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Nijmegen breakage syndrome (NBS) is a genetic disorder characterized by immunodeficiency, microcephaly,
and “bird-like” facies. NBS shares some clinical features with ataxia telangiectasia (AT), including increased
sensitivity to ionizing radiation, increased spontaneous and induced chromosome fragility, and strong predis-
position to lymphoid cancers. The mutated gene that results in NBS codes for a novel double-stranded DNA
break repair protein, named nibrin. In the present work, a Spanish NBS patient was extensively characterized
at the immunological and the molecular DNA levels. He showed low CD31-cell numbers and an abnormal low
CD41 naive cell/CD41 memory cell ratio, previously described in AT patients and also described in the present
report in the NBS patient. The proliferative response of peripheral blood lymphocytes in vitro to mitogens is
deficient in NBS patients, but the possible link among NBS mutations and the abnormal immune response is
still unknown.

Nijmegen breakage syndrome (NBS) is a rare, autosomal
recessive disorder characterized by microcephaly, immunode-
ficiency, and a predisposition to cancer (27). It shares some
striking clinical and cellular similarities to the genetic disease
ataxia telangiectasia (AT), and for this reason, NBS has been
classified as a variant of AT (12). However, NBS patients have
neither ataxia nor telangiectasia, and microcephaly is absent
from AT patients (25, 27). The serum a-fetoprotein concen-
tration is within the normal range in NBS patients, in contrast
to AT patients, about 90% of whom are found to have elevated
serum a-fetoprotein concentrations (31). In addition, different
defective genes in patients with AT and NBS have been iden-
tified (3, 23, 28) and have been mapped in chromosomes 11q23
(8) and 8q21–24, respectively (22), which demonstrates that
NBS is a genetic entity distinct from AT.

Patients with both NBS and AT display chromosome insta-
bility, hypersensitivity to ionizing radiation, and a lack of DNA
replication delay in response to radiation, which is governed, in
normal cells, by the protein kinase C (PKC)-mediated upregu-
lation of tumor suppresor protein p53 (9, 13, 14, 15, 18). These
similarities suggest that ATM and nibrin, the proteins respon-
sible for AT and NBS, respectively, may play a role in common
functions, which appear to be defective in both diseases.

Both ATM and nibrin participate in the processing of dou-
ble-stranded breaks in DNA (3, 25). It has recently been shown
that nibrin, in particular, forms a trimolecular complex, to-
gether with Rad50 (a protein similar to those required for the
structural maintenance of chromosomes) and Mre11 (with both
structural and catalytic activities, including single-stranded
DNA endonuclease and double-stranded DNA exonuclease

activities). The complex participates in the repair of double-
stranded DNA breaks induced by radiation, and the Mre11
hyperphosphorylation observed after DNA damage is depen-
dent on the presence of intact nibrin (6, 7). Recently, it has
been shown that the phosphorylation of nibrin induced by
ionizing radiation requires catalytically active ATM (29, 32,
33), demonstrating that both proteins may participate in com-
mon cellular activation pathways.

The immune deficiency is also severe in patients with NBS
and concerns the humoral and cellular immune systems. Given
the similarities between NBS and AT, an extensive analysis of
the immune system was carried out in an NBS patient. Cellu-
lar, humoral, and innate immunities were studied by determin-
ing variations in lymphocyte subpopulations, peripheral blood
mononuclear cell (PBMC) responses to a complete panel of
mitogens that analyze the different lymphocyte activation path-
ways (T-cell function, B-cell function, and T- and B-cell coop-
eration), immunoglobulin values, and circulating levels of com-
plement. In addition, the molecular characterization of our
NBS patient’s mutation has also been carried out.

MATERIALS AND METHODS

Patient. Our patient is a 5-year-old Spanish boy (born in July 1995) from
nonconsanguineous parents. The patient has microcephaly, “bird-like” facies,
short height, and normal levels of a-fetoprotein. A brother, probably falsely
diagnosed as having lymphoma with Bloom syndrome, died after a bone marrow
transplantation. The patient’s immunity was monitored for 3 years. He showed
persistent fever and symptoms compatible with an acute Epstein-Barr virus
(EBV) infection; anti-EBV immunoglobulins (anti-VCA-immunoglobulin G
[IgG], 141 [normal value, ,11]; anti-VCA-IgM; 25 [normal value, ,11]; anti-
EBNA, 12 [normal value ,11]) were detected in July 1998. Two monoclonal IgM
kappa paraproteins were also detected by immunofixation-electrophoresis, and
B-cell lymphocytosis was observed in the periphery (see Table 1).

