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ABSTRACT

ALLERGIC DISORDERS AND SEX HORMONE DISRUPTERS

By

Kevin Royd Brooks

Allergic disorders are among the most disruptive of childhood. Further, the

prevalence and severity of these disorders are increasing.

Great strides have been made toward disentangling the etiology of allergies;
however a clear understanding is still elusive. Recently, the role of sex hormone
disrupters (SHD) in triggering childhood allergies have gained increased
attention. Specifically, halogenated organochlorine compounds (HOCs) such as
dichlorodiphenyl dichloroethene (DDE) and polychlorinated biphenyls (PCBs) in
addition to synthetic hormones such as estrogen and progesterone in the form of

contraception have been implicated.

We investigated the role of SHD in the etiology of allergic diseases. First we
investigated the association between placental p,p’-DDE and cord blood immune
markers. p,p’-DDE concentration and cord plasma interleukin (IL)-13, IL-4 and
INF-y were determined in 19 neonates from the ongoing Pregnancy Environment
and Child Health (PEACH) study. Results showed increased placental p,p’-DDE
to be associated with a statistically significant increase in cord plasma interleukin
(IL)-13. Furthermore, both cord plasma IL-4/INF-y and IL-13/INF-y ratios were

significantly positively associated with placental p,p’-DDE concentration.
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Second, we estimated associations between maternal oral contraceptive (OCp)
use and humoral immune markers in offspring. We hypothesized that maternal
OC use increases humoral immune markers of allergy in offspring. Toward this
end, data from a cross-sectional investigation including 334 mother child (aged
7-10 years) pairs from Hesse, Germany were used. Results showed that female
offspring of mothers who used OC had significantly lower (p<0.05): IgA (123.43
mg/dL vs. 150.52 mg/dL), and IgE (22.96 kU/L vs. 50.83 kU/L) levels as well as
basophilic surface IgE counts (783 vs. 842), compared to those of mothers who
did not use OC. For male offspring, statistical significance was only seen in an

increased number of basophilic surface IgE (911 vs. 876).

Third, using data from a 1986—-1987 survey of 11-12 years old Jamaican children,
an investigation of the association between maternal OCp use before pregnancy
and childhood allergic phenotypes suggest that offspring’s asthma or wheezing
may be related to OCp use (aOR: 1.81; 95% CI (1.25- 2.61)).

Fourth, the relationship between childhood DDE and immune markers was
quantified using data from the above-mentioned Germany cohort.

Higher DDE concentration was significantly related to increased serum IgE

levels, IgE count on basophils, and the reduced eosinophilic granula.

These findings suggest that SHD may be important in the in etiology of childhood
allergy. Of note, SHD may play a role in the prenatal priming of childhood allergy.
Exploring the specific immune mechanism behind the possible effect of SHD on

allergy may be worthwhile.
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OVERVIEW

Childhood allergies are among the most vexing diseases: purported to be
responsible for enormous personal and public health burden. In spite of
numerous efforts, the etiology of these diseases continues to evade researchers.
The purpose of this monograph is to investigate the role of sex hormone
disrupters (SHD) in the etiology of allergic diseases. Specifically, this work
explores the prenatal origins of childhood allergies (in utero programming) by
probing the possible role of SHD in this process. Next, the association between

exposure to SHD and biomarkers of allergic susceptibility in infancy is assessed.

The quest for appropriate pieces of the SHD-allergic disorders puzzle started with
the development of a conceptual model (Figure 1; more details provided in the
“Components of the conceptual model” section). This model depicts areas that
speak to the purpose of epidemiology, which is to provide clues to the cause of a
health related problem. An inventory of suitable data was then undertaken and
the following four components developed.

1. In utero exposure to SHD affects perinatal biomarkers of allergy.

2. In utero SHD affects postnatal biomarkers of allergy.

3. In utero exposure to SHD affects allergic outcomes in infancy.

4. Postnatal exposure to SHD affects biomarkers of allergy in infancy.
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Figure 1 Sex Hormone Disrupters and Childhood Allergy - Conceptual model

Data from three cohorts were used to address the above components. These
cohorts are: the ongoing Pregnancy Environment and Child Health (PEACH)
study from which information on placental dichlorodiphenyl dichloroethene (DDE)
concentration and cord plasma interleukin (IL)-13 were derived (component 1).
Data on maternal oral contraceptive use and on childhood biomarkers of allergic
susceptibility (Immunoglobulins (lgs), white blood cell, eosinophils, and
basophilic surface IgE) were obtained from the Child Health and Environment
Cohort Study conducted in 1985 (component 2). This study also provided data on
childhood organochlorine exposure and the above mentioned childhood
biomarkers of allergic susceptibility (component 4). A geographic sub-cohort from
the Jamaican Perinatal Morbidity, Mortality Survey conducted in 1986-1987

provided data on maternal oral contraceptive use before pregnancy and



childhood biomarkers of effect such as asthma, wheezing and eczema
(component 3). Detailed description for each respective study is presented in

Chapter 2.

Ethical approval for this work was obtained from the Institutional Review Board of

the Michigan State University.

This first chapter presents the definition and immunology of asthma, its
prevalence and burden, risk factors and the possible effects of various SHD (sex
hormone disrupters) on childhood allergy. Next, the importance of time windows
of exposures and the main concepts that may explain the increase in the
prevalence of asthma are introduced. Then the conceptual model with its four
components (see above) followed by their respective backgrounds are
presented. Chapter 2 - ‘Methods’ - describes different aspects of the materials
and methods not discussed comprehensively in the manuscripts to be found in
Chapter 3 - ‘Results’. Additional details on materials and methods can be found
in the respective manuscripts in Chapter 3. Furthermore, Chapter 3 showcases
four manuscripts; two published, one submitted and one in preparation for
publication. These manuscripts provide findings that address the following
research questions:

1. Is there evidence for the immunemodulation of cord immune markers of

allergy by in utero exposure to sex hormone disrupters?



2. |s maternal oral contraceptive use (a proxy for in utero
estrogen/progesterone exposure) associated with immune markers of

allergy in the offspring?
3. Is maternal oral contraceptive use a risk factor for allergic diseases in
offspring?
4. Does serum organochlorine alters immune markers in children?
The fourth and last chapter of this monograph, ‘Discussion and Conclusion’,
discusses and present concluding remarks of the results found in chapter 3.

Practical public health issues are here presented along with future scientific steps

toward a better understanding and early life prevention of childhood asthma.



CHAPTERI

ALLERGIC DISORDERS

AND

SEX HORMONE DISRUPTERS






1.1 ALLERGY

Allergy is a hypersensitivity reaction initiated by immunologic mechanismsz.

Allergy can be antibody- or cell-mediated. In most patients, the antibody typically
responsible for an allergic reaction belongs to the IgE isotype and these patients
may be said to suffer from IgE-mediated allergy. In cell-mediated allergy, as in

allergic contact dermatitis, immunologically sensitized lymphocytes play a major

role 2. Allergic disease represents a dysregulation of the intact immune system.

Box 1 Definitions

ALLERGY is a hypersensitivity reaction initiated by immunologic mechanisms 2.
The term aIIergg is also used to denote allergic disorders such as asthma and

allergic rhinitis .
ASTHMA is a chronic inflammatory disorder of the lungs that is characterized by a
reversible obstruction of the airways

ATOPY is a personal and/or familial tendency to become sensitized and produce
IgE antibodies in response to ordinary exposures té) allergens. As a consequence,

asthma, rhinoconjunctivitis, or eczema may occur .
WHEEZE is a high pitched sound made6 when breathing, which probably results
from turbulence through narrowed tubes .

SENSITIZATION is the state where, following exposure to allergens, the immune
system is primed to produce IgE antibodies specific to that allergen.

Patients usually develop a hypersensitive immune response to environmental

antigens, resulting in local tissue damage and inflammation . Diseases such as

allergic rhinitis, dermatitis, and asthma represent a significant personal and

public health burden. Approximately 25% of all children experience at least one

allergic manifestation 8. Asthma however, has received the most attention seeing
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that it is the most common chronic disease of childhood and is considered the

most debilitating g.

1.2 Asthma

Definition and immunology

Definition

A universally accepted definition of asthma has been frustrated by a lack of
understanding of the mechanisms involved in the disease. The American
Thoracic Society defines asthma as “a disease characterized by an increased
responsiveness of the airways (bronchial hyperresponsiveness) to various stimuli
and manifested by slowing of forced expiration (due to narrowing of the airways)
which changes in severity either spontaneously or as a result of therapy". This
narrowing of the airways ultimately produces “wheeze”, which is considered to be

the necessary clinical criterion for asthma. Of note; not all that wheezes is

10
asthma
Asthma
Recently, the Nomenclature
. . Allergic asthma Nonallergic asthma
Review Committee of the
World Allergy Organlzatlon IgE-mediated asthma Non-IgE-mediated allergic asthma
Figure 2 various definitions of asthma

proposed the use of the term
allergic asthma as the basic term for asthma mediated by immunologic
mechanisms (Figure 2). The organization further suggests that when there are

indications of IgE-mediated mechanisms, the term should be IgE-mediated






asthma 2. In addition to IgE, several other immunologic factors such as IL-4 and

IL-13 are involved in the etiology of asthma.

Immunology
For the purpose of this work, the immunology of asthma is here discussed within
the framework of the type 1 and 2 helper T cells (Th1/Th2) model. This

model/paradigm was born out of a series of experiments developed by Tom

Wegmann 1 as he perused the placenta in search of clues that migt explain

spontaneous abortion. To date, mechanistic explanations for allergy have often

invoked the Th1/Th2 paradigm 2> 1415
Theoretically, the immune system ‘idles’ in a ThO or naive state until it is required
to change response by some external stimuli (Figure 3). These stimuli may be in

the form of environmental antigens in which case non-allergic Th1 response is

initiated leading tO Adopted from Whitacre et al. Science 1999;
Non-allergic state

. Non- Allergic
secretion of IgG ] immune akers
/ IFN-y, IL-2, etc.
antibodies, removal of the

allergen, and the

Allergic immune
suppression of IgE QI“"’a.,., @——> L _Talkae:fsse "

Antigen —> Naive state

Allergic state
. 16,17 -
synthesis - In addition  |figure 3 Theoretical immune responses
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to antigens, hormones may cause a shift in immune response. However, it is

believed that sex hormones such as progesterone and high concentration of

estrogen may result in an allergic — Th2 type response ! (Figure 3).

There is a general consencious in the literature that a shift to a Th2 polarize state
occurs during dramatic changes in immune responses associated with

pregnancy. To prevent termination of the fetus (removal of the allergen), the feto-

maternal immune system shifts to a Th2 direction 18’19. This Th2 shift begins

with the secretion of human chorionic gonadotropin, which in turn stimulates

progesterone production. Progesterone then promotes the secretion of Th2
cytokines over the secretion of phagocytic 20 Th1 cytokines. In other words,
progesterone is believed to prime the immature fetal immune system towards an

allergic direction which may be manifed as allergic diseases (such as asthma)

during infancy.

Fundamentally, the underlying problem in asthma Box 2 Select markers of

immune response

appears to be immunologic with children in the early Th1 response:

IgG - immunoglobulin G

stages of asthma showing signs of excessive
9 9sig IFN-y - interferon gamma

imflamation in their airways. While chemokines (a IL-2 — interleukin 2
IgA - immunoglobulin A

subset of cytokines that chemically attracts immune IgM - immunoglobulin M

cells) are important in the recruitment of imflamatory | 5 response:

IgE — immunoglobulin E
IL-4 - interleukin 4
those producing Th2 cytokines — are responsible for IL-13 - interleukin 13

cells to the airway, the lymphocytes — particularly




directing and maintaining this inflammatory process 21. Therefore, the cardinal

phenotypic features of allergy are associated with the production of the Th2
cytokines IL-4 and IL-13 which are central to the synthesis of IgE; the forerunner
of allergic manifestations (Box 2). Of note, recent reports indicate that cord blood

mononuclear cells (CBMC) produce IL-13 and that cord blood IL-13 is associated

22,23

with allergy in childhood . Further evidence suggests that IL-13 can

participate in allergies independent of IL-4 24.

As mentioned earlier, another important marker of a Th2 response is IgE, which
is central to the etiology of allergic diseases such as allergic asthma. In allergic
individuals, specific IgE is bound to high affinity receptors on mast cells and is
cross-linked by antigen; mast cell activation/degranulation occurs and sets in

motion a cascade of events resulting in the clinical manifestations of allergic

disease 25. The interaction of IgE and antigen results in an immediate

hypersensitivity reaction may be responsible for the classic asthma symptoms
exhibited during acute exacerbation, for example, mucosal edema, mucus
production, and smooth muscle constriction. Eventually, these and other reaction

cascades can induce the production of cells responsible for airway inflammation

that underlies allergic asthma 26. Nonallergic-asthma, conversely, manifests all

the clinical feature of allergic asthma without the IgE mediated immunologic

aspect. At a population level, it is estimated that 50% of all asthma cases have

10
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an allergic etiology 8'27. Regarding Non-IgE-mediated asthma (Figure 2) this

subtype may be characterized by the following four criteria:
1) clinical phenotype of IgE mediated asthma;
2) absence of other allergic diseases such as allergic
dermatitis and rhinoconjunctivitis;
3) negative sensitization (Box 1) to common inhalant and food allergens ; and
4) normal total serum IgE levels.
In contrast to a Th2 response, a Th1 response leads to secretion of IgG

antibodies, removal of the allergen, and the suppression of IgE synthesis 28_30.

Other immune markers are associated with a Th1 type response (Box 2). In
general, Th1-responses are highly protective against infections mounted by the

majority of microbes.

It is widely accepted that changes leading to allergic disorders such as allergic
asthma begin in childhood, thus it is important to study the natural history of
childhood asthma in an effort to identify risk factors associated with its

development.

Asthma in children

Asthma may develop during the first few months of life, but it is often difficult to

make a definite diagnosis until the child is older 4. Approximately 30 % of

asthmatic patients are symptomatic by one year of age, 80-90 % have their first

symptoms before four to five year of age. The maijority of affected children have

11



only occasional attacks of slight to moderate severity, which are managed with
relative ease. A minority experience severe, intractable asthma, usually
perennial rather than seasonal. The relationship of age of onset to prognosis is
uncertain. Most severely affected children have an onset of wheezing during the

first year of life and a family history of asthma and other allergic diseases

(particularly atopic dermatitis) 31.

Prevalence and burden of asthma

. . 32
Asthma remains an enormous personal and public health concern ~ . Asthma

symptoms in children vary in prevalence from 0% to 35% in different populations

33. The prevalence of asthma symptoms is on average 14% among children

aged 6-7 years and 18% among those aged 13-14 years 33. Overall, the

. - . . 434
prevalence and severity of asthma and other allergic diseases is increasing

Globally, approximately 300 million people currently have asthma and it is

estimated that there may be an additional 100 million more asthmatics by 2025 9.

Furthermore, asthma accounts for about one in 250 deaths worldwide.

In the United States (US), asthma affects more than 17 million individuals 35 and

results in approximately 10 million visits to physicians, 2 million emergency room

visits and approximately 7,000 deaths annually 36. The annual cost of caring for

12






asthmatics exceeds six billion dollars per year in the US, and the worldwide

market for asthma medication is currently valued at 5.5 billion dollars each year

37. It is noteworthy that the cost of asthma should be divided into direct and

indirect cost. Direct costs include the costs of medication, medical bills, and
documented episodes of health service utilization such as clinic visits and
hospital admissions. Indirect costs include the adverse economic impact of the
disease on an individual, family, and society. This includes the “cost” of

premature mortality and productivity loss. In the US, the cost of medical

treatments for asthma is on average 10% of total family income 38 39.

The economic cost of asthma is alarming both in terms of direct medical costs
(drugs, hospitalization) and indirect medical costs (time lost from work and
premature death). The number of disability-adjusted life years (DALYSs) lost due
to asthma worldwide is currently estimated about 15 million/year, and asthma

accounts for around 1% of all DALYs lost, reflecting the high prevalence and

severity of asthma 9. Asthma in general is incapacitating and interferes with

school attendance, play activity, and day-to-day functioning. in a 1988 National
Health Interview Survey, children with asthma missed 10.1 million days from

school (2 times the number of days missed by children without asthma), and had

12.9 million contacts with medical doctors and 200,000 hospitalizations 40. In the

same survey, it was determined that almost 30% of children with asthma



experienced some limitation of physical activity, compared to only 5% of children

without asthma “1

Risk factors for asthma
Risk factors for asthma may be classified as host factors that predispose
individuals to developing asthma, and environmental factors that influence the

susceptibility to the development of asthma in predisposed individuals,

precipitate asthma exacerbations, and/or cause symptoms to persist 4.

Host factors
These include sex and race along with the genetic predisposition to the

development of either asthma or allergic sensitization.

Sex

Sex biases in the susceptibility to, and severity of, autoimmune and allergic

. . 7 .
diseases are well-recognized ' . Preadolescent boys have about 1.5 times the
., 42-44 .
asthma prevalence of girls . However, after adolescence, the sex difference

is reversed 45. Some authors suggest that the increased risk for males in

childhood is probably related to narrower airways, increased airway tone 46'48,

and possibly higher IgE a4 in boys. These factors, it is believed, predispose boys

to enhanced airflow limitation in response to a variety of insults. More recently,
other studies have suggested that the observed difference may be due to

. 17 o 49-
endocrine influences ' . In an effort to explain this difference, some authors

51 postulate that the acquired immune system of females differs from that of

males, because estrogens stimulate immunologic processes driven by CD4 +
TH2 cells and B cells, whereas androgens enhance CD4 + TH1 and CD8 + cell

14



activity. Androgens are also known to promote production of IL-2 by TH1 cells.
Interleukin 2 reduces TH2 activity and stimulates CD8 + T cells 52. Further

discussion about the possible role of estrogen as an immune modulator is
presented in section ‘Estrogen and progesterone.’

