


MepiTrTwoon 1.

Moidi 8 eTwv TrapatroviéTal yia KoIAIak® AAyog kai apOpalyieg.
oupa Tou gival BoAepd Kal a@pwdn Kal Tov TEAEUTAiO Kaipd TO Bapo

TOU €X&l au¢nOei atréTopa Kard 10 KIAA evw gp@avifel avopedia Kal
Kakn 01a0son. Kard tnv QuOoIKN £E€Taon eu@avifel oidnua TTPocwWITOU
KUPIWG TrEPIOPOAAMIKO KOl  oIdnuHa apfpwoewyv yYoOvaTOS KAl
modOoKVNUIKAG. H aptnplaki Trieon e€ivar 160/100 kon €xer +++
MPWTEIVEG OTA oUpa. ATTO TOV  £PYAOTNPIOKO EAEYXO TTPOKUTITEI
UtTEPAITIOAIMiIa, uTroaABoupivaidia kol >3ypoad TTPWTEIV) O€ oupda
24wpovu.










MepitrTwOOoN 2.

Avopag 70 etwv pe ZA amrd 10etiag gu@avilel oidnUHa KATW OKP
duoTrvola, vauTtia Kal KolAlokO dAyog. Ta oupa Tou gival BoAspa Kai
appwodn. Karda tnv @uoIKi £&€taon ed@avifel oidnua TTPOCWITOU
KUpiwg  TTEPIOPOOAMIKO, o1dnua  apBpwoewv  yovatog  Kal
TTOOOKVNUIKAG Kal ackitn. H aptnplaki mrieon €ivar 180/110 koan £xEl
+++ TTPWTEIVEG OTA oUpA. ATTO TOV EPYAOTNPIOKO EAEYXO TTPOKUTTTEI
augnMEVN oupia Kol KPEATIViIVN, UTTEPAITTIOAIMIO, UTTOaABOUMIVAIMIa Kal
>3ypaM TTPWTEIVN O€ oUpa 24wpP0u.

Evw voonAevetal gu@avidel odcia emdeivwon 1tng OUCTIVOIAG KAl
KaTaAnyel AOyw TTVEUHOVIKNG EMBOARG



Aidyvwon veppwoikd ocuvdpouo

Mpwreivoupia >3gr To 24wpo
YtroaABoupuivaipia
Y1repiAImidaipia

Oidnua




= PATHOPHYSIOLOGY
| WHAT HAPPENS IN NEPHROTIC SYNDROME

Hypoalbumdnemia

Y

Reduced intravascular oncotic pressure

Y

Loss of fluid inte the interstitial space

.

Y

Increased albumin
production and
lipoprotein syntlesis

Reduced plasma volume

Y

Y

Y

Increased seram
trighycerides and low
density lipoproteins

Increased
aldosterome secrelion

Decreased remal
Tamsction

Y

Y

Y

Salt and water retention

Lipiduria

Y

Edema




Complications of Nephrotic Syndrome
Infection (especially cellulitis and, in 2 to 6%,

spontaneous bacterial peritonitis)
Anemia
Hypercoagulability and thromboembolism (especially

renal vein thrombosis and pulmonary embolism, which
occur in up to 5% of children and 40% of adults)

Protein undernutrition in children (sometimes with
brittle hair and nails, alopecia, and stunted growth)

ary artery disease in adults

opsonins
immunoglobu
Loss of erythropo
and transferrin
Loss of antithrombin Il
Increased hepatic
synthesis of clotting
factors

Platelet abnormalities
Hyperviscosity caused
by hypovolemia

Loss of proteins
Sometimes decreased
oral intake secondary to
mesenteric edema

Hyperlipidemia with
atherosclerosis
Hypertension
Hypercoagulability
Renal Na retention

Corticosteroid use




Neppwoiké ocuvdopopo

2UXVOTEPO AiTIO

*N6o0Gg eAaxioTwV AAAOIWOEWYV (CUXVOTEPN AITiO OTA TTAIOIA)
*ECTIOKN TUNUATIKA CTTEIPAMATOOKARPUVON

‘Meuppavwdng oTreIpaATOVEPPITIOA

2 A (OuxVvOTEPN AITIO OTOUG EVIAIKEG)

JEA

[TpoekAapyia




H veppikl avemrdpkela aTroTeAEl KUPIO aiTIO voonpor
OvnTéTNTOG APopwWVTAG TrEPITTOU TO 11% TOU TTANBUGCHOU.

O1 TTaBrioeIg Tou VEPPIKOU OTTEIPANATOS OONYyouUVv CUXVA OE VEQPIKN
vOo o TEAIKOU oTadiou HE TNV dSI1aBNTIKA VEQPOTTABEIa VA ATTOTEAEI TV
1N aitia XpOVIAG VEQPIKNG AVETTAPKEING

NMoAAég TTOBROEIC TOU VEQPPIKOU OTTEIPAMOTOS CUMTTEPIAAUBAVOMEVNG
TNG S1aBNTIKNG VEPPOTTABEIaG EKONAWVOVTAI ME TTPWTEIVOUpPIA

H mpéoparn yvwon Tng HOPIOKAG OVATOMIKAG TOU VEQPPIKOU
OTEIPAMATOG/TTOOOKUTTAPWY  €XEI  OCUMPBAAAEl  ONMAVTIKA OTNV
KOTAVONON TWV MNXAVIOMWY TNG TTPWTEIVOUPIAG.




Normal glomerular capillary Capillary with proteinuria
R -:'h.




processes
attached by a thin

membrane

Glomerular basement
membrane (GBM)



MepiTrTwon 3.

Neapdg avdpag 20 eTwv CTPATOAOYEITAI YIO VO EKTIOEI TNV CTPATI
TOU OnTeia. ZTOV 1OTPIKO EAEYXO TWV VEOCUAAEKTWY TTPOKUTITEI OTI €X
aptnpeiakn trieon 180/110 evw TO KAIVIKO TOU ICTOPIKO ATAV MHEXPI TWPO
eAeUBepOo. YTORAAAETAI O EgpyacTnPIOKO EAEYXO Kal  OTO
UTTEPNXOYPAPNHA KOIAIOG TTapoucIdalel HeEYAAa VEQ@PA ME TTOAAATTAEG
KUOTEIG KOBWG Kal KUOTEIS 0TO ATTap. H VEQPIKA TOU AgIToupyia €ivail
KaAn.

10 pRveg apydtepa Tredaivel Adyw Baputartng €YKEQPOAAIKNG
aipoppayiag

Ayvwor): AUTOOWHMIKA ETTIKPATOUOO TTOAUKUOCTIKE) VOO OGS VEQPWV






Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

.

Diaphragm

Adrenal gland
Kidney
Renal artery

Renal vein
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Adrenal glands




NEZPOI

AciToupyieg

Amopdakpuvon To§IkKwv ouoiwv
Ouol6oTaon uypoU Kai NAEKTPOAUTWYV
O€eopaoikn 10oppoTia

Evdokpivikn AsiToupyia:

—-EpuBpomoinTivn

—Pevivn

-1, 25-(0OH), pirapivn D (12 udpofuAaon)



NEZPOI

Oton: OmoOornepiTovaika
ané ©12-03. Méoa oTnv
VEQPIKN TEPITOVIA
nepiPpalAopeva ano
TEPIVEPPIKO AimOC. 2ZTOUG
avw moAouc Ta emivewpidia

EpuBpodyaiol oxnuarog
@aocoAioU O 10x6.5x3 ek

270 éow xeihoc kabe
vepoU n wUAN ( amd 6mou
Ol1€pxovTal Ta VEWPIKA
ayyeia Kai veUpa Kai
e€EpxeTal n vePpikn
neAoc (To apxiko
X0avoEeIdEC THNAHA ToU
oupnTNPa) Kail HETATITTEI
oTovV oupnThpa
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NEZPOI

Kaya ouvdeTiKoU |
é€w oTipada (ivopAa
Kal iveC KOAAayovou) Kal
éow oTipada
(pvoivopAdaoTecg)

$Aoi6¢ epuUBPNC-KaAOTAVANC
xpoilac (oTo vwmo
napaokeUopa) eEwWTEPIKO
TuApa

MueAdc avoixToxpwpo
EOWTEPIKO THAHA

To xpwua oweiAeTal oTnv
wAoUola aiparwon Tou
pAoioU (90-95% Tn¢
aigaTtwonc oTo PAoiod)

aokeUAopa



Movipgoroingévo mapaokevaoua



$Ao10¢

MueAikég akTiveg (40
500, akTivopoAolv amo
pHUeAO-Paon mupapidwv
TtPoC PA0I0)

FAoiwdeic AaPupivBol
MueAdg

MueAikéc mupapidec (8-
18) paon mpo¢ TO YAOIO
Kal Thv Kopupn mpoc TN
VEPPIKN mtUeAo. KaBe
nupapida diaipeital oe efw
Kai €éow pueAd. H kopupn
(GnAn) mpoPaAAel oe é€va
eAdooova KAAuka

