g3o6t eb pf.l oHxeetde r
oxghisiPowed both bands at 236 andnp2h&tRowed wini lye omen
nd at 286 bp.

) Genotypl NGA*TG Npehsrlesult showed if the-mouse co
TA®3L) |l el e, it appedaO@idpatih shegéewbandoaband, th
e transgene.

) Genot-@Pptng. oPreereacwasfobseéer ®ed at 280 bp.

)

Genotyping of pl asuin naolgleenl es haotwe2l3 @ hkep .k noorck t he v

/\/'\I—F“/'\c'—h/\
o0 T wmo T >

het : heterozygot e; k o: k/n:o crke goautti;v e+ / ?

Wtwild type;
on of the gene

expressi

2.2.2 Induction of expapisigfhic@al nephrotic s
As describednphPsPfithapt wer & . Pesxepde rtianemd chd | NS,

which is ba€ed pecamfiena®e systemhsaBdd remo
gene in the presence of doxycycline (Figure
control mi c e, received a daily oral doxyc)
doxycycline powder (Yancheng Suhai Phar mace

L tapowatN&rihducti on’?atT hteh ed uargaet ioofn 8o fw eoerkasl

17
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treat ment was 2 weeks, and the water was (
bacterial or fungus growt h.
Before induction After induction

Induction with doxycycline

Nefta8 rtTA Nefta8 _ O
| 7o < |
.Nph52| ‘@l

Figure 13A schematic diagphé&d@potiocnducgbken) deletion in
before and after “doxycycline initiatiaon
Upon exposure to doxycycline, the reverse tetracycli
which induces expression of Cre whhgé@nenmpsh@t n i niti
model , the rdpgdcii fsBip,odwefyt @8 means doxycycline induc
ot her <cel IFd gauamrde twiasssudeag s(t published on May 2020 Act

2.2.3 Daily monitoring of body weight, f ooc¢
urine sampl es

Spot sampmlees were col | eecttuebde si nbyclbelaand dE p p er
i ndividual F9: ddaerpgm8r A0ng. Daily spot urir
monitoring the devel opment of proteinuria,
wei ght wafs mibc@i ned by keeping mouse indivioc
and weighing it on a balance. Due to the d
ascites, increase of body weight was taken
andi aes in nephrotic mice. The increase of
stable food and fluid intake. The increase
di fference in BWL(%paselBWeomadayg 6foBW) /
BW *100%. Body weight on day O was used as

Food and fluid intake were monitored by v

18
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di fferences between two days. The cal cul ati
= (weight o tfoe ddwsfildudtidoofe f ood/ fl uid) [

cage.

2.2.4 Blood sampling

Bl ood was drawn from the or bi tiadhasfiantuisonun
usiggsaanesthesia machi fd,owloifacn® cao nptraeicniss ia
vapo.os i zkee dose for i n8Bueol mod thanse s trefegeusl i aat ewda s
the ani mal Garoffarbd .ooAl Is2aSmpl e was drdawn for
bl ood sample was centri fugteldern otrh @ Os umper @at

was st-20 edC aftor | at er measur ements.

2.2.5 I mplantation of extended release apro
Thubcutamremtuisni n peldreitvse nwistuhs taa i nmaetdr irxel e a s
madel royovati ve ®ebkeay cRi‘ofTihdem,prbedure of i

was performé{ftas sfsurger ygwas performed by

Subcutaneously pellet(s) impaltation

Placebo Aprotinin

Position of
incision

Figure14Aprotinin pellets imp4d antation subcuta

-The instruments and materials for the | mpl
hair scissors, a pair of skin preparation s
pairs of tissue tweezers, henmedb®i hobkdeur e

-lnstruments were sterilized before the 1 mp

19
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for 5 mi¥ althe24mMsAC uments were needed to c
before using.

-The i mplantation was performed unadar i sofl
1.5 vol % for maintenance)

-Mi ce were put in a prone position and wer e
mi ce were protected with ointment during op
-Hair on the center back of mice was remov
the hairless skin was incised about 5 mm |
direction?(RAi defe¢e 14t eral pocket of about
connectiwastpsepared using a dull tweezer.
laday release aprotisnei nofpellOl emdg cwanst aii ms enrgt eac
mentioned above by sterilized tweezers on
i ntervention, 2 aprotinin/ placebo pellets
end of doxycyclinegetrsedatadernto. kTeleg tdwes t mellc e
back of mice, so that they did not overl ap

-The wound was sutured, and mice were kept

2.624h urine sampl es cecsl laenadt icoad ciund ame toanb oolfi

Sodium excretion generally equals to sodiu
kidney function and sodium handling. Sodiu
sodium balance in uninduceerd cnoincdei twiotnhs bwoitthh

standardsadrt ailedw Each mouse was weighed a
i nto metabolic cages individually from 8:0
samples and feces were conlgl ecnt erde,t adbnod iwe icaaly
were free for tap water and food during the

A standard diet contains 106 Omol /g of sodi

a low salt diet contains 7 Omol/ gpoWwasedi um
contains 10Omol /g of sodi um. Sodium bal ance
Sodi um [bmad la/nnale] = (sodium intake friom food
(24h wurinary sodium excretion + 24h fecal s
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2.2.7 Natriaremi toredponse t

vehicle amiloride
® ® ®
N~ A . e
collecting duct collecting duct
ENaC i ENaC_
Uninduced “"%:%— ; ggamilon‘de
dium i
re:t?soption reasggggzon

< 10 Fold change \@‘L/ Urinary

gg‘c;:ix @@ - @ sodium
excretion ) excretion
®©® A ®e
© © @ ® @
556
| }
collecting duct collecting duct
ENaC ENaC
Nephrotic =8 s amiorce
re:g:zlnup?on v remon
Urinary \—l—/ 60-100 Fold change %L/ |
Zn e - > €60 =
@ @ excretion

Figure15The schematic di ag@gnamuofesami lexmpiedé ment

Urina'excNation after a vehicle injection was taken
there would be anekncetasa BhtariaahygNadose of ami
with nor mal sodi um hanredl iimg.miAfee, e currbiShianmays Neas t d bb e s & x
l ow with vehicle injection, whi | ¢h eaneixlcoreitdieo ni nojfe csta
indicating ENaC activation in nephrotic ani mal s.

Ami | eirnidduec ed n adertieurrneisa skeNat@os aacstsi vi ty i n bot |
and nephr8R2Ppidgni ce npam&2®*pft mi ce. The urinary

excretion in uninduced mice after a vehicl
response to amiloride obtained in uninduced
same ani mal after induadg itoma tofe xNiSn e trTiyhoeiN aaxfpte
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a vehicle injection during the nephrotic st
retention. Sencretuiramawys Nmar kedly increase
this would be the fstEMan@ aotiideatcieon ni nf arveopg h
di fferencenatnr iaumielsoirsi dleet ween uninduced anc

degree of ENaC activation (Figure 15).

Fovehicle injection, mice received 5 Ol /g
i ncjtei on, mice were injected with a ‘ose of
Il njection was given at 8: 00 in the morning
i njection. Mice were kept i ndriivnedusaanpyl esn we
coll ected, and weighed (g) 6h |l ater to dete
Urinary sodium excretion in 6 hours was cal

Urinary sodi upmmealx/cGle]t i mnuri*n@&Mymeas 0rdb- i t Canb C
phottodmé®o | / ml ] * wanlght of wurine

2.2.8 Euthanasia and kidneys collection
At the end of observation, iif blood sampl es
by exposing them to isoflurane with a dose

vaporizer was stopped when the movement an
anymore. A cervical di sl ocation was .applied
I f bl ood samples were needed fromntdbeedni m;:
anesthesia, bl ood-owabsi tdarla wsn nfurso na st hneu crhe tarso
coll ection, mi ce were placed on the tabl e
from the top of the pubic bone t & ktime amtder n
the muscles were cut with scissors. The Dbl c
cl amped. The right kidney was t hBeunf fpeerefdus e
Saline ( P-BBEYTri(cSh,gm&er many) t o remove exce
successively with an injection of 5 ml 4 % |
& Co. KG, Germany) for histology study. The
removed anrdd sUCorfeodd aWB anal ysi s.

2.3 Laboratory measurements

2. 3ol nparroyt ei n
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Urinary protein was measured usind®.&2 col or
Urine samples were measured undil ut2ddd bef or
folds during proteinu@iawadndiddededhdiol at & d
wor king soRad i baborBatoori es, Ger many) and
temperature (RT) for 8 minutes. Absorbance
of 595 nm. DistilledOwatwasg dsétldok/ Ampuwal
phot ometer was <calibrated wi t-1h0O brogv/i mle. sleatuc
were recorded in a | aboratory book entitle
results with the unit as mg/.mlDgtaan df rscom adi Ie
samples were multiplied with the dilution f
and wurinary <creatinine (urinary protein [n
parameter of proteinuria evalwuation [ mg/ mg
2.3 .RarUpr icreatinine

Urinary creatinine was measured using the
Berlin, Ge®OmahmpuWaddHsG andard sol-atid@d (2 n
fold diluted urine sample werthaddespeéeantiov e
Working solution (Ghi)cmwiac dcipedt+edaOiHt o2Q@@ Ve
The cuvettes were put into a photometer wi
absorbance (A1) was read 10 sdde@ndssecloaitder
absorbance (A2) was obtai nedsa Wahse ccalecauli ant
according to the following formul a:

Del t a A = AibAsbcsrolr dbmacnec eA 1A 2

Cerelamg/ d 1 ] Samf1Deell ttema ) A / ( Deahdae | K1 *
ComcantiarDF

2.3.3 Urinary/ fecal sodium concentration
Urinary dadntenoaltalNaon was measured using a
(Eppendor f EFUX 5057, Ger many) . Urine samp
phot omet er aunndd iviautueeds wer e nor mali zed to t he
The | i neafrmaasnwree mehGNawmaM. 1PMeces were col |l ec
met abolic cages and were dried at 80UC for
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i n 3 .ml5 oMsoHONM® ni ght to generate a creamy ma

g by an universal table top refrigerated c:¢
for 10 min, 1 ml of the supernatant® was me
Fecal sodium content in Omol /24 was calcul a

2.3.4 Urinary plasmin activity

0
x 66\’\'2,
Synthetic substrate (5-2251) Win®

E Val ,Leu, Lys f ‘@ ' ‘
Plasmin v

A8 X ’69‘0{\“\“
ot
E Val , Leu, Lys , Q@/-'
! } (

Plasmin+aprotinin

Figure161 | | ust r apgriiomc iogl & heef wurinary amidolytic acti vi
synthetic -288b&%8jrate (S

The sub-22 b adDa(aHBylle ulclyy sp-Miet roani |l i ne di hydrochl or i de
tripeptide substrate coupledbetpnpatedhfoomphbeesphbatr}
of pl(aismdincati ng the cleavaganofnsesubasedtaebbdbygr phacei
detected and wil!/ be proportional to the plasmin a
i nhiokri t hat can inhibit plasmin activity ( i ndicat.
pl asmin) and is added into ugdmsi tsiavmep | aect itvoi toya lwhuilc
plasmin activity in this assay.

The uriintyyofcpiasmin was measured by the p
chromogeni22%dubsetabsi 8g-Nt heoahrbmophodorbkeydr
ne di hydrochloride (pNA), so cal-22%1 uirs nary
preferrpedpti de substrate of plasmin (Haemoc
2 mM substrate was incubated for 60 minut ¢
inhibitor aprotinin ¢fiThael vadomuesntorfdoipomncald
bl ank and samples werwelbbtp@l atted mread®b (B 0
USA) . The differepwetbedbweewn t hbet OBprotin
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pr

edomi nant a’* iWailtuye sofwepgled samkiprw esaaidt as

Cal cul ation of wurinary amidolytic (plasmin)

Ur
* 1

2.
I n
an
fl
us
ra
f o
s a
p i
we
w a
co
h a

2.
Hy
p |
to
un
mi
a

fo

inary amidolytic acgosiwmMinoYORGBPi®huLQBD]n =
00O

3.5 Plasma/ wurinary al bumin

NS, concentration of plasma albumin decr
d leads to hypoal bumi nemi a. Pl asma al bun
uorescent l igand (Al bumin bl ue, Carl sbad
i opgsm plasma al bumin (Sigma, stock sol uti
nge-500 @®§/ ml . Urine or plasma samples wer
rr- 5 min,) before measurem2O®OsfoPldasmaidsan

mes were directly measured. Mouse stand:
petted i ntoweelalc hmiwerldc wvetat e9.6 After addit
|l l's were incubated for 5 min RT. The f 1

vel @eigtsh60 nm and emission wavelength of
ncentration was done using a linear stand

velvaanl URR of > 0. 95,

3.6 Plasma cholesterol

perlipidemia or hyper oliolteotierad| ecnhiaar aiced e
asma chol esterol was measured by a col ori
fully characterize the¢éx pdraindanmtdals oNSit
diluted sample (3veQlt)e.waAs tpeirp eatdtde d iiomt o fe

xing, the samples were incubated for 60 r
wavelength of 546 nm. Cal cul ation of the
rmul a:

CcholelstR@didbkdmpBol O bt a(iEodnk ¥t aGasrtcandard concent

i s

vV a

2.

