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Judy B. Splawski* and Peter E. Lipskyt
Departments of Pediatrics* and Internal Medicine,* and Harold C. Simmons Arthritis Research Center,*
University of Texas Southwestern Medical Center, Dallas, Texas 75235

Abstract

In contrast to adult lymphocytes, neonatal lymphocytes secrete
minimal amounts of Ig in response to stimulation with immobi-
lized MAbto CD3. This deficiency could be overcome by the
addition of supplemental IL-2, IL4, or IL-6, resulting in the
secretion of all Ig isotypes. There were no major differences in
the distribution of Ig isotypes secreted in response to the cyto-
kines alone or in combination. The Ig secreted in response to
114 or IL-6 was inhibited by MAbto CD25, suggesting that
the effects of IL4 and IL-6 were dependent on IL-2. Stimula-
tion of neonatal lymphocytes with anti-CD3 was sufficient to
induce expression of IL-2 receptors (CD25) on both T and B
cells. I1-4 exerted direct effects on neonatal T cells by increas-
ing IL-2 production and promoting IL-6 production by anti-
CD3-stimulated neonatal lymphocytes. Antibody to IL-4 or IL-
6 did not inhibit Ig secretion in response to IL-2 and antibody to
IL-6 did not consistently inhibit Ig secretion in response to
IL-4. Finally, in the presence of cyclosporin, anti-CD3-stimu-
lated neonatal lymphocytes secreted Ig only with the combina-
tion of IL-2 and IL4. These results have delineated unique, but
not Ig isotype-specific, effects of cytokines in supporting Ig
secretion by anti-CD3-stimulated neonatal lymphocytes. Defi-
cient production of these cytokines is likely to contribute to the
decreased capacity of neonatal lymphocytes to generate an Ig
response. (J. Clin. Invest. 1991. 88:967-977.) Key words: in-
terleukin 4 * interleukin 2 * interleukin 6 * CD3 - cyclosporin

Introduction

Neonates are deficient in their ability to produce Ig (1). In vitro
studies have demonstrated deficiencies in both T and B cell
function (2, 3). Previous studies employing immobilized anti-
CD3 MAb, a powerful stimulus for Ig secretion by adult lym-
phocytes, demonstrated that neonatal B and T cells were un-
able to produce Ig of any isotype (4). Neonatal lymphocytes
could be induced to secrete Ig in response to anti-CD3 stimula-
tion if exogenous cytokines in the form of supernatants from
mitogen-activated adult T cells were supplied. These results
suggested that either cytokine production by neonatal lympho-
cytes is functionally deficient or that neonatal lymphocytes are
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1. Abbreviation used in this paper: PE, phycoerythrin.

less responsive to cytokines. The current studies were designed
to examine these issues and focused on the roles of IL-2, IL-4,
IL-6, and IFN-'y in the regulation of the capacity of neonatal
lymphocytes to produce 1g.

IL-4 has important regulatory effects on both T and B cell
differentiation and may be important in the regulation of Ig
isotype switch (5-9). Moreover, naive T cells are deficient in
their ability to produce IL-4 (10-13). IFN-y is also reported to
play an important regulatory role in Ig isotype switching (14,
15) and production of this cytokine by naive T cells is also
reported to be deficient (16, 17). IL-6 promotes T cell activa-
tion and Ig production by B cells (18-20). However, the impor-
tance of this cytokine in the enhancement of Ig production by
naive B and T cells has not been well characterized. Therefore,
the ability of these cytokines to promote Ig secretion and to
influence the Ig isotypes secreted by anti-CD3-stimulated neo-
natal lymphocytes was investigated.

The results demonstrate that IL-2 is essential for the differ-
entiation of neonatal B cells but that IL-4 and IL-6 also pro-
mote Ig secretion by neonatal B and T cells. The complex inter-
play of these cytokines appears to determine the magnitude of
the antibody response of anti-CD3-activated neonatal lym-
phocytes. Although minor differences in the Ig heavy-chain
isotypes secreted in response to the various cytokines were
noted, no cytokine specific effects on the pattern of secreted Ig
isotypes were demonstrated.

Methods

Cell preparation. Peripheral blood mononuclear cells (PBMC) were
isolated from heparinized venous blood of healthy adult volunteers by
centrifugation over sodium diatrizoate/ficoll gradients (Pharmacia,
Inc., Piscataway, NJ) as described (21). Cord blood of healthy new-
borns was collected at the time of delivery in Alsevier's solution and
mononuclear cells were prepared as above.

Culture medium. All cultures were carried out in medium RPMI
1640 (Gibco Laboratories, Grand Island, NY), supplemented with
penicillin G(200 U/ml), gentamicin (10 ug/ml, Sigma Chemical Co.,
St. Louis, MO), L-glutamine (0.3 mg/ml), and 10% fetal bovine serum
(FBS, Microbiological Associates, Walkersville, MD).

Reagents. Recombinant purified IL-2 was obtained from the Biolog-
ical Response Modifiers Program at the National Institutes of Health.
Recombinant human IL-4 was obtained from Research and Diagnostic
Systems, Minneapolis, MNand was used at a final concentration of 2
ng/ml (100 U/ml). The EDmof this material was 0.3-0.9 ng/ml deter-
mined by [3H]thymidine incorporation of human peripheral blood T
lymphocytes. Human purified recombinant IL-6 was the kind gift of
Dr. T. Hirano and Dr. T. Kishimoto (22, 23). Cyclosporin A (Sandoz
Pharmaceutical Co., East Hanover, NJ) was diluted in dimethyl sulfox-
ide (DMSO) and used at a final concentration of 100 ng/ml. IFN-'y was
obtained from Amgen Biologicals, Thousand Oaks, CA, and used at a
concentration of 100 U/ml).

Antibodies. 64.1 is an IgG2a MAbdirected at the CD3 molecular
complex on mature T cells (24). 64.1 was purified over a column of
Sepharose 4B coupled with staphylococcal protein A. Anti-Tac, a
MAbdirected at the p55 component of the IL-2 receptor (CD25), was
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generously provided by Dr. T. Waldmann, National Cancer Institute,
National Institutes of Health (25). Anti-CD25 conjugated to phycoer-
ythrin (PE) and anti-CD20-fluorescein isothiocyanate (FITC) were
purchased from Becton, Dickinson & Co., San Jose, CA. 2H4 (Coulter
Immunology, Hialeah, FL) is an IgGI antibody to the CD45RAmole-
cule (26). Rabbit antibody to human IL-6 was obtained from Amgen
Biologicals and diluted 1: 150 to neutralize 40 ng/ml of IL-6. 8F-12, an
IgGI, MAbto human IL-4 was the kind gift of Dr. C. H. Heusser,
Basel, Switzerland (10).

