Patofyziologie vylucovaciho

systému — cast |

Glomerularni hemodynamika a GFR

Metody stanoveni GFR

Filtracni membrana a jeji patologické zmény

Proteinurie

Onemocnéni glomerul{
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akl. transportni procesy

* glomerularni filtrace

krev

glomerularni
filtrace

peritubularni
kapildry odvadi
W ofisténou” krev

tubularni =
sekrece tubularni
! resorpce

| tubuldrmi bb.

.
exkrece latek moci

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

— omezeni velikosti latky
<65kDa a dalsimi kritérii

* tubuldrniresorpce

— typicky symporty
* napf. Na/Glc, Na/AK, ...

— saturovatelna kapacita
(transportni maximum, Tm)

* renalni prahy pro latky (napf.
Glc)

* tubuldrni sekrece

— aktivni (ATP)
— sekundarné aktivni

Prutok krve ledvinou a funkce ledvin

* ledvinou protéka cca 1200 ml/min, coZ pfedstavuje ~20-25%
srdecniho vydeje
— prutok kdrou >>> dfeni ledvin

® ale arteriovendzni rozdil v saturaci hemoglobinu je velmi maly

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

* velka perfuze ledviny tedy primarné slouzi regulacnim ucellim a ne nutrici
® krevni zasobeni ledviny

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

-
* peritubuldrni kapilarni sit (u kortikalnich nefront) Anterior Ssabut
superior segmental
* vasa recta (u juxtameduldrnich nefrond) Zegmontal b
y
.
regulace Anteror '"',w,
— extracelularniho objemu s
. . . Renal
— tonicity a osmolarity frits
— acidobazické rovnovahy Areuste

anteries S Intarior
segmental
artery

— dusikového metabolismu
— homeostazy kalcia a fosfata

Interobular
— hematokritu s

Ureteric
branch of
the renal
artery

omeostatickych parametru ledvino

* dostate¢ny prutok krve ledvinou
— autoregulace vs. systémové efekty

* dostatecné mnoiZstvi glomerularniho
filtratu

— prvnim krokem v tvorbé modi je
ultrafiltrace plazmy
* ultrafiltrat je prosty bunék a proteind, pficemz
koncentrace nizkomolekuldrnich latek je v ném
stejna jako v plazmé
— GFR je zakladnim parametrem funkce
ledvin

FILTRATION, REABSORPTION & EXCRETION

| RPF = 600 ml/day
Capillary Filtration Pressure
T e
L S

GFR - 180 L/day

Slembrane

/J

f Tubular

/ Reabsorption
178.6 L/day

Tubular \
Epithelium \

*  mnozstvi glom. filtrdtu za min
— dolni hranice normy ~100 ml/min/1.73m?

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

UT";‘]‘J’:;;’_"" * neporusena funkce tubuldrniho epitelu
— tubuldrni resorpce cca 99% glom. filtratu

® spravna funkce peritubularnich kapilar

— u korovych i juxtamedularnich nefrond



Dva typy nefronu

.
Bowman's capsule ]
\
\ l
Proximal e
tubule \
L t-Renal
cortex
Cortex
Proximal °
| tubule
bj— Loop of
Henle
Distal
Collecting tubule
duct
I~ Renal
——— Medulla —— medulla
Loop of
Henle
Collecting
duct
~ ~ - L]
(a) Cortical nephron (b) Juxtamedullary nephron
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kortikalni nefrony (cca 80%)
— zevni2/3 klry
— kratsitubuly a zejm. Henleovy
klicky (LH)
— Udast v reabsorpci solutl, ne v
koncentraci modi
*  kli¢ky peritubuldrnich kapildr
— dulezité autoregulacné
* tubulo-glomeruldrni zpétna vazba
juxtamedularni nefrony
— vnitfni 1/3 kary
— maji delsi LH zasahujici hluboko

do osmoticky koncentrované
dfené

— dulezité pro produkci
koncentrované moci

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

rtzné choroby mohou
zasahnout rGzné tyto dvé
populace a mit tudiz rozdilny
efekt na ledvinné déje

Key:
—fp = Active transport Collacting duct \

w—p = Passive lransport
&, ,4} k' 300 (1 X \

100 100
Cortex H,O NaC| l
H,0 % naci 422 100
H,0 4-1 NaCl d—T l
Outer H,O NaC|
meduila 600 400 100
H,0
NaCl === = Urea 4=
el |
900 700
HyO e U102
Inner
medulla } 160
1
(a) Loop of Henle — 2
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Osmolality Blood
of interstitial from effersnt
a0 arteriolo
(mOsm}) / To vein
< o
\ A [ 4
300 300 300
NaCl — NaCl
H,0 -+ H,0
L 300 o
400 400
NaCl =P NaCl
H, 400 = H,0
900 l 600
NaCl "—p NaCl
H,0 €m0 < H,0
500 200
NaCI —» d—p NaCl
O e | e— o
1200 \ \\-«/’ }/‘
N 10

(b) Vasa recta —_J a

Ruzna délka LH a kapilarf®ruzna funkce

Efferent - =

arteriole of

cortical nephron
—

) h {;f — Efferent
WA NG arteriole of

juxtamedullary
nephron

Peritubular
capillaries

Loop ——
of Henle

\'- ~
\ A
(b) ":j
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LOMERULARNI FILTRACNI
RYCHLOST (GFR




Determinanty GFR

11

rychlost ultrafiltrace plazmy do
Bowmanova pouzdra je urcena:
— GFR=AXKxP;

The Hydrodynamics Of Ultrafiltration

Starling forces inmmHg.  Mean P, = 13 mmHa (1.7 kPa)

o= (Foem Pocu) - i ge~ocn)

Efferent arteriole

tedy zavisi na: o anerile

— A =velikost celk. filtraéni plochy
(~100m?)

— K

P, = efektivni ultrafiltraéni tlak

PE0 15-250FT
20 mmHg=2 6 kFa

pocet glomerult

—  méni se s Ubytkem funkénich glomeruld

Bowman's space
P.=15

efekt mesangialnich bunék (Resy: GFR= P.." AreafRes =P.." K,

Transcelular————
" . 120 mlimin = 1700 Pa " 12 m/Re *
—  maji schopnost kontrakee (a tim 1 A) i 2 G peritubuar —

. . . ; Resin'= 1 Pa"min " ml offitrate capillary uptale o5
= propustnost filtratni membrany L — ®o
* Tight junction

méni se pfi nemocech ledvin ovliviiujicich
strukturu glom. filtr. membrany (viz dale)

zavisi na rozdilu hydrostatickych a
onkotickych tlak(i mezi glom. kapilarami
vnittkem Bowmanova pouzdra
(Starlingovy sily)

Glomerular
capsule
Key:

= Glomerular
(blood)
hydrostatic
pressure
(55 mm Hg)

' = Blood colloid
osmotic
mm- pressure
Hg (30 mm Hg)

= Capsular

“ pressure hydrostatic
pressure

' (15 mm Hg)

Copyright ©2001 Benjamin Gummings. an imprint of Addison Wesley Longman, Inc.

