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Abstract

Nijmegen breakage syndrome (NBS) is a rare autosomal recessive disorder, characterized by sponta-
neous chromosomal instability with predisposition to immunodeficiency and cancer.
We present a repeated NBS in two sons from one woman after two marriages. We describe the clini-

cal data, cytogenetic, and molecular findings of a prenatally diagnosed fetus, and his brothers with NBS.
The first patient developed peripheral T-cell lymphoma at the age of 16 years and died 5 months after
the protocol start. The diagnosis of NBS was established after his death. The second patient was born after
the fifth pregnancy, third delivery in the second marriage; he developed cortical T-cell leukemia at the age
of 3 years, received hematopoietic stem cells transplantation (HSCT) and he is alive now. In a year after
repeated NBS case in this family, mother became pregnant again and the mutation was detected in the male
fetus after the prenatal diagnosis; the pregnancy was aborted. At the age of 41 years, mother’s seventh
pregnancy finished by miscarriage. In three months, she was pregnant again, only one mutation in NBN
gene was detected during the prenatal diagnostics in the female fetus; healthy female was born at term.

To our knowledge, this is the first time to describe the repeated cases of two patients born with
Nijmegen breakage syndrome from one mother and two different fathers. This case highlights the value
of checking NBN carrier in Belarusian families during genetic counselling.
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Introduction

Nijmegen breakage syndrome (NBS) is an autosomal
recessive chromosome instability disorder, characterized
by growth and developmental defects (growth retarda-
tion, severe and progressive microcephaly, craniofacial
features), immunodeficiency, high susceptibility to lym-
phoid malignancies, hypersensitivity to ionizing radiation
and aberrant cell-cycle checkpoint control. The disease
is caused by mutations in the NBN gene, which encodes
nibrin, a component of the complex involved in cellular
response to DNA double-strand breaks [1-3].

Most of described patients are homozygous for a found-
er mutation in NBN gene (c.657del5), which leads to pro-
tein truncation. The disease is most common in people of
Eastern European or Slavic background, specifically those
from Poland, Southeast Germany, Czech Republic, and the
Ukraine [3-6].

(Centr Eur J Immunol 2020; 45 (4): 507-510)

Herein, a repeated Nijmegen breakage syndrome is
reported in two males from one mother after two mar-
riages (Figure 1A) from the western part of Belarus and
we describe the clinical data, cytogenetic, and molecular
findings of a prenatally diagnosed fetus and his brothers
with NBS. These data confirm the importance of genetic
counseling of Slavic families and may substantiate the
NBN carrier detection in some regions of Eastern Europe.

Patient 1 (P1)

A 16-year-old male was admitted to the intensive care
unit (ICU) with respiratory insufficiency and superior vena
cava syndrome due to mediastinal lymphadenopathy at the
level of the bifurcation of the trachea and thymomegalia.
Peripheral T-cell lymphoma of grade III was established.
Immunophenotyping of bone marrow aspirate showed
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mature T cells phenotype (CD8*/CD3*/CD5*/CD7+/
CD2*+/TCRab*).

Initial chemotherapy for T-NHL was started, which
consisted of CHOP-CHOP-ICE-DHAP-DHAP. During
the lymphoma treatment, the diagnosis of NBS was not
established and the patient received full dosage of anthra-
cylines. The lymphoma progression was observed after the
fifth course and the patient received DexaBEAM (BCNU,
melphalan, vepesid, cytosar, and dexamethasone). On
day 5 after block initiation, the patient was admitted to
the ICU due to cytopenia, progressive respiratory insuf-
ficiency, systemic inflammatory response syndrome and
oliguria. The patient died in two weeks due to multiple
organ failure, polyserositis and lymphoma progression
5 months after the diagnosis.

Patient 2 (P2), proband

The third male was born at term after the fifth pregnan-
cy in second marriage with microcephaly and typical cra-
niofacial features. In spite of another mother’s marriage,
mutational analysis of NBN gene revealed homozygous
5 base-pair deletion (del657A) after birth and resequencing
of exon 5 of NBN gene in the second husband, confirmed
the heterozygous carrier (Fig. 1A).

