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Background: Mendelian susceptibility to mycobacterial disease
(MSMD) is associated with infection caused by weakly virulent
mycobacteria in otherwise healthy people. Causal germline
mutations in five autosomal genes (IFNGR1, IFNGR2, STAT1,
IL12RB1, IL12B) and one X-linked (NEMO) gene have been
described. The gene products are physiologically related, as
they are involved in interleukin 12/23-dependent, interferon c-
mediated immunity. However, no genetic aetiology has yet
been identified for about half the patients with MSMD.
Methods: A large kindred was studied, including four male
maternal relatives with recurrent mycobacterial disease,
suggesting X-linked recessive inheritance. Three patients had
recurrent disease caused by the bacille Calmette–Guérin
vaccine, and the fourth had recurrent tuberculosis. The
infections showed tropism for the peripheral lymph nodes.
Results: Known autosomal and X-linked genetic aetiologies of
MSMD were excluded through genetic and immunological
investigations. Genetic linkage analysis of the X-chromosome
identified two candidate regions, on Xp11.4–Xp21.2 and
Xq25–Xq26.3, with a maximum LOD score of 2.
Conclusion: A new X-linked recessive form of MSMD is
reported, paving the way for the identification of a new
MSMD-causing gene.

M
endelian susceptibility to mycobacterial disease
(MSMD, MIM 209950) is a rare syndrome1 2 involving
predisposition to clinical disease caused by poorly

virulent mycobacterial species, such as bacille Calmette–
Guérin (BCG) vaccines3 4 and non-tuberculous, environmental
mycobacteria.5 The patients are also vulnerable to the more
virulent Mycobacterium tuberculosis.6–11 Typically, patients are not
particularly prone to other infections, except salmonellosis,
which affects less than half the cases. MSMD is clinically
heterogeneous, and outcome is correlated with the type of
histological lesions present.12 It was initially believed that
MSMD was inherited as an autosomal recessive trait as a rule,3–5

until X-linked recessive inheritance patterns were reported in
one multiplex kindred.13 14

Five disease-causing autosomal genes (IFNGR1, IFNGR2,
STAT1, IL12RB1 and IL12B) have been found.2 15 IFNGR1 and
IFNGR2 encode the interferon (IFN) cR1 and IFN cR2 chains of
the receptor for IFN c, a pleiotropic cytokine secreted by natural
killer and T lymphocyte cells. STAT1 encodes signal transducer
and activator of transcription 1 (Stat 1), an essential molecule
in the IFN cR signalling pathway. IL12B encodes the p40
subunit of interleukin (IL) 12 and IL23, two cytokines secreted
by macrophages and dendritic cells. Finally, IL12RB1 encodes
the b1 chain shared by the receptors for IL12 and IL23,
expressed in natural killer and T cells. Mutations in IFNGR1,
IFNGR2 and STAT1 impair cellular responses to IFN c, and mu-
tations in IL12B and IL12RB1 impair the production of IFN c.
The five MSMD-causing autosomal genes are thus immunolo-
gically related. A high degree of allelic heterogeneity at these
five loci accounts for the existence of at least 12 known distinct
genetic disorders including autosomal dominant IFNGR1
deficiency.2 15–19

Familial X-linked recessive MSMD was clinically described
in 1994.13 21 Four males in two generations of a non-
consanguineous family developed disseminated mycobaterial
complex infection.20 21 The patients’ monocytes showed
impaired IL12 production on phytohaemagglutinin (PHA)
activation, even though their T cells were intrinsically able to
produce IFN c on stimulation by control monocytes.13 Together
with S M Holland, we recently identified the molecular genetic
basis of XR-MSMD in this American kindred and in two other
unrelated families from France and Germany.14 Surprisingly,
specific mutations affecting the leucine zipper domain (LZD) of
nuclear factor-kB essential modulator (NEMO)22 26 were found
in the three kindreds. We describe here a large French kindred
with a new X-linked recessive form of MSMD (XR-MSMD).

Case reports and family data
Figure 1 shows the pedigree. All members of the kindred live in
France and are of French descent. Informed consent was
obtained from all the family members (fig 1A).

