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ANEXE

CUVINTE CHEIE: podocit, nefropatii glomerulare, exosomi urinari, biomarkeri podocitari
INTRODUCERE
Nefropatiile (NP) glomerulare sunt responsabile de circa 90% din cazurile de insuficientd renald terminala,

implicand costuri considerabile aferente metodelor de substitutie a functiei renale, dializa si transplantul
renal. In ultimii ani cercetarea nefrologica s-a focusat pe studiul biologiei celulare podocitare si a plasat



aceastd celuld, diferentiata terminal, cu capacitate de replicare limitatd in centrul fiziologiei, patologiei si
progresiei NP glomerulare.

Din aceste considerente se depun mari eforturi in prezent pentru identificarea de biomarkeri noninvazivi in
vederea preventiei insuficientei renale terminale prin identificarea precoce si clasificarea adecvata a NP
glomerulare, alegerea tratamentului optim si monitorizarea acestuia. S-a incercat evaluarea leziunii
podocitare prin analiza mai complexa a sedimentului urinar si anume evaluarea podocituriei, excretiei
urinare de proteine podocit specifice si de ARN mesager (ARNm) corespunzdtor acestor proteine. Desi
studiile preliminare au avut rezultate promitdtoare toate aceste metode intimpina la ora actuala dificultati de
ordin tehnic, care impiedica utilizarea lor in practica clinica.

Ulterior, s-au efectuat o serie de studii preliminarii asupra exosomilor urinari ca sursa de biomarkeri.
Exosomii sunt vezicule membranare cu diametre cuprinse intre 40 si 100 de nm, care sunt eliberate in variate
fluide biologice de cdtre variate tipuri celulare. Observatiile care au atras atentia asupra exosomilor urinari ca
sursa potentiald de biomarkeri au fost urmatoarele: sunt eliberati de citre toate tipurile de celule epiteliale
renale, sunt vezicule stabile si rezistente la degradarea prin variate enzime urinare, contin proteine
cunoscute a fi implicate 1n variate NP si contin de asemena acizi nucleici intacti.

In acest sens cercetarea de fatd isi propune si evalueze gradul de fuziune al pedicelelor podocitare ca
marker ultrastructural de leziune podocitara si rolul exosomilor urinari ca sursa noninvaziva de biomarkeri
de leziune podocitarad in NP glomerulare .

CONTRIBUTIA PERSONALA

I. Analiza fuziunii pedicelelor ca marker ultrastructural de leziune podocitara:
Relatia dintre fuziunea pedicelelor si proteinurie in nefropatiile glomerulare

Introducere
Podocitele sunt celule epiteliale specializate, localizate pe suprafata externd a membranei bazale glomerulare

(MBG) pe care se fixeaza prin intermediul unor procese celulare - pedicelele. Podocitele impreuna cu celulele
endoteliale si MBG reprezintd componentele esentiale ale barierei de filtrare glomerular3, care impiedica
pierderea urinara de proteine. Fuziunea pedicelelor este observatad in glomerulopatii (GP) care se manifesta
prin proteinurie, mai ales in GP cu leziuni minime (GPLM) - unde fuziunea difuza a pedicelelor este singura
modificare morfologicd observata. Fuziunea pedicelelor este prezentd invariabil si in glomeruloscleroza
focala si segmentala (GSFS) si GP membranara (GPM).

Pana in prezent s-au efectuat pufine studii care sa abordeze analiza fuziunii pedicelelor in mod cantitativ,
iar relatia dintre gradul de fuziune al pedicelelor si proteinurie raméne un subiect dezbatut.

Obiectivul studiului a fost reprezentat de evaluarea relatiei dintre proteinurie si gradul de fuziune al
pedicelelor in NP glomerulare umane care s-au manifestat prin proteinurie de rang nefrotic si subnefrotic.

Material si metode
Pacienti. In studiu s-au inclus 37 de pacienti evaluati prin biopsie renald in scop diagnostic in perioada
ianuarie 1999- decembrie 2008 in Clinica de Nefrologie Cluj. Pacientii au fost impartiti in doud grupuri:
grupul care la data biopsiei renale a prezentat proteinurie de rang nefrotic (proteinurie glomerulara >3,5
g/24 h) (N=17) si grupul de pacienti care au prezentat proteinurie subnefrotica (0,16-3,4 g/24 h) (N=20).
Examinarea biopsiilor renale. Fragmentul bioptic renal a fost examinat In microscopie optica (MO),
microscopie cu imunofluorescenta (IF) si microscopie electronica de transmisie (TEM) in toate cazurile.
Masurarea fuziunii pedicelelor. S-au fotografiat si analizat pentru fiecare caz 5 arii glomerulare diferite.
Pentru fiecare caz s-au masurat aproximativ 100 um MBG. Pedicelele de-a lungul MBG madsurate s-au humarat
manual. S-a considerat drept pedicel orice segment epitelial conectat cu MBG intre doud fante de filtrare.
Pentru fiecare caz s-a calculat latimea medie a pedicelelor (LMP), precum urmeaza: LMP= 1t/4 ¢ X lungime
MBG / X pedicele, unde m/4 reprezinta un factor de corectie pentru variatia intdmplatoare presupusa a
unghiului de sectiune raportat la axul lung al podocitului. Valoarea obtinutd a fost folosita pentru a calcula in
final LMP pentru fiecare grup.



Analiza statistica. Diferentele Intre cele doud grupuri s-au determinat cu testul t. Diferentele au fost
considerate semnificative cand p< 0,05. Corelatia dintre proteinurie si LMP s-a efectuat cu testul Spearman.

Rezultate
Nivelurile proteinuriei si ale colesterolului seric au fost semnificativ mai mari la grupul cu sindrom nefrotic
comparativ cu grupul cu proteinurie subnefroticd (p<0,01). Albuminemia a fost semnificativ mai mica la
grupul cu sindrom nefrotic (SN) (p<0,01).

In grupul fir3 sindrom nefrotic pedicelele au fost bine conservate, desi s-a observat fuziunea segmentali a
acestora la unele cazuri. LMP in acest grup a fost de 422 + 90 nm. La pacientii cu SN s-a observat fuziunea mai
extinsa a pedicelelor, iar in 7 cazuri: GPLM (N=3), GPM (N=3) si GSFS (N=1) fuziunea pedicelelor a fost difuza.
LMP in grupul cu SN a fost de 1195 * 517 nm, semnificativ mai mare comparativ cu grupul pacientilor fara SN
(p<0,001).

Proteinuria medie in grupul nonSN a fost de 1,4 + 0,9 g/24h, iar in grupul SN a fost de 7,5 + 3,3 g/24h,
diferenta fiind statistic semnificativa (p<0,001). Proteinuria s-a corelat cu gradul de fuziune al pedicelelor
cand s-au analizat toti pacientii luati in studiu (r=0,65; p<0,001). Proteinuria nu s-a corelat cu LMP in niciunul
din grupurile studiate- nonSN (r=0,08; p=0,38), iar SN (r=0,11; p=0,36).

Concluzii

e Diferenta intre ldjimea medie a pedicelelor In grupul pacientilor cu sindrom nefrotic a fost
semnificativ mai mare comparativ cu pacientii cu glomerulopatii care s-au manifestat cu proteinurie
subnefrotica.

e Gradul de fuziune al pedicelelor s-a corelat cu nivelul proteinuriei la pacientii studiati.

