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POPULÄRVETENSKAPLIG SAMMANFATTNING
Moderkakan är ett tillfälligt organ som bildas under graviditeten. Den är livsviktig för
att fostret ska klara sig och utgör en barriär mellan mamman och barnet. Det är i
moderkakan som utbyte sker av näring, syre och avfallsprodukter mellan mammans
och barnets blod. Ur ett immunologiskt perspektiv är graviditeten en mycket intressant
period. För mammans immunförsvar är fostret en främmande kropp och för att
graviditeten ska få en lyckad utgång måste fostret tolereras av mammans
immunförsvar. Samtidigt måste mamman kunna försvara både sig själv och fostret mot
eventuella infektioner hon drabbas av under graviditeten. En annan intressant aspekt av
graviditeten är att fostret kan påverkas av mamman på olika sätt. Forskare har t ex visat
att mammans diet under graviditeten kan ha en inverkan på barnets senare risk för att
drabbas av hjärt-kärlsjukdomar. Rent hypotetiskt borde detta även kunna gälla
immunologiska sjukdomar som t ex allergi. Det övergripande målet med den här
avhandlingen har varit att ta reda på mer om vad som händer i moderkakan vid
infektion och om mammans allergi under graviditeten kan påverka barnets
immunförsvar.
I den första studien framkom att uttrycket av ett protein som kallas TLR2 minskade i
moderkakan vid infektion. TLR2 är en receptor som kan binda till olika strukturer på
bakterier och virus och sedan signalera till celler i immunförsvaret att något farligt är på
gång. En förklaring till att TLR2 minskar skulle kunna vara att det TLR2 som finns på
cellytan frigörs vid infektion, och därmed detekteras i lägre nivå jämfört med i friska
moderkakor där TLR2 fortfarande sitter på cellytan.
I den andra studien undersökte vi IgE i moderkakan hos mammor med malaria. IgEantikroppar är inblandade i försvaret mot parasiter, men också i allergi. Vi kunde inte se
att malariainfektion påverkade mängden IgE i moderkakan.
Den tredje studiens syfte var att ta reda på vad som händer med en särskild celltyp i
moderkakan vid infektion. Cellen kallas Hofbauercell och är en makrofag, en cell som
kan äta upp olika patogener, t ex bakterier. Vi såg att mängden Hofbauerceller i
moderkakan minskar vid infektion. Vi tror att det kan bero på att de har flyttat sig mot
fosterhinnorna, bakom vilka själva infektionen sitter, eller att de har vandrat in i fostret
för att skydda det mot infektionen.
Det har tidigare visats att IgE-antikroppar finns i moderkakan och att de sitter på
Hofbauerceller. Vi blev intresserade av att ta reda på varifrån de här antikropparna
kommer. Vi visste att IgE i moderkakan antingen kommer från mamman eller barnet,
eftersom en tidigare studie visat att det inte bildas av celler som finns i moderkakan.
För att ta reda på varifrån antikropparna kommer analyserade vi moderkakor från
allergiska mammor, renade fram IgE och undersökte vilket allergiframkallande ämne
det kunde binda till och jämförde med vad IgE i mammans blod eller barnets
navelsträngsblod band till. Utifrån den jämförelsen kunde vi se att IgE i moderkakan
troligtvis kommer från mamman. Hur de här antikropparna transporteras in i
moderkakan och om de har någon funktion där återstår att undersöka.

I den sista studien i avhandlingen var vi intresserade av att se om mammans allergi kan
påverka barnets immunförsvar. Vi undersökte hur vita blodkroppar i navelsträngsblod
från barn till allergiska mammor reagerade på stimulering med extrakt från pollen,
pälsdjur, kvalster och mjölk. Sedan gjorde vi detsamma med vita blodkroppar från barn
till icke-allergiska mammor. Vi undersökte även uttryck av olika protein på ytan av vita
blodkroppar. Ingen av de parametrar vi analyserade skiljde sig dock mellan barn till
allergiska och icke-allergiska mammor. Allergi hos mamman verkar alltså inte påverka
de här faktorerna hos det nyfödda barnet, vilket dock inte utesluter att de kan ha en roll
i framtida utveckling av allergi hos barnen.
Sammanfattningsvis har den här avhandlingen bidragit med kunskap om moderkakans
och den intrauterina miljöns roll vid infektion och allergi. Jag har visat att TLR2 uttryck
och Hofbauerceller minskar i moderkakan vid infektion. Mina studier visar också att
det IgE som finns i moderkakan sannolikt kommer från mamman. Slutligen ser vi ingen
effekt av mammans allergi på det nyfödda barnets reaktion på allergiframkallande
ämnen och inte heller uttrycket av vissa protein på barnets vita blodkroppar.

ABSTRACT
Pregnancy is interesting from an immunological point of view. The maternal immune
system has to tolerate the fetus and at the same time also protect against infection. The
placenta is not a completely tight barrier: in fact, cells can pass through in both
directions. Allergy often starts early in life and intrauterine factors have been proposed
to play a role in development of allergy.
The overall aim of this thesis was to study the innate response to infection and the
presence, origin and specificity of IgE antibodies in the placenta, and furthermore the
effect of maternal allergy on lymphocytes in the newborn child.
Histological chorioamnionitis most often corresponds to an intrauterine bacterial
infection and in this thesis, we have investigated different factors in the placenta in
relation to chorioamnionitis. In the first study, we investigated TLR2 expression. We
demonstrated that expression of TLR2 was lower in placentas with chorioamnionitis
compared to healthy placentas. This suggests that TLR2 could be involved in the
response to pathogens in the placenta. In the second study, we analyzed the presence of
IgE in the placenta in relation to two different intrauterine infections; chorioamnionitis
and malaria. There was no effect of either type of infection on the presence of IgE
antibodies. In the third study we investigated the amount of macrophages (Hofbauer
cells) in the placenta in relation to chorioamnionitis. There was a decrease of the
macrophages in infected placentas compared to controls.
The intriguing finding of IgE antibodies in the villous stroma of placenta made us
curious about their origin and specificity. In paper IV, we established a method to elute
placental IgE. By comparing the specificity profile of placental IgE with that of
maternal plasma and cord blood, we could conclude that placental IgE most probably is
of maternal origin. We also demonstrated that it could be allergen specific.
In the last paper of this thesis, neonatal immune phenotype and response in relation to
maternal allergy was investigated. We could not see an effect of maternal allergic
disease on the phenotype of neonatal T- or B cells, proliferation or presence of
regulatory T cells in CBMC in response to allergen stimulation. This indicates that the
intrauterine environment of allergic mothers does not affect the neonatal response to
allergens or the phenotype of neonatal lymphocytes. The factors studied could,
however, still have a role in relation to later allergy development in the children.
Taken together, the work presented here contributes to the understanding of the role of
the placenta and the intrauterine environment in infection and allergy. The work herein
demonstrates that chorioamnionitis affects the TLR2 expression and presence of CD68+
Hofbauer cells in the placenta. It also indicates that placental IgE originates from the
mother and that it can be allergen specific. Furthermore, we could not detect any
difference in phenotype of T and B cells or the immune response to allergen stimulation
in neonates of allergic mothers as compared to neonates of non-allergic mothers.
.
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1 INTRODUCTION
1.1