Race
Most experts agree that race as a social construct represents a continuum rather

than a term with clear-cut boundaries, a point that has been illustrated by large-

scale genotyping among diverse biogeographic populations 53

Asthma morbidity and mortality is disproportionately high and continues to
increase among African Americans 54. As documented by national surveys, there
are higher rates of asthma in black than White children, a disparity that has
widened since 1980 55. Simon and co-workers also found that among children
with asthma, Blacks were more likely than Whites to report asthma-related
limitations in physical activity and need for urgent medical services 56

Furthermore, at the molecular level, authors have detected increased expression

of the CD80/CD86 lymphocytes in African American adults following mitogen and

antigen stimulation 57. CD80/86 are crucial molecules in T-cell activation 58. This

finding was supported by that of Willwerth et al. 58 which showed a more

generalized increased T-cell responsiveness that included responsiveness to the

mitogen phytohemagglutinin and to the allergens in children of black ethnicity.



These reports give credence to the idea that differential neonatal immune

responses may underlie the higher incidence of asthma in blacks.

Genetic predisposition

There is evidence that asthma has genetic components 4. A number of studies

have shown an increased prevalence of asthma phenotypes among the offspring

of subjects with asthma compared to the offspring of subjects without 59

60. Family studies have convincingly indicated that atopy (as measured by

allergen skin tests, total IgE, and/or specific IgE), airway hyper-responsiveness,

and asthma as diagnosed by questionnaire are at least partly under genetic

59 61
control .

Numerous studies of twins have demonstrated that concordance rates for
asthma phenotypes are all substantially higher for monozygotic than for dizygotic
twins, suggesting a strong genetic contribution. In population-based studies of

twins, the estimated effect of genetic factors is about 35 to 70 %, depending on

the population and the design of the study 59'60.

Environmental factors

Early attention to environmental factors that may influence the susceptibility to
the development of asthma in predisposed individuals focused on the effect of
allergens, air pollution and tobacco smoke. Recently, the role of environmental
SHD (synthetic hormones: estrogen and progesterone as well as toxicants:

halogenated organochlorine compounds (HOCs) such as dichlorodiphenyl

16



dichloroethene (DDE) and polychlorinated biphenyls (PCBs)) in the etiology of

allergy has gained increased attention 62'69.

Exposure to tobacco smoke

Tobacco burning, a ubiquitous source of irritants, produces a large and complex
mixture of gases, vapors, and particulate matter. More than 4,500 compounds
and contaminants have been identified in tobacco smoke, among them respirable

particles, polycyclic hydrocarbons, carbon monoxide, carbon dioxide, nitric oxide,

. . L . 4
nitrogen oxides, nicotine, and acrolein .

There is evidence that both maternal smoking during pregnancy and passive

smoke (environmental tobacco smoke (ETS)) exposure after pregnancy affect
asthma later in offspring 70'74. Actually, ETS was reported to increase both
prevalence and severity of asthma, as judged by increases in the frequency of
attacks, the number of emergency room visits and the risk of intubations &
Using data from a large cohort study (n~60,000), Jaakkola et al. demonstrated

that maternal smoking in pregnancy increases the childhood risk of asthma 7

A large study of 20,000 children (aged 6 to 12 years) from nine countries in

Europe and North America, reported that smoking during pregnancy decreases

lung function parameters 77. The effects of past and current passive exposure to

tobacco smoke were smaller than the effect of smoking during pregnancy. The

aforementioned study strongly suggests that maternal smoking during pregnancy

17



subsequently affects the lung function and intuitively asthma in children.

However, in a cohort of New Zealand children, Sherill et al., 78 found no

significant detrimental effects for absolute forced expiratory volume (FEV), or

vital capacity related to ETS (including in utero) exposure. Likewise,
Cunningham et al., & compared lung function, measured by FEV1, and were

unable to find significant reduction.

Breast-feeding

Ever since Grulee and Sanford in 1936 80 first reported that breastfeeding

protects against an infantile allergic response, researchers have been exploring

this topic. Some authors reported that breastfeeding appears to protect against

81-86 87-92

atopic manifestations while others found no such association To-

date, despite numerous studies, the search for consensus continues 81’82‘93.

Breast milk, as a functional food, is thought to contain its own complex immune

system 94. The selective colonization of the mammary gland during lactation by a

population of T lymphocytes which displays the phenotype and functional

characteristics of memory T cells may be one of the mechanisms whereby the
suckling infant benefits from its mother's immunological history 95. Cytokines and

chemokines derived from milk cells and mammary gland epithelium may



contribute to the activation of intestinal T lymphocytes to enhance immunity

during the early neonatal period 96.

Findings from a population-based case-contral study (cases=2,315 and control
=21,513) of 6-15 year old Japanese children showed a significantly higher
prevalence of asthma among children who had been breastfed (adjusted OR =
1.2, 95% CI: 1.05, 1.36). Conversely, a systematic review of prospective studies
evaluating the association between exclusive breast-feeding during the first 3-
months after birth and asthma, reported opposite findings. The aforementioned
study found summary odds ratio (OR) for the protective effect of breast-feeding
to be 0.70 (95% CI 0.60, 0.81) thus concluding that exclusive breast feeding

during the first months after birth is associated with lower asthma rates during

childhood &'

Maternal allergy

Children born to parents with allergic diseases present an increased risk of

developing similar diseases 75'97. The proportion of children of two allergic

parents can be as high as 58 %, when one parent is allergic it is about 29% and

a child with neither parents having history of allergy still has about 13 % risk of

developing allergic disease sometime during his life 98. However, maternal atopy

is a stronger predictor of childhood allergy that paternal. Mother’s atopic history

was found to be significantly associated with cord-blood IgE 99. Likewise,

maternal history of atopy was associated with an elevated IgE among newborns.
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For maternal asthma, this association was only evident in infant girls 100.

Recently, Kuiper et al. found that maternal asthma was associated with elevated

total IgE at all total IgE cut-off levels studied except 0.5 IU/mL "°". This finding

was supported by Shah et al. who report a significant association between

maternal history of allergic disease and elevated cord serum IgE among

98
newborns

Environmental sex hormone disrupters
A balanced endocrine system is essential for optimum health. Sex hormones are
considered crucial in maintaining this balance. Therefore any disruption/alteration

of these hormones could intuitively bring about adverse health effects such as

L 7 . . .
allergic diseases = or even death. A more extensive discussion on sex hormone

disrupters and their possible role in the etiology of diseases is presented on the

next page.

Summary
The prevalence and severity of allergic diseases continue to increase. Sexis an

important risk factor with evidence showing that asthma is more prevalent in boys
throughout childhood, but in adolescence a gender reversal occurs. African-
Americans are disproportionately affected while the idea of a genetic
predisposition to allergy continues to intrigue researchers. There is virtually
universal agreement that tobacco smoke represents a significant risk factor for

allergies. Conversely, the ‘verdict’ on breast-feeding is inconclusive. Mothers
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with allergies tend to have children with allergies: clinical and/or immunologic
(increased IgE). Sex hormone disrupters have been implicated in the etiology of
allergic disorders. Recently, a plethora of studies have focused on this area in

an effort to explain the rising prevalence of allergies.

1.3 Sex hormone disrupters

One difficulty experienced when considering endocrine disruption is the lack of
consensus as to an appropriate definition for the term. Various definitions have
been suggested including those of the US EPA (Kavlock et al., 1996) and a
European workshop (EC, 1997). For this dissertation, the approach taken by the
European workshop was adopted and modified to apply specifically to chemical
disruption of the endocrine system: “A sex hormone disrupter is an exogenous
substance that causes adverse health effects of an intact organism or its

progeny, consequent to changes in endocrine function.”

Sex hormones are synthesized mainly by endocrine glands such as the gonads
(testis and ovary), the adrenals and (during gestation) by the fetoplacental unit,

and are then released into the blood circulation.

The biological hormonal properties of these substances have earned them a
great deal of attention in the past decade as possible etiologic agents of certain
diseases. Some of these chemicals display estrogen like activity, hence their
importance in endocrine disruption and subsequent immune modification is

closely scrutinize. Sources of these xenobiotics includes life style practices such
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as diet (e.g., phytoestrogens coumestrol and genestein), oral contraceptive use
or from the environment (e.g., dichlorodiphenyl dichloroethene (DDE), and
polychlorinated biphenyls (PCBs). Sex hormones or similar substances from the
above-mentioned sources may be classified as endocrine disrupters (EDs).
These endocrine disrupters alter normal hormonal regulation and may be

naturally occurring or environmental contaminants'®,

There are two classes of substances that may cause disruption: 1) Synthetic
hormones; mainly estrogen and progesterone as in the case of oral
contraceptives (Ocp), and 2) toxicants including the halogenated organochlorine
compounds (HOCs): DDE & PCBs. It has been broadly suggested that these
substances bring about adverse effects in at least two ways: by mimicking the
action of a naturally-produced hormone and thereby setting off similar bio-
chemical reactions and/or by affecting the synthesis, transport, metabolism and
excretion of hormones, thus altering the concentrations of natural hormones'®.
However, there is yet to be a clear mechanistic understanding of how these
proposed sex hormones disrupt the immune system. Recent attention has
focused on the role of the ‘promiscuous’ estrogen receptors (ERs) through which
sex hormone disrupters may communicate with cells prior to altering immune

response.
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Estrogen and progesterone

There is mounting evidence that the immune system is regulated in part by sex
steroid hormones such as estrogen and progesterone. It is known that proper
immune function is critical for the delivery of a healthy baby a process that is also
believed to be of importance in the etiology of immune diseases. The
involvement of estrogen is hinged on the fact that estrogen receptors are found
on T lymphocytes: Families of specialized white blood cells that help orchestrate

the body's immune responses. Generally, estrogens are seen as enhancers at

least of the humoral immunity 49. Furthermore, many of the allergic family of

cytokines are under the control of estrogen 105. Estrogen and progesterone

appears to work in tandem. In order for progesterone to work on the immune
system, progestin receptors must be synthesized on the reticuloendothelial cells

(cells which trap and consume foreign agents, except leukocytes circulating in

the bloodstream) of the thymus 106. Such receptors are usually the result of

estrogen stimulation.

Under normal circumstances, increased estrogen leads to an increase in INF-y

concentration, presumably as a mechanism of feedback inhibition to prevent

unopposed stimulation of TH2 cells 107. Estrogen also stimulates secretion of IL-

4, -5, -6, and -10 by TH2 lymphocytes. These cytokines are potent stimulators of

B-cell proliferation, maturation into plasma cells, and synthesis of antibody.
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Interleukins 4, 5, 6, and 10 are expressed in greater quantity in an estrogen-

. .. 50,52,108,109
dominant hormonal milieu .

Progesterone seems to promote the preferential development of Th2 cells and to

induce IL4 production 110-113. Th2 type cytokines are considered vital for the

maintenance of pregnancy by controlling the immune and endocrine systems

haliad Simultaneously, it is this ability of progestin to invoke this Th1/Th2 shift

that makes it important in the etiology of allergic diseases. However, the tight
interdependence between estrogen and progestin secretions during the ovarian
cycle and concomitant sex hormone hypersecretion during pregnancy pose
substantial difficulties for the assessment of the individual contribution of

physiological changes in progestin levels to immune regulation.

Epidemiologically, Michel and colleagues reported that progestin administered
during pregnancy increased the levels of cord blood IgE in 136 neonates: when
mothers received progesterone, 53% of the newborns had detectable IgE (<0.5

1U/ml) versus only 24% of the newborns in mothers without progesterone

- .97
administration

Halogenated organochlorine compounds (HOCs)
To date studies assessing the role of HOCs in altered immune response have
focused mainly on their estrogen-like effects. However, some authors have

proposed that the estrogenic activity of environmental toxicants is very low,
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relative to estradiol, and thus unlikely to make significant contribution to the

115,11

etiology of diseases 6. This view has been challenged by reports of low

17,118

dose effects of estrogenic toxicants ! while others have been unable to

119,120

confirm these effects . Nonetheless, environmental toxicants continue to

be regarded as important contributing factors in the pathogenesis of allergic

diseases.

Dichlorodiphenyldichloroethene (DDE)
Dichlorodiphenyltrichloroethane (DDT) was originally prepared in 1873, but it was

not until 1939 that Paul Muller of Geigy Pharmaceutical in Switzerland

discovered the effectiveness of DDT as an insecticide 121. The use of DDT

increased enormously worldwide after World War Il, primarily because of its
effectiveness against the mosquito and lice. The World Health Organization
estimates that during the period of its use approximately 25 million lives were
saved predominantly from malaria and typhus. However, many species of insects
developed resistance to DDT; it proved to have a high toxicity toward fish; and it
was responsible for the near extinction of several bird species because of its
interference with the formation of egg shells. For these reasons and because of
its environmental persistence, the use of DDT was banned in the United States in

1972. However, DDT is still in use in many countries (including some South

. . . . .., 122
American, African countries) as an insecticide
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Humans are exposed to DDT mainly through foods, and infants through the

placenta and breast-feeding 123. DDE, a metabolite of DDT, is persistent and is

stored in fat tissue. The long half-life of DDE accounts for its ubiquity in the

general population 124'125. Though exposure is of relatively low toxicity, DDE

does have troubling effects as it is known to have weak estrogenic 126 and

considerable anti-androgenic activity resulting in its endocrine disrupting

capabilities 127'131. A more detailed description of DDE possible effect on the

etiology of allergic diseases is presented in the ‘Literature Review of

Components Comprising the Conceptual model’ section.

Polychlorinated biphenyls (PCBs)

PCBs are mixtures of up to 209 individual chiorinated compounds (known as
congeners). There are no known natural sources of PCBs. PCBs are either oily
liquids or solids that are colorless to light yellow. Some PCBs can exist as a
vapor in air. PCBs have no known smell or taste. Many commercial PCB

mixtures are known in the U.S. by the trade name Aroclor.

PCBs have been used as coolants and lubricants in transformers, capacitors,
and other electrical equipment because they do not burn easily and are good
insulators. The manufacture of PCBs was stopped in the U.S. in 1977 because of
evidence they build up in the environment and can cause harmful health effects.

Products made before 1977 that may contain PCBs include old fluorescent
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lighting fixtures and electrical devices containing PCB capacitors, and old

. L 2
microscope and hydraulic oils 13

Residues have been detected in foods and in human adipose tissue, milk, and

serum fat 133. Reports of PCBs having estrogenic effects 129 and altering

immune responses have been recorded.

Reichrtova et al. ©s reported that higher levels of the congener PCB118 and DDE

in human placentas are associated with increased cord blood IgE levels.
Specific to PCBs and various congeners: A study using pregnant minks

documented that serum progesterone concentrations were significantly increased
by experimental exposure to PCB-153 134. Similarly, an in vitro study

documented increased secretion of progesterone from ovaries after exposure to

135,136

PCB-153 . In seals, progesterone metabolism was significantly decreased

with increasing liver PCB concentrations137. In polar bear dams, the plasma

concentration of total PCBs is associated with an increase in placenta

progesterone and accounts for 27% of the variance in the progesterone

. 138
concentration

Sex hormones and immunophysiology - Conclusion
There is an abundance of evidence suggesting that the sex hormone disrupters
DDE, PCBs, and synthetic progesterone, and estrogen may bring about

alteration of normal endocrine functions resulting in allergic manifestations.
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However, no clear unifying hypothesis exists to explain how sex hormone

disrupters affect the development and function of the immune system.

1.4 Time-window of exposure
In an attempt to sort out the complex interrelationships between sex steroid
hormones and allergic diseases, this work will focus on two important time-

windows: the in utero and perinatal.

The in utero environment sets the stage for prenatal priming of allergic diseases.
This concept (prenatal priming) considers fetal life as the critical period of
exposure and suggests that in utero exposure to environmental factors such as

sex steroid hormones are important for the rise in the prevalence of asthma and

139-141
allergy .

The prenatal priming concept

‘Priming or programming’ describes the process whereby a factor at a critical
period of development has lasting effects 142. As an example, dramatic changes

in maternal immune responses occur during pregnancy. To avoid aborting the

fetus, the feto-maternal immune system is shifted in an allergic/Th2 direction
18'19. This Th2 reaction is characterized by the secretion of cytokines which then

promote IgE production, resulting finally in allergies later in life. Hormones are

believed to be responsible for controlling this shift 105.
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In assessing the in utero impact of sex steroid hormones on allergies, this
dissertation investigates associations between: placental organochlorine and
cord blood markers of allergy; maternal oral contraceptive use and offspring’s
serum allergic markers followed by an investigation of maternal oral

contraceptive use and allergic phenotypes.

The postnatal priming concept

Seeing that hormones may play an important in the prenatal priming of allergies,
it is plausible to postulate that postnatal exposure may also have a role in the
etiology of allergies. Using serum OC, this work further determined the
importance of postnatal exposure to sex steroid hormones in altering allergic

markers and henceforth the development of asthma.

A theoretical construct outlining the components of both processes (pre- and

postnatal), are presented in the forthcoming section.