Cell separation. PBMCfrom adult peripheral blood and cord blood
were depleted of monocytes and natural killer (NK) cells by incubation
with 5 mML-leucine methyl ester (Sigma Chemical Co.) in serum-free
medium (27,28). After washing, B cells were depleted of T cells by two
cycles of rosetting with neuraminidase-treated sheep red blood cells
(29). Adult B cells prepared in this fashion are > 90%CD20positive, as
has been previously established (30). Cord blood B cells were 70-75%
CD20positive, and 75-90% CD19positive. Approximately 85-90% of
both the cord and adult CD20-positive cells stained positively for IgD.
The B cell preparations contained < 1% CD3-positive cells. Sedi-
mented rosette-forming cells from the first centrifugation were treated
with isotonic NH4C1to lyse the sheep RBC. Adult and cord blood T cell
populations were > 95% CD3+. T cells were subjected to 2,000 rad of
y-irradiation before culture.

Culture conditions. 64.1 was diluted in 0.05 MTris, pH 9.5, the
concentration was adjusted to 4 gg/ml, and 50 ,d were placed in each of
the wells of 96-well microtiter plates (Costar, Cambridge, MA) and
incubated at room temperature for 1-5 h. Afterward, the wells were
washed twice with medium to remove nonadherent MAbbefore the
addition of cells (31). Routine cultures were carried out in triplicate in a
total volume of 200 ,ul per well. T cells were added at a density of 1.0
x 10' per well and B cells were added at 2.5 X 104 per well unless
indicated otherwise. The cultures were incubated at 37°C in a humidi-
fied atmosphere of 5%CO2and 95%air. Supernatants for quantitation
of Ig secretion were harvested at varying time points as indicated.

Measurement of Ig secretion. Ig in the culture supernatants was
quantitated utilizing isotype-specific ELISAs as previously described
(7, 32). The sensitivities of the specific assays are as follows: IgM, 24
ng/ml; IgG and IgA, 12 ng/ml. IgG subclass production was deter-
mined utilizing purified mouse IgG MAbto human IgG subclasses,
(IgGl-JDC 1, IgG4-JDC 14, Southern Biotechnology Associates, Bir-
mingham, AL; IgG2-HP6014, IgG3-HP6047, American Type Culture
Collection, Rockville, MD)bound to microtiter plates coated with goat
anti-mouse IgG Fc fragment (Cappel Laboratories, Cooper Biochemi-
cal, Malvern, PA) as previously described (7, 33). Bound IgG was de-
tected with peroxidase-conjugated affinity-purified goat anti-human
IgG (Tago, Inc., Burlingame, CA) and compared to serial dilutions of
purified myeloma IgG subclass standards, a kind gift of Dr. Hans Spie-
gelberg, La Jolla, CA. The sensitivity of the IgG subclass assays is 12
ng/ml.

IL-2 assay. Supernatants to be assayed for IL-2 production were
obtained after incubation of neonatal T cells (1.0 x 105 per well) for 72
h with immobilized anti-CD3 in the presence of 5 jg/ml anti-CD25.
Supernatants were filtered and frozen before assay. IL-2 production
was determined by incubation of CTLL cells (5 X 103 cells per well)
suspended in 100 ,gl of medium containing 10%FBSwith 100 Al of the
culture supernatant to be assayed or various concentrations of recombi-
nant IL-2 diluted in culture medium. [3H]Thymidine incorporation
was assessed after 28 h with [3H]thymidine present for the last 8 h. IL-2
production was determined by comparing CTLL [3Hlthymidine incor-
poration supported by supernatants with that supported by known
concentrations of recombinant IL-2 (34). This assay detects IL-2 but
not other cytokines.

IL-6 assay. IL-6 in the culture supernatants was quantitated utiliz-
ing an immunoassay specific for human IL-6 (Amgen Diagnostics,
Thousand Oaks, CA) the sensitivity of the assay is 10 pg/ml. This assay
is specific for IL-6.

Immunofluorescence analysis. B cells (1 x 106) and T cells (1 x 106)
were incubated with immobilized anti-CD3 in 1 ml of medium with or
without cytokines in 16-mm flat-bottomed polystyrene plates (Corning
Glass, Inc., Corning, NY). Cells were harvested and stained simulta-
neously with anti-CD20-FITC to distinguish B cell populations and
anti-CD25-PE and fixed with 1%paraformaldehyde. Immunofluores-
cence was analyzed with the fluorescence-activated cell sorter. Expres-
sion of CD45RAwas investigated after incubation of neonatal T cells
(2 x 106) with immobilized anti-CD3 in 16-mm wells with or without
cytokines. Cells were harvested after varied periods of incubation,
stained with anti-CD45RA or control antibody, fixed, and analyzed
with the fluorescence-activated cell sorter (Becton, Dickinson & Co.,
Mountain View, CA).

Statistics. The Wilcoxon signed rank test or paired t test was uti-
lized to determine the significance of differences between paired sam-
ples.

Results

Ig secretion by anti-CD3-stimulated adult lymphocytes. The Ig
secreted by anti-CD3-stimulated adult lymphocytes is detailed
in Table I. Anti-CD3 stimulation alone results in the secretion
of large amounts of IgM, IgG 1, and IgA. However, production
of all Ig isotypes including substantial amounts of IgE were also
observed. Supplementation of these cultures with IL-2, IL-4, or
IL-6 had no major effect on the amounts of the various Ig
isotypes secreted, except for IgE which was increased by the
addition of IL-2 or IL-4. Addition of combinations of the cyto-
kines had no additional effects beyond that noted with the ad-
dition of IL-2 or IL-4 alone (data not shown). These results

Table I. Immunoglobulin Secretion by Anti-CD3-stimulated Adult Lymphocytes

Ig isotype secreted

Addition IgM IgGI IgG2 IgG3 IgG4 IgA IgE

9g/mI

Nil 17.97±1.64 12.59±2.54 0.73±0.25 1.52±0.38 0.24±0.12 16.79±2.03 0.038±0.014
IL-2 16.35±0.90 9.55±1.69 0.65±0.26 1.11±0.22 0.17±0.06 13.09±3.14 0.090±0.036*
IL-4 16.05±2.28 11.41±2.51 0.57±0.19 1.58±0.41 0.20±0.05 15.02±2.30 0.097±0.025*
IL-6 17.97±2.62 14.14±2.78 1.34±0.71 2.29±0.87 0.36±0.24 17.51±1.80 0.056±0.015

