Patofyziologie vylucovaciho systému — cast |

Nefron a glomerularni hemodynamika a GFR
Glomerularni filtracni bariéra a jeji patologické zmény
Proteinurie

Glomerulopatie manifestujici se nefrotickym vs. nefritickym
syndromem
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@ Unfiltered blood

@ Filtered “clean”

Funkce ledvin a vylucovaciho systému

Nephrons, located within the
kidney, filter the blood. Toxins
and waste are removed and
collected as urine.

enters the kidney.

Nephron

blood leaves the
kidney.

@ Urine drains into a central
collection channel from
filtration areas throughout
the kidney.

Urine exits the kidney
through the ureter which
leads to the bladder.

A healthy kidney and the blood filtration process

regulace

— extracelularniho objemu

— tonicity a osmolarity

— acidobazické rovnovahy

— dusikového metabolismu
— homeostazy kalcia a fosfatu
— hematokritu

— exkrecni funkce

— endokrinni produkce

— metabolické funkce

* glukoneogeneze

aby mohla ledvina vsechny tyto
funkce plnit musi mit vydatné a
stabilni krevni zasobeni
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Prutok krve ledvinou
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{b) Path of blood flow

ledvinou protéka cca 1200 ml/min, coz

predstavuje ~20-25% srdecniho vydeje
— hodné uvazime-li velikost ledviny (~350g)

— prutok kdrou >>> dreni ledvin

pritok plazmy ledvinou (renal plasma flow,

RPF) pti hematokritu 0.45 ~600 - 700 ml/min

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 (portalni systém)

— a.renalis — vétveni — aferentni arterioly —
glomerularni kapilary — eferentni arterioly —
* peritubularni kapilarni sit (u kortikalnich nefront)
* vasa recta (u juxtamedularnich nefron()
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Ledvina — procesy zapojené v udrzeni homeostazy

Efferent Peri.tI:Jb.uIar
arteriole R capillaries
Glomerulus
Afferent/ , Proximal
arteriole Bowman’s tubule
capsule
KEY

‘ = Filtration: blood to lumen
m = Reabsorption: lumen to blood
@ = Secretion: blood to lumen

@ = Excretion: lumen to external
environment

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Curmnmings.

duct

Collecting -’

E

To bladder and
external environment

\>— _Torenal

vein

glomerularni filtrace — k udrzeni volumu a krevniho tlaku

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

— kvantitativné

* GFR~20-25%RPF — GFR ~120 — 140 ml/min — ~180 |/den
— pomér GFR/RPF = filtra¢ni frakce (120/600 = 0.2)
—  kvalitativné
* voda a nizkomolekularni latky bez omezeni

*  dalsi (buriky a vysokomolekularni latky) omezeny velikosti latky <65kDa a dalSimi
kritérii (repulze negativnim ndbojem)

tubularni reabsorpce — k zpétnému ziskani cennych latek
(elektrolytl, nutrient a dalSich)

— denné filtrovano ~180 |, ale 99% reabsorbovano (~178.6 L/den) ) —
1.4-1.8 | moc¢i/denné

—  typicky symporty
*  napt. Na/Glc, Na/AK, ...
— saturovatelna kapacita (transportni maximum, Tm)
*  renalni prahy pro latky (napt. Glc)
tubularni sekrece — k odstranéni odpadnich produktd, vodikovych
iontd (ABR), 1ék( aj.
— aktivni (ATP)
— sekundarné aktivni

exkrece moci
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Predpoklady normalni kontroly homeostatickych

parametru ledvinou

Glomerulus Distal tubule

| * vsSechny funkce ledviny lze udrzet pri dostatecné a stabilni perfuzi
Z krve ledvinou

— autoregulace vs. systémové efekty

* ultrafiltrace plasmy (tj. separace komponent krve) je prvnim
krokem v tvorbé modi

— ultrafiltrat je prosty bunék a protein(, pricemz koncentrace
nizkomolekularnich latek je v ném stejna jako v plazmé
Proximal

tubule * GFR je zakladnim parametrem funkce ledvin

— mnozstvi glom. filtratu za min

— dolni hranice normy ~100 ml/min/1.73m2

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

duct

* neporusena funkce tubularniho epitelu je nutna pro reabsorpci a
event. sekreci LMW latek aby bylo mozno regulovat jejich
koncentraci v plazmé

@ x — tubularni resorpce cca 99% glom. filtratu
-4 =4 , 7 o 7 s 4
- { * spravna funkce peritubularnich kapilar
— u korovych i juxtameduldrnich nefron(

Efferent
arteriole

Bowman’s
capsule

Macula
densa

Granular
cells

Afferent
arteriole

Figure 8.4 Structure of a Nephrons
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Reabsorpce v prubéhu nefronu
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Dva typy nefronu

i\d
Bowman’s
\! capsule
)
|

Proximal
tubule

Collecting
duct

~
(a) Cortical nephron

[ 3 Bowman’s
J 1 capsule

Proximal
tubule

Loop of
Henle

‘&Collecting duct
(b) Juxtamedullary nephron

— Renal
cortex

— Renal
medulla

(a) kortikalni nefrony (~70 — 80%)

maji glomeruly lokalizovany v zevnich 2/3 kiry
kratSi tubuly a zejm. Henleovy klicky (LH)
eferentni arteriola se vétvi v klicky peritubularnich
kapilar

* Uucast v reabsorpci solutll, ne v koncentraci moci

* vyziva tubularnich bb.

dllezité autoregulacné

* tubulo-glomerularni zpétna vazba

(b) juxtamedularni nefrony (~20 — 30%)

maiji glomeruly blizko pfechodu klry ve dfen (vnitfni
1/3 kiry)

maji delsi LH zasahujici hluboko do osmoticky
koncentrované drené

dulezité pro produkci koncentrované moci

* kapildry - vasa recta (z eferentni arterioly) spolu s LH tvori
»proti-proudovy” koncentracni systém

rizné choroby mohou zasdhnout rtzné tyto dvé
populace a mit tudiz rozdilny efekt na ledvinné
déje
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Proti-proudovy systém ve dreni
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GLOMERULARNI FILTRACNI BARIERA A JEJi
ABNORMALITY — PROTEINURIE
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(A) Zakladni struktura glomerulu a (B) glomerularni filtracni bariéry

* (A) glomerulus

— kazdy glomerulus je slozen z aferentni arterioly, ktera
zasobuje glomerularni kapilary a z eferentni arterioly,
Mesangial cell do které kapilary usti

— mesangialni bb. a mesangialni matrix poskytujici

Glomerular caplilary ’ / ’ g s s
strukturni oporu glomerularnim kapilaram
Mosangial matrix — glomerularni kapilary jsou vystlany specializovanym
fenestrovanym endotelem a pokryty glomerularni
Endothelial col bazalni membranou
st — na mocové strané GBM jsou podocyty s vybézky (pedikly
~ membrane (GBM) a pedicely), které obtaci glomerularni kapilary

— podocyty (visceralni epitelie) plynule prechazi do
vystelky parietalnimi epitelovymi bb., které adheruji k
bazalni membrané Bowmanova pouzdra

* (B) glomerularni filtracni bariéra

. . s . - 3
il ‘.0 °.0 07 — specializované molekularni ,,sito” s vlastnostmi, které

m"f:.“..f"’;";g CadCes) el s napomahaji filtraci vody a malych molekul do moci, ale
GaM | limituji prostup makromolekul (jako proteiny a ¢astecné

m“m‘) ’ .-}R_/ albumin) a bunék
il |
£ =) |

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

(1) endotel

— fenestrace — filtr ~50-100nm &
* separace zejm. kr. bunék

— glycocalyx - sit anionickych biopolymerd pokryvajici luminalni Pl S
povrch endotelovych bb. v

(2) glom. bazalni membrana (GBM) \ — o 18-

4 g
lamina rara interna — lamina densa — lamina rara externa u \; | '1;;/,,@;;
yur . o .. . . i - L ;
— sit (glyko)proteinu (kolagen IV, laminin, entactin, agrin, ...) a . “ A ST 1 P»;f
mukopolysacharidu tloustky ~300nm se sumarnim negativnim LA N Ll ool | gl
nabojem il m,.,,,,_j i Endothelialcel

* velikostni a separace vétsSiny proteini >70kDa (~ 4nm &) A ——
— hemoglobin (~ 40kDa) ano <Gy
— myoglobin (~ 17kDa) ano B interdigitating podocyte fook processes
—  B2-mikroglobilin (12kDa) ano, ale reabsorbovén ' N . -
—  paraprotein (<70kDa) ano

