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Naive human T cells can be a source of IL-4 during primary immune responses
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SUMMARY

IL-4 plays a key role in driving the differentiation of CD4™ Th precursors into Th2 cells, both in mice
and in humans. The source of IL-4 during primary immune responses is, however, still debated. When
IL-4 consumption in in vitro T cell cultures was blocked with a MoAb to the IL-4 receptor a-chain
(IL-4Rw), it became evident that freshly isolated naive (CD45RO™) CD4™ T cells from adults or cord
blood produce IL-4 upon activation with anti-CD3 and CD80. IL-4 production by naive T cells is strictly
IL-2-dependent. Endogenous IL-4 activity in naive CD4" T cell cultures modulates the production of
interferon-gamma (IFN-v) on the one hand and IL-5 and IL-13 on the other hand in opposite directions,
and it is partly responsible for the low IFN-y production by cord blood T cells. Comparison of the ratio
of IL-4/IFN-v in supernatants of T cell cultures reveals a skewing towards IL-4 production by cord
blood T cells, while naive T cells from (non-atopic) adults predominantly produce IFN-y. We conclude
that CD4™" naive T cells can produce IL-4 without the need for Th2 differentiation, and therefore that
they can be the initial source of IL-4 required at the time of priming for T cell differentiation into Th2

cells.
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INTRODUCTION

IL-4 is a 15-kD protein that has been shown to regulate a wide
spectrum of functions in B cells, T cells, monocytes/macrophages
and other haematopoietic and non-haematopoietic cells [1]. The
high-affinity IL-4R consists of a 140-kD « receptor subunit,
associated to the common <. chain, which in T cells is
needed for IL-4 signal transduction [2,3]. IL-4 plays a key
role in driving the differentiation of CD4" Thp into Th2 cells
[4,5] and in inducing B cells to switch to IgE production. IL-4 is
therefore thought to be an essential component of atopic diseases
[1,5,6].

Among T cell clones, IL-4 is produced by ThO and Th2 cells,
but not Th1 cells, and this has now been demonstrated both in mice
[4] and in humans [5]. Since differentiation of Thp into Th2 cells
requires IL-4 [7], the question arises which cells produce the initial
IL-4 at the time of T cell priming [8]. In mice NKI1.1" T cells
might be the initial IL-4 producers [9,10]. However, mice depleted
of NK1.1 cells have normal Th2 responses [11]. ¥6" T cells and
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Mel-14"% memory T cells have also been proposed as the primary
source of IL-4 [12,13]. Besides T cells, mast cells and basophils
can produce IL-4 and mRNA for IL-4 has also been found in
eosinophils [14—16]. However, the IL-4 released by these cells in
response to several stimuli is unlikely to be significant in the early
encounter between T cell and antigen-presenting cell. Moreover,
reconstitution of IL-4-deficient mice with purified wild-type CD4*
cells reveals that IL-4 production does not require non-T cells [17].
Among human CD4% T cells, IL-4 protein synthesis was restricted
to the CD4"CD45RA™ (memory) subpopulation [18,19]. The
initial source of IL-4 production is therefore still debated [8,20],
although recent data indicate that CD4" naive cells themselves
may be able to provide the early IL-4 required for Th2 cell
differentiation [21,22]. Data in mice indicate that naive CD4" T
cells release IL-4 at priming and develop into Th2 effectors upon
in vitro priming with a low concentration of antigen or altered
peptide ligands [23]. Human naive CD4* T cells also can produce
low levels of IL-4 during the first 3 days of anti-CD3/B7.1
activation [24]. Moreover, upon repeated stimulation in vitro
with anti-CD3 MoAb captured on CD32/B7.1 cells and IL-2,
virtually every human naive CD4% cell grown in a single-cell
culture can develop into a Th2 cell as a result of this low level IL-4
production [24-26].

We have recently shown that IL-4 production in cell cultures is
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often underestimated as a result of consumption, which can
however be inhibited by the use of a MoAb against the IL-4R«
chain [27]. We used this technique here to study whether naive
CD45RO™ T cells can indeed produce IL-4 and therefore be the
initial source of IL-4 production in primary immune reactions.