1.5 Components of the conceptual model

The etiology of asthma, for example, is the result of a complex conflation of
events. This section presents a model for assessing one of these complex
processes: the involvement of sex hormone disrupters. The components of this
model span the pre — and postnatal periods while using a combination of
qualitative and quantitative measures of exposure and outcome. Specific pieces
of evidence provided are: First, evidence that prenatal SHD exposure can
disrupt allergic markers measured in utero. For this piece of evidence, placental

p,p’ DDE was used as measure of exposure while cord plasma IL-4, IL-13 and
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INF-y (cytokines typical of the atopic response) as measures outcome. This will
show the effect of SHD on allergic markers that cannot be attributed to postnatal
influences. Note, both exposure (placental p,p’ DDE) and outcomes (IL-4, IL-13
and INF-y) are quantitative measures. The hypotheses behind this piece of
evidence are: Increased placental p,p’-DDE concentration is associated with an
increase in cord plasma IL-4 and IL-13, and that increased placental p,p’-DDE
concentration will lead to a reduction in cord plasma INF-y. Second, existence of
an association between proxy measures of in utero exposure to sex hormone
disrupters and postnatal markers of allergic susceptibility. This bit of evidence
suggests that the possible in utero immunomodulating effect of sex hormone
disrupters may persist into child hood. Third, as an extension of the second
condition above, evidence is required linking proxy measures of in utero
exposure to sex hormone disrupters (maternal oral contraceptive use) with
markers of effect: clinical manifestations of allergy such as asthma-like
symptoms and atopic eczema in childhood. This along with evidence from the
second condition will provide further support for the idea that sex steroid
hormones may be associated with allergic disorders by modulating the immune
status, through endocrine disruption. Fourth, serum organochlorines stimulate
an allergic response. Results from the serum DDE / markers of allergic
susceptibility association add a new level of support to the sex hormone
disrupters / immune modulating idea in that both exposure and outcome are
measured postnatally. This suggests that the effects of sex hormone disrupters

do not only occur during the early stages of immune development (in utero) when
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Figure 1 Sex Hormone Disrupters and Childhood Allergy - Conceptual model
the cells are more susceptible to change but may also produce change in
immune development postnatally. A schematic representation of a proposed
model that encapsulates the overarching theme of SHD and childhood allergy is

presented in Figure 1 and discussed in the following background section.

1.6 Literature review of components comprising the conceptual model.
The effect of placental p,p’ DDE on cord plasma IL-4, IL-13 & INF-y.

There is evidence that the cytokine IL-13 is both necessary and sufficient to

induce all features of allergic asthma 143. In humans, this was supported by

consistent associations between tissue IL-13 levels and genetic variants in the

IL-13 gene with asthma and related traits 143. Cellular response (including L4,

IL-13, and IFN-y,) to allergens have been reported at week 23 gestation 144
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Recent findings suggest that in the etiology of allergic diseases, the Th2/Th1

ratio may be of more importance that individual cytokines 145

DDE is known to cross the placenta 146 potentially interfering with fetal immune

development. This interference is thought to be via its ability to reduce the

binding of progesterone to its receptor 147

Prenatally, Noakes and co-workers suggest a possible immunomodulating effect

of cord blood DDE on phytohaemagglutinin mitogen stimulated cord blood IL-13

and IFN-y 148, However, findings on the effect of placental p,p’ DDE on cord

plasma cytokines and their ratios (Th1/Th2) are yet to be reported.

In utero exposure to sex hormone disrupters is related to immune markers
of allergic susceptibility in childhood.

To date, Frye et al. is the only team to report on the association between
maternal OCp use and immune markers (specific immunoglobulin E against
common inhalant allergens) in offspring. For atopic sensitization, they reported

similar effects for maternal OCp use before and after birth. This finding raises

93,105,149

doubts in the previously reported association between maternal

hormone level and allergic diseases.

In an effort to allay these doubts, this dissertation investigates the association
between maternal oral contraceptive use and humoral immune markers (such as

serum immunoglobulin (Ig)-A, IgE and basophilic surface IgE counts) in offspring.
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In utero exposure to sex steroid hormones and their relation to childhood
markers of allergic effect.

Studies assessing the association between in utero exposure to sex hormone
disrupters (using maternal oral contraceptive use as proxy) and allergic

phenotypes have reported inconsistent findings.

In 1987, Peters and Golding, presented findings suggestive of an increased risk

of childhood eczema for children of mothers who used OC in the 18 months prior

to pregnancy in a cohort of 10,900 5-year-old children 93

Approximately ten years later, using data from an aggregative (ecological) study,
Wijst et al. found a geographic trend between asthma prevalence in children and
maternal OCp use. This similarity was most notable during 1970 when a sharp
decrease in OCp use was followed by a similar decrease in rate of hospital
discharge with a diagnosis of asthma. They concluded that mother's OCp use fits

well into the geographic and temporal background of this increase in asthma

105
prevalence

In addition, findings from a geographically defined cohort of 5,188 subjects

showed that the prevalence of atopy at age 31 years was lower in children whose

mothers reached menarche at a later age, especially after age 15 149. Early age

of menarche is associated with higher levels of estrogen in adulthood 150'152.
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Contrary to the above findings, Xu et al. 153 found no differences in the mean

concentrations of maternal sex steroid hormones according to the presence of
allergic rhinitis or atopic eczema among offspring. In addition, while Frye et al.

found maternal OC use before birth to be risk factor for asthma, allergic rhinitis,

and atopic eczema; they also found similar effects for OC use after birth 69.

To date, these associations have only been tested using data from predominantly
Caucasian cohorts. Assessing this association in a cohort with a different ethnic
profile may provide cogency to the controversy. It is in this spirit that we
investigated the in utero sex hormone exposure / allergic phenotypes association

using data form an African-Caribbean cohort.

Immunologic consequence of childhood exposure to organochlorine.
Previously, in this monograph, we proposed the assessment of prenatal
exposure to DDE and its association with allergic markers in childhood. This, as
mentioned, provided evidence in favor of the prenatal priming concept; purporting
that DDE is able to alter immune status during its early stages of development. In
this section we extend this idea by determining whether DDE is also able to

impose a similar effect postnatally.

There are reports of DDE being associated with changes in cellular and humoral

154,165

immunity , in particular cytokines related to allergy, such as interleukin-4

156'157. In addition, using data from the Child Health and Environment Cohort
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Study - Germany, Karmaus et al. showed serum DDE to be strongly related with

increases in total IgE 66. All the above-mentioned studies focused on adult

populations, with the exception of that of Karmaus et al. However, this study in
children only reported on one allergic marker — total IgE. Here, using the same
study of Germany school children, we investigated whether serum DDE
concentrations is associated with several immune markers including IgE, 1gG,
and IgA levels, IgE count on basophils along with eosinophilic granula, and white

blood cell count.
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The four research questions posed in this monograph utilizes data from three
cohorts: namely the Pregnancy Environment and Child Health (PEACH) study,
the Jamaican Perinatal Morbidity, Mortality Survey and the Child Health and
Environment Cohort Study-Germany. This chapter describes the background and
methods used the respective studies. Methodologic details not covered in this
chapter are presented in the four respective manuscripts found in the ‘Results’

section.

21 The PEACH study - Background
PEACH is a multi-center longitudinal study of mother-infant pairs, which had its
inception in Berrien County Michigan (Figure 4) at the Benton Harbor and St.

Joseph study sites.

Situated along the South East shore of Lake Michigan in Berrien County, Benton

Harbor and St. Joseph are two adjoining but very different cities. According to
City-Data.com 1, in 2004, Benton Harbor had over 10, 000 residence (92.4% are

African-American) with a median household income Of approximately $17,500.
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Figure 4. Map of Michigan showing PEACH Study Site



In 1894, the Baushke family, prominent citizens in Benton Harbor, built America's
first car, with 4-wheels and seating for 5 people. This was the inception of Benton
Harbor's industries which now includes the headquarters for the world renowned
Whirlpool Corporation formally known as the Upton Machine Co. As in any other
towns or cities, the introduction of industries is good news for the economy;
however their possible impact on public health is of grave concern.

St. Joseph on the other hand in 2004 had an estimated population of 9,000 of

which 89.6% are Caucasian. Median household income for the year 2000 was
$37,032 1. Its ideal location at the mouth of the St. Joseph River (linking it to

Chicago) earned the city the title ‘The Riviera of the Midwest'. This location
encourages much commerce and tourism. Fertile lands boast orchards full of
apples, peaches and cherries along with vineyards of grapes, fields of corn, rows
of strawberries and blueberries. Little wonder St. Joe (as it is affectionately
called) is the largest non-citrus fruit-growing region in the United States. There
are also several industries (In 1911 the Uptons started their company, now
Whirlpool — later moved to Benton Harbor) dotting the landscape, hence as is the

case of its ‘sister’ city Benton Harbor, a possible risks to public health looms.

The cities of Benton Harbor and St. Joseph are ideal sites for studying the
human health effects of exposure to environmental sex steroid hormones for the
following reasons. First, both cities are adjacent to each other; second, they are

located along the South East shore of Lake Michigan, a known ‘reservoir’ for
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environmental toxicants and, third, the discrete ethnic and socio-economic
differences between cities.

It is in this setting that the PEACH study had its ‘genesis’ in May of 2003. The
target population was women in their first trimester of pregnancy living in Benton
Harbor or St. Joseph. The study population was women from target population
who met the inclusion criteria of being primiparous (expecting first live birth),
having no previous stillbirth, no multiple births, no diabetes, thyroid or adrenal

disorders, and age 18-34 years.

The PEACH study - Methods

Questionnaires

At the time of enrollment, a brief face-to-face interview was conducted to collect
data on the mother's lifestyle and mediation usage. A more detailed telephone
interview was then conducted two weeks after to collect data on participants’
general and reproductive health. Approximately two weeks after delivery, another
telephone interview was conducted that focuses on the mother’s pregnancy
experience such as duration of pregnancy and delivery, and complications during
pregnancy. Information on the mother’'s general health along with that of her

newborn was also ascertained.

Cord blood and placenta tissue sampling
Following delivery of the placenta, the external surface of the cord was washed
to avoid contamination with maternal cells, and then approximately 10mL cord

blood was collected by cordocentesis in heparinized tubes. The tube with blood

54



is then gently shaken to allow proper mixing of heparin and cord blood. The
mixture was then refrigerated and prepared for mononuclear cell separation

within 24 hours of collection.

Within an hour of delivery, approximately one quarter of placental tissue (100g)

was cut and stored in a glass container for the determination of DDE and other

organochlorine compounds. The sample was then stored at -20°C until analyzed.

Laboratory analyses of placental samples
All organochlorine analyses were done at the Analytical Chemistry Section
(ACS), Michigan Department of Community Health. Compounds were

extracted, fractionated and quantified according to procedures described by

Najam et al. 2, with modifications.

Laboratory analyses of cord plasma samples

Fresh cord blood was diluted with equal volume of sterile saline, carefully layered
onto Histopaque-1077 (Sigma Chemical Company, St. Louis, MO) and
centrifuged 30 minutes (at 600 G) at room temperature. The cells harvested from
the interface were washed in serum free saline, then re-suspended into 2-3 ml of
RPMI 10 (Gibco BRL, Life Technologies Inc., New York, USA) and the number of
viable cells determined using trypan blue exclusion. CBMC staining will also be
performed with Turk's stain to exclude nucleated erythrocytes from cell counts

and determine the degree of contamination. PHA-P (Sigma Chemical Company),
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as a polyclonal activator at 5 ug/mL in culture, and dust mite allergen (Greer
Labs), at 100 and 500 ug/mL, were used in cell cultures. Cells were cultured in
triplicates using 96-well flat bottom plates in a final volume of 200 pl/well at a final

concentration of 1 x 106 leukocytes/mL.

Cytokine assays: Cytokine protein levels were measured using cytokine-
specific, sandwich enzyme-linked immunoassays (ELISAs).

IL-4 and IL-13: Recombinant human IL-4 and IL-13 standards of specific activity
equivalent to that of WHO standard 88/656 (21) were included in each ELISA.
The sensitivity of this assay was 0.9 to 1.9 pg/ml and the linear range of

detection between 0.9 to 250 pg/mL.

IFN-y: Similar procedure to that used for IL-13 was used to quantify IFN-y.
However, the lower limit of detection for the assay was typically 0.3 U/ml and the
linear range for quantitation was between 0.3 to 25 U/mL. This assay was
calibrated using human IFN-y reference reagent Gg23-901-530 (specific activity
7 x 105 U/mg, 1 NIH unit = 115 pg, provided by Dr. C. Laughlin, NIAID,

Bethesda, Md.).

The Institutional Review Board of the Michigan State University approved the

study in addition; all participants gave written, informed consent.
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Statistical analysis

Adjusted betas (B) and standard errors (SE) for the associations between
exposure and outcomes were determined using linear regression models.

Statistical tests are 2-sided and declared significant if p value < 0.05. The

statistical software package SAS (version 9.1; SAS Institute Inc, Cary, NC)

3
was used for all analyses ~.

Linear regression

In its simplest form a linear regression analysis involves finding the best straight
line relationship that explains how the variation in an outcome (or dependent)
variable, Y, depends on the variation in a predictor (or independent) variable, X,
and is expressed by the following equation:

Y =bg + biX

where b, is called the slope of the equation and bg the intercept.

From a sample {(Yi, X;) : | =1, ...,n}, by, bo are estimated by
. >X.Y, - (ZX,)ZY))
2 2
2X i (ZX i )
b is called the intercept and estimated by the following formula;

go =ZY—bIZX

n
This method is called the process of Least Squares that calls for minimization

n n
with respect to (by, b,) of the error sum of squares; Zef = Z(Y: — bo — bl xi)z

i=1 i=l
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which leads to the expression forb:)‘l;1 . Since most outcomes are dependent on

more than one factor (variable) it is necessary to explain the outcome in terms of
the combined effect of these multiple independent factors or variables. This is
done by multiple regression which is an extension of simple linear regression in
which the dependent variable is predicted by a linear combination of the
explanatory variables. For example, if an outcome Y depends on two
independent variables X1 and X2, the regression equation will be Y = bg + b1 X4 +
b2X2 where the by is the intercept, and b, and b, are slopes of X4 and X;
respectively.

The amount of variation in the dependent variable that is accounted for by
variation in the predictor variables is measured by the value of the coefficient of
determination, or R? (R squared). The R? from multiple regression models is
called Adjusted R? when penalized for the number of variables in the model. This
Adjusted R? is the total percent variation in the dependent variable that is

explained by the predictor variables together.
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2.2 Child Health and Environment Cohort Study - Germany.

The Child Health and Environment Cohort Study was conducted in 1994,

targeting children residing in 18 townships in Hesse, Germany.

Hesse is one of Germany's sixteen federal states and has an area of 21,110 km?
and just over six million inhabitants. Most inhabitants live in the southernmost
part of Hesse between the rivers Main and Rhine. The latter is one of the longest

and most important rivers in

Mai Rhine Valley-control
Europe and borders Hesse Toxic Wasts Incinerator-region
Odenwald-control
on the southwest without O Darmstadt
running through the state.
The valley formed by the
Rhine (Rhine Valley) in
Hesse is where two of the e ©
. . . Worms
regions targeted in this
study are situated 4. Figure © (S

Figure 5: The Rhine Valley
5 shows the location of

study sites and the toxic waste incinerator in the Rhine Valley. Two regions are

situated in the Rhine Valley with low mountains on both sides.
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For details regarding the Questionnaires and Laboratory procedures used in
this study, please see the manuscript entitled ‘mmune function biomarkers in
children exposed to lead and organochlorine compounds: a cross-sectional

study’ in the ‘Results’ section.

Statistical analysis

The statistical software package SAS (version 9.1; SAS Institute Inc, Cary, NC)

was used for all analyses 3. The linear regression method is described in pages

39 and 40. Statistical tests are 2-sided and decleared important if p value < 0.05.
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2.3 The Jamaican Perinatal Morbidity, Mortality Survey — Background

The Jamaican Perinatal Morbidity, Mortality Survey targeted all women who had
a live birth, or stillbirth of 500 g or more in Jamaica during the period September

1, 1986 to October 31, 1986.

Jamaica is an island nation 240 kilometres (150 miles) in length and 85
kilometres (50 miles) in width, which is slightly smaller than Connecticut-USA.
The island is situated in the Caribbean Sea, approximately 804 kilometres (500
miles) south south east of the southern tip of Florida (Figure 5). Jamaica, with its
mostly mountains interior and narrow discontinuous coastal plains, enjoys a
mainly tropical climate with a temperate interior (average minimum temperature
22.0°C (71.6°F) and average maximum of 30.3°C (86.5°F)). The population
(N=2,758,124) is mainly African-Caribbean (90.9%) of West African descent with
a labor force (approximately 1.2 million) made up of workers in services (64.1%;
mainly tourism), agriculture (19.3%) and industry (16.6%; mainly

bauxite/alumina).

The Jamaican Perinatal Morbidity, Mortality Survey was motivated by results of
the Child Mortality Study of 1972 that clearly demonstrated the extent of under-
reporting of early infant deaths. Shortly after the island wide survey (Figure 6)

was designed using the First British Perinatal Mortality Survey ° as a blue print.
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The overall aim of the study was to provide information to help improve maternal

and childcare services and reduce perinatal morbidity and mortality in Jamaica.

The Jamaican Perinatal Morbidity, Mortality Survey - Methods

At enroliment, a face-to-face interview was conducted with each prticipant and
their babies examined, usually within the first 48 hours after delivery. A
standardized questionnaire was used to get at data during the antenatal, labor
and delivery, and perinatal periods. Data was also abstracted from the newborn
nursery charts and mother’s medical record to supplement interview data where

necessary. Overall, 10,310 (94%) of the births in the two-month period were

identified and included in the study (main cohort study) 5.

The first follow-up occurred six weeks after delivery when another face-to-face
interview was conducted aimed at information about breastfeeding practices and

the infant's health status.

The study included in this monograph utilizes data from a geographic sub-sample
(n=1,720) of eleven to twelve year old children, representing those born in
Kingston and St. Andrew. In a cross-sectional survey of these children, data on
health outcomes were collected from the guardian or parent; who was often time

the mother.