* neg. naboj— heparanslufaty, kys. hyaluronova a sialova i
— albumin (~ 67kDa) z vétsi ¢asti ne/omezené ano

(3) visceralni epitel Bowmannova pouzdra = podocyty G
— prim., sec. a tert. foot proceses (pedikly) . .) o
— slit diaphragm (cell-cell junction)
* vyznamneé se podili se na velikostni (i ndbojové) separaci protein(
(4) mesangium
— neEFl'mo ovliviuje filtraci protein( — pfi kontrakci zvysuje filtraéni il MUNI
MED
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Vlastnosti glomerularni filtracni bariéry

Filtration slit
Pedicel

Fenestration (pore) of glomerular
endothelial cell; prevents filtration of
blood cells but allows all components
of blood plasma to pass through

Basal lamina of glomerulus:
prevents filtration of larger proteins

Slit membrane between pedicels:
prevents filtration of medium-sized
proteins

(a) Details of filtration membrane

velikostni separace (size-selectivity)
— limit mol. velikosti
®* naprosto volné <7kDa
®* podle mnozstvi 7-70kDa
®* ne>70kDa
nabojova separace (charge-selectivity)
*  negativni ndboj (a to i proteiny <70kDa)



Podocyty — proteiny sterbinové membrany

> GLEPP-1
Podocalyxin £ Actin 2
"‘.‘:N
B | 1" a-actinin 4
/[ -1( integrin Synaptope \ "
‘ , & Nephrin '-.‘] \ _,
' a-DG ' . , : ~ :
FAT | a o
o P-cadherin Podocin B Podoplanin 442
Laminin Megalin

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

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

®* (3)junkéni 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) apikdlni doména — neg. naboj

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

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



Protein v moci (1) — fyziologicky/klinicka norma

* fyziologicky pritomné proteiny v moci
— (1) filtrované, ale reabsorbované a degradované v tubulu processes Fitiation Sl
litration !

* albumin (ViZ dale detallnéjl) slit diaphragm
* a2-aB2-mikroglobulin, enzymy, apoproteiny, peptidové hormony,

Bowman space

— (2) tvorené tubularnimi bunkami ledvin GlolmeniRENSsement Meribiane

* Tamm-Horsfallliv protein (THP, = uromodulin) -
— glykoprotein produkovany bb. asc. raménka Henleovy klicky Fonoslas
— funkce nejasna (imunomodulace, ochrana pred krystaly a infekci?) Capillary lumen

— hl. soucast hyalinnich valcu
®* uropontin
* |gA imunoglobulin

* nephrocalcin

* za normalnich okolnosti (kvantitativné):
— protein protékajici renalnimi arteriemi = 120 kg/d
— protein filtrovany pres glomerulus 1-2 g/d (<0.001%)
— protein exkretovany do moci < 150 mg/d (<1% filtrovaného)
* slozeni 10-20% albumin, 60-80 % uromodulin
* citlivost béZznych dg. metod je nastavena tak, aby nedetekovala tyto

proteiny a fragmenty albuminu, ale odhalila klinicky zdvaznou proteinurii, pfi
které se do moci dostava >0.5 g protein(




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, Iéky, vitaminy, ...)

* pufr/ABR

* enzymova aktivita (antioxidacni, esterazova)
* onkoticky tlak / TK

* AKpool

* nakladani ledvin s albuminem

— (1) omezena filtrace (?) 1 o
D NG v /
* elektrostaticka repulze albuminu nebyla vidy exp. prokazana e *° T ———

* koncepce byla dominantné postavena na nepfitomnosti albuminu 3 '3l
v moci — toto je ale vysledkem reabsorpce % \I

— (2) tubuldrni reabsorpce
, FcRn mediates pH-dependent transcytosis and intracellular sorting of reabsorbed albumin. Albumin is reabsorbed via both receptor-mediated clathrin-coated pits
b endocytoza = degradace (—) AA) into vesicles (CCV) (1a) and by fluid-phase (clathrin-negative) endocytosis (1b). Following endocytosis, endosomal acidification occurs (2), causing dissociation of
albumin from receptors, such as megalin-cubilin complexes. However, acidification enhances albumin binding to FcRn throughout endocytic compartments; thus,
_ 3 t b I 4 4 d d there is exchange of albumin from the megalin-cubulin complex to FcRn. Within the endosomal-sorting compartment (ESC), albumin is directed toward lysosomal
ubularni eg ragace degradation or the transcytotic pathway (3). Transcytosis occurs by both vascular and tubular structures mediating albumin delivery to the basolateral membrane
(4). Upon fusion with the basolateral membrane, the increase in pH of the extracellular environment causes dissociation of albumin from FcRn; FcRn is then
recycled back to the apical membrane via the recycling compartment. It is possible that albumins binding to FcRn is reduced by alterations, such as glycosylation
and carbamylation; thus, transcytosis of albumin would not occur and albumin would enter the lysosomal pathway. This would provide an intracellular molecular
sorting mechanism to preserve physiologic albumin and facilitate catabolism of chemically altered albumin. FPV, fluid-phase vesicle; L, lysosome; RC, recycling

compartment; TJ, tight junction
MUNI
MED
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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 (1) omezené filtrace, (2) jeho tubularni
reabsorbce a (3) tubularni degradace

* filtrace albuminu je tedy o néco vyssi néz se plivodné predpokladalo

e dennécca 3.3g albuminu filtrovano intersticium burnika proximalniho tubulu lumen
— the proximal convoluted tubule reabsorbs 71% 3 Na*
— theloop of Henle and distal tubule 23% @ .
—  collecting duct 3% of the glomerular filtered albumin Na* 2K
* pfinormalni GFR (~180I/d) a filtraCni frakci (0.2) by mohlo | HCO.- +

byt filtrovano a kompletné reabsorbovano ’ :

a7 ~ 1.5kg NaCl/den Y

— ~70% v prox. tubulu ucinkem NHE-3 transportéru H,CO,

* SHR (spontanné hypertenzni krysy) maji 3x T aktivitu @A

* human EH (hypoteticky T aktivita + efekt ATII)
—  odtud vztah hypertenze - albuminurie H,0 + CO, Mu
ME




Normal renal handling of albumin

b Parietal epithelial cell

basement membrane

a ¢ r v & N Albumin
o o0 ‘ \
: / @ o /) . Q ’
( spa;ps N = /8 g
Mesangial © .‘- ‘ ) L
o ) D ¢ P \ /U//\/)s(ll WM
2 6. \ . o . )’ SO Se—ee. Albumin
o > : S H \\m\/ \SHI{A )¢ NI Q’“/\W({{)Q,M N fragments
" Unnary AR ‘ l. ‘ - . .
: *] spac
S , /
~ Parietal Proximal tubular cell
epithelial cell
on%mot::aéc“ Glomerular

(c)

Albumin (represented by green
spheres) normally remains within the
capillaries of the glomerular tuft, and
does not escape into the urinary
(Bowman's) space.

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.

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.
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.
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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

Endocytic

Glomerulus invaginations

absorpci komplexu vit. B12/intrinsic faktor v ileu) \ ,
— endocyticky komplex ' 4 ?gz '

Dense £ %} N S
-
-

apical = P
tubules p -_-~.<
HEREn S Amino
ﬁ ( S acids
v & /

N

@2 f Lysosome
r
’ olacules carned
’
Jouenin

-
-
-
P D
-

* 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 zvitata - proteinurie tbuie
* CIC5 —interakce s cytoskeletem

— Dent’s disease (mutace v genu pro CIC5) - proteinurie

* H-ATPase - nutny pro acidifikaci
endosomu/lysosomu

-----
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-r®
--
-
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Megalin/cubilin

Megalin in the choroid

plexus ependymal
cells that line the cerebral

ventricles

Megalin in cells
of the inner ear

Megalin in the ciliary
epithelium of the eye -

Megalin in \ { /
thyrocytes\ \) .

i "\:v |
Megalin in type Il -

pneumocytes of i
the lung alveoli /_:::/_LQ

Megalin in parathyroid-
hormone secreting cells
\\__: of the parathyroid

2 N
/
| A

\ '/ Megalin and cubilin

| N7
in kidney proximal-

| (
Megalin and \ |
cuebgilin in \\". ‘1\ " | tubule cells
absorptive I\\ |\
intestinal cells | § s | \ _
[ | A~ Mebglglun and
Megalinin —_ [ | /\ cubilin
endometrium “L\\ in placenta
and oviduct X \
1
o | ™ Megalin and
Megalinin the —¢ \ cueblglin in
epgdldymal \ visceral yolk-
epithelial cells , Sisela
\