200 smgsiddndnsEacoar ed val weasbandemfsbe gdE
|l ue x;fsiBHGKHrandheatared value of standard)

3.7 Plasma urea

25



Methods

Pl asmaa is a marker of kidney function, whi
i ncrease of plasma urea indicates the decre
Concentration of pl asma urea was measur ed
Berl in, Ger many) . DdH20O/ standard solution
Samples were undiluted or diluted into 3 f
After pipetting, additional 300 Ol reagent
Samples were incubated for 8 min at RT and
of 33Calnocmul ati on of the concentration was a
Curdamg/ dlsdmpEb i@ /st a(nEEbd 9nk 5t aGaard i laucttioon (fst anda
concentration is 2 mg/dl)

2.3.8 Plasma creatinine

Creatinine is one of the products that most
of plasma creatinine indicates the decline
measuredd ably by HPLC in mice, however, wa.

creatinine was measured by an enzymatic kit
studyO/ DdHandard solution or undiluted samp
An aadmaltiof 250 Ol reagent 1 was added into

subsequently. The mixture was incubated at
2 was pipetted into the cuvette, mixed and
a a wave |l ength of 490 nm. The concentrat.i
foll owi ng:

Cerbtamg/ dlsdmpEb1@Ek /st anEEDE Ink %t aG &rtdan@ird0 O mg/ dl )

2.3.9 Plasma al dosterone

The underfill dashmotriyc cdlaasma aprleosssur e cause
which activates the RAAS and causes the 1inc
Chapter 1. 3. Besi des, there i s good eviden

expressed on thestukubaed mémbmpdmes ma al dost
i nvestigate the change of pl asma al dostero
di fference bephB2pi gné gl mmai8d®® Pt mi ce, pl as ma

al dosterone concentration wasl Bile,asGeenhaiby
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(Figure 17).
Competitive ELISA

1. Load standard/samples 2. Add biotin labeled aldosterone 3. Add HRP conjugate

4. Add chromogen substrate (TMB) 5. Add stop solution

capture antibody for aldosterone
unlabeled aldosterone from urine/plasma
biotin labeled aldosterone

HRP conjugate

™B

Stop solution

Figure17Di agram of the principle and steps of pl as me
measurement by usin@namcobBlpleSAtkivte bhasddi que

Cali bration was made wusing standards with t
500, 1000 [pg/ mI] and checked by the use of
were measured wundilutedibbyopippatti cpa2®dOl
al dosterone antibodies. Afttehe imoapagygadbadT f c
al dosterone was added as a ‘tracer and mi x
i ncubation for 60 min at (RT,ofealxx waedH bwafsf
for 5 times and removed excess solution. 2
micro cuvette by a multiple channel pi pette
was stopped by adding 10@l OksofveT®MBobtapne
mi croplate reader at 45a@xingm,. ITihree @)t ao fn etdh
pl otted agai nst -atxhiesi,r |coognacreintthrnaitgida rsne(tae rsi g
|l ogi stic graph (FigurePh8®, SGfawlkaPad Brains D
www. graphpad. com). The equation of calcul at
[ pg/ ml]) was:
Y = Bottom + ( X/BoHitlolml dpeg)X * (Hid@d%s |l ope + |
(Y was the obtained OD val ue; values of Bo
reported by Prism).t hTehne wenrtee rnpuolltaitpeldi eXxd vbayl u
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to get the final concentrations.

2.5+
2.0+
1.5

1.0+

OD 450nm

0.5

0.0-

T T 1
1 10 100 1000 10000
Log. of concentration [pg/ml]

Figure18St andard curve of plasma al dosterone me.

2 3.10 Plasma plasminogen/ wurinary plasmin
To investigate the devel oppmeh2dPPéni peas mi nt
urinary plasminogen conph®®&thriaghii men bwa su stierag |
commer ci al AEEBRSRNajwhUfArh i s based on a qua
enzyme i mmunoassay technique (Figure 19).
concentratinph®2npihdiphe owdass measurtedas ywe lhli.s

Sandwich ELISA

1. Load mouse plasminogen standard/samples 2. Add bictinylated mouse plasminogen antibody 3. Add SP conjugate

Wash

1( capture antibody for mouse plasminogen

© mouse plasminogen from standard or

Wash urine/plasma samples
—_—
LA TVB
2 biotinylated mouse plasmincgen antibody

V SP conjugate

. Stop solution

Figure19Di agram of the principle and steps of pl asma
measurement by wusing a sandwich ELI SA ki
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Cali bration was made wusing standards with
0o.75, 0.375, 0.188, 0.094, 0 |[ing/omMmad.d Pl ast

according to the devel opment of proteinur.i

from uninduced mi ce were diluted 100 fold,
duted i MmdL606m®OAS. 50 Ol of each standard/
mi cro cuvettes and incubated for 120 min at

wash buffer for 5 times and excess solutio

pl asminogen antibody was added and incubate
above, 50 Ol of SP conjugate was added and
wash procedure, 50 Ol of chromogen Bubstrat
50 Ol of the stop solution was added to s

i mmedi ately read at 450 nm using by a micro
by plotting thaxabj)oahanoset( bheacWYemeXntrat.
axis olnoga plaopger ( Graphpad Prism 8)(Figure

pl asmin concentration from the sample was

multiplied with the dilution factor. The c:
was foll owing the equation bel ow:
Y (OD values) = 10htéd cpsDépeé 100Og( XOD+vel ue

sl opeinaéndecr¥e reported by Prism)

10+
| /
0.14 .

0.01-

OD 450nm

0.01 01 1 10
Mouse plg [ng/ml]

Figure20St andard curve of pl &@&nma/mearsium &

2 3.11 Plasma/ wurinary aprotinin concentrat
To investigate the achieved concentration
and wurinary aprotinin were measurCéduby a <c
clone cdPrpsSst€hdaad solution using the same
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Germany), was prepared with the foll owing c
O [ng/ ml] was prepared in adwadnde.l dRI avdhmd es
samplwe2® 1@l d diluted using PBS as the dil
standard/ sample into each microcuvettes, r
pi petted and the incubation at 37AKCy lasted
wash step with 350 Ol of 1x wash buffer for

solution was added into each micropl ate an
procedure was repeated for 5 tiwas. aSukrsequ
and i ncubiatiaidn faotr AMAC. The reaction was en
stop solution, and OD values were i mmedi at
mi croplate reader. The standard cuhee Xdr aw

axis, and the | og concent raxiisnby fulgsilgeg da | S
regression fit (Graphpad Prism 8)(Figure .
aprotinin was calculated by using the follo
Y [ Og/ ml ]l opelliXe)&SFYDF / 1000 (X was the ¢
S| opiéyewepie reported by Prism; )

2.5+
2.0+
1.5 :

1.0 *

0.5+

Log. of concentration [ng/ml]

0.0-

0 1 2 3
Optical density [OD]

Figure21St andard curve of plasma/ wurinary a

2.3.12 PlagsmaceydtrattiimnC

Pl asma cystatin C or cystatin 3, is a bioma
and sensitive than plasma creatinine and g
pl asma urea, plasma cystati n |G insa slse sasn dd eppr e
i nt ake. The increase of plasma cystatin C
GF® Urinary cystatin C was report@&®% as a s

Concentration of plasma or urinar-jFLIc§gAtatin
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kiR&OQ Systempy, Calci bUSAI ons werceo npcreenptaraetd oans
8000, 4000, 2000, 1000, 500, 250, 125, 0 [
1000 fold depending on the devel opment of
samples was pipettedlianteq a@aadh mimleAds saafiyt h h d
Diluent RD1IW. The samples were incubated at
was removed and the plate was washed by 1x
Ol of Mouse Cystatin C conjugatdnwadbapiepget |
for 12 min at RT. Repeated the wash step fo
Solution was added and incubated for 30 mi
needed in this step). 100 OlchofwetlHes sttoo pe nsd
reacti on, and the absorbances were read at
reader. The standard curve wasaxdrsgagwmglay nplto

concentration odxisst acypaaadmedtusetri bleopmgAper ( Gr a

Prism 8)(Figure 22). The unknown <concentr s
cal cul ated using the equation described in
10
E 1
&
3
o 0.1
0.01-
[ T 1
100 1000 10000
Cystatin C [ng/ml]

Figure22St andard curve of plasma

2.3.13 Venous blood gas analysis (BGA)
Venous BGA provided thes,val assmaoke!| pEHitret ghe

Ndg *K arfd @6aematocrit (hct), and cab),ul ated
et c. Al kal emi a or acidemia in nephrotic mi
standag.d PBGQA ents or ani mal model s with ki
el ectrolytes di sorder s, such as hypernatr
hypocal celmus, pl as ma el ectrolytes shoul d

concentration could determine if mi ce had ¢
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CKD. A blood sabipase odl labotued 126 a capill ar
was done i mmgdiaat ellly GQEBME Premier ‘3000 bl
(I'nstrumwmembatriad ory, Munich, Ger many).

2.4 Per iDadhicf fac(iRIAS) from kidney tissue

Hi stol ogy study i s essenti al for di-agnosin
study. By using PAS met hod, the structur al
pr oteinuria could be observed. The kidneys
embedded i n p afriaxtefd , n-e mFeod thbad N e t iwoenrse (5
deparaffinized and hTyhder attiesds uteo sdeecitoi noinzse do fw e
nephnptPsPafi ce with both plasminogen wild typ
on the sSlmedessl ivdeerre oxi dized in 0.5% peri of
SIl'ides were stained with SchiffOsbfami bhef c
| asp. sSeides were washed by running tap Vv

counterstained afterward in Hematoxylin so
rinsing step, slides were dehydmiadreadscacdy ar
obsemvttiechnol ogy and i mages were providec

University Medi-Eppbe@doté&r Hafmburg, Ger many)

2.5 WesoergaowB) from urine samples and kidne
WB detecigeadntSietmati vely al bumi nuria and t h
excretiomwmrinemeampl es. 10 Og of wurine prot
urine protein’Wwas |l eadetdhant b06gyrRAGEne of
Arabbit antibody directly against for the h
Engl and) , amind3d4ci waseapplesd88o0o detect p
Pl asminogen (eclymagyedh)attahObDekDa. After the
80 kDa released and could be 6% tlelchtuendi no ywa sh
detected using an anti bo{dtyhd rment R&MDs&rgd t kants
from this part Maad hpmaeviwdead by Mr.

Gl omerul i isol at iboinotwansy |daotairanb gadidsr?GEgye Hai n g
protein detection of podocin, an ant*i body f
(technology and images were provided by Dr.
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Uni v eMesdiitcya | C e nE pepre nHlaonrbfu,r gHambur g, Ger many)
The cortex of one kidney of each mouse was
was homogenized by a Dounce homogenisator i
mM sucrose,trildt hmMol ami ne HCI , 1.6 mM et
ethylenedi amine tet®f@alcletAdcdgmacihd dter mainy7).
homogenate was then centrifuged at 300, 000
step wasiedeawmsgpdmi |l ed i n-AALdemmhi Gaf many]| Si
for 10°3°miMaaittes:s to pr ewxEMaC,t haep rcdteiarviang e( 400 mg
mi xture of other protease inhibitoche(fina
Di agnosti cdwer@Gemmareyl) during the preparatior
El ectrophoresis wda® mgrobrimecoggnhovoadf ngm |
pol yacryl ami de gENa& oFordek tee¢ Bisa @fban d

ENaC, a polyacryl amide gel of 7%, and 8% wa
was performed after transferring to nitroc
antibodies in a 1:500 dilution overnight, a
For stthuidsy, the antibodies used to detect EN
against the -&8ikhENaaC,i6da BEtD naCSi8 5f5mE Na C

(Pineda, Ger ma*n¥l) ‘Bersé e t 3tBMNedl Gd emaesc tviean fd fe
an antidotdgd dagainst the samdbs5i mBuhregesmaa g
Subseqlulemtt4d ywere incubated with the seconda
infrared dyes ( frlaorieGR eBit o sloinkregyesa,ntlii ncol
aidution ratio of 1: 20,000 for lhour, at
fluorescence sc@QORmeBi osCdiyesmsceey§? F &lli nl cooaldni,ngu
cotrol, tot al protein was measured wusing R

