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Allergic diseases have become an important public health issue. While the genetic basis for allergy is 
well established, genetic factors must interact with environmental influences to determine disease 
development. This complex interaction most likely occurs in early life since distinctive alterations of 
immune responsiveness, which may predict an allergic phenotype, are apparent at birth. 
Demonstration of raised IgE and allergen-specific T-cell reactivity at birth has inferred that exposure of 
the naive immune system to allergens may occur antenatally. Animal models have shown that the 
dose, timing, route and form of antigen exposure regulate whether tolerance or immune priming occurs. 
Also long-term T^l-like (tolerant) and TyZ-like (allergic) memory against individual antigens occurs 
during the first exposures, and once consolidated, is not readily reversible. Consequently, the nature of 
early life exposure to an allergen may contribute to the complex process that determines allergic 
sensitisation and disease manifestation. Therefore, the hypothesis of this thesis was that 'the 
characteristics of early life exposure to dietary egg allergen determine infant atopic phenotype 

Hen egg ovalbumin (OVA) was the dietary allergen investigated. Egg allergy is common in infancy 
& has implications for later inhalant sensitisation and respiratory allergic disease. An OVA detection 
ELISA was developed. By this method OVA was found in maternal blood throughout pregnancy, cord 
blood, amniotic fluid and breast milk, thus confirming direct exposure to dietary allergen in early life. 
The dose, timing & routes of allergen passage were described & OVA form in breast milk, maternal & 
cord blood evaluated by gel filtration sample separation and ELISA. OVA was found only in free form 
in breast milk, but in blood was present both as free antigen and in complex with IgG, the form 
depending on specific IgG concentration. Thus maternal IgG may determine mode of fetal allergen 
presentation. Maternal IgG could also inhibit antigen detection, an effect dependent on concentration 
and functional affinity. This raises the possibility that maternal IgG may block presentation of 
allergenic epitopes in vivo, with implications for immune regulation. 

Women, with a personal or partner history of atopy, were randomised to dietary egg exclusion or a 
normal healthy diet from 17-20 weeks of pregnancy till the end of breast-feeding. OVA was present in 
as many blood & breast milk samples of egg avoiding as control women. Atopic women had higher 
levels of serum OVA than non-atopic women, while atopic & egg-avoiding women more often had 
OVA in breast milk, and in higher quantities, than non-atopic, egg avoiding women. These data 
suggest that dietary exclusion, particularly by atopic women, does NOT eliminate allergen exposure in 
early life. Antenatal OVA exposure, in the context of an egg-avoiding & atopic mother, was associated 
with a greater risk of an atopic phenotype at 6 months of age. Also, exposure via breast milk from an 
atopic mother suggested a greater risk of later atopy. Maternal serum OVA IgG concentration was 
shown to mark compliance to an egg exclusion diet & differences in cord concentrations were related 
to subsequent atopy. These data imply modulatory influences of maternal IgG & atopic environment 
over developing immune responses and raise the possibility that dietary exclusion as a primary allergy 
prevention strategy may have adverse consequences. Postnatally, differences in OVA IgG and IgG 
subclasses were identified for persistently egg sensitised children & elevated OVA IgG I was 
associated with later asthma. This suggests that serum OVA IgGl measurement might be used as an 
adjunct to skin testing and serum IgE measurement to predict allergic respiratory disease. 

This work has provided insight into mechanisms that may modulate early life programming of atopy 
and has proposed factofs for consideration in primary allergy prevention strategies. Furthermore, the 
potential for a serological measurement in infancy to predict long-lasting respiratory disease offers the 
prospect of early implementation of secondary allergy prevention measures. 
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Chapter 1 

General Introduction and Hypothesis 

1.1 The Normal Immune Response 

The body is exposed to a host of pathogens with the potential to cause disease, and 

possibly death. Protection from these agents is provided by a complex array of 

defensive measures, collectively called the immune system 

In humans, the immune system comprises two strategic arms - the innate and 

acquired systems - which essentially differ in the means, and hence the specificity, by 

which they recognise pathogens. Phylogenetically older, the innate immune system 

discriminates potentially noxious substances through recognition of conserved 

molecular patterns shared by large groups of microorganisms This limited 

specificity contrasts with the precision that characterises antigen recognition by the 

acquired immune system; diversity of cell surface receptors and circulating proteins 

facilitate specific immune responses to an almost infinite number of molecular 

structures 

Innate immunity offers first-line defence that rapidly operates to limit microbial 

infection. Adaptive immunity subsequently provides the specific armamentarium that 

can effectively eliminate the invading pathogen. However, optimal host defence is 

dependent on co-operation between the two arms: activation of the innate immune 

response is a prerequisite for triggering acquired immunity, while products secreted 

by cells of the acquired immune response (for example, immunoglobulins and 

cytokines) augment the activity of the innate system 

1.1.1 Innate Immunity 

Innate defence mechanisms include anatomical barriers, such as intact skin, and 

physiological deterrents, such as high temperature or acidic pH, as well as inducible 

responses mediated by cellular and humoral components. Cells of the innate system 

include phagocytes (neutrophils, macrophages, eosinophils), natural killer (NK) and 



mast cells Pathogen recognition is mediated by a set of germline-encoded pattern 

recognition receptors (PRRs). These include mannose receptors, which recognise the 

carbohydrate signature of microbes CD 14, which recognises lipopolysaccharide 

(LPS), a common constituent of Gram-negative bacterial outer membranes and the 

Toll-like receptor (TLR) family which recognise a variety of microbial components, 

including LPS (recognised by TLR4) lipoprotein (recognised by TLR2) and 

bacterial DNA (recognised by TLR9) The major soluble protein effector of innate 

immunity is the complement system, an enzyme cascade that has the ability to 

recognise, opsonize or lyse particulate material, including bacteria and yeasts. 

1.1.2 Adaptive Immunity 

The adaptive immune system is a diverse, yet specific, defence response that has 

evolved in vertebrates to cope with the genetic variability of microorganisms The 

system may be further divided into humoral and cell-mediated responses. Humoral 

responses are mediated by antibodies (immunoglobulins) - circulating antigen-specific 

proteins - that can neutralise soluble antigen or facilitate its elimination. Cell-

mediated responses can directly eradicate intracellular pathogens via effector cells -

in particular, T-lymphocytes. 

1.1.2.1 Cellular component of the adaptive immune response 

Lymphocytes are principal immune cells of the adaptive response. They display 

diversity and specificity but are also characterised by the immunological attributes of 

memory and self/non-self discrimination. Memory refers to the retention of clones of 

antigen-specific cells following elimination of an infection that facilitate a more rapid 

and heightened response on a second exposure to the same organism The 

presence of intercellular recognition molecules, such as the proteins coded for by the 

major histocompatibility complex (MHC) on chromosome 6, permits essential 

lymphocyte discrimination of self versus non-self, or altered self, cells. 

Two main lymphocyte types participate in the adaptive immune response - B-

lymphocytes and T-lymphocytes. 



B-cells interact with antigen via membrane bound immunoglobulin. When activated 

they divide and differentiate into memory cells or plasma cells. Plasma cells do not 

express surface immunoglobulin but secrete antibody into the surrounding medium. 

Antigen recognition by T-cells occurs via a specific membrane receptor (TCR) 

associated with a set of polypeptides - the CD3 complex. T-cells may be further 

divided into two main subtypes: T-helper (TH) and T-cytotoxic (Tc) cells. Ty cells 

express the membrane glycoprotein CD4. They recognise antigen in association with 

MHC class II proteins, present on antigen presenting cells (APC), via the CDS-TCR 

complex. Their role is in the regulation of the immune response. Tc cells express the 

membrane molecule CDS. They recognise antigen in association with MHC class I 

proteins, present on virtually every nucleated cell, and therefore can destroy altered 

self-cells. 

B- and T-cells recognise different epitopes on the same antigenic molecule. As B-

cells recognise soluble antigen their epitopes tend to be accessible sites on the 

exposed surface of the molecule. They are often located in flexible regions where site 

mobility maximises complementarity of antigen - receptor interaction. In contrast, T-

cells recognise antigen peptides in association with MHC. Since this interaction 

requires prior antigen processing, so T-cell epitopes are often internal linear 

sequences 

1.1.2.1.1 T-cell receptor 

The normal development of B- and T-lymphocytes is dependent on the assembly of a 

functional receptor complex. 

The TCR is a heterodimer consisting of an alpha (a) and beta (p), or less commonly a 

gamma (y) and delta (5), chain. Each chain has a Variable (V) and a Constant (C) 

domain. The V domain contains 3 hypervariable regions that contact antigenic 

peptide in the MHC binding groove. Each C domain includes a short connecting 

sequence, a transmembrane region that anchors it in the plasma membrane and which 



contains positively charged residues enabling the receptor to interact with the CD3 

complex, and a cytoplasmic sequence. 

As will be described in more detail for B-cell immunoglobulin assembly, germline 

DNA encoding individual TCR chains is made up of multigene families comprising a 

number of gene segments containing many different coding sequences. Receptor 

diversity is generated through a process of gene segment recombination. During this 

carefully regulated mechanism, various gene segment combinations are assembled to 

create unique sequences that code for specific receptor chains. 

1.1.2.1.2 Cytokines 

Interaction between immune cells is mediated by a group of low molecular weight 

(MW) proteins or glycoproteins termed cytokines. These molecules elicit their 

biological effects at low concentration by binding to specific receptors on target cells. 

Their main action is to regulate the immune response by stimulating or inhibiting cell 

activation, proliferation or differentiation, and the secretion of antibodies or other 

cytokines. 

The TH cell is central to the regulation of the adaptive immune response. Two main 

subsets of TH cell - referred to as THI and TH2 - are recognised based on the profile of 

cytokines released. Originally described for murine cells there is strong evidence 

for comparable cytokine patterns and functions in humans . THI cells typically 

secrete interferon (IFN)-y, Interleukin (IL)-2 and tumour necrosis factor (TNF)-p, 

while TH2 cells secrete IL-4, IL-5 and IL-13. The THI profile promotes cell-mediated 

responses and thus provides protection from viral infections and intracellular 

pathogens. Conversely, the TH2 arm provides optimal help for humoral immune 

responses, including IgE and non-complement activating IgG subclass isotype 

switching, and mucosal immunity through induction of mast cell and eosinophil 

growth and differentiation and facilitation of IgA synthesis 

Mention should be made of other CD4+ T-cell subsets outside the broad classification 

of THI and TH2 cells. THO cells produce both THI and TH2 cytokines, including IL-2, 



IL-3, IL-4, IL-5, IL-10 and IFN-y. CD4+ cells may also suppress the immune 

response and these cells are collectively known as regulatory T-cells (Treg cells) 

These inhibitory T-cell populations include a naturally occurring CD4+CD25+ subset 

TH3 cells, induced following oral administration of antigen and which 

predominantly secrete transforming growth factor (TGF)-P - a potent 

immunosuppressive cytokine and Trl cells, induced in vitro by repetitive 

stimulation of naive T-cells in the presence of IL-10 and which are able to inhibit Tyl 

and TH2 responses in vivo These regulatory populations may play an essential 

role in limiting immune pathology. 

1.1.2.2 Humoral component of the adaptive immune response 

1.1.2.2.1 Immunoglobulin structure 

Immunoglobulins (Ig) (antibodies) may either be membrane bound on B-cells, where 

they have a role in antigen recognition, or may be secreted by plasma cells, and have 

an effector function in host defence. 

They are made up of four peptide chains - two light chains, either kappa (K) or lamda 

(1), and two heavy chains. The chains consist of domains, namely, homologous units 

of 110 amino acid residues. Light chains have one variable domain (VL) and one 

constant domain (CL), while heavy chains have one variable (VH) and three or four 

constant (CH) domains depending on the antibody class. Five different heavy chain 

constant regions produce five antibody classes - IgM (p,), IgG (y), IgA (a), IgD (5), 

and IgE (s). The specific antigen-binding site is found in several hypervariable 

regions of the V domains where amino acid sequence variability is maximal (figure 



Figure 1.1 Basic immunoglobulin structure. 

Heavy chain, H, (a, y, E, H, 8) 

Light chain, L, (K or X) 

dZ) disulphide bonds 

Figure 1.1 The basic structure of an immunoglobulin comprises 4 polypeptide chains - 2 
identical Light (L) chains and 2 identical Heavy (H) chains —joined together by disulphide bonds. 
The Variable (V) domains of the H and L chains have several hypervariable regions that 
constitute the antigen-binding site. Beyond the V domain is the Constant (C) region. There are 5 
sequence patterns of the region -a, y, s, fx, 8 -corresponding to the 5 Ig classes, IgA, IgG, IgE, 
IgM & IgD, respectively. 

1.1.2.2.2 Immunoglobulin functions 

The heavy chain constant region delineates the variety of collaborative interactions 

with other proteins, cells and tissues that characterise antibody class function. 

IgG, MW 150 kilodaltons (kDa), is the most abundant antibody, constituting 

approximately 80% of total serum immunoglobulin. Four human IgG subclasses exist 

- IgGl, IgG2, IgG3 and IgG4 - numbered according to their decreasing average 

serum concentrations. They are distinguished by differences in the y chain amino acid 

sequence, which also dictates the biological activity of the molecule. IgG contributes 

to pathogen elimination by activating the complement cascade and by promotion of 

phagocytosis via Fey receptors on phagocytic cells. Maternal IgG, in particular IgGl, 

can cross the placenta This antibody class may therefore have the additional, and 

unique, role of protecting the newborn infant from pathogenic onslaught in the first 

few months of life. 



IgM comprises approximately 10% of the total immunoglobulin pool. In its 

pentameric form (MW 900 kDa), this antibody activates complement most 

effectively, and it efficiently binds and neutralises viral infectivity. Pentameric IgM 

may also be found in external secretions, such as breast milk, saliva, tears and mucus, 

though secretory IgA (sIgA) is the predominant immunoglobulin class at mucosal 

surfaces Secretory IgA occurs primarily as a dimeric complex containing two 

additional peptides, - the J (Joining) chain and secretory component (SC). As will be 

discussed (1.2.3.2), sIgA has an important role in providing the first line of specific 

immunological defence, particularly for the breast-fed newborn In addition, 

IgA is the second most prevalent antibody in human serum, constituting 15-20% of 

total immunoglobulins. Serum IgA is mainly in monomeric form and exists as two 

subclasses, IgAl and IgA2, which differ by the presence or absence of a 13-amino 

acid hinge region. This 0-glycosylated region is exclusive to the IgAl subclass and 

may increase susceptibility to bacterial proteolysis, but reduce hepatic clearance 

The IgA receptor, FcaRI (CD89), is expressed on neutrophils, monocytes, 

macrophages and eosinophils A variety of functions have been ascribed to it, 

including stimulation of phagocytosis and release of inflammatory cytokines It 

has been suggested that FcaRI-expressing liver Kupffer cells may provide a 

secondary line of defence by facilitating phagocytosis of IgA-coated bacteria that 

have penetrated the gut barrier 

IgE (MW 190 kDa) is normally present in extremely low average concentration in 

serum. Most commonly it is bound to tissue mast cells or blood basophils. Cross-

linking of this receptor-bound IgE by antigen results in cell release of 

pharmacologically active mediators that may have a role in protection from parasitic 

infections However, in the western world, this activity more commonly 

orchestrates the signs and symptoms of allergic disease (1.3). IgD is a membrane 

molecule expressed by B-cells. It may have a role in antigen induced B-cell 

activation, but no biological effector function has been identified 

1.1.2.2.3 Immunoglobulin diversity 

The K and X light chains and the heavy chain are coded for by multigene families, 

located on different chromosomes In humans the K chain is found on 
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chromosome 22, the X chain on chromosome 2 and the heavy chain on chromosome 

14. Each of these multigene families are made up gene segments - L, V, J and C 

gene segments in the light chain families; L, V, D, J and C in the heavy chain family 

- and individual segments contain a large number of different coding sequences. The 

L segment codes for a short Leader sequence able to guide the heavy or light chain 

through the endoplasmic reticulum, but which is cleaved before assembly of the 

immunoglobulin molecule. The V (Variable) and J (Joining) segments encode the 

variable region, and the C segment encodes the Constant region. The D (Diversity) 

segment is found only in the heavy chain gene family and codes for a third 

hypervariable region lying between VH and Jy. 

The body is able to produce as many as 10** antibodies of different specificity 

Diversity of immunoglobulin structure, and hence specificity, is generated by a 

number of mechanisms. Combinatorial diversity is facilitated by the process of 

V(D) J recombination, during which various V, D and J genes are assembled to create 

unique sequences. This process is initiated by the introduction of a DNA double 

strand break (dsb) at specific sequences that flank each gene segment, an event 

mediated by the action of two recombination activating genes, RAGl and RAG2 

The dsb is then processed and the modified gene segments joined together. This latter 

process requires the action of other molecules essential to DNA dsb repair in all cell 

types - XRCC4, DNA ligase IV, Ku 70, Ku 80, and the catalytic subunit of DNA 

dependent protein kinase In addition to V(D)J recombination, diversity is also 

promoted by the opportunity for different light and heavy chains to assemble and 

other processes such as junctional flexibility, somatic hypermutation and nucleotide 

addition. 

1.1.2.2.4 Immunoglobulin class switching 

The generation of immunoglobulin diversity is an essential feature of humoral 

responses. However, an additional key event for effective humoral immunity is 

immunoglobulin class switch recombination (CSR), since this ability enables the 

immune system to express different Ig isotypes, with concomitant different effector 

functions, whilst still maintaining antigen specificity. 



CSR is a DNA recombination process in which the p, switch (S) region of IgM is 

joined to a downstream S region of another antibody class. The intervening DNA 

initially loops out and is then excised as 'switch circle DNA', allowing the expression 

of the downstream antibody isotype. The process is dependent on transcriptional 

activity and the cooperation of other molecules to transduce signals from the 

environment to the intracellular compartments and activate the switch machinery 

Germline gene transcription is cytokine dependent and the type of the cytokine 

dictates the region of the Ig locus at which transcription is activated, and hence directs 

isotype specificity. Thus IL-4 and IL-13 initiate transcription through the s locus 

(38)(39)(40)^ a function that is inhibited by IFN-y Initiation of transcription must be 

accompanied by activation of switch recombination in order to produce mature 

transcripts. This requires engagement of the surface molecule CD40 on B-cells with 

CD40 ligand (L) (CD 154) expressed on activated T-cells However, the 

process is a complex one and an increasing number of other proteins are being 

reported to participate in CSR. For example, B-cell specific activator protein (BSAP), 

a transcription factor, may interact with nuclear factor kappa B ( N F - K B ) to regulate 

CD40-dependent s germline transcription 

1.1.3 Immune activation 

1.1.3.1 T-cell priming 

Activation of naive T-cells - termed T-cell priming - is regulated by three distinct 

signals. The process is initiated by binding of the TCR-CD3 complex to antigenic 

peptide presented by MHC class II on an AFC ('signal 1'). This TCR-mediated 

signal is amplified by an interaction with costimulatory and adhesion molecules 

('signal 2'), while soluble or membrane-bound molecules participating in activation 

polarise cytokine production toward THI or TH2 patterns ('signal 3'). 'Professional' 

antigen presenting cells are dendritic cells (DCs), macrophages and B-cells. Only 

DCs constitutively express MHC class II and costimulatory molecules and therefore 

they have a particular role in the activation of naive T-cells. 
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1.1.3.1.1 The Immunological Synapse 

The point of interaction between a T-cell and an APC is the immunological synapse 

This specialised cell-cell junction comprises a central cluster of TCR-MHC 

complexes (central supramolecular activation clusters - cSMAC) surrounded by 

adhesion and costimulatory molecules (peripheral SMAC - pSMAC) 

1.1.3.1.2 'Signal 1' - TCR-CD3 antigen binding 

Antigen is internalised and processed by the APC. The resultant peptide-class II 

MHC complex is then transported to the cell surface where it is recognised by the 

TCR. The TCR is associated with a group of polypeptides - collectively known as the 

CDS complex - which functions as the intracellular signalling unit. Signalling is 

initiated when crosslinking of the TCR is effected by engagement with peptide-MHC 

complexes. This induces the translocation of the coreceptor CD4 to the TCR and the 

recruitment of protein tyrosine kinases (PTKs) Fyn and Lck. These PTKs are 

required for the phosphorylation of the immunoreceptor tyrosine based activation 

motif (ITAM) sequences on the cytoplasmic domain of the CD3 complex, an action 

that initiates signal transduction from the receptor complex. The subsequent 

signalling cascade leads to activation of the PTK, ZAP-70, which in turn activates 

many pathways that culminate in the release of transcription factors necessary for the 

transcription of genes required for IL-2 and IL-2 receptor production. Binding of IL-2 

to its receptor stimulates T-cell proliferation and differentiation, thereby producing a 

clone of memory or effector T-cells. 

1.1.3.1.3 'Signal 2' - Costimulatory molecules 

The molecules CD80 and CD86 (B7-1 and B7-2) are members of the immunoglobulin 

superfamily and are expressed constitutively on dendritic cells and may be induced, or 

up-regulated, respectively, on macrophages and B-cells. Their ligands are CD28 and 

CTLA-4 (CD 152), both of which are expressed by T-cells. Signalling via CD28 

provides a positive costimulatory signal while signalling via CTLA-4 downregulates 

T-cell activation. Engagement of the TCR with antigen results in induction of CTLA-

11 



4 expression and has an important role in lymphocyte homeostasis 'Signal 2' is 

essential for T-cell clonal expansion and in its absence the T-cell becomes anergic. 

While CD28-mediated costimulation appears to be the primary costimulatory signal 

for naive T-cells, several other CD28 family members have been identified and shown 

to regulate T-cell expansion and effector function (table 1.1). Inducible costimulator 

(ICOS) ligation results in up-regulation of CD40L on T-cells and an increased 

secretion of IL-4, IL-5, IL-10, IFN-y and TNF-a indicating a function of ICOS in 

enhancing T-cell dependent B-cell help and Ig class switching 

Programmed death-1 (PD-1), like CTLA-4, mediates an inhibitory signal for T-cells. 

PD-1 knock-out mice develop autoimmune disease but a delay in the disease 

onset and the fact that the presence of PD-1 does not protect CTLA-4 deficient 

animals from severe lymphoproliferation would suggest that PD-1 has a secondary 

role in lymphocyte homeostasis. 

Table 1.1 The CD28 family of costimulatory molecules. 

Receptor Ligaiid(s) Biological function 

CD28 CD80 (B7-1) & 

CD86 (B7-2) 

Activation 

CTLA-4 CD80 (B7-1) & 

CD86 (B7-2) 

Inhibition 

ICOS B7h/B7RP-

1/LIC0S/B7H2 

Activation 

PD-1 B7H1/PD-L1 Inhibition 

1.1.3.1,4 'Signal 3' - Determinants of T-cell polarisation 

The cytokines present during TH activation strongly influence T-cell differentiation. 

Thus, IL-12, secreted by macrophages and dendritic cells, promotes THI 

differentiation and cell-mediated immune responses via the IL-12 receptor, itself 
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up-regulated by the prototypic THI cytokine IFN-y Conversely, TH2 

differentiation, and thereby humoral immunity, is promoted by IL-4 Naive TH 

cells exposed to IL-4 will differentiate into TH2 cells, and indeed, above a threshold 

level of IL-4, TH2 differentiation is favoured over THI, even if IL-12 is present 

However, a number of other factors also influence TH polarisation, including the 

antigen dose the type of APC the nature of the pathogen and the type of 

affected tissue Dendritic cell APCs may be induced to produce high or low levels 

of IL-12: exposure of immature DCs to IFN-y or viral RNA during their initial 

activation primes for mature DCs capable of high IL-12 production, and consequently 

a T H I driving capacity (Type 1 DC) Conversely, prostaglandin E2 ( P G E 2 ) , as 

may be produced by helminth infection, primes for low IL-12 production (Type 2 DC) 

and hence will promote TH2 cell development Therefore, based on the nature of 

their experience in peripheral tissues, DCs may direct appropriate T-cell development 

for protective immunity. However, if the microenvironment is able to determine 

functional polarisation of the APC, then it is also possible that aberrant environmental 

signals may promote TH skewing, with implications for immune dysregulation. 

1.1.3.2 B-cell activation 

A signal sequence similar to that described above is also apparent in B-cell activation. 

B-cells bind antigen via the B-cell receptor (BCR), comprised of a ligand binding 

immunoglobulin and a heterodimer - Ig-a/Ig-P - containing the signal transducing 

IT AM sequence. Binding initiates receptor-mediated endocytosis of the antigen and 

induces signalling through the BCR ('signal 1') that leads to the up-regulation of class 

IIMHC molecules and the costimulatory ligands CD80 and CD86 (B7 family). 

Internalised antigen is processed and presented on the cell membrane in association 

with class II MHC. 

B-cell activation is dependent on interaction with TH cells. When a TH cell encounters 

an appropriate B-cell a T-B conjugate is formed. CD40L expressed on the activated 

T-cell interacts with CD40 on the B-cell to ensure B-cell activation ('signal 2'). 

Cytokines produced by the TH cell also act on the B-cell to induce proliferation and 
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differentiation into memory B and plasma cells, immunoglobulin class switching and 

affinity maturation ('signal 2'). 

1.2 Modulation of Immune Responses through Pregnancy and Early Life 

1.2,1 Maternal immune responses through pregnancy 

Human pregnancy creates a unique immunological challenge. Despite intimate 

contact between fetal allogeneic tissue and maternal uterine tissue, the fetus manages 

to escape maternal immune rejection. Several mechanisms may account for this 

paradox 

The implanting blastocyst has an outer covering of two trophoblast cell layers (figure 

1.2),- an inner cytotrophoblast and an outer syncytiotrophoblast. Chorionic villi 

(CV) (which ultimately form the placenta) develop from these cell layers as 

outgrowths of cytotrophoblast covered with syncytiotrophoblast. Invasive 

cytotrophoblast extending beyond the vicinity of the CV is referred to as extravillous 

trophoblast. The trophoblast is of embryonic origin and therefore bears paternally-

derived antigens, which should be recognised as foreign by the immunocompetent 

mother. Maternal cells only encounter two subpopulations of the trophoblast, - the 

syncytiotrophoblast of the CV and the extravillous trophoblast. Maternal immune cell 

activation by trophoblast antigens is limited by the fact that the syncytiotrophoblast 

does not express HLA class I or II molecules and the expression of non-classical 

HLA-G on extravillous cytotrophoblast does not appear to stimulate Tc activity 

and actively inhibits NK cells 

Utero-placental products, such as progesterone prostaglandin E2 and cytokines 

such as IL-4, IL-5 and IL-10 inhibit maternal Tyl responses that are detrimental 

for pregnancy jL.4 lL-4 receptor expression have been identified in both 

fetal and maternal endothelial cells IL-4 has a variety of actions, including 

stimulation of cell growth and differentiation, inhibition of IL-1 production by human 

monocytes and hence untimely uterine activity and inhibition of NK cell 

recruitment and activation 
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Other soluble factors that may regulate fetal tolerance include leukaemia inhibitory 

factor (LIF) and indoleamine 2,3 dioxygenase (IDO). LIF is synthesised by the 

uterine endometrium and is essential for implantation The action of LIF through 

pregnancy may induce trophoblast growth and differentiation IDO, an enzyme 

that catabolises tryptophan, is secreted by the syncytiotrophoblast and is essential for 

maintenance of pregnancy in the mouse This function may relate to an inhibition 

of maternal immune cell function by tryptophan depletion. 

Placental macrophages are able to exert anti-inflammatory effects: they are deficient 

in the production of oxygen-free radicals and produce more anti-inflammatory IL-10 

and IL-1 receptor antagonist. Also, in pregnancy, activation of the complement 

cascade may be inhibited and expression of CD95 ligand by syncytiotrophoblast 

may trigger apoptosis of activated CD95+ T-cells with which they come into contact, 

thereby eliminating potentially damaging maternal T-cells 

Despite a state of ftmctional immune suppression, the pregnant woman is not notably 

susceptible to infection. This occurs because of a compensatory activation of the 

innate immune system. There are an increased number of monocytes and 

granulocytes, which have an activated phenotype and show increased phagocytosis 

and respiratory burst activity A unique immunological dysregulation thus 

provides defence against infection without impairing fetal survival. 

Fetal capillary 

Cytotrophoblast 

Qj 
Connective tissue TTT /.Z Syncytiotr ophoblast 

core 

Figure 1.2 A chorionic villus early in gestation. 

A continuous layer of syncytiotrophoblast is in contact with the maternal circulation. Beneath this is 
the cytotrophoblast cell layer. The core is composed of connective tissue andfetal capillaries. 
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1.2.2 In utero immune development 

At birth, the newborn baby must deal with the challenge of transfer from an antenatal 

sterile environment to a postnatal world of microbes. A successful transition is thus 

dependent on the development of an intact, and functional - albeit immature - immune 

system. 

1.2.2.1 Cell-mediated immune responses 

Haematopoiesis begins as early as 3-4 weeks of gestation in the fetal yolk sac and 

extraembryonic mesenchymal tissue. By 5-6 weeks of gestation the fetal liver has 

become the main site of haematopoiesis, though this function declines in the third 

trimester and ceases soon after birth The thymus and spleen are seeded from the 

liver and pluripotent stem cells are detectable in the bone marrow at 11-12 weeks of 

gestation. 

The pluripotent stem cell develops into myeloid or lymphoid stem cells. Myeloid 

stem cells form granulocytes, including eosinophils, basophils, neutrophils and mast 

cells, and mononuclear cells, including monocytes, macrophages and myeloid 

dendritic cells. The lymphoid stem cell further develops into T-cells, B-cells, NK 

cells and lymphoid dendritic cells. 

MHC class II + cells have a particular role in adaptive immunity by initiating the 

immune response through antigen processing and presentation. Macrophages and 

dendritic cells can be detected in the fetal liver at 7-8 weeks gestation. Langerhans 

cells (skin-resident DCs) migrate into the epidermis during the first trimester and have 

a phenotype resembling the adult by the second trimester whilst in the lamina 

propria of the fetal gut, class II + cells are present by 11 weeks gestation and 

CD83+ dendritic cells detectable in lymphoid aggregates by 14 weeks gestation 

Functionally, cord blood monocytes have been shown to phagocytose at a level 

comparable to adults, but to display reduced chemotaxis and cytokine production 

(87){88) purtJiei-jjjoj-e^ monocytes, but not dendritic cells were capable of antigen 

presentation, as determined by mixed lymphocyte reaction 

16 



CD7+ T-cell precursors from the fetal liver seed the thymus by 8-9 weeks gestation. 

T-cell numbers increase in the fetal spleen and liver between 12 and 23 weeks 

gestation and T-cells migrate into the circulation by 15-16 weeks gestation T-

cells may be detected in the lamina propria and epithelium of the fetal gut by 12-14 

weeks gestation and these cells are phenotypically distinct from circulating T-cells 

and precede the development of Peyer's patches (intestinal lymphoid follicles), 

implying that they are not derived from these sources Furthermore, the presence 

of costimulatory molecule pairs (CD86-CD28/CD152 and CD40-CD40L) in the gut 

from 16 weeks gestation suggests that the molecular 'machinery' required for in utero 

initiation of antigen-specific reactivity is in place from the second trimester 

Indeed, activation of T-cells in the fetal gut is suggested by the surface expression of 

activation markers HLA-DR, CD25, CD69 and low CD62L, and the memory marker 

CD45 RO Mitogen-induced proliferation of cord blood mononuclear cells has 

been demonstrated from 17 weeks of gestation and antigen-specific reactivity from 

23 weeks gestation However, umbilical cord T-cells produce lower 

concentrations of cytokines compared to adult T-cells particularly in relation to 

THI cytokines a deficit that might have repercussions for the biological activity of 

other cytokine-dependent immune cells. 

1.2.2.2 Humoral responses 

B-cell progenitors may be identified in the fetal liver by 8 weeks of gestation. 

Subsequently B-cells are found in the circulation by 12 weeks, the spleen between 13 

and 23 weeks and the bone marrow between 16 and 20 weeks of gestation. 

Circulating B-cells express the surface molecules CD 19, CD20, CD21, CD22, HLA-

DR, IgM and IgD The majority of these cells are also CD5+, in comparison to 

adult blood, where only a few B-cells display this marker This difference may 

have a functional significance, as CD5+ cell activation is T-cell independent and 

produces polyreactive antibodies, which may offer a useful first line of defence for the 

susceptible newborn. 

Endogenous production of immunoglobulin by the neonate is impaired: umbilical 

cord blood IgM, IgA and IgE are extremely low and IgG is primarily of maternal 
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origin. However, the fetus has the capacity for Ig synthesis and class switching, as 

evidenced by the spontaneous, and antigen-stimulated, production of parasite-specific 

IgE and IgG by cord blood mononuclear cells from babies bom to helminth-infected 

mothers Furthermore, detection of elevated cord blood IgE concentration is a risk 

factor for later allergic sensitisation and atopic disease The impairment 

of humoral immunity is thus likely to relate to a deficiency in T-cell-derived cofactors 

required for the process. 

1.2.3 Postnatal immune development 

1.2.3.1 Passive humoral immunity - IgG transfer 

Since the neonate is deficient in IgG production, the transplacental transfer of 

maternal specific IgG is essential for the survival of the newborn baby. This 

mechanism provides the infant with a temporary 'library' of maternal antigenic 

exposures that have not been experienced during fetal life. 

Maternal IgG crosses the placenta by an active transport mechanism The 

placental barrier across which IgG must pass consists of two cell layers - the 

syncytiotrophoblast and fetal capillary endothelium - and an intervening stroma 

(figure 1.3). The syncytiotrophoblast covers the chorionic villi. IgG has been 

visualised by immunoelectronmicroscopy to cross this layer by transcytosis in 

vesicles following what is thought to be either receptor-mediated, or fluid phase 

endocytosis. A number of IgG receptors (FcyR) have been identified in the 

syncytiotrophoblast, including placental alkaline phosphatase annexin II 

FcyRIII and the neonatal Fc receptor, FcRn A mechanism for IgG transfer 

across the syncytiotrophoblast has been hypothesised after receptor-mediated, or 

fluid phase endocytosis, the vesicles containing IgG fuse with endosomes, causing 

exposure to low pH. IgG binds preferentially to FcRn at low pH and so is targeted for 

transcytosis. At the basal surface IgG is exocytosed and released from FcRn due to 

the more neutral pH within the CV stroma. Once across the syncytiotrophoblast, IgG 

appears to transit the villus interstitium via bulk flow Transport across the villus 

endothelium is less well understood, but is likely to occur in intracellular structures 
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called caveolae Villus endothelial cells express receptors specific for IgG, 

identified predominantly to be the FcyRIIb2 isoform In mice this receptor is 

capable of mediating transepithelial IgG transport suggesting that it may well 

have a similar function in humans. 

All IgG subclasses cross the placenta in an order of preference IgGl>G3>G4>G2 

Transfer is inefficient in the first trimester, but the rate increases from 20 weeks of 

gestation throughout the remainder of pregnancy, such that by term fetal IgG 

concentrations exceed those in the maternal circulation 

Fetal capillai 

Cytotrophoblast cells 

Villus stroma 

Syncytiotrophoblast 

Figure 1.3 A chorionic villus at term. 

By term the cytotrophoblast cell layer has almost completely disappeared. The chorionic villus is now 
made up of a complete layer ofsynctiotrophoblast and the underlying stroma containing the fetal 
capillaries. 

1.2.3.2 Breast milk 

Human milk is considered to be the ideal food for newborns. Not only does it have an 

appropriate nutritional composition but it also contains bioactive factors that 

promote immune protection and modulate immune fimction of the young infant 

Milk is a complex fluid containing carbohydrate (in particular lactose), fat, protein 

and minerals. Minor components include enzymes, vitamins, oligosaccharides, trace 

elements and growth factors. Cellular components, mostly sloughed epithelial cells, 

macrophages, neutrophils and lymphocytes, account for a small fraction of the total 

milk volume. Many of these components promote anti-microbial defence. For 
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example, lactoferrin, a major milk protein, chelates iron and so is bacteriostatic for 

siderophilic bacteria and fungi Lactoferrin also activates NK cells, modulates 

complement activation and enhances neonatal intestinal growth and probiotic 

bacterial colonisation, thereby reducing intestinal infection 

Specific antibody targeted protection against pathogens in the infant's environment is 

provided by breast milk immunoglobulins, of which secretory IgA is the predominant 

class. The plasma cells that produce sIgA home to the interstitium underlying the 

mammary secretory cells after migrating from lymphoid tissue in the intestine 

(Peyer's patches) and the bronchial tree. Thus the specific IgA secreted into breast 

milk appropriately provides the infant with protection against microbes previously 

encountered at mucosal surfaces. Dimeric secretory IgA crosses the mammary 

epithelium after binding to the polymeric immunoglobulin receptor (pIgR) expressed 

at the basolateral surface of the cell. The receptor-IgA complex is endocytosed into a 

coated pit and the vesicle transferred to the luminal surface, where it fuses with the 

membrane. The receptor is enzymatically cleaved from the membrane, forming the 

secretory component, and is secreted with the IgA 

The polymeric structure of sIgA enables it to cross-link large antigens and so prevent 

pathogen attachment to mucosal cells, and hence invasion. Furthermore, the antigen-

IgA complex may be easily entrapped by mucus and thus eliminated by gut peristaltic 

activity. 

A variety of immunomodulatory agents in breast milk influence the development of 

the immature neonatal immune system. These include breast milk cytokines: IL-8 is 

chemotactic for intestinal intraepithelial leucocytes, IL-10 and IFN-y modulate 

intestinal epithelial barrier integrity IL-12 enhances the production of 

inflammatory cytokines and TGF-P promotes the local production of IgA 

Breast milk contains high concentrations of soluble CD14 (sCD14) which 

facilitates the interaction of CD 14 (LPS receptor) negative cells, such as epithelial 

cells, with the bacterial product LPS In the neonatal gut this may have 

implications for regulation of the immune response to the first encounter with the 

germ-laden environment. 
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Recent research interest has focused on the effects of dietary lipids, especially 

polyunsaturated fatty acids, and dietary anti-oxidants upon the immune system 

(i24)(i25) Polyunsaturated n-6 series fatty acids in breast milk, derived from dietary 

linoleic acid, may have anti-inflammatory properties The arachidonic acid 

metabolite - P G E 2 - suppresses antigen-specific T-cell proliferation in gut-associated 

lymphoid tissue and promotes an anti-inflammatory milieu through the 

suppression of THI cell development and stimulation of IL-10 and TGF-P 

secretion with maintenance of IgA production. 

1.2.3.3 Microbial stimulation 

The adaptive immune response, deficient at birth, does not fully mature until 

approximately 5 years of age During this period, the TH1/TH2 balance in all 

children favours the TH2 cytokine phenotype, most likely reflecting the differential 

suppression of THI responses in fetal life. Postnatal maturation of TRI competence is 

dependent on stimuli from the microbial environment, both pathogenic and 

commensal organisms. In the absence of appropriate microbial contact, the 

overall balance within the adaptive immune system remains skewed towards a TH2 

profile and immature B-cells are switched to IgE production 

1.3 The Abnormal Immune Response - Allergic Disease 

The complex structure and function of the immune system means that there is also 

much opportunity for malfunction. A range of clinical diseases is consequent on this 

occurrence. For example, immunodeficiency diseases are a group of disorders that 

arise from the defective functioning, or lack, of any combination of the immune 

components. Primary immunodeficiencies are due to genetic or developmental 

defects, whilst secondary immunodeficiencies are caused by a variety of agents, 

including infection with HIV-1. The clinical sequelae range from mild effects, such 

as recurrent respiratory infections associated with IgA deficiency, to severe and 

potentially fatal disease, such as severe combined immunodeficiency (SCID). 
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The discrimination between self and non-self antigens is a characteristic quality of the 

adaptive immune system. A loss of this ability results in autoimmune disease, such as 

Crohns disease and rheumatoid arthritis, whilst retention of this capacity, in the 

context of therapeutic tissue transplant, may induce graft rejection or graft versus host 

disease. 

An exaggerated immune response to an innocuous antigen is referred to as a 

hypersensitivity reaction. Hypersensitivity reactions are classified into four types 

according to the underlying mechanism. Types I, II and III are adverse reactions 

mediated by the humoral branch of the immune system and are referred to as 

immediate hypersensitivities, whereas Type IV describes cell-mediated adverse 

reactions and is referred to as delayed-type hypersensitivity (DTH). Type I 

hypersensitivity reactions are mediated by Overproduction of IgE in response to 

common ingested or inhaled antigens. These reactions, which predominate in 

genetically susceptible - or atopic - individuals, are manifest as a group of disorders 

that are referred to as allergic disease. 

1,3.1 Clinical spectrum of allergic disease 

The spectrum of allergic disease includes asthma, eczema, allergic rhinoconjunctivitis 

and food hypersensitivity. Disease severity varies from person to person, ranging 

from mild and intermittent, to continuous and intractable symptoms. They constitute 

a major source of suffering, disability and loss of productivity throughout the world 
(133X134) 

Allergic disease most commonly presents in childhood. Food allergies and eczema 

are usually the first atopic manifestations appearing in the first weeks and months of 

life. The foods most frequently responsible for allergic symptoms in childhood are 

cow's milk, hen's egg, wheat, soy and peanuts. Symptoms may appear in the 

gastrointestinal tract (diarrhoea, vomiting), the skin (urticaria, atopic dermatitis) and 

less commonly in the respiratory tract (wheezing, rhinorrhoea). While food induced 

disease often resolves (̂ 5̂X136)̂  food allergy is predictive of later inhalant sensitivity 

and asthma 
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Atopic dermatitis (AD) is characterised by a symmetrical, itchy, papulovesicular rash 

that has an age-related, distinctive distribution. Like food allergy, while AD itself is 

often 'outgrown' it is also a risk factor for the development of persistent allergic 

disease, such as asthma, particularly if it presents early in life or is severe (i40Xi4i)(M2) 

This progression of symptoms from food allergy and atopic eczema to respiratory 

allergy is often referred to as the 'Allergic March' 

1.3.2 Mechanism of atopic allergic disease 

Atopic allergic disease is characterised by the production of allergen-specific IgE. 

The IgE sensitises tissue mast cells and blood basophils by binding to high-affinity 

IgE receptors (FcsRI) on the cell surface Further allergen exposure, with antigen 

binding and cross-linking of the membrane-bound IgE, triggers a cascade that results 

in cell degranulation and de novo synthesis of lipid mediators and cytokines The 

clinical effect is an immediate weal and flare reaction, sneezing and runny nose or 

wheeze, depending on whether the allergen is encountered at the skin, nose or 

airways, respectively. This immediate response may be followed by a late-phase 

reaction (LPR), which is slow to peak (6-9 hours) and slow to resolve. In the skin, 

LPRs are characterised by an oedematous, erythematous and indurated swelling, in 

the nose, by sustained blockage and in the lung, by fiulher wheezing. 

Sensitisation is the first step in the allergic process. Dendritic cells in the lung or gut 

and Langerhans cells in the skin take up allergen at the epithelial surface and migrate 

to regional lymph nodes. Here they present peptide-MHC complexes to naive T-cells 

and induce T-cell activation and Th2 differentiation. Following antigen presentation 

to T-cells, allergen-specific B-cells may be activated to produce specific IgE, which is 

bound by mast cells and basophils expressing FcsRI on their surface. Antigen uptake 

and presentation are enhanced, 100-1000-fold, by the presence of IgE receptors on the 

surface of APCs, - a process known as antigen focusing In addition, IgE binding 

to mast cells and basophils up-regulates FcsRI surface expression, an effect that 

facilitates a lower threshold for cell activation, and secretion of increased amounts of 

mediators Thus IgE production enhances both facilitated antigen presentation 

and the biological activity of the effector cells. 
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The acute effector reaction - responsible for urticaria, acute rhinoconjunctivitis or 

asthma and potentially fatal anaphylaxis - is triggered by allergen-induced 

aggregation of mast cell surface FcsRI complexes. Receptor cross-linking results in a 

cascade of signal transduction events that lead to the release of preformed granule-

associated histamine and tryptase and membrane-derived lipid mediators -

prostaglandins, leukotrienes and platelet activating factor. The products induce 

vasodilation, increased vascular permeability, smooth muscle contraction and mucous 

hypersecretion. Itch is provoked by stimulation of cutaneous sensory nerves by 

histamine. 

The chronic effector reaction, which includes the late phase reaction, is responsible 

for chronic eczema, asthma and nasal symptoms. This reaction is characterised by 

cellular infiltration, in particular, eosinophils and T-cells. The mediators of the 

immediate reaction promote cell recruitment, and these recruited cells in turn release 

mediators that contribute to the perpetuation and progression of the inflammatory 

reaction (figure 1.4). 

TH2 cytokines play a critical part in allergic pathology. In addition to promoting IgE 

production (IL-4, IL-13), their effects include mast cell development (IL-3, IL-9, stem 

cell factor), airway hyperresponsiveness (IL-9, IL-13) and mucous hypersecretion 

(IL-4, IL-9, IL-13). They also facilitate eosinophil activity by promoting eosinophil 

maturation (IL-5, IL-9), recruitment - through upregulation of the eosinophil selective 

adhesion molecule VCAM-1 (IL-4, IL-13) - and by prolonging cell survival 

through delayed apoptosis (IL-3, IL-5, GM-CSF). 
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Figure 1.4 Mechanism of atopic allergic disease. 

An acute allergic reaction is precipitated by the interaction of an allergen (yellow shape) with membrane-bound 
IgE on a mast cell (MC) or basophil. The interaction results in MC degranulation with the release of mediators, 
chemotactic factors and cytokines into the local tissue. The late phase reaction (LPR) (including chronic allergic 
reactions) can be provoked by mast cell or T-cell activation. T[]2 cells may be activated by MHC class II-
restricted allergen presentation by dendritic cells (DC). The LPR is characterised by a cellular infiltrate, 
particularly eosinophils (Eo) & T-cells. A variety of cytokines, mediators & neuropeptides induce & sustain 
chronic inflammation. Adapted from 

1.3.2.1 Atopic dermatitis 

Atopic dermatitis is a chronic inflammatory skin condition with a complex 

pathogenesis that reflects an interaction between genetic, environmental and 

psychological factors. Like other atopic allergic diseases, the prevalence of AD has 

been rising steadily in recent decades 

AD illustrates the clinico-pathological consequence of cell-mediated inflammation. 

The skin lesions are characteristically infiltrated by T-lymphocytes - both CD4+ 

and CD8+ cell types These cells have a memory phenotype (CD45 R0+) and 

express the selective skin homing receptor Cutaneous-Lymphocyte-associated 

Antigen (CLA) 
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Cell infiltration may be controlled by skin-associated chemokines and cytokines: 

CCL27 (Cutaneous T-cell Attracting ChemoKine - CTACK) is constitutively 

produced by keratinocytes and preferentially attracts CLA+ T-cells in vitro 

Eotaxin - chemotactic for eosinophils and TH2 cells - is highly expressed in AD skin 

and acute AD lesions also express high levels of IL-16, which is chemotactic for 

CD4+ cells 

The allergen-specific T-cells produce predominantly TH2 cytokines (IL-4, IL-5, IL-

13) although IFN-y predominates over IL-4 in chronic skin lesions 

XL-13 is the major cytokine responsible for the increased IgE associated with atopic 

dermatitis while IL-5 secretion exerts multiple effects on eosinophil activity 

(1.3.4), including prevention of eosinophil apoptosis 

A characteristic histological feature of AD is epidermal spongiosus, caused by loss of 

keratinocyte cohesion and influx of fluid from the dermis. An increased susceptibility 

of keratinocytes to apoptosis underlies this appearance T-cell derived IFN-y up-

regulates Fas receptors on keratinocytes, rendering them susceptible to apoptosis by 

Fas ligand expressed, or released, by infiltrating T-cells. By contrast, apoptosis of 

these T-cells is prevented by cytokines and extracellular matrix components of 

eczematous skin Dysregulation of apoptosis may thus be a key mechanism in the 

pathogenesis of atopic dermatitis. 

1.3.3 Epidemiology 

The prevalence of allergic disease has increased dramatically in recent decades, 

particularly in English speaking Western countries; a recent survey in western 

Scotland reported a doubling in the prevalence of atopic asthma in adults over 20 

years while in 1998 the International Study of Asthma and Allergies in 

Childhood (ISAAC) found that 35% of 13-14 year olds in the UK had had asthma 

symptoms in the previous year, the highest 12 month prevalence of all the countries 

surveyed 
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The aetiology of allergy is multifactorial and complex. Genetic inheritance is integral 

to the pathogenesis, a feature that has been recognised since the early part of the 20' th 

century (163X164) . Atopy, the genetic tendency to generate IgE is the strongest 

single risk factor for the development of allergic disease: atopic individuals have a 10-

20 fold increased risk of developing asthma, as compared to non-atopic individuals 

and infants bom to atopic parents have more than twice the risk of later allergic 

disease, as compared to those with no family atopy risk 

The genetics of allergic disease is complicated by the fact that these disorders are 

associated with mutations in multiple genes. Using modern molecular techniques, 

several loci for candidate atopy genes have been determined on various chromosomes 

Table 1.2 Gene regions associated with atopy. 

Region Candidate gene Phenotype 

2q21-q23 Unknown specific IgE 

5q3Ll IL-4 cluster total IgE 

5q32-q33 Glucocorticoid receptor total IgE 

P2-Adrenergic receptor bronchial hyperreactivity, 

asthma 

6p2L3 MHC class 11 specific IgE 

6p2L3 TNF-a total IgE 

8p23-p21 Unknown specific IgE 

l lq l3 High affinity IgE receptor adopy, 

speciGc IgE 

12ql5-q24.1 IGFl, SCF atopy, total IgE 

14qlL2 T-cell receptor specific IgE 

Mast ceil chymase atopic dermatitis 

14q32 IgG heavy chain a&opy 

16pll.2-12.1 IL-4 receptor a total IgE 
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Genetic factors have only a limited effect on atopic phenotype. For example, there 

are low concordance rates for asthma observed in twin studies and following the 

division of Germany, despite a similar genetic predisposition for atopy, there was a 

marked divergence in the national prevalence rates for allergic disease These 

observations suggest that genetic factors must interact with environmental factors to 

induce clinical disease expression and severity. 

The importance of environmental influences is also suggested by the fact that the 

observed increase in allergic disease prevalence has occurred over only a few 

decades, a time period that precludes genetic factors in the aetiology. Accordingly, 

many environmental factors have been implicated in this phenomenon, including 

changes in diet, air pollution and home living conditions Whatever the 

underlying reasons, the result is a huge number of adults and children with often life-

long, and frequently incapacitating, medical conditions, which also have substantial 

cost implications for health care provision Allergic disease is undoubtedly a 

major public health issue and an increased understanding of the mechanisms 

underlying this process should be considered a priority for research. 

1.3.4 Egg allergy 

Epidemiological studies in recent years have shown repeatedly that, of all the 

allergenic foods, egg has a unique place in the natural history of allergic disease. In 

families with a genetic risk of atopy, egg sensitisation symptomatic egg 

allergy in infancy are strong risk factors for inhalant sensitisation and asthma in 

later childhood and adulthood 

Hen's egg comprises 8-11% shell, 56-61% white and 27-32% yolk. The white is 

essentially an aqueous protein solution (10% protein, 88% water) and is the most 

important source of allergens, though the lipid containing yolk is also allergenic 

Egg white contains a number of allergens: ovotransferrin, ovomucoid and ovalbumin 

Ovalbumin, a 44 kDa water-soluble glycoprotein, is present in the greatest 

quantities. Its allergenicity has been confirmed by histamine release assay 

radioimmunelectrophoresis and radioallergosorbent test (RAST) using the pure 
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protein. Ovalbumin shows no cross-reactivity with albumins from other species, 

including human serum albumin (SWISS-PROT protein sequence data bank In 

fact, there appears to be a lack of cross-reactivity between eggs from different birds, 

as patients allergic to duck or goose eggs may be tolerant of hen's egg 

1.3.5 IgE, parasitic infection and atopy 

The classic stimulus for TH2 mediated immunity is parasitic infection. TH2 cytokines 

(IL-4, IL-5, IL-9 and XL-13) and eotaxins promote eosinophilopoiesis and tissue 

eosinophilia, and an elevated IgE concentration with sensitisation of mast cells 

(I8i)(i82)(i83) p ^ ^ s j ^ g antigen-induced degranulation of sensitised mast cells leads to 

the release of inflammatory mediators and cytokines that contribute to helminth 

killing and induction of the immune response. 

