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A Circulating immune complex trapping
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J.C. Jennette Glomerular Capillary
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DuoIoAOYIKO OTTEIPAPATIKO TPIXOEIDEC




Normal Glomrular Caplllary
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KAIVIKA €IKOVA ZTTEIpapaTIKWYV Madnoceswyv

* ACUUTTTWHATIKA algaToupia/n/kal Trpwreivoupia
* NeEQPpWOIKO OUVOPOUO

* OCU (oTTEIPAMATO) VEPPITIOIKO OUVOPOUO

* TAXEWC ECEAICOOUEVN OTTEIPAPOATOVEPPITION

* XpOVIO OTTEIPAPATOVEPPITIOA



MpwTelvoupia KAl aigaToupia

Red blood
cell

, , Protein = ° .
To pUOCLOAOYLIKO OTIELPAUATIKO

TPLXOEIDEG OUYKpATEL TA
epuBpd alpoodaipla, Ta
AeuKd alpoodaipla Kat TIg
MPWTEIVEC Kal aprvel HOVO
udapn otolxela va mepacouv
oto oUpo.

To oTEIPANATIKO TPLXOELOEC TIOU £XEL
BAGBN apnvel va diapUuyouv
nMpwTeivec (MpwTteivoupia) kat epubpa
alpoodaipla otolxeia (aluatoupia) va
nepacouv ota oupa.

J.C. Jennette



Nedpwaolko versus NeppLttblko 2uvdpopo

NedbpwolkdO  Nedpltidiko

MpwTteivoupia ++ EWC +++ + EWC ++
Otdnua + EWC +++ 0 WG ++
YriaABoupwvatpia + WG +++ 0 £wg +
Alpatoupla 0 EwC ++ ++ EWC +++
AlwBatpia 0 Ewg ++ 0 EwC +++

Yreptaon 0 €we + 0 EWC +++
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Qidnua

[Mpwrtelvoupia (>3.5 g/24hrs)
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Normal Protein Excretion

* Only low molecular weight proteins + small amount of
albumin are filtered (< 1500 mg/day).

* Almost completely reabsorbed by proximal tubular epithelial
cells.

* Normal protein excretion: 40-80 mg/day (<150)

 2/3 of protein excretion is Tamm-Horsfall protein (mucoprotein
secreted by tubular cells)



Types of Proteinuria

* Transient:

e occurs under certain physiologic situations in the absence of
kidney disease.

e Orthostatic:
* Increased protein excretion in the upright position.

* usually < 500 mg/day.
* Fixed:
 Denotes a glomerular disease.




Measurement of Proteinuria

e 24 hour Urine Collection:

* verify that the collection is complete. Normal creatinine
excretion is
e 20-25 mg/kg/day for males
e 15-20 mg/kg/day for females

* Spot Urine Protein/Creatinine ratio:
 correlates well with daily protein excretion.
* Normal is <0.2



Nephrotic Syndrome

* Proteinuria:
e >3.5g/day/1.73 m2

* Hypoproteinemia
* Edema
* Hyperlipidemia and lipiduria



Nephrotic Syndrome:
Most Common Causes

* “Primary”
 Minimal Change Disease
* Focal Segmental Glomerulosclerosis (FSGS)
* Membranous Nephropathy

» “Secondary”
* Diabetic Nephropathy
* FSGS
* Membranous Nephropathy
 Minimal Change Disease



H TtpwrTteivoupia TTPOKUTITEI OTAV  UTTAPXOUV XAOUATQ OTO
OTTEIPAUATIKO @PAYMO TIOU  ETTITPETTOUV TN OlaQUYN HOpPIwV
TTPWTEIVNG OTa oupa.

Normal glomerular capillary Capillary with proteinuria

QIOCPAIpPIO Npwrteivoupfa



O oTrelpapaTikKOG PPAYUOC €ival AQUTOC TTOU CUYKPATEI TNV TTPWTEIVN KAl Ta KUTTAPA
TOU QigatoC¢ OTO TPIXOEIDEC Kal Ot dlageuyouv oOTa oupda. O @payuog autdg
TTepINapBAvel To evOoBNAIOKO KUTTAPO, TN BadikA yePBpdvn Kal To £mMBNAIGKO KUTTAPO
(TTodoKUTTAPO). To TTOOOKUTTAPO Eival TTIBAVOTATA TO TTIO ONUAVTIKO.

