Patofyziologie vylucovaciho systému — cast |

Glomerularni hemodynamika a GFR
Metody stanoveni GFR

FiltraCni membrana a jeji patologické zmény
Proteinurie

Onemocnéni glomerulu
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Prutok krve ledvinou a funkce ledvin

* |edvinou protéka cca 1200 ml/min, coz predstavuje ~20-25% srdecniho vydeje
— prutok klirou >>> dreni ledvin
* ale arteriovendzni rozdil v saturaci hemoglobinu je velmi maly

— pri 100% saturaci Hb O2 v arterialni krvi je saturace Hb ve vendzni krvi vytékajici
napr. ze srdce 35%, u mozku 50%, ale v ledviné celych 90%

* velka perfuze ledviny tedy primarné slouzi regula¢nim ucellm a ne nutrici
* krevni zasobeni ledviny

— a.renalis — aa. interlobares — aa. arcuate — aa. interlobulares — aferentni
arterioly — glomerularni kapilary — eferentni arterioly —>

* peritubuldrni kapildrni sit (u kortikalnich nefron() Atuites o s
* vasa recta (u juxtameduldrnich nefrona) e 7
* regulace s n,,w

— extracelularniho objemu ey g
— tonicity a osmolarity e
— acidobazické rovnovahy s .
— dusikového metabolismu y
— homeostazy kalcia a fosfat( intadobulat )

anenes the renal

— hematokritu -y MUNTI
MED



Nefron — zakl. transportni procesy

* glomerularni filtrace

— na zakladé hydrostatickych a
osmotickych tlakovych gradient
(Starlingovy sily)

krev — i

glomerularni
filtrace

— omezeni velikosti latky <65kDa a
dalsSimi kritérii
R * tubularniresorpce

perutgbularm‘ ’ .

kap_ivlavry odvadi — typlcky sym porty

“ocistenou” krev

- * napf. Na/Glc, Na/AK, ...

= tubularni — saturovatelna kapacita (transportni

. KR maximum, Tm)

| ! bb. * rendlni prahy pro latky (nap¥. Glc)

exkrece latek modi o tubulé rn|' Sekl"ece
— aktivni (ATP)

— sekundarné aktivni

tubularni
sekrece
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Predpoklady normalni kontroly homeostatickych

parametru ledvinou

* dostatecny prutok krve ledvinou
— autoregulace vs. systémové efekty

* dostatecné mnozstvi glomerularniho filtratu

— prvnim krokem v tvorbé modi je ultrafiltrace plazmy

* ultrafiltrat je prosty bunék a proteint, pricemz
koncentrace nizkomolekularnich latek je v ném stejna
jako v plazmé

— GFR je zakladnim parametrem funkce ledvin
* mnozstvi glom. filtratu za min

— dolni hranice normy ~100 ml/min/1.73m?

— prirozeny vékovy pokles (>40 let) 0.4 - 1.2
mL/min/rok

* neporusena funkce tubularniho epitelu
. . o o
Uitoe Ompm‘ tEJbuI’arnl resorpce c.ca 99Alglolm. flltrat.u,
1.4 L/day * spravna funkce peritubularnich kapilar
— u korovych i juxtamedularnich nefron

FILTRATION, REABSORPTION & EXCRETION

RPF = 600 ml/day
Capillary Filtration Pressure
%lgmgrular _ 31:]‘ = :)’:i

mbrane P o
GFR - 180 L/day

Tubular
Reabsorption
178.6 L/day

Tubular
Epitheliu
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Dva typy nefronu

Bowman's capsule
{ \ /») S
| QW& |
6 = w3 Proximal Q !
Q / l tubule \
)’ | |/§
\/ Distal |
| tubule
Cortex
\
k\j—wop of
Henle
\ Distal
Collecting tubule
T_duct
Medulla
\

(a) Cortical nephron

(b) Juxtamedullary nephron
® 2002 Pearson Education Inc., publishing as Benjamin Cummings

- Renal
conex

- Renal
medulla

kortikalni nefrony (cca 80%)
— zevni 2/3 kliry
— kratsi tubuly a zejm. Henleovy klicky (LH)
— L’Jéag,_t v reabsorpci solutu, ne v koncentraci
moCi
* klicky peritubularnich kapilar
— dulezité autoregulacné
* tubulo-glomerularni zpétna vazba
juxtamedularni nefrony
— vnitrni 1/3 kary
— maji delsi LH zasahujici hluboko do
osmoticky koncentrované drené

— dulezité pro produkci koncentrované moci

* kapilary - vasa recta (z eferentni arterioly) spolu s
LH tvofi ,, proti-proudovy” koncentracni systém

rizné choroby mohou zasahnout rizné
tyto dve populace a mit tudiz rozdilny

efekt na ledvinné déje MUNI
MED



Ruzna délka LH a kapilar — ruzna funkce

Efferent

aneriole of

cortical nephron
_—

Efferent
arteriole of
juxtameduliary
nephron

Peritubular
capillaries

Vasa recta

Loop
of Henle

(b)
Copyright © 2001 Banjamin Cummings. an imprint of Addison Weasley Longman, Inc.
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Proti-proudovy systém ve dreni

Key:
== i :’Z::?v:‘::po . t g S \ Osmolality Blood
—_— NSpo q :« u:Qtersuual P
/“ anteriole :
/-\ (mOsm) To vein
300 \ \ / )
100
/’\-d ( 300 \\ \" |"' /.'/
d l 100 100 300 300 300
Cont H,O e NaCl e l e e N
ol 2 H,0 B o H,0
H,O0 = | NaCl 100 4% 400
T NaC| s sy NaCl
H,O ‘—l NaC| l H,0 ‘—mm < H,0
Outer HyO = NaCl| o 1
medulla 600 400 100 s00 600
H0 4=+ NAC| sl S NaCl
NAC| s s roa e H,0 4—5“ P H,0
e |
800 700 900
NaCl m— NaCl
H2O h h Urea h '120 zm \ ) h HYO
Inner V299 Bl } /
medulla \ } 100 \\ 1200 /
(a) Loop of Henle —— 1299 (b) Vasarecta =F

Copyright © 2001 Banjamin Cummings. an imprint of Addison Wesley Longman, Inc.
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GLOMERULARNI FILTRACNI RYCHLOST (GFR)
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Determinanty GFR

rychlost ultrafiltrace plazmy do Bowmanova
pouzdra je urcena:

— GFR=AXxK X P;

tedy zavisi na:

— A = velikost celk. filtra¢ni plochy (~100m?)

* pocet glomerultd

— meénise s Ubytkem funkénich glomerult

* efekt mesangialnich bunék

—  maji schopnost kontrakce (a tim { A)

— K = propustnost filtrani membrany

®* meéni se pri nemocech ledvin ovliviujicich strukturu glom. filtr.
membrany (viz dale)

— P. = efektivni ultrafiltracni tlak

* zavisi na rozdilu hydrostatickych a onkotickych tlakd mezi glom.

kapildarami a vnittkem Bowmanova pouzdra (Starlingovy sily)

The Hydrodynamics Of Ultrafiltration

Starling forces inmmHg.  MeanP_, =13 mmHg (1.7 kPa)

Pm 1 = (Puc" paow) o (*uc"*sou)

Efferent arteriole

kﬂe::t 5 o P.=(86-15)(35- 05
P, =00 Fo= 9
P..<(60- 15)-250/=20 &~ ®.=35 P..=15
20 mmHg=2.6 kPa g =0
G %
P=2
Bowman' space
P.=15
(Res): GFR=P_. " Aeal/Res =P, " K
Transcellular
120 mi/min = 1700 Pa " 12m/Res *
Pertubdar —%i=

Resin’= 1 Pa " min "ml  of fitrate capillary uptake

Paracellular —+———

* Tight junction

P= 15

5 " =25
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Mikrocirkulace — Starlingovy sily

Blood flow \

Capillary Microcirculation

Inte rsbtial flud situace obvykla jinde v
/ mikrocirkulaci kromé ledvinnych
glomerult
Hydrostatic pressure
Osmobic pressure
Capiliary
S — 35 4. :
Venous end ’2 To~._ Capillary Pressure
.
\\ 2
. Oncotic Pressure