Neppikoi otnAec (Bertin).
Tunpa o@AoioU peTall TWV
TUpapiowv
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{2} Frontal section of left kidney, anterior view
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Fibrous capsule

$Aol10¢

MueAdc
Negpikn oTnAn
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Neyppwvac
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Distal convoluted tubule
b i Juxtamedullary nephron ‘ﬂ'ap avwvn

Proximal convoluted tubul
— Renal corpuscle

) KaBe veppoc =«
Proximal convoluted tubule

= § 5_-1--H‘-
| X -:= _. f\a \\ Hsg;: I:::EIH::IB {cut) SK . Ve(ppwvec
| LSS\

Glomerular capsule

A& e AwoTeAeiTal: Negpiko

¥ & we gwPaTIo Kal ZUoThpd
owAnvapiwv (eyyuc

- goneipapévo, aykUuAn Tou

Henle,anw goneipapévo

Nephran loop

Arcuate vessels aw Anv d plO)
O veppwvag Exel
O1aPopeTIKA epPpUoAoyIKi
wpoéAcuon ano
| aBpoioTikoUC TOpoug
Ul OnAwdeic . .
w6pO! TOU Negpwvac + aBpoioTiko

owAnvapio = oupowopo
owAnvapio

Bellini




Neppiko owpari

EBivai To opaipikd apxiké THApa Tou vegpwva (O
TPOOUPO HE UTePdINONON Tou mAdoHaToC

Negppikdé omncipapa (B0oavoc Tpixoeldwyv) Kali KaAya
(mepionAdxvio Kal wEPITOVO TETAAO, OUPOYOPOC XWPOC)

AYYEIAKOC TOAOC Kdl OUPIKOC TOAOC
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Negppiko ocwpario

Kaya tou Bowman
TTepiowAaxvio: wodoKUTTAPA

TTepiTovo métalo: wAakwdn ewiOnAiaka KUTTApPA

Cilomesilar
capaELka

| g . |
Parisial Viscaral
opithelium  apihelium




TTOAOKYTTAPA

OQ@OPETIKA OOMIKA KOl ALITOUPYIKA TMAMOTA. KUTTAOPIKO OWHA,
KOl OEUTEPOYEVEIG aTTOPUADEG (TTOdioKOI).

AUTTTOUV TNV ESWTEPIKA ETIQPAVEIA TOU TOIXWMHOTOG TOU
€100UG, TTPpooKoAAouUpevol otnv GBM, kaTtd T€ETOI0 TPOTTO
OioKOI va TTpoEpXoVvTal aTTO OIAPOPETIKA TTOSOKUTTAPA.
govral pe €va Aento didagpaypa (slit diaphragm), To






Basement Membrane

Red Blood Cell
Endothelium

Podocytes

Mesangial Matrix



epithakum

d] The filtration apparatus



Meoayyelaka KUTTA

Distal
Tubule with
Macula Densa
Blood IN
\ \ Blood OUT
Afferent
Arteriole Efferent
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Renal

Corpuscle
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of Renal Corpuscle
(Podocytes)

Bowman's
Space

Beginning of Urine OUT
Proximal Tbule
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Meoayyelaka kKUTTapa-Meoay

TTpoépxovrai and mpodpopa KUTTAPA AEiWV HUIKWY KUTTAPWY.
nepIKUTTApa evrowilovral péoa ortnv BM Tou onelpaparog.

AceiToupyiec

-Aopikn oTRPIEN

-2 0vOeon sfwkuttapiac ovoiac (e€.ouoia peoayyeiov)
—PayokutTdpwon (amopdkpuvon oudiwv ard Tnv BM Tou omeipaparoc)

—2 UvOeon-£KKpion oudiwv: auénTikoi mapayovreg, Kutokivec (amokpion
o€ omelpapartikn PAapn)

—2 UOTAATIKOTNTA—pUONION oreEIpApATIKAG pon¢ kai dindnonc (umodoxeic
ia ATII)

aTika Heoayyelaka KUTTapa (rapaowelpapdTiKn CUOKEUR)




































Image of a lobule of the glomerular tuft: red arrows indicate several
mesangial areas in which there are 1 or 2 nuclei. Green arrows indicate
nuclei of endothelial cells (Masson’s trichrome, X400).




The GBM is seen perfectly smooth, without perpendicular irregularities nor projections (red
arrows).

The flat cytoplasm of the visceral epithelial cell can be seen; and in some points, it is possible
also to see the cytoplasm of the endothelial cells.

The nucleus of a podocyte appears pointed with the green arrow.

The nuclei of the endothelial cells usually are found towards the mesangial portion of the
capillary (blue arrow) (Methenamine-silver)



* The mesangial matrix is
formed by different types of
collagen (I, IV, V and VI),
microfibrillar proteins,
glycoproteins, proteoglycans
and other components

* The mesangial matrix, like the
basement membranes of
capillaries, Bowman’s capsule,
and tubules are rich in type IV
collagen, and has affinity by
the methenamine-silver stain.
See the irregular characteristic

aspect of mesangial matrix (in

black) in a normal glomerulus

(Methenamine-silver, X.400).




The mesangial matrix also stains with the PAS, like the basal membranes, due to the
affinity of PAS by type IV collagen (PAS, X300).




NEZPIKO ZTTEIPAMA

Ee1d1keupévn doun
eSaoc@aAidel 111\ EKAEKTI
uTTEPOINBNON TOU TTAAOMATOG £TOI
WOTE ONUAVTIKEG TIPWTEIVEG Va
TTAPOAUEVOUV OTO Aipa KAl va pnv
TTEPVOUV OTO TTPOOUPO

2 TTEIPOAMATIKA TPIXOEION

‘Kawa Bowman (é€w emiBnAiako
Kal €0W £TTIONAIOKO TTETAAO)




HOMOZ ZMNMEIPAMATIKHZ AIHOHZHZ

H &dinon Tou
TNV TTOpaywyrn TOuU
yiveral diapéoou Tou no
OTTEIPAMNATIKAG OINONONG.

TO

EKAEKTIKOTNTA WG TIPOG
MEyEBOG Kal TO QOpPTIO.

ATtroteAgiTal aTTd TPIA CUCTATIKA:
*To Bup1dwTO EvO0BRAIO

*Tn Baoikn pepppavn

*Toug TodioKOUG-OINONTIKA
oXIoMR-O1d@payua

cAlatapaxni TnG Sopng Tou NOuoU
odnyei ot augnuévn
olatrepaToTNTA Kal
TTPWTEIVOUpPIa




Lumen of glomerular capillary



ENAOOHAIO ZzMNEIPAMATIKQN TPIXOEIAQN

*@upidec & 70-100 n
oUVTNSEN EYKOATTWOEWYV
MeEMBpPAvVNG (caveolae)

=Alag@paypara?

=ApVNTIKA POPTIOHEVOC
vAukokdAukac (rodokaAu€ivn)
/EKAEKTIKOTNTA NOHOU WC mPog
TO YopTio.

=TTapaywyn ayyeiodpacTiKwy
ouoiwv (NO/evdoOnAivn)

=Ta TTodokUTTApa €AEyxouv Tnv
diapopomoinon Kai AsiToupyia
TWV €VOOONAIGKWY KUTTAPWY
(VEGF)




BAZIKH MEMBPANH

= Trayxog 300-4

“KOAAayoévo TUTTOU
EVTOKTIV KAl TIpWw
TAouolieg o€  OEIiKN
(aykpivn kai TTEpAEKAVN)

=TTapaywyn ano evdoOnAiaka
KUTTApa Kai modokUTTapa.

=H dopql BM oupBdAAelr otnv
AgiToupyia Tou nGuOU

"Mé&ye@og: koAAayovo Tutrou |V,
Aapivivn

"(OPTIO: TIPWTEOYAUKAVEG.

=2. Alport (a aAucida koAAayovou)
2. Pierson (B2 aAucida Aauivivng)




TTOAOKYTTAPA

QOPETIKA OOMIKA KOl ALITOUPYIKA TMAMOTA. KUTTAPIKO OWHA,
KOl OEUTEPOYEVEIG aTTOPUADEG (TTOdioKOI).

