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Introduction
A male patient with microcephaly, severe mental retardation and speech delay, and dysmorphic features such
as hypertelorism and micromandible was reported.
The karyotype of the patient was determined to be
46,XY,der(5)t(4;5)(q34.2;p14.1) through high-resolution
karyotype analysis and fluorescence in situ hybridization
(FISH) detection. The patient’s mother and elder sister were
both translocation carriers involving 4q34.2 and 5p14.1. A
25 Mb deletion of 5p15.33-14.1 and a 13 Mb duplication
of 4q34.2-35.2 were revealed by the copy number variation
analysis of the whole genome in this patient. This is the
first report of a case with copy number variation involving
5p15.33-14.1 and 4q34.2-35.2.
The incidence of mental retardation is about 1–3% (Chelly
et al. 2006) worldwide. Among the aetiologies that cause
mental retardation it would appear that 30% have a genetic
origin (Rodríguez-Revenga Bodi et al. 2006). Various chromosome deletions, duplications and rearrangements can lead
to mental retardation of different extent (Chelly et al. 2006).
The 5p deletion syndrome is one of the most common causes
of mental retardation. However, some cases are caused by
the unequal segregation of a parental balanced translocation where the 5p monosomy is accompanied by a trisomy
of the terminal segment of the other chromosomal arm
(Mutchinick et al. 1988; Vasudevan and Parker 2006; Hellani
et al. 2010). In this paper, we report a case with
microcephaly, severe mental retardation and speech delay,
and dysmorphic features. A balanced reciprocal translocation between 4q and 5p was present in his mother
and elder sister. The karyotype of the patient thus was
46,XY,der(5)t(4;5)(q34.2;p14.1), and partial monosomy 5p
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and trisomy 4q was determined by the further copy number
variation (CNV) analysis of the whole genome.

Clinical report
A 29-year-old woman, who experienced four abnormal pregnancies including three spontaneous abortions in the first
trimester and one induction delivery as microcephaly and
multiple organ malformations of the feotus, came to our centre for genetic counselling. The short arm of chromosome
5 in her karyotype was abnormal as detected by karyotying, which was not consistent with her normal phenotype.
Through detailed conversation, we found that her brother
was a patient with microcephaly, severe mental retardation
and had speech delay. He was 22 years old and unable to take
care of himself since childhood. His intelligence level was
equivalent to three-to-four-year-olds. He could not sit alone
until 12 years of age and started to walk only after 2.5 years
of age. Until now he can not speak but has language comprehension to some extent. He is 166 cm in height and weighs
63 kg. His head circumference is 41.2 cm with acrocephaly,
narrow forehead, small cranial vault and flat occipital. CT
examination showed morphological abnormalities of brain
tissue, including white matter myelination hypoplasia, cortical atrophy, ventriculomegaly, brain parenchyma softening,
and corpus callosum hypoplasia. Other face dysmorphic features include long face, prominent eyebrow, hypertelorism,
epicanthus, high nasal bridge, relatively wide mouth, thick
lower lip, small lower jaw (figure 1a), slender limbs and cubitus valgus (figure 1b). His parents are not consanguineous.
Both are normal in phenotype and intelligence. His mother
experienced twice unexplained spontaneous abortions in the
first trimester, and never received prenatal examinations.
Blood samples were collected with informed consent and
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Figure 1. (a) Facial features of the patient; (b), slender limbs and cubitus valgus.

genetic analysis was performed on the patient and his mother
and elder sister.

Methods

FISH analysis

Bacterial artificial chromosome (BAC) clone RP11-159A22
(4q35.1) was cultured in LB media for 18 to 24 h. BAC
DNA was extracted by QIAGEN Large Construct Kit
(Courtaboeuf, France). The probe was marked by Nick
Translation Kit (Roche, Mannheim, Germany). RP11-11C18
was chosen for 5p15.33 examination.

Karyotyping

Blood samples were cultured in RPMI 1640 media. The cultures were incubated at 37◦ C for 72 h and then harvested.
Chromosomes were prepared and fixed slides were treated by
Giemsa-trypsin for banding metaphase chromosomes. Quantitative and structural chromosome disorders observed in the
cases were examined and assessed in accordance with the
International System for Human Cytogenetic Nomenclature
(ISCN 2005).

High-resolution karyotyping

Blood samples were cultured in RPMI 1640 media. The cultures were incubated at 37◦ C for 72 h, then sequentially
added 100 µL 5-fluorodeoxyuridine (FrdU) (10−5 mol/L)
and 100 µL uridine (10−4 mol/L) for 17 h, 100 µL TDR
(10−3 mol/L) for 4 h, 50 µL EB (1g/L) for 45 min,
35 µL colchicine (20 mg/L) for 10 min and then harvested.
Chromosomes were prepared and fixed slides were treated
by Giemsa-trypsin for banding metaphase chromosomes.

