Mikromacierz kliniczna jako narzedzie
entyfikacji wrodzonych wad rozwojo
uktadu moczowego o uwarunkow
genetycznym
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Mikromacierz DNA (ang. DNA microarray)

Mikromacierze DNA (chipy DNA) - zbior sond molekularnych z

RS- sekwencjami jednoniciowych czasteczek DNA, ktore maja zdolnosé
; specyficznego wigzania komplementarnych sekwencji badanego DNA.

Florescencja sondy zalezy od ilosci czgsteczek zwigzanego badanego DNA,
umozliwiajgc odczyt delecji 1 duplikacji.

Array CGH

~

)2, 13i@DCGH

1.3 MbfElfa
2,304{E D BACx2

Array slide: ACC ver 3.0

oov000
080
006000




Copy-Number Disorders Are a Common Cause
of Congenital Kidney Malformations
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We examined the burden of Latge, e, cogy-mmber variants (CNVs) in 192 individuals with renal bypodysplasia (RHD, and replicated
findings in 330 RHD cases from rwo Independent cobarts, CNV distribution wis significinaly skewed toward larger gene-dismupting
events in RHD coses compared te 4,733 ethnleity-matehiad contrals {p = 4.5 x 107"} This excess was aftributable 1o knoven it nowel
{i.e,, mot present in any database or I the [terature) gennmic disorders, All ogedies, 5552 (10,5%) RHD cases harbored 34 dissindt
known genomic disorders, which were it onily 0.2% of 13,639 populatlon controls (p = 1.2 1075, Ancaler 32 (6,1%)
RHD cases histsned Lange gene-disrupting CNVs that were absent from of extremely fre in the 13,839 population canttals, dbentifying
38 potential novel ar rare genornic disorders for this walt, Deletions at the HNFIR Torws and the DitGeorge/velotardiofacial loous were
mest faeguent. However, the majority of disorders were detected In a single individual- Genomic disorders were detected In 22.5% of
individuals with mulliple malformations and 14.5% of individuals with Bolated urlnary-tract defects; 14 individuals hartiored two of
b dignostic or rie CHVS. Strikingly, the majorty of e kesown CHV disorders detecied in the RHD cohort have previoos associz-
tions with developmental delay or nenmpsyehibtrie diseases. Up to 16.6% of individuals with kidney malfarmations had & mioleculas
diagrcsis sttributable to & copy-tumber disondes, suggesting kidoey malformations at 4 sentinel manifestation of pathogenic genomic
ionbalances. A search for pathogenie CNVs shiould be considered bn this pepalation for the diagnosis of thair specific genomic disorders
and for the evaluatinn of the potential for developmental dekay,

forms of disease with 2 profound impact on long-term
renal survival® Currently, the diagnosis is based on

Introduction

Congenltal malformations of the kldney and urinary tiact
are present in 37 oul of 1,000 births,'? accounting for
23% of birth defects? These malformations sccount for
0%-50% ol pediatric and 7% of adult end-stage renal
disease worldwide.* ® among these malformations, renal
aplasia, agenesis, hiypoplasia, and dysplasia (referred to
hereafter as renal hypodysplasia [RELD]) represent severe

prenatal or postnatal imaging smdies demonsirating
absent or small kidmeys with or without additional
urinary-tract defects. The etivlogy of the majority of cases
remains uriknown, However, multiple Unes of evidence
suggest a strong genetic contribution o the pathogenesis
of these birth defects. For example, many cytogenetic
abnormalities and genetic syndromes are associated with
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ABSTRACT

BACKGROUND

Congenital abnormalities of the kidney and the urinary tract are the most common
cause of pediatric kidney failure. These disorders are highly heterogeneous, and the
etiologic factors are poorly understeod,

METHODS
We performed genomewide linkage analysis and whole-exome sequencing in a
family with an autosomal dominant form of congenital abnormalities of the kidney
or urinary tract (seven affected family members). We also performed a sequence
analysis in 311 unrelated patients, as well as histologic and functional studies.

RESULTS
Linkage analysis identified five regions of the genome that were shared among all
affected family members. Exome sequencing identified a single, rare, deleterious vari-
ant within these linkage intervals, a heterozygous splice-site mutation in the dual
serine—threonine and tyrosine protein kinase gene (DSTYK). This variant, which
resulted in aberrant splicing of messenger RNA, was present in all affected family
members, Additional, independent DSTYK mutations, including nonsense and splice-
site mutations, were detected in 7 of 311 unrelated patients. DSTYK is highly expressed
in the maturing epithelia of all major organs, localizing to eell membranes. Knock-
down in zebrafish resulted in developmental defects in multiple organs, which
suggested loss afﬁbrobhatgwwthfaﬂm(FGF)agnahag.Consistmtwkhthw
fndlng is the ohservation that DSTYK colocalizes with FGF receptors in the ure-
teric bud and metanephric mesenchyme. DSTYK knockdown in human embryonic
kidney cells inhibited FGF-stimulated phosphorylation of extracellular-signal-regu-
lated kinase (ERK), the principal signal downstream of receptor tyrosine kinases.

