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Abstract

Maternal uniparental disomy of chromosome 14 (upd(14)
mat) or Temple syndrome is an imprinting disorder associ-
ated with a relatively mild phenotype. The absence of spe-
cific congenital malformations makes this condition under-
diagnosed in clinical practice. A boy with a de novo robert-
sonian translocation 45,XY,rob(13;14)(q10;q10) is reported;
a CGH/SNP array showed a loss of heterozygosity in
14q11.2q13.1. The final diagnosis of upd(14)mat was made
by microsatellite analysis, which showed a combination of
heterodisomy and isodisomy for different regions of chro-
mosome 14. Obesity after initial failure to thrive developed,
while compulsive eating habits were not present, which was
helpful for the clinical differential diagnosis of Prader-Willi
syndrome. In addition, the boy presented with many pheno-
typic features associated with upd(14)mat along with hypo-
esthesia to pain, previously unreported in this disorder, and

bilateral cryptorchidism, also rarely described. These fea-
tures, as well as other clinical manifestations (i.e., truncal
obesity, altered pubertal timing), may suggest a hypotha-
lamic-pituitary involvement. A detailed cytogenetic and mo-
lecular characterization of the genomic rearrangement is
presented. Early genetic diagnosis permits a specific follow-
up of children with upd(14)mat in order to optimize the
long-term outcome. ©2017 5. Karger AG, Basel

Uniparental disomy (UPD) is the condition in which
both homologous chromosomes are derived from only
one parent [Robinson, 2000]. UPD can be classified as
either isodisomy or heterodisomy according to the ho-
mozygosity or heterozygosity of polymorphic alleles in-
herited from the parent; it can involve the whole chromo-
some or some parts of the chromosome (segmental UPD)
[Engel, 1980]. Evaluation of the parental origin of UPD is
important to better assess the risk for health adverse ef-
fects of UPD [Robinson, 2000].
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Fig. 1. Our proband with upd(14)mat at the
age of 2 months (a) and at the age of 5.7
years (b).

The human chromosome 14 carries a 1-Mb cluster of
imprinted genes located in 14q32 [Hoffman and Heller,
2011]. This cluster includes paternally expressed genes
such as DLK1 (delta-like non-canonical Notch ligand 1),
RTLI (retrotransposon-like 1), and DIO3 (Deiodinase,
iodothyronine, type III) as well as maternally expressed
noncoding RNAs such as MEG3 (maternally expressed
3), RTLlas (RTLI antisense), MEG8 (maternally ex-
pressed 8), and numerous C/D box small nucleolar (sno)
RNAs and microRNAs. Indeed, it remains to be clarified
whether DIO3 is truly a paternally expressed gene. The
parental expression of imprinted genes is determined by
2 differentially methylated regions [Buiting et al., 2008;
Hoffman and Heller, 2011; Kagami et al., 2012]. These
regions are methylated on the paternal chromosome and
unmethylated on the maternal one [Temple et al., 2007;
Beygo et al., 2015].

The maternal and paternal UPDs for chromosome 14
cause distinct phenotypes: upd(14)mat (Temple syndrome;
EUCID.net; www.imprinting-disorders.eu) is character-
ized by pre- and postnatal growth retardation, develop-
mental delay, muscular hypotonia, joint laxity, small hands
and feet, truncal obesity, precocious or early onset of pu-
berty, and adult short stature [loannides et al., 2014]. On
the other hand, upd(14)pat (Kagami-Ogata syndrome; EU-
CID.net) causes a more serious phenotype with polyhy-
dramnios, thoracic dysplasia (coat hanger sign) with respi-
ratory failure, abdominal defects, growth retardation, de-
velopmental delay, and facial abnormalities with full cheeks
and protruding philtrum [Ogata and Kagami, 2016].
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Here, we report on a boy with a de novo robertsonian
translocation involving chromosomes 13 and 14; he also
presented with upd(14)mat. His phenotype is discussed
in relation to the previously reported individuals with
upd(14)mat. A detailed cytogenetic and molecular char-
acterization of the genomic rearrangement is described.

