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ABSTRACT. The major clinical features of monosomy 1p36 deletion are
developmental delay and hypotonia associated with short stature and
craniofacial dysmorphisms. The objective of this study was to review the
cases of 1p36 deletion that was reported between 1999 and 2014, in order to
identify a possible correlation between the size of the 1p36-deleted segment
and the clinical phenotype of the disease. Scientific articles published in the
(National Center for Biotechnology Information; NCBI http://www.ncbi.nim.
nih.gov/pubmed) and Scientific Electronic Library Online (www.scielo.com.
br) databases were searched using key word combinations, such as “1p36
deletion”, “monosomy 1p36 deletion”, and “1p36 deletion syndrome”. Articles
in English or Spanish reporting the correlation between deletion sizes and
the respective clinical phenotypes were retrieved, while letters, reviews,
guidelines, and studies with mouse models were excluded. Among the 746
retrieved articles, only 17 (12 case reports and 5 series of cases), comprising
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29 patients (9 males and 20 females, aged 0 months (neonate) to 22 years)
bearing the 1p36 deletions and whose clinical phenotypes were described,
met the inclusion criteria. The genotype-phenotype correlation in monosomy
1p36 is a challenge because of the variability in the size of the deleted
segment, as well as in the clinical manifestations of similar size deletions.
Therefore, the severity of the clinical features was not always associated with
the deletion size, possibly because of the other influences, such as stochastic
factors, epigenetic events, or reduced penetration of the deleted genes.

Key words: Monosomy 1p36 syndrome; 1p36 deletion syndrome;
Deletion size; Phenotype

INTRODUCTION

Monosomy 1p36, or the 1p36 deletion syndrome, is a subtelomeric monosomy with an inci-
dence of 1 in every 5000 births. A majority of the cases (52-67%) have a terminal deletion on chromo-
some 1. Interstitial deletions (9.7-29%) and other abnormalities, such as derivative chromosomes (7-
16.4%) and complex rearrangements, are less frequent (Shiba et al., 2013; Oiglane-Shlik et al., 2014).

The major clinical features of 1p36 deletion syndrome include motor developmental delay
and hypotonia associated with short stature and craniofacial dysmorphisms, such as large anterior
fontanel, prominent forehead and chin, deep eyes, a flat nasal bridge, maxillary hypoplasia, and
ear asymmetry (Zagalo et al., 2012). The patients may also show skeletal malformations, cardiac,
gastrointestinal, and visual abnormalities, seizures, and behavioral disorders.

Monosomy 1p36 is the most common terminal deletion in human beings, responsible for
about 1% of all cases of idiopathic mental retardation (Battaglia et al., 2008). Therefore, the objective
of this paper was to review the cases of 1p36 deletion syndrome described in the literature from
1999 to 2014, and to correlate the size of the 1p36-deleted segments with the clinical phenotypes.

MATERIAL AND METHODS

The scientific articles submitted to the database at the National Center for Biotechnology
Information (NCBI; http://www.ncbi.nim.nih.gov/pubmed) and the Scientific Electronic Library Online
(www.scielo.com.br) websites were electronically searched using various combinations of key words,
including “1p36 deletion”, “monosomy 1p36 deletion”, and “1p36 deletion syndrome”.

Articles published between 1999 and 2014, written in English or Spanish, which reported
an association between the size of the deletion in each patient and their respective clinical
phenotypes, were retrieved. Articles showing an association with the phenotype while excluding
the measurement of the size of the deletion were excluded from this review; additionally, those
papers reporting changes on chromosomes other than chromosome 1p36 were also excluded.

Letters, reviews, guidelines, and studies in mouse models were also excluded.
RESULTS

The search retrieved 746 articles. Among these, 17 scientific articles met the criteria for
inclusion and were selected for this study (D’Angelo et al., 2006; Krepischi-Santos et al., 2006;
Kang et al., 2007; Robinson et al., 2008; Bursztejn et al., 2009; El-Hattab et al., 2010; Gajecka
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et al., 2010; Rosenfeld et al., 2010; Haimi et al., 2011; Mikhail et al., 2011; Nicoulaz et al., 2011;
Giannikou et al., 2012; Gervasini et al., 2013; Shiba et al., 2013; Zhu et al., 2013; Shimada et al.,
2014; Stagi et al., 2014). Among these, 12 were case reports and five reported series of cases.
These articles included a total of 29 patients (9 males and 20 females aged 0 months (neonate)
to 22 years) bearing the measured 1p36 deletions, and whose clinical phenotypes have been
described. The deletion sizes ranged from 199 kb to 16 Mb.

