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Introduction

Summary

Background Food antigens from the maternal circulation may sensitize fetal T cells in utero and be
an important determinant in the development of food allergy.

Methods Here we have examined the spontaneous and recall response to cow’s milk proteins of
cord blood mononuclear cells (CBMC) of newborn children, using single cell ELISPOT assays.
Results  In term newborns, confirming previous studies, the spontaneous cytokine response of
CBMC is dominated by IL-4, IL-5, IL-10, and as shown here for the first time, TGF-B. For
TGF-p only, the response of samples from infants of atopic mothers was significantly lower than
samples from infants of non-atopic mothers. In vitro stimulation of CBMC with bovine serum
albumin, casein and B-lactoglobulin resulted in a significant increase of all cytokine-secreting cells,
again dominated by T helper type 2 (Th2) cytokines. There was a clear tendency for samples from
infants of atopic mothers to have lower Th2 responses than samples from infants of non-atopic
mothers, which was particularly significant for both IL-4 and TGF-f. Spontaneous cytokine secret-
ing cells were virtually absent in cord blood from infants < 34 weeks gestation, as were cows milk
protein-induced responses, although they were readily detectable in samples from infants
aged > 34 weeks. To explore whether the cytokine secreting cells were in the naive CD4" CD45RA
population or memory CD4% CD45RO T cells, these subsets were purified by positive and negative
selection and tested for spontaneous and cows milk protein-induced cytokine responses. Strikingly,
although the responses were small, the CD45RO™ cells from children of atopic mothers showed
significant spontaneous and antigen-specific IL-4 and TGF-f responses, whereas the same popula-
tion from infants of non-atopic mothers showed virtually no response. In addition CD45RA ™ cells
from infants of mothers with maternal atopy showed decreased I1L-4 and TGF-f responses, espe-
cially the latter.

Conclusions The cows milk antigen-specific IL-4 and TGF- responses preferentially seen in the
memory cell subset of infants with a maternal history of atopy strongly suggests Th2 skewing to
dietary antigens in utero.
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secretion of IFN-y at birth compared to neonates who do not
subsequently develop atopy [1,2]. Further studies have exam-
ined antigen-specific responses of CBMC and showed not only

The epidemic of atopy and asthma in children in the developed
world has focused attention on the determinants of allergic
sensitization early in life, with particular focus on the role of
T helper type 1 (Th1) cells and Th2 cells and fetal sensitization.
Studies using cord blood mononuclear cells (CBMC) stimu-
lated with polyclonal activators such as phytohaemagglutinin
(PHA) or cows milk protein antigens, have clearly demon-
strated that neonates who develop atopy show reduced
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was it possible to reproducibly achieve weak antigen-specific
responses to house dust mite, egg albumen, B-lactoglobulin
(B-LG) and cat allergen but that these responses were markedly
Th2-skewed [3,4]. Longitudinal studies have now shown that
continuing allergen-specific Th2 responses during the first
2 years of life are a feature of the development of atopic disease
[4], as well as continuing impairment of IFN-y production [5],
and the persistence of Th2 responses into early adolescence [6].

Antigen-specific responses of CBMC strongly suggest sensi-
tization of the fetus in utero and transfer of allergens into
amniotic fluid from maternal circulation is now established
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[7-9]. Tt is still unclear as to why fetal priming leads to a
Th2-biased immune response, although successful completion
of pregnancy will depend on down-regulated cell-mediated
immunity to prevent the fetus being rejected as an allograft.
Clearly based on present knowledge of the factors which control
Th1 versus Th2 differentiation, it would suggest either a defi-
ciency of Thl-inducing cytokines such as IL-12 or IL-18, or
overexpression of Th2-inducing factors such as IL-4 in the fetal
environment [10]. Because IL-12 is produced by dendritic cells
and macrophages in response to bacteria [11], the sterile envir-
onment in utero will limit this pathway and perhaps allow Th2
responses to develop as a default pathway.