It is likely that in historical times humans were chronically exposed to helminth 

infection. Since human atopy is promoted by genetic variants within the TH2 system 

(1.3.2), it is possible that the relatively high prevalence of such disadvantageous 

variants in the modem day reflects an original evolutionary benefit, which conferred 

protection against helminths, and hence a survival advantage. Parasitic infestation of 

children has been associated paradoxically with a reduced susceptibility to atopy 

while helminth eradication has unmasked skin sensitivity in previously unresponsive 

individuals Such an inverse association has not been reported in all studies 

and factors such as helminth type, load and socio-economic status may influence the 

relationship 

There are a number of putative mechanisms by which helminth infection may 

suppress atopic disease expression: helminth infection is associated with excess 

polyclonal IgE production and saturation of high affinity IgE receptors (FceRI) on 

mast cells while the exhaustive production of polyclonal IgE may result in an 

inability to produce allergen-specific IgE. Furthermore, peripheral blood 

mononuclear cells (PBMCs) of parasitised children produce high levels of IL-10 

when stimulated by parasite antigen a cytokine that is deficient in atopic 

individuals with active disease Thus, helminth parasites may trigger powerful 
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anti-inflammatory mechanisms capable of limiting the magnitude of in vivo responses 

to allergens. 

1.4 Programming of the Allergic Phenotype in Early Life 

Respiratory allergic disease may be predicted by allergies - in particular, food 

hypersensitivity and atopic dermatitis - which often manifest within the first weeks of 

life Since IgE sensitisation precedes the clinical manifestation, so this 

relationship suggests that allergic fate may be decided in early life, either in utero, or 

in the postnatal period. 

1.4.1 Pregnancy and allergy 

Pregnancy has been implicated as a critical time period during which infant atopic 

phenotype is established. Infants are more likely to be atopic if bom to an atopic 

mother rather than to an atopic father and this difference is not due to a reporting bias 

(i9i)(i92) serum IgE concentration in adults has been associated with 

disproportionate fetal growth, as reflected in an increased head circumference at birth 

and a large head at birth has been associated with raised cord blood IgE and a 

three-fold increased risk of later asthma 

These observations suggest that the mother is not only a source of genetic 

information, but also directs the environment in which the fetus develops and this may 

have life-long sequelae for allergic disease. As discussed previously (1.2.1), the 

utero-fetal cytokine environment is skewed to a TH2 profile in order to ensure the 

success of pregnancy. Further perturbation of this pro-allergic environment has been 

described in atopic mothers who were found to produce significantly less IFN-y in 

cow's milk P-lactoglobulin (BLG) stimulated cell cultures compared to non-atopic 

women Concomitantly, BLG-stimulated umbilical cord mononuclear cells of the 

corresponding infants produced significantly higher concentrations of IL-13, 

suggesting that the maternally-determined characteristics of the antenatal environment 

may modulate the phenotype of the infant's immune response to postnatal contact 

with allergen. 
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1.4.1.1 In utero priming 

The possibility of fetal immunomodulatory events occurring through pregnancy was 

given credence by studies reporting polyclonal and allergen-specific proliferative 

responses by umbilical cord mononuclear cells at birth (i97Xi98)(i99)(2oo) 

responses are indicative of T-cell antigen-specific priming, which may occur as early 

as 22-23 weeks of gestation Cord blood mononuclear cell (CBMC) antigen-

specific proliferation is a frequent finding and suggests that prenatal priming may be a 

universal phenomenon. However, babies with a family history of atopy have a higher 

proliferation index than babies with no genetic risk (202x203) produce significantly 

fewer IL-12 secreting cells and lower IFN-y in culture supernatant The 

relevance of these characteristic responses for the prediction of the atopic phenotype 

is a controversial issue, with some 98X207X208) (203x209) reporting an 

association between magnitude of cytokine and proliferation responses at birth and 

later allergic disease. 

1.4.2 Breast-feeding and allergy 

Breast-feeding provides a further opportunity for close mother-infant immunological 

interaction. While the protective effect of human milk for a wide variety of 

infections, including otitis media, respiratory tract infections, diarrhoea, neonatal 

sepsis and necrotising enterocolitis, has been reported (2io)(2ii)(2i2)̂  the benefit of 

breast-feeding for infant allergic outcome remains a controversial issue. 

As previously discussed (1.2.3.2), breast milk is a rich source of immunological 

information. Not only does it offer passive protection against infections, but also it 

actively stimulates the development of the infant immune system. Variation in the 

composition of breast milk between atopic and non-atopic mothers has been 

described, and these differences may have implications for infant atopic phenotype: 

allergic women were found to have significantly higher concentrations of IL-4 in their 

colostrum than non-allergic women they also had significantly higher levels of 

the chemoattractant factors IL-8 and RANTES which are both up-regulated in 

the blood and airways in respiratory allergic disease factors are 

integral to the regulation, and expression, of IgE-mediated hypersensitivity reactions: 
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IL-4 is potent inducer of a TH2 response and IgE production, while RANTES is 

chemotactic for eosinophils, basophils, T-cells with a memory phenotype (2i7)(2i8) 

may enhance IL-4-dependent IgE synthesis Indeed, breast milk supernatants 

from atopic, but not from non-atopic women, stimulate IgE production by cord blood 

lymphocytes 

Oral tolerance, defined as immune unresponsiveness to non-pathogenic antigens 

previously encountered at mucosal surfaces, is a complex phenomenon, but is 

dependent on gut bacterial colonisation, as indicated by the failure to develop oral 

tolerance in germ-free pups Indeed, disturbance of the neonatal gut microflora, 

with a reduced ratio of bifidobacteria to Clostridia, has been associated with the later 

development of atopy and atopic disease The probiotic properties of breast milk 

oligosaccharides, which promote the growth of lactobacillus and bifidobacteria, may 

thus have a beneficial effect. On the other hand, breast milk containing significantly 

lower quantities of sCD14 has been associated with infant eczema, and this may relate 

to a dysregulation of the interaction between gut epithelial cells and bacterial species, 

mediated by sCD14, in these milks An alternative explanation for the 

association between breast milk sCD14 and eczema may be that the varying levels of 

sCD14 influence phospholipid transport and hence the infants' dietary fat composition 

(222) pj-gyjQyg work has associated lower breast milk polyunsaturated fatty acid levels 

with both maternal atopy and infant allergic sensitisation ('26)(223) 

Clearly, breast milk constitutes an important maternally-derived environmental factor 

that modulates infant immunity: thus variations within this 'environment' may direct 

the programming of the infant atopic phenotype. 

1.4.3 Infections and allergy 

Studies of cytokine profiles at birth have shown that infants respond universally to 

common environmental allergens in a TH2 fashion The impairment in ThI 

function that underlies this profile is restored in non-atopic children, and the adult 

responder phenotype, characterised by THI cytokine production, is achieved by 5 

years of age. In atopic children allergen-specific responses remain TH2 polarised 

(224)(225) Y2us switch from a Th2 biased to a balanced Th2 /Th1 response reflects the 

32 



need for the newborn infant, now no longer sequestered in the sterile pregnancy 

environment, to develop protective functions against infections. Evidence from work 

with germ-free animals would suggest that the trigger for this switch is provided 

by microbial contact - both pathogenic and commensal organisms. 

1.4.3.1 Acquired infection. 

It is well recognised that children with established allergic disease often experience an 

exacerbation of their symptoms in the presence of an acquired infection. For 

example, rhinovirus infection is a common precipitant of an acute asthmatic episode, 

whilst superimposed staphylococcal infection may promote a deterioration of atopic 

dermatitis. However, there is also evidence to suggest that early childhood infections 

may protect against the development of atopic allergic disease - the 'Hygiene 

hypothesis' For example, at the time of reunification of Germany, the prevalence 

of atopy and asthma was significantly less in Leipzig, East Germany, than in Munich, 

West Germany, despite the fact that Leipzig was heavily polluted. In Leipzig, 

however, the incidence of respiratory infection was high and indeed, the youngest 

children of large families, experiencing earlier and more frequent respiratory 

infections were particularly protected from allergic sensitisation and asthma The 

protective influence of this 'sibling effect'- an increased tendency to acquire 

respiratory infections through household contact - is supported by the observation that 

children attending day-care nurseries at an early age were less likely to develop 

a s t h m a ™ ^ ' ) . 

Other epidemiological evidence suggesting a counter-atopy effect of infection is 

provided by surveys reporting an inverse relationship between measles infection in 

childhood and subsequent aero-allergen sensitisation and seropositivity to 

hepatitis A virus and atopic status Similarly, an inverse association between 

DTH reactivity to tuberculin, suggestive of past exposure to Mycobacterium 

tuberculosis, and later atopy has been described and indeed, more recently, the 

prevalence of asthma has shown a significant inverse correlation with reported rates 

of tuberculosis 
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How infections might confer protection against the development of later atopic 

disease is not known, but a postulated mechanism is the THI immunity induced by 

bacterial products, such as LPS and Gram-negative bacteria endotoxin. Children 

raised on a livestock farm, where bacterial endotoxin abounds, had a reduced risk of 

atopic allergic disease (234X235) bacterial endotoxin was found in significantly 

lower concentrations in the house-dust of homes of sensitised infants compared to 

non-sensitised infants LPS stimulates marked XL-12 production, which induces a 

THI response after binding to its receptor CD 14 and induction of the TLR4 

signalling cascade. In further support of this mechanism is the association of a 

polymorphism in the CD 14 gene with an increased intensity of atopy (̂ 7X238) 

1.4.3.2 Intestinal flora 

A major microbial assault on the neonatal immune system derives from postnatal 

intestinal colonisation with commensal organisms. 

Since deviation from the default TH2 immune response in animal studies was 

dependent on intestinal bacterial colonisation it is not surprising that differences 

in intestinal microflora have been linked with atopic disease. In Estonia, where 

prevalence of atopic disease is low, gut colonisation was dominated by lactobacilli, 

whereas in Sweden, where allergy is common, Clostridia colonisation predominated 

Children from both countries who developed atopic disease were less often 

colonised by lactobacilli and had higher counts of aerobic organisms 

Furthermore, supplementation of the diet with probiotic strains of bifidobacteria or 

lactobacilli alleviated symptoms of atopic dermatitis (241X242) allergy A 

critical step in the postnatal modulation of the atopic responder phenotype may 

therefore be the acquisition of an appropriate gut commensal flora. 

1.4.4 Allergen exposure 

Allergen exposure is a prerequisite for allergic sensitisation. Month of birth studies 

have shown that an infant bom just prior to, or during, a time of high aeroallergen 

load was more likely to develop an atopic phenotype than one bom at a time of low 

allergen exposure: thus asthmatic children bom in autumn when house-dust mites 
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(HDM) were highest had a greater risk of house-dust mite sensitisation and 

children bom just before the birch pollen season in Scandinavia had a greater risk of 

birch pollen sensitivity than those bom just after the season In large cohort 

studies allergen exposure was reported to influence sensitisation in a dose-dependent 

manner; infants bom into an environment with high cat and dust mite allergen 

concentrations were more likely to become sensitised early and to begin wheezing 

at a younger age 

IgE sensitisation is a strong risk factor for disease manifestation (248)(249)(250) 

However, an association between allergen exposure and clinical disease has not been 

identified: for example, while early environmental exposure to inhalant allergens was 

found to be directly associated with sensitisation to the same allergens, this exposure 

had no influence on the prevalence of asthma jn^jegd, early life exposure to 

pets in Norway was associated with a reduced risk of atopy-related diseases in early 

childhood 

Allergen exposure may occur by maternal routes. It has long been recognised that 

breast-feeding may evoke allergic manifestations in the infant and, as previously 

discussed (1.4.2), adverse allergic consequences may relate to the presence of many 

immunoregulatory factors found in human milk. However, a variety of food 

allergens, including cow's milk P-lactoglobulin wheat gliadin peanut 

and hen's egg allergens have all been detected in human milk. Moreover, a 

causal relationship between maternal allergen passage and infant allergic 

manifestation has been established 

Exposure to maternally-derived allergen in pregnancy has more recently been 

confirmed with the detection of dust mite allergen, Der pi , in both cord plasma and 

amniotic fluid and hen's egg ovalbumin in amniotic fluid The implication of 

this exposure for infant allergic sensitisation and disease expression is not yet known. 

1.4.5 'Other' environmental factors and allergy 

A number of other postnatal environmental factors, including indoor and outdoor 

air pollution (260)(26i) environmental tobacco smoke (ETS), have been implicated 



in the pathogenesis of allergic disease. Passive ETS exposure has been shown by 

many studies to adversely affect the child's respiratory health by decreasing lung 

growth and increasing the risk of respiratory infections and symptoms (262)(263)(264)̂  

though not the risk of allergic sensitisation 2̂65)(266) ^ utero ETS exposure, through 

maternal smoking, may independently increase the risk of wheeze and doctor-

diagnosed asthma Indeed, several studies have shown that maternal smoking 

during pregnancy is a stronger predictor of wheezing and asthma than postnatal ETS 

exposure 

1.5 Allergy Prevention Strategies 

Since allergen exposure is integral to allergic sensitisation and disease expression, the 

corollary is that reduced exposure may be associated with a reduction in the incidence 

of atopic disease. The benefits of allergen avoidance in improving allergic 

symptomatology are well appreciated: living at high altitude, where house-dust mite 

allergen concentrations are low, improved asthma control in house-dust mite sensitive 

individuals and house-dust mite avoidance measures, such as encasing mattresses 

with occlusive covers, are routinely used in the clinical setting. 

Consequently many investigators have explored extending allergen avoidance into the 

pre-and postnatal periods as a means of primary prevention - namely the prevention 

of allergic sensitisation - in a high-risk population. The level of exposure to many 

environmental allergens is not open to manipulation. However, dietary allergens are 

more easily excluded and anti-house-dust mite measures are effective in lowering 

exposure Therefore, attention has focused on these allergens in evaluating a 

primary prevention strategy. 

Maternal exclusion diets in pregnancy alone, both pregnancy and lactation, and 

lactation only have been investigated In general, the allergic outcomes 

of the offspring have been disappointing. Dietary interventions beginning in 

pregnancy have elicited either little or no 2̂72)(273)(274)̂  only temporary benefit 

and concerns have been raised regarding potential maternal nutritional compromise 

and infant welfare Whilst interventions through lactation have been viewed with 
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more optimism even so, the reduced prevalence of infant atopic dermatitis 

associated with maternal dietary prophylaxis was not found to be maintained at 

later time points 

Several factors may have contributed to the negative outcome of these studies, 

including low subject numbers, lack of randomisation and blinding. Subject 

compliance may be questioned since multiple foods (ranging from 2-5) were 

excluded. Furthermore, the prophylactic measures in pregnancy were implemented in 

the third trimester, long after the fetus has demonstrated the immunological capacity 

for priming (95)(200)(201) ^ lack of atopic benefit might then have resulted from the 

regimen missing the window of immunological susceptibility. 

Rigorous anti-house-dust mite measures can significantly reduce HDM exposure 

and these measures, taken through pregnancy and postnatally, have been associated 

with less respiratory symptoms through the first year of life in infants with an atopic 

genotype Furthermore, in an earlier study, dietary exclusion through lactation 

combined with stringent HDM avoidance measures during the infant's first year were 

associated with significantly less eczema and atopic sensitisation at 4 years of age 

(281) environmental manipulation may indeed have a sustained influence over 

infant allergic phenotype. It is likely that clinical outcome is determined by many 

factors, none the least of which is the success of the intervention. 

1.6 Hypothesis and Aims of Project 

The evidence reviewed so far suggests that early life, including fetal life, is a critical 

time period during which the infant's ultimate atopic phenotype may be determined. 

Genetic susceptibility is the cornerstone of atopic programming, but clinical outcome 

may be modulated by various environmental factors acting, and interacting, during the 

window of immunological susceptibility. 

Allergic sensitisitation is a multistep process that begins with T-cell priming. The 

observations of antigen-specific immunological memory at birth, and a capacity for 

immune reactivity from 22 weeks of gestation suggest that priming may occur in 
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utero. These findings necessitate fetal antigen exposure to have taken place, but 

when, where and how does this occur? 

Unravelling the mechanisms of allergic sensitisation has huge implications for the 

health of the nation. Evidence suggests that the nature of the immune response to an 

allergen, that is, whether sensitisation or tolerance ensues, is determined by the 

conditions under which the initial encounter takes place. While many factors 

influence this encounter, an important determinant of a sensitising response may be 

the characteristics of the antigen itself, in particular, the dose, timing of exposure and 

the manner of presentation. 

High antigen doses may be tolerogenic by inducing T-cell anergy or deletion 

but atopic sensitisation is also commonly associated with exposure to high levels of 

antigen during infancy Low dose antigen exposure, as will occur in utero, 

may induce tolerance by immune deviation but conversely has also been shown 

to promote a Th2 cytokine profile and IgE production (57)(285)(286) 

The timing of allergen exposure is critical as implied by month of birth studies 

(244)(245) micc were primed if fed ovalbumin within the first week of life, 

this response being enhanced if feeding began antenatally However, the situation 

is not clear-cut as other studies report tolerance from neonatal or antenatal 

exposure Furthermore, outcome may be influenced by the timing of exposure 

within the antenatal period as has been suggested by the observation that fetal 

susceptibility to birch pollen priming varied according as to when in pregnancy the 

mother was exposed to the birch pollen season, the majority of responders being 

exposed between 20-28 weeks of gestation 

The manner in which an allergen is presented to the fetus is unknown. Since IgG is 

actively transported to the fetus in large quantities, particularly in the third trimester 

it is the ideal vehicle for allergen transport. Furthermore, there is evidence to 

suggest that maternal IgG may regulate priming; in animal experiments, maternal IgG 

had a suppressive effect on neonatal IgE production while in human studies, 

CBMC proliferative responses to house-dust mite inversely correlated with levels of 

cord, maternally-derived, HDM-specific IgG When infant atopic outcome has 
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been evaluated in relation to cord blood IgG, both beneficial and adverse 

effects have been reported. 

These experimental, epidemiological and observational data thus lend themselves to 

the hypothesis that the nature of early life exposure to an allergen determines infant 

allergic sensitisation. 

The mother-infant immunological interaction has a significant role in the allergic 

process, - a role that includes a source and route of transmission of allergenic 

peptides. However, unlike other maternal immunoregulatory factors, maternal 

allergen exposure is open to environmental manipulation. 

The central role of egg allergen in atopic programming has been consistently 

recognised: not only is egg allergy common in infancy, incurring considerable 

morbidity, but it also has significant repercussions for later, and possibly lifelong, 

allergic respiratory disease Moreover, the dietary sources of egg protein are well 

known and therefore may be excluded with relative ease, and without causing any 

nutritional compromise. Dietary egg exclusion by pregnant women, initiated not later 

than 22 weeks gestation, may therefore also offer the opportunity to evaluate dietary 

allergen exclusion measures as a means of primary allergy prevention. 

The hypothesis of this thesis was that, 

'The characteristics of early life exposure to dietary egg allergen determine infant 

In order to address this hypothesis the following aims were defined: 

1 To directly demonstrate fetal and newborn exposure to ovalbumin, the principal 

component and major allergen of egg white. 

2 To characterise exposure in terms of dose, timing and mode of allergen 

presentation, and in the context of maternal diet through pregnancy and breast-

feeding. 



To ascertain the relationship between the characteristics of allergen exposure 

and allergic sensitisation and disease in a group at high genetic risk of atopy. 

To evaluate the effects of dietary egg avoidance and egg sensitisation on 

ovalbumin specific humoral responses. 
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Chapter 2 

General materials and methods 

2.1 General materials 

2.1.1 General reagents 

General laboratory reagents used in the methods of this thesis are shown in table 2.1. 

All reagents were stored at room temperature, unless otherwise stated. 

Table 2.1 General reagents. 

Reagent Supplier 

Bovine serum albumin (BSA) (fraction V) Sigma (stored at 4"C) 

Human serum albumin (HSA) Sigma (stored at 4"C) 

Carbonate bicarbonate capsules Sigma 

Sodium chloride (NaCl) Sigma 

Trizma base Sigma 

Tween 20 Sigma 

Ponceau S solution Sigma 

Concentrated (conc) HCl Merck 

conc H 2 S O 4 Merck 

conc NaOH Merck 

Methanol Merck 

Ethanol Merck 

2.1.2 General buffers 

Buffers (table 2.2) were prepared in ultra high quality reverse osmosis water purified 

through a Ropure ST (Bamstead) system. All chemicals were stored at room 

temperature, unless otherwise stated. 
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Table 2.2 General buffers. 

Buffer Composition 

Coating buffer Carbonate bicarbonate buffer 0.05 M, pH 9.6 

Assay buffer (lOx concentrated) Trizma base 100 mM; NaCl 9% w/vol, pH 7.4 

Blocking buffer Ix assay buffer, BSA 3% w/vol 

(Stored at 4°C) 

Wash buffer Ix assay buffer, Tween 20 0.05% v/vol 

(Stored at 4°C) 

Antibody buffer Wash buffer, BSA 1% w/vol 

(Stored at 4°C) 

2.1.3 Enzyme substrates and stopping solutions 

Table 2.3 Commonly used substrates and corresponding stopping solutions. 

o-phenylenediamine 

dihydrochloride (OPD) 

Sigma 3M HCl 

p-nitrophenyl phosphate 

(pNPP) 

Sigma 3M NaOH 

Tetramethylbenzidine 

(TMB) 

Pharmingen IM H2SO4 

Diaminobenzidine 

(DAB) 

Sigma wafer) 
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2.1.4 General apparatus 

Table 2.4 General laboratory equipment. 

Application Apparatus Supplier 

NUNC, Maxisorp microtitre 

plates 

Life Technologies 

Microtitre plate reader Titertek Multiskan Plus, 

EFLABor, Finland 

Immunoblotting 

Hybond nitrocellulose paper Amersham 

Immunoblotting 

Filter paper Whatman International Ltd 

Immunoblotting Universal tubes Greiner Immunoblotting 

Staining trays Greiner 

Pipettes Alpha Laboratories 

Sample storage Eppendorfs Alpha Laboratories 

Glass ware Merck 

2.1.5 Allergens and skin prick test solutions 

All allergens and skin prick test solutions were stored at 4°C. 

Table 2.5 Allergens used in laboratory methods. 

Allergen Supplier 

Hen's egg ovalbumin (OVA) (grade VII) Sigma 

Ovomucoid (MUC) Sigma 

P-lactoglobulin (BLG) Sigma 

Lysozyme (LYS) Sigma 
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Solutions for infant and adult skin prick testing were all supplied by ALK, Abello 

Table 2.6 Solutions for skin prick testing. 

Skin Prick Test solution 

Histamine (positive) control 10 mg/ml 

Saline (negative) control 

House-dust mite 

(Dermatophagoides pteronyssinus) 

Soluprick standard 
quality (SQ) 

Cat dander Soluprick (SQ) 

Timothy grass pollen Soluprick (SQ) 

Birch pollen Soluprick (SQ) 

Horse Soluprick (SQ) 

Dog dander Soluprick (SQ) 

Altemaria 1:20 w/v 

Whole egg 1:100 w/v 

Egg white 1:100 w/v 

Egg yolk 1:100 w/v 

Raw cow's milk 1:20 w/v 

Peanut 1:20 w/v 

2.2 Subjects and samples 

2.2.1 Non-pregnant women 

Healthy, non-pregnant, staff members or mothers of children attending the paediatric 

allergy clinic (n=30), aged 1 8 - 5 0 years, participated in a project investigating the 

lifestyle issues associated with an egg exclusion diet. The women were allocated to 

control (n=10) or intervention (n=20) groups. The intervention group women were 

asked to exclude egg and egg products from their diet for 5 weeks. Blood samples 

were taken at the beginning and end of the 5-week study period. 
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2.2.2 Unselected pregnant women 

Plasma samples and matched amniotic fluid samples were available from randomly 

selected pregnant women (n=206) undergoing routine diagnostic amniocentesis at 16-

17 weeks gestation (kindpermission ofDr CA Jones). 

2.2.3 High-risk pregnant women 

Pregnant women with a personal, or partner, history of atopy (n=190), whose infants 

were considered to be at high-risk of developing allergic disease, were randomised to 

egg exclusion or a normal healthy diet from 17-20 weeks gestation till the end of 

breast-feeding. Parental atopic status was established at study recruitment by allergic 

history, based on the ISAAC questionnaire and at least one positive skin prick test 

(SPT). The panel for skin prick testing included a positive histamine control 

(lOmg/ml), negative saline control and 8 common allergens - house-dust mite, cat 

dander, timothy grass pollen, birch pollen, horse, dog dander, altemaria and egg (table 

2.6). A wheal > 2mm greater than the negative control, in the presence of an 

appropriate positive control, was considered to be a positive test. 

Blood samples 

Blood samples were collected from these women at study recruitment, at 24 weeks 

and 32 weeks gestation, and at the time of labour. 

Breast milk samples 

Breast milk samples were collected by expression from the women at 3 months post-

partum (n=68). 

2.2.4 High-risk intervention cohort babies 

Blood samples were collected from the babies bom to the dietary intervention study 

women (2.2.3), at birth (umbilical cord), 6, 12 and 18 months of age. 
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2.2.5 High-risk infants (archive blood samples) 

Plasma samples were available from an archive collection of blood specimens 

obtained from babies born to at least one atopic, asthmatic parent (n=157) (kind 

permission ofDrJA Warner). Blood samples had been collected at birth (umbilical 

cord) and at 6 months, 1 year and 5 years of age. 

2.2.6 Serum pool 

Serum samples from healthy, egg-eating, staff volunteers (n=4) were pooled and 

stored in aliquots. The serum pool provided a reference curve for specific IgG 

concentration measurements. 

2.2.7 Control blood samples 

Serum was available from a healthy, non-pregnant, non-egg allergic staff member 

who had excluded eggs from her diet for more than a decade. Aliquots of the serum 

provided a negative control serum (NS) for ovalbumin detection assays. A plasma 

sample (from 2.2.2) containing high levels of ovalbumin was used as a positive 

control for ovalbumin detection assays. 

2.2.8 Sample preparation 

2.2.8.1 Serum samples 

Prospectively collected blood samples were left to clot by standing for at least one 

hour at room temperature. They were then centrifuged at 4000xg for 10 minutes. The 

serum was carefully removed and stored in aliquots at -80°C until further assay. 

2.2.8.2 Breast milk samples 

Breast milk samples were defatted by centrifuging at 4000xg for 20 minutes at 4'̂ C. 

The supernatant fatty layer was then carefully removed and discarded. The remaining 

sample was aliqotted and stored at -80°C until further assay. 
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2.3 Intervention cohort - dietetic monitoring 

A dedicated dietitian advised and monitored the women participating in the dietary 

intervention study (2.2.3). The intervention group received information and guidance 

on healthy eating and an egg-free diet, while the control group received healthy eating 

advice alone. Both groups were evaluated at 24 and 32 weeks gestation to ensure 

satisfactory nutritional intake by interview and analysis of a 7-day food diary 

completed during the preceding week. Between assessments the women were 

encouraged to ring and discuss any dietary difficulties with the dietitian. 

Accidental ingestion of egg was recorded prospectively throughout the study by the 

intervention group subjects and discussed at the periodic reviews. 

2.4 Intervention cohort - infant clinical assessment 

Infants at high-risk of developing allergic disease (2.2.4) were assessed at 3, 6, 12 and 

18 months of age by a dedicated paediatric doctor (GV) or nurse (RB) who were blind 

to randomisation category. Any allergic symptoms identified by the research nurse 

were also evaluated by the clinician. Between infant visits the mothers were 

encouraged to ring and discuss any concerns regarding their child with the study 

doctor or nurse. Additional clinical assessments were arranged accordingly. 

Allergic assessment (Appendix 1) was based on the model for infant evaluation used 

in the ETAC (Early Treatment of the Atopic Child) study - a multi-centre study to 

investigate the potential for the anti-histamine cetirizine to prevent the development 

of asthma in infants with atopic dermatitis 

Atopic dermatitis (AD) was defined as an erythematous-papulo-vesicular chronic skin 

disease with dry skin, itching and typical distribution (cheeks, abdomen, extensor 

surface of limbs) 

Asthma was defined as 3 separate episodes of nocturnal cough causing sleep 

disturbance lasting for 3 consecutive nights and/or 3 separate episodes of wheezing, 
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separated by at least 7 days, in a clinical setting where asthma was likely and other 

conditions had been excluded. 

2.4.1 Diary record 

The parents were asked to record chest symptoms and/or skin rashes. The diary was 

completed once per week if there were no concerns, or on a daily basis if the infant 

was symptomatic. The diaries were reviewed at each infant assessment. 

The diagnosis of AD and number of acute exacerbations, and the diagnosis of asthma, 

and/or number of validated coughing or wheezing episodes were recorded at each 

infant visit. 

2.4.2 Clinical examination 

The infants were examined for evidence of respiratory disease. Severity of eczema 

was scored using the SCORAD index, which accounts for extent and intensity of the 

skin lesions and subjective symptoms General health and growth parameters 

were also monitored at each infant visit. 

2.4.3 Skin prick testing 

In addition to symptom review and clinical examination, the infants' atopic phenotype 

was also assessed by skin prick testing. Skin prick tests were performed at 6, 12 and 

18 months of age. The panel included a positive histamine control (lOmg/ml), 

negative saline control, house-dust mite, cat dander, timothy grass pollen, raw cow's 

milk, whole egg, egg white, egg yolk and peanut (table 2.6). A reaction was 

considered positive if the wheal diameter was > 2mm greater than the negative 

control, in the presence of an appropriate positive (histamine) control. 
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2.5 Laboratory methods 

All general reagents, buffers and apparatus used were as described previously (2.1). 

Those materials specific to a method are described in detail in the relevant section. 

2.5.1 Measurement of specific IgG concentration 

Ovalbumin (OVA G), ovomucoid (MUC G) or P-lactoglobulin (BLG G) specific IgG 

concentrations were measured by a previously established, in-house, indirect enzyme 

linked immunosorbent assay (ELISA). 

2.5.1.1 Principles 

Antigen is bound to a microtiter well and incubated with diluted samples or standards, 

after non-specific binding is blocked. Free IgG is washed away and the presence of 

bound IgG detected by the addition of enzyme-conjugated anti-human IgG antibody 

(primary detector) which binds to the antigen specific IgG. Free primary detector is 

washed away and chromogenic enzyme substrate added. The amount of coloured 

reaction product that forms is proportional to the concentration of bound specific IgG 

and this is measured by a spectrophotometric plate reader and expressed as an 

absorbance. The concentration of specific IgG in the sample can be calculated by 

comparing the sample absorbance to the reference curve produced by dilutions of the 

standard. 

2.5.1.2 Method 

A 96 well plate was coated with either ovalbumin, ovomucoid or |3-lactoglobulin, at 

100 jj,g/ml diluted in coating buffer, 100 )il per well, covered and left overnight at 

4°C. A bovine serum albumin (BSA) coated plate, 100 pig/ml diluted in coating 

buffer, 100 p,l per well, was included in each experiment as a control for non-specific 

binding. The plates were washed once with assay buffer, 200 jxl per well and then 

blocked for 1 hour with 200 jil blocking buffer. The plates were again washed once 

with assay buffer, 200 ^1 per well, and then 100 p.! of standards and samples added in 

duplicate to both the allergen-coated and control plates and incubated for 1 hour. 
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Samples and serum pool standards were diluted in antibody buffer (1:100, and 1:100-

1:6400, respectively). The plates were washed three times with 200 jil wash buffer 

and then 100 [il of peroxidase-conjugated rabbit anti-human IgG (Dako), diluted 

1:6000 in antibody buffer, was added to each well and incubated for 1 hour. The 

plates were washed a further three times with wash buffer before adding 200 pi of 

OPD substrate buffer and incubating in the dark for 30 minutes. The reaction was 

stopped by adding 50 |il of 3M HCl and the absorbance read at A 492nm-

Samples with absorbances above the reference curve were repeated at higher dilutions 

such that the absorbance fell on the linear part of the reference curve. 

2.5.1.3 Calculation of specific IgG concentration 

The absorbances obtained for the standards and samples from the BSA-coated plate 

were subtracted from the absorbances obtained from the allergen-coated plate. A 

reference curve of standard absorbance versus dilution was then constructed, whereby 

a 1:100 dilution of the serum pool represented 0.01 arbitrary units (AU). Sample 

absorbance was compared to the reference curve and concentration of IgG expressed 

in AU, taking into account the dilution of the sample. 

2.5.2 Measurement of serum ovalbumin IgGl and IgG4 subclass 

concentrations 

2.5.2.1 Development and optimisation 

An indirect ELISA to measure ovalbumin IgGl (OVA Gl) and IgG4 (OVA G4) 

subclass concentrations was developed using commercially available enzyme-

conjugated antibodies (table 2.7). Optimal concentrations of primary detector were 

determined by preliminary experiments in which the concentration of antibody was 

titrated to achieve maximum sensitivity, with least background from control (antibody 

buffer) wells (appendix 2). 
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Details and working concentrations of the primary detector antibodies are shown in 

2 7. 

Table 2.7 Primary detector antibodies for ovalbumin IgG subclass measurement. 

Type Manufacturer Concentration 

HRP-conj ugated mouse anti-human IgGl Pharmingen L500 

HRP-conjugated mouse anti-human IgG4 Binding Site 1:1600 

2.5.2.2 Method 

A 96 well plate was coated with ovalbumin, at 100 jj,g/ml diluted in coating buffer, 

100 |xl per well, covered and left overnight at 4®C. A BSA coated plate, 100 p.g/ml 

diluted in coating buffer, 100 pi per well, was included in each experiment as a 

control for non-specific binding. The plates were washed once with assay buffer, 200 

)Lil per well, and then blocked for 1 hour with 200 jal blocking buffer. Again the plates 

were washed once with assay buffer, 200 p.1 per well, and then 100 p-l of standards and 

samples (table 2.8), diluted in antibody buffer, were added in duplicate to both the 

allergen-coated and control plates and incubated for 1 hour. The plates were washed 

3 times with 200 pi wash buffer and then 100 |il of primary detector antibody (table 

2.7), diluted in antibody buffer, added to each well and incubated for 1 hour. The 

plates were washed a further 3 times with wash buffer before adding 200 )LI1 of TMB 

substrate buffer and incubating in the dark for up to 30 minutes. The reaction was 

stopped by adding 50 pj of IM H2SO4 and the absorbance read at A 450nni. 

Table 2.8 Standards and sample dilutions for ovalbumin IgG subclass ELISAs. 

OVA G subclass 

ELISA type 

Concentrations of human IgG 

calibrator serum (Binding site) 

Sample dilution 

IgGl 0.39 |ig/ml -100 p,g/ml IgGl LlOO 

IgG4 0.16 p-g/ml -20 p,g/ml IgG4 1:50 
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Samples with absorbances above the reference curve were repeated at higher dilutions 

such that the absorbance fell on the linear part of the reference curve. 

2.5.2.3 Calculation of specific IgG subclass concentrations 

The absorbances obtained for the standards and samples from the BSA-coated plate 

were subtracted from the absorbances obtained from the allergen-coated plate. A 

reference curve of standard absorbance versus concentration was then constructed, on 

which the standard serum concentrations of IgG subclasses were denoted as arbitrary 

units. Sample absorbance was compared to the reference curve and concentration of 

OVA IgG subclasses expressed in AU, taking into account the dilution of the sample. 

2.5.3 Measurement of Total IgA concentration 

2.5.3.1 Development and optimisation 

A sandwich ELISA to measure total IgA concentration in breast milk was developed 

using commercially available monoclonal anti-human IgA antibodies (table 2.9). 

Optimal concentrations of capture, and biotin-conjugated detector, antibodies were 

determined by preliminary chequer-board experiments (n=2) (appendix 3). 

Details and working concentrations of the sandwich antibodies are shown below: 

Table 2.9 Sandwich ELISA antibodies for total IgA measurement. 

Type Source Concentration 

Capture Mouse anti-human IgA Pharmingen 4 pg/ml 

Detector biotin-conjugated mouse anti-

human IgA 

Pharmingen 1 pg/ml 

Extravidin-HRP Sigma 1:1000 
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2.5.3.2 Method 

A 96 well plate was coated with capture antibody diluted in coating buffer, 100 |il per 

well, covered and left overnight at 4°C. The plate was washed once with assay buffer, 

200 jj,l per well and then blocked for 1 hour with 200 pil blocking buffer. Again the 

plate was washed once with assay buffer, 200 pi per well, and then 100 p,l of standard 

(human myeloma IgA, courtesy of M.Power, Cancer Sciences, University of 

Southampton) and samples (table 2.10), diluted in antibody buffer, were added in 

duplicate to the plate and incubated for 1 hour. The plate was washed 3 times with 

200 |il wash buffer and then 100 jj,l of biotin-conjugated detector antibody, diluted in 

antibody buffer, was added to each well and incubated for 1 hour. The plates were 

washed a further 3 times with wash buffer before adding 100 }xl of extravidin-HRP, 

diluted in antibody buffer, and incubating for 1 hour. The wash step was repeated 

again before adding 200 (il TMB substrate buffer and incubating in the dark for up to 

30 minutes. The reaction was stopped by adding 50 jiil of IM H2SO4 and the 

absorbance read at A 450,1111. 

Table 2.10 Standards and sample dilutions for total IgA ELISA. 

Concentration of human myeloma IgA 

standard 

Sample dilution 

1.5625 ng/ml -100 ng/ml IgA 1:1000 

Samples with absorbances above the reference curve were repeated at higher dilutions 

such that the absorbance fell on the linear part of the reference curve. 

2.5.3.3 Calculation of total IgA concentration 

A reference curve of standard absorbance versus IgA concentration was plotted. 

Sample absorbance was compared to the reference curve and concentration of total 

IgA expressed in ng/ml, taking into account the dilution of the sample. 
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2.5.4 Measurement of total IgE concentration 

Serum total IgE concentration was measured by a commercially available 

immunoassay (MagicLite Immunoassay, Ciba Coming). 

2.5.4.1 Principle 

Mouse anti-human IgE is covalently bonded to paramagnetic particles (solid phase) or 

labelled with acridinium ester. Incubation of the solid phase and labelled antibody 

with sera containing IgE will induce the formation of a 'sandwich'. Unbound labelled 

antibody is removed by magnetic separation and decantation of the supernatant. The 

amount of bound label is measured in the MagicLite analyser, which automatically 

injects the reagents necessary to initiate a chemiluminescent reaction and quantitates 

the subsequent photon output. The magnitude of the photon output is directly 

proportional to the quantity of IgE in the sample (figure 2.1). 

Figure 2.1 Principle of Total IgE measurement by MagicLite Immunoassay. 

Step 1 Step 2 

JL 
rrrrmT 

Step 3 

A A A 

Figure 2.1 Total IgE was measured by a chemiluminescent assay. A sandwich is formed when 
patient sera containing IgE (blue Y) is incubated with mouse anti-human IgE coupled to 
paramagnetic beads (black Y) and acridium ester labelled anti-IgE (red Y) (step 1). Unbound 
label is removed by magnetic separation and decantation of the supernatant (step 2). The 
addition of chemiluminescent reagents provokes a light reaction. The magnitude ofphoton output 
is directly proportional to the quantity of IgE in the sample (step 3). 
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2.5.4.2 Method 

Serum total IgE was measured according to the manufacturer's instructions. 

Briefly, 50 {xl of calibrator reagents or patient sera were added to polysytrene test 

tubes (Sarstedt LTD). These were mixed with 100 pi of Lite reagent (acridinium ester 

anti-IgE conjugate) by vortexing 3 times for 5 seconds using the Multi-Tube 

Vortexer. Then, 500 p,l of solid phase was added to each tube, mixed, as above, and 

incubated for 30 minutes at room temperature. Separation of bound from unbound 

label was achieved by standing the tube rack in a magnetic separation unit for 3 

minutes and then gently decanting the supernatant. The tube rack was removed from 

the separation unit and the tubes washed by adding 1 ml of distilled water to each, 

mixing and separating, as above. This wash step was repeated once more before 

adding 100 jj,l of distilled water to each tube, mixing and then reading the photon 

output for 2 seconds in the MagicLite analyser. 

2.5.4.3 Calculation of total IgE concentration 

Sample IgE concentration was expressed in International Units (IU)/ml, having been 

calculated from the high and low calibrator sera by the MagicLite Analyser. 

2.5.5 Dot-blotting 

2.5.5.1 Principles 

Rapid immobilisation of proteins on a thin support membrane (dotting) offers a 

simple and convenient system for immunodetection (blotting). 

2.5.5.2 Method 

Proteins, diluted in assay buffer, were dotted onto nitrocellulose paper by adding 50 

jil to individual wells of a dot-blotter (Bios Corporation) under suction. The 

membrane was washed with Ponceau S solution, thereby revealing the dots and 
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facilitating division of the membrane into strips for comparison of antibody binding. 

The nitrocellulose strips were washed with assay buffer and unoccupied sites were 

blocked by incubation overnight in blocking buffer. Immunoblotting was then 

performed as described in 2.5.7.2 (table 2.13), with the exception that individual 

membrane strips were incubated with antibody and washed in separate universal tubes 

to allow for comparison of binding. 

2.5.6 Separation of proteins using SDS polyacrylamide gel electrophoresis 

(SDS-PAGE) 

2.5.6.1 Principles 

By SDS-PAGE, proteins are separated according to their molecular weight. The 

proteins are coated in a negatively charged detergent, sodium dodecyl sulfate (SDS) 

and then exposed to an electric current, which pulls them through a matrix of 

polyacrylamide. The distance travelled by an individual protein is a function of its 

molecular weight, whereby a small protein will travel further than a larger one. The 

distance travelled by a sample protein is compared to the migratory profile of a set of 

reference proteins of known molecular weights, thereby permitting calculation of the 

molecular weight of the sample protein. 

2.5.6.2 Method 

The No vex NuPAGE electrophoresis sytem was used (table 2.11). 

Sample buffer was diluted four-fold in the sample and the sample solution then heated 

to 70®C for 10 minutes. For samples requiring electrophoresis under reducing 

conditions, NuPAGE reducing agent, containing dithiothreitol, as 10% final sample 

volume, was added just prior to heating. The standards were prepared by heating 

them to 1 OÔ C for 3 minutes. 

The gel cassette and gel wells were rinsed with working strength running buffer. The 

cassette was then placed in the Mini-Cell chamber so that the wells faced inwards and 
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the plastic dam secured opposite, so forming the inner buffer chamber. The inner 

buffer chamber was sealed tightly by placing plastic wedges behind the chamber and 

both inner and outer chambers filled with running buffer. In order to prevent reduced 

samples reoxidising during the electrophoresis, 500 pi of antioxidant was added to 

200 ml of running buffer in the inner chamber immediately prior to the run. 

A volume of 10^1 of samples and standards were added to individual wells; the 

power pack connected and the gel run at 200V for approximately 35 minutes. 

Table 2.11 Materials requiredfor SDS-PA GE using Novex NuPA GE 

electrophoresis systerru 

Apparatus Xcell II Mini-Cell 

Gel 4-12% NuPAGE Bis-Tris gel 

Sample buffer 4x concentrated: diluted in sample 

Sample reducing 

agent 

If reducing conditions 

NuPAGE reducing agent (0.5M dithiothreitol) 

- as 10% final sample volume 

Standards SeeBlue Pre-Stained Standards containing proteins of 

molecular weights: 188 kDa, 62 kDa, 49 kDa, 38 kDa, 

28 kDa, 18 kDa, 14 kDa, 6 kDa, 3 kDa. 

Running buffer 20x concentrated MES SDS: diluted in distilled water 

(2-(N-morpholino) ethane sulfonic acid) 

- inner chamber containing 0.25% running buffer 

antioxidant, if reducing conditions 

2.5.7 Western blotting 

2.5.7.1 Principles 

Western blotting is a process by which proteins, separated by SDS-PAGE, are 

electrophoretically transferred from the gel to a thin support membrane, most 
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commonly nitrocellulose paper, thereby allowing immunodetection of specific 

proteins with antibodies. 

2.5.7.2 Method 

Western blotting of the separated proteins was carried out using the Novex NuPAGE 

electrophoresis system according to the manufacturer's instructions (table 2.12). 

Briefly, the gel cassette was opened leaving the gel resting on the larger plate and the 

wells removed with the gel knife. Pre-soaked filter paper, cut to the correct size, was 

placed on top of the gel ensuring it remained saturated with transfer buffer. The gel 

and filter paper were then removed from the cassette plate by inverting the plate and 

gently pushing the gel off the cassette through the slot in the plate. The pre-soaked 

nitrocellulose blotting membrane, cut to the correct size, was placed on the gel 

surface, followed by another layer of pre-soaked filter paper. The gel sandwich was 

then placed in the blot module between pre-soaked blotting pads in such an 

arrangement that the gel was closest to the negative electrode. The blot module was 

then placed in the Mini-Cell chamber and secured in place with plastic wedges. 

Transfer buffer (containing 0.1% antioxidant, if electrophoresis under reducing 

conditions) was added to the blot module and to the outer chamber. The power pack 

was connected and set to 25 V for 1 hour. 

Table 2.12 Materials for protein transfer using Novex NuPA GE electrophoresis 

system. 

Apparatus Xcell II Mini-Cell & blot module 

Transfer buffer 2Ox concentrated transfer buffer: diluted in distilled water -

containing 0.1% antioxidant, if reducing conditions 

10% methanol 

The nitrocellulose paper was carefully removed from the transfer apparatus, washed 

in assay buffer and the outline of the wells drawn around with pencil and each well 
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numbered. Protein staining was revealed by immersing the membrane in Ponceau S 

solution. The membrane was then divided into 2 pieces with the same profile of 

standards and samples on each, one to be probed with specific antibody, and the other 

with a matched isotype control antibody. The optimal concentrations of the detection 

antibodies had been determined previously in preliminary experiments (table 2.13). 

The membranes were washed again in assay buffer before blocking overnight in 

blocking buffer. 

The membranes were washed by gently shaking them in a clean plastic container 

containing assay buffer for 10 minutes. They were then placed in separate shallow 

plastic trays and covered with primary antibody, diluted in antibody buffer, and 

incubated for 2 hours. The membranes were washed again with shaking for 30 

minutes in 2 separate washing containers containing wash buffer, with the wash 

buffer being changed every 10 minutes. They were then placed in a clean, shallow, 

plastic tray and covered with secondary antibody, diluted in antibody buffer, and 

incubated for 1 hour. The 30-minute wash step was repeated before covering the 

membranes with extravidin-HRP, diluted in antibody buffer and incubating for 1 

hour. The 30-minute wash step was again repeated and binding revealed by covering 

the membranes with DAB for 2 minutes. The reaction was stopped by holding the 

nitrocellulose paper under running water. 

Table 2.13 Optimal antibody concentrations for immunodetection. 

Function Source Concentration 

Primary 

antibodies 

Rabbit anti-ovalbumin Sigma 10 p,g/ml 

Primary 

antibodies 

Rabbit gamma globulin 

(isotype control) 

Pierce 10 |ig/ml 

Primary 

antibodies Goat anti-ovalbumin Cappel, ICN 1.25 ng/ml 

Primary 

antibodies 

Goat gamma 

globulin(isotype control) 

R&D systems 1.25 pig/ml 

Secondary 

antibodies 

Goat anti-rabbit biotin Dako 1:8000 
Secondary 

antibodies 
Rabbit anti-goat biotin Jackson 1:20000 

Secondary 

antibodies 
Extravidin-HRP Sigma 12000 
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2.5.8 Enhanced chemiluminescent Western blotting (ECL) 

2.5.8.1 Principles 

In order to improve the sensitivity of protein detection, the Western blotting protocol 

was modified to permit antigen detection by chemiluminescence. 

2.5.8.2 Development and optimisation 

In view of the extreme sensitivity of the method, repeat optimisation of the primary 

and secondary detector antibodies, by dot-blot chequer-board titration, was required 

Details and working concentrations of the primary and secondary antibodies are 

shown in table 2.14. 

Table 2.14 Optimal concentrations ofprimary and secondary antibodies for 

ovalbumin Western blotting using ECL. 

Function Source Concentration 

Primary antibody 

Rabbit anti-ovalbumin Sigma 10 |ig/ml 

Primary antibody Rabbit gamma globulin 

(isotype control) 

Pierce 10 |ig/ml 

Secondary antibody HRP- conjugated donkey 

anti-rabbit 

Amersham 1:1000 

2.5.8.3 Method 

Dot-blot, or gel electrophoresis of sample and transfer of proteins to a nitrocellulose 

membrane, were performed as described previously 2.5.5 - 2.5.7. Western blotting 

was carried out as in 2.5.7.2 with the exception that after incubation with the HRP-
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conjugated secondary antibody, and subsequent wash step, the membranes were 

incubated with the ECL reagents and exposed to X-ray film. 

In detail, this step required an equal volume of detection solution 1 to be mixed with 

detection solution 2 (ECL detection reagents, Amersham) to give a final volume of 

0.125 ml/cm^. Excess wash buffer was drained from the membranes, which were then 

placed on a piece of cling film, protein side up. The detection reagent mixture was 

then poured over the protein side of the membranes, ensuring complete coverage, and 

incubated for exactly one minute. Excess detection reagent was drained off and the 

membranes wrapped smoothly in cling film, placed protein side up in an X-ray 

cassette (Amersham) and exposed to film (Hyperfilm, ECL, Amersham) in the dark, 

for up to 15 seconds. The films were developed using an X-ray film processor (Fuji). 

2.5.9 Protein A affinity chromatography 

2.5.9.1 Principles 

Affinity chromatography is a separation technique in which a molecule is specifically, 

and reversibly adsorbed by a complementary binding substance (ligand) immobilised 

on an insoluble support (matrix), most commonly sepharose 4B, a bead-formed 

agarose gel. The sample mixture is applied under conditions that favour ligand 

binding of the molecule. Unbound substances are washed away and the bound 

molecules recovered by changing the experimental conditions, for example, pH, to 

those that favour desorption. 

The technique permits isolation, and hence purification, of a desired substance. A 

host of substances, for example, antibodies, antigens, receptors and DNA binding 

proteins, can be purified in this way by choosing an appropriate biospecific ligand. 

Protein A, a bacterial protein derived from Staphylococcal aureus, binds specifically 

to the Fc portion of human IgG. The immobilised ligand can thus be used to isolate 

IgG, thereby facilitating purification of monoclonal antibodies and IgG immune 

complexes. 
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2.5.9.2 Method 

Buffer composition was as described in table 2.15. 

Table 2.15 Buffer composition for protein A affinity chromatography. 

Buffer Composition 

Running buffer (conc) 0.2M Tris, IM NaCl, ImM EDTA, O.IM HCl, 

pHS.O 

Running buffer 

(working strength) 

0.04M Tris, 0.2M NaCl, 0.2mM EDTA, 

0.02M HCl, pH 8.0 

Elution buffer O.IM glycine, O.lmM EDTA, 0.02M HCl, 

pH3.0 

A 250 jj,l aliquot of human serum was diluted 1:2 in working strength running buffer 

and added to the Sepharose 4B protein A column (Pharmacia). The gel was washed 

through with running buffer and the unbound - IgG depleted - fraction collected, using 

a Uvicord (LKB Bromma) to monitor the absorbance (A 2m nm) of the eluent. 

The buffer was changed to the elution buffer and the direction of flow reversed. The 

bound IgG containing fraction was then collected using the Uvicord to monitor the 

absorbance of the eluent. The pH of the IgG fraction was returned to pH 8.0 by 

adding a few drops of concentrated running buffer. 

The 2 fractions were concentrated by centrifuging in a Millipore concentrator unit 

(MW cut-off 10 kDa) (Sigma) at 2700xg for 25 minutes at 10°C. Any residual 

dilutional factor was accounted for in subsequent assays. 

IgG depletion was confirmed by serum protein electrophoresis (SPE) (Beckman) (in 

assistance with M Power, Cancer Sciences, University of Southampton) and OVA 
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SPE is a technique whereby serum proteins are electrophoretically separated in a 

buffered agarose gel, immobilised in a fixative solution and visualised by staining the 

dried gel with a protein-specific stain. This demonstrated a significant depletion of 

the immunoglobulin band compared to the untreated sample. Furthermore, the OVA 

IgG ELISA produced a high absorbance from the native serum and the bound fraction, 

while no signal was detected from the unbound fraction. 

2.5.10 Gel filtration 

2.5.10.1 Principles 

Gel filtration is a process by which solutes are separated according to differences in 

their molecular size as they pass through a chromatographic medium - the gel -

packed in a column. 

The test solution is added to the top of the gel column. The sample moves down the 

column as eluent is added to the top. Small molecules that can diffuse into the gel 

beads are delayed in their passage while large molecules, unable to diffuse into the 

gel, move continuously down the column in the flowing eluent. The large molecules 

thus leave the column first followed by the smaller molecules in order of their sizes. 