Immunochemistry and biochemical assays. Total serum immunoglobulin
(IgG, IgA, and IgM) levels, complement factor (C3 and C4) levels, and a-feto-
protein concentrations were measured by nephelometry (Array 360 system;
Beckman, Brea, Calif.). Serum hemolytic capacity (CH100) and serum IgE, IgD,
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and IgG subclass levels were measured with radial immunodiffusion kits (The
Binding Site, Birmingham, United Kingdom) and commercial reagents.

Proliferation assays with PBMCs. A total of 8 3 104 PBMCs were placed in
round-bottom microtiter plates (Nunc, Roskilde, Denmark) in 170 ml of AIM-V
culture medium (Gibco BRL, Paisley, United Kingdom) supplemented with 1%
penicillin-streptomycin (Difco) and 1% glutamine (20 mM; Whittaker, Walkers-
ville, Md.) (1). The optimal concentrations of each stimulus were calculated from
the dose-response curves used in our laboratory after standardization with con-
trol samples. The stimuli or their combinations were used in triplicate, and the
results were taken into account if data were altered in several follow-up tests (see
Table 2) (1). The wells were individually pulsed with 1 mCi of [3H]thymidine after
3 days of culture, and uptake of the [3H]thymidine was measured in a liquid
scintillation counter (1205-Betaplate; Pharmacia LKB-Wallac, Turku, Finland).
To facilitate the interpretation of the results, the data were normalized as the net
percentage of the counts per minute obtained with a given stimulus relative to
the maximum stimulus in the same assay (the maximum stimulus or 100%
response is equal to the stimulus obtained with phytohemagglutinin A [PHA]
plus interleukin-2 [IL-2], done in parallel for each experiment): (the proliferative
response to one mitogen [in counts per minute] 3 100)/maximum stimulus in the
same assay (in counts per minute). The counts per minute corresponding to
background proliferation (calculated with cells in AIM-V medium) were always
0 to 1% of the mean counts per minute for all the stimuli for the controls and the
patient.

Cytogenetic studies. Chromosome preparations and Giemsa-stained meta-
phases were obtained by standard methods from PHA-stimulated PBMCs (24).
Chromosome instability, with 16% of peripheral cells showing spontaneous
chromosome breaks, was observed in the patient at the age of 1 year. The
following rearrangements were found: 5% t(7;14)(p13;q11.2); 1% 47,XY,der(7)t
(7;14) (p13;q11.2),der(7)t(7;7)(pter3q35::p133pter),del(14)(q11.2),1f;4% inv(7)
(p13;q35); 1% t(1;8)(p13;q24.1),inv(7)(p13q35); 3% t(7;14)(q35;q11.2); 1% t(1;
7)(p13;q35); and 1% t(14;20)(q11.2;q13.3). Analysis of 25 unbanded, stained
metaphase cells from PHA-stimulated PBMCs showed a spontaneous chromo-
some breakage rate of 0.08 breaks/cell (control range, 0 to 0.05 breaks/cell), and
analysis of 50 unbanded, stained metaphase cells exposed to diepoxybutane (0.1
mg/ml) showed a chromosome breakage rate of 0.26 breaks/cell (control range,
0 to 0.1 breaks/cell).

Cytofluorographic analysis. For direct immunofluorescence, 105 cells were
incubated for 30 min with monoclonal antibodies for detection of the different
lymphocyte populations (T, B, and NK cells) and subpopulations (see Table 1)
(1). Cells were washed twice with phosphate-buffered saline plus 0.01% NaN3,
and three-color and quantitative analysis for two-color fluorescence was carried
out in an EPICS-XL flow cytometer (20).