II. Analiza exosomilor urinari ca sursa potentiala de biomarkeri de leziune
podocitara in evaluarea noninvaziva a nefropatiilor glomerulare

1. Izolarea exosomilor urinari prin metoda centrifugarii diferentiale (CD)

Premize si obiective
Urina este un fluid biologic complex, contindnd elementele fazei lichide- compusa din proteinele solubile

filtrate liber in glomerul si elementele fazei solide sau sedimentul, care poate fi concentrat prin centrifugare
la viteza redusa. Acest sediment este compus in principal din celule epiteliale desprinse de pe tractul urinar si
cilindrii. In plus urina contine numerosi exosomi urinari, care derivi practic din toate tipurile de celule
epiteliale care vin In contact cu spatiul urinar, inclusiv podocitele glomerulare. Avand o densitate foarte joas3,
pentru izolarea acestora este necesara ultracentrifugarea, iar vizualizarea exosomilor urinari este posibila
doar in microscopie electronica.

Desi in ultimii ani s-au efectuat o serie de studii privind modul ideal de tratare a probelor urinare in vederea
izolarii exosomilor urinari, cercetarea in acest domeniu se confruntd in continuare cu absenta unor
protocoale standardizate de izolare si conservare a exosomilor urinari. Pentru izolarea exosomilor urinari se
utilizeaza in mod curent doud metode, prima se bazeaza pe CD a urinii, iar a doua pe ultrafiltrarea (UF) urinii
printr-o nanomembrana.

Principalele obiective ale acestui studiu au fost reprezentate de: stabilirea unei metode de izolare a exosomilor
urinari prin CD si stabilirea unui protocol de colectare si conservare a probelor de urind in vederea izoldrii
exosomilor urinari.

Material si metode
Colectarea si stocarea probelor de urina. S-a colectat urina provenitd din spotul urinar (a 2-a urina de
dimineata) de la pacienti cu variate GP confirmate bioptic, aflati In observatia Ambulatorului de
Glomerulopatii (Medizinische Klinik II- UK Aachen, Germania) si de la voluntari sanatosi. Urina s-a recoltat in
flacoane sterile de 50 de ml. Imediat dupa colectare fiecare proba a fost tratata cu inhibitori de proteaze si
substante antibacteriene. Probele astfel tratate s-au stocat imediat la -80°C pana la prelucrare.

Izolarea exosomilor urinari. Probele au fost decongelate la temperatura camerei in ziua prelucrarii si s-au
centrifugat la viteza de 13.000 rpm, 15 min. la 4°C. S-a recuperat supernatantul rezultat, firi a fragmenta
sedimentul. Supernatantul s-a transferat in tuburi de inaltd viteza si s-a supus ultracentrifugdrii la 47.500
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rpm, 1 ord la 4°C pentru a obtine un sediment de membrane cu densitate joasa. Ultracentrifugarea s-a repetat
pana s-a prelucrat intreg supernatantul obtinut in urma centrifugarii la 13.000 rpm. Sedimentul astfel obtinut
a fost resuspendat in solutie de izolare si stocat imediat la -80°C pana in momentul procesdrii.
Examinarea in TEM. Sedimentul obtinut in urma ultracentrifugarii unei probe provenita de la un voluntar
sandtos a fost resuspendat In proportie de 1:1 in glutaraldehidda 3%. Grila a fost contrastatd cu acetat de
uranil 0,5% si analizatd la microscopul electronic JEOL 1200 EX.
Rezultate
Examinarea preparatului exosomal in TEM a relevat prezenta unor microvezicule cu diametre variabile,
cuprinse intre 20 si 200 de nm. Majoritatea au avut diametre cuprinse intre 40 si 80 de nm, dimensiune
caracteristicd exosomilor precum si morfologie tipica pentru aceastd subpopulatie de microvezicule urinare
si anume peretele cu dublu contur.
Concluzii
¢ Prin metoda CD s-au izolat microvezicule urinare cu diametre variabile, majoritatea avand diametre
si morfologie caracteristice exosomilor urinari.
e Utilizarea celui de-al doilea spot urinar a fost adecvata ca si material de start pentru izolarea
exosomilor urinari.
e Tratarea probei de urina dupa colectare cu inhibitori de proteaze si substante bactericide si
congelarea la -80°C pani la procesarea ulterioard au prevenit degradarea microveziculelor urinare.

2. Izolarea exosomilor urinari prin metoda ultrafiltrarii (UF)

Premize si obiective
Desi metoda de izolare a exosomilor urinari prin metoda CD este cosideratd cea mai eficientd, ea prezinta
unele dezavantaje, precum timpul Indelungat necesar etapei de ultracentrifugare si de numarul redus de
probe ce pot fi prelucrate intr-o runda de ultracentrifugare, care impiedica utilizarea ei in laboratorul clinic.
fn acest context s-a propus izolarea exosomilor urinari prin ultrafiltrare intr-un concentrator cu
nanomembrana disponibil comercial. Proteinele pot fi concentrate in interiorul membranei de 100 de ori,
recuperarea proteinelor solubile poate atinge 95%, iar probele sunt concentrate in 10-30 de minute.

Obiectivul prezentului studiu a fost reprezentat de evaluarea eficientei acestei metode de izolare a exosomilor
urinari in cazul prelucrdrii probelor de urind provenite de la pacienti diagnosticati cu variate GP.

Material si metode
Colectarea si stocarea probelor de urina s-a realizat conform protocolului utilizat In studiul anterior. S-a
utilizat spotul urinar (a 2-a urina de dimineata) de la un caz de nefropatie cu IgA (NIgA), un caz de GSFS, un
caz de GPM si de la un voluntar sanatos.
Izolarea exosomilor urinari prin metoda ultrafiltrarii printr-o nanomembrana. Probele au fost
decongelate la temperatura camerei in ziua prelucrarii si centrifugate la viteza de 13.000 rpm, 15 minute, la
4°C. Supernatantul obtinut astfel a fost prelucrat in continuare prin utilizarea concentratorului cu
nanomembrand Vivaspin 20 (Sartorius, Goettingen, Germania). Probele de urinda s-au centrifugat in
concentrator la 3.000xg, 30 minute la temperatura camerei. S-au recuperat fractiunile exosomale din
concentrator si s-au congelat imediat la -80°C pani la procesarea ulterioara.
Examinarea in TEM. Preparatul exosomal dintr-o porba provenita de la un voluntar sanatos recuperat din
concentrator a fost examinat conform protocolului din studiul anterior.

Rezultate
In urma procesirii probelor in concentratorul cu nanomembrana au rezultat volume variabile de fractiune
exosomala: 200 pl in cazul celor doua probe provenite de la voluntarul sanitos, 450 pl in cazul probei
provenite de la pacientul diagnosticat cu GSFS. In cazul probelor de la pacientul diagnosticat cu NIgA si de la
cel diagnosticat cu GPM nu s-a produs ultrafiltrarea datorita coaguldrii nanomembranei.

Examinarea in TEM a relevat prezenta unor microvzicule urinare cu diametre cuprinse intre 20 si 500 de
nm. Majoritatea au avut diametre cuprinse intre 20 si 200 nm.