PN YA -
Brush border

N

Dense apical tubules R 2 S ‘
% «x9) (&)

Metabolic conversion ©

o 0f 25-OH-Vitamin Dy \

N\ o

©

| Megaln [ Cubiin © Nutrient (vitamin, iron) @ Carier protein
Q@ Lipoproteins, hormones, enzymes, drugs and others ~ © Thyroglobulin, RBP?
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Protein v moci (2) — proteinurie

(a) funkcni (benigni) proteinurie

—  pficina neni v poruse funkce glomerularni membrany, ale ve zménénych
hemodynamickych pomérech v glomerulech (T hydrostat. tlak v kapilarach)
*  ortostaticka, pochodova, pfi horecce, po vétsi fyzické namaze...
*  charakter neselektivni proteinurie

(b) ,,overflow“proteinurie

— prerenalni - patologicky nardst “malych” proteind, , které mohou prochdazet do
glomerularniho filtratu

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

(c) glomerularni proteinurie (obvykle >1g/den, ¢asto mnohem vice)

— selektivni - intaktni lamina densa (ztrata neg. naboje glykokalyxu z povrchu endotelii,
GBM a podocytl)

* albuminurie, zadrZeny vétsi proteiny nez albumin
®* napf. Minimal Change Disease

— neselektivni bez hematurie — typicky v dlsledku poskozeni podocytt
®* napt. FSGS, membrandzni GN, pokrocila diabeticka nefropatie

— neselektivni s hematurii — hrubé strukturni poruseni filtracni bariéry v¢. ruptury GBM
®* napft. IgA nefropatie, membranoproliferativni GN, ANCA, ...

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

—  sniZzena zpétnd resorpce malych plazmatickych bilkovin (nejvyssi zastoupeni albumin a
B2-mikroglobulin v moci)

*  kongenitalni (napf. Dent’s disease (CIC5), Imerslund-Graesbeck disease (cubilin), Fanconi ho syndrom
(megalin) aj.)

*  ziskané (napf. tubulointersticialni nefritis, hypertenze)
*  mikroalbuminurie v ¢asnych stadiich u diabetické nefropatie

-
|

testy na pritomnost proteinu v moci

diagnostické prouzky — urci co je v moci, ale ne kolik

mikroskopie mocového sedimentu — kolik je bunék a jak
moc vypada (valce, krystaly, bakterie, ...)

24-h sbér moci — presné kvantitativni zhodnoceni

*  normalné <150 mg/d

*  selektivni proteinurie 150-500 mg/d (mikroalbuminurie)
*  mirna proteinurie 1-3.5 g/d (nefriticky syndrom)

*  zavazna proteinurie >3.5 g/d (nefroticky syndrom)

kalkulovany pomeér protein/kreatinin — z jednorazového

vzorku moci
MUNI
MED



lzolované symptomy - hematurie

SOURCES of HEMATURIA Gross hematuria
KIDNEY

Microscopic hematuria

Glomerular
Glomerulonephritis

IgA nephropathy

Thin basement membrane
disoase

Alport's syndrome

Extraglomerular

Benign or malignant renal tumor
Polycystic kidney diseaso
Skcide cell disease

Isomorphic RBC

* mikroskopie

— dysmorfni RBC (+ RBC
valce)

— isomorfni (bez valcl)

Dysmorphic RBC
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GLOMERULARNI NEMOCI (GLOMERULOPATIE) -
NEFROTICKY VS. NEFRITICKY SYNDROM
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Glomerulus — bunky ucastnici se patologickych zmen

* glomerulus ma pouze limitované spektrum reakci na poskozeni
— zanét
* destrukce nebo funkéni poskozeni nékterych glomerularnich bb.

) Parietal .
Mesangial  pgsangial cell epithelial cell —  napf. podocyty

matrix .o e,
* infiltrace jinymi

Glomerular — napf. neutrofily, makrofagy, bb. adaptivni imunity (T a B lymfocyty)
basement N

rambrane proteolytickd destrukce filtraéni membrany

—  hematurie a/nebo proteinurie
— proliferace

* nékteré glomerularni bb. — jako mesangialni i parietdlni epitelové — mohou
proliferovat

VASCULAR URINARY
POLE POLE ® jiné —jako podocyty - nemohou
— depozice ECM
Bowmans) i . * fibréza
) space Proximal .. ,
tubule * Jizveni
* sklerdza
—  pokles GFR
Podoc . . ’ s e s ;s v s . .
ool * histologicky obraz zavisi na tom, ktera ¢ast glomerulu a jak je
_ = o) dominantné postizena
Bowman's ! , ]
basement Bowman's — proliferativni GN — mesangium

membrane capsule , , vev s
— membrandzni GN — GBM ztlusténi

— membranoproliferativni — proliferace mesangia + GBM ztlusténi
— sklerotizujici GN — kapilary a synechie
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Klasifikace onemocnéni glomerulu
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3-D Klasifikace onemocnéni glomerulu

* (1) klinicky podle pribéhu na

Diffuse :
— akutni x chronické

all

— nefroticky x nefriticky syndrom x izolovany syndrom S

* (2) histopatologicky na zakladé biopsie ledviny
— hodnoceni pomoci svételné mikroskopie, imunofluorescence a elektronové mikroskopie

. zarazeni jednotlivych glomerulopatii je dllezity pocet postizenych glomerull a to, ktera
Cast glomerulu je patologicky zménéna

*  fokalni (postiZzeny jsou jenom nékteré glomeruly) x difusni (postiZzeno je vice jak 80% glomerul() Focai:
*  segmentalni (jen néktera struktura) x globalni (vSechny typy bunék) some
. a také stupen bunécénosti .
* neproliferativni x proliferativni
* (3) etiopatogeneticky, ale kauzalni pfi¢ina onemocnéni glomerull nemusi byt
v konkrétnim pripadé znama a proto se kombinuje etiologicka ale histopatologicka klasifikace
—  primarni (postihuji jen ledviny) Prem
*  IgA nefropatie ey \ ""_._' .
*  genetické , \\;\\ /}1 )
— sekundarni (projev systémového onemocnéni) \ //\/g : ’7 y /
*  autoimunitniho j\\
*  (SLE, revmatoidni artritida, celiakie, m. Henoch-Schonlein, Goodpasteur(v syndrom aj.) N ;\"-IA - :::{/;”' /
*  post-infekéni | "ﬁ/
~ w : .

*  cévniho (vaskulitidy)

*  metabolického (diabetes, amyloidéza)

*  nadorového (mnohoéetny myelom) L s ;’1 [\ M U
| M E



(1) Klinicky obraz glomerulonefritid / glomerulopatii

nefriticky syndrom

— glomerularni hematurie
— dysmorfické RBC — akantocyty (diff. dg. postrenalni!)
* makroskopicka (viditelné pouhym okem)
* mikroskopicka (laboratorné zjisténad)
* plus sediment (erytrocytarni valce) a sterilni pyurie (leukocyty)
— v moci mensi proteinurie, ktera typicky nedosahuje
velikosti ztrat bilkovin u nefrotického syndromu

* kdyz se do moci dostanou krevni bb. tak i bilkoviny, ale jen tolik
jaka je koncentrace v dané primési krve

* mira poklesu bilkovin uréuje intenzitu edémi
— periorbitalni + hydrostatické
— hrubé poskozeni filtracni bariéry s infiltraci bb. a

masivnim debris omezuje filtraci a vede k oligurii a
prip. AKI (= azotemie)

* naruseni regulac¢ni funkce ledvin vede k hypertenzi v dusledku
hypervolemie

etiopatogeneticky typicky disledek zanétu a
naruseni vicero struktur glomerularni filtracni
bariéry

nefroticky syndrom
— ma§ivn|' proteinurie bez soucasného nalezu kr. bb. v
MOocCi
* definitoricky >3.5 g/den a v dlsledku toho
— zpénénd moc¢
— hypoalbuminémie / hypoproteinémie
« { onkoticky tlak a vznikaji edémy