USAYthe method and data analysis from this

2.6 I mmunohistochemistry and i mmunofl uoresc
Onkidney was removed from each mouse. Ki dn

with a size of 1.0 cm x 1.0cm x 0.2cm was f

and was sliced into 20m sections. Sections
st angpractdbcaind wed ewibttockhkor mal goadt JFhaeum f
dilution of the goat serum vaas nwimeh hahemN To
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into 1:5, pH 7.4, supplemRadeldalvort ot A L6 € v/ Vv
Ger md n.ydl ncubation was perfor med-oEWNatChe pr i
1:50 or -UEaNbabG,t lanltoioo, for 1 hour, at 37 AC
donesshyng Tris buffer (50 mM Tris, pH 7.4, s
(Sigmarich, Munich, GlerSmamtyiinBs Bvadreahi hat ea
30 mi nut es wi t h t he secondar-y abhmitti,bo ¥gc t(o
Laboratories, BurlifngaUmrederCAt h&S Ama slu:f5a0ch U 0 &
( DABI mmpact , Vector Laborat osriyng tsheec t\Veocntsa S
ABC kit a4 &Substitgtethe sections were obse
upright microscope after the cotuendlenrcltagyni |
and i mages werdeastpirowt eleadf b\We p HAl bepxbatnhdoelro g y
Uni ver si tNy rEnrbleangg g iFAU) , "Erl angen, Ger many)
Kidney$rweea i n OCIr ciommpwnnfdl Sloiresd ekhicéneys
thic
were then fixed with 4% paraformal dehyde o
by a mi xtnugr ePBES,nt5%% nBESA, and 5% Slevemaal Dbinik
of rinse by PBS then followed the incubatic
descri bed above) for 45 min. AftTtenjtaglaaddit

kness of 5 Om were obtained by Leica K

secondary antibodies for 30 minutes (LifeTe
obtained by a Zei ss ¥ (e essgenckberrkioxr
Germany) (technol ogy and i mages were provi de
Medi cine, UniversitypMedidoalf , CdHmatmdrurigag miGerrg

2.7 Electron microscopy

For the ultrastructuralesabdygor & éx uwaasbo pi e
i mmersed in 4% PFA and 1%‘’{vFivyagionhawas$ deh
oveight with the same solution at 4AC. Bef
Osor 1 hour, washiMgPBs tseopl untaiso nd.o nkei dbnye y0s. 1w
with uranyl acetate (*1% hwe/ w kisrs wedr % | v/ nvb eEtdhez
epoxy resin (DurAludprainc hACMGi 14 ifi ghah a che h YK at |
Sections with the thickness no more than 4

(Leica, Wet zI ar , Ger many) and Oanalaynzeamd s s io
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el ectron microscope gnec@Qhympyy lThEMI snafgtewa
by [ Depart ment of Medi ci neEppemidoerfsit

Hamburg, Ger many

2.8 Sabhtasalgsis

Data in this thesis are presented as means
by using t hRSemiKreheammmdgo MoV gostino, and Pear son
and SHwWa pliersda r eS*p e\catrii vaenkcyees rtuenstby t he Bart |
equal VvarAmakgesis for significant differen
testedwadby AMEGVA (multiple comparisons). A c
genotypes with twoyt iwag RANOVAs (masttit pbeedor
Data analysis mentioned above was done by G
Di ego, CA, www?gbapbtpadmebm)c analysis of w
by I mage Studio Verdi avou3 .dl .b4e (cloincsdrd)er ed t
significawtlwkerxOttiad I fppd? twsting
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3 Results

3.Characterization of a newnmos®&i arioedredy w
(nphsPhrfouse model )

3. Deletion of the nphs2 gene in podocytes ¢

Podocin encoded by the nphs2 gene i 8 expres
critical mol ecul ar for preserving a regular
and mice. To establish a genetispeaodeic,f
tetrasgobmnmledvedl et i on i n adult mide ei nwetrlei s

yi eflddedBirstly, nmihmediwfiitdd thvw ntpwos 2ff livext Eal | e
i ntercrossed nwi tplesdmeceyidafec@armegphr i n promoter

specificity expression of ajréwvepvaeorcgt erac)
mi ce wer e tehdenwiitnht emicec®ssarrying a transge
recombi nasnep hts&l ehi bnhawnéter binding of rrTA i
was first established by Dr. Grahammer (I 1|1
Center -HpmbbhdgHamburg, Germany) and were inm
Crreecombinase was not activat endp Hgssher evado x y
functional . Once dox yrceyccolmbnien avsaes wgisv eanc,t i tvhe
d el e tnipohmsa2s faitreintpiifPs?2fi c e -1(6nN=5 see met hods). On
t hnep hge2ne was preserved i nnmphs@t hlaaekitwp il
Crreecombinase or nephrin promotoX¥0) Those mi

B

1.5
£
_é g‘ l.l
e
Day -14 Day 14 =iy 1.04 —— #
kDa © 9 H
pOCOGIn —{M SN S S 50 N %
S5 0.5
E 2
2° '
B-actin—{ e e . -y @ S e 2
0.0 [

I I
Day -14 Day 14
" nphs2 4P (n=8)

Figure23We st ern bl aophdélVeal edhpihRedaétby using a doxycy
sensitiwvR Lyswtdmx

Protein was prepared from an i solnptf’dii zcedbicyte of
expression ucerdtWBshawéaammensgsi on of poaddaiB)l.wa¢ Adel e
Arithmetic ‘menadnsc aN eSEM, signi ficant di tBf eweernec ef itrostt h
published on May 2020 Acta Physiologica)
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Day -14

podocin nephrin

Day 14

podocin nephrin

Figure241 mmunof |l uorestenaseéer anpthypuhé& 28t acdybefore and aft
i nduction

(A) Podocin expression ( rnepdfs2fviacse admoday | b4t c o mp anre

uni nduced mice. I'n contrast, nucl ei expression (blu
nephrotic mice. Scal e bar: 100 Om.

B)ln the wuninduced ani mal s, podocyt es nhad en omremanlr oft a
mi c e, foot process were effaceBewergegafiows) pubtalsae

2020 Acta Physiologica)

Al InpHs"3ii ce and control mice received an ol
drinking Wwaysr Tbe hdginning of doxycyclin:
da-g4, and the ewdat erf idmtxaykcegecdsneday 0. The
for this cohort of mice ended on day 14 af"
detect abelreuliin 14l odnrays after induction accor
Thephe®2pression was 1.02 N 0.05 relative u
decreased to 0.10 N 0.04 relative units in
Figur é} . 23ThBis corrersgp@uidast itoon abydoawnayt 90 %
doxycycline treatment, which indicates a ve

confirmed by i mmunofluorescence, which demo
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podocytes in kidney harvested on day 14.
expression of podocin, the expression of an
to be | ost i n nephrotic mice (Figure 24 |,

mcroscopy revealed the fused foot processes

3.1.2 Characterization of proteasuria and
nptsPati ce

Np h%PAdi ce (n=19) were induced f otr heaxsp elré eme n
shown thatemMtai on could be inhibtrithedducley apr
experimental hepbretudy motdel efpfifsdfiisc eo,f apr

nephmoptfiss@hi ce were separated into an aprot
received an aprotinin pellet implantation (
Mi ce |l acking t-eti Oe€rpepromotnmephweme used as
concent rnaetaisounr emdasevery day, and plasma samp
after i nduction of NS for al bumin conceni

proteinuria remained constant through the
p=0.9702; 4.6 Np=..7928,d&y gludt e rRBHHRIY On t
devel oped massive proteinuria reaching
i nduction of .CodSnp(aFiegdurteo 2 Hlel,)v glrwd efirnoum idaa yi |
20 old om #a$ K O0f8 mg/ mg crea to 64.3 N
was further increasing until day 14 (146.0

mi ¢

- c O

p=0.0009). There was no signi f i{ldla mtn dd idfafye rOe
i npHsPRfi ¢Pe=0. 9998), indicating that the deve
the end of induction. Compared the aprotini
no significant difference in maximum protei
8.9 mglamg p€i0e 4818) , i ndicating aprotinin h
guantitatively. However, aprotinin suppres:
from day 8, which measur ee 2wilt A Fti gas r eh r2dom dBd
As a consneagsuse nveee uofi nary protein | oss, plast
frém.2 N 0.8 -Img/tmd IDoln. cdaN 2. m@Bp Hhfimbei n nep
day 7 (FiPgWr®0®3)C, It continued to drop th
day apHsPhfi ¢€<0.0001) .

Pl asma al dosterone concentration was measur
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tendency of

however, the difference dwasatn ontg stthaatti sstoidc aul
and edema was not regulated by al
pl asma al d@Ftle Nooén ywiepiedl5 N 18 pg/ ml
69 pm/ ml .on day
A — 200 aprotinin implantatio: . B . 40 aprotinin implantation
] # £
g (- ## §§ .
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Figure 25Np h&® 2hii c e

—— control (n=5-10)

pl as ma

devel oped

al dosneifsPdii ceo rmme ndtarya t 1i 4

-= nphs2 40od (n=10-15)

nphs2 494 + aprotinin (n=2-4)

massi ve

sodium retention and edema after inducti
(A) Course of uri merifisPafircoet ewiint,h ionr rweipthhrooattiicapr oti ni n
day 7, and control .
( B) Course of urinary eanmpitfsdfiycte cwiatch i osri t wi ti mo unte panp
i mplantation.
(C) Plasma albumin optP@ficeatinadnciomtmephmotic
(D) Concemltasamd ol bdst er one.
(FXourse offtexcireai pynNand dpl&afi eecwith
untreated, as well contr ol mi c e .
Arithmetic mMéans cllt SEMsignificant di fference
differencp®aft weeand control mice.

dosterone

proteinuri a,
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Sodium retention and edema are typical <char
Ndexcretion in spoandobddg weightddi Fferen
food and dr i nk niprfiss#Riec.e Iwi tnheopuhtr oagprcot i ni n t
sodium concentration dropped from 206 N 509
(p=0.0001), and asg gdhtcdmseaeusrede ,t ob ad ynawea mu
the baseline value on day 10 (p=0.0143) an
ascites which was easily VviFsi Fligulby et r ud
Ndexcretion immedi@t&Em@l imgr asaanod ¥ inp0 N
Crea after aprotinin pellet i mpl antation,
aprotinin (Figure 25 E). This |l ed to a prot
ascites -ineapeohnp®pPiti ®tei  Fi gure 25 F). In
excretion of sodium, and b eddayy woebisgehrtv awa so nc.o
Period8ch(afAiSl) staining ofnpkfsPdhecyes dafs pl epler

sclerosis of segments in some gl omerul: Wi

typical mani feegmeinomal ol dnmecradl oscl erosi s

Aprotinin implantation did not showaany eff
Day 14

+ aprotinin

Figure26 PAS of wuni nducerdp e2idi ceephroti c
Kidneys harvestedldyoandniepghpgt@@adif d@daghil4mi croscop)
; 1

kidney in uninduced mice showed nor map PSdireet ure o
showed segments of sclerosis in some glomeruli and r
mi ce. Scale bar: 100 Om.
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Figure27P| asarmaol est er ol and kidney functi omphse2dre and

mi c e
( B) Pl asma was obtained after centr-l4dugdayon andt tda
14, respectflidyelaycl @marda@y asma was observed, whereas i
of NS indicating hytpeofl i plidema achdMeastuueremlenshowed a
day 7 after initiation of NS and reached a signifi c:
(@©®) Concentrations of plasméadur eay andnpgl asamga 1dr aaets
Ari thmeti c "rediincsatNesSEsM,gni fi cant difference to basel
Hyperlipidemia is another complication of N
of cholesterol and triglycerides. Thus, pl a

this studymbdeVabidaephtbeic syndrome. The
i npHsP2fi ce increased subsequelit,| yt of r200ns 789 3N
on day 7, and 513 f458sgHddly &nldawWs 1DDW dlad,
Pp<0.00017F (E)i.guTrhei s2 resul t nmisiatc e dd ¢ halt o meq
massive hypercholesterol emia.npi@sinvesti ga
pl asma urea and plasma <creatinine were mea

Pl asma urea concentration was signdil#dicant]|
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(126 N 27 mg/dl vs 22 N 2 mg/dl, p=0.0007),
on day 7 (45 N 2 mg/dl vs 22 N 2 mg/dl, p=0
tendency i n plngpdfisPa@di ccree aatfitmreirnd nodfucti on, howte

did not reach statistiO.al50s.i0g3nidgleyln@&n dlhe

N 0.10 mg/ do. B&O d&dy rig/achld on day 14 (Figure

3.2 Role of pl asminogen in a genetic mous
syndrome with plasminogen deficiency
3.2.1°NPpHeRce have growt halrekiadmday i owmn dtuit om
Np h%PZfii ce were intercrossed with the mice
pl asmi nePglefid' By 6t 0 gener ate doplEPEhikmockout
Nph%P29pftmi hemd a reduceaddbadkywewowipehdt rect al
compared dtgpeheéiwp st §s (Fi gBfie328imce

| acking ofcaoudlas mienaodgetno damage to the |iver
fibrin deposition, wbiuslk maas\wibee®hhg erpeotrarede
bodywei ght nipnfPsieipiimdeeelddd be as a consequenc
deficienxly, tAhe dlaydy wei grhpg HPsh2fs1’ @ilc & 2( N=8®). 6 ¢
antd9. 65 N npHHD2bd mi nTehi s difference however
statistical sijgnificance (p=0.3051

A B

-

N
N
]

plg ** plg

N
(@]
|

-
(o]
1

Body weight [g]

-
(2]
L

-35 -28 -21
Time [d]

Figure28Co mpar i son of ntphhé 2umili g rdolpchedd2® ot ngi c e

(A) Phenot yprep ®P29uh§ mubutsk2p tgi c e

(B) Gr owtnip Hsi2fpvi’ed nadp P2 tngi ¢ e dm-$5 unt2i2l (dFay st publ i s
on May 2020 Acta Physiologica).