MikrocirkulaceggStarlingovy sily

Capillary Microcirculation

Intersbtial flud

“

Hydrostatic pressure

Blood flow \

situace obvykla jinde v
mikrocirkulaci kromé ledvinnych
glomeruld

Qsmobic prassure

Capillary

-

Venous end

L
U

. Capillary Pressure
~

Pressure
(3]
N
1
!

Loss from Plasma = Gain to Plasma™
15 No Net Change

Arterioles
10

* na rozdil od béznych kapilar
hydrost. tlak v celé délce glom.
kapilary poklesa minimalné (v
dusledku autoregulace), takze
filtrace je cca 100-krat vétsi
oproti jinym kapilaram
hydrostaticky tlak
— glomerularni hydrostaticky tlak

(Psc) je vysoky a konstantni

® ~45-55 mmHg
— to je vyrovnavano tlakemv

Bowmanové pouzdre (Py)

*® ~10-15mmHg
— Cisty filtracni tlak tedy

~35mmHg
* osmoticky tlak (IT)
0

- n — ~25-30 mm Hg
aferentni eferentni
— dlky velke filtraci tekutiny se I'l.

dale zvysuje v prubehu kapilary a
dojde k vyrovnani

mm Hg

40 — I:)GC_PBC L

30 |- L

20 = ¢sty filtradni tlak

10 |-

12



rovnani ruznych kapila Prutok krve ledvinou a GFR

* uzdravého ¢lovéka je pratok krve ledvinou a GFR (diky autoregulaci)
velmi konstantni

A ) B c
MIMOLEDVINNA KAPILARA GLOMERULARNI KAPILARA GLOMERULARNI KAPILARA — veskery objem plazmy protece normalné ledvinou za cca 20 min
NORMANI STAV ZVYSENY TOK PLAZMY LEDVINOU — kolisdni systémového tlaku
éIsTy X v Sagf A v A * vrozmezi 80 — 180 mmHg se udrZuje pomérné stabilni RBF
50 _ FJLTRACNI Bl CIST:.I’_:Z';RAC J 50 EF) PETRALY diky autoregulaci
? TLAK &IsTY T | , ' | * teprve pfi vyznamném poklesu selhava perfuze ledviny (— ischemie, nekréza)
40 - 40 .
- R"rEfAB;?' 40 renal blood flow (RBF) a renal plasma flow (RPF) AUTOREGULATION
e _ N ] .
N 4 4t wk RBF ~1000 - 1200 ml/min
E c c *  tj. ~20-25% of CO (kortex >>> medula)
< 20 : i 0 P Sl 20 * vysoky pratok vzhledem k vaze ledvin (~350 g) Flow Rate Renal BF
a 10 l = 10 B — 10 — RPF (hematokrit 0.45) ~600 - 700 ml/min
T A . Limin
g —7 % | N 1 ¢ glom. filtrace -
A A I} A U* A — GFR ~20-25% RPF — GFR ~ 120 — 140 ml/min /—/
ARTERIALNI VENGZNI  AFERENTNI EFERENTNI AFERENTN EFERENTNI - pomevr GFR/RPF = filtraéni frakce (~ 120/600 = ~ 0.2) M agn — 150
KONEC KONEC ~ KONEC KONEC KONEC KONEC — denné ~ 180 ean Arterial BP mm Hg
— 99% reabsorpce — 1.5-1.8 | modi/den
Pozn. k obr.: faktor vypuzujici tekutinu z kapilary je (P_+r), faktor nasavajici je * GFRaRPF mohou byt mefeny pfisl. metodami clearance
(m+P) — RPF(RBF) - PAH
c i’ L . . s s
13 14~ GFR — kreatinin, inulin (experimentalni) aj.

Autoregulace RBF vs. systémovy zaje

* autoregulace RBF

— (1) myogenni regulace :
(1) myog gu L L I . Renal Autoregulation
* SMC af. aef. arterioly detekuji tenzi a upravuji rezistenci svou kontrakci (brani priliSnému rozpéti) 13333 Pa
— (2) tubuloglomerularni zpétna vazba (TGF) ; - i g
4 ¥ .
* juxtaglomerularni aparat detekuje event. zmény NaCl koncentrace a uvolfiuje renin Z:’I“'l‘g Es&’l‘g::::: mfr“ri:"':l'-’“ renin release and incredses
, . Ly ; . ; Syt v s - e o RBF
* aktivace lokalniho RAS zajistuje kontrakci nejdrive eferentni arterioly a tim zvysi filtradni tlak (pfi cascade
vyssich koncentracich AT Il pak aferentni) Renal Blood Flow |{RBF)
* dalsi parakrinni faktory O
— prostaglandiny, adenosin a NO Bowman's space with ultrafitrate __ 1000 Myogeni responss  arteriole (stetch e |
* sympatikus — systémovy zajem c leases contraction)
, J— T= Ptr
— NA z adrenergnich nerv. zakonceni E
a ocirkullujl'ci A z d_Fen_é nadled_vin é £ ———  r=radus
pUsobi konstrikci a. i e. arterioly \ / z f T |
(ol-rec.) . ‘ o T | 500
Renin from JG-cell (T
* pokles RBFa GFR mt;:mp! vr-:r-:-pt-:us § L Mesangial cells
— NA stimuluje uvolnéni reninu secioting prosaplencing
z g!'anula_rnlc_h JG-t?b. (B;L-rec.) B 2 o0 , Efferent arteriole Glomerular Filtration Rate (GFR)
a tim aktivaci systémového RAS angiotensin ) .
. L
— NA Treabsorpa Na+ v prox. tubulu s \ : 0 o 5
, , SO USe e Macula densa (reduced NaCl releases renin) Papillary necrosis 100 mmHg ‘ressure
[ ] with Q- receptors /
SyStemOVy RAS 4 Increased sympathetic tone releases renin Fig.2515 KMe

15 16



(d)Viyogenhi regulace (Baylissuviefekt)

Kdyz se arterialni tlak zvysuje, je rozpinana aferentni arteriola

Zvyseni Pritok se
arterialniho tlaku zvysuje

Hladké svalové burky cév odpovidaji kontrakci a tak se zvysi
rezistence

Pritok se
Zvyseni )))) .
- - . vraci k
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)
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€ Bayliss effect
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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-
ir{dsuced activation of stretch-activated receptors in vascular smooth muscle membranes.