* nizky efektivné cirkulujici volum vede ke kompenzatorni
aktivaci RAAS — mirné zvyseni krevniho tlaku

e ztrata Ig moci — nachylnost k infekcim
— hypokalcémie, hypovitamindzy, ...
— ztraty bilkovin kompenzuiji jatra zvysenim
proteosyntézy, coz vede k
* dyslipidemii (+ lipidurii)
— 7Tlipoproteind, { plazmatické LPL, ztrata HDL
« =7 cholesterol a TAG = proaterogenni dyslipidemie
* hyperkoagulac¢nimu stavu (riziko trombdzy — v€. rendlni vény)
— 7T srazeci faktory, 4 AT I, T hematokrit (hemokoncentrace)

etiopatogeneticky typicky disledek podocytopatii
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A Primary diagnosis (with clinical modifier)

r Ny (] (] [ ) e
2) Co ukaze biopsie ledvin ri GN =
Immune Lupus nephrits
complax-mediated GN :
Fibrillary glomerulonephritis
* Biopsie ledviny s provadi s cilem urcit: PRA-ANGA
ANCA - postiee
— (1) etiologii glomerulonephritidy — pokud je to mozné jednoznac¢né, morfologicky jsou GN klasifikovany do 5 skupin (v faeoted M "
rdmci nichz, a to zejm. u prvni, mohou ke stejnému obrazu vést etiologicky rizna specifickda onemocnéni): Anti-GBM GN
*  immunokomplexové GN o PGNMID
— IK GN jsou nejheterogenéjsi skupinou zahrnujici mnoho nemoci jako napt. lupusova nefritis, IgA nefropatie, post-infekéni GN a fibrildrni GN —
. - _ o ) . . o
*  anti-neutrofilni cytoplazmatické protilatky (ANCA)-asociované GN S o
* anti-GBM GN . .
ANCA GN, anti-GBM GN a C3 glomerulopatie
—  Goodpasture syndrom jsou specifické etiologie, vyhoda oproti B Patiorn of injury
* (3 glomerulopatie starsi klasifikaci Mesangial prolferative, membranoproliferative,
dense deposit disease a C3 glomerulonephritis ingpld
*  monoklonalnimi imunoglobuliny-zprostifedkované GN
— zahrnuje proliferativni GN s monoklonalnimi Ig deposity (napf. paraprotein)
— (2) zavainost lézi — podle typu poskozeni C Scorelclass/grade
*  jako srpkova (crescentic), nekrotizujici, difuzné proliferativni, ........ L 1SN/RPS: lupus nephrits: Oxdord: IgA nephropethy

—  (3) pritomnost dalsich lézi nad rdmec GN
* napf. akutni tubuldrni nekrdza, akutni tubulointersticidlni nefritida aj. t‘“”"”"‘""’
_ v v . v . . s s ’ . . . 4 ’ . s ,mml' .m )
(4) a konecné zhodnotit stupen chronicity GN podle rozsahu glomerulosklerdzy, tubuldrni atrofie a intersticialni fibrézy Ao necrosis, acute interstitial nephritis,
* Vzorek tkané z biopsie ledvin je zpracovdn pro

— svételnou mikroskopii (light microscopy, LM)

E Ancillary studies

mem.wwm.owao

*  glomeruly, tubuly a intersticium, cévy laser dissection and mass spectrometry

— imunofluorescenci (IF)

*  typ positivity (linedrni, granularni, negativni) ROy ooy

* lokalizace v glomerulu (— Minimal (total renal chronicity score 0-1/10)

* typlga komplementového proteinu Overview of standardized ~ Mild (total renal chronicity score 2-4/10)

|
classification and reporting |-{ Moderate (1otal renal chronity score 5-7/10)

of GN ‘
-~ Severe (total renal chronicity score 2 8/10)

— elektronovou mikroskopii (EM)




The spectrum of glomerular diseases

SLE R
IgA nephropathy
Minimal change Anti-GBM
nephropathy disease
FSGS Diabetic v?}::::
nephropath o
phropathy vasculitis
MCGN
Membranous| Amyloidosis Post-streptococcal
nephropathy glomerulonephritis
Nephrotic Nephritic
Mechanism Mechanism
* Injury lo podocyles - | 1 ! ! « Inflammation
* Changed . i
architecture: mgng:“
* Scaming Haematuria * Breoks in GBM
. Dcpt_;sllmn ol * Crescent formation
malrix or olher
sloments Proteinuria
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(3) Pricina (etiologie) konkrétni GN

®* primarni

* sekundarni

anti-GBM antibody (Goodpasture syndrom) + hemoptyza
* typicky se manifestuje jako rychle progredujici srpkovita (crescenticka) GN
* |IF: linearni deposita IgG aC3 v GBM

* antigenem ( spoleé¢ny v GBM a plicnich alveolech) je NC1 doména peptidu (a3) kolagenu typu IV a
peroxidazovém peroxidasinu

* dUvod pro tvorbu protilatek je neznamy

* |écba plazmaferézou aby se odstranil IgG

IgA nefropatie (Bergerova nemoc)

* deposice IhA v mesangiu a glomerularnich kapilarach

* post-infekéni s velmikratkou latenci od respiracniho nebo GIT onemocnéni (1-2 dny)
C3 glomerulonefritida

* histologicky je to membranoproliferativni GN na zakladé biopsie ledviny

* imunokomplexy (aktivuji komplement klasickou cestou) nebo porucha komplementu (zvysena
aktivita alternativni cesty)

Renal pyramid

Proteinuria

ANCA (anti-neutrophil cytoplasmic antibody) vaskulitida/GN
* isolovana nebo soucast Wegenerovy granulomatdzy Inflammation
pOS t-SC GN of the glomeruli Hematuria
* post-infekéni ale s delsi latenci (1 - 2 tydny)

lupusova nefrritida

hepatitida C

* imunologicky vysetreni je velmi dilezité
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(4) Obecna patofyziologie 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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Role komplementu u renalnich nemoci

* komplement je kritickou ¢asnou komponentou vrozené imunity,
kterou tvori sérové a povrchové proteiny funguijici jako kaskada
kulminujici v produkci ,membrane attack complex” (MAC), ktery
destruuje a odstranuje patogeny

Classical Lectin Alternative —  ~30 plazmatickych - a membrdnovych proteinl reprezentujicich ~10%
pathway pathway pathway proteind plazmy
*  Existuji 3 hlavni drahy aktivace komplementu, které distalné
konverguiji
— klasicka
®* lgMnebo IgG v komplexu s antigenemk vaze komplementovy protein Clq

Activation

C4bC2b C4bC2b  C3(H20)FBb
CD46

— lektinova

*  Mannose-Binding Lectin (MBL) se vaZe na karbohydratova residua na povrchu
patogenu

uonIqIyul
sueIquis|A

Factor | — alternativni

*  konstitutivné aktivni v malém mnozZstvi, coZ umoziuje rychlou amplifikaci
aktivace komplementu odpovédi na patogeny

*  komplementovy systém zahrnuje také mnozstvi inhibitord a
reguldtory, tak aby nedoslo k nadmérné aktivaci a tkanovému
poskozeni

— ledvina je obzvlasté citliva k poskozeni komplementem a ten hraje roli u
C5 CSb C5a spousty glomerularnich nemoci:

*  atypicky hemolyticko uremicky syndrom (aHUS)
* (3 Glomerulopatie jako specificky sub-typ membranoproliferativni GN (MPGN)

C6 C7 C&8 O C5b-9 MAC * stanoveni sérovych hladin C3 a C4 poskytuje dllezitou
diagnostickou informaci pri vySetfovani glomerularnich postizeni

— nizké hladiny indikuji nadmérnou aktivaci a tim konsumpci M U N I

MED

Factor H

uoniqiyul
aseyd pinj4

Terminal pathway
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PATOFYZIOLOGIE VYBRANYCH GN A JEJICH
TYPICKE MANIFESTACE
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(A) Glom. nemoci manifestujici se nefrotickym sy

* poskozeni filtrani bariéry zahrnuje obvykle
— prim. zmény podocytu
— nékteré imunitni mechanismy Nephro’[ic Syndrome

* imunitni komplexy jsou deponovany hloubéji (subepitelialné) a nasl. Filtration Barrier
aktivace komplementu nevede k takové chemoatrakci imunitnich bb. |

— metabolické nebo hemodynamické faktory |

* etiopatogeneze : Immunocomplex Other substances
L, Podocytopathies . ;
— pnmarn' DepOSItS DepOSItS
®* MCD (minimal change disease) @ MCD @ Membranous @ Diabetes
* membrandzni GN @ FSGS | : @ Amvloid
* FSGS (focal segmental glomerular sclerosis) 7 o LA y
— sekundarni

* Systémovy Lupus Erythematodes (SLE) | S ——

* diabeticka nefropatie @ — erafs

empranoprolirerative

e Complement dysregulation f%:"’“i

Infectious Xy

Autoimmune/Rheuma
Dysproteinemia

* amyloidézy
* infekce (hepatitis B, C, HIV)