Arithmetic means N SEM.
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(p=0.RPBA4&¢MMa cr eataitniomeNweasn@® Mtlg/ dl  vs. 0. 19
in unimp®LeW’ gandp PsP2bt mi c(ep=0.1246) . Hi st ol
ki dneys fr am oco&nimadtult edenotypes also reveal
structure (Figure 30). I n concl usi on, t hes:
spared from the detrimental effects of pl as

or the gastafcddi ntestinal t

Figure30Hi st ol ogy of nph®&2drligndlphes®®dptngi ce showed the
nor mal ren@l structure

3.2.2 UmpPeP?fd’aydi ce have normal sodium handl

>
oy)

1000+ * = 200

150

1004 |[a o

—
?
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o
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[umol/24h]
]
]
[ ]
24h Na balance [umol/24h
L

24h Urinary Na excretion

&
T °

-
L

S LS S LS

" plg”t(n=10)  * plg” (n=10)

Figure31Sodi um hand!l i ngph&a2piWgndp et ce under a

standard and a | ow salt diet condition
M) 24h Urinary sodium excrehpliPs2% g ndpr@sPAfrt gpal ance
mi t%e
S: standard diet; ~LS: l ow salt diet.
Arithmetic rMeans clt SEMsignificant di fference to ba
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di fference between genotypes.

Uni ndng®st2btmi demd a sl ightly higher wurinar
uni ndupcHest® b1’ i ce due to a lkibdg el eidmoad 6ifnt ak

l ow salt diet, 24h urinary sodium excreti ol
compared*dxcrtentei oNmla under a Bt anfdadrlde Bi)et | (nF
control and | ow salwias dinetnt dsbbedtienvese n b aul nai nncde

np MsP2d 1" gad ndp FsP2F I"gni eexcl uding the abnor mal so
np HsP2d I"gni c e .
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= plg”" (n=10-12) plg™ (n=10-12)
Figure32The chamlgesmd al dosterone concentration, body v

in uninpdbhs®&di' gnadp hea>®dPtngi ce under either a standard
condition

(M) Plasma aldosterone concentrantocoaddtbodyg Wwei gh
np P29’ g nrdp P29t ngi c e .

(@®©®) Fluid and food intake in both genotypes under d
S: standard diet (housing in a regular cage); S + N
MB: | ow salt diet + housing in a metabolic cage.
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Arithmetic "mearns aN eSEM,i gni ficant di fference to base
Plasma aldosterone conoéentmmpid2fi g'wad si mi

nptsP2dI”"gni ce under control or low salt die:
regul ation uBi ndtpctst®flégnedei 6 Fi gure 32 A).
smal | i nfluence on the individual val ues ¢
(st andarnde tcaabgoel ivcs .cage) . However, the | arge
significant di fferences. The i thuondyn d weeddht
nptsPedI"*gandp P28 1”gni ce under a |l ow salt diet

(Figure BRaikBd nphes2d1”gni ce was decreased af't
met abolic cages (0.37 N 0.07 g/g bw in stan
cages, ,p=F0i.g0u3v7te3d I3 fCod i ntake was not affec
conditions (Figure 32 D).

3. 2Np3nsP2bft mi ce devel-oangepprotéicnuria with

urinary plasminogen excretion

§ 250, _ 50
5 # E
2 200 D 40+
%) £
E 150 £ 30+
= =
£ =] #
£ 1001 2 20 . #
‘d ®

501 £ 404
] alel.

6 % 1I4 dayl-14 daly 7 da)l’ 14
Time [d]
" plg ** (n=5-15) plg ™ (n=6-11)

Figure33Np h€ 2¢* 1 mi ce nprhé 2 Pp+tngi ce were successfully indu
extent of massive proteinuria and hypoal bumi nemi

(A) Course of propsdMuceawi hhnbphhopiasminogen wild
deficyi en
(B) Concentration ohpp'rabhmgi akbpmsP@b T mi deotthef ore and

after induction of nephrotic syndrome.
Arithmetic meadsc &t &S&EMsignificantFidgUrBeeswe ee fti d sba:
published on May 2020 Acta Physiologica

Devel opment of proteinpised’ gaap PsPtipt agr |l y ir
mi aéter doxycycline induction (Figure 33 A)
2.2 N 0.4 mg/ mgngd mga atpaa2pHInite6. Jand incre
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fromN10ng9 mgt or 8 81 4 mg /npgfPs2tbdagi mm day 3.
Proteinuria increased furadNesllo® ddagymg cne
np P21 ni ce6@nB5 N4 mgi mg PP hrgi e Maxi mum
of urinary protein excrepifPPdabMenscecant wasn

160 47 mgl/imgp Hs2&€d mi avehi ch was al most identi
(P>0.9999) .

Accordingly, pl asma al bumin concentration d
day 7 compared to their baseline values (10

i mpHsPoFI*g'mi ck1.2 N 3. 132mNg/ Ml 6 vmg/ mip p<0.0
nhs*®?s|1""gni e Mini mum plasma albumin concentr
genotypes on day 14 and there was no signi
0.5 mghmiPsPami’ gni cves. 9.0 N ©@p iBsPfpgl/omic ei n
p=0.9696, JFigure 33 B

i+

=)
S 750 -
E .
S 600 "
o
lﬂg 450+
e | |
£ 300
o _
E 150 m
]
g 1 ™
dayl-14 daly 7 daylr 14
= plg ** (n=5-10) plg  (n=6-10)

Figure3dP|l asma chol est er ol h® @npclegnntdrpahtsi?oimt nginc e
and after induction of NS

Arithmetic *meansaN eSEM, gni fi can(tFidgiufrfee rweansc ef itros tb apsueb
May 2020 Acta Physiologica)
I n addition, plasminogen deficiency did not

i nepnhrropt P2t gi ce@ mpar ed ttoy pteheliirt tveirfflat es ( F
The 1 mdr epasaesma chol esterol concentration w
14 (456. 3 Knps8HEsP20hbimiyi/cdd . i 5090 . 9 nip P2 DS gmg/ d |
mi cep=0.9856) .
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Figure35P1 asma urea (A) and plasma opéea®ijpriigne e B) conc
andph®%2dtngi ce

Arithmetic *meansaN eSEM, gni fi can(tFidgiufrfee rweansc ef itros tb apsueb
May 2020 Acta Physiologica)

Ki dnuenyc tfi on was evaluated in both genotypes
decreased renal function was suggested by

(Figur¥ke 8® day 14 compared t-bdthe2&aluzzd me
vs. 22 N npHisP@htlgni ice, p=0an0d00235 N 29 vs.
np PsP2bftmgi cep=0.0005). There was no signific:

(p>0.9989pnaWheing plasma creatinine concel

change over the course of’fNS in both genoty
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Figure36 Pl asma al dosterone ¢ o mcpeBtAPdtgd mohshd 8 dph
mi c e

Arithmetic nmeéeans cBt SEMsi gnificant idnidifcearteensc esitgonilfd
di fference bdtFwgemegeavact ypest published on May 2020

Pl as ma al dosterone concentration wa s not
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nptsP2P1 gni caend p 2P 1 mi cRl asma al dosterone co
i ncreased si gninfpifts®®ptiigy oen dragp-ti#dosdayday 1 4
i mpHs,2btmi ce346 N 50 pg/ml vs. 6937 146 p
which were also significant!|ynibieglfé&mn3t Nanmn 4
pg/ mL vs. 333 N 69 pg/ml, p=0.0112). Howe
alodterone on day 7, did not increas<€ signif
14 (WMAayvs. ndpafPsP2hi/igmi ce, 271 N 33 pg/ ml vs.
p>0. 999%; vsaynp &#2Pptmin8ed 6 N 50 pg/ ml, vs. 36:¢
p>0.9999) .

Pl asminogen expression in plasma and wurine
from uninduced as wel I'*)d3% Mlelphmion i(c6 9ikeza )( F
observed in thenptsPRei'Hi cm,umisnaveteédas pl as
kDa) . However, urine samptaesnedo!| Abuobhddnton
pl asminogen (105 kbDa), and the heavy <chai.l
pl asmi nog®n TlherePAvas no significant change
pl asminogen on day 7, compared to the basel
from nephisi®f li"ani cewher eas plasminogen was n:¢
pl asthauannéd?sampl es

+/+ /-

plg plg
day -14 day7 day-14 day7

___plg zymogen
(105 kDA)
___plg heavy chain

(80 kDa)
— albumin
(69 kDa)

Figure37Qual i tative study of pipEssh{ggeaphs®pdrgessi on i
mi c e

Detection of plasminogen and albumin by Western blo

npsPfi avé t h both plasminogen wild type orfFilgmoek out,
was provided Wy nMra.n dMaf tidnhsitMasyyu RI0i2Dh &gt a Physi ol ogi ca

Quantification of pl asmimphsgehil)iniexerresi ma |

ELI SA showed a massive increase from 0.41 W
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Og/ mg crea on day "1 (Pd<aG.n0a0 Oclo,n cFeing urae i &
slightly increased on day 14, compared to t
vs. 440 N 37 Og/ml on day 14, p=0.0263), an
had shown by western blot (Figure 37).
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Figure38Qual i fication of urinamyph@BR2gsarning e g

Course of urinary and plasmap 2P Hiing’eo® geémi)naacogncer
pl asmin(cogeggn)onex ncreased heavily after i nduction
concentration was also slightly elevated.
Arithmetic *meansalN eSEM, gni fi can(tFidgiufrfee rweansc ef itros tb apsueb
May 2020 Acta Physiologica)

3. Nedphrot?PRepii/gahnsd2 P phisf2mi ce undergo ENaC ac
and sodi um retention

To assess ENaC activity, the natriuretic r
det er minmpdf®sP2pt gandp HPsP2Pf mi cseequentially in b
uninduced and? nkelphrimasebiseeaawes datermiaeed b

mice with the injectable’water (5 Ol /g bw,
As shown in Figure 39 A, t me HsR2S Potnns=el Ot)o am
anap P2 1""gmi c(en = 1ble)f ore i nduapifeddi*gfvs NS (

np P28 1”g93 N 11 Omol /6 h )vs.prekeiotsieh ge®mcCl /
function in’?boAtfht egenoteyapersent of doxycyclin
i njection increased siganigimialndih y @ ipé mboitihc
npHPsP8 1" gmi c e o muEpOHPsP2d I7"agni d @@ =8) wurinary sodiunm
was significantly reduced (3 N 1 Omol /6 h a
i nj edtniddic,ating sSédiAdmer etaamtliioon de injecti
excretion increased to 1107%N i2n6 nQenpohlir/ o6t ihc an
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Figure39ENaC activation and sodnpuh®B2%ptgndi on in nepl
nphs2dtngi é%e

(A) Natriuretic response nipoPsPeEihganide P25 I7agmicleor i de i nj
before and after influction of NS, respectively

(B) ENw&t iacn iwas presented as an increased ratio bet
nephrotic mice on day 7. The ratio was decreased on
Arithmetic *menarns aN eSEM,i gni fi c & m@ , nddifcfaetreesn csei gtnoi fbiacsaer
di fference beh wenedni cgaetneost yspilegst iwfeiecna rutn i chidfufceerde racned nep b
A: amiloride; U: unindi&éduB Hwee rAe pfhirrogti cpu bVl i vyledd codn
Act a Pdiycad)o.l o

npHPsPog1I*gandp P2 1"gni ceresp&béei vatyo of the n
response between vehiaardid oan d ea miels@roindses /i nvjee
A/ was calcul ated and showed a significant
of NS 8®ilgmp BsP251"gmi ctehhe A/ V ratio was 4 N 1
induction, and it was increased toud@dN 26
npPsP2d I"gni ¢dve ratio was 9 N 3 (n=11) and in
16 (p=0.DWi7HY)was the clearest evidence of I
both genotypes. However, there evact nmesiigmi
A/'V ratio before or after induction of NS (
uni n duwd®sted I*ga nrdp PsP2F I7gni cpe= 0. 9952;: di fference
the A/ V rati onlipéPPRelEg nmde pPsPepbltghiccep=0..3468

