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Abstract. The current study presents the cases of two unrelated
patients with similar clinical features, including craniofacial
anomalies, developmental delay/intellectual disability and
cardiac malformations, that are consistent with chromosome
10g26 deletion syndrome. High-resolution single-nucleotide
polymorphism analysis revealed that 10q26 terminal deletions
were present in these two patients. The locations and sizes
of the 10q26 deletions in these two patients were compared
with the locations and sizes of 10q26 deletions in 30 patients
recorded in the DECIPHER database and 18 patients charac-
terized in previous studies through chromosomal microarray
analysis. The clinical features and locations of the 10q26 dele-
tions of these patients were reviewed in an attempt to map or
refine a critical region (CR) for phenotypes. Additionally, the
association between previously suggested CRs and phenotypic
variability was discussed. The current study emphasize that a
distal 10g26 terminal deletion with a breakpoint at ~130 Mb
may contribute to the common clinical features of 10q26 dele-
tion syndrome.

Introduction

The partial deletion of distal chromosome 10q was first
reported by Lewandowski er al (1), and the existence of
a distinct chromosome 10q26 deletion syndrome (Online
Mendelian Inheritance in Man no. 609625) was then suggested
due to consistent clinical findings (2-4). This syndrome
is caused by a rare chromosomal abnormality, although
=110 cases have been reported in the literature. Patients with
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this syndrome present with symptoms that span a relatively
extensive and heterogeneous phenotypic spectrum, although
common clinical features, including craniofacial anomalies,
developmental delay/intellectual disability (DD/ID), urinary
tract abnormalities, cardiac malformations and neurodevelop-
mental deficits, have been observed (4-7). A pure distal 10q
deletion may be derived from familial or de novo structural
variation and feature breakpoints at 10g25 or 10g26, although
interstitial or terminal deletions of large size, which are typi-
cally identified through conventional cytogenetic techniques,
can also occur (4,8). Chromosomal microarray analysis (CMA),
including the use of array comparative genome hybridization
and single-nucleotide polymorphism (SNP) arrays, has been
recommended as the first-tier test for individuals with DD/ID
and/or congenital anomalies (9). CMA has been increasingly
employed to refine the location and size of 10q26 deletions to
improve understanding of genotype-phenotype correlations by
identifying the minimal critical region (CR) or the smallest
region of deletion overlap associated with 10q26 deletion
syndrome. Because this syndrome is a clinically heterogeneous
disorder involving deletions of variable locations and sizes, the
CR for 10q26 deletion syndrome and candidate genes for vari-
able phenotypes remain unclear (10). Therefore, further studies
on patients with 10q26 deletions should be performed to eluci-
date the correlation between various phenotypes and the CR.
The majority of examined cases of this syndrome were previ-
ously characterized using traditional techniques with limited
resolution and low efficiency, including G-banded karyotyping,
fluorescence in situ hybridization and microsatellite marker
genotyping, whereas few CMA-based molecular studies have
been performed to investigate these cases. The current study
attempted to refine a CR for this syndrome by performing a
high-resolution molecular analysis of two unrelated patients
with pure terminal 10q26 deletions and comparing these
patients with patients with pure distal 10q deletions described
in previous CMA-based studies and the Database of Chromo-
somal Imbalance and Phenotype in Humans using Ensembl
Resources (DECIPHER; https://decipher.sanger.ac.uk/),
specifically including patients from this database with deleted
regions encompassed by the deleted regions of the two patients
examined in the current study and that presented without any
other copy number variants or with other likely benign copy
number variants. In addition, the phenotypic variability asso-
ciated with CRs proposed in previous studies is discussed.
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Materials and methods

