
Abstract X-linked hyper-IgM syndrome (XHIM) is a rare
primary immunodeficiency caused by a defective CD40
ligand. We identified mutations of the CD40 ligand gene
in 13 unrelated Japanese XHIM patients. Of the four pa-
tients with missense mutations, one had a mutation within
the transmembrane domain, and the three others had mu-
tations affecting the TNF homology region of the extra-
cellular domain. Two of the missense mutations resulted
in the substitution of amino acids that are highly con-
served in TNF family proteins. Three patients had non-
sense mutations, all of which resulted in the truncation of
the TNF homology domain of the CD40 ligand. Three pa-
tients had genomic DNA deletions of 2, 3 or 4 nucleo-
tides, respectively. All of the deletions were flanked by di-
rect repeat sequences, suggesting that these deletions were
caused by slipped mispairing. Three patients had muta-
tions within introns resulting in altered splicing, and mul-
tiple splicing products were found in one patient. Thus,
each of the 13 Japanese patients had different mutations, 9
of them being novel mutations. These results indicate that
mutations in XHIM are highly heterogeneous, although
codon 140 seems to be a hot spot of the CD40 ligand gene

since two additional point mutations were located at Trp
140, bringing the total numbers of mutations affecting
codon 140 to six. In one XHIM family with a missense
mutation, prenatal diagnosis was performed by single-
strand conformation polymorphism analysis of genomic
DNA of a male fetus.

Introduction

X-linked hyper-IgM syndrome (XHIM) is a rare genetic
disorder characterized by markedly decreased serum lev-
els of IgG and IgA, elevated or normal levels of IgM and
defective isotype switching. The gene responsible for XHIM
encodes CD40 ligand, which is expressed by activated T
cells and important for T/B interaction, B-cell activation,
class switching and a normal antibody response to T-de-
pendent antigens (Allen et al. 1993; Aruffo et al. 1993;
DiSanto et al. 1993; Korthäuer et al. 1993). Mutations of
the CD40 ligand gene have been reported in approximately
40 XHIM patients (Allen et al. 1993; Aruffo et al. 1993;
Disanto et al. 1993; Korthäuer et al. 1993; Ramesh et al.
1993; Villa et al. 1994a, b; Macchi et al. 1995; Lin et al.
1996), and include missense and nonsense mutations,
deletions, insertions and splicing defects. Finding addi-
tional mutations may identify mutational hot spots and re-
gions critical for the function of CD40 ligand protein.
Here we report mutations of the CD40 ligand gene in 13
unrelated Japanese XHIM patients. In one family, prenatal
diagnosis of XHIM using single-strand conformation
polymorphism (SSCP) analysis was successfully per-
formed.

Materials and methods

Thirteen Japanese XHIM patients from 13 unrelated families were
included in this study. They had low serum IgG and IgA concen-
trations and high or normal levels of serum IgM. Neutropenia was
observed in ten patients (KO, TY, IN, KA, TA, MR, FK, US, KS
and KK). Activated lymphocytes from all the patients failed to
bind a CD40-Ig construct. Patients KS and FK have been reported
elsewhere (Iseki et al. 1994; Iwata et al. 1995).
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Purification of total RNA and synthesis of first-strand cDNA
was performed as previously described (Shimadzu et al. 1995).
cDNA was amplified by the polymerase chain reaction (PCR) us-
ing primers that permitted the amplification of the entire peptide-
coding sequence of the CD40 ligand gene (Aruffo et al. 1993).
PCR products were subsequently subcloned into pT7Blue T vec-
tor, and at least three clones were sequenced by the dideoxy chain-
termination method with a Model 373A Automated DNA Se-

quencer (Perkin Elmer Japan Applied Biosystem Division). In
some patients, genomic DNA was purified from peripheral blood
lymphocytes, and exons of the CD40 ligand gene and flanking
intron sequences were amplified by PCR using exon-specific
primers (Shimadzu et al. 1995). PCR products were then sub-
cloned and sequenced. SSCP analysis of the CD40 ligand gene
was performed as previously reported (Shimadzu et al. 1995).
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Table 1 Mutations of the CD40 ligand gene in 13 Japanese patients. (del deletion, ins insertion, nt nucleotide, n.a. not appilcable)

Family cDNA mutation Amino acid Genomic DNA Exon Domain
(nucleotide no.) change (codon no.)

MR T128G Met36Arg n.a. 1 TM
KO G441T Trp140Cys n.a. 5 EC
TY T713C Leu231Ser n.a. 5 EC
IN C782T Thr254Met C→T 5 EC
KS G440A Trp140stop n.a. 5 EC
KK C572A Ser184stop n.a. 5 EC
SS C675A Cys218stop C→A 5 EC
SU del 178-181 (ATAG) 4-nt deletion (ATAG) 2 EC
FK del 657-658 (CA) 2-nt deletion (CA) 5 EC
US del 699-701 (GGA) Gly227 deletion 3-nt deletion (GGA) 5 EC
TA del 178-309 (exon 2 skipping) g→a at +1 base of 5′ splice 2 EC

ins 19 nt junction (intron 2)
RA del 368-430 (exon 4 skipping) g→a at +1 base of 5′ splice 4 EC

junction (intron 4)
KA del 431-438 1-nt deletion at –1 base of 5 EC

3′ splice junction (intron 4)

Fig. 1 Missense mutations ob-
served in the X-linked hyper-
IgM (XHIM) syndrome pa-
tients. Structure-based se-
quence alignment of extracel-
lular domain of CD40 ligand
and TNFβ is shown (Bajorath
et al. 1996). Conserved resi-
dues are shown in bold and
residues most conserved across
the TNF family (Smith et al.
1994) are underlined. Amino
acid substitutions found in the
CD40 ligand obtained from
KO, TY, and IN are indicated
above the wild-type protein se-
quence



Results and discussion

Four different categories of mutations were detected in 13
unrelated Japanese XHIM patients: missense mutations,
nonsense mutations, genomic deletions and splicing mu-
tations. Results of the mutational analysis are summarized
in Table 1.

