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Kidnie - Voor de nieuwe generatie nieren

Wat gaan we vandaag doen?

1. Wat is Kidnie?

Wouter Eijgelaar — Manager Kidnie - Nierstichting

2. Gentherapie in niercellen hoe doe je dat?
Michiel Schreuder — Professor kindernefrologie — Radboud UMC

3. Hoe helpen neonatale niercellen om de kwaliteit van
donornieren te verbeteren?

Elena Levtchenko — Professor kindernefrologie — Amsterdam UMC locatie AMC

4. Hoe bevorderen we therapietrouw bij kinderen?

Femke Vrieling-Prince — Kinderarts-nefroloog — Erasmus MC
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Kidnie's Kleurcontest

wSTN AT MRV 4 Dl v ¥ 2574 A 5 b S
SE 297 T v dalony 5

\eplide nickarmat LU PT) T S,
FHRTAL 10 B} = AN AU frne Tt =




800

kinderen met

ernstige, chronische
nierschade

200

kinderen hebben

dialyse of transplantatie nodig
om in leven te blijven

>4.000

kinderen met een
erfelijke of cangeboren

nierziekte

veel kinderen mest
chronische nierschade krijgen

nierfalen voordat ze 20 jaar zijn

Grote zorgen en
enorme impact
op het hele gezin

Meer schoolverzuim
en geen enargie
voor leuke activiteiten

o Een kinderleven

Vertraagde ontwikkeling
en achterstand in
cognitieve functies

Dit zijn Kind met nierfalen.
de cijfers

30x hogere kans
op vroegtijdig overlijden

Vaak i
streng dieet Grotere kans op andere ziektes,
zoals hart- en vaatziekten en kanker
Levensverwachting met dialyse is
Veel medicijnen; H
sorms wel 48 (1) pillen per dag of e ca.50 jaar korter
vervelende injecties, 66k ‘s nachts dan gezond kind
Meest voorkomende doodsoorzaak
is hart- en vaatziekten gevolgd
door infecties
40% van de kinderen
met nierfalen heaft een
verhoogde bloeddruk
Vaker chronische e 1 1
vermoeidheid = 24/7 moe, onze l missie
vaak groeiachterstand en
metabole botziekten Van 0 naar

25% genezing
in 10 jaar tijd
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Krachtenbundeling

voor de nieuwe generatie
nieren

Van O naar
25% genezing

Kinderen met een nierziekte hebben
nu 0% kans op genezing.
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Pioneering Research to Cure Pediatric

Kidney Diseases

Introduction
Kidnie research

Every child deserves the chance to grow up healthy and tull of life. For children with By 008 W o 0.0t e ZBK O

hildren with 3
Kidney diseases, that chance is often limited. At Kidnie, we believe we con make a ShACEen vAC tickaey clenase,

differance.

anational Initiative the Dutch
Kidney Foundation, created in collaboration with oll seven pediotric nephrology
centers in the Netherlands.

Together, we unite doctors, researchers, and families with one shared goal: to make
 cure a roal possibiity ond to improve the quality of e for every chid living with
Kidney diseoses.

=

Kidney disease treatment must
also become more child-friendly.
No more excessive medications
and paintul injections!

.0 child does receive a donor
Kidney, we will ensure it lasts
Htetime ~ not Just 20 years o less.

Wo aim to detect and cure kidnoy
diseases ot the earliest possible
stage.

Mission + Vision + Strategy: Kidnie Research Consortium

Mission

Real chance at a cure

We want every child with kidney disease to receive batter, child-friendly treatments and @ real
chance ot a cure.

[
s @

A25% cure rate

)

and for all children to
enjoy @ bettor quality of e, The jum strives to be a g recognized

110 yoars, we aim for 28!

research collaboration in pediatric nephrology, built on @ shared research agenda,

strategy

Join forces

Kidinie joins forces with doctors, researchers, patients, and families to focus on the most urgent research areas. We attract and train talented researchers, build shored

for funding, research, g, and prioritize activitias cross our four Moonshats. Using a reverse-enginaering approach, we work
backward from our goals to plan research, sacure co-funding, and scale up studies efficiently. Collaboration, synergy, and patient involvemant guide every step taward
making cures a reality.