The Research Ethics Committees of the University of the West Indies Jamaica
and Michigan State University approved the assembly of the cohort and analysis

of data for the included manuscript, respectively.
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Statistical analysis

The statistical software package SAS (version 9.1; SAS Institute Inc, Cary,

NC) was used for all analyses 3 The method of statistical analysis used

was logistic regression with 2-sided statistical tests declaring associations

significant if p value < 0.05.

Logistic regression

Logistic regression is an adaptation to dichotomous outcomes of the classical
linear regression model for continuous outcomes. It is primarily used to describe
the relationship to the outcome of a primary exposure after adjusting for the
effects of other (independent) variables that may influence both the outcome and

exposure.

Formally, in formulating a logistic model let Y (0 or 1) denoting the dichotomous
outcome of interest with Y =1 labeling the presence of the condition under study.
Then the logistic model for P[Y =1|X,,X,--- X,] is written simply as P(X)

where X is a shorthand for Xy through X« The model formula is given by

_ 1
P& = —-(a+ZBiX;)

l+e

in which o and 3;are unknown parameters to be

estimated based on the observed exposure variables X; through X and the
outcome variable Y. The coefficients 31 through B« can be interpreted as adjusted
log-odds ratios. For example, if X, is the primary exposure, coded X; = 1 for
“exposed” and X; =0 for “not exposed”, then assuming the variables X; through

Xk do not include X, the adjusted odds ratio is given by exp(f1).
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CHAPTER 3
RESULTS
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In this chapter, four manuscripts are presented. Their titles and order are:

. Placental p, p'-dichlorodiphenyldichloroethylene and cord blood immune

markers (forthcoming).

Maternal oral contraceptive use and immune markers in the offspring (In
progress).

Are oral contraceptive use and pregnancy complications risk factors for
atopic disorders among offspring? (Published)

Immune function biomarkers in children exposed to lead and

organochlorine compounds: a cross-sectional study (Published).

These manuscripts correspond to the four research questions:

1.

Is there evidence for the immunemodulation of cord immune markers of
allergy by in utero sex hormone exposure?

Is maternal oral contraceptive use (a proxy for in utero
estrogen/progesterone exposure) associated with immune markers of
allergy in the offspring?

Is maternal oral contraceptive use (a proxy for in utero
estrogen/progesterone exposure) a risk factor for markers of allergic

susceptibility in offspring?

4. Does serum organochlorine alters immune markers in children?
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COMPONENT ONE

In utero exposure to SHD affects perinatal biomarkers of allergy
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Placental p, p‘dichlorodiphenyldichloroethylene and cord blood immune
markers

Kevin Brooks1, Hanem Hasanz, Sridhar Samineniz, Venu Gangur2 and Wilfried
Karmaus‘I

! Department of Epidemiology and Biostatistics,
Norman J. Arnold School of Public Health,
University of South Carolina

800 Sumter Street, Columbia, SC., 29208-0001

2 Food Allergy & Immunology Laboratory, Food Science & Human Nutrition,;
National food Safety & Toxicology Center, Michigan State University, East
Lansing, Ml 48824, USA

Abstract

Placental p, p~dichlorodiphenyldichloroethylene (p,p-DDE) concentration and
cord blood atopic markers were determined in 19 neonates. Increased placental
p,p’-DDE was associated with a statistically significant increase in cord plasma
interleukin (IL)-13.

Furthermore, both cord plasma IL-4/INF-y and IL-13/INF-y ratios were

significantly positively associated with placental p,p’-DDE concentration.

Key words:

DDE, placenta, cytokines, cord, allergy
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The possible immune modulating role of ‘hormone-like substances’ is under
investigation 1'2. Previously, in a cohort of German school children, we
demonstrated significant associations between serum DDE and biomarkers of
allergic susceptibility; including serum immunoglobulin E 2. In addition, for a
group of 26 mother-infant pairs, Noakes et al. reported on the ability of maternal
DDE and other ‘hormone-like’ substances to alter the fetal immune response 1.
More recently, Sunyer and co-workers showed that in utero DDE exposure is
related to increased incidence of asthma in children 3. It is therefore very timely

to present the yet-to-be-reported relation between placental p,p’-DDE and cord

plasma levels of prototypic type-1 and type-2 cytokines.

Our objective was to test the hypothesis whether increased placental p,p’-DDE
concentration is associated with an increase in cord plasma IL-4 and IL-13. In
addition, since type-1 and type-2 cytokines often antagonize each others activity,
we hypothesize that increased placental p,p’-DDE concentration is associated

with a reduction in cord plasma INF-y. The Th2/Th1 cytokine ratio has been used
as a measure of relative atopic reactivity 4. We therefore further hypothesize that

increased placental p,p’-DDE concentration is associated with an increase in the

ratio of cord plasma IL-4/INF-y as well as the ratio of IL-13/INF-y.
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Methods and results

Primiparous women in their first trimester were enrolled in the ongoing
Environment and Child Health (PEACH) study. Ethical approval was granted by
the Michigan State University Committee on Research Involving Human

Subjects.

Telephone interview data on passive smoking (ETS), mother's age, and allergic
status (defined as mother ever had one or any combination of. asthma, hay
fever, itchy rash, or wheezing) were collected. Cord blood samples were drawn
from the umbilical vein and transported to the lab within 24 hours. Cytokine
protein levels were measured using ultrasensitive Elisa based assays optimized
using paired monoclonal antibodies (PharMingen). Typical assay sensitivities; IL-

4: 0.05pg/ml; IL-13:1.5 pg/ml; and INF-y. 0.5pg/ml).

Placental p,p-DDE was extracted into diethyl ether-hexane (1:1 v/v), passed
over a Florisil column and quantified by high-resolution gas chromatography with
electron capture detection. p,p-DDE values below the detection limit (DL = 0.50

pg/g) were replaced with half the DL and all concentrations were lipid adjusted.

We used linear regression models (PROC GLM) with cytokines as dependent
and p,p-DDE as independent variables; while controlling for mother’'s age, atopic
status, and ETS. In order to obtain a multivariate normal distribution we log-

transformed cytokine levels.
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Complete data (interview, cytokine and DDE concentration) are available for 19
mother-infant pairs. Mothers were on average 29 years of age while 2 of 19 were
exposed to passive cigarette smoke in their homes during pregnancy (Table 1).
Median value for placental p,p-DDE was 58.3 pg/g. For IL-4 and IL-13 their

median values were 4.2 pg/mL and 61.4 pg/mL respectively (Table 1).

4

Adjusting for maternal age, allergy and exposure to tobacco smoke, we found

that placental p,p-DDE statistically significantly increase the level of cord plasma

Prion oy e g

IL-13 (B = 0.007 pg/g; p=0.03, Table 2). Placental p,p-DDE was also found to
increase |IL-4 levels while reducing INF-y; however these associations were not
statistically significant. Nevertheless, both cord plasma IL-4/INF-y and IL-13/INF-
y ratios were significantly increased with increasing placental p,p’-DDE
concentration (B = 0.03 pg/g; p=0.007 and B = 0.17 pg/g; p=0.02 respectively;

Table 2)

Discussion

Using placental and cord blood samples of 19 mother-infant pairs we
demonstrated, a statistically significant association between placental p,p’-DDE
and cord plasma IL-13. The results support our hypotheses that placental DDE is
related to increased cord plasma IL-13 and may be associated with increased IL-
4 and reduced INF-y. Considering the aforementioned results for IL-4, IL-13 and
INF-y, we expected placental DDE to be associated with the ratio of IL-4/INF-y
along with that of IL-13/INF-y. The associations (increased DDE and increased

Th2/Th1 ratios) were found to be statistically significant.
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DDE is known to cross the placenta. However, in their Western Australian
samples, Noakes et al. were unable to detect placental p,p’-DDE and used
maternal levels instead. This was not the case in our North American samples.
The fact that we determined p,p’-DDE in placental samples may be explained by
different exposure in the southern and northern hemisphere, resulting from a

long-range atmospheric transport of organochlorines enhanced by the meridional

flow 5.

Whereas both IL-4 and IL-13 play critical roles in the initiation as well as

maintenance of allergic inflammation and asthma 6, INF-y dominated responses

are associated with a ‘non-allergic’ response 7. Notably, IL-4 and IL-13 share
many but not all proallergenic activities. Recent studies suggest that IL-13 is a
key player in asthma independent of IL-4 6. It is suggested that decreased IFN-y
in cord blood mononuclear cells is the hallmark of newborns from high-risk
population 8. We are uncertain whether the relationships observed in this study
between cytokines and placental p,p’-DDE are direct or indirect. Maternal and
fetal immune responses during pregnancy are under endocrine influence 9. Thus,

it is possible that an explanation for our finding may be that DDE introduce an

endocrine disrupting effect 10, which in turn might alter the fetal T-cell cytokine

profile.
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We are not aware of studies implicating direct effect of DDE on Th2/Th1 cell
development or cytokine responses. Our findings suggest that the assessment of
DDE exposure on Th2/Th1 ratios may be of more importance than the

investigation of individual cytokines.

Noakes et al. reported a significant inverse correlation (r =0.406, p = 0.049)

between maternal adipose tissue levels of OC p,p-DDE and maternal INF-y

reaction to mitogens 1. The authors also found increased phytohaemagglutinin

mitogen stimulated IL-13 and decreased IFN-y with increasing cord blood p,p*-
DDE levels. Though these findings, from their small sample (n=26), were not
statistically significant; they were in the same direction as those we presented
using a similar size cohort (n=19). Since these small studies reported
comparable findings, the effects are likely to gain statistical significance in a

study with a larger sample size and improved statistical power.

Our findings suggest that DDE may play a role in the prenatal priming of allergic
diseases via promoting IL-13 dominance. This priming — to a greater extent —
may also be through the overall dominance of the ratio of Type-2 cytokines (both
IL-4 and IL-13) over Type-1 (IFN-y) cytokine. Larger epidemiologic studies are

needed to explicate possible mechanistic explanations for our findings.
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Table 1. Descriptive characteristics of the cohort

Study cohort
(n=19)
Maternal
Ever had:
Asthma Yes 119
Hay fever Yes 3/19
ltchy rash Yes 2/19
ltchy eyes or stuffy nose Yes 7/19
Wheezing Yes 3/19
Allergy Yes 10/19
Exposure to passive smoke in Yes 2/19
home
Ethnicity Caucasian 15/19
Age (mean, range, years) 29.3 (21-42)

Placental p,p-DDE (median, 5-95% value, pg/g) 58.3 (40.2 — 388.4)

Cord plasma (median, 5-95% value, pg/mL):

IL-4 4.2 (0.7 -29.8)
IL-13 61.4 (9.2 — 963)
INF-y 119.8 (0.35 — 1398.1)
IL-4/ INF-y ratio 0.05 (0.003 - 15.41)
IL-13/ INF-y ratio 0.72 (0.04 — 614.14)
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COMPONENT TWO

In utero SHD affects postnatal biomarkers of allergy
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Maternal oral contraceptive use and immune markers in the offspring.

BACKGROUND: Maternal oral contraceptive (OC) use is shown to be
associated with clinical manifestations of allergic diseases in offspring. The aim
of this study was to assess the, yet to be reported, association between OC use
and humoral immune markers in offspring. We hypothesized that maternal OC
use increases humoral immune markers of allergy in offspring.

METHODS: A cross-sectional investigation included 334 mother child (aged 7-
10 years) pairs from Hesse, Germany. In 1995, detailed self-administered
questionnaires were used to collect information on maternal OC use and atopy,
passive smoking, breastfeeding, offspring’s gender and number of infections in
the previous 12 months. Immunoglobulins (Igs) along with white blood cell,
eosinophils, and basophilic surface IgE were also quantified. The data was
analyzed using linear regression, while controlling for confounders. Since allergic
reactions are different for boys and girls, we stratified by sex.

RESULTS: In children ages 7 to 10, female offspring of mothers who used OC
had significantly lower (p<0.05): IgA (123.43 mg/dL vs. 150.52 mg/dL), and IgE
(22.96 kU/L vs. 50.83 kU/L) levels as well as basophilic surface IgE counts (783
vs. 842), compared to those of mothers who did not use OC. For male offspring,
statistical éigniﬁcance was only seen in an increased number of basophilic

surface IgE (911 vs. 876).
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CONCLUSIONS: This study suggests that maternal OC use may result in sex-
related differences of the immunomodulating effects in offspring: a finding that

could play a role in the etiology of allergic diseases.
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Allergic/atopic diseases are among the most vexing disorders of childhood. The

. . . L 1,2
increasing prevalence and severity of asthma and other allergic diseases

render them of enormous personal and public health concern 3. Early efforts to

elucidate the etiology of these conditions focused on factors such as genetic

predisposition, air pollution and tobacco smoke.

The role of synthetic hormones (estrogen and progesterone) as risk factors for

allergic diseases has gained increased traction 4'6. Specifically, the importance

of prenatal (in utero) exposure to these hormones has been presented 1’7.

Xu and co-workers assessed the effect of maternal age at menarche on the
occurrence of atopy among offspring. In a follow-up study of 5188 subjects, they
collected data during pregnancy and a follow up examination was completed at
31 years of age. Atopy was determined by skin prick tests while maternal age at
menarche was obtained from perinatal data. The authors reported that the

prevalence of atopy was lower in children whose mothers reached menarche at a

later age 7: a finding that may be explained by the fact that early age of

menarche is associated with higher levels of estrogen in adult women 8'10.

Further support for the possible prenatal endocrine disruption-allergic diseases
idea comes from the work of Frye et al. They reported that maternal oral

contraceptive (OC) use before birth was associated with a higher risk of atopic
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diseases in the offspring compared with children of mothers who had never taken

oC 4. Moreover, in a recent study, we demonstrated significant associations for

asthma or wheezing, and cough between 11-12 year old offspring of OC users
and non-users 5. These studies show associations between OC yse and clinical

manifestations of allergic diseases in offspring; however, a relationship between

OC use and humoral immune markers in offspring is yet to be presented.

Using data from a cross-sectional investigation conducted in Hesse, Germany,
we assess the relationship between maternal OC use and immune markers in
offspring. We hypothesized that maternal OC use significantly increases

humoral allergic markers in offspring.

Methods

Subjects and maternials

In 1995, parents of 1091 second-grade school children in 18 townships of Hesse,
Germany were invited to participate in the study. Children were allowed to
participate only if passive smoking in the private household did not exceeded 10
cigarettes per day during the previous 12 months. The study was approved by
the Data Protection Agency of the State of Hamburg, Germany, the Ministry of
Cultural Affairs of Hesse, Germany, and the participating local school

committees.

83



Questionnaires

Four self-administered parental questionnaires were used in the survey: one
regarding the living condition and nutrition of the family, one for each parent, and
one regarding information on the child. Maternal oral contraceptive use was
determined in an interview on reproductive history. The question posed was “In
the 12 months before conception of the index child, did you use oral
contraceptives at any time (yes\no)?” Duration of breastfeeding was recorded in
weeks of total and in weeks of exclusive nursing. Environmental tobacco smoke
(ETS) was graded as smoking in the child’s home in the previous 12 months (no
cigarettes, 1-20 cigarettes, 11-20 cigarettes, 21-30 cigarettes, more than 30
cigarettes per day). We recorded age, gender, and the number of infections,
defined as cold, coughing, and sore throat with or without fever in the last 12

months (none, less than 5 infections, 5-10 infections, more than 10 infections).

Immunologic assays

For phlebotomy, we used the 'Vacutainer System' (Becton, Dickinson &
Company, San José, California,). Approximately 25 mL were drawn and
separated into different aliquots. Immunoglobulin (Ig) E in serum was quantified
at the Medical, Alimentary and Veterinary Institute for Research Middle Hesse,
Division of Human Medicine, Dillenburg, Germany, using a florescence-
immunoassay (CAP, Pharmacia, Uppsala, Sweden). We also measured IgA, G,
and M by laser immunonephelometry (Dade Behring, Liederbach, Germany). The

results for IgA, G and M were provided in mg/dL and for IgE in kU/L serum.
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For leukocyte subsets, we collected 8 mL of blood in tubes containing EDTA and
mixed them to prevent clotting. This aliquot was transported to the Central
Laboratory of the University Clinic of Mannheim and analyzed on the same day.
We used 200 puL of blood for the automated differential (laser-based hematology
analyzer CD3500, Abbott Diagnostics, Santa Clara, California), and 100 pL for
each of the nine three-color test tubes analyzed by flow cytometry (FACScan,
Becton, Dickinson, & Company, San José, California, equipped with a 488 nm

air-cooled argon ion laser).

Eosinophils were determined according to their specific depolarisation
characteristics and their eosinophilic granula content by the intensity of light
scatter by flow cytometry. IgE on basophils were identified by their high density
on the basophil surface using immunofluorescence with a Phycoerythrin labeled

anti-IgE antibody.

Statistical methods

Since data for leukocytes (WBC) and their subsets (eosinophils),
immunoglobulins were not normally distributed, the geometric mean, 5-, 95-
percentiles are provided. In order to obtain a multivariate normal distribution, we
log-transformed the number of cells and the immunoglobulins before testing

associations with possible predictors.

All statistical analyses were performed using SAS software versions 9.1 11. We

used multiple linear regression models (PROC GLM) stratified by sex with
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immune markers of allergic diseases as dependent variables. The potential
confounders; maternal atopy (positive if mother reported a history of asthma,
Eczema, or hay fever), age of offspring, ETS, number of infections during the last
12 months, and breastfeeding were controlled for in our models. Age of the child
was divided into three groups: 7, 8 and 9-10 years of age. Our main exposure of
interest, OC use in the 12 months before conception of index child, was coded
‘yes/no’. Information on passive smoking (ETS) in the child’s home in the
previous 12 months was divided into three categories (no cigarettes, 1-20
cigarettes (a pack), 20 cigarettes per day and more). For the number of infections
we considered three categories (none, 1-5, more than 5). Duration of
breastfeeding was considered as either: 0 weeks, 1-5 weeks or more than 5

weeks.