MATERIALS AND METHODS

Isolation of peripheral and cord blood cells

Peripheral blood mononuclear cells (PBMC) were obtained from
healthy adult volunteers of both sexes. Only donors with a negative
history of asthma, obstructive airway disease, hay fever, eczema or
urticaria, obtained by a standard questionnaire, were selected.
Heparinized venous blood was centrifuged on Ficoll-Hypaque
density gradients. Interphase cells were washed three times with
Dulbecco’s PBS (Boehringer Ingelheim Bioproducts, Heidelberg,
Germany) and resuspended at a concentration of 5 x 10 cells/ml in
complete medium, consisting of RPMI 1640 (Boehringer Ingelheim
Bioproducts) supplemented with 2mm L-glutamine, penicillin
100 U/ml, streptomycin 100 pg/ml, and 10% bovine calf serum
(Hyclone, Logan, UT). T cells were isolated as reported [28].
Lymphokwik-T (One Lambda Inc., Los Angeles, CA) was used to
deplete monocytes and B cells. A MoAb mixture, consisting of
complement-fixing anti-Leu-11b (anti-CD16; Becton Dickinson,
Erembodegem, Belgium) and anti-NKH-1A (anti-CD56; Coulter,
Hialeah, FL) MoAb, was then added for 30 min at 4°C followed
by a second Lymphokwik-T treatment; resulting T cells were
>98% CD3" and <1% CD64™". To isolate adult CD4™" T cells,
the second Lymphokwik treatment was replaced by treatment with
Lymphokwik-Th (One Lambda Inc.). T cells were then incubated
with either a mouse anti-human anti-CD45RO MoAb, UCHL-1 (a
gift from Dr P. Beverley, E. Jenner Institute for Vaccine Research,
Compton, UK) or a mouse anti-human anti-CD45RA MoAb 2H4
(Coulter), washed, and goat anti-mouse IgG Dynabeads (Dynal,
Oslo, Norway) were added, according to the instructions of the
manufacturers. Negatively selected T cells or CD4™1 T cells were
>97% CD3"/CD45RA™, >95% CD4*/CD45RA™, >97% CD3"/
CD45RO™ or >95% CD47/CD45RO™ T cells, respectively.
CD45RO™ and CD45RA™ double-positive cells were <5% in
both isolated cell fractions.

To isolate cord blood mononuclear cells, heparinized cord
blood was centrifuged on Ficoll-Hypaque density gradients.
Interphase cells were washed three times with Dulbecco’s PBS
(Boehringer Ingelheim Bioproducts) and resuspended at a concen-
tration of 5x10°% cells/ml in complete medium. To isolate
CD4"CD45RA™ T cells, monocytes and B cells were first removed
by the use of Lymphokwik-T (One Lambda Inc.). Anti-CD4-
coated Dynabeads (Dynal) were then used to isolate CD4" T
cells by positive magnetic immunoselection. Beads were detached
from the cells by the use of DETACHaBEAD CD4/CD8 (Dynal),
according to the guidelines provided by the manufacturers.
CD45RO™ cells were negatively selected as mentioned for adult
T cells. Resulting cord blood cells were >97% CD4TCD45RA™.
Significant basophil contamination was excluded since CD123%
cells were <0-07%. In some experiments T cells were positively
selected by a mixture of anti-CD4- and anti-CD8-coated Dyna-
beads by magnetic immunoselection and detached as described,
followed by negative selection of CD45RO™ cells, as mentioned.

Anti-IL-4R monoclonal antibody
Mouse anti-human IL-4R MoAb (clone 25463.11) was bought

from R&D (Abingdon, UK). To produce this MoAb, mice
were immunized with recombinant soluble IL-4R«. The MoAb
blocks the bioactivity of both IL-4 and IL-13. According to the
manufacturer, 3—6 ng of MoAb neutralizes 50% of the bioactivity
of 200pg of IL-4 on 10° TE-1 cells in a 1-ml volume. One
milligram contains <10ng endotoxin and the MoAb is sold
azide-free. We have also demonstrated that this MoAb has efficient
blocking effect on IL-4 activity at the level of both B cells and
T cells. Moreover, the MoAb by itself has no stimulating effect on
B or T cell proliferation. In all experiments the MoAb was used at a
concentration of 2-5 ug/ml [27].