Steering Committee
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https://research.kidnie.nl/
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Kidnie Consortium

Onze missie

25%

Van 0 naar 25%

genezing

Eon donornier dio een

leven lang moegaat

i
SN

Kindvriendelijkere
behandelingen, zoals
naaldvrije medicatie

4
¢
R 4

Vroege opsporing
om beter en sneller te

kunnen behandelen

Michiel Schreuder

Amalia Kinderziekenhuis

§~
3

Elena Levtchenko

Emma Kinderziekenhuis
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WOW! Kidnie
krijgt €10 miljoen
van de Nationale
Postcode Loterij

Feest met een hoofdletter F bij Kidnie! De
kindernierartsen dansen op tafel, team Kidnie
hijst de viag en onze onderzoekers springen een
gat in de lucht. Waarom? We hebben maar liefst
€10 miljoen ontvangen uit het Droomfonds van
de Nationale Postcode Loterij!

Met dit megabedrag zetten we een enorme stap
richting genezing van nierziekten bij kinderen. We
gaan werken aan genezing -

dankzij baanbrekende gentherapie. Hoe vet is
dat?!
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l onderzoeker
verpleger ik
=

Ontwikkelen verbeterde informatievoorziening .

. b |
Een eerste landingsplek K o

C

* Gericht ontsluiten dat wat er al is /
¢ Rollen v
’ roostermaker de ou d:rn
* Wens: een video first platform o
. . . . . ?gzjlgfféfif: woordvoerder
* Juiste informatie op het juiste moment =T Y.
* Elkaar ontmoeten en parktische tips r‘ v )l |
I

liefhebbende
ouder

uitwisselen

bl

* Kunnen delen wat een nierziekte betekent



Nieuwsbrief!

kidnie.nl
research.kidnie.nl ’



http://www.kidnie.nl/
https://research.kidnie.nl/
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Disclosure belangen

Geen (potentiéle) belangenverstrengeling

Voor bijeenkomst mogelijk relevante relaties Bedrijfsnamen:

Sponsoring of onderzoeksgeld
Honorarium of andere (financiéle)
vergoeding

Aandeelhouder

Andere relatie, namelijk:
J NIERBUNGRES
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Gentherapie in niercellen:
Hoe doe je dat?
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Gentherapie?
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Congenitaal nefrotisch syndroom




Development 2022;149:dev200198

Exon 3 c.413G>A

NPHS2 Mutant
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CRISPR

MATCHING x
GENOMIC SEQUENCE ;

GENE IS DISRUPTED GENE HAS ANEW SEQUENCE




Development 2022;149:dev200198

Exon 3 ¢c.413G>A

NPHS2 Mutant

Exon 3 ¢.413G

Exon 4 c.478G>T

NPHS2 Repaired
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Nu nog de patiént...
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Gentherapie

Ex Vivo Gene Therapy In Vivo Gene Therapy

) Transgene

Retroviral vector g
Therapeutic ||'=E-1'|

geae
Z ‘(@
Hematdpoietic
stem and

AAV vector
rogenitor cells Transduction containing
S of cells transgene

Infusion of et baade
modified cells injection o

into patient vector
NEJM 2019;381:455-64
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Gentherapie

Ex Vivo Gene Therapy

Retroviral vector .
Therapeutic

gene

Hematopoietic
stem and
progenitor cells

Infusion of
modified cells
Into patient

NEJM 2019;381:455-64
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Gentherapie

* Wat?

°* Hoe?

NEJM 2019;381:455-64

In Vivo Gene Therapy

Transgene

e

AAV vector
containing
transgene

I

Postmit tichils

injection of
vector.

p);“ .




