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A female child born preterm with intrauterine growth retardation and presenting with facial dysmorphism with cle�s, micro-
cephaly, limb deformities, and congenital abnormalities involving cardiovascular and urinary systems is described. Chromosomal
analysis showed a de novo 46,XX,r(4)(p15.3q35) karyotype. �e clinical features of the patient were compared with the phenotypic
characteristics of 17 previously reported cases with ring chromosome 4 and those with Wolf-Hirschhorn syndrome (4p-). Clinical
features observed in this case are consistent with the consensus phenotype in ring chromosome 4. Patent ductus arteriosus and
bilateral talipes equinovarus observed in this baby widen the phenotypic spectrum associated with ring chromosome 4.

1. Introduction

Ring chromosome is a rare form of structural chromosomal
abnormality which commonly results from the breakage of
an end segment of both the short and long arms of the chro-
mosome and subsequent end joining. �e site of breakage
and the amount of chromosomal material lost vary from case
to case even when a single chromosome is considered. �e
cytogenetic variation in the presence of a ring chromosome
depends on the ring size, rate of sister chromatid exchange
events, and the viability of altered cell lines [1, 2]. Phenotypic
variation of these individuals depends on the size of the ring
chromosome, amount of genetic material lost in breakage,
the stability of the ring chromosome, and the presence
of secondary chromosomal aberrations including the vary-
ing degrees of mosaicism [1]. Subtelomeric or telomere-to-
telomere fusion of the chromosomes resulting in formation of
complete rings was also reported, usually with milder pheno-
typic changes due to the minimal loss of genetic material [3–
5]. Advances in the cytogenetic techniques, such as high res-
olution molecular karyotyping, have allowed the detection of

novel mechanisms of ring formation, for example, in patients
with inverted duplication and terminal deletion, where ring
formation was observed as an escape mechanism [6].

Ring chromosomes account for a very low percentage of
structural chromosomal abnormalities [7, 8] and majority of
the cases are sporadic arising de novo [9]. Ring formation
is reported in all human chromosomes with nearly 50% of
rings arising from acrocentric chromosomes. Among the
nonacrocentric human autosomes, ring chromosome 4 was
observed to be a relatively commoner occurrence [8], but only
about 20 cases have so far been reported in detail.

�e �rst report of ring chromosome 4 was in 1969,
in a newborn baby with growth retardation and multiple
congenital abnormalities a�ecting many systems resulting in
early neonatal death [10]. �e most recent review of sixteen
cases with ring chromosome 4, in 2006, highlighted low birth
weight, growth retardation with retarded bone age, micro-
cephaly, and mental retardation as the main clinical features
observed inmajority of cases. Cle� lip and cle� palate, abnor-
mal facial features, and skeletal abnormalities of the hands
and feet were also observed commonly while involvement of
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Figure 1: Karyogram of the baby showing ring chromosome 4.

one or more of the cardiovascular, gastrointestinal, and gen-
itourinary systems was observed in some cases [11]. It is sug-
gested that the phenotype observed in ring chromosome 4 is
a combination of clinical features due to terminal deletions of
the chromosome and unspeci�ed developmental abnormali-
ties due to chromosomal instability in ring formation [12].

We report a baby girl who was referred for genetic eval-
uation due to intrauterine growth retardation and multiple
congenital abnormalities and was found to have a de novo
46,XX,r(4)(p15.3q35) karyotype. Herein, her clinical �ndings
are compared with those of the previously reported cases of
ring chromosome 4.

2. Case Description

Clinical information and peripheral blood samples were
collected from the proband and his parents a�er obtaining
their written informed consent. Parental written informed
consent was also obtained for publication.

�e proband was the �rst child of a nonconsanguineous
couple with an unremarkable family history. At the time of
conception, the father was 39 years old while the mother was
33 years old. Routine prenatal scans indicated intrauterine
growth retardation. �e baby was delivered at 35 weeks’
gestation. She was resuscitated at birth and Apgar scores were
4, 6, and 6 at 1minute, 5minutes, and 10minutes, respectively.
Her birth weight (1.5 kg) and head circumference (25.5 cm)
were below the 3rd centile expected for a baby born at 35
weeks of gestation and the crown-to-heel length (48 cm) was
above the 50th centile. �e baby had microcephaly, right
side ptosis, low set ears, unilateral cle� lip and cle� palate,
short neck, and bilateral talipes equinovarus. A murmur was
elicited during the cardiovascular examination. Examination
of other systems showed no abnormality.