Adult B cells (1.0-2.5 x 104 per well) and T cells (1.0 x 10' per well) were incubated with immobilized anti-CD3 with or without supplemental
IL-2 (50 U/ml), IL-4 (100 U/ml), or IL-6 (10 U/ml). Supernatants were harvested for quantitation of Ig secreted on day 12 or 15. The results
are expressed as the mean±SEMfor six experiments. * Enhancement of Ig secretion above that secreted in the absence of cytokines (P < 0.05,
Wilcoxon signed rank).
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Figure 1. Ig secretion by anti-CD3-stimulated neonatal T and B cells cultured with IL-2 and IL4. Cord B cells (5-25 X I04 per well) were incu-
bated with cord T cells (1.0 X I0O per well) in the presence of immobilized anti-CD3 with or without IL-2 (50 U/ml) or IL-4 (100 U/ml, 2
ng/ml). Supernatants were harvested at multiple time points from day S to day 20 for analysis of Ig secretion. The results presented are the
means±SEMof the maximal Ig secreted for each isotype for six experiments. IL-2 enhanced the secretion of all Ig isotypes except IgGl; ILA4
increased all but IgGI, IgG2, IgA; and the combination of IL-2 and IL-4, enhanced all Ig isotypes (P < 0.05). No differences were noted between
the patterns of Ig isotypes secreted in the presence of IL-2 or IL-4 alone. The combination of IL-2 and IL-4 enhanced the secretion of all Ig
isotypes above that obtained with IL-2 alone except for IgG3 (P < 0.05).

suggest that anti-CD3 stimulation alone was sufficient to stim-
ulate large amounts of Ig secretion by the adult lymphocytes
and that with the exception of IgE supplemental cytokines were
not required.

Induction of Ig secretion by anti-CD3-stimulated neonatal
B and T cells with supplemental cytokines. Wepreviously re-
ported that anti-CD3 stimulation was not sufficient to induce
Ig secretion by neonatal B and T cells. Therefore, the initial
experiments examined the influence of various cytokines on Ig
production by anti-CD3-stimulated neonatal lymphocytes.
For these experiments Ig secretion was assayed at multiple time

points over 5-20 d and the maximal levels of the various Ig
isotypes determined. In the absence of supplemental cytokines,
anti-CD3-stimulated neonatal lymphocytes secreted minimal
Ig (Fig. 1). Addition of supplemental IL-2 or IL-4 resulted in
the secretion of all Ig isotypes. Comparison of the Ig isotypes
secreted in response to IL-2 and IL-4 demonstrated no consis-
tent differences in the isotype of Ig secreted although IL-2 sup-
ported more IgM and IgG3 secretion than IL-4. The combina-
tion of IL-2 and IL-4 markedly increased the secretion of all Ig
isotypes above that induced by either cytokine alone. In each
experiment shown in Fig. 1, detailed kinetics of Ig production

Table II. Interferon-y Does Not Inhibit the Effect of IL-4 on Anti-CD3-stimulated Ig Secretion by Neonatal Lymphocytes

Ig isotype secreted

Addition IFN-'y 1gM IgGI IgG2 IgG3 IgG4 IgA IgE

1g/ml

Nil - 237±139 71±39 0±0 11±7 0±0 0±0 0±0
+ 494±239 90±77 9±9 17±14 0±0 5±5 0±0

IL-2 - 3,505±2,006 720±447 33±23 244±157 34±23 31±14 12±6
+ 6,245±3,854 991±790 32±21 262±223 19±12 32±22 19±13

IL-4 - 1,152±564 287±148 35±21 56±38 49±45 23±19 17±11
+ 2,427+1,082* 338±168 48±28 73±41 52±36 32±20* 24±13*

IL-2 + IL-4 - 9,425±2,783 1,141±529 92±45 148±64 151±75 70±29 59±17
+ 11,848±3,112* 860±437 76±34 159±78 91±45 71±34 56±18

Neonatal B cells (2.5 x 104 per well) were incubated with irradiated neonatal T cells (1.0 X 101 per well) and immobilized anti-CD3 in
the presence or absence of supplemental cytokines (IL-2, 50 U/ml; IL-4, 100 U/ml; or IFN--y 100 U/ml). Supernatants were harvested for
quantitation of Ig secreted on day 15. The results are expressed as the mean ± SEMfor five experiments. * Enhanced Ig secretion in the presence
of IFN-y (P < 0.05; paired t test).
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Figure 2. Enhancement of Ig secretion by IL-2 and IL-6. Cord B cells (1.0-2.5 x 104 per well) were incubated with irradiated cord T cells (1.0
x 105 per well) and immobilized anti-CD3 in the presence or absence of IL-2 (50 U/ml) or IL-6 (10 U/ml). Supernatants were harvested at
multiple time points from 5 to 20 d for analysis of the Ig secreted. The results presented are the mean±SEMof the maximal Ig secreted for each
isotype from seven separate experiments. Either IL-2 or IL-6 enhanced the secretion of each Ig isotype above control values (P < 0.05, Wilcoxon
signed rank test). The combination of IL-2 and IL-6 resulted in greater Ig production than that obtained with IL-2 alone for all Ig isotypes
except IgG4 and IgE.

were also analyzed. No significant differences were noted in the
capacity of IL-2 or IL-4 to alter the rate at which any of the
secreted Ig isotypes reached their maximums (data not shown).

IFN-y antagonizes many of the actions of IL-4 (6, 35, 36).
Therefore the effect of IFN-y on the enhanced Ig secretion
noted with IL-2 and IL-4 was examined (Table II). IFN-'y alone
had only a minimal effect on Ig secretion. IFN-'y did not con-

sistently increase the amount of Ig produced or alter the Ig
isotypes secreted in response to IL-2. Moreover, IFN-'y did not
inhibit the Ig secreted in response to IL-4 or the combination of
IL-2 + IL-4 but enhanced the secretion of IgM, IgA, and IgE
secreted in response to IL-4 and the secretion of IgM in re-

sponse to IL-2 + IL-4.
The ability of IL-6 to induce Ig secretion by anti-CD3-stim-

ulated neonatal B and T cells was also examined (Fig. 2). IL-6
induced Ig secretion by most (8 of 13 experiments) of the cord
T and B cell cultures. There was no difference in the pattern of
Ig isotypes secreted in response to IL-6 compared to that se-