2.5.10.2 Sample characterisation 

Continuous detection of solute in the eluent by an ultraviolet monitor permits display 

of the sample size profile, called the elution diagram. 

The distribution coefficient, Kd, characterises solute elution. It is the fraction of the 

stationary phase available for solute diffusion, the stationary phase being the volume 

of the liquid phase inside the gel available to very small molecules. 
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This may be mathematically represented as: 

Kd = Ve -- Vo / Vt — Vq — V gel 

O R 

Kav = V e - V o / V t - V o 

where Ve is the elution volume of the solute; Vo is the void volume, namely the 

elution volume of molecules confined to the mobile phase because they are too large 

to penetrate the gel pores and Vt is the total volume of the column. Kav (average) is 

used interchangeably with Kd since for a given gel there is a constant ratio of Kav:Kd 

which is independent of the nature of the solute or its concentration. 

2.5.10.3 Molecular weight calculation 

For a series of compounds of similar molecular shape and density, a sigmoidal 

relationship exists between Kav and log MW, known as the selectivity curve. A 

series of proteins of known MW (table 2.16) - calibration proteins - may therefore be 

used to construct the selectivity curve for a column from which an unknown MW of 

test solute may be calculated (figure 2.2). 

Table 2.16 Characteristics of calibration proteins for gelfiltration. 

Protein standard MW Elution time 

(min) 

Elution volume, 

Ve (ml) 

Kav = 

Ve-Vo / Vt-Vo 

Thyroglobulin 670000 14J6 7.28 -0.045 

Gamma Globulin 158000 1632 &16 (10100 

Ovalbumin 44000 20.54 1&27 (11419 

Myoglobin 17000 25^7 12.585 0.2866 

VitB12 1350 3&9 1&45 (16531 

where Vt = total volume of column = 24 mis & Vo = void volume = 8 mis 
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Figure 2.2 Selectivity curve of protein standards. 

0 . -

Log MW 
Figure 2.2 Elution of a standard mixture ofproteins permitted calibration of the column and 
construction of a selectivity curve. Reference to this curve allows the MW of an unknown test 
protein to be calculated. 

2.5.10.4 Method 

Prior to the initial run, and if the column was adjusted or the time between run batches 

was prolonged, the column was calibrated with the protein standard mixture (Bio-

Rad). The lyophilised standard mixture was reconstituted by adding 1 ml of ultrapure 

water and standing the vial on ice for 3 minutes. The mixture was then microfuged at 

7500xg for 3 minutes to clear insoluble material before injecting 250 pi onto the 

column. Passage of the standards through the column induced protein separation and 

enabled generation of an elution diagram. The elution times of the individual peaks 

were used to calculate Kav for each protein and hence construct a selectivity curve for 

test sample reference. 

Neat sample (serum or breast milk) aliquots were thawed and microfuged at 7500xg 

for 3 minutes before injecting 250 fxl onto the column. The sample was then eluted 

with assay buffer at a flow rate of 0.5 ml/min. 

Fraction collection of separated samples was facilitated using the Bio-Rad biologic 

system. This system permitted the programmed collection of 250 pi fractions 

between 2 selected time points - and hence a known MW range. Fractions were 
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collected in polystyrene tubes (Becton Dickinson) and stored in a rack at -80°C prior 

to assay. 

After every run the column was washed with assay buffer. Between run batches it 

was washed and stored in 20% ethanol to prevent bacterial growth. 

2.6 Ethics 

All subjects were recruited to the studies with informed consent. They were reassured 

that they could refuse sample collection or withdraw at any time without giving a 

reason and without affecting subsequent treatment. Pregnant mothers participating in 

the dietary intervention study gave consent on behalf of their infants. They could 

decline infant skin prick testing or venepuncture if they had any reservations at the 

time of the infant assessment. Blood samples were taken by individuals experienced 

in phlebotomy. Paediatric venepuncture was performed by the study clinician or 

research nurse. Blood, breast milk and amniotic fluid samples were stored, processed 

and corresponding data analysed under a linked anonymous protocol. 

All studies and sample collection were approved by the Southampton and SW Hants 

Local Research Ethics Committee. For the dietary intervention study, additional 

ethical approval was obtained from the North and Mid Hants Local Research Ethics 

Committee for the recruitment of subjects from Winchester and surrounding areas. 

2.7 Statistics 

Sample data 

The data from the intervention cohort (2.2.3 & 2.2.4) presented in this thesis were 

derived from a larger cohort (n=251) of pregnant women participating in a 

randomised controlled trial of egg avoidance from the second trimester of pregnancy 

until the end of lactation as a means of primary allergy prevention. The primary 

outcome measures for that larger study were changes in the rates of infant egg IgE 

sensitisation (75% drop in incidence) and development of eczema (50% drop in 
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incidence) at 6 and 18 months of age. The expected prevalence of these parameters in 

the control group was determined from data collected from an earlier, comparable, 

Southampton birth cohort. Accordingly, the sample size was calculated using a 

statistical package (Epi Info) designed for use in public health, and which has been 

approved by the World Health Organisation and the Centres for Disease Control 

In order to achieve these primary outcome measures, it was calculated that a total 

study population of 480 women was required (allowing for a 10% drop-out rate). In 

an attempt to recruit this study number, more than 1300 potentially eligible women 

were contacted by the project coordinator with further details of the Maternal Egg 

Avoidance Diet (MEAD) study. The majority of these women did not meet the study 

recruitment criteria on further questioning, but in addition, recruitment was hampered 

by a wide variety of family and personal considerations, for example, full-time 

employment, difficult travelling arrangements, other children at home and school and 

personal dietary preferences. Thus, despite an enthusiastic recruitment drive, the 

MEAD cohort fell short of the projected sample size. Nevertheless, preliminary 

analyses of the complete MEAD clinical data indicate that statistically significant 

differences in atopic sensitisation, including egg sensitisation, are indeed apparent 

between the two study groups, despite the limited numbers. Work in this thesis aimed 

to examine immunological characteristics of the MEAD cohort and to evaluate the 

allergic outcome of particular subgroups of infants, for example, those with evidence 

of exposure to dietary egg allergen in early life. 

Analyses 

All statistical testing was carried out using non-parametric tests since initial analysis 

of the outcome data showed that they were not normally distributed. A significance 

level of p<0.05 was used for all the tests performed. 

In order to compare data relating to the same subjects, the Wilcoxon test was applied, 

and for data derived from different subjects, the Mann-Whitney U test was performed. 

The Spearman correlation coefficient was used to test for an association between 

variables. For the analysis of ovalbumin specific IgG subclass concentration with 

regard to asthma outcome in childhood (chapter 9), a receiver-operator characteristic 

(ROC) curve was constructed. This plot of sensitivity (true positive) against 1 -
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specificity (false positive) enabled selection of a cut-off value of subclass 

concentration for the diagnosis of asthma. 

Associations between categorical (binary) variables were tested using Chi-square 

(Chi^); Fisher's exact test was used when more than 20% of categories had an 

expected count of less than 5. 

Statistical comparisons were calculated using SPSS for windows vlO.l. 

The data relating to ovalbumin exposure throughout pregnancy & lactation and infant 

atopic outcome at 6 months of age (chapter 4) necessitated multiple comparisons of 

the study group. Therefore, the need for statistical adjustment for multiple tests (the 

Bonferroni correction) was considered. This method deflates the type I error rate, a 

(set at 0.05), and thereby controls for an increased chance of measuring statistical 

significance that is actually consequent on repeated testing of the same study 

population. However, the best way in which to manage multiple testing is a 

contentious statistical issue, and indeed, many statisticians view the Bonferroni 

adjustment as having only a limited application in biomedical research A 

number of difficulties for clinical research have been cited, including the concern that 

whilst the Bonferroni adjustment reduces the chance of making a type I error -

incorrectly measuring a difference in a particular test - it increases the chance of 

making a type II error - namely, that no effect or difference is measured, when the 

opposite is true. Thus, since type II errors are no less 'false' than type I errors, 

applying Bonferroni statistics there may be no guarantee of appropriate interpretation 

of results. 

In the data to be presented (chapter 4), several different 'critical' outcome measures 

have been compared within the same study group, as had been planned a priori. 

Furthermore, the comparisons have been made between subgroups (maternal dietary 

exclusion / maternal atopic predisposition), for which a variety of studies have 

indicated already that their characteristics might influence offspring atopic outcome. 

In these circumstances many statisticians would not view a Bonferroni adjustment to 

be justified. Furthermore, on reviewing the literature, Bonferroni statistics have been 

applied typically for analysis of variance and not for data presented in contingency 
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tables. However, the limitations incurred by multiple comparisons are appreciated in 

this thesis and it is to be emphasised at this juncture that further, repeated analysis 

with different, and larger, subject numbers will be necessary in order to confirm the 

findings and ensure statistically, and more importantly, clinical stringency of the 

results. 
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Chapter Three 

Development of an ovalbumin detection ELISA 
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Chapter 3 

Development of an ovalbumin detection ELISA 

3.1 Aims 

In order to ascertain if the fetus and newborn might be directly exposed to egg 

allergen and to evaluate the characteristics of this exposure, the development of a 

sensitive and specific assay for measurement of hen egg ovalbumin in pregnancy-

associated biological fluids was needed. 

Hen egg antigens were first detected in human breast milk in 1930 Since then 

the detection of egg ovalbumin and other dietary proteins, such as cow's milk (3-

lactoglobulin, wheat gliadin and peanut in breast milk and human sera, have been 

reported by several authors using ELISA and radioimmunoassay methods 

{300)(301) Yhough samples have often been taken after purposeful ingestion of the 

related food (256)(300)(302)(303)̂  dietary antigens have also been detected in breast milk 

randomly collected from lactating women taking a normal diet without any 

compulsory doses of the foods: for example, in a Swedish study, p-lactoglobulin was 

found in 40% of breast milk samples taken throughout lactation from 25 healthy 

women and in 7 of 13 serum samples while ovalbumin was demonstrated in 17% 

of breast milks from lactating Japanese women who were following their usual diet 
qw) 

In utero exposure to food allergens via maternal sources has been implied by the 

demonstration of antigen-specific T-cell responses at birth and the detection 

of food-specific IgE in cord blood However, detection of ovalbumin in 

pregnancy-associated fluids, such as umbilical cord serum and amniotic fluid, 

necessitated the development of an exquisitely sensitive ELISA, since only 10"̂  - 10"^ 

of the amount of food ingested reaches the maternal circulation and probably only 

a further fraction of this will reach the fetus. Furthermore, the prohibition of food 

challenge studies through pregnancy required the assay system to have the power to 

detect ovalbumin derived from a normal intake of egg. While high sensitivity was 

desirable, rigorous assay validation was essential before conclusions could be drawn 
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regarding the relationship between infant allergic disease development and early life 

exposure to ovalbumin as determined by in vitro measurements. 

3.2 Ovalbumin detection ELISA 

3.2.1 Optimisation 

Preliminary experiments (n=30) were carried out using commercially available anti-

ovalbumin antibodies to evaluate the optimal design and reagent concentrations for 

maximal detection sensitivity. In these experiments the optimal secondary antibody 

concentration was also titrated and a comparison made of enzyme-mediated reaction 

development with time-resolved fluoresence (DELFIA system - dissociation-

enhanced lanthanide fluorescence immunoassay, Wallac OY, Turku, Finland). The 

DELFIA method is based on antibody labelling with a stable europium chelate. In 

this form the europium is only weakly fluorescent. Release of the europium from 

protein binding by the addition of a highly lipophilic chelator enhances fluorescence 

and the signal can be measured over 1 second using a fluorometer. 

A multilayer sandwich ELISA with polyclonal goat anti-ovalbumin capture antibody, 

and polyclonal rabbit anti-ovalbumin detector antibody was found to be the most 

sensitive design (figure 3.1). Reagent manufacturers and concentrations are shown in 

table 3.1. 
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Figure 3.1 Capture ELISA for Ovalbumin detection. 

Layer 

V 
Figure 3.1 A multilayer sandwich ELISA was developedfor the detection of OVA in pregnancy-
associatedfluids (for method see 3.2.2 and reagents table 3.1). Capture antibody (layer 1) was a goat 
anti-OVA and detector antibody (layer 2) a rabbit anti-OVA. The signal was amplified by a biotinylated 
goat anti-rabbit antibody (layer 3) and extravidin alkaline phosphatase (layer 4). A colour change was 
elicited on addition of enzyme substrate, p-nitrophenyl phosphate (pNPP). 

Table 3.1 Reagent sources & optimal concentrations for ovalbumin ELISA. 

Layer Function Reagent Optimal 

concentration 

1 Capture Goat IgG anti-ovalbumin (ICN) 2.5 |ig/ml in 

coating buffer 

2 Detector Rabbit anti-ovalbumin (Sigma) 0.5 p,g/ml in 

antibody buffer 

3 Secondary Goat anti-rabbit biotin (Dako) 1:10 000 in 

antibody buffer 

4 Avidin conjugate Extravidin ALP (Sigma) 1:50 000 in 

antibody buffer 

Substrate p-nitrophenyl phosphate (pNPP) (Sigma) 
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3.2.2 ELISA method 

All general materials, including reagents, buffers and equipment, used were those as 

described previously (2.1). 

A 96-well ELISA plate was coated with goat anti-ovalbumin antibody, 100 jil per 

well, covered and left overnight at 4®C (layer 1). The plate was washed once with 

assay buffer, 200 pil per well, and incubated with blocking buffer, 200 |il per well, at 

room temperature for one hour. The plate was washed again once with assay buffer, 

200 10,1 per well, before adding 100 jol of the ovalbumin standards (range 3.9 pg/ml - 8 

ng/ml) and samples, diluted in antibody buffer, in duplicate to the wells and 

incubating for two hours. The plate was washed three times with wash buffer, 200 pi 

per well, and then incubated for one hour with the detector antibody, rabbit anti-

ovalbumin, 100 |il per well (layer 2). The wash step was repeated and biotin-

conjugated goat anti-rabbit added, 100 p,l per well, and incubated for one hour (layer 

3). The wash step was repeated again and then the plate incubated for one hour with 

extravidin alkaline phosphatase (ALP), 100 p,l per well (layer 4). After a further 

wash step, 200 jol of pNPP substrate buffer was added to each well and the plate 

incubated in the dark for up to thirty minutes. The reaction was stopped by the 

addition of 50 |o,l 3M NaOH, and the absorbance read at A 405nm. 

3.2.3 Assay sensitivity 

A reference curve was constructed from standard concentrations of ovalbumin (range 

3.9 pg/ml - 8 ng/ml) (figure 3.2). The limit of detection, defined as three standard 

deviations above zero, was 15-30 pg/ml. Thus the developed ELISA was more 

sensitive than any of the assays described to date, for which the lower levels of 

detection have ranged between 100 pg/ml ^ ng/ml 
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Figure 3.2 Ovalbumin detection ELISA standard curve. 
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Figure 3.2 The figure shows a reference curve (± standard deviations) for ovalbumin standards from 
a set of ELISAs performed on the same day. 

3.3 Assay validation 

The validity of the ELISA was confirmed by experiments to assess assay specificity, 

recovery and parallelism. However, these parameters could only be evaluated after 

recognition and elimination of non-specific antibody interaction. 

3.3.1 Non-specific antibody interactions 

Preliminary experiments with volunteer sera (2.2.1) suggested non-specific antibody 

interaction (figure 3.3): OVA ELISA of volunteer serum A (VOLA) gave a signal that 

intimated protein presence, but this signal was not augmented on spiking the sample 

with 1 ng/ml ovalbumin. Pre-incubation of the sample with non-specific goat serum 

(Sigma), diluted 1:10 in antibody buffer, eliminated the signal, thereby confirming the 

non-specific nature of the finding. 
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Figure 3.3 Identification of non-specific ELISA antibody interaction. 

tJ 

Y 
Serum VOLA (blue shapes) was incubated with the OVA 
ELISA sandwich antibody pairs — in this case the 
capture antibody (black shape) was rabbit anti-OVA and 
detector antibody (redshape) goat anti-OVA. The 
ELISA produced a signal, intimating that the native 
serum may contain ovalbumin. 

When serum VOLA was spiked with 1 ng/ml OVA 
(spiked circles) the expected increase in ELISA OD 
was not observed. This suggested that the signal 
from the native serum might be as a result of non-
specific antibody interaction. 

% 
When VOLA was incubated with non-specific goat 
antibody (goat serum, green shapes) before incubating 
with the anti-OVA antibodies, the positive signal was 
eliminated, thus confirming that the signal was related 
to non-specific antibody interactions. 

In the absence of either the capture antibody or the detector antibody the positive 

signal from VOLA was eliminated (figure 3.4), indicating that the presence of both 

antibodies was necessary to generate the non-specific interaction and suggesting that 

this interaction arose from reagent antibody cross-linking by the serum. 
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Figure 3.4 Non-specific antibody interaction - identification of site of interaction. 

ELISA without capture antibody ELISA without detector antibody 

Figure 3.4 If the ELISA was repeated without either the capture antibody or the detector antibody then 
the positive signal from VOLA was eliminated. This indicated that the non-specific signal arose from 
an interaction between both antibodies and the serum, most likely due to antibody cross-linking by the 
serum. 

Subsequently gel chromatography of the goat anti-ovalbumin antibody (2.5.10) 

(courtesy of M Power, Tenovus) revealed that the preparation was impure, containing 

high molecular weight, complexed material. Therefore, pure goat IgG anti-ovalbumin 

was produced by protein A affinity chromatography of the whole preparation (2.5.9) 

(courtesy of M Power, Tenovus). 

When the purified goat anti-ovalbumin antibody was compared to the whole 

preparation it was found that VOLA gave a non-specific signal when the whole 

preparation coated the plate but not when the purified fraction was used as the capture 

antibody (figure 3.5). 
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Figure 3.5 Affinity purification of the capture antibody eliminated the non-specific 
signal 
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Figure 3.5 The capture antibody was affinity purified (2.5.9). As a result, the false positive signal (blue 
diamond) above the assay background (red square) of the original preparation was eliminated. 

3.3.2 Specificity 

Having eliminated non-specific antibody interaction, the specificity of the assay was 

confirmed by several different methods: by Dot-blot, inhibition ELISA and by 

Western blot. 

3.3.2.1 Dot-blot 

By Dot-blot, cross-reactivity of the anti-OVA antibodies with other proteins could be 

screened. 

3.3.2.1.1 Method 

The experiments were carried out as described previously (2.5.5 & 2.5.7). 

The antigens probed were hen's egg ovalbumin (OVA), human serum albumin 

(HSA), bovine serum albumin (BSA), cow's milk allergen P-lactoglobulin (BLG) and 

other egg allergens - ovomucoid (MUC) and lysozyme (LYS). Aliquots (50 [il) of 

protein concentration 100 ^g/ml were dotted onto nitrocellulose paper. These 
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antigens were blotted by both rabbit and goat anti-OVA antibodies, with appropriate 

isotype controls. 

3.3.2.1.2 Results 

Both anti-OVA antibodies showed strong binding to ovalbumin but no binding to 

BSA or HSA. Neither displayed reactivity towards P-lactoglobulin or to lysozyme. 

Rabbit anti-OVA showed limited cross-reactivity with ovomucoid (figure 3.6). 

Figure 3.6 Dot-blot of unrelated proteins to screen for sandwich ELISA antibody 
cross-reactivity. 

GOAT ISOTYPE CONTROL 

GOAT ANTI-OVA 

RABBIT ISOTYPE CONTROL 

RABBIT ANTI-OVA 

DOT 6 5 4 3 2 1 

Figure 3.6 OVA (dot 1), HSA (dot 2), BSA (dot 3), MUC (dot 4), BLG (dot 5) & LYS (dot 6) 
were dotted onto a nitrocellulose membrane and probed with anti-OVA antibodies and 
appropriate isotype controls, as described in 2.5.5 & 2.5.7. Strong binding to OVA by the 
sandwich ELISA antibodies was apparent. Limited cross-reactivity of rabbit anti-OVA with 
MUC was noted. 

In view of the limited reactivity toward ovomucoid displayed by rabbit anti-OVA, the 

experiment was repeated with decreasing doses of ovalbumin and ovomucoid. At a 

concentration of 100 ng/ml there was good antibody binding to ovalbumin, but none 

was observed to ovomucoid (figure 3.7). 
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Figure 3.7 Dot-blot of decreasing doses of Ovalbumin and Ovomucoid. 
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Figure 3.7 Rabbit anti-ovalbumin (OVA) showed limited cross-reactivity with ovomucoid 
(MUC) at a concentration of 100 jug/ml (figure 3.6). This cross-reactivity diminished at lesser 
concentrations and at a protein concentration of 100 ng/ml no binding to ovomucoid was visible, 
while good reactivity with ovalbumin persisted. 

3.3.2.1.3 Dot-blot discussion 

The antibodies were specific for ovalbumin. There was limited cross-reactivity of 

rabbit anti-OVA with ovomucoid, but this was only seen at high doses of the protein. 

Since ovalbumin has generally been detected in human samples in nanogram 

amounts, and the quantity of ovomucoid in egg white is 1/10 that of ovalbumin, the 

concentrations anticipated in the study test samples would not be expected to interfere 

with the ELISA. Furthermore, the clear-cut specificity of the capture antibody would 

compensate for any cross-reactivity displayed by the detector antibody. 
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3.3.2.2 Inhibition ELISA 

An inhibition ELISA permitted assessment of the ability of an unrelated food antigen 

to compete with ovalbumin in the detection assay. 

3.3.2.2.1 Method 

A modified OVA ELISA was performed. All wells were incubated with 1 ng/ml 

ovalbumin, except for control wells, to which antibody buffer or 1 ng/ml (3-

lactoglobulin was added. The primary detector antibody was spiked by pre-

incubating with BLG or OVA, in doses that ranged from 2.6 pg/ml to 5 

increasing in five-fold steps. Unspiked detector antibody was added to the control 

wells and spiked detector to the remaining wells. The ELISA was then continued as 

previously described (3.2.2). 

3.3.2.2.2 Results (1) 

No signal was observed from the control wells. Pre-incubation of the primary 

detector antibody with BLG caused no signal inhibition. In contrast, spiking the 

primary detector with OVA increased the ELISA signal in a bell-shaped dose-response 

curve, with the maximum signal observed at a spiking dose of 200 ng/ml OVA (figure 
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Figure 3.8 Inhibition ELISA. 
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Figure 3.8 An inhibition ELISA was performed by modifying the developed OVA assay. Pre-
incubation of the primary detector antibody with P-lactoglobuiin did not inhibit detection of 
] ng/ml ovalbumin (red squares), whereas spiking of the primary detector with ovalbumin 
resulted in an increase in the ELISA signal in a bell-shaped profile (blue diamonds). 

These results suggested that the capture antibody might be saturated at an OVA 

concentration of 200 ng/ml. Therefore, the experiment was repeated and the wells 

incubated with 200 ng/ml OVA prior to adding the primary detector antibody. The 

primary detector was again pre-incubated with OVA, in spiking doses that ranged 

from 64 pg/ml-125 fxg/ml, increasing in five-fold steps, before adding to the plate and 

continuing the ELISA protocol. 

3.3.2.2.3 Results (2) 

The signal was inhibited by pre-incubation of the primary detector with OVA in a 

dose-dependent manner (figure 3.9). 
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Figure 3.9 Inhibition ELISA after saturation of capture antibody. 
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Figure 3.9 The inhibition ELISA was repeated to assess ovalbumin detection when the capture 
antibody was saturated. Increasing spiking concentrations of ovalbumin resulted in a dose-
dependent inhibition of antigen detection. 

3.3.2.2.4 Inhibition ELISA - discussion 

The unrelated antigen, cow's milk P-lactoglobulin, a commonly encountered food 

allergen, did not inhibit OVA detection. However, inhibition increased in a dose-

dependent manner on spiking the primary detector antibody with OVA. The findings 

support the specificity of the detection system for ovalbumin. 

3.3.2.3 Western blots 

Western blots allow the MW of the protein captured by ELISA to be determined. 

Therefore, this method may assess ELISA specificity. 

Application of Western blotting will be reported in greater detail in subsequent 

chapters. However, 3.10 gives an example of a Western blot of OVA positive 

and OVA negative test samples, as determined by ELISA. Aliquots (10 |a.l) of a breast 

milk sample containing OVA, a breast milk sample without OVA collected from the 

same subject but at a different time and an OVA positive cord serum were run in 

duplicate, with OVA standards (1 p-g/ml) and a MW reference, under non-reducing 

conditions on SDS-PAGE (2.5.6). The proteins were transferred to a nitrocellulose 
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membrane and probed with rabbit anti-OVA or a rabbit IgG isotype control. In order 

to improve detection sensitivity enhanced chemiluminescence was used to reveal 

protein binding (2.5.8). 

The blot shows that only the ELISA positive samples contained detectable protein of 

MW consistent with ovalbumin. 

Figure 3.10 Western blot of ELISA positive and negative test samples. 
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MW 1 2 3 4 1 2 3 4 
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49kDa 

Figure 3.10 Breast milk samples and cord sera were Western blotted using enhanced 
chemiluminescence (for method see 2.5.6 & 2.5.8). In this experiment OVA positive controls (lanes 1) 
(concentration 1 ng/ml), breast milk with (lanes 2), and without (lanes 3), detectable OVA, as measured 
by ELISA, and an ELISA positive cord serum (lanes 4) were probed with rabbit anti-OVA or a rabbit 
IgG isotype control. The ELISA positive samples contained detectable protein of MW consistent with 
OVA. This protein was not detected in the ELISA negative sample. 

85 



3.3.3 Recovery 

3.3.3.1 High and low serum ovalbumin IgG concentration 

The ability of the ELISA to detect all the ovalbumin present in a biological fluid was 

assessed by recovery experiments. 

3.3.3.1.1 Method 

A 450 p.1 volume of negative control serum (NS) - with undetectable OVA and 

extremely low OVA specific IgG (OVA G) concentration (0.08AU) (2.2.7) - was 

spiked with ovalbumin in concentrations ranging from 15.6 pg/ml to 1 ng/ml. In 

order to assess whether OVA specific IgG concentration influenced recovery, a 

volunteer serum (VOLB) with high OVA G concentration (3.67 AU) but no 

detectable ovalbumin was spiked in the same manner. The spiked sera were assayed 

and the resultant optical densities compared with those of the OVA standard curve. 

3.3.3.1.2 Results 

Full recovery was obtained from NS (average 116%) (figure 3.11) but no recovery of 

ovalbumin was measured in VOLB (figure 3.12). 
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Figure 3.11 Recovery of ovalbumin from serum with low ovalbumin IgG 
concentration (NS). 
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Figure 3.11 A serum with low OVA G concentration (NS) was spiked with increasing doses of OVA. 
OVA recovery was assessed by ELISA (3.2) where the absorhances of the spiked serum (red squares 
graph) were compared to those obtainedfrom the same doses of OVA in antibody buffer (blue 
triangles graph). Fidl OVA recovery (average 116%) was obtainedfrom this serum. 

Figure 3.12 Recovery of ovalbumin from serum with high ovalbumin IgG 
concentration (VOLB). 
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Figure 3.12 Serum with high OVA G concentration (VOLB) was spiked with increasing doses of 
OVA, as above. No ovalbumin recovery was observed in this serum. 
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3.3.3.1.3 Conclusion 

These results suggested that ovalbumin recovery measurable by the ELISA might 

depend on the serum specific IgG concentration. It raised the possibility that a high 

IgG concentration could sequester added ovalbumin and block epitope recognition by 

the specific detector antibody. 

3.3.4 Parallelism 

Parallelism - namely, a comparative behaviour of standard OVA and test sample 

OVA in the ELISA - was established by comparing the slopes of the curves of serially 

diluted ovalbumin positive serum samples with the slope of the standard curve. 

Figures 3.13 & 3.14 show the ODs for serum samples of two subjects (2.2.3) diluted 

1:2 and 1:4 in antibody buffer and processed by the detection ELISA. One serum had 

known high OVA G concentration (Ml4, 5.03AU) and the other low OVA G 

concentration (M49, 0.1 AU). The overlapping graphs of subject and standard OVA 

indicate close parallelism. 

Figure 3.13 Parallelism: high serum ovalbumin IgG, high circulating ovalbumin 
concentration. 

1.6 

? 1.2 

i 0.8 

I 
< 0.4 

0.4 0.8 

OVA concentration, ng/ml 

""1 

1.2 

Figure 3.13 Serum with high OVA G concentration containing OVA was serially diluted in antibody 
buffer. The absorbances of this test sample OVA (red curve) overlapped that of the standard OVA 
(blue curve), confirmins parallelism. 
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Figure 3.14 Parallelism: low serum OVA IgG, high circulating OVA concentration. 
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Figure 3.14 Serum with low OVA G concentration containing OVA was serially diluted in antibody 
buffer. The OVA ELISA absorbances for this test sample (red curve) overlapped that of the OVA 
standards (blue curve), confirminz parallelism. 

3.4 Spike-recovery experiments 

The observation that ovalbumin recovery was dependent on serum specific IgG 

concentration (3.3.3) was evaluated by performing further spike-recovery experiments 

on a larger number of sera with varying OVA IgG concentrations. 

3.4.1 Methods 

Blood samples without detectable OVA were selected (OVA -) . These samples were 

collected from healthy non-pregnant volunteers (n=19) (2.2.1), unselected pregnant 

women at the time of routine amniocentesis (n=9) (2.2.2) and pregnant women with a 

family history of atopy randomised at 17-20 weeks gestation to egg avoidance or a 

normal diet from the second trimester of pregnancy till the end of breast-feeding 

(n=56) p.Z j;. 

A 110 pi aliquot from each of these samples was spiked with 2 ng/ml ovalbumin and 

further diluted 1:2 in antibody buffer. Unspiked and spiked samples were then 
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assayed for OVA by the detection ELISA. Ovalbumin recovery was expressed as a 

percentage of the spiking dose. 

Ovalbumin specific IgG concentration of the samples (n=81) was measured by 

indirect ELISA (2.5.1). In order to compare ovalbumin specific IgG concentration of 

blood samples containing ovalbumin (OVA +), OVA G concentration was also 

measured in OVA + blood samples collected from unselected pregnant women (n=18) 

3.4.2 Results 

After spiking, 32 of 84 (38.1%) OVA - blood samples had detectable OVA, with 

recovery ranging from 2.9 - 75.4% (median 44%). Samples with OVA recovery had 

significantly lower OVA G concentration than had the samples without recovery 

(p<0.001, Mann-Whitney) (figure 3.15). The percentage of recovered protein showed 

a significant negative correlation with OVA G (r=-0.551, p<0.001. Spearman's) 

(figure 3.16). 

Figure 3.15 Ovalbumin IgG concentration in samples with, and without, OVA 
recovery. 
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Figure 3.15 OVA — blood samples were spiked with ovalbumin and recovery of the protein determined by 
capture ELISA (3.2). Ovalbumin IgG concentration was measured by indirect ELISA (2.5.1). OVA G 
concentration was significantly lower in those samples permitting recovery. 
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Figure 3.16 Correlation of ovalbumin recovery with specific IgG concentration. 
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Figure 3.16 OVA negative blood samples were spiked with ovalbumin and recovery of the protein determined by 
capture ELISA. OVA recovery showed a significant negative association with sample OVA G concentration. 
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However, there was no significant difference in OVA G concentration of OVA + 

samples compared with OVA - samples of pregnant women (p=0.155, Maim-

Whitney,/?gMre 3.17) (p=0.211, M a n n - W h i t n e y , 3 . 1 8 ) . 

Figure 3.17 Ovalbumin specific IgG concentration in plasma samples with, and 
without, ovalbumin collectedfrom unselected pregnant women at amniocentesis. 
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Figure 3.17 OVA G concentration was measured by indirect ELISA (2.5.1). There was no significant 
difference in concentration between samples with (OVA +) or without (OVA -) ovalbumin. These blood 
samples were collectedfrom unselected pregnant women at the time of routine amniocentesis. 
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Figure 3.18 Ovalbumin specific IgG concentration in blood samples with, and 
without ovalbumin collected from pregnant women in the second trimester of 
pregnancy. 
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Figure 3.18 OVA G concentration was measured by indirect ELISA (2.5.1). There was no significant 
difference in concentration between samples with (OVA +), or without (OVA -) ovalbumin. These blood 
samples were collectedfrom pregnant women in the second trimester of pregnancy. OVA + samples were 
those from unselected pregnant women at the time of routine amniocentesis. OVA- samples were collected 
from women in the same study cohort, but this analysis also included samples from women with a family 
history of atopy randomised to egg avoidance, or a normal healthy diet, through the remainder ofpregnancy 
and lactation. 

3.4.3 Spike-recovery discussion 

Ovalbumin recovery by the detection ELISA was possible in only a proportion of the 

OVA - samples, and in these samples recovery was incomplete. Such serum related 

inhibitory effects on antigen detection have been noted by other authors. Kilshaw and 

Cant found that the addition of serum or breast milk to an ovalbumin or p-

lactoglobulin assay reduced protein measurement by amounts differing with the donor 

of the sample They noted that this inhibition was immunologically specific, and 

therefore an antibody, as individual subjects showed different levels of inhibition 

depending on the antigen being measured. 
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IgG was implicated in this inhibitory effect by food challenge experiments in which 

high serum ovalbumin IgG concentration was associated with measurement of 

significantly lower quantities of serum ovalbumin compared to low serum specific 

IgG concentration after the challenge dose A blocking effect of IgG was clearly 

seen at the highest concentrations, but between the lowest and highest levels there was 

no correlation between antibody titre and detection of circulating antigen (300)(302) ^ 

inhibition of antigen uptake from the gut, in addition to a circulatory effect of high 

IgG, was postulated as the mechanism of inhibition 

In this current work protein recovery was also determined by ovalbumin IgG 

concentration, such that high concentrations inhibited ovalbumin detection, but unlike 

previous authors, a significant negative correlation of recovery with IgG was observed 

over the range of concentrations measured. The mechanism of this inhibition was 

independent of mucosal absorption and suggests that the IgG may bind antigen in a 

dose-related manner and so block epitope recognition by the assay detection 

antibodies. However, the assay power of detection was not limited by the IgG 

concentration, as shown by the lack of any significant difference in ovalbumin IgG 

concentration between those samples in which endogenous ovalbumin was detected 

and those in which none was detected. Therefore, blocking may not be just a function 

of concentration but may depend on other factors such as antibody functional affinity 

or avidity for the antigen. 

3.5 Summary 

An ovalbumin multilayer sandwich ELISA, with a sensitivity of 15-30 pg/ml, has been 

developed and extensively validated. This level of sensitivity surpasses that of any 

previously reported work and may allow for detection of a dietary allergen in 

gestation-associated fluids. 

In the course of validation experiments serum specific IgG was found to have an 

inhibitory effect on antigen detection, the effect directly relating to IgG concentration. 

This implies that IgG may determine allergen form - specifically the presence of 

antigen in IgG immune complex - and raises the question of whether IgG may block 
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allergenic epitope recognition in vivo, with implications for early life sensitisation and 

infant atopic outcome. The observations in this chapter, which suggest that the 

characteristics of maternal specific IgG may modulate early life allergen exposure, 

form the basis for further work in this thesis: the consequence of specific IgG 

concentration and functional affinity for immunological form of antigen presentation 

and infant allergic outcome will be examined in subsequent chapters. 
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Chapter Four 

Early life exposure to ovalbumin 
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Chapter 4 

Early life exposure to ovalbumin 

4.1 Aims 

At the centre of the complex interaction of immunological processes that result in 

atopic disease manifestation is a requirement for allergen exposure, and priming, of 

the developing immune system. Neonatal exposure to allergens via a maternal route 

is evident from the detection of a variety of food antigens in breast milk, including 

cow's milk, egg and peanut proteins (253)(300)(305)(306) fjQ^gver, direct exposure to 

dietary allergen in utero remains to be confirmed by specific detection of the protein 

in amniotic fluid or cord blood. Therefore, a primary aim of this work was to 

establish and characterise early life exposure to the common dietary allergen, hen's 

egg ovalbumin, by employing a sensitive in-house developed detection ELISA 

A direct association between antigen exposure via breast milk and the expression of 

allergic disease in susceptible infants has been revealed by anecdotal reports 

(252)(307)(308) double blind studies furthermore, a relationship between 

dose of allergen and symptoms was suggested by Axelsson et al who reported that the 

presence of gastrointestinal symptoms and skin rashes in breast-fed infants was 

related to high levels of p-lactoglobulin in mothers' milk 

An association between early life allergen exposure and the development of atopic 

disease has implications for primary allergy prevention strategies. The observation of 

food-associated allergic disease in purely breast-fed infants initiated studies to 

investigate whether avoidance of allergenic foods in lactation by high-risk mothers 

prevented atopic sensitisation of their offspring These avoidance 

regimes were associated with less eczema in early childhood (278)(3io)(3n)̂  but not at 

10-year follow-up Similar strategies implemented only during pregnancy failed 

to have any benefit but as the dietetic measures began in the third trimester, well 

after fetal immunological capacity for priming has been established (95)(200)(20i)̂  gg the 

benefit of such a regimen may have been missed. 
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In this study, a cohort of pregnant women, with personal or partner history of atopy, 

were randomised to either complete dietary egg exclusion or a normal healthy diet 

from 17-20 weeks gestation until the end of breast-feeding. This protocol allowed for 

clearer evaluation of infant atopic outcome in the context of maternal dietary 

intervention, whilst optimising subject compliance and without compromising 

nutrition. 

There is no literature on what effect maternal dietary manipulation has on food 

allergen exposure in early life. House-dust mite avoidance measures have been 

shown to successfully reduce environmental mite levels and these levels have 

been assumed to represent what the fetus actually encounters But is that 

necessarily the case? A second aim of this work was therefore to characterise fetal 

and neonatal exposure to ovalbumin with regard to maternal diet by direct 

measurement of the protein. This would allow objective analysis of how exposure 

relates to dietary intervention and, in turn, to later infant atopic phenotype. 
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4.2 Subjects, samples and methods 

4.2.1 Subjects and samples 

Samples were available from four groups of subjects (table 4.1). 

Table 4.1 Subjects and samples for ovalbumin detection. 

Group Subject details Sample details 

Group 1 Healthy, non-pregnant, women 

(n=26) p. 27; 

sera, n = 26 

Group 2 Unselected pregnant women 

undergoing routine 

amniocentesis at 16-17 weeks 

gestation (n=128) (2 .2^ 

® maternal plasma, n = 128 

® matched cord plasma, n = 17 

• matched amniotic fluid of 

+ve maternal plasma, n = 19 

Group 3 Pregnant women, with personal 

or partner history of atopy, 

randomised to egg avoidance, or 

normal diet, from 17-20 weeks 

gestation to the end of lactation 

(n=190) p. 2 ^ . 

• maternal sera, n = 350 

• matched cord sera, n = 27 

• defatted breast milk samples, 

collected at 3/12 postpartum, 

n = 125 

Group 4 Infants at 6 months age, bom to 

Group 3 women (n=l 10) (2.2.4). 

sera, n=l 10 

4.2.2 Laboratory methods 

All general materials, including reagents, buffers and apparatus, used were as those 

listed previously (2.1). 
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4.2.2.1 Ovalbumin detection ELISA 

Blood, amniotic fluid and breast milk samples were analysed for the presence and 

concentration of ovalbumin by an in-house capture ELISA (3.2.). 

Blood and breast milk samples were diluted 1:2 and 1:4 in antibody buffer. Samples 

producing an OD above the standard curve were repeated at higher dilutions (range 

1:8- 1:1000). Amniotic fluid samples were assayed neat. 

OVA concentration was expressed in ng/ml, after taking into account the dilution of 

the sample, by comparison of the sample OD to the ovalbumin standard curve. 

4.2.2.2 Measurement of breast milk ovalbumin IgG concentration 

Breast milk samples (n= 24) were analysed for ovalbumin specific IgG (OVA G) 

concentration by indirect ELISA (2.5.1). Samples were diluted 1:10 in antibody 

buffer. Since breast milk IgG concentration was likely to be low the serum pool 

(2.2.6) was used to provide the assay standard curve. 

Breast milk OVA G concentration was expressed in arbitrary units (AU), after taking 

into account the dilution of the sample, by comparison of the sample OD to the 

reference curve of the standards. 

4.2.2.3 Measurement of breast milk ovalbumin specific IgA 

Breast milk samples (n= 33) were analysed for ovalbumin specific IgA (OVA A) 

concentration by ELISA according to the manufacturer's instructions (Genesis 

Diagnostics, UK). 

Briefly, breast milk samples were diluted 1:5 in sample diluent. Test samples (100 pi) 

were added singly, and a positive control, negative control, cut-off calibrator and 

sample diluent as background calibrator (all 100 pi) were added in duplicate, to the kit 

pre-ovalbumin-coated plate. Samples and standards were incubated for 1 hour in the 

dark. Then the well contents were discarded and the plate washed 3 times with wash 
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buffer. Peroxidase-conjugated species anti-IgA (100 p,l) was added to each well and 

the plate incubated for a further 1 hour in the dark. The washing step was repeated 

before adding 100 |il of TMB enzyme substrate and incubating for 10 minutes in the 

dark. The reaction was stopped by the addition of 100 pi of stopping solution and the 

colour change read at A 450 nm. 

Ovalbumin specific IgA concentration was expressed as an index, calculated as 

follows: 

OVA A Index = OD of sample - background 

OD of cut-off calibrator - background 

An Index greater than 1 indicated a positive sample. 

4.2.2.4 Measurement of total IgE concentration 

Total IgE concentration in infant sera collected at 6 months of age was measured by a 

commercially available chemiluminometric sandwich immunoassay (MagicLite, Ciba 

Coming), as described previously (2.5.4). 

Total IgE concentration was expressed in lU/ml. 

4.2.3 Assessment of compliance to an egg exclusion diet 

All women participating in the egg avoidance study (Group 3) were supported and 

monitored by a dedicated study dietitian. Those women randomised to an egg 

exclusion diet were asked to keep a diary record of known accidental ingestion of egg 

(2.3). In addition, dietary compliance was objectively confirmed by the measurement 

of egg specific IgG concentration in serum samples collected through pregnancy. 

This will be discussed in detail in chapter 5. 
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4.2.4 Assessment of infant atopic phenotype at 6 months of age 

Group 4 infants bom to mothers participating in the egg avoidance study (Group 3) 

were clinically evaluated for allergic symptoms and signs at 3, 6, 12 and 18 months of 

age (2.4). At six months of age, an atopic phenotype was defined as a history or 

presence of eczema and/or a positive SPT to one or more of a panel of common 

dietary and inhalant allergens (table 2.6). A positive SPT was regarded as a wheal > 

2mm in the presence of appropriate negative and positive (histamine) controls. 

4.3 Results 

4.3.1 Antigen detection 

4.3.1.1 Adult Blood 

Ovalbumin detection rates in blood samples from the three adult study groups are 

summarised in ^.2. 

Group 1 Healthy, non-pregnant women 

OVA was detected in 5 of 26 serum samples (19.2%), range 67 - 740 pg/ml (median 

0.39 ng/ml). 

Group 2 Unselectedpregnant women at 16-17 weeks gestation 

OVA was detected in 26 of 128 plasma samples (20.3%), range 15 pg/ml - 10.6 ng/ml 

(median 0.6 ng/ml). 
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Group 3 Pregnant women, with personal or partner history of allergy, 

participating in a dietary intervention study 

Serum samples (n=350), available from 190 women through pregnancy, were 

analysed. 

OVA was detected in 55 of 350 samples (15.7%), range 0.06 — 17.4 ng/ml (median 

0.32 ng/ml). Ovalbumin was detected in one or more samples from 36 of the 190 

subjects (18.9%) (OVA + group). Sample pairs from 17-20 weeks gestation (study 

recruitment) and the third trimester of pregnancy were available for 28 of the OVA + 

group. OVA was present at both time points in samples from 19 of these 28 subjects 

(67.9%). 

Table 4.2 Ovalbumin detection in adult blood. 

Source Frequency of OVA 

detection 

Concentration range 

(median), ng/ml 

Group 1 

Healthy, non-pregnant 

women (n=26) 

5/26 (19.2%) 0.067 - 0.74 ng/ml 

(0.39 ng/ml) 

Group 2 

Unselected pregnant 

women (n=128) 

26/128 (20.3%) 0.015 -10 .6 ng/ml 

(0.6 ng/ml) 

Group 3 

Pregnant women with 

family history of allergy 

(n=190) 

55/350 samples (15.7%) 

from 

36/190 subjects (18.9%) 

0.06 -17 .4 ng/ml 

(0.32 ng/ml) 

4.3.1.2 Amniotic fluid 

Matched amniotic fluid (AF) samples were available for 19 of the 26 Group 2 subjects 

who had detectable plasma OVA. Ovalbumin was detected in 3 of these 19 amniotic 
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fluids, range 20 - 37 pg/ml (median 33.5 pg/ml). The positive AFs matched the 

plasma samples with the highest quantities. 

4.3.1.3 Breast milk 

Breast milk samples (n=125) were collected by expression from 68 women at 3 

months post-partum. One or more samples &om 24 of these 68 subjects (35.3%) were 

found to contain ovalbumin. OVA was detected in 40 of 125 samples (32 %), range 

0.12 - 1258 ng/ml (median 0.66 ng/ml). The milk with the highest concentration 

(1258 ng/ml) came from a woman who had ingested an egg-based meal 2 hours prior 

to giving the sample (table 4.3). 

Table 4.3 Ovalbumin detection - Breast milk. 

Source Frequency of OVA 

detection 

Concentration range 

(median) 

Women with family 

history of allergy (Group 

3) (2.2 J), at 3 months 

post-partum. 

40 / 125 (32%) samples 

collected from 

24 / 68 women (35.3%) 

0.12 -1258 ng/ml 

(0.66 ng/ml) 

4.3.1.4 Cord blood 

Cord plasma was available for 9 of the 26 Group 2 women with detectable OVA at 

16-17 weeks gestation: ovalbumin was present in 7 of these. Matched cord sera for 

OVA + Group 3 maternal samples at delivery were available for 12 infants: 

ovalbumin was present in 7 of these. The protein could not be detected in any cord 

sample of infants bom to mothers with no detectable OVA in pregnancy (n=23). 

Ovalbumin detection in maternal blood throughout pregnancy was significantly 

associated with the presence of OVA in infant blood at birth (p=<0.01, Chi^ (table 
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Table 4.4 Ovalbumin detection in cord blood according to the presence or absence 

of ovalbumin in maternal blood throughout pregnancy. 

Infant OVA- cord blood 

Present Absent Total 

Maternal OVA 

in pregnancy 

Present 14 7 21 Maternal OVA 

in pregnancy Absent 0 23 23 

Total 14 30 44 

p<0.01 

Ovalbumin concentration in the positive cord samples ranged between 0.1 and 5.7 

ng/ml (median 0.39 ng/ml). There was a significant direct correlation between 

concentration in cord and maternal plasma or serum (r=0.549, p=0.01. Spearman's) 

(figure 4.1). 

Figure 4.1 Correlation between ovalbumin concentration in cord & maternal blood. 

10 

I 
O 
O 

O 
0 

1 
2-

- 2 

- 2 

• o 

r=0.549 

8 10 12 14 

OVA, maternal blood, ng/ml 

Figure 4.1 Ovalbumin was measured in cord blood and matching maternal blood collected 
throughout pregnancy (n=44) by capture ELISA (3.2). Cord blood ovalbumin concentration 
directly correlated with that in maternal blood through pregnancy. 
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4.3.1.5 Infant sera at 6 months of age 

Circulating OVA was detectable at 6 months of age in 6 of 110 (5.5%) babies for 

whom a serum sample was available at that time point, range 94 pg/ml - 2.57 ng/ml 

(median 0.19 ng/ml) (table 4.5). 

Table 4.5 Ovalbumin detection - infant sera. 

Source Frequency of OVA 

detection 

Concentration range 

(median) 

Babies with atopic family 

history (Group 4) (2.2^, 

at 6 months age. 

6/110 94 pg/ml - 2.57 ng/ml 

(0.19 ng/ml) 

4.3.2 Factors determining exposure 

For Group 3 women the detection of ovalbumin was analysed with regard to maternal 

atopic status and study category - namely, avoidance of egg in pregnancy and breast-

feeding (intervention group) or normal diet (control group). 

OVA detection was equally common in breast milk collected from atopic women 

(18/48 women; 37.5%) as non-atopic women (6/20 women; 30%) (p=0.555, Chi^). It 

was also as frequently present in breast milk collected from intervention women 

(11/36 women; 30.5%) as control women (13/32 women; 40.6%) (p=0.386, Chi^). 

However, samples collected from women avoiding dietary egg, who were also atopic, 

were significantly more likely to contain ovalbumin than if the women were not 

atopic (p=0.037, Chi^) (table 4.6). Furthermore, breast milk samples collected from 

atopic women in the intervention group contained significantly greater quantities of 

the protein than samples from non-atopic subjects in the intervention group (p=0.048, 

Mann-Whitney) (figure 4.2). 
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Table 4.6 Detection of ovalbumin in breast milk samples according to study 

category and maternal atopic status. 

Maternal 

Study Group 

(Samples) 

OVA present 

(Samples) 

OVA absent 

Total 

Intervention Atopic 16 26 42 Intervention 

Non-atopic 2 16 18 

Intervention 

Total 18 42 60 

p=0.037 

Control Atopic 15 31 46 Control 

Non-atopic 7 12 19 

Control 

Total 22 43 65 

p=0.743 

Figure 4.2 Ovalbumin concentration in breast milk samples, according to maternal 
atopy and study category. 
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Figure 4.2 The presence and concentration of ovalbumin in breast milk samples collectedfrom 
women with a family history of atopy (Group 3) was measured by in-house ELISA (3.2). Samples from 
atopic women (orange boxes) avoiding dietary egg had significantly higher ovalbumin concentration 
than had samples from non-atopic women (blue boxes) undertaking the same dietary intervention. 
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No intergroup differences were identified for rates of OVA detection in maternal 

serum samples through pregnancy. At least one positive serum sample was found in 

23 of 136 atopic women (16.9%) as compared to 12 of 53 women whose partners 

alone were atopic (22.6%) (p=0.362, Chi^). Similarly, 17 of 96 intervention women 

(17.7%) compared to 19 of 94 control women (20.2%) had one or more OVA + serum 

samples through pregnancy (p=0.660, Chi^). However, the concentration of 

ovalbumin found in samples from atopic women was significantly higher than that 

found in samples from non-atopic subjects (p=0.022, Mann-Whitney) (figure 4.3). 

Figure 4.3 Quantity of ovalbumin in serum samples collected through pregnancy 
according to maternal atopic status. 
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Figure 4.3 Ovalbumin concentration in 'positive' serum samples collected throughout pregnancy 
from Group 3 women was significantly higher in samples fi-om atopic, than from non-atopic, 
pregnant women. 

4.3.3 Relationship between ovalbumin exposure and infant atopic outcome 

Ovalbumin presence in samples from Group 3 women was analysed with regard to 

infant atopic status at six months of age. 
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Infants with a history of eczema at 6 months of age had significantly higher total IgE 

concentration at this time point than had infants with no reported eczema (p=0.004, 

Mann-Whitney) (figure 4.4). Furthermore, there was a significant relationship 

between a history of eczema and the presence of a positive SPT to any of the panel of 

allergens tested (p=0.003, Chi^) (table 4.8). Both eczema and/or skin prick test 

positivity were thus used as monitors of infant atopic phenotype at this time point. 

Figure 4.4 Infant serum IgE levels at 6 months of age according to history of eczema. 
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Figure 4.4 Serum IgE at 6 months of age, as measured by MagicLite (2.5.4), was significantly 
higiier in infants with a history of eczema. Thus eczema was a maricer of infant allergic 
sensitisation. 

4.3.1.3 In utero exposure via maternal sources 

Infant atopic phenotype at 6 months of age was available for 157 babies bom to 155 

of the women (2 sets of twins) for whom semm OVA presence through pregnancy 

had been ascertained (31 mothers with circulating ovalbumin). 
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As summarised in table 4.7, 72 of 157 babies (45.9%) had eczema and/or a positive 

SPT at 6 months of age. There was no significant difference in the number of babies 

with an atopic phenotype bom to OVA + mothers - 13 of 32 (40.6%) - as bom to 

OVA - mothers - 59 of 125 (47.2%) (p=0.505, Chi^). Also, as many babies with an 

atopic phenotype were bom to atopic mothers (52/112, 46.4%) as non-atopic mothers 

(19/44, 43.2%) (p=0.714, Chi^), or to intervention mothers (33/73, 45.2%) as control 

women (39/84, 46.4%) (p=0.878, Chi^). 

Table 4.7 Infant atopic phenotype according to in utero exposure to ovalbumin. 