All deletions and phenotypes are indicated in an ideogram of chromosome 1, with an
amplified 1p36.11-1p36.33 region (Figure 1). Developmental delay, especially psychomotor delay
(44.82%), was prominently observed. Additionally, the articles reported various neurological
manifestations, such as failure in oral expression (55.17%), hypotonia (48.27%), intellectual
disability (48.27%), and epilepsy (41.37%), among others.

DISCUSSION

In this study, we selected 17 articles reporting a deletion in chromosome 1 (1p36). The
majority of the patients analyzed in these articles were females, a finding that has been previously
reported (Slavotinek et al., 1999).

Various techniques are employed to detect chromosomal deletions; array comparative
genome hybridization (aCGH) is a technique that covers the whole genome. This technique is
more effective than the multiplex ligation probe amplification (MLPA) method, used to detect other
chromosomal alterations when 1p36 deletion was not clinically suspected (D’Angelo et al., 2010). The
aCGH method can also be used to determine the break points and measure the size of chromosomal
loss (Battaglia et al., 2008), allowing the investigation of genotype-phenotype association.

Another technique used to identify chromosomal deletions is conventional or high-resolution
karyotype analysis; however, these methods are often unable to detect small changes in the 1p36
segment, as it is a clear G-band on the tip of the terminal region of the short arm of chromosome 1
(Slavotinek et al., 1999); moreover, deletions smaller than 2-3 Mb are not visible with common optical
microscopy. Fluorescence in situ hybridization (FISH), as well as some other techniques, can be used to
complement the cytogenetic study, confirming a partial monosomy in metaphases and/or interphases.
FISH can be used to confirm the microdeletion, discovered using other methods such as CGH array
or MLPA, when the karyotype is normal and when there is a strong clinical suspicion of the syndrome.

Cunha et al. (2014) also described a technique, using real-time quantitative PCR with
a sensitivity and specificity of 100%, for the detection of monosomy 1p36. This technique was
validated in two genes, PRKCZ and SKI, which were absent in most of their patients: eight of the
patients (8/29) presented these deleted genes.

The deletion size can be used to explain the clinical variability of phenotypes such as
the ones observed in other structural chromosomal syndromes (Gajecka et al., 2007). Deletions
ranging from 199 kb to 16 Mb have been previously reported (Rosenfeld et al., 2010; Nicoulaz et
al., 2011). Patients bearing 1p36 deletions of different sizes have been shown to express similar
phenotypes. This indicated that the final aspect of the syndrome is governed by more complex
causes than a simple contiguous gene deletion (Oiglane-Shlik et al., 2014) (Figure 1), such as
the effect of the position of one or more genes, genetic and/or environmental factors that may
aggravate or mitigate the phenotype, and copy number variations or other genetic mutations other
than 1p36. For example, Oiglane-Shlik et al. (2014) reported that only one of four patients with the
same deletion on 1p36 presented congenital heart defect, seizures, and behavioral changes.
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1p36.11-1p36.33

Rosenfeld etal 2000 - Case 1 - 19%h/ dek 1Xp36.33) - Straight eyebrows, pointed chin, hypetonis, developmental delay, hand
flapping . high pain telerancs, sensory ntegiation issues, telang 2ctasi, short palpebml fissurss and sars witha prommnent
| antihelix and extra helie 1
Rosznfeld etal, 2010 - Case 2-26%b/ d2k [)(p36.33) - Straight eyebrows, large hands, mild pectus excavatum heaning loss,
developmental delay. intellectual disabiify. behavior disorders. long and prominant nose, high and arched palate, thickand mollsd
out lower lip. ratros nathia and long neck.
| 1
Rosenfeld et al, 2000 - Case £- 433k del(1Xp36.33) - Abnomal fontanzl stright evebrows, deep-sat eyes, hypophsia, pointed
chin, ssizures, developmental delay, expressive language and polyhydmmnios.
[

Fhu etal, 2015 - Case 1-376kb/ dal{1)p36.33p36.32) - Hypoplsia, abnormal ears and philtrum pointed chin, clinodactyly, heart
defects, seiure, brinabnomualities, developmental delay, hypoplastic thumb, growth retardation, upslanting palpebral fzsums
and small mouth.

