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Abstract

Recent studies show that most patients with X-linked hyper
IgM syndrome have defects in the gene for CD40 ligand.
We evaluated 17 unrelated males suspected of having X-
linked hyper IgM syndrome. Activated T cells from 13 of
the 17 patients failed to bind a soluble CD40 construct. In
these patients, the sequence of CD40 ligand demonstrated
mutations. By contrast, T cells from the remaining four
patients exhibited normal binding to the CD40 construct.
Sequencing of the cDNA for CD40 ligand from these pa-
tients did not show mutations. The possibility that hyper
IgM syndrome in these four patients was due to abnormalit-
ies in the B cell response to CD40-mediated signals was
examined. Peripheral blood lymphocytes were stimulated
with anti-CD40 alone, IL4 alone or anti-CD40 plus IL4. In
comparison with B cells from controls or patients with hyper
IgM syndrome and mutant CD40 ligand, B cells from the
patients with hyper IgM syndrome and normal CD40 ligand
were defective in their ability to secrete IgE (P < 0.02) or
express activation markers, CD25 and CD23 (P < 0.02) in
response to stimulation with anti-CD40. The failure of these
B cells to respond to CD40-mediated activation could not
be attributed to a generalized deficiency in B cell activation
because IL4 induced normal up-regulation of CD23 and
CD25 expression. These findings indicate that hyper IgM
syndrome may result from defects in expression of CD40
ligand by activated T cells or defects in CD40-mediated
signal transduction in B cells. (J. Clin. Invest. 1994.94:1404-
1409.) Key words: B lymphocytes - X chromosome * agam-
maglobulinemia * immunophenotyping * IgE

Introduction

Hyper IgM syndrome is a term used to describe a heterogeneous
group of disorders characterized by normal or elevated concen-
trations of serum IgM but markedly decreased IgG, IgA and
IgE (1). Autosomal recessive, autosomal dominant, acquired,
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and X-linked forms have been described (2-6). Although pa-
tients with X-linked hyper IgM syndrome have an early onset
of infections and an increased incidence of neutropenia and
opportunistic infections (2, 3), it is not always possible to dis-
tinguish the various forms of hyper IgM syndrome based on
laboratory or clinical findings. Difficulties in making an accurate
diagnosis are compounded by the fact that, as in all X-linked
disorders that are lethal without medical intervention (7), a
third to half of the patients with X-linked hyper IgM syndrome
will have no family history of immunodeficiency because they
represent the first manifestation in their family of a new muta-
tion.

Several laboratories have recently demonstrated that the X-
linked form of hyper IgM syndrome is caused by mutations in
the gene for CD40 ligand (8-12). CD40 ligand, which is also
referred to as gp 39, is a Type II transmembrane protein with
homology to TNF and nerve growth factor (13, 14). It is ex-
pressed on the surface of activated T cells where it functions
as a growth and differentiation factor, with particular specificity
for B cells (15, 16). Patients with X-linked hyper IgM syn-
drome have shown point mutations resulting in amino acid sub-
stitutions or altered splice sites and insertions or deletions in
the gene for CD40 ligand (8-12).

CD40 is a B cell surface antigen with homology to a family
of growth factor receptors including CD27, CD30, and Fas, as
well as TNF receptor and nerve growth factor receptor (17,
18). Stimulation of B cells with CD40 ligand or antibodies to
CD40 results in expression of B cell activation markers, short
and long term proliferation, protection from apoptosis, and in
the presence of cytokines, isotype switching (19-22).

To determine whether there were clinical or laboratory fea-
tures that would distinguish patients with X-linked hyper IgM
syndrome from those with other forms of the disease and to
explore the possibility that some patients with hyper IgM syn-
drome might have defects in response to CD40 mediated B cell
activation, we evaluated a series of 17 unrelated males suspected
of having X-linked hyper IgM syndrome. We identified four
patients with normal expression of CD40 ligand but defective
B cell responses to activation mediated by CD40 stimulation.
One of these patients had a family history of disease compatible
with X-linked inheritance.