THE HUMAN PLACENTA

The placenta is an ephemeral organ present in placental vertebrates during pregnancy.
Placenta is latin for flat cake and in greek, the word plakoenta, accusative of plakoeis,
(ʌȜĮțȠİȓȢ) means flat. In the western world, the placenta is most often incinerated after
delivery, but in many other societies there are rituals regarding its disposal [1]. The
Navajo indians for example, bury the placenta within the four sacred corners of the
reservation. This is important because it ensures that the newborn will be connected
with the land and will always return home. In Cambodia, children are believed to be
safe as long as they do not stray too far from where their placentas are buried. In some
societies, the placenta is referred to as the child’s sibling or twin. In Nepal, the placenta
is known as bucha-co-satthi (the baby’s friend) and in Malaysia, when a baby smiles
unexpectedly, he or she is said to be playing with the older sibling – the placenta. The
placenta has also been recognized as a source of power and magic. In ancient Egypt,
the placenta of the pharaoh was placed on a pole and preceded the pharaoh in
procession.
The placenta, together with the fetal membranes and amniotic fluid, support the normal
growth and deveopment of the fetus [2]. During the course of pregnancy, it conducts
the functions of most fetal organs. Pregnancy can be divided into three trimesters,
approximately three months each. The first trimester is characterised by implantation
and initiation of placental development. At the end of the first trimester, maternal blood
starts to flow within the placenta. The second trimester is characterised by
organogenesis, development and maturation of fetal organ functions and the placenta
can produce growth hormones modulating the fetal development. The beginning of the
third trimester often approximates the time point for ability of the fetus to survive, with
or without medical help, outside the uterus. When it comes to the initiation of labor, the
placenta is also believed to be involved by producing cytokines regulating this process
[3].
1.1.1 Development and structure
The development of the placenta starts with the implantation of a blastocyst into the
endometrium [4]. The blastocyst is produced after a series of cell divisions of the
fertilised ovum. It consists of an inner cell mass that gives rise to the embryo and an
outer cell layer, called the trophoblast cells, that in turn gives rise to the placenta (see
Fig. 1). During the late blastocyst stage, the trophoblast cells start to form two different
layers. The outer layer differentiates into multinuclear cells, the syncytiotrophoblasts,
and the inner layer forms the cytotrophoblasts. Upon attachment of the blastocyst to the
endometrium, the syncytiotrophoblast cells start to invade the uterine tissue, i.e
implantation occurs. Maternal endometrial capillaries surrounding the embryo swell to
form sinusoids which are eroded by the invasive trophoblast. Small spaces called
lacunae appear in the syncytiotrophoblast and they become filled with maternal blood.
The lacunae fuse to form the intervillous spaces where the chorion villi, containing fetal
blood vessels, are surrounded by maternal blood.
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Fig.1 Late blastocyst.

A schematic picture of a term placenta is shown in Fig. 2. One side of the placenta,
termed basal plate, is embedded in the uterine wall, which is termed decidua during
pregnancy; the other side, the chorionic plate, faces the amniotic cavity and the fetus.
The decidua contains maternal spiral arteries delivering blood to the intervillous space
and uteroplacental veins transferring blood back to the maternal circulation. The villi
are complex tree-like projections of the chorionic plate into the intervillous space.
Inside the villi are fetal vessels that are connected to the fetal circulatory system via the
chorionic plate and the umbilical cord. At the placental margin, the intervillous space is
obliterated so that the chorionic plate and the basal plate fuse with each other and form
the chorion leave. Together with the amnion, the chorion encloses the fetus and the
amniotic fluid. Within the umbilical cord there are three blood vessels; two arteries and
one vein.

Fig.2 Schematic picture of the term human placenta.
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1.1.1.1 The placental membrane
The term placental membrane, sometimes also called the placental barrier, refers to the
layers of cells that separate the maternal blood in the intervillous space and the fetal
blood in the vasculature in the core of the villi [4]. Until about 20 week’s pregnancy the
placental membrane consists of four layers – syncytiotrophoblast, cytotrophoblast,
connective tissue of the villus and the endothelium of the fetal capillaries. As the
pregnancy advances, the placental membrane becomes thinner and many fetal
capillaries lie very close to the syncytiotrophoblast (sometimes as close as 2-4 ȝm)
(Fig. 3). The placental membrane is not a completely tight barrier that only lets through
oxygen, nutrients and waste products. In fact, there are several studies reporting
trafficking of cells in both directions across the placental barrier [5-7].

Fig. 3 Schematic picture of a section through a chorionic villi in a term human placenta.