Scanning for mutations. Cytoplasmic RNA was extracted by using the Nonidet
P-40 lysis method (24). DNA was obtained from the nuclear pellet by standard
methods (4). Reverse transcription was done with 0.5 mg of cytoplasmic RNA by
a one-step reverse transcription-PCR method (Gibco BRL) by using for the
reaction specific, partly overlapping primers that cover all of the nibrin-coding
sequence. The primers used were NBS[1] (a) (59-AGCCCCGGTTACGCGGT
TGC-39) and (b) (59-GGCTTTACAATTGGACGTCC-39), NBS[2] (a) (59-AT
GCACTCACCTTGTCATGG-39) and (b) 59-CGCCAATCCAATTTCTGC-39),
NBS[3] (a) 59-AATGGATATGCTCCAAAGGC-39) and (b) (59-TTATACTTG
GCAATTTAGTTGG-39), NBS[4] (a) (59-TTTGGCTAAGATGAGAATCC-39)
and (b) (59-TTGCTACTTTCTGGTACTGC-39), and NBS[5] (a) (59-AAGGCC
AAGGATGGATATAG-39) and (b) (59-GCTTACTAGGAAGTTTTTCCATG
G-39). Additional primers used for sequencing of the mutation in exon 6 were
NBS(EX6D) (59-CACTCCGTTTACAATTTAATAGC-39) and NBS(EX6I) (59-
CACAAAATCCCAAAATGAAATACG-39), which rendered a product of 293
bp. DNA amplification was done as described previously (4). Scanning for mu-
tations was done by restriction endonuclease fingerprinting assay (16). One
microgram of the PCR product was digested separately with five restriction
endonucleases. Denatured and nondenatured PCR digestion products were elec-
trophoresed in 6 to 10% polyacrylamide gels with the Protean II vertical elec-
trophoresis system (gel size; 20 by 20 cm; Bio-Rad Laboratories, Hercules, Calif.)
and silver stained (Bio-Rad). The heteroduplex analysis was developed to de-
termine the carrier status of the patient’s family. Briefly, an aliquot of the
genomic 293-bp PCR fragment was heat denatured and then renaturalized and
electrophoresed in a nondenaturing polyacrylamide gel.

For DNA sequencing, PCR products were purified by using the QIAquick
PCR purification kit (QIAGEN, Hilden, Germany). Double-stranded DNA was
directly sequenced by Sanger’s dideoxy chain terminator method (2) with dye-
labeled dideoxy terminators by PCR (Applied Biosystems, Warrington, United
Kingdom).

RESULTS

Mutation analysis and karyotype. Nibrin cDNA was
scanned for mutations; the analysis was based on reverse tran-
scription-PCR followed by a modification of the restriction
endonuclease fingerprinting assay (16). The coding sequence
of the nibrin mRNA was divided into five partially overlapping
fragments, and each fragment was analyzed separately. The
analysis showed a change in the NBS[3] cDNA fragment with
respect to that for a healthy control. Direct sequencing re-
vealed a homozygous 5-bp deletion (AAAAC) at nucleotide
657 (exon 6), which shifts the normal reading frame from
residue 238 and which produces a truncation of the protein at
residue 254 due to generation of a premature stop codon,
therefore, the normal nibrin protein is not synthesized, causing
the complete loss of function of this protein.

A heteroduplex assay of exon 6 was designed to test the
carrier status of the patient’s parents. Figure 1 shows a band of
293 bp corresponding to the nonmutated NBS gene fragment
for the normal control. For the lanes for the patient’s father
and mother, this band was indistinguishable from the one rep-
resenting the mutated allele, since the latter one is only 5 bp
smaller. However, the lanes for the parents showed two more
bands which did not appear in those for the control or the
patient. In order to demonstrate that the two bands could
correspond to heteroduplexes formed among PCR products
coming from both mutated and nonmutated alleles, individual
PCR products from the control and the patient were mixed,
heat denatured, renatured again, and run in the electrophore-
sis (lane C1P). Figure 1 (lane C1P) shows a two-band pattern
similar to that described above, supporting the presence of the
heteroduplexes in the parents. This demonstrated the carrier
status of both parents for the same mutation.

Karyotype analysis of the patient’s PBMCs showed three
different clonal populations of cells (16% of the cells exam-
ined) with rearrangements involving chromosomes 7 and 14 at
breakpoints 7p13, 7q35, and 14q11.2. The rearrangements cor-

FIG. 1. Heteroduplex assay for the patient’s family. Lanes: C, con-
trol; F, father; P, patient; M, mother. In lane C1P, parts of the control
and patient amplifications were mixed and treated in the same way. As
can be seen, a heteroduplex is formed, as in the mutation carriers. The
homoduplex migrates at 293 bp in the control.
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responded to chromosome bands containing immunologically
relevant genes (T-cell-receptor a, b, and g chains and the
immunoglobulin heavy chain) (19).