Methods

Patients. The patients included in this study received their medical care
at 11 medical centers throughout the United States. Inclusion criteria
were: (a) males; (b) onset of recurrent infections before two years of
age; (c) serum IgG and IgA more than two standard deviations below
the normal mean for age; (d) normal numbers of peripheral blood B

1404 Conley et al.

J. Clin. Invest.
() The American Society for Clinical Investigation, Inc.
0021-9738/94/10/1404/06 $2.00
Volume 94, October 1994, 1404-1409



cells. Elevated concentrations of serum IgM were not required. All of
the patients were between 18 mos and 24 yr of age at the time of the
study. Some clinical or laboratory records from 10 affected male rela-
tives were available for study. Routine clinical laboratory studies were
performed at the referring institution. Not all studies were available on
all patients.

Cell activation andflow cytometry. Mononuclear cells, obtained by
centrifugation on a density gradient (Lymphoprep, Nycomed, Oslo)
were cultured at 1.5 x 106 cells/ml in RPMI-1640 with 10% fetal calf
serum and 2 mM L-glutamine in 24-well microtiter plates (Costar Corp.,
Cambridge, MA). To analyze CD40 ligand expression and stimulated
CD40 expression, cells were cultured with phorbol-12-myristate-13-
acetate (TPA)' and ionomycin as described (16). Stimulated and un-
stimulated cells were harvested at 16-20 h and washed twice in phos-
phate-buffered saline containing 0.2% bovine serum albumin and 0.2%
sodium azide (PBSA). For CD40 ligand staining, cells were incubated
for 10 min at room temperature with a recombinant construct consisting
of the extracellular domain of CD40 and the Fc portion of human IgM
(16) or with a control human IgM myeloma protein. Cells were washed
twice with PBSA and then stained with goat anti-human IgM labeled
with phycoerythrin (Southern Biotechnology Associates, Birmingham,
AL), fluorescein isothiocyanate conjugated anti-CD3 (Becton-Dickin-
son, San Jose, CA) and peridin chlorophyll protein (PerCP)-labeled
anti-CD8. For CD40 staining, cells were incubated as above with a 1/
10,000 dilution of ascites from 626.1, a murine IgGl monoclonal anti-
body to CD40 (22) - 0.25 jig/ml final concentration) and an unlabeled
murine IgM monoclonal antibody to CD19 (Bly3, kind gift of Dr. S.
Poppema, Edmonton, Alberta). In control tubes, non-reactive isotype-
matched reagents were used. Washed cells were incubated with fluores-
cein isothiocyanate-labeled goat anti-mouse IgG and phycoerythrin-
labeled anti-mouse IgM (Southern Biotechnology Associates).

To investigate B cell activation via the CD40 molecule, cells pre-
pared as described above were cultured without stimulation, with 100
U/ml of 114 (Genzyme Corp., Cambridge, MA), with a 1 /10,000 dilu-
tion of monoclonal anti-CD40 or with both IL4 and anti-CD40. To cross-
link CD40, unlabeled goat anti-mouse IgG at 0.25 mg/ml (Jackson
Immunoresearch Labs, West Grove, PA) was added to all cultures,
including those without anti-CD40. After harvest and washes as de-
scribed above, cells were incubated with mouse serum to block the goat
anti-mouse IgG and then stained with phycoerythrin labeled anti-CDl9
and fluorescein isothiocyanate-labeled anti-CD23 (Amac, Westbrook,
ME) or anti-CD25 (Dako Corp., Carpenteria, CA). Isotype matched
non reactive immunoglobulins conjugated to the corresponding fluoro-
chromes were used as controls. After staining, all cells were washed
twice in PBSA and fixed in 0.5% paraformaldehyde.

Immunophenotype was analyzed with a FACScan flow cytometer,
using the Lysis II software (Becton Dickinson). At least 10,000 lympho-
cytes were studied in each sample. CD40 ligand expression was evalu-
ated on CD3+, CD8- cells; CD40, CD23, and CD25 staining was
selectively studied on CD19+ B lymphocytes.

