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ABSTRACT. Nijmegen breakage syndrome (NBS) is a rare auto-
somal recessive condition with chromosomal instability. Clinical and
biological overlap between Fanconi anemia and ataxia telangiectasia
has been reported. We report two cases of NBS born to consanguineous
parents. Case one had NBS and Falconi anemia clinical features but
relatively little chromosome breakage. The second case had mild NBS
features, while cytogenetic evaluation with mitomycin C induction
showed chromosome damage. Chromosomal analysis of bone marrow
cells revealed tetraploidy, which indicates progression towards
leukemia. On the basis of clinical and cytogenetic evaluation, these two
cases were confirmed as NBS. However, detailed molecular studies are
essential for accurate diagnosis and management of this disease.
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INTRODUCTION

Nijmegen breakage syndrome (NBS) is a rare autosomal recessive condition with
chromosomal instability. The clinical manifestations include microcephaly, dysmorphic
features, growth retardation, recurring infections, immunodeficiency, spontaneous chromosome
breakage and hypersensitivity to ionizing radiations, and high risk of malignancies. NBS was
first recognized in 1981 in two siblings with microcephaly, short stature, skin pigmentation
abnormalities, mental retardation, and immunological defects (Weemaesetal., 1981; TINBSSG,
2000; Varon et al., 2000). NBS is a rare disease and is most common in Polish people and in
those of Solvic origin. NBS patients have founder mutation 657del5 in the NBS gene (Varon
et al., 1998). However, the clinical and biological overlap between Fanconi anemia (FA) and
ataxia telangiectasia (AT) has been reported (Gennery et al., 2004; New et al., 2005).

CASE 1

An 11-year-old girl was referred for chromosomal analysis because of short stature. The
proband was second born to consanguineous parents. The mother’s age was 24 years and the
father was 39 years at the time of birth. The mother had a history of three spontaneous abortions.
On examination, proband height was 97 cm, weight 14 kg, and head circumference 41 cm. The
upper and lower segment measurements were 41 cm and 56 cm, respectively. The bone age was
3.9 years and arm span was 96 cm. The proband had short stature, microcephaly, dysmorphic
features, a bird-like face, lack of eyelashes, macules on the chest, and skin infections since
childhood. The patient had short limb dwarfism, short fingers and pustule on the dorsum of the
right palm. The bone age was 3.9 years. The large patent ductus arteriosus was operated at six
months of age. Ultrasound of the abdomen and pelvis revealed a hypoplastic uterus and normal
ovaries. Hormonal evaluation of the proband revealed elevated levels of thyroid-stimulating
hormone (>5.0) and decreased levels of T4 (0.91 ug/ul). T3 and follicle-stimulating hormone
levels were within normal range. Anti-transglutaminase (IgG) was high (192.3 pL).

CASE 2

The proband was an 8-year-old girl born to consanguineous parents. The mother’s
age was 18 years and the father was 25 years at the time of birth. On examination, proband
height was 12 kg, height 110 cm, and head circumference measurement was 46 cm. The
proband had short stature, a bird-like face, microcephaly, and hyper-pigmented elevated
lesions on the body. The proband also had delayed bone age (three years) and hypoplastic
ovaries and uterus. Thyroid hormonal levels were found to be within the normal range.
Immunoglobulins (IgG and IgM) levels were low.

CYTOGENETICS

Cytogenetic studies were performed on peripheral blood lymphocyte cultures stimulated
with phytohemagglutinin on peripheral blood cultures induced with mitomycin C (MMC) (40
ng/mL). Blood cultures were made from an FA patient and from age- and sex-matched controls.
Chromosomal analysis of the proband revealed spontaneous chromosomal breakage and fusion,
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most frequent in chromosomes 7, 8, and 14 (Figure 1). There was a slightly elevated frequency of
chromosomal breakage in cultures treated with MMC compared to controls; however, the breakage
frequency was low when compared to that in the FA patient. Chromosomal analysis of sib and
parents revealed normal karyotypes. In the second patient, the mitotic index was low and there
was spontaneous chromosomal breakage. The MMC-induced cultures showed a high frequency of
chromosomal breakage compared to controls. However, the breakage frequency was low compared
with that in the FA patient. The patient was followed up at three-month intervals, and after one year
there was no change in chromosome damage frequency. The bone marrow (BM) aspiration showed
leukemia development. The immunophenotype revealed T-cell acute lymphoblastic leukemia
(ALL). The chromosomal analysis from the BM sample revealed a tetraploid karyotype (Figure 2).