R:.Wm’ald st al, 2010 - Case 3 - 623k del{1Xp36.33) - Fypoplasia, abnormal ears, developmental delay, expressive hnguage shin
g . obesity. hyperphagia high pain tolmnes, downslanting and narow palpebral fssums, long nose with bread tip and high

palate.

| 1

Rosenildetal, 2010 - Case 5- 823kb/ de1)p36.33) - Microbrachyeephaly, deep-set eves; abnommal ars, pointad chin, kidney
misshapen, hvpctonm spilepsy, developmental delay, exprassive lnguags, 5lmpa king, hyperphagia andhigh pain tolemncs.

l 1
Stagiztal 2014 -Cass [ - LMD dal{1Xp36.33) -Mirobmchyeephaly, straight svebrows, dezpsateyes, epanthus, bread nasal
rootbaidgs, hvpoplasia abnormal ears, pointad chin, shott &et, hypotonia, seimes, developmental dalay, intzllectual disability,

exprassive language, behaviour diserders, strabisnms, poornzonatal weight and length, hyperphagia, obezityand
hypetinsulingm

[

Gajecka etal, 2010 - Case 2- L3I del1}{p3633p36.32) - Strmight eyebrows, depressed nasal bidge hypoplasia, heart defects,
hypotonia, heating loss, developmental dzlay, mid-facial *hrtﬂmng .midly upslanting palpebral fssures, prematurs thelache and
sacral hair tufe.
| ||
Gajecka atal 2010-Caze 1- 150D del{1Xp36.33p36.32) - Straight syebrows, deprassed nasal bridge, heart defects, seimms,
hzaning loss, davelopmental delay, intellectual disability, expressive language, upshnting palpebral fssures, bidd wwul and
midfacial flattening .
| |
Haimi ztal 2011 -Case 1-220b del1){p36.33p36.32) - Stmight evebrows, deep-sat eyes, hypoplsia, abnomal zars, short toes,
gastrointzstinal anomaliss, brain abnormalities, hypotonia, developmental delay. intzllzctual disability, behavior dsorders,
dovmslanting palpebral fssues, short philtum, lows 2t and flat svebrows, hirsutism, obesity, hyperphagis, mild strabismms and
premature pubsity.
| ]
El-Hattab etal, 2010 - Casz 1 -2/ d=l{IXp36.33p36.32) - Microbrachveephaly, abnonnal fontansl dzep-sat eyes. epicanthus,
flat nazal bndes, hvpoplasia, abnormal zars, sk.bml defects, heart defects, renal malposition and malrotation, omphaloczle,
cloacal exstrophy, imperforate anus, ambiguous genitalis and arcade palate.

Figure 1. Ideogram of the short arm of chromosome 1, and the amplified 1p36.11-1p36.33 region, depicting the
different deleted bands and their respective clinical aspects.
Continued on next page
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Figure 1. Continued
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1p36.11-1p36.33

D Angelo ot al, 2006 - Case 1 - 230D/ del(1Xp3633) - Deep-s=t eyes, abnormal zars, clinodactyly, hypotonia, develo pmental
delay, mizllec tual disability. exprassive language, behaviour disorders, congenital biliterl catamet, obesity, hvperphagia,
prozminent forzhead, hypertricho sis, nmvopla and astig matsm

Stagiztal 2014-Case 2- 230D/ dal{1)p36.33p36.32) - Microbrachyeephaly, strmight evebows, deep-sat eves, epicanthus, broad
nasalroot bridg e hypophsia, abnﬂuml zarz, pomied chin, short fzet, hypotonia, seiznres, developmental delay, intellectual
dizability, expressive language. behaviour dizorders, strabisnms, poorneonatalweight and ength, hvpemhavm obesity and
hvpeninzuliniem

|
Shimada stal, 2014 - Case 1-3b/ del(iXp36.33p36.32) - Deep-sat 2yes, epicanthus
chin, heart defects hypetonia, developmental delay, intellectual disability, expres
hypempigmentation. and depiz mentation.

bread nasal mot, abnormal philtrum pointad
'z languag 2, obesity, skepapnea and skin

.

Shimada stal 2014 - Case 2-450b/ d=l{DHp36.33p3632) - Abnormal fontanel, siraight eyebrows, pointed chin, developments
delay, expressive binguage, behaviour disorders, apnea. obesity, strabisnms, astipmatismand hypermetropia.

Bobinson atal, 2008 - Case 1-3.30Mb/ del{1Xp36.3) - Epicanthus, abnomal sarz, dorsiflexion of the halux. heart dafect
vesicoursteral =flun brain abnommafitties, hearing loss, devebpmental delay: intellectual dizability, prenatal srowth mtardation,
high forzhead, bilateral ptosis, blepharophimo sis, thin bps and immature = tinas.