Patient and Methods

Clinical Report

The boy was conceived by assisted reproductive technology
due to fertility problems in the nonconsanguineous 39-year-old
parents. At 31 weeks of gestation, oligodramnios and intrauterine
growth retardation were diagnosed. He was born at 40 weeks of
gestation with both low birth length and weight (-2.05 SD and
-2.26 SD, respectively) according to Italian neonatal standards
[Bertino et al., 2010]. At birth, he showed a prominent metopic
suture, but brain ultrasonography did not show malformations.

The boy came to our attention at 2 months of age (Fig. 1a): his
length (54.5 cm) was -2.02 SD, weight (4,450 g) was —-1.78 SD for
age and -0.19 SD for length; his head circumference (38 cm) was
within normal range, -0.97 SD (WHO standards; www.who.int/
childgrowth/software/eu/). He also showed trigonocephaly, dys-
morphic facial characteristics — such as an asymmetrical face, epi-
cantus, hypotelorism, a mild strabism, upslanting palpebral fis-
sures, and retrognathia — and a flat angioma on the forehead. Both
gonads were palpable in the inguinal region. At 6 months, heart
ultrasonography as well as ophthalmologic and otorhinolaryn-
goiatric examinations were normal; his routine blood and urine
analyses were in normal range, except for the values of the seric
IgA [12 mg/dL (normal range: 82-453 mg/dL)], IgG [334 mg/dL
(normal range: 751-1560 mg/dL)], and IgM [31 mg/dL (normal
range: 46-304 mg/dL)]. Abdominal ultrasonography was normal.
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At 9 months, the neurological evaluation showed hypoesthesia to
pain. The boy had a good environment interaction and adequately
manipulated his toys, but his motor and developmental milestones
were delayed: he was neither able to sit nor hold his head up; he
walked without support at the age of 21 months and uttered a few
words at 24 months. At 6,9, and 24 months, linear growth progres-
sively improved, while weight was below the normal values for
height and age (Table 1). Coeliac disease was ruled out by appro-
priate serum analyses. The boy’s head circumference also im-
proved (6 months: -2.78 SD, 9 months: —2.35 SD, and 24 months:
-1.14 SD; WHO standards). At the age of 3 years, his height nor-
malized, while weight increased to the upper values for both height
and age (Table 1); his head circumference also normalized (-0.72
SD). Ultrasonography confirmed the presence of both testes lo-
cated in the inguinal canals.

At 5.7 years of age, the boy showed normal height, but he de-
veloped overt truncal obesity (Fig. 1b; Table 1). His facial features
included a broad and high forehead as well as a short nose with a
wide nasal tip. He clinically presented with genu valgum and small
hands and feet, but raw measures were not performed; his neuro-
psychological profile revealed mild intellectual disability (total IQ
57). Thus, he started primary school with the help of a support
teacher.

Methods

Karyotype analysis was done by using standard methods. A
CGH/SNP array using a 180 K platform (Agilent Technologies,
Santa Clara, CA, USA) was performed. Briefly, 750 ng of DNA
from the patient and from a normal male control (Agilent) was
digested with RSAI and ALUI restriction enzymes. Test and refer-
ence DNA were differentially labeled with Cy5-dCTP or with Cy3-
dCTP using random primer labeling according to the manufac-
turer’s protocol (Agilent). The labeling reactions were applied to
the array and incubated for 24 h at 65°C. Finally, the slides were
washed and scanned using the Agilent scanner. The identification
of individual spots on scanned arrays was performed with the ded-
icated software (Cytogenomics Software, Agilent) as well as filtra-
tion, normalization and exclusion of spots with aberrant morphol-
ogy or high background. The proband and his parents were geno-
typed for 28 short tandem repeats (STRs) spanning the entire long
arm of chromosome 14 by polymerase chain reaction amplifica-
tion and separation on an automated ABI-3130 DNA sequencer.
The polymorphic markers were analyzed by GeneScan3.1 software
(Applied Biosystems, Foster City, CA, USA). The location of the
STRs was obtained from UCSC Genome Bioinformatics (https://
genome-euro.ucsc.edu; build 37/hg19).

Results

Karyotype analysis detected a robertsonian transloca-
tion 45,XY,rob(13;14)(q10;q10) in all of the 100 analyzed
metaphases. Both parents had a normal karyotype.