1.2

THE IMMUNE SYSTEM

The first thing that comes to mind when thinking about the immune system is defense
against pathogens. However, the immune system has many other roles, for instance in
tissue homeostasis, defense against tumor development and in maintaining tolerance to
the fetus during pregnancy. The immune system is often divided in two parts, the innate
and the adaptive immune system.
The innate immune system represents the first line of defense against invading
pathogens. It consists of tissue barriers, such as the skin and mucosa that physically
prevent the pathogens from entering our body, as well as chemical protection such as
low pH and antimicrobial peptides. It also consists of cells like neutrophils and
macrophages, whose major role is phagocytosis of foreign material. Phagocytosis,
followed by antigen presentation and production of cytokines is important for the
induction of adaptive immune functions. The cells of the innate immune system express
pattern recognition receptors (PRRs). The PRRs can recognize conserved structures on
pathogens, so called pathogen associated molecular patterns (PAMPs), and also
alarmins [8], which are endogenous danger signals. The complement system is also part
of the innate immune system and it functions by opsonizing pathogens to promote their
uptake by phagocytic cells, and also by direct killing of pathogens via membrane-attack
complexes.
When the innate immune system is unable to clear a pathogen, the adaptive immune
system will be triggered. The key players in adaptive immunity are the T and B
3
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lymphocytes. They carry highly specific antigen receptors on their surface. Whereas the
innate immunity acts directly when a pathogen enters our bodies, the adaptive response
takes longer time to get initiated, especially on the first encounter with a pathogen. An
adaptive immune response gives rise to immunological memory that result in a quicker
and more vigorous response upon subsequent encounter with the same pathogen.
1.2.1 T cells
T cells are derived from precursors in the bone marrow, but before entering the
circulation, they are educated in the thymus to specifically recognize foreign, but not
self, antigens in two processes called positive and negative selection [9]. Cells in the
thymus express major histocompatibility complex (MHC) molecules that present
different self peptides. In the positive selection, T cells with T cell receptors (TCRs)
that are able to recognize MHC:self peptide complexes are selected and survive. In the
negative selection, T cells with TCRs that strongly react with MHC:self peptide
complexes are deleted through apoptosis. The majority of the thymocytes will die
during this process, but those successfully going through positive and negative
selection will leave the thymus as either CD4+ or CD8+ T cells. Thereafter, they recirculate through lymphoid organs and are dependent on repeated contact with antigen
presenting cells (APCs) for their survival [10]. Activation of naïve T cells requires at
least two signals provided by APCs: binding of TCR to MHC:peptide and, in addition,
a co-stimulatory signal that could be either binding to a co-stimulatory receptor on the
APC or soluble mediators like cytokines. Upon activation, the T cells develop into
effector cells with different functions depending on the type of pathogen.
1.2.1.1 Cytotoxic T cells
CD8+ T cells are referred to as cytotoxic T cells. They recognize their antigen presented
on MHC-I, and are important for defense against intracellular pathogens, such as
viruses. Upon activation, they can kill the infected target cell by releasing cytotoxic
effector molecules, such as perforin and granzymes. Perforin forms pores in the target
cell membrane through which granzymes can enter and induce apoptosis. Cytotoxic T
cells can also induce apoptosis via binding of Fas ligand (FasL) to Fas on the target
cell. Furthermore, they can release cytokines like IFN-Ȗ and TNF-Į, which can
contribute to host defense by for example activation of macrophages and increase in
MHC-I expression.
1.2.1.2 T helper cells
CD4+ T cells are called T helper cells. They recognize their antigen presented on MHCII, and provide help for cytotoxic T cells or B cells. Upon binding to their specific
MHC:peptide, they will develop into Th1 or Th2 effector cells, depending on the
surrounding cytokine milieu and the type of pathogen. Th1 cells are characterized by
their production of IFN-Ȗ. They also aid the cytotoxic T cells in eradication of
intracellular pathogens. Th2 cells are characterized by their production of IL-4, IL-5
and IL-13 and are potent activators of B cell antibody production and eosinophil
recruitment. The Th17 cell is a recently discovered additional subtype of T helper cells.
These cells are characterized by production of IL-17 and have been proposed to be
involved in inflammatory tissue damage in autoimmunity and infection [11].
4
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Some self reactive T cells will inevitably escape the negative selection in the thymus.
Luckily, there are mechanisms in the periphery to regulate these self reactive T cells.
One mechanism to control the self reactive T cells is suppression via regulatory T cells.
1.2.1.3 Regulatory T cells
The principal role suggested for regulatory T cells is to prevent autoimmunity by
elimination of the aforementioned self reactive T cells. Furthermore, they are important
in maintaining immune homeostasis in infection, and have been suggested to play a
role in allergy [12]. They may also block beneficial responses by limiting antitumor
immunity [13]. Human regulatory T cells can be divided in two main subtypes,
naturally occurring and adaptive T cells [14]. The naturally occurring regulatory T cells
are the most well studied subtype. They develop in the thymus as a separate T cell
lineage and constitute 5-10% of the peripheral CD4+ T cell pool. Currently, FOXP3 is
widely used as a marker for studying human regulatory T cells. Mutation in the FOXP3
region in humans result in a disease called IPEX (immunodysregulation,
polyendocrinopathy, enteropathy, X-linked) syndrome. These patients have eczema,
diabetes, chronic inflammations and different kinds of autoimmune diseases [15].
However, FOXP3 can be transiently upregulated in nonregulatory T cells without
suppressive function [16], and is therefore not the ideal marker for regulatory T cells.
Epigenetic modifications in the FOXP3 locus have been reported in several studies [1719]. It was recently demonstrated that demethylation of the FOXP3 promoter region is
confined to committed regulatory T cells [18]. Thus, this could be a way to distinguish
the “real” regulatory T cells with suppressive function from the ones merely transiently
expressing FOXP3. The adaptive or induced regulatory T cells are, as the name
implies, induced in the periphery. Two different subtypes of adaptive regulatory T cells
have been described, the Th3 cells and the Tr1 cells. It is not clear exactly how the
regulatory T cells suppress T cell proliferation [20], however, the major evidence
indicates an involvement of suppression via inhibitory cytokines like IL-10 and TGF-ȕ
[20].
1.2.2 B cells
B cells develop in the bone marrow and their major task is to produce antibodies, also
referred to as immunoglobulins (Ig), specific for invading pathogens [10]. The antibody
consists of the antigen binding Fab (fragment, antigen-binding) part, which has a high
variability between different B cell-clones, and the constant Fc (fragment,
crystallizable) part. The B cell receptor (BCR) is a membrane bound Ig. Unlike the
TCR, which needs to interact with both MHC and peptide, the BCR binds antigen in its
native form. There are five different isotypes, or classes, of antibodies; IgD, IgM, IgG,
IgA and IgE. The IgG isotype is the most abundant and can be further divided in four
subclasses in humans, IgG1-4. The different isotypes have a wide array of effector
functions, mediated via the Fc part of the antibody through binding to a variety of Fc
receptors. The first B cell receptor to be expressed is in the form of IgM or IgD. When
a specific antigen is encountered, B cells start to produce and release antibodies and
undertake affinity maturation and class switching. B cells can also act as APCs by
taking up pathogens and presenting peptides on their MHC-II.