Figure 1. Metaphase of a cell from a patient with Nijmegen breakage syndrome showing spontaneous chromosome
breakage and fusion (arrows).

Figure 2. Metaphase of a cell from a patient with Nijmegen breakage syndrome showing tetraploidy in bone marrow cells.
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DISCUSSION

NBS diagnosis is based on physical anomalies and chromosomal instability. The
classical phenotype of NBS is growth retardation (30%), microcephaly (75%), mental
retardation, excessive skin pigmentation, a bird-like face with a prominent mid face, a long
nose and receding mandible, and immunodeficiency (Couturier, 1998). Though most of the
known clinical features were present in proband one, a different diagnosis was considered,
because of clinical overlap between FA and NBS (Gennery et al., 2004; New et al., 2005).
In our case 1 except for radius axis defects and hematological abnormalities the patient had
all FA clinical features. The rare anomaly of patent ductus arteriosus found in our patient
has also been seen in some FA patients. As there was little chromosomal breakage induction
in the proband compared to the FA patient, we decided to exclude FA because it shows
clinical heterogeneity and considerable overlap with the phenotypes of a variety of other
genetic diseases. The second case had major clinical features of FA, such as short stature,
and microcephaly; however, the diagnosis was considered as AT and NBS on the basis of
immunodeficiency. AT was ruled out because AT blood cultures are reported to be sensitive
to radiations and some NBS exhibit low-level chromosome breakage with induction by
alkylating agents. As the proband blood cultures induced with MMC showed a high frequency
of chromosome damage, the case was diagnosed as NBS.

Both NBS and AT patients display similar combined immunodeficiency and specific
chromosomal rearrangements that frequently involve chromosomes 7 and 14 (van der Burgt et
al., 1996). Radiosensitivity is also a common cytogenetic hallmark of AT and NBS homozygotes
(Wegner et al., 1999). In our case 1, chromosomes 14 had frequently chromosome breakage.
However, AT diagnosis was ruled out due to an absence of neurological abnormalities.
Both cases were diagnosed as NBS on the basis of clinical correlation with cytogenetics.
Chrzanowska et al. (2001) reported an NBS case with a typical clinical picture with absence
of microcephaly and presence of a congenital heart defect and preaxial polydactyly. Recently,
monozygotic twin brothers with a severe form of NBS without chromosomal instability have
been reported and molecular studies revealed compound heterozygosity for the major 657 del5
mutation in these twins (Seemanova et al., 2006).

Malignancy is the most common cause of death in NBS patients. Most malignancies are
of lymphoid origin and develop in patients younger than 20 years. Non-Hodgkin’s lymphomas,
ALL and Hodgkin’s disease are the most common. However, two cases of acute myeloblastic
leukemia were also reported. We have followed up case 2; on the basis of a complete blood
count the case was diagnosed as leukemia. The BM biopsy smear was suggestive of ALL.
Chromosomal analysis of the BM revealed a tetraploid karyotype; tetraploid is frequently
reported in ALL patients. The ploidy and DNA content of leukemic blast cells are well-
established prognostic markers of childhood ALL (Moorman et al., 2003; Harrison et al., 2004;
Sutcliffe et al., 2005). Higher hyperdiploidy (51-65 chromosomes) is usually associated with
low-risk features and is reported to have a good prognosis (Moorman et al., 2003; Harrison et
al., 2004). However, according to the literature, tetraploid ALL appears to be associated with
a T-cell phenotype and has poorer prognosis compared with other ploidy groups (Pui et al.,
1990; Raimondi, 1993). Hence, early detection of leukemia in NBS patients is important for
management of the disease.
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