
The Nijmegen Breakage Syndrome (NBS) is a
rare autosomal recessive chromosomal instability
disorder clinically characterized by microcephaly,
growth retardation, immunodeficiency, and a high
cancer predisposition (Chrzanowska et al. 1995;
Hiel et al. 2000). NBS belongs to the group of
chromosomal instability syndromes, which also
includes ataxia telangiectasia, Fanconi anaemia,
and Bloom syndrome.

NBS is caused by hypomorphic truncating mu-
tations of the NBN gene, which is located on chro-
mosome 8q21.3 and codes for a protein called
nibrin (p95, NBN). It is a member of the
Mre11/Rad50/NBN protein complex and plays a
crucial role in the repair of DNA double-strand
breaks. The protein is involved in cell cycle con-
trol, telomere maintenance, and homologous re-
combination (Carney et al. 1998; Matsuura et al.
1998; Varon et al. 1998; Czornak et al. 2008).

The majority of NBS patients are from Central

and Eastern European countries and share the

founder NBN mutation c.657-661del5 in exon 6.

High frequencies of c.657-661del5 heterozygotes

have previously been reported for the Slavic popu-

lations in Poland, the Czech Republic, and the

Ukraine (Varon et al. 2000; Drabek et al. 2002).

On the basis of family data, in 1990 it was sug-

gested by Seemanova and recently confirmed

(Seemanova et al. 2007) that not only patients with

NBS, but also heterozygous carriers of NBN gene

mutations have an elevated cancer risk. In addi-

tion, studies on the frequency of c.657-661del5

heterozygotes in Poland showed a higher inci-

dence of this mutation in various malignant tu-

mours (Dêbniak et al. 2003; Górski et al. 2003;

Cybulski et al. 2004; Steffen et al. 2004). Further

studies also revealed an elevated cancer risk for in-

dividuals with the more recently described NBN

mutations p.R215W and p.I171V (Varon et al.

2001; Taylor et al. 2001; Steffen et al. 2004;

Nowak et al. 2008).
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Abstract. Nijmegen breakage syndrome (NBS), a rare autosomal recessive chromosomal instability disorder, is

caused by mutations in the NBN gene. Most patients known so far are of Slavic origin and carry the major founder

mutation c.657-661del5. Due to an unexpectedly high incidence of NBS patients (homozygous for the

c.657-661del5 mutation) in a Northeast Bavarian region in Southeast Germany, we estimated the prevalence of

this mutation in this area and compared it to another German region. We found a high carrier frequency of 1/176

for the c.657-661del5 mutation among newborns in Northeast Bavaria, while the frequency of the mutation in

Berlin was 1/990. We further studied families from a Slavic population isolate, the Sorbs, in the Lusatian region in

Northeast Saxony, and revealed a prevalence of the c.657-661del5 mutation of 1/34. Whereas the Slavic origin of

the Sorbs has been known, we attribute the surprisingly high frequencies of c.657-661del5 mutation in Bavaria

(similar to frequencies of this mutation in various Eastern European countries) to a high percentage of people of

Slavic origin in Northeast Bavaria.
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In Germany, however, NBS is diagnosed rela-

tively rarely, suggesting a low frequency of NBN

heterozygotes. In a study on c.657-661del5 het-

erozygotes among patients with breast cancer,

Carlomagno et al. (1999) revealed a low frequency

of the most common NBN gene mutation in a Ger-

man control group (1/866). Surprisingly, in the

Northeast Bavarian region of South Germany,

several NBS patients showed homozygosity for

the c.657-661del5 mutation, suggesting a higher

frequency of heterozygotes for this mutation in the

population of this region. To test this assumption

we studied the prevalence of heterozygous carriers

of the c.657-661del5 mutation in Northeast Ba-

varia, to compare it to another region of Germany.

We analysed a total of 2046 randomly selected

anonymous blood samples fixed on Guthrie cards:

1056 from the newborn screening program in

Northeast Bavaria and 990 from the newborn

screening programme at Charité University Hos-

pital in Berlin as a control group for the

c.657-661del5 mutation. In addition, we screened

324 individuals (87 families including 170

founder individuals) of Sorbian origin, a Slavic

population isolate from Lusatia in Northeast Sax-

ony for the same mutation. The study was ap-

proved by the local Ethics Committee at Charité

University Hospital.
All samples were analysed by PCR sin-

gle-strand conformation polymorphism (PCR-
SSCP) as described previously (Varon et al.
2000). A piece of approximately 2 mm in diameter
was cut from each Guthrie card. A PCR reaction
was performed by using fluorescently labelled
primers, flanking exon 6 in the NBN gene. Sam-
ples with an electrophoretic shift were confirmed
by direct DNA sequencing. Statistical analysis
was performed with Fisher’s exact test
(two-tailed).