The CGH/SNP array did not reveal any deletion or
duplication, but it showed a loss of heterozygosity (LOH)
of about 13.6 Mb in the distal portion of chromosome 14:
14q11.2q12 (20,490,852-34,117,159 bp) (build 37/hg19).

upd(14)mat

Table 1. Proband with upd(14)mat: evolution of height and weight
during the first 5 years of life

Age, Height Weight

years SD? kg SD for length* SD for age®
0.2 545 -2.02 44 -0.19 -1.78

0.5 64.0 -0.70 58 -2.36 -2.78

0.8 71.0 -0.43 6.9 -291 -2.35

2.0 86.5 -0.44 10.0 -2.17 -1.71

3.0 97.5 17.4

5.7 110.0  -0.82° 25 3.56° 2.24b

upd, uniparental disomy. * Calculated according to WHO stan-
dards. ® Calculated according to Tanner and Whitehouse [1976].

The first probe in the heterodisomic region mapped
34,162,618 bp. Among the 28 STRs spanning the entire
long arm of chromosome 14, fourteen markers gave the
results for upd(14)mat, whereas the remaining STRs were
uninformative. By comparing the proband and maternal
alleles, isodisomy was present between DI4S5261 in
14q11.2 (20,840,388-20,840,704 bp) and DI4S275 in
14q12 (26,696,773-26,697,020 bp) markers; the allelic
pattern of D14S1040 in 14q12 (32,211,413-32,211,762
bp) could be associated both to isodisomy and to het-
erodisomy. The rest of the chromosome from D14S70 in
14q13.1 (34,459,194-34,459,447 bp) to DI14S1700 in
14q32.33 (105,977,978-105,978,102 bp) was heterodiso-
mic. Segregation analysis of STRs mapping on the other
chromosomes confirmed a biparental inheritance (table 2).

Discussion

A de novo robertsonian translocation 45,XY,rob(13;
14)(q10;q10) was identified in the proband without
chromosomal imbalances by CGH/SNP array. Howev-
er, a LOH region in 14q11.2q13.1 was found. The final
diagnosis of upd(14)mat was performed by microsatel-
lite analysis, which showed a combination of heterodi-
somy and isodisomy for different regions of chromo-
some 14. Only employing array CGH would not have
revealed heterodisomy, and STR analysis alone would
not have defined the LOH extension so accurately.
About 50 individuals with altered imprinted gene ex-
pression at chromosome 14932 have been reported
[Kotzot, 1999; Hoffmann and Heller, 2011; Ioannides et
al., 2014]. In the majority, approximately 75%, upd(14)
mat represents the underlying molecular etiology [loan-
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Fig. 2. Scheme showing the hypothesized mechanism for the formation of UPD in the proband. In the figure,
only the chromosomes involved in the pathological mechanism are shown. The 2 pairs of oocytes with the pos-
sible combinations of chromatids in meiosis II are shown.

nides et al., 2014; Briggs et al., 2016]. Patients with Tem-
ple syndrome secondary to a paternal deletion at 14q32
or an isolated imprinting defect in the differentially
methylated regions on 14q32 have also been reported,
both appearing to be of relatively equal frequency [Ioan-
nides et al., 2014; Briggs et al., 2016]. Recently, a single
patient with Temple syndrome and multilocus imprint-
ing disturbance has been reported [Bens et al., 2016].
Besides the typical clinical features, this patient showed
an abnormal EEG and a pituitary microadenoma [Bens
et al., 2016]. So far, there are not enough cases to strati-
ty the clinical findings by (epi)genotypes [Ioannides et
al., 2014]. Patients with both hetero- and isodisomic re-
gions are very rare [Antonarakis et al., 1993; Hoffmann
and Heller, 2011], but the prevalence of such cases may
be underestimated due to the limited number of STRs
routinely analyzed during the diagnostic workflow. Al-
beit alternating segments of heterodisomy and isodiso-
my should be found in most of upd(14)mat patients as a
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consequence of meiotic recombination, UPD as the re-
sult of robertsonian translocation is rare, approximately
0.6-0.8% [Shaffer, 2006].