UTTTOUV TNV €£SWTEPIKN ETTIQPAVEIN TOU TOIXWHATOG TOU
€100UG, TTPpooKoAAouUpevol otnv GBM, kaTtd T€ETOI0 TPOTTO
IOKOI VO TTpOoEPXOVTal ATTO OIO@POPETIKA TTOOOKUTTAPA.
ovral pge €va Aento diappaypa (slit diaphragm), To



GBM kai onelpapaTtikéc adno

Table 2 | Genes Involved In GBM, mesanglal, and endocaplilary-assoclated glomerular diseases

Disease (OMIM number) Genes Locus Inheritance Protein Function and mechanism

GBM-assoclated genetic defects

Xdinked Alport syndrome COL4A5 Xg22 a5 chain of type IV Major component of the GEM

Autosomal recessive Alport COL4A3  2q36-37 a3 or a4 chain of type IV Major component of the GBM

syndrome (203780) COL4A4

Autosomal dominant Alport COL4A3 2036-37 a3 or ad chain of type IV~ Major component of the GEM

syndrome (104200) COL4A4

Thin basement membrane COL4A3  2q36-37 a3 or a4 chaln of type IV Major component of the GBM

diseases (141200) COL4A4

Plerson syndrome (609049) LAMB2 3p21 Laminin p2 chaln Interacts with Integrin a3f1; links the GBM
to the actin cytoskeleton

Nall-patella syndrome (161200) LMX18 9q34.1 Regulates podocyte genes encoding nephrin,

podocin, CD2AP and the a3 and ad chains

of type IV collagen



2. 0vdpopo Alport
Familial progressive hematuric nephritis and hearing loss

EM: Tlaxuvon tn¢ GBM pe diaxwpiopo, Tpnpartomoinon Kai av
opia/AénTuvon

COL4A5 (X-linked Alport) COL4A3 COL4A4 (AD, AR Alport)
X-linked Alport kai AR Alport £€xel Tn X€ipoTepn mpoyvwon

Thin Basement membrane disease

vl vooo¢ (1% Tou mAnBuaopouv)
OEUTIKN dipaToupia
Ia pervaMAa€eic Tou COL4A3 COL4A4 (ypopeic yia AR



Electron micrographs of GBM from pa
(A) thinning, (B) thinning and splitting



Electron micrographs of GBM from pat
(C) basket weaving (D) thickening and ba
lamina densa.



Electron micrographs of GBM from p




2. 0vdpopo Pierson

MeTaAAaleic Tou yovidiou LAMB2 mou Kwdikomolel TRV
isoform. H lamininll eivai n Kupid6Tepn AduIvivh TTOU TTEPIEXE
Igopoph. Kupio ouoTtaTtiké Tng GBM pe onpavTiké poAo athv 81dThpn
OOMIKAGC  akepaidTRTA ThG.  2UVOEeTal  €mmiong  HE  IVTEYKPIV
dlapgecoAapwvTag Th ouvdeon Twy Todiokwyv othv GBM

AUTOOWHIKO  UmoAcimtopevo  voonpd.  Mikpokopia,  VEUPOAOYIKEC
o1aTapax£EC Kal mpwTElvoupia

0000000
| |

L X N N )
GBM

Collagen IV




TTOAOKYTTAPA

QOPETIKA OOMIKA KOl ALITOUPYIKA TMAMOTA. KUTTAPIKO OWHA,
KOl OEUTEPOYEVEIG aTTOPUADEG (TTOdioKOI).

UTTTOUV TNV €£SWTEPIKN ETTIQPAVEIN TOU TOIXWHATOG TOU
€100UG, TTPpooKoAAouUpevol otnv GBM, kaTtd T€ETOI0 TPOTTO
IOKOI VO TTpOoEPXOVTal ATTO OIO@POPETIKA TTOOOKUTTAPA.
ovral pge €va Aento diappaypa (slit diaphragm), To



Alakpivoupe TPEIG OOMIKEG-AEITOUPYIKEG TT
TTOOIOKWV:

[lepioxn Tou diagppaypartog (Slit diaphragm domain):
Boown peplfpavikn mepioyn (Basal membrane domain-
foot).

Kopupaia peppBpaviki repioxn (Apical membrane domain).




MEMBPANIKH TTEPTOXH ATAZPArTMATOZ

1974. MeAéteg H/M -Karnovsky kal Rodewall. Aiagpaypa:
doun oav «PEPHOVApP».

Tk

PO &

40u 40 A




] e
po;’I
P-cadherin

P-cadherin

cgtenins

(

F-actin




ATIAZPATMA

MOAU-TTPWTEIVIKO CUMTTAEYMO

“2UVvOEEl TIGC MEMPBPAVEG YEITOVIKWYV TrodioKwv (OUo OIa@OopPETI
MOOOKUTTAPWYV) -TpoTTOTTOINMEVH {WVN TTPOCPUONG.

"2 UVOEETAI PE TOV KUTTOPOOKEAETO TWV TTOOOKUTTAPWYV
srnuarodoTikn Asitoupyia (c1oOnTAPAG-pUBUIOTAG TWV OGAAAyWV TOU
OXNMATOG TWV TTOdICKWYV KAl EVOPHOVI{ElI TOUG YEITOVIKOUG TTOOIOKOUG

ETO1 WOTE vVa dlaoc@alieTal n AsiToupyia Tou nOpoU diIRBnoNg)

10 N diaTtapayr Tou SIaPPAYHATOG — TTPWTEIVOUpPIA



(a)

Foot process

membrane FN

N/

NEZPINH

lgG-like maotif

4

cj\wm

Extracellular domain

Intraceliular
domain

Foot process
membrans

(c)

(d)

molecule

Fool process
membrane

Pore Mephrin molecule Foot process

membrane

Albumin

Neph-2

Convaluted
strand

— Fool process
membrane

TRENDS in Molacular Medicing

1998. Y1repolikoy
VOO OO0 PAIPIVIKWV
TTPOOKOAANONG.

Baoiko OUOTATIKO
S1appaypaTog.

Mépia veppivng a1méd YEeITOVIKA
Ol10POPETIKA TToOOKUTTAPA
OAANAETTIOPOUV OHOQUAIKA MECW
TWV €§WKUTTAPiWV IgG THNMATWYV
TOUG YIO va OnMIOUPYROOUV ThHV
TToPWON doun cav PEPUOUAp.




NEPHIi -2
nephrin

F-actin

P-cadherin
P-cadherin

cdtenins



NEZPINH

H veppivn gp@avifel TTOAUTTAOKES TTPWTEIVIKES OAANAE
TTOU ESUTTNPETOUV:

=2Ta0gpoTToinon d1a@PAYHATOG
“2UVOEON ME KUTTOPOOKEAETO

“Metaywyg ongATwy TOU  €AéyXouv TNV OUVOMIKA TOU
KUTTOPOOKEAETOU-Oou)/ OXAHMO TTOOICKWV-OIATTEQPATOTNTA NOMOU



F-actin

KATXEPINEZ



SD A
Transmembrane P-cad herin E-, M-, P- and
adhesion proteins FAT VE-cad herins
Mephrin icell type
MNephl-3 specific)
JAMA
Adaptor proteins o=, B- and o=, B-, v and
catenins f—catenins
pl20-catenin
Synpo
a-Actinin c-Actinin
Yinculin Vinculin
Talin Talin
Cytoskeletal Actin Actin
proteins







AgITOUpPYIK) onuacia ve@pivng Kol OXETICOMEVWYV TT
S1a@paypaTog otnv SoUR Kal AgIToupyia Tou NOUOU TNG OTr

o1Rlnong

MeTaAAdgeig oTo yoVidlo TNG VEPPIVNG Eival UTTEUOUVEG YIO TO CUYYEVE
VEQPWOIKO oUvOpouo DIAAavOIKOU TUTTOU

Meciwon Tng EKPPAONG TNG VEPPIVNG OVEUPIOKETAI OE OIAQPOPES
TEIPOMATIKEG KOl M  VEQ@POTTAOeleg Trou ouvodguovTal Ao
TPpWTEIVOupia (T S1aBNTIKA vEQPOTTABEIa)

MetaAAdgeig oto yovidio Tng Trodooivng e€ival utrevBuveg yia pia
Hop®IN avOlekTiIKoU oTa oTePOoEId) CNS TtTou gp@avifeTan oe TToNdIA
nNv-5xp Kai e¢eAicoeTal Taxutata og FSGS.

¢€iIg oto yovidio Tng CD2AP ka1 TRPC6 guBivovrtal yia
£€G MOopPEG FSGS.



BAZIKH MEMBPANIKH TTEPIOXH
(THE STICKY SOLE OF THE FOOT)

Mopia TTpookOAANoNG-ouvdeon TTOSIOCKWY ME BaoIKA MEMB

2UMTTAEYpOTO TTOU OAANAETTIOPOUV HETAEU TOUG, CUVOEOUV TNV
ECWKUTTAPIO oucia TG BM pE TOV KUTTOPOOKEAETO TWV
TMOOIOKWY Kal puluilouv TNV OUVAMIKA TOU KUTTOPOOKEAETOU-
nOuo oTreIpapaTiKiG 81IROnoNG.

o2 UMTTAEYMA IVTEYKPIVNG.