Sequencing of CD40 ligand cDNA. Peripheral blood lymphocytes
were cultured for 16 to 18 h at 106 cells/ml in RPMI 1640 with 15%
fetal calf serum and a 1/1,000 dilution of phytohemagglutinin. RNA
extracted from these cells was used as a template for cDNA which was
amplified by PCR as described (8) except that EcoRI and Xbal sites
were added to the ends of the primers. The two overlapping PCR prod-
ucts were digested with EcoRI and XbaI, ligated into pUC 19 at these
sites and sequenced using universal M13 primers or oligomers derived
from CD40 ligand cDNA sequence.

In vitro production of IgE. Peripheral blood lymphocytes from pa-
tients and controls were cultured in parallel at 5 x 105 cells/ml for 10
d in supplemented Iscove's modified Dulbecco's medium, as described
by Claasen et al. (23) without additional stimulation, with 150 U/ml

1. Abbreviations used in this paper: PBSA, phosphate buffered saline
containing 0.2% bovine serum albumin and 0.2% sodium azide; TPA,
phorbol- 12-myristate- 13-acetate.

of 11A (Amgen Biologicals), with a 1/10,000 dilution of anti-CD40
monoclonal antibody or with both ILA and anti-CD40. Supernatants
from duplicate cultures were analyzed using an IgE specific ELISA with
a sensitivity of 100 pg/ml.

Results

Expression of CD40 ligand on activated T cells. Preliminary
studies have suggested that activated T cells from all patients
with X-linked hyper IgM syndrome fail to bind recombinant
constructs consisting of the CD40 receptor and the Fc portion
of an immunoglobulin molecule (8-11). To extend this obser-
vation, peripheral blood lymphocytes from 17 unrelated males
suspected of having X-linked hyper IgM syndrome were cul-
tured for 16-19 h with calcium ionophore and TPA. One aliquot
of activated cells was incubated with a recombinant construct
consisting of the extracellular portion of CD40 and the Fc por-
tion of IgM and then stained with flurochrome conjugated anti-
IgM. Another aliquot was stained with antibody to the IL2
receptor alpha chain (CD25) to document normal T cell activa-
tion. Although activated T cells from all of the patients demon-
strated expression of the IL2 receptor, cells from 13 of the 17
patients failed to bind the CD40 construct (CD40 ligand nega-
tive patients) (Fig. 1). Activated T cells from the remaining
four patients (CD40 ligand positive patients) did not differ
from controls in the proportion of cells binding to the construct
(61.8±8.0% in the patients vs 64.6± 13.6% in controls) or in the
intensity of binding as measured by mean fluorescence intensity
(89.1±57.9 in patients vs 82.0±36.4 in controls).

Sequencing ofCD40 ligand. One could postulate that some
mutations in the gene for CD40 ligand might permit normal
binding to CD40 but with abnormal functional consequences.
To explore this possibility, we sequenced the cDNA for CD40
ligand in all four patients demonstrating normal binding to the
CD40 construct. The sequence was identical to that of the nor-
mal controls, confirming that hyper IgM syndrome in these four
patients was not due to defects in CD40 ligand.

Expression ofCD40 on B cells. To determine whether hyper
IgM syndrome in the four patients with normal CD40 ligand
was due to defects at other points in the CD40 ligand-CD40
axis, we evaluated B cell surface expression of CD40 and the
ability of anti-CD40 antibodies to transmit an activation or dif-
ferentiation signal to B cells from affected patients. As defined
by entry criteria for the study, the proportion of peripheral blood
B cells, as determined by surface expression of CDl9, was
normal in both the CD40 ligand negative patients (9.7±4.2%)
and CD40 ligand positive patients (7.4±1.6%).