Functional T cell subsets in addition to Th1 and Th2 lineages
have now been defined. Feeding low doses of antigens, espe-
cially in mice, is a particularly effective way of generating T cells
capable of making TGF-B[12, 13]. In addition, by growing CD4
T cells in vitro with antigen and IL-10, it is possible to generate
cell lines which make large amounts of IL-10, and lesser
amounts of Th2 cytokines [14]. There have been no studies to
date in which TGF-B cells have been examined in the neonate.
Likewise if Th2 sensitization to food antigens occurs in utero in
the infants of atopic mothers, then one might expect that these
cells would have the phenotypic markers of antigen-activated
T cells, such as CD45RO ([15-18])

In this work we have used single-cell cytokine ELISPOTs to
examine the response of CBMC to three antigens of cows milk-
casein, B-LG and bovine serum albumin (BSA). Our aim was to
extend the profile of non-Th1 cytokines expressed in the neonate
and so we examined TGF-B1 responses as well as interferon-vy,
IL-4,IL-5 and IL-10. In addition, we examined the ontogeny of
antigen-specific responses in CBMC, the relationship between
maternal history of atopy and cytokine responses, and whether
the antigen-specific ELISPOT responses of CBMC were present
in the naive (CD45RA) or memory (CD45RO) cell subsets.

Materials and methods

Subjects and samples

This study received approval from the ethical committee of the
University of Graz, Austria. Venous blood samples were taken
in heparinized tubes from the fetal site of the umbilical cord of
141 term (66 male, 75 female) and 58 pre-term infants (34 male,
24 female, 26-34 weeks’ gestation) immediately after delivery.
The history of maternal atopy was based on a validated ques-
tionnaire [19, 20] presented to the mothers by one of the authors
(HR) not earlier than 48 h post-delivery and before the investi-
gators were aware of the assay results.

Questions included a detailed history of clinical manifest-
ations of atopy, focusing on immediate (< 60 min) reactions to
inhalent ( pollen, house dust mite, mould, cat, dog, horse) and
food allergens (cows milk, fish, eggs). Questions were also in-
cluded about symptoms suggestive of bronchial hyper-
reactivity, occurrence of cough and/or wheezing and/or dys-
pnoea during the pollen season, at night or at contact with
animals. For perennial rhinoconjunctivitis, questions included
nasal blocking and/or discharge and/or eye oedema or pruritus
during the pollen season. For atopic dermatitis, questions
included the occurrence of chronic itching eczema, particularly
of the flexural folds. Mothers were also asked to provide the

authors with medical records including radioimmunosorbent
(RIST) and radioallergosorbent (RAST) tests to relevant
antigens, but documentation of these tests was not an essential
inclusion criterion. Mothers who had had symptoms of atopy as
described above for at least 24 months, also if earlier in life, were
classified as atopic. Those who had never had any of these
symptoms were classified as non-atopic. Overall, 60 mothers
had a clinically relevant history of atopy. Thirty-nine had im-
mediate reactions to pollen and/grass and three to cat dander.
The remaining 18 had suffered from atopy early in life, includ-
ing eight with recurrent bronchial hyper-reactivity to pollen,
seven with atopic eczema, two with cows milk allergy and one
with an anaphylactic episode to shellfish. These details were
confirmed by medical records (n=49) and/or unequivocal
RIST (> 100 KU/L) and RAST (> +++) values (n=18). Full
blood cell counts and assessment of mononuclear cell subpopu-
lations was also carried out in the term born infants.

It is important to emphasize that this is not a cohort study.
We collected sequential samples of cord blood and accumulated
data on ELISPOTs so that we could be sure of differences
between samples from atopic versus non-atopic mothers, then
we then went on and analysed other parameters, such as the
response of CD45 subsets. At no time were any samples in-
cluded or excluded for analysis and there has been no selection
in the presentation of the data.

Isolation of CBMC and lymphocyte culture

Umbilical cord blood mononuclear cells (UCBC) were obtained
from 0.5 to 2.5 mL of venous heparinized cord blood layered on
a Ficoll-Hypaque densitiy gradient using standard procedures.
The cells in the buffy coat were collected and washed three times
in RPMI-1640 medium (Sigma, Poole, UK) containing sodium
bicarbonate, mercaptoethanol, penicillin, streptomycin, gen-
tamicin and supplemented with 10% heat-inactivated fetal
calf serum (FCS, Life Technologies, Paisley, UK). After resus-
pension in 1 mL of medium, cell numbers were determined
using a haemocytometer. Viable cells were identified by trypan
blue (0.1%) exclusion and were always more than 95% alive.
Cells were immediately used for the ELISPOT assay at 100 000
cells/well.

