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Here, we report 2 patients with overlapping 1q duplications 
detected by G-banding. Array CGH and FISH were performed 
to characterize the duplicated segments, exclude the in-
volvement of other chromosomes and determine the orien-
tation of the duplication. Patient 1 presents with a mild phe-
notype and carries a 22.5-Mb 1q41q43 duplication. Patient 2 
presents with a pure 1q42.13qter inverted duplication of 
21.5 Mb, one of the smallest distal 1q duplications ever de-
scribed and one of the few cases characterized by array CGH, 
thus contributing to a better characterization of distal 1q du-
plication syndrome.  © 2016 S. Karger AG, Basel 
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 Abstract 

 Duplications of the long arm of chromosome 1 are rare. Dis-
tal duplications are the most common and have been report-
ed as either pure trisomy or unbalanced translocations. The 
paucity of cases with pure distal 1q duplications has made it 
difficult to delineate a partial distal trisomy 1q syndrome. 
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   Established Facts 

 • There are few reports of patients with pure partial trisomy 1q syndrome. 

   Novel Insights 

 • The 2 patients described here help to better define the partial distal trisomy 1q syndrome. 
 • A possible role of  RGS7 ,  WNT9A  and  WNT3A  in the etiology of cranial suture malformations is dis-

cussed. 
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 Patients with pure partial distal trisomy 1q demon-
strate a wide range of manifestations of variable severity 
making it difficult to define a ‘partial trisomy 1q syn-
drome’. In most cases, the duplication is the result of an 
unbalanced translocation with a possible imbalance of 
the other participating chromosome [Kimya et al., 1979; 
Concolino et al., 1998; Emberger et al., 2001; Percesepe et 
al., 2007; Utine et al., 2007]. It is difficult to evaluate the 
contribution of the 1q trisomy to the phenotype in cases 
involving another chromosome. Cases with pure partial 
distal trisomy 1q provide an opportunity to better define 
the partial distal trisomy 1q syndrome.

  Here, we report 2 patients with overlapping 1q dupli-
cations detected by G-banding and characterized by array 
CGH and FISH.

  Patients and Methods 

 Clinical Report 
 Patient 1 is the first child to healthy, nonconsanguineous par-

ents ( fig. 1 A). She was born by normal delivery at term weighing 
2,700 g (3rd–10th centile) and first seen by us at age 19 years. Clin-
ical examination showed mild intellectual disability, moderate 
short stature (3rd–10th centile), low weight (41.4 kg, <3rd centile), 
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  Fig. 1.   A  Patient 1 at 19 years of age showing mild facial dysmor-
phisms.  B  Metaphase after G-banding showing a 1q41q43 duplica-
tion. The red arrow points to the duplicated chromosome 1. The 
blue arrow points to the normal chromosome 1.  C  Mapping of the 
duplication on a 60k oligo array showing the duplicated region and 

genes.  D  Determination of orientation of the duplication by dou-
ble-colored FISH. Hybridization with probes RP11-239E10 (green) 
and RP11-87P4 (red) shows the direct orientation of the 1q41q43 
duplication in patient 1. 
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normal head circumference (52,5 cm; 2nd–50th centile), promi-
nent metopic suture, facial asymmetry, long eyelashes, high nasal 
root, hypoplastic alae nasi, high-arched palate, maxillary projec-
tion, narrow hands, a short fourth right metatarsus, scoliosis, and 
genu valgum.

  Patient 2 is the second child to healthy, nonconsanguineous 
parents ( fig. 2 A). Pregnancy was uneventful, and she was delivered 
by C-section at term with Apgar scores 3/10. She had neonatal as-
phyxia and jaundice. Her birth length was 52 cm (75th centile), 
birth weight 3,660 g (75th centile) and her head circumference was 
36 cm (50th–98th centile). She was first seen by us at the age of 5 
months with findings of mildly delayed neuropsychomotor devel-
opment, large anterior fontanel, prominent metopic ridge, glabel-
lar hemangioma, hypertelorism (inner canthal distance: 28 mm 
>98th centile; outer canthal distance: 90 mm >98th centile), up-

slanted palpebral fissures, epicanthal folds, large nasal bridge, bul-
bous nose, smooth philtrum, thin upper lip, large mouth, posteri-
orly rotated ears with elevated lobes, low posterior hairline, and 
short neck. She had pectus excavatum, leg edema and a hyperpig-
mented spot on the left leg. Her feet showed overlapping of the 
second and third toes. The echocardiogram revealed a patent fora-
men ovale. Follow-ups at 9, 15 and 18 months did not identify any 
other complications.