Concluzii
e Izolarea exosomilor urinari prin metoda UF a fost eficienta in cazul probelor provenite de la
voluntarul sdanatos si de la un pacient diagnosticat cu GSFS.
e Examinarea in TEM a fractiunii exosomale obtinuta prin aceastd metoda de izolare a evidentiat ca
majoritatea au avut diametre cuprinse intre 40 si 100 de nm.
e Nanomembrana a coagulat cand s-au procesat probe de la pacienti cu proteinurie semnificativa.

3. Identificarea exosomilor urinari pe baza criteriilor biochimice- separarea
electroforetica a proteinelor exosomale urinare

Premize si obiective

Identificarea microveziculelor urinare ca si exosomi necesita indeplinerea a doud criterii, cele morfologice-
discutate in primele doua studii ale prezentei lucrari si criteriile biochimice- pentru evaluarea carora este
necesara analiza continutului proteic al exosomilor urinari.

Analiza proteomica a exosomilor a evidentiat ca exosomii contin doua tipuri de proteine: proteinele comune
tuturor exosomilor, care certifica originea lor endosomala si proteinele specifice celulei de origine care ar
putea sugera rolul biologic al exosomilor. Printre proteinele comune tuturor exosomilor se numara Tsg101 si
Alix/AIP1, cu rol in biogeneza exosomilor. A doua componenta proteicd a exosomilor este reprezentatd de
proteine specifice celulei de origine- precum podocina, podocalixina si nefrina in cazul podocitelor.

Obiectivul acestui studiu a fost reprezentat de identificarea exosomilor urinari pe baza criteriilor biochimice
prin: identificarea proteinelor exosomale comune (Tsg101 si ALIX) si identificarea originii podocitare a
exosomilor urinari prin evidentierea proteinelor podocitare (podocina, podocalixina, nefrina)

Material si metode
Colectarea probrlor de urina si izolarea exosomilor urinari (metoda CD) s-au realizat conform protocoalelor
stabilite in studiile anterioare.

Separarea proteinelor exosomale urinare prin Western blot s-a realizat conform protocolului sistemului
Invitrogen®. Proteinele migrate In gel au fost transferate pe membrane de nitroceluloza (Amersham
Biosciences- Hybond). Incubarea cu anticorpul primar s-a realizat peste noapte la 4°C. S-au utilizat anticorpii:
anti AQP2, 30 kDa (Sigma Aldrich); anti AIP1, 105 kDa (BD Biosciences); anti Tsg101, 46 kDa (Abcam); anti
podocalixing, 160 kDa, (Alpha Diagnostic); anti podocind - 42 kDa si anti nefrind - 100 kDa (cadou de la
grupul de cercetare Moller). Incubarea cu anticorpul secundar corespunzator s-a efectuat 1 ord, la
temperatura camerei. Vizualizarea s-a realizat prin chemiluminescentd. S-au comparat benzile proteice din
probe cu scara markerului care contine proteine cu GM cunoscute.

Rezultate
Nu s-a reusit identificarea AIP1 (Alix), a AQP2 si a nefrinei In probele analizate iTn Western blot- uri seriate.
Tsgl01 a fost identificatd In incercari seriate (un voluntar sdndtos si un pacient cu NIgA). Identificarea
podocalixinei s-a reusit Intr-o singura incercare, identificarea nefiind reproductibild ulterior. Podocalixina a
fost identificatd in majoritatea probelor analizate (voluntari sanatosi, doi pacienti cu NIgA si doi pacienti cu
GPM). Podocina a fost identificatd in Incercdri seriate 1a un voluntar sandtos, dar nu si In proba unui pacient
cu NIgA.

Concluzii
e Identificarea Tsgl01l- o proteind exosomald constitutivd sugereaza originea endosomald a
microveziculelor analizate.
e Identificarea podocinei si a podocalixinei sugereaza originea podocitard a cel putin unei fractiuni
dintre microveziculele analizate.
e Coprecipitarea unor proteine urinare abundente in fractiunea exosomala a interferat cu detectia
altor proteine podocitare studiate.



4. Analiza ARN-ului exosomal urinar ca sursa potentiala de biomarkeri de
leziune podocitara in nefropatiile glomerulare

4.1. Stabilirea metodei de izolare a ARN exosomal urinar

Premize si obiective
Cercetarile privind evaluarea exosomilor urinari ca sursa de biomarkeri noninvazivi in NP medicale sunt
canalizate la ora actuala pe doua directii: analiza proteomica, care prezintda dezavantajul coprecipitarii in
fractiunea exosomala a proteinelor urinare abundente, care interfereazda cu identificarea proteinelor
exosomale si a doua directie este reprezentata de analiza acizilor nucleici exosomali.

Este cunoscut faptul ca urina totala contine acizi nucleici, insa acestia nu reprezinta o sursa sensibila de
biomarkeri deoarece ar putea proveni din celule apoptotice a caror profil transcriptional nu 1l reflecta pe cel
al celulelor functionale. Exosomii urinari sunt eliberati din celule viabile si astfel profilul acizilor nucleici din
interiorul lor ar reda profilul transcriptional al celulelor functionale.

S-a evidentiat recent ca exosomii urinari au un profil al acizilor nucleici similar cu cel al tesutului renal,
contindnd atat ARN ribozomal cat si ARN mesager corespunzdtor unor proteine specifice fiecarui segment al
nefronului. ARN exosomal urinar ar putea reprezenta astfel o sursa fiabila de biomarkeri noninvazivi in
evaluarea NP glomerulare.

Obiectivul principal al prezentului studiu a fost reprezentat de stabilirea unei metode de izolare a ARNm
exosomal urinar in vederea analizdrii ulterioare a profilului ARNm corespunzdtor proteinelor podocitare in
variate NP glomerulare.

Metodologie generala
Colectarea si stocarea probelor de urina s-a realizat conform protocolului stabilit in primul studiu.
Prelucrare-Izolarea exosomilor urinari s-a realizat prin metoda CD. Sedimentul obtinut in urma
ultracentrifugarii a fost resuspendat in solutia de liza din kit-urile de izolare a ARN si stocat imediat la -80°C.
Cuantificarea ARN-ului s-a realizat prin spectroscopie optici pentru domeniul ultraviolet (UV) si cu
platforma Agilent 2100 Bioanalyzer.