Cow’s milk proteins [BSA, B-LG, casein (Cas)] and keyhole
limpet haemocyanin (KLH) were purchased from Sigma. Ali-
quots (200 uL) containing 0.7-1.25 x 10> mononuclear cells
were applied per well in round-bottomed 96-well microtitre
plates (Greiner, Frickenhausen, Germany). Cow’s milk pro-
teins (BSA, B-LG, Cas) were added per well to final concen-
trations of 100 pg/mL (BSA) or 500 pg/mL (B-LG; Cas, KLH).
Negative controls consisted of mononuclear cell suspensions in
culture medium only. After culture for 24 h at 37° and 5% CO,,
the cells were washed with RPM1/10% FCS and counted.

Enumeration of IFN=y, IL-4, IL-5, IL-10 and TGF-$1-
secreting cells

Antibodies to IFN-y were purchased from Chromogenix AB
(Molndal, Sweden), IL-4 antibodies from Mabtech AB (Stock-
holm, Sweden) and IL-5 and IL-10 antibodies from Pharmin-
gen (San Diego, CA, USA). ELISPOT assays for detection of
these cytokines were carried out exactly as described elsewhere
[21]. TGF-B1 antibodies were purchased from R & D Systems
(Minneapolis, MN, USA). All steps of the TGF-f3 assay were
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performed as for the above-mentioned cytokines, but optimal
concentrations of the antibodies as well as the optimal buffer
solutions and cell media had to be determined in preliminary
experiments. Thus the capture antibody was used at 3 pg/mL (in
100 uL of PBS/well) and the biotin-labelled detecting antibody
at 70 ng/mL (in 100 pL of TBS/0.1% BSA/well). The RPMI cell
medium used was supplemented by serum replacement 2
(Sigma). All assays were performed in duplicate. The ELISPOT
assay was carried out overnight.

The number of spots in each well was enumerated using a
dissecting microscope (x 25 magnification). The frequency of
spot-forming cells per 10° input mononuclear cells was then
calculated. The spontaneous cytokine response was expressed
as the number of spot-forming cells/10° mononuclear cells (SFC/
10° MNC) in the absence of antigen. In the stimulation assays,
the antigen-elicited response was expressed as A-ELISPOTS/10°
MNC (i.e. number of antigen elicited SFC minus the number of
spontaneous SFC/10° MNC). All counts were checked by two of
the authors (AG and ACH, or MR and ACH).

Positive selection for CD14T CBMC

Mononuclear cell suspensions were prepared and then incu-
bated with Anti-CD14 MicroBeads (MACS, Miltenyi Biotec
Inc., Auburn, CA, USA), diluted 1:5 in phosphate-buffered
saline (PBS) supplemented with 2mm EDTA and 0.5% BSA for
15min at 6°C. Cells were washed, resuspended in buffer and
positively selected according to the manufacturer’s instructions.
The purity of CD14" cells in the various cell fractions was
quantified by FACS analysis and was > 95%.

Positive and negative selection for CD4* CD45RA* and
CD4" CD45RO" UBMC

As expected, 87.6% of CBMC CD4 cells were CD45RA™ and
12.3% of them CD45RO™ (not shown). First, CD4" T cells were
isolated by negative selection using CD4" T cell isolation kit
(MACS, Miltenyi Biotec Inc., Auburn, CA, USA). Briefly, cells
were incubated with a hapten-antibody cocktail (consisting of
hapten-conjugated CD8*, CD11b*, CD16™", CD19%, CD36"
and CD56" mABs), diluted 1:5 in PBS supplemented with
2mMm EDTA and 0.5% BSA for 15min at 6°C. After two
washing steps, cells were resuspended in buffer and incubated
with MACS anti-hapten microbeads diluted 1:5 in buffer for
15min at 6 °C. Cells were again washed twice and the purity of
the CD4™ fraction evaluated by flow cytometry. From these
pre-selected CD4" cells, CD45RA™ and CD45RO™ cell frac-
tions were then isolated by incubation with MACS CD45RA
and MACS CD45RO MicroBeads, respectively, diluted 1:5 in
PBS supplemented with 2mm EDTA and 0.5% BSA for 15 min
at 6 °C. After a final wash cells were positively selected for the
CD45RA and CD45RO subfractions according to the manu-
facturer’s instructions. Both efficiency of the magnetic separ-
ation and quantification of these subfractions was then assessed
by FACS analysis. The selected cell populations were > 95%
CD4" and CD45RA™ or CD45RO™ 0. The negatively selected
CD45RA and RO cells were also analysed in some children.