Gene Therapy Vector
Mutation DNA
adibadingdingd
O Transcription
Mutant mRNA
Normal mRNA . T'a”ﬂiﬁ"”
v Mutant protein
L o o o L

Mormal protein

Kidnie - Voor de nieuwe generatie nieren




Kidnie - Voor de nieuwe generatie nieren

Gene Therapy Vector

Mutation DNA

DAY

Gene editing
Gene Therapy Vector

g O:€. X

MRNA
\
Translation
O Transcription \

]
\4 Mutant mRNA Protein
v ,
Normal mRNA T'a”ﬂim
e ]
v Mutant protein
ORI

Mormal protein
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® 24 mei 2022

ot aii . ol Eerste Nederlandse patient
"‘; POW LA  behandeld met CRISPR-
A | ff }i % =77 Cas9-infuus

Innovatie Patiéntenzorg Zeldzame ziekten Genen

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

CRISPR-Cas9 In Vivo Gene Editing of KLKB1
for Hereditary Angioedema

N ENGL ] MED 390;5 NEJM.ORG FEBRUARY 1, 2024 m
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The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT

Patient-Specific In Vivo Gene Editing
to Treat a Rare Genetic Disease

K. Musunuru,'? S.A. Grandinette,” X. Wang,” T.R. Hudson,’ K. Briseno,’
A.M. Berry,? J.L. Hacker,* A. Hsu,* R.A. Silverstein,” L.T. Hille,” A.N. Ogul,?
N.A. Robinson-Garvin,' J.C. Small,' S. McCague,' S.M. Burke,' C.M. Wright,*
S. Bick,' V. Indurthi,® S. Sharma,® M. Jepperson,® C.A. Vakulskas,’

M. Collingwood,” K. Keogh,” A. Jacobi,” M. Sturgeon,” C. Brommel,’

E. Schmaljohn,” G. Kurgan,” T. Osborne,” H. Zhang,” K. Kinney,” G. Rettig,’
C.). Barbosa,® S.C. Semple,® Y.K. Tam,® C. Lutz,’ L. A. George,'? B.P. Kleinstiver,’
D.R. Liu,* K. Ng,! S.H. Kassim,'® P. Giannikopoulos,*!* M.-G. Alameh,?

F.D. Urnov,® and R.C. Ahrens-Nicklas!?

NEJM 2025;392:2235-43
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Int J Mol Sci 2024;25:7333

Hoe?

Viral Vectors

Gamma retrovirus

AVL/ Fusion

or \

viral cDNA

"

Lentivirus (LV)

" Nucleus

"

l L1: Fusion

Adenovirus (AdV)

/ Receptor

*

Endosome encapsulation
L= b 4
Endosome escape

¥
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Adeno-associated virus (AAV)

y

€
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Hoe?

Viral Vectors
Gamma retrovirus

Lentivirus (LV) Adenovirus (AdV) Adeno-associated virus (AAV)

/TRGCOPW Endosome mpsulm)
Y% ||® @

viral cDNA

" Nucleus q ( o ‘4
1y \ -4 Nucleus ( i 5
F € y 8 iy g N ™

Non-viral Delivery Systems

Extra cellular Vehicle (EV) Lipid Nano Particle (LNP) Polyplex
| inkingofthe [ |
targeting molecul oY ;
m&dm 2= ::: & ‘ End~-—c~y‘. _I Endosomal Scape
Peptide 3 ¥ g,
Protein

Physical methods

Electroporation

Ultrasound Energy Microinjection

A

B
Cr@

A -
26

Int J Mol Sci 2024;25:7333
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on-{;rget

desired edit

efficacy >§

Patient
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on-iéfget off-target

\(/ J'x \"“} x|
C.----. '----NN‘----' — '----NN.-..-'
_ et el e

desired edit indels SVs indels

@‘ link?

truncated or missense protein products
decreased cell fitness

tumor supressor disruption

oncogene activation

silent, intronic, and intergenic mutations

‘L safety?

efficacy >{g
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Gentherapie
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WAAROM
MOEILUK DOEN

ALS
HET SAMEN KAN

Loeye
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Voor bijeenkomst mogelijk relevante relaties Bedrijfsnamen:

_ Chiesi * ERC Consolidator Grant
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AmMsterdam UMNMC

Hoe helpen neonatale niercellen om de kwaliteit van
donornieren te verbeteren?

