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Abstract

Background: Phelan-McDermid syndrome (PHMDS) is a rare genetic disorder mostly caused by haploinsufficincy of
SHANK3 gene, and characterized by neonatal hypotonia, developmental delay, minor dysmorphic features, seizures
and behavior problems. Literature of this syndrome is scanty and confusing, and represents a challenge for pediatri-

cians, in terms of finding the correct diagnoses.

Case presentation: In a postnatal case with hypotonia and dysmorphic features a de novo ring chromosome r(22)
leading to in parallel microdeletion and micro duplication in 22q13 was diagnosed by banding cytogenetics, and
further characterized in detail by molecular cytogenetic and chromosomal microarray.

Conclusion: Here a rare PHMDS case caused by a r(22) is presented. Less than 10 comparable cases are reported in
the literature. The present case highlights the importance of conducting genetic counseling and appropriate genetic

tests for newborns with mild dysmorphic features.

Keywords: Phelan-McDermid syndrome (PHMDS), Ring chromosome 22 (r(22)), 22g13 deletion, 22q13 duplication

Background

Ring chromosome 22/r(22) syndrome [ORPHA: 1446]
is a rare chromosomal aberration with a prevalence of
1/1,000,000 and usually a de novo event; however, there
are some familial cases reported. Especially familial r(22)
cases may be without phenotypic effects, as in those no
crucial genetic material was lost or gained. Clinical mani-
festations in deleterious r(22) cases may include devel-
opmental and speech delay, global intellectual disability,
growth retardation, microcephaly, hypotonia and mild to
prominent facial dysmorphic features, such as large ears
and bulbous nose [1-4]. Psychological and behavioral
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problems including aggressive behavior, as well as hyper-
activity, bipolar affective disorder, self-injurious behavior,
and autistic spectrum disorders are relatively common
among patients with this chromosomal abnormality [5—
8]. Seizures of different types including febrile, general-
ized tonic—clonic, focal, absence seizures and peculiar
features can be present in about 25% of the cases with
22q13 deletion [9, 10].

Skin disorders and pigmentation abnormalities were
observed in a few number of cases with constitutional
mosaicism of r[22] chromosome, such as hypomelanosis,
hypochromic maculae and patchy depigmentation in dif-
ferent part of the body [11, 12].

Speech delay is one of the common features among
individuals with 22q13 deletion, this region could be a
candidate genomic segment to carry genes involved in
speech development and autistic spectrum in childhood
[13].
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Besides copy number variants (CNVs) due to ring
chromosome formation, a common mechanism how
ring chromosomes may lead to clinical problems is,
that they tend to lead to be lost or duplicated as a whole
in part of the patient’s cells. Thus, mosaics like mos
46,XX/46,XX,r(22)/45,XX, — 21/47,XX,r(22),+1r(22) can
be observed. According to the mosaic status in different
tissues, various phenotypic deviations may be observed
in basically similar r(22) cases [14]. According to [15]
r(22) has been seen to be associated with PHMDS in
at least 5 cases, yet. Here we report another such case,
which was not suspected to be PHMDS, before a r(22)
was observed in banding cytogenetics.

Case presentation

A full-term female infant was born by lower segment
caesarian section after breech presentation. Clinical
examination indicated mild neonatal hypotonia, feeding
difficulties, mild facial dysmorphism expressed as small
rounded face and microcephaly (head circumference at
birth was 33 cm), synophrys, and a birth weight of 3.0 kg.
After one month, she was admitted to the general pedi-
atric ward with short history of cough, fever, cyanosis
and change of voice particularly during crying. Other-
wise, she was active, with normal heart rate and blood
pressure, and no seizure or abnormal movements. Her
weight was 2.66 kg, with head circumference of 34 cm
being below 3rd percentile. Respiratory examination
showed mild stridor, otherwise, auscultation of the chest
revealed equal bilateral breath sounds with scattered
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rhonchi. Respiratory panel indicated human rhinovirus.
Her cardiovascular and central nervous systems were
unremarkable, abdomen was soft with no distension, pal-
pable masses or organomegaly. She was treated sympto-
matically as a case of bronchiolitis and at the same time
metabolic and chromosomal analysis were requested to
investigate the causes of her failure to thrive. Karyotype
revealed heterozygous ring chromosome 22 with a karyo-
type of 46,XX,r(22) (Fig. 1). The patient was discharged
home in a stable condition after she started to gain weight
in the hospital, and a clinical dietician was involved in
treatment protocol. Two weeks later, she was readmit-
ted to the pediatric ward with history of cough, fever and
shortness of breath. At examination she showed mild res-
piratory distress as intercostal and subcostal retraction,
and X-ray evidenced of bronchopneumia. Fiber optic
study confirmed diagnosis of laryngomalacia.