Endothelial cell
with fenestrations

Epithelial cell foot
processes attached
by a thin slit pore
diaphragm

Glomerular basement
membrane (GBM)
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o ~ Podocyte foot process

Slit diaphragm made
of nephrin molecules
from two adjacent
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Nephrotic syndrome

The nephrotic sediment: Heavy proteinuria & Lipiduria

The term '"nephrotic syndrome" refers to a distinct
constellation of clinical and laboratory features of kidney
disease.

Heavy proteinuria (protein excretion greater > 3.5 g/24 hours)
Hypoalbuminemia (<than 3.5 g/dL)

Peripheral edema

Hyperlipidemia
Thrombotic disease



Isolated heavy proteinuria

e Suggestive of a glomerulopathy
« Same etiologies as the nephrotic syndrome

* Not necessarily associated with the multiple clinical and management
problems characteristic of the nephrotic syndrome.

* More likely to be due to secondary focal segmental glomerulosclerosis
(FSGS) (due, for example, to diabetes)



Etiology of nephrotic syndrome

* Children: Minimal change disease 1s the predominant cause.

 Adults: 30% have a systemic disease (diabetes mellitus,
amyloidosis, or systemic lupus erythematosus)

 The remaining cases are usually due to primary kidney disorders
such as minmmal change  disease, focal segmental
glomerulosclerosis (FSGS), and membranous nephropathy



Most common causes of nephrotic syndrome:

Patients between 15 and 65 years of age:

Membranous nephropathy (24%)

Minimal change disease (16%)

Lupus (14%)

FSGS (12%)

Membranoproliferative glomerulonephritis (7%)

Amyloidosis (6%)

IgA nephropathy (6%)

Adult individuals (> 65 years): increased prevalence of amyloidosis
(17%) and decreased prevalence of lupus (1%).



Mechanisms of glomerular injury

e Circulating factors in minimal change disease (MCD) and primary
focal segmental glomerulosclerosis (FSGS).

e Circulating 1mmmune  factors 1n  disorders such as
membranoproliferative  glomerulonephritis,  poststreptococcal
glomerulonephritis, and lupus nephritis.

e Mutations 1n podocyte or slit diaphragm proteins (eg, CD2AP,
podocin, and nephrin) in inherited forms of congenital, infantile, or
glucocorticoid-resistant nephrotic syndrome.



Pathophysiology of proteinuria

Protein loss due to glomerular proteinuria

Podocyte: Major target of injury in diseases that cause
1diopathic nephrotic syndrome 1n adults and children

Podocyte foot process effacement
Slit diaphragm disruption
Relative or absolute depletion of podocytes



Hereditary podocyte injury

v’ Mutations of podocyte proteins that are important
in the maintenance of the slit diaphragm such as
nephrin and podocin

v’ Mutations in proteins that affect the integrity of
the podocyte cytoskeleton such as alpha-actinin-4.




Pathogenesis of proteinuria

* Autoantibodies to podocyte antigens or circulating factors that
affect the podocyte.

* The engagement or activation of these podocyte proteins alters

the arrangement of the slit diaphragm or podocyte
cytoskeleton.



Hypoalbuminemia

Most of albumin loss 1s due to urinary excretion.
Hepatic albumin synthesis does increase in response to the albumin loss.

This effect 1s mediated by an increase in hepatic albumin gene expression
stimulated 1n part by the low oncotic pressure.

The low oncotic pressure has a second clinically important effect: it
increases hepatic lipoprotein synthesis.

It remains unclear why, 1n a patient excreting 4-6 g of protein per day, the
liver 1s usually unable to sufficiently increase albumin synthesis to
normalize the plasma albumin concentration.




Edema

e 2 mechanisms

 Marked hypoalbuminemia leads to egress of fluid into the interstitial
space by producing a decrease in plasma oncotic pressure.

» Parallel fall in the interstitial protein concentration and little change n
the transcapillary oncotic pressure gradient.

 Edema appears to be the consequence of primary renal sodium retention

in the collecting tubules mediated through the epithelial sodium channel
and the basolateral Na-K-ATPase.