Metode de izolare a ARN exosomal urinar
ARN- ul a fost izolat conform protocoalelor producatorilor. Pentru fiecare kit s-au evaluat in paralel probe de
la voluntari sandtosi si de la pacienti cu variate GP. Experiment 1: RNeasy Mini Kit (Qiagen); Experiment 2:
Invisorb Spin Cell RNA Mini Kit (Invitek); Experiment 3: ZR RNA Micro Prep (Zymo Research); Experiment 4:

TRIzol Reagent (Invitrogen); Experiment 5: RNeasy Plus Micro Kit (Qiagen).
Experiment 6: Amplificarea ARNului exosomal urinar izolat cu RNeasy Plus Micro Kit (Qiagen) cu
Arcturus RiboAmp HS PLUS Amplification Kit (Applied Biosystems). Analiza qRT-PCR a probelor de
ARN amplificat. Amplificarea ARN-ului izolat cu RNeasy Plus Micro Kit s-a realizat in doua runde, conform
protocolului producatorului, din proba de la un voluntar sandtos si un pacient diagnosticat cu NIgA. Pentru
transcriptia ARNa in ADNc s-a utilizat sistemul de sinteza a ADNc Superscript (Invitrogen Corp., Carlsbad,
CA). Probele transcrise s-au stocat la -20°C pani la procesarea ulterioara. Probele de ARNa transcrise in ADNc
in etapa anterioara au fost supuse analizei prin reactie de polimerizare in lant cu revers transcriptie in timp
real (QRT-PCR). Pentru qRT-PCR s-a utilizat sistemul de Real- Time PCR 7300 (Applied Biosystems). Probele
au fost analizate In duplicat in vedrea detectiei ARNm corespunzitor glyceraldehyde-3-phosphatase
dehydrogenase (GAPDH) si a ARNr subunitatea 18S.
Rezultate
Nu s-a reusit izolarea de ARN exosomal urinar cu nici unul din kit-urile utilizate de rutina in laborator. In
urma izoldrii ARN cu RNeasy Plus Micro Kit si a amplificarii acestuia in doud runde s-a obtinut ARN in
cantitate suficienta si de calitate adecvatad pentru studii ulterioare. Nu s-a decelat prezenta ARNr in probele
analizate.
Concluzii
e Metoda de CD a urinii a fost eficientd pentru izolarea microveziculelor urinare in vederea extractiei
de ARN exosomal urinar.
e Resuspendarea fractiunii exosomale 1n solutiile de liza din kit-urile de izolare a ARN a fost eficienta
in mentinerea integritatii ARN-ului exosomal urinar.
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e Exosomii urinari contin cantitati foarte reduse de ARN, amplificarea acestuia fiind necesara pentu
generarea de ARN de calitate si cantitate adecvata In vederea analizei ulterioare.

4.2. Analiza ARN exosomal urinar pe modelul experimental de sindrom nefrotic
indus de puromicina (PAN)

Premize si obiective
Nefropatia indusa de puromicind reprezinta prototipul experimental al GPLM si GSFS. Aceasta NP se
caracterizeazd prin fuziunea pedicelelor si proteinurie de rang nefrotic. Podocitele sunt tinta primara a
leziunii induse de puromicin aminonucleoside, astfel modelul experimental PAN a devenit un mijloc
important de investigare a fiziopatologiei podocitare.

Administraraea de puromicind determind productia de radicali liberi de oxigen, care cauzezad leziuni
directe ale ADN-ului. Modificarile ultrastructurale observate in cursul PAN corespund cu cele observate in
GPLM umana. Nivelurile alterate de ARNm si proteine, precum si alterarea functiei podocalixinei, actinei,
podocinei si nefrinei au fost raportate la animalele cu PAN. Modificarile citoscheletului de actina au fost
observate la 3 zile dupa administrarea puromicinei si au fost urmate de detasarea podocitelor si proteinurie
masiva.

Obiectivele acestui studiu au fost reprezentate de izolarea ARN-ului exosomal urinar in cantitate suficientd si
de calitate adecvatd de la animalele cu PAN si analiza ulterioard a acestuia pentru identificarea de posibili
markeri de evaluare noninvazivd a leziunii podocitare.

Material si metode
Realizarea modelului experimental. In studiu au fost inclusi 16 sobolani masculi Sprague Dawley (Harlan
Winkelmann of Germany®). Boala a fost indusa sub anestezie la 8 animale in ziua 1 a experimentului prin
administrarea intraperitoneald de puromycin aminonucleoside (Sigma Aldrich) in doza de 150 mg/kgc. Lotul
martor a fost compus din 8 animale care au fost injectate intraperitoneal cu cate 1 ml ser fiziologic 0,9%. S-a
colectat urina/16 ore in zilele 0-3-5-10 si 15 si s-a determinat proteinuria si creatininuria. Fiecare proba a
fost tratatd cu inhibitori de proteaze si substante antibacteriene si stocati la -80°C. S-a determinat urea si
creatinina sericd in zilele 0-5-10 si 15 ale experimentului. In ziua 16 animalele au fost sacrificate si s-a
prelevat tesut renal in vederea analizei in MO,IF, IHC si TEM.
Izolarea exosomilor urinari. S-a realizat din fiecare proba de urina colectata/ 16h prin metoda CD.
Izolarea si amplificarea ARN exosomal urinar. S-au prelucrat exosomii urinari de la 3 animale PAN din
zilele 0-5 si 10 a bolii. ARN-ul exosomal a fost izolat conform protocolului kit-ului de izolare RNeasy Plus
Micro kit (Qiagen) si amplificat conform protocolului kit-ului Arcturus RiboAmp HS PLUS Amplification Kit
(Applied Biosystems). ARNa astfel obtinut a fost stocat la -80°C pani la prelucrare ulterioara.
Affimetrix gene chip array. Colectarea probelor de ARN si generarea de ARN complementar biotinilat
(ARNC) s-a realizat conform Affimetrix GeneChip® Expression Analysis Technical Manual (Affimetrix, Santa
Clara, CA, USA). S-au determinat valorile de exprimare a fiecarui set de probe si s-au comparat intre diferitele
momente ale PAN, respectiv ziua 5 versus ziua 0 si ziua 15 versus ziua 0 prin utilizarea software-ului
Affimetrix Microarray Suite 5.0.
Revers- transcriptia si reactia de polimerizare in lant in timp real cantitativa (QRT-PCR). S-a realizat cu
sistemul de sintezd a ADNc Superscript (Invitrogen Corp. Carlsbad, CA), iar pentru qRT-PCR s-a utilizat
sistemul Real- Time PCR 7300 (Applied Biosystems).
Analiza genelor. Genele de interes au fost analizate, in ceea ce priveste proteinele codificate si functia/rolul
biologic al acestora, prin utilizarea bazei de date GeneCards V3.

Rezultate
Dupa inductia bolii s-a constatat aparitia proteinuriei masive la lotul cu PAN incepand cu ziua a 5-a a
experimentului. Proteinuria a atins niveluri maxime in ziua a 10-a, iar in ziua a 15-a s-a observat tendinta de
scadere a acesteia. S-a observat de asemenea o alterare tranzitorie a functiei renale, evidentiata de crestrea
parametrilor functiei renale (ureea si creatinina serica). Cresterea celor doi parametrii serici a fost maxima in
ziua a 5-a cu scadere progresiva, pana la nivelurile de baza In ziua 10 si 15. Diureza medie la lotul PAN a



scazut semnificativ In ziua a 5-a a bolii, moment 1n care s-a constatat retentia azotata maxima, comparativ cu
ziua a 3-a a bolii (p<0,05).

Analiza Gene array a ARN exosomal urinar a evidentiat exprimarea a 7384 de gene. Dintre acestea 1495 de
gene au avut diferente de exprimare de cel putin 1,5 ori intre cele trei momente ale bolii. 608 dintre aceste
gene au fost secvente satelit sau gene ipotetice, iar 887 dintre ele au corespuns unor gene cunoscute. Dintre
genele cunoscute 78 au avut diferente de exprimare de cel putin 3 ori intre cele trei momente ale bolii. In
urma analizei genelor cu diferente de exprimare acestea au putut fi grupate in: gene ale citoscheletului si a
matricii extracelulare, gene ale aparatului exosomal, gene implicate in apoptoza si gene asociate cu stresul
oxidativ. Majoritatea genelor cu diferente de exprimare identificate, codificad proteine ale citoscheletului
celular.

