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Here we report the cloning of the cDNA for human CD40-Ligand (CD40-L) from a CD4-positive T cell clone. The deduced amino acid sequence

predicts a type II membrane protein of 261 amino acids. Northern blot and FACS analysis of PBMNC revealed that the human CD40-L can be

detected on T cells and is absent from B cells and monocytes. The human CD40-L is expressed on both CD4- and CD8-positive T cells, (CD45R0*)

and (CD45RA") subsets. We observed that IL-4, an inducer of IgE production, upregulated CD40-L mRNA level while IFNy, an inhibitor of

IgE synthesis, reduced the expression of CD40-L mRNA. These data suggest a the correlation between human CD40-L expression and IgE
production.

CD40 ligand: Cloning; IFNy; IgE regulation; IL-4; T cell

1. INTRODUCTION

The CD40 molecule is a glycoprotein expressed on B
lymphocytes, epithelial cells and some carcinoma celis
(for review see [1]). Cross-linking of CD40 by anti-
CD40 monoclonal antibodies mediates B cell prolifera-
tion [2.3], adhesion [4], survival [5] and differentiation
{6-9]. Recently, the murine cDNA for CD40-L has been
cloned and was found to induce B cell proliferation as
well as IgE production in the presence of IL-4 [10]. In
this report we describe the cloning of the human CD40-
L cDNA from a CD4" T cell clone library. The distribu-
tion and expression of the human CD40-L mRNA and
protein were studied using a specific cRNA probe and
a CD40-Fc fusion protein. The expression of CD40-L
was examined under conditions which induce switching
to the £ constant region and also IgE production.

2. MATERIALS AND METHODS

2.1, Cells

PBMNC were isolated by centrifugation over Ficoll-Hypaque and
resuspended in Yssel’s medium [11] supplemented with 10% foetal calf
serum (FCS). The human CD4-positive T cell clones, JF7 and JF8
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were raised by PHA/IL-2 stimulation of PBMNC according to the
method of Yssel et al. {11]. The CD8-positive T cell clone, OZZ 50.1,
is dog hair allergen-specific T cell clone (Life et al., manuscript in
preparation). The T cell lines HuT-78, MOLT-4; the B cell lines,
RPMI 8226 and IM-9; the promyelomaonocytic cell line, HL-60; the
histiocytic lymphoma cell line, U-937 and the monocytic cell line
THP-1 were obtained from ATCC as was the BHK cell line. The
Burkitt lymphoma cell line BL-2 was obtained from G. Lenoir {Lyon,
France). RPMI 8866 and JY lymphoblastoid cell lines were obtained
from K. Ishizaka (La Jolla, CA} and 1. de Vries {Palo Alto, CA},
respectively. The Jurkat cell line was obtained from A. Bernard (Nice,
France). The murine cell line EL-4 was a gift of R. Zubler (Geneva,
Switzerland). Cell lines were cultured in RPMI 1640 supplemented
with 2 mM glutamine and 10% FCS. T cell clones were cultured in
Yssel's medium supplemented with 10% FCS, Ionomycin and PMA
were used at a final concentration of 1 #M and 10 ng/ml, respectively.

2.2. Reagents

Anti-CD40 mAb MCA 679 was purchased from Serotec Ltd (Ox-
ford, UK). Control IgG, and IgM were obtained from Sigma (St.
Louis, MO). IL-4 and IFNy were purchased from Amersham Interna-
tional plc (Buckinghamshire, UK) and Genzyme {Boston, MA), re-
spectively. The CD40-1gG,, Fe fusion construct was a kind gift of L.
Stamenkovic (Boston, MA}[12]. This was expressed in COS cells and
purified as described [13]. Purified CD40-Fc was conjugated to FITC
using the method of Titus et al. [14],