Atopic phenotype 

Yes No Total 

Serum OVA Yes 13 19 32 Serum OVA 

No 59 66 125 

Total 72 85 157 

p=&505 

Eczema and SPT positivity were closely linked: of 39 babies with one or more 

positive skin tests, 21 (53.8%) also had eczema and of all babies with eczema, 21 of 

54 (39%) were SPT positive (p=0.003, Chi^) (table 4.8). 

Table 4.8 Atopic phenotype at 6 months of age of infants born to Group 3 mothers. 

History of eczema 

Yes No Total 

SPT positivity Yes 21 18 39 SPT positivity 

No 33 85 118 

Total 54 103 157 

p=0.003 
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However, when infant allergic outcome was analysed with respect to exposure to 

dietary ovalbumin through pregnancy and the defining maternal characteristics of 

atopy and dietary intervention, a significant association of infant atopy with evidence 

of exposure, maternal atopy and dietary exclusion was revealed (p=0.031, Fisher's 

exact test) (table 4.9). No such association was apparent for infants bom to OVA -

women. This suggested that presumed in utero exposure, if occurring in association 

with a maternal atopic milieu and dietary manipulation, might be associated with an 

increased infant risk of expression of an allergic phenotype. 

Table 4.9 Atopic phenotype of infants born to mothers with detectable serum 

ovalbumin through pregnancy according to maternal atopy and dietary intervention 

group. 

Atopic phenotype at 6 months 

Present Absent Total 

Intervention Mother atopic 6 3 9 

Non-atopic 0 5 5 

Total 6 8 14 

p=0.031 

Control Mother atopic 5 8 13 

Non-atopic 1 3 4 

Total 6 11 17 

p=1.0 

4.3.1.3 Postnatal exposure via maternal sources 

Infant atopic phenotype at 6 months of age was known for 65 babies born to the 68 

women for whom the presence of OVA in breast milk (BM) had been ascertained (22 

mothers with BM OVA). There was no significant difference in the rates of atopy 

amongst babies exposed (OVA + BM) (12/22, 54.5%), or not exposed (OVA - BM) 

(19/43, 44.2%) (p=0.429, Chi^) postnatally via their mother's milk. 
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However, for the exposed infants, there was a strong trend for an increased prevalence 

of atopy amongst those exposed in the context of an atopic mother (p=0.056, Fisher's 

exact test) (table 4.10), and a trend for an association with atopic mothers who were 

also egg avoiding (p=0.086, Fisher's exact test) (table 4.11). 

Table 4.10 Atopic phenotype of infants born to mothers with detectable breast milk 

ovalbumin according to maternal atopy. 

Atopic phenotype at 6 months 

Present Absent Total 

Maternal Atopic 11 5 16 

atopy Non-atopic 1 5 6 

Total 12 10 22 

Table 4.11 Atopic phenotype of infants born to mothers with detectable breast milk 

ovalbumin according to maternal atopy and dietary intervention category. 

Atopic phenotype at 6 months 

Present Absent Total 

Intervention Mother atopic 6 1 7 

Non-atopic 0 2 2 

Total 6 3 9 

p=0.083 

Control Mother atopic 5 4 9 

Non-atopic 1 3 4 

Total 6 11 13 

p=0.559 
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4.3.4 Breast milk ovalbumin IgG concentration 

Ovalbumin IgG was detected in 6 of 24 (25%) randomly selected breast milk samples 

(3 samples with detectable OVA), in extremely low concentrations (median 0.011 

AU). There was no significant difference in OVA G concentration between milks 

with or without ovalbumin (p=0.398, Mann-Whitney) (figure 4.5), or between milks 

from intervention or control mothers (p=0.106, Mann-Whitney). 

Figure 4.5 Ovalbumin IgG concentration in breast milk according to the presence of 
absence of detectable ovalbumin. 
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Figure 4.5 Breast milk ovalbumin IgG concentration was measured by indirect ELISA (2.5.1). 
Extremely low concentrations were found in 6 of 24 selected samples. There was no significant 
difference in concentration between samples with or without detectable ovalbumin. 

4.3.5 Breast milk ovalbumin IgA 

Ovalbumin specific IgA was detectable in 25 of 33 (75.7%) randomly selected breast 

milks (OVA A Index: range 1 - 25.5, median 3.1). Breast milk samples with OVA 

had significantly higher concentrations of OVA A than had breast milks without OVA 

(p=0.004, Mann-Whitney) (figure 4.6). 
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Figure 4.6 Breast milk ovalbumin IgA concentration according to the presence or 
absence of detectable ovalbumin. 
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Figure 4.6 Ovalbumin IgA index (concentration) in breast milk was measured by ELISA (4.2.2.3). 
Those breast milk samples with ovalbumin had significantly higher concentrations of ovalbumin 
IgA than those milks without ovalbumin. 

There was no significant difference in OVA A concentration between breast milks 

from intervention women as compared to control women, or between milks from 

atopic as compared to non-atopic subjects. However, for both intervention group 

women, and atopic women, the presence of ovalbumin in breast milk was associated 

with a significantly higher OVA A concentration (Intervention women, p-0.002, 

Mann-Whitney,/rgwre 4.7), (Atopic women, p=0.008, M a n n - W h i t n e y , 4 . 8 ) . 

Similarly, there was no significant difference in breast milk OVA A concentration 

according to the atopic outcome of the infant at 6 months of age. However, for those 

infants with an atopic phenotype, the presence of OVA in mothers' milk was 

associated with a significantly higher OVA A concentration (Atopic phenotype, p= 

0.008, Mann-Whitney,y/gwre 4.9). 
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Figure 4.7 Ovalbumin IgA Index in breast milk according to maternal study category 
and presence or absence of ovalbumin. 

I < 

O 

^ p^O.002 ^ 

N = 7 11 

Intervention 

6 9 

Control 

Figure 4.8 Ovalbumin IgA Index in breast milk according to maternal atopic status 
and presence or absence of ovalbumin 
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Figures 4.7 & 4.8 Breast milk samples with ovalbumin (pale blue boxes) had significantly 
higher ovalbumin IgA Index than had samples without ovalbumin (dark blue boxes), but only 
for dietary intervention and atopic women. 



Figure 4.9 Ovalbumin IgA Index in breast milk according to infant atopic phenotype 
at 6 months age and presence or absence of ovalbumin in mothers' milk. 
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Figure 4.9 Maternal breast milk with ovalbumin (pale blue boxes) was associated with 
significantly higher specific IgA compared to milks without ovalbumin (dark blue boxes) where 
the infants subsequently had an atopic phenotype at 6 months of age. 

Breast milk ovalbumin IgA concentration showed a significant, direct correlation with 

the quantity of OVA found in the same sample (r=0.513, p=0.002, Spearman's) 

(figure 4.10). 
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Figure 4.10 Correlation between breast milk ovalbumin IgA Index and ovalbumin 
quantity. 

I 
> 

- 2 

r=0.513 

OVA concentration, ng/ml 

Figure 4.10 There was a significant, direct correlation between ovalbumin concentration and 
ovalbumin IgA index in the same breast milk sample. 

4.4 Discussion 

This work is the first to demonstrate in vivo, early life exposure to hen's egg 

ovalbumin in humans. Together with the recent publication reporting the presence of 

the house-dust mite allergen, Der pi , in cord plasma and amniotic fluid these 

studies have confirmed in utero exposure to both dietary and inhalant allergens. In 

addition, these data have considered maternal factors which might affect exposure and 

have suggested that exposure, under certain conditions, may determine infant atopic 

phenotype. 

The quantities of ovalbumin found in serum (up to 17.4 ng/ml) are in keeping with the 

ranges quoted by other authors (302)(303)̂  although the lower median (Group 3 - 0.32 

ng/ml) may be explained partly by the much lower limit of detection in this study, and 

partly by the fact that the subjects of these earlier studies had ingested challenge doses 
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of egg prior to laboratory measurement. This work is unique in detecting circulating 

ovalbumin under normal dietary conditions. 

Similarly, the dose range of ovalbumin found in breast milk (0.15-1258 ng/ml) is 

consistent with that of other studies P00)(304)(305) ^he one sample with a very high 

level (1258 ng/ml) came from a mother who had ingested an egg-containing meal 

prior to donating the sample. However, such an extreme value would not be 

unexpected as cow's milk p-lactoglobulin has been found in breast milk of women 

consuming a normal diet in quantities of 800 ng/ml 

The concentration of ovalbumin in breast milk (median - 0.66 ng/ml) was greater than 

that in maternal serum (median - 0.32 ng/ml), as also reported for P-lactoglobulin 

Other authors have found the converse to be true but in that earlier work, 

purposeful ingestion of egg prior to laboratory measurement and a small number of 

sera (n=4) may have influenced the results. 

Detectable OVA in maternal blood was significantly associated with the presence of 

OVA in infant blood at birth. Moreover, the concentration in cord blood correlated 

closely with that in the maternal circulation. This relationship between mother and 

fetal exposure was not just restricted to samples taken at delivery, but was also noted 

for measurements made of maternal levels at 16-17 weeks gestation (4.3.1.4). The 

implications of such observations are two-fold: firstly, that fetal exposure via maternal 

sources may occur throughout gestation and thus the naive immune system may 

indeed be susceptible to priming in utero, and secondly, that factors which modulate 

levels of circulating maternal protein may also have an impact on the fetus. 

These data suggest three routes by which allergen exposure via the mother occurs in 

early life, namely, prenatally via transplacental and transamniotic routes, and 

postnatally via breast milk. In terms of quantity the breast milk route predominates 

(median 0.66 ng/ml), followed by transplacental (median 0.39 ng/ml) and then 

transamniotic (median 0.0335 ng/ml). The route(s) with most impact on IgE 

production and sensitisation remain to be established, although antenatal exposure is 

implicated in determining the atopic phenotype in view of the significant association 

of infant atopic outcome with ovalbumin exposure throughout pregnancy. 
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The work revealed that the maternal factors of atopic status and dietary intervention 

had a significant impact on exposure parameters. Thus, women who were atopic and 

actively avoiding dietary egg were more likely to have detectable OVA in their breast 

milk, and in greater quantities, than avoiding, non-atopic women (table 4.6 & figure 

4.2). Similarly, a higher concentration of circulating ovalbumin was found in the sera 

of atopic women compared to non-atopic subjects (figure 4.3). 

An association between atopy and antigen detection profile has been described by 

other authors. Ogura et al also found ovalbumin to be more readily detectable in 

breast milk of allergic, as compared to non-allergic, women and serum ovalbumin 

after oral challenge was increased in atopic children, compared to non-atopic children, 

perhaps due to increased gut absorption 

The presence of detectable ovalbumin, despite subject avoidance of dietary egg, is 

more of an enigma. However, there are several factors that may contribute to this 

finding: 

Firstly, the majority of women on the intervention arm of the trial reported at least one 

episode of accidental ingestion of egg, and whilst the cohort were a highly motivated 

group, clearly it is possible that the number of recorded accidents may have been 

underestimated. 

Secondly, the home environment may be a source of adventitious exposure For 

example, the study protocol did not prohibit the women cooking eggs for other family 

members and nanogram quantities of P-lactoglobulin have been detected in washings 

from the fingers of laboratory personnel who only had normal domestic contact with 

milk 

The finding of serum OVA in only 5.5% babies at 6 months of age (4.3.1.5) would 

also suggest inadvertent environmental exposure to dietary antigen, since as a group 

at high genetic risk of atopy, all the mothers were advised to delay the introduction of 

egg into weaning foods until their infant was at least 8 months old. The lower 

frequency of detection compared with the adults would be consistent with this 
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explanation, since at this age, the infant's environmental contact would, for the most 

part, be controlled by the mother. 

Thirdly, as will be presented in chapter 5, the intervention group women had a 

significant drop in serum ovalbumin specific IgG concentration through pregnancy. 

Since IgG has a role in antigen elimination the lower levels may permit the 

persistence of circulating ovalbumin. 

Therefore, exposure to egg through pregnancy, even though infrequent and in small 

quantities, occurring in the context of reduced antigen elimination, may explain the 

detection of ovalbumin in the intervention group as a whole, and the enhanced 

detection in samples from atopic, egg-avoiding women, who may, in addition, have 

increased antigen absorption. Fukushima et al found that it was the long term 

ingestion of milk that determined P-lactoglobulin concentration in breast milk and 

that finding supports the concept that the history of ovalbumin exposure by these 

women over the prolonged study period might be revealed by the laboratory findings 

at this time point. 

IgA is the major immunoglobulin in human milk An anti-allergic effect of IgA 

has been proposed since the antibodies, acting at the gut mucosal surface, provide a 

barrier to antigen penetration (3i6)(3i7) indeed, differences in specific IgA levels 

depending on maternal atopy and infant allergic disease have been found by some 

(3i8)(3i9)̂  though not all (320X32i)̂  authors. In this study, breast milk specific IgA 

concentration was not influenced by dietary intervention (as also reported by Falth-

Magnusson maternal atopic status or infant atopic phenotype, unless the 

presence of ovalbumin in the milk was also considered (figures 4.7-4.9). Specific IgA 

concentration was also found to correlate with the quantity of ovalbumin present 

(figure 4.10). These observations raise the possibility that ovalbumin may be 

transported from blood to milk by dimeric IgA although a likely alternative (to 

be addressed in chapter 7) is that the ovalbumin could stimulate local IgA production, 

as has been described for IL-8 induction of IgA secretory component in the gut 

IgG is unlikely to play a role in antigen transport since the concentrations in breast 

milk were universally extremely low. 
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Most startling of these results were the observations regarding infant atopic outcome 

and allergen exposure in early life. In utero exposure to ovalbumin, as inferred by the 

presence of circulating maternal ovalbumin was not, per se, associated with later 

infant atopy, but if the mother was atopic and on the intervention arm of the egg 

avoidance trial, then her infant was significantly more likely to have an atopic 

phenotype at 6 months of age (table 4.9). The study population in this work have 

been subject to multiple statistical analyses by virtue of the number of different 

outcome measures under scrutiny. As discussed in chapter 2, the possibility of a type 

I error consequent on multiple testing is acknowledged. Nevertheless, most 

statisticians would view that each independent research question, within the larger 

study, should be considered in its own right and not be subjected to further statistical 

correction (Bonferroni method), particularly when the findings are biologically 

plausible and relate to the original hypothesis. 

This association may contribute to the debate over whether allergen-specific 

proliferative responses at birth indicate in utero sensitisation or predict later infant 

allergic disease Antigen-induced T-cell proliferation is a common finding at 

birth and has been viewed as a marker of universal antenatal allergen exposure 

These current data, where OVA was detected in samples from, at least, 18.9% 

subjects would support this concept. The question of whether differential 

lymphoproliferation may represent sensitisation, or has any diagnostic potential for 

infant allergy, remains a controversial issue. However, these results would suggest 

that the newborn immune system could be directed towards an atopic phenotype by 

the time of birth, if consideration is made of the exposure characteristics in early life 

and the maternal atopic milieu in which the allergen is encountered. 

What might the mechanism of this initial imprinting be? Dysregulation of tolerance, 

which underlies IgE-mediated disease is poorly understood, but animal models have 

identified the significance of antigen dose, timing, route of administration and mode 

of presentation in the phenomenon In the current cohort, infants of intervention 

mothers may have experienced in utero low dose and intermittent exposures, a pattern 

associated with priming in animal studies (326X327) purthermore, the atopic mother 

presents a greater risk factor for infant allergy than the atopic father and this may 

be due to immune differences between atopic and non-atopic women, as has been 
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intimated by breast-feeding data. Prolonged breast-feeding by asthmatic mothers was 

associated with an increased risk of childhood asthma a finding that could be 

explained by differences in IgA levels leucocyte cytokine fatty 

acid profiles. Indeed in this work there was a strong suggestion of an 

independent, adverse, association of maternal atopy with infant allergic phenotype, as 

a higher proportion of breast-fed infants exposed to ovalbumin through milk from 

atopic mothers had an allergic presentation themselves at 6 months of age (table 

4.10). Clearly it may be reasonable to postulate that a pro-sensitising pattern of 

allergen exposure combined with an 'adverse' maternal environment may permit early 

life programming of the atopic phenotype. Clinical data at this juncture were only 

available for the infants aged 6 months. It remains to be established if early life 

experiences have repercussions for allergic disease at later time points. 

The point prevalence at 6 months of age of egg sensitisation in the dietary 

intervention study cohort (Group 4) was 10.5% (data not shown). Therefore, in view 

of these relatively small numbers SPT positivity to any of a panel of common 

allergens was used in the definition of infant atopy. It might be argued that only egg 

sensitisation was likely to be influenced by the pattern of ovalbumin exposure in early 

life. However, a bystander effect has been described in animal models whereby 

though tolerized T-cells secrete a suppressive cytokine (such as TGF-P) in an antigen 

specific fashion, its release into the local microenvironment also suppresses ongoing 

immune responses to unrelated, but anatomically colocalised, antigens (23)(333)(334) 

such a mechanism exists for tolerance and prevention of experimental colitis 

(23)(333)(334)̂  then could a similar mechanism exist for antigen-specific priming? A 

bystander effect may then regulate the development of Th2 memory to unrelated 

antigens, such as house-dust mite allergen Der p i , also shown to be present in the 

fetal environment 

In 1997 the government published a white paper advising that women, with atopic 

family history, might wish to avoid eating peanuts, or peanut-containing foods 

through pregnancy and breast-feeding. Whilst the inherent statistical dangers of 

multiple analyses are recognised and whilst it cannot be assumed that the mechanisms 

underlying, and characteristics of, egg allergen exposure also apply to peanut 
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allergens, nevertheless, the current results would imply that caution in this approach is 

needed. Firstly, the work indicates that maternal dietary avoidance measures are 

difficult, if not impossible, to achieve, and they do not eliminate allergen exposure 

completely. Secondly, the influence of the maternal atopic state cannot be 

overestimated. Together these factors may create an environment that predisposes to 

the genesis of allergy - at least in early infancy. The implication is therefore that the 

government's precautionary advice may actually result in an increase in the 

prevalence of peanut allergy in children, potentially adding to what is already a 

growing public health issue 
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Chapter Five 

Serum IgG responses to exclusion of dietary egg through 

pregnancy 
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Chapter 5 

Serum IgG responses during exclusion of dietary egg through pregnancy 

5.1 Aims 

The assessment of the effect of exclusion of dietary egg through pregnancy and 

breast-feeding on early life egg allergen exposure and the consequences for infant 

atopic outcome is crucially dependent on maternal compliance to the elimination diet. 

Since self-reporting is prone to intentional, or non-intentional, error, compliance is 

best judged by an objective method. The aim of this work was to employ 

measurement of serum food specific IgG concentration, which reflects dietary intake 

(27i)(335)(336)̂  to monitor subject compliance. 

The association of infant IgG at birth with subsequent atopic disease remains to be 

clarified. Some authors have reported high maternal and cord IgG to food (̂ 7̂X338)̂  

and inhalant allergens to be associated with less infant atopy, while others have 

reported either no association or even an increased risk of infant allergy A 

secondary aim of this work was therefore to evaluate the effect of maternal dietary 

manipulation on cord levels of egg specific IgG, and in turn, to examine the 

relationship between cord IgG concentration and later infant atopy in the study 

population. 

5.2 Subjects, samples and methods 

5.2.1 Subjects and samples 

Serum samples were available from pregnant women, with a personal or partner 

history of atopy, randomised to egg exclusion or a normal diet from 17-20 weeks 

gestation until the end of breast-feeding. Blood samples were collected on study 

recruitment, at 24 weeks and 32 weeks gestation, and at delivery of the infant. 

Umbilical cord blood was obtained from these babies at birth (2.2.3). 
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In order to examine the relationship between the dietary intervention and egg specific 

IgG responses, ovalbumin (OVA G) and ovomucoid IgG (MUC G) concentrations 

were measured in available maternal serum samples at recruitment (n=190) and 

delivery (n=137), and in matched umbilical cord samples (n=136). A further subset 

of sample pairs collected at study recruitment and 32 weeks gestation (n=22) were 

also analysed in order to investigate the time at which differences in humoral 

responses may be measured first. 

As the dietary intervention was restricted to egg avoidance, it was important to 

establish that there was no difference between the study groups in specific IgG 

responses to an unrelated food product. Therefore, cow's milk P-lactoglobulin IgG 

(BLG G) concentration was measured in a randomly selected subset of recruitment 

and delivery serum sample pairs from the cohort (n=32). 

5.2.2 Laboratory methods 

Serum ovalbumin, ovomucoid and P-lactoglobulin IgG concentrations were measured 

by indirect ELISA, as outlined previously (2.5.1). 

Subject sample pairs were processed on the same ELISA plate. Samples from an 

equal number of intervention and control women were analysed on the same day, and 

on the same ELISA plate. 

Serum samples were initially diluted 1:100- 1:200 in antibody buffer. For those 

samples with absorbance above the standard curve the assay was repeated following 

fiirther dilution in antibody buffer (range 1:500 - 1:8000). 

OVA G, MUC G and BLG G concentrations were expressed in arbitrary units (AU), 

after taking into account the dilution of the sample, by comparison of the sample 

absorbance to the standard curve of the serum pool. 
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5.2.3 Assessment of infant atopic phenotype at 6 months of age. 

Infants born to these mothers were clinically evaluated for allergic symptoms and 

signs at 3, 6, 12 and 18 months of age (2.4). At six months of age, an atopic 

phenotype was defined as a history or presence of eczema and/or positive SPT to one 

or more of a panel of common dietary and inhalant allergens. A positive SPT was 

regarded as a weal > 2mm in the presence of appropriate negative and positive 

(histamine) controls. 

5.3 Results 

5.3.1 Maternal serum egg specific IgG responses through pregnancy 

5.3.1.1 Humoral responses according to dietary intervention 

Ovalbumin specific IgG concentration at recruitment and delivery was analysed for 

134 matched serum pairs. The intervention group (n=62) had a significant reduction 

in OVA G concentration through pregnancy (p<0.001, Wilcoxon) (figure 5.1), a 

pattern that was established by 32 weeks gestation (p=0.021, Wilcoxon) (figure 5.2). 

A fall in concentration (by 18.4 - 88.2% of initial levels) was measured in 58 of 62 

(93.5%) matched serum pairs collected from egg-avoiding women. No significant 

change through gestation was observed in the control group (p-0.195, Wilcoxon). 

The intervention group had higher OVA G concentration at study recruitment 

compared to control women (p=0.023, Mann-Whitney), such that, despite the 

observed decline through pregnancy, there was no inter-group difference at delivery 

(p=0.392, Mann-Whitney). 
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Figure 5.1 Change in maternal serum ovalbumin IgG concentration, from 
recruitment till delivery, according to study group. 
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Figure 5.1 Ovalbumin IgG concentration was measured by indirect ELISA (2.5.1). Subjects in 
the intervention group had significantly higher OVA G concentration at study recruitment 
(pink boxes) compared to the control women. OVA G fell significantly from recruitment till 
delivery (blue boxes) in the intervention group only. 
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Figure 5.2 Change in maternal serum ovalbumin IgG concentration, from 
recruitment till 32 weeks gestation, according to study group. 
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Figure 5.2 Ovalbumin IgG concentration showed a significant decline from study recruitment 
(pink boxes) to 32 weeks gestation (blue boxes) in a randomly selected subgroup of intervention 
group subjects. There was no significant change in a subgroup of control women. 

A similar pattern was observed for changes in serum ovomucoid IgG concentration. 

Analysis of 131 matched maternal serum pairs collected at recruitment and delivery 

showed that the intervention group (n-61) had a significant fall in specific IgG 

concentration through pregnancy (p<0.001, Wilcoxon) (figure 5.3). A fall in 

concentration (by 2.9 - 87.9% of initial levels) was measured in 54 of 61 (88.5%) 

matched serum pairs collected fi-om egg-avoiding women. No significant change 

through pregnancy was observed for the control group (p=0.286, Wilcoxon). 

Measurement of MUC G in recruitment samples (n=188) revealed that intervention 

group women had significantly higher levels at study onset compared to control 

women (p=0.002, Mann-Whitney) (not graphically represented). For the subgroup 

with available serum pairs (n=131), a strong trend for higher MUC G levels in 

intervention women at study recruitment was seen (p=0.063, Mann-Whitney) (figure 

129 



5.3). As a consequence, there was no significant inter-group difference in MUC G at 

delivery (p=0.281, Mann-Whitney). 

Figure 5.3 Change in maternal serum ovomucoid IgG concentration, from 
recruitment till delivery, according to study group. 
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Figure 5.3 Ovomucoid IgG was measured by indirect ELISA (2.5.1). A significant fall through 
pregnancy from 17-20 weeks (pink boxes) till delivery (blue boxes) was associated with dietary 

' exclusion. 

5.3.1.2 Humoral responses according to maternal atopic status 

No significant differences were observed in ovalbumin or ovomucoid IgG 

concentrations, either at recruitment, or at delivery, between atopic and non-atopic 

women. Also within the intervention group, who displayed a decline in specific IgG 

through pregnancy, the OVA and MUC G concentrations at delivery were not 

influenced by maternal atopic status. 
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5.3.2 Maternal serum cow's milk specific IgG responses through pregnancy 

Change in concentration of a dietary protein not excluded by the elimination diet was 

analysed. Cow's milk P-lactoglobulin IgG concentration showed no significant 

change in the egg-avoiding group through pregnancy and rose significantly in the 

control group (p=0.038, Wilcoxon) (figure 5.4). 

Figure 5.4 Change in maternal serum fi-lactoglobulin concentration, from 
recruitment till delivery, according to study group. 
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Figure 5.4 Serum P-lactoglobulin concentration was measured at recruitment (pink boxes) and at 
delivery (mawe boxes) by in house, indirect ELISA (2.5.1). There was no significant change in 
concentration through pregnancy in the intervention group. BLG concentration at delivery was 
significantly higher than at recruitment in the control group. 

5.3.3 Infant serum egg specific IgG responses at birth 

Cord OVA G directly correlated with maternal serum OVA G at delivery (v=0.944, 

p<0.001, Spearman's) (figure 5.5). A similar positive correlation (r=0.919, p<0.001. 

Spearman's) between cord and maternal serum IgG concentrations was observed for 

ovomucoid (not graphically represented). 
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Figure 5.5 Correlation between maternal ovalbumin IgG at delivery and cord 
ovalbumin IgG. 
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Figure J.J A significant direct correlation was observed between maternal serum ovalbumin IgG 
concentration at delivery and infant ovalbumin IgG concentration at birth (cord). 

There was no significant difference in serum OVA G concentration at birth between 

infants bom to intervention mothers as compared to control mothers (p=0.605, Mann-

Whitney), or between infants bom to atopic, as compared to non-atopic, mothers 

(p=0.837, Mann-Whitney). 

However, infants bom to atopic mothers had significantly higher serum OVA G 

concentration at birth than their mothers had at delivery (p<0.001, Wilcoxon). No 

such relationship was apparent for non-atopic mother-infant pairs (p=0.147, 

Wilcoxon) (figure 5.6). Similarly, analysis of ovomucoid IgG responses showed a 

higher concentration of MUC G in infant serum at birth compared to matched 

matemal serum at delivery for babies bom to atopic women (p<0.001, Wilcoxon), but 

not non-atopic women (p=0.102, Wilcoxon) (not graphically represented). 
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Figure 5.6 Cord ovalbumin IgG concentration in relation to maternal serum 
ovalbumin IgG concentration at delivery, according to maternal atopic status. 
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Figure 5.6 Cord ovalbumin IgG concentration (blue boxes) was significantly higher than 
matched maternal serum ovalbumin IgG concentration at delivery (pink boxes) for infants 
born to atopic women. No such association was apparent for infants of non-atopic women. 

5.3.4 Infant atopic phenotype according to cord specific IgG responses 

There was no significant difference in cord OVA G concentration between those 

infants who subsequently had an atopic phenotype and those who had not, irrespective 

of maternal study group or atopic status. However, if cord OVA G concentration was 

grouped into quartiles, where the first quartile represented the lowest IgG 

concentrations and the fourth quartile, the highest concentrations, then an association 

between infant atopic outcome and OVA G concentration emerged. For infants bom 

to control women, there was a significant association for the lowest and highest IgG 

quartiles to have the least number of infants with an atopic phenotype and the middle 

quartiles to have the greatest number of atopic infants (p=0.02, Chi^) (figure 5.7). No 

such relationship was observed for infants of intervention mothers. 
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Figure 5.7 Atopic phenotype of infants born to control women according to quartile 
of ovalbumin IgG concentration. 
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Figure 5.7 Significantly fewer infants with ovalbumin IgG in the lowest & highest quartiles had 
an atopic phenotype (purple bars) and significantly more were atopic at 6 months of age if cord 
ovalbumin IgG fell into the middle quartiles. Non-atopic infants are represented by red bars. 

5.4 Discussion 

This work set out primarily to ascertain the compliance of a cohort of women, whose 

infants were at genetic risk of allergic disease, to an egg exclusion diet through 

pregnancy and breast-feeding. 

Avoidance diets, as a primary prevention strategy, have been criticised because of a 

lack of or transient (340)(34])̂  allergic benefit for the infant, and possible nutritional 

compromise of mother and baby However, central to any potential benefit of 

dietary allergen exclusion is the question of subject compliance, particularly if 

multiple foods are excluded. In most maternal dietary avoidance studies compliance 

has been monitored by diary record q]- dietary recall both of which are 
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open to subject bias and error. This study attempted to gauge subject compliance by 

an in vitro, objective method, in addition to diary record of accidental exposures. 

Serum food specific IgG concentration has been reported to reflect dietary intake 

(335)(336) these current data would support such a correlate. In this study dietary 

egg exclusion resulted in a significant fall in ovalbumin IgG concentration throughout 

pregnancy (figure 5.1), a change occurring not later than 32 weeks gestation (figure 

5.2). No decline was measured in the control group. This observation, though 

expected, has not always been found in other studies Its importance is that the 

differential IgG responses may then reliably be taken to represent dietary differences 

between the groups and consequently, it suggests that the control women were not, 

inadvertently or otherwise, making dietary adjustments. Parallel responses were 

observed for ovomucoid, also a principal allergen of egg white, but present in smaller 

quantities than ovalbumin (figure 5.3). Serum OVA G concentration fell through 

pregnancy in 93.5% of the intervention women. Serum pairs (n=3) in which a rise in 

OVA G was measured were all collected from intervention group women who had 

discontinued the exclusion diet through pregnancy. This change occurred in the face 

of the majority of intervention women reporting at least one - known - occasion of 

accidental ingestion of egg (number of accidental exposures over the intervention 

period ranging from 1 - 28, personal communication, Mrs KE Grimshaw, research 

dietitian). These data therefore confirmed that the intervention cohort avoided egg 

through pregnancy, but moreover, they have also suggested that even if dietary 

exclusion is incomplete, then the overall reduction in intake can still provoke a change 

in specific IgG levels. 

This study not only reported an objective measure of patient compliance, but unlike 

other studies (̂ 5̂X336)̂  also confirmed that the dietary restriction was limited to egg. 

Participation in a study of this type runs the risk of subjects, whether intervention or 

control, avoiding other well-known allergenic foods, which may well cause nutritional 

compromise if undertaken without dietetic supervision, in an attempt to improve their 

infant's allergic outcome. Cow's milk P-lactoglobulin is a common allergen, - but 

cow's milk is also a nutritious food product, particularly through pregnancy and 

breast-feeding. The p-lactoglobulin IgG concentration showed no decline in either 

study group (figure 5.4), and indeed the significant rise in the control group was 
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further reassurance that these subjects were not taking prophylactic dietary measures 

into their own hands. 

At study recruitment the intervention group women had significantly higher egg 

specific IgG concentration than the control women had. Since specific IgG reflected 

egg intake, it was supposed that this might be a consequence of an inter-group dietary 

difference. Indeed, analysis of the subjects' egg consumption during the month prior 

to study commencement showed that the intervention group women had ingested 

significantly greater quantities of egg compared to control women (personal 

communication, KE Grimshaw, research dietitian). However, neither the initial serum 

egg specific IgG concentrations, nor the decline in specific IgG in the intervention 

group, were influenced by maternal atopic status. This is contrary to the findings of 

Falth-Magnusson et al who reported higher pre-diet IgG concentrations in atopic 

women No explanation for this finding was given by the Swedish authors, and 

whilst a relationship between high IgE and IgG has been described in the 

absence of maternal egg allergy, one would not expect to measure disproportionately 

high levels of egg specific IgG in an adult cohort. 

Maternal IgG responses in pregnancy were closely related to infant IgG responses at 

birth, as evidenced by the significant, direct correlation between matched maternal 

and cord specific IgG concentrations (figure 5.5). Previous authors have found no 

significant difference in cord specific IgG concentrations between diet and non-diet 

groups (335X336)̂  which might be an unexpected finding in view of the significant 

change in maternal serum concentrations measured and the close correlation between 

maternal IgG at delivery and cord IgG found in these previous studies and the 

current work. In this study no significant difference was found between cord OVA G 

concentration of the 2 study groups, but this could be explained by the higher initial 

levels of the egg-avoiding women. When comparison was made of infant specific 

IgG at birth and matched maternal specific IgG at delivery, it was revealed that the 

infants had significantly higher levels, but only in the context of maternal atopy 

(figure 5.6). Maternal atopy has been associated previously with high levels of IgG 

antibodies in cord blood, both against food and inhalant allergens 2̂9i)(345) 

been presumed to reflect differing immune responses between atopic and non-atopic 

individuals. This current work has offered a further unique insight on this association. 
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IgG is actively transported across the placenta by a receptor-mediated mechanism 

In the asthmatic lung, the high affinity receptor for another immunoglobulin 

(FcsRI for IgE) is present in increased numbers on dendritic cells and this is 

thought to be a feature of the microenvironment of the atopic individual If a 

similar phenomenon, relating to placental IgG receptor expression, existed in the 

pregnancy-associated environment of the atopic mother, then might the discrepant 

cord levels represent a difference in the rate of transplacental IgG transport that is a 

function of maternal atopic status? 

A beneficial (̂ 1̂X338)̂  adverse or no effect of high cord blood allergen specific 

IgG concentration on the development of later infant allergic disease has been 

described. In these data no association of cord specific IgG with infant atopic 

phenotype was apparent until the cord measurements were ranked by grouping into 

quartiles. For infants bom to control mothers, if their cord OVA G fell into the 

quartile containing the lowest concentrations (1^ quartile) or the quartile containing 

the highest concentrations (4^ quartile), then they were significantly less likely to 

have an atopic profile at 6 months of age (figure 5.7). 

In order to formulate an explanation for this observation, it is important to remember 

two facts that have been discussed previously. Firstly, egg specific IgG reflects 

dietary intake and secondly, allergic sensitisation is a complex process that is 

regulated by many factors, but central to the process is a requirement for allergen 

exposure. Therefore, the most simple, and crude, explanation of this profile may be 

that the infants with cord OVA G at either end of the spectrum do not encounter 

allergen. For those with cord OVA G in the quartile, this may be because their 

mothers did not eat a sufficient quantity of egg through pregnancy, while for those 

with OVA G in the 4^ quartile, this may be because allergen presentation was 

'blocked' by the high IgG concentration, as has been suggested by animal studies 

and immunotherapy data 

That allergic sensitisation is a complex process should be emphasised, as this may 

explain why the association was not observed for infants of intervention mothers. 

These women had inordinately high initial egg specific IgG and this may have 

distorted the profile. Moreover, more importantly, the intervention may have 
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consequences for the dose and pattern of allergen exposure, which, as discussed in 

chapter 4, may also have implications for infant allergic outcome. It may be that 

successful 'blocking' of sensitisation is dependent on a high serum specific IgG 

concentration being sustained throughout the 2"^ and 3"̂^ trimesters of pregnancy and 

these data have shown that OVA G fell relentlessly during egg exclusion, despite 

accidental ingestion, not later than 32 weeks gestation. It remains to be established if 

a fall in concentration has occurred by the 24 weeks gestation sample. It is not known 

whether the dietary manipulation has differential effects on the IgG subclasses. In 

this work only ovalbumin IgG was measured, but as a variety of data - presented later 

in this thesis (chapter 9), and by previous authors (29i)(35])(352)(353) _ ^ implicated 

specific IgGl and IgG4 in the immunopathology of allergic disease, it will be 

important to reassess the humoral responses during the diet in terms of the OVA 

Gl/OVA G4 balance. Finally, it might be that the fall in specific IgG concentration 

alters the range of ovalbumin epitopes recognised, with implications for 

immunoregulation, and this could be examined by tracking OVA G binding to a 

spectrum of OVA epitopes in serial bloods collected from intervention and control 

women. Thus, for the infants of intervention women many factors may act to 

determine atopic phenotype. The infants of control women have experienced no 

environmental manipulation and hence their humoral responses may be more easily 

correlated with clinical outcome. 

To summarise: This work has shown that women on the intervention arm of a 

randomised controlled trial of egg avoidance through pregnancy and breast-feeding 

were compliant with the elimination diet, as evidenced by a significant fall in egg 

specific IgG concentration through pregnancy. The control group did not exclude 

egg, and neither group showed evidence of other dietary manipulation, such as 

avoidance of cow's milk. The maternal humoral changes induced by the elimination 

diet were also experienced by the fetus/newborn. Variations in infant specific IgG 

concentration may have consequences for later atopy, with a protective association of 

both the lowest and highest levels being seen. The implication of this observation is 

that the humoral changes consequent on dietary exclusion may potentially contribute 

to the complex process of allergic sensitisation. 
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Chapter Six 

Investigation of ovalbumin form in the fetal environment 
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Chapter 6 

Investigation of ovalbumin form in the fetal environment 

6.1 Aims 

The detection of ovalbumin in umbilical cord blood and amniotic fluid confirms fetal 

exposure to this dietary allergen, but raises the further question: how is the antigen 

transported to the fetus? Specifically, in what form is ovalbumin presented to the 

developing immune system - as free allergen or immune complex? 

IgG is an ideal vehicle for allergen transport to the fetus. It is actively transported 

across the placenta by a mechanism dependent on receptor-mediated endocytosis and 

transcellular passage Transport starts at 17 weeks gestation and gradually 

increases as pregnancy progresses, so that fetal IgG concentration approximates 

maternal levels by 33 weeks gestation. Levels continue to rise thereafter, sometimes 

reaching more than twice maternal concentration by the time of birth 

Carriage of antigen in immune complex form is well documented in autoimmune 

disease and dietary antigen-IgG immune complexes have been reported in adult 

sera, mostly after food challenges (3̂ 6X357)(358) possibility of transplacental 

transport of antigen in IgG immune complexes was raised by Malek et al who 

reported a close correlation between fetal rmatemal ratios of tetanus antigen and anti-

tetanus IgG in placental perfusion studies The passage of the dietary allergen 

cow's milk P-lactoglobulin across the placenta was enhanced by the addition of 

human immunoglobulin, and in the case of the inhalant birch pollen allergen. Bet vl, 

was essential for transplacental transport Furthermore, the inhalant cat allergen. 

Pel dl, has been detected in complex with IgG in up to 40% of infant cord sera 

These observations therefore suggest that maternal ovalbumin specific IgG may also 

have a particular role in regulating transport of this allergen to the fetus. 

The antigen detection data (chapter 4) suggested that in utero exposure to ovalbumin 

occurred more frequently, and in higher doses, through transplacental transfer than via 

a transamniotic route. For this reason maternal and cord serum samples were chosen 
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for the investigation of allergen form in the fetal environment. Gel filtration, a 

technique by which samples may be separated according to the molecular weights 

(MWs) of their components, was employed for this work. This permitted the MWs of 

the fractions containing OVA to be calculated, and from this, to deduce a profile of its 

form in selected serum samples of wide ranging specific IgG concentration. 

6.2 Samples and methods 

6.2.1 Samples 

Maternal pregnant sera (n=3) and cord sera (n=9) with known ovalbumin specific IgG 

(OVA G) concentrations and ovalbumin quantity were selected (table 6.1). OVA G 

concentrations ranged from values in the lowest maternal or cord IgG quartiles (M49, 

C49) to values in the highest quartiles (M44, C44, CI05) (chapter 5). Ovalbumin was 

either present (OVA +) (M44, C44, M49, C49, C14, C105, C122, C176, C195) or 

imdetectable by (OVA -) (M2, C147, C167). 

Sample M2 was characterised by an inhibition of antigen recovery when spiked with 

ovalbumin ('masking' serum) (chapter 3). 

Negative control serum (NS) was derived from a non-pregnant adult who had 

vigilantly excluded eggs from her diet for more than a decade (2.2.7). 
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Table 6.1 Sample characteristics for gel filtration chromatography. 

Sample Type ID OVA G (AU) OVAG 

quartile 

OVA (ng/ml) 

Maternal serum M49 0.1 1 L013 

Cord serum C49 0.1 1 

Maternal serum M44 9J^ 4 0.119 

Cord serum C44 1L77 4 0307 

Maternal serum M2 &97 2 0* 

Cord serum C14 5^1 4 0.236 

Cord serum C105 4 10.2 

Cord serum C122 139 3 &81 

Cord serum C147 3 0* 

Cord serum C167 L27 3 0* 

Cord serum C176 L57 3 0J3 

Cord serum C195 &52 2 031 

Adult serum NS &08 Control 0* 

* below limit of ELISA detection 

6.2.2 Laboratory methods 

All general materials, including reagents, buffers and apparatus, used were as those 

listed previously (2.7 .̂ 

6.2.2.1 Gelfiltration chromatography 

The samples were fractionated by gel filtration chromatography using a Superdex 75 

10/30 column (MW separation range 3-70 kDa) (Pharmacia) as described previously 

(2.5.10). The column (volume 24 ml; void volume 8 ml) was eluted at a rate of 0.5 

ml/minute. Fraction collection (each of volume 0.25 ml) started at 12 minutes run 

time (volume 6 ml) in order to facilitate the collection of protein of MW consistent 

with ovalbumin in IgG complex (> 190 kDa). 
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The molecular weight of individual fractions was calculated by reference to the 

selectivity curve of the calibrator proteins (typical elution profile, including standard 

OVA, shown below). Serum sample free OVA separated in the MW range of the 

column, whereas complexes of IgG-0VA (> 190 kDa) were detected in the void 

volume. 

Void volume, Vo, 8 ml h 16 minutes 

Typical calibration curve 

The calibrator protein mixture comprised thyroglobulin (MW 670 kDa), y-globulin (MW 158 kDa), 
ovalbumin (MW 44 kDa), myoglobulin (MW 17 kDa) and vitamin B12 (MW 1.35 kDa). The diagram 
shows the time ranges over which they were eluted. The incomplete separation of thyroglobulin and y-
globulin reflects the separation range of the column (3-70 kDa) and indicates that calculated MWs of 
proteins above 70 kDa can only be estimated. This calibration curve specifically applies to M44 (figure 
6.1), C44 (figure 6.9), C14 (figure 6.10) and C49 (figure 6.11). Calibration curves for the other samples 
differed only in minimal changes of the time of peak elution of the individual standard proteins, and any 
differences will be described in the text. 

143 



6.2.2.2 Ovalbumin detection 

Ovalbumin concentration in sample fractions was measured by capture ELISA (3.2). 

The fractions were initially added neat to the microtitre wells. For those fractions 

with absorbance above the standard curve the assay was repeated following further 

fraction dilution in antibody buffer (range 1:10- 1:4000). OVA concentration was 

expressed in ng/ml, after taking into account the dilution of the sample, by 

comparison of the sample absorbance to the ovalbumin standard curve. 

6.2.2.3 Measurement of ovalbumin IgG concentration 

The distribution and concentration of OVA G in the gel chromatography fractions was 

determined by indirect ELISA (2.5.1). The fractions were added neat to the microtitre 

wells. For a sample known to have high specific IgG concentration, the fractions 

were further diluted 1:10 in antibody buffer. OVA G concentration was expressed in 

arbitrary units (AU), after taking into account the dilution of the fraction, by 

comparison of the fraction absorbance to the standard curve of the serum pool. 

6.2.2.4 Serum spiking 

In order to validate the detection of OVA after fractionation, 400 pi of the negative 

serum was spiked with 200 ng/ml of ovalbumin and the sample incubated at room 

temperature for at least 30 minutes before fractionation. 

In order to evaluate recovery of OVA following fractionation, 1 ml of a serum sample 

noted previously to mask recovery (M2) (chapter 3) was spiked with 1 ng/ml 

ovalbumin and incubated for 2-3 hours at room temperature prior to fractionation. In 

addition, a 600 |il aliquot of the spiked serum was depleted of IgG by protein A 

affinity chromatography before fractionation. 

6.2.2.5 Protein A affinity chromatography 

To establish whether circulating ovalbumin might be complexed with IgG, selected 

serum samples with high OVA G concentration (M44 and spiked M2) were depleted 
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of IgG by protein A affinity chromatography (2.5.9) prior to fractionation and the 

concentration of OVA in fractions before and after treatment compared. For each 

sample, the unretarded, IgG deplete fractions were pooled and concentrated toward 

the initial volume. Any residual dilutional factors were accounted for in subsequent 

ELISAs. IgG depletion was visualised by serum protein electrophoresis (Beckman, 

USA) (courtesy of M.Power, Tenovus) and confirmed on measurement of OVA G by 

incUret* 

6.2.2.6 Western blotting 

The low molecular weight fractions with detectable OVA from maternal sample M44 

were further evaluated by Western blotting. Aliquots of 10 {il volume from each of 

the positive fractions were pooled and the pool further diluted 10-fold and 100-fold. 

These dilutions, a MW standard and positive OVA controls (1 jig/ml) were run on 

SDS-PAGE, under non-reducing conditions and Western blotted as described 

previously (2.5.6 & 2.5.7). 

The form of OVA present in the low MW fractions of cord sample C49 was also 

further examined by Western blotting. Aliquots (9 |il volume) from each of the 

fractions comprising the OVA peak were pooled. The pooled OVA peak fractions, a 

1 in 10 dilution of the pool and individual fractions were run on SDS-PAGE under 

reducing conditions, along with positive OVA controls (1 jig/ml) and a MW standard 

(2.5.6). The proteins were Western blotted using the sensitive chemiluminescent 

technique (2.5.8). 

6.3 Results 

6.3.1 Pregnant maternal sera and negative control serum 

Ovalbumin ELISA of fractionated maternal serum M44 (high OVA G, OVA +) 

produced a biphasic pattern for the detection of ovalbumin. OVA was equally 

distributed between two peaks. The early peak constituted high MW ovalbumin. 

This peak was distributed between fractions 8, approximate MW 165 kDa, (total run 
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time 16 minutes, elation volume, Ve=8 ml) and 13, approximate MW 92 kDa, (total 

run time 18.5 minutes, Ve=9.25 ml). This was comparable to the elution time of 

calibrator y-globulin, total run time 16-18 minutes, peak 16.7 minutes, and suggested 

that the ovalbumin in this peak might be in complexed form, or exist as multimers. 

The low MW ovalbumin peak was eluted between fractions 19 and 23 (total run time 

21.5-23.5 minutes), which was comparable to the elution profile of calibrator 

ovalbumin. This later peak represented proteins in the MW range 29-45 kDa and 

therefore would be consistent with free ovalbumin, or fragments of ovalbumin (figure 

6.1). (For corresponding calibrator protein standard curve, see 6.2.2.1). 
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Figure 6.1 Ovalbumin detection - maternal serum, M44. 

Maternal serum M44 had high specific IgG concentration and detectable ovalbumin. The sample was 
separated by gel fdtration chromatography using a Superdex 75 10/30 column (Pharmacia). The 
column was eluted at 0.5 ml/minute and fraction collection started at 12 minutes (6 ml volume). A total 
of 35 fractions (each 0.25 ml volume) were collected (for method detail see 2.5.10). Ovalbumin was 
detected in the fractions by ELISA (3.2). In this sample ovalbumin was found in both high MW and low 
MW peaks. The high MW ovalbumin was distributed through fractions 8—13 (total run time 16-18.5 
minutes). This compared to an elution time of approximately 16-18 minutes (peak 16.7 minutes) for 
calibrator y-globulin. Low MW ovalbumin was eluted between fractions 19 (run time 21.5 minutes) (MW 
45 kDa, approximately) and 23 (23.5 minutes) (MW 29 kDa, approximately), which was comparable to 
the elution profile of calibrator ovalbumin (20-22 minutes, peak 21.7 minutes). (For the corresponding 
calibrator protein standard curve, see 6.2.2.1). 
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ELISA of fractionated maternal serum M49 (low OVA G, OVA +) also produced a 

biphasic pattern. However, in this sample there was a reduction in the proportion of 

ovalbumin found in the high MW peak compared with the low MW peak. This 

supported the suggestion that the OVA in these fractions might be in complex with 

IgG and that the reduction in the proportion of total OVA in high MW form was a 

consequence of the lower concentration of OVA G in this sample (figure 6.2). 

Indeed, analysis of the negative control serum, NS, which had virtually undetectable 

OVA G, showed no ovalbumin peak in the high molecular weight fractions. 

However, in this sample OVA was detectable in fractions of MW compatible with 

free ovalbumin, even though the individual had no recorded overt egg ingestion 

(fraction 19: MW 41 kDa, approximately; fraction 23; MW 25 kDa, approximately) 

(figure 6.3). 
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Figure 6.2 Ovalbumin detection - maternal serum, M49. 

Maternal serum M49 had extremely low specific IgG, but detectable ovalbumin. The sample was 
separated by gel filtration chromatography and ovalbumin detected in the fractions by ELISA, as 
described in figure 6.1, and text In contrast to sera with high specific IgG (for example, figure 6.1), in 
this sample ovalbumin was found predominantly as a low MW peak. This was distributed between 
fractions 19 (MW 41 kDa, approximately) and 24 (MW 22 kDa, approximately), total run time 21.5-24 
minutes, which compared to the elution profile of the corresponding calibrator standard ovalbumin of 
19-23 minutes (peak 20.9 minutes). 
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Figure 6.3 Ovalbumin detection - non pregnant adult negative serum, NS 

Serum NS was derivedfrom a healthy, non-pregnant woman who had avoided eggs for many years. 
Nevertheless, after fractionation (for method see figure 6.1, and text), a limited quantity of 
ovalbumin could be detected in low MW fractions between fraction 19 (MW 41 kDa, approximately) 
and 23 (MW 25 kDa, approximately), total run time 21.5-23.5 minutes, which compared to an 
elution profile of the calibrator standard ovalbumin of 19-23 minutes (peali 20.9 minutes). 

6.3.2 Detection validation 

When NS was spiked with OVA prior to fractionation, the ensuing pattern of OVA 

detection in the spiked fractions mirrored that of the native serum (figure 6.4). This 

supported the conclusion that it was ovalbumin, rather than another cross-reacting 

protein, that was being measured. The presence of OVA in fractions was visually 

confirmed by Western blotting the low MW, OVA + fractions of M44. This revealed 

a band, the intensity of which diminished with sample dilution, at the molecular 

weight of the ovalbumin control (figure 6.5). 

148 



2400 

T-1—I-
vo (S ON <N CN m IT) 

m 
Fraction number 

Figure 6.4 Fractionation of ovalbumin spiked negative control serum, NS. 

The negative control serum, NS, was spiked with 200 ng/ml ovalbumin, separated by gel filtration 
chromatography and the ovalbumin detected by ELISA (for method see figure 6.1, and text). The 
corresponding profile of protein detection was superimposable on that obtained from the untreated 
serum, figure 6.3. 
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Figure 6.5 Western blot of fractionated maternal serum sample, M44. 

Fractions of the low MW ovalbumin peak of maternal serum sample M44 were pooled and Western 
blotted. One membrane was probed with rabbit anti-ovalbumin and the other with a rabbit IgG isotype 
control. Lane 1 contained the MW standards and lanes 2 the positive ovalbumin control (l^g/ml). 
Lanes 3, 4 and 5 contained the pooled fractions diluted 1 in 100, 1 in 10 or neat, respectively. A 
distinct signal at the MW of the ovalbumin control was obtainedfrom the samples probed with anti-
ovalbumin. 

6.3.3 Ovalbumin specific IgG measurement 

In order to establish if the high MW ovalbumin peak could be attributed to OVA-IgG 

complexes, ovalbumin specific IgG concentration in each of the fractions was 

measured. Analysis of maternal serum samples M44 and M49 confirmed the 

presence of ovalbumin IgG in the OVA-containing high MW fractions (figures 6.6 & 

6.7). The molecular weight of proteins in the high MW OVA peak was greater than 

those in the IgG peak (by values of approximately 39 kDa & 51 kDa, respectively). 

This could suggest binding of ovalbumin to IgG. Moreover, following protein A 

serum IgG depletion of M44, the high MW ovalbumin peak was obliterated (figure 
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Figure 6.6 Distribution of ovalbumin IgG in fractionated maternal serum, M44. 