In the present case, a trisomy rescue may be the mech-
anism involved in the occurrence of upd(14)mat. It can
be hypothesized that during maternal meiosis I, 2 patho-
genetic events took place: (1) a robertsonian transloca-
tion rob(13;14), and (2) a nondisjunction event between
2 chromosomes 14. During maternal meiosis I, the seg-
regation of the chromatids determined the formation of
2 oocytes with a robertsonian translocation t(13;14) and
a free chromosome 14 oocyte, which differ in the pattern
of UPD (Fig. 2). According to array-CGH results, during
maternal meiosis I, a crossing-over occured between
chromatides of the homologous chromosomes 14 be-
tween 34,117,159 bp and 34,162,618 bp. Since the array-
CGH platforms do not usually present oligos in the close
proximity of the centromere, we cannot exclude that a
second crossing-over has taken place, leading to a het-
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Table 2. The STRs analyzed along with their position (hgl19 map)

Mother Father Proband Result CGH/SNP  STR locus Localization Position
274-303 294 303 ID mat LOH D14S261 14q11.2 20,840,388-20,840,704
100-104 102 104 ID mat LOH D14S1023 14q11.2 21,441,901-21,442,220
135-150 129-152 150 ID mat LOH D14S283 14q11.2 22,687,415-22,687,784
148-150 144-150 150 ID mat/biparent LOH D14S990 14q11.2 23,586,268-23,586,632
203-205 207-209 203 ID mat LOH D14S972 14q11.2 24,347,553 24,347,945
149-151 149-155 149 ID mat/biparent LOH D148S275 14q12 26,696,773-26,697,020
109 105-113 109 HD/ID mat LOH D14S1040 14q12 32,211,413-32,211,762
104-110 106-108 104-110 HD mat normal D14S70 14q13.1 34,459,194 34,459,447
205-213 211-213 205-213 HD mat/biparent normal D14S75 14q13.3 37,427,727 -37,428,001
209 205-207 209 HD/ID mat normal D14S288 14q21.2 44,101,769 -44,102,045
245-249 241-243 245-249 HD mat normal D14S276 14q22.3 55,683,016-55,683,343
164 162-176 164 HD/ID mat normal D14S980 14q22.3 57,152,479-57,152,790
121 121 121 not informative normal D14S274 14q22.3 57,659,338-57,659,723
187-195 185-191 187-195 HD mat normal D14S63 14q23.2 64,651,007-64,651,274
196-200 198-202 196-200 HD mat normal D14S258 14q24.2 70,582,852-70,583,191
126-128 134-136 126-128 HD mat normal D14S1036 14q24.3 75,796,933-75,797,278
305-309 305-307 305-309 HD mat/biparent normal D14S74 14q24.3 78,658,380-78,658,697
124-126 126-138 124-126 HD mat/biparent normal D14S1037 14q31.3 85,197,055-85,197,429
320-326 324-326 320-326 HD mat/biparent normal D14S68 14q31.3 88,627,635-88,627,975
172 172 172 not informative normal D14S1044 14q32.11 90,070,393-90,070,776
246 244-248 246 HD/ID mat normal D14S280 14q32.12 92,182,867-92,183,198
218-225 218-227 218-225 HD mat/biparent normal D14S1050 14q32.12 92,915,524-92,915,918
162-168 164-166 162-168 HD mat normal D14S1054 14q32.13 95,296,491-95,296,837
148-150 144-150 148-150 HD mat/biparent normal D14S65 14q32.2 97,621,472-97,762,169
248-254 250-254 248-254 HD mat/biparent normal D145985 14q32.2 101,296,536-101,296,815
226 226-233 226 HD/ID mat/biparent  normal D14S1051 14q32.31 102,230,242-102,230,439
91 91-93 91 HD/ID mat/biparent  normal D14S§292 14q.32.33 104,596,704 -104,596,962
91-103 103-105 91-103 HD mat/biparent normal D14S1007 14q32.33 105,977,978-105,978,102

biparent, a biparental pattern of inheritance; HD, heterodisomy; ID, isodisomy; LOH, loss of heterozygosity; mat, maternal inheri-

tance; STR, short tandem repeat.

erodisomicregionbetween the centromereand 20,490,852
bp, as described by Antonarakis et al. [1993]. In this hy-
pothetical mechanism, one of these abnormal maternal
gametes could then have been fertilized by a normal pa-
ternal gamete, leading to a trisomic zygote, followed by a
trisomic rescue with the loss of the paternal copy of chro-
mosome 14 [Balbeur et al., 2016]. This mechanism may
be characterized by a mosaic trisomy involving the UPD
chromosome, as recently demonstrated in a 15-year-old
girl [Balbeur et al., 2016]. We did not find a chromosome
14 mosaicism, but a very low level of mosaicism in the
blood or its presence in other tissues cannot be excluded.