Other monoclonal antibodies

MoAb UCHT-1 (mouse anti-human CD3) was a gift from Dr
P.Beverley. Murine neutralizing anti-IL-2 MoAb (clone B-G5)
was purchased from Diaclone (Besancon, France). Humanized
mouse anti-human IL-2R« (anti-CD25) MoAb anti-Tac (Zenapax),
was purchased from Hoffman-La Roche (Nutley, NJ). Mouse anti-
human anti-CD122 (mik (3,) was bought from PharMingen (San
Diego, CA).

Cytokine measurements

The concentrations of IL-4, IL-5, IL-10, IL-13 and interferon-
gamma (IFN-y) in culture supernatants were measured with a
sandwich ELISA technique using combinations of unlabelled
and biotin-coupled MoAb to different epitopes of each cyto-
kine. Coating MoAbs for these five assays, respectively, were
860A4B3 (Medgenix Diagnostics, Fleurus, Belgium), TRFKS
(PharMingen), JES3-9D7 (PharMingen), JES10-5A2 (PharMin-
gen) and 350B10G6 (Medgenix Diagnostics). Biotinylated detection
MoAbs were 860F10H12 (Medgenix Diagnostics), JES1-SA10
(PharMingen), JES3—-12G8 (PharMingen), B69-2 (PharMingen)
and 67F12A8 (Medgenix Diagnostics). The concentrations of IL-2
in culture supernatants were detected by human IL-2 Duoset ELISA
(Genzyme, Cambridge, MA). To prevent IL-2 consumption, anti-
IL-2Ra« (5 pg/ml) and anti-IL-2RS (2 pg/ml) MoAbs were added in
the conditions in which IL-2 production had to be measured.
Human recombinant IL-4, IL-5, IL-10, IL-13, IFN-y and IL-2
were used as standards. The lower detection limit for all cytokines
was <20 pg/ml.

Cell lines

The P815 cell line is an NK-resistant DBA/2-derived mouse
mastocytoma cell line that expresses mouse FcyRII and FcyRIII.
The P815 cell line was derived from ATCC. P815 cells transfected
with human CD80 or CD58 were a gift from L. L. Lanier (DNAX
Research Institute of Molecular and Cellular Biology, Palo Alto,
CA). The cells were cultured in complete medium supplemented
with gentamycin 50 ug/ml, sodium pyruvate 1 mm, non-essential
amino acids 1:100, 2-mercaptoethanol 50 um and 10% fetal calf
serum (Boehringer Ingelheim Bioproducts). Geneticin (400 pg/ml)
was added every week for selecting transfected cells.

Activation of T cells for cytokine production

Purified T cells (5 % 10°) were cultured in 24-well culture plates in
a 1-ml volume at 37°C in 5% CO,/95% air and supernatants
were collected after different periods of time as indicated in
Results. T cells were stimulated with soluble anti-CD3 MoAb
(UCHT-1) captured by mouse P815 or P§15/CD80 or P§15/CD58
mastocytoma cells, at a T/P815 ratio of 1:1. P815 cells were
mitomycin-C-treated and washed five times before use.
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Statistical analysis
Results were compared with non-parametric Wilcoxon paired tests
or Mann—Whitney tests, where appropriate.

RESULTS

1L-4 production by human memory and naive T cells from adult
non-atopic donors

It has been reported previously that upon stimulation through the
TCR/CD3 complex, ligation of CD28 on resting T cells by its
ligand CD80 results in the induction of IL-4 production by total
T cells [29]. To study the IL-4 production by separated human
memory CD45RA™ and naive CD45RO™ T cells, we used a similar
in vitro culture system. Memory T cells or CD4™" T cells of the
memory phenotype indeed produced high amounts of IL-4 upon
in vitro stimulation. As indicated in Fig. 1a, no difference in IL-4
production was observed whether adult memory T cells were
cultured in the presence or absence of the blocking anti-IL-4R«
MoAb. In contrast, IL-4 levels in cultures of naive T cells
stimulated under the same conditions could only be detected
when IL-4 consumption had been blocked by the use of the anti-
IL-4Ra MoAb (Fig. 1b). Naive T cells (mean production 104 pg/
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Fig. 1. Effect of anti-IL-4R MoAb on IL-4 levels in cultures of human
memory and naive T cells. Resting memory (CD45RA™) peripheral blood
T cells (CD3" T cells in five experiments or CD4% T cells in seven
experiments) (a) and paired resting naive (CD45RO™) CD3" or CD4"
T cells (b) were cultured with P815/CD80 cells (5 x 10°/ml) in the presence
or absence of anti-IL-4R MoAb (2-5 ug/ml). Anti-CD3 MoAb (UCHT1)
was added at a concentration of 2 ug/ml. Supernatants were collected after
72h of culture and the IL-4 concentrations in the supernatants were
determined by ELISA. The results (mean * s.e.m.) of independent paired
experiments with cells from 12 non-atopic adult donors are shown. NS, Not
significant. ***P <0-001.