CONCLUSIONS

We detected independent DSTYK mutations in 2.3% of patients with congenital ab-
normalities of the kidney or urinary tract, a finding that suggests that DSTYK is a
major determinant of human urinary tract development, downstream of FGF sig-
naling, (Funded by the National Institutes of Health and others.)
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Dzieci z wadami ukladu moczowego (CAKUT) z polskiej
populacji objete badaniami metoda mikromacierzy

Agenezja, hipoplazja i dysplazja nerek
Uropatia zaporowa

fdwojenie nerek, miedniczek | moczowodow
Zastawka cewki tylnej

Merka podkowiasta iflub ektopia nerki

Ogdina liczba




Agenezja, hipoplazja, dysplazja nerek

Znane d-EIE::]_'E i
duplikacje, 10.1%

Mowe delecjei
duplikacje, 3.1%

Znane delecje i duplikacje
Nowe delecje i duplikacje
Ogolna liczba




potencjalnie patogenne mikrorearanzacje chromosomo
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Nowy zespol - delecja
chromosomu 3q13.31-22.1 (15 Mb)
(nie opisany wczesnie] w literaturze)
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elecja chromosomu 17q12 (utrata genu HNF']
Renal Cysts and Diabetes (RCAD) Syndrome
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ecja chromosomu 17p11.2 (3.5 Mb)
p6t Smith-Magenis — pacjent z
ez]g nerki 1 OPM

Duplikacja chromosomu 17p
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Delecja chromosomu 22q11.2

—u 4 pacjentow
Zespol DiGeorge
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ABSTRACT

BACKGROUND
tiple organs, inchuding the heart, the nervous system, and the kidney. It is caused by dele-
tions on chromosome 22g11.2; the genetic driver of the kidney defects is unknown.
METHODS

‘We conducted 2 genomewide search for structural variants in two coborts: 2080 pabients with
congenital kidney and urinary tract anomalies and 22,094 controls. We performed exome
and targeted reseguencing in samples obtained from 586 additional patients with con-
RESULTS

We identified heterozygous deletions of 22q11.2 in 1.1% of the patients with congenital
kidney anomalies and in (.01% of population controls (odds ratio, 81.5; P=4.5x10-),
We localized the main drivers of renal disease in the LiGeorge syndrome o a 370-kb
region containing nine genes. In zebrafish embryos, an induced loss of function in
smup29, aifind, and o resulted in renal defects; the loss of mid alone was sufficient to
induce defects. Five of 586 patients with congenital urinary anomalies had newly identi-
fied, heterozygous protein-altering variants, including 3 premature termination codon,
in CHKL. The inactivation of Crkl in the mouse model indured developmental defects
similar to those observed in patients with congenital urinary anomalies.

CONCLUSIONS

We identified a recurrent 370-kb deletion at the 22g11.2 locus as a driver of kidney de-
fects in the DiGeorge syndrome and in sporadic congenital kidney and urinary tract
anomalies. Of the nine penes at this locus, SNAP29, AIFM3, and CRKL appear to be
critical to the phenotype, with kaploinsufficiency of CRKL emerging as the main ge-
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FPolish Kidney Genetics Metwork (POLYGEMES) is a collaborative network of Polish nephrologists,
pediatricians, and geneticists that aims to advance genetics studies of Polish patients affected by rare
inherited forms of kidney disease. The POLYGEMNES network represents a collaborative effort
between the Division of Mephrology at Columbia University in Mew York and the Polish Registry of
Congenital Malformations (PRCM) in the Department of Genetics at Poznan University of Medical
Sciences, Poland and The Center of Medical Genetics GENESIS, Poznan, Poland The network
includes a large number of clinical field centers across Poland
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Mikromacierz CGH (aCGH)

Znakuje si¢ fluorochromami DNA
pacjenta (zielona fluorescencja 1
DNA kontrolny (czerwona
fluorescencja), a nastepnie oba DNA
si¢ t1aczy 1 nanosi na mikromacierz,
gdzie konkuruja o hybrydyzacje do
sond molekularnych mikromacierzy.
Przewaga fluorescencji zielonej
wskazuje na duplikacje, przewaga
fluorescencji czerwonej — na delecje
odpowiadajacego sondzie
molekularnej fragmentu DNA u
pacjenta.

Pomiar fluorescencji jest prowadzony
przez skaner, auzyskany obraz jest
analizowany z zastosowaniem
specjalnych programow
komputerowych.

Patient Control

Hybridization l
to array

T et sinfitiar D Representation of
actual array

Data analysis and output
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