Expresia Actg (codificd actina) a scdazut progresiv in cele trei momente ale PAN la analiza Gene array. La
analiza qRT-PCR patternul expresiei a evidentiat un peak de expresie in ziua 5. Expresia Des (codifica
desmina) a crescut constant in cursul PAN. In cazul genei Vim (codifici vimentina) expresia a fost maxima in
ziua a 5-a a PAN, scazind in ziua a 10-a, dar nu pana la nivelurile detectate in ziua 0. Variatia expresiei celor
doua gene, Tubala si Tubalc (codifica subunitatea alfa a microtubulilor) a fost similarg, cu peak de expresie
in ziua 5 si scadere in ziua 10. Genele Arpc2 si Dstn codifica proteinele reglatoare ale citoscheletului, actin
related protein complex si respectiv destrina. Variatia expresiei celor doud gene a fost similard la cele doua
metode de analiza, Gene array si qRT-PCR.

Concluzii

e  Administrarea de puromicind a indus proteinurie masiva la animalele experimentale. S-a constatat
de asemenea alterarea tranzitorie a functiei renale cu scaderea diurezei.

e Laanaliza prin Gene array s-a reusit evidentierea unor grupe de gene care s-au corelat cu mecanisme
fiziopatologice cunoscute a sindromului nefrotic experimental indus de puromicing, respectiv stresul
oxidativ, apoptoza si reorganizarea citoscheletului podocitar.

e Din grupa genelor asociate citoscheletului s-au identificat cinci gene foarte probabil podocitare si
anume: Actg, Des, Vim, Tubala si Tubalc, si doud gene reglatoare ale actinei: Arpc2 si Dstn, care ar
putea reprezinta biomarkeri promitatori de evaluare noninvaziva a leziunii podocitare in NP
generatoare de sindrom nefrotic.

CONCLUZII GENERALE

1. La grupul de pacienti cu diverse nefropatii glomerulare studiat, gradul de fuziune al pedicelelor s-a corelat
cu nivelul proteinuriei. Studierea unor loturi nosologic uniforme de pacienti cu nefropatii glomerulare ar
putea sa defineasca mai precis valoarea fuziunii pedicelelor ca marker ultrastructural de leziune podocitara.
2. Prin metoda centrifugdrii diferentiale s-au izolat microvezicule urinare, majoritatea dintre acestea avand
caracteristicile exosomilor urinari.

3. Utilizarea celui de-al doilea spot urinar a fost adecvata ca si material de start pentru izolarea exosomilor
urinari. Tratarea probei de urind dupa colectare cu inhibitori de proteaze si substante bactericide si
congelarea probelor de urina astfel tratate la -80°C, pani la procesarea ulterioard, a fost adecvatd pentru
pdstrarea integritdtii exosomilor urinari.

4. Izolarea exosomilor urinari prin metoda ultrafiltrarii prin nanomembrana nu a fost eficienta in cazul
prelucrarii probelor urinare de la pacienti cu proteinurie severa.

5. Prin identificarea proteinei exosomale constitutive Tsgl01 si a podocinei s-a demonstrat originea
podocitara a cel putin unei fractiuni din exosomii urinari izolati.

6. Coprecipitarea unor proteine urinare abundente In fractiunea exosomald izolatd prin centrifugare
diferentiala a interferat cu identificarea altor proteine podocitare. Sunt necesare studii in vederea identificarii
unor metode de purificare suplimentara a preparatului exosomal.

7. Exosomii urinari contin cantitati reduse de ARN, iar pentru analiza ulterioarad a acestuia a fost necesara
etapa de amplificare a ARN exosomal urinar.

8. Realizarea modelului de sindrom nefrotic experimental indus de puromicina (PAN) a fost corespunzatoare,
fapt certificat de aparitia proteinuriei masive a animalele de experienta.
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9. La analiza prin Gene array s-a reusit evidentierea unor grupe de gene implicate in mecanisme
fiziopatologice cunoscute din cadrul sindromului nefrotic experimental indus de puromicind, respectiv
stresul oxidativ, apoptoza si reorganizarea citoscheletului podocitar.

10. Din grupa genelor asociate citoscheletului s-au identificat sapte gene foarte probabil podocitare cu
potential promitator de biomarkeri de evaluare noninvaziva a leziunii podocitare in nefropatiile glomerulare
generatoare de sindrom nefrotic.

11. Pentru stabilirea rolului de biomarkeri de evaluare noninvaziva a leziunii podocitare a acestor gene va fi
necesara corelarea in studii ulterioare a expresiei lor exosomale cu nivelul proteinelor codificate de acestea
sau cu pattern-ul de expresie a acestor gene in tesutul renal al animalelor cu PAN prin metode obiective:
imunohistochimic, respectiv, hibridizare in situ.
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INTRODUCTION

Glomerular diseases (GD) account for approximately 90% of the cases of end stage renal failure, implying
significant costs associated with renal replacement therapy methods, dialysis and transplantation. During the
last decades nephrology research has focused on the study of podocyte cell biology and has placed this
terminally differentiated cell, with limited capacity of proliferation in the center of the physiology, pathology

and progression of GD.
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In these regards considerable efforts are being made to identify noninvasive biomarkers for prevention of
end stage renal failure by means of early detection and adequate classification of GD. A few studies have
evaluated podocyte injury by means of a more complex analysis of the urinary sediment, i.e. by evaluation of
podocyteuria, the urinary excretion of podocyte specific proteins and their corresponding messenger RNA
(mRNA). Although these studies revealed promissing results, all these methods still encounter technical
difficulties, which prevent their application in clinical practice.

Recent preliminary studies have evaluated urinary exosomes as a potential source of biomarkers of renal
diseases. Exosomes are membrane vesicles with diameters ranging between 40 and 100 nm, which are
released in various biological fluids by various cell types. The following observations drew attention on
urinary exosomes as potential source of biomarkers: they are released by all renal epithelial cell types, they
are stable vesicles which resist to urinary enzyme degradation, they harbour proteins known to be involved
in various nephropathies and intact nucleic acids.

Consequently, the aims of the present research are to evaluate firstly, the role of podocyte foot process
effacement as an ultrastructural marker and secondly, the role of urinary exosomes as noninvasive source of
biomarkers of podocyte injury in GD.

PERSONAL CONTRIBUTION

I. Analysis of podocyte foot process effacement as ultrastructural marker of
podocyte injury: Relationship between podocyte foot process effacement and
proteinuria in glomerular diseases

Introduction
Podocytes are specialized epithelial cells, located on the outher surface of the glomerular basement

membrane (GBM) to which they adhere via cellular processes- known as foot processes. Podocytes, together
with the endothelial cells and the GBM are the main compounds of the glomerular filtartion barrier, which
prevents urinary loss of proteins. Foot process effacement is present in GD which present with proteinuria,
especially in minimal change disease (MCD)- where foot process effacement is the only observed
modification. Foot process effacement is also invariably present in focal segmental glomerulosclerosis (FSGS)
and membranous nephropathy (MN).