————————————————————————————

Pressure
)
N
1

Loss from Plasma = Gain to Plasma
- No Net Change

|
Arterioles Venules
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Glomerularni filtracni tlak

o

Glomerular
capsule

Key:

\ = Glomerular

\! (blood)

| hydrostatic

pressure
(55 mm Hg)

= Blood colloid
, P osmotic

N pressure

/ . (30 mm Hg)

‘Net
74 ' = Capsular
Vs A .
?:St:;f: hydrostatic
R 4 pressure

(15 mm Hg)

Copyright € 2001 Banjamin Cummings. an imprint of Addison Wesley Longman, Inc.
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Glomerulus - Starlingova rovnovaha

* narozdil od beznych kapilar hydrost. tlak v celé

mm Hg delce glom. kapilary poklesa minimalné (v dusledku
autoregulace), takze filtrace je cca 100-krat véetsi
40 — PecPac oproti jinym kapilaram
* hydrostaticky tlak
— Elomeruléyni hydrostaticky tlak (Pg.) je vysoky a
30 b 1155 onstantni

® ~45-55 mmHg
— to je vyrovnavano tlakem v Bowmanové pouzdre (Pg()
20 oy, . v * ~10-15mmHg
cisty filtracni tlak — Cisty filtraéni tlak tedy ~35mmHg
* osmoticky tlak (ITg)
10 |- — ~25-30 mm Hg

— diky velke filtraci tekutiny se 1. dale zvySuje v
prubéhu kapilary a dojde k vyrovnani

aferentni eferentni
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Srovnani ruznych kapilar

A B c
MIMOLEDVINNA KAPILARA GLOMERULARNI KAPILARA GLOMERULARNI KAPILARA
NORMANI STAV ZVYSENY TOK PLAZMY LEDVINOU
g’f& ENi GISTY FILTRACNI &ISTY FILTRAGN]
2 el 50 TLAK 50 TLAK -
EIsTY | :
40 REABS. 4() - 40 B =
T TLAK
é 30 7 x 30 PG — 30 - Ps -
£ e c c
< 0| : 20 b - 20 F -
= Pg p
10 = l — 10 S’ "_— ]D BS Y \ 4
LAY ! !
0 0 0
b b A ) )
ARTERIALNI VENOZNI  AFERENTNI EFERENTNI  AFERENTNI EFERENTNI
KONEC KONEC ~ KONEC KONEC KONEC KONEC

Pozn. k obr.: faktor vypuzujici tekutinu z kapilary je (P_+m.), faktor nasavajici je
( +P.).
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Prutok krve ledvinou a GFR

®* uzdravého ¢lovéka je pritok krve ledvinou a GFR (diky autoregulaci) velmi konstantni
— veskery objem plazmy protece normalné ledvinou za cca 20 min

— kolisani systémového tlaku

* vrozmezi 80 — 180 mmHg se udrzuje pomérné stabilni RBF diky
autoregulaci

* teprve pfi vyznamném poklesu selhava perfuze ledviny (— ischemie, nekrdza)

* renal blood flow (RBF) a renal plasma flow (RPF) AUTOREGULATION

— RBF ~1000 - 1200 ml/min
®* tj.~20-25% of CO (kortex >>> medula)

* vysoky pritok vzhledem k vaze ledvin (~350 g) Q

— RPF (hematokrit 0.45) ~600 - 700 ml/min Renal BF
: Flow Rate |
* glom. filtrace
— GFR~20-25% RPF — GFR ~ 120 - 140 ml/min L/min
— pomeér GFR/RPF = filtracni frakce (~ 120/600 = ~ 0.2) B GFR e
— denné ~ 1801 /
1 1

— 99% reabsorpce — 1.5-1.8 | moci/den 50 180
* GFR a RPF mohou byt méreny prisl. metodami clearance Mean Arterial BP mm Hg

— RPF (RBF) - PAH

— GFR — kreatinin, inulin (experimentalni) aj.
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Regulace krevniho prutoku v ledviné

* autoregulace RBF
— (1) myogenni regulace
* SMC af. a ef. arterioly detekuji tenzi a upravuiji rezistenci svou kontrakci (brani pfiliSnému rozpéti)
— (2) tubuloglomerularni zpétna vazba (TGF)

* juxtaglomerularni aparat detekuje event. zmény NaCl koncentrace a uvolnuje renin

* aktivace lokalniho RAS zajistuje kontrakci nejdfive eferentni arterioly a tim zvysi filtracni tlak (pfi vyssSich
koncentracich AT Il pak aferentni) o

* dalsi parakrinni faktory Bowman's space with utrafitrate
— prostaglandiny, adenosin a NO
* sympatikus — systémovy zajem

— NA z adrenergnich nerv. zakonceni a cirkulujici A _
z drené nadledvin konstrihuje a. i e. arterioly (at1-r.)  Renin fomJG-celis B

with B- receptors

* pokles RBF a GFR T N
— NA stimuluje uvolnéni reninu z granularnich Aferent arterole 23
JG-bb. (B1-rec.) a tim aktivaci systémového RAS | .
— NA Treabsorpci Na+ v prox. tubulu SHaplehog Machie diose (BN N aclreR s IS
Increased sympathctl-: tone releases renin
* systemovy RAS MUNI

MED



Autoregulace RBF vs. systémovy zajem

Flow (ml min™)

Fig.2515

1000

0

Renal Autoregulation
13333 Pa

=

activty and releassg
cascade

A Falling BP increaseJ sympathetic

the r

vl

enin

RBF

Renal Blood Flow (RBF)

Hypertension inhibits
renin release and incre

]

/

1 B

Myogenic responss
leases contraction):

P‘r

T arteriole (stretch re

T

e

0
Papillary necrosis

100

»e
-

Glomerular Filtration Rate (GFR)

A

mmHgQ

Pressure

JSCS

500

KMc
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(1) Myogenni regulace (Baylissuv efekt)

Kdyz se arterialni tlak zvysSuje, je rozpinana aferentni arteriola

arterialniho tlaku Zvysuje

Hladké svalové bunky cév odpovidaji kontrakci a tak se zvysi

rezistence
Prutok se
Zvyseni )))) ,
, vraci k
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Mechanizmus Baylissova efektu

o

>

()]

(7]

o

o Lumen
Endothelium
Smooth

. muscle

) Adventitia

()] .

£ Bayliss effect

(4]

0

i +
Time Na®. Caz*
C
TRPC6

PUUUOIIIIIOIIIIII VPOV IIIIIIIIIIIWVY Yo

s

(UL
CLLLLLLL) 00000000000000000 .QQQQQ.‘.QQ.QQQQ"
GPy Gaq //’ GBy PIP2\ DAG

v
GTP
GDP 0,

\/
Membrane depolarization
smooth muscle contraction

(A) Increasing pressure causes vasoconstriction.(B) The BE is mediated by the smooth muscle
layer, independent of the inner layer of endothelial cells. (C) Proposed mechanism for stretch-
induced activation of stretch-activated receptors in vascular smooth muscle membranes.
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(2) Tubuloglomerularni zpétna vazba

Renal Cortex

Proximal convolyted tubule

Distal < <\, : 7 Affer'em )
lUbUlc = B Mocu\c dc '.O Qﬁh“% o “:‘, "“:’:1 % : On“* Glomerulus 3
% ‘;,5-»-‘. ". > i %
TS o LW ..
,'d:“gﬂ Lt _ “; w ?} > convoluted
e A QU RN ] Arteriole |- ! \ / tubule
L 0 SR Juatoglomemlw SR BN
S8 A% % cells = 4 g .

S

Efferent
arteriole
Mesangial
cells

Veinule \ Urine Flow

to Loop of Henle

* T ' Renal Pelvis
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Juxtaglomerularni aparat

* tubularni and vaskularni komponenta

— (1) tubularni komponenta
* specializovana oblast distalniho tubulu blizko aferentni a eferentni arterioly (macula densa)

* bunky macula densa jsou sensitivni k NaCl a kontroluji podle néj produkci reninu v juxtaglomerularnich bb. (JG-bb.)

