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SUMMARY

Spleen cells from newborn mice do not respond by proliferation to concanavalin A (Con A) or
bacterial lipopolysaccharide (LPS) stimulation. This non-reactivity cannot be reversed to a positive
response by exogenous interleukin-2 (IL-2). The stimulation with Con A of spleen cells from newborn
mice, in contrast to cells from adult animals, does not result in synthesis of mRNA for inducible
55,000 molecular weight (MW) IL-2 receptors (IL-2R). The failure of neonatal spleen cells to
synthesize IL-2R mRNA is an intrinsic property of the cells themselves, and it is not due to activity of
natural suppressor cells present in newborn animals. Since the expression of functional IL-2R
represents one of the early and pivotal events in immune cell activation, we propose that the inability
to synthesize IL-2R may be one of the primary reasons for the immunological immaturity of
newborns.

INTRODUCTION

Newborn animals are non-reactive or profoundly hyporeactive
in all immunological tests in vivo and in vitro (Argyris, 1968;
Olding & Oldstone, 1974; Mosier & Johnson, 1975; Sidman &
Unanue, 1975; Hardy & Mozes, 1978; Rodriguez et al., 1979).
Defects in the antigen-presenting function of macrophages
(Argyris, 1968; Lu, Calamai & Unanue, 1979) or immaturity of
both T and B cells (Chiscon & Golub, 1972; Sidman & Unanue
1975) have been considered as possible causes of this deficiency.
On the other hand, active inhibitory mechanisms, represented
by neonatal suppressor cells and their factors (Olding &
Oldstone, 1975; Skowron-Cendrzak & Ptak, 1976; Murgita et
al., 1981; Mazur-Kolecka et al., 1988), have also been described
in newborn animals. All these passive and active mechanisms
might thus contribute to the immunological non-reactivity of
newborns.

Development of a normal immune response after immuniza-
tion depends on the expression of functional interleukin-2
receptors (IL-2R) (Waldmann, 1986; Diamantstein & Osawa,
1986). Their expression represents one of the early and pivotal
events in lymphoid cell activation. We tested the expression of
IL-2R in mitogen-stimulated immunologically non-reactive
cells from newborn mice. We found that these cells, in contrast
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to cells from adult animals, were not able to synthesize mRNA
for the inducible 55,000 MW IL-2R. We therefore propose that
the inability to synthesize IL-2R may be one of the primary
factors responsible for the immunological immaturity of new-
borns, and we show that this failure is an intrinsic property of
their cells.

MATERIALS AND METHODS

Animals
Mice of inbred strains B1O.A and AKR/J, 2-3 months of age,
and their offspring were from the breeding colony of the
Institute of Molecular Genetics, Czechoslovak Academy of
Sciences, Prague.

Interleukins
Recombinant human interleukin-la (rIL-la, specific activity
1 x 108 U/mg) was obtained from Dr P. T. Lomedico, Hoff-
mann-La Roche Inc., Nutley, NJ. The activity ofIL- I was tested
in the classical thymocyte co-stimulatory assay (Mizel, Oppen-
heim & Rosensteich, 1978).

Recombinant human interleukin-2 (rIL-2, specificity acti-
vity 2 x 106 U/mg) was obtained from Dr E. Gren, Institute of
Organic Synthesis, Riga, Latvia. The activity of IL-2 was
assessed by its ability to support the growth of IL-2-dependent
CTL (Gillis & Smith, 1977).

Proliferative assay
Spleen cells (2 x 105/well) from newborn (less than 24 hr old) or
adult B1O.A mice were stimulated with concanavalin A (Con A;
5 yg/ml; Sigma Chemicals Co., St Louis, MO) or bacterial
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lipopolysaccharide (LPS; 40 gg/ml; Difco Laboratories,
Detroit, MI) in RPMI-1640 medium supplemented with anti-
biotics, 5 x 10-5 M 2-mercaptoethanol, 10 mm HEPES buffer
and 10% foetal calf serum, as described elsewhere (Holdi et al.
1985). Recombinant IL-I (100 U/ml) or rIL-2 (100 U/ml) was
added to some cultures. The plates were incubated at 370 in a
humidified atmosphere of 5% CO2 in air, and cell proliferation
was determined by incorporation of[3H]thymidine (TdR) added
for the last 6 hr ofa 72-hr incubation period (Holafi et al., 1985).

