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Jede Niere besteht aus ca. 1 Mio Funktionseinheiten
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Zysten sind flUssigkeitsgefullte epithelausgekleidete Hohlraume

Liebau and Habbig, Liebau & Serra
DGfN-News 2015 Pediatr Nephrol, 2013
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Zysten sind flUssigkeitsgefullte epithelausgekleidete Hohlraume

Normales Nephron ARPKD ADPKD

: _

Proximaler Tubulus T\ |

Sammelrohr

Henle Schleife ———»

Mduller und Liebau,
in ,Nierenerkrankungen des Kindes- und
Jugendalters® (Détsch/Weber Hrsg), 2017
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Wie kommt es zu diesen Erweiterungen?
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Zilien

Liebau; - Pazour ef él.;
Front Pediatr, 2014 Trends Cell Biol, 2002
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A polycystic kidney-disease gene
homologue required

for male mating behaviour

in C. elegans

Maureen M. Barr & Paul W. Sternberg

Howard Hughes Medical Institute and Division of Biology, California Institute of
Technology, Pasadena, California 91125, USA Nature, 1999
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Published October 30, 2000

Chlamydomonas IFT88 and Its Mouse Homologue, Polycystic Kidney
Disease Gene Tg737, Are Required for Assembly of Cilia and Flagella

Gregory J. Pazour,* Bethany L. Dickert,* Yvonne Vucica,* E. Scott Seeley,* Joel L. Rosenbaum,*
George B. Witman,* and Douglas G. Cole*

*Department of Cell Biology, University of Massachusetts Medical School, Worcester, Massachusetts 01655;
fDepartment of Molecular, Cellular, and Developmental Biology, Yale University, New Haven, Connecticut 06520;
and Department of Microbiology, Molecular Biology, and Biochemistry, University of Idaho, Moscow, Idaho 83844

_' Dlosauu/y\/:jo. /(l{SJaA!Uﬁ;

J Cell Biol, 2000
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Konig et al.,
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/ystennierengenprodukte am Zilium
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AN Habbig & Liebau,

\“\I:;\;?;b Mol Cell Pediatrics, 2015
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REVIEW I Am Soc Nephrol 15: 2528-2536. 2004

Intraflagellar Transport and Cilia-Dependent Renal Disease:
The Ciliary Hypothesis of Polycystic Kidney Disease

GREGORY J. PAZOUR

Program in Molecular Medicine, University of Massachusetts Medical School, Worcester, Massachusetts

7985 | UNIKLINIK
KOLN

13 22.09.2018 1. Miinsteraner Patiententag| Liebau | Zysten und Zilien



a Motile cilium structure
1
s N

e N
2
|
..‘: f
ey |
Basal
5 body
Plasma
rembrang

Non-motile cilium
structure

(025
(9 e
| *ﬁ’%:@@ |

Doublet s,

| Signalling
\ pratein ‘

i | L/
l

b Ciliopathy proteins
1

Motility apparatus f’!}ﬁ_@

¢ Associated ciliopathies
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(1) Cilia motility, respiratory, brain,
heart, argan placement, sperm

Primary ciliary dyskinesia (PCD)

@ Multi-systemic {primary cilia),
brain, kidney, skeleton, eyes

» Bardet-Bied| syndrome (BBS)

* Carpenter syndrome (CRPT)

¢ Hydrolethalus syndrome (HLS)
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4| » Birt-Hogg-Dubé syndrome

= Lethal congenital contracture
syndrome (LCCS)

= Male infertility

= Pituitary stalk interruption
syndrome (PSIS)

= Polycystic kidney disease and
hepatic disease

2017: 35 Ziliopathien
187 Ziliopathie-Gene
241 weitere Kandidatengene

Reiter and Leroux,
Nat Rev Mol Cell Biol, 2017
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O‘Connor et al., Cilia, 2013
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Im Nierenkanalchen (Tubulus) wird der Urin nachbearbeitet

Mierenkérperchen
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Salze und Wasser

| > :

