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Effect of dexamethasone on IL-2 and IL-3
production by mononuclear cells in neonates and
adults

Hanna Bessler, Racheli Straussberg, Nina Gurary, Doron Aloni, Lea Sirota

Abstract
The effect of dexamethasone on inter-
leukin 2 (IL-2) and interleukin 3 (IL-3)
production by mononuclear cells in pre-
term and term infants and adults was
evaluated. The capacity of mononuclear
cells to produce these cytokines, in pre-
term infants with bronchopuhmonary dys-
plasia (BPD) and treated with dexam-
ethasone, was compared with that before
treatment.
Twenty six preterm and 36 term ne-

onates and 24 healthy adults were included
in the study. Mononuclear cells isolated
from neonatal cord blood (CBMC) and
adult peripheral blood (PBMC) were
stimulated with phytohaemagglutinin
(PHA) in the absence or presence of
dexamethasone at concentrations between
10-8M and 10-5M. IL-2 and IL-3 activities in
the supernatant fluids were tested using
bioassays. The in vivo effect ofthe drug on
the production of these cytokines by
PBMC in 10 preterms was determined
before and 24 hours after dexamethasone
administration (0.5 mglkglday).
The production of both cytokines was

inhibited in a dose dependent manner. A
difference in the sensitivity of mononu-
clear cells to the inhibitory effect of the
drug was found between neonatal cord
blood cells and adult PBMC, the former
being more sensitive. PBMC from pre-
term infants treated with dexamethasone
for BPD produced significantly less IL-2
and IL-3 as early as 24 hours after the ini-
tiation of the treatment (43% and 31%;
P<0.05, respectively).

It is concluded that mononuclear cells
from preterm and term neonates are
more sensitive to the inhibitory effect of
dexamethasone on IL-2 and IL-3 produc-
tion.
(Arch Dis Child 1996;75:F197-F201)
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Treatment with dexamethasone 0.5 mg/kg/
day 1-3 improves the pulmonary compliance
and resistance of mechanically ventilated ne-
onates with bronchopulmonary dysplasia
(BPD) within 12 hours.4 Prolonged treatment
with the drug, however, may be associated with
a high rate of potentially lethal infections.

Pharmacological doses of glucocorticosteroids
suppress a wide variety of non-specific inflam-
matory responses and specific immunological
processes.' Corticosteroids interfere with sev-
eral activation events, as well as with the T cell
proliferative response induced by antigens and
mitogens." Recent studies have shown that
dexamethasone inhibits phytohaemagglutinin
(PHA) induced mRNA accumulation for
interleukin 2 (IL-2) and IL-2 receptors (IL-
2R).9 Kavelaars et al reported in 1995 that
neonatal cells are more sensitive to the
inhibitory effect of dexamethasone on the pro-
liferative response than adult cells.10 This
difference in sensitivity was not related to the
affinity and capacity of binding labelled
dexamethasone.10

In our previous study we showed differences
in the kinetics of IL-2 production and/or its
absorption between neonates and adults."
Furthermore, mRNA for IL-2R could not be
detected in the cells of preterm neonates,
whereas its concentration in lymphocytes from
term infants was similar to that observed in
adults. These results suggest a functional
difference between the lymphocytes in ne-
onates and adults, as well as between preterm
and term neonates.

IL-2 and interleukin 3 (IL-3) are secreted
from PHA activated cultures. IL-3 elicits a
variety of biological activities in vitro depend-
ing on the type of target cells. In addition to its
action on myeloid lineage cells, IL-3 promotes
pro-B cell growth"2 and induces T cell receptor
y transcription," indicating a role for IL-3 in
the growth and differentiation of lymphoid lin-
eage cells.
Preterm neonates are more susceptible to

infections than adults because of the immatu-
rity of their immune system and the invasive
treatment they often receive. Furthermore,
preterm infants with BPD are treated with
dexamethasone, which suppresses immune
function in adults. We therefore aimed to com-
pare the effect of dexamethasone on IL-2 and
IL-3 production by mononuclear cells in
preterm neonates, term infants, and adults.
The capacity of mononuclear cells from
preterms with BPD to produce these cytokines
was also tested before and after administration
of the drug.