creted in response to IL-2. The combination of IL-2 and IL-6
markedly increased the secretion of all Ig isotypes above that
noted with either cytokine alone. In each experiment shown in
Fig. 2, detailed kinetics of Ig production were analyzed. No
reproducible differences were noted in the capacity of IL-2 or
IL-6 to alter the rate at which any of the secreted Ig isotypes
reached maximal amounts (data not shown). Comparison of
the Ig isotypes secreted in response to IL-2 and IL-6 vs. IL-2
and IL-4 from paired experiments indicated that the combina-
tion of IL-2 and IL-6 resulted in more secreted Ig than the
combination of IL-2 and IL-4 but no differences in the Ig iso-
types secreted were noted (data not shown). Finally, addition of
IL-6 to cultures supported by IL-4 or IL-2 + IL-4 had no con-

sistent effect on the amount of Ig secreted (data not shown).
The effect of IL-4 and IL-6 on neonatal B cell Ig production

is dependent on IL-2. Ig production by adult B cells requires
IL-2 (7, 20, 37). The next experiments examined the role of

IL-2 in the production of Ig by neonatal B cells by investigating
the ability of antibody to the p55 component of the IL-2 recep-
tor (CD25) to inhibit Ig secretion supported by IL-4 or IL-6.
Anti-CD25 inhibited Ig secretion by the anti-CD3-stimulated
neonatal B cell and T cells regardless of whether it was in re-

Cytokines
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IL-2+IL-4

Ant !-1L-2H4
_ N Igm

gB IgG
+ El IgA+

+I
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Figure 3. Antibody to the IL-2 receptor (CD25) inhibits Ig secreted in
response to IL-4. Cord B cells were incubated with irradiated neonatal
T cells and immobilized anti-CD3 in the presence or absence of IL-2
(50 U/ml) or IL-4 (100 U/ml). Isotype-matched control antibody or
MAbto the p55 component of the IL-2 receptor (CD25) were added
to the wells as indicated (5 gg/ml). Supernatants were harvested on

day 12 or 13 and assayed for Ig content. The results are expressed as
the mean±SEMfor three experiments. Anti-CD25 inhibited the se-
cretion of IgM, IgG, and IgA promoted by IL-4 and the secretion of
IgM and IgA promoted by the combination of IL-2 and IL-4 (paired
ttest, P < 0.05).
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sponse to IL-2 or IL-4 or the combination of IL-2 and IL-4
(Fig. 3). In contrast, MAbto IL4 had no effect on the amount
of Ig produced in response to IL-2, although it markedly inhib-
ited IL-4-induced Ig secretion (Table III).

Antibody to the IL-2 receptor also blocked the secretion of
Ig in response to IL-6 either alone or in combination with IL-2
(Fig. 4). In contrast, antibody to IL-6 had no effect on the
amount of Ig produced in response to IL-2, although responses
induced by IL-6 were completely inhibited (Fig. 5). These re-

sults support the conclusion that IL-2 is required for Ig secre-

tion by the anti-CD3-stimulated neonatal B and T cells
whereas neither IL-4 nor IL-6 is absolutely required, although
each can amplify responses. The results also imply that the
actions of IL-4 and IL-6 on neonatal Ig secretion are dependent
on the presence of IL-2.

The effects of IL-4 or IL-6 could not be explained by an

enhancement of IL-2 receptor expression. Fewer than 3% (n
= 5) of freshly isolated neonatal B or T cells expressed CD25.
However, stimulation with immobilized anti-CD3 resulted in
a progressive increase in CD25 expression on both B and T
cells between 12 and 48 h (Fig. 6). As shown in Table IV,
expression of CD25 was not enhanced on either B or T cells by
the additional cytokines, suggesting that enhanced expression
of IL-2 receptors on either the B cells or T cells is not a major
factor in the ability of the supplemental cytokines to enhance
neonatal Ig production.

IL-4 promotes the secretion of IL-2 by anti-CD3-stimu-
lated neonatal T cells. The next experiments were carried out
to determine whether IL-4 had a direct effect on neonatal T
cells that might result in increased production of IL-2. As can

be seen in Table V, the production of IL-2 by the

Figure 4. Antibody to the IL-2 receptor (CD25)
blocks Ig secretion induced by IL-6. Cord B
cells (2.5 x 104 per well) were incubated with
irradiated cord T cells (1.0 x IO' per well) and
immobilized anti-CD3 with or without IL-2
(25 U/ml), IL-6 (10 U/ml), or anti-CD25 (5
Ag/ml). Supernatants were harvested on day

1 2 3 4 10 for quantitation of the Ig secreted. Isotype-
matched control antibody did not inhibit Ig

p/mi) secretion.

anti-CD3-stimulated neonatal T cells was minimal. Of note,
IL-4 significantly enhanced IL-2 production by anti-CD3-acti-
vated but not the unstimulated neonatal T cells. IL-6 also en-

hanced IL-2 production by anti-CD3-stimulated neonatal T
cells, but the effect was minimal compared to IL-4.

IL-4 promotes IL-6 production by anti-CD3-stimulated
neonatal lymphocytes. The next experiments examined the ef-
fect of IL-4 on IL-6 production by neonatal lymphocytes. As
can be seen in Table VI, anti-CD3 stimulation alone did not
result in IL-6 production by neonatal T cells. IL-2 did not in-
crease IL-6 production by the neonatal T cells, whereas IL-4
consistently augmented IL-6 production by the neonatal T
cells although the amount of IL-6 produced was small. The
combination of IL-2 and IL-4 had no greater effect on IL-6
production than IL-4 alone. Co-cultures of neonatal B cells and
anti-CD3-activated neonatal T cells produced greater amounts
of IL-6 than anti-CD3-stimulated neonatal T cells alone. Sup-
plementation of these cultures with IL4 consistently increased
the production of IL-6.

These results suggested the possibility that IL-4 might indi-
rectly amplify Ig production by neonatal B cells by enhancing
production of IL-6. Therefore, the effect of an antibody to IL-6
on the capacity of IL-4 to promote Ig production was exam-
ined. The data in Fig. 5 indicate that antibody to IL-6 had no

consistent effect on IL4-supported Ig production. These re-

sults indicate that IL4 could enhance IL-6 production by neo-

natal lymphocytes although this effect is not essential for IL-4
to promote Ig secretion.