Indirect immunofluorescence staining of B cells from the
CD40 ligand positive patients with monoclonal antibody to
CD40 was normal in all four patients. All CDl9+ B cells were
positive for CD40 with a mean fluorescence intensity that was
similar to that seen in controls (84.8±19.8 in controls vs
68.0±2.5 in patients, P NS). After stimulation with ionomycin
and TPA, CD40 expression on B cells from normal controls
and CD40 ligand positive patients decreased dramatically. Mean
fluorescence intensity fell to 14.0±6.5 in controls and 8.3±4.2
in CD40 ligand positive patients (P < 0.001 compared to pre-
stimulation for both controls and CD40 ligand positive pa-
tients). Decreased expression of CD40 on B cells, which oc-
curred concurrently with up-regulation of CD40 ligand on acti-
vated T cells, was not seen in co-cultures of B and T cells
separated by a microporous membrane or in cultures incubated

Defective CD40-mediated B Cell Activation 1405



CD25 CD4O Liriand Figure 1. Expression of CD40 ii-
gand on activated T cells. Periph-
eral blood lymphocytes from
healthy controls and patients sus-

Control
I pected of having X-linked hyper

1gM syndrome were stimulated
for 16 to 20 h with TPA and iono-

J_ _ _ _i___ mycin. An aliquot of cells was
1i---t''''i6216 stained with antibody to CD25 to

document normal T cell activa-
tion. A separate aliquot was incu-
bated with a recombinant con-

CD40 struct consisting of the extracellu-Li andlla;Atlar domain of CD40 and the Fc
Ligand portion of human IgM. These cells