5

Erika Rindsjö
B cells can be induced to produce antibodies in two different ways by two different
types of antigens, so called thymus-dependent (TD) and thymus-independent (TI)
antigens [10]. When encountering a TD antigen, the B cell needs a signal from a Th2
cell in addition to the antigen in order to start antibody production. Normally, the B cell
internalizes the protein antigen via the BCR, processes it and presents it to T cells on
MHC-II. Helper T cells that can bind to this MHC:peptide complex will deliver signals
via CD40 and cytokines and in this way stimulate the B cell to start the production of
antibodies. As for the TI activation, there are two types of TI antigens (TI-1 and TI-2)
that can directly activate the B cell without help from a Th2 cell. The TI-1 antigens are
B cell mitogens that can, when present at high concentration, activate the B cell in a
polyclonal and unspecific manner. TI-2 antigens are molecules, such as bacterial
polysaccharides, with highly repetitive structures. They can cross-link BCRs on mature
B cells specific for that antigen.
Some B cells produce natural antibodies. Natural antibodies have a low affinity for
multiple self and non-self antigens and they are believed to be spontaneously produced
by innate-like B cells without the help from T cells [21]. The natural antibodies are
predominantly of IgM isotype and can be found in cord blood as well as adult blood.
Ligands for natural antibodies include phospholipids and other apoptotic antigens,
suggesting the antibodies recognize and clear altered self antigens and may be useful to
the body in clearing apoptotic cells or tumor cells. Natural antibodies can also be part
of the innate immunity, helping to combat bacteria and virus, and helping to remove
endotoxin.
1.2.3 Other immune cells
The innate arm of the immune system consists of cells such as dendritic cells,
macrophages, NK cells, NKT cells, granulocytes and mast cells. Dendritic cells are
very efficient in antigen presentation and can provide signals to activate naïve T cells.
Macrophages are important for removal of foreign material and cellular debris,
mediated via phagocytosis. They can also function as APCs by presenting antigen on
their MHC-II to T and B cells. Natural killer (NK) cells can recognize and kill
abnormal cells, such as tumor cells and virus infected cells via release of perforin and
granzyme. NKT cells are lymphocytes with characteristics from both NK cells and T
cells. They can produce cytokines driving both Th1 and Th2 differentiation and are
thought to be involved in regulation of the immune response. The granulocytes consist
of neutrophils, eosinophils and basophils. Neutrophils are important for the very early
phase in the immune response. Upon infection, they are the first cells recruited from the
blood into the tissue where their main task is to phagocytose. Eosinophils have a major
role in defense against parasites. The basophil is the least abundant granulocyte and
probably has similar functions to mast cells. Mast cells reside in the tissue and are
important in the defense against parasites. They bind IgE and contain different granules
from which they can release mediators upon activation, such as crosslinking of their
surface IgE. They also contribute to the allergic reaction, further discussed in paragraph
1.4.1.
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1.3