From the results of the regression analyses, we calculated adjusted geometric
means of immune markers for the categories within each covariate. T-tests were
used to compare the statistical effect of maternal OC use with no maternal OC

use (reference).

Results

Of 1091 subjects invited, 671 (61.5%) agreed to participate. Of these, only
‘natural’ mother-child pairs (n=663) were selected for this paper. Phlebotomy was
performed on 350 of the 663 children; 340 of whom had immunoglobulins
quantified. Complete information (questionnaires and immune markers) was

available for 334 children.
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A comparison of potential confounders’ characteristics between the sub-cohort of
‘natural’ mother-child pairs and that with complete information is presented in
Table 1. Approximately 40 % of mothers who gave birth to boys used OC before
pregnancy compared to about a third of those who gave birth to girls. Of the
maternal atopy ‘family’ of variables, hay fever was the most prevalent at 15%.
Ninety six percent of the children were between 7 and 8 years of age and
approximately 74 % experienced 1 to 5 infections during the last 12 months
(Table 1). Due to the eligibility criterion of passive smoking of less than 10
cigarettes in the child’'s home for being included in blood sampling, the
prevalence of passive smoking was also lower in the group with phlebotomy than
in the total group (Table 1). Nevertheless, the fact that parents were separated or
divorced and shared cohabitation for their child, resulted in a re-assessment of
the passive smoking status after phlebotomy. Eligibility was determined on the
information provided by one parent (mother or father) for their household. In the
case of separate dwellings, we re-assessed the exposure by taking the average
number of cigarettes smoked in both homes. As a consequence, 24 (7.5%)
children who were exposed to more than 10 cigarettes per day at home had a

phlebotomy and were included in the analyses.

Tables 2 reports that for girls whose mothers used OC before pregnancy, their
level of IgE was half that of girls whose mothers did not used OC before
pregnancy. The level of IgA was also decreased in girls of OC users compared
to girls of none-OC users. This decreased level however was less dramatic than

that reported for IgE. 1gG, IgM and IgE showed an increase with increasing age
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in boys while only IgM showed this pattern in girls. IgE showed an increase with

age in girls but not in a dose dependent fashion.

Regarding IgE count on basophils; a higher number was evident for boys of
mother who use OC compared to boys of mother who were none-OC users. The
opposite was true for girls: higher in girls of none-OC-users compared to OC
users. In addition, IgE count on basophils was found to increase with increasing

age and, conversely, decrease with increasing number of infections (Table 3).

Results from adjusted regression models showed significantly decreased IgA
(p=0.04; 123.43 mg/dL vs. 150.52 mg/dL) and IgE (p=0.04; 22.96 kU/L vs. 50.83
kU/L ) in girls of mothers who used OC before pregnancy (Table 5). In boys of
OC users, IgE count on basophils was significantly increased (p=0.04; 911 vs.
876); concomitantly, they were significantly decreased in girls (p<0.01; 783 vs.

842; Table 5).

Discussion

The data for children 7-10 years of age suggest, for the first time, sex-related
differences in the association between maternal OC use before pregnancy and
serum immune markers in offspring. Decreased serum IgA, and IgE levels as
well as basophilic surface IgE counts were observed in female offspring of OC
users compared to their female counterpart. In addition, increased basophilic
surface IgE counts was present for boys if their mother used OC before

pregnancy.
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The cross-sectional design of the study is a limitation as it brings into focus the
possibility of recall bias. However, mothers did not know the result from their
child's serum immunologic analyses therefore the possibility of recall bias in this

instance was minimized. Furthermore there is no major public interest about OC

. 4
use and atopic diseases .

Contrary to our a priori hypothesis, the data did not reveal an overall significant
association between maternal OC use and humoral immune markers in offspring.
Similarly, Xu and co-workers failed to find significant associations between

maternal sex hormone concentrations (in serum) during early pregnancy and

onset of allergic disease in early childhood 12. Furthermore, a study by Frye et al.

found no significant difference for atopic manifestations between offspring of

mothers who used OC before and those of mothers who used OC after

pregnancy 4. Nonetheless, our significant sex-related findings are intriguing and

consistent with the established hypothesis that there are sex-related differences

- 1 6 . . .
in immune response ,suggesting the involvement of sex steroid hormones

16,17

OCp have two major components: progesterone, which is known to stimulate the

development of TH2 (allergic type) cells 18, and estrogen that is suppose to

increase the production of TH1 (non-allergic type) cells 19’20. To date, there is no

clear explanation of how sex steroid hormones affect the development and
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function of the immune system. Nonetheless, it is know that some cells have
estrogen and progesterone receptors; creating binding sites for these hormones

. . 14,15
and ultimately altering immune responses .

Regarding IgA, Seli and Arici suggest that estrogen may increase or decrease

IgA levels in an organ dependent manner 15. We found that maternal OC use

may decrease serum IgA levels in girls. IgA was also decreased in boys of OC

users though not statistically significant.

For IgE, our finding of decreased levels in girls of mothers who used OC

suggests that hormones may be influencing IgE levels. Since IgE is a strong

determinant of asthma 34, this finding supports the existing hypothesis that

hormonal factors may be involved in the pathogenesis of asthma.

Concerning basophil-bound IgE, studies have shown increased counts in atopic

children 29,30 and deduced that they can serve as an indicator of allergic

sensitization 31. Our finding of decrease counts in girls of mothers who used OC

is in concordance with our findings for IgE. Similar explanation may apply. On
the other hand, boys of OC users had an increased number of basophil-bound
IgE. An increase was also seen for IgE in boys of OC users, however this was
not statistically significant. These findings may be due to the estrogen/androgen

ratio in boys, which is known to modulate the activities of all cells involve in an
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immune response 32. The pattern of androgenic and estrogenic stimulation

during early development (in utero) 33 may also be of importance. Further studies

are needed to examine these hypotheses.

In conclusion, our study supports the notion that there are sex-related differences
in the susceptibility to allergic diseases. Furthermore, the study adds evidence to
the idea that maternal OC (oral contraceptive) use may have immunomodulatory

effects in offspring.

There are yet unanswered questions. Studies are needed to elucidate the
mechanisms by which sex steroid hormones alter immune function. In addition,
clarity is needed on how the levels of sex steroids correlate with disease severity.
An idyllic setting to begin to answer these questions is that of a follow-up study
where women are enrolled early in pregnancy and hormone levels determined
from samples taken at different time-points (at least 3) during pregnancy. Cord
immune marker of allergy should then be quantified and the association between
hormone levels and these markers assessed. In addition to testing for an overall
effect, analyses should be stratified by sex to get at possible sex-related

differences.
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COMPONENT THREE

In utero exposure to SHD affects allergic outcomes in infancy
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Abstract

In utero programming of atopic manifestations has been suggested. We
investigated the association between oral contraceptive (OC) use before, and
complications during pregnancy (CDP) and asthma, along with other atopic
manifestations. The study is based on neonates from Kingston and St. Andrew, a
geographic sub-cohort from the Jamaican Perinatal Morbidity, Mortality Survey
conducted in 1986-1987. Information on OC use and CDP was extracted from
maternal interviews and medical records. In a follow-up in 1997-1998, via
interviews with mothers, trained nurses collected information on
asthma/wheezing, coughing, eczema, and hay fever. Data, specific to this paper,
from birth and 11 — 12 years of age was available for a total of 1040 of the 1720
members of the geographic sub-cohort. Using logistic regression, controlling for
confounders, we estimated adjusted odds ratio (aOR) and corresponding 95 %
confidence intervals (CI). For asthma or wheezing, and coughing, aOR for OC
use were 1.81 (95% CI 1.25- 2.61), and 2.72 (95% CI 1.41-5.24), respectively.
CDP was only shown to be a significant risk factor for hay fever. Additionally, a
higher number of older siblings were protective for hay fever. The results suggest
that asthma in childhood may be programmed in utero.

Key words: asthma,; eczema; hay fever; atopy; oral contraceptives; pregnancy

complications
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The prevalence of allergies is increasing in many parts of the world, and asthma
has become the most common chronic disease of childhood. The etiology of

asthma and allergic disease remains poorly understood, despite considerable

research 1. Recent work has expanded to include the study of novel factors such

as in utero and perinatal exposures that may program initial susceptibility 2.
Some authors have reported that maternal estrogen levels and maternal health
complications during pregnancy are associated with asthma and other atopic

. . . e 3B
manifestations later in life =~ .

The most appropriate design to test an association between perinatal conditions
and asthma in offspring is a longitudinal study commencing with mothers in the

antenatal period and following their offspring through childhood. The Jamaican

Perinatal Mortality and Morbidity Survey (JPMMS) 7, and the subsequent follow-

up studies offered a unique opportunity for testing these hypotheses.

The JPMMS, originally designed to ascertain causes of maternal and neonatal
mortality and morbidity, obtained detailed information about maternal lifestyle
before and during pregnancy, the labor and delivery process. The subsequent
follow-up studies of the children were designed to identify factors promoting and

preventing optimum childhood outcomes, including child health.
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Women who participated in the JPMMS in 1986 were contacted at six weeks
postpartum and again eleven to twelve years later. We investigated whether in
utero and perinatal factors contributed to the development of asthma and other
atopic manifestations in children 11 to 12 years of age. Specifically, we tested the
association between two risk factors:

(1) Maternal use of oral contraceptives (OC) before pregnancy

(2) Maternal complications during pregnancy (CDP)

and the prevalence of four atopic manifestations:

(a) Asthma/wheezing,

(b) frequent nighttime/early morning cough,

(c) eczema, and

(d) hay fever/sinus problems/other allergy

Methods

Study population
The Jamaican Perinatal Morbidity and Mortality Survey included all pregnant

women who had a live or stillbirth during the two-month period from September
1% to October 31%, 1986. Women were interviewed and their babies examined,
usually within the first 48 hours after delivery. Data were gathered during this
phase using the main questionnaire (MQ). A total of 10392 babies or 94 % of the

births in the two-month period were identified and included in the study (main

cohort study) 8. The first follow-up study of the children occurred at six weeks of

age when 8,800 (84.7 %) mother-child pair from the main cohort were
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interviewed. Information on breastfeeding and the infant's health was obtained
using the first follow-up questionnaire (FFUQ). These 8800 mother-child pairs
were used as the baseline cohort (entire island) for the analyses.

Follow-up

A geographic sub-sample of 1,720 eleven to twelve-year-old children,
representing those residing in Kingston or St. Andrew, the two most urban of
Jamaica's fourteen parishes, was selected for a second follow-up study. In a
cross-sectional survey of these children, data on health outcomes were collected
from participating parents or guardians (n=1,163), mostly the mothers, and
recorded using a second follow-up questionnaire (SFUQ). We linked the three
datasets using a unique identification number assigned at birth and dates of birth
for both mother and child.

Questionnaires and examinations

During the JPMMS, trained nurse midwives administered face-to-face interviews
with mothers and conducted a brief examination of the babies shortly after birth.
Babies were also weighed and measured. Hospital delivery notes and maternal
health records were consulted to verify and supplement the data obtained by
interview. The MQ provided data on past obstetric history and complications

during pregnancy (CDP), labor and delivery.

Data on the current status of the baby (alive/healthy, alive/ill, dead or don’t know)

and what the baby was currently being fed (breast, breast and formula or formula

only) was extracted from the FFUQ. Information on the presence of asthma or
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wheezing, coughs, eczema and hay fever/ sinus problem/ other allergy in the
children at 11 to 12 years of age was collected from the general health section of
the SFUQ. Trained nurse interviewers administered the questionnaire to either
the parents or guardians.
Definition of variables
Maternal age at birth was calculated from the mother’s date of birth and child’s
date of delivery. Based on questions from the MQ, a yes, no, or don’t know
response was used to define the following:
- Did you smoke tobacco regularly at any time during this pregnancy?
- Have you ever used contraception? If yes, which methods have you used?
(Contraceptive pill was among a list of contraception.)
- Were you admitted to hospital or rural maternity center during this pregnancy
but before going into labor? (Used to determine maternal hospital admissions.)
- Are any of the following services available within 1-2 miles walking distance of
where you live?’ (Health center was among a list of services. — Used to
determine access to health care.)
Mother’s education level was grouped into three categories for the purpose of
this study (less t_han secondary, secondary, and more than secondary
education).

Maternal CDP was defined as a positive response to any of the following
questions:
1) Did you have vaginal bleeding in the first 28 weeks of pregnancy?

2) Did you have vaginal bleeding after 28 weeks (7 months)?
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5)

6)

7)

After starting antenatal care, were you referred for treatment during
pregnancy for any reason?

Were you referred during pregnancy for any reason?

Was the mother diagnosed as having hypertension, pre-eclampsia or
eclampsia during this pregnancy?

Did the mother have any of the following during this pregnancy; epilepsy,
eclamptic fits or heart disease and lastly,

Did the mother have any other complications, disorder or serious iliness

during this pregnancy?

Responses to the first five questions above were obtained by interview, while the

remainder was obtained from health records.

Maternal infection during pregnancy was defined as a positive answer to any of

the following question based on information from medical records:

1)

2)

Did the mother have a vaginal discharge or infection during this
pregnancy?

Did the mother have urinary tract infection, tuberculosis, rubella (German
measles), gonorrhea, syphilis, a positive Venereal Disease Research

Laboratory test or genital sores or blisters during pregnancy?

The following variables were used to define maternal health complications during

labor or delivery (positive if indicated in the medical records):

1)
2)
3)

Did the mother have eclamptic fits?
Did she hemorrhage?

Was labor obstructed?
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4) Did the uterus rupture?

5) Was mother transferred during labor?

6) Did the cord prolapse?

7) Was there meconium in the liquor?

8) Were there any other complications?

The number of preceding live births determined birth order of the index child. The
child’s birth weight was also recorded during this period (MQ) and grouped into
three categories for the purpose of our analyses (<2.5kg, 2.54.0 kg and >4.0
kg).

The variable child's illness or health problems in first week of life was defined as
a positive response to any of the following questions from the FFUQ:

1) Was the baby referred to a medical officer?

2) Was the baby admitted to hospital or special care baby unit?

3) Were any abnormal symptoms noted in the baby?

Outcomes of interest at 11 to 12 years of age were ascertained from the SFUQ.
The original question to the parents was, ‘Has your child ever had..." This
question was followed by a list of conditions; including asthma or wheezing,
frequent nighttime or early morning cough, eczema, and hay fever sinus problem

or other allergy.

Statistical analysis

We tabulated the prevalence of the four atopic manifestations for the different
ante- and perinatal exposures. Differences in proportions between the different

sub-samples were assessed. Adjusted odds ratios (aOR) and their 95 %
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confidence intervals (95% Cl) were estimated by logistic regression analysis.
Statistically, we controlled for maternal infection, hospital admissions and
smoking during pregnancy, as well as maternal complications during
labor/delivery, induced labor, anesthetic/analgesic during labor, gender, birth
weight, breastfeeding, child’s iliness in the first week of life, access to health care
and mother’s level of education. These potential confounders were included

based on previous publications and after satisfactorily, checking for collinearity

between all predictors (risk factors and all confounders) 9. We estimated aOR for

all four outcome variables independently.

Further steps were taken to determine whether having both, asthma or wheezing
and frequent nighttime or early morning cough, was associated with OC use and

complications during pregnancy. All calculations were carried out using SAS for

Microsoft Windows (release 8.2) 10.

Results

From the three data sets, we successfully linked 1040 (60.4 %) of the 1720
available mother-child pairs from the Kingston and St. Andrew sub-cohort.
Compared characteristics between exposure variables from the baseline cohort
(entire island) and the linked data set (urban population) are presented in Table
1. Approximately 50 % of mothers used OC, and approximately, 50 % had CDP.
In the baseline sample, maternal education was lower than in our sub-sample

(Table 1: less than secondary level of education — baseline: 35.6%, subsample:
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25.4%). The proportion of children born with low birth weight (<2.5 kg) was higher
in the more urban setting of Kingston and St. Andrew (12.2 %), where the second
follow-up cohort originated. A significant rural-urban difference was also indicated

by the difference in breastfeeding categories.

When comparing the follow-up group for whom health information was available,
(n=1163 of 1720) with the linked sample (n=1040) there was no substantial
difference (asthma or wheezing: 17.0 % vs. 16.8 %, frequent nighttime or early
morning cough: 4.8 % vs. 5.3 %, eczema: 6.5 % vs. 6.3 %, hay fever or sinus

problem: 19.6 % vs. 20.1 %).

Table 2 presents the extent to which atopic manifestations occur with each other.
The proportion of atopic disorders in relation to in utero risk factors is presented
in Table 3. Children of mothers, who used, compared to those who did not use
OC before pregnancy, had a higher prevalence of asthma (20 % vs. 13.4 %),
frequent nighttime or early morning cough (7.4 % vs. 3.6 %) and eczema (7.4 %
vs. 5.5 %). Asthma and wheezing, as well as hay fever or sinus problems were
more common in children whose mothers had complications during pregnancy

(CDP) than in those who did not.

Of the perinatal risk factors, induced labor was related to a higher prevalence of
eczema (11.4 % vs. 6 %, Table 4). Children of mothers who had complications

during labor or delivery had a greater proportion of frequent nighttime or early
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morning cough (8.1 % vs. 4.8 %). In children who had iliness or health problems
in their first week of life, eczema (10.5 % vs. 5.3 %) and hay fever sinus problem
or some other allergy (27.4 % vs. 18.3 %) were more frequently reported at 11-

12 years of age.