Statistical analysis

Data were first tested to determine whether they conformed to a
sample from a normally distributed population. If they did,
comparison between the control groups was done by a t-test;
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if the normality test failed, then a two-tailed Mann—Whitney
test was used. A paired f-test was used to determine if the
response elicited by antigen was greater than that seen in cells
cultured in media alone. All P-values shown have been cor-
rected for multiple comparison errors.

Results

Spontaneous cytokine secretion in term infants

ELISPOTS for spontaneous secretion of all five cytokines were
performed on blood samples of 78 neonates > 38 weeks’ gesta-
tion. Forty-seven of these infants had no history of maternal
atopy and in 31, maternal atopy was known. In both groups,
the same hierarchy of cytokine secretion was found, with the
highest frequency for IL-4-secreting cells, followed by TGF-f1,
IL-10, IL-5 and IFN-y (Fig. 1). Although there was a clear
tendency for samples from children with atopic mothers to
have lower values than those of non-atopic mothers, only for
TGF-B1-secreting cells did this achieve significance (P < 0.005).

TGF-B1 can be made by many different cell types and so we
positively selected CD4 T cells and CD14 cells (macrophages)
from 10 samples and analysed TGF-B1 ELISPOTs. In unsepar-
ated cells, there was a median of 16 (3-68)/10° cytokine secret-
ing cells. In the CD14 ™ population this was reduced to a median
of 5 (3-8)/10° SFC. However, in the CD4" population the
frequency increased to 27 (6-112) SFC/10° input cells. These
results show that the majority of spontaneous TGF-f-secreting
cells in CBMC are CD4 T cells.

Cow’s milk protein induced cytokine secretion in term
infants

In vitro stimulation of CBMC with BSA, B-LG and casein
resulted in a significant increase in the numbers of all cyto-
kine-secreting cells, in particular upon stimulation with casein
(P <0.01). Again, frequencies of Th2 cytokines were signifi-
cantly higher than those of IFN-y. In infants with a history of

Spontaneous cytokine secrection in term newborns
with and without maternal atopy
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Fig. 1. Spontaneous cytokine production in CBMC of 47 children without
a history of maternal atopy and 31 with a history of maternal atopy.
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maternal atopy, overall frequencies tended to be lower (Fig. 2)
and achieved significance for the IL-10 casein response, the
B-LG and casein IL-4 response and the TGF-f3 response to all
milk proteins.

We also investigated responses to KLH, an antigen to which
Austrian mothers should not have been exposed, in 17 babies of
non-atopic mothers and in 13 babies of atopic mothers. The
spontaneous SFC results for the non-atopics were-IFN-y:
median of 3 (range 2-13), IL-4: median of 20 (range 4-43),
IL-5: median of 5 (range of 2-29), IL-10: median of 7 (range

of 2-22); TGF-B: median of 18 (range of 3-38). For the 13
atopics, the results were-IFN-y median of 1 (range 1-12),
IL-4: median of 16 (range of 2-37); IL-5: median of 4 (range
of 2-27), IL-10: median of 5 (range of 2-21); TGF-B: median of
7 (range of 2-23). When the cells were stimulated with KLH ata
concentration of 500 pg/mL, an increase of 1-2 SFC was seen in
two CBMC samples from children of atopic mothers and one
sample from a child of non-atopic mothers. We also used
100 pg/mL KLH in 10 patients and observed no increase over

the spontaneous production.
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Fig. 2. Antigen-specific cytokine responses in CBMC of term newborns with (n = 31) or without maternal atopy (n = 47). All values are the increase in the

number of ELISPOTS over the spontaneous production.
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Spontaneous cytokine secretion in preterm infants