— (2) vaskularni komponenta

* aferentni a eferentni arteriola téhoz nefronu

* extra-glomerularni mesangium Efferent yé@;
arteriole
* JG-bb. (granuldrni bb.) jsou specializované hladké sval. bb., o

které produkuji a skladuji renin x\

Glomerulus

A\\

* bb. macula densa nemaji bazalni membranu, coz umoznuje tésny
kontakt s JG-bb. =
Polkissen cells —-’“4

* vaskularni a tubularni komponenty jsou bohate inervovany —
Sympatikem tubule

Juxtaglomerular — 5

cells

Sympathetic ——
nerve

Endothelium




Detailni mechanismus TGF

Signal

l

Transmission

v

Mediator(s)

Effects

Na 2cI K" 4 Tubule
Lumen
H @@v N
Macula
D
ATP ADP oEe

A Interstitium
ADO @ ANG Il
N

Extra-
Glomerular
MC

Granular
Cells

\\_/_j_ Afferent

Arteriole

Vasoconstriction Renin Secretion ¥

Vallon V Physiology 2003;18:169-174
©2003 by American Physiological Society

macula densa cells (at the junction of ascending
limb of loop of Henle and distal convoluted
tubules)

— presence of Na-K-2Cl symporter

e when T NaCl content at macula densa cells —>- T NaCl

uptake — swelling of macula densa cells — release of
ATP

— stimulation of purinergic P2 receptors on mesangial cells and
afferent arteriole smooth muscles

— alternatively ATP may be metabolised to adenosine, which also
causes vasoconstriction here

* adenosine normally causes vasodilation in other tissues !!!

effect of increased NaCl content

— contraction of mesangial cells and contraction of
afferent arteriole

* reduction in effective filtration area
®* decreases GFR and RBF

— NaCl content at macula densa also ¥ renin release
effect of decreased NaCl content
— opposite
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Low Blood Pressure in the Renal Blood Vessels

| |
Myogenic mochanism Tubeoglomerular Renin-angiotonsin moechanism Extrireic
of autoregulation  mechanism of autoregulation

|
neural controls

o

blood vessels of
systemic arcufation

in

‘(cl

Sympathetic
nenous sysiem

Copyright © 2001 Banjamin Cummings. an imprint of Addison Wesley Longman, Inc.
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Dalsi regulatory glom. hemodynamiky

Afferent
q

—

SNGFR

aferentni
arteriola

potieba vzestupu GFR
(autoregulace)

dilatace
konstrikce

X AT II
prostagnadiny

kininy
dopamin
ANP
NO

|

glomerulus

eferentni
arteriola

potfeba poklesu GFR
(systémova
hypovolemie)

glomerularni
filtrace

konstrikce konstrikce

SYMPATIKUS

noradrenalin
endotelin
blokada
prostaglandin{

),

sympatikus

— sympaticka inervace arteriol
glomerulu
* 3x hustsi v aferentni arteriole

vazoaktivni peptidy
— receptory pro vasodilatatory
zejm. v AA

* jejich blokada (napf. COX1
inhibitory) muze sniZit GFR bez
zmeny tlaku
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Tri hlavni mechanizmy ovlivinujici uvolnéni reninu

* (1) signals at the individual nephron
— decreased NaCl load at the macula densa

— decreased afferent arteriolar pressure
(probably mediated by a cellular stretch
mechanism)

* (2)signals involving the entire kidney

— betal-adrenergic receptor stimulation at the
juxtaglomerular cells

— at the same time, negative-feedback inhibition
by AT Il at the JG cells

— other hormonal factors
* (3) local effectors

— prostaglandins E2 and 12

— nitric oxide

— adenosine

— dopamine

— arginine vasopressin

capsule

tubule

efferent arteriole

granular cells
of JGA

= distal tubule

macula densa cells
of JGA

afferent arteriole
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Renin-angiotensin-aldosterone system

Sympathetic \ WEM -ovee
activity P e pbon
-—-ah Surmlatory
Na* - e
K- - o o p IMADLOrY SO
Tubular Na* O
— reabsorption and K- Cl=pp» b RESGS
excretion. HO retention | byn. bl — ACTIVE tramapOnt
A
= = = Passive tranapont
(Mc-
W‘“mw—mml wo‘mﬁll....o... mm
4 s o Water and salt
- : o retention. Effective
mgwumu;.... T N of the juxtaglomerular
c ! J .- . .
apparatus) - r apparatus Increases.
L
® ‘
. L]
; -
] .
] .
. .
] L
. .
- } '
: cm‘w oucr: "'00 - M
M M,0 absorption N
] .
L] .

...‘..‘...'...............................‘.'..‘..‘..'........O...........
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Systemovy RAAS

Liver

Substrate
(angiotensinogen)

Ve

Hlsll(imt_s

An;,:otensm Il Kidney
(octapeptide)

Adrenal
cortex O U
80
Qg !
Renal
tubule

Lung Ang.,l()t(nsln |

Kidney

(decapeptide)
\ .
Bluod
pressure
Systemic BP fises
arteriole

!

* angiotensinogen v ledviné
— puUvodu systémového (z jater)

— rovnéz produkovaného lokalné
(proximalni tubularni bb.)

® renin

— 7z JG-bb. uvolnovan do aferentni

arterioly a renalniho intersticia,
kde tvori AT | z cirkulujiciho
angiotensinogenu a dale AT Il
pomoci cirkulujiciho ACE
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Hlavni efekty RAAS v ledvinée

Arterioles Glomerulus Proximal tubule
Efferent ko
on 1 Al (®IS]DIS
Distal tubule % \] Mesanglal AII%Na* retention
; contracuon Ny
IC ,‘Ic\::;‘xiir .%“
Afferent Renin A Na retention L+

)

S OY
{\Z;:;/ b4

All?

All
Interstitial space
* kontrakce mesangia

* kontrakce eferentni arterioly
* reabsorpce Na v proximalnim tubulu
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Lokalizace ATII receptoru v ledviné

* 1-vazokonstrikce

® 2-omezené vazokonstrikce
a inhibice tvorby a
uvoliovani reninu

* 3-preferencni
vazokonstrikce

* 4-kontrakce
* 5-Na+ reabsorpce

Cortex
* 6-Na+ reabsorpce
* 7-vazokonstrikce
* 8-efekt neznamy

Medulla

Renal arterial circulation

Renal artery

Y A
@ Renal vasculature
N4
Medullary

interstitial cells

)\ Proximal
! | \ tubule I

Glomerulus Tubule

tfferent
arteriole

\

Comical
<— (6) thick
ascending
limb
of Henle
A
VRl
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Signalni kaskada AT i

Chaline

* AT Il receptory vykazuji bifazickou odpoved
— (1) aktivace fosfolipazy C (PLC)
* PIP2 stépen na IP3 a DAG (mobilizace intracelularniho Ca)

— (2) DAG aktivuje proteinkinazu C (PKC), hydrolyzuje fosfatidylcholin aktivaci fosfolipazy D (PLD) a
alkalizuje intracelularni prostredi
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RBF je regulovan v konfliktnim zajmu

* pri mirném poklesu systémoveho
tlaku autoregulacne
— snaha zachovat perfuzi ledviny, GFR a

homeostazu

® privyrazném poklesu (emergentni
cirkulacni situace) je ledvina
“odstavena” (viz B a C obrazek)
— prerenalni azotémie

— pripadné s morfologickymi dusledky
(akutni tubularni nekréza)

ARTERIOLARNI ODPORY @
/N \
AFERENTHNI >

T ey Hinilemoet i = EFERENTNI
il T AN L DN e 11131
i"-“l'-'l- \ -] - 3,

ARTERIOLA Dl NV ARTERIOLA
) GLOMERULUS
AUTOREGULACE

(TGF)

PERFUSHNI T o e L|- y

} TLak TP ,T.,, I E S o LiPHE| FRARIER
AUTOREGULACE LOKALNI
PGE, ANGIOTENSIN 11

AKTIVITA SYMPATIKU | ©

@

s o
PERFUSNI r—w‘xyﬂ,— s it Eaamesty
l‘ TLAH —P_r s fige .\,'_ (L X AL L r\.

v i o _,'. I -:1 1"“' A I,-_,'-\.\"t;_' )
AUTOREGULACE 1 LOKALNI
PGE, ANGIOTENSIN |1 I

==
me
O =



GFR je zakladni parametr charakterizujici ledvinné funkce
— ale objem glomerularniho filtratu vytvoreny
za Casovou jednotku neni primo méritelny

dostatecné presné ji lze urcit

— (1) stanovenim clearance nékterych latek spliujicich urcité
predpoklady (viz dale)
* endogenni— kreatinin, urea

* exogenni
— neznaceny tracer — napr. inulin,
— radiokontrastni - iohexol
— radioaktivniisotop — [°1Cr] EDTA, [*?°]] iothalamate, [*°Tcm] DTPA

— (2) odhadem GFR na zakladé plazmatickych hladin endogennich latek
pomoci rovnice
* kreatinin - Cockroft-Gault, MDRD, CKD-EPI, ...

