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Summary

The most prevalent primary immunodeficiency is common variable immu-
nodeficiency (CVID). Mutations have been described in four genes, ICOS,
CD19, BAFF-R and TNFRSF13B (encoding TACI), together associated with
10-15% of CVID cases. We investigated a family with CVID and identified
the heterozygous C104R TNFRSFI3B mutation in two of the three
index-children with CVID, a mother with selective immunoglobulin A defi-
ciency, a mother with recurrent infections and a healthy grandfather. Remark-
ably, we did not find the TNFRSF13B mutation in the third index-child with
CVID, despite his hypogammaglobulinaemia and decreased response to
unconjugated pneumococcal vaccine. This family illustrates that TNFRSF13B
mutations induce disease susceptibility rather than cause disease directly.
Apparently, other genetic or environmental factors, still to be identified,
contributed to the development of CVID in this family. Consequently,
TNFRSF13B mutations must be interpreted with caution in the clinical
setting.
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Introduction

The most frequent primary immunodeficiency is common
variable immunodeficiency disorder (CVID). It is a hetero-
geneous group of disorders characterized by late-onset
hypogammaglobulinaemia that presents often in childhood
or adolescence. Clinical manifestations include recurrent
respiratory tract infections with the development of bron-
chiectasis and intermittent or chronic diarrhoea. Polyclonal
lymphoproliferation with splenomegaly, lymphadenopathy
or nodular lymphoid hyperplasia of the small bowel occurs
in approximately one-third of patients, autoimmune phe-
nomena such as idiopathic thrombocytopenic purpura and
autoimmune haemolytic anaemia in up to 25% and granu-
lomatous disease in 8-22%. CVID is associated with an
increased risk of gastrointestinal and lymphoid malignancies
[1-4]. Together, the European Society for Immunodeficien-
cies (ESID) and Pan-American Group for Immunodeficien-
cies (PAGID) developed diagnostic criteria for CVID, which
are published on the ESID website (http://www.esid.org).
Since 2003 mutations have been described in four genes:
ICOS, CD19, BAFF-R and TNFRSFI13B [encoding trans-
membrane activator and CAML interactor (TACI)], together
associated with 10-15% of CVID cases [5-12]. Inducible

co-stimulator of activated T cells (ICOS) deficiency has been
found in only four families with the same mutation, who
most probably descend from a common founder [7,8]. Three
families with CD19 deficiency were identified, all having a
different mutation [9,11]. Finally, so far a single B cell-
activating factor-receptor (BAFF-R) deficiency has been
found in one family [10]. All three deficiencies show an
autosomal recessive pattern of inheritance and are extremely
rare. TACI deficiency has been found in as many as 10% of
CVID patients, with either one or two mutated alleles [5,6].
TACI is one of the tumour necrosis factor receptor family
members expressed on peripheral B lymphocytes which are
engaged in their final maturation [13,14]. TACI helps B lym-
phocytes to switch their production from immunoglobulin
(Ig)M to IgG, IgA and IgE. It also enhances the generation
and maintenance of isotype-switched memory B lympho-
cytes and plasma cells, and increases the affinity of the pro-
duced antibody by the process of somatic hypermutation of
the Ig gene. The association of TNFRSF13B mutations with
CVID is highly significant, but healthy family members and
unrelated controls have also been reported to carry muta-
tions [15]. Inversely, we describe a CVID family with the
C104R TNFRSFI3B mutation in several family members,
but an index-child with a complete CVID phenotype lacked
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the TNFRSF13B mutation. Consequently, the interpretation
of TNFRSF13B mutations in CVID is subject to discussion.
Because of this, it is not advocated to screen CVID patients
routinely for this mutation.

Materials and methods

Patients and family members

Clinical and laboratory data were obtained from the medical
records of three index patients diagnosed with CVID accord-
ing to the ESID/PAGID criteria who were all related to each
other. Family members were interviewed. Blood samples
were taken after informed consent, when there was no
infection. In the index patients, blood samples were obtained
immediately prior to their Ig infusion. The study was
approved by the local Medical Ethics Committee.

Immunochemistry and immunoserology

The IgG, IgA, IgM and IgG subclasses were determined
by nephelometry. Pneumococcal antibodies were assayed
by enzyme-linked immunosorbent assay, diphtheria and
tetanus anti-toxin antibodies with a toxin-binding inhibition
assay [16,17].

Immunophenotyping of lymphocyte subpopulations

Flow cytometric analysis of peripheral blood (PB) was per-
formed to determine the absolute counts of B and T lym-
phocytes and natural killer cells using a fluorescence
activated cell sorter (FACS)Calibur (BD Biosciences, San
Jose, CA, USA). PB B lymphocytes were analysed further
using antibodies against IgM [mouse polyclonal antibody
— phycoerythrin (PE)], IgD [mouse polyclonal antibody
— fluorescein isothiocyanate), CD19 (SJ25C1 — peridinin
chlorophyll), CD21 (LB21 — PE), CD27 (L128 — allophyco-
cyanin), CD24 (1B5-FITC), CD38 (HB7-PE) and TACI
(biotin-conjugated mouse polyclonal antibody in combina-
tion with PE-conjugated streptavidin).

Genetic analysis

Polymerase chain reaction was performed to amplify the
coding exons of the TNFRSF13B gene (MIM 604907; NCBI
NM_012452). Primer sequences are available upon request.
All sequencing was performed on an ABI Prism 3100 fluo-
rescent sequencer (Applied Biosystems, Foster City, CA,
USA).