Few studies have approached the quantitative analysis of podocyte foot process effacement to date and the
relationship between the extent of foot process effacement and level of proteinuria is still controversial.

The aim of the study was to evaluate the relationship between proteinuria and the degree of podocyte foot
process effacement in human GD which presented with nephrotic range and non-nephrotic proteinuria.

Material and methods
Patients. 37 patients evaluated by renal biopsy for dignostic purposes between January 1999 and December
2008 in the Nephrology Clinic Cluj were included in the study. The patients were divided in two groups: the
group which presented with nephrotic range proteinuria (glomerular proteinuria >3,5 g/24 h) (N=17) and
the group with non- nephrotic proteinuria (0,16-3,4 g/24 h) (N=20) at the time of biopsy.
Renal biopsy examination. The biopsy specimen was examined in optic microscopy (OM),
immunofluorescence microscopy (IF) and transmission electron microscopy (TEM) in all cases.
Foot process effacement quantitation. 5 different glomerular areas were photographed and analyzed for
each case. Approximately 100 um GBM were measured for each case. The foot processes along the measured
GBM were counted by hand. A foot process was defined as any connected epithelial segment butting on the
GBM between neighbouring filtration pores or slits. For each case the arithmetic mean foot process width
(FPW) was calculated as follows: FPW=1t/4 « £ GBM length / X foot process, where /4 serves to correct
for presumed random variation in the angle of section relative to the long axis of the podocyte. The obtained
value was used to calculate the mean FPW for each of the two groups.
Statistical analysis. Differences between groups were determined by the t test. Differences were considered
significant when p< 0,05. Correlation analysis was performed using the Spearman test.
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Results
The levels of proteinuria and serum cholesterol were significantly higher in the nephrotic syndrome (NS)
group versus the non-nephrotic group (p<0,01). Albuminemia was significantly lower in the NS group
(p<0,01).

Foot processes were well conserved in the non-nephrotic group, although segmental effacement was
detected in some cases. Mean FPW in this group was 422 + 90 nm. In the NS group extensive foot process
effacement was observed and in 7 cases: MCD (N=3), MN (N=3) and FSGS (N=1) foot process effacement was
diffuse. Mean FPW in the NS group was 1195 * 517 nm, significantly higher than the mean FPW of the non-
nephrotic group (p<0,001).

Mean proteinuria in the non-nephrotic group was 1,4 + 0,9 g/24h and 7,5 #* 3,3 g/24h in the NS group. The
difference was statistically significant (p<0,001). Proteinuria correlated to FPW when all patients were
analyzed as a single group (r=0,65; p<0,001). Proteinuria did not correlate to FPW when the groups were
analyzed separately (non-nephrotic group: r=0,08; p=0,38 and NS group: r=0,11; p=0,36).

Conclusions

e The mean FPW in the NS group was significantly higher compared to the mean FPW of the group
with non-nephrotic proteinuria.

e The degree of foot process effacement correlated to the level of proteinuria in the studied patient
population.

II. Analysis of urinary exosomes as potential source of noninvasive podocyte injury
markers in glomerular diseases

1. Urinary exosome isolation via differential centrifugation (DC)

Premises and objectives
Urine is a complex biological fluid containing liquid phase elements - soluble proteins which are freely

filtered in the glomerulus and solid phase elements or the urinary sediment, which can be concentrated by
centrifugation at a low speed. This sediment contains mainly epithelial cells from the urinary tract and casts.
In addition urine contains several exosomes, released by practically all epithelial cell types facing the urinary
space, including podocytes. Because of their low density, exosomes can be concentrated only by
ultracentrifugation and their visualization is possible only by electron microscopy examination.

Although a series of studies have recently analyzed the ideal handling of urine samples for exosome
isolation, the research in this field is still facing the absence of standardized protocols for exosome isolation
and preservation. Two methods are currently used for exosome isolation, the first one relies on DC of the
urine sample and the second one relies on UF of the sample through a nanomembrane.

The aims of this study were: the establishment of a method for urinary exosome isolation via DC and the
establishment of a protocol for collection and preservation of urine samples for exosome isolation.

Material and methods

Collection and storage of urine samples. The second morning urine spot was collected from patients with
various GD bioptically confirmed and followed in the Glomerular Diseases Ambulance (Medizinische Klinik II-
UK Aachen, Germany) and from healthy volunteers. Urine samples were collected in sterile 50 ml containers,
treated with protease inhibitors and antibacterial substances and immediately stored at -80°C until further
processing.
Urinary exosome isolation. The samples were thawed at room temperature and centrifuged at 13.000 rpm,
15 min. at 4°C. The supernatant was recovered without fragmentation of the sediment, transfered into high
speed tubes and ultracentrifuged at 47.500 rpm, 1 hour, at 4°C in order to obtain a low density membrane
sediment. The ultracentrifugation step was repeated until the whole supernatant from the 13.000xg
centrifugation was used. The sediment obtained after ultracentrifugation was resuspended in isolation
solution and immediately stored at -80°C, until further processing.
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TEM examination. The sediment from a healthy volunteer obtained via ultracentrifugation was resuspended
in 3% glutaraldehide 1:1. The grid was contrasted with 0,5% uranyl acetate and analyzed with the JEOL 1200
EX microscope.
Results
Examination of the exosome fraction in TEM revealed the presence of microvesicles with diameters ranging
from 20 to 200 nm. Most vesicles had diameters between 40 and 100 nm, characteristic for urinary exosomes
as well as typical exosome morphology i.e. double contour vesicle membranes.
Conclusions
e Urinary microvesicles with various diameters were isolated via DC, still, most of them had the size
and morphology characteristic for urinary exosomes.
e The second morning urine sample proved to be adequate as starting material for urinary exosome
isolation.
e Treatment of the urine sample with protease inhibitors, antibaterial agents and storage at la -80°C
prevented urinary vesicle degradation.

2. Urinary exosome isolation via ultrafiltration (UF)

Premises and objectives
Although DC is considered the most efficient for urinary exosome isolation, the method has some

disadvantages like the long time required for sample processing and a reduced number of samples that can be
processed at once, which prevent its application in a clinical laboratory. In these regards an alternative
method for urinary exosome isolation by means of ultrafiltration in a comercially available nanomembrane
concentrator was proposed. Proteins can be concentrated by a 100 fold in the membrane, the recovery of
soluble proteins can reach 95% and the samples are concentrated in 10-30 minutes.

The aim of this study was to evaluate the efficiency of this method for urinary exosome isolation from samples
of patients diagnosed with various GD.

Material and methods
Collection and storage of urine samples was performed according to the protocol estabished in the
previous study. Urine samples from one patient with IgA nephropathy (IgAN), one with FSGS, one with MN
and a healthy voluteer were processed.
Urinary exosome isolation. The samples were thawed at room temperature and centrifuged at 13.000 rpm,
15 min. at 4°C. The supernatant was recovered without fragmentation of the sediment and processed in the
nanomembrane concentrator Vivaspin 20 (Sartorius, Goettingen, Germany). The samples were centrifuged in
the concentrator at 3.000xg, 30 min. at room temperature. The exosomal fraction was recovered from the
concentrator and stored immediately at -80°C, until further processing.
TEM examination. The exosomal fraction from the sample of the healthy volunteer was processed as
described in the previous study.