* jiné endogenni markery (volné filtrované a kompletné degradované tubularnimi
bunkami)

— [2-mikroglobulin, cystatin C, ...

MU N
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Clearance

latka musi splnit urcité predpoklady

— nizkomolekularni, volné filtrované do moce, nevazi se na bilkoviny plazmy

— nepodléhaji dalsi degradaci
— nepodléhaji tub. reabsorpci ani sekreci

— koncentrace v plazmé a analogickém objemu glom. filtratu je stabilni
— detekcni metoda je jednoduch3, levna a standardizovatelna (mezi pracovisti)

v tom pripadé koncentrace v definitivni moci
se pak zmeéni tolikrat, kolikrat klesl
objem oproti glom. filtratu

— [P] x GF =V x [U]

clearance latky X = objem plazmy upiné KREATININ
ocCistény za jednotku casu od latky X Imgldl
— rozmér: objem/cas

— vyzaduje sbér moci za Cas NORMALNi

T . L ROZSAH
* idedlné 24 hodin, casto méné

4

2

{

hyperbolicka zavislost
je dilezita klinicky

\

25 50 75 100
GFR /% NORMY
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vznika ve svalech z kreatinu

pfi prichodu ledvinou je z 90% filtrovan, z 10% secernovan do moci
tubuly

— podil tubularni sekrece roste pri poklesu flitrace (pokles poctu fungujicich
nefronu)

— tzn. ¢im mensi GFR, tim méné presné stanoveni GFR pomoci Ckr, ale i presto
je kreatinin nejlepsim endogennim ukazatelem GFR

mozny problém s kvantitativnim sbérem moci
— nedostatecna spoluprace pacienta

koncentrace S-kreatininu je pfimo Umérna svalové hmoté organizmu (a
tedy neprimo zavisla na véku a pohlavi)

— plazmaticky kreatinin = 35 — 100 pumol/l, produkce 1.2mg/min
— proto c¢asto korekce na stand. 1.73m?
— ale ani to nemusi odstranit diskrepanci

* 25-lety atlet x 60-lety obézni muz = stejnd vaha a povrch
intraindividualni kolisani nepresahuje 10 - 15%
— hladiny rostou po fyzické namaze
— pfi pfijmu exogenniho kreatininu (maso)

®* zejména smaiené

o
OJ\/\/\NHZ

arginine

DO

0 glycine
glycine amidinotransferase

ornithine
NH.

2
o~ A
NH,
IR
guanidinoacetate

S-adenosyl-

methionine
guanidinoacetate

N-methyltransferase

S-adenosyl-
homocysteine

ATP

I . I .
N._NH, N zNH.

0" ™o
-

. creatine kinase 0 0
creatine

phosphocreatine

o creatinine
H, amidohydrolase

creatinine




GFR je v jednotl. nefronech heterogenni

A:

Cortical And Juxtamedullary Nephrons
B:

Cartical nephron
(low perfusion, low GFR) Juxtamedullary  agferent Bowman

Praoximal
tubule: 25 ny

Medulla

Inner
Zone

nephron (15%,; arteriole  capsule

large perfusion,
large GFR)
0 0 Peritubular -1 o
capillaries

Vena arcuata

Collecting
Vasa recta diict

Loop of Henle \l/
Long loop of Henle Papilla
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Tubularni reabsorpce a sekrece

* komplexni povaha (aktivni i pasivni déje)
— epitelové bunky ledvinnych tubuld (a jejich

hormonalni fizeni)
* reabsorpce je transport z apikalni na bazolateralni stranu

* sekrece je transport z bazolateralni na apikalni stranu

Peritubular

® ruzné casti tubulu maji ruzné funkce - e
specializace - (
tubuldrnich segment TN
— reabsorpce probiha témeér z 90% v prox. Atrent” )
tubulu riznymi formami transportu S
* ~75% Na*(a HCO;), Cl-a H,0 BB - Facton:bood o ren |
¢ ~90% K* = i L
— sekrece K+ probiha ve sbéracich kanalcich, mnozstvi [E) = Excretion: lumen to extemal ven

zavisi na koncentraci Na+ v prisl. oblasti aldosteronu
— distalni tubulus a sbéraci kanalek jsou pod vlivem
ADH & aldosteronu
ME

To bladder and
external environment



Typy transportu

Filtrate
in tubule
AN -.Il
7\/3 2\;. N A\ lumen

&~/ || Na* T 3Na* z
Glucose = === = P 2K*

Nucleus Interstitial ,/ g |
fluid N\
Peritubular
Tubule cell capillary
-
3Nat =P

2K*

Amino acids L’ Ed K L_’
Some ions T S
Urea —
=~ = Primary active transport Fat-soluble
. . . substances
= = § = Secondary active transport H,0 —_— )
=== = Passive transport (diffusion) cr s
. = Protein carrier \ana
other Paracellular
anions), K* route

= lon channel

Copyright © 2001 Banjamin Cummings. an imprint of Addison Wesley Longman, Inc.
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Reabsorpce Na* (a HCO;)

STRAIGHT
PROXIMAL
co%gbt:geo co»?\l/séTLtLreo PROXIMAL TUBULAR HCO; REABSORPTION
65-75% TR Lumen Proximal Tubule Cell | ISF
?\/Q\/x/—;ﬁ -
> - '“*
W H* H* 3HCO3
b 1000 F /
e ?is"(‘:gndmg COLLECTING H* "" m%.
15-20% TUBULE
Na*+ 5-7% Na*
H2CO3
H2C K*
> cA
U URINE
NS l . e
l H20 J

Copyright @2006 by The McGraw-Hill Companies, Inc : '

All rights reserved, \
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Hormony regululujici ledvinné funkce

{ Na* concentration in
plasma ( 1osmolality)

)} Na* orf K* concentration Renin-angiotensin

in b"xd p.aSma mechantsm
Stimulates
P f Osmoreceaptors in “
E -? ’l hypothalamus ?— Stimulates
gative | , 4

E feedback Stimulates :----«Q--D- Adrenal corlex /‘]

-
E 1 et <> Releases
' Posterior pclutary ! +  feedback
E "\ E | : Aidosl'erone
; Releasas ‘3:. ADH : 7
- L]
4 ™ . -

] T ts
E Antidiuretic hormone ' +‘ arge
. ADH ' o
: = : Kidney tubules
; +— Targets : 1
E | ' E <> Effects
‘ Collecting ducts \ ;
' | of kidneys : ‘ l
. : |
E CF_E . E ! Na* reabsorption| ! K* secretion
l ' 3
. .
- ! Water reabsorption ' { |
- .
- <}>— Resuts in : <> Restores
- .
- l ‘ . '.
; el Homeostatic plasma
| Plasma volume; Scant urine levels of Na* and K*

| osmolality

Copyright © 2001 Banjamin Cummings. an imprint of Addison Wasley Longman, Inc.
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Hormony regululujici ledvinné funkce