Both IL-2 and IL-4 are required to support Ig secretion by
anti-CD3-stimulated neonatal B and Tcells in the presence of
cyclosporin A. Cyclosporin was used to prevent cytokine pro-

IgM

10 20 0

19 (jg9/ml)

Figure 5. Antibody to IL-6 does not inhibit the
secretion of Ig induced by IL4. Anti-CD3-stimu-
lated neonatal B cells (2.5 x 104 per well) and
irradiated T cells (1 x IO' per well) were incubated
with or without supplemental cytokines (IL-2, 50
U/ml; IL4, 100 U/mi; IL-6, 10 U/ml) and neu-

tralizing antibody to IL-6 (1:150 dilution). Super-
natants were harvested after 15 d for quantitation
of secreted 1g. One of two similar experiments is
shown. Control rabbit IgG had no inhibitory effect.
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Figure 6. Induction of CD25 expression by anti-CD3 stimulation.
Irradiated neonatal T cells (2 X 106) and B cells (I X 106) were incu-
bated with immobilized anti-CD3. Cells were stained before culture
and at varied time points after the initiation of culture with anti-
CD20-FITC to distinguish B cells and T cells and with anti-CD25-PE,
fixed, and analyzed by fluorescence-activated cell sorter. Gates were
set using control antibodies.

duction in order to examine the effects of supplemental cyto-
kines in the absence of endogenously produced cytokines (38).
In the presence of cyclosporin, IL-2 alone was not sufficient to
induce Ig secretion (Table VII). IL-4 alone was also not able to
enhance Ig secretion consistently. In the presence of cyclo-
sporin, however, the combination of IL-2 and IL-4 routinely
resulted in Ig secretion. These results indicate that in the pres-
ence of cyclosporin both IL-2 and IL-4 were necessary to in-
duce Ig secretion by the anti-CD3-stimulated neonatal T and B
cells. In contrast, IL-6 alone did not support Ig secretion, and
did not enhance Ig secretion in the presence of IL-2 or IL-4. It
should be pointed out that not all of the cyclosporin-induced
inhibition of Ig secretion could be reversed with the addition of
cytokines, suggesting that other factors may be required or that
cyclosporin has effects other than inhibition of cytokine pro-
duction.

Effects of cytokines on B and T cell responses. The next
experiments examined the impact of IL-2 or IL-4 on anti-
CD3-activated neonatal B and T cells. Neonatal B cells were
cultured with anti-CD3-stimulated T cells for 48 h and iso-
lated, and their ability to respond to IL-2 or IL-4 was examined
(Table VIII). IL-2 supported neonatal B cell Ig secretion,

Table III. Anti-IL-4 Does Not Inhibit IL-2-induced Ig Secretion

Ig isotype secreted

Addition Anti-IL-4 IgM IgG IgA

ng/ml

Nil - <24 < 12 < 12
+ <24 <12 <12

IL-2 - 7371 573 102
+ 8505 654 144

IL-4 - 5913 1434 159
+ 42 15 <12

Neonatal B and T cells were incubated with anti-CD3 with or without
IL-2 (50 U/ml) or IL-4 (100 U/ml) in the presence of control antibody
or MAbto IL-4 (1 gg/ml). Supernatants were harvested on day 12
for quantitation of Ig by ELISA.

Table IV. Induction of IL-2 Receptor (CD25) by Anti-CD3

Donor

1 2 3
Supplemental

Cell source cytokines %+ MR %+ MF1 %+ MR

B cells Nil 24 170 73 365 18 113
IL-2 18 162 69 371 22 124
IL-4 25 222 70 538 20 96
IL-2 + IL-4 31 221 84 572 24 105
IL-6 31 172 86 519 21 123
IL-2 + IL-6 38 163 75 409 31 127

T cells Nil 24 164 72 485 50 148
IL-2 24 150 75 610 57 172
IL-4 20 170 67 783 58 160
IL2 + IL-4 24 153 75 751 69 191
IL-6 26 154 79 686 51 159
IL-2 + IL-6 30 156 77 670 61 197

Neonatal B cells (1 x 106) and irradiated T cells (2 X 106) were stim-
ulated with immobilized anti-CD3. Cells were harvested at 24 h
(expt. 1) and 48 h (exptr. 2 and 3) and stained with MAbto CD25-PE
and CD20-FITC for analysis of IL-2 receptor (CD25) expression on
B and T cell populations by FACS. The data indicate the percentage
of positively staining cells (%) and the mean fluorescence intensity
(MFI) of the stained cells. Less than 2%of freshly isolated B and T
cells expressed CD25.

whereas IL-4 was much less effective in supporting Ig secretion
by the activated B cells even in the presence of IL-2. The effect
of IL-2 and IL-4 on the capacity of anti-CD3-activated T cells
to provide help for neonatal B cells was also investigated (Table
IX). Neonatal T cells stimulated with anti-CD3 were unable to
support neonatal B cell Ig secretion. However, the presence of
IL-4 and to a lesser extent IL-2 during T cell activation with
anti-CD3 resulted in an enhanced ability of the neonatal T

Table V. Effect of Supplemental Cytokines on IL-2 Production
by Neonatal T Cells

IL-2 production

Anti-CD3 Additions Expt. I Expt. 2 Expt. 3

[3H]TdR incorporation by CTLL cells
(cpm X 1-Y)

- Nil 2.1±0.6 0.1±0.0 0.2±0.0
IL-4 0.7±0.4 1.1±0.7 0.2±0.0
IL-6 0.8±0.4 0.2±0.0 0.7±0.7

+ Nil 0.8±0.1 1.2±0.1 1.5±0.7
IL-4 11.2±1.1 25.3±1.0 19.6±0.8
IL-6 2.7±0.1 3.0±0.6 2.8±0.7

Irradiated cord T cells (1.0 x l0 per well) were incubated with or
without immobilized anti-CD3 in the presence or absence of IL-4
(100 U/ml) or IL-6 (10 U/ml). Anti-CD25 (5 ,g/ml) was added to
all wells to prevent absorption of IL-2. Supernatants were harvested
after 72 h and were assayed for IL-2 production. Data are shown as

the [3H]thymidine incorporation by CTLL cells. Both IL-4 and IL-6
increased IL-2 production above control and the increase with IL-4
was greater than that induced by IL-6 (P . 0.03, paired t test).
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Table VI. IL-6 Production by Anti-CD3-stimulated Lymphocytes