2.3. Detection of the human CD40-Ligand using CD40-Fc¢

Cells (4 x 10° in 40 41) were incubated with 10 zg/ml purified FITC-
conjugated recombinant CD40-Fc fusion protein or with FITC-1gG,,
(Becton Dickinson, Erembodegem, Belgium). For double staimng,
4 x 10° cells were incubated with 18 gzg/ml FITC-conjugated CD40-Fc
fusion protem and 10 pg/ml phycoerythrin (PE-) labelled monoclonal
antibodies directed against lymphocyte sub populations, Anti-CD3
(Leu 4a), -CD4 (Leu-3a+3b), -CD8 (Leu-2a), -CD14 (Leu-M3),
-CD20 (Leu-16), -CD16 (Leu-11) and CD57 {Leu-7) were obtained
from Becton Dickinson. Anti-CD45R0 (UCHL1) and anti-CD45 RA
(2H4) were from Dako (Glostrup, Denmark) and Coulter (Hialeah,
FL), respectively. After 30 min of incubation at 4°C, cells were washed
in PBS containing 1% BSA and 2 mM NaN, and analysed on a
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FACStar Plus flow cytometer (Becton Dickinson) equipped with an
argon ion laser (Spectra Physics, Mountain View, CA} tuned at 488
nm. A compensation network was used to eliminate the FITC emis-
sion in the PE channel and the small contribution of PE in the FITC
channel. Parameter settings were made using single labelled popula-
tions.

2.4. Cell sorting of leukocyte sub populations by flow cytometry

2 x 10 PBMNC were stained with optimal concentrations of FITC-
or PE-labelled monoclonal antibodies directed against leukocyte sub
populations. After cell sorting, an aliquot of each sorted population
was re-analysed by flow cytometry and the purity of the cells was
above 98%.

2.5. Detection of the human CD40-Ligand mRNA with mouse CD40-
Ligand ¢cRNA probe

Poly A* RNA was isolated from EL-4 cells using the guanidium
thiocyanate-caesium trifluoroacetate (CsTFA) method [15] followed
by oligo (dT)-cellulose chromatography [16]. cDNA was synthesised
using a First-Strand cDNA synthesis kit (Pharmacia, Uppsala, Swe-
den). The HindIl-BamHI restriction fragment of the mouse CD40-L
¢DNA was amphfied by polymerase chain reaction (PCR) [16] using
the primers GGCGTTGACTCGAAGGCTCCCGATT and TGAG-
GATCCTCAAATTGCAGCAACAC and was cloned m pBC KS§*
(Stratagene, La Jolla, CA). The insert was checked by DNA sequenc-
ing {17]. The plasmid was linearized with BamHI and used as a tem-
plate to synthesise a cRNA probe [18]. For Northern blot assays,
aliquots of RNA (2 ug) purified by the guanidium thiocyanate-CsTFA
procedure were subjected to electrophoresis in 1% agarose, 6% formal-
dehyde gels [16], electrotransferred to nylon” membranes (Boehringer
Mannheim, Mannheim, Germany), and fixed with UV irradiation
[19]. Hybridisation with cRNA probes was performed at 57.5°C fol-
lowed by 4 washes m 4 x SSC, 1% SDS at 65°C and a treatment with
ribonuclease A as described previously [20]. Membranes were stained
with methylene blue to localise and quantify rRNA before hybridisa-
tion [16].

2.6. Cloning of the human CD40-Ligand cDNA

Poly A* RNA was isolated from the JF7 CD4" human T cell clone
using the guanidium thiocyanate-CsTFA procedure followed by two
cycles of oligo (dT)-cellulose chromatography. ¢cDNA was syn-
thesised, linked to adapters and size selected using a TimeSaver cDNA
synthesis kit (Pharmacia) according to the manufacturers instructions.
The ¢DNA was cloned in the EcoRI restriction site of Agtl0 and
packaged using Gigapack Il gold extract (Stratagene}. One million of
the 2.2 mullion plaque library (with more than 90% of phages contain-
g inserts) were screened using the mouse CD40-L Hindll-BamHI
restriction fragment labelled by random hexamer priming [16]. Hy-
bridisation was carried out as described for Northern blot assays but
with 15% formamide at 42°C and was followed by washes in 2 X SSC,
1% SDS at 55°C. Ten independent Agtl0 clones were isolated by
multiple screening cycles. Seven clones contained inserts which could
be amplified by PCR using Agt10 specific primers. The inserts were
recloned from purified Agt10 DNA into pBluescript I SK (Stratagene)
and characterised by restriction mapping and sequencing of the insert
ends [16]. The two EcoRI restriction sub fragments of clone 6 were
recloned in M13 mp18 and mp19. The DNA sequence was determined
on both strands by the dideoxynucleotide chain termination method
[17}.