Humoral immunity and lymphocyte subpopulations. Hu-
moral immunity was altered in the patient: a total absence of
IgG2, low IgG1 and IgG3 levels, and a severe IgG reduction
were the main findings (Table 1). The cellular peripheral phe-
notype (Table 1) and the lymphocyte function (Table 2) were
also dramatically altered. The patient showed a progressive
impairment in T-cell development, as shown by the small num-
ber of CD31 cells. Low CD41 cell levels accounted for the
CD31-cell reduction, while the CD81 T-cell number was nor-
mal (Table 1). The patient had a severe disruption of the
CD41 naive cell/CD41 memory cell ratio, with there being
“memory” cells almost exclusively (contrary to what is ex-
pected in a healthy boy). A B-cell (CD191) increase was re-
corded in the third study, which, together with a biclonal IgM
kappa paraprotein detection, reflected the EBV infection re-
corded in the patient by that time. In addition, a significant
NK-cell (CD161) increase was recorded in the first two stud-
ies; the NK-cell number was normal in August 1998 (Table 1).
The following parameters analyzed were unaltered in the pa-
tient compared to those for the controls: 2C3, C4, and CH100
concentrations or activity in peripheral blood and 2CD18,
CD7, CD43, CD57, T-cell receptor gd, and CD14 PBMC sub-
populations (data not shown).

Impairment of PMA plus lectin activating responses. NBS
deficiency disrupts several lymphocyte activation pathways.

The patient’s PBMCs presented decreased proliferative re-
sponses to some of the stimuli assayed in the in vitro functional
evaluation. The normalization of the data and the use of a
serum-free medium allowed comparison of results obtained at
different times (in long-term follow-ups) (Table 2). The pa-
tient’s proliferative responses to IL-2, protein A, CD2, CD28,
PHA, or CD3 alone were within the normal range of values.
The levels of enterotoxin A-, concanavalin A (ConA)-, and
pokeweed (PWM)-induced proliferation were reduced in two
studies. Moreover, when phorbol myristate acetate (PMA) was
used as a costimulus together with lectins (PHA [first study],
ConA, and PWM) no additional induction or a mild inhibition
of the responses was obtained. The following parameters were
analyzed (using PKC- and non-PKC-dependent stimuli) and
were found to be unaltered in the patient compared to those in
the controls: proliferation mediated by PMA, recombinant
IL-2 (rIL-2), enterotoxin C1, a-CD2, a-CD2 plus rIL-2, a-CD3
plus rIL-2, a-CD2 plus a-CD28, a-CD3 plus a-CD28, PHA
plus rIL-2, ConA plus rIL-2, and ionomycin plus PMA (data
not shown). Also, a set of recall antigens produced no reaction
in vivo (30). Similar results were obtained for three different
patients with AT (6a).

DISCUSSION

The present work describes a genetic, phenotypic, and func-
tional characterization of a Spanish NBS patient. The 5-bp
deletion in exon 6 has been described previously and repre-
sents the founder mutation in most populations of NBS pa-
tients; this deletion is present in 90% of the patients with NBS
(11, 28). The alterations in chromosomes 7 and 14 recorded in
the patient are also commonly found in patients with NBS (27).

TABLE 1. Humoral immunity and lymphocyte
phenotype in the patient

Ig or phenotype

Value ina:
Reference

valuesbJuly
1996

April
1997

August
1998

Humoral immunity
IgG concn (mg/dl) 188 218 234 518–1447
IgA concn (mg/dl) 7 27 23 23–137
IgM concn (mg/dl) 152 172 222 42–212
IgE concn (IU/ml) — ,8 ,8 2–600
IgD concn (mg/dl) — 0.9 <0.85 0.94–4.6
IgG1 concn (mg/dl) — 168 196 381–884
IgG2 concn (mg/dl) — <4 <4 70–443
IgG3 concn (mg/dl) — 15 <2 17–90
IgG4 concn (mg/dl) — 3 10 1–116

Absolute no. of lymphocytes/ml 1,347 2,394 2,708 1,600–4,000

T cells (%)
CD2 — 46 36 62–87
CD5 — 30 30 61–82
CD28 — 17 20 40–65
CD3 50 29 31 59–77
CD31 CD41 20 8 13 29–49

CD4 naive — 1 2 16–39
CD4 memory — 7 11 5–15

CD31 CD81 30 18 15 11–37

NK cells, CD161 CD32 (%) 45 52 14 3–18

B cells, CD19 (%) 8 13 50 8–23

a Relevant data are shown in boldface. —, not determined.
b Reference values for humoral immunity and PBMC phenotypes were ob-

tained from 100 unrelated healthy children under age 14 years.