Additions

Expt. Cell source Nil IL-2 IL-4 IL-2+4

pg/mi

1 T 21 <10 30 ND
B+T 26 94 388 ND

2 T <10 <10 11 59
B+T 120 123 198 163

3 T <10 <10 44 34
B + T 140 30 290 320

4 B + T <10 ND 240 ND
5 B+ T <10 ND 160 ND

Irradiated neonatal T cells (1.0 X 105 per well) were cultured with or
without neonatal B cells (2.5 x 104 per well) in the presence or ab-
sence of IL-2 (50 ,/ml) or IL-4 (100 ,/ml) with immobilized anti-
CD3. Supernatants were harvested after a 10-d incubation for deter-
mination of IL-6 by ELISA. Expts. 4 and 5 examined IL-6 production
by neonatal B (1 X 106/ml) and neonatal T cells (2 x 106/ml) with
and without IL-4 after a 72-h incubation. ND, not done.

cells to support Ig secretion by the neonatal B cells. Similar
results were noted when cyclosporin was included during the
activation of the T cells, implying that the effects of IL-4 or IL-2
could not be explained by an indirect effect on cytokine produc-
tion by the T cells (data not shown). The activated T cells did
not support neonatal B cell Ig secretion in the absence of supple-
mental IL-2, suggesting that differences in the amount of IL-2
secretion did not account for the enhanced helper function.
The effect of IL-4 on T cell preactivation could also be demon-
strated in the presence of cyclosporin suggesting that cytokine
production was not essential for the effect (data not shown).
These results suggest that IL-4 directly enhances neonatal T
cell helper function and that the effect of IL-4 on neonatal B
cell Ig secretion may be indirect.

Table VIII. Reversal of Cyclosporin-induced Inhibition
of Ig Secretion by Cytokines

Total Ig secreted

Addition Expt. I Expt. 2 Expt. 3 Expt. 4

ng/ml

Nil <12 <12 12 <12
IL-2 <12 <12 12 <12
IL-4 <12 <12 114 <12
IL-2 + IL-4* 353 336 435 1,758
IL-6 <12 <12 <12 <12
IL-2+IL-6 <12 12 <12 <12
IL-4 + IL-6 ND <12 72 <12
IL-2 + IL-4 + IL-6 ND 348 417 1,521

Cord B cells (2.5 x 104 per well) were incubated with irradiated cord T
cells (I - 1.5 x 105 per well) in the presence of immobilized anti-CD3
and cyclosporin A (100 ng/ml) with or without the addition of IL-2
(50 U/ml), IL-4 (100 U/ml), or IL-6 (10 U/ml). Supernatants were
harvested for quantitation of Ig secretion on days 12-15. ND, not
done. * Mean percentage of control response 53±32%.

Table VIII. Cytokine Responsiveness of Neonatal B Cells
Preactivated with Anti-CD3-stimulated T Cells

Addition to B cells

Expt. NIL IL-2 IL-4 IL2 + IL-4

ng/ml

1 159 1,592 162 651
2 26 351 <12 646
3 <12 183 <12 132

Cord B cells 1 x 106/ml were preincubated with anti-CD3-activated
adult T cells for 48 h. The B cells were then depleted of T cells and
incubated (2.5 x 104 per well) alone or with IL-2 (50 U/ml) or IL-4
(100 U/ml) for an additional 10 d.

Supplemental cytokines do not cause the loss of CD45RA
expression. Previous studies have suggested that naive
CD45RAexpressing cells cannot provide help for B cells (39).
Therefore, it was possible that the effect of the supplemental
cytokines was to promote differentiation or outgrowth of
CD45RA- memory cells that could then provide B cell help. As
shown in Fig. 7, > 95% of the neonatal lymphocytes were
CD45RA+at the initiation of culture. Neonatal T cells stimu-
lated with immobilized anti-CD3 with or without supple-
mental cytokines and harvested after various lengths of culture
(2-15 d) remained CD45RA+. These results suggest that in
these cultures, help is provided by CD45RA+naive T cells and
that differentiation to CD45RA- memory T cells did not
occur.

Discussion

Immobilized anti-CD3 is a powerful inducer of Ig secretion by
adult lymphocytes (40, 41). Detailed analysis of the Ig secreted
by anti-CD3-stimulated adult B and T cells demonstrated the
production of all Ig isotypes without supplemental cytokines.
Supplemental IL-2, IL-4, or IL-6 did not enhance Ig produc-

Table IX. Role of Cytokines in the Induction of Helper Activity
by Neonatal T Cells

Secretion of Ig
Cytokine present during

T cell activation Expt. I Expt. 2 Expt. 3

ng/ml

Nil <12 15 28
IL-2 243 15 109
IL-4 420 300 1836
IL-2 + IL-4 ND 210 1449

Irradiated T cells (1 x 106/ml) were preincubated with immobilized
anti-CD3 with or without IL-2 (50 U/ml) or IL-4 (I100 U/ml) for 24
h. The T cells were then harvested, washed, and reincubated at 1.0
x 10' per well with 2.5 x 104 autologous cord B cells and IL-2 (50
U/ml). No Ig secretion was induced when B cells were co-cultured
with T cells that had been preincubated with cytokines but without
anti-CD3. In the absence of IL-2 in the second culture, there was
minimal secretion of Ig. ND, not done.
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Figure 7. Anti-CD3 stimulation with or without supplemental cyto-
kines does not induce loss of CD45RA. Anti-CD3-stimulated neona-
tal T cells were stained for CD45RAexpression before culture and
after varying lengths of incubation and analyzed by fluorescence acti-
vated cell sorting. (A) Control (dashed line) and CD45RA(solid line)
expression of the cells before to culture. (B-D) CD45RAexpression
of neonatal T cells at days 2, 4, and 7, respectively in response to
stimulation with (left) anti-CD3 alone and (right) anti-CD3 with IL-2
(50 U/ml) and IL-4 (100 U/ml). Representative data from one of
four experiments are shown.

tion, with the exception that IgE secretion was increased in
response to either IL-2 or IL-4, but not IL-6. These results
support the conclusion that anti-CD3 stimulation of adult T
cells is sufficient to result in maximal Ig secretion by adult B
cells. By contrast, anti-CD3-activated neonatal T cells are defi-
cient in the capacity to support Ig production by adult or neona-
tal B cells (4). Although neonatal T cells are reported to secrete
IL-2, their ability to produce a number of other cytokines in-
cluding IL-4 and IFN-'y is deficient (10-15). Therefore, the
capacity of exogenous cytokines to promote Ig production by
neonatal lymphocytes was explored.