Because of an unexpectedexevetsehyandcre & e
wei ght -B0 odiamyls 8after npPdP@fi cieomsofdeNSrimed p
(Fi gurFe) .25ToE i nvestigate ENaC activity afte
edema npPePEstI'gad ndp P28 I7gni ce, four mice per g
received the vehicl ectaindelaynidmrday 1 3 jercd iool
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showed that there was a tendency in the de:¢
each genotype. The 6h urinary sodium excret
Omol / & pHsP,Pphi*gimi ce asndl 8 N 15n pdise2d I éni k ei n
And the A/V ratio was al so decrmlaghedc ei,n bot
and i1IgNI"dni ce, Fi-BureThe di fference was not s
the values oneddyw8 slaenpd esesiafe.t h
A B
c 10004 40+
2
iw 2T 30 .
5 2 100- <g
Eo T o
2 £ i S £ 204
8% 1o ’ -t !
25 . £5 0 I
> 1- 0- =
0 7 14 plg"Jrh pfé"'
Time [d]
C 10+ D 30-
o S
T 1 z 201
v m
Z 014 ; 10+
5 0.014 ?ag 0+
(]
0.001- -10-
01 74 41 0 7 14
Time [d] Time [d]
E F
= 40+ z 2509
;‘ - 2 200_
=™ - égwo
@ nf’ " 5o g mm
Sw| e
s ¥y 5+ 1004 Eh
pE I ‘5& am
5 109 5 50 '
o] =2
= pd < 0-
olg™ ply” pig ”* plg ™

= plg ** (n=6-16) plg " (n=3-12)

Figure40Sodi um retenti on

mum i

anndp hesd22prH § h d p he P prt mt € %
s pontp Ms2ph’'éa nand t

(M) Cougsci wnfi concentration in

np P29+ tle

(@©®) Course of body weight and the maxi
edema.

(E) Couf/ Keabif oNian spot urine.

(F) Area under the curve (AUC) of differgénce

Arithmetic *means all eSEM,igni ficant
publ i sheyd2®h0 Macta Physiol ogica).
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Results

As a consequence of increased ENaC activit
NS, sodium concentration from daily <coll ec:
values of 6 N 1 mM (10 N 2 20nforo/l igngc rcerae)a )
p P2 Pt/ Gnp HPsP29 Pmgaespecti vel-BY%( Fd egsupriet e4 Oa
conmant sodium i-B)ak&@heFrgeubps¥ehpt'gmat ed bo
p P29 fgi ce under went nslodihemer swasnmnioosj gai f
bet ween the two genot'y Bvehsi ohp >0x 9l9WO®Be b f tUr e nia

nt ake and urinary creatinine, was consi s

=]

5

concentration (Figure 40 C). Theurevniadreyn c e
sodium excretion (Table 3) al so showed sod
genwds (a decrease from 193 NnpaBsPHIMEG/ 24 h
mi c e, p=0.0002; and a decrease from 229 N
npPsP2ptngi cep=0.0202). Besides, the positive
evidensupported for sodium retention.

Table3Sodi um b anl pahga2eg IYigand p hs 28 |"gni ce during various
condi’®i ons

Val uéd&sosoafl tbweli @t obt ai ned in uninduced mice 5 days a

received the standard diet and data were collected ¢
Arithmetic meatbhseBlcBEM (n= 8

*significant difference compatryepetwndaei'nd goedlt maloéedio

di fference bdtbhwean wperotf ypess publi shed on May 2020

Day 8 Da y2 1 Day 7

(control (Il ow sal (control

pl*g* pl'g pl*g* pl'g pl*g* plig
tot dilntNake, Omo 20N 1 322 [ 23 N 24N #1 25815 30N13
uringeycNation, 193 K229 N 18 N 16 N 1%N6*" 2 N #7
fecakxbaetion, 13 N 19 N 7 N 13 N 11KN2 21N *2
Ndbal ance, Omol 8N 1 74 N: -2 N 5 N 23N18& 25851
Subsequentl vy, nephrotic mice of both genot)

which was accompanied by-FpodVYoweomghecigaliaor (
si ZfaptsP2blT mi ctehe relative difference in bod
calculated. The maxi mal di frfeffticiégii me body
whereas h® MP2dPdmi tle Ther e wa sdinfof esriegmd & iicra nkt
wei ght increase between genotypes (p=0.2197Z
the curve (AUC) of the bodyweight differenc
l14day observatfifan ThRi AWCa p4trakE sy i cem( 116 N
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9 % * 14 days) weme HsRimirgiace t (01 1 of$ el 4 r% nt
without showing a significant difference (p

Uninduced Nephrotic

+/+

Figure41Phenot ympehsmgfl*gandp hg&2g|-gni ce before and after in
NS

The mice developed an identical ascites (the arrow |

>
w

500 r 30

w w
e c c @ c c
°2 ©_3 S 3 o 3
g’&’._. i-am ?9_'300— ﬁBE
oo @ ca© @

Sx O g 0% =5 2 10l WA L 8 9%
Eea 233 E g S 007 - 2383
c3E 35 c3E =
¢ © = 2 3F L8 = 3 3 .=
5 Q0 * S = Q0 35
22 E €35 22 E 50 10238
o3 égm ax3 égm
28 558 3 =S8
£5 Z £5 0- Lo Z
] s

T T 1 T T 1

0 7 14 0 7 14

Time [d] Time [d]
—=— Urinary protein {(n=9-13) —— Urinary amidolytic activity (n=5-15)

Urinary sodium excretion (n=7-12) -= Difference in BW (n=12-16)

Figure42Chr onol ogical features of eephm&Rijgiegntdl NS dev
nNphsedptngi ce

Arit hmeti c (nfeiagnue eMse BNEMf i r st published on May 2020 A.

Botmp HsP2b1/ ganch p P29t gni cti spl ayed the sympt
experi ment al NS in a chronological order. P
in nepbptPePd plaqrdp HsP2htgi ¢ €i gurBé}y 42SWMr pri sing

the devel opment ofiurtpawsgsaemvdol gheadaof p
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np 291/ dgni ce. This finding indicated wurinar

sensitive in investigating gl omerul ar damac
used as a promising biomarker i n diagnosing
excreniwminie was observed after an increas
proteinuria, indicating sodium rredpgmrtadtoinc N

npts,2p1' ¢gni ceas a del ay of one to two days
Unexpectedlex,engodbinumnd edema were-l1pontane
np 291 @gni ce. The same results have Dbeen r e
induced né€famdot inc PANcEn drufesdTme pfha tolpap thys i o
procerspPstpt mi ovas gener al Inyp M| gmimee ,a s

except for the wurinary amidolytic activity

during the entire time course.

Table4P| asma parameters afnaVvegmapl® DMl gaondd pghasszeg |- g

mice before and 14 days aftet induction of n
Arithmetic mebhhsedlclBEM (n=8
#*significant difference between unisidgriefdi aandt nediphf e
bet ween genotypes

Abbreviati ons: std standard, Hct haefmh®dboar weyrecHibhres
published on May 2020 Acta Physiologica)
Dayl 4 Day 7 Day 14
pltg* pl'g plrg* pl'g plrg* pl’g

venous p 7.28N 7.24 N 7. 017. 838.0:7.31K0 7.23 N
0

std sHCe&®aM 22 N 21 N 0 2®&1.#4 2%1.%5 25 K 0 22 N

Nd mM 147 N 150 N 1401 14N1 144 *N 149 K
K*, mM 4.1 N 4.2 N 4.®W.244.0.254.9 R 5.1

c4ar mM 1.00N 1.13 N 1./ 0ct1. 8@.0°1.03 N 1.05 N
Hct, % 44 N 144 N 1 4NX4 4 &1 42 N 142 N 1
cHb, g d 14.6 f14.4 N 16NB. 4 18KN7.79 14.0 N 13.8 KN

55



Results

day -14 day 14
Plasma — Plasma -
WBCs
RBC Hct[%] WBCs
S Hct [%]
RBCs
Figure43An il lustration of hematocrit in uninduce
Whol e blood was divided into three parts after centr
and red bl ood cell s (hRBnCast)o crlint u(nH ontd)u cveadl ud -c(e%) twvhaes
bl ood, while the Hct value tended to decrease i n nej

Pl asma parameters measured by a blood gas a
np P21 Gndp P21t mgi aver e | i ste?d Viem oTuasbslipeH 4v a l
wer e |mowePdil’mni ce on dayw s iiirsincei . p=0. 0009
However, the val uagp &2 I\geincoeu sweprHe fnrootm si gn
di fferent from baseline values (pnr@Gef@9986).
be higher in both genoplsp?dt gomrcedayn dayad 4wé
7 vs-14chpuPsP2ditgimi ce, p=0.034-24 npafsP2dldg*vs. da
mi c e, p=0.0275:14damPP2pd ani c@ay. P19+l as ma
concentr a‘tsiiognni ¢ fi c @t Iny HFPPEEITEnmisceed oinn day 1
compared to baseline vapus2pimih¢ddaydild wst
da- 4 nipnfPsP2dI*gmi ce, prPEPLA84HY sn.p FPsP2htmgi ce

on day 14, fNoG.abdOcionmleamgs mat Kon was signifi
both genotypes on -lddayipifP2d(*dmycd 4 psO0. @@YS5;
14 vs-14 dmappi’sP2bt i ce, pP=0.bOut7 Ochady D, indicat
hyperkalemia which has been3 %nBRlagmasktcypl sh
concentration wasHsS3i"gtitd e/ thip dfisP 2dritigninc e
before inmpd®ste it onsng P2t mi ce o-h4,dag330. 0008
There was a decreased tendency in hematocr
i ndicating either anemia or plasma volume r
parallel wiftthemheéocestul i no hptfs’2@léghmtdy pe s .
np P28 1”"gni ce, histology of kidneys presented
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44)

Day -14

Day 8

Figure44Hi st o | nopghys 261/ ggnwp hs 2 9%+tngi ce before doxycycline |

and 14 days after induction of NS
The uninduced mice of both genotypes had normal str
in some glomerular, and protein cagtenion ytpelsul & st ed 1

results showed mincpefPstPd v galnmp PP2IA'PEScSec m | ar bar: 100 O

3.3 Aprotinin prevents sodphbPsi2gdlrgaedti on
n p h%sP2@ I-gqni €%

3.3 Dose finding study for %ffpoétgamdn pel
np P29 tmgi ce on day 0

I n doxo muwWhiiceidn experi ment al NS, sodium retel
prevented by the seri’heTheotataeprebehtedri
that apronti niim nepPAfiigné ce starting from da
proteolytic activation of ENaC and edema.
sodium retention in mipdP2sil’gckiveg pphasmidnd
preventi velyt-dempeeased pell ets compsh ng aprt
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pl*ganmp 2Pt mi ceAt the beginning of this st
aprotinin treatment in C57BL/ 6J mi c e . Bas
i mplantation on day 7 and t hé wWer dwigawms ws tt th
the dose of 1 mg aprotinin per day to 4 mic
received placebo treatment on the same day.
three out ofnptPsP@PT miequdr et it@my!l eor ot ect ed fr
decrease of wurinary sodium excretion and b
treat ment , however, one mouse failed to b
i mpl antation with a dose of le nmhg / adfa ys acdiud n
retenti on napntfs’?ddgimiace.n It was concluded tha
mg/ day, treatment effect for sodium retent.i
for C57BL/6J mice, and the dose had to be i

3.3.20EffhPecbOtinin on s@8FPIMamet @EIDon i n n

mi t%e

ellet implantation
15004 e

T | E
2 - Ed
£ 1000+ T -4 <
= ; k=
g » 3
& i * g
S, 500- [F\# -2 o
g | | &
5 =
0- Lo O

[ T

0 7

Time [d]

Urinary/plasma concentration in plg **

mice (n=4)
=== Urinary/plasma concentration in pig " mice (n=4}

Figure451 nvesti gation of effective concentrat:i
nephrnopthi®e2pt’ gndp hE®dtngi ce

Course of urinary aprotinin concentratiomotfhe exc
genotypes after?pellets implantation

Arit hmeans NiiSEM,cates significant idnidifcearteensc esitgonildfd
di fference between genotypes (Figure was first publi