Case presentation. Patient 1, a 3-year-old female, was the
second child of healthy, unrelated parents. Prenatal ultraso-
nography indicated that duodenal atresia was present in the
fetus; therefore, the karyotyping of fetal blood was performed.
The fetal karyotype did not reveal any chromosomal abnor-
malities (data not shown). Thus, the patient's parents continued
the pregnancy. Premature rupture of membranes occurred
at 36 weeks of gestation. Eventually, the parents opted for
delivery by caesarian section. No neonatal respiratory distress
was observed. The infant's weight and length at birth were
2,420 g (<50th percentile) and 46 cm (<50th percentile),
respectively. Surgical therapy for duodenal atresia was
administered following birth, and an operation to repair patent
ductus arteriosus (PDA) was performed at 12 days after birth.
The child was referred to the Fetal Medicine Center (The First
Affiliated Hospital of Sun Yat-Sen University, Guangzhou)
due to DD and mild ID observed at 3 years and 9 months
of age. Milestones were significantly delayed, with walking
occurring at 3 years; current, the patient has no speech. The
patient's psychomotor development was significantly delayed.
At the age of 3 years and 9 months, her weight, height and
head circumference were 9.6 kg (3rd percentile), 83.6 cm
(3rd percentile) and 46.5 cm (<10th percentile), respectively.
Cerebral magnetic resonance imaging did not reveal any
abnormalities at this time. The patient exhibited certain
craniofacial features of 10q26 deletion syndrome, including
a triangular-shaped face, hypertelorism, strabismus, a broadly
prominent nose and micrognathia. Palate anomalies were not
observed. Her ear shape was normal, and audiometry indicated
that she possessed normal hearing. An image of the patient
is not available in the present report. Patient 2, a 5-year-old
female, was the second child of healthy, unrelated parents. She
was born at full term by caesarian section due to a scarred
maternal uterus. Her birth weight and length were 2,450 g
(<3rd percentile) and 47 cm (<10th percentile), respectively.
Congenital heart defects (CHDs), including atrial septal defect
and PDA, were observed by ultrasound examination during
the neonatal period. At 3 months, the patient underwent an
operation to address the CHDs. She walked and spoke her
first word at 3 years. At the age of 5 years and 2 months, her
weight, height and head circumference were 13 kg (3rd percen-
tile), 96 cm (3rd percentile) and 47.6 cm (<10th percentile),
respectively. The patient displayed normal motor skills and
performed well at ice-skating at this time. However, mild ID
and hyperactive behavior were observed. Craniofacial features
of 10q26 deletion syndrome, including a high and narrow pala-
tine arch, a triangular-shaped face, low-set ears, hypertelorism,
strabismus, a broadly prominent nose and micrognathia, were
observed. The patient's hearing was normal. Again, an image
of the patient is not available in the present report.

Cytogenetic analysis. Using standard procedures, routine
G-banded karyotyping was performed on peripheral blood
specimens from each child and her parents, as previously
described (11).

High-resolution SNP array analysis. Genomic DNA was
isolated from peripheral blood lymphocytes with the QlAamp
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DNA Blood Mini kit (Qiagen, Inc., Valencia, CA, USA) in
accordance with the manufacturer's instructions. The SNP
array was performed according to the manufacturer's proto-
cols. Briefly, genomic DNA samples (250 ng) were digested,
amplified and labeled. The DNA was hybridized to CytoScan
HD array on the GeneChip Hybridization Oven 645 (Affyme-
trix, Inc., Santa Clara, CA, USA) at 50°C for 16-18 h, washed on
the GeneChip Fluidics Station 450 (Affymetrix, Inc.), stained
with Affymetrix GeneChip Stain Reagents, and scanned on
the GeneChip Scanner 3000 7G (Affymetrix, Inc.). The raw
data were analyzed using Chromosome Analysis Suite 3.0
software (ChAS 3.0; Affymetrix, Inc.) The CytoScan HD
array contains more than 2.6 million markers for copy number
analysis; 1,950,000 of these markers are unique, non-polymor-
phic oligonucleotide probes, and 750,000 markers are SNP
probes used for genotyping. The average marker spacing is one
probe every 1.1 kb, with a mean spacing of one probe every
1.7 kb on non-gene backbones and one probe every 880 bp
in intragenic regions. Using ChAS 3.0 software (Affymetrix,
Inc.), aberrations were filtered up to a minimal size of 100 kb,
with =50 probe calls for deletions and duplications.