Methods
Twenty six preterm neonates aged 26-32 weeks
(mean (SD) 29 (2.1) weeks) with a mean (SD)
birthweight of 1250 (260) g and 36 term
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neonates spontaneously delivered with a mean

(SD) birthweight of 3020 (456) g (appropriate
for gestational age) were included in the study.
The mothers of the preterm infants did not

receive steroid treatment before delivery. The
gestational age was calculated from the first
day of the mother's last menstrual bleeding
before pregnancy, and was confirmed by the
Dobowitz test. Twenty four healthy adults
(blood bank donors) aged 25-45 years (mean
(SD)37(6.2) years) served as controls. The
study was approved by the Helsinki Committee
of the Hospital.
Blood was withdrawn from the umbilical

cord of the preterm and term neonates imme-
diately following ligation of the cord, from the
neonatal side of the placenta. Mononuclear
cells were isolated from the cord blood
(CBMC) of preterm and term neonates and
the peripheral blood (PBMC) of healthy
volunteers using Ficoll Hypaque gradient cen-

trifugation. Mononuclear cells were suspended
in RPMI- 1640 medium containing 1% penicil-
lin, streptomycin, and nystatin, and supple-
mented with 10% fetal calf serum (FCS-M).
PBMC (1.5x106) suspended in 1 ml FCS-M

were incubated in the presence of 1% phyto-
haemagglutinin (PHA-M). Dexamethasone
was added at the start of the cultures at

concentrations ranging between 10-8M and
10-5M. Cultures incubated in the absence of
dexamethasone served as controls. Culture
media were collected at 48 hours, the cells were
removed by centrifugation, and the superna-

tant fluids were kept at -200C until assayed for
IL-2 or IL-3 activities.

IL-2 activity in the supernatant fluids was

determined using the IL-2 dependent cell line
CTLL 2, as described before.'4 IL-3 activity in
the supernatant fluids was evaluated using the
IL-3 responsive (GM-CSF unresponsive) 32-
D-cl-23 cell line, as described before.'5 Briefly,
50 000 CTLL 2 cells (for IL-2) or 32-D-cl-23
cells (for IL-3) were incubated for 48 hours
with samples of supernatant fluids (four serial
dilutions, each in triplicate) in 96 flat-
bottomed micro titre plates. 3H-TdR (methyl-

U11,

Preterms Terms Adults
(n = 16) (n = 36) (n = 29)

Figure 1 Effect of dexamethasone on IL-2 production by CBMCfrom preterm and term

neonates and adult PBMC. Dexamethasone was added at concentrations indicated. Bars

represent SEM. Asterisks represent significant difference from the control value (*P<O. 05;
**P<o. o0; ***p<Q. 001).

Table 1 Effect of dexamethasone on IL-2 and IL-3
bioassays

Dexamethasone IL-2 unitslml IL-3 unitslnzl

0 935 (63) 90.6 (12.3)
10-7 M 947 (57) 117.0 (13.5)
10-6 M 933 (92) 115.1 (10.7)
10- M 1048 (71) 81.5 (11.9)

Values are expressed as mean (SE) of five experiments, each
set in triplicate.

3H-thymidine, 5 Ci/mmol; Rotem Industries
LTD, Beer-Sheva, Israel) was added ( 0.5 ptCi/
well) 18 hours before harvesting. The results
were calculated as units/ml compared with
IL-2 or IL-3 containing preparations (superna-
tant fluids from concanavalin A-stimulated rat
splenocytes or WEHI-3 cell line, respectively)
which were arbitrarily regarded as 1000 units.
These standard curves are linear at a certain
range of concentrations, and standard curves
are obtained with recombinant cytokines.
Dexamethasone was added to FCS-M con-

taining 1% phytohaemagglutinin at concentra-
tions ranging between 1O'M and 10-5M.
Cultures incubated in the absence of dexam-
ethasone served as controls. Culture media
were collected at 48 hours, and were kept at
-200C until assayed. Control samples and those
with dexamethasone were added to standard
IL-2 or IL-3 containing supernatant fluids, and
the cytokine activities in these supernatant flu-
ids were determined using the bioassays, as
described above. Cytokine activity in the pres-
ence of dexamethasone was compared with
that in its absence.
Dexamethasone was given to 10 mechani-

cally ventilated infants with moderate to severe
BPD. Their mean (SD) gestational age was 27
(2.7) weeks, and their mean (SD) birthweight
was 850 (280) g. The protocol used was 0.5
mg/kg/day of dexamethasone over 12 hours for
3 days, decreased to 0.3 mg/kg/day for 3 days,
after which the drug was reduced by 20% every
3 days. Blood samples were collected from the
preterm infants before and 24 hours after the
initiation of dexamethasone treatment. PBMC
were isolated and incubated for the production
of IL-2 and IL-3, as described above. At the
end of the incubation period supernatant fluids
were collected and stored at -20 QC until tested
for cytokine activity.