After fheddogestudy, we deci detdo t20 x nlc rnega spe
day (one pellet on each s indodfst®itghiec eb aocrk o f
np P29t mi avhi ch coi ncdeawal onpipirednttiehosfur i a as w

amidolytic activity on day a3ce bToh eg rnoiucpe rwehcie
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the same amouonhy Opl matbb)x pellets subcutane
of the end of doxycycline induction, 8 mi c
either placebonpkfs2digst pbap emgpesPEP I* O+

aproti mipmPsP2it4; pl ac enbporPsP®rip4g; aprotinin, n=4)
The wurinary aprotinin concentration on day
the negative control (Figure 45). The maxin
reached to the maxi mumnypdisP@®lsgamalt waG3h N6 6 7 |
Og/ mip HA2F I”gni o@ day 4 (one day 7df tTehre rpealf It eetr:s
urinary aprotinin concentration dropped f ac
16 OghnmiPsP2Pi1/'éni ce and trop &% I"ni T% .i Aft er 5 ¢

of pellets 1 mplantation, urinary aprotinin
Og/ mip P29t/ dni ce and t o 1nOp8HPsRey B gni © g Pmk s ma
aprotinin concentration 5 days after pell et

Og/ mhplfP®2P1 @ nrdp 2P T mi cerespectinveig2? Notab

pl"oni aéways had a higher apre tamd nplcasintae nstarna

A B
'g' 2504 pellet implantation -g- 300 ”
3] # 3] . —= plg " all(n=4)
g 200 # g . e oy ol (e
S S 2004 plg ™ all (n=4)
E 150 . E o
= - < ™ plg "+ P {n=4)
£ 1004 ‘ I 2
g : A & S 100+ plg "+ P (n=4)
50 " r
g / l\/* g . . plg " + A (n=4)
£ 0- £ 0- ﬁ w
- —————1— > : : = plg "+ A (n=4)
0 7 day 3 maximum
Time [d]

Figure46 Pr ot ei nuri a mghdmgingapdpb®BPE|l*gni ce with aprotinii
pl acebo pellets implantation

ia after implantation.
ic rMéans cBAt SEMsignificant di fference to ba
e

M) Course of proteinuria and the comparison of pr
’ . )

r

p pal wass f{Fisgupubli shed on May 2020 Acta P

The course of proteinuria was similar in a
proteinuria after pell éng icmpeds’lfaltgGton was
pl acebo gr ou/mgc rledeBp P10 mgapr otinin group;
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mgmg cirm@miPs2bt g pl acebo groupnpasthbtiy2 N 456
aprotinin group, respectivel y. There was
proteinuria amonpgeléadch igmpowamt atien (p=0. 1"

aprotinin had no i mpact on urB)nary protein

pellet implantation

U-amidolytic activity
[OD/60*1000]

104 §
[ I
0 7
Time [d]
- plg *"" all (n=8) - plg " all {n=8)
= plg ** + placebo (n=4) plg " + placebo (n=4)

plg A aprotinin (n=4) —* plg oy aprotinin (n=4)

Figure47Ur i nary ami dol yti apa%eyhgatnyd pihe 248 é/grhi rcoet
pl acebo or aprotinin treat me

Arithmetic nie ans cEItéSsEMsignific.ant idnidfifcearteensc es itgoni if a
di fference between genotypes, A indicatdadeaitendi fica
nephrot4(cFing wree was first published on May 2020 Act a

However, the wurinary amidolytic activity in
utterly inhibintpdP2dIFG+g wrleac4ed)o. gmiod @l ytuird na
activity increased significantly to a maxi
compared to the baseline. In contrast, the
treated mice of both genotypesc oanc tdiavyi t5. wh
not compl et enlpyPs@hbdhgi s b pliatckebo pell ets i mpl :
average value was 3 NmpHepdlsgd* p0a@ebon gdaw
urinary amidolytic activity vianlcweeasfed2 B i §n
OD/ 60*1000 on day 5 . lcmmpamterdaadty, aune dbhgel Cr

was compl etely suppressed in aprotinin trea

60



Results

A B

pellet implantation

ellet implantation
1000 P P

=
'% £ = plg " al (n=5)
B 'E' - +- =
35 1004 & % plg 7 all (n=8)
SE s = plg "+ P (n=4)
- [&] -

2 104 < plg "+ P (n=4)
g& E +i+
£ 5 plg =" + A (n=4)
= 1 - plg " +A(n=4)

[ T I T

o] 7 0 7

Time [d] Time [d]

Figure481 nhi bi ti on effectr ofemproni and eédewmadi ammati on
nNphe2edpt/ gndp hs2®ptngi ¢%

(M) Courseodifumrexargtison and difference in body wig
treated group with both genotypes.

Arithmetic nméeams cBAt S8EMsignificant idnidifceateensc esitgonilfad
di fference betiwedinc agteendo t syipgersi,f iAkcant di ffereaced betw
nephrotic mice. P: placebo-BpeMelreet sf;i rAs:t appurboltiisnhiend poenl
Physiologica).

Urinary sodium excr-etéeanednp¢pBuddnnac el aceb
fromN288% Omol/mg crea on day 3 to a mini mum
7 values from day 3 vs. val ues potarcecabtye @ , p
npPsP2bftmi weinary sodi pmdexXcoent i1&8 d&«r a8 Omol
10 N 7 Omol/mg crea (results on day 3 vs. r
Ndconcentration remai raeckcatedstnaemthr ohi capmb
genotypes, indicatinda€upptéesatdbnobiypapy ebd
sodiexmretiontieapdsdhi’gni was 230 N 55 Omol /1
on day 3 and 207 N 63 Omol/ mg ectrreeaaten da
npPsP2bfmgi wei nary sodium excretion was 158 N
115 NoB37 m@mcrea on day 7 (p=0.9658). The in
retention | ed to a prevention ofnedemsedand
bodywei ght nmHPstedihaondpPsP2Pt qmiceln contras:
pl aetredawt ed nephrotic mice of both genotypes
(Figure 48 B). The increased percentage of
maxi mum of nmn2p3@eP2pi/Amiicre (p<0.0001, compared
value), and replPs2dfgicsedsm Nd&2y i®hh (p<0.0001, o

the baseline value), respectively. On the c
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was onlyapritl nomifeP2eidgmiede (p=0.2&N72) % and
i npHsP2btmi ¢ =0.8830) withFP3aprotinin treat me

(]
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o
|
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10004, | .
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u N+P  N+A
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o
|

Plasma aldosterone [pg/ml]

o
L

—= Uninduced plg **(n=4) -e Uninduced plg " (n=4)
- p,,g +Ht

pig

+ placebo (n=4) plg "+ placebo (n=4)

** + aprotinin (n=4) —* plg "+ aprotinin (n=4)

Figure49Change of plasma al dosterone concentre
i nphs2gl+gandph®2g | gni c e

Arithmetic nieans cE_I_t SEMsignificant idnidfifcearteensc esitgonilfa
di fferenceotbyeptewse,e nA giemdi cated significantraeattderenc
nephrotic mice (Figure was first published on May 2

Pl asma al dosterone conc dmteradteido mivweaes odl éwatl
compared to the values from uninduced mice,
538 pg/ ml vs. ApBPPApiIidmilceg/ mEOi B61M] 1366
vs. 477 N nlp5fsP2pdmgmcepr0. 4351), and was ten:i
by aprotinin treat ment (634 N 178 pg/ ml, C
pg/ ml, p>0.9999 compfdfr.ed to baseline, Figur

3.3.3 ExEMNaLsisaurbumnfits in kidneyP&%G16§ues fr
and &phistagi tle

Expressdiean agglen®@EfNaC in kidney cortex was st
bl ot . Membr ane protein samples were prepare
mice treated wi t-phe lpll eficeeb ou soerd adpgEtNidi@andiyn a g a i
di rect ead-tNeg ani msatl sequence, wlEdraeg€a D otuma & rot i
Cterminal sequBroMestergubé of50rkvealled two
ENaa&t 87 kDa and 26 kDanags heampaot dada | &NS r talgene
antdwo baokKNaG8o0&t kDa alsentghteh ,f vanld -t7&€r rkiDma la s
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frag'medMthe gpeti fwaes baonfsi r med by administra
pept i delE NtaeCn d notEiNta{CFi gu kDef450 C

A a-ENaC (87 kDa) B y-ENaC (84 kDa)

extracellular
furin R231 serine protease
o /57 kDa RKRK 186 —
furin R205 +~ 26 kDa furin R205—>

a-ENaC ab y-ENaC ab
(aa 45-68) 2= (aa 634-655)
¢ N c
a-ENaC y - ENaC
+ blocking peptide + blocking peptide

kDa
Full-length Full-length
(87 kDa) (84 kDa)
70 Furin-cleaved
(72 kDa)
Furin cleavage Non-specific band
product(26 kDa) (57 kDa)

Figure50Speci ficity of the bands aohmtngENaed€ wiublhnansi bod
kidney cortex nfprh@&@muda®enduced

(A) The antUEN®ay i asg asiurpspto 4 e GF Ma @ ea etde ramiuNal f r agmen
with a mass of 26 kDa.

(B) The anwtENa@yi agauppobbedygBNa G eathedecrtanif@all fr agment
a mass of 7 2c |keDaav aagfet.er f ur i n

(CAdmini stration of UEN@aCblaotkinungtpepept heée bbmds at 26
(D) Administration oENaBRe(Btoeksmgrogpeppattdentiatred ba
while the band at 57 dkDa was only partially blocke
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The expredsn@ENadcCt stulbbauni ts were not signific
npsP2pt/ dgand pHsP2pt gni cvei th either treatments,
uni nduced ani mal s, as presentedsi s Fhogwed !
in TadlkKowever, there was an UEnNarCe af sreadg meenntd
expressingnplsPhieiphndp P29 T mi ceecei ving pl ac:
eat ment . Detneggtha €n (84 kDhR) by western bl

~—+
-

uninduced mice in neithernppPs@pdbjandnor ap
np P29t mi cweni(n drupch@sB2 i/ gni ceplvaceb =i 8641 ;

uni nduwdBspi’'hi ce vs. aprotinin mice, p>0.99:
However, there was @&ENsaiCgnaxpgrceasngi oinncateas?2
indi oBEN@@ cl eaved by nfpuffsi2pi’ ginc en e pAmrdo tiitc w
attenuatoad nby apreaf mgrutnirmpitd@d2e’ gii ce vs.

pl acebo pnFOc.4028BPFPsP2P1’' ¢ pl adehbeo vs. aprotini
0. Ox6s,t The -tcehmchgnomy of t he ENaC expr es
np P29t i ce was not aipfffsP@bé’mmi cfertboowever, th
i ndi vidual variability i n ani mal s exclude
np P29 gni ce phvacebo miceni npdnleEBRDd ys .
aprotinin, p>0.9999) .

o
I

U ortunatel vy, in the presenENsCubgt wewen cahr
67 kDa, which specificdalavapa®fesponceadl|ta
from nephrotic mice wi'th both genotypes (Fi
| mmunohi s tioncdhiecns tseedg yal nalka pofE NaflC expression i
nephmptfAsP@pt’/ gagndp PsP2b T mi cwvei t h pl ace’bo Theeat m
i ncreasimg midmddrycyand particularly at the
(Figidf¥e BRterestingly, the apeoul aiamoddh refat m
>>ENaC expression to both genotypes and ten

described3®previously
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Day -14 Day 8 + Placebo Day 8 + Aprotinin
plg *’* plg ”

+/+

plg

plg

Full-length (87kDa)

a-ENaC

Furin cleavage
product (26kDa)

B-ENaC (85kDa)

Full-length

84kDa)
urin-cleave

d (72kDa)

y-ENaC  B-ENaC

Figure51Ex pr essi on of ENaC subumphs2d|hgakhiddney cort e x
nphseegl-gni é%

Detection ofs BNaCWesulkumi tbl ot s fr oip el IMgtanade d and
np P29 1”"gni ce with either placebo or aprotinin treatr
described in Figure 10%from mice in each group (n=4

Table5Densi tometric analysis of ENaC subunits express
and nemprh@&picrgandp hgs2®gl-gni ce with diff%erent treatr

Signal i nbeamgist ¥\ refl athee units) was normalized for
| ate 3
Arithmetic means of expression in relative units N .

*significant difference between uni ndaste), a/kdsingmihfrio

di fference betweenhrpabeeboephrri®Ohbaomeacenfirst publ i s
2020 Acta Physiologica)
uni nducec nephrotic + nephrotic +
mol ec
wei gh plg pl'g p g pl'g p g plg
k Da
3 87 188 1 258 2 220 40 23N 2 228 58 188 7
UENa C™ 5 64N 1. 9®W 31 110 11 9& 5. 6N 3 9N 2
bENaC 85 8N 1 1N 1 8N 0.: 1N 1 1N 1 9N 1
84 178 3 188 4! 14R 28 25K 3 28 42 188 2
*ENa C—=— 110 9 168 5! 18N 24 14 6 9N 13 138 4
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Figure 52Ex pr e s ssiElNm CofglaMa C i n ki dnepyphd2pid/'ggsrdf r om
nphs2dptngi ¢%

| mmunohi st ochnegmitEcfaal C s(tbari ooEN)a Carwd t h-f ifxoerdmaki aneys fr
uninduced,r eplt @ de btorre adegprdort g tiisPAP 1" ga nd p P2 1-gni ¢ e .

