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Introduction: 2p15p16.1 microdeletion syndrome was described for the first time in 2007. The size of the microdeletion is variable 
and encompasses several genes, like XPO1, USP34, BCL11A, REL, PAPOLG, PEX13, COMMD1, B3GNT2, and EHBP1. Features of 
the syndrome include short stature, microcephaly, hypotonia, psychomotor developmental delay, anomalies of the fingers of the upper 
and lower limbs, dysmorphic features like receding forehead, broad nasal bridge, telecanthus, ptosis, flat philtrum, small mouth with 
a high, narrow palate and everted lower lip. The precise genotype–phenotype correlation in 2p15 deletion syndrome is not understood. 
The aim of the study is to present the patient’s medical history and the diagnostic process.
Case Presentation: A boy aged 9 was admitted to the Genetic Outpatient Clinic due to dysmorphic features and mild mental 
retardation. Full lips, broad nasal root, very light hair, excessively developed subcutaneous tissue, joint laxity, postural defect, flat- 
valgus foot with sandal gap, brachydactyly, and problems with concentration, memory, and counting were found. Diagnosis was based 
on microarray testing, and copy-number variation analysis was performed using CytoScan 750K array. Genetic imbalance in the form 
of a deletion within the short arm of chromosome 2 in the 2p15 region (containing 50 kbp) was shown. The microdeletion covers 2 
genes: USP34 and XPO1. Parents were not carriers of that mutation.
Conclusion: The phenotypic features presented by the patient were reflected in the genetic test. 2p15 microdeletion syndrome is 
genetically heterogeneous with possible de novo occurrence, as in the presented case. The precise genotype–phenotype correlation in 
2p15 deletion syndrome should be widely studied because in the literature there is mainly mentioned 2p15p16.1 syndrome. Even 
though 2p15 microdeletion syndrome is a rare discovery and its features are mainly mild, it is necessary to pay special attention to 
them to refer patients to genetic counseling to make an accurate diagnosis.
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Introduction
2p15p16.1 microdeletion syndrome (OMIM #612513) was described in 2007.1,2 The age of onset of the symptoms is 
infancy/neonatal.3 The prevalence is below 1/1000000 and it has been described in 30–40 patients so far.3,4 The size of the 
microdeletion is variable and ranges from 570 kB to 5.7 MB (base pairs of deoxyribonucleic acid).3 It encompasses several 
genes, like XPO1, USP34, BCL11A, REL, PAPOLG, PEX13, COMMD1, B3GNT2, EHBP1. Features and medical problems 
of the patients with 2p15p16.1 microdeletion syndrome include short stature, microcephaly, brachycephaly, hypotonia, 
abnormal head shape, variable brain malformations (cortical dysplasia, pachygyria, cerebral atrophy, enlarged ventricles, 
hypoplasia of the corpus callosum, cerebellum, and pons), bilateral optic nerve atrophy/hypoplasia, frequent upper 
respiratory infections, pectus excavatum, widely spaced nipples, hypogonadism, small testes, micropenis, cryptorchidism, 
hydronephrosis, anomalies of the fingers and toes like camptodactyly and arachnodactyly, metatarsus adductus, calcaneo-
valgus, spasticity of the lower limbs, dysmorphic features, psychomotor developmental delay, speech and language delay, 
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nasal speech, feeding difficulties, mental retardation, features of autism spectrum disorder, and behavioral problems/ 
attention deficit disorder.1,3,5–12 Asymptomatic elevated fetal hemoglobin (HbF) in 2p15p16.1 microdeletion syndrome is 
noted in patients with deletion of the BCL11A gene.1,11,12 Among dysmorphic features described in the literature the 
following could be enumerated: receding forehead, bitemporal narrowing, telecanthus – widened inner canthal distance, 
epicanthal fold, short and down-slanting palpebral fissures, ptosis, strabismus, long and straight eyelashes, large ears, low- 
set ears, posteriorly rotated ears, broad, high, depressed nasal root, prominent nasal tip, retrognathia, smooth long philtrum, 
small mouth with high, narrow palate, thin upper lip, and everted lower lip. Sensorineural hearing loss, valvular defects, 
laryngomalacia, and kyphoscoliosis were reported in single patients.1,3,5–12 Specific treatment for 2p15p16.1 microdeletion 
syndrome is not available. In the literature, there is mainly mentioned 2p15p16.1 syndrome, in which deletion covers 
a larger fragment of the genome than microdeletion of our patient – 2p15. Thus, in 2p15 deletion syndrome, the precise 
genotype and phenotype correlation is not fully understood.13

The aim of the study is to present the patient’s medical history and the diagnostic process. Written informed consent 
for publication of this case report was obtained from the patient and patient’s parents.