ELISPOTS for spontaneous secretion of all five cytokines were
performed on blood samples of 58 pre-term (< 38 weeks) born
infants (Fig. 3a). Samples from infants aged less than 38 weeks
had lower numbers of cytokine secreting cells than infants
greater than 38 weeks gestation. Indeed, in samples from infants
born at 26-34 weeks’ gestation, responses were minimal, and for
infants of non-atopic mothers the responses at = 38 weeks and
= 34 weeks differed significantly for all cytokines.

Antigen-specific responses were also measured (Fig. 3b) and
showed the same age-dependency as spontaneous cytokine se-
creting cells, with infants born over 38 weeks showing the larg-
est responses. For brevity, only casein responses are shown, but
the same results were obtained with BSA and B-LG. Responses
in infants less than 34 weeks’ gestation were minimal. Again,
there was markedly smaller IL-4 and TGF-B1 responses in
infants older than 38 weeks born of atopic mothers, but the
differences disappeared in younger infants, probably due to
the weak responses detected.
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Frequency of cytokine-secreting cells in CD4" CD45RA™
and CD4* CD45RO" T cells of term infants with and
without maternal atopy

Positive selection for CD4" CD45RA™ and CD4" CD45RO™
T cell subsets was performed in another unselected 34 term
infants and the frequency of IFN-y-, IL-4- and TGF-B1-SFC
in the various subsets assessed. Limited number of cells were
available after purification, therefore the number of different
cytokines analysed was also limited to IFN-y, IL-4 and
TGF-B1. In 22 of these infants, there was no history of maternal
atopy and in the remaining 12 maternal atopy was known.
Spontaneous cytokine secretion was seen in purified CD4
cells, and again the IL-4 and TGF-f response was markedly
higher than the IFN-y response (Table 1). The TGF-f1
response of CD4 cells from children of atopic mothers was
markedly lower than infants from non-atopic mothers. In the
CD45RA™ cells, IL-4 and TGF-p responses were greater than
the IFNy responses, and for TGF-B1 the response was also
lower in infants of atopic mothers compared to infants from

IL-4
804 | P<0.01
° [ )
€ 60
s
E 40 ——
S P<0.08
&
20
N =
>38  34-38 26-34
Weeks
IL-10
401 P<0.035 |
[ ]
(@)
é 30 °
0
2 204 ° Mp<0.06 !
(&)
®
10 4
O |
34-38 26-34
Weeks
TGF-B
40 - P<0 01
(@)
p
=
‘S Mp<0.01 ]
. é
[l
’ él
0
>38  34-38 26— 34
Weeks

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:615-623



620 A. C. Hauer et al.

IFN
30
o5 .P<0.01 °
% E 20 P<0.01
= 8 °
S o 15 4
53
% a 10 A
N .
0 ® =z
>38 34-38 26-34
Weeks
IL-5
60
P<0.01
% @ 40 * o
'_ -
£5 e P<0.04 .
> 5
S
53 2]
>38 34-38 26-34
Weeks

1 Without maternal atopy
v/ //

With maternal atopy

IL-4

100 + P<0.01 P<0.01

SFC/10° MNC
(A-ELISPOTS)

50 4
% P<0 08
0 é
>38 34-38 26-34
Weeks
IL-10
60 D P<0.05
o =
25
40 -
2y
g
Qu
»n 3 20 A é é
. é  TEOAL |
34-38 26-34
Weeks
TGF-B
T T 1
60 4 ° P<0.01 P<0.02
o=
zZ2
29 40
oo P<O 09" "P<0.01 "
Qo
w32 20 A % é
0

Fig. 3. (a) Spontaneous cytokine production in CBMC of infants born before 38 weeks’ gestation with and without a history of maternal atopy. For
comparison the data in term children born over 38 weeks’ gestation from Fig. 1 is also shown. In the 34- to 38-week age group, 30 children were born of
mothers with no history of atopy and 12 were born of mothers with maternal atopy. In the 26- to 34-week age group, 10 children were born of mothers with
no history of atopy and six were born of mothers with maternal atopy. The box and whisker show the 95% confidence intervals and the solid dots show the
range. (b) Casein-induced cytokine responses in the same children as shown in (a). The box and whisker show the 95% confidence intervals and the
solid dots show the range. All values are the increase in the number of ELISPOTs over the spontaneous production.

