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Abstract. The results of brain MRI are presented in 22 patients with

documented Nijmegen breakage syndrome (NBS), aged from 1 and 9/12 to 20

years. T1-, PD or FLAIR and T2-weighted SE/TSE images in three planes

were obtained. Twenty-one patients showed microcephaly. Decreased size of

frontal lobes and narrow frontal horns of the lateral ventricles was observed in

all cases. In 6 patients agenesis of the posterior part of the corpus callosum

was found as well as colpocephaly and temporal horn dilatation. In 2 patients

callosal hypoplasia was accompanied by other anomalies: abnormal

cerebrospinal fluid spaces. Sinusitis was present in all patients as a result of

primary immunodeficiency. As in ataxia teleangiectasia and other breakage

syndromes, NBS patients show inherited malignancy susceptibility and

hypersensitivity to X and � radiation. Because of that computed tomography

is contraindicated in these patients and MRI should be the method of choice

in diagnostic imaging.
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Nijmegen breakage syndrome (NBS) is a rare genetic

condition, inherited as an autosomal recessive trait

(MIM *251 260). Based on immunological, cytogenetic

and cell-biological similarities it is classified as an

ataxia telangiectasia (AT) related disorder. These simi-

larities include genomic instability, immunodeficiency,

radiosensitivity and malignancy predisposition. The

major clinical manifestations of NBS include progres-

sive microcephaly, distinct facial appearance and early

retardation of statural growth (Chrzanowska et al. 1995,

van der Burgt 1996, Weemaes et al. 1981). Although at a

young age intelligence is usually normal or border-line,

by adolescence patients are usually mildly or moder-

ately retarded (Wegner et al. 1999). Proneness to infec-

tions is observed in the majority of cases. Both humoral

and cellular immune deficiency is well documented in

these individuals, and together with chromosomal in-

stability may predispose to cancer development, pre-

dominantly of lymphoid origin, at a young age

(Chrzanowska et al. 1995, van der Burgt 1996, Wegner

et al. 1999).

The NBS gene has been mapped to chromosome

8q21 (Saar et al. 1997), and subsequently cloned (Varon

et al. 1998). A protein encoded by the NBS1 gene,

nibrin, is involved in the processing of DNA dou-

ble-strand breaks caused by ionizing radiation (Carney

et al. 1998, Varon et al. 1998).

The disease appears to be prevalent among the central

European population, in whom the presence of a com-

mon founder mutation in NBS1 gene, presumably of

Slavic origin, has been found (Varon et al. 1998). Since

the first report on 11 Polish NBS patients (Chrzanowska

et al. 1995), a further 68 cases have been identified at the

Children’s Memorial Health Institute in Warsaw or re-

ferred to the Polish NBS Registry, which accounts for over

a half of all known cases. Detailed clinical, cytogenetic,

immunological and biochemical investigations were per-

formed to make an accurate diagnosis, as described earlier

(Chrzanowska et al. 1995). Clinical diagnosis was con-

firmed in each case by molecular analysis of the NBS1

gene; all our patients were homozygous for the 657del5

mutation in exon 6, which is the most frequent mutation in

NBS (over 90% of cases) (Varon et al. 1998).

Information on neuropathology in NBS individuals is

very scanty. Hydrocephaly, occipital cyst and schizen-

cephaly were each reported once after CT imaging (der

Kaloustian et al. 1996, Stoppa-Lyonnet et al. 1992,

Taalman et al. 1989).

The results of magnetic resonance imaging of the

central nervous system have not been known until year
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Table I

Clinical, laboratory and MRI data in NBS patients

Patient no. 1 2 3 4 5 6 7 8 9 10 11

Age at the moment of MRI (years) 16 10 11 1/09 12 9 20 19 12 2 17

Sex M F M M M F F F F F M

Laboratory tests radioresistant DNA

synthesis in vitro*

+ + + nd + + + + nd nd +

Clinical data microcephaly (SDS)** -4.2 -6.71 -5.6 -2.5 -4.93 -6.64 -6.67 -2.92 -7.53 -7.79 -4.00

Mental retardation + + + +/- + + ++ + + + +

Seizures - - - - - + - + - + -

Respiratory tract disorders - - + - + + + - + + -

MRI features decreased size of frontal

lobes with narrow frontal horns

+ + + + + + + + + + +

Callosal hypoplasia - - - + - + - + - + -

Colpocephaly - - - + - + - + - + -

Temporal horns dilatation - - - + - + - + - + -

Abnormal CSF spaces - - - - - - - + - - -

(+) present; (-) absent; (nd) not done; *tested at the Department of Clinical Genetics, Erasmus University, Rotterdam

(Dr W.J. Kleijer); **head circumference deficiency expressed in standard deviation scores (compared with age-matched controls).

Mental retardation: (+/-) border line intelligence or developmental quotient; (+) mild MR; (++) moderate MR.



2000 when the first demonstration of brain anomalies in

10 cases of Nijmegen breakage syndrome was pub-

lished in "Neuroradiology" (Bekiesiñska-Figatowska et

al. 2000). Now we present clinical and radiological

findings in 22 NBS patients.