Results

The pedigree of the family is shown in Fig. 1. Clinical and
laboratory parameters of the tested family members are
shown in Tables 1-3. The proband patient III:2 was the first

.
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Fig. 1. Pedigree of the family. Circles represent females; squares,

males. Half-solid symbols are heterozygous carriers of the
TNFRSF13B mutation C104R and wt family members who are known
not to be carriers. The other family members were not tested. Slashed
symbols represent deceased family members. Index cases are indicated
by an arrow.

in the family to be diagnosed with ‘possible CVID’ at the age
of 3 years, with recurrent upper respiratory tract infections
and low IgG. She started intravenous immunoglobulin sub-
stitution (IVIG) at the age of 4, when her IgG decreased
further, and infections continued to recur despite
trimethoprim—sulphamethoxazole prophylaxis. Later, when
her pneumococcal antibodies disappeared and her IgA and
IgM decreased below normal, she could be classified as
‘probable CVID’. Her brother (III:1) suffered increasingly
from recurrent respiratory infections and was started on
IVIG 6 years after his sister, at the age of 10, with a diagnosis
of ‘probable CVID’. Shortly after that, their mother (II:2)
started to suffer from recurrent respiratory infections, rheu-
matic complaints and chronic fatigue, but she had normal Ig
levels and normal responses to vaccines. Their cousin (II1:3)
was diagnosed with ‘probable CVID’ 6 years after the first
patient (III:2), at the age of 2. His mother (II:4) had suffered
from recurrent respiratory infections and chronic fatigue
since early childhood and was diagnosed with selective IgA-
deficiency. (Grand)mother I:2 died of renal carcinoma at the
age of 47. The 70-year-old (grand)father I:1 is healthy. Aunt
II:1 could not be tested. The heterozygous TNFRSFI3B
mutation C104R was found in III:2, III:3, II:2, I1I:4 and I:1,
but not in IIL:1.

Discussion

We identified the heterozygous C104R TNFRSF13B muta-
tion (encoding TACI) in two of three related CVID patients
on IVIG. It is remarkable that we did not find this
TNFRSF13B mutation in patient III:1, despite his hypogam-
maglobulinaemia and decreased response to unconjugated
pneumococcal vaccine, which is a clinical presentation that
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Table 3. Flow cytometric results of the tested family members.

I:1

1I:4

1I:2

1I1:3

II1:2

II:1

12 (0-7-2-1)

81

165 (0-7-2-1)

10-7

16 (0-7-2-1)

13-8

2:26 (0-9-4-5)

1-64 (0-8-3-5)

89

1-47 (0-8-3-5)

10-2
0-22 (0-2-0-6)

T lymphocytes (x10°/1)*

181
0-64 (0-2-2-1)

0-09 (0-1-1)

B lymphocytes (% of PBL)
B lymphocytes (x10°/1)

NK cells (x10%/1)

0-2 (0-1-0-5)

0-33 (0-1-0-5)

0-3 (0-1-0-5)

0-20 (0-2-0-6)

0-4 (0-09-0-6)
29:6 T (5-10)

0-36 (0-09-0-6)
67 T (5-10)

0-3 (0-09-0-6)
20-5 T (5-10)

0-26 (0-07-1-2)

7-0

0-45 (0-07-1-2)

45

13

Switched memory B cells (% of B lymphocytes)

(CD19%/1gD™/CD27%)
Transitional B cells (% of B lymphocytes)

n.d.

3:9 (3-5-5-6)

131 n.d.

62

63

(CD19%/1gM*/CD38")
CD21low (% of B lymphocytes)

451 (8:7-13-5) 33.0 T (8-7-135)

16-8 T (8-7-135)

92

92

53

C104R heterozygous C104R heterozygous C104R heterozygous C104R heterozygous

C104R heterozygous

No mutation

TNFRSF13B mutation

*Age-matched reference values between parentheses. n.d., not determined; PBL, peripheral blood lymphocytes; 1, below the reference value for age; NK, natural killer.

fits perfectly with the diagnosis of ‘probable CVID’. His clini-
cal phenotype is indistinguishable from the other two index
patients, his sister (III:2) and cousin (III:3). This has not
been described previously, and provides new evidence that
the C104R TNFRSFI3B mutation is not a straightforward
disease-determining mutation. Pan-Hammarstrom et al.
[15] described that 0-3% of the normal population carries
heterozygous TNFRSFI13B mutations, but the frequency of
the C104R, A181E and ins204A mutations was increased
significantly in CVID patients compared with controls, sug-
gesting that these variants, even in heterozygous forms, con-
tribute to the development of CVID. We found the C104R
TNFRSF13B mutation in three additional family members:
one with selective IgA-deficiency and recurrent infections,
one with recurrent infections only and one healthy 70-year-
old grandfather. This study shows that mutations in the
TNFRSF13B gene must be interpreted with caution: they
should be considered as disease-susceptibility polymor-
phisms, rather than disease-determining mutations. So far
no association of TNFRSF13B mutations with clinical com-
plications, such as severity or frequency of infections, lym-
phoproliferation, autoimmunity or granulomatous disease,
has been established within the CVID population. Other
genetic or environmental factors that contribute to the
development of (TACI-related) CVID need to be identified.
If such factors appear to have predictive value for the
occurrence and progression of clinical complications, this
will greatly support the care for these patients and their
families.
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