O R > ! Stretch of atria
| of heart due to ! BP |
- Relea
: | : M
<p—Nogative Atrial natriuretic peptide (ANP)
E <{>— Targels
: Y
i Baroreceptors
i ! Send \
: JG ratus impulses Adrenal cortex ‘
| of the Kidney t -
Posterior
<> Effects pituitary
% . Effects <>
| Renin release “i: {
| ADH release | Aldosterone release
?""NH'S% _ <> Inhibits

i Na* and HyO reabsorption

Resulls in~ct>

| Blood volume

o RASUIS IN
] t

Copyright © 2001 Banjamin Cummings. an imprint of Addison Wasley Longman, Inc.
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zvysuji objem vylucované moci
(presnéji zvysuji proporci
glomerularniho filtratu, ktery je
vylucovan jako mocg)

typy
— inhibitory karboanhydrazy

* zvysuji osmoticky
tlak filtratu

— klickova diuretika
* inhibuji NaCl
transport ze vzestupné casti LH
— thiazidova diuretika

* inhibuji NaCl reabsorpciv 1.
segmentu DCT

— osmoticka diuretika
— Setrici exkreci kalia
— kombinovana

Sites Of Action Of Six Groups Of Diuretics

|. Carbonic anhydrase RBF

Inhibitors CA 4. K’ - retaining diuretics

cause natriuresis and
H/K® excretion

6. Osmotic diuretics 5 Aldbsterone

Antagonists
cause natriuresis and

. Thiazide diuretics H*/K* excretion

Cortex inhibit (Na* - C") symporter

2. Loop diuretics
Inner block (Na'-K'-2CI')- cotransport

Fig. 25-18 KMc¢
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Struktura a funkce glomerularni filtracni membrany
Filtrace a reabsorpce albuminu a dalSich proteint
Albuminurie, proteinurie a nefroticky a nefriticky syndrom

FILTRACNI MEMBRANA
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Vlastnosti filtracni membrany

a) Parts of a renal corpuscle
mernal view) Capsular
space

Proximal
convolutea
tubule

Parnetal layer of
glomerular (Bowman's) capsule

Afterent

artenole
Podocyte of visceral layer

of glomerular (Bowman's)

Juxtaglomerular
capsule "

cell

Etterem

artenoie

Endothelium of
glomerulus

* vlastnosti
— size-selectivity
— limit mol. velikosti
®* naprosto volné <7kDa

* podle mnoizstvi 7-70kDa
* ne>70kDa

— charge-selectivity
* negativni naboj (a to i proteiny <70kDa)
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Struktura glom. filtracni membrany

(1) endotel

— fenestrace — filtr ~50-100nm & Capillary

* separace zejm. kr. bunék

(2) glom. bazalni membrana (GBM)

Capillary endothelium
Basement membrane

Foot processes of podocyte
of glomerular capsule

— it (glyko)proteint (kolagen IV, laminin, entactin, agrin, ...)
a mukopolysacharidd tloustky ~300nm se sumarnim
negativnim nabojem
* velikostni a separace vétsiny proteind >70kDa (~ 4nm &)

— hemoglobin (~ 40kDa) ano
— myoglobin (~ 17kDa) ano
—  B2-mikroglobilin (12kDa) ano, ale reabsorbovan
—  paraprotein (<70kDa) ano
* neg. naboj— heparanslufaty, kys. hyaluronova a sialova

—  albumin (~ 67kDa) z v&t&i &sti ne/omezené ano

(3) visceralni epitel Bowmannova pouzdra = podocyty
— prim,, sec. a tert. foot proceses (pedikly)

— slit diaphragm (cell-cell junction)

C || |
—
; e Filtration
slit
Plasma e csjl ) h
Filtrate in RN
‘ capsular
@ \—> space
—>
/ | 7—— Foot
I (—= processes

* vyznamné se podili se na velikostni (i nabojové) separaci Fenestration-

proteind (pore)
(4) mesangium

— neprimo ovliviuje filtraci protein( — pfi kontrakci zvysuje
filtracni tlak

of podocyte
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Podocyty — sterbinova membrana

Slit diaphragm
proten compiax

- ~ Y — 390 A
< v \
Johnstone DB and Holzman LB (2006) Clinical impact of research on the podocyte slit diaphragm. Nat Clin Pract
Neprol 2: 271-282 do0i:10.1038/ncpneph0180
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Proteiny stéerbinové membrany

GLEPP-1

Podocalyxin £ . Actin

NHERF-2
| Ezrin . «
B N a-actinin 4
Pl, kinase 6 R .
co24P () =) “oosc 8-0G / o, )
= 000 1 - L2
Z0-1 0 0r0"0 \\ integrin SynaptoREin
L DO 0On : &
.. Nephrin 2 \ x
* (1) bazalni doména - ukotveni k GBM > \ DG , |
. . _ FAT ‘
— integriny, DG = dystroglycan GBM P-cadherin Podocin B, Podoplamn ,
[ -
(2) CytOSkelet tvar Laminin Megalin

— actin, myosin, synaptopodin, actinin
®* (3) junkéni doména —slit diapragm

— nefrin, Nephl, podocin, CD2AP = CD2-associated protein, ZO-1 = zona occludens-1 protein, densin, FAT = mammalian homolog of
Drosophila fat protocadherin

* (4) apikdlni doména — neg. naboj

— podocalyxin, podoplanin, podoendin, GLEPP-1 = glomerular epithelial protein-1, dalsi proteiny a receptory (NHERF-2 = Na+/H+ I
exchanger regulatory factor-2, ...) M
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Protein v moci (1) - norma

* fyziologicky pritomné proteiny v moci
— tvorené tubularnimi bunkami ledvin
* Tamm-Horsfalllv protein (= uromodulin)
— glykoprotein produkovany bb. asc. raménka Henleovy kli¢ky

— funkce nejasna (imunomodulace, ochrana pred krystaly a infekci?)
— hl. soucast hyalinnich valc(

®* uropontin
* |gA imunoglobulin
* nephrocalcin
— filtrované, ale reabsorbované a degradovaneé v tubulu
* albumin (viz detailnéji)
* a2-ap2-mikroglobulin, enzymy, apoproteiny, peptidové hormony, ...
* citlivost béznych dg. metod je nastavena tak, aby nedetekovala

tyto proteiny a fragmenty albuminu, ale odhalila klinicky zavaznou
proteinurii, pri které se do moci dostava >0.5 g protein(
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Human serum albumin (HSA) paradox

HSA ~65kDa
obsahuje ~ 185 nabitych rezidui (Asp, Glu, Lys)
— jejich povrchova distribuce a vysledny naboj je variabilni vzhledem k mnohocetnym
funkcim, ktera albumin fyziologicky zastava
* transport (FFA, bilirubin, Ca, Mg, hormony, |éky, vitaminy, ...)
* pufr/ABR
* enzymova aktivita (antioxidac¢ni, esterazova)
* onkoticky tlak / TK
* AK pool

nakladani ledvin s albuminem
— (1) omezena filtrace (?)

* elektrostaticka repulze albuminu nebyla vzdy exp. prokazana
* koncepce byla dominantné postavena na nepritomnosti alouminu v moci — viz dale

— (2) tubularni reabsorbce
* endocytoza = degradace (— AA)

— (3) tubularni degradace
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Kinetika filtrace albuminu

* RPF~700ml/min - GFR ~ 120ml/min =~ 180l/den
— krev, ktera protece ledvinami za den obsahuje ~7.2kg albuminu
* pfi~40g/lvplazmé (70g/l CB)
— denni ztraty moci ~25-40mg (tj. ~99.9% je zadrzeno)
* plvodni predstavy o kinetice albuminu byly ziskany na zakladé clearance studii, mikropunkce
glomerull, imunodetekce latek aj.