(2) Tubuloglomerularni zpetna vazba

The Juxtaglomerular Apparatus:

0) Ascending limb

Source of Renin Renal Cortex

Proximal convoluted tubule
Afferent
artericle

Distal

tubule o} Glomerulus

Distal
convoluted
tubule

Efferent
arteriole

Mesangial
cells

to Loop of Henle

# ? ' 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)

* buriky macula densa jsou sensitivni k NaCla kontroluji podle néj produkci reninu v
juxtaglomerularnich bb. (JG-bb.)

— (2) vaskularni komponenta

* aferentni a eferentni arteriola téhoz nefronu

* extra-glomerularni mesangium

® JG-bb. (granularni bb.) jsou
specializované hladké sval. bb., - Stk =20
které produkuji a skladuji renin j/ ‘ oY Fo D¢

* bb. macula densa nemaji bazalni i Clonardis o8

membranu, coZ umozZiuje tésny 1
kontakt s JG-bb. —
Polkissen cells

® vaskularni a tubularni komponenty ot erveiied
jsou bohaté inervovany sympatikem AT

Efferent

T

Macula
densa cells

Juxtaglomerular
cells

Sympathetic
nerve

20 Endothelium

Aiferent
arteriole




Detailni mechanismus TGE N——

. . f-lv-‘;rml mochamnsm Tububoghomesnslar Renin-angicionsn mocharsm Extrinsc uﬁl‘lidh‘,fﬂﬂdﬂ
° of autoregulaticn  mechanism of autoregulaion
macula_den_sa cells (at the junction of = —
o ascending limb of loop of Henle and 1 . b -
Na' 2¢ K* 4 Tubule N Renal vascular Fleduced fivate JG cells of Baroeeonplofs in
Tumen distal convoluted tubules) semocth muscle fow o camolanty (|
g Ter
— presence of Na-K-2Cl symporter ' i v !
Vasodilation of Macula dansa g Sympathetic
o * when T NaCl content at macula densa cells alterant arterioles | oull 4G [} [ Fenin [P i [
Transmission e —- T NaCl uptake = swelling of macula i i S
densa cells > release of ATP == - [ —_— I__‘{ ;_—"! e —’n 1
Ar Angichonsin
— stimulation of purinergic P2 receptors on l Vasodlabon of
mesangial cells and afferent arteriole smooth afferent artanok I Iy o I
muscles Adrenal corlex A | Systorric —
anerncles
\ 4 — alternatively ATP may be metabolised to b
adenosine, which also causes vasoconstriction [ Aldosterone
Mediator(s) Interstitium here : aases peripheral
¢ adenosine normally causes vasodilation in Kichey hbides osistance
£ other tissues !!!
Xtra- r -
Clameniar: * effect of increased NaCl content [ icicascdtic [ thood precerte
P — contraction of mesangial cells and ket
VSMC Cells contraction of afferent arteriole . L
ncreased bloot
¥ * reduction in effective filtration area o eystemics
St Afferent * decreases GFR and RBF \

Arteriole T
Vesoconstiction,  ReninSecrefion ¥ — NaCl content at macula densa also |

renin release
* effect of decreased NaCl content
Vallon V Physiology 2003;18:169-174 .
21 — opposite 22

Tri hlavnilmechanizmy ovlivnujici
- * sympatikus uvolnéeni reninu
Afferent  Glomerulus Efferent

— - — — sympaticka

¢ ) . * (1) signals at the individual nephron
w_ inervace arteriol — decreased NaCl load at the macula densa
glomerulu

— decreased afferent arteriolar pressure

Copyright ©2001 Banjamin Cummings. an imprint of Addison Wesley Longman, Inc.

SNGFR glomerulus ., (probably mediated by a cellular stretch
. ® 3x hustsSiv mechanism)
aferentni eferentni , . . . . . .
arteriola arteriola aferentni arteriole * (2) signals involving the entire kidney
. . — betal-adrenergic receptor stimulation at
[}
vazoad ktlvnl the juxtaglomerular cells )
/ e peptl dy — atthe same time, negative-feedback wiarentarsrols
y o e inhibition by AT Il at the JG cells capsule
potfeba vzestupu GFR potieba poklesu GFR _ &
eunteTdie hfgjﬁi{g%ﬁz) — rece ptory pro other hormonal factors b S %Y 4 .
'é . I3 . F 1 5
P lomehutarmi N vasodilatato ry (3) local effectors . W A granular cells
& » filtrace i zejm v AA — prostaglandins E2 and 12 T : ; G
) — nitric oxide ) [ \
o konstrikce ki ik ki ik * jejich blokada — adenosine >|®]|® e gt y | distal tubule
onstrikce onstrikce (napF. cox1 —  dopamine h |

tubule L S—
inhibitory) maze — arginine vasopressin :

prostagnadiny SYMPATIKUS b .
ininy, noradrenalin Snllilt GFR ez
dopamin endotelin
ANPI e macula densa cells

NO

|

prostaglandind

zmény tlaku
@ 24 afferent arteriole

of JGA



Renin-angiotensin-aldosterone system

i 5":""“"?\'-(( \
1 ¢ 1%

b Na

.
s K
- i peemn o Tubular Na- C1
: Surtace of pimonary ’ reabiorption and K Cl-
- Reetls .
T ' excretion. HO retention | by o
Wi,
' ‘B 4
@®: - Age o
H ! 'Y '
ANGIOLENSINIYEN mmmmmmmts ANGICRENSN | Angiotensin Il === === - Aldosterone
a it secretion
‘e 4 %
H A
1
Decrease in ® Renin 6
renal perfusion | 82 »
(juxtaglomerular . o J @ Arterolar
apparatus) . et * vasoconstriction.
. % Increase in Blood
r '
e @ _ pressure
. | .
Kty '
H @
LLL ADH secretion
restary gand H
postence tobe .
- H
v
Collecting duct Ho-b} e
H,O absorption
................................................ e e M apt S Ao o e

Water and salt
retention. Effective
circulating volume
Increases. Perfusion
of the juxtaglomerular
apparatus increases.

Systemovy RAA

Liver

Substrate
(angiotensinogen)

i ~— @ﬁﬂe i -

Angiotensin Il Kidney
(octapeptide)

-

Aldosterone

Adrenal
cortex oo

J /p Eiluo(l

* angiotensinogenyv

g~ ol e, ledviné
{ B T — pavodu systémového
L (z jater)
ARJLJJLJU — rovnéz
H.M.,m produkovaného

lokalné (proximalni
tubularni bb.)

renin

— z JG-bb. uvolrfiovan do
aferentni arterioly a
renalniho intersticia,
kde tvori AT | z

cirkulujiciho
angiotensinogenu a

T dale AT Il pomoci

cirkulujiciho ACE

Lung Angiotensin |
(decapeptide)

Systemic
arteriole
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Arterioles Glomerulus

Efferent

Distal tubule

Afferent

All?