Northern blot analysis
Total RNA was isolated from 2 x 107 cells, which were stimu-
lated or not with Con A (5 ug/ml) for 16 hr. The RNA was
extracted using the guanidinium-isothiocyanate method (Chirg-
win et al., 1979) and subjected (30 Mg per lane) to electrophoresis
in 1% agarose, blotted to Hybond-N nitrocellulose membranes
(Amersham, Amersham, Bucks, U.K.) (Maniatis, Fritsch &
Sambrook, 1982), and hybridized with a 32P-labelled IL-2R
probe (Shimizu et al., 1985) for 16 hr at 420. The conditions of
hybridization have been described elsewhere (Lipoldovi et al.,
1989). Membranes were exposed at -70° to Kodak XAR-5
film. The blots were then stripped and rehybridized with a
cDNA probe for actin to demonstrate comparable quantities of
RNAs in individual lanes.

Cell separation
Spleen cells from adult (3 months old) AKR/J mice (Thy- 1.1 +)
were mixed with spleen cells from newborn BIO.A mice (Thy-
1.2+) at a ratio of 2:1 and were cultured unstimulated or
stimulated with Con A (5 pg/ml). After 16 hr of culture, the
T cells of AKR/J and BIO.A origin were separated by the
panning technique (Wysocki & Sato, 1978) using plastic Petri
dishes coated with purified anti-Thy- 1.1 and anti-Thy-i .2
monoclonal antibodies (Lake et al., 1979).

Demonstration of receptors for Con A
The presence of receptors for Con A on spleen cells from
newborn and adult mice was determined by the ability of cells to
adhere to glass or plastic surfaces coated with Con A (I mg/ml),
as described by Mattes et al. (1983). After a 30-min incubation
of cell suspensions on Con A-coated surfaces, the non-adherent
cells were removed and the proportion of adherent cells was
determined.

RESULTS
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Figure 1. Absence of proliferation in cultures of mitogen-stimulated
spleen cells from newborn mice and inability of exogenous IL- I or IL-2
to induce responsiveness.
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Figure 2. Expression ofmRNA for the 55,000 MW IL-2R in spleen cells
from newborn (lanes 1 and 3) and adult (lanes 2 and 4) Bl O.A mice. Cells
were not stimulated (lanes 1 and 2) or stimulated with Con A (lanes 3
and 4) for 16 hr. Total RNA was isolated, divided by electrophoresis,
blotted and hybridized with an IL-2R probe (a) and an actin probe (b).
The positions of molecular weight markers are indicated.

Non-reactivity of spleen cells from newborn mice

Spleen cells from newborn mice (age less than 24 hr) did not
respond by proliferation to stimulation with mitogens Con A or
LPS (Fig. 1). This non-reactivity was not reversed to a positive
response even if the cells from neonatal mice were stimulated in
the presence of exogenous rIL-l or rIL-2 (Fig. 1) and was not
dependent on a concentration of mitogens (data not shown).

Neonatal spleen cells do not synthesize IL-2R mRNA after
mitogen stimulation

Since spleen cells from newborn mice did not respond by
proliferation to mitogen stimulation, we next studied activation
of these cells at the level ofexpression of the gene for IL-2R. We

tested the synthesis of IL-2R mRNA in spleen cells for newborn
and adult (8-9-week-old) BIO.A mice. After stimulation of
spleen cells from adult donors we found five bands of mRNA
hybridizing with a cDNA probe for IL-2R (Fig. 2, lane 4) that
were typical of the different types ofmRNA coding for IL-2R
(Miller et al., 1985). However, none of these bands was found
after hybridization of RNA isolated from similarly stimulated
spleen cells from newborn mice (Fig. 2, lane 3). No detectable
IL-2R mRNA was found either when the neonatal spleen cells
were stimulated with phorbol myristate acetate (PMA), Con A
plus PMA or phytohaemagglutinin (data not shown). In
addition, even if two or three times more RNA from stimulated
newborn cells was used in a Northern analysis, no evidence of
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Figure 3. Effect of neonatal spleen cells and their factor(s) on the
expression of 55,000 MW IL-2R mRNA by spleen cells from syngeneic
adult mice. Spleen cells from adult B O.A mice were cultured unstimu-
lated (lane 1) or stimulated with Con A (lanes 2-4) in the presence of
spleen cells from newborn mice (lane 3) or in the presence of SF (lane 4)
SF was prepared by 24-hr culture of spleen cells from newborn mice as

described by Mazur-Kolecka et al. (1988). RNA was hybridized with an

IL-2R probe (a) and an actin probe (b).

mitogen-induced expression of IL-2R mRNA was obtained. All
these observations support the suggestion that mitogen-acti-
vated newborn spleen cells do not have the ability to synthesize
mRNA for IL-2R.