Information on breastfeeding was available for only 763 children (Table 4). For
this reason, breastfeeding was not considered when testing the hypotheses with
a full model. A possible confounding effect of breastfeeding was investigated in

additional analyses.

Adjusted odds ratios for asthma or wheeze, and frequent nighttime or early
morning cough are reported in Table 5 while those for eczema and hay fever,
sinus problems or other allergy are reported in Table 6. Maternal OC use before
pregnancy was significantly associated with both asthma (aOR = 1.81) and
frequent nighttime or early morning cough (aOR = 2.72) in the offspring. The
association between maternal OC use before pregnancy and asthma was
stronger for girls (aOR = 2.02, 95% CI 1.21-3.37) than for boys (aOR = 1.60,
95% CI 0.92- 2.76). Regarding eczema, hay fever, and sinus problem or other
allergy at age 11-12 years of age, the confidence limits of the aOR for maternal

OC use included the null-value (Table 6).

Additionally, it is well established that ‘All that wheezes is not asthma’

therefore we conducted further analysis with a combined variable, defined as the
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conditions asthma or wheezing and frequent nighttime or early morning cough
occurring concurrently. Of children whose mothers used OC, 5.1 % had asthma
or wheezing, and coughing compared to 1.9 % of children of mothers who did
not. This association was then assessed controlling for confounders in the full
model. When compared to the two separate effects, the association of the

combined outcome was stronger (aOR=3.32, 95% CI 1.33-8.32).

Complications during pregnancy gained statistical importance only for hay fever
or sinus problems (Table 6). When type of feeding was introduced into the
models, analyses were then based on 763 children. For CDP, this resulted in an
increased odds ratio for hay fever (aOR=1.72, 95% CI 1.13-2.63) (data not
shown). However, the significant odds ratio for oral contraceptive use did not

change.

A higher number of older siblings (birth order) showed a significant protective
effect for hay fever (Table 6). For asthma or wheezing and for coughing, similar

association was found though not statistically significant (Table 5).

Discussion

The findings support the hypothesis that children whose mothers used OC (oral
contraceptive) before pregnancy, are at a higher risk for developing asthma or
wheezing, and frequent nighttime or early morning cough at 11 to 12 year of age.
The data also supported the hypothesis that a maternal complication during

pregnancy is a risk factor for atopic manifestations in offspring.
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The association between OC use and asthma or wheezing and coughing is in
concordance with a suggestion of Wjst et al. who, based on aggregative data on

OC sales and hospital discharge data, were the first to hypothesize that maternal

use of OC is a risk factor for asthma in the offspring 3. To the best of our

knowledge, the present study is the first to prospectively assess the association
between, maternal OC use and asthma or wheeze in offspring, using individual

data.

The most frequently used OC in Jamaica during the study period was the Pearl
®, in which the active components were ethinyloestradiol (30 ug) and
levonorgestrel (150 pg), an estrogen and progesterone respectively. It has been

suggested that women who use OC have higher estrogens levels after

discontinuing their use 12, however, the evidence is not consistent 13.

The OC-atopy association may be explained by endocrine effects on T-helper 2
(Thy) cells. Th; cells produce interleukin (IL)-4, IL-5, and IL-13, which promote

the production of IgE and eosinophil infiltration in the airways and ultimately

orchestrate the development of allergy and asthma 14'16. Wijst and co-workers

suggest that estrogen might enhance the activity of Th; type cytokines 3,

predisposing the fetus to atopic disorders later in life. Furthermore, in vitro
studies suggest that progesterone promotes the preferential development of Th,-

type cells and to function as a potent inducer of the production of the Th; type
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cytokines 17'19. Michel et al. reported that IgE levels in cord blood were

significantly increased among neonates whose mothers had taken progesterone

. 20
during pregnancy =~ .

We suggest two possible scenarios for the endocrine mechanism, which may
explain our OC-atopy association. Either maternal exposure to estrogen via OC
use may trigger an increase Th; activity continuing into pregnancy (prolonged

Th, effect), consequently predisposing the fetus to a higher risk of developing

15,21,2

atopy later in life, a Thy-mediated disorder 2. Alternately, women who used

OC continuously, discontinuing before becoming pregnant, may have created an
environment of higher estrogen or progesterone levels (prolonged endocrine

effect), resulting in an increased Th; activity impacting the fetus transplacentally.

Evidence for the prolonged Th, effect is supported by findings that women

exposed in utero to the estrogen diethylstilbestrol, were found to have alterations
in their T-cell-mediated immunity 23. In addition, children of mothers who used
OC in the 18 months prior to being pregnant were found to be more likely to have

eczema at age five 24. This finding was later corroborated by Xu et al. 25.

Evidence in support of an prolonged endocrine effect: Xu et al. reported that

atopy in adults was more common among those whose mothers experienced an

early age of menarche 4. A likely explanation for the atopy — age at menarche
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association is that early age of menarche is associated with higher levels of

13, 26-28

estrogen in adult women . Hence, the fetus of women with an early age

at menarche may experience higher exposure to estrogens. This could then lead

to the programming of the immune system of the fetus affecting atopic status

later in life 29.

In a cross-sectional study, Frye et al. 30 provided data to support the prevailing

OC - atopy association. They however downplayed the significance of this
finding on the basis that similar results were found in the offspring of women who
used OC exclusively after they delivered. It is noteworthy to accentuate the fact
that Frye and co-workers used a cross-sectional design wherein OC use was
assessed retrospectively. This design will no doubt be plagued with biases.
These results may be an artifact of ‘reverse causation’ introduced by behavior
modification of the parents. An example of this is women in the ‘exclusive OC
use after birth’ group may have chosen to resume the use of OC after the index
child developed atopic eczema. The reason is that a child with eczema will
require more attention at nights. Therefore, a mother with a demanding child

may decide to delay having another by using OC.

There is a paucity of studies on the relationship between maternal complications
during pregnancy and the risk of having asthma or any atopic disorders. Nafstad

et al. in a population-based, four-year, cohort study involving 2531 children.

Asthma was assessed at age four 5. The authors reported that uterus-related
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complication (antepartum hemorrhage, preterm contractions, insufficient
placenta, and restricted growth of the uterus) increased the risk of having asthma
(OR = 3.0, 95 % CI 1.8-5.4) and allergic rhinitis (OR = 2.9, 95 % Cl 1.6-5.2).
Annesi-Maesano et al. also found maternal complications during pregnancy to be

a risk factor of asthma (OR = 2.01, 95 % Cl 1.52-2.67) in the offspring using a

large British birth cohort (4065 natural children of 2583 mothers) 6. More

31,32

recently, two studies have supported these findings , one by using data on

Norwegian live births (1967-1993, n=1,548,429) . Our study found maternal

complications during pregnancy (CDP) to be a significant risk factor for hay fever

and sinus problems (aOR = 1.5, 95 % CI 1.05-2.16, p=0.03).

Further analyses for items included in the predictor complication during
pregnancy (CDP) indicated that only the variable ‘have there been any other
complications, disorder or serious iliness during this pregnancy?’ conferred a
significantly increased risk for asthma in the child (p< 0.001), but none of the
specific items. This finding is in agreement with a recent report by Nafstad et al.

who also found that pregnancy complications in general might present risk
factors of stress for the developing fetus 31. It might be that CDP (complications
during pregnancy) is reflective of factors such as a threatened pregnancy, found

to be associated with frequent wheezing 33, which will alter the Th, / Th, balance

34'35. This hypothesis warrants further investigations with adequate perinatal and

breastfeeding information.
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Our study adds to the body of evidence, which suggest that the number of

siblings, in particular older siblings, is important in the etiology of atopic disorders

28. We found number of older siblings to be protective for hay fever or sinus

problems (Table 6). Number of older siblings and oral contraceptive use were

statistically significantly correlated (rspearman = 0.3, p=0.0001, n=1020).

The lack of association between low birth weight and asthma is in contrast to

some previous studies 6.36-38 and in agreement with others 39'42. If is worth

mentioning that the finding from our Afro-Caribbean cohort is similar to that of an

African-American cohort 40.

The strengths of the current investigation are in its prospective design, being
derived from a large population based cohort, with all the exposure information
collected during pregnancy, at birth and shortly after. This design presents a
clear time-order, as outcomes were not assessed until approximately 11 years
after. The impact of recall bias is also reduced. Additionally, controlling for a
broad range of confounders minimize the possibility of these findings occurring

purely by chance.

A limitation of this study is the follow-up proportion of 60.4 %. This is largely

explained by parental participation in the second follow-up study. Though
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parental consent was obtained for the 1720 children evaluated using the child’s
completed reports, only 1163 parents provided interview and questionnaire data.
The significant differences found between the characteristics of some of the
variables from the baseline cohort when compared with those of the linked
dataset were expected. This, we infer, is due to the rural-urban difference

between these groups.

The difference between reported occurrence of CDP in the baseline cohort
(38.4%) and our sub-sample from Kingston/St. Andrew (49.2%) is a possible
source of selection bias. The baseline cohort has both rural and urban
populations, whereas the sub-sample if predominantly urban. Different
proportions of maternal complications in these samples can be explained by two
factors, namely maternal education level and access to health care. For instance,
of the women in our sub-sample who reported having complications during
pregnancy, 3.6% were characterize as having low level education (less than
secondary) and less access to health care compared to 8.9% of those with
similar characteristics from the baseline cohort. Recently, McCaw-Binns et al

reported that access to health care in Jamaica differs from rural to urban areas

43. Since these two factors (maternal education level and access to health care)
seem to affect the reported proportion of maternal complications, and as the
prevalence of asthma, eczema, and sinus problems/allergies increase with level

of education, they were included as confounders in our models to minimize the

impact of a selection effect (Tables 5 and 6).
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Another limitation is the absence of information on how long before pregnancy
OC was used and if it was the last method of birth control used. This limitation
introduces a non-differential misclassification, which tends to underestimate the
association between OC and asthma or wheezing, and coughing. To evaluate,
whether the OC hypothesis holds true, we investigated data of children from
pregnancies that occurred despite birth control (n=90), 42 with and 35 without
using oral contraceptives. Asthma was more frequently reported at 11-12 years
of age in children whose mothers used OC, 23.6 %, compare to 17.1 % in

children whose mothers did not use OC when they conceived.

We did not collect information on parental atopy and thus could not adjust for it in
our model. While there is data showing parental history of atopy to be a risk
factor for atopic disorders in the offspring, data supporting an association
between parental history of atopy and oral contraceptive use is lacking and the
plausibility of such an association is questionable. Hence, it is highly unlikely that
parental history of atopy would have confounded the association between oral

contraceptive and atopy, since confounding requires both, association with

44
exposure and outcome

The present study was not originally designed to address our hypotheses.
However, an advantage of the cohort study design is that data collected can be

used to provide answers to newly emerging research questions. We therefore
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took advantage of the utility and efficiency of this study to test our respective
hypotheses. Additionally, the unique nature of this cohort makes this the first

study to test perinatal risk factors for asthma in an Afro-Caribbean population.

Regarding coughing, we asked for ‘frequent night time or early morning
coughing’, but did not include the adjective ‘dry’. Nevertheless, the validity of

‘early morning coughing’ as a marker for asthma has been found to be sufficient

45'46. On the other hand, it has been shown that bronchial hyperreactivity was

not related to dry cough or to nocturnal cough 47. According to Chang, coughing

and bronchoconstriction may be caused by different mechanisms. Hence,

different asthma-like symptoms may indicate different features 48

The definition or measurement of asthma or wheezing may also be of concern as

wheezing is a heterogeneous disorder 49 and not all that wheezes is asthma 1

The impact this misclassification may have, was assessed by combining the
variables asthma or wheezing and frequent nighttime or early morning cough to
create a compound outcome variable. The combined condition was less
prevalent and represented a more specific state of bronchial reactivity. The
association between the combined variable and maternal OC use before
pregnancy was assessed and results showed a stronger association (aOR =
3.15, 95 % CI 1.29- 7.71). Additionally, we investigated whether the association

with asthma was more likely due to an atopic response. For this purpose, we

122



combined two variables: having both, asthma and allergies. The association
between maternal OC and the new combined variable was stronger (aOR 2.26,
95% Cl 1.18-4.35) compared to the association with only asthma (aOR 1.81,
95% CIl 1.25-2.61). This strengthening suggests that the association is likely to

have been the result of an atopic mechanism.

In summary, this data contributes to existing literature suggesting that matemal
oral contraceptive use may be important in the development of asthma in

offspring. In particular, the data helps to address the ongoing question as to

whether it is ‘hormones or hygiene’ S0 that is responsible for atopy. There are

only a few existing studies that allow for the investigation of maternal OC use and

the child’s risk of atopic manifestation. The hypothesis that oral contraceptive use

may contribute to an increase of asthma in children as put forward by Wijst 3 is

very thought provoking. We suggest this hypothesis be tested in future studies

with more precise exposure assessment.
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COMPONENT FOUR

Postnatal exposure to SHD affects biomarkers of allergy in

infancy
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Abstract
Background: Different organochlorines and lead (Pb) have been shown to

have immunomodulating properties. Children are at greater risk for exposure to
these environmental toxicants, but very little data exist on simultaneous

exposures to these substances.

Methods: We investigated whether the organochlorine compounds (OC)
dichlorodiphenylethylene (DDE), hexachlorobenzene (HCB),

hexachlorocyclohexane (y-HCH), the sum of polychlorinated biphenyls (>PCBs)
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and Pb were associated with immune markers such as immunoglobulin (Ig)
levels, white blood cell (WBC), counts of lymphocytes; eosinophils and their
eosinophilic granula as well as IgE count on basophils. The investigation was
part of a cross-sectional environmental study in Hesse, Germany. In 1995,
exposure to OC and Pb were determined, questionnaire data collected and
immune markers quantified in 331 children. For the analyses, exposure (OC and
Pb) concentrations were grouped in quartiles (y-HCH into tertiles). Using linear
regression, controlling for age, gender, passive smoking, serum lipids, and
infections in the previous 12 months, we assessed the association between
exposures and immune markers. Adjusted geometric means are provided for the

different exposure levels.

Results: Geometric means were: DDE 0.32ug/L, >PCBs 0.50 ug/L, HCB
0.22 ug/L, y-HCH 0.02 nug/L and Pb 26.8ug/L. The > PCBs was significantly
associated with increased IgM levels, whereas HCB was inversely related to IgM.
There was a higher number of NK cells (CD56+) with increased y-HCH
concentrations. At higher lead concentrations we saw increased IgE levels. DDE
showed the most associations with significant increases in WBC count, in IgE
count on basophils, IgE, IgG, and IgA levels. DDE was also found to significantly

decrease eosinophilic granula content.

Conclusion: Low-level exposures to OC and lead (Pb) in children may have
immunomodulating effects. The increased IgE levels, IgE count on basophils,

and the reduction of eosinophilic granula at higher DDE concentrations showed a
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most consistent pattern, which could be of clinical importance in the etiology of

allergic diseases.
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Background

Environmental toxicants such as organochlorine compounds (OC) and lead (Pb)
may alter immune responses. There is a paucity of studies reporting associations
between organochlorine [1-4] and lead [5-8] exposures and immune function

biomarkers in children.

We conducted a large-scale environmental study of second-grade school
children in three regions south of the Federal State of Hesse, Germany in 1995.
Two of the regions are situated in the Rhine Valley with low mountains on both
sides. One of these areas with several municipalities is located within a 10 km
radius around an industrial waste incinerator and other industries, such as
chemical plants. One plant was associated with dichlorodiphenylethylene (DDE),
hexachlorobenzene (HCB), and hexachlorocyclohexane (y-HCH) pollution [9].
The other region, also industrial, is 15 km north (downwind) of the incinerator.
Both Rhine valley regions are also intensively used for the production of
vegetables. The third study region is located in low mountains (about 0.4 km
above sea level) that separate it from the industrial area. Blood concentrations of
PCBs were shown to be higher in children living close to the toxic waste
incinerator [10]. Results on PCBs and thyroid hormones, chromium and
lymphocytes, DDE and breastfeeding and asthma have been published

elsewhere [4, 11-15].

Considering infection and atopic disorder in children, we have previously shown
an association between DDE blood levels; asthma and one immunoglobulin (lg),

namely IgE [4]. However, the potential effects of organochlorines on other Igs
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and cellular defense were not reported. Hence, the focus of this paper is to

investigate the impact of organochlorine compounds and Pb on humoral immune

markers and cell-mediated immune responses. Specifically, for immune

responses we focus on leukocytes, lymphocytes, B-cell, T-cells and their

subsets. Assuming a concurrent effect of OC on immune markers, we conducted

cross-sectional analyses of the data from the first of three surveys conducted in

1994/1995, 1996, and 1997. Only the first investigation included an extensive E

clinical assessment of immune markers.

Methods

Study population

After obtaining approval from the Data Protection Agency of Hamburg, Germany,
the Ministry of Cultural Affairs of Hesse, Germany, and the local school
committees, we invited the parents of 1,091 second-grade school children in 18
townships to participate in our study. We obtained informed consent from all
participating parents, according to the requirements of the Ethical Committee of
the Board of Physicians, the Helsinki Declaration, and the Data Protection
Agency of the State of Hamburg. We asked each parent to allow their child to
participate in phlebotomy only when passive smoking in the private household

did not exceeded 10 cigarettes per day during the previous 12 months.

