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Developing Patterns of T Gell
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in the First Two Years of Life

Abstract
Several recent studies have demonstrated cord blood mononuclear cell (CBMC)
proliferation in response to food and inhalant allergens, suggesting that initial
T:cell-priming may occur in utero. The findings below from an ongoing prospec-
tive study on 60 subjects provide initial information on the nature of accompany-
ing T cell cytokine responses. We demonstrate CBMC proliferation following
culture with house dust mite and ovalbumin (OVA) in 47 and 42o/o of subjects,
respectively, compared to an overall rate of 3o/o for tetanus toxoid; the frequencies
of these responses were comparable in neonates with and without atopic family
history €H).With the exception of IL-10, analysis of cytokine responses in al-
lergen-stimulated cultures of CBMCs required the use of semiquantitative RI-
PCR, which revealed low-level lL-4 and/or IL-5 mRNA production, in particular
a 50o/o IL-5 response rate to OVA in FH-positive neonates. IFN-y responses were
less frequent and required higher PCR cycle numbers for detection. Preliminary
analysis of culture supernatants from a subgroup of CBMCs indicate high-level
allergen-specific IL-10 responses in both FH-negative and -positive subjects, de-
tectable by ELISA. Parallel PCR sfudies on MCs from 27 chlldren (mean age
l8 months) indicated a clear segregation at this age on the basis of FH, with ThO-
like or mixed ThIlTh2 responses (IL-5 plus IFN-y) which were mainly restricted
to the FH-positive group.
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lntroduction

Atopic disease in human adults is associated with the ex-
pression of aeroallergen-specific Th memory which is char-
acterised by production of IL-4 and IL-5 U, 2f , analogous to
the murineTh2 cytokine pattern [3]. In contrast, non-atopic
adults express aeroallergen-specific Th memory which is
polarised towards the murine Thl pattern ll,2l. The overall
prevalence of Th2-dependent allergy to inhalants amongst
adults typically is in the range of 3V35% in the developed
countries [4], whereas allergy to foods is comparatively
rare, which is consistent with the operation of distinct

mechanisms for the regulation of Th cell memory develop-
ment against allergens presented via the gastro-intestinal
and respiratory mucosae.

Recent reports from a number of laboratories have dem-
onstrated that the initial priming ofthe T cell system against
both inhalant and food allergens occurs during the perinatal
period [5-9], and respective Th memory populations are
subsequently shaped by allergen-driven T cell selection/de-
letion during early childhood [0]. These studies are essen-
tially based on the use of lymphoproliferation assays, and
only limited information is available on relevant T cell cyto-
kine responses over this age range. In particular, despite in-
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Methods and Materials

Subjects
All subjects were classified regarding the occurrence of atopy in

first-degree relatives emproying a standard questionnaire [13]. cord
blood was collected from healthy term newtorns with (n:46) and
without (n: 14) an FH of allergy. A group of infants (mean age
17.9 months) were studied as an age comparison.

Lymphoproliferation
CBMCs and peripheral brood MCs (pBMCs) which had been

cryopreserved at collection were resuspended at l x 106 viable cells/ml
in AIM V serum-free medium for stanàard microplat. urruy, as previ-
ously described [9] and cultured in the presence of extracts of Derma_
tophagoides pteronvssinas (cSL Ltd., Melbourne, Australia) at a final
concentration of l0 pg/ml and OVA (Sigma, St. Louis, Mo., USA) at afinal concentration of r00 pg/mr. A poiitive response was defined asdelta dpm (counts in stimurated weils - controlsf>1,000 together with
a stimulation ratio (stimulated well/contro l) >2. 

i

Polyme rase C hain Reaction
For cytokine analyses, aliquots of MC at l x 106/ml were cultured

for 24h at 37"c with 5yo co, in medium containing house dust mite(10 pglml) or oVA (100 pglmr); parallel backgrouni.on*t curtures
contained cells in medium alone. RNA extraction and cDNA synthesis
employed standard techniques. pcR methodology and subsequent
quantitation of PCR products by Southern blotting were based on pro-

