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MEDICAL PROGRESS

THE “NEPHROTIC SYNDROME"'*

SFANLEY E.'BRADLEY, M.D.,t anp Cornerius J. Tyson, M.D.}

the absence ofTemal—drsease—as—so=called ‘‘pure,”
“genuine’’ or lipoid nephrosis. A prolonged debate
has centered about this entity. It is claimed on the
one hand that the disorder 1s renal in origin, either
a disease entity sui generis® ® or the result of an
unrecognized glomerulonephntis,” ® and, on the
other, that it is primarily extrarenal, perhaps on
the basis of some obscure derangement of protein
metabolism.% 7 Conflicting opinions regarding the
pathogenesis of various manifestations are likewise

unsettle ere is general agr that the
concluded that “The nephrotic syndrome can be profit-
ably viewed as a discrete entity. As such it remains an

lved riddle.”

Bradley, S. E. and Tyson, C. J. The
wephrotic syndrome, New England J.
Med., 1948, 238:223, and 260.



Learning Objectives

* Recent advances in the understanding of immune dysfunction in
idiopathic nephrotic syndrome

* Role of circulating permeability factors in pathogenesis of idiopathic
nephrotic syndrome

* Podocytes as a key player in pathogenesis of nephrotic syndrome

* New insights in the genetics of nephrotic syndrome



Natural History of NS

Incidence: 2-10 per 100,000 children 30-35 %
Proteinuria >1 g/m? ; edema; albumin <3.0 g/dl|
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Saleem et al, 2022  Indian Pediatr. 2012, Curr Opin Pediatr 2008



Tools to help better understand NS
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Nephrotic Syndrome is a podocytopathy

Podocytes are terminally differentiated cells

Nat Rev Nephrol. 2016 ;12: 692-710; Clin J Am Soc Nephrol 2: 529-542, 2007 Sci Rep 5, 8993 (2015)



Immune dysfunction

PATHOGENESIS OF LIPOID NEPHROSIS:
A DISORDER OF T-CELL FUNCTION

ROBERT J. SHALHOUB

Veterans Administration Hospital, 50 Irving Street NW.,

Washington D.C. 20422, U.S.A.

The purpose of this paper is to develop the following
hypothesis: L.N, is a svstemic disorder of c.M.I1. in
which episodic or sustained domination of the immune
system by a clone of T cells results in the production
of a circulating lymphokine toxic to the G.B.M, This
lymphokine, tentatively named basement membrane
toxin (B.M.T.), augments the permeability of G.B.M. to
protein, culminating in a nephrotic syndrome. This

pathogenetic sequence is inferred from four well-estab-

lished clinical observations: (1) remission of L.N.
associated with measles; (2) susceptibility to pneumo-
coccal infections; (3) remissions induced by steroids
and prolonged by cyclophosphamide; and (4) occur-
rence of similar glomerular changes in Hodgkin’s
disease.

Infusion of supernatants of cultured PBMC
from patients with MCNS relapses induced
proteinuria in rats

T cell hybridomas obtained from a patient
with NS secreted a factor that caused
proteinuria in rats

T cell transcriptome analysis, indicated a
likely a thymic disorder

Lancet 1974;ii: 556-560




s there a trigger for immune dysregulation in

P
NS . 50 -60 % of relapses triggered by upper respiratory tract infection (Mostly viral)
* Increasing corticosteroid treatment during upper respiratory tract infections has
been shown to decrease the likelihood of relapses
Vaccination and atopy have also been associated with relapse

Virus DMA detection Cases =124 Contrals V=196 OR [95%IC] P
and serology M (%) M (%)
EBV  DNA . &1 49.23(50.8) 130 (70.9) 29.1) 126 [1.642] 00002
- 63 57
IgM VCA - 80 (64.5)(169)(186) 139 (0970219 123[.1:47] 002
+ missing data 21 1443 100509 ms EBV
23
IgG VCA - 52 19 460)(12.1) 98 (50,00 (403)(9.7) 1 14[05;23] ms .
+ missing data 57 79 1.9 [08: 42 ns H h
5 S ypothesis
IgG EBNA - 61 49.2) 106 {(54.1) 1.2 [0.7:2.00 ns
- + missing data 49 (39.5) 72 (36.7) 1.7 [0.7;4.0] s
v 14 (11.3) 18 (9.2
[ CMVY  DNA - 110 (BR.7) 189 {96.4) 1 0.0217
/ + 14 {11.3) 7 {1.6) 2.9[12:7.4
f IgM - 67 (54,00 127 {64.8) 1 0.01
4 14 (113} 7 {16) 3.4[1.3:9.9 s
missing data 43 34.7) 62 (1L.6) 1.3[0.8;2.2]
HHVA DNA - 56 45.2) 76 {18.8) 1 s
68 (54.8) 120 (61.2) 0.7[0.5:1.79)