Patient 1 (P1, III-4) was born in 1953 and was not vaccinated
with BCG in infancy. He remained healthy until the age of
10 years, at which time he presented with symptomatic primary
tuberculosis of the lungs, with a positive tuberculosis skin test
(Mantoux skin test) indicating delayed-type hypersensitivity to
tuberculous purified protein derivative. He was treated with
isoniazid for 12 months and recovered. At 34 years of age, he
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was hospitalised with fever, peripheral lymphoadenopathy,
hepatomegaly, fatigue and anorexia. A computed tomography
scan showed multiple mediastinal lymph nodes. He showed
strong delayed-type hypersensitivity to tuberculous purified
protein derivative. Histological examination of a clavicular
lymph node showed granulomas with eosinophil, necrosis with
caseum, surrounded by rare epithelioid and giant cells and a
lack of visible acid-fast rods (fig 2A). Cultures of all tissue
specimens and biological fluids (blood and urine) tested
negative for mycobacteria. Isoniazid, rifampicin, ethambutol
and pyrazinamide were given for 23 months and the patient
recovered. No other unusual infections since then have been
recorded. He is now 52 years of age and is well with no
treatment.

Patient 2 (P2, III-7) was born in 1950 and was inoculated
with M bovis BCG at birth. Regional axillary adenitis developed
in the next few months, resolving spontaneously with skin
fistulisation. Twelve years later, local ulceration with fistulising
lymphadenopathy occurred at the same site, and was treated by
surgical excision. At 21 years of age, P2 developed ophthalmic
zoster. At 29 years of age, he presented with a second episode of
cervical lymph node enlargement. M bovis was cultured from
lymph node aspirate. P2 was treated with a combination of
isoniazid, rifampicin and ethionamide for 18 months, leading
to full recovery. Since then he has had no other unusual
diseases. He is now 55 years old and is well with no treatment.

Patient 3 (P3, III-8) was born in 1955 and vaccinated with
BCG at birth. He presented with regional axillary adenitis a few
months later. He received no antibiotic treatment and the

surgical excision of regional lymph nodes was required. The
patient recovered, but no more detailed information is
available. He presented with abdominal zoster infection at
17 years of age. At about the same age, he also presented an
episode of self-healing warts on the hands. Serological tests for
mycobacteria were negative (,100 U anti-A60 IgG/ml) when
he was 45 years of age. He has had no other unusual infections
and remained clinically well with no treatment until the last
follow-up visit at 50 years of age.

Patient 4 (P4, III-23), born in 1974, is the proband. He was
immunised with BCG at 2 years of age. He had regional axillary
lymphoadenopathy with skin fistulisation and recovered after
surgical excision. Multiple lymph node biopsies showed
leucocyte infiltration, epithelioid cell granulomas and multi-
nucleated giant cells. At 21 years of age, P4 developed an
intestinal occlusion; surgery showed multiple enlarged abdom-
inal lymph nodes causing volvulus, but none was excised. At
24 years of age, he developed left supraclavicular lymphoade-
nopathy. The lymph node was excised and the biopsy specimen
showed a tuberculoid granuloma. The patient was treated with
isoniazid, rifampicin and ethambutol for 12 months, with a
partial response. Subcutaneous IFN c treatment, at a dose of
100 mg three times per week, was initiated, but was stopped
after 1 month because of side effects. No other unusual
infections were documented. At 27 years of age, P4 presented
with cervical adenitis, and surgical excision was performed.
Histological examination showed a lymph node with conserved
architecture, with well-circumscribed granulomas containing
epithelioid and giant cells surrounding small areas of central

Figure 1 A kindred with X-linked recessive
predisposition to mycobacterial diseases. (A)
Pedigree of the family with X-linked
recessive-Mendelian susceptibility to
mycobacterial disease (XR-MSMD-2). Each
generation is designated by a Roman
numeral (I, II, III, IV, V), and each individual
is represented by an Arabic numeral.
Patients with bacille Calmette–Guérin (BCG)
disease are represented by black symbols
and patients with tuberculosis by grey
symbols. The proband is indicated by an
arrow. The seven obligate carriers are
indicated. Individuals selected for the X-
chromosome scan are indicated by asterisks.

Figure 2 Granulomas in lymph node. Biopsy specimens showing epithelioid and giant cells with caseous necrosis. Haematoxylin and eosin staining (640).
Specimens from P1 (A) and the proband (B).
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caseous necrosis, without visible acid-fast rods (fig 2B). M bovis
BCG was isolated by culture.