Case Report
Proband was a boy aged 9 who was referred to the Genetic Outpatient Clinic due to dysmorphic features and mild mental 
retardation. He came into the world at 39 weeks of the first pregnancy by caesarean section. He was born from the first 
delivery and had no siblings. The boy received 9 points in Apgar score and weighed 2600 g. Mother was 30 years old at 
the time of birth of the proband, and she had no health problems. She took vitamins and folic acid during pregnancy. 
During that time no health problems were noted, except lower length and weight of the fetus at the end of pregnancy. 
Father was 34 years old at the time of birth of the proband and suffered from hypertension. Parents were not 
consanguineous (Figure 1). In the neonatal period, the boy had suction problems. He was breastfed for 9 months.

Initially, psychomotor development was normal: sitting in the 6th month, standing in the 9th month, walking in the 12th 
month. The boy began to signal his needs at the age of 12 months. He had delayed speech development – he started speaking at the 
age of 4. Clinical features include the following: mild mental retardation, full lips, broad nasal root, very light hair, scar after right 
inguinal hernia operation, excessively developed subcutaneous tissue, joint laxity, postural defect, flat-valgus foot with sandal gap 
(Figures 2–5). At the age of 9, when he was first consulted by geneticist, his body weight was 40 kg (75–90th percentile), height 
140 cm (75th percentile), BMI = 20.41 (75–90th percentile), and head circumference 53.5 cm (50th percentile).

The boy is under the care of a psychiatrist, neurologist, and psychologist due to mild mental retardation. He goes to 
integrational primary school to the class equally with age as his peers. The boy has problems with concentration, memory, and 
counting, but still he is doing quite well at school. Even though he is left-handed, he writes by right hand on computer. He is 
lively in his behavior and active in sports. Sometimes he has attacks of aggression. In the past, he underwent right inguinal 

Figure 1 Genetic lineage of the proband’s family.
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hernia surgery, adenectomy, and dilation of the tear ducts. The patient suffers from farsightedness. He had febrile seizures in 
the past. The boy took chlorprothixene, hydroxyzinum, and later – chlorprothixene and risperidone.

In the Genetic Outpatient Clinic, the diagnosis was confirmed. Cytogenetic studies were conducted, in which normal 
male karyotype (46, XY) was found. Subsequently, copy-number variation analysis was performed using CytoScan 750K 
array – microarray-based comparative genomic hybridization (aCGH). Genetic imbalance in the form of a deletion within 
the short arm of chromosome 2 in the 2p15 region (containing 50 kilobase pair) was found (arr[GRCh37] 2p15 

Figure 2 Photograph of the face of the patient with 2p15 microdeletion syndrome – front view. Note characteristic features: broad nasal bridge, smooth philtrum, large 
mouth, full lips.

Figure 3 Photograph of the face of the patient with 2p15 microdeletion syndrome – side view. Note characteristic features: sloping forehead, full lips.
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(61679014_61729258)x1) (Figures 6 and 7). The aberration covers two genes: USP34 (OMIM #615295) and XPO1 
(OMIM #602559). Parents were not carriers of that deletion (de novo lesion) (Figures 8 and 9).

Discussion
Patients with 2p15p16.1 microdeletion syndrome, in which mutation covers a larger fragment of the genome, are 
supposed to present more medical problems and dysmorphic features than patients with microdeletion of 2p15. Since 
our described boy presents symptoms compatible with the phenotypic spectrum of 2p15p16.1 microdeletion syndrome 
and the deletion overleaps with the known region in genome, the 2p15 deletion could be stated as a reason of his clinical 
presentation. Peter et al draw attention to the variety of phenotypic features of patients with a microdeletion within 
2p15p16.1, which result from the type of gene or genes that have been deleted.14

USP34 is a gene which encodes ubiquitin-specific peptidase 34 which enables cysteine-type endopeptidase activity 
and thiol-dependent deubiquitinase. It is involved in a positive regulation of the canonical Wingless-type signaling 

Figure 4 Photograph of hands of the patient with 2p15 microdeletion syndrome. Note characteristic features: long slender fingers.