Failure to synthesize IL-2R mRNA after Con A stimulation is an
intrinsic property of newborn cells

We next tested whether the inability of spleen cells from
newborn mice to synthesize IL-2R mRNA is an intrinsic
property of these cells or whether it is due to an activity of
natural suppressor cells present in the neonatal spleen cell
population. Spleen cells from adult mice were stimulated with
Con A alone, or in the presence of spleen cells from syngeneic
newborn donors at a ratio of (adult: newborn) 2: 1, which was

found to be effective in suppression of proliferative responses, or

in the presence of suppressor factors (SF) produced by spleen
cells from newborn mice. Even ifthe neonatal suppressor cells or
suppressor factors produced by them strongly inhibited mito-
gen-induced proliferation of spleen cells from adult donors
(Mazur-Kolecka et al., 1988), there was no inhibition of
synthesis of mRNA for IL-2R in adult cells stimulated in the
presence of spleen cells from newborn donors (Fig. 3).

To test the possibility that the absence of IL-2R expression
in cells from newborn animals could be due to a defect in the
activity of antigen-presenting cells, we co-cultured spleen cells
from adult and newborn mice and then separated and tested
both populations for the presence ofmRNA for IL-2R. Spleen
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Figure 4. Synthesis of IL-2R mRNA in a mixture of spleen cells from
newborn and adult mice. Spleen cells from adult AKR/J mice (Thy-
1.1 ) were mixed with cells from newborn Bl O.A mice (Thy- 1.2+) at a

ratio of 2: 1 and were cultured for 16 hr unstimulated or stimulated with
Con A. After the culture, T cells of AKR/J and BlO.A origin were
separated. Total RNA was isolated from the cell populations obtained
and was hybridized with an IL-2R probe (a) and an actin probe (b).
RNA was from unstimulated (lanes 1 and 2) or Con A-stimulated (lanes
3 and 4) cells derived from adult AKR mice (lanes 2 and 4) or from
newborn BlO.A mice (lanes 1 and 3).

cells from adult AKR/J mice (expressing Thy-i . antigen) were

co-cultured for 16 hr with spleen cells from newborn B10.A mice
(Thy-1.2+), not stimulated or stimulated with Con A, and then
the Thy- 1.1 + and Thy- 1.2 + cells separated. A significant level of
mRNA for IL-2R was found only in stimulated Thy- 1. + cells,
while no detectable mRNA for the IL-2R was present in Thy-
1.2+ cells from newborn mice (Fig. 4).

Spleen cells from newborn mice express Con A receptors

To exclude the possibility that the non-reactivity of the cells
from newborn mice is due to their inability to bind Con A, we

next tested the expression ofCon A receptors. Spleen cells from
newborn or adult mice were cultured on glass or plastic surfaces
coated with Con A. After washing of the non-adherent cells, the
number of the remaining cells was determined. The proportion
of adherent cells with respect to the number of cells before
culture was similar in samples of cells from adult and newborn
donors and was more than 60% (data not shown).

DISCUSSION

Immunological hyporeactivity or even non-reactivity of new-

borns has been well documented (Argyris, 1968; Olding &
Oldstone, 1974; Mosier & Johnson, 1975; Sidman & Unanue,
1975; Hardy & Mozes, 1978; Rodriguez et al., 1979). Numerous
attempts have been made to explain this immunological imma-
turity. Defects in the functions ofmacrophages, immaturity ofT
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and B lymphocytes and/or high activity of neonatal suppressor
cells have all been considered as possible causes of this
deficiency (Chiscon & Golub, 1972; Skowron-Cendrzak & Ptak,
1976; Lu et al., 1979; Murgita et al., 1981; Mazur-Kolecka et al.,
1988). However, detailed studies of the non-reactivity of
newborns at the level of expression of genes for individual
immunoregulatory molecules have not yet been described.