— pokroky v metodologii — celotélové kinetické studie s [3H] nebo [*?°I] albuminem naznacuji, Ze mnozstvi
vylouceného albuminu je ur¢eno kombinovanym efektem omezené filtrace, tubularni reabsorbce a
tubularni degradace

* filtrace albuminu asi o néco vyssi néz se plvodné predpokladalo

* pf¥inormalni GFR (~1801/d) a filtraéni frakci (0.2) by mohlo ~ ertietm 227 procmanPe BAVR men
byt filtrovano a kompletné reabsorbovano 3 Nar
az ~1.5kg NaCl/den : @ e
— ~70% v prox. tubulu ucinkem NHE-3 transportéru "
* SHR (spontanné hypertenzni krysy) maji 3x T aktivitu 3 HCO; HCO;" +

* human EH (hypoteticky T aktivita + efekt ATII)
— odtud vztah hypertenze - albuminurie




Normal renal handling of albumin

b Parietal epithelial cell

J Fenestrae

-~ ’/"‘\1.%

o ,\dmphmqm "\

o |
i q
o
/" :
i

~—/

T .
¥
~ e A -
”~
-

Glomerular

lomerular
endothelial cell Glomerula

basement membrane

Albumin

_ ‘ " j ;:;Vw/w\ \
\ "-’0 e 5 -1
Y | o :
J ® / Unnary °

] $pace, - O—/Q

TN

Amino acids

® @

\\\‘\\/ (10 ke >\| W Q?\\/Wﬂ{)u
s »

» 2' . %
IIT IV

S S Albumin

O }“h« fragments

Parietal

epithelal cell

/

Proximal tubular cell

(a) Albumin (represented by green
spheres) normally remains within the
capillaries of the glomerular tuft, and
does not escape into the urinary
(Bowman's) space. (b) Fenestrae within
specialized endothelial cells are
covered by a negatively charged
glycocalyx. Podocytes attach to the
outermost aspect of the GBM by foot
processes, between which are proteins
comprising the size barrier slit
diaphragm. (c) The albumin that is
physiologically filtered at the level of
glomerulus into the urinary space is
taken up by the megalin/cubulin
receptor lining the brush border of
proximal tubular cells. Aloumin is
internalized by vesicles, and upon
lysozyme action, the resultant
fragments are either reabsorbed or
secreted back into the tubular lumen as
albumin fragments.
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Mechanismus proximalné tubularniho re-uptake

albuminu

* receptor-mediated endocytosis
— vysoka kapacita/nizka afinita
* stejny mechanizmus je vyuzivan i jinde (napfr. pfi
absorpci komplexu vit. B12/intrinsic faktor v ileu)
— endocyticky komplex
* megalin/cubilin — vazba albuminu

— Imerslund-Graesbeck disease (mutace v genu pro cubilin) - proteinurie
— Fanconiho syndrom (mutace v genu pro megalin) - proteinurie
Proximal

* NHE3 - nutny pro acidifikaci endosomu/lysozomu tinie i

Endocytic
nvag inations

Glomerulus

%
g

Den se [/ L s
apical = P
tubules //- .\
N Amino
ﬁ \ ;‘ ,4 acids
@2 y Lysosome
¥ Ic Hes carned
P P oilin | AMN

Sy L
R A

— NHE3 KO zvirata - proteinurie
* CIC5 —interakce s cytoskeletem
— Dent’s disease (mutace v genu pro CIC5) - proteinurie

* H-ATPase - nutny pro acidifikaci
endosomu/lysosomu
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Glomerulus

-
“oe
‘‘‘‘‘

Proximal
tubule

Endocytic
invaginations
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Megalin/cubilin

. : e e @
Megalin in the choroid o i ik o e I TR s o o iy o
plexus ependymal ‘ | [T ‘
Megalin in the ciliary cells that line the cerebral I 2
epithelium of the eye - ventricles Brush border e - 2 b
n Megalin in cells M <5
Megalin in \ of the inner ear | UJg U= U ] g
thyrocytes ™ ' "R & o TR % & %
T Megalin in parathyroid- \ - B D &2 ]
Megalin in type Il ~. hormone secreting cells N R N e, g
pneumocytes of ~~__ of the parathyroid X A% SR - j é;w%%
3 — ams> . 8 ):) <@ i 3
the lung alveoli < / ~-\\ \'@ Reass®
‘fl ey // A
" | \ Dense apical tubules g‘/ ° \ ( 9\‘.
[ \ AW N~
ll 0 rl/ l o, Fr*dosomes
|
\ \ == \ N O JR
[ : — =y “@::\’/ \
| il 4 A | Megalin and cubilin e |
o ebg“in in \ | tubule cells e S ¥ >
u _ [ Lysosomes | o %/Q 9 LSS
absorptive
intestinal cells
~ Megalin and Metabolic conversion ©
Mega]in - CUb”ln & of 25-0OH-Vitamin DS
endometrium in placenta N
and oviduct \ (¢} Y
o o
o — Megalin and
Megalin in the — Cueblg'"n in I
epididymal ‘ Viacerl Yol | Megaln | Cubilin © Nutrient (vitamin, iron) @ Carrier protein
epithelial cells sac cells © Lipoproteins, hormones, enzymes, drugs and others @ Thyroglobulin, RBP? M U N I




Protein v moci (2) - proteinurie

* (a) funkcni proteinurie
— pfricina neniv %oruée funkce glomerularni membrany, ale ve zménénych hemodynamickych pomeérech v
glomerulech (I hydrostat. tlak v kapilarach)
* ortostaticka, pochodova, pri horecce, po vétsi fyzické namaze...
* charakter neselektivni proteinurie
* (b) glomerularni proteinurie (obvykle >1g/den, ¢asto mnohem vice)

— prerenadlni - patologicky nardst “malych” proteind, , které mohou prochazet do glomerularniho filtratu

* napf. hemolyza (a-B-dimery globinu), rhabdomyolyza (myoglobin), paraprotein (lehké Ig retézce k a A (tzv. Bence
Jonesova bilkovina)

— selektivni - intaktni lamina densa (ztrata glykokalyxu z povrchu endotelii a podocytt)
* albuminurie, zadrzeny vétsi proteiny nez albumin

— neselektivni - vétsi strukturni poskozeni véetné lamina densa a hlavné podocytU

* (c) tubularni proteinurie (obvykle <1g/den)

— snizena zpétna resorpce malych plazmatickych bilkovin (nejvyssi zastoupeni albumin a $2-mikroglobulin v
moci)
* kongenitalni (napr. Dent’s disease (CIC5), Imerslund-Graesbeck disease (cubilin), Fanconi ho syndrom (megalin) aj.)
* ziskané (napr. hypertenze)
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Patogeneze glomerularni proteinurie

kongenitalni

— postizeni GBM
* napr. Alportav sy (mutace g. pro kolagen)

— postiZzeni podocytu (resp. slit diaphragm)
®* mutace v genech pro nephrin, podocin, ...

ziskané - postihuji jakoukoliv ¢ast glomerulu

— imunitni mechanizmy - typicky glomerulonefritidy

* cirkulujici nebo in situ imunokomplexy (90 %)

— antigen: bakterie (B-hemolyt. Strepto-, Stafylo-, Pneumokoky), paraziti, viry, endotoxin, soucasti bunék
(u SLE), léky, ...

— zaleZi na velikosti IK zda zGstanou v cirkulaci (— vaskulitidy), budou vychytany fagocytujicimi bb. nebo
se dostanou (diky obrovskému prutoku a fenestrovanému endotelu) do ledvin

* protilatky proti GBM, antineutrofilni nebo proti burikam glomerult (10 %)

— neimunitni — ischemie, hyperfiltrace, toxiny, infekce, ...
* napr. diabetes, hypertenze, amyloidoza, HIV, ...

==
me



Dulezitost stérbinové membrany podocytu

* (1) studium familiarnich forem nefrotického syndromu vedlo k identifikaci vétSiny genli / protein(

Stérbinové membrany podocytU

— nephrin (Finnish-type congenital nephrotic syndrome, NPHS1) e |
* kongenit. defekt vyvoje pedikl( a tvorby Stérbinové membrany
®* masivnia potencionalné letalni proteinurie pocinaje fetalnim obdobim 2

T . AT F-Actin | CD2AP e @)
* nutnost parenteralni vyZivy a peritonealni dialyzy do doby transplantace NEPH1 D)
— pro srovnani Alportiv syndrom (mutace COL IV) vede k mirné proteinurii el J
— delece heparansulfatu u mysich modell nevede k zZddné proteinurii |
GBM

— podocin (familiar steroid-resistant nephrotic syndrome, NPHS2)
* Casné postnatalni proteinurie

— dalsi syndromy se signifikantni proteinurii (CD2AP, NEPH1, FAT, TRPCS, ...)