AEYpA TNG OUOCTOYAUKAVNG.
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INTEMKPINEZ

Ox1 a1TAoi HNXaVIKOi CUVOETEG- ONUAVTIKOG ONUATOOOTIKOS PO
2UMMETEXOUV OE 000UG METAYWYNG ONMATWY atmé BM oTO €0WT
TOU KUTTApou (outside-in) aAAd kai avrioTpoga (inside-out).

outside-in signaling: ol IVTEYKpiveG etrnpedalouv Tn OUVAUIKN TOU
KUTTOPOOKEAETOU (OXNMO, KIVNTIKOTNTA, METAVAOTEUOT) OE ATTOKPION
o€ ESWTEPIKA gpeBiopaTa

inside-out signaling: KUTTAPIKG gpedicpaTta TTpokaAouv aAAaynl oTnv

IKOVOTNTA TTPOOCOEONG TWV IVIEYKPIVWY 0TV BM-cUoTnpa HEOW TOU

TMoioU Ta TTOOOKUTTAPA puBuifouv TNV dnuioupyia Kal diIaThPNon TNG
1S TG BM

sion Kinase & Integrin-linked kinase (ILK)



ILK

2NHATOdOTIKO HOPIO KAEIDI
"pUOMION TNG OAANAETTiIOPOONG TWV TTOOOKUTTAPWY HE
£EWKUTTAPIO ouTia

"AEITOUPYIKI) oUVOEON TNG BACIKAG MEMBPAVIKAG TTEPIOXNG HE TO SD

Méow TwV TTOAUTTAOKWYV AAANAETTIOPACEWYV TNG HE TTPWTEIVEG OTTWG Ol
mapBiveg ka1 T0 PINCH eAéyxel Tnv OUVOMIKA TOU KUTTOPOOKEAETOU
OKTIVNG-OXNHa- HoppoAoyia TTOdioKwWY

EAEyxEl E€k@paon Hopiwv Tou SD 6mwg Tng CD2AP ka1 tng p-
TXEPIVNG

1I0pA PE TNV VEQPIV Kol EAEYXEI TNV EVTOTTION TNG

EMITTEOWV EKQPpaong TNG ILK trpokaAei TTpoodeuTIKNA
OTTEIPOAMATOOKARPUVON KOl TTPWTEIVOUpPIa



INTEMKPINEZ

2NHAVTIKOG pOAOG OTNV ALITOUPYIA TWV TTOOOKUTTAPWV.

Xoplynon AavTiICWMATWY KATA TG Bl IVIEYKPIVNG OEf TrOVTIKIA
TTPOKOAEI EEAAAEIPN TWV TTOOOKUTTAPWYV KOl TTPWTEIVOUpPIA.

H éAAsiyn a3-1vteykpivng amrd Ta TTOdOKUTTAPA 0dnyei o€ aduvapia
OnuIoupyiag TTOdIoKWY Kal atrodliopydvwon TnG BACIKAS MEMBPAVNG.
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AYZTPOIAYKANH

PbéAog

“200TNMO MECW TOU OTTOIOU Ta TTOOOKUTTAPA EAEYXOUV TN TTUKVO
TWV TIPWTEIVWV TNG ESWKUTTAPIOG OUCIOG KOOI OUVETTWG TN
SlatreparérnTa g BM

“Opydvwon TnG A&IToupyikKAG OAANAETTIOPAONG TWV CUMTTAEYHATWYV
TTPOOKOAANONG O0TNV BACIKN) HEMBPAVIKA TTEPIOXN.

EIWMEVN EKPPOOT TNG a Kal B SUCTPOYAUKAVNG £XEI CUOXETIOTEI ME
1PN TWV TodioKWYV Kal Trpwreivoupia (MCD kal ve@potrafeia arrd



NMOAOINAANINH -MEI'AAINH

lNodotrAavivn. Zg& KOPKIVIKA KUTTOPO €AEyXEl TNV OUVAMIK
KUTTAOPOOKEAETOU OAAA n akpIBRS QUOIOAOYIKN A&iToupyia TNG
TMOOOKUTTAPO Oev gival yvwoTh. QoTé600 OnMAVTIKO pPOAO OTh
O1aTAPNON TOU OXNHATOG-OOMIKNG OKEPAIOTNTAG TTOOICKWY KOl KATA
OUVETTEIO OTNV SIATTEPATOTNTA TOU OTTEIPAMATOG:

Meciwon Tng ékppaong tng TodotrAavivng oTnv ve@potradeia artro
TToupopukivn (MCD model)

Mpwrtelvoupia kol €EAAsIPn TwWV TOOIOKWY HETA atmd YOopnRynon
TTOAUKAWVIKOU AVTICWHATOG KATA TNG TTOOOTTAAVIVNG O€ TTOVTIKIA

MeyaAivn. AvAKEl oTnVv oOIKoyévelad TwV LDL utrodoxXéwv. ZnMAVTIKO
POAO OTNV ATTOPPOPNON OTO EYYUGS. ZTA TTOOOKUTTAPA EVOOKUTTAPWOT)
AITTOTTPWTEIVWYV KOl OUVOEDT HE TOV KUTTOPOOKEAETO akTivng. Eival to
vBuvo avTtiyévo oTnv veppitida Heymman.







KOPY®AIA MEMBPANIKH NMEPIOXH

H mepioxnn autl KoAUmrTetalr ammdé éva (-) @QOPTICHEVO OTp
YAUKOTTPWTEIVWYV TO OTT0i0 CUHMBAAAEI OTNV EKAEKTIKOTNTA TOU NnOUOU
01RONoNG WG TTPOG TO POPTIO AAAA Kal dlATNPEI TNV APXITEKTOVIKI TWV
TMOOIOKWV g£UTTOdi{ovTag AOYW atTwlnong Tnv CUNTITWON YEITOVIKWV
TTOOICKWYV

ookaAugivn ka1 Glomerular epithelial proteinl (GLEPP1)



NHERF1-2 [t () e
ezrin ¢ POQ(in‘

GLEPP1



MOAOKAAYZ=INH

210AOYAUKOTTPWTEIVH - KUPIO CUCTATIKO TOU YAUKOK
= JUMBAAAEI oTNV EKAEKTIKOTNTA TOU NOMOU WG TTPOG TO POP
= Eptrodilel Tnv mTpooKOAANOT) YEITOVIKWY TTOOIOCKWYV KABWG K
TTOOOKUTTAPWY ME TA TTAAKWON €£mIONAIOKA KUTTAPO TOU £
TMETAAOU, dIATNPWVTAG £TOI AVOIKTA TNV dINONTIKA OXIOCHAR KOl TOV
OUPOPOPO XWPO.
= AlaTAPNON TNG APXITEKTOVIKAG TWV TTOOICKWYV HEOW TNG OUVOEONS
TS ME TOV KUTTOPOOKeAETO. AUTH OlapecoAaBeitar amrd TIg
mpwTteiveg NHERF2 kau ezrin.

H amoouvdeon T1ng TTOodoKOAUSivng a1mrd TOV KUTTOPOOKEAETO
onNyei o0& oamwAsla Twv Todiokwv/knock out TTOVTIKIO
TUYXAVOUV VO OXnMOTioOuv TTOOIOKOUG Kal dia@pAaydaTta Kal
UV OTTO OVOUPIKN VEQPIKA OVETTAPKEIQ.







GLOMERULAR EPITHELIAL PROTEIN1 (GLEPP1)

Eivau pia pepBpavikn TTPWTEIiV HE OpaCTNPIOTNTA @EWOQATACNS
TUpPOOiVNG.

“2UMBaAA&l otn dlathpnon TnG OOHNG Twv TrodioKwv TtilavoeTara
puBpilovTag TNV QWO POPUAIWOT OE KATAAOITTO TUPOCIVNG TTPWTEIVWV
TWV TTOOOKUTTAPWV.

*Ta TTOVTiKIO OTO OTroia AEiTrel n TPWTEIVN auTh EUPavifouv OOMIKES
oAAayég TwVv  TTOOOKUTTApWY  (apoiBadosidng Hop@oAoyia,
ATTOTTAATUVON TTOOIOKWYV) Kal XAMNAS puBud otreipapaTtikig d1nong.
"ATTwAgia TNG al((ppaong TnG GLEPP1 Ttrapartnpeitai otnv No6oco
KOl OTnV VEQPPITIOO HE MNVOEIOEIQ



KYTTAPOZKEAETOZ

O1 modiokol xapakTtnpifovrai amd €&vav woAU KaAd avamwTuy
OUOTAATO KUTTAPOOKEAETO O OmOiOC amoTEAEiTAl AWO Esauiﬁeg Ividiw
akTivng oc wapaAAnAn diataén (oc avtiOeon pe TPWTOYEVEIC auocpuaﬁeg
O KUTTAPOOKEAETOC Twv  omoiwv  dnoTeAsiTal  Kupiwg  anod
HIKPOOWANVIOKOUC Kal £VOIAHEDA VNHATIA)

Ta widia F-akTivng ouvdéovral petall Touc pe Tnv puooivn IIL, Tnv a-
akTivivn-4 Kal Thv ouvdanrTomodivn.

O KUTTAPOOKEAETOC OUVOEETAlI HE TNV HeEUPpaAvn TwWV wOdIOKWV Kali
puBuiler Tnv dilamepaToTnTd TOU NOHOU TNC OwmelpapdaTiKAG diINBnong
TPOTOTOIWVTAC TNV HopYoAoyid TWV wOdIoKWV.



Myosin Il

TRENDS in Cell Biology







a-akTivivn 4

=2 UvOEel Ta Ividld akTivng.

sMetaMaeic Tng odnyolv oc diatapaxn TNC Ouvapl
KUTTApooKeAETOU Kal euBUvovTal yia pia poppn kKAnpovopikng FSGS.