In order to evaluate T cell-B cell collaboration, it was neces-
sary to prevent the suppressive effect of the neonatal T cells by
irradiating them, as previously described (4). Irradiation de-
creased, but did not prevent IL-2 production. However, in con-
trast to adult cultures, endogenous production of IL-2 was in-
sufficient for the support of Ig production by neonatal B cells.
Provision of large concentrations of exogenous IL-2 resulted in
the induction of Ig secretion, suggesting that the anti-
CD3-stimulated neonatal lymphocytes were less responsive to

IL-2 or required additional signals which could be induced or
bypassed by the provision of large amounts of IL-2.

Wehave previously reported that IgG and a small amount
of IgA were secreted by anti-CD3-stimulated neonatal lym-
phocytes cultured with supplemental IL-2 (4). It is likely that
production of these Ig isotypes results from switch recombina-
tion since the overwhelming majority, if not all, neonatal B
cells express surface IgM. Wereport here that all four sub-
classes of IgG can be produced by maximally activated neona-
tal B and T cells, but that IgGl and IgG3 are produced predomi-
nantly. Compared to responses obtained with adult lympho-
cytes, neonatal lymphocytes secrete proportionately more
IgG3 and less IgG2 and IgA. These results are consistent with
the delay in the development of serum levels of these Ig iso-
types (42, 43). Of note, the y3 heavy chain is the most 5' of the
y heavy-chain genes followed by y 1, -y2, and y4, suggesting
that the disproportionate increase in IgG3 secretion by the neo-
natal lymphocytes may be consistent with a tendency to switch
from IgM to the most proximal y heavy chain gene (44). This is
not an exclusive switch however, as IgG 1 remains the predomi-
nant IgG subclass produced and the cells also produce small
amounts of IgG2 and IgG4 as well as IgA and IgE.

The current work addressed the possibility that cytokines
other than IL-2 may be important for the induction of Ig secre-
tion and for the production of individual Ig isotypes by neona-
tal lymphocytes. IL-4 has major effects on T cell proliferation
as well as regulatory effects on human B cell growth and differ-
entiation (5-7). IL-4 has also been shown to facilitate IgE syn-
thesis and secretion (8, 15, 45, 46). Naive adult T cells and
neonatal T cells do not produce IL-4 (10-13). Supplementa-
tion of anti-CD3-stimulated neonatal T and B cells with IL-4
resulted in the production of all major Ig isotypes including but
not exclusively IgE. IL-4 enhanced the production of Ig above
that obtained with IL-2 alone, without altering the Ig isotypes
secreted.

Neonatal lymphocytes and naive adult T cells are reported
to be deficient in their ability to produce IFN-'y (13, 16, 47).
IFN-y does not support Ig secretion by Staphylococcus aureus-
activated adult B cells but enhances IL-2 responsiveness and Ig
secretion supported by IL-2 (37). It has also been reported to
regulate Ig isotype production in the mouse and to antagonize
some of the actions of IL-4 (6, 14, 15, 35, 36). IFN-,y alone did
not consistently result in Ig secretion or enhance Ig secretion in
combination with IL-2 by the anti-CD3-stimulated neonatal
lymphocytes. IFN--y did not inhibit Ig secretion supported by
IL-4 but rather tended to enhance Ig secretion induced by IL-4,
but did not alter the Ig isotypes. These results suggest that as
with adult lymphocytes, IFN--y plays a modest role in enhanc-
ing Ig production in an isotype nonspecific manner and, im-
portantly, does not interfere with the action of IL-4 on the
neonatal lymphocytes.

IL-6 also plays an important role in B cell Ig secretion (19,
20). A recent report suggested that IL-6 was required for pri-
mary immunoglobulin responses in the mouse (48). Previous
reports suggest that IL-6 is made by both neonatal T and B cells
in response to mitogens (49). However, two recent reports sug-
gest that production of IL-6 by naive T cells stimulated with
anti-CD2 or anti-CD3 may be deficient (13, 50). Therefore,
the action of IL-6 on neonatal Ig production stimulated by
anti-CD3 was also investigated. IL-6 alone resulted in an in-
consistent induction of Ig secretion by the anti-CD3-stimu-
lated neonatal B cells but consistently augmented Ig secretion
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in response to IL-2 without a significant effect on the pattern of
Ig isotypes secreted.

These results suggested that both IL4 and IL-6 appear to be
capable of enhancing Ig secretion. Because they are produced
in deficient amounts by neonatal lymphocytes, the limited
amounts of these cytokines could account for deficient hu-
moral responses by neonates. Since neonatal cells are largely
composed of naive cells, production of large amounts of Ig
from postswitch memory cells is not observed and therefore
cannot mask subtle effects of cytokines on a small fraction of
cells undergoing switch recombination. Despite this, however,
only minor differences in the Ig isotypes secreted were noted
with the individual cytokines. Clear-cut evidence for an iso-
type-specific effect on neonatal B cell Ig secretion could not be
demonstrated with any of the cytokines studied. Therefore, the
results are most consistent with the conclusion that these cyto-
kines do not exert isotype specific effects on human B cells
activated with anti-CD3-stimulated T cells.

Our previous work suggested that neither IILA or IL-6 alone
supported the production of Ig by S. aureus-stimulated adult B
cells (6, 7, 20). Inhibition of the IL4- and IL-6-induced Ig
secretion by antibody to CD25 supported the conclusion that
IL-2 was required for the induction of Ig secretion by neonatal
B cells as well. Similar results were obtained with a neutralizing
rat MAbto human IL-2 (data not shown), indicating that these
results were not related to an inhibitory effect ofthe anti-CD25
on the responsiveness of the cells. The essential role of IL-2 in
promoting Ig production by neonatal B cells was confirmed in
preliminary experiments indicating that preactivated neonatal
B cells produced Ig in response to IL-2 but not IL-4 or IL-6.
These results demonstrate that like adult B cells, neonatal B
cells require IL-2 to produce Ig.