Interstitial space
* kontrakce mesangia

* kontrakce eferentni arterioly
* reabsorpce Nav proximalnim tubulu

27

Proximal tubule

* 1-vazokonstrikce
®* 2-omezené

vazokonstrikce a
inhibice tvorby a
uvolfovani reninu

® 3-preferenéni

vazokonstrikce

* 4-kontrakce

®* 5-Na+ reabsorpce

®* 6-Na+ reabsorpce

® 7-vazokonstrikce Cortex
* 8-efekt neznamy

Medulla

28

L @ Renal vasculature

Renal arterial circulation Glomerulus Tubule

Efferent
arteriole

\

Proximal
tubule

Cortical

@ thick

ascending
limb
of Henle

e,

N
Medullary

interstitial cells




Signalni kaskada AT Ii

v & Chaline 4

N Nat ~— Cat+

AT Il receptory vykazuji bifazickou odpovéd’
— (1) aktivace fosfolipazy C (PLC)
* PIP2 $tépen na IP3 a DAG (mobilizace intracelulédrniho Ca)

— (2) DAG aktivuje proteinkinazu C (PKC), hydrolyzuje fosfatidylcholin aktivaci
29  fosfolipazy D (PLD) a alkalizuje intracelularni prostiedi

Mereni GFR

GFR je zdkladni parametr charakterizujici
ledvinné funkce
— ale objem glomerularniho filtratu vytvoreny
za Casovou jednotku neni pfimo méfitelny
dostatecné presné ji Ize urdit
— (1) stanovenim clearance nékterych latek
splnujicich urcité predpoklady (viz dale)
* endogenni— kreatinin, urea

* exogenni
— neznadeny tracer — napf. inulin,

— radiokontrastni - iohexol
— radioaktivni isotop — [°1Cr] EDTA, [*%°I] iothalamate, [**Tcm] DTPA
— (2) odhadem GFR na zakladé plazmatickych hladin endogennich
latek pomoci rovnice
® kreatinin - Cockroft-Gault, MDRD, CKD-EP], ...

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

31 — P2-mikroglobulin, cystatin C, ...

RBF je regulovan v konfliktnim zajmu

pfi mirném poklesu
systemoveho tlaku
autoregulacné

— snaha zachovat perfuzi

ARTERIOLARNI ODPORY

7= EFERENTNI
L ARTERIOLA

AFERENTNI
ARTERIOLA

GLOMERULUS

AUTOREGULACE
TUBULUS

ledviny, GFR a homeostazu (ren) .
pfi vyraznéem poklesu (®)
(emergentni cirkulaéni PR i = i i

situace) je ledvina
“odstavena” (vizBaC
obrazek)

— prerenadlni azotémie

AUTOREGULACE
PGE,

LOKALNI
ANGIOTENSIN 11

v’ o . , . PERFUSNI ,._.‘.;-; ¥ S o o Z .
— pripadné s morfologickymi ke TERk N
dUsledky (akutni tubularni

AUTOREGULACE

nekroza) Poty

LOKALNI
ANGIOTENSIN 11

Iearanc Clearance

32

latka musi splnit urcité predpoklady

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

— nepodIéhaji dalsi degradaci

— nepodIéhaji tub. reabsorpci ani sekreci

— koncentrace v plazmé a analogickém objemu glom. filtratu je stabilni

— detekéni metoda je jednoducha, levna a standardizovatelna (mezi
pracovisti)

v tom opfipadé koncentrace

v definitivni moci se pak 8
zmeéni tolikrat, kolikrat klesl
objem oproti glom. filtratu 6

— [P]x GF =V x [U]

hyperbolicka zavislost

clearance latky X = objem plazmy VPLAZME 4 Je diilezita klinicky
uplné ocistény za jednotku ¢asu fmgdi
od latky X \
— rozmér: objem/¢as NoRMALAT ~
— vyzaduje sbér modi za ¢as ROZSAH {

0 25 50 75 100

* idedlné 24 hodin, éasto méné
GFR/ % NORMY



Kreatinin

vznika ve svalech z kreatinu

pfi prdchodu ledvinou je z 90% filtrovan, z 10%
secernovan do modi tubuly

— podil tubularnisekrece roste pfi poklesu flitrace
(pokles poctu fungujicich nefron()

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

mozny problém s kvantitativnim sbé&rem moci
— nedostateéna spoluprace pacienta

.
A

I &
o)\,/\/\w NH,
NH, H

arginine

Yy

o glycine
glycine amidinotransferase

ornithine
NH,

o;{r\H JKNHZ

guanidinoacetate

koncentrace S-kreatininu je pfimo Umérna svalové hmoté s-adenosy-

organizmu (a tedy nepfimo zavisla na véku a pohlavi)

— plazmaticky kreatinin = 35 — 100 pmol/l, produkce
1.2mg/min

— proto Casto 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)

* zejménasmaziené
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REAZSORFTION AND SECRETION

TUBULARNI REABSORPCE A

methionine
guanidinoacetate
N-methyltransferase

S-adenosyl-
homocysteine

| ATP |
N NH, N.__NH,
Lo NS o
o” "o

B creatine kinase
creatine

phosphocreatine

o creatinine
H amidohydrolase

creatinine

GFR je v]jednotl. nefronech heterogenni

Cortical And Juxtamedullary Nephrons
A: B:

Cortical nephron
(low perfusion, low GFR) Juxtamedullary  agerent Bowman
nephron (15%;  arteriole  capsule
Proximal large perfusion,
tubule: 25 nv' large GFR)

Peritubular
capillaries

Distal
tubule
Medulla = _——— -
Inner \Vena arcuata
zone

Collecting
duct

Vasa recta

Loop of Henle \L
Long Ioop of Henle Papilla
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ubularni 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
® rdzneé ¢asti tubull maji rlizné funkce - specializace
tubularnich segmentt
— reabsorpce probiha

Peritubular

témér z 90% v prox. e ~_ capliaries
tubulu rdznymi formami ((— ot
transportu Glomerulus - m\if
* ~75% Na*({a HCO;), Cl"a H,0 A /B8
Pl '
0% K W eoteurs i ) "
capsule (

— sekrece K+ probiha
ve sbéracich kanalcich, KEY
mnoZstvi zavisi na ) - Fitration: blood to lumen
koncentraa Na+v prISI' []:) = Reabsorption: lumen to blood
oblasti aldosteronu
, , . , @ = Secretion: blood to lumen
— distalni tubulus a sbéraci ) = Excretion: umen o extemal