The patient had normal numbers of erythrocytes, platelets,
monocytes, polymorphonuclear cells and lymphocytes (table 1).
Lymphocyte and monocyte subsets were also normally dis-
tributed. No defect in proliferation was detected when
peripheral blood mononuclear cells (PBMCs) were stimulated
with mitogens (PHA, phorbol 12-miristate 13-acetate (PMA)–
ionomycin, anti-CD3 antibody), microorganisms (live BCG,
heat-killed Staphylococcus aureus), and antigens (purified protein
derivative; data not shown). Serum IgG, A, M and E isotypes,
and IgG subclasses were detected in normal amounts. Antibody
responses to protein and carbohydrate vaccine antigens were
normal. The reduction of nitroblue tetrazolium and chemilu-
minescence of polymorphonuclear cells were normal. The
expression of CD154/CD40L on PMA–ionomycin-stimulated T
cell blasts was normal, as shown by flow cytometry with a
CD40L-specific antibody and a soluble CD40 molecule. Normal
serum levels of complement components C3, C4 and normal
CH50 activity were found. High-resolution lymphocyte karyo-
type was normal. Serological tests for mycobacteria were highly
positive (450 IU/l, IgG against A60). No serum antibodies
against Salmonella and cytomegalovirus were detected, but IgG
antibodies against viral capsid antigen, early antigen and
Epstein–Barr virus (EBV) nuclear antigen, EBV antigens and
varicella zoster virus antigens were detected. The patient is
currently clinically well, with no treatment at 32 years of age.

Family history
A maternal aunt of all four patients (II-1), born in 1920,
developed tuberculous salpingitis and pulmonary tuberculosis
at 29 years of age. Histological examination of the endome-
trium showed epithelioid and giant cell granulomas. No
information is available for mycobacterial culture results. This
aunt was treated with streptomycin and isoniazid. A chest x ray
taken 6 months after treatment showed lung excavation. She

received continuous treatment (streptomycin and isoniazid) for
2 years and recovered, but remained sterile. She later developed
intercostal zoster infection. She was not vaccinated with BCG
and is currently well at 85 years of age. The mother of patients
2 and 3 (II-4), born in 1922, had asymptomatic primary
pulmonary tuberculosis in adolescence. She had not been
vaccinated with BCG, and the previous primary tuberculous
infection was diagnosed from a routine chest x ray in adulthood
that disclosed calcified mediastinal lymph nodes. This subject
has remained clinically well with no treatment. The patients’
uncles (II-7, II-11, II-14) and another maternal aunt (II-12) are
healthy, and only one uncle (II-11) had received BCG
vaccination; the mother of patient 4 was not vaccinated with
BCG. Other members of the family were immunised with BCG
with no adverse effects. None of the family members presented
developmental signs of ectodermal dysplasia (EDA)—not even
mild signs such as conical teeth or hypodontia. I-2 was not
vaccinated with BCG and did not have tuberculosis. Thus, three
male maternal relatives (III-7, III-8 and III-23) presented with
MSMD (BCG disease), another male maternal relative (III-4)
had recurrent tuberculosis and one woman (II-1), the sister of
an obligate carrier, had developed a severe form of tuberculosis.

This pedigree strongly suggests that predisposition to
mycobacterial disease was inherited as an X-linked recessive
trait with four affected males. The disease-causing X-linked
gene was transmitted from I-2, who was not vaccinated with
BCG and did not have tuberculosis, possibly owing to a lack of
exposure to M tuberculosis, to his five daughters, born to his two
subsequent wives (I-1 and I-3). Three daughters (II-3, II-4, II-
8) transmitted the X-linked MSMD-causing gene to at least one
affected boy (P1, P2, P3, P4). The other two daughters (II-1 and
II-12) did not have children; one of them (II-1) had severe
tuberculosis, suggesting that the X-linked causative allele may
be dominant of low penetrance as the other six obligate carriers
(II-3, II-4, II-8, II-12, IV-6 and IV-9) did not have mycobacterial
disease. Alternatively, patient II-1 may have had tuberculosis
because of skewed inactivation of wild-type X chromosome.
Finally, tuberculosis may have been unrelated to the X-linked
mycobacterial susceptibility gene segregating in their kindred,
as its clinical course was clearly distinct from the activities in
patient III-4.