Figure 5 Photograph of the feet of the patient with 2p15 microdeletion syndrome. Note characteristic feature: long slender toes, sandal gap.
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pathway and protein K48-linked deubiquitination.15 The pathway plays an important role in several developmental 
processes, such as cell fate specification, cell migration, differentiation, and proliferation during embryonic development 
and in tissue homeostasis in adults.13 The peptidase is predicted to be active in cytosol and nucleus. USP34 is expressed 
in brain at a low level and its disruptions might cause developmental defects or diseases, it may influence cell movement 
and polarity defects, and it may be involved in cancer.13

Figure 6 Karyoview of patient’s chromosomal microarray results. Note a deletion within the short arm of chromosome 2 in the 2p15 region.

Figure 7 Patient’s chromosomal microarray results showing a deletion covering XPO1 and USP34 genes (Chromosome Analysis Suite (Chas) Software).
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XPO1 encodes exportin 1, which mediates leucine-rich nuclear export signal (NES)-dependent protein transport, and it is 
involved in the export of hundreds cellular molecules, like proteins involved in the proper development of neurons and 
synapses, ribosomal ribonucleic acid (rRNA), and small nuclear ribonucleic acid (snRNA).16,17 XPO1 is also involved in 
coordinating mitosis, transcription activation, nuclear transport, and maintaining chromosome structure.16 It is suggested that 

Figure 8 Karyoview of patient’s and parents’ chromosomal microarray results. Note a deletion within the 2p15 region in patient and no deletion in parents.

Figure 9 Patient’s chromosomal microarray results showing a deletion covering XPO1 and USP34 genes and no deletion in parents (Chromosome Analysis Suite (Chas) 
Software).
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XPO1 might be a key regulator in early embryogenesis. Moreover, single-nucleotide polymorphism in XPO1 was significantly 
associated with autism susceptibility. The deletion of XPO1 might explain the multiple organ anomalies.13

The factor causing microdeletion of 2p15 is not known. Fannemel et al reported a case of male with mild intellectual disability 
and cranio-facial dysmorphisms with haploinsufficiency of XPO1 and USP34 by a de novo 230 kilobase pair deletion in 2p15. 
They suggest that haploinsufficiency of one or both genes is likely to be responsible for the phenotype in the disease. The 
presented patient had facial dysmorphic features like the boy described in our article, who is, to our best knowledge, the second 
known patient with 2p15 microdeletion syndrome, with deletion covering XPO1 and USP34 genes. Both boys had broad nasal 
bridge, full lower lip, large mouth, smooth philtrum, sloping forehead, long and slender fingers, and language developmental 
delay. The boy described by Fannemel et al presented also with scoliosis, pectus excavatum, extra nipple, polydipsia, anxiety, 
obsessive-compulsive disorders, hypermetric, bilateral non-progressive sensorineural hearing loss, and sensitivity to light and 
loud sounds.13

It is stated that interstitial 2p15p16.1 microdeletion is a contiguous gene syndrome with specific phenotypic 
features.10,16 Lévy et al proposed two critical regions at 2p15 and 2p16.1.16 It was found that the proximal part (2p15) 
includes XPO1, SNORA70B, and USP34 genes, whereas the distal part (2p16.1) accounts among others for BCL11A, 
PAPOLG, and REL genes.18 Bagheri et al assessed that the most frequently deleted or disrupted coding genes were XPO1 
and USP34, which were noted in more than 70% of cases. They found also that the deletions occurred on maternal and 
paternal chromosomes, so the effect of imprinting is eliminated.19 According to Miceli et al, analysis of deletions 
reported in about 40 patients so far, has led to the identification of four candidate genes (BCL11A, REL, USP34, and 
XPO1) and two critical regions of 2p15p16.1 microdeletion syndrome.20

There is no information in the literature about the potential therapy for 2p15p16.1 microdeletion syndrome. The 
patient requires multidisciplinary care according to his medical problems. The disease has no promise of improvement.

Conclusions
The genetic change is responsible for the boy’s symptoms. Appropriately selected genetic tests confirmed the reason of the 
patient’s phenotypic changes. 2p15 microdeletion syndrome is genetically heterogeneous with possible de novo occurrence, as in 
the described case. Even though 2p15 microdeletion syndrome is a rare discovery and its features are mainly mild, it is necessary 
to pay special attention to them, to refer patients to genetic counseling to make an accurate diagnosis. The precise genotype– 
phenotype correlation in 2p15 deletion syndrome should be widely studied because in the literature there is mainly mentioned 
2p15p16.1 syndrome. There is a hope that our presented case will contribute to a better understanding of the disease due to 
clinical investigation of small size deletion.
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