S Torenal
vein

kanalek jsou pod vlivem -l =
~
36 ADH & aldosteronu To bladder and
external environment



Vpy transportu

Reabsorpce Nag(a HCOS)

STRAIGHT
PROXIMAL

CONVOLUTED DISTAL
Sl CONVOLUTED

|
COLLECTING
Nat T PROXIMAL TUBULAR HCO,” REABSORPTION
P Tul ISF

Filtrate Nucleus Interstitial (@D
in tubule fluid N 2z A GLOMEHULUS
lumen
i Peritubular > Na*
Tubule cell capillary
-

Na* T 3Na* I 3Na* ==p-
Glucose === 5= = 2K* 2K*
Ami id: —

mino acids ' K‘i L

Some ions
Key: Vitamins
A ) Urea i P
= = Primary active transport Fat-soluble
substances Copyright ©2006 by The McGrau-Hill Companies, Inc.
= = § = Secondary active transport H.0 ~. . All ights reserved,
A > >
=P = Passive transport (diffusion) cr P il » Cl-==p
; : (and
= Protein carrier
. other Paracellular
= lon channel anions), K* route

Copyright © 2001 Banjamin Cummings. an imprint of Addison Wesley Longman, Inc.
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Hormony regullulljici ledvinne funkce

1 Na* concenltration in
plasma (1osmolality) | Na* orf K* concentration| | Remin-angiotensin | e » | Stretch of atria
in biood plasma I mechanism | of heait due o BP
<= Stimulates g ‘1:» Releases
N <t>— Negative poptide
el °5m°'°°99‘°’5 in x Simutates e s jmcerl e
: '@ pc-thalamus ! <i>~ Targets
E feadback - Stimulates :""?--'-j Adrenal cortex | M l B ! e
i inhibits H Negative
: Post ituit ; feedback e e JG apparatus Sy Adrenal contex |,
E slarior pituilary ! S E o) “_mw impulses
| Poslerior
E At d'\ E | Aldosterone =|>_ Effects pituitary
\ ' — 1
1 H <= Targets % . %Efmds —_—
: Antidiurelic hormone ; Ll
(ADH " pra—
E { ) E | Kidney tubules ] Lot |
: Targets : =SS > ihibis <t>—Inhibits
\ ' > Effects {
: Collacting ducts : |
. of kidneys H l_ _l
: H Vasodiation Euems
: Effects : I Na* reabsorption| [ ! K* secration I
' ' | Na* and HzO reabsorption
i 1 Water reabsorption H I——l Resulls in.
: : <= Reslores
: : | Bicod volume
. H T
' REES _.| Homeostatic plasma R
i | Plasma volume; | { Scant urine ’ levels of Na* and K* 7 i
Lo VHEE 0 EEEEEEES 00 R SuS— | Blood pressure

39 Copyright ©2001 Banjamin Cummings, an imprint of Addison Wasley Longman, Inc. 40 Copyright ©2001 Banjamin Cummings. an imprint of Addison Wesley Longman, Inc



Diuretika

zvysuji objem vylucované moci (presnéji zvysuji proporci
glomerularniho filtratu, ktery je vylucovan jako moc)

¢ typy
— inhibitory
karboanhydrazy

*  zvySuji osmoticky
tlak filtratu

Sites Of Action Of Six Groups Of Diuretics

1. Carbonic anhydrase RBF
Inhibitors CA 4. K - retaining diuretics
cause natriuresis and

— klickova diuretika
* inhibuji NaCl
transport ze
vzestupné asti
LH
— thiazidova
diuretika
* inhibuji NaCl
reabsorpci v 1.
segmentu DCT
— osmoticka
diuretika
— Setfici exkreci
kalia

6. Osmotic diuretics

Medulla

Inner

H/K" excretion

5. Aldosterone
Antagonists
cause natriuresis and

. Thiazide diuretics P excretion

inhibit (Na* - C*) symporter

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

Struktura a funkce glomerularni filtraéni membrany
Filtrace a reabsorpce albuminu a dalsich proteint
Albuminurie, proteinurie a nefroticky a nefriticky syndrom

ILTRACNi MEMBRANA

— kombinovana o O s

41 [ Fig. 25-18 KMc | 42

iltracni membran

Struktura glom.

(1) endotel
— fenestrace — filtr ~50-100nm &
* separace zejm. kr. bunék

(2) glom. bazalni membrana (GBM)

Capillary endothelium

— sit (glyko)proteinl (kolagen IV, laminin, Capillary biina
entactin, agrin, ...) a mukopolysacharidd, Eogt FE—
tloustky ~300nm se sumarnim negativnim Q0% processcs onpodocye
nébojem of glomerular capsule

LI 1
el * velikostni a separace vétiiny protein(i >70kDa (~ |
S Ju 4nm
capsule i
—  hemoglobin (~ 40kDa) ano
—  myoglobin {~ 17kDa) ano |
—  B2-mikroglobilin {12kDa) ano, ale reabsorbovan
. , — pafaprc?tein {<70kDa) ano ) ] —» y ———Filtration
Endothelium of * neg. naboj— heparanslufaty, kys. hyaluronové a slit
glomaruius sialova ’
—  albumin (~ 67kDa) z vét3i €asti ne/omezené ano Plasha ’ | | —> "illt h
° i . s " I iaphragm
vlastnosti * (3) visceralni epitel Bowmannova pouzdra = Filtrate in -
— size-selectivity podocyty e z:gigla'
— limit mol. velikosti — pljlm.-, sec. a tert. foot proces_es (pedikly) __>/ 7__F°°t
* naprosto volné <7kDa — slit c!laphravgm (ceI,I-,ceIIJunc'.uon) , Fenestration ] A== processes
* vyznamné se podili se na velikostni (pore)

* podle mnoZstvi 7-70kDa

(i ndbojové) separaci protein(

* ne>70kDa * (4) mesangium
— charge-selectivity — nepfimo ovliviuje filtraci proteindi — p¥i
43 * negativni naboj (a to i proteiny <70kDa) 44 kontrakei zvysuje filtracni tlak

of podocyte



Podocytygs

Siit diaphragm
protein complex

¥

45 Johnstone DB and Holzman LB (2006) Clinical impact of research on the podocyte slit diaphragm. Nat Clin Pract
Neprol 2: 271-282 doi:10.1038/ncpneph0180