IMMUNOLOGY DURING PREGNANCY

The maternal-fetal interface is an immunologically unique site with two opposing roles
of the immune system; on the one hand, it has to facilitate implantation, placental
development and promote tolerance to the allogeneic fetus, while on the other hand, it
has to maintain host defense against possible pathogens. Clinical studies have shown a
strong association between several pregnancy complications and intrauterine bacterial
or viral infections [22, 23]. This suggests that immediate immune responses against
microorganisms at the maternal-fetal interface can have a significant impact on the
success of pregnancy. Innate immunity is of fundamental significance at the maternalfetal interface for establishing an adequate microenvironment during pregnancy. It
eliminates infectious nonself and supports the tolerance to noninfectious self. This is
revealed by a strong infiltration of innate immune cells such as NK cells, macrophages
and dendritic cells in the decidua, accumulating around the invading trophoblasts [24].
1.3.1 Chorioamnionitis
Chorioamnionitis is an acute inflammatory response of the mother and fetus to
microorganisms that gain access to the gestational sac. Histological chorioamnionitis is
defined by maternal neutrophilic inflammation of the fetal membranes with or without
a fetal neutrophilic co-response [25]. It is a pregnancy complication, which occurs in
about 10% -15% of all term pregnancies [26]. Chorioamnionitis can be clinically
manifested by maternal fever, ruptured membranes, maternal and fetal tachycardia,
foul-smelling lochia and uterine tenderness [25, 27]. According to the prevailing
concept, chorioamnionitis corresponds to infection caused by bacteria ascending from
the urogenital tract [25, 27], especially with simultaneous signs of acute vasculitis
and/or funicitis (inflammation in the umbilical cord) [25]. Presence of chorioamnionitis
is strongly associated with preterm labor, premature rupture of membranes, and
significant perinatal morbitity and death [25]. The risk of spreading of the infection
from the placenta to the fetus varies with the type of organism causing the infection.
The fetal inflammatory response to chorioamnionitis with elevated levels of different
cytokines is strongly associated with disease in the fetal pulmonary system and brain
damage [27].
1.3.2 Hofbauer cells
The Hofbauer cells are generally agreed to be tissue macrophages of fetal origin [28].
In early pregnancy, before the fetal circulation is established, they likely develop from
the stromal cells of the villous core. Later, once the fetal circulation is established, the
Hofbauer cells may originate from fetal bone marrow-derived monocytes. Hofbauer
cells have been shown to have mitotic activity and it has therefore also been proposed
that they are a self-renewing population, independent of fetal monocytes [29].
Immunohistochemically, they constitute around 40% of the villous stromal cells in term
placental sections [30]. The Hofbauer cells are localized in the stroma of the villi and
are highly vacuolated with a granulated cytoplasm [28]. They can be round, fusiform or
stellate in appearance. CD68 and CD14 are the most consistent markers of Hofbauer
cells [28]. They also express MHC-I throughout pregnancy and MHC-II from second
trimester until term [30, 31]. The placenta lacks a lymphatic system [32], but instead
has stromal channels connecting the villi [33]. Hofbauer cells have been found inside
7
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the stromal channels, which seem to facilitate the movement of Hofbauer cells within
the placenta [34]. Some researchers have claimed that the Hofbauer cells disappear
after the 4th to 5th month of pregnancy [35]. Others have, however, demonstrated by
electron microscopy that they are present until term [28, 30].
The clearance of maternal anti-fetal antigen-antibody complexes is important for
protection of the fetus. Hofbauer cells are capable of immune and non-immune
phagocytosis and elimination of exogenous antigen-antibody complexes. They express
FcȖRI, II and III [36], which are receptors that have all been suggested to be involved
in endocytosis of immune complexes [37-40]. Apart from having phagocytic activity,
Hofbauer cells appear to be involved in vasculogenesis and angiogenesis in the early
placenta [41]. They have been reported to synthesize proteins that stimulate villous
proliferation and modulation [42, 43]. Furthermore, Hofbauer cells are believed to be
able to regulate immune responses in the placenta, since they express several different
cytokines [44, 45], and also FasL [46, 47].
1.3.3 Trophoblast cells
The trophoblast cell is an embryonic stem cell with the capacity to adapt to changing
environments, tissue remodeling, and organ development. There are two main types of
trophoblast cells: the villous and the extravillous trophoblast cells. Both types of
trophoblast cells are in close contact with maternal cells, the villous trophoblast with
maternal blood cells in the intervillous space and the extravillous trophoblast with
maternal cells in the decidua. The trophoblast cells have developed several mechanisms
to evade the maternal immune response. For example, they express non-classical HLA,
such as HLA-G and HLA-E [48]. In addition, villous syncytiotrophoblast cells express
indoleamine 2,3-deoxygenase (IDO) [49], which is an enzyme active in the catabolism
of tryptophan and indirect suppression of maternal T cell activity by tryptophan
deprivation [50]. Secretion of FasL from trophoblast cells have also been proposed as a
mechanism to promote immune privilege [46, 51].
1.3.3.1 Toll like receptors in the placenta
Interestingly, trophoblast cells are also important for the innate defense against
pathogens at the maternal-fetal interface [52, 53]. They are the main cell type in the
placenta expressing Toll-like receptors (TLRs) [54, 55]. TLRs belong to the PRRs and
are well studied. They are transmembrane glycoproteins with a leucine-rich
extracellular domain. Each receptor differs in its specificity and, collectively, they can
respond to a wide range of danger signals. In humans, a total of ten functional TLRs
have been identified to date [56]. In the placenta, transcripts for these human TLRs
have been detected [57]. Functional activity for placental TLR2, 3, 4, 5, 7 and 8 has
been demonstrated [54, 55, 58] and it has been proposed that TLRs could be involved
in the process of labor [58]. Furthermore, a role for TLRs in the recruitment of maternal
immune cells to the placenta and in the modulation of the immune system has been
suggested [59]. Moreover, a differential expression of TLRs according to gestational
age has been shown. For example, first trimester trophoblast cells do not express TLR6,
although this receptor is expressed by third-trimester trophoblast cells [54, 60].
Furthermore, we show in paper I that the expression of TLR2 shifts from the
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cytotrophoblast cells in second trimester to the syncytiotrophoblast cells in third
trimester.
1.3.4 Transfer of antibodies across the placenta
The generally accepted view is that only IgG can cross the placental barrier from
mother to child [61]. Transport of IgG starts in low levels at the end of first trimester
and increases and continues until term [62]. Most IgG is transported during the third
trimester [62]. By the time of birth, fetal IgG3 and IgG4 typically equals maternal levels,
fetal IgG1 concentration may slightly exceed the mother’s and fetal IgG2 is often [6366], but not always [67, 68], reported to be lower. The transport of IgG over the
placenta involves a passage through trophoblast cells, stromal villi and finally through
the fetal vessel endothelium [36]. How this is achieved has not yet been fully
elucidated. It is believed, however, that IgG is internalized in the trophoblast cells by
fluid-phase endocytosis, interacts with FcRn at the acidic pH of endosomes, whereupon
transcytosis takes place. Expression of FcRn on trophoblast cells have been
demonstrated [69]. Regarding the transport of IgG over the fetal vessel endothelium,
less is known, however, FcȖRIIb has been proposed to be involved [70].
1.4