2 uvanTonodivn

“"OAANAETTIOPA ME TNV A-OKTIViVI KOl €AEYXEl TNV IKAVOTNTA TNG Vv
TTOAUpEPIZEl TA IViIdIA OKTIVNG.

"Méow e1riong TG aAAnAemridpaong Tng ue Tnv CD2AP kai Tnv MAGI-1
OUVOEEI TOV KUTTOPOOKEAETO HE TIPWTEIVIKA OUMNTTAEypOTA OTNV
MEMBPAVN TNG TTEPIOXNG TOU OIA@PAYMOTOG KOl OTNV MEMBPAvN TnG
OIKNG TTEPIOXNG.

G OpWG amrd pPOA0 OUVOETIKO €£€xel pOAO ONUATOOOTIKO
0G £TO1 TNV OUVAMIKI TOU KUTTOPOOKEAETOU

TNG xaveral otn FSGS, otnv HIV-veppotrddeia kal AAAeg




H moAUmAoKn dpXITEKTOVIKA TWV mOdIOKWY &V
Tou NOpoU TNC omelpapaTikng diINdnong

Alatapaxi Tng oSG Twv TTOdIoKWYV odnyEi o€ dlaTa

augnMévn SIATTEPATOTNTA KAl TTPWTEIVOUpPI

o= Actinin —

MNHAEKE £

Podocalyxin

Nepht

nephrin

Neph2
P-cadherin
Fat 1

TRPCe
Podocin
CD2AP
MAGUK

Catenins

GLEPP1

FAK
(ILK)

Talin
Paxillin
Vinculin

Utrophin




TTAOGOTENEIA ZTTEIPAMATOTTIAGEIIN

AvoooAoyiKoi pnxaviopoi

AiapecoAapolpevol and avriowpatra KaATd EVOOYEVWVY R €
avTiyovwyv (KUKAoWopoUVTa avooooUPTAEYHATd, OXNHATIONOC in
AVOOOOUHTAEYHATWV)

Mn avoooAoyikoi pHnxaviouoi
BAapn modokutTapwyv

H yvwon Twv TeAsutaiwv Xpovwy TnG PiroAoyiac Twv modoKUTTAPWY EXEI
odnynoel ortnv KaAUTepn KAtravonon TnG AcITOoUpyidC TOUC Kdal Twv
pNXaviopywvy mou odnyouv o€ PAAPNn TWV  MOOOKUTTAPWY  Kdl
wpwreivoupia. Néa tafivopnon modokurtaporaOeiwv

ocytopathies amotreAoUv Tnv KUpIa aiTia wpwTEIVOUPIAC —VEPPWOIKOU
OHOU



Podocytopathies

DEFINITION: Proteinuric diseases in which pathologic
processes arise from intrinsic or extrinsic “primary”
podocyte injury and where the podocyte genotype/phenotype

is altered.




KUpio¢c mapovopaoTng 0Awv Twv modoKU
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MopyoAoyika diakpivoupe 4 potipa
PAGPNC modoKUTTApWY

Normal Segmental
Histology Sclerosis




Table 1: Causes of foot process effacement

Intrinsic causes of foot process
effacement

Extrinsic causes of foot process
effacement

L

0O O

Impaired formation of the slit
diaphragm complex
Abnormalities of the adhesive
interaction between podocytes
and GBM

Alterations  of  transcription
factors

Abnormalities of the actin-based
cytoskeleton

Alterations of the apical domain
of podocytes

Mitochondria abnormalities
Abnormalities of cell metabolism

O

O 0O

o

Mechanical stress
Viral infection

Acute ischemic injury
Toxic / metabolic effect
Immunologic stimuli




TAXONOMY OF PODOCYTOPATHIES
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Idiopathic
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Minimal Change Nephropathy

DEFINITION
Normal histology.
Extensive foot process effacement, but preserved number of

podocytes.

ETIOLOGY AND CLINICAL ASSOCIATION

« |diopathic

* Inherited
- Non-Syndromic (NPHS1, NPHS2)
- Syndromic (DYSF)

« Reactive

- drug-induced

(NSAID, pamidronale, interferon, others)
- dysregulation of the immune system
- hematologic malignancy




Reversible — Steroid sensitive
- idiopathic

- reactive (secondary)

- drug-induced (NSAID,
pamidronate, interferon, others)

_ - dysregulation of the
immune system

- hematologic malignancy

Irreversible - Steroid resistant
- idiopathic

- genetically determined

-NPHS2
-DYSF




FSGS

DEFINITION

Segmental solidification of the tuft accompanied by sinechiae.
Hyalinosis and foam cells can also be present. Low number of

podocytes (podocytopenia).

ETIOLOGY AND CLINICAL ASSOCIATION

= |diopathic
* [Inherited
- syndromic
- non-syndromic
*» Reactive
- hyperfiltration-mediated
normal renal mass
reduced renal mass
- medication-induced
- permeability factor (?)




Idiopathic FSGS

Is idiopathic really idiopathic?

(Kopp et al. Nat Genet. 2008)

MYH9 risk alleles are more frequent in AA. MYH9 protective alleles are more frequent in EA.




Genetic forms of FSGS

Associated with other organ abnormalities (syndromic):
— Freiser Syndrome (WT-1).
— Nail-patella syndrome (LMX1B)
— Renal-coloboma syndrome with oligomeganephronia (PAX2)
— Alport’s disease (COL4A3, A4, A5)
— Metabolic disorders (GLA - Fabry’s)
— Mitochondriopathies (mtDNA tRNA!=" and tRNA™,CoQ2 NP, CoQ6 NP)

Limited to the kidney (non-syndromic):

- NPHS1 — nephrin — autosomal recessive

- NPHS2 — podocin — autosomal recessive

- NPHS3 — phospholipase Ce1 - autosomal recessive

- CD2AP — susceptibility to FSGS

- MYH9 — susceptibility to FSGS

-ACTN4 - g-actinin-4 - autosomal dominant

- INF2 - autosomal dominant

- TRPC6 — Transient Receptor Potential channel 6 - autosomal dominant
- WT1 — sporadic/isolated FSGS




Table 1 | Genes Involved In podocyte-assoclated genetic glomerular diseases

Disease [0M ] numbar} Gene Locus Inheritance Protein Functlon and mechanism

Congenital nephrotic syndrome NPHS1 19413.1 AR Nephrin Anchors the SD to the cytoskeleton

of the Finnish type (256300)

Congenital nephrotic syndrome NPHS2 1025031 AR Podocin Scaffold proteln that links the plasma membrane

type 2 (604766) to the cytoskeleton

Famlllal nephrotic syndrome type 3 PLCE1 10g23 AR Phospholipase Cel  Involved In cell Junction signaling and glomerular

(610725) development

Frasier syndrome and Denys-Drash ~ WT1 11p13 AD Wilms' tumor 1 Zinc finger transcription factor acts as a tumor

syndrome (136680 and 194080) suppressor gene and as a critical regulator of kidney
and gonadal development

Schimke Immuno-osseous dysplasia SMARCALI 2qg35 AR hHARP ATP-dependent annealing helicase that rewinds stably

(242900) unwound DNA

Nephrotic syndrome caused by CD2AP 6pl2.3 AD/AR™* CD2AP Adapter protein that anchors the SD to the actin

mutations In CD2AP (6804241) cytoskeleton

Nephrotic syndrome caused by ACTN4 19g13 AD a-Actinin-4 Actin flament cross-inking proteln

mutations In actinin-4 (604638)

Nephrotlc syndrome caused by TRPCE 11g21-22 AD TRPCE Receptor-activated nonselective calclum-permeable

mutations in TRPCE (603652) cation channel with mechanosensation

Epstein and Fechtner syndrome MYHS 22q12.3 Complex NMMHC-A Cellular non-muscletype myosin; can affect cytokine

(153640 and 153650) synthesis and modify cell morphology

*0nly one case carrying two mutated allkeles has been identified; segregation analysis revealed that heterozygotes had no proteinuria. Abbreviations: AD, autosomal dominant; AR, autsomsal
recessive; CO2AP CO2-adaptor protein; hHARE human hepA-related protein; NMMHCA, nonmuscle myosin heavy chain I1A; OMIM, Online Mendelian Inheritance in Man; S0, sit disphragm;
TRPCE, transient receptor potentiaHike channel &.




