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EDITORIAL

Cutting the cord: is birth already too late for primary
prevention of allergy?

Though long recognized, the fundamental basis of the
familial nature of asthma and atopy remains elusive.
Much effort is currently being focused on identifying
genetic markers associated with them, with several different
loci being suggested as candidates [1–4]. Segregation
analysis suggests that it is unlikely that the genetic factors
associated with these disorders are limited to a single or
even a few loci, and that other, non-genetic factors influence
the overall phenotypic expression of these loci [5]. Thus it
would appear that there is an interplay between a number of
factors, genetic and environmental, which interact to deter-
mine the propensity for an individual to develop atopic
disease.

When might environment come into play? The role of
postnatal exposures in the expression of atopy and asthma
have been the subject of much scrutiny. Might not there be
influences which exert their effect(s) prenatally, perhaps
even affecting the very development of immune function
before the foetus has been exposed (in the classical sense)
to direct immune challenges from the extra-uterine
environment?

There is an increasing body of literature suggesting that in
newborns the development of specific T-cell response to
environmental antigens may occur prior to any first-hand
exposure to those antigens, that is, before birth. Szepfalusi
and colleagues, in this issue ofClinical and Experimental
Allergy [6] , provide further evidence of prenatal priming of
T-cells. They document proliferative responses of cord
blood mononuclear cells to the cow milk proteins alpha-
lactalbumin, beta-lactoglobulin and alpha-casein which
were specific and required the presence of antigen present-
ing cells to occur. These responses were seen in nearly all of
the 39 infants tested. The relevance of these responses to the
later development of asthma and/or atopy is unclear, as this
and other reports of such responses do not consistently show
a relationship to either parental history of atopic disease or
subsequent development of such disorders in the infant,
though the work reported herein lacks adequate numbers of
subjects to conclusively demonstrate the absence of such an
association. It would be of interest to know if similar
proliferative responses could be elicited by the same anti-
gens in T cells from the mothers, since an association
between maternal history of allergy and detectable cord
blood IgE and the subsequent development of eczema and
wheezing during infancy, an association not found with
paternal history of allergy, has been shown [7].

How might antenatal exposure to antigen (and subsequent

priming) occur? It is unlikely that intact, whole protein of
the sizes used in this study could traverse the placenta. Even
so, it is not clear that the foetal immune system is capable of
providing the accessory cell function needed to generate a T
cell response to them, at least early in gestation [8]. Alter-
natively, peptides, already ‘processed’ by the mother, might
gain access to the foetal circulation, either independently or
in the form of antigen:IgG complexes.

The larger question still remains, however. If the majority
of infants undergo antigen/allergen primingin utero what
other factors might influence the character of their response
to antigen exposure and bring about allergic disease later in
childhood?

A crucial factor in the priming of T cells may be antigen
dose. Piccinni and coworkers [9] demonstrated cord blood
T cell proliferation in response to Dermatophagoides group
I (Der p I) and Lolium group I (Lol p I) allergen, both
inhalant allergens, in an unselected group of infants. While
response to Der p I was found in virtually all of the infants,
response to Lol p I was found only in those infants studied
around the time of highest environmental levels of that
allergen, leading the investigators to suggest that it was the
near continuous exposure to Der p I which accounted for the
difference. The mother’s atopic status may also affect foetal
allergen exposure, in that mothers with a predominately IgG
response to a given antigen might clear circulating antigen
more effectively than mothers with a predominately IgE
response. In addition, high dose antigen exposure may shift
the nature of the response in a Th2 direction [10].

Along with the dose of antigen presented, the nature of
antigen presentation may influence subsequent response.
The antigen presenting cell (APC), particularly the dendritic
cell (referred to by some as the ‘professional APC’), may
play a crucial role in directing response to antigen. It has
been proposed by Matzinger that if naive lymphocytes
encounter antigen in the absence of a second signal from a
professional APC they will die [11]. A second signal from
an appropriate APC, on the other hand, allows the T cell to
be become a resting effector cell, ready to respond upon
secondary stimulation by antigen. Exactly how the work of
Szépfalusi et al. fits into this schema is not clear as the
source of (irradiated) APCs used is not specified. However,
presumably the effector cells involved were monocytes and/
or macrophages, and not dendritic cells, providing further
support that the reactive T cells were ‘experienced’.

As mentioned previously, there is some suggestion that
maternal history of atopy and/or asthma is more strongly
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associated with atopic disease in offspring than is paternal
history. While both mother and father contribute to the
genetic transmission of susceptibility, there may be addi-
tional environmental effects exerted through the mother
which modulate the expression of the genetic endowment.
The placenta, the site of intimate maternal–foetal interface,
represents an immunologic dilemma. It is essentially a
naturally occurring allograft, which should prompt a brisk
cellular immune response from the mother by virtue of its
continuous, low-level expression of paternal MHC antigen.
While there are some subtle systemic manifestations of
altered maternal immune function during pregnancy, it
appears from animal studies that the immunomodulation
necessary to preserve the developing embryo and foetus
occurs predominately in the local placental environment
[12]. These studies further suggest that it is an alteration
in the cytokine milieu at the maternal–foetal interface
itself which effects these changes. Interestingly, this
change in milieu is that of a shift away from those cytokines
which promote cell-mediated immunity (Th1 activity) and
towards those which induce humoral immunity (Th2
activity) [12].

Thus, one of the earliest factors potentially influencing
the development or polarization of the foetal immune
system towards an atopic phenotype is its exposure to the
placental cytokine milieu. This idea is further supported by
the observation that Th1 and Th2-related cytokines promote
the development of T cells into cells of like type, and
suppress the development of the opposite type [13]. That
is, the Th1 cytokine IFNg promotes differentiation of naive
T-helper cells into Th1 cells while inhibiting the develop-
ment of Th2 cells. Likewise, IL-4, a Th2 cytokine, promotes
the development of Th2 cells while inhibiting the develop-
ment of Th1 cells. Thus, the relative predominance of Th1
or Th2 cytokine production by the placenta could serve to
bias the development of naı¨ve foetal T cells in one direction
or the other. This hypothesis is congruent with the finding of
decreased IFNg production by T cells from newborns born
into families with a history of atopy [14]. Similar findings in
adults with atopic dermatitis [15] may be a demonstration of
the life-long nature of such an early influence. A difference
in the character of placental influences in atopic as com-
pared to non-atopic mothers may be only one of many
environmental factors modulating the expression of multi-
ple genetic determinants of susceptibility to atopy and
asthma, but its timing, coming very early in development,
may afford it a pivotal role in setting the direction of future
immune development.

Extra-uterine environmental stimuli are also crucial.
Factors such as the frequency and type of respiratory
infections experienced in early childhood [16], exposure
to cigarette smoke and other aerotoxins [17], and increased
exposure to aeroallergens because of home construction

practices [18] have all been discussed as possible contribu-
tors to disease development. Clearly it is not one or even a
few factors or events which determine the ultimate devel-
opment of the atopic/asthmatic phenotype, but a complex
interplay of genetic endowment and environmental expo-
sures (nature and nurture) which govern the outcome. The
genetic endowment probably exerts its influence at a
number of steps, from susceptibility to priming by a parti-
cular antigen, to the ability of APCs to provide appropriate
signalling, to perhaps a propensity for polarization to
proceed preferentially in one direction or another. Degree
or dose of antigen exposure obviously governs the oppor-
tunity to respond, but may influence polarization as well.
Finally, the environments, external and cellular, in which
the process takes place may colour the final response.

The stage may largely be set, however, before the first
breath is ever taken.
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