— hereditarni = kongenitdlni abnormality (zejm. GBM a podocyt()
* Fabry disease

* vrozené poruchy proteint Stérbinové membrany podocyt(
— mutace v genech pro nefrin, podocin, ...



imarni formy nefrotického syndromu

(A) MCD (minimal change disease/nemoc minimalni zmén)
— typicky déti (do 5 let)
— selektivni proteinurie (albuminurie)
— biopsie ledviny (nemusi se vidy provadét)
®* LM: nic nebo jen minimalni zmény

* |IF: typicky negativni nebo nizka intensita mesangidlniho IgM

Percentage of patients with nephrotic syndrome
s §¥8858583888

151055 23 0B ME0s0e * EM: vybéZky podocytl - effacement
Age (years) . . ] , ) P . ; Glomerular abnormalities
B g 0%, — dobre reaguje na steroidy (rychla remise) — pak neni tfreba biopsie by light microscopy?
'g 90% V 4 A4 V4 r V4 r V 4
5w (B) FSGS (fokalné segmentalni glomerularni sklerdza) I | ]
i
E 0% . vy
P — typicky dospéli . "
£ o — neselektivni proteinurie | ' ' l
" . : ! v

'3' 30% Focal segmental glomerulosclerosis - bIOpSIG IedVIny . X g :
> 20% - . oy 1z P , ‘ GBM thickening Segmental sclerosis IF: Negative ‘

L/-—R * LM: fokalné segmentalni glomerularni skleréza )
5 10% ,
T Pt R el * |F: typicky negativni _ l l l

15 10 15 20 25 30 35 40 45 50 55 60 65 70 . . viv s ., . bIF.'"?r?nlullarGlca IF: segmental IgM/C3 EM: diff FPE

Age (years) EM: ztlusténi GBM, neresponzivni na steroidy SUEISIPIDi?ﬂIJase?:PE EM: variable FPE - diffuse
8§ (C) membrandzni nefropatie ! ! |
3' 2% —_ i Al Membranous Focal segmental Minimal change
g 7o) typICky dOSpElI ‘ nephropathy glomerulosclerosis disease ‘
£ o — neselektivni proteinurie | '
. . . Abbreviations: IF, immunofluorescence microscopy; EM, electron microscopy;

§ ::' MECAnOm IepivacstlY e b|0p5|e |edV|ny FPE, foot process effacement
L ®* LM: mesangialni expanse a ztlusténi stén kapilar
§ S * |IF: sub-epitelidlni deposice 1gG a C3 komplementového proteinu
E 0%
o * EM: ztlusténi GBM a ,spikes” (deposita IgG a C3)

Bl T T T T pp—y
1 5 10 15 20 25 30 35 40 45 50 55 60 65 70
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Soluble mediator
(Cytokine? Ab? Other?)

Glomerular basement
membrane

Endothelial fenestrae

Glycocalyx

Glomerular
capillary lumen

(A1) MCD (nemoc minimalni smeén, lipoidni nefrdza)

10-50/100 000 déti

variabilni pribéh v zavislosti na odpovédi
na steroidy

— neékdy remise rychle a trvalé

— neékdy relabuje a je tfeba akcelerovat [éCbu

— ale vzacné progreduje do ledvinného selhani

* progresivni pribéh je tfeba prehodnotit, ¢asto
FSGS

patogeneze primarni MCD je nejasna ale
predpoklada se ucast resp. nerovnovaha v
mechanizmech adaptivni imunity

— subpopulace T lymfocytl béhem aktivni faze
nemoci s prevalenci cirkulujicich CD8 Th1l
supresorovych bb. a Th2 helper bb.
produkujicich IL4, IL5, IL9, IL10, a IL13
cytokiny

— nadruhou stranu, v posl. letech se prokazala
klinicky efekt B cell deplece pomoci
rituximabu (anti-CD20 monoklonalni
protilatka) u riznych forem nefrotickych
syndromu a to naznacuje roli B lymfocyt(
jako patogenetickych hraci



Possible mechanisms of albuminuria in MCD with

nephrotic syndrome

® Impaired it daphragms * Albumin is filtered through the endothelial
\% ) fenestrae, the basement membrane, and
[Gom s 15O finally through the impaired slit diaphragm
e i > Poresizeenlarged * Albumin is also filtered through the
. glomerular capillary wall where podocytes
are lost by podocyte detachment or

apoptosis causing enlarged slit pores and

® Receptor-mediated transport

- = Pore size unchanged or diminished nonselective prOteinuria
- selective proteinuria . .
- © .2 * A mechanism of receptor-mediated
T B albumin transport via FcRn through
podocytes may explain the selective
O Heavy molecular weight proteins albuminuria in minimaI'Change disease.

=  Albumin

A FcRn MUNI
MED



Podocyty — , effacement” vybézku

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

e o L
= processes

)&
werng// processes

&%) /) filtration
slits

podocyte \ 4
cell body Y W55

fusion O 2

= “vyhlazeni” podocytu - univerzalni znamka
poskozeni podocytu

koreluje s velikosti proteinurie (“slepice Ci vejce”?)
variabilni etiologie poskozeni 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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zmény podocytu (effacement a jejich ztrata) jsou dominantnimi
charakteristikami FSGS

dlouho studovand otdzka je prip. existence cirkulujiciho faktoru zodpovédného za
poskozeni podocytl u prim. FSGS

odhaleni GBM stimuluje tvorbu synechii s parietalnimi epiteliemi
jizveni a sklerotizace kapilar
idiopatické formy maji silnou genetickou komponentu

sekundarni formy jsou béznéjsi

vezikoureteralni reflux, obesita, medikace, infekce (HIV), heroin, glomerularni
hyperfiltrace, ...

nékteré formy jsou sensitivni ke kortikosteroidiim, jiné ne

odpovéd steroid-dependentnich FSGS na rituximab naznacuje potencialni roli B
lymfocytl

(A2) Fokalne Segmentalni Glomeruloskleréza (FSGS)

Injury (extrinsic or intrinsic

to podocyte)

il - 1 -

(—
Y Fiaton sit
diaphragm

% Fenastration

Difference Between Primary and Secondary FSGS

Primary FSGS

Usually abrupt onset of nephrotic

syndrome

Normal-sized glomeruli, less

parenchymal atrophy

Diffuse global podocyte foot process

effacement

Blood with impurities is
filtered creating urine

Scar impairs Kidney function

No IC, TRI, or other causes

.-T¥ ——_-_ \.";\.
Irreversible podocyte

Podccyte detachment
or apoplosis

local spreading

Secondary FSGS

Less proteinuria; slow onset

Glomerular hypertrophy in unaffected
glomeruli Focal interstitial fibrosis/
tubular atrophy and global
glomerulosclerosis

Less prominent and segmental
podocyte foot process

Evidence of a secondary cause
(IC, crescents, TRI, DM, Fabry, Alport,
HTN) effacement

MUNI
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usual generic form of
FSGS. FSGS Foot-process
effucement is variable,

Associations: Primary or
secondary Cross-sectional
studies suggest this is the
most common subtype.

Clinical Features: May
present with the nephrotic
syndrome o sub nephrotic
protemurii.

hyalinosis and sclerosis involve
the most of the glomeruli with
segmental lesions, Perihilur
lesions are located at the
glomerular vascular pole. In
adaptive FSGS. glomerular
hypertrophy occurs
(glomerulomegaly). Foot-
process effacement is relatively
mild

Associations: Common in
nduptive FSGS associated with
obesity, elevated body mass,
reflux nephropathy,
hypertensive nephrosclerasis,
sickle cell anemia. and renal

agenesis,

Clinical Features:In adaptive
FSGS, patients are moee likely
to present with subnephrotic
proteinuria and normal serum
alburmin levels.

Defining Features:
Expansile segmental lesion
with endocapiliary
hypercellularity, often
include foam cells and
mfilirating leukocytes, with
variable glomerular
epithelialcell hyperplasia.

Assoctations: U sually
primary, but also seen ina
variety of secondary forms.,
Found in earlystage in the
evolution of sclerotic
lesions.

Clinical Features: Usually
presents with the nephroti¢
syndrome.

Defining Features: Scgmental
lesion involving the tubular
pole, with either adhesion to
tubular outlet or confluence of
podocytes and tubular epithelial
cells.