METHODS
Diagnosis of disorders of the IL12/IL23–IFN c pathways
Peripheral blood samples were diluted in the ratio 1:2 in RPMI
1640 and were infected with live BCG (M bovis BCG, Pasteur
substrain, at multiplicity of infection 20:1), BCG and IFN c
(5000 IU/ml; Imukin, Boehringer Ingelheim, France) and BCG
and IL12p70 (20 ng/ml R&D Systems, Minneapolis, Minnesota,
USA).28 Cytokine concentrations were determined by ELISA
(human Quantikine IL12p70 kit (R&D Systems) and the
Pelipair IFN c kit (Sanquin, Amsterdam)) according to the
manufacturer’s instructions. Absorbance was determined with
an automated MR5000 ELISA reader (Thermolab Systems,
Cergy Pontoise, France). Final results were standardised per
million PBMC (pg/ml).

Diagnosis of NEMO-associated XR-MSMD
Two populations were obtained from the peripheral PBMC.14

Monocytes were isolated using the Human Monocyte Isolation
Kit II (Miltenyi-Biotec, Cologne, Germany), and 16105/ml were
plated in 1 ml of RPMI supplemented with 10% FCS in 24-well
plates. They were then washed in phosphate-buffered saline to
remove unattached cells, and the remaining adherent cells were
incubated overnight in RPMI at 37 C̊, in an atmosphere
containing 5% CO2. The next day, PBMC were plated in
150 mm2 tissue culture plates for 2 h, and T lymphocytes were

Table 1 Immunological parameters of the proband (P4)

Lymphocytes 1340 (1000–4000)
T cells (%) (normal values)*

CD3 71 (66–79)
CD3/CD4 40 (37–53)
CD3/CD8 29 (19–34)
TCR ab/CD3 68 (83–97)
TCR cd/CD3 3 (2–15)

NK cells (normal values)*
CD32/CD16+CD56+ 7 (10–19)

B cells (%) (normal values)*
CD19 17 (11–16)
CD5+ 33.8 (14–32)
CD272 89.7 (51–77)
CD27+ 10.3 (23–49)

Serum immunoglobulin concentration
(g/l) (normal values)*

IgA 4.31 (0.70–3.12)
IgM 1.27 (0.56–3.52)
IgG 16.10 (6.39–13.4)

IgG subclasses
IgG1 8.48 (4–10.98)
IgG2 6.85 (1.23–5.49)
IgG3 0.345 (0.211–1.142)
IgG4 0.186 (0.084–0.888)

IgE (IU/l) 58 (,100)
C3 (g/l) 0.94 (0.75–1.50)
C4 (g/l) 0.25 (0.16–0.38)
NBT (%) 90 (.60%)
Chemoluminescence 12.106 (3–12.106 cpm)

Ig, immunoglobulin; NBT, nitro blue tetrazolium; NK, natural killer; TCR, T
cell receptor.
*Values in brackets are ranges.
Percentages (%) express the fraction of lymphocytes.
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isolated from the non-adherent cells. T lymphocytes were
isolated by PanT-Isolation Kit II human cells (Miltenyi-Biotec),
and mixed with the monocytes and activated by incubation
with PHA (diluted 1/700, Bacto-Becton Dickinson, Sparks,
Maryland, USA) for 48 h; supernatants were collected after 18
and 48 h. We detected IFN c and IL12 production with ELISA
kits (IFNc-Sanquin and IL12p70 R&D Systems). NEMO was
detected on western blots of total protein extract from EBV-
transformed B cells, carried out in 1% Nonidet P-40 buffer.
For western blotting, proteins were first separated by electro-
phoresis in 10% polyacrylamide gels containing sodium
dodecyl sulphate. The proteins were then transferred to
membranes, which were probed with goat anti-human IKKc
(M-18, sc-8256 Santa Cruz Biotechnology, Santa Cruz,
California, USA) and mouse anti-human STAT2 (A-7, sc-1668
Santa Cruz) antibodies. Flow cytometry showed that the EBV-B
cells displayed a pattern of staining similar to that reported in a
previous study.14 Cells were incubated with anti-NEMO anti-
body (611306-BD Pharmingen, California, USA) and the
corresponding IgG1 isotype (BD Pharmingen), and primary
antibody binding was detected with Alexa Fluor 488-labelled
anti-mouse antibodies (Molecular Probes, Invitrogen, Eugene,
Oregon, USA).