Ta TOoSOKUTTAPO KATEXOUV TOV ONMAVTIKOTEPO POAO
TOU NOUOU TNG OTTEIPANATIKAG d1RONnoNg

=XapaKTNPIOTIKEG OOMIKESG avwHaAieg TTOdIoOKWYV (amréoupon aTr
Kal  €EaAsipn): TUMKR oAAoiwon  oTmEIpaMATOTTAOEIWY 1T
eKONAWVoOVTal NE TTPWTEIVOUpPIA

“BAGBn TodoKuTTApWYV: TTPpWTOTTaB£CG aitio Tng MCD ka1 Tng FSGS

*MeTaAAAEEIC TTPWTEIVWYV TWV TTOOOKUTTAPWYV: KANPOVOMIKEG TTAONOEIG
U OTTEIPAMATOG



Mopiak avaToOMIK VEQPIKOU
OTTEIPAHNATOG/TTOOOKUTTAP WV

Karavénon
TTOONCEWV OTTEIPANATOG-

MNXAVICHWYV TTPWTEIVOUPIaG



TlapaoneipapaTtikn CUOKEUN

EOTEIPAPEVOU
EPXETAI Ot OTEVA EmAY
TPOCAYWYO
AtoTeAgiTal

1.TTukvA knAida (kKOTTapa TOU
anw owAnvapiov)

2.Tlapaoweipaparik@ KUTTApaA
(Tpomomoinuéva  Acia  pUIKa
KUTTapa ToUu  mpooaywyou
apTnpidiov)

3.E§worneipapartika
pHeoayyelaka KUTTApa n
davreAwTta KUTTApA
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granular cells
of JGA

distal tubule

macula densa cells
of JGA

afferent artericle
Copyrghl @ 2001 Batdamin Cummings, s mmpnl of Addison Weslay Lotgman, nc.



1GA: The yellow arrows indicate the macula densa, see the apical nuclei.
Almost in contact with macula densa cells is the extraglomerular mesangium indicated with the
black arrows.

The green arrow marks the efferent arteriole and the blue arrow the afferent arteriocle. The

Peripolar cells are located exactly in the angle in which parietal epithelium contacts visceral
epithelium (H&E, X.400).













TlapaoneipapaTikn CUOKEUN

Ta mapaorneipauarikd KUTTapa EKKPIvouv pevive O
anoKpIon OTNV Weiwon ToUu OyKoU Tou wAdouarog
(umodoxeic Tdonc ora mapaomelpauarika KUTTapa) A TNG
ouykévipwone tou Na (cpéBiopya yia KUTTApa mwUKVAC
KnAidac)

2uUoTnua pevivng—- ayyeioTevoiviic— ardooTEPOVNC

PuBuiler aprnpiakn micon, Tov O0yKo Tou mAdouaroc Kai TN
ouvykévrpwon tou Na mAdoua



MECHANISM OF ACTION OF J.G. APPARATUS

MACULA DENSA
CELLS STIMULATED

it M







EyylUc eoneipapévo owAnvapio
Qéon emavappopnonc NaClL, auvoléwv, yAukolnc
wENTIOIWV
Evromilerar orov @pAoio (pAoiwdeic AaPupivBor)

MiKpooKoTIKA Kal UmEPUIKPOOKOTIKA  XApaKTNPEIoTIKA
KUTTAPWY moU amoppopouv Kal LETAPEPOUV Uypd:

- ¥Ynkrpoeidnc mapupn (ikpoAaxvee). [AukokdAukac pe
éviupa (01o0akxaplOaoec, meTIOATEC)

~ZuumAéypuara ouvvoeone (amoppaktikéc d{wvn, Jwvn
mPOoYUONC)

—Baoikéc ypaupwoeic (emiunkn piToxovopia KABera mpoc
v Baoikn emipdveia Tou KUTTApoU)

EC oTnv wAdyia emipaveia

EC TNC Paoiknc emipdveiac
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EyyUc eoreipapévo —xpwon PAS

i BR@H BORDER OF PROXIMAL TUBULE




EyyUc eoreipapévo —xpwon PAS









2 Tayovidla mpWTEIVNG OTO KUTTAPOTAAOHA KUT




MikpoAaxvec: EEeidikeboeic TN Kopuwaiac HepPpavikn
TEPIOXNC 1OV e§UTTNPETOUV OUYKEKPIHEVEC AEITOUPYIEC

2 ¢ 0Aa Ta diaopomoinpéva KUTTApa. MopwoAoyia moIKIAEL:
AKAVOVIOTEC HIKPEC TPOOEKPOAEC N TUKVEC OHOIOHOPWYEC
UYNAEC TPOOEKPOAEC oOav TPIXEC OPATEC OTO PWTOVIKO
pHIKpookomio( mX YNKTPOEIONC mapuPn AemToU EVTEPOU).
Kevrpikoc okeAeTOC akTivng.




MikpoAaxvec

Aufavouv Tnv  eme@aveia, maiCouv poAo oTnv
amoppoYnon, UTOOEKTIKOTNTA NXOU, YeUong, QwWTOC,
aiobnon ponc uypol Ka.

TToAAéc e€eidikeupévee mpwreivee (Evlupa, HETAPOPEIC
10vTWYV, petagopeic YAukolng, P450 ka) evrowilovral
OTIC HIKPOAAXVEC.

O1 pikpoAdxvegc epmAékovTal O€ TOAAEC PACIKEC
AciToupyiec Tou KuTTapou (HeTawopd HeTAPOAMITWY Kal
IOVTWY, HETApopd Kai amoOnkeuon Ca2+, peTtaPpoMopog
To IKWV oUOIWY Ka) Kal @aiveTal emiong 0TI AsiToupyoUv
WC EKAEKTIKOC @payHoc diaxuong I10VTWV Kal HIKpWwvV
Hopiwv.

Idiaitepa apOovec (opoidpop@a UYNAEC Kal TUKVEC) o€

emiOnAlaka KUTTApa pe pOA0 OTNV HETAPOPA UYPWV Kdal

v amoppopnon (evrepokUTTapa, ewiOnAlakda KUTTApa
wv owAnvapiwv).




MIkpoAaxvec







Cell coat

Filaments Terminal web Microwvilli



MikpoAaxvec

Aopn

~-TTpooekPoAn TNC KUTTAPIKAC HEHPPAVNC TNC Kopuwdaiag
ETIPAVEIAC

—KevTpIkOC <«OKEAETOC» vnHATIWV aKTivnG —HiKpovnparia
mwapdAAnAa  peTall TOoUC Kal KaABetra oTnV  Kopuwaia
ETIPAVEIA TOU KUTTAPOU.

~TTpwreivee wou aAAnAemidpolv HE TNV AKTIVN: TPWTEIVEC
oV Ppoadévouv Ta vnpdartia petalu Toucg (wx fibrin, espin,
villin) TPWTEIVEC TOU wPOOdEVOUV TA VNHATIA OTHV
pepppavn (ERM-ezrin), puooivn I

rminal web (opifovtiwg diareTaypéva vnuaTia akrivng
in, myosin 11, Tpomopuoaoivn )
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AykUAn Tou Henle

~TTaxV kaTiov, AemTO KATIOV, AETTO aviov Kdl waxl aviov
OKEAOG.

~Tunpara Tn¢ evromifovrai Kai oTov @Aol0 (HUEAIKEG
AdKTIVEC) Kal 0TO HUEAD

~2Ta waxla@ okKEAn Tad ewiOnAilakda KUTTApAd €£XOUuVv TNV
Hop@oAoyia TwWV KUTTAPWV ToU dnw ocwAnvapiou.

—To AenmTO0 THANA TNC aykUAnc oxnpartiler aykuAn U oTo
HUEAO Kal To HAKo¢ Tou efaprtarai amd TO €idOC TwV
veppwvwyv (HeyaAUTEPO HNKOC OI TAPAHUEAKOI VEQPWVEG).

—To AenTO aviov Kai Kartiov okEAOC dlaWépouv doHIKA Kdl
AgiToupyIKa

-4 TO0mol EmIONAIAKWY KUTTAPWY OTd AenTd OKEAN.
akwdn emOnAiIaka Xwpic HIKPOAAXVEC Kal Aiya
10la EwC YnAoTepa KUTTAPA HE HIKPEC HIKPOAAXVEC
a opyavidia




AykUAn Tou Henle

To AemTo aviov Kai Katiov oKEAOC OlaWEpouv OoIKA
AciToupyikd

—To Kariov okéAo¢ eivali mwoAU dlameparo oOTo VEPO Kal
Aiyorepo oro NaCl. Negpo eépoxerar oro Odidueoo 1010
AOYyw TNC KAIONC UMEPTOVIKOTNTAC TOU LUEAOU

-To aviov ecivar mwoAU Oiameparo or1o NaCl kar
adianépaoro oro vepo (NaCl e€éoxerar oro didueoo 1070
Xwpic va akoAouBcitar amd vepd). Anuioupyei Tnv KAion
UTEPTOVIKOTNTAG OTov WUEAO mou eival umeUvBuvn yia Ttnv
ouuTUKVWON TWV oUpWv.
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Antw eomelpapEvo ocwAn

—-Evromilerar oro @Aoio (pAorwdeic AaPupivBor)
— Exel koo phrko¢ (5 xi1A-to 1/3 Tou pRKouc Tou eyyuc)
-AeiToupyia:

- Emavappopda Na kai arekkpiver K o€ amokpion ornv
aAdooTepovn

— Emavappopa ditravBpakxika (ofivomoinon ovpwv)

- AmeKkKpivel aupwvia

—~MopgoAoyia.  povoorifo  KUPocIdEC  emiBridio (01
WNKTPOEIONGC mapuph Kai eEEIOIKEUOEIC EYYUC)









ABpoioTIKG cwAnvapia Kai wopo

- Emavappopnon vepoU-ouumUKVWEVaA oupa

—MoviooTifo emiBrAio KUPoeIdEC mou aulavel o UWoC ooo
mio Pabid oTro UEAO-KUAIVOPIKO OTNV mepPIoXn THG
VEQPIKNG 6nAng

- Epavn kurrapika opila
-Avo tUmoI KuTTdPWV

—-Apaioxpwuarik@ KUtrapa n Kurrapa aBpoloTikwy
mopwv. Emavappopnon vepou péow diaUAwWV VveEPoU
(AQP-2) o0e amoxkpion ornv ADH.  @épouv
TOWTOYEVEIC KPOOOOUC.

