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Autoantibiodies, genetic factors, toxic or infectious agents, adaptive mechanisms
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I-I 0 l.o l. ao e £v E iq ? New-onset nepll'lrotic syndrome
|

Nedpwoiko cUvdpopo o€ TTaLdLa Kat or family history

edriBoug !

Daily glucocorticoids*
X 4 or 6 weeks

No response Complete response

l

Alternate day glucocorticoids* x
either 4 or 6 weeks (total 8 or 12 weeks)

|

' '

Infrequent relapse Frequent relapse
Steroid-dependent

KDIGO 2025



Mapovuoia
HLOVOYOVLOLOKAG
oirtioc N2
ocuo)etileTal
avtiotpoda HE TNV
nAKia evapéng
NPWTELVOUPLAC

49,5% av umtnpxe
OUYVEVELQ PETOED
YOVEWV Kol Lovo 25%
O€ LN OUYYEVELC

>

Percent families with causative

mutation(s) detected

80%
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60%
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10%

0%

1st year applied: 61.3%

n=244/ 398
| |
69.4% = NPHS1
n=163/ 235 LAMB2
n=502 /1,617 w PLCE1
= NPHS2
- WT1
49.7% = SMARCAL1
n=81/163 COQ6/COQ2/ADCK4/PDSS2
INF2
= TRPC6
Other
25.3%
n=177 /700 21.4%
LX) 10.8% —
n=19/176
0-3mo 4-12 mo 1-6 yrs 7-12 yrs 13-18 yrs 19-25 yrs

Avixveuon tng atttoAoykng petdAAaéng oe 502 olkoyEveleg o pLa Stebvr) kooptn 1,617 owkoyevewwyv pe SRNS oe 21 yovidia mou
nipokadoUv SRNS oe ox€on pe TNV nALKio Evapéng tng mpwTeivouplog

Sadowski et al, JASN 2015



KAwvikoi patvotumol KAnpOVOURLKWY todokutTtaponadsiwy

KopTlkoavOeKTIKO
N2

Juyyeveg N2

S. Stabouli, Aristotle University Thessaloniki
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2uvépoko KoptikoavOektikd N2
IxeTlOpevo Ue eEWVEPPLKEC EKONAWOELG

O

G\ e & ik

Juyyevécg N2 Bpedko N2, Moudikng nAkiog NZ oPunc évapénc
Endavileton Toug mpwtoug 3 priveg  Movoyovidlaxng autioAoyiag N2 AUTOCWHATIKO ETUKPOTES NI e
¢ {wng nou epdavifetal otov 40-120 pAva LEVAAN POALVOTUTILKY ETEPOYEVELD

, , (wNg N kata tnv matdikn nAkia , ,
MoBoyeveTikeC petaAAacelcSE , , H avixveuon naBoyevetikwyv
NPHS1, NPHS2, WT1, LAMB2 and Oumo OUXVEG “anVFVE“KEC UETOAAAEEWV TIOPAEVEL ONULOVTLKH
PLCE1 HeTaAAASELS oTo Yovidlo NPHS2 nepinouv 25% otnv edpnPeia ko 12%

otnv eviAwko {wn

Preston et al, Pediatric Nephrology (2019) 34:195-210
S. Stabouli, Aristotle University Thessaloniki



Table 2 Syndromic steroid-
resistant nephrotic syndrome and Gene Disease Extra-renal manifestations

associated extra-renal
manifestations WT1 Denys—Drash syndrome Urogenital abnormalities, ambiguous genitalia, nephroblastoma

[ 4
z uv 6 p o u LKO LAMB?2 Pierson’s syndrome Ocular abnormalities; microcoria
Ko pt LKOOV e EKTL Ké N z LMXIB Nail-Patella syndrome Skeletal defects, hypoplastic nails, absent patella, glaucoma