Associations: Usually primary.
Probably mediated by physical
stresses on the paratubular
segment owing to the
convergence of protein-rich
filtrate on the tubular pole,
causing shear stress and
possible prolapse

Clinical Features: Usuully
presents with abrupt onset of
the nephrotic syndrome. More
commeon in white race

Defining Features:
Implosive glomerular-tuft
collupse with hypertrophy
and hyperplasia of the
overlying visceral
cpithelial cells.
Hyperplastic glomerular
epithehial cells may fill the
urinary space, resembling
crescents.

Assoclations: Primary or
secondary to Viruses;
HIV-1, parvovirus 19,
SV40, EBV, CMYV,
hemophagocytic syndrome

Clinical Features:Maos
aggressive variant of
primary FSGS with black
race with severe nephrotic
syndrome
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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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(A3) Membranodzni nefropatie

immune complex * MN je nejcastejsi pricinou nefrotického
syndromu u dospélych

antibod antigen .
v 9 glomerular endothelial cell

e —— e e — stredni a vySsi vék — viz obrazek dole
? * charakteristické patologické znaky
glomerular basement membrane — intra-membrandzni imunokomplexy

deponované v GBM

® uprimdrni MN (70 — 80%) se komplexy antigen-
protilatka tvori in situ na podocytarnich
antigenech

100 : — autoprotilatky proti M-typu receptoru pro
PSS e = Clnrdisdaes fosfolipazu A, podocytd (PLA2R, anti-PLA2R
-<— Amyloidosis protilatky)

\ ~<— Diabetes (usually not biopsied) * polymorfismy v genu pro PLA2R
75 <— Membranoproliferative GN —

jiné antigeny rovnéz identifikovany

<— Misc. proliferative GN «  neural endopeptidase

— depozice IK do subepitelového prostoru (mezi

<— Minimal change podocyty a bazalni membranu)

50 glomerulopathy
<— Focal segmental — sub-epitelidlni deposita primarné
glomerulosclerosis cirkulujicich IK jsou také mozna pricina,
zejm. u sekundarnich MN (20-30%)
& <— Membranous * infekéni, nddorova, systémova autoimunitni
glomerulopathy onemocnénich ¢i po podavani nékterych lék{

% of patients with >3 g/day proteinuria

16 25 35 45 55 65
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Jedna nemoc - jedna klinicka manifestace?

GLOMERULAR
PODOCYTE INJURY PROLIFERATION &
& SCLEROSIS INFLAMMATION

NEPHROSIS
UA-PROTEINURIA -~

<
. MIXED

MINIMAL CHANG SLE POST-INFECTIOUS GM
FSGS MPGN RPGN
MEMBRANOUS IgA NEPHROPATHY GOODPASTURE'S

& HSP ANCA ASSOCIATED G

.

Nephritic syndrome* ’ i Nephrotic syndrome

Both
Acute poststreptococcal y A
glomerulonephritis Diﬁusoproliferaﬁﬂ; h s "
/ meruloneph \  Membranous nephropa
Rapidly progressive glomerulonephritis | gomenionent ) poealy

Focal segmental glomerulosclerosis

Berger dhicase '.\ Membranoproliferative Minimal change disease
(IgA glomerulonephropathy) " glomerulonephritis = Amyloidosis
Alport syndrome h ¥ y Diabetic glomerulonephropathy

~ A
~
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Sekundarni GN (A4) SLE: lupusova nefritida (DPGN) jako

ukazka velmi heterogenni odpovédi na depozici imunokomplext

Healthy glomerulus Injured glomerulus

Complement activation
-Direct damage of endothelial cells
Chemoattraction of inflammatory keukocytes

\

Myelold cell activation through FoyRs

-ROS generation

-Retease of neutrophil granule content

-IC internalization and antigen presentation

Adaptive immunity activation

-Infiltration of macrophages/DCs and
antgen presentation along with secretion
of pro-inflammatory cytokines
¢ A Infiltration of T cells {Th1,Th17 and DNTs)
A / o and secretion of 1L-17

IFNYy
Tubular epithelial cell

Podocyte

Mesangial cell

Endathelial cell ' Intrinsic renal mechanisms
: ..‘_ E vt -Cytokine secretion induced by parenchymal
Parietal epitheliad cell iy 4 cell stress
Dendritic call / macrophage l‘:— E - Padocyte injury and effacement of foot
gs 0 N processes

| S~ - R =— Mesangial cell ingury and stress-induced
Thi7 cell :. %E = proliferation
Dauble negative T cell b_:——-;:“% = il Rtrapelular (*l.l natrix de'x'sfﬂm

—a| = Panetal cell profdferation and farmatian of
Noutrophil [ = B Q crescents

Trends in Molecular Medicine

onemocnéni SLE se rozviji ve dvou fazich

— (1) rozvoj chronické autoimunitni odpovédi pri
naruseni autotolerance, které se projevi pfitomnosti
autoprotilatek a aktivaci T-zprostfedkované
autoimunity

i ta je namifena zejména proti nuklearnim antigenim
jako chromatin a ribonukleoproteiny

i typicky diagnosticky laboratorni ndlez u SLE:
antinukledrni protilatky

—  (2) rozvoj imunokomplexového poskozeni tkani a
organu, které zodpovida za klinickou manifestaci
(morbiditu a event. mortalitu)

etiologicky souhra komplexu faktor( v¢.
genetickych a environmentalnich a rovnéz na
urovni cilovych orgdn

—  napf. ledvinnych glomeruld

SLE probiha jako remitentné-relabujici heterogenni
onemocnéni s velmi rliznorodou zavaznosti a
rozsahem organového postizeni

—  kuze, ledviny, klouby a pfip. hematopoeticky systém,
CNS a kardiovaskuldrni a respiracni systém

patogeneticky se v postizenych organech uplatiiuje

imunopatol. reakce Ill. typu imunokomplexova s

aktivaci a komplementu a atrakci efektorovych bb.

(napt. neutrofil(l)

— ackoliv je prakticky u vSech pacientl se SLE mozno
nalézt IK deponované v glomerularnim mesangiu,

pouze u 40-60% se rozviji glomerulonefritida, coz
naznaduje daleZitost lokalnich faktord a mediator(

MUNI
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Membranoproliferative glomerulonephritis (MPGN)

* An enhanced understanding of the role of complement

in the pathogenesis of MPGN has led to its

reclassification into immunoglobulin-mediated disease

(via the classical complement pathway) and non-
immunoglobulin-mediated disease (via the alternative
complement pathway)

* MPGN represents a pattern of glomerular injury,
characterized by mesangial proliferation and
expansion, lobularization of the glomerular tufts and
double contours

®* The older categorization, with MPGN types |, I, and llI,
which relies on the electron microscopy morphology
has been updated during the past few years by
classification of MPGN according to the
immunofluorescence microscopy findings into three
basic categories:

— lg+C3+
— 1g-C3+
— 1g-C3-
®* (3 glomerulopathies, namely, dense deposit
* disease (DDD) and C3 glomerulonephritis (C3GN)

No staining

=Healing phase of HUS

| | |
g (+) C3 (+) C3 (+) only
Immune complex ) )
mediated Complementmediated
Infections
Viral (Hepatitis B,C) Autoimmune
Jacteria

Bacterial Antibodies to complement-
Protozoa regulating proteins

Other

Autoimmune diseases
Sjogren’s syndrome
Rheumatoid arthritis

SLE

Monoclonal

gammopathy

Genetic defects
Mutations in complement-
regulating proteins
Mutation in complement
factorsC3

Transplant
—
glomerulopathy

— Radiation nephritis

==
me



Dusledky nefrotického syndromu: proteinurie vede k rozvoji

glomerulosklerozy, intersticialni fibrozy, { GFR a ESRD

l— Decreased nephron mass

TMechanicaI stretch Glomerular-capillary
and strain hypertension

Increased filtration
of plasma proteins

Proteinuria

?Activation of angiotensin

X Ex iv lar
and transforming cessivatibula

reabsorption of protein

growth factor 1
Release of vasoactive and
inflammatory substances into —¢ N
: the interstitium Interstitial
Increased synthesis Fibroblast inflammatory
of type IV collagen proliferation reaction

l Glomerulosclerosis

-

»
L

and fibrosis

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

albumin je v malych koncentracich
nezbytny pro funkci tubularnich bb.

nicméné vétsi mnozstvi proteinu v
tubulech vede k zanétu a
intersticialni fibrotizaci