Statistical analysis was performed using the
one way analysis of variance (ANOVA) or
paired t test. The results were expressed as
mean ± SEM.

Results
The addition of dexamethasone in concentra-
tions used in the current study (10-8 to 10-5M)
to supernatant fluids containing IL-2 or IL-3
had no effect on the cytokine activities
detected by the bioassays (table 1)
The viability of PBMC from preterm and

term infants and adults (five in each group)
incubated for 48 hours without or with PHA in
the absence or presence of the various concen-
trations of dexamethasone (10- to 10-'M) was
determined by trypan blue dye exclusion.
Under these conditions dexamethasone did
not alter cell viability (over 98%).
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Figure 2 Effect of dexaniethasone on IL-3 production by CBMC fromiz pretermil anld teri
neonates andfroni adult PBMC. Dexamethasone was added at the start of cultuires at
concentrations indicated. Bars represent SEM. Asterisks represent significant differenlce fron
the control value (**P<0. 01; ***P<Q. 001).

In the presence of dexamethasone at con-
centrations ranging between 10'8 and 10-5M, a
dose dependent inhibition of IL-2 production
was observed (fig 1), (F(4, 67)=6.08, P<0.01
for preterm infants; F(4, 127)=5.43, P<0.01
for term infants; F(4, 85)=3.8, P<0.01 for
adults). At a concentration as low as 10-8M, a
significantly decreased IL-2 production (23%,
P<0.01) by CBMC from preterms was evi-
dent; the mononuclear cells from term infants
or adults were not affected significantly. IL-2
activity in the supernatant fluids of preterm
and term CBMC incubated with 10- M, 10-6M,
and 10-5M dexamethasone was suppressed by
53%, 74%, and 92%, and by 23%, 60%, and
88%, respectively (P<0.05) (P<0.01)
(P<0.001). In the supernatant fluids of adult
PBMC incubated in the presence of 10 6M and
10-5M, IL-2 activity was significantly reduced
by 32% (P<0.05) and 60% (P<0.01), respec-
tively (fig 1). IL-2 activity detected in the
supernatant fluids of adult PBMC incubated in
the absence or presence of lower concentra-
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Figure 3 IL-2 and IL-3 production by PBMCfront preterni neonates treated with
dexanmethasone. Each colunin represenzts the nzean of 10 blood saniples; bars =SEM;
asterisks indicate significant difference front the values before treatmtent (*P<0. 05;
**p<O. 01).

tions of dexamethasone (10 8M and 10- nM) did
not differ substantially (fig 1). The differences
in sensitivity to the inhibitory effect of dexam-
ethasone on IL-2 production were significant
at the following concentrations: adults vs terms
at 10-5M, (P<0.001); adults vs preterms at
10-5M, 10-6M, and 10- M (P<0.001, P<0.001,
P<0.0 1); terms vs preterms at 10 6M (P<0.05).

In the presence of dexamethasone at con-
centrations ranging between 10- and 10-5M,
IL-3 production was inhibited in a dose
dependent manner (fig 2) (F(3, 64)=4.05,
P<0.05 for preterm infants; F(3, 11 1)=7.82),
P<0.01 for term infants; F(3, 62)=3.63,
P<0.05 for adults). IL-3 activity in the
supernatant fluids of preterm and term CBMC
incubated with 10-7M, 10- M and 10-'M
dexamethasone was significantly suppressed by
48%, 74%, and 85%, and by 32%, 60%, and
77%, respectively (P<0.05, P<0.01, and
P<0.001). In the supernatant fluids of adult
PBMC incubated in the presence of 10 M and
10-5M, IL-3 activity was significantly reduced
by 48% and 57%, respectively (P<0.05 and
P<0.01), whereas incubation with 10 M dex-
amethasone did not inhibit affect IL-3 produc-
tion (fig 2). The differences in sensitivity to the
inhibitory effect of dexamethasone on IL-3
production were significant at the following
concentrations: adults vs terms at 10 6M
(P<0.03); adults vs preterms at 10-5M, 10-6M,
and 10-7M (P<0.05); terms vs preterms at
10-6M (P<0.05).
The in vivo effect of dexamethasone on IL-2

and IL-3 production is shown in fig 3. IL-2
production was reduced by 43% (P<0.01) and
that of IL-3 by 31 % (P <0.05) in the PBMC of
preterm infants 24 hours after the initiation of
dexamethasone.