A number of effects of IL-4 were documented that could
explain its capacity to enhance Ig production by neonatal B
cells. First it dramatically increased IL-2 production by anti-
CD3-activated neonatal T cells, although it had no effect on
IL-2R expression by either neonatal T or B cells. This effect on
IL-2 production is consistent with a previous report showing
that IL-4 enhanced IL-2 production by mitogen-stimulated
adult T cells (5). IL-4 exerted other effects in this model system
that also contributed to its capacity to enhance Ig production.
Thus, for example, the presence of IL-4 during activation of
neonatal T cells with anti-CD3 enhanced the subsequent abil-
ity of the activated neonatal T cells to support neonatal B cell Ig
secretion independently of effects on cytokine production.
These results support the conclusion that IL-4 directly en-
hanced the capacity of activated neonatal T cells to collaborate
with B cells as well as produce cytokines necessary for B cell
differentiation. IL-4 also enhanced production of IL-6 by neo-
natal lymphocytes. This was particularly noteworthy in co-cul-
tures of anti-CD3-activated neonatal T and B cells. The cell of
origin of the IL-6 was not determined in these mixed cell cul-
tures. It is clear that IL-4 can augment IL-6 production by
anti-CD3-activated neonatal T cells but in the mixed cultures
IL-4 could have amplified IL-6 production from B cells as well.
In this regard, a recent report suggests that IL-4 may directly
promote IL-6 production by resting purified adult human B
cells (51). For the current studies, the important finding was
that even though IL-4 induced IL-6 production from neonatal
lymphocytes, the induction of IL-6 production could not ac-
count for the effects of IL-4 on anti-CD3-stimulated Ig produc-
tion by neonatal lymphocytes. Thus, a neutralizing antibody to

IL-6 which totally inhibited the Ig secretion induced by IL-6,
had minimal effects on the Ig produced in response to IL-4.

A unique effect of IL-4 on anti-CD3-stimulated Ig produc-
tion was also demonstrated in the presence of cyclosporin A. In
the absence of endogenous cytokine production, IL-4 did not
support Ig secretion by the neonatal B cells. However, the com-
bination of exogenous IL-2 and IL-4 consistently resulted in Ig
secretion in the presence of cyclosporin. These results con-
firmed that the IL-4 induced Ig secretion was dependent on the
presence of IL-2. These results are consistent with the demon-
stration by Renz et al. (52) that IL-4 could not induce IgE
secretion by adult mononuclear cells in the presence of cyclo-
sporin unless IL-2 was also present. The current finding ex-
tends those results by showing a similar IL-2 dependence of
IL-4 effects in neonatal lymphocytes and that this requirement
for IL-2 extends to induction of all Ig isotypes.

Of importance, IL-2 alone could not promote Ig secretion
by cyclosporin blocked neonatal lymphocytes. Ig secretion was
only noted when cells were co-stimulated by IL-2 and IL-4. It is
not certain that this represents a physiologic requirement or a
requirement imposed by cyclosporin since IL-4 is not thought
to be secreted by neonatal T cells (10-13) and a MAbto IL-4
does not consistently block IL-2-supported Ig secretion by neo-
natal lymphocytes. Moreover, the amount of Ig secreted by
cyclosporin-blocked cells in the presence of IL-2 and IL-4 is
much less than that produced by control cells supported by the
same cytokines, suggesting either that there are additional in-
hibitory effects of cyclosporin in these cultures or that an as yet
unidentified endogenously produced cytokine is necessary for
maximal Ig secretion by neonatal lymphocytes. If the latter is
the case, IL-4 may partially substitute for its action. Regardless
of the exact explanation, the results suggest that IL-4 promoted
neonatal T-B cell interactions independently of its effects on
cytokine production. IL-4 has been reported to promote conju-
gate formation between murine T cells and B cells and to en-
hance the expression of a number of molecules including MHC
class II, CD40, and CD23, which may be involved in T and B
cell interactions (35, 53-57). Therefore, the ability of IL-4 to
upregulate expression of some of these molecules may contrib-
ute to its capacity to promote T cell dependent B cell activa-
tion.

Neonatal T cells are largely CD45RA+naive T cells. There-
fore, it was possible that anti-CD3 stimulation caused these
cells to differentiate in vitro or that IL-4 enhanced this differen-
tiation. Anti-CD3 stimulation of the neonatal T cells with or
without IL-4 did not result in a significant decrease in
CD45RAexpression even after prolonged culture periods. As
CD45RA- cells account for < 3% of the irradiated T cells uti-
lized in the current cultures it is unlikely that this small number
of CD45RA- cells accounted for the results presented since 1
x I04 adult memory T cells minimally support Ig production
by adult B cells in this culture system (40). These results sup-
port the conclusion that the T cell help in these cultures origi-
nated from CD45RA+ cells and that anti-CD3 stimulation
with or without supplemental cytokines did not cause out-
growth of CD45RA- cells or differentiation of CD45RA+cells
to CD45RA- memory cells within the time frame of these ex-
periments. These results are consistent with the demonstration
by Clement et al. (39) that CD45RA+cells were poor helper
cells for adult B cells but demonstrate that they can provide
help if maximally stimulated with anti-CD3 and supplemental
cytokines are provided (39).
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IL-6 did not support Ig secretion in the presence of cyclo-
sporin with or without IL-2. These results demonstrate impor-
tant differences in the effects of IL-4 and IL-6 on neonatal Ig
secretion. They also support the conclusion that IL-6 produc-
tion is not necessary for all of the effects of IL-4, because IL-6
could not substitute for IL-4 in supporting Ig secretion in com-
bination with IL-2 in cyclosporin-blocked cultures. It is also
important to note that the combination of IL-6 and IL4 did
not support Ig secretion in the presence of cyclosporin suggest-
ing that IL-6 does not induce Ig secretion in the absence of
IL-2. The finding that IL-6 did not enhance Ig secretion in
cyclosporin-blocked cultures supported by IL-2 or by IL-2 and
IL-4 suggests that cyclosporin may inhibit the capacity of neo-
natal cells to respond to IL-6, or alternatively, IL-6 may indi-
rectly increase Ig production by inducing the production of
another cytokine. Additional experiments are currently exam-
ining these possibilities. The important conclusions from this
study, however, are that although IL-6 can increase Ig produc-
tion by neonatal lymphocytes, it cannot exert its effect in the
absence of IL-2 and does not appear to be essential for the
induction of Ig secretion.

In summary, anti-CD3-stimulated neonatal lymphocytes
are deficient in their ability to produce IL-4 and IL-6. How-
ever, both of these cytokines are able to promote Ig secretion by
anti-CD3-stimulated neonatal lymphocytes but neither ap-
pears to exert a specific effect on the pattern of Ig isotype se-
creted. IL-2 appears to be essential for Ig secretion by the neona-
tal B cells. IL-4 has major effects on T cell helper function
including facilitation of cytokine production and possibly en-
hancement of the capacity to provide noncytokine signals re-
quired for B cell activation. IL-6 does not appear to be essential
for neonatal Ig secretion but enhances Ig secretion in an IL-2-
dependent manner. These results indicate that deficient cyto-
kine production by neonatal lymphocytes is not coupled with
inability to respond to supplemental cytokines and suggest ap-
proaches to enhance the primary humoral response of neo-
nates.
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