Gannikou et al, 2012 - Caze 2- 5.8 dal(1Xp36.33p36.31) - Microbrachyeephaly, dvstonia, davelopmental dalay, intellectual
disability; expressive language, arched upperlip. short antuncnvobtd palpebral Zafures and big promiment forshead with medivm
blink.

Gannitou etal 2012-Case 2-570b/ d2Ip36
developmental delay, mizllectual disability, exprassiv

3p36.31) - Abnormal zars, skeletal defects,
languag e, tiangular facke s, arched palate, lo

shortneck

trownteztinal anomaliss,
ng nese, thick eyebrows and

Wi

gas
lon

Kang etal, 2007 - Case 5- 00D/ dal{iXp36.2p36.3) - Microbrachyeephaly, straight syebrows, hyvpoplasia, abnormal sars, pointad
chin, heatt defects, hypotonia, seimres, developmental delay, sxpressive language, hyperteloriom anteverted nares, growth
retardation and hirsutism

Nicoulazetal 2011 - Case 1- 160D/ del{I¥p36.33p36.13) - Deep-szt eyves, abnomal zars, pointed chin, sheletalde®ets,
gasirointestinal anomalliss, heart defects, brain abnomalities. polyhydmmnion, mersased nuchal transluczncy, small pulpcbml
fizzutes and prenatal g rowth retardation.

"

Mikhailztal, 2011 - Case 5 -303kh/ del(DHp36.31) - Abnonmal ataxic gait, developmental delay, mtellectual disability, expressive
language and hvperactivity.

Kang etal 2007 - Cazse 1 - 2D/ dal{1Xp36.12p36.0) - Mcmbmchyeephaly, epicanthus, abnommal zars, pointed chin, heart
defects, seizre, h}pc[oma: developmental dzlay, antevarted nams and growth retardation.
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Figure 1. Continued
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Kang ztal, 2007 - Casz 4 - 2.9Mb/ 4 =l{1Xp36.22p36.23) - Btraight eveb rows . epicanthus, abnormal zans, clinodactyly, heart defects

hypotonia, dzvelepmental d 2lay, swpressive lanzoazs, antevarted nares hizh arcad 2 palate, zrowth ratardation and hirsutism

I ||
Krepischi-Santos 2t al. 2006 - Case 1 - 330 del(lXp36.32) - Deprassed nasal bridee. hypoplasia, clinodactyly, heart defcts,
szizues, developmental delay, growth mardation, dolichecephaly, hypertelorzm coloboma ofthe right ins and coreid,
macrostomia, microg nathia, hypoplisia of the labia monora and anterorly displaced anus.

I N |
Cervasini stal 2013 -Caze 1 - 480D/ d2¥ 1)p36.23p3622) - Microbmchyeephaly, straight evebrows, abnomal philtrum. small
hands, prosmally placed thumb and slhight teenail dysplasia. gastrointestinal anomalies, heart de&ets, neurological findings,
davelopmental delay, mizlzctual disability, hypemctivity, large mouth, thin upper ip. mcmognathia and anteverizd nares.

[ |l
Shiba et al. 2013 - Case 1 - 6. 8D/ d2l{IXp3631)- Merobmchyeephaly, abnormal fontanel deep-set eyes, dat nasal brigde,
pointed chin, gastmintastinal anomalizs, heart defacts, hypotonia, seimwe, brainabnomalities EEGabnomualities. epilbpsy,
developmental delay, intellectual disability, sxpressive nguags, behaviour disorders. apnea. prominent forshead. shott neck
growth retardation. precocious secondary sexual chame t2nstics. nvopia and as tematizm

Kang et al, 2007 - Case 2 - 114D/ del 36.11p36.22) - Microbrachyeephaly, straight evebrows, epieanthus, hypoplasia,
abnormal sars, clinodactyly, heart defects, hypotonia, ssimues, developmental delay, exprassive Bnguage, hyperislonism
anteverted narss, g owth ratardation and hirsutism

197

Burzzgn et al 2000 - Case - 1L730D del{lXp36.22) - Desp-sat eyes, abnormal ears, brachydactyly. heart defects, semurs, EEG
abnomalties, bmin abnormalitizs, developmental dzlay, mizllzc tual disability and hypertrichosis.