Genotyping and linkage analysis
Human genomic DNA was isolated from the blood samples
of 30 people from the family as described previously.8 The
primary genetic scan was carried out using a panel of 18
polymorphic microsatellites spanning the X chromosome,
which is available on request (ABI Prism Linkage Mapping
Set 2, V.2.5, Applied Biosystems). To refine the interesting
regions, additional microsatellites on the X chromosome were
genotyped by polymerase chain reaction using standard
techniques (fig 5). Amplified products were analysed with an
ABI 3100 Prism-Genetic analyser (Applied Biosystems).
Linkage analysis was carried out assuming X-linked
recessive inheritance with complete penetrance for male
carriers and a frequency of the deleterious at 0.0001. The
four male patients, including three patients with bona fide
MSMD and one patient with tuberculosis were considered
to be affected. Two-point and multipoint (logarithm of odds)
LOD score were computed using the xgh program of
GENEHUNTER software (http://www-genome.wi.mit.edu/ftp/
distribution/software/genehunter).28 Fine mapping was con-
ducted in regions with a LOD score .1.

RESULTS
Investigation of the IL12/IL23–IFN c circuit
We investigated the IL12/IL23–IFN c circuit, because germline
mutations in five autosomal genes (IFNGR1, IFNGR2, STAT1,
IL12B and IL12RB1) and one X-linked gene (NEMO) are
associated with impaired IL-12/23-dependent IFN c-mediated
immunity and MSMD.2 14 We stimulated whole blood cells with
live BCG, alone or with IL12 or IFN c, and measured IFN c and
IL12 levels in the supernatant.27 The secretion of IL12p40 and
IL12p70 after 18 h of stimulation with BCG, and BCG and IFN
c, as shown by ELISA, was normal in the proband, taking
several healthy controls as the reference group (fig 3A,B).27 We
incubated whole blood from the patient with BCG alone, or
with BCG and recombinant IL-12, and detected normal levels of
IFN c in the supernatant (fig 3C). We amplified and sequenced
the coding regions of these five disease-causing genes from
genomic DNA and cDNA. No mutations were found, and all
cDNAs had a normal structure. These experiments excluded all
12 known forms of autosomal recessive and dominant disorders
of the IL12/IL23–IFN c circuit.17 18 27

Figure 3 Investigation of the interleukin (IL12)–interferon (IFNc) circuit.
(A) Production of IL12p40 by bacille Calmette–Guérin (BCG) (20:1) and
BCG- and IFNc (5000 IU/ml)-stimulated whole-blood cells from a healthy
positive control (C) and the proband (P). Supernatants were harvested after
18 h of activation for cytokine quantification by ELISA. (B) Production of
IL12p70 by whole-blood cells stimulated with BCG alone or with BCG and
IFN c, after 18 h of activation. (C) Production of IFN c by whole-blood cells,
either unstimulated (medium) or stimulated with BCG (20:1) alone or with
BCG and IL12p70 (20 ng/ml). The supernatants were harvested after 72 h
of activation for cytokine quantification by ELISA. The data from one of two
experiments are shown.
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In-depth investigation of NEMO-associated XR-MSMD
X-linked recessive inheritance of MSMD was recently shown to
be associated with specific mutations affecting the LZD of
NEMO in three unrelated families.14 These patients had
abnormal CD40-dependent IL12 production by monocytes in
the presence of autologous and heterologous PHA-activated T
cells13 14 (fig 4A). In contrast, T cells from patients with NEMO
mutations produced normal amounts of IFN c in response to
activation by PHA in the presence of autologous or heterologous
monocytes (fig 4B). In the two patients (P1 and P4) studied
here, IL12 production by monocytes was strictly normal in
response to costimulation with PHA and T cells, whether
autologous or heterologous (fig 4A). The patients’ T cells also
showed normal IFN c production in this coculture assay. The
cDNA structure of NEMO was intact and no mutations were
found (data not shown). The level of expression of NEMO in an
EBV-B cell line and fresh blood cells was normal, as shown by
western blotting23 (fig 4C). NEMO was also normally expressed
in all leucocyte subsets, as shown by flow cytometry, excluding
the possibility of a subtle regulatory mutation with a cell-
specific effect (fig 4D). The immunological, genetic and
biochemical data therefore unambiguously excluded NEMO as
the MSMD-causing gene in this kindred.