Ductus arteriosus was found to be patent in echocar-
diography performed at 3 weeks and 9 weeks a�er birth.
Abdominal ultrasonography revealed renal agenesis in the

right side. No abnormalities were detected in the ultrasound
scan of the brain. Radiological assessment of the chest and
spine was normal.

Chromosomal analysis of the proband’s peripheral blood
using the GTL banding technique at 525-band resolution
showed ring chromosome 4 in all 20 spreads analyzed
(Figure 1). �e karyotype was 46,XX,r(4)(p15.3q35). Chro-
mosomal analysis of both the mother and father was normal.

�e baby died of respiratory distress resulting from
cardiac failure and renal impairment at 10 weeks a�er birth.
Autopsy was not done.

3. Discussion

Since the �rst report in 1969, over 20 cases have so far been
reported describing the phenotypic spectrum associated with
ring chromosome 4. �e clinical signs of the present case
in comparison with the phenotypic �ndings of 17 previously
reported cases [3, 4, 10–24] are summarized in Table 1.
Almost all the patients reported had both prenatal and post-
natal growth retardation andmicrocephaly. In addition, most
of themalso haddevelopmental delay andmental retardation.
Abnormal facial features, which were commonly observed
in these patients, included hypertelorism, epicanthal folds,
micrognathia, and abnormalities of the nose and ears. Five of
the 16 reported patients had cle� lip and/or cle� palate. Skele-
tal abnormalities were also a common �nding among these
patients.�ese abnormalities commonly involved the thumb,
��h �nger, and feet. Abnormalities of feet reported among
these patients include overlapping toes, hypoplasia of toes,
valgus deformity, and rocker-bottom feet. In addition to these
phenotypic features observed in ring chromosome 4, this
baby had bilateral talipes equinovarus. Abnormalities of the
heart, gastrointestinal system, kidneys, and urinary system
were observed in nearly one-third of the reported patients. As
reported in 4 patients, these systemic abnormalities tended to
occur together [10, 11, 19, 23]. Cardiac abnormalities observed
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Table 2:�e comparison of clinical features ofWolf-Hirschhorn syndromewhichwere found in common in the present case and in previously
reported cases of ring chromosome 4.

Clinical signs associated with WHS (Zollino et al., 2008
[25])

Number of reported cases of ring
chromosome 4

Present case

Facial dysmorphism (2 or more abnormal facial
features, excluding facial cle�s)

11/17 +

Mental retardation 8/13 NA

Seizures 2/16 −
Prenatal growth retardation 15/16 +

Postnatal growth retardation 16/16 +

Microcephaly 15/16 +

Hypotonia 2/16 −
Congenital heart defects 6/17 +

Cle� lip/cle� palate 5/17 +

Ocular colobomas 3/17 −
Hypospadias 4/11 NA

Renal abnormalities 6/17 +

Skeletal abnormalities 11/17 +

WHS: Wolf-Hirschhorn syndrome. NA: not applicable.

in patients with ring chromosome 4 typically involve cardiac
septation and include atrial septal defects, patent foramen
ovale, ventricular septal defects, and transposition of great
arteries. Patent ductus arteriosus observed in this baby is not
reported earlier in association with ring chromosome 4. Uni-
lateral renal agenesis observed in this baby is also reported
in one case previously, while renal hypoplasia is observed
in 3 other patients. �ese clinical features observed in this
baby are consistent with the consensus phenotype of ring
chromosome4; furthermore bilateral talipes equinovarus and
patent ductus arteriosus add to the phenotypic spectrum
observed in ring chromosome 4.

In the reported cases of ring chromosome 4, chromoso-
mal breakpoints were common at p16 and q35. Telomere-
to-telomere fusion was suggested as the mechanism of ring
formation in 2 cases, and both these cases did not show
any systemic involvement [3, 4]. Mosaic genotype with ring
chromosome 4 was also reported in 2 cases. One case with
46X,r(4)/46,XY mosaicism had signi�cant renal involve-
ment [20], while the other one had 45,XX,-4/46,XX,r(4)
mosaicism which was detected prenatally and the pregnancy
was terminated at 17 weeks’ gestation. Abnormalities of the
cardiovascular and gastrointestinal systems were identi�ed in
the fetus [23].