P2 developed cortical T-ALL at the age of 3 years and
received reduced doses of chemotherapy. During treat-
ment, toxic hepatitis, steroid myopathy and amylase in-
creasing were observed. He achieved a complete remission
and was treated with hematopoietic stem cell transplant
(HSCT) at the age of 4 years. After 350 postransplant days,
severe complications were not observed.

Prenatal diagnosis

The first prenatal diagnosis was made at the 17 weeks
of the third pregnancy after routine counseling due to the
mother’s age, with no signs of chromosomal instabilities
being detected (Table 1, C1). A healthy boy was born.
Later, sequencing of NBN gene revealed a heterozygous
deletion (Fig. 1A).

The most interesting results were obtained in the fe-
tus F3 with confirmed NBS after sequencing. On the
second day after taking chorionic villus sampling (CVS),
the semi-direct method revealed normal male karyotype
(trophoblast cells were investigated, 20 metaphases were
analyzed). Long-term culture, when investigating cells of
mesenchymal core of the villus, grew poorly, but 16 meta-
phases out of 40 (40%) were found with a broad spectrum
of abnormalities: supernumerary marker chromosomes,
structural rearrangements (deletions and translocations)
and chromosome breaks (Fig. 1B-1D, Table 1). Among
them, the gaps were not found. Translocations and inver-
sions of chromosomes 7 and 14 (with points of breakage
in 7p13, 7935 and 14ql1, 14q32), characteristic of the
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culture of peripheral blood cells in NBS were absent. In
two out of 40 metaphases, translocations involving chro-
mosome 7 were identified, but the point of breakage was
in region q22. Two metaphases with aberrant karyotype
had the same translocation t(1;12)(q42;q12) and additional
abnormalities, which may possibly indicate the common
origin and may be the result of a long cultivation. The sixth
pregnancy was stopped by medical abortion.

Fetus 5 (F5) had normal karyotype and XX genotype;
Sanger sequencing revealed only one mutation in NBN
gene (Fig. 1A).

Immunologic investigation for P1 was available only
as detection of TRECs and KRECs on DNA isolated from
the bone marrow aspirate at the time of lymphoma diagno-
sis before the chemotherapy start. The absence of TRECs
(0 copies/10® mononuclear cells, normal range [NR]
> 4000) indicated severe abnormalities in T cellular im-
munity, deficiency in the number of precursors of B cells
were detected too, by detection of KRECs (0 copies/10°
mononuclear cells, NR >1780). Brother, C2, with only
heterozygous c.657-661del5, had normal humoral and
cellular parameters of the immune system. P2 had mild
T cells lymphopenia (CD3* = 1208 cells/ul, NR 1800-4600),
since the age of one year he had decreased recent thymic
emigrants (CD4*CD45RA*CD31* = 18.3%, NR 40-70%)
and hypogammaglobulinemia (IgG = 3.72 g/l [NR 5-13 g/1],
IgA =0.14 g/1 [NR 0.2-1 g/1]). The number of TRECs =
28 670 was diminished, compared with healthy brother C1
(TRECs = 147 878), but normal for healthy age range.

Discussion

Nijmegen breakage syndrome is a severe syndrome with
a very high predisposition to malignancy. In an European
study, presented predominantly Polish patients (n = 149) [6],
and study of Russian cohort (rn = 35) [7], cancer was noted
in 42% and 57% of the patients before the age of 26 and
19 years, respectively, while 44% and 25% of all patients
with malignancy had died due to progressive malignancy
and/or complications of treatment [6, 7].