* perpetuace rendlniho poskozeni

VI/Ve

pramérny pokles GFR (mL/min)
béhem naslednych 36 mésicl ve
skupinach definovanych podle
prim. 24-hod kvantitativniho
stanoveni proteinu v moci na
zacatku sledovani v nediabetické
populaci CKD pacientti v MDRD
studii
— v kazdé skupiné dle proteinurie je jsou
jesté 2 podskupiny:
* normalni krevni tlak (teCkovana linie;
140/90 mm Hg; 102-107 mm Hg MAP)

®* o0soby s intenzivni antihypertenzni
medikaci (solidni linie; 125/75 mm Hg; 92
mm Hg MAP)

Change in GFR from baseline, mL/min

Mean baseline urine protein 0-0.25 g/day

Mean baseline urine protein 0.25-1.0 g/day

Oy 3

Mean baseline urine protein 1.0-3.0 g/day |

“'i'--.
i

Mean baseline urine protein 23.0 g/day

F3 F4 F5F12F14 F20F24 F28 F32 F36

Time, months
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(B) Glom. nemoci manifestujici se nefritickym sy

* poskozeni filtracni bariéry zanétem =
glomerulonefritis

casto akutni stav projevujici se dramatickym
klinickym obrazem (viz vyse), zpravidla vyzaduje
provedeni biopsie ledviny

patogeneticky v disledku imunitnich mechanismu

— (1) imunokomplexy (IK) zprostredkované (90%)

* antigeny: cirkulujici, in situ (tkanové specifické ledvinné Ag) nebo
inkorporované do ledviny

— bakterie (-hemolyt. Streptokok, Staphylokok, Pneumokoky), paraziti,
viry, endotoxin, bunécné organely (u SLE), lékyj, ...

— (2) protilatkou-zprostiredkované (10%)

* anti-GBM (Goodpasteur sy), anti-neutrofilni (ANCA) nebo proti
specifickym bb. glomerulu

GN mohou byt bud vyhradné manifestovany v
ledviné (kidney-restricted) nebo doprovazeny
systémovym onemocnénim

Immune Complex Formation

Q‘ B cell

Antigen in
cuculatnon ) a

: °
',/

I © 0
Free Plasma
antibody O cell
Antigen- X :
antibody e g \ Endothelium
complex
. e Immune Complex
yer'sd SR Deposition
4 / Neutrophil

Antigen- -~ =
antibody _—_—
complex Immune Complex-Mediated
— Inflammation and

~ >.Tissue Injury

Complement

' Platelet

&a

Vasculitis ‘ g

Neutrophil lysosomal enzymes
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(B1): IgA nefropatie (Bergerova choroba)

* |IgAN je nejCastejsi primarni GN celosvétové mezi pacienty
podstupujicimi renalni biopsii
— nicméné existuji regionalni rozdily (genetika?, patogeny?, ...)
— ~30% postizenych IgAN progreduje do rendlniho selhani béhem 20 let od
biopsie
* IgAN je disledkem dysregulace imunitniho systému u osob s
abnormalni syntézou deglykosylovaného IgA1l

* IgAmadvatypy1la?2,typ1cirkuluje, za normalnich okolnosti IgA na sliznici nevaze
komplement (aby nedoslo k jejich posSkozeni)

— vzestup cirkulujicich galaktdza-deficientnich IgA1 stimuluje autoimunitni
odpovéd’

— gd-IgA1l tvori komplexy se specifickymi autoprotilatkami, které se deponuiji \
glomerulech (typicky v mesangiu) a indukuji zde jeho proliferaci a expanzi

* mesangialni IgA depozice (spolecné s C3) je ,,hallmark” IgAN
— morfologicky tudiz MPGN mesangioproliferativni
* spektrum klinické manifestace IgAN je velmi Siroké od nahodné
zjiSténé asymptomatické mikroskopické hematurie az po rychle
progredujici formy vedouci k selhani ledvin
— nejbéinéjsim manifestaci je nefriticky syndrom, tj. hematurie a mirna
proteinurie a zachovala funkce ledvin (norm. GFR)

— mediatory produkované aktivovanymi mesangialnimi bb. po stimulaci IgA IK
mohou dale pUsobit poskozeni podocytl a tubulointersticia

(34. 1)

! United Czech \ | China (54.3)
Klngdom (33.9) Republic
[ Korea (28.3) | (28 3) |

—_— ) lnnceHO 2) } '-‘ l‘lylf .2) (/ .
ates (27.3) | M ——— ,,) hpm(SIO)
- orocco (12.0) [ ’

£ | Singaporc (43.2) .
‘jr Brazil (20.1) I
' T— Australia (34.1) }—

v

Proliferacia
mezangialnych .~
buniek ‘

Expanzia
matrix
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IgA nefropatie (Bergerova choroba)

‘ Upstream factors |
Renal corpuscle |

{ R

g Hit 1 Hit 2 }E %
Foot %

\ R et Increased _ | Production of
Effaran 4 AN Basement membrane % levels of anti-Gd-IgA1 %
arteriole = : FE Bowman's space % Gd-IgA1 autoantibodies

Proximal tubule l ’ ﬁ

Distal }
convoluted [ JM qﬂJ
tubule ~ | :
* muirumm,mm ARIARAL ' ~ Hit3 -
Health Formation of circulating nephritogenic
eaithy Gd-IgA1 immune complexes
IgAN
g 4
Hit 4
= Mesangial deposition and glomerular injury
B r— = Cellular proliferation
Tubule epithelial prot

cell atrophy = Overproduction of

/' Increased extracellular matrix,
Afferent 7 extracellular / cytokines
arter|0{g,.-- matrix ™ proliferation of and chemokines

mesangial cells
,,,,,,, ST ] Epithelial cell (=) Podocyte
N =y \ 24 # Mesangialcell © Protein
diaphraglr;i A SEL ‘ t ._r*('l Apoptotic @ Tecell }" IgA ® Mesangial cell heaeln
S s 5 podocyte @ Macrophs y @ Tecell
GBM acrophage }E Gd-IgA1 % IgA
¢ UENO Gommmmmod  (EmmmhmhhnD s 7
tndOthg(':l?Sl © %0 0. 0 © ® Monocyte )E IgG @ Macrophage
RS e : - ' ® Monocyte %Gd-lgAl
Nature Reviews | Disease Primers g Podocyte % 19G




IgA nefropatie (Bergerova choroba)

Peyer's Patches =

I ) S

Follicles of lymphatic tissue,
know as Peyer’s patches, in
the distal part of the small
intestine (ileum) produce
secretory IgA antibodies

Patients with IgAN have an
increased appearance in
the blood of secretory IgA
antibodies that lack
galactose units (galactose-
deficient IgA) in the hinge
region, which makes the
antibody immunogenic

The galactose-deficient IgA
antibodies trigger
autoantibody production
Autoantibodies bind to and
form complexes with the
galactose-deficient IgA
autoantibodies

These aggregates form
pathogenic immune
complexes that deposit in
the glomeruli, which are the
filtration apparatus of the
kidney

: o " IgA — nden
Peyer’s patches Galactose-deficient IgA imgmungec%emggxt IgA nephropathy

The deposits of immune
complexes in the glomeruli
cause an inflammatory
cascade that destroys the
glomeruli, reducing the
kidney’s ability to remove
waste products from the
blood and eventually

may result in ESRD

]
=
-
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(B2): Post-streptokok

Bacterial infection-associated glomernlonephritis

ova GN (post-infekcéni G

(

Acute post-streptococcal or post-
infectious) glomemulonephritis (APSGN)

l

= Occurs following resolution of
infection and an infection-free
latent period of 1-8 weeks

= Abrupt anset of
glamerulonephritis

= Usually involves paediatric
patients

L

Staphylococeus infection-associated
glomerulonephritis (SAGN)

3

* fAssociated with 5. aureus and
5. epidermidis infections

* Infection is usually active when
glomemnlonephritis develops

= Aggressive immunosuppressive therapy
is contraindicated, especially when
active infection is evident

\

Clomerulonephritis
of other infections

|

* Subacute bacterial
endocarditis

* Shunt nephritis

* Indwelling central venous
catheter infections

# Deep-seated visceral
abscesses

Putative nephritogenic bacterial antigens
Streptococci Staphylococci Bacilli
* Superantigens
* SPeB « Staphylokinase « Unknown
* GAPDH » Staphylococcal p70 antigens