Ion transport in collecting tubule prinapal cells
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Hemodynamic Factors Controlling Fluid
Movement Across the Capillary Wall

Precapillary

/ Sphincter

Arteriole Venule

P = mean hydrostatic pressye:if

[ 1= mean colloid oncotic presseretiratt
If = interstitial fluid

Cap = capillary




Edema Formation Caused by Decreased Capillary
Oncotic Pressure

Precapillary
Sphincter

Arteriole Venule

P = mean hydrostatic pressure ih-aFH

[ I= mean colloid oncotic pressure in mmHg
If = interstitial fluid

Cap = capillary




Mechanisms of Sodium and Water
Retention in the Nephrotic

Syndrome
GLOMERULAR DISEASE
Primary T in renal sodium
Heavy Proteinuria And water retention
(mechanism?)
Hypoalbuminemia Expansion of
J Colloid osmotic pressure ECF volume
Change in capillary Change in capillary
Starling forces Starling forces
TInterstitial fluid I

TArterial underfilling

T Sympathetic nerve activity
TRenin-angiotensin-
T Aldosterone
T ADH
T Altered kidney blood flow, GFR
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Hyperlipidemia and lipiduria

Hypercholesterolemia and hypertriglyceridemia.

| Plasma oncotic pressure appears to stimulate hepatic
lipoprotein synthesis resulting in hypercholesterolemia.

Diminished clearance may also play a role in the development
of hypercholesterolemia.

Impaired metabolism 1s primarily responsible for nephrotic
hypertriglyceridemia.



Complications of nephrotic syndrome

e Protein malnutrition
* Hypovolemia

* Acute kidney injury
e Thromboembolism

e Infection



Hypercoagulability in nephrotic syndrome

Increased incidence (10-40 % of patients) of arterial and venous
thrombosis

Deep vein, renal vein thrombosis, pulmonary emboli.

Renal vein thrombosis 1s found disproportionately in patients with
membranous nephropathy, particularly those excreting >10 g of protein
per day.

[t can present acutely or, much more commonly, in an indolent manner.

Acute presentation: flank pain, gross hematuria, and a decline 1n kidney
function.

Most patients are asymptomatic, and the diagnosis of renal vein
thrombosis 1s suspected only when pulmonary thromboembolism
develops.



Risk factors for thromboembolism

» Histologic diagnosis

e In a cohort of 1313 patients with 1diopathic glomerular disease due to
membranous nephropathy, focal segmental glomerulosclerosis, or
immunoglobulin A (IgA) nephropathy

* The incidence of venous thromboembolic events was much higher in

v Membranous nephropathy 7.9 %

v" Focal segmental glomerulosclerosis 3.0 %

v" IgA nephropathy 0.4 %



Risk factors for thromboembolism

* Serum albumin concentration at the time of diagnosis (not
the degree of proteinuria).

e A serum albumin concentration <2.8 g/dL (9.4 % vs 3.2 %,
adjusted RR 2.5)

* 7 risk 2-fold for every 1 g/dL (10 g/L) reduction in serum
albumin below this threshold.
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Electron micrograph of a normal glomerulus

Urinary
space

Epithelial
cell
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Electron microscopy in minimal change disease

| Capillary
lumen
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EoTiakn THNMATIKA ZMEIPAMATOOKANPUVON

*H 1TI0 CUYXVN AITia VEQPWOIKOU ouvdpouou og African-
Americans

[TowToTTaBNC (1010TTABNC) OTTEIPAMATIKA TTABNON N

*AegutepotTaON¢ (1. TTaxuoapkia, HIV Aoipwén, kai
KANPOVOUIKEC YEVETIKEC OIATAPAXEQ).

sJoToTTaBoA0oyIKG Kal KAIVIKG XapakTneieTal atro
ETEPOYEVEIN



EoTiakn THNMATIKA ZMEIPANATOOKANPUVON

Early phase histology:

e Lesion in some but not
all glomeruli (focal) and

* In some but not all
portions of the
glomerular tuft
(segmental) .

 The lesions often
included deposition of
Increased extracellular
matrix material
(sclerosis).