Nierenkanalchen

Blutseite
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Salze und Wasser
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Nierenkanalchen I
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Im Nierenkanalchen (Tubulus) wird der Urin nachbearbeitet

Mierenkérperchen
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z.B. Sonic Hedgehog Signaling

- Zelldifferenzierung und Funktion
- Zellteilung etc.
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Zilien finden sich auf vielen Zellen

Female reproductive Male reproductive
Airways Brain system system
Respiratory cilia Ependymal cilia Fallopian tube cilia Sperm flagella

Embryo T
Nodal cilia Motile 9+2

<= Motile 9+0 Non-motile 9+2 =»

Non-motile 9+0 ~ Inner ear
Kinocilium (red)
Stereocilia (green)

Kidney Bile duct Pancreas Bone/cartilage Eye
Renal cilia Cholangiocyte cilia Pancreatic duct cilia Osteocyte/ Photoreceptor
chondrocyte cilia connecting cilia

Fliegauf, Benzing, Omran,
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Ziliendefekte fUhren zu vielen Symptomen

[ IMotile cilia
Non-motile cilia
[ ]Both types of cilia
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» Hypogonadism
* Genital anomalies

* Ataxia
* Epilepsy
* Mental disability
j * Brain malformations
J_) N -[Hydmcephalus
f o Facial anomalies

%
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~Heart

Respiratory
system

-Kidney
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=,
"Renal anomalies \
(PKD, NPHP) )
KHEpatic disease )
 (liver fibrosis) )

Reiter and Leroux,

Nat Rev Mol Cell Biol, 2017
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Phenotype

Disease entity JAffected genes
' Renal manifestations [Extrarenal manifestations :
Auto_somal E_)ominant Polycystic en!arge_d kidneys with numerous : 2:&?22‘;?&“:;2?: :I::;:;r:atlc eyl PKD1 and PKD2
Kidney Disease (ADPKD) ubiquitous macrocysts - intracranial aneurysms
Autosomal Recessive Polycystic  enlarged hyperechogenic kidneys ;g:::‘iil géar;zgalformationfcongenital PKHD1
Kidney Disease (ARPKD) with microcysts - pulmonary hypoplasia
hyperechogenic kidneys with - none
Isolated nephronophthisis normal or reduced size and
corticomedullar cysts
Senior-Lgken Syndrome nephronophthisis - retinitis pigmentosa
- cerebellar vermis hypoplasia 5
neghimnopiifiisis - ataxia, muscular hypotonia and {:ﬂ?: :g i
| 2
Jaubert Syndrome (renal symptoms may be absent) fg;::m;;g:g:h?ay JBTS 1-22
- liver fibrosis
- progressive retinal degeneration
- occipital encephalocele
Meckel-Gruber-Syndrome enlarged cystic kidneys - severe psychomotor delay
- liver fibrosis
- hexadactyly
- progressive retinal degeneration
i Vi i e i - postaxial polydactyly i
Bardet-Bied|-Syndrome cystic kidney disease - obesity and hypogonadism BBS1-20
- anosmia and ataxia

Figure 1 Clinical synopsis of the main disease entities and overview over the affected genes.

>y

Habbig und Liebau,

Mol Cell Pediatrics, 2015



Extrarenale Symptome

Muller und Liebau, Ebner et al.
in ,Nierenerkrankungen des Kindes- und Pediatric Nephrology, 201’7
Jugendalters” (Ddétsch/Weber Hrsg), 2017 ’
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Network for Early Onset Cystic Kidney Diseases
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Was passiert bei der
Signalweitergabe
intrazellular?
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o Intrazellulare Proteinkomplexe

®
-

—> Signale:
Zellteilung, Zelltod etc.
e

'@@UMKUNM‘

@y
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Isolierung und MS-
Charakterisierung
ziliarer
Proteinkomplexe:

UNIKLINIK‘
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Isolierung und MS-
Charakterisierung
ziliarer
Proteinkomplexe:
Mit welchen anderen
Proteinen liegt ein
kKrankheitsassoziiertes
Zilienprotein in einem
Komplex vor?

