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Abstract 

Background WAGR syndrome is a rare genetic disorder characterized by a de novo deletion of 11p13 and is usually 
clinically associated with Wilms’ tumor, aniridia, genitourinary anomalies, and mental retardation (W-A-G-R). Although 
the genotypic defects in WAGR syndrome have been well established. The congenital aniridia is caused, in nearly 90% 
of cases by mutations in the gene PAX6. In the face of congenital aniridia, it is imperative to specify whether it falls 
within the scope of a WAGR syndrome or if it is an isolated congenital aniridia or inherited by performing karyotype, 
FISH (Fluorescence In Situ Hybridization) or a CGH array for genetic counseling.

Case presentation We report here a case of genetic testing for newborn with aniridia, to detect 11p13 rear-
rangements, using karyotyping and CGH array to complete picture of the chromosomal deletions and breakpoints 
in aniridia. Results show either a loss of 3811.196 kb on chromosome 11 delimited by the bands p14.1 and p13 
with formula or a loss of a 1867.287 kb on chromosome 18 fragment delimited by q21.33 and q22.1 bands, 
that has not been detected by karyotype analysis.

Conclusions Cytogenetics screening is a good strategy for the genetic diagnosis of aniridia and associated syn-
dromes, allowing for a better identification of breakpoints. Our results underline the clinical importance of perform-
ing exhaustive and accurate analysis of chromosomal rearrangements for patients with aniridia, especially newborns 
to improve survival and quality of life for affected individuals.

Introduction
WAGR syndrome is a syndrome grouping systemic and 
ocular abnormalities. It is the acronym for a set of mal-
formations and clinical characteristics with W standing 
for Wilms tumor (or nephroblastoma), A for congenital 
aniridia, G for urogenital abnormalities, and R for mental 

retardation/intellectual disability and retardation of psy-
chomotor development [1, 2]. A large variety of pheno-
typic manifestations of the syndrome has been reported 
[3, 4]. Clinical diagnosis is usually made at the infancy 
stage by the presence of congenital aniridia (revealed 
by the total absence of a black pupil type iris or partial 
absence of iris) or by the existence of nystagmus; and/or 
urogenital abnormalities. The association of congenital 
aniridia and genital or urogenital abnormalities (more 
discrete in girls) should alert the clinician to the possibil-
ity of WAGR syndrome. Children with WAGR syndrome 
can undergo delayed development (difficulty process-
ing, learning, speaking or understanding language…) or 
psychiatric or behavioral problems (attention-deficit/
hyperactivity disorder (ADHD), obsessive–compulsive 
disorder (OCD), or autism spectrum disorder). When 
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WAGR syndrome includes childhood-onset obesity, it is 
often referred to as WAGRO syndrome [5].

WAGR syndrome is sporadic in the vast majority of 
cases regardless of family history, resulting from the de 
novo occurrence of a chromosomal accident microdele-
tion type. In rare cases, WAGR syndrome is “inherited.” 
In these cases, a parent carrying a balanced translocation 
rearrangement with no signs and symptoms can transmit 
during meiosis a reciprocal unbalanced translocations to 
the offspring during tetravalent chromosome segregation 
showing a partial trisomy or partial monosomy [6].

The annual incidence of congenital aniridia varies 
from 1/40,000 to 1/100,000 births. This ratio is perhaps 
underestimated, regardless of ethnicity or sex prevalence, 
it can reach one in 500,000 to 1 million, and thus, it is a 
rare genetic pathology [7, 8]. It is, therefore, considered a 
rare disease with a prevalence of less than 1/2000 people, 
according to the European estimations.

The WAGR syndrome genotypic and phenotypic 
abnormalities have been well established and detected 
by cytogenetic analysis [3, 9]. This syndrome is the con-
sequence of a heterozygous interstitial microdeletion on 
the short arm of chromosome 11 which causes at least 
the loss of several genes contiguous at 11p13 [10] such 
as the WT1 Wilms tumor 1 gene (kidney tumor sup-
pressor gene), responsible for urogenital abnormalities 
congenital and in case of a secondary event on the other 
allele, the occurrence of Wilms tumor (nephroblastoma) 
[9], and the PAX6 gene, coding for transcription factors 
involved in the development of the eye, sensory organs 
and brain. Neurodevelopmental disorders may be related 
to the additional loss of still ill-defined genes in the 11p13 
region. Microdeletions wider, involving the 11p14 band 
which encompasses the BDNF gene (Brain-Derived Neu-
rotrophic Factor) and other genes such as LMO2, EXT2, 
ALX4 [11], PRRG4, and TRIM44, have been causally 
connected to obesity and potentially intellectual disabil-
ity associated with the disease [12]. The size of the dele-
tion varies between individuals from 1 million to 26.5 
million pairs of bases (or Mb), the average being 11 Mb. 
The variability in the size of the genetic microdeletion 
explains the variable phenotype.