Questionnaires
We used four self-administered parental questionnaires in the survey: one

regarding the living condition and nutrition of the family, one for each parent, and
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one regarding information on the child. Duration of breastfeeding was recorded in
weeks of total and in weeks of exclusive nursing. Environmental tobacco smoke
(ETS) was graded as smoking in the child's home in the previous 12 months (no
cigarettes, 1-10 cigarettes, 11-20 cigarettes, 21-30 cigarettes, more than 30
cigarettes per day). We recorded age, gender, and the number of infections,
defined as cold, coughing, and sore throat, with or without fever, in the last 12

months (none, less than 5 infections, 5-10 infections, more than 10 infections).

o

Laboratory analyses of blood samples

One parent accompanied each child in the medical examination. For blood
sampling, we used the 'Vacutainer System' (Becton, Dickinson & Company, San
José, California,). Approximately 25 mL were drawn and separated into different
aliquots. Immunoglobulin (Ig) E in serum was quantified at the Medical,
Alimentary and Veterinary Institute for Research Middle Hesse, Division of
Human Medicine, Dillenburg, Germany, using a florescence-immunoassay (CAP,
Pharmacia, Uppsala, Sweden). To determine levels of specific IgE against
inhalant allergens (aeroallergens), we incubated serum with immunocaps
containing a mixture of aeroallergens and determined the reactivity using a
fluorescence measurement (UNICAP Pharmacia, Uppsala, Sweden). Results
from this method were provided in semi-quantitative format. We also measured
IgA, G, and M by laser immunonephelometry (Dade Behring, Liederbach,
Germany). The results for IgA, G and M were provided in mg/dL and for IgE in
kU/L serum. Triglycerides and cholesterol were measured on a clinical chemistry

analyzer according to IFCC methods (Hitachi 717, Boehringer Mannheim).
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Leukocyte subsets

We collected 8 mL of blood in tubes containing EDTA and mixed them to prevent
clotting. This aliquot was transported to the Central Laboratory of the University
Clinic of Mannheim and analyzed on the same day. We used 200 uL of blood for
the automated differential (laser-based hematology analyzer CD3500, Abbott
Diagnostics, Santa Clara, California), and 100 uL for each of the nine three-color
test tubes analyzed by flow cytometry (FACScan, Becton, Dickinson, &
Company, San José, California, equipped with a 488 nm air-cooled argon ion
laser). Eosinophils were determined according to their specific depolarisation
characteristics and their eosinophilic granula content by the intensity of light
scatter by flow cytometry. Basophils were identified by their high IgE density on
the cell surface using immunofluorescence with a Phycoerythrin (PE) labeled

anti-IgE antibody.

We used monoclonal antibodies directed against specific cell surface antigens to
differentiate cell populations by multicolour immunofluorescence. Three
antibodies were simultaneously applied with the fluorochrome combination
FITC/PE/PE-Cy5. CD4/CD8/CD3 was used to detect absolute number of
lymphocytes, T-helper cells and cytotoxic T-cells; CD19/CD5/IGE was used to
differentiate B-cell subsets and basophils; CD3/CD16 and CD56/CD57 were
used for natural killer cells. CD45RO defines memory T-helper cells. The CD
nomenclature assigns the antibodies to clusters of differentiation, according to

the International Workshop on Human Leukocyte Differentiation Antigens [16].
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Organochlorine compounds (OC) in blood

OC including eight PCB congeners (101, 118, 138, 153, 170, 180, 183, 187),
DDE, HCB, and three HCH congeners (a-, B- and y) were determined (in ug/L) at
the Institute of Toxicology, University of Kiel, Germany. OC were analyzed in §
mL samples of whole blood by high resolution gas chromatography (HRGC,
Model 3400 by Varian Inc., Palo Alto, California) with a 63Ni-electron-capture-
detector. The detection limit (DL) (two times the signal/low-noise ratio) was 0.02
pg/L for B- and y-HCH, DDE and each PCB congener, and 0.01 pg/L for HCB
and a-HCH. For extraction and clean-up procedures, we used florisil and n-
hexane for elution (9 g florisil were deactivated with 3% H,O and placed in a
chromatography column 22 mm in diameter and 48 mm in length). The capillary
column amounted to 30 mm in length and 0.25 mm in diameter; nitrogen was
used as a carrier gas. We determined the PCB congeners by retention times on
the chromatograms and identified them by comparison with known standards.
Additionally, we tested reliability with gas chromatography-mass spectroscopy
(GC/MS). The laboratory successfully participated in nationwide quality

assessments for the determination of these OC.

Lead in blood

Lead (Pb) analysis was done at the Institute of Toxicology, University of Kiel,
Germany. The determination in whole blood samples was by flow injection
atomic absorption spectroscopy (Perkin Elmer) after adding 0.1% Triton —X-1-
solution and 15 mol nitric acid to from a solution. This solution was then

centrifuged at 3000 rpm. The DL for Pb was 9 pg/L (48 nmol/l; atomic weight:
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207.19).

Data analyses

Since the data for leukocytes (WBC) and their subsets (lymphocytes and
eosinophils), immunoglobulins, DDE, PCB congeners, HCB, y-HCH and Pb were
not normally distributed, the geometric mean, 5-, 95-percentiles are provided. In
order to obtain a multivariate normal distribution, we log-transformed the number

of cells and immunoglobulins before testing associations with possible predictors

H‘.‘*v.-z.w Y ——ap—

by multiple linear regression models.

All statistical analyses were performed using SAS software [17]. We calculated
the sum of the PCB congeners (SPCBs = sum of seven congeners, the congener
PCB101 was not detected). For descriptive purposes, we substituted values of
OC below detection limit with one half of the detection limit. The statistical
procedure (PROC RANK) was used to group exposure variables into quartiles
(DDE, PCBs, HCB and Pb) or tertiles (y-HCH). All observations below the
detection limit were part of the lowest level group (reference). To account for the
influence of lipids on the concentration of OC, we controlled for the sum of
triglycerides and cholesterol in the regression analyses. Further steps were taken
to determine whether our results were different when lipids were represented as
sum of triglycerides and cholesterol as opposed to triglycerides and cholesterol

as individual variables.

We used linear regression models (PROC GLM) with immune markers as

dependent variables and all organochlorine compounds and lead as independent
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variables in each model. We also controlled for potential confounders (age,
gender, environmental tobacco smoke (ETS), number of infections during the last
12 months, and lipid concentration). Information on passive smoking (ETS) in the
child's home in the previous 12 months was divided into four categories (no
cigarettes, 1-10 cigarettes, 11-20 cigarettes, 21 cigarettes per day and more).
For the number of infections we considered four categories (none, less than 5, 5-
10, more than 10). Age of the child was divided into three groups; 7, 8 and 9-10

years.

From the results of the regression analyses, we calculated adjusted geometric
means for leukocyte subsets and immunoglobulins for increasing categories of
exposure. T-tests were used to compare the statistical effect of higher exposure

group to the lowest (reference).

Since one major route of exposure to

Child's exposure
the pollutants analyzed is breast concentration

feeding [18-21] and breastfeeding \\

provides passive immunity [22-24], [ Breastfesding I

immune markers and pollutants could

Figure 7: Diagramatic representation of
be spuriously correlated if breast the breastfeeding, childhood exposures

and immune markers associations
feeding is not controlled for.
However, this triangle (Figure 7) cannot be tested with linear regression models,

as intervening variables do not qualify as confounders [25]. Controlling will
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reduce the initial association between the risk factor and the marker, as one
causal chain is split into two associations. Thus, we explored the relationship
between childhood breastfeeding (total duration of breastfeeding in weeks), the
concentration of OC, and immune response by path analysis [26], using the

CALIS procedure SAS Institute [17].

Results

The proportion of participation was 61.5 % (671 of 1091). We obtained blood 1*
samples from 350 children, conducted OC and Pb analyses on 343 samples, and
quantified immunoglobulins in 340. Overall, information (i.e., questionnaires,
exposure biomarkers, and immune markers) was available for 331 children.
Fewer girls than boys participated in phlebotomy; and 96 % of the children were
7 to 8 years of age (Table 1). Due to the inclusion criterion for blood sampling
(passive smoking of less than 10 cigarettes in the child’s home), the prevalence
of passive smoking was also lower in the group with phlebotomy than in the total
group (Table 1). Nevertheless, the fact that parents were separated or divorced
and shared cohabitation for their child, resulted in a re-assessment of the passive
smoking status after phlebotomy. Eligibility was determined on the information
provided by one parent (mother or father) for their household. In the case of
separate dwellings, we re-assessed the exposure by taking the average number
of cigarettes smoked in both homes. As a consequence, 26 (7.9%) children who
were exposed to more than 10 cigarettes per day at home had a phlebotomy and

were included in the analyses.
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For y-HCH, 27.7 % of the observations were below the detection limit, 2.9% for
Pb, whereas none for DDE and HCB. At least one of seven PCB congeners was
detected in each sample. Whole blood concentration for the sum of PCB
congeners (118, 138, 153, 170, 180, 183, 187), HCB and of Pb showed a decline
with increasing age (Table 2). DDE, PCB, and HCB concentrations were lower in
children with higher passive smoking exposure. Regarding infections, lead
concentration was higher in children with more than 10 infections during the last

12 months, whereas DDE concentration was lower in this group (Table 2).

The concentrations of DDE, ZPCBs (sum of PCBs), and HCB were all correlated
(Table 3). However, we used categorized levels of OC, which were then only
marginally correlated; the highest rank correlation was for the PCB and HCB
groups (rspearman=0.46). These correlations did not result in multicollinearity since
the tolerance (variance of OC not explained by other predictors) was at least
53%. The volume-based organochlorine concentrations were only marginally
correlated with the lipid serum levels. To adjust for lipid concentrations, we
included lipid concentrations as a confounder in the explanatory models for
leukocyte subsets and immunoglobulins. Results derived from models using the
sum of triglycerides and cholesterol compared to triglycerides and cholesterol as
individual variables did not reveal any substantial difference (data not shown).
We therefore reported results from models using the sum of triglycerides and

cholesterol.

148



Regarding lead in whole blood, we found weak correlations with whole blood
levels of OC (DDE: r=0.15,n=331, p<0.01, HCB: r=0.14, n =331, p < 0.01,

y-HCH: r=-0.02, n =331, p < 0.70; ZPCBs: r=0.14, n = 331, p < 0.01)

Increased white blood cell count (WBC,; total leukocytes) was evident in the
group with highest DDE level, whereas Pb, at the second, along with PCB at the
highest level was associated with a reduction in WBC count. An increase in the
number of eosinophils — a leukocyte subset — was identified in the highest DDE
category, but not statistically significant, Table 4. However, eosinophilic granula
content was significantly reduced at the upper DDE levels. In addition, IgE count
on basophils was increased at higher DDE exposure, being statistically

significant for the 0.3-0.43ng/L category.

Regarding lymphocytes and specific lymphocyte subsets (B-cells, T-cells), the
number of T-cells (CD3+), cytotoxic T-cells (CD8+) and B-cells (CD19+) were all
significantly reduced in the median Pb ‘category (Table 5). Both natural killer
(NK) cells (CD56+) and a NK cells subset (CD57+) were significantly associated

with y-HCH. However, these associations did not reveal dose-dependency.

All four immunoglobulins were associated in a virtually dose dependent fashion
to either DDE, HCB or PCBs (Table 6). IgM serum levels increased with the
concentration of PCBs (F-test, p<0.01) but decreased with increasing
concentration of HCB (F-test, p<0.01). In the two upper quartiles of DDE
exposures, IgA levels were significantly higher, but lower in the upper quartile of

HCB. DDE was not associated in a dose-response mode with IgG (F-test,
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p=0.14), however, compared to the reference, the highest DDE exposure group
showed a significantly elevated IgG level (t-test, p=0.04). IgE levels more than
doubled as DDE concentration increased (F-test, p=0.02). The Pb serum levels
were related to a significant differences in IgE (F-test. p=0.028), but not in a dose

dependent fashion (Table 6).

Figure 8 shows thatboth 70 o v oos s

DDE and lead were B0 . xS ¢
------ |
associated with higher 50 i ¢ i
. < 40 - ® |
serum IgE levels in )
: _ w 30 ¢ }
children. In groups with ©
20 L R R <
lower DDE blood 0 -~ —Pb <= 28 pglL
concentrations, Pb *—Pb>28 pg/L
0 . _ ,
concentrations above the <=0.2 0.21-0.29 0.3-<0.43 >0.43
ODE (pgil)
median (28ug/L) were Figure 8: The combined effect of increasing DDE

and lead (Pb) on IgE serum levels
related to increase IgE

levels. In groups with higher DDE, there was no additional effect of Pb.

Statistically, the combined effect of DDE and Pb on IgE was not significant.

In order to determine whether breastfeeding confounded the associations
identified in linear regression models (Figure 7), we repeated our analyses using
structural model (path analysis) for exposures determined as significant in linear

regressions. Inclusion of breast feeding did not substantially change our findings.

150



Discussion

In 331 school children, age 7-10 years, we demonstrated significant relationships
between OC and Pb whole blood concentration and cellular and humoral immune
markers. First, modest associations were found between NK cells (CD3-
CD16+CD56+) and a subset of natural killer cells (CD3-CD16+CD56+CD57+)
and y-HCH (Table 5). Second, HCB was inversely related to IgM. Third, >PCBs
were directly related to IgM. Fourth, our data showed that Pb decreased the
count of T-cells (CD3+), cytotoxic T-cells (CD3+CD8+), and B-cells (CD3+CD5+
CD19+). This reduction was most evident at the 22.1 — 28.3 pg/L Pb
concentration, though not in a dose response fashion. Lastly, DDE was inversely
related to all immunoglobulins, except IgM (Table 6). However, DDE was not
associated with total serum protein (data not shown). The DDE effect was
strongest for IgE — more than twofold increase - which also corresponded to an
increased count of IgE on basophils. We did not detect a significant relationship
between DDE and eosinophils, nevertheless, the number of eosinophils was
positively correlated with IgE (rspeaman = 0.4, p < 0.01). However, high DDE
levels were found to be significantly associated with lower eosinophilic granula
content. The granula contains basic proteins which are cytotoxic and part of the

inflammatory response [27].

The cross-sectional nature of the study limits conclusions on whether exposure
occurred before immune responses. We can assume that organochlorine
concentrations do not vary substantially in childhood, post breastfeeding. There

is a decline of PCBs and HCB with age (Table 2), however the assumption of the
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stability is supported by a follow-up of the same children and OC determined in
1997. The Spearman rank correlation between the two successive
measurements were high, with the exception of y-HCH: DDE: r=0.86, n =274, p
<0.01;HCB: r=0.74,n =274, p <0.01;, y-HCH: r=0.1, n= 270, p = 0.11;

SPCBs: r=0.82, n=274,p <0.01.

The reported concentrations for OC were not lipid-based. In this cohort, there is a
high correlation between lipid- and non lipid-based concentrations for OC (Table
3). Thus, our findings are independent of lipid- or wet weight-based
determinations. In our models we controlled for lipids instead of dividing the
concentration of OC by the lipid concentration for three reasons. First, a simple
division assumes a monotonous linear relation between lipids and
organochlorines. Although Phillips and co-workers reported for 20 adults that
division by lipids reduces the difference between fasting and non-fasting
concentration of OC [28], there is no data to justify a linear relation. Our data in
children showed only weak correlations between OC and the sum of cholesterol
and triglycerides (Table 3). This correlation did not increase when the sum of
lipids were derived by using the 2™ formula proposed by Phillips et al. [28].
Second, there is no standard approach to adjust concentrations below the limit of
detection for lipids. In particular, the probability of detection may be influenced by
the individual lipid concentration of a child. Third, division by lipids does not take
into account that they may confound the organochlorine — immune response

relationships. Confounding is likely since lipids and OC are correlated, plus lipids
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are, for example, associated with the count of lymphocytes [29, 30].

There is evidence that breast milk is a significant source of OC, Pb [18-21], and
passive immunity [22-24]. Path analytical techniques (Figure 7) were used to
verify whether breastfeeding as an intervening variable confounded our
associations. The inclusion of breastfeeding in the path analysis did not reveal
results different from the linear regression models. Hence, the associations

between pollutants and immune markers were independent of breastfeeding.

We found whole blood concentrations of OC in our cohort comparable to similar
children in Germany [31]. Compared to children in the United States, age 12-19
years (NHANES - 1999-2000) [32], our DDE values were lower though still within
the 95% confidence interval. However, when comparing our results (in whole
blood) with those of NHANES (in serum), we have to consider differences
between serum and whole blood concentrations. Mes et al. reported that DDE
was higher in sera and plasma than in whole blood samples [33]. Conversely,
PCBs were higher in whole blood samples. No other comparison with NHANES
data was possible as the values for PCB congeners and other OC were below

the limit of detection.

Regarding lead (Pb), the geometric mean of 27ug/L in our investigation was
similar to the 33pg/L found in a study of 797 East-German children 5-14 years of
age [34]. Against that, the 1999-2000 NHANES study showed a lower geometric
mean (15.1 pg/L) in 905 children 6-11 years of age [32]. However other studies in

areas of higher exposure, reported average concentrations above the NHANES
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value: 40 pg/L for children, 6 to 15 years of age in four communities with mining
and smelting operations and two control groups in the United States [6], and

95ug/L in Chinese children 3-6 years old [8].

We selected a subgroup for blood analyses due to budget constraints. The group
having a lower ETS exposure in their homes was selected to reduce the
potentially confounding effect of ETS. This group did not significantly differ from

other participating children (Table 1). Parents did not know the individual results

3

of the blood analyses, when they provided information on their children, thus

reducing recall bias.

The inverse association between DDE and the number of infections 12 months
prior to the interview is surprising (Table 2). However, in a logistic regression
model the number of infections reported did not show a significant protective
effect of DDE. Additionally, when infection was eliminated from the models, there

were no major changes in the OC - immune markers association.