AWV

Kang =t al, 2007 - Casz 3- 1430y del{1Xp36.13p36.32) - Microbrachyeephaly, straight evebrows, epicanthus, hypoplasia,
abnommal zars, pomted chin, cinedactyly, heart defects, hypotonia, developmental delay, hypertzlonism anteverted nars, growth
retardation and hirsutism

On the other hand, Rosenfeld et al. (2010) reported a deletion in the GABRD gene, which
encodes the delta subunit of the gamma-amino butyric acid (GABA), receptors, in three 1p36
deletion patients. GABA is the major inhibitory neurotransmitter in the mammalian brain where
it acts at GABA,. Mutations in this gene have been associated with susceptibility to generalized
epilepsy with febrile seizures. Two of the three patients also presented convulsive frames. This
could be explained by mechanisms such as stochastic factors, epigenetic factors, and/or the lack
of complete penetrance of the gene, which could influence the clinical picture and avoid the precise
phenotype-genotype correlation.

One possible explanation for the emergence of deletions causing monosomy 1p36 is the
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presence of repetitive DNA sequence elements that can generate and/or stabilize these deletions.

The presence of mosaicism in 1p36 deletion has also been described in two patients with
developmental delay, syndromic facies, obesity, and mild neurological disabilities. These mosaic
individuals did not present speech disabilities and could walk without help, features that are milder
compared to those shown by patients with the typical deletion (Shimada et al., 2014).

The most prevalent clinical feature observed in the patients analyzed in this review was
developmental delay (psychomotor, motor, or global); this was followed by neurological disorders,
such as hypotonia, epilepsy, brain malformation, hearing loss, dystonia, and ataxic gait. The proto-
oncogene SKI, involved in myelination and the development of Schwann cells (Atanasoski et al.,
2004), was one of the deleted genes; the CAMTA1 gene, which encodes a member of the transcription
activator family connected to calmodulin, expressed in some regions of the brain involved with
embryo development and growth control (Finkler et al., 2007) also expressed deletions. The other
genes implicated in neurological development are GNB1, associated with the size of the brain; TP73,
connected to brain malformation; and GABRD, which plays a role in the development of seizures.

Patients with partial monosomy are at a greater risk of developing neoplasms, although
this does not always occur. It is noteworthy that the suppression of other candidate genes for
cancer susceptibility located in the same region, such as the CDC2L2, TNFRSF25, AJAP1, TP73,
CAMTA1, may also contribute to the development of malignancies.

In this review, we identified 17 patients with cardiac anomalies, such as ventricular septal
defect, persistence of the arterial duct, atrial septal defect, cardiac enlargement, defective mitral
valve, changes in deployment of the pulmonary vein, and puff, among others. These abnormalities
are commonly found in monosomy 1p36. Deletions in the SKI (Rosenfeld et al., 2010) or PRDM16
genes can lead to cardiomegaly, which is the most common abnormality found in patients according
to the literature (Slavotinek et al., 1999). However, only one of the patients included in this review
presented a deleted SKI gene and cardiomegaly. In addition to these genes, region 1p36.22 has at
least 23 known genes, many of which are expressed in the heart (Kang et al., 2007).

Several clinical features of monosomy 1p36, such as overeating, obesity, hypotonia,
cognitive deficits and psychomotor delay, overlap with those of Prader-Willi syndrome (PWS).
Patients showing the PW phenotype, but who present a negative result when tested for PWS,
were believed to express a Prader-Willi-like phenotype. Therefore, monosomy 1p36 should also
be investigated in Prader-Willi-like patients. Not only 1p36 deletion symptoms overlap with those of
PWS, but also the symptoms of various other syndromes and chromosomal abnormalities overlap
with PWS (Rocha and Paiva, 2014). Here, we identified four cases of monosomy 1p36 showing the
Prader-Willi-like phenotype. According to Tsuyusaki et al. (2010), such a phenotype is associated
with the 4-Mb 1p36 terminal deletion.

Even small deletions in 1p36 monosomy have been shown to lead to phenotypic alterations;
the patient expressing the smallest deletion described in this review (199 kb) presented phenotypes
such as straight eyebrows, pointed chin, hypotonia, developmental delay, intellectual and behavioral
changes, high tolerance to pain, short palpebral fissure, telangectasia, and pinna abnormalities
(Rosenfeld et al., 2010). On the other hand, the patient showing the largest chromosomal loss (16
Mb) featured deep eyes, skeletal, gastrointestinal, cardiac and cerebral abnormalities, prenatal
growth delay, polyhydramnios, and increased nuchal translucency (Nicoulaz et al., 2011).

The genotype-phenotype correlation in monosomy 1p36 syndrome is a challenge because
of the variability in the size of the deleted segment, as well as in the clinical manifestations, which
were not always related to the size of the deleted chromosome. In addition, the severity of the clinical
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pictures were not always associated with the deletion size, probably because of other influences
such as, stochastic factors, epigenetic events, or reduced penetration of the deleted genes.
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