ALLERGY

Allergy is an inappropriate reaction of the immune system towards harmless
environmental antigens, so called allergens, like pollen or cat dander. Allergy can be
antibody mediated and/or T cell mediated. The IgE-mediated allergic reaction, which
has been the focus of my studies, is mostly characterized by a vigorous response from
mast cells and basophils via IgE antibodies. Examples of clinical manifestations of
allergies are allergic rhinitis, allergic asthma, atopic eczema and food allergy, which all
act locally within the target organ, and anaphylaxis which is systemic. The term atopy
refers to a personal or familial predisposition to become sensitized and produce IgE
antibodies in response to low doses of common harmless environmental antigens [71].
The aetiology of allergy is not fully understood, but there seem to be several
contributing factors. Genetic predisposition is central to the development of allergy as
shown by the increased disease prevalence among those with a positive family history
of allergic disease [72, 73], by twin studies [74, 75] and by the identification of
numerous chromosomal linkages, single-nucleotide polymorphisms and haplotypes that
are associated with an increased susceptibility for allergy and asthma [76]. Several
different environmental factors have also been proposed to contribute to the
development of allergy. A reduction in childhood infections was proposed as a risk
factor for allergy development in the late 1980s when Strachan reported an inverse
association between family size and hay fever [77]. This was the basis for the “hygiene
hypothesis”, which since then has evolved and been modified, but is still considered a
potential contributor to allergy development [78]. On the other hand, some infections,
like respiratory syncytial virus and rhinovirus, have been associated with an increased
likelihood of subsequent asthma and allergy [79-81]. Not only infections, but also
environmental exposures to non-viable microbial products may pertain to the hygiene
hypothesis. Several studies have shown that living on a farm protects against allergic
disease [82-84]. This has been connected to exposure to diverse microbial
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environments and also to consumption of unpasteurized farm milk [85]. An
anthroposophic lifestyle has also been connected to a lower prevalence of allergy [82,
86, 87]. Relating to these environmental exposures and to the hygiene hypothesis, it has
been proposed that allergy develops because of an impaired maturation of the neonatal
immune system from the immature Th2 response at birth to the more balanced Th1/Th2
immune function which should normally develop upon exposure to pathogenic and
non-pathogenic microbes [88].
1.4.1 Sensitization and the allergic response
The first phase in the development of IgE-mediated allergy is called sensitization. It
starts with the allergen entering through the mucosa or the skin. Here it will be taken up
by APCs, processed and presented to naïve CD4+ T cells in the draining lymph node. It
is not certain how, but the T cells will develop into Th2 cells in those individuals who
will become sensitized. One hypothesis is that the presence of IL-4, probably derived
from NK cells, eosinophils or mast cells [89], will drive the T cells to develop into Th2
cells, but it could also be other factors produced by dendritic cells or the concentration
or nature of the allergen which drives this differentiation. The Th2 cells will start to
produce IL-4, and this will induce B cells to class switch and produce IgE, which will
bind to mast cells in tissues via the high affinity IgE receptor FcİRI [90].
In a subsequent encounter with the same allergen, it will bind to IgE on mast cells and
basophils and trigger activation and degranulation, which contributes to the early, or
acute phase of the allergic response. Mediators that will be released include histamine,
which causes immediate increase in local blood flow and vessel permeability, and
enzymes, such as mast cell chymase and tryptase [91]. These enzymes activate
metalloproteinases, which cause tissue destruction. The late phase of the allergic
reaction involves recruitment of neutrophils, lymphocytes, eosinophils and
macrophages [10]. The late reaction is usually seen 8-12 hours after allergen encounter.
The mast cells can also synthesize and release chemokines, lipid mediators and
cytokines, such as IL-4 and IL-13 that perpetuate the allergic response.
1.5

IGE

In the late 1960s, IgE was first described as a factor connected to allergy [92, 93]. It is
the least abundant antibody class in serum, with a normal concentration of 50-200
ng/ml in non-allergic individuals [94]. In atopic individuals, the IgE concentrations
may reach over ten times the normal level [94]. The half-life of IgE in serum is three
days, and much of the IgE is sequestered in tissues [95]. Most of the IgE is bound to its
high affinity receptor, FcHRI, present on mast cells and basophils. FcİRI is also
expressed on Langerhans cells, monocytes, platelets and eosinophils [94]. The low
affinity IgE receptor CD23 (FcHRII) is expressed on several cell types including B
cells, activated T cells, monocytes, eosinophils, platelets, follicular dendritic cells and
some thymic epithelial cells. CD23 is also involved in enhancing the IgE response by
stimulating proliferation of IgE committed plasmablasts. There is a third IgE receptor
originally named İ-binding protein, but now known as galectin-3 [96]. It has been
reported to be present on neutrophils [97] and also on trophoblast cells in the placenta
[98].
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Apart from its role in allergy, IgE is important for the defence against parasites. This
was first established by work on the antibody-dependent cell-mediated killing of
schistosomes in vitro [99], as well as by epidemiological studies on different parasitic
diseases [100, 101]. Malaria is the most common parasitic infection, causing at least 1
million deaths annually [102]. Approximately 85% of individuals living in malariaendemic areas have significantly elevated serum IgE levels [103]. Furthermore,
observations of higher IgE levels in severe compared to uncomplicated malaria suggest
a role for IgE in the pathogenesis of the disease [104]. Malaria in pregnant women has
been demonstrated to be more severe and more frequent than in non-pregnant women
[105]. Malaria during pregnancy is associated with maternal and infant anemia, low
birth weights, high rates of abortion, stillbirth and prematurity. Typically, the malaria
parasites sequester in the placenta and placental parasitemia is often higher than that
seen in the peripheral blood. Cell adhesion appears to play a significant role in the
sequestration and there is substantial evidence that the receptor responsible for binding
malaria-infected erythrocytes within the placenta is chondroitin sulfate A [105].
1.6