  Cytogenetic Analysis 
 Chromosome analysis of peripheral blood lymphocytes by 

GTG-banding was performed at 550 or greater banding level. Ar-
ray CGH was performed using a whole-genome oligoarray plat-
form consisting of 60,000 oligonucleotides (60K, Agilent Technol-
ogies, Santa Clara, Calif., USA). Labeling, hybridization and post-
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  Fig. 2.   A  Patient 2 at age 18 months showing facial dysmorphisms. 
 B  Metaphase after G-banding showing a 1q42q44 duplication: nor-
mal chromosome (left), duplicated chromosome (right).  C  Map-
ping of the duplication on a 60k oligo array, showing the dupli-
cated region and genes.  D  Hybridization with TelVysion 1p Spec-

trumGreen and TelVysion 1q SpectrumOrange probes confirmed 
the inverted orientation of the 1q42q44 duplication in patient 2. 
The white arrow indicates the duplicated chromosome. The red 
arrow indicates the normal chromosome. 
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hybridization washing stages were performed according to the 
manufacturer’s protocol. A scanned image of the microarray was 
processed using Feature Extraction software and analyzed with 
Genomic Workbench software (both from Agilent Technologies), 
with the statistical algorithm ADM-2, and a sensitivity threshold 
of 6.7. At least 3 consecutive oligonucleotides had to exhibit aber-
rant log 2  ratios in order to be called by the software as a copy num-
ber alteration. FISH with probes mapped to the duplicated seg-
ments was performed to investigate the orientation of the duplica-
tions.

  Results 

 Patient 1 
 Chromosome analysis revealed a duplication of the 

long arm of chromosome 1 (46,XX,dup(1)(q41q43);  fig 
1 B). The mother has a normal karyotype, and the father 
was unavailable for study. Duplication was refined by ar-
ray CGH to chromosomal region 1q41q43 to a size of 22.5 
Mb (chr1: 217,201,257–239,696,544 Assembly NCBI36/
hg18; 2006;  fig.  1 C). FISH experiments using probes 
RP11-239E10 (1q41) and RP11-87P4 (1q42.2) revealed 
the direct orientation of the duplication ( fig.  1 D). The
patient’s final karyotype was 46,XX,dup(1)(q41q43).
arr 1q41q43(217,201,257–239,696,544)×3.

  Patient 2 
 Chromosome analysis revealed a mosaic duplication 

of the long arm of chromosome 1 (46,XX,dup(1)
(q43q44),inv(q43p36.3)[16]/46,XX[14];  fig.  2 B). Both 
parents have a normal karyotype. Array-CGH analy-
sis refined the duplication to chromosomal region 
1q42.13q44 to a size of 21.5 Mb (chr1: 225,696,992–
247,164,526 Assembly NCBI36/hg18; 2006;  fig. 2 C). No 
deletion at 1p36 was found. FISH experiments using 
TelVysion 1p SpectrumGreen and TelVysion 1q Spec-
trumOrange probes (Vysis Inc., Downers Grove, Ill., 
USA) confirmed the inverted orientation of the dupli-
cation ( fig.  2 D). The patient’s final karyotype was 
46,XX,dup(1)(q43q44),inv(q43p36.3)[16]/46,XX[14].
arr 1q42.13q44(225,696,992–247,164,526)×3.

  Discussion 

 In this study, we report 2 cases with partially overlap-
ping pure 1q duplications. Patient 1 has a previously un-
reported interstitial duplication involving only the seg-
ment 1q41q43. A partially overlapping duplication has 
been described in the DECIPHER database (251817) on 

a patient with facial abnormalities, proportionate short 
stature and intellectual disability, a phenotype concor-
dant with our patient. Another reported case has a 19.4-
Mb duplication in 1q41q43 [Bartnik et al., 2014] and clin-
ical features including delayed psychomotor develop-
ment, mild intellectual disability and dysmorphic features. 
Despite presenting with a large 22.5-Mb duplication, her 
overall phenotype is mild.