Production of IL-I and synthesis of IL-2R represent two of
the earliest events in lymphoid cell activation. We have recently
shown that mitogen-stimulated spleen cells from newborn mice
do synthesize mRNA for IL-I (Lipoldovd & Holdfi, 1990). Here
we demonstrate that synthesis of mRNA for the inducible
55,000 MW IL-2R does not occur in mitogen-stimulated spleen
cells from newborn mice, while similarly stimulated spleen cells
from adult animals synthesize high levels of IL-2R mRNA. The
inducible IL-2R under study binds the IL-2 molecule (Wald-
mann, 1986) and, together with the constitutively synthesized
75,000 MW IL-2R chain, forms a high-affinity IL-2R (Nishi,
Ishida & Honjo, 1988). Functional IL-2R, which are inducibly
expressed on T and B lymphocytes, are essential for the
development of the normal immune response. We therefore
propose that the failure of newborns to synthesize mRNA for
the 55,000 MW IL-2R could be the primary cause of their
immunological immaturity.

Theoretically, the inability of mitogen-stimulated spleen
cells from newborn animals to synthesize IL-2R mRNA could
represent an intrinsic property of the cells, or it might be due to
the high activity of natural suppressor cells present in the
lymphoid organs of newborns (Skowron-Cendrzak & Ptak,
1976; Murgita et al., 1981; Mazur-Kolecka et al., 1988). Indeed
it was shown in another model, i.e. in an in vitro system of
alloantigen-activated non-specific suppressor cells, that sup-
pressor cells diminished the occurrence of IL-2R in alloantigen-
stimulated immunocompetent cells from adult donors
(Loertscher & Strom, 1989). The natural suppressor cells
present in newborn mice, which have been shown to inhibit
mitogen-induced proliferation of lymphoid cells from adult
donors (Olding & Oldstone, 1974; Mazur-Kolecka et al., 1988),
did not suppress the very beginning of cell activation repre-
sented by the synthesis of mRNA for IL-2R. There must
therefore be another step of cell activation, beyond the ex-
pression of the gene for IL-2R, that is inhibited by neonatal
suppressor cells and their factors.

It has been shown that thymus cells from mouse foetuses
transiently express IL-2R (Ceredig et al., 1975; Raulet, 1985;
Boyer, Diamond & Rothenberg, 1989). We observed that
thymus cells from newborn mice synthesized low, but detect-
able, levels ofmRNA for IL-2R after stimulation with IL-2, but
not after Con A stimulation. We also found low synthesis of
IL-2R mRNA in the IL-2-stimulated spleen cells from newborn
mice (data not shown). This was in contrast to stimulation of the
same cells with Con A, despite the fact that both neonatal spleen
and thymus cells bind Con A. There must be different pathways
of transduction of the activation signals leading to the IL-2R
gene expression after stimulation of cells with mitogens or IL-2.
We have obtained evidence that suppressor cells present in
newborn mice selectively inhibit mitogen- or antigen-induced
cell proliferation, but not cell activation induced by IL-2
(V. Holnfi, M. Lipoldova and A. Zajicova, manuscript submit-
ted for publication). The observations thus show distinct
regulatory mechanisms of the immune responses to exogenous

stimuli (mitogens, antigens) and to endogenous ones repre-
sented by growth factors (interleukins). Furthermore, newborn
mice have impaired production of IL-2 (Ishizaka & Stuttman,
1983; Aygyris, De Stefano & Zamkoff, 1985). These defects in
IL-2 and IL-2R synthesis may be important in the establishment
of self-tolerance. This is supported by observations that admin-
istration ofexogenous IL-2 into newborn mice counteracts allo-
transplantation tolerance induction (Malkovsk5 et al., 1984;
Holaii, 1988).

The securement of immunological non-reactivity for foe-
tuses and newborns is of great biological importance. First,
absence of an immune response is important at this stage
because the animal is still developing its receptor repertoire.
Second, the immunological immaturity enables the establish-
ment of self-tolerance, as has been demonstrated by the ready
susceptibility of foetuses and newborns to induction of im-
munological tolerance to foreign tissues (Billingham, Brent &
Medawar, 1953; Hasek, 1953).

In conclusion, we suppose that more mechanisms could
contribute to the immunological non-reactivity of newborns.
But we propose that the inability to synthesize IL-2R after
mitogen or antigen stimulation might be the primary cause of
the immunological immaturity of newborn animals.
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