Negative were then washed and stained
1t_. ~~~~~~~~~~~~~~~~~~~~~withfluorochrome tagged anti-

~~~~~~~~~~~6 6 human IgM. Both aliquots were

stained with antibodies to CD3
and CD8 with contrasting fluoro-
chromes. At least 10,000 cells that
were CD3+ and CD8- were ana-

CD40o lyzed for expression of CD25
Ligand 4 (left) or CD40 ligand (right). The
Positive P _ikl D4 1 ,irelative fluorescence intensity is

shown on the x axis and the rela-
tive cell number is shown on the

j163 j6' *,0 - - 1 y axis; staining with an isotype
Relative Fluorescence Intensity Relative Fluorescence Intensity control is shown as an open curve,

CD25 or CD40 ligand staining is
shown as the filled curve. The 17

patients suspected of having X-linked hyper IgM syndrome could be divided into two groups: cells from 13 patients failed to bind the CD40
construct (CD40 ligand negative patients, shown in the middle panels); however, cells from the remaining four patients demonstrated normal
binding to the construct (CD40 ligand positive patients, shown in the bottom panels).

with soluble CD40 (data not shown), suggesting that CD40
down-regulation required T and B cell contact and CD40 li-
gand-CD40 interaction.

B cells from patients with CD40 ligand negative hyper IgM
syndrome demonstrated normal expression of CD40; however,
in cultures from these patients, CD40 expression on B cells
increased after ionomycin and TPA stimulation (pre-stimulation
82.6±17.3 vs. post-stimulation 149.6±36.1), supporting a role
for CD40 ligand in the down-regulation of CD40 expression.

In vitro IgE production. The ability of B cells from the four
CD40 ligand positive hyper IgM patients to respond to signals
delivered through CD40 was evaluated in an in vitro IgE pro-
duction assay. Peripheral blood lymphocytes from either normal
controls or patients with hyper IgM syndrome were cultured
for 10 d without stimulation, with HL4 alone, with anti-CD40
alone, or with IL4 plus antibody to CD40. Less than 500 pg/
ml of IgE was produced by cells from controls or patients
cultured without stimulation or by cells cultured with antibody
to CD40 alone. When cultured with IL4 alone, cells from con-
trols produced a mean of 52,000 pg/ml of IgE (Table I). When
anti-CD40 was added to IL4 stimulated cultures, the amount of
IgE secreted increased to a mean of 367,000 pg/ml. Although
lymphocytes from patients with CD40 ligand negative hyper
IgM syndrome did not secrete IgE in response to stimulation
with IL4 alone (< 500 pg/ml), they did respond to EL4 plus
anti-CD40 (67,000 pg/ml). By contrast, lymphocytes from the
patients with CD40 ligand positive hyper IgM syndrome pro-
duced less than 5% of the amount of IgE secreted by controls

in cultures stimulated either with IL4 alone (P < 0.02) or with
ILA plus antibody to CD40 ligand (P < 0.01).

Expression of CD25 and CD23 in response to CD40 medi-
ated stimulation. The failure ofB cells from patients with CD40
ligand positive hyper IgM syndrome to secrete IgE could be
due to defects in response to either UL4 or CD40 stimulation.
We examined this question in more detail in three patients
from two unrelated families. Peripheral blood lymphocytes were
cultured for 16-20 h with anti-CD40 alone, IL4 alone or anti-
CD40 plus IL4. Co expression ofCD19 and the B cell activation
markers CD25 and CD23 was then analyzed by immunofluo-
rescent staining. B cells from controls and CD40 ligand negative
patients demonstrated a 50-100% increase in expression of
both CD25 and CD23 in response to stimulation with anti-CD40
alone (Fig. 2). However, expression of CD25 and CD23 on B
cells was not altered by anti-CD40 stimulation in cultures from
patients with CD40 ligand positive hyper IgM syndrome. The
failure of B cells to respond to CD40-mediated activation in
these patients was not due to an intrinsic defect in B cell activa-
tion as demonstrated by the 1,000% increase in CD23 expres-
sion and 200-300% increase in CD25 expression in parallel
cultures incubated with IL4. The increase in CD23 expression
exceeded that seen in cultures from normal controls or CD40
ligand negative patients (P < 0.02).

Addition of anti-CD40 to IL4-stimulated cultures from
CD40 ligand positive patients did not increase the CD25 expres-
sion achieved with AL4 alone. By contrast, anti-CD40 markedly
enhanced CD25 expression in I14 stimulated cultures from con-
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Table I. In Vitro IgE Production by Peripheral Blood Lymphocytes from Patients with Hyper IgM Syndrome

1LA alone HLA + anti-CD40

Anti-CD40 alone Percent of Percent of
IgE in pg/ml IgE in pg/ml control IgE in pg/ml control

CD40 ligand positive patients
Patient 1 < 100 < 100 < 0.1% 880 0.2%
Patient2 < 100 < 100 <0.1% < 100 <0.1%
Patient 3 < 100 319 0.4% 9,685 2.0%
Patient 4 < 100 124 0.3% 12,254 1.0%

CD40 ligand negative patients (3) < 100 259 1.6% 67,074 47%
(< 100-475) (32,000-110,000)

Healthy controls (8) 156 52,067 366,994
(< 100-563) (12,392-101,661) (134,527-1,147,400)

Peripheral blood lymphocytes from patients and controls were cultured for 10 d with 150 U/ml of HL4, with 626.1, a monoclonal anti-CD40 antibody,