2.7. Transfection of the human CD40-L cDNA in BHK cells

The 1.1 kb EcoRI restriction fragment of Agt10 clone 6 containing
the open reading frame was recloned in pCDMS [21]. Constructs with
inserts in the two possible orientations were transfected into BHK cells
by electroporation. Transfectants were analysed after 48 h of culture.

2.8. Detection of the human CD40-Ligand mRNA with human CD40-

ligand ¢cRNA probe
The 1.1 kb EcoRI restriction fragment of Agt10 clone 6 was recloned
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mn pBluescript IT SK. This plasmid, digested with the restriction en-
zyme HindIIl was transcribed with T3 polymerase [18]. The human
CD40-L cRNA probe was then used to detect the CD40-L mRNA by

Northern blot assay using the hybridisation and washing conditions
described in detail elsewhere {20]. Control Northern blot assays for
actin mRNA were performed in paraliel using a BamHI restriction
fragment of pHFyAl [22] labelled by random hexamer priming as

described [23].

2.9. Induction of CD40-Ligand and IgE synthesis by IL-4 in PBMNC

Cells were incubated at 10%ml for 14 days in Iscove's medium
enriched with transferrm, bovine insulin, oleic acid, linoleic acid,
palmitic acid, BSA (all from Sigma) and 10% FCS as described by
Claassen et al. [24] in the presence of 200 U/ml recombinant IL-4,
When added, IFNy and anti-CD40 mAb were used at 500 U/ml and
1 ug/ml, respectively. Ig productions were measured by specific ELISA
as previously described [25). Control cultures for the evaluation of
preformed Ig were set up in the presence of cycloheximide (100 ug/ml,
Sigma).

3. RESULTS

3.1. Cloning of human CD40-Ligand ¢DNA

A cRNA probe complementary to a HindIl-BamHI
restriction fragment of the murine CD40-L cDNA was
used to detect the corresponding human mRNA using
a Northern blot assay (Fig. 1A). This probe gave, as
expected, a clear signal with RNA isolated from the
murine EL-4 cell line. Reducing the hybridisation strin-
gency led to the appearance of a band with an identical
molecular weight in RNA isolated from the human
CD4* clone JF7 which had been stimulated for 2 or 20
hours with ionomycin and PMA (Fig. 1A). No signal
was detected in RNA isolated from unstimulated JF7
cells by cross hybridisation with the mouse cRNA
probe. A molecule binding to the human CD40-Fc fu-
sion protein was detected by FACS analysis on the
surface of activated JF7 cells (Fig. 1B). RNA isolated
from JF7 cells stimulated for 2 hours with ionomycin
and PMA was therefore used to clone the human CD40-
L ¢cDNA. Poly A" RNA isolated from these cells {Fig.
1A) was subjected to reverse transcription and cloned
in Agt10. One million plaques of the unamplified library
were screened with the radio labelled BamHI-HindIl
mouse CD40-L ¢cDNA restriction fragment using hy-
bridisation conditions deduced from the Northern blot
assay (Fig. 1). 0.5-1% of the plaques gave a positive
signal on both replica membranes subjected to the hy-
bridisation, indicating that human CD40 mRNA repre-
sented a fairly abundant mRNA in stimulated JF7 cells.
Ten independent Agt10 clones were isolated by multiple
rounds of screening. Seven clones contained an insert
which could be amplified by polymerase chain reaction
(PCR) using Agt10 primers. Four clones were identical
except for minor variations in the 5" and 3’ ends, accord-
ing to restriction mapping and sequencing. The DNA
sequence of one of these inserts is represented in Fig. 2.
Two inserts represented truncated cDNAs and the third
comprised a CD40-L ¢cDNA artefactually linked to an-
other cDNA.
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Fig. 1. Expression of human CD40-L mRNA (A) and surface protein (B) by JF7 cloned CD4" T cell clone as detected by cross-hybridisation using