— 2 Koupoxpwa KUTTapa N euPoriuya. “Exkkpion H+ kai
ITTavBoaKkIKWwy




ABpoioTIKA cwAnvapia kai Aento THANA TN
Henle (hyaline cast)
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ABpoi10TIKOoI TopoI









ABpoioTIka ocwAnvapia Kai

Neppoyevnc amoroc diaPfnrnc

MerarAaeic oro yovidio tne AQP-2 n orov yovidio
umodoxéa tn¢ ADH

ITapaysrar ADH aAAa dev umopei va OJpdoei-aduvayia
OUUTTUKVWONG Twv oUpwv- roAvoupia— moAvdIyia-
umoyKaiyia
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ATOPPAKTIKEC OUVAYEIC Kal
owAnvapia

Acdopévou 6T puBpiCouv TNV  wAPAKUTTAPIA Kd
dlakuTTapla HeTapopd mwaiouv oOnNHAvVTIKO poAo OTO
emiONAIO TWvV VEPPIKWV ocwAnvapiwv (veppikn
owAnvapiakn emravapopnon-améKKpion—opolooTacn uypou
Kal NAEKTPOAUTWY)




AnoppakTikéc ouvayelg (Tight junctions, zonu
occludens)

2Thv Kopu@aia weploXn Tou KUTTdpou. To mpwrto (mpo
TNV KOPUPNR TOU KUTTAPOU) Ot OcEIipd OUOTATIKO TOU
OUPTAEYHATOC oUVOEONC. ZUVOEETAI HE TA VNUATIA AKTIVNG

HM. Oi pepPpavec YEeEITOVIKWY KUTTApWV OXEOOV OF
EMAPN—OEIPAd EOTIAKWY OUVTASEWV YEITOVIKWY HEHPpaAvWY
TOU  AVTIOTOIXOUV oTnv aAAnAewidpaon diapepPppavikwy
TPWTEIVWY-Ypappikn diatafn popiwv wou dnpioupyolv €va
6| TU mou ‘n'eDIKUKAwVSI To KUTTC(DO oav lwv







1458

Tight X
junction
bar : 50 nm
C Fence function Barrier function
J Selective channels

Paracellular space

Fig. 1. Morphology and functions of tight junctions. A Schematic diagram of tight junction. B Tight junction strands on freeze-fracture replica.
C The fence and barrier functions of tight junctions



AnoppakTikéc Zwveg (Tight junctions,
occludens)

Mopiakn doun

Aiapepppavikéc  mpwreiveg: occludin, claudins (27),
JAMS,

KuttapomAaoparikn  wAdKa: Tlpwreiveg  pe  poAo
IKPIWHATOG, HE ONpATOdOTIKO pPOAO, TPWTEIVEC ToOU
aAAnAemidpouv pe kutTapookeAeTo (PDZ-proteins (ZO1-3)
MAGI proteins, Cingulin, Symplekin ka)

*NnuaTia akrivng



Occludin/
tricellulin

- JAM-1T 0 JAM-1

%
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AnoppakTikéc Zwveg (Tight junctions, zon
occludens)

AceiToupyieg

1. AianeparétTnTa emOnAiwv kai evdoOnAiwv-AciToupyia
EKAEKTIKOU ppayHoU/ppakTn

PuBuiCouv Tnv peTagopa popiwv dia TnG

ewapakutTdpiac odoU (puBuilouv Tnv diaxuon vepou
NAEKTPOAUTWY Kdl HIKpWV Hopiwv HETAEU  YEITOVIKWY
KUTTAPWV dmd TOV AUAO mpoC TOV HEOCOKUTTAPIO XWPO KAl
TO OUVOETIKO 10TO Kdl  AvTioTpowa)-apiOuoc  Kai
TOAUTAOKOTNTA OIAUEUPPAVIKWY TPWTEIVWY Kal diavAol
vepoU anod claudins

*d1aKUTTApIac 0doU peTall Kopuwaiag Kai wAayloPacikng
wEPIOXNC KuTTApou (ouvreAoUv oTnv  diathnpnon TG
OTIONC EVOWHATWHEVWY OTNV HEHPPAVN TTPWTEIVWYV OTHV
aia n wAayiopaocikn wepioxn TNG HepuPpavng-
TOAIKOTNTAG.



Tight junction Paracellular
Apical pathway
membrane A

| Basolateral
membrane \

Transcellular
Y pathway

Nature Reviews | Molecular Cell Biology
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Tight-junction
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AnoppakTikéc Zwveg (Tight junct
occludens)

AceiToupyiec

1.AianepatoTnta emiOnAiwv  Kai  evdoOnAiwv-AciToupyi
EKAEKTIKOU @payHoU/ppakTn

2.Anpioupyia-diatipnon wOAIKOTNTAC TWV  EmIONAIGKWY
kuttapwv (AciToupyia opaxtn). Aiatipnon e€eidikeuonc
TWV dIAPOPETIKWY TEPIOXWY TNC HeEHPpavng

3. Znupatodotnon. PuBpiouv KuTTApPIKG TOAAATAAciacyo,
diagopomoinon






Table 1 Selected clandin isoforms of known fiunction

Claudin isoforms Localization in the Permeability Phenotypes of knockout/ Biological role in
kidney [63] properties transgenic mouse model human disease
Claudin-1 Bowman’s capsule Cation barmrier [64] Impaired epidermal barrier leading HCV entry into hepatocyte
to dehydration and death [68] [66, 67]
Claudin-2 Proximal wbule and early Cation selective Impaired proximal tubule Na Upregulated in inflammatory
thin descending limb pore [21] reabsorption [ 18] bowel disease [68]
Claudin-3 Thin ascending limb to Unknown Pro-neoplastic in many
collecting duct malignancies [69]
Claudin-4 Thin ascending limb and Cation barier [72] and Receptor for Clostridium
collecting duct anion selective pore [73] perfringens enterotoxin
[70, 71]
Claudin-5 N/A Unknown Nomnal development and morphology Maintains integrity of
of blood vessel, no cerebral bleeding  endothelial blood-brain
ar bamier [75]
edema. Loosen blood-brain barmier
[74]
Claudin-6 Glomerulus, proximal Unknown HCV entry into hepatocyte
tubule, thick ascending [66, 67]

limb, distal tubule,
collecting duct

Claudin-7 Distal thin descending Anion barrier [55] Renal NaCl wasting, chronic
limb, macular densa, dehydration,
distal tubule, collecting secondary hyperaldosteronism
duct and

growth retardation [57]

Claudin-8 Distal thin descending Cation barrier [13]
limb, distal tubule,
collecting duct
Claudin-10 From proximal tubule to  Variable splicing, either
collecting duct Anion
pore or cation pore [76]
Claudin-11 Proximal tubule, thick Cation barrier [77] Severe neurological and reproductive CNS myelin and Sertoli
ascending limb deficit [78] cell tight junction [78]
Claudin-12 N/A Unknown Vitamin-D dependent
intestinal
Ca** absorption [79]
Claudin-14 Collecting duct Cation bamier [48] Deafness [48)]. Normal renal salt Mutated in autosomal
handling [49] recessive deafness [B0]
Claudin-16 Thin ascending limb and Cation selective pore [39] Chronic renal wasting of Mg and Ca, Mutated in FHHNC [36, 37]
thick ascending limb nephrocalcinosis [38]
Claudin-19 Thin ascending limb and  Cation barrier [15], Chronic renal wasting of Mg and Ca, Mutated in FHHNC with
thick ascending limb anion barrier [39] nephrocalcinosis [81] ocular involvement

36, 37]



AToppaKTIKEC WVEC Kal YEVETIKEC AOOEVEIEC VE

—OI1KoyeVNC urropayvnoiaipgia-FHHNC (CL
Ywopayvnoiaigia umepaoPeoTioupia  Kal  veppoAiBiao
AUTOOWHIKA UTOAEITopeEVn vOoooC—MeIWHEVN TapaKUTTApPIA
emavappopnon Mg kai Ca oto aviov okéAo¢ TnNG aykuAng
Tou Henle

—OI1KoyEVNC urropayvnoiaipia- FHHNC (CLDN19)
Ymopayvnoiaipia  umepaopeoTioupia, veppoAiBiaon  Kai
oPOAAUIKEC OIaTAPAXEC—AUTOOWHIKA UTOAEITTOHEVN VOOOG.
Meiwpévn mwapakutTdpla emavappopnon Mg kai Ca oTo
aviov okéAo¢ TG aykUAn¢ tou Henle