Nijmegen breakage syndrome should be suspected in
pediatric patients with microcephaly presenting with a his-
tory of recurrent infections or lymphoma [8]. The first
child of the described woman was not diagnosed during his
lifetime and received a full course of chemotherapy for the
treatment of lymphoma, which could be the cause of a fa-
tal outcome. The literature describes cases of successful
treatment of lymphoma in patients with NBS, using a re-
duced protocol [8], but Russian’s cohort studies showed
that 65% of malignant patients received conventional un-
modified regimens and were well tolerated [7]. Cells from
individuals with NBS have a decrease in colony-forming
ability following exposure to ionizing radiation and radio-
mimetics in vitro, so the patients should be protected on
radiological exposure.
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Fig. 1. Pedigree of the family and G-banded karyogram of 3 metaphases from fetus F3. A) The symbols used are proband
(arrow), male (box), female (circle), deceased (line through), affected male (black fill), unknown (no fill). P1 — the first
son with NBS died of the lymphoma; F1 — fetus, nondeveloping pregnancy at 6 weeks, first marriage; C1 — carrier,
healthy second son, second marriage; F2 — fetus, nondeveloping pregnancy at 6 weeks, second marriage; P2 — proband,
the third son with NBS; F3 — male fetus with NBS, medical abortion; F4 — nondeveloping pregnancy; C5 — female fe-
tus-carrier. B) G-banded karyogram of LTC of CVS showing translocation (1;12) and deletion (11)(q10). C) Two meta-
phases with 46,XY,t(7;17)(q22;p13) were detected out of 40 analyzed metaphases. D) Additional chromosome marker
of unknown genesis was observed in 5 out of 40 analyzed metaphases

The cytogenetic data of different fetuses in one woman
did not show important differences for the proportion of
structural chromosomal abnormalities and breaks. Our re-
sults showed that specific chromosomal rearrangements
that frequently involve chromosomes 7 and 14 of NBS
patients were not found in metaphases of fetus F3. Spec-
trum of chromosomal abnormalities depends on the type
of analyzed cells. Rearrangements of chromosomes 7 and
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14 were usually detected in T-lymphocytes of NBS pa-
tients, which are represented in a sufficient amount in
blood and bone marrow. Chromosomal aberrations in other
cell lines, for example, in fibroblasts were different from
those observed in T-cells. In some reports, balanced and
unbalanced translocations, isochromosomes, partial en-
doreduplications, aneuploidies, and supernumerary marker
chromosomes were described [9, 10]. Genetic counseling
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Table 1. Karyotypes in AFC and CVC from Nijmegen
breakage syndrome fetus

Fetus (material) Karyotypes [number of metaphases]

C1 (AFC) GTG-banding: 46, XY [20]
P2 (AFC) GTG-banding: 46, XY [10]
F3 (CVO) STC non-banded: 46, XY [20/20]

LTC, GTG-banding:

46, XY [24/40]

47, XY ,+mar [5/40]
46,XY,1(7;17)(q22;p13) [2/40]
46,XY,t(1;12)(q42;q12)del(11)(q10)
[1/40] 47,XY,t(1;12)(q42;q12),+ace
[1/40] 48,XY,del(11)(p10),+2mar [1/40]
48,XY ,+ 3mar [1/40]
46,XY,chrb(1)(p10) [1/40]
46,XY,chtb(18)(q21) [1/40]
46,XY,chtb(9)(q22) [1/40]
46,XY,chtb(8)(q13) [1/40]
46,XY,chtb(12)(q24.1) [1/40]

is an important aspect in the overall approach to families
with primary immunodeficiencies. Prenatal diagnosis may
prevent the birth of affected patients, or allow planning
early and adequate therapeutic intervention. However, eth-
ical consideration should be applied. Nowadays, Nijmegen
breakage syndrome could not be completely cured, but the
question of early transplantation of hematopoietic stem
cells before the development of malignancies of the hema-
topoietic system is discussed in the medical literature [6-8].

While the NBN c¢.657del5 mutation is found in all Slavic
populations, a rather high heterozygote frequency (0.5 +1.0%)
has been reported for Ukraine (Eastern Slavs), Poland, Czech
Republic, Slovakia, and Sorbs in Germany (Western Slavs),
and for Bulgaria (Southern Slavs) [4]. Carrier detection and
genetic counseling programs have been very successful in
reducing the birth prevalence of inherited disorders. These
programs could be most successful when they are sensitive to
the cultural backgrounds of populations in which they are ap-
plied. Despite Slavic people experienced massive population
movement after World War II in Europe and population mi-
gration continued nowadays, our prospective study of NBS in
Eastern Slavs indicated that West part of Ukraine and Belarus
could be named as “East Slavic NBS geographical center”
(Sharapova et al., submitted 2019); the presented family in
this report was originated from West Belarus.

Investigation of Slavic population from Czech Repub-
lic proposed that heterozygous c¢.657del5 carriers have in-
creased reproductive success [4], which could be supported
by results of our study.
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