a mouse CD40-L cRNA probe and FITC-labelled CD40-Fc fusion protein, respectively. Northern blot assays were performed using 2 ug

unfractionated or 0.3 ug poly A* RNA isolated from the human JF7 CD4" T cell clone or murine EL-4 cells unstimulated (~) or stimulated (+)

for the times indicated with ionomycin (1 #M) and PMA (10 ng/ml). Decreasing concentrations of formamide (50%, 40%, 30%) were used to obtain

cross-hybridisation between the murine cRNA probe and the RNA isolated from the human T cells. Autoradiography exposure time: 20 h.
Conditions for the flow cytometry analysis of CD40-Fc or IgG,, binding as described in section 2.

3.2, Human CD40-Ligand sequence

Sequencing of the Agtl0 clone 6 revealed a 1.8 kb
mRNA containing an open reading frame coding for
261 amino acids highly homologous to the mouse
CD40-L cDNA coding region (77.4%; Fig. 3). The de-
duced amino acid sequence encodes for 13 amino-termi-
nal amino acids, followed by a 32-amino acid stretch of
hydrophobic residues which could represent the signal/
anchor domain (Fig. 2). The protein contained two (one
extracytoplasmic) potential glycosylation sites (Fig. 2).
As shown for the mouse CD40-L [10], the putative
transmembrane segment deduced from the hydrophobi-
city plot is followed by a potential protease cleavage
site. The human CD40-L has five cysteines, compared
to four for the murine CD40-L [10].

The human CD40-L shares homology with TNFa
(23.4%) and TNFS (20.7%), which has led to a predicted
compact trimer structure (Peitsch, M.C. and Jongeneel,
V.C., personal communication). The 3’ non-coding re-
gion of the CD40-L.. mRNA contains AUUU repeats
which have been shown to confer instability to mRNA
[26] as well as a long stretch of 33 CA repeats.

To show that the cloned cDNA was encoding for a
protein able to bind CD40, BHK cells were transfected
with a 1.1 kb EcoRI restriction sub fragment of clone
6 recloned in the pCDMS8 expression vector in either
sense or anti-sense orientation. Molecules binding to the
human CD40-Fc fusion protein could clearly be de-

tected at the surface of BHK cells transfected with the
sense construct (Fig. 4).

3.3. Expression of human CD40-Ligand mRNA and pro-
tein

A radio labelled cRNA complementary to the EcoRI-
HindIll fragment of human CD40-L. cDNA was used
to probe for the corresponding mRNA in human cell
lines of various origins. Cells were probed either unstim-
ulated or after 4 hours stimulation with ionomycin and
PMA. Among the T cell lines HuT-78, MOLT-4 and
Jurkat, B cell lines RPMI 8226, 8866, JY, BL-2 and
1IM-9 ; the histiocytic lymphoma cell line U-937 and the
monocytic cell line THP-1, we detected the CD40-L
mRNA only in Jurkat (Fig. 5A and data not shown).
Surface expression of CD40-L by Jurkat was shown by
immunofluorescence using CD40-Fc (Fig. 5B).

We studied CD40-L. mRNA synthesis in PBMNC
using the human cRNA probe. CD40-L. mRNA was
detected in unstimulated PBMNC (Fig. 6B). To exclude
the possibility that this synthesis was a result of in vitro
stimulation, RNA was isolated immediately after
PBMNC isolation. CD40-L. mRNA could clearly be
detected in RNA from freshly isolated PBMNC (Fig.
6C). CD40-L mRNA is strongly upregulated by stimu-
lation with ionomycin plus PMA (Fig. 6A), with a max-
imum steady state level at about 3 hours. Binding of
FITC-labelled CD40-Fc paralleled the mRNA level and
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Fig. 3. Alignment of the primary sequence of human CD40-L with murine CD40-L, human TNFz and TNFF . Areas of amino acid identity {dark)
or similarity (shaded) are indicated.