Congenital aniridia is caused, in nearly 90% of cases, 
by mutations in the gene PAX6 located on the short arm 
of a chromosome 11 at 11p13, which codes for a factor 
of transcription linked to the process of development of 
the eyeball [13, 14]. Mutations in the PAX6 gene cause 
corneal cytokeratin expression problems, as well as 
abnormalities cell adhesion and migration and the glyco-
conjugate process.

To handle a congenital aniridia, it is compulsory to 
specify whether it falls within the scope of a WAGR 
syndrome or if it is an isolated congenital aniridia by 

performing karyotype, Fluorescence In  Situ Hybridi-
zation (FISH) or an array-based comparative genomic 
hybridization (array CGH) or if possible searching for a 
PAX6 and WT1 microdeletion [8, 15]. If the gene locus 
PAX6 is intact, the study by FISH must also target the 
regulatory region of the gene located in introns 7–9 of 
the neighboring gene, ELP4. Besides the classic features 
for which the syndrome is named, it can have other clini-
cal abnormalities and complications (craniofacial dys-
morphism and deficits sensory) for which the disorder is 
less well known.

Conventional cytogenetic analysis is considered as 
important tool for routine laboratory testing providing 
a significant diagnostic and prognostic results for many 
human diseases. We report here an application of con-
ventional and molecular cytogenetics for genetic diagno-
sis of WAGR syndrom in Morocco.

Patients and methods
Case presentation
We present a case of a child received for a medical 
genetic consultation in the National Laboratory of Refer-
ence, Cheikh Khalifa Hospital, Casablanca. Our patient 
is a 14-month-old male, the first and unique child of a 
non-consanguineous young Moroccan couple (mother 
and father aged 24 and 33  years old, respectively). The 
child was born at term without any pregnancy-related 
complications. He has received his vaccines according to 
the Moroccan National Vaccination Program. The child 
presents photophobia and whitish lesion in eyes. Clini-
cal and fundus eye examination revealed abnormal eyes 
(bilateral aniridia) and hypoplasia. He has genitourinary 
anomalies (hypospadias and undescended testes) asso-
ciated with psychomotor developmental delay. These 
symptoms imply that the WAGR syndrome or a congeni-
tal aniridia to be confirmed by the presence or absence of 
the interstitial deletion in the short arm of one chromo-
some 11. There was no family history of aniridia or renal 
tumors.

Methods
Conventional cytogenetic analysis
The patient’s parents gave informed consent for this 
study, which was performed in accordance with the Dec-
laration of Helsinki protocols and approved by the eth-
ics committee of Cheikh Khalifa Hospital. Three–5  ml 
of blood put in a heparinized tube was taken from the 
patient for cytogenetic analysis. Chromosomal analy-
sis was performed by R-banding at the resolution level 
of 400 bands according to standard procedures using a 
Metaphase Chromosome Harvester (HANABI PII, ADS 
Biotec company). The spreading was done by the meta-
phase Auto Spreader Mini (HANABI PV, ADS Biotec 
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company). Chromosome classification and analysis was 
performed using an automatic system “GenASIS, Version 
7.2.7.34276 (https:// spect ral- imagi ng. com).” Karyotype 
was described according to the International System for 
Human Cytogenetic Nomenclature ISCN (2020) [16] by 
analyzing about 20 mitoses.

Molecular cytogenetic: array‑based comparative genomic 
hybridization (array CGH)
To specify with precision the boundaries of deletions, we 
performed an array CGH using the Cytoscan HD plat-
form from Affymetrix Cytoscan HD array containing 
roughly around 1 million probes (Applied Biosystems: 
ex Affymetrix). It provides a genome-wide approach 
for the detection of CNVs (gains or losses), LOH, and 
UPD on a single test. Blood was collected on EDTA tube 
from the proband, and DNA was extracted using Maxi-
QIAamp DNA Extraction Kit (Qiagen, Hidden, Ger-
many) according to the manufacturer’s instructions. The 
quality of DNA evaluated by electrophoresis on agarose 
gel and DNA was quantified using Qubit (Thermo Fisher 
Scientific). The protocol was conducted following the 
manufacture recommendations with some modifications 
(data not shown) in the presence of a positive and nega-
tive controls. After labeling PCR fragmented product 
and hybridization process on the GeneChip® hybridiza-
tion oven 645, the array was washed on the GeneChip® 
Fluidic station 450 and scanned using GeneChip® 3000 
Scanner. The scanner generates images of the array 
and converts them to a «.cel» file. This output file was 

analyzed using the software «Affymetrix Chromosomal 
Analysis Suites: ChAs» version 4.3 (Thermo).

Results
Cytogenetic investigation revealed a male karyotype with 
an interstitial deletion at the short arm of chromosome 
11 (partial monosomy 11p, monosomy 11p13-p14.2) 
(Fig. 1).