Frasier syndrome Gonadoblastoma, male pseudohermaphroditism

® 0 SMARCLI Schimke Spondyloepiphyseal dysplasia, T cell immunodeficiency, cerebral
o immune-osseous dys- infarcts, skin pigmentation
° plasia
R SCARB2 Action myoclonus renal Progressive myoclonic epilepsy, tremor, ataxia
oo failure
coQ2 CoQq deficiency Progressive encephalomyopathy
COQ6 CoQ deficiency Sensorineural hearing loss
PDSS?2 Leigh syndrome Hypotonia, ataxia, deafness, growth retardation
WDR?73 Galloway-Mowat Microcephaly, psychomotor impairment, seizures, hypotonia
syndrome
MITLI MELAS Myopathy, encephalopathy, lactic acidosis, stroke-like episodes,
diabetes, deafness
ITGA3 Epidermolysis-associated ~ Epidermolysis bullosa, interstitial lung disease
ITGB4 Epidermolysis-associated ~ Epidermolysis bullosa, pyloric atresia
MYHY9 MYH9-related Macrothrombocytopenia, mental retardation, sensorineural
syndromes deafness, cataracts
INF2 Charcot-Marie—Tooth Chronic peripheral motor and sensory neuropathy

ZMPSTE24  Manibuloacral dysplasia Mandibular and clavicular hypoplasia, cutaneous atrophy,
lipodystrophy, acro-oestolysis

Preston et al, Pediatric Nephrology (2019) 34:195-210
S. Stabouli, Aristotle University Thessaloniki
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Summary of major monogenic podocytopathies and their
corresponding OMIM identifiers

Gene Encoded protein/function Inheritance Associated disease/syndrome OMIM ID(s)

NPHS1 Nephrin (slit-diaphragm protein) AR Finnish-type congenital nephrotic syndrome 602716/256300
NPHS2 Podocin (slit-diaphragm protein) AR FSGS, steroid-resistant nephrotic syndrome 604766/603278
WT1 Transcription factor (podocyte differentiation)  AD Denys-Drash syndrome/Frasier syndrome 607102/194080/

136680

LAMB2 Laminin g2 (GBM adhesion) AR Pierson syndrome 150325/609049
PLCE1 Phospholipase Ce1 (podocyte signalling) AR/AD Early-onset nephrotic syndrome, DMS/FSGS 608414/616026
TRPC6 Cation channel (Ca?* homeostasis) AD Familial FSGS 603652/603965
ACTN4  «-Actinin-4 (cytoskeletal stability) AD Familial FSGS 604638/603278
INF2 Inverted formin-2 (actin polymerization) AD FSGS/Charcot-Marie-Tooth neuropathy E 610982/614082
MYO1lE  Non-muscle myosin 1E AR FSGS 601479/614131
LMXI1B Transcription factor AD Nail-Patella syndrome 602575/161200
CD2AP Scaffolding protein (nephrin-actin link) AD FSGS 604241/609046
APOL1 Apolipoprotein L1 Risk alleles APQOL1-associated FSGS 603743/612551

The table summarizes representative genes responsible for congenital, infantile, or familial steroid-resistant nephrotic syndrome, indicating their encoded proteins, inheritance modes, and
major associated disease entities. These genes collectively contribute to the spectrum of hereditary podocyte disorders leading to FSGS or diffuse mesangial sclerosis.

Clinical Kidney Journal,2025,vol.19,n0.1,sfaf332



fewypadkn katavoun Wputikwv petaAldaéewv ota yovidia SRNS

Worldwide, NPHS2 gene defect is consid
cause of hereditary nephrotic syndrome

Not all ethnic groups share the same frequency of mutations in
this gene

d the most common



Genetic Diagnostic Algorithm Recommended for Patients
with Congenital Nephrotic Syndrome

[ At the time of CNS ]

diagnosis
Population specific genetic Initiation Clear phenotype
abnormality* of genetic screening workup suggestive for a specific gene

—) [ NGS availability at the center] e
[ Specific genetic screening ]
Panel screening / WES Jocauative Basic genetic screening with Sanger sequencing
(depending on local healthcare system polices) (NPHS1, NPHS2, LAMB?2 and WTI ex8-9)

variant(s) detected

[ Gene specific screening ]

-

<¢mm

[ Genetic diagnosis ]

European Journal of Human Genetics (2020) 28:1368-1378



KAWVIKA onpooia tnc YEVETIKAG SLayvwonc



KAwikn onpaocia tnc YEVETIKAC SLayvwaonc

AcBeveic

* AkpLBnc dlayvwon- avelupeon
dawvoavtiypadwv (phenocopies)

* AvayvwpLlon/ovTLUETWTILON EEWVEDPLKWV
ekONAWOEWV

e Mpoyvwon- E€EALEN o TZXNN
* E€atoplkeupevn Bepamneia/AvoooKaTto.oToAN?