* (2) experimentalné lze navodit nefroticky syndrom polyklonalnimi protilatkami proti Stérbinové
membrané nebo monoklonalnimi protilatkami proti nephrinu, podocinu, ...

* (3) klinicky vyznam
— glomerulopatie jsou dominantni priCinou proteinurie

* dosavadni klasifikace glomerulopatii zaloZzena na histopatologickém
obraze (= nespecificky)

— budouci molekularné-biologicka klasifikace nosol. jednotek

* diagnostika, progndza, Ié¢ba (steroidy ano/ne), benefit transplantace
(pribuzenska/darce), ...
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Podocyty - foot-process effacement

Nephrotic ¢
sre
Syndrome % z
glomerular o GBM
endotheliaV§ 7 .
Il AN major
ce \r J

' Y
= processes

)&
werng// processes

&%) /) filtration
slits

podocyte \ 4
cell body WSS

fusion O 2

= “vyhlazeni” podocytu - univerzalni znamka
poskozeni podocytu

koreluje s velikosti proteinurie (“slepice Ci vejce”?)
variabilni etiologie posSkozeni podocytu

— ROS (— DNA poskozeni, apoptdza, peroxidace lipida)
— AT Il (~ apoptdza, hypertrofie, T TGF-b, 4 nefrin)

— MMPs (— 4 GBM, { nefrin-Neph komplex)

— mechanicky stress (— apoptdza, hypertrofie)

— rastové faktory (— T MMPs, GBM, ...)

— hyperglykemie (— { neg. nabité apikalni proteiny)
zanik podocytu = proteinurie =
glomerulosklerdza

— synechie mezi obnazenou GBM a parietalnim
epitelem Bowmannova pouzdra — sklerotizace
(FSGS)

— podocyty neregeneruji
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Dusledky glomerulopatie resp. proteinurie

* extrarenalni
— hemodynamika
* | onkoticky tlak (edémy)
— slozeni ECT
— dyslipidemie
— ztraty ost. latek vazanych na proteiny,
* hypovitamindzy
— nutrice
® intrarenalni

— albumin je v malé koncentrace nezbytny survival
faktor pro tubularni bb.

— pritomnost vétsSiho mnozstvi proteinu v tubulech
vede k zanétu a intersticialni sklerotizaci

* perpetuace rendlniho poskozeni!!!
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Mean decline in GFR depends on proteinuria

Change in GFR from baseline, mL/min

Mean baseline urine protein 0-0.25 g/day

#‘Aean baseline urine protein 0.25-1.0 g/da

Mean baseline urine protein 1.0-3.0 g/day

I

Mean baseline urine protein 23.0 g/day

{ I }{

F3 F4 F5 F12F14 F20F24 F28 F32 F36

Time, months

* mean decline in GFR (mL/min) over a 36-
-0 month period in groups with four different
5 mean baseline 24-hour urine protein levels
s in non-diabetic patients with chronic renal
°  failure in the MDRD study

jg — compared in each of these four groups are the
‘22 * normal blood pressure group (dashed line; 140/90

o mm Hg; 102-107 mm Hg MAP)

- * intensive control group (solid line; 125/75 mm Hg; 92
~10

45 mm Hg MAP)

-20

-25

-30

Progressive renal and cardiovascular disease: Optimal treatment
strategies
Matthew R Weir
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Proteinuria results in the development of glomerulo-

sclerosis and fibrosis

Decreased nephron mass Progressive renal and cardiovascular
l disease: Optimal treatment strategies
Matthew R Weir

Glomerular-capillary
hypertension

'

TMechanicaI stretch
and strain

Increased filtration Proteinuria
of plasma proteins
?ACt'Vgggqrgggpogrﬁtiﬁgs'n . Excessive tubular
growth factor p1 reabsorption of protein
Release of vasoactive and l
inflammatory substances into—¢ N
_ the interstitium _ Interstitial

Increased synthesis Fibroblast inflammatory
of type IV collagen proliferation reaction

g

’ Glomerulosclerosis
and fibrosis
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Glomerulus - bunky

Parietal

Mesangial Mesangial cell epithelial cell

matrix

Glomerular
basement
membrane

VASCULAR
POLE

URINARY
POLE

(Bowmarr¥'s)

( space Proximal
tubule
Podocyte
(visceral
—e T _=F epithelial cell)
Bowman's Nt
basement Bowman's
membrane capsule
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The players: cells Involved in glomerular disease

| PO NSOl

Endothelaicols i ) (@ J (e ) (e ) (e ) ([

GBM |

e ¥ N
by st diaphragms || | [
space (| = L — - )

A. Richard Kitching, and Holly L. Hutton CJASN 2016;11:1664-1674

Basic structure of the glomerulus and the
glomerular filtration barrier. (A) Each glomerulus is
composed of an afferent arteriole, which supplies
the glomerular capillaries, and an efferent arteriole,
into which they drain. Mesangial cells and mesangial
matrix provide structural support for the glomerular
capillaries, lined by specialized fenestrated
endothelium, and then the glomerular basement
membrane. On the urinary side of the glomerular
basement membrane are podocytes, with foot
processes that wrap around the glomerular
capillaries. The urinary space is lined by a cup-like
layer of parietal epithelial cells which adhere to the
basement membrane of Bowman’s capsule. (B) The
glomerular filtration barrier is a specialized
molecular sieve, with properties that aid filtration of
small solutes from the blood to the urine, while
limiting the passage of macromolecules such as
albumin.
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Simplified representation of mechanisms of glomerular injury

[ i
B IFN-y co8
0 04
CD4 .;© °o __Mac

™
IL-17A — gﬁ:f.zme e %o
0©
D ii§ii0J(0J(0J0

oo

o °T

:1' ® )[ ® J(O. ) ( M. ) ® ]C Endothelial cell

A AT

i jii iv v Vi
\ o VEGF

» %o C3a- Csa
%0 FLT1 U Pt CSb-9

1lelCelCe)(Cle))( =D

AT

(A) Antibody-mediated glomerular injury. From left to right, (i) neutrophils (shown) and
macrophages induce injury after anti-a3(IV)NC1 autoantibodies bind to the GBM in anti-GBM
GN; (ii) in membranous glomerulopathy autoantibodies against PLA2R1 (and other antigens) on
podocytes are deposited subepithelially, with the involvement of complement; (iii) antibodies
can bind to antigens lodged in the glomerulus (grey dots) with recruitment of macrophages
(shown) and neutrophils, and the activation of complement; (iv) circulating immune complexes
can be deposited in glomeruli, activate complement, and recruit leukocytes; (v) ANCA, (with
complement) activates neutrophils and enables their recruitment to the glomerulus. Not
shown, but important, is IgA deposition in mesangial areas.

(B) Cell-mediated immune mechanisms. (i) Effector CD4+ cells (often Thl or Th17 type)
recognize antigens that can be intrinsic to or planted in the glomeruli. This occurs via their T cell
receptor recognizing MHC class Il peptide complexes (several cell types could possibly be
involved in this process). Activated T cells produce cytokines (IL-17A and IFN-y as examples) that
have direct effects on intrinsic kidney cells and activate, together with costimulatory molecules
(e.g., CD154/CDA40), innate leukocytes such as macrophages. Not shown are interactions
between intrinsic renal cells and T cells that include costimulation and cytokines. (ii) CD8+ cells
can recognize antigenic peptides with MHC class | on intrinsic cells and secrete cytokines or
induce cell death.