262



Volume 315, number 3

L23

CD40-Fc

'9620

b2 T T8 Y Tav

FEBS LETTERS

2.
a

&
1

January 1993

Fig. 4. Expression of human CD40-L in BHK cells transfected with CD40-L cDNA in anti sense {A) or sense orientation (B). Transfected BHK
cells were analysed for CD40-Fc or 1gG2a binding as indicated in Fig. 1.

vated CD8* cells (Fig. 7). We did not observe differ-
ences between ‘memory’ or ‘virgin® T cells as expression
of CD40-L was induced on 72% of both CD45RA" and
CD45R0™ cells (Fig. 7B). Under the activation condi-
tions used, induction of CD40-L. synthesis was re-

P RPM
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Fig. 5. CD40-L. mRNA level in nine human cell lines (A) and CD40-L
protein in Jurkat cells (B). RNA (2 ug aliquots) isolated from unstim-
ulated cells (—) or cells incubated {+) for 4 h with ionomycin (1 uM)
and PMA (10 ng/ml} were subjected to MNorthern blot assay with
CD40-L cRNA (upper autoradiograph) or actin cDNA (lower autora-
diograph) probes. Auroradiography exposure time: 72 h. Jurkat cells
were analysed for CD40-Fc or Ig(,, binding as indicated in Fig. 1.

stricted to T cells and could not be detected on B cells
{< 0.3%), NK cells (< 0.8%) or monocytes (< 1%).

3.4. Effect of IgE regulatory cytokines on CD40-Ligand
mRNA level

Murine CD40-L in conjunction with IL-4 has been
shown to induce IgE synthesis in purified human B cells
[10]. We observed that human CD40-L and its mRNA
could both be detected in CD4" T cells clones 5 days
after stimulation with irradiated PBMNC, PHA and
IL-2 (Fig. 8 and data not shown). Human CD4* T cell
clones activated using these conditions are capable of
inducing, in the presence of IL-4, IgE synthesis by
human B cells [27,28]. The expression of CD40-L
mRNA was stable for 9 days in activated T cell clones
cultured in the presence of 1L-4 alone as illustrated for
the clone JF7 (Fig. 8). This satisfied time required for
switching to the & constant region and IgE synthesis
[27.28]. These findings indicate that synthesis of the
CD40-L could be detected under conditions which are
used to promote IgE synthesis in vitro.

IgE synthesis can be induced by IL-4 alone in
PBMNC. We therefore studied if induction of IgE pro-
duction was paralleled by a change in CD40-L synthe-
sis. We observed that incubation of PBMNC with I1L-4
more than 6 days reproducibly caused up reguiation of
CD40-L mRNA as illustrated in Fig. 8. Immunofluo-
rescence using CD40-Fc was not sensitive enough to
detect CD40-L after stimulation with IL-4 alone. In
contrast, the up regulation of CD40-L. mRNA was pre-
vented by the addition of IFNy (Fig. 8). Together these
findings indicate that CD40-L expression is influenced
by factors which regulate IgE production.
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Fig. 6. CD40-L protein and CD40-L mRNA expression in PBMNC

immediately after isolation (D; D1 and D2 represents two different

blood donors) or PBMNC cultured for the indicated times in the

absence or presence of ionomycin (1 #M) and PMA (10 ng/ml). North-

ern blot and binding assays were performed as described in Figs. 4 and
1. Autoradiography exposure time: A, 1 h; B, C and D, 20 h.

4. DISCUSSION

We report here the molecular cloning of the human
CD40-ligand cDNA. Human and murine CD40-L share
a significant protein sequence homology (77.4%) which
is consistent with the functional cross-reactivity ob-
served recently by Armitage et al. [10]. The encoded
polypeptide of 261 amino acids consists of 13 amino-
terminal amino acids, followed by a 32-amino acid se-
quence of hydrophobic residues, which may function as
a signal/anchor domain. This configuration is typical
for a type-II transmembrane protein in which the car-
boxy terminus is extracellular. The human CD40-L dif-
fers from the murine counterpart in that it contains two
potential N-glycosylation sites instead of one (one being
intracellular), five cysteins instead of four and one extra
amino acid in position 105. The homology of murine
CD40-L with TNFa and TNES , which is shared by
human CD40-L, has led to a predicted trimer structure
(Peitsch, M.C. and Jongeneel, V.C., personal communi-
cation).