E&V, Epstein-Barr vims;, CMF, evtomegalovirs; AH P, human bempesvimus-6; S0 7, human harpesyims-7; o odds ratio
Am J Kidney Dis 2009;54:945-53; J Epidemiol 2015;25:370-7 Pediatr Nephrol 2014;29:2325-31



Role of T cell
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Witliams KW, Immuniol Allergy Clin N Am 2015;35:523-544 Chan 5K, Immuno! Allergy Clin North Am, 2015, 35(4):767-78

Experimental models support the
association between low Tregs during a
trigger event and proteinuria

Treg dysregulation can amplify the
neutrophil-induced oxidative

burst
JAm Soc Nephrol 2015; 20:57-67; Pediatr Int 2015; 57:e59—e6



B Cells in NS

dysregulated immunoglobulin metabolism in INS
Association with Hodgkin’s lymphoma — derived

herstim Bess - Jorg Doesch - Wallzang Rascher -
Danad Stachel

Change of the course of steroid-dependent nephrotic syndrome
after rituximab therapy
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Immune factors: Causal, Consequence or
Unassociated?

Plasma Cytokine Profiling to Predict Steroid Resistance in Pediatric

Nephrotic Syndrome

COHORT & DESIGN METHODS RESULTS

% » 40 children (<18 years) ' SRNS vs. SSNS: R

* Incident NS & -

. sr:g:o(ia(;'-tna'fve I H Pre-Steroid I:t.g
E Cytokine Profile TMCP-1

\_ J
, & )

& steoidTherapy | (RG> ssNs and skNs:
- JIFN-y, L TNF-a

for 7 weeks
i H Cytokine Profile

\_
Steroid Starald PREDICTIVE PROBABILY OF STEROID RESISTANCE
Resistant Sensitive p=1/(1+exp(—(1.25+0.21  InIL7 — 1.13 » InIL9 + 0.50 + InMCP1)) ); p>0.5 = SRNS
NS, nephrotic syndrome; SRNS, steroid-resistant NS; SSNS, steroid-sensitive NS. A panel of 3 cytokines (lL-7, "-_9, MCP-1) predicted o
probability of steroid resistance in children with newly-

R E PO R T S Agrawal, Brier, et al. 2021 diagnosed nephrotic syndrome.
¥ KIReporis.org




Circulating factors

RECURRENCE OF IDIOPATHIC urine does not clear of protein and these patients pro-

NEPHROTIC SYNDROME AFTER gress to renmal failure. We have studied four such
patients at the onset of their disease and after renal

AL TRANSPLANTATION transplantation. The nephrotic syndrome recurred in
JorN R. HOYER LeoroLpo Raij three of them shortly after renal transplantation.
ROBERT L. VERNIER RICHARD L. SIMMONS &
JouN S. NAJARIAN ALFRED F, MIcHARL Ac-pepOrty
Pediarrics, Internal Medicine, and S o oo
Departments of Pediatrics, Inters edicine, urgery, Tl oy developed ftsamiint Beslsibital da ik
Unsversity of Minnesota Medical School, . - :
Minneapolis, Minnesota 55455, U.S.A. } years of age. 6 months .Inter the nephrotic syndrome was
? diagnosed (fig. 1). Prednisone 80 mg. per day for 21 days

Trans-placental transmission of a “permeability factor” leading to neonatal transient proteinuria
Disease resolution when transplanted kidneys are removed and implanted in a different recipient

Serum from patients with post-transplant relapse of INS induce proteinuria in rats

"Lancer, 1972, ii, 343.