CNV analysis

Genomic DNA was extracted from peripheral blood and
CNV was analysed by Illumima Human Cyto SNP-12 Beadchip (San Diego, USA).

Results
The karyotype of the mother was normal, while the short
arm of chromosome 5 of the patient and his elder sister
were both indefinably abnormal indicated by high-resolution
chromosome analysis. We considered whether they had
chromosomal translocation, so we performed FISH analysis on them. The patient was identified to have an abnormal derivative chromosome 5 and his mother and elder sister were both translocation carriers involving 4q34.2 and
5p14.1 in FISH analysis. To sum up, the patient’s karyotype
was determined to be 46,XY,der(5)t(4;5)(q34.2;p14.1). His
mother was 46,XX,t(4;5)(q34.2;p14.1) and his elder sister
was 46,XX,t(4;5)(q34.2;p14.1)mat. According to his severe
phenotype, we conjectured that he probably carried some

Figure 2. CNV analysis result of the patient. (a) 4q34.2-35.2 duplication (13 Mb); (b) 5p14.1-15.33 deletion (25 Mb). The boxes indicate
the abnormal regions.
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copy number changes resulted from his mother’s translocation. Then the further CNV analysis of the whole genome by
Illumima Human Cyto SNP-12 Beadchip was performed on
him and a 13 Mb duplication of 4q34.2-35.2 (figure 2a) and
a 25 Mb deletion of 5p15.33-14.1 (figure 2b) were revealed.

Discussion
The short arm of chromosome 5 deletion is the leading
cause of Cri du Chat syndrome with an incidence of one in
50,000 live births. The following are the characteristic features of this syndrome: microcephaly, hypertelorism, round
face, micrognatia, epicanthic folds, hypotonia and severe
psychomotor retardation. Patients also show a high pitched
cry similar to the mewing of a cat (Murru et al. 2008). With
advancing age, the typical clinical picture will change, such
as the face lengthens and becomes ‘coarse’ with prominent
supra-orbital ridges, severe dental malocclusion, relatively
large mouth, and full lower lip (Van Buggenhout et al. 2000).
The patient in our study was already 22 years old when we
found him and his facial features were similar to the changes
described above. However, we can not exclude the impacts
of 4q duplication on his phenotype.
Now, there are only a few cases in which 5p deletion
was accompanied by a trisomy of another chromosome.
We reviewed many papers and found that only one family
was identified to have 4q/5p translocation, which resulted in
4q31-qter duplication and probably 5p15-pter deletion in two
patients (Gencik et al. 1982). The clinical picture of both
patients included the main features of the Cri du Chat syndrome: a low birth weight, cat-like cry, severe psychomotor
retardation, hypotonicity, antimongoloid slant of the eyelids,
microcephaly together with other symptoms determined by
trisomy 4q (Gencik et al. 1982).
4q trisomy was first reported by Francke (1972) and has
been already described in more than 60 patients (Cernakova
et al. 2006). There are 21 cases involving dup 4q34.2-35.2
reported in decipher database. Their clinical manifestations
include development retardation, mental retardation, speech
delay, microcephaly, epilepsy, low-set ears, arthrogryposis,
scoliolosis etc. Therefore, our patient’s phenotype of slender
limbs and cubitus valgus may be associated with 4q trisomy.
Francisco-Bagnariolli et al. (2001) reported on a familial t(4;7)(q28;p22) with unbalanced segregation producing duplication of 4q28-qter in multiple offspring in 2001.
Patients had similar mental and developmental retardation,
hypotonia, restricted speech, seizures and facial anomalies.
In 2005, Zhang et al. (2005) revealed that a 3.2 Mb region
in 5p15.32-15.33, between BACs containing D5S417 and
D5S635, was associated with speech delay. Perhaps there
are dose-sensitive genes associated with language development both in 4q34.24-35.2 and 5p14.1-p15.33. Therefore,
this double blow of 4q duplication and 5p deletion leads to
severe speech delay of our patient, who can not speak until
now.

The researchers suggested that 4q35 (Elghezal et al. 2004),
5p14 and 5p15.2 (Cerruti Mainardi 2006) were associated
with microcephaly. The patient’s head circumference is only
41.2 cm, which is seriously below the level of normal
adult males. There are partial overlaps between the chromosome abnormalities of this case and the chromosome regions
mentioned above, which provides evidence for the further
investigation.
In summary, it is the first report of patient with 5p15.3314.1 monosomy and 4q34.2-35.2 trisomy. His severe microcephaly, mental retardation and speech delay is closely associated with the copy number changes of dose-sensitive genes
located in the above chromosome regions.
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