* Mpoetowacia yLo petopooxevon/Kivéuvog
UTtOTPOTING- ETtthoyn 80t

Trautmann et al, Pediatric Nephrology 2020- IPNA Guidelines
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* EAeyyxoc peAwv tn¢ owoyevelag —Cascade
screening O

e [evetkn cUUBOUAEUTIKA

S. Stabouli, Aristotle University Thessaloniki



E¢atoulkeUMEVN EyKaLpn Oepaneia

Oral Coenzyme Q10 supplementation leads to better

preservation of kidney function in steroid-resistant kidney 0\\ | S N
-«

INTERNATIONAL SOCIETY
OF NEPHROI

nephrotic syndrome due to primary Coenzyme Q10 INTERNATIONAL -
COHORT
116 individuals with : o .
defects in COQ2, COQ6 and C x 90- - Treated
COQ8B genes treated with § 'g ‘;g' ~ Untreated
oral CoQ,, supplementation s @ |
2. -g 60—
Short- and long-term efficacy and safety: 5 { s : —_ — g ity
P otlie o oo 20
- Proteinuria responsiveness ® oL osge o e o & e e € 10-{ Log Rankp=00107
-Genotype—res.ponsivene'ss associations R T S L @' S Rt L e
- Kidney survival Months of CoQ10 supplementation Duration of follow-up (years)
(matched CoQ,, Deficiency cohorts)
Treated  vs Utreated - Substantial and sustained proteinuria reduction (by 88%, IQR 20;98 % at 12 months,p<0.0001)
00 o0e - No significant differences in responsiveness among genotypes
m ﬂﬂﬁ - Better preservation of kidney function (5-year ESKD-free survival 61.8% vs. 18.7%)

- Potential improvement of the neurological and general clinical conditions

- Neurological and general clinical condition AN
- Uncommon and mild side effects

- Side effects

Drovandi, Lipska-Zigtkiewicz, et al. 2022 CONCLUSION All patients diagnosed with Primary CoQ,, deficiency should receive

early and life-long oral CoQ,, supplementation to decelerate the progression of kidney
disease and prevent further damage to other organs.




KAwikn nopeia- veppkn emiBiwon o€ SRNS
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CJASN 15: 89-100, 2020



KAwikn mopeia- veppikn entiwon oe SRNS

Time to ESRD (years)

10 K IIS sensitive
About 10-15% of 0o \ n=137
patients are steroid-
resistant (SR), and are 08
at risk of developing .
kidney failure if , ,
they do not respond to ue , . familial without known gene
further o8 | n=139
immunosuppressive g IS resistant
therapy n=365

0.3

0.2

0.1 genetic SRNS

n=214
0.0
0.0 25 50 7.5 10.0 12.5 15.0
Time to ESRD (years)

Chan et al, Pediatric Nephrology 2025
Trautmann et al, cJASN, 2015



Avtanokpion ac0evwv pPe KopTIKOAVOEKTIKO NZ 0TNV AVOCOKATOGTOAN

e 13%of patients with hereditary podocytopathies

displayed any, mostly transient responsiveness to
pharmacotherapy

Partially IS
responsive
14%

* Itisimpossible to differentiate whether the transient
responsiveness was related to calcineurin inhibition,
supportive antiproteinuric RAS antagonist therapy or
the natural course of disease with diminishing
proteinuria due to worsening renal function

Sanetc unig « Almost all patients with genetic disease and apparent

multidrug resistant

8% CsA responsiveness progressed to ESKD soon despite
ongoing therapy

Trautmann A, et al : The PodoNet Registry. Front Pediatr. 2018 Jul 17;6:200.

