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Dear Editor,
9p duplication syndrome is characterized by craniofacial dys-
morphism, digital abnormalities, short stature, short neck, devel-
opmental delay, and mental retardation [1]. It can also accom-
pany rare phenotypes including cardiac defect [2, 31, psychotic
behavior [4], autism spectrum disorder (ASD) [5], and hearing
loss [6]. Phenotypes of 9p duplication correlate with the size and
position of the involved region [6]. Most 9p duplications originate
from parental balanced translocation, usually between chromo-
some 9 and other autosomes [1, 4]. Therefore, accompanying
partial monosomy of chromosome 9 or abnormalities of other
chromosomes may complicate the understanding on the geno-
type-phenotype correlation of 9p duplication [1]. Reports on iso-
lated 9p duplication, excluding cases with partial monosomy of
chromosome 9 or other chromosomes, are relatively uncommon
[1]. Here, we report an isolated 9p duplication case confirmed
by chromosomal microarray (CMA) analysis.

The patient was a 38-yr-old Korean man with severe mental
retardation and no other underlying disease previously diag-
nosed. On the day of admission, he had a sudden cardiac arrest

due to ventricular fibrillation at his work facility. Further evalua-
tion after resuscitation and admission revealed severe aortic ste-
nosis from bicuspid aortic valve. Tracheomalacia was noted by
fiber-optic bronchoscopy (FOB). Brain computed tomography
found decreased brain volume and mild hydrocephalus. On the
basis of his dysmorphic features (coarse face and short neck)
and cardiac anomaly, the attending clinician suspected Di-
George syndrome, but FISH targeting the TUPLE1 gene (Abbott
Molecular, Downers Grove, IL, USA) showed negative results. In
G-banded karyotyping, material of unknown origin was inserted
into the heterochromatin portion of the Y chromosome (Fig. 1A).
CMA analysis with a CytoScan 750K array (Affymetrix, Santa
Clara, CA, USA) revealed a 38.5 mega base (Mb) duplication on
9p24.3p13.2 (Fig. 1B). The final cytogenetic result for the pa-
tient was reported as 46,X,der(Y)t(Y;9)(q12;p13.2).arrlhg19]
9p24.3p13.2(208,454-38,689,749)x3 according to the Interna-
tional System for Human Cytogenetic Nomenclature 2013.

The duplicated region in our patient includes a critical region
of 9p duplication syndrome (9p22.3 to 9p22.2) [5] and con-
tains 255 genes and 147 Online Mendelian Inheritance in Man
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Fig. 1. G-banded karyotype and chromosomal microarray results of the patient. (A) G-banding revealed inserted material on the Y chromo-
some (red arrow). The karyotype was confirmed as 46,X,der(Y)(Ypter—Yql12::9p13.2—9pter) after microarray analysis. (B) The microarray
results showed a duplication in the 9p24.3p13.2 (chr9:208,454-38,689,749) region (red arrow). Log?2 value (blue dots) of 0.5 in the region
represents a 3:2 copy number ratio of the test to the reference DNA.

(OMIM) genes. Among them, DOCK8, KANK1, VLDLR, MLLT3,
and PIGO are known to be associated with mental retardation or
developmental delay, usually involving deletion, translocation
breakpoint, or point mutation of these genes (http://www.ncbi.
nlm.nih.gov/omim).

Congenital tracheomalacia can be associated with chromo-
somal abnormality [7], but no 9p duplication case has been re-
ported in the literature. From the DatabaskE of Chromosomal Im-
balance and Phenotype in Humans using Ensembl Resources
(DECIPHER, https://decipher.sanger.ac.uk/), we retrieved over
180 cases having duplicated regions overlapping with our case.
Among them, only one patient (ID: 282249) with a 749 kb size
duplication at 9p13.3 had tracheomalacia along with develop-
mental delay and hypothyroidism. The frequency could be un-
derestimated since mild tracheomalacia without associated tra-
cheoesophageal anomaly cannot be identified by routine clinical
evaluation. We performed FOB in our patient because of desat-
uration despite the intubation condition, and without this event,
we might have missed his tracheomalacia.

Abu-Amero et al. [5] suggested that 9p23-24.3 can be a po-
tential ASD locus. However, there are many cases involving
9p23-24.3 but without ASD, and instead, all including our case
had developmental delay and/or mental retardation [1, 4-6].
The explanation for such a variation may include a combinato-
rial effect of various factors including other genetic variants, epi-
genetic regulation, and environmental factors [8].

Although cardiac defect is uncommon in 9p duplication,
three such cases have been reported including dup(9)(p22
p24), supernumerary der(9)(pter—ql3::q13—ql2:), and der
(9t(9;21)(q13;921) [2, 3, 9. From the DECIPHER database,
we found two more cases with 9p duplication and cardiac de-
fects, including a case with a 346-kb duplication at 9p24.1 and
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a case with a 614-kb duplication at 9p13.3 (IDs: 256847 and
276350, respectively). Nonetheless, the pathogenicity and con-
sensus on the critical chromosomal region are yet uncertain, re-
flecting the heterogeneous nature of causative loci for cardiac
defects in the human genome [10].

In Korea, six cases of 9p duplication syndrome have been re-
ported until now [9]. All previous cases were diagnosed by us-
ing G-banded karyotyping, FISH, or multiplex ligation-depen-
dent probe amplification. Here we report the seventh Korean
case of 9p duplication, for which CMA analysis was firstly used
for the diagnosis of this syndrome in Korea. In cases with un-
identifiable derivative chromosomes by conventional karyotyp-
ing, CMA can be indispensable for the identification of the ab-
normalities, the breakpoint, and altered genes.
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