X chromosome linkage analysis
We finally genotyped 18 microsatellite markers scattered at 5–
10 cM intervals along the X chromosome, in 30 informative

family members (fig 5). The four male patients were
considered to be affected. Results of the primary screen
showed that two regions, flanked by markers DXS1226 and
DXS991, and DXS1001 and DXS1062, provided LOD scores .1,
and additional microsatellites; 14 and 7, respectively, were
genotyped in both regions. A negative multipoint LOD score
(20.22 at DXS1073) was observed in the region surrounding
NEMO (fig 5). In contrast, multipoint LOD scores of +1.93 were
obtained in the two previously detected regions Xp11.4–Xp21.2
and Xq25–Xq26.3. This value of 1.93 corresponds to the
maximum LOD score that can be expected from this pedigree.
The first region spans from DXS8010 to DXS DXS1003, and
covers 18.6 Mb, including 129 known genes. The second region
ranges from DXS1001 to DXS8072, and corresponds to 17.4 Mb,
including 70 known genes. None of the confirmed and putative
genes in the two regions has been directly involved in IL12/IL23
and IFN c-mediated immunity.

DISCUSSION
We report a large kindred with a new form of XR-MSMD. We
excluded mutations in the NEMO gene as a cause of XR-
MSMD-1 using a combination of clinical (lack of even mild
signs of ectodermal dysplasia), immunological (normal IL12
production by monocytes), genetic (normal sequence of the
NEMO coding region, normal cDNA structure), biochemical
(normal NEMO protein production) and linkage (NEMO-
encompassing region excluded by X scan) grounds. This novel
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Figure 4 Investigation of the nuclear factor-kB essential modulator (NEMO)–interleukin (IL)12 circuit. (A) IL12p70 production was measured by ELISA after
18 h of coculture of monocytes and T lymphocytes, from the patient (P) or a control (C) (upper panel), and NEMO R319Q or a (C) with or without PHA (1/
700). (B) Interferon c production in the same conditions was measured after 48 h by ELISA. This experiment is representative of two independent
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NEMO.

X-linked susceptibility to mycobacteria 5 of 8

www.jmedgenet.com



condition, designated XR-MSMD-2, was characterised by
recurrent mycobacterial disease in four male maternal relatives
(P1, P2, P3 and P4). The four patients, now 55, 52, 50 and
32 years old, have otherwise remained healthy, with the
possible exception of varicella zoster, which was diagnosed in
two patients and which might share an immunological
aetiology with mycobacterial disease. Three patients with
MSMD had clinical disease caused by the weakly virulent
BCG vaccine, and the fourth had tuberculosis. Recurrent
adenitis caused by BCG is a well-known clinical presentation
of MSMD.8 29 Tuberculosis as the sole clinical manifestation has
been reported recently in patients with genetic defects typically
associated with MSMD, such as IL12Rb1 deficiency.7 9–11

When the gene responsible for XR-MSMD-2 is identified, it
will thus be important to test selected patients with tubercu-
losis for pathogenic Mendelian mutations in this gene.30 31

Moreover, several lines of epidemiological and experimental
evidence suggest that tuberculosis in the general population
may also reflect a complex genetic predisposition including the
X chromosome.2 11 32–35 The first genomewide scan carried out
for tuberculosis was based on a series of affected families with
two or more siblings from Gambia and South Africa. Two
regions, on chromosomes 15q and Xq, seemed to be involved.36

The maximum LOD score for the X chromosome was obtained
for Xq26 (marker DXS 1047), a region included in the Xq region
linked to XR-MSMD-2. The XR-MSMD-2 gene will therefore be
a good candidate gene for studies of the genetic predisposition
to tuberculosis, from both Mendelian and complex genetic
perspectives.11

The recent publication of the complete genomic sequence of
the X chromosome should also facilitate the identification of
this new gene.37 There are 129 known genes in one of the
candidate intervals and 70 in the other. The identification of
other families with XR-MSMD-2 would also facilitate our

search for the genetic basis of this condition, making it possible
to refine the X-chromosome scan and to narrow down the
candidate intervals. It is unknown whether the gene associated
with XR-MSMD-2 is connected with the IL12/IL23–IFN c axis
or with the CD40-triggered, NEMO-dependent NF-kB-
mediated induction of IL12, two interconnected immunological
circuits. In any event, elucidation of the genetic basis of this
condition should be of great benefit to patients affected with
MSMD and their families worldwide, facilitating diagnosis and
treatment. It should also pave the way for the study of X-linked
susceptibility to tuberculosis, by providing a new candidate
gene for Mendelian and complex genetic studies.

ELECTRONIC DATABASE INFORMATION
The accession numbers and URLs for the data presented in this
article are as follows: UCSC Human Genome Project Working
Draft, http://www.genome.ucsc.edu. Marshfield and http://
www.marshfieldclinic.org/research/genetics
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