S. Stabouli, Aristotle University Thessaloniki



Efficacy of Calcineurin Inhibition in Children ﬁ ‘\ISN
With Steroid Resistant Nephrotic Syndrome S

Background & Methods Cohort Results
Steroid Resistant N = 278 = f
@ Nephrotic Syndrome CNI therapy w/in 3 < &) = g "
(SRNS) years of SRNS onset | Q|Z 84 /o Kidney survivalin | 4.2 /0 24 /0
O Non-Genetic ‘ S CNI-responders
_ - 92% vs 42% at 15
g Genetic N =219 7 Proteinuria years; p<0.0001
: reduction
s Calcineurin inhibitor glo‘gnc'fle"et@ iRNS e e
= (CNI) Therapy 1 GTac'fo‘]’i;Pj;'” ' after CNI start Q
PodoNet Registry .
N =59 Return to baseline
Ay g7ecr;‘ig|t;§ p(S)rF;‘NAS 580/0 proteinuria w/ in 1 0(70 30/0
s 1990 - 2023 2 Tacrolimus S A0
- Ages 3 mo-19 yo

Trautmann A et al, 2025 Conclusnon Our study provides real world evidence regarding the
KIRE PO RT S Nisuel dictiaciy extent, dynamics, dose-response relationship and long-term functional

Kidney International Reports Morgan McCord, MS4 impact of CNI therapy in non-genetic and genetic forms of SRNS.
“ @morgan-mccord.bsky.social




MetafoAn uPCR katd to mpwTto £toc tnG Oeparmeioc pe CNI o€ SRNS
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Kidney International Reports (2025) 10, 3535—-3548



EKTIHWHEVN HETOBOAN
uPCR cUpdwva pe TNV
£€kBeon oto CNI

ATOAUTN KOl OXETLKN
pnetafoAn uPCR pe Baon
™ docoAoyiag CNI

Kidney International Reports (2025) 10, 3535—-3548
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y Diagnosis: Congenital or Primary Steroid Resistant Nephrotic Syndrome
AwaKomn TG |

av o 0 o K at a OT OAr'l q Consider renal biopsy + NGS Gene Panel Screening + Consider trial of calcineurin inhibitor based

* protocol while waiting for genetic results

thq VEVETI.KF.'.Q |.l0p¢£'§ Yes Genetic cause identified?? ———® No
v
N2

Whole Exome Sequencing
v
Antiproteinuric and =
symptomatic treatment Yes < Genetic ﬁ“? identified?
l No —l
Manfestation age Manifestation age
< 3 months > 6 months
| v
Manfestation age Calcineurin inhibitor based
. 3-6 months > immunosuppressive protocol

+/- antiproteinuric treatment

v

Continue therapy for 2 years,

; : < Yes — Remission achieved?
consider switch to MMF '
No
Pediatric Nephrol =
nnpswdamglmmwmmmnsm Anti-B-cell therapy and/of add MMF
® '
Check for -+ —
IPNA clinical practice recommendations for the diagnosis lisvmgetes, Multi-drug resistant NS No Remission achieved?
and management of children with steroid-resistant |
nephrotic syndrome Yes
Agnes Trautmann ' - Marina Vivarelli® - Susan Samuel® - Debbie Gipson* « Aditi Sinha® - Franz Schaefer ' - Ng Kar Hui® - -

Olivia Boyer”*® - Moin A Saleem? - Luciana Feltran '® - Janina Miiller-Deile " - Jan Ulrich Becker'? - Francisco Cano'* -
Hong Xu'*- Yam Ngo Lim'® - William Smoyer '® - Ifeoma Anochie'” - Koichi Nakanishi '® - Elisabeth Hodson'®

Dieter Haffner?>2'%2 . on behalf of the ional Pediatric Nep! y Consider re peatlng Rituximab a nd/of

Received: 21 December 2019 /Revised: 7 February 2020 / Accepted: 21 February 2020 addlns MMF

© The Author(s) 2020 . .
when proteinuria recurs

S. Stabouli, Aristotle University Thessaloniki



Ynotpomnn HETA TN HETAUOOXEVON VEDPPOU



Steroid-Resistant Nephrotic Syndrome due to NPHS2 ,ﬂ‘\ | s N
Variants is Not Associated With Post-Transplant Recurrence \ b

Methods and Cohort Findings
Neckor- 20% (23/117) carried the p.Arg138Gin variant in the
Enfants homozygous state and 14% (16/117) in the compound
Malades With heterozygous state
Hospital biallelic
variants in 78 patients carried other variants in the homozygous or
g:‘:PHSZ compound heterozygous state
;’ PodoNet (n=117)
5 registry Only one patient with NPHS2-related SRNS experienced
post-transplant recurrence
®® «id -/ — N
'y W ney = Mo B, 16% (7/44) of patients without any identified pathogenic
@@ Unhspw pRlogen S variant recurred within a maximum of 7 days after
patients vanants
transplantation