Subsequent single nucleotide polymorphism (SNP)-
array analysis (HumanCytoSNP-12v2.1, Illumina) identi-
fied two adjacent CN'Vs in chromosome 22:

— an interstitial duplication of the long arm
of  chromosome 22 (arr[GRCh37] 22q13
.2q13.31(43682699_46704243) x 3) of approximately
three megabases (Mb). This region is not polymor-
phic (DGV, gnomAD) and includes 24 OMIM genes
(3 of them are classified as disease causing: ATXNI0,
FBLNI and PPARA; see Table 1). Duplications
22q13.2q13.31 were not described in the Achropuce,
Decipher, Clingen and Pubmed databases. Thus, this
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Table 1 OMIM Morbid annotated genes with gene coordinates, mode of inheritance (AD: autosomal dominant) and associated
clinical phenotypes for arr{GRch37] 22g13.2q13.31(43682699_46704243) x 3

Gene Disease, # OMIM entry Gene coordinate Chr Mode of Phenotype features
22 (GRCh38) inheritance
FBLNT Synpolydactyly-2 (SPD2) 45,502,883-45,601,135 AD Hand syndactyly/synpolydactyly (3rd or 4th
Fibulin 1 #608,180 digits), feet Syndactyly (2nd, 3rd, 4th digits), hand
and feet metatarsal synostosis (3rd and 4th digits),
hand and feet Symmetric, bilateral malformations
ATXNTO Spinocerebellar ataxia-10 (SCA10)  45,671,834-45,845,307 AD repeat Progressive cerebellar ataxia and atrophy, scan-
Ataxin 10 #603,516 expansion  ning speech, seizures, hyperreflexia, cognitive
(ATTCT)n impairment, dementia, nystagmus, dysphagia,
urinary incontinence, age at onset 14 to 44 years
PPARA Susceptibility to hyper-apobetali-  46,150,526-46,243,756 - Physiological function during various nutritional

Peroxisome proliferator-
activated receptor-
alpha

poproteinemia

states, possible role in several chronic diseases
(PMID: 10,839,530)

copy number variant (CNV) is of uncertain signifi-
cance.

— The adjacent distal heterozygous deletion of the
long arm of chromosome 22 (arr[GRCh37] 22q13
.31q13.33(46722256_51169045) x 1) was approxi-
mately 4.4 Mb in size. This region is not polymor-
phic (DGV, gnomAD) and includes 37 OMIM genes
(12 of them are classified as disease causing includ-
ing: TRMU, CELSRI, ALGI12, MLCI, MOVIOLI,
TUBGCP6, SCO2, TYMPB, CHKB, SBFI1, ARSA, and
SHANKS3; see Table 2) [16—18]. Deletion of SHANK3
and the terminal region of the long arm of chro-
mosome 22 are responsible for autosomal domi-
nant inherited PHMDS [OMIM #606,232, ORPHA:
48652] [19-21]. This deletion is pathogenic due to
haploinsufficiency of the included autosomal domi-
nant genes or damasking recessive mutations on the
second allele and contributes to the patient’s pheno-

type.

To confirm the SNP-array results, fluorescence
in situ hybridization (FISH) studies were carried out.
Centromeric probe D14/2271 (Zytovison, Bremer-
haven, Germany), a probe for all acrocentric short arms
(midi54) [22], and as locus specific probes the subtelo-
meric probe D22S163 (Abbott/Vysis, Wiesbaden, Ger-
many in 22q13.33), RP3-388M5 (in 22q13.-2~13.31;
chr22:44,142,192-44,319,759) and RP3-398C22 (in
22q13.31; chr22:46,075,907-46,165,234) were used to
further characterize the r(22). A whole chromosome
paint (wcp) for chromosome 22 was applied as con-
trol probe [23]. It could be shown that almost the whole
short arm of chromosome 22 was lost on the ring chro-
mosome and one breakpoint of r(22) is in 22p11.1, cov-
ered by probe D14/2271. Besides by application of the

three locus specific probes it could be confirmed that the
subtelomeric region was deleted in the r(22) and it was
revealed that the region being duplicated according to
SNP-array results is inverted duplicated (see Fig. 1). There-
fore, the karyotype of the case according to ISCN 2020
nomenclature [24] is 46,XX,r(22)(::p11.1->q13.31::q13.31
->ql3.2:).ish r(22)(wcp22+,midi54-,D14/2271dim,RP3-
388M5 + +,RP3-398C22 + +,D225163-).arr[GRCh37]
22q13.2q13.31(43682699_46704243) x 3),22q13.
31q13.33(46722256_51169045) x 1).