Ki dremeoy | ections were performed on da?% 8Ufarha@m t he sari
ENaC werguumted on day 8 in both genotypesealTla,apic
b otnhp PsP2F I*g*tand p MsP2F I'gmi ce (Figure was first publ i she
Physiologica).
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S.4onrtger m ohephe otF RPpA'mmd2 wPPphs i ce

After the spontaneous reversal of sodium re
was |l ost thereafter f{jn. bBddy gweeigdhytp ¢lsoasnst il veyau
fastrepgPsPb 1t mgi ce tnipafPsP2iph’dni i gure 53a B) rea
significant dinfpffsP?dhden. posPaly@yal 2(-2W0s %

N 3, p)=0.0054

A

oy

40 10-
301 s
104

20
20

Body weight [g]
>
Difference in BW [%]

Time [d] Time [d]

= pig"’* (n=14-16) plg”” (n=6-13)

Figure53L ontger m observation of the bodyweight

( A) Daily body weight was recorded from the beginn
i nduchp P2 IMga nrdp P28 I”"gni ce. An increasing bump of bod
around day 10 in both genotypes however, bodywei
npMsL2s I"gn p PP 1”"ani ce had a reduced body weight (Figur
2020 aAcPhysi ol ogica).

(B) Changes of t he pgf&sttégatnrdp oPdPgs Iteii geh tf dInl owi ng fr on
14 until day 28 after induction.

Arithmetic "seiagnnsi fN caEBM di fference compared to the |
significant difference between two genotypes

Body weight ( g)p LD donmip tfsP@b 1t gind e om- day

14 until day O (until the efnfd oSfi xd odxayycsy calfitr
enadaf doxycycline induction, body wei ght i n
Unexpectedly, bodywei ght accumul atiaosn was |

previousl.y Ddesfcerriemecdes i n bodyweight decr ea
di felnere frompts,e P2 4iiamd fr om B2 Wihgiicre
compared to baseldné@hemné¢uwasramsdgpi ficant
weight | oss between mnwhdsPfeilid snyppgs’ L bfi,gom day
8N 2-20ws.N 3, )p =0.0054
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>
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1.0 0.6+
Z o8] E
E 0.6 5 041
g g
© 8
£ 0-4M £ 02 |
z | kS W
£ 02 & # 4 £
0.0- 0.0-
44 7 0 7 14 21 28 44 7 0 7 14 21 28
Time [d] Time [d]
= pig *™* (n=12-20) plg 7 (n=2-14)
Figure54Food and fluid intake monitl%ring before a
There was an increase in fluid intake in both genot
mi ce. Whereas the amount of food intake was constan

seemenp h@®ebtrgi ce had iad ha ngdh efro ohdl huB B°thd kgei cteh.a n
Arithmetic feagsi fNi cSEfM. di fference between uninduce

genotygipgeni ficant difference bvetrwedrn rgdn @tuypd d ss h(eRi gur
Phylsa @i ca) .

Food and fluid intake wawse egke noebrsaelrlvya-tcioonns t(afr
14 to day 28). Except for there was an in
genotypes from day 14 on, perhapgurel 8ded t
B"y Np h%P2b1mgi demd a t endency hoafp HsP2ipil/ghhiecre i nt ak
during the entire observation that mi ght
ex pendintpuffse®¥ptigh cFeoood and fluid intake was |
the coursef podmtlthe yt mo ddeapyiPsi24p1/igmi cTeher eaf t er ,
there was a tlrweind ifrotrak ex,coareeeaesleadpshentel at ede b e
KapiMen er csuvesvabrreveal ed a medfs®d sur vi
pl*gmi aend of 2n6p HE2Ppd mi ne ( FiWtue edi5f5f Ar)enc e
medi an sur vinpdisP2iédmieen npntsP2pt gni ce was
signilf ergaannkt Px0O. DO Ocontrast, no cloangamdl mi ¢
P<0.pPO®B®:ginning after day 21, nephrotic mioc
had to euthanized.

Concentration of pl asma urea was increasin
npsP,*p1’ & ndp HPsP2pftmgi ce during the |l ong term o

B) . The differences in plasma urea were na
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baseline values in each genotype whereas a
onP.| asma urea concentranephretgoimicanoel ybot
on day 28 (dapiredbVéi ceag10Ni B80divs.p&B. B0O 1,
and 351 N 16nmpHWsE2bft299 ch, 4pEOB.IM34Dontrol mice
urea concentration remained stable after t

observation.

A

W

1200
100 1
800 /i
80 800
60 600 #

40 400

20+ 200
P<0.0001

0- 0

Percent survival [%]
Plasma urea [mg/dl]

[ T T T T T T T T 1 T L T T T T T T T 1
0 7 14 21 28 35 42 49 56 63 14 00 7 14 21 28 35 42 49 56
Time [d] Time [d]

O
O

80+

60

20: %//K/

T T
14 00 7 14 21 28 14 00 7 14 21 28
Time [d] Time [d]

—_—

Plasma cystatin C [pg/mi]
o]
1
urinary cystatin C/
urinary creatinine [ug/mag]

—— control (n=3) = plg *"* (n=4-14) plg 7 (n=2-12)

Figure55Long t er ns wsrtwidwalofand kn pdhfe2d Ifga nd p hoeeg i on

“mi c e
(A) KWMeilaeam survival ¢ urnveepsh rooft ince pnircoet ifcolalnodwinngn 63 d
treat ment .
( BQourse of pnlm®sed | g rechp Ps1RS I7gni ce before and until

induction of NS.

(@©®) Concentration of plasma and wurinary cystatin C.
days after induction of NS in both geshogwpeéy, i whibloe
genotypes on day 7.

Arithmetic reiagsi fNi cSEM. di fference between uninduce
genotype

Pl asma cystatin C concentration which 1is
function than plasma urea was meddyr acdbef c

was followed every 7 days after i nduction
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( Fiegug 5T hCgr.e was an i ncr eacsyisntgattiennd® ncon cienn
starting at 7 days after induction of NS i

function in both genotypes overtime. The di
copmpared to the baseline in bothOglemlotiypes

npPsP2p1/dgni ce, p=0N 003.850 828 @G 2 mh p lPsk2h4-g

mi cpe=0. VO0O3However, the difference between ge
sgni ficance at any time point, which indic
function in both genotypes. Urinary <cystat
di sease. The increasing urinary cystatrin C/

daméyé®°1n this study, wurinary <cystatin C/
i nduction of NS anhd dvaays fafltlorweidn ditndtiil on.
significant difference until 3 weeks after
both genotypes, indicating tubul ar functio
Combining the resulptasméd oppyasmbi ur€a andi
significant difference in survival bet ween

of kidney function.

A B
#
60 20- i
n n n
D . 154 pegm & .
— 40+ ] % .III
2 L] [ ] a g T
= = 10
5} T gl
T - -+ I L
p gy 54 L
0- 0-
T T T T T T
b X W b L 9
N N ™ N N ™
R R

= plg"”* (n=7-11)

Figure56 Long term investigati omphd2Htgni aed cHb values i

(M) Both Hct and cHb values shpiWWedl'agnreduceddagnden
14, however, the difference was not significant fr ol
Hct and cHb val ues mdsPRf gheiacnet | oyn ddeacyr edaZs.ed i n

Arithmetic *sdagms fN camM. di fference between uninduced
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As previously nménthemed wias &Balleemdency towa
cHb values measursdglgpesai BGAaaerami pzem, neph
genotypes. However, the difference did not
investigate the ndd®2%dpidinicdHd oml diey 4. We
measure thefwablbmgisoeanday 42 because of red:l
the fear that they werde onforkel d 0 k ed aymp Init md etr
type l itter mates and woul d di e. Resul ts S
signi ficanntps"&peltdgnicceed dm day 42 compared to
was 44 N 14% anddans 24 N 5 % on day 42, p
g/ dl -d4,dawd was 9.4 N 2 g/ dB"bn Hhegsd?2repus

suggest thefdeeealhdbpmaeimi a in these mice.

Figure57The hi stol ogy o4 ekimdsaypd®edn gcd reg

Proteinuria (arrow), and protein droplets

PAS staining showed a progressive damage of
FSGS was able to be observed on day 14. Gl
wer e observed from t he Ki dney harvested
| mmunohi sy oshewed tJah@ENabtehx pressi on were s
upregulated in distal tupHsfHHi d€, dagwevadrt et
upregul ation was reduced on day 42 (Figure
were alremnw@wyevisobl eni croscopy on day 10, é
progression in | oss of podocyte foot proces
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a-ENaC

y-ENaC

50 yum o - 50 ym 50 um

Figure58L ong term study oafENahCe p@MaICe Dyi o m nhoehmoi hsitsrtyo ¢
in kidney bhpbsmrepd mfi cem

he exprUENsiiCoREMN®BIC was slightly upregulated on day 8
2, compared to the baseline.

Day 8

L

Figure59Long term study of Electroph®&®®épi/ggsnadopy of ki c
nNph®mdh+tngi ce before induction, on day 8 and day 40 ¢

In uninducepgl*gmidoa €y hoomal structure of GFB, and no
process were observed. The wul tr astprruoccteusrse fruessiuol nt, oafs
as a collapsed structure of fenestmiatedscecopypthesulht
podocyte on dcthaympd es o BGBEB. Foot process was barel.y
arrowheads: the GShkange bafr :f QotOmprocess.
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4 Discussion

4.1 A new mo uasiaeduabte goeldcin deficierfidevelops experimental

nephrotic syndrome and develops chronic kidney disease

Nphis2 the gene encoding for the protein pod
critical for t he podocyte and t he gl omer |
chAracterized an expeeil mdarmtaal, WS tmowoendi ti o
specific Podotsafi ¢el etuildny (devel oped the s\
patients, including massi ve proteinuria,

hyper |l iTophidsemdasi s of NS is the highiproteir
140 mg protein mg/ creait7Zimng ner dtcoirmemgbnad 4 nk
modél Notably, the downregulation of podoci
nephxpmessi on, another protein expressed ir
are key molecules for maintaining the gl ome
reported that themnekmihgtdti hbeesamei’®dfesamong
I n both human patnipehgsRdeawdt anmotdbhtdincdebHut i
of nephrin was altered, indicating that t he
podocin %xpression

Al | the features of the emrp#EsPPifmecnet awerneeph
comparable with dboxeseiubbdaiemdedephr ophpat hy me
which is a commonly used model of experi men
gr capPublished data indicatenplfsfffti cbeatar es
comparable to thos$e*Pbeseeivedria afet Dé Nmost
for NS reached 2%85% R°°BDNmMmmod chgl8c angd mh6 Lt rHa
npHsPdfi ce. This was accompanied by a decrea
by-54fold in both model s. These difference
bet ween the two models were not 9s9i ginn fi ca
hypoal bumi nemi a) . I n addi tion t o protei nul
experienced the same chronol ogy Wi nsaordyi um
sodium retention occurred from day 6 to da\
weitghi ncrease and edema developed from day

10. However, unexpectexce¢wiyetiinonboitrh snpoodte!l s, i
spont antd@udhys9after the induction of NS,
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ema’*This flisnaimrge hia@usaly been reported in

r a@f s

Hi
se
Co
do
( F
ac
w a
i s
or
E x

5

= o o o -
o (0] ®® O O! Q (9] D O

=]

T Y Qo o

stol ogi cal Iny,HsPrhiecpeDé Ne matnedd as podocytopa
gment al gl on&S)ul wistcH ceuto siisv IFVSe ment of an
mpared to the DIN meddi diendeaasi em, odndNS
Xorubicin, doxyocxyiccl itme mis enatt tailds wmes de mc
i gur-, 2&n d 2Hi.guHoewebs er , the dose of doxyc
curately monitored. To account for this i
s obtained highly efficient, reliable and
muc h mournei ntgi nteh acnonfsor t he -tDyl BNa LnBo/dce Imirceel y i
129S1/SvimJ mice due tnop Hshddodedlree al |l el i
cept for studying of the mechanisms of pr
HsPafi c e aar es uvailtsaobl e model for studying chr
e progression of renal failure, devel opm
ath after a median survival of six weeks.
y 14, aodraedmon day 42, which may contri
in pat i'@ht%T twdé tcha [CKeD onfp MAsYdiea & ail se nmoas ti nl i
| ated to the decrease of the gl omerul ar f
cretion by the distal tubule. Regarding e
one wméchanpsisigdfiice. I n addition, reduced

r-caslol ed eryptosis) could alsd% % contribute

.2 The i mpact of phpbkPstthticaegen deficiency in

a study wusing antibodies against the gl o
per igineomtealul omegelitini ce with plasminogen
vel op more seveéelie Thlieomesmwlgersteamd hat pl a:
critical role in protecting gl omeruldi o
asminogen also had an influence on the de
ptgniec on a 129S1/ SvIl mlJ background were ¢
duction of n¥phHbstol pgioda®li nstudies reve
nding to endothelium within hours after d

xic effect of doxorublciTmerefonducel as me
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detri mental effects in the DIN model and wa
The exlazni snmg for this remain uncl ear.