RefSeq and Database of Chromosome Imbalance and Pheno-
type in Humans Using Ensemble Resources (DECIPHER).
The building of the human genome assembly was based on
Homo sapiens GRCH37/hgl9. The gene content of the deleted
region, including Online Mendelian Inheritance in Man genes
and RefSeq genes, was viewed and assessed with the UCSC
Genome Browser (genome.ucsc.edu). The location and size of
the deleted region was compared with similar cases described
in previous CM A-based studies and the DECIPHER (decipher.
sanger.ac.uk/).

Results

Routine karyotyping of the two patients revealed similar
karyotypes of 46, XX, del(10) (q26) (Fig. 1A). The parents of
the patients presented with normal chromosome karyotypes,
demonstrating the de novo origin of the examined 1026
deletions.

In the SNP array for Patient 1, a 10q terminal deletion with
a breakpoint at 10q26.11 was detected (Fig. 1B). The deleted
region was ~14.04 Mb in size (chr10: 121,385,398-135,427,143)
and contained ~117 RefSeq genes (~83 known coding genes).
In the SNP array for Patient 2, the 10q terminal deletion was
~13.04 MbD in size (chr10: 122,387,570-135,427,143) with a
breakpoint at 10q26.12 (Fig. 1B). The deleted region encom-
passed ~108 RefSeq genes (~78 known coding genes). Patient
1 exhibited a larger proximally deleted region compared
with Patient 2. Thus, the location of the deletion (chrlO:
121,385,398-135,427,143) in Patient 1 was used as a search
index in the DECIPHER database. The eventual results of
this search indicated that the deleted regions of 30 previous
cases involving 10q26 deletion were encompassed by this
region (Fig. 2). These cases shared certain phenotypes with
10926 deletion syndrome. Furthermore, to the best of our
knowledge, =18 cases of 10q26 deletions have been char-
acterized by CMA in prior studies (Table I). The clinical
features and locations of the 10q26 deletions of patients
from the current study, previous studies and the DECIPHER
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Figure 1. Results of karyotyping and SNP array analysis in Patient 1 and Patient 2. (A) Karyograms and ideograms of chromosome 10 in Patient 1 and Patient 2.
Arrows indicate the locations of breakpoints. The karyotypes of both patients were 46, XX, del (10)(q26). (B) The SNP array defined a deleted genomic region
from 10q26 to 10qter in the two examined patients. The findings for Patients 1 and 2 were analyzed using ChAS 3.0 software. Both log2 ratios and SNP geno-
typing calls accurately indicate the locations and sizes of the deleted regions. The red box outlines the deleted regions. SNP array analysis refined the results,
specifically indicating that the deleted region of Patient 1 was del(10)(q26.11), which spans a ~14.04 Mb segment (chr10:121,385,398-135,427,143), and that the
deleted region of Patient 2 was del (10)(q26.12), which spans a ~13.04 Mb segment (chr10:122,387,570-135,427,143). SNP, single nucleaotide polymorphism.

database are reviewed in Fig. 2 and Table I in an attempt to
map or refine a CR.

Discussion

In the present study, the deleted regions from two patients
with 10q26 terminal deletions were molecularly characterized
using a high-resolution SNP array. This approach allowed
for the accurate determination of the locations and sizes of
these regions. The two patients shared various clinical features
associated with 10g26 deletion syndrome, including DD/ID,
growth retardation, craniofacial dysmorphism and CHDs. The
findings from these patients also emphasized several of the
common clinical characteristics observed in patients with pure
1026 deletions.

The severity and extent of clinical characteristics associated
with 10q26 deletions may depend on the varying locations and
sizes of these deletions and the number of haploinsufficient
genes in deleted regions. The characterization of atypical,
overlapping and distinct deletions may lead to a map of CRs
or even the identification of candidate genes in particular