or with both AL4 and anti-CD40. Supernatants were assayed by ELISA for IgE concentration. The results were expressed as pg/ml of IgE and
percent of the control that was studied in parallel with the patient sample.

trols (P < 0.05) and CD40 ligand negative patients. Anti-CD40
in the presence of IL4 did induce an increase in CD23 expres-
sion in CD40 ligand positive cultures; however, this increase
was less impressive than that seen in cultures from controls or
CD40 ligand negative patients. In summary, B cells from CD40
ligand positive patients with hyper IgM syndrome showed a
markedly defective response to CD40 mediated activation
which was accompanied by hyper responsiveness to IL4.

Clinical characteristics ofCD40 ligand negative and CD40
ligand positive patients. To determine whether there were clini-
cal or laboratory findings that would distinguish patients with
hyper IgM syndrome who had defects in CD40 ligand from

CD25
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c

0

c
co
CD

CD40 IL4 CD40 +
IL4

CD23

F CD40L.
104

24-

CD40 fL4 CD40 +
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Figure 2. Expression ofCD25 and CD23 on activated B cells. Peripheral
blood lymphocytes from healthy controls, from CD40 ligand negative
patients ( CD40L-), and from CD40 ligand positive patients (CD4OL+)
were cultured for 16-20 h without stimulation, with anti-CD40, with
IL-4, or with anti-CD40 plus IL4. Washed cells were stained with fluo-
rochrome tagged anti-CD25 (left) or anti-CD23 (right). The bars repre-
sent the percent increase in mean fluorescence intensity in expression
of these antigens on activated cells compared to cells cultured without
stimulation. A linear scale is used to show increase in CD25 expression
whereas a log scale is used for CD23.

those with normal CD40 ligand, we examined the past medical
records of the patients and their similarly affected male rela-
tives. Of the 13 patients with defects in CD40 ligand, four had
affected maternal uncles or cousins and 3 had affected brothers,
the remaining six patients were considered sporadic cases. One
of the four patients with normal CD40 ligand (Patient 4) had
affected relatives. This patient, who had hypohidrotic ectoder-
mal dysplasia as well as hyper IgM syndrome, had a maternal
half brother with both hypohidrotic ectodermal dysplasia and
hyper IgM syndrome. He also had a maternal uncle who died
of meningitis at one month of age.

The concentrations of serum immunoglobulins in the pa-
tients with normal expression of CD40 ligand were not mark-
edly different from those of patients with defects in CD40 ligand
(Table II). Although all patients had decreased serum IgA,
concentrations of IgA > 10 mg/dl were detected at some time
in 3 of the 5 patients with normal CD40 ligand and in 9 of the
15 patients with defects in CD40 ligand. Opportunistic infec-
tions were more common in the patients with defects in CD40

Table II. Serum Immunoglobulin Concentrations in Patients
with Hyper IgM Syndrome and Normal CD40 Ligand

Serum
On immunoglobulins*

Patient gammaglobulin
number Age therapy IgM IgA IgG

Patient 1 9 mo No 100 < 5 26
6 yr Yes 2,590 19 80

Patient 2 21 mo No 72 < 10 < 10
24 mo Yes 886 < 10 571

Patient 3 20 mo No 225 34 196
11 yr Yes 2,590 < 8 259

Patient 4* 10 mo No 1,100 < 12 < 200
12 yr Yes 480 < 6 865

Patient 5* 9 mo No 451 30 45
6 yr Yes 462 56 1,240

* Expressed as mg/dl. tPatients 4 and 5 are maternal half-brothers.
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ligand. Only one of the patients with normal CD40 ligand (Pa-
tient 1) had infections with unusual organisms and none had a
past history of pneumocystis pneumonia. In contrast, fifteen
of 20 patients with defects in CD40 ligand had opportunistic
infections, including 9 patients with a history of pneumocystis
pneumonia. In the patients with normal CD40 ligand, neutro-
penia occurred only in the patient with opportunistic infections,
whereas neutropenia occurred in 11 of 15 patients with defects
in CD40 ligand.

Discussion

This study demonstrates that 20% of males with clinical and
laboratory findings indistinguishable from X-linked hyper IgM
syndrome do not have abnormal CD40 ligand but instead have
defects in CD40-mediated B cell activation. Although T cells
from these patients expressed CD40 ligand appropriately, and
their B cells responded to LL4 stimulation with up-regulation
of CD23 and CD25, activation of B cells with anti-CD40 did
not result in the expected enhancement of CD23 and CD25
expression or secretion of IgE. Although patients with defects
in CD40 ligand were more likely to have a past history of
opportunistic infections or neutropenia and 7 of 13 had similarly
affected male relatives, these characteristics were also seen in
patients with hyper IgM syndrome and normal CD40 ligand.

Defects at multiple points along the CD40 signal transduc-
tion pathway may result in hyper IgM syndrome. The primary
defect in the four patients with hyper IgM syndrome and normal
CD40 ligand reported in this paper may be variable. However,