To precisely specify the boundaries of dele-
tions, we performed array CGH on the blood sam-
ple of the proband. Results show either a loss of 
3811.196  kb on chromosome 11 delimited by the 
bands p14.1 and p13 with formula; arr[GRCh38] 11p14
.1p13(28,763,339_32,574,534) × 1 (Fig.  2) or a loss of 
a 1867.287  kb on chromosome 18 fragment delimited 
by q21.33 and q22.1 bands (Fig.  3), that has not been 
detected by karyotype analysis before, with formula: 
arr[GRCh38] 18q21.33q22.1(62,053,563_63,920,849) × 1.

The deletion at chromosome 11 includes 12 OMIM 
genes: KCNA4 (176266), FSHB (136530), ARL14EP 
(612295), MPPED2 (600911), DCDC1 (608062), 
DNAJC24 (611072), IMMP1L (612323), ELP4 (606985), 
RCN1 (602735), PAX6 (607108), WT1 (607102), and 
WT1-AS (607899). The deletion of the last three genes 
confirms the suspected phenotype and confirms the 
WAGR syndrome without ongoing Fluorescent In  Situ 
Hybridization (FISH) [17, 18].

The deletion at chromosome 18 includes 17 OMIM 
genes: PIGN (606097), RELCH (618001), TNFRSF11A 
(603499), PHLPP1 (609396), BCL2 (151430), KDSR 
(136440), VPS4B (609983), and long intergenic 

(a) (b)
Fig. 1 a Representation of chromosome 11. (Source: Pr D. Bremond-Gignac). b Karyogram obtained by R-banding showing deletion in the short 
arm of one chromosome 11, with breakpoints at p13 and p14 (arrow). Karyotype analysis shows interstitial deletion

https://spectral-imaging.com
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Fig. 2 Deletion in the short arm of one chromosome 11 showed by CHAS software

Fig. 3 Deletion in the short arm of one chromosome 18 showed by CHAS software
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noncoding RNA genes: SERPINB5 (154790), SERPINB12 
(615662), SERPINB13 (604445), SERPINB4 (600518), 
SERPINB3 (600517), SERPINB11 (615682), SERPINB7 
(603357), SERPINB2 (173390), and SERPINB10 (602058). 
These genes have no relation with the phenotype. Thus, 
this deletion is not linked to the phenotype but, rather, to 
the deletion on chromosome 11.

Discussion
Our study has shown that the patient showed typical 
signs (Wilms tumor, aniridia, genitourinary anomalies, 
and psychomotor retardation) of WAGR. The karyo-
type analysis showed monosomy 11p13-p14.2 confirmed 
by CGH array analysis showing a loss of 3811.196  kb 
on chromosome 11 delimited by the bands p14.1 and 
p13, including WT1 and PAX 6 genes. Nevertheless, 
the scope of these contributions remains undefined in 
terms of developmental delay observed in our patient, 
which could mostly result from the KCNA gene dele-
tion (KCNA4: potassium voltage-gated channel, shaker-
related subfamily, member 4). This gene is linked to 
microcephaly, cataracts, impaired intellectual develop-
ment, and dystonia with abnormal striatum phenotype 
segregating in autosomic recessive inheritance originally 
reported by Al-Owain et al. (2013), Kaya et al. (2016) in 
a consanguineous Saudi family, presenting homozygosity 
for a missense mutation leading to the loss of KCNA4 
gene function [19, 20].

This finding is very important in managing and evalu-
ating WAGR syndrome because it helps to deliver the 
genetic anomalies information to confirm the diagno-
sis of the associated syndromes. The use of classical 
and molecular cytogenetic techniques is important to 
confirm the diagnosis of WAGR syndrome. However, 
while karyotyping has been considered the gold stand-
ard technique for detecting chromosomal alterations 
for many years, it has limitations regarding the severity 
of the phenotype which depends not only on the size of 
the deletion, but also on the genes mapped to the deleted 
segments responsible for the associated syndromes, well 
characterized by chromosomal microarray [21]. The use 
of CGH array highlighted the main cause of obesity asso-
ciated with WAGR due to the deletion of BDNF gene [22] 
and a high risk of developing either multiple exostoses (a 
disorder characterized by cartilaginous excrescences near 
the ends of the diaphysis of the long bones) or Potocki–
Shaffer syndrome by deletion including ALX4 or ETX2 
genes [23].

In conclusion, we report the first molecular cytoge-
netic description using Cytoscan HD-CGH array tool 
in Morocco of a patient with WAGR syndrome. The 
absence of WT1 and PAX 6 genes makes obligatory the 
health supervision for the child by recommending an 

appropriate medical intervention by regular monitoring 
of visual function, of renal ultrasound examinations, and 
of renal function to prevent secondary expected compli-
cations due to solid molecular diagnostics to improve his 
survival and quality of life. A correct detection of these 
genetic defects has important consequences for prognos-
tic and genetic counseling of patients and families with 
aniridia, particularly for syndromic patients and sporadic 
cases.
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