It is postulated that the clinical features observed in
patients with ring chromosome 4 are partly due to the
terminal deletion of the chromosome’s p and q arms. Patients
with terminal deletions of the p arm were reported to
have growth failure, developmental delay, congenital cardiac
defects, �nger and toe anomalies, and speech delay [26]. �e
genes deleted in this critical region in chromosome 4 in those
patients included HAND2 gene, which is expressed in the
ventricular chambers of the developing heart, and SORBS2
gene, which is expressed in epithelial tissue and cardiac

muscle.�ese genes may potentially contribute to the cardiac
defects in terminal 4q deletion, hence in ring chromosome 4.

Terminal deletion of the short (p) arm of chromosome
4 is a well-known clinical entity which is described as
Wolf-Hirschhorn syndrome (WHS) (MIM 194190). Terminal
4p16.3 deletion is known to be necessary and su�cient to
produce the classical phenotype of WHS [25]. A recent
review of reported cases of WHS suggested that the char-
acteristic facies, mental retardation, prenatal and postnatal
growth retardation, microcephaly, seizures, and hypotonia
were present in nearly all the reported cases irrespective of the
size of the deleted chromosomal segment. Congenital heart
defects, cle� palate and cle� lip, colobomas, hypospadias,
and renal and skeletal abnormalities are the other commonly
observed abnormalities in WHS [25]. �e breakpoint on the
short arm is reported to be located in the region 4p16.1 [23].
�is leads to deletion of the distal portion of the short arm
that includes the WHS critical region (WHSCR). Genotype-
phenotype analysis of WHS has reported that haploinsu�-
ciency of WHSC1 gene causes the characteristic facial dys-
morphism and growth delay in WHS. Microcephaly is
mapped to an area with its distal boundary at 2.2Mb from the
telomere, whereas the chromosomal localization of cardiac,
renal, and genital anomalies is known to be further distal to
the telomere [25]. �is explains the more severe phenotype
with systemic involvement in larger terminal deletion in
WHS as well as in ring chromosome 4. �e breakpoint in
p arm of chromosome 4 is located proximally to MSX1 gene
which is known to be associated with cle� lip and cle� palate
[27].

Phenotypic features observed in the present case are
comparable to the phenotype of the previously reported cases
with r(4)(p16q35) karyotype and some of the phenotypic
features observed in 4q terminal deletion and WHS. �is
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suggests that the phenotypic features of ring chromosome 4
are the cumulative e�ect of the deletion of a number of genes
located in the terminal 4p and 4q regions. Chromosomal
instability in ring formation is also likely to have an additional
in�uence on the phenotype in ring chromosome 4.

In the literature cited in this paper, 5 of the 17 reviewed
reports on ring chromosome 4 have presented their case as
WHS [11, 12, 15, 16, 24]. Table 2 shows the clinical features of
WHS which were found in common in the present case and
in previously reported cases of ring chromosome 4. Although
dysmorphic facial features were observed in majority of the
cases, the characteristic “Greek warrior helmet” pro�le with
prominent glabella was observed in only two cases [11, 23].
Even though seizures and hypotonia are described as cus-
tomary features of WHS, seizures were reported in only two
cases [11, 13] and hypotonia was reported in another two cases
with ring chromosome 4 [15, 16]. �ese �ndings suggest that
the phenotypic spectrum of patients with ring chromosome 4
does not always conform to the consensus phenotype of
WHS.

In conclusion, the phenotypic features observed in this
baby add to the spectrum of clinical features observed in
ring chromosome 4. Conventional karyotyping was used for
cytogenetic diagnosis of the present case; however, the exact
chromosomal breakpoints can only be con�rmed by the use
of molecular cytogenetic methods such as �uorescence in
situ hybridization (FISH) and microarray, which have not
yet been fully established at our centre. Such techniques will
allow the precise identi�cation of the deleted chromosomal
segments and the genes involved, which will help to improve
the understanding of the phenotype-genotype correlation of
this relatively rare structural chromosomal abnormality.
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