Results
Various exosomal fraction volumes were recovered after processing in the nanomembrane concentartor: 200
ul from the two samples from the healthy volunteer, 450 pl from the patient with FSGS. The samples from the
[gAN and the MN patient did not ultrafiltrate due to clotting of the nanomembrane.

TEM revealed urinary microvesicles with diameters ranging from 20 to 500 nm. Most of them had
diameters between 20 and 200 nm.

Conclusions
e Urinary exosome isolation via UF was efficient for processing of samples from a healthy volunteer
and a FSGS patient.

e TEM examination of the exosomal fraction revealed that most of the isolated vesicles had diameters
corresponding to urinary exosomes.
e The nanomembrane clotted when urine samples from highly proteinuric patients were processed.
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3. Urinary exosome identification based on biochemical criteria -
electrophoretic separation of urinary exosomal proteins

Premises and objectives
The identification of urinary microvesicles as exosomes requires the fullfilment of two criteria, the

morpholgical ones- discussed in the previous studies of this research and the biochemical criteria- which
require the evaluation of the urinary exosomal protein contents.

Proteomic analysis of exosomes revealed that they contain two sets of proteins: exosomal constitutive
proteins, which certify their endosomal origin and could suggest their biological role and a set of proteins
characteristic for the cell of origin. The proteins Tsgl01 and Alix/AIP1 have been identified among the
constitutive exosomal proteins and are belived to play a role in exosome biogenesis. The second protein
compound is represented by proteins specific for the cell of origin- podocin, podocalyxin and nephrin in the
case of podocytes.

The aim of this study was to identify urinary exosomes by means of their biochemical characteristics by
identification of common exosomal proteins (Tsg101 and ALIX) and to demonstrate their podocytic origin by
identification of podocyte specific proteins (podocin, podocalyxin, nephrin).

Material and methods
Urine sample collection and exosome isolation (DC method) were performed according to the protocols
established in the previous studies of the present research. .

Urinary exosomal protein separation was performed by Western blot according to the protocol of the
Invitrogen® system. Proteins migrated in gele were transferred on nytrocellulose membranes (Amersham
Biosciences- Hybond). Incubation with the first antibody (anti AQP2, 30 kDa (Sigma Aldrich); anti AIP1, 105
kDa (BD Biosciences); anti Tsg101, 46 kDa (Abcam); anti podocalyxin, 160 kDa, (Alpha Diagnostic); anti
podocin - 42 kDa and anti nephrin - 100 kDa (gift from the Madller research group) was performed overnight
at 4°C. Incubation with the corresponding secondary antibody was performed for 1 hour at room
temperature. Visualisation was realized by chemiluminescence. Protein bands were compared to the ladder
of the marker with known mollecular weights.

Results
AIP1 (Alix), AQP2 and nephrin could not be identified in the analyzed samples in repeated Western blots.
Tsgl101 was identified in repeated blots (a healthy volunteer and an IgAN patient). The identification of
podocalyxin succeded only once. Podocalyxin was identified in most of the processed samples (healthy
volunteers, 2 patients with IgAN and 2 patients with MN). Podocin could be identified repeatedly in the
sample from a healthy volunteer, bot not in the sample of a patient with IgAN.

Conclusions

e The identification of Tsg101 suggests the endosomal origin of the analyzed microvesicles.

e The identification of podocin and podocalyxin suggest the podocytic origin of at least a fraction of the
analyzed microvesicles.

e Coprecipitation of abundant urinary proteins occured and interfered with the detection of other
podocyte specific proteins of interest.

4. Analysis of urinary exosomal RNA as potential source of biomarkers for
podocyte injury in glomerular diseases

4.1. Establishment of a method for urinary exosomal RNA isolation

Premises and objectives
Research on urinary exosomes as noninvasive source of biomarkers of kidney injury follows currently two
directions: proteomic analysis, with the disadvantage of copreciptation of abundant urinary proteins in the
exosomal fraction and consecutive intereference with the identification of exosomal proteins and a second
direction represented by the analysis of exosomal nucleic acid contents.

19



It is known that urine contains nucleic acids, but they are not suitable biomarkers because they could be
released from apoptotic cells and so, do not reflect the transcriptional profile of functioning cells. Exosomes
are released from functional cells and the nucleic acids they contain would reflect the transcriptional profile
of functioning cells. It has recently been shown that urinary exosomes have a nucleic acid profile similar to
that of kidney tissue, harbouring ribosomal RNA as well as mRNA corresponding to proteins specific for every
segment of the nephron. In these regards urinary exosomal RNA could represent a reliable source of
noninvasive biomarkers for the evaluation of GD.

The aim of this study was to establish a method for urinary exosomal RNA isolation for further analysis of the
mRNA profile corresponding to podocyte specific proteins in GD.

General methodology
Collection and storage of urine samples was performed according to the protocol established in the first
study of the present research.
Urinary exosome isolation was performed using the DC method. The exosomal pellet obtained after
ultracentrifugation was resuspended in the lysis solution of the various RNA isolation kits and stored
immediately at -80°C.
RNA quantification was performed via ultraviolet spectroscopy and by Agilent 2100 Bioanalyzer.

Exosomal RNA isolation methods
RNA was isolated according to the manufacturers protocols. For each kit samples from healthy volunteers

were processed in parallel with samples from patients diagnosed with various glomerular diseases.
Experiment 1: RNeasy Mini Kit (Qiagen); Experiment 2: Invisorb Spin Cell RNA Mini Kit (Invitek); Experiment
3: ZR RNA Micro Prep (Zymo Research); Experiment 4: TRIzol Reagent (Invitrogen); Experiment 5: RNeasy
Plus Micro Kit (Qiagen).
Experiment 6: Amplification of urinary exosomal RNA (Arcturus RiboAmp HS PLUS Amplification Kit -
Applied Biosystems). Quantitative Real Time Polimerase Chain Reaction (qRT-PCR) analysis.
Amplification of RNA samples isolated by the RNeasy Plus Micro Kit protocol was performed in two rounds
according to the manufacturers protocol, from the sample of a healthy volunteer and an IgAN patient. The
cDNA synthesis system Superscript (Invitrogen Corp., Carlsbad, CA) was used for transcription of aRNA into
cDNA. The samples were further analyzed by qRT-PCR using the Real- Time PCR 7300 system (Applied
Biosystems). The samples were analyzed in dupplicate for glyceraldehyde-3-phosphatase dehydrogenase
(GAPDH) and rRNA subunit 18S.
Results
Urinary exosomal RNA could not be identified in the analyzed samples after isolation with the kits currently
used for RNA purification. After isolation with the RNeasy Plus Micro Kit and amplification of the RNA in two
rounds, sufficient RNA and of good quality for further downstream studies could be detected. rRNA could not
be detected in the analyzed samples.
Conclusions
¢ DC was efficient for urinary exosome isolation for further urinary exosomal RNA extraction.
e Storage of the exosomal fraction in the lysis solutions from the RNA isolation kits was efficient in
preserving the integrity of urinary exosomal RNA.
e Urinary exosomes contain small amounts of RNA, making the amplification step mandatory for
further downstream analysis.