ml) produced two to 10 times less IL-4 than their memory
T cell counterpart (mean production 1784 pg/ml) (P <0-001)
(Fig. 1a,b).

No significant IL-4 production could be induced by either
memory or naive CD8" T cells upon stimulation under the same
conditions (data not shown).

IL-4 production by naive cord blood CD4% T cells

It has been debated whether all CD45RO™ cells are naive T cells,
because memory T cells could lose their CD45RO expression, and
so be falsely considered as ‘naive’ cells [30]. To be more certain
about the naive status of the T cells, we isolated CD45RO™ cord
blood CD4™" T cells, and stimulated them for 3 days with anti-CD3
and P815/CD80 transfected cells, in the presence or absence of
anti-IL-4Ra MoAb. As shown in Fig. 2, we found IL-4 levels in the
supernatants of T cell cultures performed in the presence of anti-
IL-4Ra¢ MoAb, but not in those without anti-IL-4Ra MoAb
(P<0:01). Thus, cord blood naive T cells also produce IL-4,
although less than memory T cells from adults (P <0-05).

Only marginal amounts of IL-4 could be detected in cord blood
CD4% T cell cultures when stimulated with anti-CD3 and untrans-
fected P815 cells. Furthermore, costimulation of cord blood CD4™
T cells by CD58 on P815 transfected cells could not induce IL-4
production (data not shown).

All further experiments on IL-4 production were performed in
the presence of the anti-IL-4R MoAb.

1L-4 production by naive and memory T cells is differentially
dependent upon IL-2

IL-4 production in naive murine T cells is dependent upon IL-2
production [31]. We wanted to study the role of IL-2 in IL-4
production by naive human T cells. To that aim, we quantified
IL-4 production in the presence or absence of a MoAb combination
that blocks all IL-2 activity [32]: a neutralizing anti-IL-2 MoAb in
combination with an anti-IL-2R« and an anti-IL-2R3 MoAb (anti-
IL-2(R)). Naive adult T cells did not produce IL-4 when IL-2
activity had been blocked (see Fig. 3b). For memory CD45RA™
T cells, the effect of blocking IL-2 strongly varied from donor to
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Fig. 2. Effect of anti-IL-4R MoAb on IL-4 production by human neonatal
naive CD4™ T cells. Resting CD4TCD45RO™ cord blood T cells (5x 10%/
ml) were cultured with P815/CD80 cells (5x 10°/ml) in the presence or
absence of anti-IL-4R MoAb (2-5 pg/ml). Anti-CD3 MoAb (UCHT1) was
added at a concentration of 2 ug/ml. Supernatants were collected after 72 h
of culture and the IL-4 concentrations in the supernatants were determined
by ELISA. The results (mean = s.e.m.) of seven independent experiments
are shown. **P <0-01.
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Experiment no.

donor, as shown in Fig. 3a. Figure 3c shows the IL-2 production by
purified memory and naive adult T cells in the same experiments.
Naive T cells produced higher amounts of IL-2 than their memory
counterpart. It is therefore unlikely that inability to neutralize IL-2
in memory T cell cultures would account for their residual IL-4
production in the presence of anti-IL-2(R).

We also repeated the same experiments with cord blood naive
CD4" T cells. When IL-2 activity was blocked, IL-4 was not
detectable in cord blood CD4™ T cell supernatants (Fig. 4a). When
kinetically analysed, IL-2 production by naive T cells was detectable
as early as 5 h after the start of stimulation, whereas IL-4 production
occurred later (see Fig. 4b). We can conclude that IL-4 production
in naive adult and cord blood T cells is totally IL-2-dependent,
whereas it is only partially dependent upon IL-2 in memory T cells.
It is likely that the T cells which produce IL-4 independently of
IL-2 are those T cells that have differentiated into Th2 cells [33].