Transfection of the human CD40-L ¢cDNA recloned
in pCDMS [21] was followed by detectable binding to
CD40-Fc indicating that the cDNA could encode for a
functional protein.
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We studied CD40-L mRNA and protein synthesis in
PBMNC. The CD40-L mRNA could be detected in
unstimulated cells. Stimulation of PBMNC with iono-
mycin and PMA is followed by a very strong increase
in the CD40-L mRNA level, which is detectable at 30
minutes. This is accompanied by the ability of a major-
ity of cells to bind CD40-Fc fusion protein as recently
reported [29]. Studies on PBMNC subpopulations using
Northern blot assays or double labelling and FACS
analysis indicated that synthesis of the CD40-L mRNA
and protein could be induced on a fraction of CD4,
CD8, CD45RA, CD45R0 but not CD20 or CD14 posi-
tive cells. The expression of the CD40-L mRNA and
protein observed in CD8" cells was confirmed using a
CD8" T cell clone. This finding is in line with the report

A
FACS-SORTED CELLS T CELL CLONES
§ 8 88 &8 &
lonomych = 4+ = 4+ 4+ + - + = +
PMA L
B

FITC-CD40Fc

b e T

CDA45RO

> Rl
CD20

PE-anti-CD

Fig. 7. Analysis of CD40-L mRNA level (A) or CD40-Fc binding (B)
in PBMNC sub populations and in CD8" and CD4" T cell ciones. (A)
PBMNC sub populations were FACS sorted using mAbs directed
against the indicated markers (see section 2). Cells (10%/ml) were incu-
bated for 4 h in medium alone (=) or in the presence (+) of ionomycin
(1 uM) and PMA (10 ng/ml). RNA isolated from 8 x 10° (CD4Y),
3.5x 105 (CD8%), 5x10° (CD20%), 6x10° (CD14*), 3x10°
(CD45RA™), 2.5 x 10° (CD45 RO") cells was subjected to Northern
blot analysis with CD40-L cRNA or actin cDNA probes. Parallel
analysis was done with RNA from the indicated cloned T cells. Au-
toradiography exposure time: CD40-L probe, 2 h; actin probe, 48 h.
(B): Contour plot display of PBMNC incubated with optimal concen-
trations of FITC-CD40-Fc and PE-labelled monoclonal antibodies
directed against the indicated markers. FACS settings and electronic
compensation were made on single population of labelied cells.
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Fig. 8. Expression of CD40-L mRNA in cloned CD4" T cells and PBMNC activated under conditions used to promote IgE synthesis in vitro. Cloned
JF7 cells were activated for 5 days with PHA (0.2 ug/ml), irradiated PBMNC 10%m] and IL-2 50 U/ml), washed and cuitured for the times indicated
with IL-4 alone (200 U/ml). As a control, resting (day 16 after last stimulation) JF7 cells were stimulated with ionomycin (1#M) and PMA (10
ng/ml). PBMNC were incubated for the times indicated with medium alone, IL-4 (200 U/ml), IL-4 and anti-CD40 mAb (1 ug/ml) or IL-4 and IFNy
(500 U/ml). Northern blot assays for CD40-L and actin mRNA were performed as described in Fig. 4. Autoradiography exposure time: 24 h.

that some CD8" T cell clones can be used in conjunction
with IL-4 to trigger IgE synthesis [30].

Binding of CD40 by anti-CD40 mAbs or murine
CD40-L was shown to induce, in the presence of I1L-4,
switching to the € constant region as well as induction
of IgE synthesis by purified human B cells [6-10]. In line
with these observations, anti-CD40 mAbs induce in B
cells a strong up regulation of the germline & transcript
synthesis triggered by IL-4 [9,31]. The second signal
necessary to induce IgE synthesis in purified B cells can
be given by cloned CD4" T cells activated for five days
with PHA, irradiated PBMNC and IL-2 or membranes
isolated from stimulated T cells [27,28]. These findings
are in accordance with a current model in which two
signals are required for IgE production (reviewed in
[32]. The first signal is given by the soluble cytokine
IL-4 [33] which induces germline ¢ transcript expression
[27] but alone is insufficient to trigger secretion of IgE.
The second signal is provided by a physical interaction
between activated T and B cells (reviewed in [32]). The
CD40/CD40-L pair appears therefore to be a candidate
for mediating signalling between T and B cells, leading
to IgE synthesis.