Ovalbumin specific IgG concentration (shown in pink bars) was measured in fractions of maternal 
serum M44 (separated as described in figure 6.1, and text) by indirect ELISA (2.5.1). Ovalbumin 
IgG was found in the high MWfractions containing ovalbumin. The molecular weight ofproteins in 
the heavy fractions could only be estimated since they fell outside the separation range of the 
column. However, the high MW OVA peak (blue line) was greater than those in the ovalbumin IgG 
peak by approximately 39 kDa. 
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Figure 6.7 Distribution of ovalbumin IgG in fractionated maternal serum, M49. 
Maternal serum M49 had been shown previously to have low ovalbumin specific IgG concentration 
(chapter 5). This was confirmed by the low concentrations found in high MWfractions of the 
sample (shown in pink bars). Ovalbumin specific IgG was found in the high MW ovalbumin 
fractions (blue line). As described in figure 6.6, MWs > 70 kDa could only be estimated, but the 
MW difference between the high MW ovalbumin peak and the ovalbumin specific IgG peak was 
approximately 51 kDa in this sample. 
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Figure 6.8 Ovalbumin detection in IgG deplete maternal serum, M44. 

Maternal serum M44 was depleted of IgG by protein A affinity chromatography (method, 2.5.9). 
The IgG deplete sample was separated by gel filtration chromatography and ovalbumin detected in 
the fi-actions by ELISA, as described previously (figure 6.1, and text). Ovalbumin could only be 
found in low MW fractions. This profile should be compared to that of figure 6.1, where in 
untreated, IgG containing M44, ovalbumin was present in a biphasic, high and low MW, pattern. 

6.3.4 Fractionation of ovalbumin positive cord sera 

Cord samples with detectable ovalbumin had specific IgG concentrations that varied 

over a wide range. For the two samples with the highest OVA G concentrations (CI4 

-5 .61 AU; C 4 4 - 11.77), ovalbumin was found predominantly (C44, figure 6.9) or 

entirely (CI 4, figure 6.10) in high MW fractions. By contrast, in samples C49 and 

CI95, which had the lowest ovalbumin IgG concentrations, OVA was found almost 

entirely as a low MW peak (figures 6.11 & 6.12). OVA + samples with specific IgG 

concentrations between these extremes (CI22, CI76, CI05) showed the biphasic 

pattern of OVA seen previously (figures 6.13, 6.14, & 6.15). 
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Figure 6.9 Ovalbumin detection - cord serum, C44. 

Cord serum C44 had high ovalbumin IgG concentration (11.77 AU) & detectable ovalbumin. The 
sample was separated by gel filtration chromatography andfraction ovalbumin detected by ELISA, 
as described previously (figure 6.1, and text). Ovalbumin was found predominantly in high MW 
fractions: fractions 7-10 represent approximate MW range = 131-185 kDa, total run time 15.5-17 
minutes. Very small quantities were present in fractions of low MW (fraction 29, 14 kDa). This 
might represent ovalbumin fragments - but that remains to be evaluated. (For corresponding 
calibrator protein standard curve, see 6.2.2.1) 
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Figure 6.10 Ovalbumin detection - cord serum, CI4. 

Cord serum CI 4 had high ovalbumin IgG concentration (5.61 AU) & detectable ovalbumin. 
The sample was fractionated, as described previously (figure 6.1, and text). Ovalbumin was 
only detectable in high MW fractions 8-11, representing approximate MW range 116-165 kDa, 
total run time 16-17.5 minutes. (For corresponding calibrator protein standard curve, see 
6.227) 
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Figure 6.11 Ovalbumin detection - cord serum, C49. 

Cord serum C49 had low ovalbumin specific IgG & detectable ovalbumin. The sample was 
processed as described previously (figure 6.1, and text). Ovalbumin was found only as a low MW 
peak, particularly fractions 19 (MW 45 kDa, approximately) through 23 (MW 29 kDa, 
approximately), total run time 21—23.5 minutes. (Corresponding calibrator protein standards shown 
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Figure 6.12 Ovalbumin detection - cord serum, CI 95. 

Cord serum CI 95 had low ovalbumin specific IgG & detectable ovalbumin. The sample was 
processed in the same manner as described in figure 6.1, and text. Ovalbumin was found only as a 
low MWpeak, particularly fractions 18 (MW 45 kDa, approximately) through 22 (MW 28 kDa 
approximately), run time 21—23minutes. (Corresponding ovalbumin standard — total run time 19—22 
minutes, peak 20.4 minutes). 
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Figure 6.13 Ovalbumin detection - cord serum, CI22. 

Cord serum CI 22 had higher ovalbumin IgG concentration (1.39 AU) & detectable ovalbumin. 
The sample was processed in the same manner as described in figure 6.1, and text The ovalbumin 
fraction profile was biphasic, though a low MW ovalbumin peak predominated. The high MW 
ovalbumin peak extendedfrom fraction 8 through 11, total run time 16-17.5 minutes. 
(Corresponding y-globulin standard, run time approximately 15-19 minutes, peak 16.4 minutes). 
The low MW ovalbumin peak extended from fraction 19 (MW 42 kDa, approximately) through 23 
(MW 26 kDa, approximately), total run time 21—23.5 minutes. (Corresponding ovalbumin 
standard, run time approximately 19-22 minutes, peak 20.6 minutes) 
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Figure 6.14 Ovalbumin detection — cord serum, CI 76. 

Cord serum CI 76 had higher ovalbumin IgG concentration (1.57 AU) & detectable ovalbumin. 
The sample was processed in the same manner as described in figure 6.1, and text. The fraction 
ovalbumin profile was biphasic, though a low MW ovalbumin peak predominated. The high MW 
ovalbumin peak extended from fraction 8 through 12, total run time 16-18 minutes. 
(Corresponding y-globulin standard, run time approximately 15.5-18 minutes, peak 16.4 minutes). 
The low MW ovalbumin peak extended from fraction 19 (MW 40 kDa, approximately) through 22 
(MW28 kDa, approximately), elution time 21-23 minutes. (Corresponding ovalbumin standard, 
elution time approximately 19—22 minutes, peak 20.4 minutes) 
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Figure 6.15 OVA detection - cord serum, CI05. 
Cord serum CI 05 had higher ovalbumin IgG concentration (3.88 AU) & detectable ovalbumin. 
The sample was processed in the same manner as described in figure 6.1, and text. The fraction 
ovalbumin profile was biphasic, though a low MW ovalbumin peak predominated. The high MW 
ovalbumin peak extendedfrom fraction 8 through 12, total run time 16-18 minutes. 
(Corresponding y-globulin standard as for figure 6.13). The low MW ovalbumin peak extended 
from fraction 18 (MW 47 kDa, approximately) through 23 (MW 26 kDa, approximately), elution 
time 21 - 23.5 minutes. (Corresponding ovalbumin standard as for figure 6.13). 

157 



6.3.5 Fractionation of ovalbumin negative cord sera 

Unfractionated cord sera CI47 and CI 67 did not have detectable ovalbumin. 

However, when processed by gel filtration chromatography low concentrations of 

OVA could be detected. In cord serum CI47, ovalbumin was found equally in high 

and low MW fractions (figure 6.16). However, in cord CI67, ovalbumin existed 

almost entirely as a complex, even though this sample had an OVA G concentration 

comparable to that of cord CI47 (CI 67 1.27 AU; CI47 1.1 AU) (figure 6.17). 
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Figure 6.16 Ovalbumin detection - cord serum, CI47. 

Cord serum CI 47 did not have detectable ovalbumin. However, following fractionation in the 
manner described in figure 6.1 and text, ovalbumin could be detected in low quantities in both 
high MW (especially fractions 8, MW 150 kDa & 9, MW 131 kDa, approximately) and low MW 
(especially fractions 20-22, MW range 28-36 kDa, approximately) peaks. (Corresponding 
calibrator standards as described in figure 6.14) 
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Figure 6.17 Ovalbumin detection - cord serum, CI 67. 

Cord CI67 did not have detectable ovalbumin, though the matched maternal sample at delivery 
was ovalbumin positive. Following fractionation in the manner described in figure 6.1, and 
text, ovalbumin could be detected predominantly in a high MWpeak from fraction 8 (MW 
approximately 150 kDa) through 12 (MW approximately 92 kDa) (total run time 16-18 
minutes). (Corresponding standards as described in figure 6.14) 

6.3.6 Western blotting 

Western blotting of cord serum C49 (low OVA G, OVA +) under reducing conditions 

showed the presence of at least two bands in the ovalbumin region (figure 6.18, lane 

2). Such a pattern suggested that 'clipped' OVA fragments were present in these 

fractions. Whilst the Western blot was not quantitative, the strongest signal was 

obtained from fraction 21, in keeping with this fraction having the highest quantity of 

ovalbumin (fiigure 6.11). 
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Figure 6.18 Western blot of cord C49 run under reducing conditions. 
Fractionated cord serum C49 was run on SDS-PAGE under reducing conditions (for method 
see 2.5.6). The membranes were probed with rabbit anti-O VA or rabbit IgG isotype control 
(for method see 2.5.8). In lanes 1 was a positive OVA control (Ijug/ml). In lanes 2 and 3 were 
pooledfractions 19-22 of the low MW peak, neat and I in 10 dilution, respectively. In lanes 4 — 
7 the individual fractions were run (neat). The blot shows at least 2 bands in the OVA region 
indicating that the OVA existed as clippedfragments and suggesting that the protein may have 
been processed. The picture also shows arrows indicating MW bands 62 kDa (top), 49 kDa, 38 
kDa & 28 kDa (bottom). Some non-specific binding to protein of heavier MW than OVA is 
apparent This probably relates to protein overload in the lanes. 

6.3.7 Fractionation of 'masking' serum 

A paradox noted in developing the ovalbumin ELISA was that there was no 

measurable recovery of ovalbumin on spiking certain sera (chapter 3). One of these 

samples, M2, was fractionated pre- and post- spiking with OVA (1 ng/ml) and after 

the spiked sample was IgG depleted by protein A affinity chromatography. After 

fractionation, OVA could be detected in the untreated serum, predominantly in low 

MW fractions. After spiking, the sample profile was unchanged. In the spiked 

sample there was no increase in protein detection, in fact the concentration of OVA 

detected in these fractions was less than in the untreated sample (figure 6.19). After 

IgG depletion of the spiked sample there was a huge increase in the quantity of OVA 

detectable in the low MW fractions (figure 6.20). 
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Figure 6.19 Ovalbumin detection in maternal serum M2 after fractionation, before 
and after spiking with ovalbumin. 

Maternal serum M2 was known to 'mask' detection of a spiking dose of ovalbumin. After fractionation of 
the untreated serum (for method see figure 6.1, and text), ovalbumin could be detected in a low MW peak 
extending from fraction 19 through 23, MW range approximately 25-40 kDa, (run time 21.5-23.5 
minutes) (shown in blue bars). The addition of a spiking dose of ovalbumin (1 ng/ml) did notfurther 
augment detection (shown in brown bars). (Corresponding ovalbumin standard eluted between 19.5 & 22 
minutes, approximately, peak 20.75 minutes) 
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Figure 6.20 Ovalbumin detection in spiked maternal serum M2 after IgG depletion. 

Spiked maternal serum M2 was IgG depleted by protein A chromatography (method detail in 
2.5.9) and fractionated, as described previously (figure 6.1 and text). This resulted in a large 
increase in the quantity of ovalbumin detectable in the low MW peak (shown as a blue line) 
compared to the spiked, IgG replete sample (shown as brown bars). 
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6.4 Discussion 

To date, little is known about the form - whether free or complexed - of allergens to 

which the developing immune system is exposed. Therefore, the principle aims of 

this work were to establish the mode of passage of dietary ovalbumin in the matemo-

fetal unit and the particular role of serum IgG in this process. The results suggest that 

the allergen circulates in free form and in a complex with IgG and that both these 

forms are passed via the placenta to the fetus. 

The method employed gel filtration chromatography, which permits biological fluids 

to be separated according to the molecular weights of their components, in 

conjunction with a specific ovalbumin ELISA (chapter 3). In several samples low 

concentrations of ovalbumin, above the individual assay level of sensitivity, were 

found in many low MW fi-actions (for example,/zgwre 6.16). This may constitute 

degraded ovalbumin - perhaps a result of processing the serum samples by gel 

filtration at room temperature. Alternatively, it may reflect inefficient sample 

separation, which could have been improved by a slower elution speed (set at 0.5 

ml/min). Nevertheless, these low 'background' levels do not detract from the 

distinctive ovalbumin profiles comprising high and low molecular weight peaks. 

In vitro placental perfusion techniques have been used to directly demonstrate passage 

of free antigen into the fetal circulation. These include infectious agents, such as HIV 

p24 antigen immunogens, such as tetanus toxoid hormones, such as thyroid 

stimulating hormone, TSH and allergens, such as cow's milk P-lactoglobulin and 

birch pollen Cotinine, the main metabolite of nicotine, has been found in fetal 

serum when women have been exposed to cigarette smoke through pregnancy and 

inulin, an inert, non-metabolised substance, was detectable in first trimester fetal 

fluids after intravenous administration to the mother Furthermore, in animal 

studies, ovalbumin could be measured in the fetal environment after forced maternal 

ingestion The current detection of fi-ee ovalbumin in human cord serum, under 

normal physiological conditions, is therefore not an unexpected, but nevertheless, 

unique finding. 
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The low molecular weight ovalbumin profiles of the test sera overlapped that of the 

calibrator standard ovalbumin. The discrepancy between test and standard OVA 

profiles, whereby sample OVA was eluted slightly later (at lower MW) than standard 

OVA, might relate to a matrix effect whereby serum retarded the elution of 

endogenous OVA. Such an explanation is supported by the observation that the OVA 

profile of fractionated spiked negative serum (figure 6.4) could be superimposed on 

the detection profile of the untreated sample (figure 6.3), suggesting that the free 

circulating OVA was intact. However, it should be noted that in Western blotting 

serum under reducing gel electrophoresis conditions (which breaks cross-linking 

interchain disulphide bonds and improves the clarity of the protein distribution) 

ovalbumin was found to exist as shorter peptides as well as the intact protein. Indeed, 

it might have been anticipated that a dietary allergen, taking the long entero-placental 

route, would have been degraded by the mother before reaching the fetus. Such 

alterations might have implications for fetal priming by, for example, revealing 

immunogenic epitopes or facilitating antigen uptake and presentation. 

The mechanism by which free ovalbumin crosses the placental remains to be 

established. Inulin molecules are thought to cross the placental barrier by an 

extracellular porous route It is conceivable that the OVA peptides could take a 

similar course. 

The negative control serum, from an individual who has excluded dietary egg for 

many years, consistently gave no signal in the ovalbumin ELISA but when assayed 

after column fractionation had free ovalbumin detectable (figure 6.3). It is possible 

that dietary avoidance by this subject may not have been absolute, or that dietary egg 

in 'hidden' forms was not excluded and column fractionation, which often increases 

the level of sensitivity of protein detection by dispersing a complex fluid, revealed 

small quantities. The increased sensitivity afforded by the technique could also 

explain the detection of ovalbumin in the two 'negative' cord sera - C147 and CI 67 -

particularly as the mothers of these infants were not on the dietary intervention arm of 

the study (figures 6.16 & 6.17). Such a phenomenon may also go some way to 

explain the antigen-specific T-cell reactivity that is commonly found at birth 
(197)(200X]98) 
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This work has also provided supportive evidence for the transplacental passage of 

complexed allergen. The presence of the inhalant cat allergen. Pel dl, in complex 

with IgG has been reported recently in cord blood though, surprisingly, in that 

study, maternal IgG concentration was not found to be related to the presence and/or 

concentration of the immune complexes in the fetal circulation. By contrast these 

current data have indicated a key role for IgG in determining allergen form. In 

samples with low IgG (M49, NS, C49, CI95) serum ovalbumin was found wholly, or 

predominantly in free form, while in samples with high IgG (CI4, C44) allergen was 

primarily complexed. A complex of IgG with ovalbumin is expected to have a MW 

of around 190 kDa, but in these maternal and cord serum samples ovalbumin was 

detected in a MW range of, for example, 92-165 kDa (figure 6.1). However, since the 

separation range of the available gel column (3-70 kDa) necessitated collection of a 

proportion of the column void volume in order to collect high MW ovalbumin, that 

means that the MWs of these OVA-containing fractions cannot be calculated 

accurately, and, at best, only represent an estimation. Nevertheless, recognising this 

limitation, the calculated MWs of the heavy ovalbumin peak would still support the 

notion that the ovalbumin was bound to IgG, for e x a m p l e , 6 . 9 . However, more 

definitive evidence in support of serum OVA in IgG complex derives from the 

observation that depletion of IgG by protein A affinity chromatography obliterated the 

high MW ovalbumin peak. This also suggests that other circulating carrier proteins 

have little or no significant role in allergen transport (figure 6.8). Protein A treatment 

notably resulted in large quantities of free ovalbumin (especially figure 6.20), a 

finding that could be explained by the process of affinity chromatography having 

disrupted immunoglobulin-antigen binding and thereby facilitating release of free 

ovalbumin into the serum. 

What repercussions might antigen form have for the early programming of atopy? 

A number of clinical studies have suggested an allergy protective effect of high 

maternal IgG. For example, children of mothers who had rye grass immunotherapy 

through pregnancy, with consequent development of high maternal specific IgG 

levels, had fewer positive skin prick tests to rye grass compared to children of 

untreated mothers Similarly, high concentrations of cat and birch pollen specific 

IgG in cord sera were associated with less atopic symptoms and lower IgE in children 

during the first 8 years of life 
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The mechanism by which IgG may be protective is not known. It may act by binding 

antigen and eliminating it through phagocytic pathways; alternatively the processing 

and presentation of low doses of antigen complexed with IgG may induce tolerance 

through immune deviation. IgG may directly confer inhibitory signals via an 

immunoreceptor tyrosine based inhibitory motif (ITIM) on the low affinity IgG 

receptor (FcyRIIB), CD32b. CD32b inhibits BCR-mediated B-cell activation and 

TCR-mediated T-cell activation It may thus negatively regulate immune 

reactivity towards the initial encounters with allergen. If this is the case, then the 

reduction in maternal specific IgG through pregnancy induced by an exclusion diet 

(chapter 5) may have a significant impact on infant allergic outcome. 

However, by direct contrast, high cord egg specific IgG has also been associated with 

an increased risk of developing allergic disease Fey receptors on the surface of 

dendritic cells have the potential to capture IgG-antigen complexes at low 

concentrations, a function that may facilitate antigen focusing and T-cell priming in 

the antenatal environment containing minute quantities of allergen 

Consideration of the subsequent atopic phenotype of a larger cohort of infants whose 

cord bloods could be analysed for antigen form may help to solve this quandary. In 

this initial study, while subject numbers are too small to draw any firm conclusions, 

two of three infants with cord blood OVA primarily in free form subsequently 

developed eczema and raised total IgE concentration at 6 months of age. Neither 

baby with OVA predominantly in complexed form had any atopic symptoms at 6 

months of age, though infant M44 had raised total IgE concentration. 

Infant 167 presented a particular enigma. The maternal sample at delivery contained 

high levels of OVA (1.81 ng/ml), but the matched cord serum was consistently 

negative. The infant subsequently developed moderately severe eczema with food 

and inhalant skin sensitivity. After fractionation OVA could be detected in the cord 

sample primarily in complexed form, even though samples with a comparable OVA G 

concentration produced a biphasic profile of detection (figure 6.17). It could be 

hypothesised that the ovalbumin IgG in this sample was of a higher affinity and hence 

required the more sensitive immunoassay for protein detection ^Q^ever, 
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such higher antibody affinity may also enhance antigen focusing and potentially 

promote T-cell priming 

Certain serum samples had been noted to be resistant to ovalbumin spiking, with little 

or no measurable protein recovery (chapter 3). On fractionating such a spiked 

sample, (M2), recovery was still not apparent (figure 6.19). However, the huge 

increase in measured ovalbumin concentration following IgG depletion of the sample 

suggested that the protein was bound to IgG and had been released by the process of 

protein A affinity chromatography (figure 6.20). Immunoglobulin affinity is a 

heterogeneous property, varying 6om clone to clone within an individual and between 

individuals It may be that this subject had particularly high affinity IgG that 

prevented epitope recognition by the detector antibody. Such an extreme blocking 

capacity may have a functional effect as high affinity/avidity maternal anti-gpl20 

antibody has been associated with reduced matemo-fetal transmission of HIV 

infection Furthermore, since high affinity/avidity IgG may cross the placenta 

more easily so it might be envisaged that inhibition of epitope presentation 

combined with ready passage to the fetus might reduce the likelihood of fetal 

sensitisation and have benefit for allergic outcome. 

In conclusion, this work has shown for the first time that a dietary allergen may pass 

from the mother to fetus in both fi-ee and complexed forms and that the presence of 

complexed antigen is dependent on circulating specific IgG. The characteristics of 

serum IgG that might determine allergen form were identified. These included serum 

concentration, since samples with low OVA G contained predominantly free OVA. 

Immunogloblin affinity was also implicated, since samples were identified in which 

OVA was only present in complexed form despite relatively low specific IgG 

concentration and where allergen could only be recovered on IgG depletion. 

Ultimately how infant atopic phenotype relates to the form of allergen encountered in 

the fetal environment is the key issue. Antigen detection in 'negative' sera is 

reminiscent of the earlier report of OVA in serum and breast milk of some women 

actively avoiding egg (chapter 4). These findings suggest a need for similar 

processing of a greater number of infant samples in order to fully characterise allergen 

form and thus to correlate form with subsequent infant allergic outcome. 
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Chapter Seven 

Investigation of ovalbumin form in the postnatal 

environment 
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Chapter 7 

Investigation of ovalbumin form in the postnatal environment 

7.1 Aims 

Human milk is considered to be the ideal food for newborns during the first few 

months of life. Not only does it have an optimal nutritional composition breast 

milk also contains an array of specific and non-specific bioactive factors which 

protect the infant from infection by various micro-organisms Whilst the value of 

breast-feeding for infant growth and survival is indisputable, the benefit for primary 

allergy prevention is more controversial. Breast-feeding may both provoke the 

expression of food-related hypersensitivity reactions and perpetuate infant 

allergic disease The presence of food allergens in breast milk has been reported 

by several authors indeed in this cohort ovalbumin was found most 

frequently, and in the greatest quantities, in the mothers' milk (chapter 4). Despite 

the recognition of the contribution of breast-feeding to infant allergic sensitisation 

and/or disease expression, nothing is known about the mode of allergen passage via 

this route and the form in which allergens are presented to the neonatal gut. The aim 

of this work was therefore to evaluate the antigenic form of ovalbumin in breast milk. 

The previously established technique of gel filtration chromatography was modified 

in order to separate breast milk into fractions of different molecular weights, so 

permitting a size profile of OVA to be established. 

7.2 Samples and methods 

7.2.1 Samples 

Breast milk (BM) samples collected by expression at 3 months post partum (n=7) 

were selected (table 7.1). Samples had known ovalbumin IgA (OVA A) 

concentration and ovalbumin quantity (chapter 4). Ovalbumin was either present 

(OVA +) (BM 3, BM 15, BM 44, BM 60, BM 86) or absent (OVA -) (BM 51, BM 

92^ 
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Table 7.1 Breast milk sample characteristics for gelfiltration chromatography. 

Sample ID OVA (ng/ml) OVA A Index 

BM3 170.9 4.3 

BM15 1.64 1.2 

BM 44 1258 4.7 

B&f51 0* <1 

BM60 2.7 3.7 

BM86 0J3 3.1 

BM 92 0* 4 

* below limit of ELISA detection 

7.2.2 Laboratory methods 

All general materials, including reagents, buffers and apparatus, used were as those 

listed previously (2.7/ 

7.2.2.1 Sample preparation 

Defatted, cell-free breast milk samples were prepared by centrifugation (2.2.8). 

Further delipidation of milks BM 51 and BM 92 was performed according to the 

method of Cham & Knowles after the gel filtration column was blocked by 

preceding samples. A 3 ml volume of 60:40 diisopropylether butanol (Merck) was 

added to 1 ml of milk in a pyrex screw cap culture tube (Coming) and mixed 

thoroughly by rotating the tube at room temperature for 6 hours in a rotator unit 

(Stuart Scientific). The tube was then centifuged at 3000xg for 15 minutes at 4^C, 

after which the solvent supernatant containing the lipid was aspirated using a glass 

pipette and discarded. The lower breast milk layer was then transferred to an 

eppendorf tube and centrifuged once more (9000xg, 10 minutes, room temperature). 

The lower breast milk layer was carefully aspirated again using a glass pipette and 

transferred to an eppendorf. The sample was stored at -20^C prior to fractionation. 
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7.2.2.2 Gel filtration chromatography 

Samples were separated according to the molecular weights of their constituents by 

gel filtration chromatography using a Superdex 200 10/30 column (column - 24 ml; 

void volume - 8 ml) (MW separation range 10-600 kDa) (Pharmacia), as described 

previously (2.5.10). The column was eluted at a rate of 0.5 ml/minute and fractions, 

each of 0.25 ml volume (n=55), were collected between 12 and 40 minutes run time. 

The MW of individual fractions was calculated by reference to the calibration curve 

prepared using standard calibrator proteins (typical curve shown below). The column 

was calibrated prior to running the samples. It was recalibrated if the interval 

between experimental runs was prolonged or if the column was adjusted. Sample 

fractions were stored at -80°C prior to further assay. 

I 6 

(N 
5 

/ 
Void volume, Vo, 8 ml = 16 minutes 

Typical calibration curve for breast milk separation by gel filtration chromatography 

The calibrator protein mixture comprised thyroglobulin (MW 670 kDa), y-globulin (MW 158 kDa), 
ovalbumin (MW 44 kDa), myoglobulin (MW 17 kDa) and vitamin B12 (MW 1.35 kDa). The diagram 
shows the time ranges over which they were eluted on the Superdex 200 10/30 column, MW separation 
range 10-600 kDa. This calibration curve applies to BM 15 (figure 7.1), BM 60 (figure 7.2), BM 3 (figure 
7.3), BM 44 (figure 7.4) and BM 86 (figure 7.5). The calibration curve for BM 51 & BM 92 (figures 7.6 
& 7.7) differed only in minimal changes of the times of peak elution of the individual standard proteins. 
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7.2.2.3 Ovalbumin detection 

Ovalbumin concentration in sample fractions was measured by capture ELISA (3.2). 

The fractions were added at a dilution of 1 in 10 in antibody buffer to the microtitre 

wells and in view of the number of fractions (n=55), they were run singly. For those 

fractions with absorbances above the standard curve the assay was repeated following 

further fraction dilution (range 1:100 - 1:4000). OVA concentration was expressed in 

ng/ml, after taking into account the dilution of the sample, by comparison of the 

sample absorbance to the ovalbumin standard curve. 

7.2.2.4 Measurement of total IgA concentration 

The distribution and concentration of total IgA in fractions of samples BM 15, BM 86 

and BM 92 was measured by an in-house developed ELISA (2.5.3). Fractions were 

diluted 1 in 1000 in antibody buffer. Those fractions with absorbances above the 

standard curve were repeated at a dilution of 1 in 10 000 in antibody buffer. IgA 

concentration was expressed in ng/ml, after taking into account the dilution of the 

fraction, by comparison of the fraction absorbance to the IgA standard curve (human 

myeloma IgA, courtesy of M.Power, Tenovus). 

7.2.2.5 Measurement of ovalbumin IgG concentration 

The distribution and concentration of ovalbumin IgG (OVA G) in fractions of sample 

BM 92 was measured by indirect ELISA (2.5.1). Fractions were diluted 1 in 2 in 

antibody buffer. OVA G was expressed in arbitrary units (AU), after taking into 

account the dilution of the fraction, by comparison of the fraction absorbance to the 

standard curve of the serum pool. 

7.2.2.6 Western blotting 

In order to confirm the presence, and further evaluate the form, of ovalbumin in breast 

milk, positive and negative fractions of BM 86 were Western blotted. Aliquots (5 pi) 

from each of the positive fractions 3 8 - 4 2 and negative fractions 1 7 - 2 1 were 

pooled. Aliquots (10 pi) of these pools and a positive OVA control (1 pg/ml) were 

171 



run in duplicate on SDS-PAGE under reducing conditions, along with a molecular 

weight standard (2.5.6). The proteins were transferred to a nitrocellulose membrane 

and Western blotted using enhanced chemiluminescence to improve detection 

sensitivity (2. 

7.3 Results 

7.3.1 Positive breast milks 

Ovalbumin ELISA of fractionated positive breast milks consistently produced a single 

peak for the detection of ovalbumin. This low MW peak extended predominantly 

through fractions 37-41, MW range approximately 20-39 kDa, (total run time 30.5-

32.5 minutes) and suggested that the protein might be present in the samples in free or 

fragmented form. Regardless of whether the specific IgA concentration was low (BM 

15, figure 7.1) ox high (BM 60, figure 7.2), the profile was the same and no high MW 

peak - that might be consistent with ovalbumin in IgA complex (> 460 kDa) - was 

detected. 
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Figure 7.1 OVA detection - breast milk, BM 15 (OVA +, low OVA A concentration). 

BM 15 was OVA + (1.64 ng/ml) and had a low OVA A concentration (OVA A Index 1.2). The 
sample was separated by gel filtration chromatography using a Superdex 200 10/30 column 
(Pharmacia). The column (volume 24 ml) was eluted at 0.5 ml/min andfraction collection started at 
12 minutes run time (for method detail see 2.5.10). Ovalbumin was detected by ELISA (method 3.2). 
The protein was found in a low MW peak distributed through fractions 37 (MW 39 kDa, 
approximately) to 41 (MW 20kDa, approximately), run time 30.5—32.5, which compares to an 
elution time of29—32 minutes (peak 29.9 minutes) for calibrator standard ovalbumin. 
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Figure 7.2 OVA detection - breast milk, BM 60 (OVA +, high OVA A concentration). 

Breast milk BM 60 had a higher OVA A concentration (OVA A Index 3.7) than BM 15 (OVA A 
index 1.2) (chapter 4). The sample was separated by gel filtration fractionation and ovalbumin 
detected by ELISA, as described in figure 7.1 and text. Ovalbumin was present only as a single 
low MW peak. (For calibrator standard ovalbumin, see figure 7.1) 
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The quantity of ovalbumin detected in the intact sample was generally reflected in the 

concentrations that could be measured in the breast milk fractions. Thus breast milks 

BM 3 and BM 44, that had OVA concentrations of 170.9 ng/ml and 1.258 |ig/ml 

respectively, contained the highest quantities of ovalbumin, up to 6 |xg/ml, in low MW 

fractions (figures 7.3 & 7.4). 
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Figure 7.3 Ovalbumin detection — breast milk, BM 3. 
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Figure 7.4 Ovalbumin detection ~ breast milk, BM 44. 

Figures 7.3 & 7.4 Breast milks BM2 & BM44 had the highest ovalbumin contents (170.9 
and 1258 ng/ml, respectively). Following gel filtration separation and ELISA of the fractions 
in the manner described previously (figure 7.1 and text), large quantities of ovalbumin - in 
excess of 6 ng/ml - could be detected in the fractions. 
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The OVA peak was a maximum in fractions 38-39, MW range approximately 28-33 

kDa, which compares to a known MW of 44-45 kDa for ovalbumin. This raised the 

question of whether the free ovalbumin in breast milk might be in peptide fragments 

(figure 7.5). 
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Figure 7.5 Ovalbumin detection - breast milk, BM86 (OVA +). 

Breast milk, BM 86, was processed by gel filtration & ELISA in the same manner as the previous 
samples (described in figure 7.1 and text). Ovalbumin was found in a low MW peak, especially 
fractions 38 — 42 (run time 31 - 33 minutes). Maximal ovalbumin quantity was detected in 
fraction 38, calculated MW 33 kDa, approximately, run time 31 minutes (Calibrator standard 
ovalbumin, as figure 7.1 - peak at 29.9 minutes). 

7.3.2 Negative breast milks 

Neither BM 51 nor BM 92 had detectable OVA. However, consistent with the 

observation made for serum samples, OVA could be detected in these 'negative' 

samples after fractionation (figures 7.6 & 7.7). As seen in the positive breast milk 

samples, ovalbumin was found primarily in a low MW, single peak profile, 

suggesting the presence of free antigen. In BM 92 the occurrence of small quantities 

of OVA in a high MW peak (185 kDa) raised the possibility of a complex. OVA 

detection was independent of sample specific IgA concentration since BM 51, with 

OVA A Index less than the level of detection, contained measurable ovalbumin. 
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Figure 7.6 Ovalbumin detection - breast milk, BM51 (OVA -). 
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Figure 7.7 Ovalbumin detection - breast milk, BM92 (OVA -). 

Figures 7.6 & 7.7 Ovalbumin was undetectable in breast milks BM 51 and BM92 by ELISA 
(chapter 4). These samples were delipidated by centrifugation and by diisopropylether butanol 
extraction (for method detail, see 7.2.2.1). They were then separated by gel filtration 
chromatography and ovalbumin detected in the fractions by ELISA, as for previous samples (figure 
7.1 and text). After fractionation ovalbumin was detected in a low MWpeak extending through 
fractions 41—47, estimated MW range 16-40 kDa, total run time 32.5-35.5 minutes. This compared 
to an elution time of 31—34 minutes, peak 32 minutes, for calibrator standard ovalbumin (curve not 
shown). Detection was independent of sample specific IgA concentration, since in BM51 OVA A 
was undetectable. In BM 51 a small ovalbumin peak was found in fractions 31 (MW 185 kDa) & 32. 
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7.3.3 Distribution and concentration of IgA in breast milk 

The question of whether ovalbumin in breast milk might be present in complex with 

IgA was further evaluated by the measurement total IgA concentration in a selection 

(n=3) of the samples. In all cases the OVA profile showed no overlap with the 

distribution of IgA (BM 92, IgA concentration peaked in fractions 22-24, MW 430-

530 kDa), supporting the interpretation that ovalbumin in the positive fractions was 

most likely present as free antigen. 
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Figure 7.8 Total IgA concentration and distribution - breast milk, BM 92. 
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Figure 7.9 Total IgA concentration and distribution - breast milk, BM 86. 
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Figure 7.10 Total IgA concentration and distribution - breast milk, BM 15. 

Figures 7.8-7.10 Total IgA (red bars) was measured by ELISA in each of the fractions of 
breast milks, BMs 92, 86 & 15 (for method detail, see 2.5.3). IgA was not found in the 
fractions containing ovalbumin (blue line). The two profiles did not overlap. 

7.3.4 Distribution and concentration of ovalbumin IgG in breast milk 

BM 92 had a small OVA peak in high MW fractions (185 kDa) raising the possibility 

of allergen in complex. Since these fractions did not contain IgA (figure 7.8), the 

distribution and concentration of specific IgG were also evaluated. OVA G was 

found in a low concentration peak adjacent to the high MW OVA peak (figure 7.11). 

This raised the possibility that a very small proportion of breast milk ovalbumin may 

be complexed with IgG. In comparison to the proportion of free antigen, the 

complexed form was of secondary, and likely limited functional, importance. 
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Figure 7.11 Ovalbumin IgG distribution and concentration - breast milk, BM 92. 

Ovalbumin IgG concentration (red bars) was measured in fractions of BM 92 by ELISA (for 
method detail, see 2.5.1). Ovalbumin specific IgG was found in a low concentration peak next 
to the high MWOVA peak (blue line) in fractions 31(MW 185 kDa) & 32. 

7.3.5 Western blotting of breast milk 

Western blotting of breast milk, BM 86, after being run on SDS-PAGE under 

reducing conditions, showed the presence of ovalbumin in the positive fractions only, 

supporting assay validity and the data interpretation. In this 'positive' lane (figure 

7.12) there were at least 2 bands in the ovalbumin region, both of MW lighter than the 

intact protein, ftirther suggesting that the protein had been altered in the course of 

entero-mammeric transport. 
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Figure 7.12 Western blot breast milk, BM 86 (run under reducing conditions). 
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Figure 7.12 Breast milk, BM 86 was Western blotted (for method see 2.5.6 & 2.5.8). Positive 
fractions (+) were run with negative fractions (-) and an OVA control (C). They were probed 
with either rabbit anti-ovalbumin (Anti-OVA) or a rabbit IgG isotype control Only the 
positive fractions gave a signal in the OVA region. This signal was from at least 2 bands with 
lighter MW than intact O VA indicating a degree ofprocessing of the breast milk protein. A 
number of other bands are apparent These are due to non-specific binding, as evidenced by 
their presence on the isotype control blot (pink arrows), and are most likely due to protein 
overload in the well. 

7.4 Discussion 

Allergen exposure, particularly in the postnatal period, has been implicated as a major 

determinant of whether a baby at high risk of atopy actually develops disease 

(244)(245)(247) ^ regards dietary allergens, breast milk provides an rich source for 

exposure in early life (1̂ X253X257) jjowever, despite the recognition that breast milk is 

an important interface between mother and baby, little is known about the mechanism, 

or control of antigen passage between the two. Therefore, this work set out to further 

characterise postnatal ovalbumin exposure via breast milk. Breast milk samples were 

separated according to the molecular weights of their components. Detection of 
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ovalbumin in these fractions then permitted the construction of a size profile, from 

which ovalbumin form might be inferred. 

The results of this work were clear-cut. In all samples OVA was present in fractions 

that formed a uniphasic low MW peak, suggesting that the dietary ovalbumin 

encountered in postnatal life via breast milk was a free protein. This is in contrast to 

the transplacental route. In cord blood OVA was found in both free and complexed 

forms, the form being regulated by the presence of specific IgG (chapter 6). IgA is 

the immunoglobulin that predominates in breast milk The plasma cells 

that produce IgA home to the interstitium underlying the mammary secretory cells 

after migrating from the lymph tissue in the intestine (Beyer's patches) and bronchial 

tree. This secretory IgA provides protection at the mucosal surface likely to be the 

first site of microbial encounter. IgA mainly exists as dimers in breast milk (dimeric 

secretory IgA, MW 415 kDa). No ovalbumin was found in fractions of appropriate 

corresponding MW: moreover, the lack of overlap between the IgA and ovalbumin 

profiles (figures 7.8-7.10) supported the conclusion that ovalbumin did not exist as 

OVA-IgA complexes. It might be argued that complexed OVA was present in high 

MW fractions but that the polymeric secretory IgA 'blocked' antigen recognition by 

the detector antibody, as was postulated for specific IgG in some serum samples 

(chapter 3). However, since serum samples with such an inhibitory capacity were 

'unmasked' by fractionation, revealing the presence of antigen in free and complexed 

forms, so this was unlikely to be the case. 

Breast milk BM 92 was the only sample that produced a second small OVA peak in 

the region of 185 kDa (figure 7.7). When the distribution of ovalbumin IgG was 

plotted this revealed a low concentration of OVA G in the same fractions (figure 

7.11). The presence of OVA-IgG complexes in this milk is therefore a possibility, but 

in the context of an overwhelming quantity of free protein, the finding is unlikely to 

have a functional significance. 

As was seen for OVA negative serum samples, intact breast milks without OVA were 

noted to have detectable allergen after fractionation. The fractionation process is 

recognised to be able to improve assay sensitivity by dispersing a complex fluid. This 

methodological feature may also explain why the negative breast milks, which had 
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undergone a further processing step prior to fractionation, were found to contain 

higher quantities of ovalbumin. What can be concluded from these cord and breast 

milk data is that allergen exposure through maternal routes may be a universal 

finding. How extremely low dose antigen exposure, below the limit of the 

conventional detection method, relates to infant allergic sequelae is likely to be a 

complex issue. 

The breast milk ovalbumin peak overlapped that of the calibrator ovalbumin but was a 

maximum at MW 29-33 kDa (approximately)(for e x a m p l e , 7 . 5 ) , which 

compares to a known MW of 44-45 kDa for the protein. This finding is reminiscent 

of the data presented in chapter 6, where serum sample ovalbumin was found to elute 

later (at lower MW) than calibrator ovalbumin, but at the same time as a spiking dose 

of ovalbumin. This raised the question of whether a 'matrix effect' of serum might 

retard the progress of the protein down the column gel. It is possible that breast milk 

may have a similar property, though in this work the profile of a spiking dose of 

ovalbumin was not evaluated. Clearly, it is also possible that the protein may be 

presented to the neonatal immune system in fragmented form. Indeed, Western 

blotting showed the presence of at least 2 bands, which might represent ovalbumin 

peptides (figure 7.12). Alteration of the protein as the ingested allergen traverses the 

maternal gut, circulation and mammary epithelium might be an obvious expectation, 

but hitherto has not been described. 

The exact mechanism by which a dietary allergen such as ovalbumin is transported 

into milk remains uncertain. IgA is transferred into breast milk by a mechanism that 

involves receptor-mediated endocytosis, transcellular passage and secretion into the 

lumen The significant direct correlation between OVA quantity and specific IgA 

concentration noted previously (chapter 4) had raised the possibility that IgA might 

carry OVA, as a 'bystander', in complex, into the milk. These current data would 

argue against such a mechanism. However, as a number of other intact proteins, such 

as insulin and prolactin, are thought to cross the mammary epithelium by transcytosis 

(380)(38i)̂  it is entirely possible that a similar process could exist for ovalbumin. 

Again the ultimate question is what consequence might antigen form in breast milk 

have for allergic sensitisation of infants at genetic risk of atopy? Since secretory IgA 
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protects the gut mucosal surface by binding large foreign antigens, preventing 

epithelial attachment and so promoting elimination through gut peristalsis, it might be 

reasonable to hypothesise that allergen in free form could exert a greater influence on 

the neonatal immune system than could complexed allergen. 

The gut mucosa is a highly developed immunological organ T-cells are found 

between epithelial cells at certain parts of the small intestine, or are grouped in 

lymphoid aggregates or follicles. Peyer's patches are well-organised structures, 

comprising 30 - 40 lymphoid follicles, found in the distal jejunum and ileum. They 

are capped by microfold or 'M' cells that lack a brush border and are specialised for 

the capture and transport of antigens. Thin extensions of these cells surround 

lymphoid cells, macrophages and dendritic cells in the underlying dome region of the 

patch and beneath the dome region are B-cell zones surrounded by T-cells, most of 

which are CD4+. Accordingly, these structures are well adapted for antigen 

processing and presentation and furthermore they are well developed by the time of 

birth Thus, exposure of these cells to breast milk-derived ovalbumin might result 

in the induction of an immune response. 

This work has continued to contribute to our knowledge regarding the role of breast-

feeding in the aetiology of allergic disease. The association of allergy with breast-

feeding is a contentious issue and is likely influenced by inter-individual variation in 

composition, often genetically determined (2i3)(2i4)(382) underlying disease 

expression is the prerequisite for allergen exposure. These current data have further 

characterised this exposure in terms of antigen form, which, in turn, has added to our 

understanding of the mechanism of breast milk induced antigen-specific immune 

reactivity. 
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Chapter Eight 

Investigation of the functional affinity of serum ovalbumin 

IgG 
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Chapter 8 

Assessment of the functional affinity of serum ovalbumin IgG 

8.1 Aims 

Whilst it is generally accepted that an IgE-dependent mechanism underlies Type I 

hypersensitivity reactions, the possible role of IgG in the allergic process is not so 

well defined. IgG antibodies to airborne allergens have been noted to correlate 

closely with specific IgE in atopic individuals and both protective 

anaphylactic functions (384)(385)(386)̂  inhalant "̂ ^̂ ''and food allergy have been 

ascribed to them. 

The work presented so far in this thesis has supported the concept of a significant role 

of serum specific IgG in the allergic mechanism and has also suggested that a 

modulatory function may be in place in the antenatal period. IgG has been shown to 

play a unique role in allergen carriage to the fetus, since ovalbumin in complexed 

form was entirely dependent on the presence of circulating ovalbumin specific IgG 

(chapter 6). This suggested that serum concentration was a fundamental property of 

immunomodulatory IgG. Concentration was also implicated in a further possible 

regulatory role of IgG, namely epitope recognition. The OVA-specific antibodies 

used in the antigen detection system were able to recover ovalbumin from serum in 

amounts that were inversely proportional to the concentration of ovalbumin IgG in the 

same sample (chapter 3). If such a phenomenon also occurred in vivo, then this could 

have implications for priming, since presentation of immunogenic epitopes to the cells 

of the immune system is a prerequisite for immune reactivity. This is supported by 

the observation that non-atopic individuals exposed chronically to airborne 

occupational allergens frequently have elevated IgE but no allergic symptoms 

which has been attributed to high titre specific IgG inhibiting, or 'blocking', epitope 

recognition by sensitised mast cells or basophils. 

The appreciation that a second property of IgG, namely antibody avidity/functional 

affinity, might be an additional regulatory factor has also evolved in the preceding 

chapters: maternal serum samples from different individuals could have detectable, or 
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conversely, non-detectable, non-recoverable ovalbumin, despite having comparable 

concentrations of ovalbumin IgG (chapter 3). Therefore, antigen detection was not 

solely dependent on specific IgG levels. Samples without ovalbumin were observed 

to have a 'blocking' capacity of a degree that ranged between the need for more 

sensitive detection, to requiring total IgG depletion, in order to reveal the allergen 

Antibody avidity or functional affinity describes the strength of antigen-antibody 

binding. Strong, multiple interactions between ovalbumin and specific IgG afforded 

by high affinity/avidity immunoglobulin could inhibit recognition of allergenic 

epitopes. Therefore, the hypothesis of the current study was that those samples 

without demonstrable allergen recovery were of a higher affinity than those with 

recoverable protein. 

Just as the contribution of IgG concentration in allergic mechanisms is a contentious 

issue, so there are opposing reports of the functional consequences of high affinity 

immunoglobulin. High affinity antibodies more efficiently clear microbes, perhaps by 

enhanced opsonisation, than low affinity antibodies Indeed excessive production 

of low affinity antibodies has been considered an expression of immunodeficiency 

On the other hand, high affinity IgE to Der p2 promoted basophil histamine 

release suggesting that in the atopic individual the enhanced biological activity of 

higher avidity immunoglobulin may lower the threshold of symptom manifestation 
(390) 

A variety of methods have been proposed to measure antibody avidity, including 

ammonium sulphate precipitation and solid phase immunoassay This work 

employed a modified ELISA using the chaotropic agent, ammonium thiocyanate, to 

disrupt antigen-antibody complexes. The method, first described for rubella virus 

and E Coli polysaccharide was adapted and validated for the current application. 
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8.2 Samples and methods 

8.2.1 Samples 

8.2.1.1 Maternal sera 

Maternal serum samples (n=16) from pregnant women (2.2.3) were selected for this 

analysis. No sample had detectable ovalbumin (chapter 4). For each sample 

ovalbumin specific IgG (OVA G) concentration (expressed as Arbitrary Units, AU) 

was known (chapter 5). Sera were grouped according to whether they permitted 

(n=7) (recovery +) or inhibited (n=9) (recovery -) the recovery of a spiking dose of 

ovalbumin (chapter 3). Sample characteristics are outlined in table 8.1. 

Table 8.1 Sample characteristics for functional affinity - maternal sera. 

Recovery + Recovery -

ID OVA G (AU) ID OVA G (AU) 

M104 0.54 M107 0.45 

M123 1.23 M117 &59 

M126 0.57 M118 0.31 

M128 0.27 M127 :i68 

M141 1.75 M131 1.78 

Ml 43 0.7 M132 2J:2 

M146 1.21 M134 0.96 

M140 2 j 7 

M145 2.05 

8.2.1.2 Matched maternal and cord sera 

In order to evaluate the relationship between maternal and infant IgG functional 

affinity, maternal sera at delivery and matched cord sera (n = 6), selected from this 

same study cohort (2.2.3), were also analysed. Sample characteristics are shown in 

table 8.2. 
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Table 8.2 Sample characteristics for measurement offunctional affinity - matched 

MMfgrwa/ corf/ fgra. 

Maternal Cord 

ID OVA G (AU) OVA G (AU) 

100 0.45 0.61 

106 0.28 0.27 

107 0.17 0.37 

108 1.45 2.23 

123 0.76 0.75 

128 0.29 0.27 

131 0.94 0.93 

8.2.2 Infant atopic evaluation 

The infants bom to the women analysed in this investigation were evaluated for atopic 

disease as described previously (2.4). In this analysis, skin prick test (SPT) positivity 

to one or more of a panel of common dietary and inhalant allergens at 6 months of age 

was used as a measure of atopy. A weal diameter > 2 mm, in the presence of 

appropriate negative and positive (histamine) controls, was considered to be a positive 

reaction. 

8.2.3 Method 

8.2.3.1 Principle 

The technique is based on the susceptibility of antigen-antibody complexes to 

dissociation by the chaotropic ion, thiocyanate. The indirect ELISA for measurement 

of ovalbumin specific IgG concentration (2.5.1) was modified to include an additional 

incubation step of antigen-immunoglobulin with increasing concentrations of 

ammonium thiocyanate (AT) before detecting the remaining bound IgG. The 

molarity of ammonium thiocyanate required to reduce the initial absorbance by 50% 
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represented the affinity index. Thus the higher the functional affinity of specific IgG, 

the higher the affinity index. 

8.2.3.2 Optimisation 

8.2.3.2.1 Evaluation of elution of bound antigen 

In order to ensure that changes in absorbance were due to thiocyanate dissociation of 

IgG-OVA complexes, and not to disruption of the coating antigen, the elutional effect 

of the chaotrope on the antigen bound to the microtitre wells was evaluated. 

The indirect ELISA was performed as in 2.5.1. All general materials, including 

reagents, buffers and apparatus, used were as described previously (2.1). 

Briefly, microtitre plates were coated with 100 pi OVA or BSA at 100 pg/ml. The 

wells were washed once with 200 jul assay buffer and then blocked for 1 hour with 

200 pi blocking buffer. The wells were again washed once with assay buffer before 

incubating with 100 pi of antibody buffer, 0.1 M sodium phosphate buffer pH 6.0 or 

ammonium thiocyanate (Promega) in O.lM phosphate buffer, concentration 1- 4 M, 

for 30 minutes. The plates were washed 3 times with 200 pi wash buffer and then the 

serum pool standards (2.2.6), serially diluted in antibody buffer, were added in 

duplicate to the wells (100 pi per well). The wells were incubated for 1 hour, then 

washed 3 times with wash buffer and incubated with 100 pi HRP-conjugated rabbit 

anti-human IgG (Dako), diluted 1:6000 in antibody buffer. After 1 hour the plates 

were washed a further 3 times with wash buffer. Bound IgG was detected by 

incubating 100 pi TMB in each of the wells for up to 30 minutes. The reaction was 

stopped by the addition of 50 pi IM sulphuric acid and the colour change read at 450 

nm. Absorbances from the untreated and treated wells were plotted against serum 

pool dilution after subtracting the absorbance from the matched wells on the control 

BSA plate from the absorbance obtained from the OVA coated wells. 
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As shown in Figure 8.1, ammonium thiocyanate, but not the phosphate buffer, eluted 

the bound antigen in amounts that increased in proportion with the molarity of the 

chaotrope. 

Figure 8.1 Ammonium thiocyanate elution of coating antigen. 

0.005 0.01 0.015 

Serum pool dilution 

0.02 

Figure 8.1 A modified ELISA for measurement of OVA G concentration was performed (8.2.3). The 
absorbances produced by the serum pool (orange diamonds) were diminished at each dilution by 
prior incubation of the antigen coated plates with ammonium thiocyanate, indicating antigen elution. 
The reduction was directly related to the concentration of AT: thus the greatest reduction was with 
4MAT (red circles) and the least with 1M AT (turquoise triangles). 2MAT is shown in pink crosses 
and 3M in light blue squares. There was no elution with 0. IMphosphate buffer pH 6.0 alone (dark 
blue squares). 

8.2.3.2.2 Increasing concentration of coating antigen concentration 

In order to evaluate if an increased concentration of coating antigen might compensate 

for the elution associated with the treatment process, the experiment was repeated as 

in 8.2.3.2.1 except that a coating antigen concentration of 200 pg/ml was compared to 

100 pg/ml. 

As shown in figure 8.2, the elutional effect was neither diminished, nor eliminated by 

increasing the coating antigen concentration. 
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Figure 8.2 Coating concentration of 100 jug/ml v 200 jug/ml. 
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Figure 8.2 Increasing the coating antigen concentration from 100 to 200 jj^g/ml made no difference to 
the elution effect. The absorbances of the serum pool (orange diamonds) were diminished on prior AT 
treatment of the ELISA plate, the effect increasing in proportion with the molarity of AT-shown in red 
squares for 4M, blue triangles for 3M and pink squares for 2M. 