cases. Although correlations between the location and size of
10g26 deletions and phenotypic variations remain incompletely
elucidated, =five CRs in the 10g26 region have been previ-
ously hypothesized for 10g26 deletion syndrome (7,10,12,13).
Yatsenko et al (7) proposed a ~600 kb CR (Fig. 2A) at 10g26.2
for common clinical features, including craniofacial dysmor-
phism, CHD and DD/ID. This proposed CR contains two
protein-coding genes: The chromosome 10 open reading frame
90 (C100rf90) gene and the dedicator of cytokinesis 1 (DOCK]I)
gene. The latter gene influences various cellular biological
processes, including phagocytosis, cell migration, apoptosis
and tumorigenesis, among others. The DOCKI gene is also
thought to be important in the pathogenesis of cardiovascular
and urinary anomalies. Thus, Yatsenko ef al (7) suggested the
DOCK] gene as a candidate gene for 10q26 deletion syndrome.
The findings of the current study have further supported the
idea that this proposed CR (Fig. 2A) may be important in 10q26
deletion syndrome, as the majority of the clinical features of the
patients assessed in the present study were consistent with the
presence of smaller deleted regions that overlap with this CR.
Notably, the current study identified that 5 patients described in
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Figure 2. An overlapping map of 10q26 deletions in CM A-assessed patients described in the present study, prior studies and the DECIPHER database. (A) A
schematic presentation of the 10q26 region with gene positions as specified by the University of California Santa Cruz Genome Browser. Double-headed
arrows between dotted lines indicate different CRs; a=the CR proposed by Yatsenko et al (7) for common clinical features of 10q26 deletion syndrome;
b=the CR proposed by Vera-Carbonell et al (10) for renal/urinary anomalies; c=the CR proposed by Miller et al (12) for inner ear malformation, vestibular
dysfunction and hearing loss; d=the deleted region suggested by the current study as a region that may contribute to common clinical features of 10q26 deletion
syndrome; e=the CR proposed by Choucair et al (13) for genital anomalies; and f=the CR proposed by Choucair et al (13) for common clinical features. (B) An
overview of patients from the DECIPHER database with distal 10q26 deletions. Both black and gray vertical bars represent deleted regions; the black bars
overlap with the CR proposed by Yatsenko et al (7), but the gray bars do not. Of 13 patients represented by gray vertical bars, 12 patients overlap with the dele-
tion with a breakpoint at approximately 130.0 Mb instead of the CR proposed by Yatsenko et al (7). The majority of these 12 patients presented with common
features of 10q26 deletion syndrome. (C) An overview of CMA-assessed patients with 1026 deletions described in various reports. Only four cases, including
cases 1,2 and 4 described by Miller et al (12) and case 1 described by Plaisancié et al (14), exhibited common clinical features of 10q26 deletion syndrome and
harbored the smallest terminal deletion with a breakpoint at approximately 130.0 Mb. CMA, chromosomal microarray analysis; CR, critical region; FGFR2,
fibroblast growth factor receptor 2; CTBP2, C-terminal binding protein 2; DOCKI, dedicator of cytokinesis 1; TCERGI, transcription elongation regulator 1;

CALY, calcyon neuron specific vesicular protein.

previous studies [cases 1,2 and 4 reported by Miller er al (12)
and case 1 reported by Plaisancié ef al (14) and a case described
by Choucair et al (13)] and 13 patients (Fig. 2B; represented by
gray vertical bars) in the DECIPHER database did not have
deletions that overlapped with this CR (Fig. 2A), although the
majority of these patients presented with common features of
10g26 deletion syndrome. Based on the overlapping map gener-
ated in this study (Fig. 2), it was demonstrated that 15 patients,
including 3 patients reported in previous studies [cases 1 and
case 2 reported by Miller et al (12) and case 1 reported by Plai-
sancié et al (14)] and 12 patients (Fig. 2B; represented by gray
vertical bars) in the DECIPHER database, overlapped with a
small terminal deletion with a breakpoint at ~130 Mb. However,
the majority of these 15 patients presented with common
features of 1026 deletion syndrome. Therefore, it is reasonable
to suspect that distal 10q26 harbors other CRs. We hypothesize

that the distal 10q26 terminal deletion with a breakpoint at
~130.0 Mb may contribute to the common clinical features of
10926 deletion syndrome.