Welche intrazellularen
Signalwege kdOnnten
beeinflusst werden?

UNIKLINIK‘
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Dafinger et al. Experimental & Molecular Medicine (2018)50:75
BOL101088512276-015-0108 Experimental & Molecular Medicine

ARTICLE Open Access

Targeted deletion of the AAA-ATPase
Ruvbl1 in mice disrupts ciliary integrity and
causes renal disease and hydrocephalus

Claudia Dafinger'*, Markus M. Rinschen'#?, Lori Borgal'?, Carolin Ehrenberg', Sander G. Basten®, Mareike Franke®,
Martin Hohne'** Manfred Rauh® Heike Gobel®, Wilhelm Bloch'®, F. Thomas Wunderlich®*'"'? Dorien J. M. Peters'?,
Dirk Tasche', Tripti Mishra'?, Sandra Habbig ', Jérg Détsch®, Roman-Ulrich Mdller'?, Jens C. Briining®*' "2,
Thorsten Persigehlf’, Rachel H. Giles@®®, Thomas Benzing"z'd}, Bernhard Schermer®'** and Max C. Liebau®'*>
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Genetische Erkrankungen in verschiedenen Nephronabschnitten

Mierenkérperchen
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Dafinger et al.,
Exp Mol Med, 2018
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Warum?
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* imerge+DAPI
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i

Dafinger et al.,
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a Early ciliogenesis
1

b Ciliopathy proteins
1

c Associated ciliopathies
1

f BN AN
2 (Centriole or basal body A F@ Cilia motility, respiratory, brain,
. \ @@@@@@ heart, organ placement, sperm
« ALMS1 s FAM161A = PLK4 Primary ciliary dyskinesia (PCD)
\1“( «ARLZBP  sFLCN*  #POCIB | ; ‘ TR
* CENPF = HYLS1 = POC1A @i() Multi-systemic (primary cilia), brain, kidney,
Mnthe[r « CEP19 s INTU s RAB28 skeleton, eyes
centriole = CEP41* s KIAAD556 = RP2* . =
(basal body) « CEP78 «KiZ «TALPD3 | | : g;?;ggg;ﬁ?;g,g‘;g‘ﬁggs,
* CEP104* s NEK2 » TAPT1 * COACH syndrome
: EEE%EO : EI)EFEE‘ :.IT_[C{I:_ORS * Complex lethal osteochondrodysplasia
e C[}l « OFDT* 5 * Hydrolethalus syndrome (HLS)
2CD3 1 = TUB * Joubert syndrome (|BTS)
. * C210RF2 =« PIBF1 = WDPCF * Oculocerebrorenal syndrome of Lowe (OCRL)
d N o 2 y * Morbid obesity and spermatogenic failure
{ Ciliary % D|stal.lapp_en.(.iage * Meckel syndrome (MKS)
[ Visi C?‘; | @@@@ » Senior—Leken syndrome (SLSN)
\ : « CEP83 = SCIT1 = Simpsen—Golabi-Behmel syndrome
|l |+ CEP104 +TTBK2 @ Bram
T
Basal body ésbd's';a{- appendage k Stremme syndrome (STROMS)
trafficking D E
*CC2D2A @ Eyes
- i fi o ~ | = Leber congenital amaurosis (LCA)
Ciliary —,. Transition zone * Cone-rod dystrophy (CRD}
sheath / | @@@@ = Retinitis pigmentosa (RP)
| * AHI1 «NPHP4 = TCTN3 (7
15 « BOD1 «RP1 cimemyy | |© Kidney
» BaDz » RP1L1 = TMEM67 * Nephronophthisis (NPHP)
« CC2D2A* = RPGRIP = TMEM107 * Polycystic kidney disease (FKD)
= CEP290* =+ RPGRIP1 =TMEM138 ‘;@
* C50RF42 = RPGRIP1L = TMEM216 Organ placement, heart
] +IQCBI*  » SDCCAGS* » TMEM231
docking * LCAS s SPATAT « TMEM237 kSitus inversus, heterotaxy
Pericili = MKS1 = TCTN1 P
membrane | * NPHPL = TCTN2 ] [® Skeleton
7 : > N = Axial spondylometaphyseal dysplasia
Centriolar satellites * Orofaciodigital syndrome (OFD)
@@@@@ = Short-rib thoracic dysplasia (SRTD)
= BBS4* = CEP290* (O E
==l +CCDC28B = KIAADTS3 O
|.* CFAPS3 » OFD1* Hearing loss
- Unclear or various localization @ Various
sma
membrane ®®®®® = Birt-Hogg-Dubé syndrome
= ATXN10 = NEK9 * Lethal congenital contracture syndrome (LCCS)
\' CFAP52 = TULP1 * SOFT syndrome
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* Spinocerebellar ataxia (SCA)