We estimated and compared the frequencies of
the NBN mutation, c.657-661del5, in 2 large
groups of newborns from Northeast Bavaria and
Berlin. We found only a single heterozygous car-
rier of the c.657-661del5 mutation among 990
newborns from Berlin (frequency 1/990, see Ta-

ble 1). These results confirmed the data reported
by Carlomagno et al. (1999) and Bogdanova et al.
(2008) for the frequency of the c.657-661del5 mu-
tation among control samples from North Ger-
many. In contrast, we found 6 carriers of the
c.657-661del5 mutation among 1056 newborns
from Northeast Bavaria, a mean prevalence of
1/176 (Table 1). The frequency of the
c.657-661del5 mutation carriers (1/176) detected
among the newborns from Bavaria is much higher
than the one estimated for North Germany, and at
the same time shows an impressive accordance
with the frequency of this mutation previously re-
ported for newborns from Eastern European coun-
tries, such as Poland (1/190), the Czech Republic
(1/154), and the Ukraine (1/182; Varon et al.
2000). Similar frequencies have also been re-
ported for different control groups of healthy
adults in Poland (Górski et al. 2003: 1/177;
Cybulski et al. 2004: 1/167) and in Russia (Buslov
et al. 2005: 1/174).

The high frequency of the c.657-661del5 muta-
tion found in Bavaria reflects the fact that most
NBS cases diagnosed so far in Germany originate
from Northeast Bavaria. The explanation for this
high frequency may be found in the migration of
people of Slavic origin to the Northeast of Bavaria
between the 6th and 9th century. This region,
which belongs to Germany today and is still inhab-
ited by many individuals of Slavic origin, is called
Bavaria Slavica by historians. The frequency of
the c.657-661del5 mutation found in the Bavarian
population was not significantly higher when
compared to the frequency in Berlin (P = 0.126).
However, a distinct tendency for higher
c.657-661del5 mutation carrier frequency in the
Bavarian region compared with the control group
from Berlin was observed.

Interestingly, our family study in 324 individu-
als of Sorbian origin, a Slavic population isolate in
southeastern Germany, revealed a much higher
heterozygous carrier frequency of the
c.657-661del5 mutation. We identified 8 individu-
als from 5 families carrying the c.657-661del5
mutation. Among the 324 probands, there were
170 founders, resulting in a heterozygote fre-
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Table 1. Observed frequencies of heterozygous NBS1 mutation carriers in Northeast

Bavaria, the Lusatian region, and Berlin (control group). P values calculated with

Fisher’s exact test (two-tailed)

Region Total samples Samples with
657del5 mutation

Frequency of
this mutation

P value

Northeast Bavaria 1056 6 1/176 0.126

Lusatia (Northeast Saxony) 170 5 1/34 0.0004

Berlin (control group) 990 1 1/990 N/A



quency of 1/34 (5 heterozygous individuals
among the 170 founders). Despite the relatively
small Sorbian sample size, this frequency was sig-
nificantly elevated (P = 0.0004) compared to the
screened newborns from Berlin, and is among the
highest c.657-661del5 mutation carrier frequen-
cies in a population screened so far. The very high
incidence of the Slavic NBN mutation is consistent
with the Slavic origin of the Sorbian population
and the characteristics of a population isolate with
respect to distinct geographic, genealogical, cul-
tural, and linguistic features.

There was also an elevated frequency in the
Sorbian sample compared to Northeast Bavaria
(P = 0.012 for 657del5), indicating a considerably
high proportion of Slavic origin in Northeast Ba-
varia as well as the partial isolate character of this
region.

The high incidence of the c.657-661del5 muta-

tion found in this part of the country has 2 impor-

tant aspects. Firstly, due to the extreme

radiosensitivity of NBS patients and their very

high risk of malignancy, especially lymphomas,

an early diagnosis is absolutely necessary. There-

fore, the awareness and alertness of German

paediatricians and physician geneticists is essen-

tial. Since patients with NBS are extremely rare,

little is known about therapeutic options and prog-

nosis. However, treatment protocols with reduced

dosages of chemotherapy had a poor outcome,

with a high risk of toxic complications

(Seidemann et al. 2000; Dembowska-Baginska

et al. 2009). Secondly, there is growing evidence

that not only NBS patients but also heterozygotes

with NBN gene mutations have an increased pre-

disposition to cancer (Dêbniak et al. 2003; Górski

et al. 2003; Bogdanova et al. 2008; Buslov et al.

2005; Cybulski et al. 2004). Higher levels of radia-

tion-induced DNA damage were shown both in vi-

tro in heterozygous human cells (Neubauer et al.

2002; Little et al. 2002; Distel et al. 2006) and

in vivo in mutant Nbn mice (Difilippantonio et al.

2005). However, there is still no sufficient infor-

mation to conclude that heterozygotes of NBN mu-

tations should avoid necessary exposure to

radiation (e.g. diagnostic CT scans) or that treat-

ment protocols should be modified in case of ma-

lignancy.

In conclusion, we hereby provide the first data

on the high frequency of the c.657-661del5 NBN

mutation in Southeast Germany. This fact should

be taken into account by paediatricians and physi-

cian geneticists in that region, because of the in-

creased radiosensitivity and risk of cancer in NBS

patients.
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