4.2. Urinary exosomal RNA analysis in the experimental nephrotic
syndrome induced by puromycin (PAN)

Premises and objectives
Puromycin induced nephrosis represents the experimental prototype of MCD and FSGS. This nephropathy is
characterized by podocyte foot process effacement and nephrotic range proteinuria. Podocytes are the main
target of injury induced by puromycin aminonucleoside- so the experimntal PAN model has become an
important tool for investigation of podocyte physiopathology.
Puromycin administration induces production of free oxigen radical species which cause direct DNA
damage. The ultrastructural changes observed during PAN correspond to those seen in human MCD. Altered
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levels of mRNA and proteins, as well as alteration of podocalyxin, actin, podocin and nephrin function have
been reported in animals with PAN. Modifications of the podocyte actin cytoskeleton have been observed 3
days after disease induction and were followed by podocyte detachment and massive proteinuria.

The aims of this study were to isolate urinary exosomal RNA of good quality from the experimental animals and
its further analysis for identification of possible noninvasive markers of podocyte injury.

Material and methods
The experimental model. 16 male Sprague Dawley rats (Harlan Winkelmann of Germany®) were included
in the study. Disease was induced under anesthesia in 8 animals at day 1 of the experiment by intraperitoneal
injection of 150 mg/kg puromycin aminonucleoside (Sigma Aldrich). 8 control animals were injected with 1
ml 0,9% saline. 16 hour urine collections were performed at day 0-3-5-10 and 15 and proteinuria and
creatininuria were measured. Each sample was treated and stored according to the protocol of the first study.
Serum urea and creatinine were determined at day 0-5-10 si 15 of the experiment. The animals were
sacrificed at day 16 and renal tissue was collected for OM, IF, IHC and TEM analysis.

Urinary exosome isolation. Was performed for each 16 h urine sample by DC.
Urinary exosomal RNA isolation and amplification. Urinary exosomes from 3 PAN animals from day 0-5
and 10 were processed according to the protocols of RNeasy Plus Micro kit (Qiagen) and Arcturus RiboAmp
HS PLUS Amplification Kit (Applied Biosystems). The obtained aRNA was stored at -80°C until further
processing.
Affimetrix gene chip array. RNA sample collection and generation of complemetary biotinilated RNA
(ARNc) were realized according to the Affimetrix GeneChip® Expression Analysis Technical Manual
(Affimetrix, Santa Clara, CA, USA). Expression values were determined for each sample set and compared
between different moments of PAN, day 5 versus day 0 and day 15 versus day 0 with the Affimetrix
Microarray Suite 5.0 software.
gRT-PCR analysis. Was performed with the Superscript cDNA synthesis system (Invitrogen Corp., Carlsbad,
CA). The Real- Time PCR 7300 system (Applied Biosystems) was used for qRT-PCR.
Gene analysis. The genes of interest were analyzed regarding the proteins they code for and their
function/biological role with the GeneCards V3®database.

Results
After disease induction massive proteinuria was detected starting with day 5 in the PAN animals. Proteinuria
reached maximum levels at day 10 and started to decrease at day 15 of the disease. A temporary reduction of
renal function, indicated by increase of serum urea and creatinine, could be observed at day 5 with gradual
decrease of the two parameters to baseline from day 10 to day 15. Medium urine output in the PAN animals
decreased significantly at day 5, when the highest levels of urea and creatinine were measured, compared to
day 3 (p<0,05).

Gene array analysis of the urinary exosomal RNA revealed the expression of 7384 de genes. 1495 of these
genes had expression level differences of at least 1,5 fold at the three analyzed time points of PAN. 608 of
these genes were satelite sequences or hypotetic genes, while 887 corresponded to known genes. 78 of the
known genes had expression differences of at least 3 fold at the analyzed time points. The genes with
expression differences could be grouped in genes associated with the cytoskeleton and extracellular matrix,
exosome associated genes, genes involved in apoptosis and oxidative stress associated genes. Most of the
genes with expression difference coded for cell cytoskeleton proteins.

Actg (encodes actin) expression decreased progressively at the 3 time points of PAN on Gene array analysis.
gRT-PCR analysis revealed an expression peak at day 5. Des (encodes desmin) expression incresed constantly
during the course of PAN. Expression of Vim (encodes vimentin) peaked at day 5 and decreased at day 10, but
did not reach baseline expression values. The expression pattern of Tubala and Tubalc (encode the alpha
subunit of microtubules) was similar, with an expression peak at day 5 and a decrease at day 10. Arpc2 and
Dstn encode the cytoskeleton regulatory proteins actin related protein complex and respectively destrin. The
expression pattern of these two genes corresponded on Gene array and qRT-PCR analysis.
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Conclusions

e Puromycin induced massive proteinuria in the experimental animals. A transient decrease of renal
function with the reduction of diuresis was also observed.

e Gene array analysis revealed groups of genes which correlated with known physiopathological
mechanisms of the puromycin induced nephrotic syndrome, i.e. oxidative stress, apoptosis and
podocyte cytoskeleton reorganization.

e 5 genes which encode very probable podocytic proteins (Actg, Des, Vim, Tubala and Tubalc) and 2
actin regulating genes (Arpc2 and Dstn) were identified in the group of genes associated with the cell
cytoskeleton, which could represent promissing noninvasive biomarkers of podocyte injury for GD
causing NS.

GENERAL CONCLUSIONS

1. The degree of podocyte foot process effacement correlated to the level of proteinuria in the patient group
dignosed with various GD. The evaluation of a more uniform nosologic patient population with GD could
define the role of foot process effacement as an ultrastructural marker of podocyte injury more precisely.

2. Urinary microvesicles were isolated by DC, most of them having the morphological characteristics of
urinary exosomes.

3. The second morning urine spot sample was adequate as starting material for urinary exosome isolation.
Treatment of urine samples with protease inhibitors, antibacterial agents and storage at -80°C prevented
urinary exosome degradation.

4. Urinary exosome isolation via UF in a nanomembrane concentrator was not suitable for samples from
patients with significant proteinuria.

5. The identification of the exosomal constitutive protein Tsg101 and podocin proved the podocytic origin of
at least a fraction of the isolated urinary exosomes.

6. Coprecipitation of abundant urianry proteins in the exosomal fraction during DC interfered with the
identification of other podocyte specific proteins. Further studies are necessary to establish methods for
supplementary purification of the exosomal fraction.

7. Urinary exosomes harbour small amounts of RNA implying an amplification step for further downstream
analysis of exosomal RNA.

8. The experimental nephrotic syndrome induced by puromycin was adequate as certified by the massive
proteinuria detected in the PAN animals.

9. Gene array analysis revealed groups of genes involved in known physiopathological mechanisms of PAN,
i.e. oxidative stress, apoptosis and podocyte cytoskeleton reorganization.

10. Seven genes encoding very probable podocytic proteins were identified in the group of cell cytoskeleton
associated genes, with promissing potential as noninvasive biomarkers of podocyte injury in GD causing NS.
11. Further correlation studies of the exosomal expression of these 7 genes to the level of encoded proteins or
to the expression pattern of these genes in renal tissue of PAN animals are necessary to establish their role as
noninvasive biomarkers of podocyte injury.
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