¢ fyziologicky pritomné proteiny v moci
— tvofené tubularnimi burfikami ledvin
* Tamm-Horsfalllv protein (= uromodulin)
— glykoprotein produkovany bb. asc. raménka Henleovy klicky
— funkce nejasna (imunomodulace, ochrana pied krystaly a infekci?)
— hl. soucast hyalinnich valct
* uropontin
* IgA imunoglobulin
* nephrocalcin
— filtrované, ale reabsorbované a degradované v tubulu
* albumin {viz detailnéji)
* a2-a B2-mikroglobulin, enzymy, apoproteiny, peptidové hormony, ...
* citlivost béZznych dg. metod je
nastavena tak, aby nedetekovala
proteiny a fragmenty albuminu, ale
odhalila klinicky zavaznou proteinurii,
pfi které se do moci dostava
47 >0.5 g proteind

IProteiny sterbinove membrany-

Podocalyxin £

Pl kinase () ‘&
CD24P ‘
2010

P-cadherin

Laminin Megalin

* (1) bazalni doména - ukotveni k GBM
— integriny, DG = dystroglycan

® (2) cytoskelet - tvar
— actin, myosin, synaptopodin, actinin

*  (3) junkcni doména — slit diapragm

— nefrin, Neph1, podocin, CD2AP = CD2-associated protein, ZO-1 = zona occludens-1 protein, densin,
FAT = mammalian homolog of Drosophila fat protocadherin

* (4) apikédIni doména — neg. naboj

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

Human serum albumin (HSA) parado

®* 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, léky, vitaminy, ...)
¢ pufr/ABR
* enzymova aktivita (antioxidacni, esterazova)
* onkoticky tlak / TK
* AK pool
* nakladani ledvin s albuminem
— (1) omezena filtrace (?)
* elektrostaticka repulze albuminu nebyla vidy exp. prokazana

* koncepce byla dominantné postavena na nepfitomnosti
albuminu v moci — viz dale

— (2) tubularni reabsorbce
* endocytoza = degradace (— AA)
— (3) tubularni degradace
48




Kinetika filtrace albuminu

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

— pokroky v metodologii — celotélové kinetické studie s [*H] nebo [*2°1] albuminem
naznacuji, Ze mnozstvi vylou¢eného albuminu je uréeno kombinovanym efektem
omezené filtrace, tubuldrni reabsorbce a tubuldrni degradace

* filtrace albuminu asi o néco vyssi néz
se plivodné predpokladalo

pfi normalni GFR (~180l/d) a

intersticium

3 Na*

buiika proximalniho tubulu

lumen

filtracni frakci (0.2) by mohlo byt

filtrovano a kompletné reabsorbovano Nar

az ~ 1.5kg NacCl/den

— ~70% v prox. tubulu G¢inkem
NHE-3 transportéru

* SHR (spontanné hypertenzni krysy)
maiji 3x T aktivitu

* human EH (hypoteticky T aktivita
+ efekt ATII)

— odtud vztah hypertenze - albuminurie
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Mechanismus proximalne

tubularniho refuptake albuminu

* receptor-mediated endocytosis

— vysoka kapacita/nizka afinita
* stejny mechanizmus je vyuZivan i jinde (napf. 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
* NHE3 — nutny pro acidifikaci endosomu/lysozomu

— NHE3 KO zvifata - proteinurie
* CIC5 —interakce s cytoskeletem -

— Dent’s disease {mutace v genu pro CIC5) - proteinurie
* H-ATPase - nutny pro acidifikaci

endosomu/lysosomu
51

INormaI renal handling of albumi_

b Parietal epithelial cell

%/ k S S
& daphragm )

Podocyte ’
e b
process, TR Srmi 3

Endctholal col
Glycocalyx

Fenestrae

Lyzosome
\

Amino acids
reabsored

a // ’ 3 , AN \
=1

\ Mesangial

Parietal Proximal tubular cell
epithelial cell
Glomerular

lormen !
andothelial cell Glomerula

basement membrane
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(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

9 e a® -
. ORI 8 'mm}f O BT ) : Yy
\“N i 5” % ”\\ ,):L&_ aumn Megalin/cubulin receptor lining
el i g i ™ the brush border of proximal
4 = ¢ & g

tubular cells. Albumin is
internalized by vesicles, and
upon lysozyme action, the
resultant fragments are either
reabsorbed or secreted back into
the tubular lumen as albumin
fragments.

Glomerulus

Endocytic
invaginations

._.‘ _’,-"'.
@ apical % -
tubules 4 £

g AR Amino

;'}' acids

Lysosome

Proximal
tubule
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Megalin/cubili Bproteinurie

* (a) funkéni proteinurie

— pfi¢ina neni v poruse funkce glomeruldrni membrény, ale ve zménénych
hemodynamickych pomérech v glomerulech (T hydrostat. tlak v kapilarach)

* ortostaticka, pochodova, pfi horecce, po vétsi fyzické namaze...

- Megalin in the choroid ATl el el a
plexus ependymal

cells that line the cerebral

ventricles Brush border

Megalin in the ciliary
epithelium of the ey
Megalin in cells

hescoatlias /. of the inner ear * charakter neselektivni proteinurie
" ! Megalin in parathyroid- . .. . . v ,
Megalin in type Il _ hormone secreing Gels \ ~ (b) glomerularni proteinurie (obvykle >1g/den, ¢asto mnohem vice)
pneumocytes of \\:qu!hg parathyroid N b % L, . , L e , e , ,
thelung ahveol_— o "\‘ ¥ — prerenalni - patologicky nartst “malych” proteind, , které mohou prochazet do
; O = ,  EEerEEs,
&) @ glomerularniho filtratu
~8
Dense apical tubules ?§\\ - * napf. hemolyza (a-B-dimery globinu), rhabdomyolyza (myoglobin), paraprotein (lehké Ig fetézce k a A
8 \\ = (tzv. Bence Jonesova bilkovina)
" 2 . Fnoosomes . PR , . s . o
e it btttk Ny — selektivni - intaktni lamina densa (ztrata glykokalyxu z povrchu endotelii a podocytti)
cutgiirl in ke tubule cells sy . H : y Moy . v .
o J & albuminurie, zadrZeny vétsi proteiny neZ albumin
i — e | ., v, v, . v sy v . v o
St el - Megain and &0 \»® 3/ — neselektivni - vétsi strukturni poskozeni véetné lamina densa a hlavné podocytu
Megalin in —_ oubin L log C) o S z , . .
encomar | inplacenta M. * (c) tubularni proteinurie (obvykle <1g/den)
WIOILK Y
i - Megaiin and \ Metabolic comversion & — snizend zpétna resorpce malych plazmatickych bilkovin (nejvy$si zastoupeni albumin a
Megalin in the — cubilinin o Of 25-OH-Vitamin Dy _ k | b | pe
epdmal g B2-mikroglobulin v moci)
epithelial cells N N | - o . , . . . .
e \ o * kongenitalni (napf. Dent’s disease (CIC5), Imerslund-Graesbeck disease (cubilin), Fanconi ho syndrom
e . (megalin) aj.)