The few existing studies estimating the immunotoxicity of lead (Pb) in children,
measured by immune markers, are inconsistent in their findings. Regarding
immunoglobulins, our positive relation between Pb and IgE was consistent with
that of Lutz et al. [7]. However, Sun and co-workers had different results [8].
Concernihg lymphocytes, we found that the number of B-cells was significantly
reduced with increased Pb concentration. Conversely, Sarasua et al. reported an

increase in the number of B-cells for children less than 3 years old [6].
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Studies assessing the relation between organochlorine and immune markers,
determined in our study, also showed conflicting results and focused mostly on
adults [35-37]. In comparison with these adult studies, Vine et al. reported similar
modest findings for immunoglobulins and DDE. However, only results for IgA
showed statistical significance [35]. Our findings regarding IgE and eosinophilic 3
granula suggest that DDE shifts the immune response into a T helper (Th) 2 F

direction [38]. Mechanistically, immune responses have been polarized into Th1

AP S
I T

and Th2 reactions. Th1 responses lead to the secretion of immunoglobulin G
(IgG) and removal of the allergen. The allergic Th2 phenotype is characterized by
secretion of cytokines that promote immunoglobulin E (IgE) production resulting
in allergies. This suggestion is in agreement with findings of Daniel and co-
workers, who reported an association between DDE and interleukin-4, a Th2
cytokine [39]. In addition, our interpretation that DDE may be associated with an
allergy-like response is supported by the distribution of aeroallergen-specific IgE
results over the four DDE exposure levels. In the lowest DDE exposure group
11.3% of the children showed a positive specific IgE, 10.9% and 12.2% in the

two intermediate groups, but 23.0% in the highest DDE exposure group (p=0.03).

Interestingly, the effects of lead (Pb) and DDE on IgE seems to be competitive.
At lower DDE exposure, Pb seems to increase IgE concentrations (Figure 8).
There was no additional effect of the other pollutant if one is high; therefore it is
possible that both pollutants are involved in the same mechanism. Indeed,

studies have surmised that Pb may also shift the immune responses in a Th2
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direction [40-42].

There are only few studies on OC blood/serum concentration and immune
responses in children. Weisglas-Kuperus et al. reported that prenatal PCB
exposure was associated with an increase in the T-cell markers CD3CD8+ and
CD4+CD45R0O+ [2]. Our data did not support these findings. In another study
with prenatal exposures to PCBs, HCB, and DDE, Dewailly et al. did not identify
significant associations with immune markers including CD3+, CD4+, CD8+
lymphocytes nor with IgA, IgG, and IgM [3]. However, we found significant
relationships between PCBs and HCB with IgM (Table 6). Reichrtova et al. have
shown that in utero exposure to DDE is positively correlated with cord serum IgE
[43]. No other study of children has investigated the relationship between DDE
determined postnatally and Th2 markers such as IgE and eosinophilic granula.
This is the second publication showing an association between DDE and serum
IgE [4] and the first to report associations between Pb, and DDE and IgE count

on basophils and eosinophilic granula.

Conclusion

In conclusion, our study suggests a non-linear association between IgE and Pb
concentration. Regarding OC, our data indicated an increase of IgE related to
DDE serum concentrations. A parallel association between DDE, IgE count on
basophils, and reduction of eosinophilic granula contents further supports a

potential stimulation of a Th; response related to DDE exposure.
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Prospective studies should determine more than one OC in a scenario with
multiple exposures in order to prevent spurious correlations and include repeated
determinations of immune responses to determine changes in immune
development during childhood. Furthermore, studies are warranted that

determine allergic susceptibilities following DDE and Pb exposure in children.
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Table 1: Descriptive characteristics of the study cohort.

Total group Subgroup with OC

and immune
markers
(N=671) (n=331)
% %
Boys 53.1 56.8
Age 7 years 45.8 46.2
8 years 50.2 50.2
9-10 years 4.1 3.6
Passive smoking in the child’s home
during the last 12 months(cigarettes per day)
None 52.2 66.5
1-10 234 248
11-20 14.3 5.3
more than 30 10.1 24
Number of infections during the last 12
months
None 6.0 5.7
Less than 5 747 74.8
510 10 17.2 17.4
more than 10 21 2.1
Duration of total breastfeeding (weeks)
0 19.1 15.1
less than § 17.9 15.4
5-8 12.5 12.1
9-12 10.6 11.8
more than 12 34.7 411
Missing 5.2 4.5
Serum cholesterol concentration
(mean, 5-95%-value, mg/dL) 186 (143-235)
Triglyceride concentration
_(mean, 5-95%-value, mg/dL) 130 (63-262)
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Table 4: White blood cell, inophilic ristics, and philic surface IgE by OC and Pb (g ic mean)
DDE (ug/L) Sum of PCBs (ug/L) HCB (1g/L) y-HCH (ug/L) Pb (ug/L)

<02 0.21-0.29 0.30-043 >043 <0.30 0.31-0.48 0.49-0.75 >0.75 < 0.15 016 —02 021-0.27 >0.27 0.01 0.02 >0.02 <22.0 22.1-28.3 28.4—34.1 >34.1

Outcome

e N 78 89 79 85 80 86 82 83 84 77 86 84 91 130 110 82 81 86 82

White blood cells, x10%/uL.

Total} crude 8136 8579 8131 8555 8373 8456 8528 8074 8456 8354 8383 8233 8062 8512 8421 8612 7907 8376 8552

Adjusted § 7782 8275 7970  8564° 8354 8318 8447 7488 8260 8037 8141 8131 7920 864 8247 8397 7730 8167 8290
F-test: p=0.09 F-test: p=0.02 F-test: p=0.92 F-test: p=0.09 F-test: p=0.33

Eosinophil cell count, x10%/uL

Totalf crude 162 206 188 207 176 182 197 210 192 187 193 190 186 206 177 176 166 210 214

Adjusted § 176 220 208 223 181 194 217 235 245 217 196 172 199 225 194 190 185 233 218
F-test: p=0.37 F-test: p=0.61 F-test: p=0.31 F-test: p=0.32 F-test: p=0.22

Eosinophilic granula

Total} crude 902 903 901 893 897 901 896 904 899 897 905 897 906 896 898 890 904 900 904

Adjusted § 919 913 910 895 902 907 905 923 908 907 916 906 915 906 906 898 913 911 914
F-test: p=0.22 F-test: p=0.37 F-test: p=0.65 F-test: p=0.47 F-test: p=0.27

IgE count on basophils

Totalf crude 810 822 863 859 807 842 838 866 808 841 839 867 845 838 833 836 811 845 860

Adjusted § 851 851 896 884 860 884 861 877 852 879 866 886 880 868 863 871 845 878 888

F-test: p=0.67 F-test: p=0.50 F-test: p=0.41 F-test: p=0.60 F-test: p=0.10

¥ absolute number of cells/uL.
P < 0.05 based on a t-test compared with the lowest exposure category as the reference. . ; 3 e
§ Adjusted for all exposures in the table (OC & Pb) in addition to gender, age, number of infections in the last 12 months, passive smoke exposure in the child's home in the last 12 months, and lipids

(sum of cholesterol and triglycerides)
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Table 5: Lymphocyte phenotypes by whole blood DDE, PCBs, HCB, y-HCH and Pb concentration (geometric mean)

DDE (ug/L) Sum of PCBs (ug/L) HCB (1g/L) 1-HCH (ug/L) Pb (ug/L)
<02 021029 03004 5043 <030 03104 o <015 2 021-027
Cells <02 21-029  030-043 >043 < 031 po >0.75 <015  016-02 021-027 >027 001 0.02 >002 <20 221283 28.4-34.1 >341
N 78 89 79 85 80 86 82 83 84 77 86 84 91 130 110 82 81 86 82
T-cells (CD3+)
Totalt A 3
orids 2193 2183 2139 2242 2286 2179 2144 2156 2289 2170 2155 2146 2131 2212 2213 2318 2101 2160 2184
Adjusted§ 1950 2005 1980 2076 2092 1998 1990 1932 2082 1975 1986 1968 1967 2020 2021 2118 1919 1979 1999
F-test: p=0.71 F-test: p=0.74 F-test: p=0.76 F-test: p=0.77 F-test: p=0.17
T-helper cells CD3+CD4+)
Total § ~
s 1204 1209 1205 1251 1276 1212 1198 1189 1293 1190 1209 1180 1155 1232 1255 1297 1182 1203 1192
Adjusted § 1087 1138 1147 1200 1183 1145 1141 1100 1220 1113 1139 1100 1101 1150 1176 1214 1106 1128 1123
F-test: p=0.51 F-test: p=0.83 F-test: p=0.37 F-test: p=0.37 F-test: p=0.24
Cytotoxic T-cells
(CD3+CD8+)
Totalt 0
G 753 743 727 778 773 740 739 752 769 744 740 751 750 753 748 799 711 746 750
Adjusted § 660 665 649 692 697 660 668 642 678 658 662 669 671 669 659 712 634" 661 662
F-test: p=0.78 F-test: p=0.80 F-test: p=0.97 F-test: p=0.93 F-test: p=0.23
Memory T-helper cells (CD4+CD45RO+)
Total:
c,ud: 315 249 352 325 316 277 308 325 265 349 311 307 331 274 325 317 304 327 341
Adjusted § 332 323 363 362 343 342 347 347 354 363 345 317 348 341 345 358 321 348 351
F-test: p=0.18 F-test: p=1.00 F-test: p=0.34 F-test: p=0.91 F-test: p=0.22
Natural Killer cells (CD16+CD56+)
Total
cmd': 384 367 350 372 382 378 350 364 369 362 394 348 328 395 373 371 348 365 389
Adjusted § 371 338 334 362 378 366 317 345 326 348 390 342 322 368" 305" 350 322 354 378
F-test: p=0.48 F-test: p=0.24 F-test: p=0.16 F-test: p<0.01 F-test: p=0.20
Natural killer cells subset (CD16+CD56+CD57+)
T
cf:z‘: 156 153 148 148 159 156 142 147 155 144 164 142 137 162 151 154 148 148 156
Adjusted§ 168 157 162 177 171 142 156 148 153 183 162 143 175° 167 162 152 161 169
F-test: F-test: p=0.21 F-test: p=0.18 F-test: p=0.03 F-test: p=0.69
B-cells (CD3+CD5+CD19+)
If;f,'e: 457 474 456 468 463 461 464 469 473 482 458 446 445 474 469 505 423 462 469
Adjusted § 378 398 382 393 369 372 395 416 420 411 375 349 371 395 397 418 353° 389 393
F-test: p=1.00 F-test: p=0.67 F-test: p=0.26 F-test: p=0.53 F-test: p=0.10

4 absolute number of subtype cells/uL based on percent of lymphocytes x total lymphocyte count.

* p < 0.05 based on a t-test compared with the lowest exposure category as the reference. f y !
§ Adjusted for all exposures in the table (OC & Pb) in addition to gender, age, number of infections in the last 12 months, passive smoke exposure in the child's home in the last 12 months and lipids (sum of cholesterol

and triglycerides)
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CHAPTER 4

DISCUSSION
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The pieces of the sex hormone disrupters — childhood allergy puzzle presented in
this monograph suggest an immunomodaulating role of sex hormone disrupters in
the etiology of childhood allergic disorders. First, evidence was presented in
support of DDE playing a role in the prenatal priming of allergic diseases through
the alteration of cord plasma cytokines. Second, an association between prenatal
exposure to exogenous sex steroid hormones and biomarkers of allergic
susceptibility was demonstrated. Third, prenatal exposure to exogenous sex
steroid hormones appears to be associated with allergic phenotypes such as
asthma; and fourth, postnatal organochlorine exposure seems to alter serum

biomarkers of allergy.

The motivation for this work stems from my curiosity to investigate the
speculation that sex steroid hormones disrupters may be important in the etiology
of childhood allergy. This effort was represented by the use of both questionnaire
and lab data for various exposures and outcomes. In addition, the data used
were from cohorts of varying backgrounds (Caucasian and African-Caribbean)

and study designs (cross-sectional and follow-up).

The pathways explored in the first three manuscripts highlights the importance of
in utero exposure by ‘connecting the dots’ showing a link between: 1) placental
p,p’ DDE and cord plasma IL-4, IL-13, and INF-y (cytokines suggesting allergy
susceptibility); 2) Maternal oral contraceptive use before pregnancy (a proxy for
in utero progesterone/estrogen exposure) and serum IgE, IgA, and basophilic

surface IgE counts; 3) Maternal contraceptive use and asthma and hay fever in

169




offspring. These three pieces of work suggest that in utero exposure to sex
steroid hormones may alter the immune status at birth, which may result in
childhood allergic disorders. This suggests that the in utero environment may
play a major role in the pathogenesis of childhood allergy.

To the best of our knowledge, there is no report of an association between

placental p,p’ DDE and cord plasma cytokines. Noakes and co-workers 1 were

unable to detect placental p,p’-DDE and used maternal levels instead. Though
their results for cord IL-13 and INF-y were not significant, they tended in the
same direction (increased IL-13, decreased INF-y) as our findings for these

cytokines.

This overall sex hormone - childhood allergy puzzle was made clearer with
findings from the fourth manuscript. In children ages 7 to 10 years, serum DDE
was shown to significantly increase humoral WBC count, IgE levels, IgE count on

basophils, IgG, and IgA: all considered important immune markers of allergy.

This work would have benefited from the use of actual blood concentrations of

estrogen and progesterone since previous findings on OC use and hormone

. 2,3 . .
levels are not consistent ~' . However, since DDE is known to have weak

estrogenic properties, the association between placental DDE and cord cytokines
provides useful clues of possible results. Another limitation is the fact that, the

duration between OC use and pregnancy was not taken into consideration. The
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effect of OC use on childhood allergy may be minuscule if the period between

OC use and pregnancy is long.

The fact that data from studies of different ethnic groups and study designs was
used is noteworthy. Data from an African-Caribbean cohort (component 3)
provided consistent findings to those from Caucassian cohorts. Another strength
of this work is the different time-windows in which exposures and outcomes were

assessed.

On a whole, the effects of sex hormone disrupters on childhood allergic disorders
are pervasive but unexplained. This compilation of four studies from three
diverse cohorts suggests possible explanations. The first component (/n utero
exposure to SHD affects perinatal biomarkers of allergy) implies that placental
DDE (a SHD) concentration may influence the priming of cord blood immune
marker towards an allergic state. Whilst important, on its own this component
may not be sufficient to make the leap from placental DDE to childhood allergy.
This gap was narrowed by findings from component two (/n utero SHD affects
postnatal biomarkers of allergy), which indicate a possible relation between
maternal oral contraceptive use before pregnancy and serum immune markers of
allery in offspring. Furthermore, the data suggest that maternal OC use may
have sex-related differences of the immunomodulating effects in offspring. The
first two components breached the gap between the in utero and postnatal

environment. However, though immune markers (especially IgE levels) are good

predictors of disease outcome they do not always provide consistent results 4'8.

171




The investigation was therefore taken to another level with component three (In
utero exposure to SHD affects allergic outcomes in infancy) providing evidence
of a possible involvement of maternal oral comtraceptive use in the etiology of
childhood allergic diseases including asthma. By connecting the clues embedded
in these three studies, a picture is painted that implies that in utero exposure to
SHD may be a risk factor for childhood asthma (for example) by first primining
the fetal immune response. This priming may be sustained into childhood,
evident by altered serum allergic markers, and ultimately clinical allergic
manesfestations. The findings of component four (Postnatal exposure to SHD
affects biomarkers of allergy in infancy) was consistent with previous studies that
inferred a link between postnatal HOC exposure and serum immune markers.
These results should be interpreted with caution since HOC concentrations were
measured once at 7-10 years of age. Hence we do not know whether the
concentrations were higher before this age and are therefore responsible for the
observed immune response. For example, it is possible that the increased serum
immune levels may be the result of in utero and not postnatal exposures (see

component 2).

It would be advantageous to test all four components in one study; collecting all
relevant biologic samples and questionnaire data at the appropriate time.
However, since no such study exist, and may not be realistic, the present work
provides important stepping stones along the path of better understanding the

role of SHD (sex hormone disrupters) in the etiology of childhood allergy.
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Future work
The mechanism through which these compounds (organochlorines, exogenous

estrogen and progesterone) disrupt normal sex hormone function is unclear. The
epigenetic concept has been proposed as a credible explanation. This concept

posits that adverse effects can result from enduring changes in gene expression

g. This means that the active portion of the genetic information is altered without

a change in the genetic blueprint (epigenesis). The expression or silencing of
genes then results in cells/tissue with permanent (irreversible) committed

activities.

Epigenetic mechanisms have been suggested as the underlying reason for the

observed increased risk of several chronic diseases in adulthood associated with

A - -1
xenobiotic exposures early in life 10 2. For example, Fukuzawa et al. reported

that (coplanar) PCB affects the expression of steroidogenic enzyme genes 13. In

addition, Goldman et al. found that PCBs (Aroclor 1254) inhibit the cytochrome

P-450 21-hydroxylase activity, thus blocking the branch from progesterone to
glucocorticoid production 14. Furthermore, Chen et al. reported that DDT and its
metabolites (including DDE) down-regulate the gene expression of the estrogen

16
receptor

Future studies aimed at explicating the mechanism through which sex hormones
are disrupted should embrace the epigenetic concept. Since gene expression

can be detected as early as in fetal tissues of the placenta, it may be prudent to
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assess the variations in gene expression in neonates with varying concentrations
of exposure to DDE, PCB, exogenous estrogen, and progesterone. The effect of
sex hormone disrupters on allergy may be from their direct impact on the gene

expression of allergy related cytokines such as IL-4, IL-13, and INF-y.

In summary, it is of personal and public health importance to consider the
potential impact of sex hormone disrupters on the pathogenesis of allergy. The
prenatal period is of particular importance since the fragile fetal immune system
is more vulnerable to exogenous exposures. Therefore, intervention through
education regarding exposure prevention should be implemented before
pregnancy. Further exploration of the epigenetic concept is a fertile area for

future research.
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