:tl:r* 
describ.ed previously I14]. cycle anaryses-were performed forp-actrn and each of the cytokines for each set of samples to ensure thatdetection levels had been reached and that the reaction remained in thelinear phase. For cord brood samples, this was 47 cycresro. tnN-y, zscycles for B-actin and,43 cycles for IL-5; for infants, this was 45 cyclesfor IFN-y, 40 cycles for rL-5 and 30 cycles for B-actin. Detection andsemiquantirarive anarysis of pcR próducts *er" pe.foilLo uy uo,blotting, hybridisation and chemiruminescence. The intensity of eachdot was then determined using computerised densitom""r, ."0 the re-sults were expressed as a ratio of cyìokine to B-actin a"nríty urt"r sub_traction of backgrounds. Non-parametric anarysis lMann-wrritney,two tailed) was performg{, usins the program Instat 2.0 (Graphpad

Software, San Diego, Calif., USA).

direct evidence of low-level fetal IgE synthesis [ll] and of
spontaneous production of high levels of Th2 cytokines by
the fetoplacental unit throughout gestation [12], there is as
yet no published evidence of allergen-specific Th2 cytokine
responses by human neonatal lymphocytes.

The present study reveals that a high proportion of cord
blood mononuclear cells (cBMCs) produce mRNA specif-
ic for IL-5 following in vitro stimulation, panicularly
cBMCs from family-history (FH)-positive subjects ex-
posed to the food allergen ovalbumin (ovA); moreover, by
l8 months of age, the response pattern amongst FH-positive
children had consolidated into a Th0-like cytokine profile,
while at the population level, the FH-negative group re-
mained unresponsive.

Cytokine ELISA
A standard ELISA assay which is sensitive to 150 pg/ml IL_10 was

performed for the detection of IL-l0. The assay *u, .riptoy ed, on 24-
hour supernatants from the same curtures employed aúove for pcR
studies. Previous experience with IL-4, tl-s and IFN-y indicates rhat
the levels of these cytokines produced by neonatal MC; are berow the
levels of detection by conventional ELISA.

Results

House dust mite and ovA were selected as archetypar
airborne and food allergens, respectively. The data from
cord blood in figure l show that lymphoproriferative re-
sponses to both classes of allergen are present at birth, with
47o/o of babies showing positive responses to house dust
mite and 42% responding to ovA. This responsiveness was
not related to allergic FH, as a similar proportion of FH-
positive and FH-negative babies responded to each of these
allergens. Although FH-positive babies tended to have
slightly higher responses than FH-negative babies (ex-
pressed in fig. I as delta dpm), this difference was not statis_
tically significant. In contrast to these responses to allergen,
responses to tetanus toxoid were rare (3o/o of all babies) and
of low magnitude.

As shown in fìgure 2,aproportion of babies in both FH-
positive and FH-negative groups showed an increase in IL-5
and lFN-y-specific mRNA production in response to aller-
gen stimulation at birth; IL-4 responses were also observed
in both groups at a slightly lower frequency (data not
shown). However, at the population level, it . onty'response
which attained statistical significance was the production of
IL-5 mRNA induced by OVA in the FH_positive group 1p :0.036). The mean IFN-y mRNA responses to the alrergèns
were not significantly different from backgrounds; it should
also be noted that in order to detect an IFN-y signal, it was
necessary to employ very high cycle numbers (47) in the
PCR, suggesting an extremely low precursor frequency of
specific cells producing this cytokine (further dìscussion
below).

By the age of 18 months, clear differences were evident
between FH-positive and FH-negative subjects (fig. 2b).
Notably, statisticalry significant IL-5 ano tÉN-y rèrponr.,
to both allergens were observed in the FH-positive group,
whereas the median responses in the FH_negative group
were not significantly above background.