(C) Metabolic, vascular, and other mechanisms of injury. Podocyte and foot process injury and
dysfunction occurs due to (i) genetic abnormalities of slit diaphragm proteins and (ii) in minimal
change disease and FSGS due to circulating permeability factors. Metabolic factors such as (iii)
systemic and intraglomerular hypertension and (iv) hyperglycemia and its consequences are
common, and affect both the cells and the structural components of the glomerulus. Both
glomerular endothelial cell and podocyte injury are important consequences of preeclampsia,
involved a number of mediators including soluble fms-like tyrosine kinase-1. C3
glomerulopathy, as well as some types of atypical hemolytic uremic syndrome (vi), can be
induced by autoantibodies to, or genetic abnormalities in, complement regulatory proteins,
resulting in complement activation. a3(IV)NC1, the non-collagenous domain of the a3 chain of
type IV collagen;

Abbreviations: FLT1, fms-like tyrosine kinase-1; GBM, glomerular basement membrane; Mac,
macrophage; M-type PLA2R1, phospholipase A2 receptor 1; Th, T helper; VEGF, vascular
endothelial growth factor.

A. Richard Kitching, and Holly L. Hutton CJASN 2016;11:1664-1674 ME



Klasifikace onemocnéni glomerulu

skutecna pricina vetsSiny onemocneéni .
glomerull neni znama a proto neexistuje
etiologicka klasifikace, snad jen klinicky na

— primarni (postihuji jen ledviny)
— sekundarni (projev systémového onemocnéni)

* autoimunitniho (SLE, IgA nefropatie, m. Henoch-
Schonlein, Goodpasteurtv syndrom aj.)

* cévniho (vaskulitidy)

* metabolického (diabetes, amyloiddza)
* nadorového (mnohocetny myelom)

* genetického

ale i to je sporné (imunopatologicky proces

zodpovedny za vznik vetsiny

glomerulonefritid je _—-y

¢asto systémovy) S NI

podle prubéhu na Oy

— akutni ~ ,ﬁ/ ey

— chronické || n
| 0

do té doby se budou nemoci tridit podle
klinicko-laboratorné-histologickych
charakteristik

— biopsie ledvin je zasadni (— mikroskopie
svételna, imunoglorescencni, elektronova)

pro histologickeé zarazeni jednotlivych

glomerulopatii je dllezity pocet

postizenych glomerull a to, ktera cast

glomerulu je patologicky zménéna

— fokalni (postizeny jsou jenom nékteré glomeruly)

— difusni (postizeno je vice jak 80% glomerul().

— segmentalni (jen néktera struktura)

— globalni (vSechny typy bunék)

a takeé stupen bunécnosti

— neproliferativni

— proliferativni
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Obecna patogeneze glomerulonefritid

* tvorba imunokomplex(
— v cirkulaci nebo in situ
* aktivace komplementu
— tvorba opsoninu
— chemotaxe
— lyza bunék glomerulu
* infiltrace neutrofily a makrofagy
— proteazy — degradace bunék a ECM
* hojeni
— rustové faktory — proliferace bunék
— vazivo (mesangium) — fibrotizace a sklerotizace
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Obecna patogeneze glomerulonefritid

* glomerulus ma pouze omezené spektrum reakci na poskozeni

— zanet &
° . ANTIBODY DEPOSITION T-CELL IMMUNE REACTION?
proliferace bb. glomerulu
* infiltrace dal&imu bb. ot
* proteolyticka destrukce filtracni membrany c°”“1"”‘e5
— proteinurie - Complement
. ° aclivation :
— depozice ECM 3 R
* fibrotizace CSb-9 Cfa
A
° ZjiZVGﬂI' / Neutrophils  Platelets Macro;;;wages Mesangial cells
. ' | ' H .
* sklerotizace P
Ep ok Oxidants  Proteases Eicosanoids  Others
— pokles GFR M’;g‘;n;;";‘ Cytokines  Growth factors  Nitric oxide

— histologicky obraz se odviji od toho, ktera
soucast glomerulu je prednostné poskozena

* proliferacni — napf. mesangium
* membrandzni — ztlustéla GBM
* sklerotizujici — kapilary a synechie
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Klinicky obraz glomerulonefritid

* nefriticky syndrom * nefroticky syndrom

— znacné naruseni filtracnich schopnosti — naruseni filtracnich schopnosti ledvin
ledvin (zejm. endotel a GBM) = oligurie (zejm. podocyty)
* obvykle vétsi ucast komplementu * obvykle vétsi ucast imunitnich mechanizm?

— naruseni regulacni funkce ledvin vede * proto neni tolik zvysen tlak
k hypertenazi — dominuje velka proteinurie

— propousteni cervenych krvinek = * obvykle ztraty bilkovin do mo¢i >3g/den
glomerularni hematurie — v dusledku hypoalbuminémie /

— diff. dg. postrenalni! hyporoteinémie se snizuje onkoticky

* makroskopickd (viditelné pouhym okem tlak a vznikaji
* mikroskopicka (laboratorné zjisténa) * edémy

— v mocCi mensi proteinurie, ktera — ztraty bilkovin kompenzuji jatra
nedosahuje velikosti ztrat bilkovin u zvysenim proteosyntézy, coz vede k
nefrotického syndromu * dyslipidemie (T cholesterol a TAG)
* jen tolik bilkovin, kolik je v primési krvé * hyperkoagulaénimu stavu
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Klasifikace onemocnéni glomerulu
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Nephrotic
Mechanism

* Injury Lo podocyles
» Changed
architecture:
« Scaming
* Deposilion of

mialrix or olther
vlemonts

The spectrum of glomerular diseases

SLE
+ +
IgA nephropathy
Minimal change Anti-GBM
nephropathy disease
FSGS Diabetic vi':sﬂ:
nephropat
phropathy vasculitis
MCGN
Membranous| Amyloidosis Post-streptococcal
nephropathy glomerulonephritis
L v 1 L L

Proteinuria

www.edren.org
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Glomerulqnephritis

Non-Proliferative

Proliferative

Minimal Change
Glomerulonephritis

Abnormal Podocytes
Seen on Electron Microscopy
Treat with Supportive care
+ Prednisolone
Most respond well

Membranous
Glomerulorjephritis

(MG
Thickened Gpmerular
Basement Membrane

Usually idigpathic
1/3 have chrgnic MGN
1/3 go into femission
1/3 progress tofrenal failure

IgA Nephropathy
Most common type of GN in adults
Macroscopic haematuria
Appears 24-48hrs post URTI/GI infection
IgA deposits seen in the matrix

Focal Segmental
Glomerulosclerosis

Segments of Glomeruli Develop Sclerosis
Presents with Nephrotic Syndrome
Genetic causes identified
Steroids often ineffective
50% Progress to Renal Failure

Membranoproliferative
Glomerulonephritis
Primary (immune mediated)

Secondary (SLE, Hep)
Usually progresses to
End Stage Renal Failure

Post Infectious

l

nefroticky

Geeky Mepics.com

Rapidly Progressive Glomerulonephritis
Glomerulongphrltls Occurs weeks after URT]
(Crescentic) Usually Strep Pyogenes
Supportive treatment
Resolves over 2-4 weeks
Vasculitic Goodpastures
Disorders Syndrome
Autoimmune

anti-GBM antibody
Glomerulus & Lung affected
Haematuria & Haemoptysis
Treat with steroids
+/- steroid sparing agents

Wegeners Microscopic
Granulomatosis Polyangitis
Vasculitis Small vessel vasculitis
Lungs, Kidney & other organs p-ANCA +ve
c-ANCA +ve Treat with long term steroids

Treat with Steroids
+ Cyclophosphamide

+/- cytotoxic agents

nefriticky
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Vrozené choroby ledvin

* polycysticka choroba ledvin (PKD)

— autosomalné dominantni (ADPKD)
* mutace v genu PKD1 (ch. 16)v 85%, v 15% ptipadl PKD2
* progresivné se rozvijejici mnohocetné cysty oboustranné v ledvinach
* hypertenze
* renalni insuficience
* ~50% pripadl ESRD

— recesivni forma vzacna, zavaznéjsi

Autosomal dominant

Pol ]
ycy5bn 2 Affected Unaffected
father mother
on b 14 wm
COOH NH 2 B Unaffected
[] Affected L
~
2 | g
¥
':‘% ~g | BRI | -]
Polycysbn 1 Afl{decl;d Unaffected Unaffected Aff;czed
COOH son daughter son daughter

U.S. National Library of Medicine
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“'i'he kidney shape was a cool idea.
Reminds us what you sold to pay for it.”
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