(n=44)

— ~ = —

Kachmar J et al, 2024 Conclusion In this large cohort, the risk of NS recurrence after transplantation was
K I R E PO R '|' S L extremely low in patients with biallelic variants in the NPHS2 gene causing SRNS.
Kidney: Sbbintiaant SEgons Renz Pasilan. MD These data are reassuring and should be taken into account when counselling
X @RenzPasitan patients, making living kidney donation, whether related or not, a safe choice

v ISUG!




O yoveic w¢ dotec vedpou
Genetic aspects of congenital nephrotic syndrome: a consensus statement from the ERKNet—ESPN inherited
glomerulopathy working group

* OLyoveic npemnel va uttofAnBoUV o€ yeVeTIKA OUUBOUAEUTLKA TIPLV Ao tn dwped vedppol oto madi
TouC oV £XeL N2 pe amodedelyeEvn YEVETLKN Slayvwon

‘/CDopeig LLaLC X E€aupoeLc: X 2€ OlUtc')Gwleo

£TEPOTLUYNG 1. eTepOlUYEG LETAANALELG Enlkgatsq S,RNS, n
. . ota yovidia koAayovou IV dwped veppou

napariayng oe eva 2. YOVEQG UITOPEL OTIAVLA VO arnoBappuvetat -
YOViOLO ME dépel AN taBoydvo napotnpeitol ateAng
UTTOAELIIOUEVN napoAlayn oto deUtepPo Sleloduon o€ olKOyEVELEG
KANPOVOULKOTNTA aAMnASHopdo, oTtwg N
UTtOpEL va lvot SOTEG ouxvn mapaAioyn
vedpoU p.Arg229GIn NPHS2

European Journal of Human Genetics (2020) 28:1368-1378



ErttAoyn Tou XpOVvou SLEVEPYELAC YEVETLKOU EAEYXOU
MAEOVEKTAMATO KOIL LELOVEKTMOTOL

l

SRNS (at least 60 genetic variants)
When should we test?

v

l

Do early genetic testing

Test after steroid course(s)

Do late testing

Pros

Avoid steroids
Avoid immuno-
suppression

CoQ10 mutants
may get early Rx

New targeted Rx
could be tried early

Cons

Cost

? If other Rx
is available

Pros

Decreases
n to test

Start therapy
before CKD
occurs

Cons

Steroid side
effects already
present

Unclear what
effective Rx is

Ingelfinger JR. A new era for steroid-resistant nephrotic syndrome in childhood. Kidney Int. 2022

Pros

Few,
if any

Cons

Possible
CKD
already
present




Tre a t m e 1] t Current IPNA Recommendations for

Potential Treatment Steroid-resistant Nephrotic Syndrome (SRNS)

approaches for Approaches In the Future
. . ; Non-remission after full dose predniso(lo)ne
steroid-resistant : (60mg/m2/day for 4 weeks)
nephrotic |\ e
| Kidney Biopsy
Syn d rome (S R N S) Trials of CNIs : SR Monogenic SRNS ~ Continue RAASI
in selected patients I Stop immunosuppression
: Calcineurin inhibitors
: Adequate dose/ levels
E 6 months l
: CNI-resistant SRNS Multi-drug  ofat b (not available)
i s e
| Clinical trial 6 months N Immunoadsorption
. Lipid apheresis

Add-on daratumumab

If not possible, consider rituximab
Mesenchymal stromal cell

Trautmann et al, Pediatric Nephrology 2020- IPNA Guidelines
Mann et al, Pediatric Nephrology 2025



A I,aXE ip I.G rl Clinical work-up Genetic NS in adults r Wii;:;f:::;nel
N2 oe

Kidney biopsy Kidney Renal corpuscle
Autosomal Autosomal Maternal
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Nephrol Dial Transplant (2021) 36: 1600-1602




Nephrotic syndrome

A

Age < 18 years

.