Table 1. Spontaneous ELISPOTSs in positively selected CD4", CD45RA™
and CD45RO™ cord blood T cells from children with atopic (n = 12) or
non-atopic mothers (n=22)

Spontaneous ELISPOTs/10° cells (median and range)

cb4* CD45RA* CD45RO™"
IFN-y
Non-atopic 5 (2-17) 5 (1-15) 0 (0-1)
Atopic 4 (1-24) 3 (1-12) (0-1)*
IL-4
Non-atopic 31 (11-187) 25 (9-164) 1 (0-3)
Atopic 26 (10-156) 20 (8-125) (2-14)%
TGF-B
Non-atopic 28 (6-112) 25 (4-98) 2(0-3)
Atopic 15 (4-45)* 12 (3-41)* 4 (2-6)1

*P < 0.03, atopic versus non-atopic; TP < 0.003, atopic versus non-atopic.

non-atopic mothers. Interestingly, in the CD45RO ™ cells, for all
cytokines, significantly greater responses were seen in infants
with atopic mothers, than in samples from babies with non-
atopic mothers. However, it must be emphasized that the re-
sponses of the CD45RO™ cells were extremely low, and in the
case of samples from children of non-atopic mothers, the ma-
jority gave no response.

Antigen-elicited responses were also examined (Table 2).
Generally, this response was approximately twice as large as
the number of spontaneous SFC’s for the CD4" and the CD4™"
CD45RA™ T cells, and was highly significantly different
(P=0.001), with casein and B-LG eliciting larger responses
than BSA. However, there was considerable interindividual
variability. For CD4 cells, the IL-4 and TGF-f3 response was
higher than the IFN-y response to all antigens. Antigen-elicited
responses were also extremely low in the CD45RO cells and
for all cytokine/antigen combinations, the response of cells
from non-atopic mothers was not significantly greater than
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Table 2. Antigen-specific ELISPOTs in positively selected CD4", CD45RA™ and CD45RO™ cord blood T cells from children with atopic (n = 12) or

non-atopic mothers (n=22)

AAntigen-specific ELISPOTs/10° cells (median and range)

ch4* CD45RA™ CD45RO™
BSA B-LG Casein BSA B-LG Casein BSA B-LG Casein
IFN-y
Non-atopic 7 12 13 6 12 12 0 0 0
(3-15) (4-35) (3-33) (1-9) (4-31) (5-32)
Atopic 3 9 9 4 11 10 0 0 0
(2-14) (2-29) (4-27) (1-8) (3-24) (3-24)
IL-4
Non-atopic 19 29 35 17 27 32 0 1 0
(7-161) (6—180) (4-190) (5—154) (3-183) (4-201)
Atopic 14 16 16 12* 15 14 1% 4* 4*
(4-23) (5-27) (4-29) (3-21) (5-23) (5-19) (0-2) (3-8) (2-9)
TGF-B
Non-atopic 18 26 29 16 26 28 0 0 0
(6-120) (8-150) (5-148) (4-132) (6—135) (3-141)
Atopic 10 16 17 8 131 13 2% 4* 5*
(4-118) (6-20) (6-21) (4-13) (5-19) (4-20) (0-3) (2-9) (2-9)

*P < 0.03, atopic versus non-atopic; TP < 0.003, atopic versus non-atopic.

the spontaneous number of ELISPOTs. Only a single patient
gave a single IL-4 SFC to B-LG. However, in the CD45RO™"
cells from infants with atopic mothers, small antigen-specific
responses were obtained from most patients, which were signifi-
cantly greater than the spontaneous SFC’s (P < 0.01). The IL-4
and TGF-B response of the CD45RA™ cells was significantly
lower in the infants of atopic mothers compared to infants of
non-atopic mothers. It should be emphasized, however, that by
far the greatest antigen-specific responses were seen in the
CD45RA™ cells from all samples.