In addition to a CR for common characteristics of this
syndrome, other CRs for specific phenotypes are increasingly
being identified. Miller ez al (12) described a common 2.5 Mb
deletion region (Fig. 2C) associated with inner ear malforma-
tions, vestibular dysfunction and hearing loss in two patients.
However, 7 out of 10 patients from the current and previous
studies that had distal 10q26 deletions overlapping this common
2.5 Mb region did not exhibit hearing impairment. These
7 patients included a patient described by Piccione et al (15),
patients 4 and 5 in a report by Yatsenko er al (7), patient 1
in a report by Vera-Carbonell et al (10), a patient described
by Choucair er al (13) and the two patients described in
the present report. A similar trend is observed for all cases
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recorded in the DECIPHER database that involve a deletion
in this region. Notably, among three patients described by
Vera-Carbonell er al (10), patient 3 did not harbor a deletion
that overlapped with this region, but did exhibit hearing loss,
patient 2 did not harbor a deletion that overlapped with this
region or present with hearing loss, and patient 1 exhibited
normal hearing, in spite of harboring a deletion in this region.
In the previous study, Vera-Carbonell et al (10) focused on
renal/urinary tract anomalies associated with 10q26 dele-
tions and suggested that small 10q26.2 distal deletions may
be associated with common phenotypic characteristics rather
than renal/urinary tract anomalies, which are instead correlated
with longer 10q26.2 distal deletions (Fig. 2B). Notably, among
individuals with a 10q26 deletion overlapping the proposed CR
for renal/urinary tract anomalies (Fig. 2B), 13 out of 18 patients
[not including patient 4 in a report by Miller et al (12) and a case
reported by Choucair et al (13)] examined in the present study
and previous studies, and 24 out of 30 cases recorded in the
DECIPHER database, did not exhibit such anomalies. Recently,
Choucair et al (13) also proposed a novel CR for genital abnor-
malities (Fig. 2E) and another different CR for common clinical
features (Fig. 2F). Through a review of the present study and
previous studies, it was observed that genital abnormalities were
presented in 4 out of 6 cases with a 10q26 deletion overlapping
the above proposed CR for genital abnormalities (Fig. 2E).
However, genital abnormalities were not observed in the two
cases of the current study. In addition to potential CRs, studies of
10g26 deletions have also proposed candidate genes, including
the DOCK]I, fibroblast growth factor receptor 2 (FGFR2),
C-terminal binding protein 2 (CTBP2), calcyon neuron specific
vesicular protein (CALY), WD repeat domain 11 (WDRI1),
H6 family homeobox 2 (HMX2) and HMX3 genes within
these regions (7,10,12-14). Phenotypic effects correlated with
CRs may primarily depend on the number of haploinsufficient
genes in deleted regions. However, to the best of our knowledge,
there is little available evidence to confirm the pathogenicity of
haploinsufficiency for either candidate genes or other genes in
the 10926 region. Further investigations should be performed to
identify dosage-sensitive genes in this region and thereby obtain
an improved understanding of the genotype-phenotype correla-
tions associated with 10q26 deletions.

The conflicting findings discussed above may be attributed
to incomplete penetrance/variable expressivity or the effects
of other potential CRs. Furthermore, if potential CRs were
assumed to be independent genomic sites, a ‘two-hit” model
would account for these discordances. This model would
propose that the combined effects of two or more deletions
would result in phenotypic variability (16,17). Each CR may
contribute to particular phenotypes in a correlative manner;
as a result, manifestations of the clinical characteristics of
10926 deletion syndrome would be expected to be variable or
incomplete in the patients described in these studies.

In conclusion, the current study reported two new patients
with 1026 deletion syndrome and reviewed the literature
regarding this syndrome. Although an overlap map for
CMA-assessed cases from the present study, previous studies
and the DECIPHER database, was generated CR refinement
could not be accomplished due to the limited number of avail-
able cases and the varying and atypical deletions observed
in these cases. However, in addition to the CR suggested by

MOLECULAR MEDICINE REPORTS 14: 5134-5140, 2016

Yatsenko ef al (7), the results of the current study suggest
that the distal 10q26 terminal deletion with a breakpoint at
~130.0 Mb may also contribute to common clinical features of
10926 deletion syndrome. In addition, the association between
three previously reported CRs and phenotypic variability were
discussed in detail, thus, facilitating improved comprehension
of the phenotypic heterogeneity of 10q26 deletion syndrome.
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