Reiter and Leroux,

Nat Rev Mol Cell Biol, 2017



Geburt

Genverlust
nach 6 Wochen
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a Ciliary Fra'Fﬁ-: king

b Ciliopathy proteins

c Associated ciliopathies

Retrograde
IFT

Lipidated
protein
transport

Lip idaledﬁ

protein

L

Lipidated
cargo
trafficking
machinery

)

A 5r 3
?iFrdyne}n subtmﬁs ; b r@ Multi-systemic (primary cilia), i
< DYNCIH1 = TCTEXID2 = WDRG0 brain, kidney, skeleton, eyes
= DYNC2LI1 = WDR34 * Bardet-Bied| syndrome (BBS)
ps ~ | = Joubert syndrome (JBTS)
IFT kinesin subunits * McKusick—Kaufman syndrome
" LNo known association with ciliopath ies) | o gﬁ;‘éﬂL ken syndrormie (SLSN)
3 T subcomplex A @@@ i | & Hisyndiome
' «IFT43  «IFT140  »WDR19 (@) Eyes )

—]

Golgi
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| ®IFT122 =TIC21B =+ WDR35

= R

(BBS proteins

BBSome (IFT-associated) (Z)(4)

= ARL6 » BBS4* « BBS9
= BB51 = BBSS = TTC8
= BB52 = BBS7

BBSome regulators @@@

* BBIP1 * CBORF37 = SDCCAGS*
*BB510 = LZTFL1 = TRIM32

= BB512 = MKKS * WDPCP

= CEP290* = MKS1* J
’iFI'suhcomplexB @@@

= CLUAP1 = TF57 « [FT172
» [TF27 = [FT80 » TRAF3IP1
| * IFT52 » |FT81

i

100
= ARL13B = PDE6D = UNC119
* ARL3 * RP2

A
=

(IFT cilia regulators (2)(2)(8)

* Leber congenital amaurosis (LCA)
= Cone—rod dystrophy (CRD)
= Retinitis pigmentosa (RP)

r@ Kidney

» Nephronophthisis (NPHF)
» Orofaciodigital syndrome 1 {OFD1)
* Polycystic kidney disease (PKD)

r Skeleton i

* Cranioectodermal dysplasia (CED)

* Ellis—van Creveld syndrome (EVC)

* |eune asphyxiating thoracic
dystrophy (JATD)

* Orofacicdigital syndrome (OFD)

- 4

* FAM58A = ICK*  * MAK

b Short-rib thoracic dysplasia (SRTD}J

Reiter and Leroux,
Nat Rev Mol Cell Biol, 2017



Craig et al.,
JCB, 2010
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Dafinger et al.,
Exp Mol Med, 2018
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Ciliopathies - from rare inherited cystic kidney
diseases to basic cellular function

Sandra Habbig'~

Repression of Shh targets

Transcription of Shh targets

and Max Christoph Liebau'?"