IFN-y/IL-4 balance in cultures of naive CD4* T cells

In the next set of experiments we tried to show the balance between
IFN-v and IL-4 expressed by adult or neonatal naive CD4™ T cells
(see Table 1). We also included memory CD4% T cells in this
comparison. IL-4/IFN-y and IFN-v/IL-4 ratios were calculated.
From these ratios it can be concluded that adult naive CD4™" T cells
preferentially produce IFN-vy, whereas cord blood naive CD4% T
cells preferentially produce IL-4. Cord blood neonatal T cells have
the highest IL-4/IFN-vy balance when compared with either naive
(P<0-001) or memory adult T cells (P <0-001). The difference in
the IL-4/IFN-y balance between adult naive CD4" T cells and
neonatal naive CD4™ T cells is mainly due to the difference in IFN-
vy production, whereas in this regard the difference in IL-4
production is less important. Although we can not exclude that
some of the adult CD45RO™ T cells were not naive T cells, their
low IL-4 production in contrast to the high IL-4 production by
CD45RA™ memory T cells argues against contamination by
memory T cells. Furthermore, it has been described recently that
although primed CD45RO"RA™ T cells might exist, they are not
prevalent in peripheral blood and are rather sequestered within
lymphoid tissue [34].

Influence of endogenously produced IL-4 on the production of
other cytokines by memory and naive T cells

IL-4 is known to inhibit IFN-y production [35,36] both in vitro and
in vivo [37,38] and to enhance IL-5 and IL-10 production by T cells
[18,39]. As we have shown that neonatal naive CD4" T cells

Experiment no.
Fig. 3. Importance of IL-2 for IL-4 production by naive and memory T cells. CD45RA™ (a,c) or CD45RO™ (b,c) adult T cells (5x 10>/ml)
from three adult non-atopic donors were cultured with P§15/CD80 cells (5 x 10°/ml) and anti-CD3 MoAb (UCHT1) at a concentration of 2 pug/ml, in
the presence of anti-IL-4R MoAb (2-5 pg/ml). To block all IL-2 activity, a neutralizing anti-IL-2 antibody (1 ug/ml) together with anti-IL-2R«
(5 pg/ml) and anti-IL-2RB (2 pg/ml) MoAbs were added as indicated (a,b). Supernatants were collected after 72 h and the IL-4 (a,b) and IL-2
(c) concentrations in the supernatants were determined by ELISA. The detection limit for IL-4 in these experiments (a) is represented by a
horizontal black line.

750 — (a)

= 500

£

(@]

=

<

= 250}

0
Control +anti-IL-2(R)
4000 (b) 1000
m|L-2 —
= 3000~ all-4 800 =
S £
s 600 5,
£ 2000 =
N —400
= =
1000 - 100
- |
0 1-00 4-00 16:00 64-00
Time (h)

Fig. 4. Importance of IL-2 for IL-4 production by naive cord blood T cells.
CD4+CD45RO™ cord blood T cells (5% 10°/ml) were cultured with P815/
CD8O cells (5x10%/ml) in the presence of anti-IL-4R MoAb (25 ug/ml)
and anti-CD3 MoAb (UCHT1) at a concentration of 2 ug/ml. To block IL-2
activity, a neutralizing anti-IL-2 antibody (1 pg/ml) and anti-IL-2Re (5 pg/ml)
and anti-IL-2RB (2 pg/ml) MoAbs were added as indicated (a). Supernatants
were collected after 72 h (a) or after 1, 3, 5, 7, 24 and 72 h (b) of culture and
the IL-2 (b) and IL-4 (a,b) concentrations in the supernatants were
determined by ELISA. The detection limit for IL-4 in these experiments
(a) is represented by a horizontal black line. The results (mean = s.e.m.) of
three independent experiments (a) or one experiment (b) with different
donors are shown.
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produce IL-4 but little IFN-y, we wanted to study the effect of this
IL-4 on the production of other cytokines. We used anti-IL-4R«
MoAbD to block the potential effect of IL-4 on the production of
other T cell cytokines (Fig. 5). First, the production of the Th1-type
cytokine, IFN-y, by neonatal CD4" T cells was significantly
increased as a result of blocking the IL-4Ra chain (P <0-01)