Preliminary studies on culture supernatants from ovA-
or PHA-stimulated cBMCs from 12 FH-positive and, 12
FH-negative subjects (table l) revealed frequent high-level
IL-10 responses in both groups.
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Fig. î. Lymphoproliferative responses of
CBMC from allergic FH-negative (H-) and
positive (H+) newborns after 7 days of cul-
ture with crude house dust mite (HDM), OVA
or tetanus toxoid (TT). Individual responses
and group means are shown.
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Fig.2. IL-5 and IFNy-specific mRNA responses of CBMCs (neonates) and PBMCs (at mean age 17.9 months) to
crude house dust mite (HDM) and OVA. Cytokine mRNA is expressed as a ratio to p-actin mRNA after subtraction of
respective background control levels. Allergic FH-negative babies are shown as open circles and FH-positive babies as
closed circles.
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Discussion

The cytokine mRNA responses of CBMCs to both food
and aeroallergen detected in this study lend further weight
to earlier suggestions that the neonatal immune system is
commonly primed to these classes of antigen in utero. The
finding that statistically significant IL-5 responses in
CBMCs were restricted to the FH-positive group may in-
dicate that the polarisation of allergen-specific T cell re-
sponses has already been initiated at birth in subjects genet-
ically at high risk of atopy, and this impression is reinforced
by further consolidation of IL-5 responses in FH-positive
infants by l8 months of age. The present data on IL-5 and
IFN-y responses are based solely on the production of cyto-
kine-specific mRNA, and fuither studies are required to as-
certain whetherthis mRNA is translated into bioactive cyto-
kine. However, the high frequency ofunequivocal high-lev-
el allergen-specific production of IL-10 protein illustrated
in table 1 argues strongly that these represent genuine im-
mune responses.

From these data, it also appears likely that there is a sig-
nificant overlap between the cytokine responses of FH-neg-
ative and FH-positive subjects at the population level. In
this context, it should be noted that the detection of IFN-y
signals in the CBMC samples required the use of much
higher PCR cycle numbers than was required for IL-5; this
pattern is the reverse of that observed employing allergen-
stimulated adult PBMC samples tested in the same detec-
tion system (data not shown), and indicates a generalised
skewing of the fetal allergen-specific T cell responses away
from Thl. It is also pertinent to note that IL-10 is a potent
inhibitor of IFN-y production by human T cells [15].

These findings are consistent with the growing literafure
[e.g. see ref .12] which suggests that the fetal cytokine mi-
lieu is constitutively polarised towards Th2 in order to pro-
tect the fetoplacental unit from the toxic effects of Thl cyto-
kines such as IFN-y, a process in which IL-10 is proposed to
play a key role [6]. It is possible that this Th2 polarisation
process may be more profound and long lasting in children

Table 1. Allergen-specific and polyclonal IL-10 responses of
CBMCs

FH negative FH positive

subject control OVA
No.

subject control OVA
No.

PHA PHA

03
l 0
l 3
l 7
2 l
22
23
J J

39
47
53
60

420 3,100 2,200

1,400 7,000 6,400
2,000 6,900 3,000

I,400 3,700 3,200

770 4.900 1.4s0
680 2,450 3,600

1,640 I ,750 1 ,100
230 4,300 2,400

165 2,500 2,500
3,000 4,300 2,000

15,500 22,000 9,600
680 2,700 3,000
250 180 2.500

04
05
06
09
l 2
t 4
l 9
24
30
32
5 l
56

Data shown are pglml IL-10 from 24-hour culture supernatants.
(: Below detection limit.

with the atopic genotype, a suggestion that is consistent
with reports from several laboratories freviewed in ref. 17]
indicating depressed IFN-y-secreting capacity in PBMCs
from FH-positive infants. If this is the case, the initial selec-
tion of Th memory cells specific for environmental aller-
gens encountered in late fetal or early postnatal life would
favour the Th2 phenofype, possibly resulting in the differ-
ences befween the IL-5 responses of FH-positive and -nega-
tive subjects shown in figure 2.Inmore general terms, this
may also explainthe existence ofthe high-risk'window' for
primary allergic sensitisation during infancy [18] which is
considerably more marked in FH-positive subjects.
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