* Deposition of

Q
circulating bacterial ~

antigen—antibody
ICs

* In situ localization
of bacterial

antigens without &

immunoglobulins

%o
): Anlibo‘dy % é@’ .
2 Plasmin oldo
© Bacterial antigen

# Subendothelial deposits
® Mesangial deposits
‘ Subepithelial deposits
ee Complement

q\
L

0%

® Y-

G
Lo

0000

f ﬂ * |n situ bacterial
°° P ,Q antigen—antibody
o 7 ICs

Y-

&‘ Neutrophil

* Complement activation
’ * Leukocyte recruitment
; Cytokine release

and proliferation of

glomerular endothelial

and mesangial cells
* Degradation of the

glomerular basement
membranes

<«

\

y

Host factors
* Genetic susceptibility
* Abnormalities in the

alternative pathway of
complement

Infection-related glomerulonephritis
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(B3): Alportuv syndrom — mutace kolagenu IV

i (a) Healt

lomerulus presents podocyte foot processes with slit diaphragms. The

h
mature GB\f\}Fls composed of collagen a3ad4a5 and laminin a5B2y1. Aloumin does not
filtrate pathologically into the urinary space.

o (b_)( In Alﬁort glomerulus, podocyte foot effacement disrupts the podocyte structure and

slit diap

ragms disappear. Immature forms of collagen and laminins are expressed in the

GBM as a compensatory mechanism. Albumin is lost pathologically due to increased

permeability.
HEALTHY GLOMERULUS
-
DJ“\ n V.
\§,4
29)

Dﬁowa% \\\;g) l(; %
" (\Q/ - 10Y5)
9 ST e
(o PRI\ F
\@ 22\2[/ O%\\. QQQO

Urinary space

5408000

jr"”‘ ) O () ’—
[NGAT

/Q\\ 'l@ -
) Capillary lumen

(a)

ALPORT SYNDROME

Podocyte foot effacement GBM lamellation Hematuria and
proteinuria

-

Urinary space e ) °
A A o

>
>

e il

GBM Collagen atlala2 (IV) . Ectopic laminins

liclenng OOO \’ _
AT
= (& AN

Mesangial filopodial  Extracellular matrix

invasion
alala2 : alala2 :

’ Integrin a2B1

\)'

D/

b Signal <~
Podocyte cytosol

Collagen receptors transmit wrong signals

(b)

| Sensorineural deafness

Diffuse esophageal /
leiomyomatosis f

Toracic and abdominal J \
aorta aneurism / )

EVE

Anterior lenticonus
(pathognomonic)
Fleck retinopathies

_ Temporal retinal thinning |

Microhematuria -
)

Proteinuria N

o
Fibrosis -,
¥

 Bilateral cysts

ESRD
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Alportuv syndrom — mutace kolagenu IV

a Normal collagen IV a3o4a5 synthesis b Alport syndrome
Collagenous domain NC1 ¥ Mutation
N '\/\/\/\l ca3 N NS \S \gas 37nC
N \/\/\/\ — " : variants
N | , | C o5 NN\ QO 49 NC1
variants

l Intracellular assembly

7S domain » : y g & BN
'K "Ky'& L \,% variants
-~ o> > . -~
Helix interruption}
Extracellular assembly Incomplete assembly?
Hexamer—_n .
’v B ~vi £ Degradation
s S3HNAF
N terminal C terminal )
/ \ . Leaky GBM
i ) AR S8 .
AN &\! '
Abnormally

TR A FITINI S8 R,

Normal macromolecular network

thin GBM

- Alport syndrome

Normal Thin Basement AIport Syndrome
Membrane Lesion



(B4) Rychle progreduijici (, krescenticka“) GN

*  zavazné akutni glomerularni postizeni s obecné sSpatnou prognézou

— neni specifickou etiologii GN ale specifickym histopatologickym obrazem a
klinickym pribéhem

— Casto naseda na anti-GBM (typ I), ANCA nebo IK GN

* rychla ztrata funkce ledvin (GFR<50%) béhem kratka ¢asové periody
(dny — tydny)

— pokud nezalécena progreduje do akutniho renalniho selhani a pfip. Umrti
béhem tydni

*  pokud neni renal replacement therapy (dialyza a Tx)
* tvorba glomeruldrnich ,srpk(“ (crescents) viditelnych v LM
— crescenty jsou klasickou histopatologickou lézi u RPGN

— jsou tvoreny aktivovanymi parietdlnimi epitelovymi bb. (PECs) na povrchu
Bowmanova pouzdra a jejich tvorba je spojena s rychlym poklesem GFR

*  pribéh
— ruptura glomeruldarni kapilary

— prUsak a extravazace fibrinu, makrofagl a fibroblastu do prostoru
Bowmanova pouzdra :

— proliferace PECs

a 2 b Plasma : Inflammatory
Proteins — X Cells

GBM Fibrin

Parietal

Epithelial
Cell

‘ Bowman
Capsule

Bowman
Space

Mesangial

Cell
Endothelial Gaps or Holes
Cell Pidicvta in GBM Caused by
Clomerular Disease
d C Infiltrating

. . Macrophage
Fibrocellular e acrophag

Crescent S Is=a e
z - = = s 7’ - K Py 2 \

Interstitial D e Voo N
Y o o > ~ \

Fibroblast 7
o/ g’
1V

Proliferating
Parietal Epithelial
Cells
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Tvorba ,,srpku”

Normal GBM rupture % — Podocyte

~ — Glomerular endothelial cell

% — Parietal epithelial cell
@D _ |pterstitial fibroblast

@ — Monocyte-macrophage
— Fibrin-clot

>Q — Interstitial collagen-
fibrils

Fibrous crescent Cellular crescent Restitution
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Imunokomplexy: nefriticky vs. nefroticky syndrom?

oba syndromy mohou byt zptisobeny tvorbou a depozici imunokomplexi a to
zejména pri jejich nadmeérné tvorbé nebo nedostatecném odstranovani

— imunitnim systémem (fagocyty a komplement)

Insoluble complex
Scavenged by
reticuloendothelial[system
before reaching kidney

Small soluble complex

Does not fix complement
Nephrotic syndrome

Fixes complement
Nephritic syndrome

Glomerular capillary

Antibody Antigen

complexes

Endothelial cell ==/

membrane

Epithelial cell

»Membranous glomerulopathy

— jatry (glomerulopatie velmi ¢asto provazi jaterni onemocnéni)

pomér mezi mnozstvim antigenu a protilatky urcuje velikost a tvar IK, coz ma
zasadni vliv na jeho dalsi osud stejné jako izotyp zucastnéné protilatky — napfr.
lgG dobre aktivuji komplement na rozdil tfreba od IgA, které komplement aktivuji
malo (vedlo by to k poskozeni sliznic!)

— IK aktivuji komplement (vazbou C1 v IK)

— IK opsonizuji a tim zvysuji aktivitu fagocytujicich bb. (napf. neutrofil()

— Vaii se na receptor Fc fragmentu Ig bb. adaptivni imunity (napf. makrofagy a
dendritické)

u glomerulopatii je rozhodujici jejich lokalizace ve strukture glom. filtracni
bariéry!!!

— sub-epitelialni IK deposice nalézana u membrandzni nefropatie vede k mensi aktivaci
komplementu a tim k mensi tvorbé anafylatoxind a mensi infiltraci zanétovymi bb.
(signdly nedosahnou k cirkulujicim imunitnim bb.)

*  typicky se rozviji nefroticky syndrom

— sub-endothelialni IK deposice je spojena s rychlou a intenzivni zanétovou odpovédi
protoze produkované anafylatoxiny lehce pfichdzi do kontaktu s cirkulujicimi bb.

*  typicky se rozviji nefriticky syndrom
napr. vzhledem k velkému spektru auto-antigen( a variabilité IK u SLE neni

prekvapenim obrovska variabilita organovych postizeni a konkrétné u
glomeruldrniho (lupusova nefritida) variabilita renalniho fenotypu

—  projevy mohou mit charakter nefroticky, nefriticky nebo kombinace obou
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Nephritic vs Nephrotic Syndrome

Step 1: If the patient has hematuria and/or proteinuria,
think about nephrotic/nephritic syndromes.
Step 2: Does the patient have glomerular hematuria (RBC casts or dysmorphic RBCs in urine)?

Yes: Think Nephritic! No: Think Nephrotic!

Is there suspected glomerulonephritis? aka Is it mostly albumin? > N:::;gi:.our::rular
evidence of significant proteinuria (> 0.5 ly N msm
g/day), worsening renal function, or evidence

of a systemic disease?

Is it A LOT of protein Repeat and if still

(>3-3.5g/day)? N ~ present workup non-
Eval suspected GN: N Y nephrotic proteinuria
Renal consult M
Labs + Urine g!
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Simplified representation of mechanisms of glomerular injury
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(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 Th1l 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



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
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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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