  The duplication in patient 1 overlaps the critical region 
for 1q41q42 microdeletion syndrome [Shaffer at al., 2007; 
Mazzeu et al., 2010; Rosenfeld et al., 2011]. To the best of 
our knowledge, the reciprocal microduplication for the 
1q41q42 segment has not been described to date. Since 
these patients present with duplications of much larger 
segments and have mild phenotypes, it is possible that the 
reciprocal 1q41q42 microduplication causes a mild effect 
or has no pathogenic effect.

  The duplication in patient 2 is one of the few cases with 
pure distal 1q duplications characterized by array CGH 
involving only 1q43q44. Patients with pure partial distal 
trisomy 1q demonstrate a wide range of manifestations of 
variable severity. Distal 1q duplication syndrome is char-
acterized by the signs present in almost all previously re-
ported cases, namely intellectual disability/delayed neu-
ropsychomotor development, a triangular face, slanted 
and narrow palpebral fissures, broad nasal bridge, point-
ed small nose, micrognathia, and low-set and posteriorly 
rotated ears with poorly formed helices ( table 1 ). Heart 
defects have been found in all patients (including patient 
2) except for those reported by Lungarotti et al. [1980] 
and Kimya et al. [1979]. Though not described in all pa-
tients, cardiac defects are a common finding and, there-
fore, should be evaluated in patients with distal dupli-
cations of 1q. Patient 2 presents with one of the smaller 
duplications reported (1q42.13qter), and it is mosaic. 
However, her clinical signs are consistent with the distal 
trisomy 1q phenotype, thus pointing to a more significant 
contribution of terminal duplicated segments to the distal 
1q syndrome. The duplication is inverted and translocat-
ed to chromosome 1p without detectable distal deletion 
of 1pter as confirmed by array CGH and FISH. All previ-
ously described cases in which 1pter deletion has been 
investigated had 1p microdeletions.

  Both patients described here have a prominent me-
topic suture suggesting the presence of a candidate gene 
for time regulation of cranial sutures closing in the over-
lapping segment of the 2 duplications. In previous stud-
ies, other genetic disorders have been described in pa-
tients with metopic craniosynostosis such as a point mu-
tation in  FGFR1  [Kress et al., 2000] and microdeletion in 
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 PTPRD  [Choucair et al., 2015]. In several types of cranial 
bone formation, factors such as bone morphogenetic pro-
teins, fibroblast growth factors and WNTs play an impor-
tant role in controlling this process, confirming that the 
pattern of gene expression in this pathology is heteroge-
neous and complex [Zhou et al., 2009].

  Fifty-one OMIM genes map to the region of intersec-
tion between the duplications on chromosome 1 (chr1: 
225,696,992–239,696,544g19/hg18), including  WNT9A  
and  WNT3A . From hydra to humans,  WNT  genes play 
indisputably important roles in patterning [Cadigan and 
Nusse, 1997], including facial [Brugmann et al., 2007] 
and cranial morphogenesis [Behr et al., 2010]. Wnt sig-
naling can stimulate differentiation of early osteoblasts 
and inhibit the mineralization of mature osteoblasts [Eij-
ken et al., 2008].

   WNT9A  is associated with chondrogenic development 
of craniofacial structures. Previous studies show that  wn-
t9a  expression in zebrafish is essential for extension of the 
median palatine processes during the palatogenesis 
[Dougherty et al., 2013] and the lower jaw formation 
[Curtin et al., 2011].  WNT3A  may suppress the chondro-
genesis and gene expression in chondrocytes [Reinhold et 
al., 2006]. Although the metopic suture is closed through 
intramembranous ossification, it is supported by carti-
lage, which should disappear before calcification [Holm-
beck et al., 2003; Sahar et al., 2005]. Previous studies in 
embryo mice showed  Wnt9a  mRNA in calvarian osteo-
blasts, and the supracalvarial injection of  Wnt3a  resulted 
in complete cartilage degradation [Zhou et al., 2009].

  In addition to the  WNT  genes, Mefford et al. [2010] 
described a patient with coronal synostosis and a 2.5-Mb 
microduplication at 1q43 (chr1: 23,934–24,099/hg18) 
and proposed the  RGS7  gene as a candidate for craniosyn-
ostosis. This gene is the last gene duplicated in patient 1, 
close to the distal breakpoint and in the overlapping seg-
ment of the 2 duplications. No other genes in the overlap-
ping segment have been proposed as candidates for cra-
niosynostosis and, therefore, our data reinforces a possi-
ble role of  RGS7 ,  WNT9A  and  WNT3A  in the etiology of 
cranial suture malformations.
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