Twenty-two patients (11 males, 11 females), aged from

1 and 9/12 to 20 years, with confirmed NBS, underwent

cranial MRI. They were studied with 0.5 and 1.5 T units.

Axial, coronal and sagittal sections were performed, in

T1-weighted, PD or FLAIR and T2-weighted images.

The clinical and MRI data are shown in Table I.

Decreased size of frontal lobes and narrow frontal

horns of the lateral ventricles were observed in all of the

patients on MRI (Fig. 1A) as compared to healthy age-

-matched subjects (Fig. 1B). Six patients (no. 4, 6, 8, 10,

12 and 22) showed partial agenesis of the corpus callo-

sum. Posterior parts of the corpus callosum (splenium

and partially trunk) were missing (Fig. 2A). The normal

corpus callosum is presented in Fig. 2B. Callosal hypo-

plasia was accompanied by colpocephaly (Fig. 3A) and

Table I (continued)

Patient no. 12 13 14 15 16 17 18 19 20 21 22

Age at the moment of MRI (years) 7/06 16/06 21 15/06 9 8/06 6/09 8/06 10/06 6 7/03

Sex F M M M F F F M F M M

Laboratory tests radioresistant DNA

synthesis in vitro *

nd + + + nd nd nd nd - nd nd

Clinical data microcephaly (SDS)** -0.09 -5.72 -7.08 -5.35 -7.36 -5.79 -7.31 -7.29 -9.47 -9.00 -7.07

Mental retardation +/- + ++ + + + + + ++ + N

Seizures - - - - - - - - - - -

Respiratory tract disorders - - - + + + + - + + +

MRI features decreased size of frontal

lobes with narrow frontal horns

+ + + + + + + + + + +

Callosal hypoplasia + - - - - - - - - - +

Colpocephaly + - - - - - - - - - +

Temporal horns dilatation + - - - - - - - - - +

Abnormal CSF spaces + - - - - - - - - - -

(+) present; (-) absent; (nd) not done; *tested at the Department of Clinical Genetics, Erasmus University, Rotterdam

(Dr W.J. Kleijer); **head circumference deficiency expressed in standard deviation scores (compared with age-matched controls).

Mental retardation: (+/-) border line intelligence or developmental quotient; (+) mild MR; (++) moderate MR; (N) normal IQ.
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Fig. 1. (A) Patient no. 3. Axial T1-weighted image. Decreased size of the frontal lobes and narrow frontal horns of the lateral

ventricles. (B) Axial T1-weighted image of an age-matched healthy individual.
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dilatation of temporal horns of the lateral ventricles

(Fig. 3B). In two cases (no. 8 and 12) abnormal

cerebrospinal fluid spaces communicating with the ven-

tricular system were present (Fig. 4). In three patients le-

sions suspicious for malignancy were found. Of those in

patient no. 10, a big enhancing lesion with edema and

mass effect was found in the left occipital lobe (Fig. 5).

This lesion seems to most likely represent neoplasm or

abscess – no biopsy or operation has been performed. In

one child (no. 21) medulloblastoma was diagnosed; the

patient died. In case no. 19 enlarged lymph nodes were

shown behind the mandibular ramus on the left side. Si-

nusitis was present in all 22 cases. In 6 patients older

than 9 years we found lack of pneumatization of the

sphenoid sinuses. Abnormal signal intensity within the

mastoid processes and petrous pyramids, corresponding

with inner ear inflammation, was observed in 12 cases.

Twenty-one patients presented with microcephaly,

all but one with mental retardation. Most of them suf-

fered from recurrent respiratory tract infections. Epi-

lepsy was noted in three children. Twelve patients were

diagnosed with malignancy, one of them with

medulloblastoma. Nine patients died, and of those

seven died due to a malignancy or cancer therapy com-

plications.

There are only few reports in the literature where

other brain abnormalities, apart from microcephaly, are

noted in NBS patients, like hydrocephaly, occipital cyst

and schizencephaly (der Kaloustian et al. 1996,

Stoppa-Lyonnet et al. 1992, Taalman et al. 1989). In ad-

Fig. 2. (A) Patient no. 4. Sagittal T1-weighted image. Partial callosal agenesis: absence of splenium of the corpus callosum.

(B) Sagittal T1-weighted image of a normal corpus callosum.

Fig. 3. Patient no. 6. Axial T2-weighted image. (A) Colpocephaly. (B) dilated temporal horns of the lateral ventricles.
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dition, autopsies performed on several patients showed

brain weights less than a half in relation to age, and nor-

mal size of the cerebellum (van de Kaa et al. 1994). The

available information is nonetheless very scanty, so our

results cannot be related to those of other authors.

In our material, magnetic resonance imaging con-

firmed the clinical finding of microcephaly in twenty one

patients and showed characteristic decreased size of fron-

tal lobes of both cerebral hemispheres with very narrow

frontal horns of the lateral ventricles in all twenty two

cases. It seems that these findings are due to underdevel-

opment of the brain, of the frontal lobes in particular, fol-

lowed by premature ossification of fontanels and sutures

since no signs of increased intracranial pressure were

found.