Four patients (MR, KO, TY and IN) were found to
have missense mutations. In patient MR, the mutation

(M36R) affected the transmembrane domain. The same
mutation within the transmembrane domain has been re-
ported previously in an unrelated XHIM patient from Eu-
rope (Korthäuer et al. 1993); this mutation is considered
to introduce a positive charge into the transmembrane do-
main and to abrogate cell-surface expression of CD40 lig-
and. The three other point mutations were located within
the extracellular domain and affected the TNF homology
region. Two of these mutations (W140C, L231S) affect
residues that are most conserved across the TNF family
(Fig. 1) (Bajorath et al. 1995). The three missense muta-
tions of the extracellular domain are considered to be im-
portant for the packing of the hydrophobic core regions of
CD40 ligand (Bajorath et al. 1996).

Three patients were found to have nonsense mutations,
at codon 140 (patient KS), codon 184 (patient KK) and
codon 218 (patient SS). These mutations cause the trunca-
tion of the extracellular domain of CD40 ligand, and are
expected to result in large deletions of the TNF homology
region.

In three patients, deletions of 2 (patient FK), 3 (patient
US) or 4 (patient SU) nucleotides were detected in CD40
ligand cDNA. The deletions were confirmed by analysis
of genomic DNA. All three deletions were flanked by di-
rect repeat sequences, i.e., direct repeat of CA (FK), GGA
(US) and ATAG (SU), suggesting that these mutations
were caused by slipped mispairing mechanisms. The dele-
tions observed in FK and SU result in frameshifts and are
expected to produce truncated CD40 ligand proteins.

Three patients (TA, KA, and RA) were found to have
mutations within introns, resulting in alternative splicing.
Patient TA had a single point mutation at a donor splice
site (position +1) of intron 2. In this patient, two different
sizes of cDNA were detected by reverse-transcription-
PCR. cDNA sequencing demonstrated skipping of the en-
tire exon 2 or the insertion of 19 nucleotides by utilizing a
cryptic splice site (Fig. 2). Patient KA had a 1-nucleotide
deletion at a splice acceptor site of intron 4. This gener-
ated the use of a cryptic splice site resulting in the deletion
of 8 nucleotides from the cDNA (Fig. 3B). Patient RA had
a g→a transition at the 5′ splice junction of intron 4, re-
sulting in the skipping of exon 4 (Fig. 3C).

To date, approximately 40 unique mutations of the CD40
ligand gene have been reported, demonstrating the hetero-
geneous nature of the mutations in XHIM. Analysis of
13 unrelated Japanese XHIM patients confirms this
trend: each of the 13 boys had a different mutation, 9 be-
ing as yet unreported novel mutations. As reported from
the USA and Europe, only 1 of the Japanese patients had
a missense mutation affecting the transmembrane do-
main. The other 3 missense mutations were located
within a TNF homology region of the extracellular do-
main of he CD40 ligand, suggesting the functional im-
portance of this region. Two of the point mutations de-
scribed affected codon 140; one patient (KS) had the
same mutation as previously described (TGG→TAG)
(Korthäuer et al. 1993); the other patient (KO) had a
novel mutation (TGG→TGT). This brings the total num-
ber of mutations affecting codon 140 to 6, further con-
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Fig. 2A–C Abnormal splicings of the CD40 ligand gene observed
in an XHIM patient (TA). A Normal splicing of the CD40 ligand
gene, B exon 2 skipping, and C insertion of 19 nucleotides ob-
served in this patient. Exons are boxed and numbered. Introns are
represented by dotted lines. Boldface uppercase letters indicate
normal nucleotide sequence at exon boundaries. The number of
nucleotides deleted or inserted in the mature transcripts is in
parentheses. Point mutation abolishing a normal splice site is un-
derlined

Fig. 3A–C Abnormal splicings of the CD40 ligand gene observed
in two XHIM patients (KA, RA). A Normal splicing of the CD40
ligand gene, B 8-nucleotide deletion observed in patient KA
caused by the g deletion at base –1 of the 3′ splice junction of in-
tron 4, and C exon 4 skipping observed in patient RA caused by g
to a transition at 5′ splice junction of intron 4. Exons are boxed and
numbered. Introns are represented by dotted lines. Boldface upper-
case letters indicate normal nucleotide sequence at exon bound-
aries. The number of nucleotides deleted or inserted in the mature
transcripts is in parentheses. Point mutation abolishing normal
splice site is underlined
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firming that codon 140 is a hot spot for CD40 ligand
gene mutation.

Using SSCP analysis, we were able to perform prena-
tal diagnosis in the pregnant mother of patient SS. SS had
a C to A transversion at codon 218 in exon 5. Genomic
DNA of the fetus isolated from amnionic cells was ana-
lyzed by SSCP for exon 5. As demonstrated in Fig. 4, the
fetal DNA showed the same SSCP pattern as the normal
control, while the patient’s DNA showed a clearly differ-
ent pattern. The mother had both normal and abnormal
bands, indicating carrier status. Analysis of the SRY and
amelogenin genes predicted that the fetus was male (data
not shown). The fetus was delivered as a healthy boy, con-
firming the results of SSCP analysis.
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