The failurept’gniicred bome aN 2951/ SvimJ backgr ol
t he rpdlaes noifmogseondi um rep i ce. wEhesj mporteoc
alternative model ofpl/NS.c eBtywiiitatitp élisP@ficocses i ng t
to genepis’epimiecdrat all owetdhe or oInewect i glaasn
in sodium retention and ENaC activation in
As plasminogen deficiegattimooei sudfent éroal f
l ungs, liver or %Yhewgabitrosinteskedalttt aet
histohpldPs2dil’gni ¢® rule out structural and fu
have had an i mpact on thewreesualestofgatlea NGB
curve and t hweniampdoupchEst@ohltgmi od, ki dney struct
function and sodi ump IRAaFd lgininge co@prar eds wlot s
that, on the one hand, uninmpd®t®didgwe e mi nog
small er thas (Riegwd dadhydyhexperienced rect e
findings were in accordance with the resul

previidbusheg di seased state was associated wi

mice (Table 3, Figure 54), indicating there
i mpHs,2bftmi ce. On the ot mepisPAhhmi, canhaduaecec
norlmagl omer ul ar structur e, kidney function
(Fi gurDe, 2Fi gdur e 30, -B)andTl hFeirgeufroer €31 tAher e was
npHPs,2bftmi ce as a model for investigating t|
rettemt in experi ment al NS.

I n theerrmngbservati on, there was a signif
np s, 1" "gni ce (Figure 55 A), indicating that

increase the risk of death umeaepmhlradma aoys
C, and urinary cystatin C shplifsfdIitghiace t he e
were not related to a different decltined ki
D). The ul tnrppd®sh?d Itgni 6 eoe adbisd not show a wor s
damage t hnapnfPsPHf o gei den ( Figure 59). The possil
sur vinwvmsPat gni ce could be due to plasminoge

chances of fibrin deposition, and known hy
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caused more severe '%da*mMagxi dieos , o tahse rs htoiwns uiers
nptsP2d I”gni ce showed a significantly faster b
np P2 I*gmi ce. This finding might be dcaused
energy balance due to the | iver damage i ndu
The evidence of ENaC inactivation are the
npPsPd 1" gmi cen piPsP2d I”gni ce after 14 days of dev
39-BAand theegwlwat ed ex pPENasCioEMNRECT omotdlay 42

(Figure 58) . The *eErRcreased mey narayus Bla hyp.
hyperkal emia (Table 4) indicating a signifi
| et hal to the nephrotic mice especially wi

exact causes foredwééprrewoegenosypegsvaerbé n

4.3 The role of pr ot eassnu-pmioagseminnd axhies uiPmA I

activation and expedmeatahnepheoticssyndromen i n

Np h%Pouse is a good model for i rove stoidg aitmi n g
retention and edema formation. As the same
el ements of both the overfill and wunderfil!]

retention. As a matter of f aectanddotiée xtihsetor i
The w@emgimakdesnher one)s catnerme( PAdMvoked by a
and elevated aldosterone | evedull etaidédn t of sBN
I n nephrotic mice, pl asma al dosterone conc
day 7 which cmiimicmuwmdurmwirndar y h®odi um excreti
genotypes, indicating that the activation
al dosterone in this experimental NS model
al dosterone actiwviameownhalof NENalCi ¢clm kRapebeen
al dostesbstant nephrotic mice with the seru
defi 3 eMeryeover, blockade of the mineraloco
prevent sodium®r&hentbaoanennr ®1 Non of pl as m:
statisticalnpsfis’@ghligni cancEi gmr &% FBHv acrn achaye 14
pl asma aldosterone concentration of nephr of
al dosterone secretion accordinguhdet hel beve

i's known that nephrotic mi cteo icnocurnetaesrea ch e puar
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| 0% This could be npnPdddi’gui cien whe hr ohtai vce

di
un
S0
me
w a
al
e X
an
on
fi
an
Mo
ne
hy
i n
an
be

an

sease and therefore would suffer from mo
deriftihl li nver eased plasma al dosterone secret
dium retention was broughf{.>8ldo weovrer mo rteh
chanism of ENaC acti v ateigoun awasd setxiplrle sdse hoa
S obser viedduicred PMNephroti c rat s, wi t h or
dosbtterTonnee si mil ar finding was also obser:
pression of a&Nd€E€teatdayby whe I mmunohi st
d Figure 58, while the plasma al doster one
day 7 (Figume H8edl"gh nu mEHa i gniicce. These

ndi ngs might indicate the ENaC regul ati on
d some other mechanisms might involve in
re than one decade ago, plasmin was found

phrotic urine and was suggested? tbhibe re
pot hesis was drawn by the findings of the
biyticodbeavagENa®a€, hwimaoh may t akiet s aClkl &9
d RKRKL#8J¥ét, this hypothesiiswihmtsudchyever
forecurlrnenthestudy, we confirmed the prese
d active pl asmi mpitts diiecpeh r(oR3i8Ju,rueraisSn7e r fervo ro |
scribed to be3the case in DIN model

a previous study usinguRMMephnephcomiceu
pressed apmasdini hlve acitmiviear findings were

ficient mouse model, lwhiah uBAdaatni awint y bio
docin knockout? M®weowwese mdheelresi dual pl a:
t by these two studies (Figure 60). I n
sol ut élmyp Hash2g' E'gnti caes, shown in Figure 60, m
del to investigate the rol e mfvipdaasmi noge
rr study, for the first ti me, i nvestigate
peri ment al nephr ot i ce nmoaussee nneoed e |Anwvdi tthh ep Ire

monstrated that nephrotic mice were not
tention even thdtghhwsthestl plaasmiinmgaaqr e
phubffmicchi ch were also not protected frol
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Taken together, the two comseéectthieveustreadi e s
of proteolytic ENaC a-pt as mitph cagsemiend [ 4axti*esd ibny N
Plasma Urine

Uninduced  Nephrotic ~ Uninduced Nephrotic
WT uPA” Plg” WT uPA™ PIg” WT uPA” Pig” WT uPA" Pig™

125 kDa

Plg, zymogen (105 kDa)
90 kDa

Plg, heavy chain (80 kDa)
albumin (69 kDa)

70 kDa

50 kDa

Figure60Ex pr essi on of al bumin and plasmin(ogen) in wil
(uPA andplppgl ode(f i ci ency.

Al bumin was strongly expressed in plasma samples whi

al bumin expression was mini mal and increased massi

expression at 105 kDa, apntd preskeaavynchaindatce8OukDa
genotype. -Pllasmimogxmr essi on was upregudRAmedein neph
pl asminogen activation was al most compl etely absent
chain. The expression of either plasminogen or plas
from uninducend Hesiehftmepbr 6Thics Figure waW°mpmpvi ded b

>
9]

1000 30+

100+

—_
o
1

Urinary sodium excretion
[umolfmg crea]
Difference in BW [%]

Y
L

0 7 0 7
Time [d] Time [d]

- wt(n=7-14) — uPA”(n=2-15) plg(n=6-12)

Figure61Summary of wurinary sodium excretiowmPAand body w
mi c e,n pah®d2® P+tngi ce

After inducti owPA fc eND,8Ps@P+tmgi ce, all underwent the dec
sodium excretiomcaedskeodpandeirgldthed to a similar ex
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4.4 The potenti al treat ment of sodium rete
activation in nephrotic syndr ome

The treat ment of severe edema in NS is alw
t heorvya oncastm ¢ pressure i s reduced, and t
However, the treatment of vol ume <correctio

reducing edema nol?jlhOm etalsé nmgt man rhaimk,silsl o
usi ng ar@inotegrnnsinng enzyme inhibitors ( ACEI
bl ockersd (ARB epHht o toirc apdarteinearitesct omy i n anir
edema®®lal one

The traditional and primary therapeutic chc

commonly pointdedrté®.i'disoewelveop the treat ment

diuretics to edema is variable d2paemdithige o1
degree of edema. Because of the resistant
nephrotic edema wusually need an increment al

f ohretextreme severe cases -adnuandidni,t ioorn aelv etnr ec
l ncreasing evidences have suggested that EN

and the blockade of ENaC showed sigywificant

weight in both 3at?ildbht!Amiafod i arei, ranlswaoh i s
bl ocker of ENaC, has been pexwemni mtdmrtfalt nMS$ b
The amseopsitdeve natriuresis was increased,

daialmj | ¢ rieché ed neSphBediidcesni ctethe activity of

were inhibited in the first 4 hours after &
mechani sms of amiloride in mpgeEBaCjomanddaenr
possible inhibition of EN&T7%alcti dét wehuty
observed increasing natri wnmrpd®siggl*gtaondami | or

nptsP2d|I”agni ce (Figure 39), which clearly shov
with the absé&maé¢!l ofi npkasmnhi on trials with
applied to patients with proteinuric disea:
reduced ebslsouorde ,p and reduced tdt 483 BABndsaems v
rati onal to use amatmentefas adembhtespati atk

who are resistant to |l oop diuretics. Yet, t
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is still l i mited due to t3e ahdw tbaealribk
hyper kKal.émi a

Since the abnormally filtered serine prote
ENaC activation, sodium retention, and eden

proteases a promi SAipmr ttirndant mesntanf carntd ddaa.i r
has a wide spectrum inhi Ipiltaisonming o tls &lplisinler @ir
tissue plasminogen aftcypeapgloas it PAYéaha@cur ok
Aprotinin was once used as theritslkabmeht ob
|l oss and bl ood transfusion. However, aproti
alclause mortality, whichblwiasd stuamneadmibyed ¢l
(Bl ood Conservation Using Ant i BEIRMApm olt y tnii as
was proved efficiencynXiemokpiutshéytepidt E&lbiCahec
I n 2018, a stwaudlyc wthasrea ovwesdl ytahiamegpd goredl Id ekat ssef s
aprotinin prevented sodiuM metemhi i @oni, c amidc
same findinguwa&tmdoepd ifisdiice, aprotinin t|
from day 7 on reversed, and from day 3 on
devel opment-F,( FRiggdBre 258 &€Aveo upirdodviengshe hypott
of ENaC nadtyi watoitoe as uirn aa@ameae mwrutl dwibteh t he
postulating a defect i n tubul ar sHDlde um hart
i nhi bitory effect of aprotinin on aldoster:
t his ansd sptruedvyi,ouhowever, thée&>.fthdlsa biesnnes ircer
effect of aprotinin on sodium retention an
mi ght be a promising tUWnda tknee ntth ef onre crheapnh rsont |
ENaC by amiloride compl efaelty, vaipowt iofi nEN@m
inhibiting t hneddartierde cpreatveadeeof ENaC subut
However, aprotinin seems not to be itdhe idea
related to severe side effects such as kid
and d$%irtokwoul d al so be a promising alternat|
protease(s) inhibitor, which is (aregntespo
with diuretbiThberesoseéantbhe responsible seri
ENaC have to be identified to endAbhevaltar

finding i n our study was, aprotinin trea
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np HPsP2b1 gni te@under sclhei ngseoitne proteases t h
i ndi spensable in ENaC activation in experi
activity of these protease(s) was (were) s
np PsP2bftmi ¢dat tr eac epdd Pblya gpsl salcoevbn i n Fi gur e

We believe that t his perception wil/l pror
abnormally increased in nep-bBeaoasitivei (&) gwh
't should keep im miemd ntehatr odreyaser agrhiosuil @d b e
by a knockout mouse that i's subjected to e

standard for diagnosing sodium retention sh

the single knockKouetl uma dealts mihghtporssi bi | it
among the excess serine proteases in nephr
proteolytic manner. Wi th this regard, the g

nephrotic micetkke®uil dhirleistuildan fofommul ti pl e s
acti Vlation

I n an Bkpker NBewi t h i ngdhs#d mhmldau cnuntga tbiyonn aarfo x i f

researchers identified sevéfasuphoasaslepat
growth factor-Aacltawtadtorrgan Nfagrsininh, Cathepsi m
D, Pr oesttasab] y, some of the idendergdietdi we.r i
For exampl e, urinary active plasma kallikr:

correlated with albuminuria lilth Fdoweuvteri,n t30
candi date was reported not essenti al i n t
previt®usFloy a metdtienrg wrfderhset pat hophysiol ogi
serine protease or the interactions among

ENaC i n INb,stmwdiees are required.

The expression of ENaC subunigél bght endnut b ¢
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Summary
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Zusammenfassung
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