SOME ASPECTS OF NEONATAL IMMUNE FUNCTION

Both phenotypic and functional differences are known to exist between the neonatal
and the adult immune system. Human newborn infants are susceptible to a variety of
microorganisms and this susceptibility has been attributed to the immaturity of their
immune system. However, the degree to which the neonatal immune system can
respond to foreign antigens has not been clearly established. Below, some of the
differences are discussed.
1.6.1 Monocytes/macrophages
Several functional defects of neonatal mononuclear phagocytes compared to their adult
counterparts have been documented. For example, neonatal monocytes exhibit low
baseline expression of the costimulatory molecules CD86 and CD40 [106]. In addition,
they produce low levels of proinflammatory cytokines (such as TNF-Į, IL-1ȕ or IL-12)
in response to LPS and other TLR ligands [106]. The mechanism behind this could be
lower protein expression of TLRs or a defect in the TLR signaling. Neonatal
macrophages have a deficient killing of intra-cellular pathogens upon IFN-Ȗ stimulation
[107]. Pinocytosis appears functional in neonatal monocytes [108]; however, a trend
towards lower phagocytosis of Escherichia coli have been demonstrated [109]. In
contrast, they have an enhanced generation of reactive oxygen species compared to
adult macrophages [109].
1.6.2 T cells
The absolute count of T cells in peripheral blood at birth is normally about twice the
level in adults [110-112]. The vast majority of T cells at birth are naïve CD45RA+ cells.
There is also a relatively high proportion of recent thymic emigrants (RTEs). RTEs are,
as the name implies, newly produced naïve T cells that have recently exited the thymus.
They are distinct from long-lived naïve T cells and can be distinguished by expression
of CD31 or TCR excision circles [113]. T cell functions in neonates have a variety of
qualitative and quantitative differences relative to that observed in adults. It has been
demonstrated that less than 35% of T cells in infants can give rise to stable T cell clones
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[114]. In adults, this figure is 90%. In contrast, the kinetics of initial T cell proliferation
induced by polyclonal T cell mitogens, such as phytohemagglutinin (PHA), is higher at
birth than subsequently during infancy and adulthood [115, 116]. However,
proliferation is not sustained, possibly due to high susceptibility to apoptosis post
activation [117] and/or decreased production of IL-2 [118]. There is evidence that both
neonatal cytotoxic effector functions and capacity to provide B cell help is attenuated in
relation to adults [119-121]. In addition to these deficiencies, neonatal T cells are
hyperresponsive to IL-4 [122] and hyporesponsive to IL-12 [123]. In line with this, and
as pointed out in 1.4, T cell responses in neonates has been demonstrated to be skewed
towards Th2 [124].
Regarding neonatal regulatory T cells, some researchers demonstrate an impaired
suppressive function in cord blood following polyclonal stimulation compared to adult
regulatory T cells [125]. Others report a fully functional suppression upon polyclonal
stimulation, but not upon antigen specific stimulation [126].
To date, one study have investigated Th17 cells in cord blood in relation to their adult
counterparts [125]. It was demonstrated that a low IL-17 secretion could be induced in
CBMC upon stimulation with peptidoglycan. This was in contrast to adult PBMC
where IL-17 could be induced by both peptidoglycan and PHA stimulation, and in
higher levels compared to the CBMCs.
1.6.3 B cells
The total number of B cells seems to be constant from birth and onward [127].
However, the relative frequency of CD5+ B cells is higher in cord blood than in adults
[128, 129]. In mice, the CD5+ B cells represent B1a B cells, but in humans, this marker
does not define a particular subset [129]. The production of Ig isotypes at birth is
impaired, as shown by a defect switch to IgA and IgG production upon polyclonal
activation [130]. The defect in isotype switching in neonatal B cells could be due to low
CD40L expression on neonatal T cells or a unresponsiveness to CD40 stimulation in
the B cells [119]. However, neonatal B cells have been demonstrated to be mature in
their capacity to switch to IgE production if they are given exogenous IL-4 [131].
1.6.4 NK and NKT cells
NK cells are present in high numbers at birth; they constitute about 20% of the
circulating lymphocytes in cord blood, compared to 10–15% in adults [110, 127]. They
have by some researchers been reported to be fully mature with full cytotoxic capacity
[132], while others have demonstrated a reduced cytotoxic potential, explained by low
expression of adhesion molecules [133].
In contrast to other lymphocytes, the NKT cells seem to aquire a memory activated
phenotype before birth [134, 135]. This was suggested by van der Vliet et al. to indicate
that they had encountered a natural ligand in utero and that they might exert an
important immune regulatory function already before birth [134]. However, D’Andrea
et al. showed that the neonatal NKT cells have impaired cytokine production upon
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stimulation with phorbol myristate acetate (PMA) and ionomycin, despite their memory
phenotype [135].
1.7

THE INTRAUTERINE ENVIRONMENT IN RELATION TO ALLERGY
DEVELOPMENT

As mentioned earlier in this thesis, not only genetic, but also environmental factors are
important for the development of allergy. But when might these environmental factors
come into play? Could they have an effect already before birth, in utero? There are
several indications that this could be the case. For example, allergy often starts early in
life and also, allergy development in the child has in some studies been demonstrated to
be more strongly associated with allergy in the mother than with paternal allergy [73,
136, 137]. This suggests that an allergic mother creates a more allergy promoting
environment for her fetus. Evident differences in the immune response in cord blood of
allergic and non-allergic mothers indicate that maternal allergy in fact can have
intrauterine effects on the fetal immune system [138-140].
There is an ongoing debate whether sensitization can occur in utero [141]. A potential
for allergens to cross the placental barrier has been demonstrated both in an in vivo
placenta perfusion model [142] and also by direct measurement of allergen in cord
blood and in amniotic fluid [143]. This could provide a source for priming of fetal T
cells and in the end lead to IgE production. Indeed, several researchers have
documented proliferative responses of cord blood mononuclear cells to different
allergens [124, 139, 144, 145]. Also, allergen specific IgE has been detected in cord
blood [146]. However, this IgE has recently been claimed to be contamination from the
mother, not reflecting an intrauterine sensitization [147]. Furthermore, the response to
allergens in CBMC has been suggested to be an immature unspecific response from
RTEs [148].
Different microbial exposures during pregnancy have been connected to a lower risk
for allergy development in the child. For example, maternal exposure to pets, endotoxin
in house dust and a farming environment have been connected to a protection against
allergic sensitization in the children [149, 150]. A potential mechanism behind the
protective effect of microbial exposure is a stimulation of the innate immune system
which could polarize the immature neonatal immune system towards a Th1 response,
and away from the allergy promoting ‘default’ Th2 response [151]. Increased levels of
TLR2 and CD14 has in fact been demonstrated in farmers children [152]. Moreover,
children of allergic mothers have a lower expression of TLR2, 4 and CD14 in cord
blood compared to children of non-allergic mothers [153]. Dietary exposure during
pregnancy has also been investigated in relation to allergy development and one study
demonstrated that maternal consumption of fish during pregnancy reduced the risk for
food sensitization in children of non-allergic mothers [154].
There are also several animal studies contributing to the growing evidence for a
prenatal effect on the risk for allergy development. One mouse study showed that mice
that were sensitized to OVA and challenged during pregnancy delivered offspring with
a more Th2 skewed immune response than offspring of non-sensitized mothers [155].