Neonatal kidney stem progenitor cells for optimization of kidney grafts

Elena Levtchenko
Department of Pediatric Nephrology
Laboratory of Translational Nephrology



-

-

~

In 2030 5.4 million
people will need
kidney
transplantation

/




Strategies to reduce number of patients on the
waiting list

 Stem cells — based therapies during ex vivo
graft perfusion to improve graft quality

Ex vivo stem-cell Administration Biological effects Functional effects
based therapy route

; Anti-nflammatory Renal function
Arterially IL-1B, TNF-a :
MSCs IL-6, IL-8, IL-10 1 Urine output, ATPT
-6, IL-8, IL-

MSC-EVs > . 5 Pyruvate, IDO T

MAPCs Hlstolgglcal a§sgsment Renal damage
Renal ischemic injury | LDH. NGAL
Mitosis T ’ ’1'

MSC: mesenchymal stem cells

MAPC: multipotent adult progenitor cells Luijmes et al. Am J Kidney Transplant 2022



Urine as a non-invasive source of kidney cells

o Disease activity
g N
r--) |
Study disease mechanisms
[ PTEC Podocyte uKPC
‘ ",‘ f{,_j_’.,'\,i‘., Testing novel drugs
\ | - f ‘.‘.... -
¢ ;Ur?\ e ,5;.,\ —~— 7\“'.’3"1 . )
———) Vel . Cell therapy/regeneration
ERuns

Arcolino et al. Stem Cells Inter 2015




How do we generate a cell model from a patient’s urine
sample?

Informed
Consent




Workflow to develop cell lines from urine

1. Urine collection

3. Seed cells in culture dishes with cell
specific medium



Workflow to develop cell lines from urine

4. Pick colonies for expansion 100x magnification



Workflow to develop cell lines from urine

urine sample 7 y
LTI S\ p N\

K' - \Y | - . :\

(i . 1 | |

I\, ‘ — | w) —"  Tubular cells
=S R incubation T / \

/ N 10-14 days /. 7 : 5@ _..(
A\ ] . [eSR K o .l Characterization
\ % . - /./' l'\ =

Y Sy /
»
\‘\ - \"x. - o &,»/

—

Immdrtali_ié;cion \ . /

—_——

culturing clonal colonies P N [\
(o ’ . l.;; ‘ } ———» Podocytes
\ — B J k 2 = Z "}
\ /,/_/ \\— /'/,/

S
——

subcloning expansion

Veys et al. Cells 2020




Nephrons derive from a SIX2+ progenitor population

2" trimester
human fetus

Bladder

Adapted from Lindstrom et al. 2020

Nephron Renal
progenitors vesicle

SIX2 + cells

High stem
cell potency

Comma-shaped
body nephron

S-shaped body
nephron

Low stem
cell potency



SIX2+ progenitor cells are only active prenatally

PRETERM TERM
DELIVERY DELIVERY
Conception ~Week 23-37 Week 37-42

Week 5 Week 9 From ~Week eek 34-36
Nephrogenesis | | Formation of Nephrogenesis rapidly | | Nephrogenesis
commences nephrons on-gaing is complete in
begins humans
Mo new
nephrons
formed after
this time point

Black et al. Effects of Preterm Birth on the Kidney 2012



Kidney stem/progenitor cells can be isolated from the urine of
preterm neonates

Kidney is terminally developed by
36 weeks of gestation

l | Immunomodulation

- Regeneration
Urine samples from Neonatal kidney stem/progenitor cells
preterm neonates (nKSPC)

v Expression of early fetal kidney markers (S1X2)

v High proliferation capacity (> 20 passages)

v" Non-invasive isolation (multiple sample collections)
v Differentiation into mature kidney epithelial cells

Arcolino et al. J Am Soc of Nephrol 2016



Perfused human kidneys as model for cell therapy

nKSPC (labelled in red)

O,/ CO; 111 & Machine perfusion of kidneys
not used for transplantation

Reservoir

Urine }

Normothermic Machine Perfusion (NMP)

6 hours of




NKSPC administration into human kidneys during NMP is
feasible and safe

Creatinine clearance

Renal Blood Flow 500 Urine output 10
160 450
= 140 400 T g
S o
S 120 ~ 350 8 P +
% P s ggg E ’ NMP.
E 80 2 500 = e
= o g 4
E 60 150 W £
& 40 100 o 5
ﬁ 20 50 o
0 0 0
0 30 60 90 120150180210240270300330360 60 120 180 240 300 360 pre BPO fu1,2'3' ;80‘ 240 300
Perfusion (minutes) Perfusion (minutes) erfusion (minutes)
KIM-1 O NMP + nKSPC
i i i NGAL +
50 Factional excretion of sodium 2500 154 = NMP
— 40 2000 -
a — g n *
= 104
c
% 30 *‘S, 1500 -
z S 2
5 20 = 1000 s
fre g S 51
10 S 500 X
| ﬂ ~ an B
60 120 180 240 300 360 60 120 180 240 300 360 “"-'re .zThﬂII A &
Perfusion (minutes) Perfusion (minutes) P . .
Time of biopsy