Age 2 18 years

'

Steroid sensitivity

Steroid resistance

Anti-nephrin Ab+

Anti-nephrin Ab-

|
v !

.

v

v

Anti- Anti-
nephrin Ab+ || nephrin Ab-

Anti-
nephrin Ab+

Anti-
nephrin Ab-

Kidney biopsy (?),
confocal micrscopy (if Ab
test unavailable)

Kidney biopsy
(confocal microscopy)

Autoimmune podocytopathy

Assessment of
histopathologic lesion

3rd line -.r

Nephrol Dial Transplant, 2025, 40, 218-221

Treatment

Treatment
response, resistance,
consider consider non-
autoimmune autoimmune
podocytopathy @ipodocytopathy,
genetic testing

4th line



SSNS Kot YEVETLKNA

* 2TO N povoyovLiSLoKO vedpwolko cUVEpouo, e€akoAouBoUlv va uTtapyouvV

eVOELEELC OTL N UTTOKELLEVN YEVETIKN OPXLTEKTOVLKN TtAl{EL CNUOAVTLKO POAO OTN
StadLkaoiag Tng vooou

e [EVETLKOL TOPAYOVTEC UITOPEL VO AVILITPOCWTIEVOUV YEVETLKOUC TPOTIOTIOLNTEC,
HeTaéL autwv ival ta yovidla HLA, Wdiaitepa tao HLA-DQA1, HLA-DRB1 kat HLA-

DQB1, tov nmpogpyxovtal KUpLlwe armo npooeyyioelc GWAS kat urtodnAwvouv
OTEVH OXE0N UE TO AVOOOTIOLNTLKO cUOTNMO



Trans-ethnic, genome-wide analysis reveals immune-related risk

alleles and their phenotypic correlates in pediatric SSNS

RESULTS. Three independent SNPs: 2 in HLA-DR/DQ region, 1 in BTNL2 region,
genes previously implicated in immune (dys)regulation

METHODS
Trans-ethnic meta-analysis
Nephrovir, ITSPA GWAS result -g;
o RO AS T AR P Ve NS S G Sl W N T AT A St
® @ R bM SR el |
T T T T T T r797279%rn
-————J'\_-—rr;wvrr-:'—ﬁm
LOC101929163-HCG23-BTNLZ e noat past
Position of the li*— =] =5 le
Trans-ethnic GWAS top SNPs rs9348883 rs28366266  rs1063348
MLA-DRBS MLA-DRBL HLADODZ
NEPTUNE ' . E |
1 | | | = |
Glomerular eQTL of L=’ 11" ) x|
. results for rs1063348 ' 4 b = |
v ’ Soince N0 Wevees  Rrwwecs WG ARwwilve Rrewacs TR0 ARavetve
13 ‘,:: meadl My :‘-ﬂ.‘! N7 Nz l;'i. M)
t—
=) eQTL e BCR CcNoCR
E 5 G
—— Decreased % Increased §' = _
= age o s complete 5 _
= of onset - DU p, . remission § :
v <1 v : 4 . e
Number of Risk ABeles Number of Risk Alleles
Biologic insights CONCLUSION. Risk alleles at these three loci may define a clinically distinct subtype
Clinical correlates characterized by an early disease onset and a relatively benign disease course.

JASN

doi: 10.1681/ASN.2017111185
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Mote Oa KAVOUE YEVETIKO EAey)o o€ acBeveic pe veppwoikd cuvépouo

e Y& ouyyevec Kol Bpedko N2 mpv ard tnv Evapén tTnE ovoooKATAOTAATIKNG Oepaneiog
N tn dievepyeta vedpiknc Brogiog

e J€ KOPTLKOAVOEKTIKO N2 TNC atdIkNC nALKlag yia tTnv eAayLtotomnoinon tTwv SUCUEVWV
ETUMTWOEWV OVOKATOOTAATLIKN G Bepareiac oTo avantuooopevo maldi

* Mpw ano tn HETAPOOXEVUON, LOLKA OTav eEeTALETAL N LETANOOXEVON VEPpPOU amo {wvta
SO0TN Ao HEAN TNC OLKOYEVELOLC

EFEARIV +octina

Preston et al, Pediatric Nephrology (2019) 34:195-210

S. Stabouli, Aristotle University Thessaloniki
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