TABLE 2. Lymphocyte function in the patient

Stimulus

Value ina:
Reference

valuesbApril
1997

July
1998

Antigens
Enterotoxin A 28 11 43–81
Protein A of Staphylococcus aureus 10 4 9–14
Protein A 1 PMA 26 22 22–28

Monoclonal antibodies
a-CD2 1 PMA 54 31 33–77
a-CD3 33 21 21–32
a-CD3 1 PMA 25 31 56–78
a-CD26 1 PMA 29 56 30–98
a-CD28 1 PMA 23 38 15–100
a-CD69 1 PMA 6 14 11–36

Lectins
PHA 51 25 29–34
PHA 1 PMA 40 48 59–72
ConA 18 30 34–44
ConA 1 PMA 5 10 48–87
PWM 17 10 27–37
PWM 1 PMA 11 11 32–54

a PBMC function is expressed as the net relative percentage of each stimulus
to the maximum stimulus. The maximum stimulus or 100% response is equal to
the stimulus obtained with PHA plus IL-2, done in parallel for each experiment.
Relevant data are shown in boldface.

b Reference values were obtained from healthy children under age 14 years
assayed in parallel.
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The chromosome alterations affect the T-cell receptor a-, b-,
and g-chain genes. This could explain the rearrangement fail-
ures in T-cell receptors, the probable accumulation of unstable
hybrid T-cell receptor molecules and the abortion of its surface
expression, and the small number of CD31 cells. A low pro-
portion of the CD41 T-cell subset and a decreased CD41/
CD81 ratio were also found. The prevalence of memory CD41

cells (and the practical absence of naive CD41 cells) is de-
scribed in patients with NBS. Thus, it is possible that a reduced
output of T cells from the thymus leads to the accumulation of
memory T cells in the periphery. This also occurs in AT pa-
tients, in whom dysplastic changes or the absence of the thy-
mus is constantly found (19). The reasons for the large num-
bers of NK cells observed throughout the first set of studies
(Table 1) remain unknown, but a relatively large number of
NK cells was noted in other NBS patients (5). On the other
hand, the IgG2 deficiency has also been observed in patients
with other primary immunodeficiencies that affect T-cell re-
ceptor expression and/or function, like those with the CD3g
deficiency (21).

B-cell function was deregulated in the patient and protein A
(B-cell antigen)-induced responses were normal in the patient
only in the first study, with the deregulation confirmed by the
observed reduction in IgG levels in the periphery. Moreover,
T-cell–B-cell cooperation, as measured by PWM-induced mi-
togenesis (which acts by contact of T cells and B cells) was also
affected. Naive T cells (CD41 CD45RA1) are supposed to
proliferate better with classical mitogens (PHA, ConA, PWM),
and these response patterns (low-level proliferative responses
to PHA, Con A and PWM) strongly correlate with the very low
proportion of CD41 CD45RA1 T cells in the patient (19).

The immune consequences of a deficiency of the NBS gene
product in many ways resemble the abnormalities seen in AT:
hypogammaglobulinemia, alteration of the proportions of lym-
phocyte subpopulations, and similar defective blastogeneses.

The results obtained from the functional assays with PBMCs
show an impairment in some of the lymphocyte proliferative
responses induced by PMA, which is an analogue of diacylglyc-
erol and a specific direct activator of the PKC pathway. We
have previously reported that PBMCs from AT patients show
a general impaired response to different mitogens, especially
when phorbol esters (like PMA) are used as costimuli. In
patients with AT, PMA inhibits in particular T-lymphocyte
proliferative responses to CD3, CD28, and PHA, as well as,
mainly, to ConA, PWM, anti-CD26, and anti-CD69.

Interestingly, some evidence for an interplay of the NBS
gene product with the ATM protein has been derived from
complementation studies based on radiation-induced chromo-
some breakage in heterodikaryons made from cells from pa-
tients with NBS and AT (26, 29, 31, 32). The data obtained
from AT patients suggest a differential dependence of PKC
isoforms (10) in differential transduction pathways. Moreover,
as in AT, the protein coded by the NBS gene, nibrin, may also
be involved in cell cycle control, with nibrin acting on p53
modulating genome stability, tumor susceptibility, and apopto-
sis (17).