8.2.3.2.3 Reducing volume and incubation time of ammonium thiocyanate 

In order to assess if a reduced volume and/or incubation time of AT prevented the 

elutional effect, the experiment was repeated as in 8.2.3.2.1 except that the wells were 
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incubated with either 50 p.1 or 100 pi of antibody buffer, 0.1 M phosphate buffer or 

AT in various concentrations, for either 15 or 30 minutes. 

In order to maximise binding of coating antigen, all plates were incubated at 37^C for 

2 hours before storing at 4*̂ 0 overnight. Also, wash steps were performed with assay 

buffer (no tween) in order to limit antigen disruption. 

As shown in figure 8.3, a smaller volume of AT diminished the elutional effect. With 

50 jLil of chaotrope, antigen limitation, as reflected by a diminution of serum pool 

absorbance, was restricted to the highest concentration of standard. There was no 

further benefit of reducing the incubation time from 30 minutes to 15 minutes. 

Figure 8.3 Coating antigen elution - varying volume and incubation time of AT. 

Figure 8.3(a) A 50 /J volume of AT & 15 minute incubation time. 
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a 0 .8 -

-0.4 

0.005 0.01 0.015 

Serum dilution 

0.02 

Figure 8.3(a) A 50 fd volume of AT was incubated with the plates for 15 minutes. With this 
regimen there was no evidence of antigen limitation (elution) by 2M AT (pink squares) at any 
serum pool dilution. For 3M AT (blue triangles), there was only evidence of antigen limitation at 
the most concentrated serum pool (orange diamonds) dilution (1:50). 
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Figure 8.3(b) 50 fd AT & 30 minutes incubation. 
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Figure 8.3(b) A 50 fil volume of AT was incubated with the plates for 30 minutes. With this 
regimen there was no evidence of antigen limitation by 2M A T (pink squares). The difference 
between untreated (orange diamonds), and 3M treated (blue triangles), serum standard 
absorbance was <10% at 1:200 dilution and 12 % at 1:50 dilution, indicating very mild 
antigen elution and limitation, particularly at high serum concentration. 

Figure 8.3(c) 100 ^ AT & 15 minutes incubation. 
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0.015 0.02 

Serum dilution 

Figure 8.3(c) A 100 fd volume of AT was incubatedwith the plates for 15 minutes. There 
was mild antigen limitation, reflected in a reduced standard pool absorbance (orange 
diamonds) at each serum dilution (by 12.5 — 24%), for both 2M (pink squares) and 3M (blue 
triangle) AT. 
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Figure 8.3(d) 100 fdAT& 30 minutes incubation. 
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Figure 8.3(d) The elutional effect of AT on coating antigen, reflected in a reduction of serum 
pool absorbance (orange diamonds), was more marked for 2M (pink squares) and 3M (blue 
triansles) AT at WO ul and 30 minute incubation. 

8.2.3.2.4 Reducing volume of serum 

A reduced volume of chaotrope was seen to alleviate antigen limitation. The 

experiment was therefore repeated using this regimen (50 fil AT, 30 minute 

incubation) but with 50 |j.l of serum in order to assess if this might completely 

eliminate the elutional effect by further promoting antigen excess. 

As shown in figure 8.4, with this protocol there was very little antigen limitation, even 

with 4M AT and the most concentrated serum. The standard curves of the serum pool 

incubated with untreated and treated plates now ran in parallel. 
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Figure 8.4 Antigen elution - effect of reducing serum volume. 
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Figure 8.4 When 50 /// serum was incubated with the wells the resultant standard curves showed no 
evidence of antigen limitation from plates treated with 2M (pink squares), 3M (blue triangles) or 4M 
(red crosses) AT compared to untreated plates (orange diamonds). 

8.2.3.3 Method 

The optimisation experiments clarified the regimen of ammonium thiocyanate 

treatment that minimised elution of coating antigen. Serum IgG affinity index could 

thus be measured by the modified ELISA. 

The method was as described in 2.5.1, but with the following modifications. 

Coated microtitre ELISA plates were incubated at 37^C for 2 hours and then at 4°C 

overnight. The plates were washed once with assay buffer, blocked for 1 hour and 

again washed once. Serum pool standards and test samples were diluted in antibody 

buffer. The test sera dilutions were those known by previous ovalbumin IgG assay to 

produce a sample absorbance that fell on the linear part of the reference curve. 

A 50 fil volume of standard or test sample was added in duplicate to the microtitre 

wells and incubated for 1 hour. After 3 washes with assay buffer, the wells were then 

incubated with either 50 pi of phosphate buffer or AT in phosphate buffer, 
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concentration 1 - 4 M, for 30 minutes. After a further 3 washes, bound IgG was 

detected by incubation of the wells with HRP-conjugated antihuman IgG and 

measurement of the enzyme-mediated TMB substrate colour change (8.2.3.2.1). 

8.2.3.3.1 Calculation of Affinity Index 

For each sample a graph of log lo (% of initial absorbance) versus molarity of AT was 

plotted. Initial absorbance was that obtained from wells with no chaotrope present. 

From this graph the molarity of AT inducing a 50% fall in initial absorbance was 

calculated. This represented the affinity index of the sample. 

8.3 Results 

8.3.1 Maternal sera 

The affinity indices of the maternal serum samples with known OVA recovery 

capacity are shown in tables 8.3 & 8.4. Affinity index ranged between 0.94 and 2.21, 

median 1.735. Atopic outcome at 6 months of age of infants bom to these women, as 

measured by skin prick test positivity, is shown alongside. 

Table 8.3 Affinity Indices of serum samples permitting detection of a spiking dose 

of OVA (recovery +). 

Recovery + 

ID Affinity Index Infant SPT 

Ml 04 0.54 1.75 negative 

M123 1.23 2.21 negative 

M126 0J7 L52 N/A 

A4128 &27 L82 negative 

M141 L75 1.73 N/A 

M143 0.7 2.04 negative 

M146 1.21 2.02 negative 
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Table 8.4 Affinity Indices of serum samples inhibiting detection of a spiking dose 

of OVA (recovery -). 

Recovery -

ID OVA G (AU) Affinity Index Infant SPT 

Ml 07 0.45 1.54 negative 

M117 0 J 9 1.45 negative 

M118 0.31 :i20 negative 

M127 2.68 0.94 positive 

M131 1.78 1.74 N/A 

M132 1.42 negative 

M134 046 1.45 positive 

M140 237 1.24 negative 

M145 2.05 1.78 positive 

There was no significant correlation between ovalbumin specific IgG concentration 

and affinity index. However, there was a trend for an inverse relationship whereby 

sera with the highest OVA G concentrations had the lowest affinity indices 

(r = -0.465, p=0.07. Spearman's) (figure 8.5). 
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Figure 8.5 Correlation between ovalbumin specific IgG concentration and Affinity 
Index. 

3.0 

2.4 

I o 
a o o 
O 
< L2 
§ 

.6 

1.8 

0.0 

0.0 

oo o 
o 

r=-0.465 
p-0.07 

o o 

1.2 1.8 2.4 3.0 

Affinity Index 

Figure 8.5 Serum relative avidity was measured by a modified ELISA using ammonium 
thiocyanate elution (for method, see 8.2.3.3). Sample relative avidity was expressed as an affinity 
index. No significant relationship between affinity index and ovalbumin specific IgG concentration 
was identified. 

Affinity index was found to be significantly higher in recovery + samples compared 

to recovery - sera (p=0.039, Mann-Whitney) (figure 8.6). There was no significant 

difference in affinity index according to maternal atopic status (p=0.212, Mann-

Whitney) or dietary intervention (p=0.958, Mann-Whitney) randomisation. 
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Figure 8.6 Affinity Index according to recovery characteristics. 
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Figure 8.6 Serum relative avidity was measured by a modified ELISA using ammonium 
thiocyanate elution (for method, see 8.2.3.3). Sample relative avidity was expressed as an affinity 
index. Serum samples previously shown to permit the recovery of a spiking dose of ovalbumin 
(Recov +) had significantly higher affinity indices than samples which prevented ovalbumin 
recovery (Recov —). 

8.3.2 Matched maternal and cord sera 

Affinity indices of maternal sera at delivery and matched cord sera were directly 

correlated, though failed to reach statistical significance using non-parametric analysis 

(r=0.714, p=0.071, Spearman's) (figure 8.7). 
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Figure 8.7 Correlation between maternal, and matched cord sera Affinity Indices. 
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Figure 8.7 Serum relative avidity was measured by a modified ELISA using ammonium thiocyante 
elution (for method, see 8.2.3.3). Maternal and matched cord serum affinity indices were directly 
related, though failed to reach statistical significance. 

8.4 Discussion 

It is becoming increasingly clear that the allergic phenotype results from a complex 

interaction between many different processes. One of these processes is likely to be a 

regulatory effect of serum IgG. Earlier work in this thesis has identified a relationship 

between IgG concentration and epitope recognition (at least by the specific anti-

ovalbumin antibodies of the detection ELISA) (chapter 3). This study aimed to 

further unravel the immunomodulatory role of IgG by identifying if there were 

interindividual differences in functional affinity of circulating IgG and how these 

might relate to epitope recognition, and by inference, immune reactivity. 

Serum samples without detectable ovalbumin were selected. A proportion of these 

inhibited antigen recovery when spiked with the protein. This observation provoked 
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the hypothesis that such sera might have a higher functional affinity for ovalbumin 

and hence were able to block epitope recognition. 

The functional affinity of serum IgG for ovalbumin was estimated using a modified 

ELISA incorporating thiocyanate elution. This validated technique has 

advantages over other methods by permitting measurement of the affinity of 

polyclonal antibodies - which recognise soluble antigens. However, it has not been 

used before in relation to food antigens. Interpretation relies on the chaotropic ion 

disrupting only the antigen-IgG complex and the optimisation experiments identified 

the importance of careful evaluation of this elution process. Non-specific elution of 

the coating antigen was found to depend on the volume of ammonium thiocyanate. 

The preliminary experiments thus permitted the development of a protocol whereby 

changes in absorbance could confidently be related to strength of antigen-antibody 

binding. 

No direct correlation between serum OVA G concentration and functional affinity 

was observed, as has been reported for circulating rubella IgG and for E Coli 

antibodies in serum and breast milk Indeed, there was a trend for an inverse 

relationship between the two, whereby sera with the highest OVA G concentrations 

had the lowest affinity indices (figure 8.5). 

In murine systems the mechanisms controlling antibody affinity are independent of 

those governing antibody levels These current data would support the existence 

of a similar mechanism in man. If there was a reciprocal control mechanism, which 

allowed for low antibody production to be compensated for by high functional 

affinity, then this could be postulated as conferring a survival advantage for the 

species by optimising pathogen clearance. Further work is needed to clarify this 

relationship. 

The hypothesis was that sera which were able to block antigen recovery would have a 

higher functional affinity than would those that permitted recovery. In fact the 

reverse was found (figure 8.6). Significantly higher functional affinity was associated 

with recovery positive sera. How might this be explained? 
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Serum IgG produced in response to an antigen is polyclonal in nature; - a number of 

clones produce and secrete antibodies of varying affinity for the antigen. The current 

method allows for estimation of the average avidity of the sample. Therefore, 

recovery - samples, though of lower average avidity, might well have clones of high 

affinity IgG in excess of the spiking dose, and so still be capable of binding to the 

exogenous OVA and inhibiting detection. A better indicator of avidity might have 

been the measurement of the affinity distribution, since this will take into account the 

heterogeneous nature of IgG affinity Of course, an alternative explanation might 

be that higher avidity IgG, under certain circumstances, promotes antigen detection. 

Recovery is dependent on the in vitro detection system encountering antigen as well 

as being able to bind to it. It could be argued that complexing the entire spiking OVA 

dose with specific IgG might increase the chances of the detector antibodies 

encountering antigen. 

These data provide further evidence for a close mother-baby immunological dyad. 

Just as infant specific IgG at birth significantly correlated with maternal IgG 

concentration (figure 5.5), so the evidence from this work was that the infants' IgG 

functional affinity correlated with that of their mother's (figure 8. 7). Thus, variations 

in the maternal immune system may modulate the developing immune response, with 

implications for immune reactivity - including antigen tolerance or sensitisation. In 

this study there are insufficient numbers to draw any conclusions regarding 

circulating IgG avidity and infant allergic outcome, though it is tempting to speculate 

that higher avidity promotes immune tolerance. At 6 months of age, no infant bom to 

a recovery + mother (higher functional affinity) was atopic, as measured by positive 

skin testing, whereas 3/8 (37.5%) infants bom to recovery - mothers were sensitised. 

To conclude; in this work a rapid and simple method for measurement of antibody 

functional affinity has been developed. Significant differences between individuals 

were identified indicating that antibody avidity, as well as titre, should be considered 

when investigating the immunological role of IgG. These preliminary data were 

derived from a small number of subjects. It will be essential to increase the sample 

size in order to characterise fully how inter-maternal differences in specific IgG 

functional affinity, particularly in relation to a change in concentration induced by 

dietary intervention, relate to subsequent infant allergic outcome. The close 
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immunological interaction between mother and baby underlines the importance of 

research aimed at understanding the maternal factors regulating the immune response 

and how these may direct infant atopic phenotype. 
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Chapter Nine 

IgG and subclass responses to egg sensitisation in the first 5 

years of life 
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Chapter 9 

IgG and subclass responses to egg sensitisation in the first 5 years of life 

9.1 Aims 

A role for serum IgG antenatally in the pathophysiology of infant atopy in at-risk 

pregnancies has been suggested by earlier work in this thesis. Maternal IgG may 

dictate the form in which allergen is presented to the fetus (chapter 6), and may even 

determine whether the fetus is exposed to allergen at all (chapters 3 & 8). 

Postnatally, serum IgG continues to be implicated in the allergic process. High levels 

of specific IgG have been found in food allergic children and adults while 

raised egg specific IgG in infancy has been associated with an increased risk of 

developing elevated IgE to food or inhalant allergens in both high-risk 

and unselected populations Such observations raise the possibility of a 

predictive value of IgG measurement for later IgE-mediated disease. 

Measurement of IgG subclasses has given further information on the relationship 

between IgG and atopy. Significantly higher levels of IgGl and IgG4 were measured 

in infants with raised IgE and allergic disease while Jenmalm et al 

identified differences in concentrations of specific G subclasses to ovalbumin, birch 

and cat allergen between atopic and non-atopic children 

Several studies have reported an association of raised egg IgG with later atopic 

disease a relationship already noted for egg IgE sensitisation 

early appearance, at 6 months age, of a dichotomous egg specific IgG and subclass 

pattern, between atopic and non-atopic children (̂ 53) is therefore encouraging of using 

IgG and IgG subclass measurement to predict later onset IgE-mediated disease. 

The finding that infants with persistent sensitisation to foods had a 3-5 fold greater 

risk of developing allergic airways disease than transient food sensitisation was 

central to the work in this chapter Previous studies of humoral responses have 

not distinguished between these 2 categories. The aim of this investigation was 
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therefore to evaluate the pattern of ovalbumin IgG and subclass responses over the 

first 5 years of life according to egg sensitisation status and subsequent allergic 

phenotype. 

9.2 Subjects, samples and methods 

9.2.1 Subjects & samples 

Plasma samples were available from an archive collection of blood specimens 

obtained from babies bom to at least one atopic, asthmatic parent (kindpermission of 

Dr J A Warner) (2.2.5). Plasma samples were prepared from blood collected at birth 

(umbilical cord) and at 6 months, 1 year and 5 years of age. 

Clinical outcomes of the babies, assessed at 6 months age, and annually between 1 

and 5 years of age, were known. Children were classified as asthmatic if they had 

episodic (frequent or infrequent) or chronic wheeze. Non-asthmatic children were 

those with no respiratory symptoms, only cough or transient wheeze. Skin prick 

testing (SPT) to a panel of common dietary and inhalant allergens had been carried 

out at these assessments from 1 year of age. A weal diameter > 2 mm, in the presence 

of appropriate negative and positive (histamine) controls, was considered to be a 

positive reaction. 

A subset of the cohort was used for this analysis. Blood samples from children who 

were egg sensitive (ES) (n=21), and control samples from non-egg sensitive children 

(NES) (n=25) were selected. The egg sensitive group was further categorised into 

those with transient egg sensitivity (positive egg SPT at 1 year age only) (n=9) and 

those with persistent egg sensitivity (positive egg SPT for at least 2 years) (n=12). 

The control group was randomly selected based on subjects with a complete set of 

blood samples at the 4 time points. They comprised children who had at least one 

positive SPT to an allergen other than egg at any time point (n=14) (atopic, non-egg 

sensitive) and a group who never had a positive SPT (n=l 1) (non-atopic, non-egg 

sensitive). 
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9.2.2 Laboratory methods 

]]LisrrKi()v;iH}Luitui Ig(} (0T//1 G),I|3(}1 Gl) and G4) 

concentrations were measured by in-house indirect developed and optimised 

as previously described (2.5.1 & 2.5.2). 

Sample dilutions varied according to the ELISA being performed (table 9.1). 

Table 9.1 Standard <6 sample dilutions for ovalbumin IgG & G subclass ELISAs. 

Concentrations of human IgG 

calibrator serum (Binding site) 

Sample dilution 

IgGl 0.39 Ng/ml -100 p,g/ml IgGl I: I 00 

IgG4 0.16 p,g/ml -20 p,g/ml IgG4 1:50 

IgG 0.73 ng/ml -188 ng/ml IgG 1:100 

Samples with absorbances above the reference curve were repeated at higher dilution 

such that the absorbance fell on the linear part of the reference curve. Samples from 

an equal number of egg-sensitive and non-egg sensitive subjects were run on the same 

day. Where possible, all measurements for an individual sample were carried out at 

the same analysis. 

9.2.3 Calculation of specific IgG and IgG subclass concentrations 

The mean absorbance for the standards and samples obtained from the BSA-coated 

control plate was subtracted from the mean absorbance obtained ^-om the allergen-

coated plate. A reference curve of standard absorbance versus concentration was then 

constructed, on which the standard serum concentrations of ovalbumin (total) IgG and 

IgG subclasses were denoted as arbitrary units (AU). Sample absorbance was 

compared to the reference curve and concentration of OVA G and subclasses 

expressed in AU, after taking into account the dilution of the sample. 
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9.3 Results 

Ovalbumin IgG concentration of the whole group fell between birth and 6 months age 

(p=0.036, Wilcoxon), rose again by 1 year age (p=<0.001, Wilcoxon) and remained 

elevated at 5 years age (figure 9.1). 

Figure 9.1 Change in ovalbumin IgG concentration over the first 5 years of life. 
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Figure 9.1 Plasma OVA G concentration was measured by indirect ELISA (2.5.1) at 4 time points 
through the first 5 years of life in selected samples from a birth cohort at genetic risk of atopy. The 
measurements revealed that the concentration fell to a nadir at 6 months, rose by 1 year and 
remained elevated at 5 years of age. 

However, on analysing OVA G kinetics according to egg sensitivity status, two 

different patterns emerged depending on whether the children were egg SPT positive 

or not. Only the non-egg sensitive group displayed the previous pattern of fall in 

concentration from birth to 6 months (p=0.015, Wilcoxon), rise by 1 year (p=<0.001, 

Wilcoxon), continuing to 5 years (p=0.048, Wilcoxon). The egg sensitive group had 

no significant change in OVA G concentration from birth to 6 months, and 

concentration peaked at 1 year of age (p=0.003, Wilcoxon) (figure 9.2). 
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Figure 9.2 Change in ovalbumin IgG concentration from birth to 5 years according 
to egg sensitivity status. 
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Figure 9.2 Ovalbumin IgG concentration was measured at birth (maicve boxes), 6 months 
(yellow boxes), 1 year (blue) and 5 years (pink) of age in selected samples collected from egg 
sensitive (ES) (Egg SPT +) and non-egg sensitive (NES) (Egg SPT-) children. A difference 
between the categories was observed: only Egg SPT - children had a drop in concentration from 
birth to 6 months, OVA G rising by 1 year and again at 5 years of age. Egg SPT + children had 
no decline in OVA G in the first 6 months and concentration reached a peak at 1 year of age. 
Egg SPT + children had significantly higher OVA G concentration at 6 months and 1 year than 
had Egg SPT- children. 
The chart colour coding above for ovalbumin IgG and subclass concentration measurements 
at the 4 time points through the 1st 5 years of life is continued in all subsequent figures. 

Measurement of ovalbumin IgGl concentration at the 4 time points revealed a similar 

pattern to OVA G, though the fall in OVA G1 concentration from birth to 6 months of 

age in the non-egg sensitive group failed to reach significance in this analysis (figure 

9.3). Ovalbumin IgG4 concentration, for both ES and NES children, was significantly 

lower than OVA G1 at all time points (ES & NES: p<0.001, Wilcoxon). Both groups 

showed a significant fall in OVA G4 concentration from birth to 6 months (ES & 

NES: p=< 0.001, Wilcoxon) and rise by 1 year (ES: p=0.005, NES: p=0.05, 
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Wilcoxon), which reached a maximum at 5 years of age (ES & NES: p=0.001, 

Wilcoxon) (figure 9.4). 

Figure 9.3 Change in ovalbumin IgGl concentration from birth to 5 years according 
to egg sensitivity status. 
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Figure 9.3 Ovalbumin IgGl concentration was measured by indirect ELISA (2.5.2) at 4 time 
points through the 1"' 5 years of life in selected samples from egg sensitive (ES) (Egg SPT +) and 
non-egg sensitive (NES) (Egg SPT -) children. The measurements revealed that the profile 
differences between ES and NES children mirrored those of OVA G (figure 9.2). ES children had 
significantly higher OVA G1 concentration at 6 months and 1 year than had NES children. 
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Figure 9.4 Change in ovalbumin IgG4 concentration from birth to 5 years according 
to egg sensitivity status. 

5 
§ 

1 
1 o 

O 

o 

6000 

4000 • 

2000 

0-

-2000 

^=0.00^ 

^0.001 

D=0.005 p=0.05 

N = 18 18 

Egg SPT + Egg SPT -

Figure 9.4 Plasma ovalbumin IgG4 concentration was measured by indirect ELISA (2.5.2) at 4 
time points from birth till 5 years of age in samples selectedfrom egg sensitive (ES) (Egg SPT +J 
and non-egg sensitive (NES) (Egg SPT-) citildren at genetic risk of atopy. In contrast to OVA G 
and Gl, the measurements revealed that the OVA G4 profile was the same for both groups -
namely, there was a fall in concentration over the first 6 months of life followed by a continued 
rise to 5 years of age. 

OVA G concentration was significantly higher at 6 months (p=0.028, Mann-Whitney) 

and at 1 year of age (p=0.038, Mann-Whitney) in egg sensitive children compared to 

non-egg sensitive children (figure 9.2). Similarly, OVA Gl concentration was 

significantly higher in this group at 1 year (p=0.046, Mann-Whitney), with a strong 

trend for a higher concentration at 6 months age (p=0.052, Mann-Whitney) (figure 

9.3). In contrast, OVA G4 concentration showed no significant differences between 

the two groups at any of the 4 time points. 

Humoral responses were further evaluated according to the four categories of ES and 

NES subjects, namely, transiently egg sensitised (transient ES), persistently egg 

sensitised (persistent ES), atopic but not egg sensitised (atopic, NES) and non-atopic 

& not egg sensitised (non-atopic, NES). 
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The profiles for OVA G and G1 were similar (figure 9.5). 

Persistent ES children: from birth to 6 months there was no significant change in 

OVA G concentration, whilst OVA G1 rose significantly (p=0.028, Wilcoxon). At 6 

months age this group had significantly higher OVA G and G1 concentrations than 

the non-atopic, NES category (p=0.001 & p=0.005, Mann-Whitney, respectively). 

Concentrations continued to rise from 6 months to 1 year of age (OVA G, p=0.017; 

OVA Gl, p=0.008, Wilcoxon), and at 1 year were higher than the concentrations 

measured in all the other categories (Transient ES; OVA G, p=0.021; OVA Gl, 

p=0.051. Atopic NES: OVA G, p=0.043; OVA Gl, p= 0.026. Non-atopic NES: 

OVA G, p=0.001; OVA Gl, p=<0.001. All Mann-Whitney). OVA G and Gl 

concentrations of the persistent ES group peaked at 1 year of age. 

Transient ES and atopic NES children-, these categories showed similar patterns of 

ovalbumin IgG and Gl responses. There was no significant change between birth and 

6 months, while concentrations rose at 1 year (OVA G; transient ES; p=0.091; atopic 

NES; p=0.001, Wilcoxon. OVA Gl; transient ES; p=0.043; atopic NES; p=0.004, 

Wilcoxon), remaining elevated at 5 years of age. There were no significant 

differences in OVA G or Gl concentrations between these categories at any time 

point. Transient ES had higher OVA G concentration at 6 months of age compared to 

non-atopic NES children (p=0.023, Mann-Whitney) but had no significant differences 

in OVA Gl concentration. Atopic NES children had significantly higher ovalbumin 

IgG and IgGl concentrations than non-atopic NES children at 6 months (OVA G, 

p=0.001; OVA Gl, p=0.014, Mann-Whitney) and 1 year of age (OVA G, p=0.014; 

OVA Gl, p=0.021, Mann-Whitney). 

Non-atopic NES children: by contrast this group had a significant fall in OVA G 

concentration (p=0.005, Wilcoxon), not observed in the other categories, and a trend 

for a fall in OVA Gl (p=0.091, Wilcoxon), from birth to 6 months. As was 

consistently observed, these specific immunoglobulins rose by 1 year (OVA G & Gl 

p=0.028, Wilcoxon) and remained elevated at 5 years of age. 
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Figure 9.5 Change in ovalbumin IgG & IgGl concentrations according to 
sensitisation category. 

Figure 9.5(a) Ovalbumin IgG concentration. 
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Figure 9.5(b) Ovalbumin IgGI concentration. 
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Figure 9.5(a) &(b) Ovalbumin IgG & IgGI measurements (method 2.5.2) across the f 5 years of life 
were compared in the 4 atopic categories. OVA G and OVA G1 had similar profiles within each 
category. A particular difference noted was a fall in concentration from birth to 6 months age in the non-
atopic NES group compared to a rise in the persistent ES group. Also, the persistent category had peaks 
in OVA G & G1 concentrations at I year of age and had significantly higher levels than the other 
categories at this time point. 

The change in OVA G4 concentration across the 5-year period was similar 

irrespective of atopic category: there was a significant drop from birth to 6 months 

(p=0.002 - p=0.018, Wilcoxon), and significant rise between 1 and 5 years of age 

(p=0.012 -p=0.043, Wilcoxon). In addition, the persistent ES subjects showed a 

significant rise in concentration between 6 months and 1 year of age (p=0.015, 

Wilcoxon). No significant differences in OVA G4 concentration were observed 

between the study categories, except at 1 year of age when persistent ES subjects had 

a higher ovalbumin IgG4 concentration than non-atopic NES subjects (p=0.022, 

Mann-Whitney) (figure 9.6). 
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Figure 9.6 Change in ovalbumin IgG4 concentration according to sensitisation 
category. 
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Figure 9.6 Ovalbumin IgG4 measurements (method 2.5.2) were compared in the 4 atopic categories. The 
OVA G4 profile was the same in all groups: OVA G4 concentration fell from birth to 6 months, rose by 1 
year and again by 5 years of age. Only the persistent ES group had a significantly higher concentration 
than the non atopic—NES group at 1 year of age. 

Asthmatic outcome at 5 years of age was analysed with respect to ovalbumin IgG and 

subclass concentrations. No association between OVA G or OVA G4 concentrations 

and asthma was observed, but significantly higher concentrations of plasma 

ovalbumin IgGl were found at birth (p=0.049, Mann-Whitney), 1 year (p=0.026, 

Mann-Whitney) and 5 years of age (p=0.036, Mann-Whitney) in children who were 

subsequently diagnosed with asthma (figure 9.7). At these time points no significant 

difference in OVA G1 concentration between asthmatic and non-asthmatic children of 

the four individual atopic categories was observed. 
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Figure 9.7 Ovalbumin IgGl concentration according to asthmatic outcome. 

p=0.026 

< § 

I 
o 
§ 
o 

o g 
o 

100000 

80000• 

60000 

40000 

20000 

0 

-20000 

p=0.036 

14 14 14 14 14 14 14 14 

Asthmatic Non asthmatic 

Figure 9.7 Ovalbumin IgGl concentration (method 2.5.2), measured through the f 5 years of life in 
samples selectedfrom children at genetic risk of atopy, was analysed with regard to asthma outcome 
(defined in 9.2.1). Those children who developed asthma had a significantly higher OVA 
G1 concentration at birth, I year & 5 years of age compared to those who did not develop asthma. 

A logistic regression model was constructed for the maximum likelihood estimation 

of the presence or absence of asthma (dichotomous variable) with OVA G1 

concentration (continuous linear effect). Measurements at 1 year of age were chosen 

since at this time point inter-category differences were most commonly seen. 

The model showed that an OVA G1 concentration of 14,500 AU predicted asthma 

(p=0.017, Chi^) (table 9.2) with a sensitivity of 64% and specificity of 74%, and an 

area under the receiver operator characteristics (ROC) curve of 70.3% (figure 9.8). 
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Figure 9.8 ROC curve: asthma outcome by oyalbumin IgGl concentration at 1 year 
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Figure 9.8 An ROC curve was plotted for asthma outcome as a dichotomous variable and 
ovalbumin IgGl at 1 year of age as a continuous linear effect. This plot of sensitivity (true positive) 
against 1-specificity (false positive) enabled selection of an arbitrary cut-off value of subclass 
concentration for the diagnosis of asthma. A value of at least 14,500 AU allowedfor the prediction 
of asthma with a sensitivity of 64% and specificity of 74%, and area under the curve of 70.3%. 

Table 9.2 Asthma outcome according to OVA G1 at 1 year of age. 

Asthma 

YES NO Total 

OVAGl >14500 AU 14 5 19 OVAGl 

<14500 AU 8 14 22 

Total 22 19 41 

p=0.017 
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9.4 Discussion 

This study has evaluated retrospectively IgG and IgG subclass responses to the 

common dietary allergen, hen's egg ovalbumin, over the first 5 years of life in a group 

of egg sensitive and non-egg sensitive children followed up to monitor the 

development of asthma. 

Consistent with other studies (̂ 39)(398)̂  OVA G concentration of the cohort fell from 

birth to 6 months age, reflecting the natural attrition of transplacentally acquired 

maternal antibody. Concentrations rose again by 1 year, most likely due to the 

introduction of egg into the infants' diet. However, on analysing the data according to 

egg skin sensitivity status, this predictable pattern was only observed for non-egg 

sensitive subjects, in particular, non-atopic, non-egg sensitive children. For the 

remaining categories OVA G concentration remained static over the first 6 months of 

life, an observation that can only be accounted for by the endogenous production of 

ovalbumin IgG. The infant weaning practices of this cohort were not monitored, but 

as a group at high-risk of allergy, delayed introduction of egg into the infants' diet 

was advised. In the absence of ingested egg, exposure to ovalbumin, with B-cell 

activation, could have occurred through maternal sources, either antenatally or via 

breast milk (chapter 4), or by adventitious contact with the antigen, for example, 

during food preparation 

Ovalbumin IgGl and IgG4 subclass concentrations were also measured. Evidence 

suggests that IgGl is Tyl, and IgG4 TH2 - dependent: in vitro studies on mitogen-

stimulated human lymphocytes have shown that IL-4 stimulated, and IFN-y inhibited 

IgE and IgG4 synthesis while birch allergen induced expression of IL-4 

correlated with serum specific IgG4, and IFN-y secretion with IgGl responses 

Measurement of these 2 subclasses therefore facilitated assessment of IgG responses 

in terms of THI / TH2 deviation. 

The kinetics of IgGl, the predominant IgG subclass, followed IgG closely with 

concentrations reaching a maximum by 1 year. Ovalbumin IgG4, present in 

significantly smaller quantities than specific IgGl, fell to a nadir at 6 months and rose 
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to maximum concentrations much later - at 5 years of age - a pattern also observed by 

Jenmalm et al and which may be explained by delayed maturation of IgG4 

production 

Differences in IgG responses between egg sensitive and non-egg sensitive children 

have been reported in earlier studies (348X392)̂  but none of these have distinguished 

between transient and persistent egg sensitisation. In this study clear differences in 

the pattern, and quantity, of IgG subclass responses were observed between these 

categories. 

The most striking differences were for ovalbumin IgGl. A significant rise in OVA 

G1 concentration from birth to 6 months age was unique to the persistently egg 

sensitised group. At 6 months age, these subjects had higher OVA G1 concentration 

than the non-atopic, non-egg sensitive children, and at 1 year of age had higher levels 

than all the other categories. In contrast, the transiently egg sensitised group showed 

no difference in OVA Gl kinetics from the atopic, NES group and no difference in 

quantities at any time point from non-egg sensitive children. 

Somewhat surprisingly ovalbumin IgG4 showed little difference between the atopic 

categories, but other authors have also found food-specific IgGl subclass antibodies 

to discriminate better between IgE-sensitised and non-sensitised children than IgG4 

antibodies Only the persistently egg sensitive children had higher levels 

compared with the non-atopic, non-egg sensitive children at 1 year of age. 

Taken together, these data have shown that persistently egg sensitised children have a 

distinctive pattern of ovalbumin IgG responses, with enhanced production of both 

IgGl and IgG4 subclasses, particularly at 1 year of age. This enhanced humoral 

responsiveness could be caused by the increased promotion of immunoglobulin 

synthesis by TH2 cells which characterise the atopic phenotype. Such a 

relationship of atopy with antibody production was also suggested by the current 

observation that atopic children, even though non-egg sensitive, had higher ovalbumin 

IgGl concentrations than had non-atopic children. 
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The clinical relevance of this finding is that egg skin sensitisation could be classified 

as transient or persistent, with major implications for stratification of risk of allergic 

disease by concurrent consideration of IgG humoral responses. The numbers in 

this study were limited and therefore clinical extrapolation must be guarded. 

However, the benefit for asthma prevention implied by these observations demands 

further work with increased subject numbers. 

Children diagnosed with asthma had significantly higher levels of ovalbumin IgGl 

than non-asthmatics at birth, 1 year and 5 years of age. This concurs with a Swedish 

study which reported atopic symptoms in the first 8 years of life to be associated 

with raised ovalbumin IgGl (also IgG and IgG3) concentration at 6 months of age. 

Since the majority of childhood asthma is atopic in nature and these data have 

shown atopy to be associated with a raised ovalbumin IgGl concentration in the first 

year of life, the observation was not unexpected. 

Since raised cord blood IgE is not a sensitive predictor of later atopy 

finding a more reliable marker of atopy would be of considerable benefit for 

implementation of secondary allergy prevention strategies. The association of high 

OVA G1 concentration and asthma is therefore of particular interest as a potential 

early marker for the later onset of respiratory allergic disease. Logistic regression 

analysis revealed that OVA G1 measurement (in excess of 14,500 AU) may predict 

the subsequent development of asthma with a sensitivity of 64%, a predictive 

performance that outranks that of (total) IgE measurement, either at birth 

or in infancy These data did not include measurement of specific IgE 

concentrations, though many studies have reported circulating IgE to be associated 

with high levels of IgG subclasses (343)(400)(4i5) raised egg specific IgE is itself a 

risk factor for later atopic disease, it is possible that measurement of specific IgG and 

subclasses in conjunction with specific IgE may offer a useful serological adjunct to 

secondary allergy prevention strategies. 
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Chapter Ten 

General discussion and plans for further work 
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Chapter 10 

General discussion and plans for further work 

10.1 Overview 

In an era when the prevalence of atopic disease has been steadily increasing, related 

research has been directed towards an understanding of the events that regulate the 

allergic cascade. Current treatments are aimed primarily at alleviating the symptoms 

of established disease and even the successful prevention of asthma with the use of 

the histamine receptor antagonist cetirizine was described only for a subgroup of 

children who already had moderately severe atopic dermatitis The ultimate 

therapeutic targets for allergy must therefore be the events resulting in the initiation 

and propagation of the allergic cascade. Much evidence points to early life as a 

critical time period during which allergic sensitisation occurs, to be followed months 

or years later by organ-specific disease. As ailergic sensitisation is a m^or risk factor 

for the development of atopic disorders, probing the mechanism by which allergic 

sensitisation occurs will be critical to the search for new therapeutic options. 

The fundamental aim of the work presented in this thesis was to broaden our limited 

understanding of how the maternally-derived antenatal and postnatal environments 

might programme the atopic phenotype. The recognition that fetal T-cells have the 

capacity for antigen-specific priming by 22 weeks of gestation in a cytokine milieu 

that is biased towards TH2 immune responsiveness raised the question of whether in 

utero allergic sensitisation might occur. And while debate reigns as to the relation of 

immune responses at birth with later clinical outcome, there is still little known about 

the mechanism of immunological priming. An essential requirement for T-cell 

priming is antigen exposure. Maternally-derived food allergens have been detected in 

breast milk, but until recently, demonstration of antigen in the pregnancy-associated 

environment has been elusive. Dietary egg is a common allergenic food in infancy 

and notably egg sensitisation and allergy have implications for later, and possibly 

lifelong, allergic disease. Therefore, this work sought to fully characterise exposure 

to the egg allergen ovalbumin in early life and to examine how the nature of allergen 

exposure, in the context of maternal dietary intake through pregnancy and lactation. 
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might modulate the development of infant atopy. These data therefore also offer the 

opportunity to rationalise dietary intervention strategies as a means of primary allergy 

prevention. 

10.2 Ovalbumin detection - methodology 

A study of early life ovalbumin exposure and its relation to subsequent infant atopic 

phenotype required unequivocal measurement of the protein. Enzyme-linked 

immunosorbent assays have the benefit of being able to quantify specific antigen in a 

sample, and previous authors have reported successful detection of ovalbumin by this 

method (256)(4i7)(4i8) study antigen detection was complicated by the 

need for maximum sensitivity as the samples were derived from the pregnancy-

associated environment and reflected only a normal maternal dietary intake. After 

painstaking assay development, including extensive validation experiments (chapter 

3), an ELISA with a threshold for OVA detection of 15 pg/ml was established, making 

this method almost 10 times more sensitive than other published ELISA systems 
(256)(417X4]8) 

Future directions 

The developed assay offers a simple, cheap and reliable method for ovalbumin 

detection in pregnancy-associated biological fluids. However, while the sensitivity of 

this ELLSA surpasses that of any previously reported assays, additional valuable 

information could be obtained by a further lowering of the detection threshold. The 

sensitivity of a standard ELISA can be improved by the inclusion of immuno-

polymerase chain reaction (Immuno-PCR). Immuno-PCR employs PGR from a 

secondary antibody complexed to a PCR-target DNA to detect the specific binding of 

a primary antibody to its antigen immobilised in a well. Immuno-PCR thus combines 

the amplification power of PGR with the antigen specificity of standard ELISA, 

allowing the detection of antigens down to a single molecule level In our 

department a project is underway to develop an ELISA-?CK technique for the 

detection of peanut allergen in the same samples used in this study. The impact of 
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such minute allergen exposures in early life on atopic sensitisation and disease 

expression is awaited with interest. 

10.3 Early life exposure to ovalbumin and its relation to allergic disease 

The ELISA developed for ovalbumin detection was employed to address the question 

of whether the fetus/newborn is directly exposed to this egg allergen and to 

characterise when, where and how this exposure may occur. 

The primary encounters of the immune system with allergen are crucial in 

determining sensitivity to that allergen, especially in those with an atopic genotype 

For most people the immune system is tolerant of soluble protein antigens, such 

as ovalbumin, while pathogenic stimuli, such as invasive microorganisms, elicit 

protective active immunity. Dysregulation of tolerance underlies IgE-mediated 

allergic disease; the allergic phenotype is characterised by the expression of Th2-

skewed immunity towards antigens present in the normal environment, whereas non-

allergic individuals display low level Tyl-skewed immunity to the same antigens 

a response perceived as conferring protection against Tnl-dependent allergic 

sensitisation. The questions pertinent to the aetiology of allergy therefore relate to 

how these alternate forms of T-Helper memory are imprinted, and in particular, how 

the potentially pathogenic TH2-skewed memory is selected in individuals with a 

genetic predisposition to atopy The fetal immune response to antigens is 

dominated by TH2 cytokines consistent with the TH2 milieu of the intrauterine 

environment This means that newborns and in particular infants with 

an atopic genotype (̂ ô )(345X424)̂  already favour TH2 immune responses, which, as 

described for animal models may be capable of deviating subsequent immune 

responses towards the selection of potentially polarised TH2 memory. Therefore 

factors determining tolerance to allergens may operate in early life and consequently 

it is possible that the route, dose, form and timing of allergen exposure during this 

time may predispose to TH2 imprinting with the development of long term TH2-

skewed allergen-specific immunological memory. 
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In this study ovalbumin was found in umbilical cord blood, amniotic fluid and breast 

milk of pregnant and breast-feeding women, confirming for the first time direct fetal 

exposure to a dietary allergen in humans (chapter 4). Thus, these data suggest three 

routes of transmission of maternally-derived antigen to her offspring - antenatally via 

transplacental and transamniotic pathways and postnatally via breast milk. A fourth 

route of passive antigen transfer was suggested by the measurement of ovalbumin in a 

small number of infant sera at 6 months of age. While this observation may have 

been due to inadvertent egg ingestion, the finding could otherwise have occurred by 

transcutaneous antigen transfer, since in animal experiments primary sensitisation to 

both inhalant and food allergens has been shown to occur through the skin 

Ovalbumin was found in blood samples from around 20% of pregnant women. These 

blood samples had been collected at time points through the day that were convenient 

to the subjects and which were unrelated to the timing, or nature, of their last meal. 

Since food antigen detection has been shown to be optimal 2-3 hours after a test meal 

it is therefore likely that this observation underestimates the true prevalence. 

Moreover, the significant association of circulating maternal OVA throughout 

pregnancy with circulating infant OVA at birth consequently suggests that early life 

antigen exposure may be a common experience, as has been intimated previously by 

the ubiquitous nature of allergen-specific cord T-cell proliferative responses 

An association of allergen-specific immune responsiveness at birth with later atopic 

disease has been reported by a number of authors (i98)(207)(208)̂  though most recently 

the significance of proliferative responses for the development of allergy has been 

contested (203)(324)̂  Likewise, antenatal dietary exclusion of common allergenic foods 

by women with a family history of atopy has been regarded previously as an 

unsuccessful primary allergy prevention strategy The implication of these latter 

conclusions is that fetal allergen exposure has limited relevance for the atopic 

phenotype. However, by analysis of the current results with regard to two important 

immune determinants, namely maternal atopy and the pattern of early life allergen 

exposure as modulated by maternal dietary egg elimination, the data presented in this 

thesis challenge such an assumption. 
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For the infants of the dietary intervention study, the prevalence of atopy at 6 months 

of age was not significantly different amongst babies bom to egg avoiding mothers as 

control mothers. However, babies with evidence of exposure to ovalbumin, either 

antenatally via the placenta or postnatally via breast milk, were significantly more 

likely to express an atopic phenotype if allergen exposure occurred in the context of 

dietary exclusion and/or maternal atopy. 

These observations have 3 main implications; firstly, that maternal atopy may create 

an environment in pregnancy that promotes infant allergy; secondly, that dietary 

exclusion does not eliminate completely antigen exposure and thirdly, that the 

alterations in environmental antigen exposure consequent on dietary manipulation 

may interact with maternal atopy to direct allergic programming. 

The atopic mother has been shown to have a particular role in the processes that 

regulate the allergic cascade: for example, the genetic inheritance of IgE 

responsiveness was reported to be transmitted through the mother only and 

infants bom to an allergic mother had a higher IgE at birth and a higher risk of 

developing atopic dermatitis persistent wheeze asthma and hayfever 

than those bom to an allergic father. In these data exposure to ovalbumin via breast 

milk from an atopic mother was a risk factor for expression of an atopic phenotype at 

6 months of age. Likewise, antenatal OVA exposure in the context of maternal atopy 

and dietary manipulation was significantly associated with later infant allergy. The 

relationship of maternal atopy with infant outcome might relate to an increased 

chance of antigen exposure - atopic mothers avoiding dietary egg were more likely to 

have detectable OVA, and in greater quantities, in their breast milk than their non-

atopic counterparts. Similarly, atopic women had a higher concentration of serum 

OVA throughout pregnancy than did non-atopic subjects, and this was not the result 

of a higher egg intake during the study period (personal communication, KE 

Grimshaw). However, there are many 'environmental' factors of the atopic mother 

that might interact with allergen exposure in early life to promote allergic 

sensitisation. Among these is the prevailing cytokine milieu. Amniotic fluid and 

breast milk are both rich sources of cytokines, which serve an essential and formative 

role in the development of the immune system (43i)(432)(433) the cytokine profile 

may fundamentally determine whether pregnancy succeeds it is easy to suppose 
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that subtle perturbations of the cytokine balance may mediate altered reactivity of the 

developing immune system towards allergens encountered in early life. 

Mechanisms of tolerance - namely, the state of unresponsiveness towards non-

pathogenic antigens, such as food antigens - are not well understood, but have been 

proposed to include functional, or actual, elimination of the T-cell (anergy or deletion 

respectively), or alternatively immune deviation by the induction of regulatory cells or 

mediators that modify the immune response Animal models have suggested that 

the mechanisms are dose-related, such that exposure to single high doses induces 

suppression of virtually all responses by clonal anergy whereas multiple low 

doses are more likely to generate regulatory cells with consequently more potential 

for inter-individual variation of response Of note, very low doses of antigen 

prime the animal for subsequent systemic and local immune responses A further 

factor is the frequency of antigen exposure - continuous exposure of mice to 

ovalbumin via drinking water induced more profound tolerance, irrespective of the 

total dose administered Application of these factors to the current study could 

therefore explain the observed paradox of atopic programming despite rigorous 

prophylactic egg avoidance. A dietary exclusion regime is difficult to sustain, 

particularly for a prolonged period. The women actively excluding egg in this study 

were a highly motivated group, but even so recorded unintentional accidental 

ingestion of egg. It is therefore likely that the infants of these women experienced 

very low dose, intermittent exposures to ovalbumin in early life compared to 

consistent and/or higher dose exposures of their control counterparts, a pattern 

predisposing to a sensitising immune response. 

Not all babies with an atopic genotype develop allergic disease and this observation is 

supported by the current work. The babies of this cohort who developed an atopic 

phenotype were those who had experienced an immunological triad comprising the 

maternal atopic influence, antigen exposure and a pro-sensitising pattern of antigen 

contact. 

These data have not only increased our understanding of the mechanisms underlying 

allergic sensitisation, but they also have implications for national health policy. 

Previous trials of dietary allergen exclusion in pregnancy and lactation have reported 
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either no allergic benefit (27i)(272)̂  only a temporary benefit of the intervention for 

the infant However, in these earlier studies the primary outcome measure 

was simply the prevalence of infant atopy according to study group. The more 

detailed examination of the current results has suggested that maternal dietary 

manipulation may actually have an adverse consequence for infant allergy, an 

outcome that would not have been revealed by simple 2x2 contingency analysis. 

Whilst the subgroup of this cohort at increased risk of atopy was relatively small, 

currently a Department of Health (UK) programme actively advises peanut avoidance 

by pregnant and breast-feeding women with a family history of atopy. With the 

comprehensive antenatal care offered today, few pregnant women will not be aware 

of these guidelines and it is likely that many are making attempts to comply. As a 

result, it is possible that a significant number of infants are at an increased risk of 

allergic sensitisation, with huge implications for individual quality of life and health 

economics. 

Future directions 

In this thesis, the clinical outcome data for the egg avoidance study cohort relate to 

infant atopic phenotype at 6 months of age. It will be essential to clarify if the 

association of early life environmental characteristics with allergic programming 

extends beyond infancy and whether there are implications for the development of 

respiratory allergic disease. The infants of this cohort are being followed up at 12 and 

18 months of age and plans are in place to review them again at 3 years of age. 

Analysis of the data at these later time points will allow a clearer understanding of the 

evolution of atopy in relation to early life experiences. 

It is also imperative to characterise the relationship of peanut exclusion in pregnancy 

and breast-feeding with infant allergic outcome. Peanut allergy is a growing health 

care problem inhibiting many aspects of daily life as well as carrying the risk of 

life-threatening anaphylaxis. It cannot be assumed that the immunological parameters 

of ovalbumin exposure or the association of ovalbumin exposure in early life with 

later infant atopy can be extrapolated to peanut allergen. Therefore, ongoing work in 

our department using this study cohort to examine peanut allergen exposure and its 

228 



association with infant sensitisation and disease will be essential to defuse a potential 

'allergic minefield'. 

10.4 Characterisation ofpassage of ovalbumin via the placenta and breast milk 

The demonstration of ovalbumin in amniotic fluid, cord blood and breast milk 

indicated that early life priming might occur in response to direct antigen exposure, 

rather than as the result of transfer of maternal anti-idiotype antibodies or presentation 

of allergenic peptide by maternal antigen presenting cells observation 

then raised the question of how the antigen could be transferred from maternal to 

fetal/newborn compartments. 

Carriage of antigen in complex with immunoglobulin was the most likely mode of 

antigen passage. Maternal IgG is actively transported across the placenta and this 

transfer is maximal in the 3"̂^ trimester of pregnancy Similarly, breast milk is 

rich in secretory IgA In vitro placental perfusion studies have suggested that IgG 

may provide a vehicle for antigen transport and indeed circulating cat 

allergen, Pel dl, has been demonstrated in complex with IgG at birth 

The current investigation has led to an increased understanding of the mechanism of 

antigen transfer. Gel filtration separation of sera and breast milk permitted 

determination of the MW of sample ovalbumin, from which its form could be 

inferred. An additional advantage of the technique was an increase in detection 

sensitivity consequent on sample separation. The lower threshold for detection 

enabled Western blotting of fraction samples and consequently further clarification of 

antigen form. 

These data have shown that ovalbumin may be transported across the placenta in free 

form or in complex with IgG and that specific IgG concentration has a key role in 

determining antigen form (chapter 6). Therefore, these observations support the 

previous conclusion that maternal antigen exposure via the placental route may 

influence fetal atopic programming (10.3). Evidence to date would suggest that the 

susceptible time period for fetal priming/sensitisation is early in gestation, before the 
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IgG transport mechanism has been activated. Therefore, demonstration of free 

antigen in fetal blood, indicating IgG-independent passage, implies that in utero 

antigen exposure via the placenta may indeed occur at the gestational time points 

when exposure characteristics might have consequences for the responses of the 

developing immune system. 

Since IgG concentration was a major determinant of antigen form, it is likely that 

factors altering IgG concentration might have repercussions for the nature of the 

antigen encountered by the fetus. In this study dietary egg exclusion resulted in a 

significant fall in ovalbumin IgG concentration. Therefore, it is possible that dietary 

elimination could result in a reduction in the proportion of antigen presented to the 

fetus in complexed form, without eliminating exposure. 

In contrast to cord blood, ovalbumin in breast milk was found uniformly in free form, 

irrespective of specific IgA concentration (chapter 7). On first consideration this 

seemed to be a surprising finding; an enteromammeric IgA route, whereby antigen 

encountered at the maternal gut mucosa drives the specificity of sIgA secreted into 

breast milk, is recognised and the mechanism of transcellular IgA passage has been 

characterised Indeed, in this study the presence and concentration of breast milk 

ovalbumin was found to have a direct relationship with the concentration of specific 

IgA in the same sample (chapter 4). However, on further consideration the finding 

may have relevance for the induction of oral tolerance. The gut mucosal immune 

system is central to the mechanism of tolerance, which is essential for health. Antigen 

presentation to the mucosal immune system may occur following uptake by 

absorptive epithelium (440X441)̂  Micro fold, or M, cells - specialised enterocytes 

overlying Peyer's patches - or by subepithelial dendritic cells that extend 

processes into the gut lumen Since soluble antigens induce tolerance more easily 

than particulate antigens (̂ 44X445)̂  and since ovalbumin in complex with IgA is most 

likely eliminated from the body, the presence of free allergen in breast milk may 

relate to an evolutionary necessity to establish tolerance. However, the corollary of 

this immune activation is that environmental modulation of antigen exposure, or the 

interaction of antigen with the immune system, may have repercussions for allergic 

sensitisation. 
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Future directions 

This chapter has identified a number of areas for further work. This includes the need 

for a great deal more basic knowledge in order to fully understand the mechanism of 

passage of antigen from mother to baby. It is possible that free ovalbumin may pass 

into cord blood by passive diffusion, as has been suggested for human chorionic 

gonadotrophin (hCG) (MW 42 kDa) and also demonstrated for the transfer of 

ovalbumin across human gut epithelium in an attempt to further clarify the 

mechanism of transplacental antigen passage, the development of an m vitro placental 

syncytiotrophoblast monolayer was undertaken. However, this investigation was 

hampered by an inability to achieve a confluent cell layer. Further optimisation of the 

method may yet produce a suitable model to study the factors modulating the kinetics 

of antigen passage across the placenta. 