Currently, the patient is one year and eight months old,
active, cheerful, playful, growing well, and still rely on
commercial infant milk formula. She was born with two
small hemangiomas; one of them was on the front head
which gradually faded, and the other on the sacral area
which is regressing in size with age; so far hemangio-
mas are no specific features of PHMDS and are common
among newborns. Her weight is 10.9 kg on the 50th per-
centile, length is 80 cm on the 50th percentile, and head
circumference is 44 cm on 5th percentile. She is achiev-
ing her developmental milestones as she can stand and
started walking.

Discussion and conclusion

PHMDS is characterized by wide range of phenotypic and
clinical features due to the highly diverse deletion sizes
and different genes involved. The case presented here
has a r(22) which was present in each studied cell of the
patient. There was no evidence for a mosaic karyotype as
reported for other r(22) cases in the literature [12, 25].
In the 22q13.31q13.33 deletion identified in the proband
there are 12 genes involved, one of the important genes
in this region related to the early speech development is
SHANKS3 located at 22q13.3, its expression plays a pivotal
role in the development of the cerebral cortex and the
cerebellum, and therefore, it is a strong candidate gene
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for neurobehavioral disorders [26], dysmorphic features,
autism spectrum disorders, bipolar disorders, hyperac-
tivity, gastrointestinal symptoms, retinopathy, and cardia
malformations [27]. Although [28] reported that clinical
features of patients without SHANKS3 deletion were simi-
lar to that of patients having the SHANK3 deletion which
may suggest that other genes within this region may play
a role in the phenotypes of PHMDS.

Moreover, the ATXN10 and FBLNI genes which are
involved in the 22q13.2q13.31 duplication, and CELSRI
gene encode proteins that are involved in neurodevel-
opmental features, and their copy number variation
may contribute to the clinical phenotypes of PHMDS
as well [28, 29], while the deletion of ARSA may cause
remarkable loss of myelin in the central nervous system,
resulting in different neurological problems [12]. In addi-
tion to the role of SHANKS3, the deletion of the ALGI12,
MLC1, TUBGCP6, SCO2 and CHKB genes located in the
22q13.31q13.33 region may have contributed in the mild
dysmorphic features in the proband, whereas the dele-
tion of the TRMU, ARSA genes may be involved in the
mild hypotonia (https://www.omim.org/). The PPARA
gene which is known to play a role in lipid metabolism
pathways, and contributes to the susceptibility to hyper-
apobetalipoproteinemia and some other chronic dis-
ease [30]. However, although this gene is duplicated in
the proband but all lipids profile are within the normal
ranges.

While it is still early to evaluate our case regarding
possible psychological and behavioral and other chronic
disorders, we may conclude that the clinical characteris-
tics including dysmorphic features like small head, small
rounded face and mild hypotonia are a consequence of
her chromosomal imbalance. And the level of the mild
dysmorphic features in the proband might be a result of
phenotypic overlay with the adjacent duplication includ-
ing the ATXNIO duplication, which might be in turn
neuroprotective and modifies the severity of PHMDS
features.

In this case report we describe the molecular cytoge-
netic and clinical characteristics of a one year and eight
months female diagnosed with PHMDS involving dele-
tion of SHANK3 gene, and 22q13 duplication syndrome
with mild hypotonia and dysmorphic features. This
case sheds lights on the importance of offering genetic
counseling and genetic testing for newborns with mild
dysmorphic features, which could be due to genetic fac-
tors. It is highly recommended to follow up the children
in order to diagnose any possible behavioral or psycho-
logical disorders, which may appear in the future, since
the patient harbors a duplication of 22q13, which may
increase the risk of developmental delay as well as for
learning and intellectual difficulties. Taking into account
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that early diagnosis of such disorders might be helpful in
patient’s management and treatment.
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