Adult naive CD4+* T cells

D. M. A. Bullens et al.

(Fig. 5). The inhibitory effect of endogenously produced IL-4 on
in vitro IFN-vy production by neonatal T cells can contribute to the
low IFN-y production by these cells, as also reported in previous
studies [40-42]. In contrast, IFN-y production by adult naive
CD4" T cells, stimulated with anti-CD3 and CD80-transfected
P815 cells, was only slightly enhanced after IL-4 signalling
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Fig. 5. Effect of endogenous IL-4 on cytokine production by human naive CD4" T cells. Resting CD4*CD45RO™ adult T cells or
CD4+CD45RO™ cord blood T cells at a concentration of 5% 10° T cells in a 1-ml volume were cultured with P815/CD80 cells (5% 10°/
ml), in the presence or absence of anti-IL-4R MoAb (2.5 pg/ml). Anti-CD3 MoAb (UCHT1) was added at a concentration of 2 ug/ml.
Supernatants were collected after 72 h of culture and the IFN-v, IL-5 and IL-13 concentrations in the supernatants were determined by
ELISA. The results (mean * s.e.m.) of seven independent experiments on different adult non-atopic donors and seven independent
experiments with different cord blood samples are shown. *P <0-05; **P <0-01.

© 1999 Blackwell Science Ltd, Clinical and Experimental Immunology, 118:384-391



IL-4 production by naive T cells 389

Table 1. Comparison of IL-4 and IFN-y production by adult and cord
blood CD4™ T cells*

IL-4/TFN- ratio,
mean * s.e.m.

IFN-y/IL-4 ratio,

T cell cultures mean * s.e.m.

Adult CD45RA™ 0-153 = 0-038 16-480 = 9-583
(memory) n=7

Adult CD45RO™ 0-024 = 0-015 1182-800 £ 523-300
(naive) n="17

Cord blood CD45RO™ 8217 £ 6788 0-739 = 0-220

(naive) n=17

*Resting CD4"CD45RA™, CD4'CD45RO™ adult T cells and
CD41CD45RO™ cord blood T cells (5%10°/ml) were cultured with
P815/CD80 cells (5% 10°/ml). Anti-CD3 MoAb (UCHT1) was added at a
concentration of 2 ug/ml. Anti-IL-4R MoAb (2-5 pg/ml) was added to the
cultures for IL-4 production, and not to the cultures for IFN-y production.
Supernatants were collected after 72h of culture and the IL-4 and IFN-y
concentrations in the supernatants were determined by ELISA.

had been blocked (Fig. 5). Blocking the IL-4R in cultures of CD4*
naive T cells stimulated with captured anti-CD3 MoAb and P815/
CD80-transfected cells significantly decreased IL-5 and IL-13
production (P<0-05) (Fig. 5). Mean IL-10 production by both
adult naive and cord blood naive T cells was below 100 pg/ml and
not altered after IL-4 signalling had been blocked (data not shown).

These results prove that IL-4 produced by naive T cells
modulates their own cytokine production at least in in vitro
experiments. Furthermore, IFN-y production by neonatal CD4™
T cells is shown to be highly sensitive to the inhibitory effect of
endogenous 1L-4.

DISCUSSION

We here report that significant amounts of IL-4 are produced
by naive CD45RO ™ adult T cells and by CD45RO~CD4" neonatal
T cells, when stimulated with anti-CD3- and CD80-transfected
P815 cells. Detection of IL-4 in cultures of naive T cells requires
blocking of the IL-4R with an anti-IL-4Ra MoAb. We have shown
previously that IL-4 consumption interferes with attempts to
quantify IL-4 production by human T cells [27]. Memory cells
produced higher amounts of IL-4 than their naive counterparts in
all donors. This suggests that at least part of the memory T cells
have differentiated in vivo into Th2 cells [33]. Previous studies
reporting low or undetectable IL-4 production by human peripheral
blood naive T cells are probably biased by inadequate IL-4
evaluation [18,19]. Our findings that human naive CD4*" T cells
produce IL-4 when stimulated with anti-CD3 captured by P815/
CDS80 cells are consistent with a limited set of results from other
groups. Intracellular staining of IL-4 production in naive cord
blood T cells revealed a small percentage of IL-4-producing
lymphocytes (ranging from 1% to 2% of lymphocyte gated cells)
[43]. However, even in total adult T cells, the mean percentage of
IL-4-producing cells was not higher than 6% [43]. One other group
also reported that human naive CD4" T cells produce low levels of
IL-4 during the first 3 days of anti-CD3/B7.1 activation, as
evidenced by the observations that addition of anti-IL-4R neutra-
lizing MoAb to primary T cell cultures reduced the differentiation
into Th2 cells with IL-4/IL-5-producing capacity [24]; that IL-4