Arcolino et al. Am J Transpl 2025



Fold change

Fold change

NKSPC administration has immunomodulatory effects

120

500
400
300

200 /
150-
100-
50

N N

pre

IL-1R
*
*
(3
2h 4h 6h
Time of biopsy
IL-6

L 2
T

el

pre

*

I

||i'l ||{.!1
2h 4h 6h

Time of biopsy

Fold change

Fold change

in human kidneys

TNF-a

50
40
30

X

—ie

20

10 ;

pre 2h 4h 6h
Time of biopsy

IL-8
%
1000+ -
800
600
400
200 i é 1
0- T T A
pre 2h 4h 6h
Time of biopsy

Fold change

20 4

AY

pre

IL-2

—»

3 NMP +nKSPC
B NMP

2h 4h 6h
Time of biopsy

Arcolino et.al. AJT 2022



NKSPC can be traced within the perfused kidneys

NMP +

Pre

Flush

NMP control

2h

4h

2h

4h

6h

6h medulla

\

6h

6h medulla




NnKSPC treatment induces de novo

in donor cells

activation

'y

LS
Pre Flush 2h
o, ~
h( G

2 ‘\\ \4‘" \

S { |

q
- P T
& — ‘
- o

4h 6h v 6h med

NMP +



De novo activation occurs in proliferating
proximal tubule cells

' : " &

Re-expression of
SIX?2 suggests
the initiation of :
an endogenous . b o NP + kPO

regenerative ;e ' : 3 ‘
pProcess




We can now perfuse human kidneys for 24 hours

10 million nKSPC
(¥ mCherry-labeled)

v

SCS Subnormothermic (32°C) acellular perfusion (24h) > I?;;)oecr:';u&lg;l

‘ ' Vehicle control

SCS Subnormothermic (32°C) acellular perfusion (24h) > l?g’fc';guaﬁ;‘

—— —— — >
»

v
<
<

Pre 12h 24h 28h

Do nKSPC activate regenerative pathways?

SCS = static cold storage Deffrennes et al. (Unpublished, confidential )



NKSPC biobank: PipiBank

Is the effect depending on:

* Donor
« GA
« Expression of markers (SIX2)

More than 35 donors

About 200 cell lines Neonatal Kidney
Stem/Progenitor Cells
BIOBANK

Not all cell lines are the same...



Single cell RNA sequencing analysis of nKSPC

Proximal tubule
Group A

Group B
Group C

e

Group D

1 00000

e Group E
B : 16 @ GroupF

UMAP_2

o

Collegtlng duct aE E himesenchyme-

F ~ like cells

ﬁ 19 samples of
WIER.] different GA

Deffrennes et al. (Unpublished, confidential )



e"° NEXT STEPS

/ Making clinical grade of nKSPC

NKSPC from 1 urine sample can precondition ~100 kidneys

* Mechanism of action (scRNA Seq, immunology assays)
* SOP for batch generation
\ * Quality Control & Safety

e KNOWLEDGE Human kidney embryogenesis

/ 5 \. °* TECHNOLOGY New methodology for culturing stem cell therapy

* MODELING Human disease modeling and drug testing
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|’| Amsterdom UMC

Pediatric Nephrology
Prof. Elena Levtchenko
Dr. Hildo Lantermans
Junyu Chen

Willem Kraan

Dr. Sante Princiero Berlingerio

Dr. Rik Westland

%P CAMBRIDGE
Prof. Michael Nicholson
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KINDERNEFROTEAM AMSTERDAM
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Questions?

e.n.levichenko@amsterdamumc.nl



Het Niercongres wordt mede mogelijk gemaakt door:

~\ Boehringer
IV Ingelheim
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