To determine if the positive selection procedure was respon-
sible for the weak responses in the RO population and the
strong responses in the RA population, we also examined the

Table 3. Antigen-specific ELISPOTSs in negatively selected CD45RO™
cord blood T cells from children with atopic (n=7) or non-atopic mothers
(n=7)

Antigen-specific ELISPOTs/10° cells (median and range)

Spont BSA B-LG Caseint

IL-4

Non-atopic 1 0 0 0
(0-3) (0-1)

Atopic 4* 1 3* 3*
(2-10) (0-2) (1-5) (1-7)

TGF-B

Non-atopic 2 0 0 0
(1-11)

Atopic 4* 2% 2* 3*
(2-7) (2-5) (2—-4) (1-4)

*P <0.03, atopic versus non-atopic; tFor each sample, the antigen-
specific response is the number of ELISPOTs over and above that seen
in medium alone.

antigen-specific responses of the negatively selected cells in
seven patients with a history of maternal atopy and seven
without a history of maternal atopy (Table 3). Results were
identical to that seen with the CD45RO positively selected
cells in that the non-RA™ cells from children with atopic
mothers gave significantly greater responses than the non-
RA™ cells from children of non-atopic mothers.

Discussion

To our knowledge this is the first study in which ELISPOTs
have been used to analyse the numbers of cells secreting cyto-
kines in CBMC. When we measured the spontaneous produc-
tion of cytokines by CBMC it was clear that IFN-y responses
were lower than 1L-4, IL-5, IL-10 and TGF-B. These results are
therefore consistent with others and show that the T cell re-
sponse of CBMC is Th2-dominated [3,4]. To our knowledge,
however, TGF-f has not been studied before so we can add this
cytokine to the list of non-Th1 cytokines overexpressed at birth.
An interesting feature of the spontaneous TGF-f3 response was
that it was markedly lower in infants of atopic mothers than in
infants of non-atopic mothers.

Antigen-specific responses to cow’s milk proteins were also
examined and responses were obtained in all infants. A striking
feature of these responses was the fact that for all three proteins,
there was a clear and significant reduction in the number of Th2
SFC (especially IL-4 and TGF-B) in samples from infants of
atopic mothers compared to infants of non-atopic mothers.
This at first might seem counter-intuitive in that one would
expect these infants to have higher responses, if in utero sensi-
tization to cow’s milk proteins is priming Th2 cells in a genetic-
ally susceptible baby. There could, however, be a number of
reasons for this difference. For example, we are sampling
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CBMC and it may be that the in utero-sensitized Th2 cells in
infants of atopic mothers are in the lymph nodes, spleen, liver,
gut or lung. However, the same result has been seen in CBMC of
children who later went on to develop atopic disease [4]. It has
been also suggested that this might be due to delayed matur-
ation of the Th2 response in individuals destined to become
atopic [3].

There have been a number of other studies along these lines
and they fall into two groups. First, CBMC responses to aller-
gens have been measured and then the infants followed to
determine if they develop allergy or not. The response of
CBMC is then retrospectively analysed between clearly atopic
and non-atopic children. Using this kind of analysis, Hill et al.
[1] showed that PHA-induced IFN-y responses were lower in
atopic children than non-atopic children at birth, and Warner
et al. [2] showed decreased IFN-y production to -LG in CBMC
of children who developed atopy by 12 months of age. Prescott
et al. [3], however, showed that the allergen-induced IL-4 and
IL-5 mRNA responses of CBMC of children who developed
atopy were lower than those who did not develop atopy, which
is consistent with our observations on children at risk rather
than those with atopic disease. The second type of study,
including this one, examines the response of CBMC and tries
to relate the responses to the maternal atopic status. We found
no differences in [FN-y production between the two groups, but
again this is confounded by the fact that we analysed children at
risk of atopy because of maternal atopy, rather than clinically
defined atopy. Similar results have recently been obained by
Kopp et al. [22] who found identical f-LG induced IFN-y
production in CBMC from infants whose mothers had proven
allergy and those who did not. IL-5 was also measured in this
study and again there was no difference. On the other hand,
Liao et al. [23], using cytokine enzyme-linked immunosorbent
assays (ELISAs) showed that the PHA-induced IFN-y
responses in infants of atopic mothers were lower than the
responses of infants from non-atopic mothers. However, using
intracellular cytokine staining, Yang et al. [24] could see no
difference in IL-4 or IFN-y production between infants of
non-atopic mothers and infants of atopic mothers. Overall,
there are conflicting data in that some studies suggest that
CBMC responses can be related to maternal atopy and others
do not, but the different methodologies used make it hard to
make any firm conclusion.