Finally, further biochemical assays are needed to find out
whether there is more than one PKC activation pathway.
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Sanz, and A. Arnaiz-Villena. 1998. Immunodeficiency associated with an-
orexia nervosa is secondary and improves after refeeding. Immunology 94:
543–551.

2. Arnaiz-Villena, A., M. Timón, A. Corell, P. Pérez-Aciego, J. M. Martı́n-Villa,
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21. Regueiro, J. R., P. Pérez-Aciego, P. Aparicio, C. Martı́nez, P. Morales, and

A. Arnaiz-Villena. 1990. Low IgG2 and polysaccharide response in a T cell
receptor expression defect. Eur. J. Immunol. 20:2411–2416.

22. Saar, K., K. H. Chrzanowska, M. Stumm, M. Jung, G. Nurnberg, T. F.
Wienker, E. Seemanova, R. D. Wegner, A. Reis, and K. Sperling. 1997. The
gene for the ataxia-telangiectasia variant, Nijmegen breakage syndrome,
maps to a 1 cM interval on chromosome 8q21. Am. J. Hum. Genet. 60:605–
610.

23. Savitsky, K., A. Bar-Shira, S. Gilad, G. Rotman, Y. Ziv, L. Vanagaite, D. A.
Tagle, S. Smith, T. Uziel, and S. Sfez, et al. 1995. A single ataxia telangiec-
tasia gene with a product similar to PI-3 Kinase. Science 268:1749–1753.

24. Seabright, M. A. 1997. A rapid banding technique for human cytogenetics.
Lancet ii:971–972.

25. Shiloh, Y. 1997. Ataxia-telangiectasia and the Nijmegen breakage syndrome:
related disorders but genes apart. Annu. Rev. Genet. 31:635–662.

26. Stumm, M., K. Sperling, and R. D. Wegner. 1997. Noncomplementation of
radiation-induced chromosome aberrations in ataxia-telangiectasia/ataxia-
telangiectasia-variant heterodikaryons. Am. J. Hum. Genet. 60:1246–1251.

27. van der Burgt, I., K. H. Chrzanowska, D. Smeets, and C. Weemaes. 1996.
Nijmegen breakage syndrome. J. Med. Genet. 33:153–156.

28. Varon, R., C. Vissinga, M. Platzer, K. M. Cerosaletti, K. H. Chrzanowska, K.
Saar, G. Beckmann, E. Seemanova, P. R. Cooper, N. J. Nowak, M. Stumm,
C. M. Weemaes, R. A. Gatti, R. K. Wilson, M. Digweed, A. Rosenthal, K.
Sperling, P. Cancannon, and A. Reis. 1998. Nibrin, a novel DNA double-
strand break repair protein, is mutated in Nijmegen breakage syndrome. Cell
93:467–476.

29. Wang, J. Y. J. 2000. New link via a web of human genes. Nature 405:404–405.
30. Wegner, R. D., M. Metzger, F. Hanefeld, N. G. J. Jaspers, C. Baan, K.

Magdorf, J. Kunze, and K. Sperling. 1988. A new chromosomal instability
disorder confirmed by complementation studies. Clin. Genet. 33:20–32.

31. Woods, C. G., and A. M. R. Taylor. 1992. Ataxia-telangiectasia in the British
Isles. The clinical and laboratory features of 70 affected individuals. Q. J.
Med. New Ser. 82:169–179.

32. Wu, X., V. Ranganathan, D. S. Weisman, W. F. Heine, D. N. Ciccone, T. B.
O’Neill, K. E. Crick, K. A. Pierce, W. S. Lane, G. Rathbun, D. M. Livingston,
and D. T. Weaver. 2000. ATM phosphorylation of Nijmegen breakage syn-
drome protein is required in a DNA damage response. Nature 405:477–482.

33. Zhao, S., Y. C. Weng, S. S. Yuan, Y. T. Lin, H. C. Hsu, S. C. Lin, E. Gerbino,
M. H. Song, M. Z. Zdzienicka, R. A. Gatti, J. W. Shay, Y. Ziv, Y. Shiloh, and
E. Y. Lee. 2000. Functional link between ataxia-telangiectasia and Nijmegen
breakage syndrome gene products. Nature 405:473–477.

VOL. 8, 2001 NBS PROTEIN AND T-LYMPHOCYTE ACTIVATION 761