The isodisomic region can influence the phenotype by
unmasking recessive alleles. According to the results of
CGHY/SNP array, the isodisomic region spans about 13.6
Mb and includes several genes; 24 genes are associated
with a well-defined clinical phenotype, and about half

upd(14)mat

of them have a recessive inheritance pattern [www.ncbi.
nlm.nih.gov/omim]. Indeed, none of them seem to be
strictly related to the phenotypic features in our case (Ta-
ble 3).

Intheliterature, the phenotype associated with upd(14)
mat is usually mild with a relevant degree of variability as
summarized in Table 4. Frequent features, such as pre-
and postnatal growth retardation, psychomotor delay, fa-
cial dysmorphisms, and short hands and feet, are present
in our proband (Table 4). He also shares mild neurode-
velopmental disability with upd(14)mat (Table 4 ). In ad-
dition, truncal obesity developed after initial failure to
thrive in the first months of life due to feeding problems.
He did not manifest the compulsive eating habits typi-
cally seen in patients with Prader-Willy syndrome [Butler
et al., 2016]. This aspect can be helpful for clinical differ-
ential diagnosis in addition to the other phenotypic fea-
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Table 4. Major clinical findings of the proband and individuals
with Temple syndrome due to upd(14)mat

Proband  Literature
data?, %
Physical features
Premature birth - 40
Intrauterine growth retardation + 79
Low birth length (<5th centile)® + 55
Low birth weight (<5th centile)® + 86
Head circumference at birth (<5th centile)® - 28
Postnatal short stature (<5th centile)® + 81
Small hands + 83
Small feet + 95
Truncal obesity + 50
Precocious/early puberty - 87
Neurological and musculoskeletal findings
Hypotonia + 91
Feeding problems (infants) + 16¢
Joint hypermobility + 60
Scoliosis - 26
Motor developmental delay + 81
Speech delay + 45
Intellectual disability + 42

2 Joannides et al. [2014]. ® Limited to the first months of life, with pro-
gressive spontaneous improvement thereafter. ¢ Raw number of patients.

tures [Hoffmann and Heller, 2011]. The boy also showed
bilateral undescended testes which is very rarely reported
in this syndrome [Ioannides et al., 2014], while preco-
cious onset of puberty, which is a frequent feature (Ta-
ble 4), was not present, likely due to the young age at the
last evaluation. The boy presented with hypoesthesia to
pain, an unreported finding in individuals with Temple
syndrome [loannides et al., 2014], but additional obser-
vations are needed to confirm this finding on the clinical
spectrum of upd(14)mat. Moreover, the phenotypical
features usually unreported in patients with Temple syn-
drome could be caused by a recessive gene mutation in
the isodisomic region. Several of the above-mentioned
findings may suggest a hypothalamic-pituitary dysfunc-
tion, but functional and imaging investigations of this
area were not performed in our case as well as in the ma-
jority of the previous reported patients [Ioannides et al.,
2014].

Conclusions

Clinical diagnosis of upd(14)mat or Temple syndrome
is usually difficult at birth and in early childhood, since
the typical clinical findings (i.e., truncal obesity, preco-
cious puberty, and adult short stature) are not yet present.

upd(14)mat

Ifa conventional cytogenetic analysis is done on the back-
ground of mild phenotypic features, in the presence of a
robertsonian translocation, the STR analysis, spanning
the entire chromosome 14, is mandatory. This test repre-
sents the gold standard to reveal the UPD and to detect
hetero- orisodisomy (13;14). The CGH/SNP array should
always flank STR analysis in order to exclude genomic
imbalances, and to better define the extent of LOH, where
recessive disease alleles can be unmasked and contribute
to characterize the pathological phenotype. Early genetic
diagnosis permits a specific follow-up, including rehabil-
itative neurodevelopmental programs and preventive ef-
forts regarding the management of obesity, precocious
puberty, and short stature in order to optimize the long-
term outcome. Uncertainty persists regarding hypotha-
lamic-pituitary dysregulation, and it should be assessed
in future studies.
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