The form in which allergen is presented to the developing immune system may direct 

whether allergic sensitisation or tolerance develops. Antigen-immunoglobulin 

complex may enhance antigen presenting cell fonction by allowing focusing, and 

efficient selection, concentration and presentation of allergen, with consequent 

activation of allergen-specific T-cells at 100-1000-fold lower dose than required for 

activation by native antigen However, this activity may not correlate with atopic 

disease: in vitro research has demonstrated that the low affinity IgG receptor CD32b 

(FcyRIIB) may inhibit IgE-induced mast cell activation via an immunoreceptor 

tyrosine based inhibitory motif (ITIM) CD32b has also been shown to 

negatively regulate BCR-mediated B cell activation and TCR-mediated T cell 

activation This issue could be explored by further application of these chapters' 

methodology. Using the egg avoidance study cohort, comparison of allergen form in 

selected subgroups with and without an atopic phenotype may allow clarification of 

relation between form of allergen exposure in early life and subsequent allergic 

outcome. 
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10.5 The role of maternal IgG in atopic programming and allergic disease 

Serum IgG plays an essential part in host defence, as attested by the serious clinical 

sequelae of immunoglobulin deficiency syndromes. Whilst the prototypic 

immunoglobulin of atopic disease is IgE, the work in this thesis has shown that IgG 

may also have a key role in the allergic process. 

Egg specific IgG was found to reflect dietary intake, as shown by the significant fall 

in concentration in sera of egg avoiding women Measurement of serum 

specific IgG, in addition to offering an objective monitor of dietary compliance, may 

thus be a marker of overall egg allergen exposure in early life — though as discussed 

above, this gives no indication of the pattern of exposure. 

Also, as discussed above, ovalbumin specific IgG likely facilitated matemo-fetal 

allergen transfer in complexed form. An implication of this finding is then that IgG 

might have an immunoregulatory function deriving from differences in allergen form 

experienced in utero. An immunomodulatory function of IgG has been suggested in 

previous studies. For example, passive immunisation with immunoglobulins from 

beekeepers (predominantly IgG4) offered protection from venom-induced 

anaphylaxis suggesting that IgG could compete with IgE for allergen and in so 

doing dampen IgE-mediated immune reactivity. An ability of IgG to prevent IgE 

sensitisation has also been inferred by a number of studies. Passive administration of 

IgG to rabbits had a suppressive effect on IgE antibody formation and maternal 

rye grass immunotherapy in pregnancy, with consequent rise in specific IgG 

concentration, was associated with a reduced risk of infant rye grass sensitisation 

while children with the highest IgG litres to cat allergen Pel dl were the least likely to 

be sensitised to cat 

The mechanism by which IgG may 'block' sensitisation has not been addressed 

previously. However, this work has offered some insight into the process. 

Experiments revealed that antigen detection was inhibited in certain sera, a property 

that was dependent on serum IgG concentration (chapter 3) and functional affinity 

(chapter 8). If variations in these IgG characteristics result in sequestration of 

allergenic epitopes then this phenomenon might have implications for T-cell 
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activation and hence initiation of the allergic cascade in early life. Such a postulate is 

supported by an earlier observation from our department that cord blood mononuclear 

cell proliferative responses to house-dust mite negatively correlated with the 

concentration of maternal specific antibody in autologous plasma 

The atopic outcome of babies in this cohort was found to vary according to the 

concentration of OVA IgG at birth (chapter 5). Infants bom to mothers with an 

unmodified diet were less likely to express an atopic phenotype at 6 months of age if 

their cord OVA IgG concentration fell into the lowest or highest quartiles, a similar 

bell-shaped association of atopy and specific IgG also being described for the inhalant 

allergen, cat Pel dl Could measurement of cord specific IgG therefore provide a 

marker for babies with an atopic genotype who have an increased risk of developing 

allergy? Certainly measurement of OVA IgG subclasses through the 5 years of life 

showed a distinctive response pattern in persistently egg sensitised children and in 

those children who later developed asthma (cAqpfgr Thus, measurement of 

humoral responses in infancy, and possibly at birth, may facilitate introduction of 

secondary prevention measures to reduce the risk, or severity, of asthma. 

Final summation 

This work has identified 3 main factors that may regulate atopic programming: firstly, 

maternal atopy in pregnancy; secondly, the pattern of antigenic challenges and thirdly, 

the characteristics of circulating maternal IgG. The babies at the greatest risk of atopy 

were the ones whose early life environment was modulated by all 3 factors, namely, 

the babies bom to atopic, egg-avoiding mothers. A unifying hypothesis to explain 

this association might then be that dietary avoidance results in low dose, intermittent 

exposures, which in the presence of lower levels of circulating maternal specific IgG 

consequent on the dietary intervention together create a sensitising pattern and form 

of early life allergen exposure, which in the environment created by the atopic mother 

predisposes to the genesis of allergy. 

Certainly these early life events must interact with later environmental experiences, 

such as viral infections and non-matemally derived allergen exposure, to ensure the 
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expression of the atopic phenotype. However, the maternal factors identified in this 

thesis may direct the initiation of a cascade which if prevented, rather than halted, 

might result in a better outcome for the infant. Consideration of maternal serum IgG 

characteristics and molecular determinants of immune responsiveness and immune 

phenotype, such as chemokines and cytokines, before the women becomes pregnant, 

may thus permit stratification of infant allergic risk and open a whole new chapter of 

intervention strategies. 

234 



Appendices 

235 



Appendix 1 Infant Evaluation 

INFANT ASSESSIVIENT 

Visit Details: 
rngd 

Date: 

Infant Age (wks): 

Growth: 

Weight centile: (please circle) 

Weight: 

<0.4 th ' 

96 

50-75 " 

0.4 th' 

9-25 ^ 

75 12 

98 16 >98 17 

Length centile: (please circle) 

<0.4 th 0.4 th' 

9-25 

50-75 11 75 12 

98 16 >98 17 

0.4-2 ^ 

25 ^ 

2" 

25-50 ^ 

75-91 91 

Length (cms): 

0.4-2 

25 ^ 25-50 

75-91 13 91 14 

Head circumference (cms): 

Head circumference centile: (please circle) 

<0.4 th 

96 

50-75 

98 

11 

0.4 th^ 

9-25^ 

75 

>98 

0.4-2 

25^ 

75-91 

2^ 

25-50 ^ 

13 91 14 

2-9^ 

5 0 

91-98 

2-9^ 

5 0 

91-98 

2 - 9 

50 10 

91-98 15 

9 IL 



Health: 

Any ongoing medical problems? Yes V No'' 

Current medication? Y e s V N o ^ 

Vaccinations: All to date Y e s V N o ^ 

Eczema Y e s V N o ^ 

Eczema episodes Total Number/flare ups: 

Date Site Treatment Duration 

23? 



Wheezing episodes Total Number: 

Max Severity: 

Date Treatment Duration 

Coughing episodes Total Number: 

&4&xseverky: 

Date Treatment Duration 

Other allergic feature? 

Asthma Yes^ / No^ 

Y e s V N o ^ 

2 3% 



Examination 

Clubbing: 

Chest Deformity: 

Wheeze; 

Eczema: 

Yes' 

Yes^ 

Yes' 

Yes^ 

No" 

No" 

No" 

No" 

Scorad: 

Bloods Taken: Yes 

Skin Prick Test Results (mm): 

No" 

-ve 

Egg 

Egg White 

Egg Yolk 

Cows Milk 

House Dust Mite 

Cat 

Timothy Grass Pollen 

Peanut 

+ve 

2 3A 



Appendix 2 Optimising Ovalbumin IgGl and IgG4 ELISAs 

Figure 1 Optimising OVA G1 assay. 

1.2 

20 40 60 80 100 

serum IgGl concentration, ug/ml 

120 

Figure 1 The plates were coated with OVA or BSA (as a controlfor non-specific binding) at 
100 y.1, 100 fig/ml. The ELISA was carried out as outlined in 2.5.2 with the exception that 3 
different concentrations of mouse monoclonal anti-human IgGl were tested: 1:2000 (red 
graph), 1:1000 (pink graph) & 1:500 (blue graph). OVA G1 detection was clearly limited by 
the concentration of the detector. Therefore in the subsequent assays the detector antibody was 
used at a concentration of1:500. 

Figure 2 Optimising OVA G4 assay. 

S a 

I 
% s 
-a 

1 
o 

1.5 

o.s 

4 6 8 10 

IgG4 concentration, ug/ml 

12 

Figure 2 The plates were coated with OVA or BSA (as a control for non-specific binding) at 
100 jxl, 100 fxg/ml The ELISA was carried out as outlined in 2.5.2 with the exception that 4 
different concentrations of mouse monoclonal anti-human IgG4 were tested: 1:1600 (red 
graph), 1:3200 (blue graph), 1:6400 (yellow graph) & 1:12800 (purple graph). OVA G4 
detection was clearly limited by the concentration of the detector. Therefore in the subsequent 
assays the detector antibody was used at a concentration of 1:1600 
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Appendix 3 Optimising Total IgA ELISA 

Figure 1 Chequer-board titration of coating and detector antibody concentrations. 

I 
Q 
O 

30 60 90 

Total IgA concentration, ng/ml 

120 

Figure 1 A chequer-board titration of antibody concentrations was performed using 'high 
'medium' and 'low' concentrations of human myeloma IgA. Capture antibody concentrations 

were 1 ^g/ml (pink lines), 2 /xg/ml (blue lines) or 4 fig/ml (red lines). Detector antibody 
concentrations were also 1 fig/ml (cross), 2 fig/ml (star) or 4 fxg/ml (circle). OD was limited by 
antibody concentration. A coating concentration of 4 ng/ml allowedfor higher signals. 
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Figure 2 Titrating the concentration of detector antibody. 

2.5 

o If) TT 
o o 

20 40 60 

IgA concentration, ng/ml 

80 100 

Figure 2 The optimal concentration of detector antibody was further evaluated over a wider 
range ofstandard IgA concentrations. For a capture concentration of 4 ftg/ml, previously shown 
to enhance assay OD, there was little difference between detector concentrations of 1 fig/ml (blue 
line), 2 jAg/ml (pink line) and 4 pig/ml (red line). A concentration of I fig/ml was therefore used in 
subsequent experiments. 

2 4 2 



Appendix 4 Optimising Western blotting using enhanced chemiluminescence 

development (ECL) 

^ ^ 3 4, 5 6 7 g 9 JO n 

10 000 

1000 

100 

10 

# # # • • • • 

0.1 

Figure 1 The concentrations of the primary and secondary antibodies used for protein detection by 
Western blotting with ECL were optimised by dot-blot chequer-board titration (for method see 2.5.5 & 
2.5.8). The concentrations of the antibodies used in the titration are summarised in table 1. The figure 
shows that maximal sensitivity (5ngprotein), without any detectable background (lanes 10-12), was 
achieved with a primary concentration of 10 pg/ml and secondary concentration of1:1000 (lane 3). 
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Table 1 Antibody concentrations used in chequer-board titration. 

Lane Primary antibody 

concentration 

Primary 

antibody 

Secondary antibody 

concentration 

Secondary 

antibody 

1 10 jug/ml Rabbit anti- 1:25000 Donkey anti-

2 10 [ig/ml OVA (Sigma) 1:5000 rabbit 

3 10 ng/ml 1:1000 (Amersham) 

4 2.5 fig/ml 1:25000 

5 2.5 fxg/ml 1:5000 

6 2.5 ng/ml 1:1000 

7 0.625 fig/ml 1:25000 

8 0.625 fxg/ml 1:5000 

9 0.625 ng/ml 1:1000 

10 10 pLg/ml Rabbit gamma 1:25000 

11 10 iJ.g/ml globulin 1:5000 

12 10 fig/ml (Pierce) 1:1000 

244 



References 

245 



1. Matzinger P. Tolerance, danger, and the extended family. Anm Rev Immunol 1994;12:991-1045. 

2. Medzhitov R, Janeway CA, Jr. An ancient system of host defense. Curr Opin Immunol 
1998;10:12-5. 

3. Medzhitov R, Janeway C, Jr. Innate immune recognition; mechanisms and pathways. Immunol 
2000;173:89-97. 

4. Litraan GW, Anderson MK, Rast JP. Evolution of antigen binding receptors. Annu Rev Immunol 
1999;17:109-47. 

5. Germain RN. Modern concepts in immune recognition and lymphocyte activation. Relevance 
for the development of useful vaccines. IntJTechnol Assess Health Care 1994;10:81-92. 

6. Bnibaker JO, Montaner LJ. Role of interleukin-13 in innate and adaptive immunity. Cell Mol 
2001;47:637-51. 

7. Galli SJ, Maurer M, Lantz CS. Mast cells as sentinels of innate immunity. Curr Opin Immunol 
1999; 11:53-9. 

8. Stahl PD, Ezekowitz RA. The mannose receptor is a pattern recognition receptor involved in 
host defense. Curr Opin Immunol 1998;10:50-5. 

9. Antal-Szalmas P. Evaluation of CD 14 in host defence. Eur J Clin Invest 2000,30:167-79. 

10. Hoshino K, Takeuchi O, Kawai T, Sanjo H, Ogawa T, Takeda Y et al. Cutting edge; Toll-like 
receptor 4 (TLR4)-deficient mice are hyporesponsive to lipopolysaccharide; evidence for TLR4 
as the Lps gene product. J Immunol 1999;162:3749-52. 

11. Hirschfeld M, Kirschning CJ, Schwandner R, Wesche H, Weis JH, Wooten RM et al. Cutting 
edge: inflammatory signaling by Boirelia burgdorferi lipoproteins is mediated by toll-like 
receptor 2. J Immunol 1999;163:2382-6. 

12. Hemmi H, Takeuchi O, Kawai T, Kaisho T, Sato S, Sanjo H et al. A Toll-like receptor 
recognizes bacterial DNA. Nature 2000;408;740-5. 

13. Thompson CB. New insights into V(D)J recombination and its role in the evolution of the 
immune system. Immunity 1995;3:531-9. 

14. Sprent J. T and B memory cells. Cell 1994;76:315-22. 

15. Bredehorst R, David K. What establishes a protein as an allergen? J Chromatogr B BiomedSci 
2001;756:33-40. 

16. Mosmann TR, Coffman RL. THl and TH2 cells: different patterns of lymphokine secretion lead 
to different functional properties. Annu Rev Immunol. 1989;7:145-73. 

17. Romagnani S. Human Thl and Th2; Doubt no more. Immunolgy Today 1991;12:256-7. 

18. Kapsenberg ML, Wierenga EA, Bos JD, Jansen HM. Functional subsets of allergen-reactive 
human CD4+ T cells. Immunol Today 1991;12:392-5. 

19. Romagnani S. Biology of human Thl and Th2 cells. J.Allergy Clin Immunol 1995;15:121-9. 

20. Read S, Powrie F. CD4(+) regulatory T cells. Curr Opin Immunol 2001;13:644-9. 

21. Stephens LA, Mottet C, Mason D, Powrie F. Human CD4(+)CD25(+) thymocytes and 
peripheral T cells have immune suppressive activity in vitro. Eur J Immunol 2001;31:1247-54. 

246 



22. Chen Y, Kuchroo VK, Inobe J, Hafler DA, Weiner HL. Regulatory T cell clones induced by oral 
tolerance; suppression of autoimmune encephalomyelitis. Science 1994;265 :1237-40. 

23. Groux H, O'Garra A, Bigler M, Rouleau M, Antonenko S, de Vries JEef al. A CD4+ T-cell 
subset inhibits antigen-specific T-cell responses and prevents colitis. Nature 1997;389:737-42. 

24. Landor M. Matemal-fetal transfer of immunoglobulins. X/zM 
1995;74:279-83. 

25. Norderhaug IN, Johansen FE, Schjerven H, Brandtzaeg P. Regulation of the formation and 
external transport of secretory immunoglobulins. Crit Rev Immunol 1999;19:481-508. 

26. Kerr MA. The structure and function of human IgA. Biochem J 1990;271:285-96. 

27. Hanson LA, Carlsson B, Dahlgren U, Mellander L, Svanborg EC. The secretory IgA system in 
the neonatal period. Ciba Found Symp 1979; 187-204. 

28. Rifai A, Fadden K, Morrison SL, Chintalacharuvu KR. The N-glycans determine the differential 
blood clearance and hepatic uptake of human immunoglobulin (Ig)Al and IgA2 isotypes. J Exp 

2000;191:2171-82. 

29. Morton HC, van Egmond M, van de Winkel JG. Structure and function of human IgA Fc 
receptors (Fc alpha R). Crit Rev Immunol 1996;16:423-40. 

30. van Egmond M, van Garderen E, van Spriel AB, Damen CA, van Amersfoort ES, van 
Zandbergen G et al. FcalphaRI-positive liver Kupffer cells: reappraisal of the function of 
immunoglobulin A in immunity. Nat Me<i 2000;6:680-5. 

31. Thompson C. IgE declares war on parasites. Lancet 1994;343:309-10. 

32. Yuan D, Dang T, Bibi R. Inappropriate expression of IgD from a transgene inhibits the function 
of antigen-specific memory B cells. Cell Immunol 2001;211:61-70. 

33. Hood L, Campbell JH, Elgin SC. The organization, expression, and evolution of antibody genes 
and other multigene families. Annu Rev Genet 1975;9:305-53. 

34. Oettinger MA. V(D)J recombination: on the cutting edge. Curr Opin Cell Biol 1999;11 :325-9. 

35. Agrawal A, Schatz DG. RAGl and RAG2 form a stable postcleavage synaptic complex with 
DNA containing signal ends in V(D)J recombination. Cell 1997;89:43-53. 

36. Jeggo PA. Identification of genes involved in repair of DNA double-strand breaks in mammalian 
cells. Radiat Res 1998;150:S80-S91. 

37. Zhang K. Immunoglobulin class switch recombination machinery: progress and challenges. Clin 
/mwz/Mo/2000;95:1-8. 

38. Punnonen J, Cocks BG, de Vries JE. IL-4 induces germ-line IgE heavy chain gene transcription 
in human fetal pre-B cells. Evidence for differential expression of functional IL-4 and IL-13 
receptors during B cell ontogeny. J Immunol 1995;155:4248-54. 

39. Punnonen J, de Vries JE. IL-13 induces proliferation, Ig isotype switching, and Ig synthesis by 
immature human fetal B cells. J Immunol 1994;152:1094-102. 

40. Kishimoto T, Taga T, Akira S. Cytokine signal transduction. Cell 1994;76:253-62. 

41. Berton MT, Uhr JW, Vitetta ES. Synthesis of germ-line gamma 1 immunoglobulin heavy-chain 
transcripts in resting B cells: induction by interleukin 4 and inhibition by interferon gamma. 

1989;86:2829-33. 

247 



42. Kawabe T, Naka T, Yoshida K, Tanaka T, Fujiwara H, Suematsu S et al. The immune responses 
in CD40-deficient mice: impaired immunoglobulin class switching and germinal center 
formation. Immunity 1994;1:167-78. 

43. Fuleihan R, Ramesh N, Geha RS. Role of CD40-CD40-ligand interaction in Ig-isotype 
switching. Curr Opin Immunol 1993;5:963-7. 

44. De Monte L, Thienes CP, Monticelli S, Busslinger M, Gould HJ, Vercelli D. Regulation of 
human epsilon germline transcription: role of B-cell- specific activator protein. Int Arch Allergy 
Immunol 1997;113:35-8. 

45. Berberich 1, Shu GL, Clark EA. Cross-linking CD40 on B cells rapidly activates nuclear factor-
kappa B. J Immunol 1994;153:4357-66. 

46. Grakoui A, Bromley SK, Sumen C, Davis MM, Shaw AS, Allen PM et al. The immunological 
synapse: a molecular machine controlling T cell activation. Science 1999;285:221-7. 

47. Dustin ML. Role of adhesion molecules in activation signaling in T lymphocytes. J Clin 
Immunol 2001;21:258-63. 

48. Kuhns MS, Epshteyn V, Sobel RA, Allison JP. Cytotoxic T lymphocyte antigen-4 (CTLA-4) 
regulates the size, reactivity, and function of a primed pool of CD4+ T cells. Proc Natl Acad Sci 
LSW 2000;97:12711-6. 

49. Watts TH, DeBenedette MA. T cell co-stimulatory molecules other than CD28. Curr Opin 
Immunol 1999;11:286-93. 

50. Coyle AJ, Lehar S, Lloyd C, Tian J, Delaney T, Manning S et al. The CD28-related molecule 
ICOS is required for effective T cell- dependent immune responses. Immunity 2000;13:95-105. 

51. McAdam AJ, Greenwald RJ, Levin MA, Chernova T, Malenkovich N, Ling V et al. ICOS is 
critical for CD40-mediated antibody class switching. Nature 2001 ;409:102-5. 

52. Nishimura H, Nose M, Hiai H, Minato N, Honjo T. Development of lupus-like autoimmune 
diseases by disruption of the PD-1 gene encoding an ITIM motif-carrying immunoreceptor. 
Immunity 1999;11:141-51. 

53. Scott P. IL-12: initiation cytokine for cell-mediated immunity. Science 1993;260:496-7. 

54. Szabo SJ, Dighe AS, Gubler U, Murphy KM. Regulation of the interleukin (IL)-12R beta 2 
subunit expression in developing T helper 1 (Thl) and Th2 cells. J Exp Med 1997;185:817-24. 

55. O'Gaixa A, Arai N. The molecular basis of T helper 1 and T helper 2 cell differentiation. Trends 
CgZ/aw 2000;10:542-50. 

56. Yssel H, Schneider P, Spits H. Production of IL4 by human T cells and regulation of 
differentiation of T-cell subsets by IL4. Reslmmunol 1993;144:610-6. 

57. Secrist H, DeKruyff RH, Umetsu DT. Interleukin 4 production by CD4+ T cells from allergic 
individuals is modulated by antigen concentration and antigen-presenting cell type. J Exp Med 
1995;181:1081-9. 

58. Gagliardi MC, Sallusto F, Marinaro M, Langenkamp A, Lanzavecchia A, De Magistris MT. 
Cholera toxin induces maturation of human dendritic cells and licences them for Th2 priming. 
Eur J Immunol 2000;30:2394-403. 

59. d'Ostiani CF, Del Sero G, Bacci A, Montagnoli C, Spreca A, Mencacci A et al. Dendritic cells 
discriminate between yeasts and hyphae of the fungus Candida albicans. Implications for 
initiation of T helper cell immunity in vitro and in vivo. J Exp Med 2000;191:1661-74. 

248 



60. Suto A, Nakajima H, Kagami SI, Suzuki K, Saito Y, Iwamoto I. Role of CD4(+) CD25(+) 
regulatory T cells in T helper 2 cell-mediated allergic inflammation in the airways. Am JRespir 
Crit Care Med2001 ;164:680-7. 

61. Cella M, Salio M, Sakakibara Y, Langen H, Julkunen I, Lanzavecchia A. Maturation, activation, 
and protection of dendritic cells induced by double-stranded RNA. J Exp Med 1999; 189:821-9. 

62. Kalinski P, Schuitemaker JH, Milkens CM, Kapsenberg ML. Prostaglandin E2 induces the final 
maturation of IL-12-deficient CDla+CD83+ dendritic cells; the levels of IL-12 are determined 
during the final dendritic cell maturation and are resistant to further modulation. J Immunol 
1998;161:2804-9. 

63. Thellin O, Coumans B, Zorzi W, Igout A, Heinen E. Tolerance to the foeto-placental 'graft': ten 
ways to support a child for nine months. Curr Opin Immunol 2000;12:731-7. 

64. Sargent IL. Maternal and fetal immune responses during pregnancy. Exp Clin Immunogenet 
1993;10:85-102. 

65. Munz C, Holmes N, King A, Loke YW, Colonna M, Schild H et al. Human histocompatibility 
leukocyte antigen (HLA)-G molecules inhibit NKAT3 expressing natural killer cells. J Exp Med 
1997;185:385-91. 

66. Piccinni MP, Giudizi MG, Biagiotti R, Beloni L, Giannarini L, Sampognaro S et al. 
Progesterone favors the development of human T helper cells producing Th2-type cytokines and 
promotes both IL-4 production and membrane CD30 expression in established Thl cell clones. J 
Immunol 1995;155:128-33. 

67. Kelly RW, Critchley HO. A T-helper-2 bias in decidua: the prostaglandin contribution of the 
macrophage and trophoblast. J J Immunol 1997;33:181-7. 

68. Wegmann TG, Lin H, Guilbert L, Mosmann TR. Bidirectional cytokine interactions in the 
maternal-fetal relationship: is successful pregnancy a TH2 phenomenon? Immunol Today 1993; 
14:353-6. 

69. Hill JA. T-helper 1-type immunity to trophoblast: evidence for a new immunological mechanism 
for recurrent abortion in women. Hum Reprod 1995;10 Suppl 2:114-20. 

70. Raghupathy R. Thl-type immunity is incompatible with successful pregnancy. Immunol Today 
1997;18:478-82. 

71. Moraes-Pinto Ml, Vince GS, Flanagan BF, Hart CA, Johnson PM. Localization of IL-4 and IL-4 
receptors in the human term placenta, decidua and amniochorionic membranes. Immunology 
1997;90:87-94. 

72. Hart PH, Vitti GF, Burgess DR, Whitty GA, Piccoli DS, Hamilton JA. Potential 
antiinflammatory effects of interleukin 4: suppression of human monocyte tumor necrosis factor 
alpha, interleukin 1, and prostaglandin E2. Proc Natl Acad Sci USA 1989;86:3803-7. 

73. Paganin C, Matteucci C, Cenzuales S, Mantovani A, Allavena P. lL-4 inhibits binding and 
cytotoxicity ofNK cells to vascular endothelium. Cytokine 1994;6:135-40. 

74. Charnock-Jones DS, Sharkey AM, Fenwick P, Smith SK. Leukaemia inhibitory factor mRNA 
concentration peaks in human endometrium at the time of implantation and the blastocyst 
contains mRNA for the receptor at this time. J Reprod Fertil 1994;101:421-6. 

75. Kojima K, Kanzaki H, Iwai M, Hatayama H, Fujimoto M, Namkawa S et al. Expression of 
leukaemia inhibitory factor (LIF) receptor in human placenta: a possible role for LIF in the 
growth and differentiation of trophoblasts. Hum Reprod 1995;10:1907-11. 

249 



76. Munn DH, Zhou M, Attwood JT, Bondarev I, Conway SJ, Marshall B et al. Prevention of 
allogeneic fetal rejection by tryptophan catabolism. Science 1998; 281:1191-3. 

77. Holmes CH, Simpson KL, Wainwright SD, Tate CG, Houlihan JM, Sawyer IH et al. Preferential 
expression of the complement regulatory protein decay accelerating factor at the fetomaternal 
interface during human pregnancy. J Immunol 1990;144:3099-105. 

78. Coumans B, Thellin O, Zorzi W, Melot F, Bougoussa M, Melen L et al. Lymphoid cell 
apoptosis induced by trophoblastic cells: a model of active foeto-placental tolerance. J Immunol 
vWg/Aoak 1999;224:185-96. 

79. Runic R, Lockwood CJ, LaChapelle L, Dipasquale B, Demopoulos RI, Kumar A et al. 
Apoptosis and Fas expression in human fetal membranes. J Clin Endocrinol Metab 
1998;83:660-6. 

80. Sacks GP, Studena K, Sargent K, Redman CW. Normal pregnancy and preeclampsia both 
produce inflammatory changes in peripheral blood leukocytes akin to those of sepsis. Am J 
Obstet Gynecol 1998;179:80-6. 

81. Koumandakis E, Koumandaki I, Kaklamani E, Spares L, Aravantinos D, Trichopoulos D. 
Enhanced phagocytosis of mononuclear phagocytes in pregnancy. Br J Obstet Gynaecol 
1986;93:1150-4. 

82. Shibuya T, Izuchi K, Kuroiwa A, Okabe N, Shirakawa K. Study on nonspecific immunity in 
pregnant women: increased chemiluminescence response of peripheral blood phagocytes. Am J 
Reprod Immunol Microbiol 1987; 15:19-23. 

83. Migliaccio G, Migliaccio AR, Petti S, Mavilio F, Russo G, Lazzaro D et al. Human embryonic 
hemopoiesis. Kinetics of progenitors and precursors underlying the yolk sac—liver transition. J 
Clin Invest 1986;78:51-60. 

84. Foster CA, Holbrook KA, Farr AG. Ontogeny of Langerhans cells in human embryonic and fetal 
skin: expression of HLA-DR and OKT-6 determinants. J Invest Dermatol 1986;86:240-3. 

85. Macdonald TT, Weinel A, Spencer J. HLA-DR expression in human fetal intestinal epithelium. 
Gz/f 1988;29:1342-8. 

86. Jones CA, Vance GH, Power LL, Pender SL, Macdonald TT, Warner JO. Costimulatory 
molecules in the developing human gastrointestinal tract: a pathway for fetal allergen priming. J 
Allergy Clin Immunol 2001;108:235-41. 

87. Serushago B, Issekutz AC, Lee SH, Rajaraman K, Bortolussi R. Deficient tumor necrosis factor 
secretion by cord blood mononuclear cells upon in vitro stimulation with Listeria 
monocytogenes. J Interferon Cytokine Res 1996;16:381-7. 

88. Weston WL, Carson BS, Barkin RM, Slater GD, Dustin RD, Hecht SK. Monocyte-macrophage 
function in the newborn. Am J Dis Child 1977;131:1241-2. 

89. Hunt DW, Huppertz HI, Jiang HJ, Petty RE. Studies of human cord blood dendritic cells: 
evidence for functional immaturity. Blood 1994;84:4333-43. 

90. Clerici M, DePalma L, Roilides E, Baker R, Shearer GM. Analysis of T helper and antigen-
presenting cell functions in cord blood and peripheral blood leukocytes fi-om healthy children of 
different ages. J Clin Invest 1993;91:2829-36. 

91. Haynes BF, Denning SM, Singer KH, Kurtzberg J. Ontogeny of T-cell precursors: a model for 
the initial stages of human T-cell development. Immunol Today 1989;10:87-91. 

250 



92. Spencer J, Macdonald TT, Finn T, Isaacson PG. The development of gut associated lymphoid 
tissue in the terminal ileum of fetal human intestine. Clin Exp.lmmunol 1986;64:536-43. 

93. Howie D, Spencer J, DeLord D, Pitzalis C, Wathen NC, Dogan A et al. Extrathymic T cell 
differentiation in the human intestine early in life. J Immunol 1998;161:5862-72. 

94. Stites DP, Carr MC, Fudenberg HH. Ontogeny of cellular immunity in the human fetus: 
development of responses to phytohemagglutinin and to allogeneic cells. Cell Immunol 
1974;11:257-71. 

95. Jones AC, Miles EA, Warner JO, Colwell BM, Bryant TN, Warner JA. Fetal peripheral blood 
mononuclear cell proliferative responses to mitogenic and allergenic stimuli during gestation. 
Pediatr Allergy Immunol 1996;7:109-16. 

96. Tang ML, Kemp AS. Ontogeny of IL4 production. Pediatr Allergy Immunol 1995;6:11-9. 

97. Bryson YJ, Winter HS, Gard SB, Fischer TJ, Stiehm ER. Deficiency of immune interferon 
production by leukocytes of normal newborns. Cell Immunol 1980;55:191-200. 

98. Bofill M, Janossy G, Janossa M, Burford GD, Seymour GJ, Wemet P et al. Human B cell 
development. II. Subpopulations in the human fetus. J Immunol 1985;134:1531-8. 

99. King CL, Malhotra I, Mungai P, Wamachi A, Kioko J, Ouma JH et al. B cell sensitization to 
helminthic infection develops in utero in humans. J Immunol 1998;160:3578-84. 

100. Edenharter G, Bergmann RL, Bergmann KE, Wahn V, Forster J, Zepp F et al. Cord blood-IgE 
as risk factor and predictor for atopic diseases. Clin Exp Allergy 1998;28:671-8. 

101. Kobayashi Y, Kondo N, Shinoda S, Agata H, Fukutomi O, Orii T. Predictive values of cord 
blood IgE and cord blood lymphocyte responses to food antigens in allergic disorders during 
infancy. J Allergy Clin Immunol 1994;94:907-16. 

102. Hide DW, Arshad SH, Twiselton R, Stevens M. Cord serum IgE: an insensitive method for 
prediction of atopy. Clin Exp Allergy 1991;21:739-43. 

103. Benirschke K. Remarkable placenta. Clin Anat 1998;11:194-205. 

104. Bright NA, Ockleford CD. Cytotrophoblast cells: a barrier to maternofetal transmission of 
passive immunity. JHistochem Cytochem 1995;43:933-44. 

105. Makiya R, Stigbrand T. Placental alkaline phosphatase as the placental IgG receptor. Clin Chem 
1992;38:2543-5. 

106. Kristoffersen EK, Ulvestad E, Bjorge L, Aarli A, Matre R. Fc gamma-receptor activity of 
placental annexin II. Scand J Immunol 1994;40:237-42. 

107. Kameda T, Koyama M, Matsuzaki N, Taniguchi T, Saji F, Tanizawa O. Localization of three 
subtypes of Fc gamma receptors in human placenta by immunohistochemical analysis. Placenta 
1991;12:15-26. 

108. Kristoffersen EK, Matre R. Co-localization of the neonatal Fc gamma receptor and IgG in 
human placental term syncytiotrophoblasts. Eur J Immunol 1996;26:1668-71. 

109. Simister NE, Story CM. Human placental Fc receptors and the transmission of antibodies from 
mother to fetus. JReprodImmunol 1997;37:1-23. 

110. Schneider H. Placental transport function. ReprodFertil Dev 1991;3:345-53. 

111. Anderson RG. The caveolae membrane system. Annu Rev Biochem 1998;67:199-225. 

251 



112. Lyden TW, Robinson JM, Tridandapani S, Teillaud JL, Garber SA, Osborne JM et al. The Fc 
receptor for IgG expressed in the villus endothelium of human placenta is Fc gamma RIIb2. J 
Immunol 2001;166:3882-9. 

113. Hunziker W, Mellman I. Expression of macrophage-lymphocyte Fc receptors in Madin-Darby 
canine kidney cells; polarity and transcytosis differ for isoforms with or without coated pit 
localization domains. J Ce// Biol 1989;109:3291-302. 

114. Malek A, Sager R, Kuhn P, Nicolaides KH, Schneider H. Evolution of maternofetal transport of 
immunoglobulins during human pregnancy. Am JReprodImmunol 1996;36:248-55. 

115. Picciano MF. Human milk: nutritional aspects of a dynamic food. Biol Neonate 1998;74:84-93. 

116. Goldman AS. The immune system of human milk: antimicrobial, antiinflammatory and 
immunomodulating properties. Pediatr Infect Dis J 1993;12:664-71. 

117. Sanchez L, Calvo M, Brock JH. Biological role of lactoferrin. Arch Dis Child 1992;67:657-61. 

118. Hamosh M. Protective function of proteins and lipids in human milk. Biol Neonate 1998;74:163-
76. 

119. Mostov KE. Transepithelial transport of immunoglobulins. Annu Rev Immunol 1994;12:63-84. 

120. Garofalo RP, Goldman AS. Cytokines, chemokines, and colony-stimulating factors in human 
milk: the 1997 update. Biol Neonate 1998;74:134-42. 

121. Bryan DL, Hawkes JS, Gibson RA. Interleukin-12 in human milk. Pediatr Res 1999;45:858-9. 

122. Labeta MO, Vidal K, Nores JE, Arias M, Vita N, Morgan BP et al. Innate recognition of 
bacteria in human milk is mediated by a milk- derived highly expressed pattern recognition 
receptor, soluble CD 14. J Exp Met/2000;191:1807-12. 

123. Jones CA, Holloway JA, Popplewell EJ, Diaper N, Holloway JW, Vance GH et al. Reduced 
soluble CD 14 in amniotic fluid and breast milk are associated with the subsequent development 
of atopy and /or eczema. J Allergy Clin Immunol 2002;109:858-66. 

124. Calder PC. N-3 polyunsaturated fatty acids and immune cell function. Adv En2yme Regul 
1997;37:197-237. 

125. Greene LS. Asthma, oxidant stress, and diet. Nutrition 1999;15:899-907. 

126. Duchen K, Yu G, Bjorksten B. Atopic sensitization during the first year of life in relation to long 
chain polyunsaturated fatty acid levels in human milk. Pediatr Res 1998;44:478-84. 

127. Newberry RD, Stenson WF, Lorenz RG. Cyclooxygenase-2-dependent arachidonic acid 
metabolites are essential modulators of the intestinal immune response to dietary antigen. Nat 

1999;5:900-6. 

128. Demeure CE, Yang LP, Desjardins C, Raynauld P, Delespesse G. Prostaglandin E2 primes naive 
T cells for the production of anti- inflammatory cytokines. Eur J Immunol 1997;27:3526-31. 

129. Holt PG, Macaubas C. Development of long-term tolerance versus sensitisation to 
environmental allergens during the perinatal period. Curr Opin Immunol 1997;9:782-7. 

130. Holt PG, Sly PD, Bjorksten B. Atopic versus infectious diseases in childhood: a question of 
balance? Pediatr Allergy Immunol 1997;8:53-8. 

252 



131. Sudo N, Sawamura S, Tanaka K, Aiba Y, Kubo C, Koga Y. The requirement of intestinal 
bacterial flora for the development of an IgE production system fully susceptible to oral 
tolerance induction. J Immunol 1997;159:1739-45. 

132. Durkin HG, Bazin H, Waksman BH. Origin and fate of IgE-bearing lymphocytes. I. Payer's 
patches as differentiation site of cells. Simultaneously bearing IgA and IgE. J Exp Med 
1981;154:640-8. 

133. Finlay AY, Khan GK. Dermatology Life Quality Index (DLQI)-a simple practical measure for 
routine clinical use. Clin Exp Dermatol 1994;19:210-6. 

134. Pearce N, Weiland S, Keil U, Langridge P, Anderson HR, Strachan D et al. Self-reported 
prevalence of asthma symptoms in children in Australia, England, Germany and New Zealand: 
an international comparison using the ISAAC protocol. Eur Respir J1993;6:1455-61. 

135. Bock SA. The natural history of food sensitivity. J Allergy Clin Immunol 1982;69 :173-7. 

136. Ford RP, Taylor B. Natural history of egg hypersensitivity. Arch Dis Child 1982;57:649-52. 

137. Host A, Halken S. A prospective study of cow milk allergy in Danish infants during the first 3 
years of life. Clinical course in relation to clinical and immunological type of hypersensitivity 
reaction. Allergy 1990;45:587-96. 

138. Bishop JM, Hill DJ, Hosking CS. Natural history of cow milk allergy: clinical outcome. J 
Pediatr 1990;116:862-7. 

139. Rystedt 1. Factors influencing the occurrence of hand eczema in adults with a history of atopic 
dermatitis in childhood. Contact Dermatitis 1985;12:185-91. 

140. Kjelhnan B, Hattevig G. Allergy in early and late onset of atopic dermatitis. Acta Paediatr 
1994;83:229-31. 

141. Guillet G, Guillet MH. Natural history of sensitizations in atopic dermatitis. A 3-year follow- up 
in 250 children: food allergy and high risk of respiratory symptoms. Arch Dermatol 
1992;128:187-92. 

142. Bergmann RL, Edenhaiter G, Bergmann KE, Forster J, Bauer CP, Wahn V et al. Atopic 
dermatitis in early infancy predicts allergic airway disease at 5 years. Clin Exp Allergy 
1998;28:965-70. 

143. Kulig M, Bergmann R, Klettke U, Wahn V, Tacke U, Wahn U. Natural course of sensitization to 
food and inhalant allergens during the first 6 years of life. J Allergy Clin Immunol 
1999;103:1173-9. 

144. Turner H, Kinet JP. Signalling through the high-affinity IgE receptor Fc epsilonRI. Nature 
1999;402:B24-B30. 

145. Kinet JP. The high-affinity IgE receptor (Fc epsilon Rl): from physiology to pathology. Annu 
Rev Immunol 1999;17:931-72. 

146. Van der Heijden FL, Joost van Neerven RJ, van Katwijk M, Bus JD, Kapsenberg ML. Serum-
IgE-facilitated allergen presentation in atopic disease. J Immunol 1993;150:3643-50. 

147. Yamaguchi M, Sayama K, Yano K, Lantz CS, Noben-Trauth N, Ra C et al. IgE enhances Fc 
epsilon receptor 1 expression and IgE-dependent release of histamine and lipid mediators from 
human umbilical cord blood- derived mast cells: synergistic effect of IL-4 and IgE on human 
mast cell Fc epsilon receptor 1 expression and mediator release. J Immunol 1999;162:5455-65. 

25: 



148. Foster PS, Mould AW, Yang M, Mackenzie J, Mattes J, Hogan SP et al. Elemental signals 
regulating eosinophil accumulation in the lung. Immunol Rev. 2001;179:173-81. 

149. Williams HC. Epidemiology of atopic dermatitis. Clin Exp Dermatol. 2000;25:522-9. 

150. Taylor B, Wadsworth J, Wadsworth M, Peckham C. Changes in the reported prevalence of 
childhood eczema since the 1939- 45 war. Lancet 1984;2:1255-7. 

151. Leung DY, Bhan AK, Schneeberger EE, Geha RS. Characterization of the mononuclear cell 
infiltrate in atopic dermatitis using monoclonal antibodies. J Allergy Clin Immunol 1983; 71:47-
56. 

152. Akdis M, Simon HU, Weigl L, Kreyden O, Blaser K, Akdis CA. Skin homing (cutaneous 
lymphocyte-associated antigen-positive) CD8+ T cells respond to superantigen and contribute to 
eosinophilia and IgE production in atopic dermatitis. J Immunol 1999;163:466-75. 

153. Santamaria Babi LF, Picker LJ, Perez Soler MT, Drzimalla K, Flohr P, Blaser K et al. 
Circulating allergen-reactive T cells from patients with atopic dermatitis and allergic contact 
dermatitis express the skin-selective homing receptor, the cutaneous lymphocyte-associated 
antigen. J Exp Med 1995;181:1935-40. 

154. Morales J, Homey B, Vicari AP, Hudak S, Oldham E, Hedrick J et al. CTACK, a skin-
associated chemokine that preferentially attracts skin- homing memory T cells. ProcNatl Acad 
6'c/ 1999;96:14470-5. 

155. Yawalkar N, Uguccioni M, Scharer J, Braunwalder J, Karlen S, Dewald B et al. Enhanced 
expression of eotaxin and CCR3 in atopic dermatitis. J Invest Dermatol 1999;113:43-8. 

156. Laberge S, Ghaffar O, Boguniewicz M, Center DM, Leung DY, Hamid Q. Association of 
increased CD4+ T-cell infiltration with increased IL-16 gene expression in atopic dermatitis. J 
Allergy Clin Immunol 1998;102:645-50. 

157. Werfel T, Merita A, Grewe M, Renz H, Wahn U, Krutmann J et al. Allergen specificity of skin-
infiltrating T cells is not restricted to a type-2 cytokine pattern in chronic skin lesions of atopic 
dermatitis. J Invest Dermatol 1996;107:871-6. 

158. Thepen T, Langeveld-Wildschut EG, Bihari IC, van Wichen DF, van Reijsen FC, Mudde GC et 
al. Biphasic response against aeroallergen in atopic dermatitis showing a switch from an initial 
TH2 response to a THl response in situ: an immunocytochemical study. J Allergy Clin Immunol 
1996;97:828-37. 

159. Akdis M, Akdis CA, Weigl L, Disch R, Blaser K. Skin-homing, CLA+ memory T cells are 
activated in atopic dermatitis and regulate IgE by an IL-13-dominated cytokine pattern: IgG4 
counter- regulation by CLA- memory T cells. J Immunol 1997;159:4611-9. 

160. Trautmann A, Akdis M, Kleemann D, Altznauer F, Simon HU, Graeve T et al. T cell-mediated 
Fas-induced keratinocyte apoptosis plays a key pathogenetic role in eczematous dermatitis. J 
Clin Invest 2000;106:25-35. 

161. Upton MN, McConnachie A, McSharry C, Hart CL, Smith GD, Gillis CR et al. 
Intel-generational 20 year trends in the prevalence of asthma and hay fever in adults: the 
Midspan family study surveys of parents and offspring. BM/2000;321:88-92. 

162. Kaur B, Anderson HR, Austin J, Burr M, Harkins LS, Strachan DP et al. Prevalence of asthma 
symptoms, diagnosis, and treatment in 12-14 year old children across Great Britain 
(international study of asthma and allergies in childhood, ISAAC UK). BMJ 1998;316:118-24. 

163. Cooke RA,Vander Veer A. Human sensitisation. J Immunol 19]6;1:201-5. 

254 



164. Kaufman HS, Frick OL. The development of allergy in infants of allergic parents; a prospective 
study concerning the role of heredity. Ann Allergy 1976;37:410-5. 

165. Coca A, Cooke R. On the classification of of the phenomena of hypersensitivity. J Immunol. 
1923;8:163-82. 

166. Peat JK, Li J. Reversing the trend: reducing the prevalence of asthma. J Allergy Clin Immunol 
1999;103:1-10. 

167. Edfors-Lubs ML. Allergy in 7000 twin pairs. Acta Allergol. 1971;26:249-85. 

168. Heinrich J, Nowak D, Wassmer G, Jorres R, Wjst M, Berger J et al. Age-dependent differences 
in the prevalence of allergic rhinitis and atopic sensitization between an eastern and a western 
Geman city. Allergy 1998;53 ;89-93. 

169. Ring J, Kramer U, Schafer T, Behrendt H. Why are allergies increasing? Curr Opin Immunol 
2001;13:701-8. 

170. Lapidus CS, Schwarz DF, Honig PJ. Atopic dermatitis in children; who cares? Who pays? J Am 
Acad Dermatol 1993;28:699-703. 

171. Nickel R, Kulig M, Forster J, Bergmann R, Bauer CP, Lau S et al. Sensitization to hen's egg at 
the age of twelve months is predictive for allergic sensitization to common indoor and outdoor 
allergens at the age of three years. J Allergy Clin Immunol 1997;99:613-7. 

172. BUIT ML, Meixett TG, Dunstan FD, Maguire MJ. The development of allergy in high-risk 
children. Clin Exp Allergy 1997;27:1247-53. 

173. Tariq SM, Matthews SM, Hakim EA, Arshad SH. Egg allergy in infancy predicts respiratory 
allergic disease by 4 years of age. Pediatr Allergy Z/M/WMWO/2000;11:162-7. 

174. Rhodes HL, Sporik R, Thomas P, Holgate ST, Cogswell JJ. Early life risk factors for adult 
asthma: a birth cohort study of subjects at risk, J Allergy Clin Immunol 2001;108:720-5. 

175. van Toorenenbergen AW, Huijskes-Heins MI, Gerth vW. Different pattern of IgE binding to 
chicken egg yolk between patients with inhalant allergy to birds and food-allergic children. Int 
Arch Allergy Immunol 1994;104:199-203. 

176. Aabin B, Poulsen LK, Ebbehoj K, Norgaard A, Frokiaer H, Bindslev-Jensen C et al. 
Identification of IgE-binding egg white proteins: comparison of results obtained by different 
methods. Int Arch Allergy Immunol 1996;109:50-7. 

177. Honma K, Kohno Y, Saito K, Shimojo N, Horiuchi T, Hayashi H et al. Allergenic epitopes of 
ovalbumin (OVA) in patients with hen's egg allergy: inhibition of basophil histamine release by 
haptenic ovalbumin peptide. Clin Exp Immunol 1996;103:446-53. 

178. Hoffinan DR. Immunochemical identification of the allergens in egg white. J Allergy Clin 
Immunol 1983;71:481-6. 

179. Bairoch A, Apweiler R. The SWISS-PROT protein sequence data bank and its supplement 
TrEMBL. Nucleic Acids Res 1997;25:31-6. 

180. Anibarro B, Seoane FJ, Vila C, Lombardero M. Allergy to eggs fi'om duck and goose without 
sensitization to hen egg proteins. J Allergy Clin Immunol 2000;105:834-6. 

181. Hamelmann E, Gelfand E W. lL-5-induced airway eosinophilia-the key to asthma? Immunol 
.Rev 2001;179:182-91. 

255 



182. Richard M, Grencis RK, Humphreys NE, Renauld JC, Van Snick J. Anti-lL-9 vaccination 
prevents worm expulsion and blood eosinophilia in Trichuris muris-infected mice. Proc Natl 

2000;97:767-72. 

183. Foster PS, Mould AW, Yang M, Mackenzie J, Mattes J, Hogan SP et al. Elemental signals 
regulating eosinophil accumulation in the lung. Immunol Rev 2001;179:173-81. 

184. Dombrowicz D, Quatannens B, Papin JP, Capron A, Capron M. Expression of a functional Fc 
epsilon RI on rat eosinophils and macrophages. J Immunol 2000;165:1266-71. 

185. van den Biggelaar AH, van Ree R, Rodrigues LC, Lell B, Decider AM, Kremsner PG et al. 
Decreased atopy in children infected with Schistosoma haematobium: a role for parasite-induced 
interleukin-10. Lancet 2000;356:1723-7. 

186. Lim S, Crawley E, Woo P, Barnes PJ. Haplotype associated with low interleukin-10 production 
in patients with severe asthma. Lancet 1998;352:113. 

187. Xu LQ, Yu SH, Jiang ZX, Yang JL, Lai LQ, Zhang XJ et al. Soil-transmitted helminthiases: 
nationwide survey in China. Bull World Health Organ 1995; 73:507-13. 

188. Lynch NR, Hagel I, Perez M, Di Frisco MC, Lopez R, Alvarez N. Effect of anthelmintic 
treatment on the allergic reactivity of children in a tropical slum. J Allergy Clin Immunol 
1993;92:404-11. 

189. Godfrey RC, Gradidge CF. Allergic sensitisation of human lung fragments prevented by 
saturation of IgE binding sites. Nature 1976;259:484-6. 

190. Warner JO. Food allergy in fully breast-fed infants. Clin Allergy 1980;10:133-6. 

191. Bergmann RL, Edenharter G, Bergmann KE, Guggenmoos-Holzmann 1, Forster J, Bauer CP et 
al. Predictability of early atopy by cord blood-lgE and parental history. Clin Exp Allergy 
1997;27:752-60. 

192. Doull IJ. Maternal inheritance of atopy? Clin Exp Allergy 1996;26:613-5. 

193. Godfrey KM, Barker DJ, Osmond C. Disproportionate fetal growth and raised IgE concentration 
in adult life. Clin Exp Allergy 1994;24:641-8. 

194. Oryszczyn MP, Annesi-Maesano 1, Campagna D, Sahuquillo J, Huel G, Kauffmann F. Head 
circumference at birth and maternal factors related to cord blood total IgE. Clin Exp Allergy 
1999;29:334-41. 

195. Gregory A, Doull I, Pearce N, Cheng S, Leadbitter P, Holgate S et al. The relationship between 
anthropometric measurements at birth: asthma and atopy in childhood. Clin Exp Allergy 
1999;29:330-3. 

196. Kopp MV, Zehle C, Pichler J, Szepfalusi Z, Moseler M, Deichmann K et al. Allergen-specific T 
cell reactivity in cord blood: the influence of maternal cytokine production. Clin Exp Allergy 
2001;31:1536-43. 

197. Prescott SL, Macaubas C, Holt BJ, Smallacombe TB, Loh R, Sly PD et al. Transplacental 
priming of the human immune system to environmental allergens: universal skewing of initial T 
cell responses toward the Th2 cytokine pxof\\e. J Immunol 1998;160:4730-7. 

198. Kondo N, Kobayashi Y, Shinoda S, Kasahara K, Kameyama T, Iwasa S et al. Cord blood 
lymphocyte responses to food antigens for the prediction of allergic disorders. Arch.Dis. Child 
1992;67:1003-7. 

256 



199. Szepfalusi Z, Nentwich I, Gerstmayr M, Jost E, Todoran L, Gratzl R et al. Prenatal allergen 
contact with milk proteins. Clin Exp Allergy 1997;27:28-35. 

200. Duren-Schmidt K, Pichler J, Ebner C, Baitmann P, Forster E, Urbanek R et al. Prenatal contact 
with inhalant allergens. Pediatr Res 1997;41:128-31. 

201. Szepfalusi Z, Pichler J, Elsasser S, van Duren K, Ebner C, Bernaschek G et al. Transplacental 
priming of the human immune system with environmental allergens can occur early in gestation. 
J Allergy Clin Immunol 2000;106:530-6. 