Kpooooi kai yeveTikéC aoBéveiec veppwy

MeveTikéc aoOéveieg veppwyv mou XapakTnpi
VEPPIKEC KUOTEIC oweilovral oe HeTaAAaleic wp
wou evrorni{ovral 0ToUC KPOoooUC

TToAUKUOTIKR VOOOC VEPPWYV
ADPKD (PKD1/polycystin 1 & PKD2 polycystin 2)
ARPKD (PKHD21/polyductin, fibrocystin)

NeppwvowBion (nephrocystin,inversin)
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Polycystic kidney diseases

Pkd1, polycystin 1
Pkd2, polycystin 2
Pkhd1, fibrocystin/

polyductin
Cys1, cystin

Nphp1, nephrocystin

Nphp2, Invs (M),
inversin

Nphp3, Pcy (M),
nephrocystin 3

Nphp4,
nephroretinin

Nphp5ilgcb1i,
nephrocystin 5

Nphp6/Cep290,
nephrocystin 6

Cilia, basal bodies
Cilia

Cilia, basal body
Cilia, basal body

Cilia, basal bodies,
centrosomes

Cilia, basal bodies,
centrosomes

Cilia, basal bodies,
photoreceptor
connecting cilia

Cilia, basal bodies

Cilia, photoreceptor
connecting cilium

Centrosomes,
photoreceptor

connecting cilium

Mechanosensitive and G protein-
coupled receptor

Mechanosensitive, nonselective

cation channel permeable to Ca®*

Unknown; transmembrane protein
Unknown

Unknown; interacts with focal
adhesion signaling complex
elements and nephroretinin

Interacts with Apc2, N-cadherin
calmodulin, nephrocycstin, Dvl;

functions in regulation of cell
cycle and Wnt pathways

Unknown; interacts with
nephrocystin

Unknown: interacts with
nephrocystin
Unknown; interacts with retinitis

pigmentosa GTPase regulator
and calmodulin

Unknown; interacts with
transcription factor Atf4

ADPKD
ADPKD
ARPKD
Unknown

NPHP type |
(juvenile)

NPHP type II
(infantile)

NPHP type I
(adolescent)

NPHP type IV

Senior-Loken
syndrome

Joubert sydrome

Kidney, liver and pancreatic cysts

Kidney, liver and pancreatic cysts;
situs inversus (M, Z)

Kidney cysts, liver fibrosis

Kidney cysts, cpk mouse model of
PKD

Kidney cysts, liver fibrosis, retinal

dysplasia

Kidney cysts, situs inversus

Kidney cysts and fibrosis

Kidney cysts, retinitis pigmentosa

Kidney cysts, retinitis pigmentosa

Kidney cysts, retinitis pigmentosa,
cerebellar vermis aplasia




ADPKD (autosomal dominant polycystic kidney disease)

H mio ouxvil KAnpovopoUpevn vewpikn vooco¢ 1/400-1000
vevvnoeic MetaAAaleic oTa yovidia Tng moAukuoTivnc 1 Kai
2 mou evromiCovrai oTou¢ KpooooUc. Aiatapaxn oTvo
evOokuTTaplo aoPeoTtio mou e€aprtarai ané TNV aiocOnon
PONC UYypoU amd TOUC KPooooUC TWV EmiONAIaKWY KUTTApWy
Twv veppikwyv ocwAnvapiwv. Negppikéc kuoTelgc: AuEnuévog
KUTTApIKOC moAAamAaciaopog, diarapaxn oOiagopomoinong,
amwAeld moAIKOTNTAC

~Neppikn avemdpkela TeAikoU otadiou oto 50% HEXP!I TNV
nAikia Twv 60 eTwv

-Ynéptaon otnv nAikia 20-30 eTwv oto 50% Twv
aoOevwyv pe YuoloAoyikn VEPPIKN AciToupyia

-EEwveypikn oupnTwHaToAoyia: KuoTeig Amaroc,
TAYKPEATOC, OMEPHATOOOX WV KUOTEWY, aveuplopara
EYKEPAAIKWY apThpIwv

Aiayvwon ouviBwg Tuxdia TOU XPOVIKA TOIKIAEl amd
gevoopntpio Cwn (HeydAa KUOTIKA vewpd Ot UmEPNXO) EiTe
nv eviAiko Cwn AOyw emnpeaocHEVNC VEPPIKAG AgiToupyiag
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B Polycystin and ADPKD

Autosomal dominant polycystic kidney disease (ADPKD) is due to
mutations in one of two genes, PKD1 and PKD2, which code for the 3 Nephron
linked transmembrane proteins polycystin 1 and polycystin 2, found '
on the primary cilium present on almost all renal tubular cells (not on
the intercalated cells) and collecting ducts. Polycystin 1 is expressed
predominantly in the distal convoluted tubule and collecting ducts,
while polycystin 2 is expressed predominantly in the distal convoluted
tubule and loop of Henle.

6 Distal convoluted
tubule

Primary cilium of kidney
epithelial cell

‘ Jf Collecting duct

Loop of Henle

Normal

In the normal kidney, polycystin 1 and In ADPKD, with insufficient or

polycystin 2 on the surface of the primary abnormal polycystins and impaired
cilium function as a mechanoreceptor calcium entry, proliferative cell

regulating calcium entry. Intracellular pathways are dominant, leading to
pathways are activated that inhibit cell cyst formation and ultimately renal

proliferation. failure.

©2009

Cleveland Clinic Journal of Medicine 2009;76:97-104
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Oupntnpec, oupodoxoc KUoTn

O1 ekpopnTIKEC 0doi €xouv Koiviy dopn:
—BAevvoyovoc (MeTaPpartiké €wiOnAio)
-Muikog

-&€w xiTwvacg (oe kamolec Ofoeic opoyovoc)

MeTagpopa kai aroOnkeuon olpwv (60X Tporomoinon)



MeTapartiko emiOnAio

Enevdlel TIC £KQOPNTIKEC 000UC amd TOUC €EAAOOOVEG
KAAUKEC €WC TO apXIKO THAHA ThC oupnBpac

EBivai adiawépaoTo ot vepo Kal aAara

TToAUoTiPpo (2 oTmipadec oc eAdooovec KaAAukeg, 4-5
oTipadec oc oupntnpa, 6 oTIPadec oc adecia oupodoxo
KUOTN-3 oTIPadec ot yeparn kUoTn).

Enmgpaveiaka kUTTapa (opmpéAa)-evdidpeoa KUTTApd- KAl
paoika kKUTTAPA

Ikavotnta va mpooappoleral oc aAAayéC Tou OYKOU Twv
oUpwV-£emipavelaka KUTTapa (kUTTApa opmpéAa)
aromwAdaTOvovTal Kadi «§edirAWvouv» yid va mpoodpHooToUvV
oTnv diaraon—avinpévn emipaveia

oupyia @paypoU -epmodilel Tnv diaxuon oudiwv amod
0 dipga Kai avrioTpoyd







Transitional Epithelium

(h) Tranzitional epithelium

Description: Resembles both
stratified squamous and stratified
cuboidal; ba=sal cells cuboidal or
columnar; surface cells dome shaped
or squamous-like, depending on e e

| — Transitional
epithelium
Function: Stretches readily and
pemits distension of urinary organ
by contained urine. Th: ——Baszement
Location: Lines the ureters, bladder, o : membrane
and part of the urethra. D Connective
tissue

Photomicrograph: Transitional epithelium lining the bladder,
relaxed state (390x}; note the bulbous, or rounded, appearance
of the cells at the surface; these cells flatten and become

’ elongated when the bladder is filled with urine.




MeTapartiko emiOnAio

KUttapa opnpéAa.

AciToupyia diaTacipov eKAEKTIKOU @paypou

MopywoAoyia mou e€aprarai amd OYyKo oupwv. Adcia
KUoTn: GoAwTad peyaAa kupoeidn kKUTTApa mou mpoPalAouv
OTOV AUAG, YeHATN KUOTN: mAakwon

—KaAa aventuypévee amoppakTikéC C{wvec (AeiToupyia
ppaypoU)

-IkavoTnta va mpooappolovral oe aAAAyEC TOU OYKOU Twv
oUpwv: 18iaiTepn ouoTaon TNG Kopuwaiac Hepppavng He
IkavoTnTa va daAAaler Tnv emipavelia Tng-avadimAwon pe
01ad1KaoieC evOoKUTWONC-EE WKUTTWONG . TTAGkeg
(meploxéc  pepppavnc  HEYaAUTEPOU  wAXOUC  OTOU
gevroni(eTal mpwreivn oupomwAakivn) mou oxetiovralr He
nuaria aktivng. Kuotidia mou otav n Kuotn diareiveTal
parwvovtal oTnv Kopuwaia pepppavn va av§noouv tnv









(a)

o
Empty bladder. The fusiform As urine collects, stretch forces
vesicles are located in the increase intracellular cAMP levels
superficial epithelium in BECs triggering collapse of
fusiform vesicles

Full bladder, Most of the
fusiform vesicles have collapsed
into the luminal wall