One aim of the present study was to determine
whether CD40-L was expressed on immunocompetent
peripheral blood cells and if expression varied under
conditions known to affect IgE synthesis. Using a
human CD40-L cRNA probe, it was possible to detect
the corresponding mRNA in both unstimulated and
stimulated CD4" and CD8" T celi clones. In CD4" cells,
the mRNA level is very strongly upregulated shortly
after stimulation with ionomycin plus PMA. The results
of screening the Agt10 library made with RNA isolated
from stimulated CD4* T cells, suggest that this mRNA
represents a large fraction (0.5-1%) of the poly A*

RNA. More relevant for the in vitro model used to
study IgE synthesis, the CD40-L mRNA and the corre-
sponding protein can clearly be detected five days after
activation of cloned CD4" cells with PHA, irradiated
PBMNC and IL-2. It is stable when IL-2 is replaced by
IL-4.

We examined the expression of the CD40-L in
PBMNC stimulated with IL-4 under conditions which
trigger IgE synthesis. Interestingly, under such condi-
tions the CD40-L mRNA level was upregulated. This
was paralleled by an increase in CD40-Fc binding. This
upregulation was prevented by IFNy, a cytokine which
inhibits 1L-4-induced IgE production by PBMNC {34].
This indicates that it belongs to the category of IL-4-
induced effects which can be blocked by IFNy.

Taken together, these results indicate that the synthe-
sis of CD40-L can be induced by stimulation of various
T cell subtypes. The expression of both CD40-L mRNA
and protein is also observed under conditions which are
used to trigger switching to the & constant region and
also IgE synthesis. This suggests that the CD40-L pro-
vides an important signal in the induction of IgE synthe-
sis in vitro. The possibility that it represent an adhesion-
type of surface molecules involved in T cell-B cell inter-
action such as the CD23 / CD21 pair [35] is under
investigation.

Acknowledgements: We thank Dr. P. Gunning for generously provid-
ing the plasmid pHFA-1, Y. Humbert for valuable advice in the library
screening, G. Ayala for oligonucleotides synthesis, S. Henchoz and P.
Vuisio for expert technical assistance, M. Leemann Husler for graph-
ics, Drs. K. Hardy, J.-J. Mermod and J. Knowles for their critical
review of the manuscript. We are grateful to Dr. P. Schneider and the
staff of the transfusion centre in Lausanne for generously providing
buffy coats.

265



Volume 315, number 3

REFERENCES

[1] Clark, E.A. (1990) Tissue Antigens 35, 33-36.

[2] Clark, E.A. and Ledbetter, J.A. (1986) Proc. Natl. Acad. Scu.
USA 83, 4494-4498.

[3] Banchereau, J., de Paoh, P., Valle, A.. Garcia, E. and Rousset,
F. (1991) Science 251, 70-72.

[4] Barrett, T.B., Shu, G. and Clark, E.A, (1991) J. Immunol. 146,
1722-1729.

[5] Liu, Y.J., Joshua, D.E., Wiltiams, G.T.. Smith. C.A., Gordon, J.
and MacLennan, 1. (1989) Nature 342, 929-931.

{6] Jabara, H.H., Fu, S.M., Geha, R.S. and Vercelli. D. (1990) J.
Exp. Med. 172, 1861-1864.

[7] Zhang, K., Clark, E.A. and Saxon, A. (1991) J. Immunol. 146,
1836-1842.

[8] Rousset, F., Garcia. E. and Banchereau, J. (1991} J. Exp. Med.
173, 705-710.

[9] Gascan. H., Gauchat, J.-F., Aversa, G., Vlasselaer, P. and de
Vries, J.E. (1991) J. Immunol. 147, 8-13.

[10] Armitage, R.J., Fanslow, W.C_, Strockbine, L., Sato, T.A., Clif-
ford. K.N., Macduff, B.M., Anderson, D.M., Gimpel, S.D.,
Davis-Smith, T.. Maliszewski, C.R., Clark, E.A., Smith, G.A,,
Grabstein, K.H.. Cosman, D. and Spriggs. M.K. (1992) Nature
357. 80-82.