EoTiakn TunuaTtikn ZneipapatookAnpuvon (ETZK)

TUNHATIKA OKARpUVON MNayidcuon IgM and C3 oTig
MEPIOXEC TNCG OKANpPUVONG
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 PRIMARY (IDIOPATHIC) FSGS
- SECONDARY FSGS
VIRUS-ASSOCIATED
HIV-1 (“HIV-associated nephropathy”)
Parvovirus B-19
FAMILIAL FSGS
Mutations in a-actinin 4 gene
Mutations in NPHS2 gene for podocin
Mutations in TRPC6 gene for a cation channel
DRUG TOXICITY
Heroin (“Heroin nephropathy”)
Pamidronate
Interferon-a
MEDIATED BY ADAPTIVE STRUCTURAL RESPONSES
Reduced renal mass
Obesity
Cyanotic congenital heart disease
Sickle cell anemia



FSGS: Diagnostic concerns in FSGS:

» Sampling error (FSGS vs. minimal change disease)
» Distinguishing primary and secondary FSGS
 Identifying FSGS with collapsing glomerulopathy

» Primary may respond to immunosuppressive agents (glucocorticoids)
» Secondary disease is best treated with modalities aimed at lowering

the intraglomerular pressure, such as angiotensin-converting enzyme
inhibitors.




FSGS: Primary vs. secondary

2 major features distinguish it from primary FSGS:

* Tendency toward collapse and sclerosis of the entire
glomerular tuft, rather than segmental injury

e Severe tubular injury with proliferative microcyst
formation and tubular degeneration.

* These patients often have rapidly progressive kidney
failure.



FSGS : Primary vs. secondary

Primary: Acute onset of the nephrotic syndrome

Secondary:

v" Slowly increasing proteinuria and kidney function
impairment over time are characteristic of the secondary
disorders.

v’ Proteinuria in secondary FSGS is often non-nephrotic

v Even when protein excretion exceeds 3-4 g/day, both
hypoalbuminemia and edema are unusual.



MepuBpavwoncg onelpapatonabela

[Taxuvon TOU TOIXWHOTOG TWV OTTEIPAMATIKWY TPIXOEIOWY OTO PWTOVIKO
UIKPOOKOTTIO XWPIC UTTEPKUTTAPIKOTNTA

DuaoioAoyIKO MeuBpavwdng
OTTEIPAPATOTTAOEIN



MeuBpavwdncg
DOUGCLOAOYIKO TIAXOC veppomnadela pe
TOLXWUATOC TPLXOEIOWV MMAXUOMEVO TOIXWHA
TPIXOEIBOUC




H pepBpavwong
VEQPOTTABEIQ
TTPOKAAEITAI ATTO TNV
aBpoion
QVOOUUTTAEYUATWYV
OTOV UTTOETTIONAIOKO
XWPO (=XWPOC METACU
TWV TTOOOKUTTAPWYV Kal
TNG OTTEIPAMATIKAG
Baaikng pepppavng)

J.C. Jennette
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J.C. Jennette
Membranous

glomerulopathy




J.C. Jennette

Membranous
glomerulopathy
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MepuBpavwoncg Zrnelpapatonabela

Avooo@Bopiouoc- IgG avoooo@aipivn oTa OTTEIPAMATIKA
TOIXWMATA (KOKKIWONG)
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Glomerular capillary
Immune

Antibody Antigen  complexes

Basement
membrane

NOrMal e Membranous glomerulopathy



Anti-PLA,R avTiowuaTta otnv Id10TT00N
MeuBpavwdn Neppotrabeia

® Neutral endopeptidase @® Phospholipase A, receptor

Proteinuria
o
T
@ Podocyte injury
o 0.0 & @ /[\
Y YYYW YTY Yw Activation of
Y Y complement
Y Y y

Beck LH Jr, NEJM, 2009



Anti-PLA2R level (densitometric units)

H ueiwon Twv Anti-PLA,R avTiowpuatwy gival Taxutepn atro
TV MEIWON TS TTPWTEIVOUPIAC
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Membranous Glomerulopathy

* [d10TT0BNRC (N TTI0 CUXVN)
» AsuTtepoTTaONG !
* 2UOTNMATIKOG £pUBNUATWONG AUKOG
* HTaTitidoa B
* 2UQIAN
» 'EkBeon o€ papuaka/ yETAAAD
 PENICILLAMIN, GOLD, MERCURIC CHLORIDE
« Kakonoeleg



Idiopathic Secondary
Membranous Membranous

Glomerulopathy Glomerulopathy

mesangial immune complex deposits



2TTEIPAMATOVEPPITION
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Glomerulonephritis

Mesangioproliferative GN
(mesangial hypercellularity)

Proliferative GN
(endocapillary hypercellularity)