B cells from all of these patients expressed normal amounts of
CD40. On normal B cells, binding of CD40 ligand to CD40
causes a dramatic decrease in intensity of staining with anti-
CD40 antibodies. It is not yet clear whether this is caused by
modulation of CD40 or to blocking, perhaps due to binding of
a soluble form of CD40 ligand to CD40. Nevertheless, the
decrease in CD40 staining on B cells from CD40 ligand positive
patients after T cell activation can be taken as an indication of
normal CD40 ligand-CD40 interaction, suggesting that both
CD40 ligand and CD40 molecules in these patients were capa-
ble of interaction.

One of the patients included in this study had a family
history of hypohidrotic ectodermal dysplasia and hyper IgM
syndrome inherited in an X-linked pattern. Preliminary genetic
linkage studies on this family and a second family in which
two maternal half brothers had hyper IgM syndrome and hypo-
hidrotic ectodermal dysplasia suggested that this combination
of findings was not linked to either the gene for CD40 ligand
at Xq27 or the gene for ectodermal dysplasia at Xql3 (24).
These two families represent a second form of X-linked hyper
IgM syndrome. The three other patients with hyper IgM syn-
drome and normal CD40 ligand did not have clinical findings
of ectodermal dysplasia, suggesting that the primary defect was
different in these patients.

Immunofluorescent staining of activated T cells with a re-
combinant CD40 construct successfully discriminated patients
with normal CD40 ligand from those with mutations in CD40
ligand in this study. One can conceive of mutations in CD40
ligand that might permit normal binding to the CD40 construct.
Recent reports suggest that the CD40 ligand-CD40 interaction
may activate T cells as well as B cells (25). If this is the case,
there may be mutations in the amino-terminal intracytoplasmic
tail of CD40 ligand which could influence T cell activation.

This type of mutation as well as mutations in some portions of
the extracytoplasmic carboxy-terminal end of CD40 ligand
might permit normal binding to the CD40 construct but with
abnormal functional consequences. Our studies indicate that if
these kinds of mutations occur, they are uncommon. Normal
binding of the CD40 construct to activated T cells from a patient
with hyper IgM syndrome is more likely to be associated with
defects at other points in the CD40 ligand-CD40 axis.

Abnormalities in the CD40 ligand-CD40 axis have been
reported in patients with common variable immunodeficiency.
Farrington et al. (26) showed that activated T cells from 13
of 31 patients with common variable immunodeficiency had
decreased transcript for CD40 ligand and decreased surface
expression of CD40 ligand as detected with a CD40 construct.
Reduced expression of CD40 ligand correlated with low CD4/
CD8 ratios, decreased production of transcript for 1IL2, and in
some patients, decreased expression of the activation marker,
CD69. These findings indicate that reduced expression of CD40
ligand in these patients may be due to a more generalized defect
in T cell function, although the gene for CD40 ligand was not
sequenced in any of these patients. Two of the patients included
in our study had been previously diagnosed as having common
variable immunodeficiency because they did not have elevated
serum IgM, a history of opportunistic infections or neutropenia.
T cells from both patients had normal expression of the activa-
tion marker, CD25, but failed to bind CD40 construct. Both
had mutations in the gene for CD40 ligand. The use of a CD40
construct as diagnostic tool will require appropriate controls to
verify normal T cell activation.

B cells from CBA/N mice fail to proliferate in response to
anti-CD40; however, they do upregulate CD23 expression (27).
Similar defects have not been reported in humans. The group
that demonstrated reduced expression of CD40 ligand on acti-
vated T cells from some patients with common variable immu-
nodeficiency reported normal B cell proliferation and IgE pro-
duction in response to IL4 and anti-CD40 stimulation in 22
patients with this disorder (28). Although B cells from all four
of our patients with hyper IgM syndrome and normal CD40
ligand demonstrated measurable production of IgE in response
to anti-CD40 stimulation, these responses were always < 5%
of the control cultures analyzed in parallel. By contrast, up-
regulation of CD23 expression in response to IL4 stimulation
was normal or increased in the three patients studied, suggesting
that the decreased response to anti-CD40 was not due to a
generalized B cell insensitivity to activation signals.

The identification of CD40 ligand as the defective gene in
X-linked hyper IgM syndrome permits better characterization
not only of this disorder, but of other disorders that are pheno-
typically similar. A better understanding of these disorders is a
prerequisite for therapeutic interventions such as gene therapy.
These studies will also help elucidate normal T cell-B cell
interactions and activation pathways.
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