l Megaln || Cubiin = Nutrient (vitamin, iron) @ Carrier protein * ZISkane (napr' hypertenze)

@ Lipoproteins, hormones, enzymes, drugs and others @ Thyroglobulin, RBP?
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Dulezitost sterbinové membran

Patogeneze glomerularni proteinuri

- . o
* kongenitalni . (1) studium familiarnich forem nefrotického
8 L Urine (syndromu vedlo k identifikaci vétsiny gentd / 5
— postizeni GBM proteinl $térbinové membrany podocytd i coane | Nephrin @)
* napf. AlportQv syndrom — - ;‘;rf(;‘rﬂ'r‘ng",‘“”rj;g'lt;’pe congenital nephrotic Gy
(m‘uvtace, genu pro koolagen) Blood *  kongenit. defekt vyvoje pedikll a tvorby ) Stérbinové membrany |
—_— pOStlzenI pOdocytu (resp. * masivni a potencionalné letalnai proteinurie potinaje fetdlnim obdobim
5||t d iaphragm) * nutnost parenterdlni vyZivy a peritonealni dialyzy do doby transplantace
i i —  prosrovnani Alportav syndrom {mutace COL |V) vede k mirné proteinurii
®* mutacev genech pro nephrln, pOdOCIn, —  delece heparansulfatu u mysich modelt nevede k Zadné proteinurii
PY Zl'skané _ pOStIh uJI' jakOU kOIiV (‘fést glomerulu — podocin (familiar steroid-resistant nephrotic syndrome, NPHS2)
¢ asné postnatalni proteinurie
— imunitni mecha nizmy - typICky glomerulonefritidy — dalsi syndromy se signifikantni proteinurii (CD2AP, NEPH1, FAT, TRPCS, ...)
* cirkulujici nebo in situ imunokomplexy (90 %) * (2) experimentalné Ize navodit nefroticky syndrom polyklonalnimi protiladtkami proti

Stérbinové membrané nebo monoklonalnimi protilatkami proti nephrinu, podociny, ...
— antigen: bakterie (B-hemolyt. Strepto-, Stafylo-, Pneumokoky), paraziti, viry, P P P ' P !

endotoxin, soudasti bunék (u SLE), Iéky, ... *  (3) klinicky vyznam
— zéleZi na velikosti IK zda zlstanou v cirkulaci (— vaskulitidy), budou vychytdny — glomerulopatie jsou dominantni pfitinou proteinurie
fagocytujicimi bb. nebo se dostanou (diky obrovskému pritoku a fenestrovanému * dosavadni klasifikace glomerulopati zaloZena na histopatologickém

endotelu) do ledvin obraze (= nespecificky)

R . . . - - X
(;))rotllatky proti GBM, antineutrofilni nebo proti bunkam glomerull (10 «  diagnostike, progndza, Iécba [steroidy anofe), benefit transplantace
A)) {pFibuzenska/dérce), ...
— neimunitni — ischemie, hyperfiltrace, toxiny, infekce, ...
* napf. diabetes, hypertenze, amyloidéza, HIV, ...

— budouci molekularné-biologicka klasifikace nosol. jednotek
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Nephrotic
Syndrome

57

Change in GFR from baseline, mL/min
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foot process £
fusion Hi(

slits

Mean baseline urine protein 0-0.25 g/day

[Mean baseline urine protein 0.25-1.0 g/da

Mean baseline urine protein 1.0-3.0 g/day |

F3 F4 F5 F12F14 F20F24 F28 F32 F36

Time, months

Normal

major
processes -

processes
7 filtration o

Process erracement

* ="yyhlazeni” podocytd - univerzalni
zndmka poskozeni podocytu

* koreluje s velikosti proteinurie (“slepice i
vejce”?)
* variabilni etiologie poskozeni podocyt
— ROS (— DNA poskozeni, apoptdza,
peroxidace lipida)

— AT Il (— apoptdza, hypertrofie, T TGF-b, |
nefrin)

—  MMPs (= 4 GBM, ¥ nefrin-Neph komplex)

mechanicky stress (— apoptdza, hypertrofie)

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

— hyperglykemie (— | neg. nabité apikalni
proteiny)

zanik podocyti = proteinurie =

glomeruloskleréza

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

— podocyty neregeneruji

®* mean decline in GFR (mL/min)

s over a 36-month period in

10 groups with four different

°5 mean baseline 24-hour urine
o protein levels in non-diabetic
-15 patients with chronic renal

. failure in the MDRD study

-10 — compared in each of these four
-15 groups are the

20 * normal blood pressure group
25 (dashed line; 140/90 mm Hg;

25 102-107 mm Hg MAP)

-10 * intensive control group (solid
15 line; 125/75 mm Hg; 92 mm Hg
e MAP)

-25

=30

Progressive renal and cardiovascular
disease: Optimal treatment strategies
Matthew R Weir

Dusledk

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

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

— pritomnost vétsiho mnoZstvi proteind v
tubulech vede k zanétu a intersticialni
sklerotizaci

* perpetuace rendlniho poskozeni!!l
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Proteinuria results in the development of

slomerulopatie resp. proteinurie

glomerulosclerosis and fibrosi

l——_ Decreased nephron mass

#Mechanical stretch Glomerular-capillary
and strain hypertension

Increased filtration
of plasma proteins

TActivation of angiotensin Il
and transforming
growth factor B1

Excessive tubular
reabsorption of protein

}

Progressive renal and cardiovascular
disease: Optimaltreatment strategies

Matthew R Weir

Proteinuria

Release of vasoactive and
inflammatory substances into—"

. the interstitium
Increased synthesis Fibroblast

of type IV collagen proliferation

Interstitial
inflammatory
reaction

Glomerulosclerosis _
60 o

and fibrosis



Klasifikace onemocnéni glomerulu
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GLOMERULOPATIE

Glomerulus@bunky

Mesangial  pesangial cell
matnix

VASCULAR
POLE

Bowman's \
basement Bowman's
membrane capsule
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Parietal
epithelial cell

Glomerular
basement
membrane

URINARY
POLE

£

n.
Bowman's) [} .
( ) Proximal

tubule

Podocyte
(visceral
epithelial cell)

Klasifikace onemocnéni glomerulu

skutecna pficina vétsiny onemocnéni *

glomeruld 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, Goodpasteur(iv syndrom
aj.)