Necrotizing GN
(slight hypercellularity)

Crescentic GN
(extracapillary hypercellularity)




2UOXETION EUPNUATWY aATTO TN Blowia vEQPOU UE TIC
KAIVIKEC EKONAWOEIC TNG VOOOU

LIGHT MICROSCOPIC MORPHOLOGY

Focal or Diffuse
Mesangioprolifertive
Glomerulonephritis

= S

Histologically Focal or Diffuse Focal or Diffuse
Normal -3 Proliferative or Necrotizing -3  Sclerosing
Glomeruli Glomerulonephriti\\ Glomerulonephritis
Crescentic

Glomerulonephritis

Asymptomatic Rapidly Chronic

Hematuria and/or ABUE Progressive Nephritis

Nephritis

Proteinuria Nephritis or ESRD

CLINICAL MANIFESTATIONS




Thin GBM
Nephropathy
IgA Nephropathy

Lupus Nephritis
ANCA & Anti-GBM Nephritis

Focal or Diffuse
Mesangioprolifertive
Glomerulonephritis

P~ A

Histologically Focal or Diffuse Focal or Diffuse
Normal -3 Proliferative or Necrotizing -3  Sclerosing
Glomeruli Glomerulonephritis&A\ Glomerulonephritis
Crescentic

Glomerulonephritis

Asymptomatic

Rapidly Chronic
Hematuria and/or Progressive Nephritis

Acute

Nephritis

Proteinuria Nephritis or ESRD
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MeTaAOINWONG ZTTEIPAUATOVEPPITION

Acute (especially self-limited)
infections (e.g. streptococcal
pharyngiitis and pyoderma)
may cause an immune complex
mediated acute postinfectious
glomerulonephrits

Chronic (persistent) infections
(e.g. hepatitis C, SBE) may
cause an immune complex
mediated chronic
membranoproliferative
glomerulonephrits
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Nephritis usually begins 1 or 2 weeks following the onset of
pharyngiitis or pyoderma, usually is accompanied by
hypocomplementemia, and typically resolves within weeks to months.
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Membranoproliferative
Glomerulonephritis

Mixed nephritis/nephrosis often but not always accompanied by
hypocomplementemia. May be caused by persistent infections
(e.g. hepatitis C, SBE) or neoplasms but often is idiopathic.



Membranoproliferative
Glomerulonephritis

Normal Capillary

subendothelial mesangial interposition



Membranoproliferative Glomerulonephritis

subendothelial immune complex dense deposits

subendothelial mesangial interposition



Membranoproliferative
Glomerulonephritis

GBM replication



MeppBpavoutrepttAaoTikn ZN-Tagivounon

Positive Igs Negative Igs
+/- C3 +C3

! !

lg-mediated Complement-mediated

1 l l C3 Glomerulopathies

' Monoclonal gammopathies | | Autoimmune | | Infections
Dysproteinemia diseases Brtcriatniriniie
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Classic pathway Lectin pathway Alternative pathway

IgM, IgG Mannose Gram+, gram-, bacteria,
immune complexes residues bacterial toxin, LPS
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T ApaoTikotTnTa TNG C3 KOVREPTAONGC

* AutoavTtiowpa evavTt TnG C3 KovpepTaong,
ouvnNowc IgG (C3NeF).

e (+) 80% TWV aoBevwyv pe NOOO TTUKVWV
EVATTOBEOEWV.

* (+) 40% TWV acBevwyv pe C3
OTTEIPAUATOVEPITIOA.

e AVEUPIOKETAI KOI O€ (PUOIOAOYIKA ATOUA N
Q00EVEIC JE UNVIVYITIOIKOKKIKN AOIPWEN.
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IgA Neppotradeia

* lowg n ouxvoTtepn 2N TTAYKOOUIWC (e131kG aToV
QVOATITUOOOPEVO KOOUO)

« 2UVNOWCG apopa atopa 15-30 eTwyv
Asian>Caucasian>African
Males>Females

* H KAIVIKN EIKOVO £XEI UJEYAAN ETEPOVYEVEIQ:
*40% QOUUTITWMPATIKA algaToupia

*40% €T1TE100010 UAKPOOKOTTIKAG AIJATOUPIAC
*10% veQpPWOIKO OUVOOPUO

*10% vePpikn avetrrapkeia (eviote TEZN)
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