202. Miles EA, Warner JA, Jones AC, Colwell BM, Bryant TN, Warner JO. Peripheral blood 
mononuclear cell proliferative responses in the first year of life in babies born to allergic parents. 
Clin Exp Allergy 1996;26:780-8. 

203. Smillie FI, Elderfield AJ, Patel F, Cain G, Tavenier G, Brutsche M et al. Lymphoproliferative 
responses in cord blood and at one year; no evidence for the effect of in utero exposure to dust 
mite allergens. Clin Exp Allergy 2001; 31:1194-204. 

204. Gabrielsson S, Soderlund A, Nilsson C, Lilja G, Nordlund M, Troye-Blomberg M. Influence of 
atopic heredity on IL-4-, IL-12- and IFN-gamma-producing cells in in vitro activated cord blood 
mononuclear cells. Clin Exp Immunol 2001;126:390-6. 

205. Liao SY, Liao TN, Chiang BL, Huang MS, Chen CC, Chou CC et al. Decreased production of 
IFN gamma and increased production of IL-6 by cord blood mononuclear cells of newborns with 
a high risk of allergy. Clin Exp Allergy 1996;26:397-405. 

206. Warner JA, Jones CA, Jones AC, Miles EA, Francis T, Warner JO. Immune responses during 
pregnancy and the development of allergic disease. Pediatr Allergy Immunol 1997;8:5-10. 

207. Warner JA, Miles EA, Jones AC, Quint DJ, Colwell BM, Warner JO. Is deficiency of interferon 
gamma production by allergen triggered cord blood cells a predictor of atopic eczema? Clin Exp 

1994;24:423-30. 

208. Tang ML, Kemp AS, Thorburn J, Hill DJ. Reduced interferon-gamma secretion in neonates and 
subsequent atopy. Lancet 1994;344:983-5. 

209. Chan-Yeung M, Ferguson A, Chan H, Dimich-Ward H, Watson W, Manfieda J et al. Umbilical 
cord blood mononuclear cell proliferative response to house dust mite does not predict the 
development of allergic rhinitis and asthma. J Allergy Clin Immunol 1999;104:317-21. 

210. Ashraf RN, Jalil F, Zaman S, Karlberg J, Khan SR, Lindblad BS et al. Breast feeding and 
protection against neonatal sepsis in a high risk population. Arch Dis Child 1991 ;66:488-90. 

211. Feachem RG,.Koblinsky MA. Interventions for the control of diarrhoeal diseases among young 
children: promotion ofbreast-feeding. Bull World Health Organ 1984;62 :271-91. 

212. Silfverdal SA, Bodin L, Olcen P. Protective effect of breastfeeding; an ecologic study of 
Haemophilus influenzae meningitis and breastfeeding in a Swedish population. Int J Epidemiol 
1999;28:152-6. 

213. Bottcher MF, Jenmalm MC, Garofalo RP, BjSrksten B. Cytokines in breast milk from allergic 
and nonallergic mothers. Pediatr Res 2000;47:157-62. 

214. Bottcher MF, Jenmalm MC, Bjorksten B, Garofalo RP. Chemoattractant factors in breast milk 
from allergic and nonallergic mothers. Pediatr Res 2000;47:592-7. 

215. Shute JK, Vrugt B, Lindley IJ, Holgate ST, Bron A, Aalbers R et al. Free and complexed 
interleukin-8 in blood and bronchial mucosa in asthma. Am JRespir Crit Care Med 
1997;lS5:1877-83. 

257 



216. Yousefi S, Hemmann S, Weber M, Holzer C, Haitung K, Blaser K et al. IL-8 is expressed by 
human peripheral blood eosinophils. Evidence for increased secretion in asthma. J Immunol 
1995;154:5481-90. 

217. Kita H, Gleich GJ. Chemokines active on eosinophils; potential roles in allergic inflammation. J 
Met/1996;183:2421-6. 

218. Alam R. Chemokines in allergic inflammation. J Allergy Clin Immunol 1997;99:273-7. 

219. Kimata H, Yoshida A, Ishioka C, Fujimoto M, Lindley I, Furusho K. RANTES and macrophage 
inflammatory protein 1 alpha selectively enhance immunoglobulin (IgE) and lgG4 production 
by human B cells. JExy Med 1996;183:2397-402. 

220. Allardyce RA, Wilson A. Breast milk cell supernatants from atopic donors stimulate cord blood 
IgE secretion in vitro. Clin Allergy 1984;14:259-67. 

221. Kalliomaki M, Kirjavainen P, Eerola E, Kero P, Salminen S, Isolauri E. Distinct patterns of 
neonatal gut microflora in infants in whom atopy was and was not developing. J Allergy Clin 
Immunol 2001;107:129-34. 

222. Sugiyama T, Wright SD. Soluble CD14 mediates efflux of phospholipids from cells. J Immunol 
2001;166:826-31. 

223. Hoppu U, Kalliomaki M, Isolauri E. Maternal diet rich in saturated fat during breastfeeding is 
associated with atopic sensitization of the infant. Eur J Clin Nutr 2000;54:702-5. 

224. Yabuhara A, Macaubas C, Prescott SL, Venaille TJ, Holt BJ, Habre W et al. TH2-polarized 
immunological memory to inhalant allergens in atopics is established during infancy and early 
childhood. Clin Exp Allergy 1997;27 :1261-9. 

225. Prescott SL, Macaubas C, Smallacombe T, Holt BJ, Sly PD, Holt PG. Development of allergen-
specific T-cell memory in atopic and normal children. Lancet 1999;353:196-200. 

226. Strachan DP. Hay fever, hygiene, and household size. BMJ 1989;299:1259-60. 

227. Von Mutius E, Fritzsch C, Weiland SK, Roll G, Magnussen H. Prevalence of asthma and 
allergic disorders among children in united Germany: a descriptive comparison. BMJ 
1992;305:1395-9. 

228. Ball TM, Castro-Rodriguez JA, Griffith KA, Holberg CJ, Martinez FD, Wright AL. Siblings, 
day-care attendance, and the risk of asthma and wheezing during childhood. N Engl J Med 
2000;343:538-43. 

229. Infante-Rivard C, Amre D, Gautrin D, Malo JL. Family size, day-care attendance, and 
breastfeeding in relation to the incidence of childhood asthma. Am J Epidemiol 2001;153:653-8. 

230. Shaheen SO, Aaby P, Hall AJ, Barker DJ, Heyes CB, Shiell AW et al. Measles and atopy in 
Guinea-Bissau. Lancet 1996;347:1792-6. 

231. Matricardi PM, Rosmini F, Ferrigno L, Nisini R, Rapicetta M, Chionne P et al. Cross sectional 
retrospective study of prevalence of atopy among Italian military students with antibodies 
against hepatitis A virus. BM/1997;314:999-1003. 

232. Shirakawa T, Enomoto T, Shimazu S, Hopkin JM. The inverse association between tuberculin 
responses and atopic disorder. Science 1997;275:77-9. 

233. Von Mutius E, Pearce N, Beasley R, Cheng S, von Ehrenstein O, Bjorksten B et al. International 
patterns of tuberculosis and the prevalence of symptoms of asthma, rhinitis, and eczema. Thorax 
2000;55:449-53. 

258 



234. Von Ehrenstein OS, von Mutius E, Illi S, Baumann L, Bohm O, von Kries R. Reduced risk of 
hay fever and asthma among children of farmers. Clin Exp Allergy 2000;30:187-93. 

235. Riedler J, Eder W, Oberfeld G, Schreuer M. Austrian children living on a farm have less hay 
fever, asthma and allergic sensitization. Clin Exp Allergy 2000;30:194-200. 

236. Gereda JE, Leung DY, Thatayatikom A, Streib JE, Price MR, Klinnert MD et al. Relation 
between house-dust endotoxin exposure, type 1 T-cell development, and allergen sensitisation in 
infants at high risk of asthma. Za«ce/200D;355:1680-3. 

237. Baldini M, Lohman IC, Halonen M, Erickson RP, Holt PG, Martinez FD. A Polymorphism* in 
the 5' flanking region of the CD 14 gene is associated with circulating soluble CD 14 levels and 
with total serum immunoglobulin E. Am JRespir Cell Mol Biol 1999;20:976-83. 

238. Koppelman GH, Reijmerink NE, Colin SO, Howard TD, Whittaker PA, Meyers DA et al. 
Association of a promoter polymorphism of the CD14 gene and atopy. Am J Respir Crit Care 

2001;163:965-9. 

239. Sepp E, Julge K, Vasar M, Naaber P, Bjorksten B, Mikelsaar M. Intestinal microflora of 
Estonian and Swedish infants. Acta Paediatr 1997;86:956-61. 

240. Bjorksten B, Naaber P, Sepp E, Mikelsaar M. The intestinal microflora in allergic Estonian and 
Swedish 2-year-old children. Clin Exp Allergy 1999;29:342-6. 

241. Isolauri E, Arvola T, Sutas Y, Moilanen E, Salminen S. Probiotics in the management of atopic 
eczema. Clin Exp Allergy 2000;30:1604-10. 

242. Kalliomaki M, Salminen S, Arvilommi H, Kero P, Koskinen P, Isolauri E. Probiotics in primaiy 
prevention of atopic disease: a randomised placebo-controlled trial. Lancet 2001 ;357:1076-9. 

243. Majamaa H, Isolauri E. Probiotics: a novel approach in the management of food allergy. J 
Allergy Clin Immunol 1997;99:179-85. 

244. Warner JO, Price JF. House dust mite sensitivity in childhood asthma. Arch Dis Child 
1978;53:710-3. 

245. Bjorksten F, Suoniemi I, Koski V. Neonatal birch-pollen contact and subsequent allergy to birch 
pollen. Clin Allergy 1980;10:585-91. 

246. Wahn U, Lau S, Bergmann R, Kulig M, Forster J, Bergmann K et al. Indoor allergen exposure is 
a risk factor for sensitization during the first three years of life. J Allergy Clin Immunol 
1997;99:763-9. 

247. Sporik R, Holgate ST, Platts-Mills TA, Cogswell JJ. Exposure to house-dust mite allergen (Der 
p I) and the development of asthma in childhood. A prospective study. N EnglJ Med 
1990;323:502-7. 

248. Simpson BM, Custovic A, Simpson A, Hallam CL, Walsh D, Marolia H et al. NAC Manchester 
Asthma and Allergy Study (NACMAAS): risk factors for asthma and allergic disorders in 
adults. Clin Exp Allergy 2001;31:391-9. 

249. Peat JK, Tovey E, Toelle BG, Haby MM, Gray EJ, Mahmic A et al. House dust mite allergens. 
A major risk factor for childhood asthma in Australia. Am J Respir Crit Care Med 
1996;153:141-6. 

250. Lau S, Illi S, Sommerfeld C, Niggemann B, Bergmann R, von Mutius E et al. Early exposure to 
house-dust mite and cat allergens and development of childhood asthma: a cohort study. 
Multicentre Allergy Study Group. Lancet 2000;356:1392-7. 

259 



251. Nafstad P, Magnus P, Gaarder PI, Jaakkola JJ. Exposure to pets and atopy-related diseases in the 
first 4 years of life. Allergy 2001;56:307-12. 

252. Talbot FB. Eczema in childhood. Medical Clinics of Nor'th America 1918;1:985. 

253. Axelsson I, Jakobsson I, Lindberg T, Benediktsson B. Bovine beta-lactoglobulin in the human 
milk. A longitudinal study during the whole lactation period. Acta Paediatr Scand 1986;75:702-
7. 

254. Troncone R, Scarcella A, Donatiello A, Cannataro P, Tarabuso A, Auricchio S. Passage of 
gliadin into human breast milk. Acta Paediatr Scand 1987;76;453-6. 

255. Vadas P, Wai Y, Burks W, Perelman B. Detection of peanut allergens in breast milk of lactating 
women. JAMA 2001;285:1746-8. 

256. Fukushima Y, Kawata Y, Onda T, Kitagawa M. Consumption of cow milk and egg by lactating 
women and the presence of beta-lactoglobulin and ovalbumin in breast milk. Am J Clin Nutr 
1997;65:30-5. 

257. Jakobsson I, Lindberg T. Cow's milk proteins cause infantile colic in breast-fed infants: a 
double-blind crossover study. Pediatrics 1983;71:268-71. 

258. Holloway JA, Warner JO, Vance GH, Diaper ND, Warner J A, Jones CA. Detection of house-
dust-mite allergen in amniotic fluid and umbilical- cord blood. Lancet 2000;356:1900-2. 

259. Jarvis D, Chinn S, Luczynska C, Bumey P. Association of respiratory symptoms and lung 
function in young adults with use of domestic gas appliances. Lancet 1996;347:426-31. 

260. Ishizaki T, Koizumi K, Ikemori R, Ishiyama Y, Kushibiki E. Studies of prevalence of Japanese 
cedar pollinosis among the residents in a densely cultivated area. Ann Allergy 1987;58:265-70. 

261. Whittemore AS, Korn EL. Asthma and air pollution in the Los Angeles area. Am J Public 
/fea/fA 1980;70:687-96. 

262. Cook DG, Strachan DP. Health effects of passive smoking. 3. Parental smoking and prevalence 
of respiratory symptoms and asthma in school age children. Thorax 1997;52:1081-94. 

263. Strachan DP, Cook DG. Health effects of passive smoking. 6. Parental smoking and childhood 
asthma: longitudinal and case-control studies. Thorax 1998;53:204-12. 

264. Gilliland FD, Li YF, Peters JM. Effects of maternal smoking during pregnancy and 
environmental tobacco smoke on asthma and wheezing in children. Am J Respir Crit Care Med 
2001;163:429-36. 

265. Tai iq SM, Hakim EA, Matthews SM, Arshad SH. Influence of smoking on asthmatic symptoms 
and allergen sensitisation in early childhood. Postgrad Med J 2QQ0-,16-.69A-9. 

266. Strachan DP, Cook DG. Health effects of passive smoking .5. Parental smoking and allergic 
sensitisation in children. Thorax 1998;53:117-23. 

267. Ehrlich RI, du TD, Jordaan E, Zwarenstein M, Potter P, Volmink JA et al. Risk factors for 
childhood asthma and wheezing. Importance of maternal and household smoking. Am J Respir 
Crit Care Med 1996;154:681-8. 

268. Gold DR, Surge HA, Carey V, Milton DK, Platts-Mills T, Weiss ST. Predictors of repeated 
wheeze in the first year of life: the relative roles of cockroach, birth weight, acute lower 
respiratory illness, and maternal smoking. Am J Respir Crit Care Med 1999;160:227-36. 

260 



269. Boner AL, Peroni DG, Piacentini GL, Venge P. Influence of allergen avoidance at high altitude 
on serum markers of eosinophil activation in children with allergic asthma. Clin Exp Allergy 
1993;23:1021-6. 

270. Custovic A, Simpson BM, Simpson A, Hallam C, Craven M, Brutsche M et al. Manchester 
Asthma and Allergy Study: low-allergen environment can be achieved and maintained during 
pregnancy and in early life. J Allergy Clin Immunol 2000;105:252-8. 

271. Zeiger RS, Heller S, Mellon M, O'Connor R, Hamburger RN. Effectiveness of dietary 
manipulation in the prevention of food allergy in infants. J Allergy Clin Immunol 1986;78:224-
38. 

272. Lilja G, Dannaeus A, Foucard T, Graff-Lonnevig V, Johansson SG, Oman H. Effects of 
maternal diet during late pregnancy and lactation on the development of atopic diseases in 
infants up to 18 months of age-in- vivo results. Clin Exp Allergy 1989;19:473-9. 

273. Falth-Magnusson K, Kjellman NI. Allergy prevention by maternal elimination diet during late 
pregnancy— a 5-year follow-up of a randomized study. J Allergy Clin Immunol. 1992; 89:709-
13. 

274. Falth-Magnusson K, Kjellman NI. Development of atopic disease in babies whose mothers were 
receiving exclusion diet during pregnancy—a randomized study. J Allergy Clin Immunol. 
1987;80:868-75. 

275. Zeiger RS, Heller S. The development and prediction of atopy in high-risk children: follow- up 
at age seven years in a prospective randomized study of combined maternal and infant food 
allergen avoidance. J Allergy Clin Immunol 1995;95:1179-90. 

276. Kramer MS. Maternal antigen avoidance during pregnancy for preventing atopic disease in 
infants of women at high risk. Cochrane Database Syst Rev 2000;CDOOO 133. 

277. Kramer MS. Maternal antigen avoidance during lactation for preventing atopic disease in infants 
of women at high risk. Cochrane Database Syst Rev 2000;CD000132. 

278. Hattevig G, Kjellman B, Sigurs N, Bjorksten B, Kjellman NI. Effect of maternal avoidance of 
eggs, cow's milk and fish during lactation upon allergic manifestations in infants. Clin Exp 

1989;19:27-32. 

279. Hattevig G, Sigurs N, Kjellman B. Effects of maternal dietary avoidance during lactation on 
allergy in children at 10 years of age. Acta Paediatr 1999;88:7-12. 

280. Custovic A, Simpson BM, Simpson A, Kissen P, Woodcock A. Effect of environmental 
manipulation in pregnancy and early life on respiratory symptoms and atopy during first year of 
life: a randomised trial. Lancet 2001;358:188-93. 

281. Hide DW, Matthews S, Tariq S, Arshad SH. Allergen avoidance in infancy and allergy at 4 
years of age. Allergy 1996;51:89-93. 

282. Friedman A, Weiner HL. Induction of anergy or active suppression following oral tolerance is 
determined by antigen dosage. Proc Natl Acad Sci USA 1994;91:6688-92. 

283. Chen Y, Inobe J, Marks R, Gonnella P, Kuchroo VK, Weiner HL. Peripheral deletion of 
antigen-reactive T cells in oral tolerance. Nature 1995;376:177-80. 

284. Holt PG, Sedgwick JO. Suppression of IgE responses following antigen inhalation: a natural 
homeostatic mechanism which limits sensitisation to aeroallergens. Immunol Today 1987;8:14-
5. 

261 



285. Sakai K, Yokoyama A, Kohno N, Hiwada K. Effect of different sensitizing doses of antigen in a 
murine model of atopic asthma. Clin Exp Immunol 1999;118:9-15. 

286. Sudowe S, Rademaekers A, Kolsch E. Antigen dose-dependent predominance of either direct or 
sequential switch in IgE antibody responses. Immunology 1997;91:464-72. 

287. Strobel S, Ferguson A. Immune responses to fed protein antigens in mice. 3. Systemic tolerance 
or priming is related to age at which antigen is first encountered. Pediatr Res 1984;18:588-94. 

288. Gammon G, Dunn K, Shastri N, Oki A, Wilbur S, Sercarz EE. Neonatal T-cell tolerance to 
minimal immunogenic peptides is caused by clonal inactivation. Nature 1986;319:413-5. 

289. Telemo E, Jakobsson I, Westrom BR, Folkesson H. Maternal dietary antigens and the immune 
response in the offspring of the guinea-pig. Immunology 1987;62:35-8. 

290. Jarrett EE, Hall E. IgE suppression by maternal IgG. Immunology 1983;48:49-58. 

291. Jenmalm MC, Bjorksten B. Cord blood levels of immunoglobulin G subclass antibodies to food 
and inhalant allergens in relation to maternal atopy and the development of atopic disease during 
the first 8 years of life. Clin Exp Allergy 2000;30:34-40. 

292. likura Y, Akimoto K, Odajima Y, Akazawa A, Nagakura T. How to prevent allergic disease. I. 
Study of specific IgE, IgG, and IgG4 antibodies in serum of pregnant mothers, cord blood, and 
infants. Int Arch Allergy Appl Immunol 1989;88:250-2. 

293. Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F et al. International Study of 
Asthma and Allergies in Childhood (ISAAC): rationale and methods. Eur Respir J I995;8:483-
91. 

294. Determinants of total and specific IgE in infants with atopic dermatitis. ETAC Study Group. 
Early Treatment of the Atopic Child. Pediatr Allergy Immunol 1997;8 :177-84. 

295. Sampson H. Atopic dermatitis. Ann Allergy 1992;69:469-81. 

296. Severity scoring of atopic dermatitis: the SCORAD index. Consensus Report of the European 
Task Force on Atopic Dermatitis. Dermatology 1993;186:23-31. 

297. Dean AG, Dean JA, Burton AH, Dicker RC. Epi Info: a general-purpose microcomputer 
program for public health information systems. Am JPrev Med 1991 ;7:178-82. 

298. Pemeger TV. What's wrong with Bonferroni adjustments. BMJ 1998;316:1236-8. 

299. Donnally HH. The question of the elimination of foreign protein (egg white) in woman's milk. J 
Immunol 1930;19:15-40. 

300. Kilshaw PJ, Cant AJ. The passage of maternal dietary proteins into human breast milk. Int Arch 
Allergy Appl Immunol 1984;75:8-15. 

301. Paganelli R, Levinsky RJ. Solid phase radioimmunoassay for detection of circulating food 
protein antigens in human serum. J Immunol Methods 1980;37:333-41. 

302. Husby S, Jensenius JC, Svehag SE. Passage of undegraded dietary antigen into the blood of 
healthy adults. Quantification, estimation of size distribution, and relation of uptake to levels of 
specific antibodies. Scand J Immunol 1985;22:83-92. 

303. Dannaeus A, Inganas M, Johansson SG, Foucard T. Intestinal uptake of ovalbumin in 
malabsorption and food allergy in relation to serum IgG antibody and orally administered 
sodium cromoglycate. Clin Allergy 1979;9:263-70. 

262 



304. Ogura H, Ogura Y, Tomoda T, Zushi N, Kurashige T. [Allergological study of breast feeding, 
ovalbumin and specific IgG, IgM and IgA antibodies to ovalbumin in human milk]. Arerugi 
1989;38:342-5]. 

305. Cant A, Marsden RA, Kilshaw PJ. Egg and cows' milk hypersensitivity in exclusively breast fed 
infants with eczema, and detection of egg protein in breast milk. Br Med J (Clin Res Ed) 
1985;291:932-5. 

306. Frank L, Marian A, Visser M, Weinberg E, Potter PC. Exposure to peanuts in utero and in 
infancy and the development of sensitization to peanut allergens in young children. Pediatr 
Allergy Immunol 1999;10:27-32. 

307. Gerrard JW. Allergy in breast fed babies to ingredients in breast milk. Ann Allergy 1979;42:69-
72. 

308. Matsumura T, Kuroume T, Oguri M, Iwasaki I, Kanbe Y. Egg sensitivity and eczematous 
manifestations in breast-fed newborns with particular reference to intrauterine sensitization. Ann 

1975;35:221-9. 

309. Zeiger RS. Prevention of food allergy and atopic disease. J RSoc Med 1997;90 Suppl 30:21-33. 

310. Chandra RK, Puri S, Hamed A. Influence of maternal diet during lactation and use of formula 
feeds on development of atopic eczema in high risk infants. 5M/1989;299:228-30. 

311. Tariq SM, Matthews SM, Hakim EA, Stevens M, Arshad SH, Hide DW. The prevalence of and 
risk factors for atopy in early childhood: a whole population birth cohort study. J Allergy Clin 
Immunol 1998;101:587-93. 

312. Newman J. How breast milk protects newborns. SciAm 1995;273:76-9. 

313. Dreborg S. Allergen levels causing sensitisation, bronchial hyperreactivity and asthma. Pediatr 
Allergy Immunol 1995;6 Suppl 7:22-6. 

314. Harmatz PR, Bloch KJ, Kleinman RE, Walsh MK, Walker WA. Influence of circulating 
maternal antibody on the transfer of dietary antigen to neonatal mice via milk. Immunology 
1986;S7:43-8. 

315. Lim PL, Rowley D. The effect of antibody on the intestinal absorption of macromolecules and 
on intestinal permeability in adult mice. Int Arch Allergy Appl Immunol 1982;68:41-6. 

316. Wold AE, Adlerberth I. Breast feeding and the intestinal microflora of the infant— implications 
for protection against infectious diseases. Adv Exp Med Biol 2000;478:77-93. 

317. Kiyono H, Kweon MN, Hiroi T, Takahashi 1. The mucosal immune system: from specialized 
immune defense to inflammation and allergy. Acta Odontol Scand 2001;59:145-53. 

318. Renz H, Vestner R, Petzoldt S, Brehler C, Prinz H, Rieger CH. Elevated concentrations of 
salivary secretory immunoglobulin A anti- cow's milk protein in newborns at risk of allergy. Int 
Arch Allergy Appl Immunol 1990;92:247-53. 

319. Machtinger S, Moss R. Cow's milk allergy in breast-fed infants: the role of allergen and 
maternal secretory IgA antibody. J Allergy Clin Immunol 1986;77:341-7. 

320. Duchen K, Casas R, Fageras-Bottcher M, Yu G, Bjorksten B. Human milk polyunsaturated 
long-chain fatty acids and secretory immunoglobulin A antibodies and early childhood allergy. 
Pediatr Allergy Immunol 2000;11:29-39. 

263 



321. Falth-Magnusson K. Breast milk antibodies to foods in relation to maternal diet, maternal atopy 
and the development of atopic disease in the baby. Int Arch Allergy Appl Immunol 1989;90;297-
300. 

322. Robinson JK, Blanchard TG, Levine AD, Emancipator SN, Lamm ME. A mucosal IgA-
mediated excretory immune system in vivo. J/OT/WMWO/2001;166:3688-92. 

323. Moro I, Kazuo K, Kusama K, Iwase T, Asano M, Takenouchi N. Molecular aspects of secretory 
IgA (S-IgA) in gut-associated lymphoid tissues. Nippon Rinsho 1991;54:1155. 

324. Prescott SL. The significance of immune responses to allergens in early life. Clin Exp Allergy 
2001;31:1167-9. 

325. Strobel S. Dietary manipulation and induction of tolerance. JPediatr 1992;121:S74-S79. 

326. Lamont AG, Mowat AM, Parrott DM. Priming of systemic and local delayed-type 
hypersensitivity responses by feeding low doses of ovalbumin to mice. Immunology 
19g9;66:595-9. 

327. Melamed D, Fishman-Lovell J, Uni Z, Weiner HL, Friedman A. Peripheral tolerance of Th2 
lymphocytes induced by continuous feeding of ovalbumin. Int Immunol 1996;8:717-24. 

328. Ruiz RG, Kemeny DM, Price JF. Higher risk of infantile atopic dermatitis from maternal atopy 
than from paternal atopy. Clin Exp Allergy 1992;22:762-6. 

329. Wright AL, Holberg CJ, Taussig LM, Martinez FD. Factors influencing the relation of infant 
feeding to asthma and recurrent wheeze in childhood. Thorax 2001;56:192-7. 

330. Jarvinen KM, Laine ST, Jarvenpaa AL, Suomalainen HK. Does low IgA in human milk 
predispose the infant to development of cow's milk allergy? Pediatr Res 2000;48:457-62. 

331. Jarvinen KM, Laine S, Suomalainen H. Defective tumour necrosis factor-alpha production in 
mother's milk is related to cow's milk allergy in suckling infants. Clin Exp Allergy 2000;30:637-
43. 

332. Duchen K. Are human milk polyunsaturated fatty acids (PUFA) related to atopy in the mother 
and her child? Allergy 2001 ;56:587-92. 

333. Groux H, Powrie F. Regulatory T cells and inflammatory bowel disease. Immunol Today 
1999;20:442-5. 

334. Weiner HL. Oral tolerance: immune mechanisms and treatment of autoimmune diseases. 
Immunol Today 1997;18:335-43. 

335. Lilja G, Dannaeus A, Falth-Magnusson K, Graff-Lonnevig V, Johansson SG, Kjellman Nl et al. 
Immune response of the atopic woman and foetus. Clin Allergy 1988;18:131-42. 

336. Falth-Magnusson K, Oman H, Kjellman NI. Maternal abstention from cow milk and egg in 
allergy risk pregnancies. Effect on antibody production in the mother and the newborn. Allergy 
1987;42:64-73. 

337. Casimir GJ, Duchateau J, Cuvelier P, Vis HL. Maternal immune status against beta-
lactoglobulin and cow milk allergy in the infant. Ann Allergy 1989;63:517-9. 

338. Casimir G, Gossart B., Vis HL, Duchateau, J. Antibodies against beta-lactoglobulin (IgG) and 
cow's milk allergy. J Allergy Clin Immunol 1985;75:206. (Abstract) 

264 



339. Falth-Magnusson K, Kjellman NI, Magnusson KE. Antibodies IgG, IgA, and IgM to food 
antigens during the first 18 months of life in relation to feeding and development of atopic 
disease. J.Allergy Clin Immunol 1988;81:743-9. 

340. Zeiger RS, Heller S, Mellon MH, Forsythe AB, O'Connor RD, Hamburger RN et al. Effect of 
combined maternal and infant food-allergen avoidance on development of atopy in early 
infancy: a randomized study. J Allergy Clin Immunol 1989;84:72-89. 

341. Zeiger RS, Heller S, Mellon M, Halsey JH, Hamburger RN, Sampson H. Genetic and 
environmental factors affecting the development of atopy through age 4 in children of atopic 
parents: a prospective randomised study of food allergen avoidance. Pediatr Allergy Immunol 
1992;3:110-27. 

342. Arshad SH, Matthews S, Gant C, Hide DW. Effect of allergen avoidance on development of 
allergic disorders in infancy. Lancet 1992;339:1493-7. 

343. Dannaeus A, Inganas M. A follow-up study of children with food allergy. Clinical course in 
relation to serum IgE- and IgG-antibody levels to milk, egg and fish. Clin Allergy 1981 ;11:533-
9. 

344. Eysink PE, De Jong MH, Bindels PJ, Scharp-Van Der Linden VT, De Groot CJ, Stapel SO et al. 
Relation between IgG antibodies to foods and IgE antibodies to milk, egg, cat, dog and/or mite 
in a cross-sectional study. Clin .Exp Allergy 1999;29:604-10. 

345. Prescott SL, Holt PG, Jenmalm M, Bjorksten B. Effects of maternal allergen-specific IgG in 
cord blood on early postnatal development of allergen-specific T-cell immunity. Allergy 
2000;55:470-5. 

346. Landor M, Rubinstein A, Kim A, Calvelli T, Mizrachi Y. Receptor-mediated maternofetal 
transfer of immunoglobulins. Inhibition of transport of anti-HIV-1 immunoglobulin by generic 
immunoglobulins in the in vitro perfused placenta. Int Arch Allergy Immunol 1998;115:203-9. 

347. Tunon-De-Lara JM, Redington AE, Bradding P, Church MK, Hartley JA, Semper AE et al. 
Dendritic cells in normal and asthmatic airways: expression of the alpha subunit of the high 
affinity immunoglobulin E receptor (Fc epsilon RI -alpha). Clin Exp Allergy 1996;26:648-55. 

348. Holloway JA, Holgate ST, Semper AE. Expression of the high-affinity IgE receptor on 
peripheral blood dendritic cells: differential binding of IgE in atopic asthma. J Allergy Clin 
Immunol 2001;107:1009-18. 

349. Glovsky MM, Ghekiere L, Rejzek E. Effect of maternal immunotherapy on immediate skin test 
reactivity, specific rye I IgG and IgE antibody, and total IgE of the children. Ann.Allergy 
1991;67:21-4. 

350. Nakagawa T, Kozeki H, Katagiri J, Fujita Y, Yamashita N, Miyamoto T et al. Changes of house 
dust mite-specific IgE, IgG and IgG subclass antibodies during immunotherapy in patients with 
perennial rhinitis. Int Arch Allergy Appl Immunol 1987;82:95-9. 

351. Van Neerven RJ, Wikborg T, Lund G, Jacobsen B, Brinch-Nielsen A, Amved J et al. Blocking 
antibodies induced by specific allergy vaccination prevent the activation of CD4+ T cells by 
inhibiting serum-IgE-facilitated allergen presentation. J Immunol 1999;163:2944-52. 

352. Hussain R, Poindexter RW, Ottesen EA. Control of allergic reactivity in human filariasis. 
Predominant localization of blocking antibody to the IgG4 subclass. J Immunol ]992;148:2731-
7. 

353. Jenmalm MC, Bjorksten B. Development of immunoglobulin G subclass antibodies to 
ovalbumin, birch and cat during the first eight years of life in atopic and non-atopic children. 
Pediatr Allergy Immunol 1999;10:112-21. 

265 



354. Pitcher-Wilmott RW, Hindocha P, Wood CB. The placental transfer of IgG subclasses in human 
pregnancy. Clin Exp Immunol 1980;41:303-8. 

355. Baatrup G, Petersen I, Jensenius JC, Svehag SE. Reduced complement-mediated immune 
complex solubilizing capacity and the presence of incompletely solubilized immune complexes 
in SLE sera. Clin Exp Immunol 1983;54:439-47. 

356. Cunningham-Rundles C. The identification of specific antigens in circulating immune 
complexes by an enzyme-linked immunosorbent assay: detection of bovine kappa- casein IgG 
complexes in human sera. Eur J Immunol 1981;11:504-9. 

357. Paganelli R, Levinsky RJ, Brostoff J, Wraith DG. Immune complexes containing food proteins 
in normal and atopic subjects after oral challenge and effect of sodium cromoglycate on antigen 
absorption. Lancet 1979;1:1270-2. 

358. Husby S, Jensenius JC, Svehag SE. Passage of undegraded dietary antigen into the blood of 
healthy adults. Further characterization of the kinetics of uptake and the size distribution of the 
antigen. Sc and J Immunol 1986;24:447-55. 

359. Malek A, Sager R, Schneider H. Transport of proteins across the human placenta. Am J Reprod 
Immunol 1998;40:347-51. 

360. Szepfalusi Z, Loibichler C, Pichler J, Reisenberger K, Ebner C, Urbanek R. Direct evidence for 
transplacental allergen transfer. Pediatr Res 2000;48:404-7. 

361. Casas R, Bjorksten B. Detection of Pel d 1-immunoglobulin G immune complexes in cord blood 
and sera from allergic and non-allergic mothers. Pediatr Allergy Immunol 2001;12:59-64. 

362. Bawdon RE, Gravell M, Hamilton R, Sever J, Miller R, Gibbs CJ. Studies on the placental 
ti'ansfer of cell-free human immunodeficiency virus and p24 antigen in an ex vivo human 
placental model. JSoc Gynecol Investig 1994;1:45-8. 

363. Bajoria R, Fisk NM. Permeability of human placenta and fetal membranes to thyrotropin-
stimulating hormone in vitro. Pediatr Res 1998;43:621-8. 

364. Jauniaux E, Gulbis B, Acharya G, Thiry P, Rodeck C. Maternal tobacco exposure and cotinine 
levels in fetal fluids in the first half of pregnancy. Obstet Gynecol 1999;93:25-9. 

365. Jauniaux E, Lees C, Jurkovic D, Campbell S, Gulbis B. Transfer of inulin across the first-
trimester human placenta. Am J Obstet Gynecol 1997;176:33-6. 

366. Dahl GM, Telemo E, Westrom BR, Jakobsson I, Lindberg T, Karlsson BW. The passage of 
orally fed proteins from mother to foetus in the rat. Comp Biochem Physiol A 1984;77:199-201. 

367. Thomburg KL, Burry KJ, Adams AK, Kirk EP, Faber JJ. Permeability of placenta to inulin. Am 
J Obstet Gynecol 1988;158:1165-9. 

368. Gergely J, Sarmay G. Fc gamma Rll-mediated regulation of human B cells. Scand J Immunol 
1996;44:1.10. 

369. Daeron M, Latour S, Malbec O, Espinosa E, Pina P, Pasmans S et al. The same tyrosine-based 
inhibition motif, in the intracytoplasmic domain of Fc gamma RUB, regulates negatively BCR-, 
TCR-, and FcR- dependent cell activation. Immunity 1995;3:635-46. 

370. Fanger NA, Voigtlaender D, Liu C, Swink S, Wardwell K, Fisher J et al. Characterization of 
expression, cytokine regulation, and effector function of the high affinity IgG receptor Fc 
gamma RJ (CD64) expressed on human blood dendritic cells. J Immunol 1997;158:3090-8. 

266 



371. Steward MW, Lew AM. The importance of antibody affinity in the performance of 
immunoassays for antibody. J Immunol Methods 1985;78;173-90. 

372. Nimmo GR, Lew AM, Stanley CM, Steward MW. Influence of antibody affinity on the 
performance of different antibody assays. J Immunol Methods 1984;72:177-87. 

373. Mita H, Yasueda H, Akiyama K. Affinity of IgE antibody to antigen influences allergen-induced 
histamine release. Clin Exp Allergy 2000;30:1583-9. 

374. Devey ME, Lee SR, Richards D, Kemeny DM. Serial studies on the functional affinity and 
heterogeneity of antibodies of different IgG subclasses to phospholipase A2 produced in 
response to bee-venom immunotherapy. J Allergy Clin Immunol 1989;84:326-30. 

375. Devash Y, Calvelli TA, Wood DO, Reagan KJ, Rubinstein A. Vertical transmission of human 
immunodeficiency virus is correlated with the absence of high-affinity/avidity maternal 
antibodies to the gpl20 principal neutralizing domain. Proc Natl Acad Sci USA 1990;87:3445-9. 

376. Sennhauser FH, Balloch A, Macdonald RA, Shelton MJ, Roberton DM. Matemofetal transfer of 
IgG anti-Escherichia coli antibodies with enhanced avidity and opsonic activity in very 
premature neonates. Pediatr Res 1990;27:365-71. 

377. Isolauri E, Tahvanainen A, Peltola T, Arvola T. Breast-feeding of allergic mimXs. J Pediatr 
1999;134:27-32. 

378. Cham BE, Knowles BR. A solvent system for delipidation of plasma or serum without protein 
precipitation. J Lipid Res 1976;17:176-81. 

379. Xanthou M. Immune protection of human milk. Biol Neonate 1998;74:121-33. 

380. Monks J, Neville MC. Vesicular transport of soluble substances into mouse milk. Adv Exp Med 
BW 2001;501:257-63. 

381. Neville MC. Anatomy and physiology of lactation. Pediatr Clin North Am 2001;48:13-34. 

382. Kalliomaki M, Ouwehand A, Arvilommi H, Kero P, Isolauri E. Transforming growth factor-beta 
in breast milk: a potential regulator of atopic disease at an early age. J Allergy Clin Immunol 
1999;104:1251-7. 

383. Chapman MD, Rowntree S, Mitchell EB, Di Frisco de Fuemiiiajor MC, Platts-Mills TA. 
Quantitative assessments of IgG and IgE antibodies to inhalant allergens in patients with atopic 
dermatitis. J Allergy Clin Immunol 1983;72:27-33. 

384. Bryant DH, Bums MW, Lazarus L. Identification of IgG antibody as a carrier of reaginic 
activity in asthmatic patients. J Allergy Clin Immunol 1975;56:417-28. 

385. Bryant DH, Burns M W, Lazarus L. New type of allergic asthma due to IgG "reaginic" antibody. 
.Br MecfV 1973;4:589-92. 

386. Parish WE. The clinical relevance of heat-stable, short-term sensitizing anaphylactic IgG 
antibodies (IgG S-TS) and of related activities of IgG4 and IgG2. Br J Dermatol 1981;I05:223-
31. 

387. Nelson HS, Branch LB. Incidence of IgG short-term sensitizing antibodies in an allergic 
population. J Allergy Clin Immunol 1977;60:266-70. 

388. Heederik D, Venables KM, Malmberg P, Hollander A, Karlsson AS, Renstrom A et al. 
Exposure-response relationships for work-related sensitization in workers exposed to rat urinary 
allergens: results from a pooled study. J Allergy Clin Immunol 1999;103:678-84. 

267 



389. Soothill JF, Steward MW. The immunopathological significance of the heterogeneity of 
antibody affinity. Clin Exp Immunol 1971;9:193-9. 

390. Mita H, Yasueda H, Akiyama K. Affinity of IgE antibody to antigen influences allergen-induced 
histamine release. Clin Exp Allergy 2000;30:1583-9. 

391. Ahlstedt S, Holmgren J, Hanson LA. The validity of the ammonium sulphate precipitation 
technique of estimation of antibody amount and avidity. Immunology 1973;25:917-22. 

392. Van Milligen FJ, van Etten L, Aalberse RC. Calculation of the affinity constant KASS for solid 
phase antigen. A model system using monoclonal antibodies against the cat allergen Pel d 1. J 
Immunol Methods 1993;162:165-73. 

393. Pullen GR, Fitzgerald MG, Hosking CS. Antibody avidity determination by ELISA using 
thiocyanate elution. J Immunol Methods 1986;86:83-7. 

394. Sennhauser FH, Macdonald RA, Roberton DM, Hosking CS. Comparison of concentration and 
avidity of specific antibodies to E. coli in breast milk and serum. Immunology 1989;66:394-7. 

395. Macdonald RA, Hosking CS, Jones CL. The measurement of relative antibody affinity by 
ELISA using thiocyanate elution. J Immunol Methods 1988;106:191-4. 

396. Katz FE, Steward MW. Studies on the genetic control of antibody affinity: the independent 
control of antibody levels and affinity in Biozzi mice. J Immunol 1976;117:477-9. 

397. Shakib F, Brown HM, Phelps A, Redhead R. Study of IgG sub-class antibodies in patients with 
milk intolerance. Clin Allergy 1986;16:451-8. 

398. Hattevig G, Kjellman B, Sigurs N, Grodzinsky E, Hed J, Bjorksten B. The effect of maternal 
avoidance of eggs, cow's milk, and fish during lactation on the development of IgE, IgG, and 
IgA antibodies in infants. J.Allergy Clin Immunol 1990;85 :108-15. 

399. Calkhoven PG, Aalbers M, Koshte VL, Schilte PP, Yntema JL, Griffioen RW et al. Relationship 
between IgGl and IgG4 antibodies to foods and the development of IgE antibodies to inhalant 
allergens. II. Increased levels of IgG antibodies to foods in children who subsequently develop 
IgE antibodies to inhalant allergens. Clin Exp Allergy 1991;21:99-107. 

400. Lilja G, Magnusson CG, Oman H, Johansson SG. Serum levels of IgG subclasses in relation to 
IgE and atopic disease in early infancy. Clin Exp Allergy 1990;20:407-13. 

401. Merrett J, Barnetson RS, Burr ML, Merrett TG. Total and specific IgG4 antibody levels in 
atopic eczema. Clin Exp Immunol 1984;56:645-52. 

402. Husby S, Oxelius VA, Svehag SE. IgG subclass antibodies to dietary antigens in IgA deficiency 
quantification and correlation with serum IgG subclass levels. Clin Immunol Immunopathol 
1992;62:85-90. 

403. Sigurs N, Hattevig G, Kjellman B, Kjellman NI, Nilsson L, Bjorksten B. Appearance of atopic 
disease in relation to serum IgE antibodies in children followed up fi om birth for 4 to 15 years. J 
Allergy Clin Immunol 1994;94:757-63. 

404. Hattevig G, Kjellman B, BjSrksten B. Clinical symptoms and IgE responses to common food 
proteins and inhalants in the first 7 years of life. Clin Allergy 1987;17:571-8. 

405. Kulig M, Bergmann R, Tacke U, Wahn U, Guggenmoos-Holzmann 1. Long-lasting sensitization 
to food during the first two years precedes allergic airway disease. The MAS Study Group, 
Germany. Pediatr Allergy Immunol 1998;9:61-7. 

268 



406. Pene J, Rousset F, Briere F, Chretien I, Bonnefoy J Y, Spits H et al. IgE production by normal 
human lymphocytes is induced by interleukin 4 and suppressed by interferons gamma and alpha 
and prostaglandin E2. Proc Natl Acad Sci USA 1988;85:6880-4. 

407. Kitani A, Strober W. Regulation of C gamma subclass germ-line transcripts in human peripheral 
blood B cells. J Immunol 1993;151:3478-88. 

408. Jenmalm MC, Bjorksten B, Macaubas C, Holt BJ, Smallacombe TB, Holt PG. Allergen-induced 
cytokine secretion in relation to atopic symptoms and immunoglobulin E and immunoglobulin G 
subclass antibody responses. Pediatr Allergy Immunol 1999;10:168-77. 

409. Lee SI, Heiner DC, Wara D. Development of serum IgG subclass levels in children. Monogr 
W/kz-gy 1986;19:108-21. 

410. Del Prete GF, De Carli M, Ricci M, Romagnani S. Helper activity for immunoglobulin synthesis 
of T helper type 1 (Thl) and Th2 human T cell clones: the help of Thl clones is limited by their 
cytolytic capacity. J Exp Med 1991;174:809-13. 

411. Warner JO, Pohunek P, Marguet C, Clough JB, Roche WR. Progression from allergic 
sensitization to asthma. Pediatr Allergy Immunol 2Q00\l\ Suppl 13:12-4. 

412. Clough JB. Pre- and post-natal events leading to allergen sensitization. Clin Exp Allergy 1993; 
23:462-5. 

413. Oldak E. Cord blood IgE levels as a predictive value of the atopic disease in early infancy a 
review article. Rocz AkadMed Bialymst 1997;42:13-7. 

414. Rusconi F, Patria MF, Cislaghi GU, Sideri S, Gagliardi L. Total serum IgE and outcome in 
infants with recurrent wheezing. Arch Dis Child 2001;85:23-5. 

415. Rowntree S, Cogswell JJ, Platts-Mills TA, Mitchell EB. Development of IgE and IgG antibodies 
to food and inhalant allergens in children at risk of allergic disease. Arch Dis Child 1985;60:727-
35. 

416. Warner JO. A double-blinded, randomized, placebo-controlled trial of cetirizine in preventing 
the onset of asthma in children with atopic dermatitis: 18 months' treatment and 18 months' 
posttreatment follow-up. J Allergy Clin Immunol 2001 ;108 :929-37. 

417. Husby S, Svehag SE, Jensenius JC. Passage of dietary antigens in man: kinetics of appearance in 
serum and characterization of fi-ee and antibody-bound antigen. Adv Exp Med Biol. 
1987;216A:801-12. 

418. Morris ER, West J, Morgan JB, Hampton SM. Enzyme-linked immunosorbent assays for gliadin 
and ovalbumin and their application in normal subjects. Eur J Clin Nutr 1993;47:673-7. 

419. Sano T, Smith CL, Cantor CR. Immuno-PCR: very sensitive antigen detection by means of 
specific antibody-DNA conjugates. Science 1992;258:120-2. 

420. Bjorksten B. Risk factors in early childhood for the development of atopic diseases. Allergy 
1994;49:400-7. 

421. Romagnani S. Induction of THl and TH2 responses: a key role for the 'natural' immune 
r e s p o n s e ? T o d a y 1992;13:379-81. 

422. Wierenga EA, Snoek M, de Groot C, Chretien I, Bos JD, Jansen HM et al. Evidence for 
compartmentalization of functional subsets of CD2+ T lymphocytes in atopic patients. J 
Immunol 1990;144:4651-6. 

269 



423. Jones CA, Williams KA, Finlay-Jones JJ, Hart PH. Interleukin 4 production by human amnion 
epithelial cells and regulation of its activity by glycosaminoglycan binding. Biol Reprod 
1995;52:839-47. 

424. Piccinni MP, Beloni L, Giannarini L, Livi C, Scarselli G, Romagnani S et al. Abnormal 
production of T helper 2 cytokines interleukin-4 and interleukin-5 by T cells from newborns 
with atopic parents. Eur J Immunol 1996;26:2293-8. 

425. Singh RR, Hahn BH, Sercarz EE. Neonatal peptide exposure can prime T cells and, upon 
subsequent immunization, induce their immune deviation; implications for antibody vs. T cell-
mediated autoimmunity. J Exp Med 1996;183:1613-21. 

426. Saloga J, Knop J. Does sensitization through the skin occur? Allergy 2000;55:905-9. 

427. Cookson WO, Young RP, Sandford AJ, Moffatt MF, Shirakawa T, Sharp PA et al. Maternal 
inheritance of atopic IgE responsiveness on chromosome 1 Iq. Lancet 1992;340:381-4. 

428. Johnson CC, Ownby DR, Peterson EL. Parental history of atopic disease and concentration of 
cord blood IgE. Clin Exp Allergy 1996;26:624-9. 

429. Sherriff A, Peters TJ, Henderson J, Strachan D. Risk factor associations with wheezing patterns 
in children followed longitudinally from birth to 3(1/2) years. Int J Epidemiol 2001;30:1473-84. 

430. Sarafino EP. Connections among parent and child atopic illnesses. Pediatr Allergy Immunol 
2000; 11:80-6. 

431. Cumberbatch M, Kimber I. Tumour necrosis factor-alpha is required for accumulation of 
dendritic cells in draining lymph nodes and for optimal contact sensitization. Immunology 
1995;84:31-5. 

432. Steinbrink K, Wolfl M, Jonuleit H, Knop J, Enk AH. Induction of tolerance by IL-10-treated 
dendritic cells. J Immunol 1997;159:4772-80. 

433. Jones CA, Warner JO. Breast milk as an alternative source of cytokines for offspring. Clin Exp 
2000;30:599-601. 

434. Strobel S, Mowat AM. Immune responses to dietary antigens: oral tolerance. Immunol Today 
1998;19:173-81. 

435. Garside P, Steel M, Worthey EA, Satoskar A, Alexander J, Bluethmann H et al. T helper 2 cells 
are subject to high dose oral tolerance and are not essential for its induction. J Immunol 
1995;154:5649-55. 

436. Hourihane JO, Dean TP, Warner JO. Peanut allergy in relation to heredity, maternal diet, and 
other atopic diseases; results of a questionnaire survey, skin prick testing, and food challenges. 

1996;313:518-21. 

437. Redline RW, Patterson P. Villitis of unknown etiology is associated with major infiltration of 
etal tissue by maternal inflammatory cells. Am J Pathol 1993;143:473-9. 

438. Xiao J, Garcia-Lloret M, Winkler-Lowen B, Miller R, Simpson K, Guilbert LJ. ICAM-1-
mediated adhesion of peripheral blood monocytes to the maternal surface of placental 
syncytiotrophoblasts: implications for placental villitis. Am J Pathol 1997;150:1845-60. 

439. Malek A, Sager R, Lang AB, Schneider H. Protein transport across the in vitro perfused human 
placenta. Am J Reprod Immunol 1997;38:263-71. 

440. Kaiserlian D, Vidal K, Revillard JP. Murine enterocytes can present soluble antigen to specific 
class II- restricted CD4+ T cells. Eur J Immunol 1989;19:1513-6. 

270 



441. Bland PW, Warren LG. Antigen presentation by epithelial cells of the rat small intestine. II. 
Selective induction of suppressor T cells. Immunology 1986;58:9-14. 

442. Neutra MR. M cells in antigen sampling in mucosal tissues. Ciirr Top Microbiol Immunol 
1999;236:17-32. 

443. Rescigno M, Urbano M, Valzasina B, Francolini M, Rotta G, Bonasio R et al. Dendritic cells 
express tight junction proteins and penetrate gut epithelial monolayers to sample bacteria. Nat 
Immunol 2001;2:361-7. 

444. Ermak TH, Bhagat HR, Pappo J. Lymphocyte compartments in antigen-sampling regions of 
rabbit mucosal lymphoid organs. Am J Trop Med Hyg 1994;50:14-28. 

445. Czerkinsky C, Svemierholm AM, Holmgren J. Induction and assessment of immunity at 
enteromucosal surfaces in humans; implications for vaccine development. Clin Infect Dis 
1993;16 Suppl2:S106-S116. 

446. So AL, Small G, Sperber K, Becker K, Oei E, Tyorkin M et al. Factors affecting antigen uptake 
by human intestinal epithelial cell lines. Dig Dis Sci 2000;45:1130-7. 

447. Mayer L, So LP, Yio XY, Small G. Antigen trafficking in the intestine. Ann NY Acad Sci 
1996;778:28-35. 

448. Malbec O, Fong DC, Turner M, Tybulewicz VL, Cambier JC, Fridman WH et al. Fc epsilon 
receptor I-associated lyn-dependent phosphorylation of Fc gamma receptor IIB during negative 
regulation of mast cell activation. J Immunol 1998; 160:1647-58. 

449. Lessof MH, Sobotka AK, Lichtenstein LM. Protection against anaphylaxis in hymenoptera-
sensitive patients by passive immunization. Monogr Allergy 1977;12:253-6. 

450. Strannegard O, Belin L. Suppression of reagin synthesis in rabbits by passively administered 
antibody. Immunology 1970;18:775-85. 

451. Platts-Mills T, Vaughan J, Squillace S, Woodfolk J, Sporik R. Sensitisation, asthma, and a 
modified Th2 response in children exposed to cat allergen: a population-based cross-sectional 
study. 2001;357:752-6. 

271 