Circulating Factors — The Holy Grail

Putative permeability = Molecular weight Comments
Factors
VPF/GPF-Non-specific 60-160 kDa Lagrue et al used isolated lymphocytes and cell culture supernatants caused capillary permeability in guinea pig skin

Obtained from T-cell hybridoma made from patients with MCNS, induced proteinuria when injected into rats

Haemopexin 80-85 kDa Both recombinant and human haemopexin induced reversible proteinuria accompanied by FPE in rats
No validation studies have been performed

Interleukin 13/ 16kDa Increased expression of MRNA and cytoplasmic IL13 in CD4+/CD8+ T cells from children with steroids —
Interleukin 8 sensitive NS. Overexpression of IL13 in rats induces MCNSs-like disease. II-8 increased in MCNS relapses.
No clinical studies

CLC-1 22-25kDa Increased glomerular permeability, decreased nephrin expression in cultured podocytes
Antibody to CLD-1 reverse the permeability effect of FSGS sera

suPAR 20-50 kDa Activated podocyte B3 integrin, resulting in reorganization of the actin cytoskeleton of podocytes
Experimental data were not supported by clinical data

Reactive Oxygen Species

Oxidized Albumin Increased ROS generation and decreased antioxidant defence in NS plasma
Puromycin and adriamycin induced NS in rats demonstrate ROS related damage
NO prevents the increase of permeability to albumin induced by the TNF aIpha-inducedOZ' production
10 increase of ROS production by resting PMN from INS patients compared to normal PMN

Savin et al N Engl J Med 1996;334:878-83; Trachtman et al Am J KidneyD is 44: 604-610, 2004 ; McCarthy ET etal J LabClin Med 143:225-229, 2004



Podocytes: Victim or an active player in
pathogenesis of NS?

CD40

TLR-3;TLR4

Genetic Toxic Immunological
e.g., o3 integrin Puromycin LPS
or nephrin deficiency ‘ l
. i
ROS TLR-4/CD14

First Hit

\ ‘ VA' ......
Podocyte B7-1 induction

Second Hit
(Impaired CTLA4
response/secretion)

Pediatr Nephrol 2011;26:645-9



Expression profiling of cultured podocytes exposed to
nephrotic plasma reveals intrinsic molecular signatures of
nephrotic syndrome

Stuti Panigrahi, MSc’, Varsha Chhotusing Pardeshi, MSc, PhD’, Karthikeyan Chandrasekaran, MS’, Karthik Neelakandan,
M. Tech®, Hari PS, MSc’', Anil Vasudevan, DNB, MD'#

"Division of Molecular Medicine, St. John's Ressarch institute. St. John's Medical Coflege Bangatore, India
‘Department of Paediatric Mephology, Institute of Allled Health Sciences, St John's Medical College, Bengaluru, India
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Immunosuppressive actions on podocytes

Steroids

!

GCR

Cyclosporine

Ababtcept Rituximab

1

_Rituximab _
-\F

Blintez:]rin't‘ B3 integrin|,

/ \ Cathepsin L
Bcl2), ’ ‘
c . .
p53 RhoAM | | Nephrin Synaptopodin

Apoptosis |

Migration |,

[ BN

Racl |
RhoA,I\

!

Actin stabilization

Migration |,

; PODOCYTE SURVIVAL :

Yoo TH et al Kid res Clin Prac 2015;34:69-75



Monogenic causes of nephrotic syndrome
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Genetic susceptibility in nephrotic syndrome

Multi-population genome-wide association study implicates both
immune and non-immune factors in the etiology of pediatric steroid

sensitive nephrotic syndrome

Meta-analysis of 12 GWAS dataset
2,440 cases and 36,023 controls
Admixed American, African, East
Asian, European, Maghrebian and
South Asian populations
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Clinical correlates of pathophysiology

of NS

Steroid Sensitive NS
Prompt response to
Prednisolone
Steroid sparing agents
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Julating
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A proportion progress to end stage
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Recurrence post transplant

Primary SRNS
Monogenic cause
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Family history of SRNS




Nephrotic Syndrome: An Enigmatic Disease
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SUMMARY

* Multiple mechanisms involved in pathogenesis of of idiopathic
nephrotic syndrome

* There is a complex interplay between circulating proteins, immune
cells and podocytes.

* While monogenic causes associated with SRNS, genetic studies in
SSNS indicate a complex genetic basis

* Many aspects related to pathogenesis remain poorly defined

* There is no unitary mechanism that can fully explain the entire
pathophysiological process of idiopathic nephrotic syndrome
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ORIGINAL ARTICLE

TNFx pathway blockade ameliorates toxic effects of FSGS
plasma on podocyte cytoskeleton and (33 integrin activation

Martin Bitzan - Sima Babayeva - Anil Vasudevan -
Paul Goodyer - Elena Torban
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