EMBO
[ Workshop

Aarhus University,

Jane Lucas

A B - Nonciliated  Basal body Ciliary
Clilatad calls cells disruption disruption
LRP5/6 Efizzta Canonical Wnt Wnt
y Noncanonical ) Noncanonical ( )r
. wnt —i| L5 Wit —x—i( £ X
cal o §
Axm R p-catenin a» / v
/S_ AF:C m destruction i
(GSK3p> ; complex (R http://meetings.embo.org/event/18-cilia
Proteasdme 1('@[;1 Stabilization Stabilization
ORGANIZER CO-ORGANIZERS
" Lotte B. Pedersen JensS. Andersen Bernhard Schermer Heymut Omran
fSouthern Denmark, Uni University Children's Hos
Miriam Schmidts
NUGLEUS REGISTRATION Alexandre Benmerah Radboud edical Gaia Pigino
Université Paris-Descartes, F Center, NL
Noncanonical Wnt
signalling RhoA Wt Early registration (discount fee) ﬁ)r!‘lver Bl?fq?;‘bm - Peter Swoboda
JNK targeting Destruction SurenT Chrictenser Anthony Roberts
Instituteof Structural & Molecular
Frizzled | G protein N - Standard registration tui fCopsnnaeersnl logy, Birkbe:
oncanonical 5 . -
Ca2t Wht signalling B-catenin-dependent Wnt signaling Tﬁiiﬂfi o SPEAKERS Ronald R,,Epman
A : = aneedC) Univ
C Abstract submission deadline GertJansen oniea 3 CentepNil
" Erasmus Medical Center, Bettencourt-Dias
Disrupted Bk dam) Instituto Gulbenkian de Ciéncia, PT
Ciliary structure Disrupted Standded fods SusanaLopes Alessandra Boletta Center, NL
Smoothened § retrograde IFT iy ntific Institute,
o 5 Student/postdoc Y]
]‘ G&%A i3, logie de I'ENS, FR
1 . o Esben Lorentzen &
= Sonic Glig. University of Aarhus, DK !\AanueIThery
= Y g ytoM: h b, Hopital Sai
= hedgehog ¥ CytoMorpho Lab, Hopital Saint
Patched =& i Louis, CEA, FR
Patched cbNTACT Dagmar Wachten
Gli2ss Gli2/3 i o Peter K. Jackson unity, Univers
ongress Secretaria School of Hospital Bonn, DE
4 ¢ Disrupted
Proteasome Proteasome anterograde IFT i Disrupted basal ] Masahide Kikkawa
i bodypintegrity Local Congress Chair Tokyo, |P
GIC':O : G&%Q G\I:b i Dorien J. M. Peters Michel Leroux Bradley K. Yoder
repressor activator 1 tali " Leiden University Medical Center, S of Alabama
o Kb E § = n Lorentzen

THE

EMBO O EMBOpress

JOURNAL

i
EMBO

___ excellenceinllfe sciences

Gerdes et al., Cell, 2009




Sighalveranderungen bei PKD

Rasg’B-RafmeRK

| Downregulated in PKD
D Upregulated in PKD

Proliferative
Transcription

Stats, Myc, iun, phos

ca® |

SHH Signaling?
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Vasopressin

Liebau und Bergmann,
in “Pediatric Kidney Disease”, 2" edition,
Schaefer, Geary (Edrs); 2017
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C Kidney Function
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Grundlagenwissenschaft « > Klinische Beobachtung

51 22.09.2018 1. Minsteraner Patiententag| Liebau | Zysten und Zilien




NEOCYST

Network for Early Onset Cystic Kidney Diseases
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Zusammenfassung

= Zystennierenerkrankungen sind komplexe Erkrankungen, die mit einer
Fehlfunktion von Zilien in Verbindung stehen.

= Zilien regulieren verschiedenen Prozesse in Zellen. Da Zilien nicht nur
in der Niere vorkommen, zeigen vielen Patienten mit
Zilienerkrankungen Symptome in unterschiedlichen Organen.

= Grundlagenwissenschaftliche Ansatze kdnnen beim Verstandnis der
biologischen Prozesse helfen, die z.B. seltenen Erkrankungen zu
Grunde liegen. Grundlagenwissenschaftliche Forschung kann so z.B.
wichtige AnstolRRe bei der Entwicklung neuer Therapieoptionen geben.
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