mRNA was detected after stimulation of naive CD4 " T cells with a
mixture of soluble anti-CD3 and anti-CD28 MoAb [26] and that
IL-4 protein could be measured in the supernatants of priming
cultures when performed in the presence of anti-IL-4R blocking
MoAb [26]. Although the primary source of IL-4 in primary
immune responses is still debated, these and our results support
the possibility that, in the human system, naive CD4™1 T cells can
provide the initial IL-4 required for differentiation into Th2 cells.
Also in mice, naive CD4™ T cells themselves were reported to be
responsible for the early production of IL-4 in the lymph node
[21,22].

Costimulatory molecules are highly important for IL-4 induc-
tion. Indeed, naive T cells produced only very small amounts of
IL-4 in the absence of CD80 costimulatory molecules. Previous
studies in mice and humans also showed that IL-4 production at
priming was critically dependent on CD28 costimulation
[23,26,44,45]. In contrast, memory T cells, when stimulated with
anti-CD3 alone, produced substantial levels of IL-4 and the amount
of IL-4 strongly increased when they were costimulated by CD80
(our own unpublished observations). Costimulation by CD58 did
not induce IL-4 production in naive T cell cultures.

We further have demonstrated, by the differences in the IL-4/
IFN-v ratios, that cord blood naive T cells produce relatively more
IL-4, whereas adult naive T cells produce relatively more IFN-y.
This difference in IL-4/IFN-y balance is mainly due to the low
IFN-vy production by cord blood T cells, which is partly due to
endogenous IL-4 and apparently to a higher sensitivity to IL-4. We
indeed demonstrate in this study that the IL-4 produced by naive
T cells influences the production of other cytokines by these cells.
IL-4 produced in neonatal CD4™" T cell cultures decreased IFN-y
production and increased IL-5 and IL-13 production, as indicated
by the significant changes found in the production of these
cytokines after the IL-4R had been blocked. In neonatal T cell
cultures, IFN-y production is especially sensitive to inhibition by
IL-4. This high sensitivity to IL-4 might be a contributing factor to
the development of Th2 responses in the neonatal period. Recently
Prescott et al. have similarly demonstrated that the cytokine/(3-
actin mRNA ratio in cord blood mononuclear cells upon allergen-
specific stimulation was two to four times higher for IL-4 com-
pared with the ratio for IFN-y [46]. The high IL-4 production by
neonatal T cells might be a residual effect of the pregnancy status
[47,48]. Neonatal T cell responses after infection or vaccination are
predominantly type 2 responses [49] and some groups have
provided evidence that initial T cell responses are universally
skewed towards the Th2 cytokine profile [50,51]. This bias can
contribute to IgE production against common allergens and the
development of atopic diseases in childhood. In our study, cord
blood samples were taken without knowledge of the atopic state of
the parents. To be more certain about preferential bias towards Th2
cytokine production by neonatal naive T cells, newborns should be
followed to study whether they become atopics or not. Another
cautionary note about the interpretation of our results is that we
have focused on T cells only. However, besides T cells the
dendritic cells also play an important role in the early immune
responses, e.g. monocyte-derived dendritic cells were found to
promote Thl differentiation, whereas dendritic cells derived from
plasmocytoid cells induced differentiation into Th2 cells [52]. Our
in vitro system, however, did not allow us to study the role of the
dendritic cell. Immune responses in vivo will therefore depend on
characteristics of both T cells and dendritic cells.

In conclusion, our data indicate that both adult naive CD4™"
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T cells and neonatal naive CD41 T cells produce IL-4 upon
stimulation, without the need for differentiation into Th2 cells.
Furthermore, IL-4 production by neonatal naive CD4" T cells
contributes to the low IFN-vy production by these cells. CD4 " naive
T cells can be the initial source of IL-4 in primary immune
responses, resulting in preferential T cell differentiation into Th2
cells when unbalanced by IL-12 effects.
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