[11] Yssel, H., de Vries, J.E., Koken, M., Van Blitterswijk, W. and
Spits. H. (1984) J. Immunol. Methods 72, 219-227.

[12] Noelle, R.J., Roy, M.. Shepherd. D.M., Stamenkovic. L, Led-
better, J.A. and Aruffo, A. (1992) Proc. Natl. Acad. Sci. USA 89,
6550-6554.

[13] Aruffo, A., Stamenkovic, L, Melnick, M.. Underhill, C.B. and
Seed, B. (1990) Cell 61, 1303-1313.

[14] Titus, J.A., Sharrow, S.0. and Segal, D.M. (1983) J. Immunol.
130, 1152-1158.

[15] Okayama, H., Kawaichi, M., Brownstein, M , Lee, F.. Yokota,
T. and Arai. K.I. (1987) Methods Enzymol. 154, 3-28.

[16] Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989) Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory
Press. Cold Spring Harbor, NY

266

FEBS LETTERS

January 1993

[17] Sanger, F., Nicklen, S. and Coulson, A.R. (1987) Proc. Natl.
Acad. Sci. USA 74, 5463-5467.

[18] Melton, D.A., Krieg, P.A., Rebagliati, M.R., Maniatis, T., Zin,
K. and Green, M.R. (1987) Nucleic Acids Res. 12, 7035-7036.

[19] Khandjian, E.W. (1986) Mol. Biol. Rep.11, 107-115.

[20] Gauchat, J.-F., Gauchat, D., de Weck, A.L. and Stadler, B.M.
(1989) Eur. J. Immunol.19,1079-1085.

[21] Seed, B. (1992) Nature 329, 840-842.

[22] Erba, H.P., Gunning, P. and Kedes, L. (1986) Nucleic Acids
Res. 14, 5275-5294.

[23] Gauchat, J.-F., Walker, C., de Weck, A.L. and Stadler, B.M.
(1988) Eur. J. Immunol. 18,1441-1446.

[24] Claassen, J.L., Levine, A.D. and Buckley, R.H. (1990} J. Immu-
nol. Methods 126, 213-222.

[25] Bonnefoy, J.-Y., Shields, J. and Mermod, J.-J. (1990) Eur J.
Immunol. 20, 139-144.

[26] Shaw, G. and Kamen, R. (1986) Cell 46, 659-667.

{27] Gauchat, J.-F., Lebman, D.A., Coffman, R.L., Gascan, H. and
de Vries, J.E. (1990) J. Exp. Med.172, 463-473.

[28] Gascan, H., Gauchat, J.-F., Roncarolo, M.-G., Yssel, H., Spits,
H. and de Vries, J.E. (1991) J. Exp. Med. 173, 747-750.

[29] Lane, P., Traunecker, A., Hubele, 5., Inui, S., Lanzavecchia, A.
and Gray, D. (1992) Eur. J. Immunol.22, 2573-2578.

[30] Parronchi, P., Tiri, A., Macchia, D., De Carli, M., Biswas, P.,
Simonelli, C.. Maggi, E., Del Prete, G., Ricci, M. and Romag-
nani, S. (1990) J. Immunol. 144, 2102-2108.

[31] Gauchat, J.-F.. Aversa, G., Gascan, H. and de Vries, J.E. (1992)
Int. Immunol. 4, 397-406.

[32] de Vries, J.E., Gauchat, H., Aversa, G.G., Punnonen, J., Gascan,
H. and Yssel, H. (1991) Curr. Op. Immunol. 3, 851-858.

[33] Lebman, D.A. and Cofman, R.L. (1988) J. Exp. Med., 168, 853~
862.

[34] Péne, J.. Rousset, F., Briére, F., Chrétien, 1., Bonnefoy, J.-Y.,
Spits, H., Yokota, T., Arai, N., Arai, K.1., Banchereau, J. and de
Vries, J.E. (1988) Proc. Natl. Acad. Sci. USA 85, 8166-8170.

{35] Aubry, J.-P., Pochon, S., Graber, P., Jansen, J.-Y. and Bonnefoy,
J.-Y. (1992) Nature 358, 505-507.