Sinusitis was present in all of the patients as well.

This finding is compatible with recurrent respiratory

tract infections as a result of primary immunodefi-

ciency. In twelve patients we found an abnormal signal

in the petrous pyramids and mastoid processes indicat-

ing middle ear inflammation. NBS is similar to ataxia

teleangiectasia (AT), another breakage syndrome, in

which MRI finding of sinusitis and clinical observation

of proneness to infections are reported (Sardanelli et al

1995). In eight patients we observed the absence of

sphenoid sinus pneumatization. Only two of them were

under the age of 9 years when sphenoid sinuses should

be fully developed (Kossowska 1986).

In six patients with NBS, partial agenesis of the cor-

pus callosum was found. Posterior parts of the corpus

callosum (splenium and partially trunk) were missing.

Partial defect always concerns the posterior part of the

corpus callosum (Bull 1967) which is consistent with its

normal embryologic development. This defect is also

responsible for medial widening of the lateral ventricles

(colpocephaly) that was present in all of the children in

our material with callosal hypoplasia as well as the di-

lated temporal horns of the lateral ventricles. Dilatation

of the temporal horns reflects maldevelopment of the

limbic system that frequently accompanies callosal

agenesis (Zimmerman et al. 1992). In our material, four

patients (no. 4, 6, 10 and 22) seem to represent type II

callosal anomaly according to Jinkins and coauthors

(Jinkins et al. 1989). In two patients (no. 8 and 12) par-

tial callosal agenesis was accompanied by abnormal

cerebrospinal fluid spaces communicating with the ven-

tricular system. In these patients callosal anomalies

most likely represent type III (Barkovich and Norman

1988, Byrd et al. 1978, Parrish et al. 1979). In patient no.

8 microcephaly was much less prominent than in the re-

maining group. Patient no. 12 presented an atypical

clinical picture with the absence of microcephaly, a

hallmark of NBS (Chrzanowska et al. 2001, 2002). The

presence of large intracranial fluid collections explains

the lack and smaller degree of microcephaly in these

patients.

Both callosal defects and limbic system anomalies do

not manifest clinically in most cases, unless specific

psychological tests are performed (Sperry 1968). Ra-

diological diagnosis of callosal anomalies is usually

made incidentally in patients examined because of de-

velopmental retardation or epilepsy (Wegner et al.

Fig. 4. Patient no. 8. Axial FLAIR image. Big cyst in the left

cerebral hemisphere.

Fig. 5. Patient no. 10. Axial T1-weighted image after contrast

medium administration. Pathological, contrast-enhancing

mass in the left occipital lobe, with edema and mass effect –

most likely representing neoplastic lesion. Colpocephaly.
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1999). In all but one of the presented patients mental re-

tardation of various degree was observed. Three of six

children with partial callosal agenesis suffered from

epilepsy.

Like AT, Nijmegen syndrome is a disease with inher-

ited cancer susceptibility (Meyn 1997, Shiloh 1997).

Among the reported patients, malignancy was diag-

nosed in twelve cases; intracranial tumour (medullo-

blastoma) was found in the patient no. 21. In the patient

no. 10, suffering from recurring severe middle ear infec-

tions, MRI revealed a pathological, contrast-enhancing

lesion in the left occipital lobe. This lesion seems to rep-

resent an abscess, however, because there was no conti-

nuity of the brain lesion with the left ear, and because of

the lack of meningeal enhancement after Gd-DTPA ad-

ministration and of clinical manifestations of CNS infec-

tion (normal cerebrospinal fluid) a neoplastic condition

should be taken into account. The diagnosis could not be

verified, because the parents did not agree to surgery.

It may be speculated whether the decreased size of

forebrain leading to microcephaly, as well as the other

developmental abnormalities seen in NBS homozy-

gotes are the consequence of reduced cell proliferation

and increased apoptosis due to the accumulation of

DNA damage. Evaluation of the nibrin knockout ani-

mals could probably help to clarify at least some func-

tions of the defective protein.

Long term prognosis of children with Nijmegen

breakage syndrome is not favourable. Premature death

occurs due to either malignancy or infection. Over 50%

of the registered Polish NBS patients developed malig-

nancy, all except three of lymphoid origin.

Enhanced predisposition to malignancy in NBS pa-

tients is connected with genomic instability, as in other

known chromosome instability syndromes, like ataxia-

-telangiectasia, Fanconi anemia and Bloom syndrome

(Meyn 1997). It should be stressed that two of these dis-

eases, AT and NBS, although clinically and genetically

distinct, share cell-biological characteristics, in particu-

lar hypersensitivity to X and � irradiation or the radio-

mimetic agent bleomycine (Shiloh 1997). For this

reason, ionizing radiation (x-ray and computed tomog-

raphy) is contraindicated in both and should be avoided

as much as possible, both for therapeutic and for diag-

nostic reasons (van der Burgt et al. 1996, Wegner et al.

1999). When diagnostic imaging is necessary, MRI

should be the method of choice in patients with

Nijmegen breakage syndrome, as well as with

ataxia-telangiectasia.
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