The most interesting result from this study, however, came
when we analysed spontaneous and antigen-specific responses
of CD4 cell subsets. For CD4 cells, the pattern of responses
were the same as for CBMC in that the spontaneous and anti-
gen-specific responses were much higher for IL-4 and TGF-$
than IFN-y. Likewise the spontaneous TGF-f§ SFC response
was lower in infants with atopic mothers than non-atopic
mothers. The same trend was seen in the antigen-specific re-
sponses but did not achieve significance after we corrected for
multiple comparison errors. In the RA and RO subsets, the
largest number of antigen-specific SFC was seen in the naive
population, which is difficult to reconcile with the notion that
this is a population which has not been exposed to antigen
[15-18]. Nonetheless, when we measured CBMC responses to
KLH, an antigen to which Austrian mothers are unlikely to be
exposed, we did not manage to generate an antigen-specific
response. Therefore the responses to cow’s milk proteins do
appear to be recall responses and not primary responses, and

yet paradoxically, they are obtained from the CD45RA popu-
lation. We have no explanation for this, although we are re-
assured that Devereux and colleagues [25] were also able to
demonstrate proliferative responses by CBMC CD45RA™
cells to grass pollen.

In the CD45R O populations, however, although the numbers
were small, it was clear that the majority of spontaneous and
antigen-specific responses were in the infants with atopic
mothers. Indeed, the vast majority of samples from non-atopic
mothers failed to show a response. The most obvious explan-
ation for this is that sensitization has resulted in activation and
the switch from RA to RO occurred in utero. Given the fact that
it is now clear that antigens and allergens can cross the placenta
into amniotic fluid and the fetal circulation [7-9], the fact that
the memory cell response was virtually only seen in the children
of atopic mothers (and it seems probable that antigen will reach
the fetal circulation in non-atopic mothers), means that the
sensitization in utero may have a genetic basis, rather than just
being due to exposure to antigen.

We also had the opportunity to examine spontaneous and
antigen specific responses in CBMC from infants as young as
26 weeks’ gestation. There was a clear age-related effect in that
the responses at 26-34 weeks of age were markedly lower than
older babies. This is consistent with earlier studies using anti-
gen-induced proliferation as a readout which showed that these
also increased with age [26]. However, the same study also
showed that very weak proliferative responses were seen in a
minority of infants at 23 weeks of age. It is a matter of interpret-
ation as to whether these proliferative responses are biologically
significant [27]. For example, in our experiments, infants born
near term had a spontaneous IL-4 response which ranged from
0to 70 SFC/10° cells. When we added casein, the response more
than doubled in most patients and was clearly obvious in the
assay. However, in the youngest specimens analysed at
26-34 weeks’ gestation, the spontaneous production was less
than 10 SFC/10° cells and with casein the numerical increase
was in single figures. One could argue that these small increases
are significant, but we are cautious in making any suggestion
based on these data, that in utero sensitization does not occur
until the third trimester.

The activity of Th1 and Th2 cells can be regulated by Th3 cells
making TGF-B or Tr cells making IL-10 [12-14]. Because we
only measured individual cytokine-secreting cells, we cannot
make any conclusions about the functional role of these cells.
Nonetheless, it was striking that no major differences were seen
in either the spontaneous or antigen-specific responses of IL-10-
secreting cells in children of atopic or non-atopic mothers. In
contrast, the cells secreting TGF-§ were consistently lower in
children of atopic mothers, both in terms of spontaneous and
antigen-specific responses. This would suggest that there may be
some deficiency in Th3 cells from children of atopic mothers,
but further functional studies need to be carried out.
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