* cévniho (vaskulitidy)

* metabolického (diabetes, amyloiddza)

* nadorového (mnoholetny myelom)

* genetického

ale i to je sporné (imunopatologicky
proces zodpovédny za vznik vétsiny
glomerulonefritid je

casto systémovy) (
podle pribéhu na
— akutni

— chronické

64

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

— biopsie ledvin je zdsadni (— mikroskopie
svételna, imunoglorescenéni,
elektronova)

pro histologické zarazeni jednotlivych
glomerulopatii je dulezity pocet
postizenych glomerull a to, ktera ¢ast
glomerulu je patologicky zménéna

— fokalni (postiZeny jsou jenom nékteré
glomeruly)

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

— segmentalni (jen néktera struktura)
— globalni (vSechny typy bunék)

a také stupen bunécnosti

— neproliferativni

— proliferativni



Dbecna patogeneze glomerulonefritid Dbecna patogeneze glomerulonefritic

* glomerulus ma pouze omezené spektrum reakci na poskozeni
— zanét
¢ proliferace bb. glomerulu
* infiltrace dalSimu bb.
* proteolyticka destrukce filtracni membrany

— proteinurie ‘ [
ANTIBODY DEPOSITION T-CELL IMMUNE REACTION?
— depozice ECM : :
¢ fibrotizace Immune i
. ) complexes _|
¢ tvorba imunokomplexd Zizvent £ Complriit
— vcirkulaci nebo in situ * sklerotizace é activation
*  aktivace komplementu o P°k_|e5 c,'iFR oA sl el I |
— tvorba opsonini — hstOIOgc:(i[kyhObrk?cz S,e $ast Neutrophils  Platelets ~ Macrophages Mesangial cells
— chemotaxe odavijl od toho, Ktera soucas
— lyza bunék glomerulu glomerulu je pFEd nostné Eggg?:;'m‘ Oxidants  Proteases Eicosanoids  Others
- . , v '— ; . rl
* infiltrace neutrofily a makrofagy poskozena Mesangial Sl T el LR A
— protedzy — degradace bunék a ECM * proliferaéni — napf. mesangium
* hojeni * membrandzni — ztlustéld GBM

— ristové faktory — proliferace bunék L i1 .
) ] o ) * sklerotizujici — kapilary a synechie
65 — vazivo (mesangium) — fibrotizace a sklerotizace 66

The spectrum of glomerular diseases

* nefriticky syndrom * nefroticky syndrom
— znacné naruseni filtracnich — naruseni filtracnich schopnosti 2=
schopno_stl II‘edV|‘n (zejm. endotel ledvin (zejm. podocyty) IgA nephropathy
a GBM) = oligurie * obvykle vétsi Gcast imunitnich I Anti-GBM
. ST G mechanizmd iknajl change i
obvykle vétsi ucast komplementu e nephropathy disaass
— naruseni regulaéni funkce ledvin * proto nenitolik zvySen tlak o Small
vede k hypertenzi — dominuje velka proteinurie FSGS ﬂiﬁg:mhy vessal
— propougténi éerveny’ch krvinek = ° obvykle ztréty bilkovin do modi MCGN vasculitis
glomerularni hematurie >3g/den o 5
o - _ Y inémi Aembranous| Amvioidosis ost-streptococcal
diff. dg. postrenalni! v dUSIedk_u hypoalbum‘!n_emle / nephropathy ¥ glomerulonephritis
* makroskopicka (viditelné pouhym hypor_Ote,mem'e séshizuje Nephrotic .
okem onkoticky tlak a vznikaji Nephritic
i . ) Mechanism Mechanism
* mikroskopicka (laboratorné * edémy « Injury to pedocyles
jisténa) . i’ . s Y0 PRt * Inflammation
ABte — ztraty bilkovin kompenzuji jatra « Changed s e
— v mocdi mensi proteinurie, ktera zvysenim proteosyntézy, coz architecture: proliforation
nedosahuje velikosti ztrat vede k * Scaming Haematuria + Broaks in GBM
bilkovin u nefrotického * dyslipidemie (T cholesterol a TAG) + Depesition of - Crescent formation
syndromu . h K laéni t malrix or other
yperkoagulacnimu stavu elemonts Proteinuria

* jen tolik bilkovin, kolik je v pfimési
krve
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Glomerulonephritis

Non-Proliferative

Proliferative

Membranous
Glomerulorjephritis
(MG IgA Nephropath
Minimal Change_ Thickened Glpmerular Most c%mmon :';pe clpGN inyadults

Glomerulonephritis Basement Membrane Macroscopic haematuria
Abnormal Podocytes Usually idi§pathic /Appears 24-48hrs post URTI/GI infection
Seen on Elecuron Microscopy 1/3 have chrdhic MGN IgA deposits seen in the matrix
Treat with Supportive care 1/3 go into rpmission
+ Prednisolone 1/3 progress tofrenal failure
Most respond well

Membranoproliferative
Glomerulonephritis
Primary (immune mediated)

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

Post Infectious

Rapidly Progressive Glomerulonephritis
GI°"‘(°C'"I°"°:"'"“S Occurs weeks after URTI
rescentic, Usually Strep Pyogenes
Focal Segmental Supportive treatment
Glomerulosclerosis Resolves over 2-4 weeks
Segments of Glomeruli Develop Sclerosis
Presents with Nephrotic Syndrome vEk
Genetic causes identified Va_sculltlc fsgocpastures
Steroids often ineffective Disorders Syndrome
50% Progress to Renal Failure Autoimmune
anti-GBM antibody
Glomerulus & Lung affected
Haematuria & Haemoptysis
f H k - w. Mi . Treat with steroids
n e rot I C y sganers. A ey +/- steroid sparing agents
Granulomatosis Polyangitis
Vasculitis Small vessel vasculitis
Lungs, Kidney & other organs p-ANCA +ve
¢-ANCA +ye Treat with long term steroids

Geeky Mepics.com 3
AT

Treat with Steroids +/- cytotoxic agents

+ Cyclophosphamide

nefriticky

Vrozene choroby ledvi

polycysticka choroba ledvin
(PKD)

— autosomalné dominantni
(ADPKD)

®* mutace v genu PKD1 (ch. 16)v
85%, v 15% pfipadl PKD2
* progresivné se rozvijejici
mnohocetné cysty
oboustranné v ledvinach
= Autosomal dominant
* hypertenze Polycysun 2 Affected R Unaffected
father mother
* renalni insuficience
s o on [ 1]
* ~50% pfipadl ESRD
i , , COOH NH 3 M Unaffected
— recesivni forma vzach me/[\
zavaznéjsi 2

e

70 Polycystin 1 ‘cogn

"o
WoW
o 1]
Alfected  Unaffected Unaffected  Affected
san daughter
U.S: National Libiay o Medicine

let S
,|
[l
) o
daughter son

“_The kidney shape was a cool idea.
Reminds us what you sold to pay for it.”
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