Discussion
This study indicates that the blood mononu-
clear cells from premature neonates are more
sensitive to dexamethasone than those from
term neonates. Evidence suggests that the
human neonatal immune system differs func-
tionally from that of the adult. This is in part
because of the differences found between cord
blood cells and adult peripheral blood cells. It
is generally accepted that cord blood T
lymphocytes,'6 ' B lymphocytes,8 monocytes'4
and dendritic cells 20 are functionally inferior,
or express different levels of certain cell surface
antigens compared with the corresponding
cells of adults. CBMC also have a unique
cytokine profile when compared with PBMC.
In this study, the sensitivity ofCBMC to the in
vitro inhibitory effect of dexamethasone on
cytokine production was greater than that of
PBMC from adults. Moreover, dexamethasone
added to CBMC from preterm and term
neonates at pharmacological doses induced
maximal IL-2 suppression and moderate IL-3
production, whereas adult PBMC were less
affected. Our results agree with those of Kave-
laars et al, who showed that blood mononu-
clear cells or purified T cells from term
neonates are more sensitive than adult cells to
dexamethasone with regard to proliferation
and IL-2R expression.'" The effect of dexam-
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ethasone was similar on purified T cells and
PBMC and did not reflect differences in
expression of glucocorticoid receptors.'0 As the
inhibitory effect of dexamethasone on cells
from neonates, but not from adults, could be
overcome by exogenous IL-2, it was suggested
that the primary target of dexamethasone in
neonatal cells was inhibition of IL-2 produc-
tion. Our observations confirm this suggestion.
The assumption that dexamethasone may
interfere with the binding of these cytokines to
the specific receptors on the target cells has
been excluded as the addition of the drug to
IL-2 or IL-3 containing supernatant fluids at
concentrations similar to those used in the
present study had no effect on their activities,
as tested in the bioassays.
Dexamethasone is a synthetic corticosteroid

with numerous pharmacological effects, widely
used in the neonatal units for the prevention
and treatment of BPD. Previous studies have
shown that pharmacological doses of glucocor-
ticosteroids exert a profound suppressive ef-
fects on the inflammatory and immune re-
sponses.5 Corticosteroids interfere with several
activation events and with the T cell prolifera-
tive response induced by antigens and mi-
togens,67 including the production of IL-2 and
the expression of IL-2R.-9 The precise mech-
anism by which corticosteroids exert their
effect on the immune system is not yet known.
However, inhibition of cytokine production 8 21
via blockade of cytokine gene transcription
-for example, IL-1, IL-2, IL-6 and yIFN 22-25
and/or decreasing the stability of cytokine
mRNA62326 has been reported. Recently it has
been shown that dexamethasone inhibits the
nuclear transcription and accumulation of
IL-2, whereas its effect on IL-2R is post
transcriptional 27 and requires suprapharmaco-
logical concentrations. It has therefore been
suggested that the inhibitory effect of dexam-
ethasone is probably indirect, resulting from
decreased IL-2 production.27

In our previous study we have found
different kinetics for IL-2 production and/or its
absorption in neonates and adults." Further-
more, mRNA for IL-2R could not be detected
in the cells of preterm neonates, whereas the
concentration found in mononuclear cells from
term infants was similar to that in adults, sug-
gesting maturational differences. It is conceiv-
able that the various degrees of sensitivity to
the inhibitory effect of dexamethasone on
cytokine secretion by cells of preterm and term
infants and adults that we observed could be
attributed to these maturational differences.

Significantly decreased IL-2 and IL-3 secre-
tion by PBMC from preterm neonates treated
with dexamethasone (0.5 mg/kg/day) was
observed 24 hours following treatment. This
could be due either to the direct effect of the
drug on cytokine producing cells or, alterna-
tively, to the decline in circulating lymphocytes
and monocytes observed after administration
of a single dose of corticosteroids.28 In mice a
single dose of dexamethasone induced inhibi-
tion of lymphocyte proliferation which was evi-
dent within 4 hours of administration of the
drug and was maintained for at least 24

hours.29 In the murine system, IL-la, IL-4,
IL-6, IL-10 and yIFN concentrations were
decreased by low doses of dexamethasone;
higher doses were required to inhibit produc-
tion of IL-2, IL-3, and tumour necrosis
factor.29
Dexamethasone is the drug of choice for

BPD in the neonatal intensive care units. As
preterm neonates are more susceptible to
infections due to a combination of an imma-
ture immune system and intensive treatment,
longer periods of dexamethasone treatment
may suppress cytokine production and thus
may further impair their immune response.
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