13

Erika Rindsjö
Interestingly, a protective effect on asthma development for the offspring of mothers
orally tolerized to OVA already before conception was recently shown in another
mouse study [156]. In line with the human studies on endotoxin exposure during
pregnancy, results from murine allergy models indicate that prenatal endotoxin
exposure can have a protective effect on allergy development in the offspring [157,
158].
Environmental exposures could have an effect on the epigenetic regulation of different
genes [159]. This could also have implications for the research on the intrauterine
environment in allergy development. In fact, a recent mouse study showed that dietary
factors could affect the risk of allergic airway disease through epigenetic mechanisms
operating during pregnancy [160].
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2 AIMS OF THE THESIS
The overall objective of this thesis was to study the innate response to infection and the
presence of IgE antibodies in the placenta, and furthermore the effect of maternal
allergy on lymphocytes in the newborn child.
The specific aims of the included papers were to:
Paper I: Investigate TLR2 expression and localization in placentas from pregnancies
complicated by chorioamnionitis in relation to placentas from healthy pregnancies.
Paper II: Evaluate the IgE status in placentas from two different settings of intrauterine
infection, i.e. malaria and chorioamnionitis, and also in placentas from different
gestational ages.
Paper III: Investigate whether the numbers of CD68+ Hofbauer cells differ between
placentas with or without chorioamnionitis or if the numbers change with gestational
age.
Paper IV: Elute human placental IgE in order to determine its specificity and origin.
Paper V: Study the effect of maternal allergic disease on the immune response and
phenotype of cord blood T- and B cells.
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3 MATERIAL AND METHODS
3.1

SUBJECTS AND PLACENTA MATERIAL

In paper I-III, placenta material from second and third trimester with the histologic
diagnosis of chorioamnionitis was selected retrospectively from the archives of the
Department of Pathology, Karolinska University Hospital, Huddinge, Sweden (see
Table 1).
Table 1. Characteristics of chorioamnionitis and their control placentas.
Liveborn
infants

Intrauterine fetal
death

na

na

na

1

0

0

1

Gestational age

CAM 1

2nd Trimester

3rd Trimester

na

na

1

CAM 2

20

9

11

8

12

CAM 3

38

23

15

15

23

All CAM placentas

59

33

26

23

36

Control placentas

42

22

20

17

25

CAM = Chorioamnionitis degree. The presence of chorioamnionitis was evaluated on haematoxylin and
eosin stained formalin fixed sections using a three-grade scale, as follows: grade 1: presence of
polymorphonuclear leukocytes at the subchorionic plate and/or lower third of chorion; grade 2: at least
two separate foci of leukocyte infiltration in chorion and amnion; grade 3: extensive leukocyte infiltration
in chorion and amnion, together with necrosis of amniotic epithelium and/or microabscess formation.
a
Number of placentas

Placentas from 25 healthy term pregnancies were collected from the delivery unit of
Karolinska University Hospital Solna and Söder’s Hospital in Stockholm, Sweden, and
were analyzed in paper I. Four were from elective caesarean sections and twenty-one
from vaginal deliveries.
Twenty-seven placentas from term pregnancies were collected in Ghana from women
who were involved in a trial of early versus late supervised monthly malaria treatment.
Eight of them tested positive for malaria parasites. All children were liveborn. These
placentas were investigated in paper II.
In paper III, fourty-two control placentas matching the chorioamnionitis placentas
according to gestational age group and numbers of liveborn and aborted/still born
infants with no signs of chorioamnionitis were selected retrospectively from the
archives of the Department of Pathology, Karolinska University Hospital, Huddinge,
Sweden (see Table 1).
In paper IV, placenta and maternal and cord blood plasma were collected from twelve
women participating in the ongoing ALADDIN (Assessment of Lifestyle and Allergic
Disease During INfancy) study in the Stockholm area, Sweden. The ALADDIN study
is a prospective study evaluating the influence of environmental and lifestyle factors on
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allergy development in children [161]. All were healthy term pregnancies with vaginal
delivery. Seven of the mothers were sensitized to allergens as determined with
Phadiatop test (see below).
For paper V, PBMC and CBMC were collected from women and their children
delivered at the Delivery unit at Karolinska University Hospital, Solna, Sweden. All
were healthy term pregnancies, nine of them delivered vaginally and seventeen by
elective caesarean section. Twelve of the mothers had self-reported allergic symptoms
and a positive Phadiatiop test (see below) and fourteen had no symptoms and tested
negative in the Phadiatop test.
3.2

METHODOLOGY

Methods used for paper I-V are described in detail in the respective “Materials and
methods” sections. The following methods were used in this thesis:
Confocal laser scanning
microscopy (CLSM)

A technique to obtain high resolution optical laser scanned
images of cell or tissue specimens. Used in paper II with
fluorochrome conjugated antibodies in order to analyze colocalization of IgE and CD68 expression in placental tissue.

Enzyme-linked
immunospot
(ELISPOT) assay

Antibody and enzyme conjugate based detection of
antibody or cytokine release on a per cell basis. Used in
paper V to analyze IL-4 release from PBMC in response to
allergen stimulation.

Elution of Igs from
placenta

Low pH treatment of homogenized placental tissue to elute
receptor bound Igs. Developed and optimized in our lab and
used in paper IV.

Enzyme-linked
immunosorbent assay
(ELISA)

Quantitative detection of antibodies or antigens with
enzyme-coupled antibodies. Used in paper IV and V to
detect antibodies in blood plasma and placenta eluate.

Flow cytometry

Laser based analysis of cell size and complexity and cell
surface or intra-cellular molecules in flow using
fluorochrome conjugated antibodies. Used in paper V to
detect various lymphocyte surface markers and intracellular FOXP3.

3

[H]-thymidine
incorporation

Proliferation assay of in vitro stimulated cells by radioactive
isotope incorporation and scintillation measurement. Used
in paper V to assess PBMC and CBMC proliferation in
response to allergen stimulation.

IgE measurement

Quantitative measurement of total and allergen-specific IgE
with the ImmunoCAP method. Used in paper II, IV and V
to detect total and allergen-specific IgE in plasma, serum
and placenta eluate.
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Immunohistochemistry

Localization of proteins in tissue sections with the aid of
antibodies and enzyme conjugate. Used in paper I-IV to
determine TLR2, CD68 and IgE expression in placental
tissue.

Phadiatop

Screening test using the immunoCAP method (Phadia AB,
Uppsala, Sweden) to analyze for presence of IgE antibodies
directed against 11 common inhalant allergens. Used in
paper II, IV and V.

Quantitative real-time
PCR

Quantitative detection of PCR product in real time using
fluorescent dye or probe. Used in paper V to quantify
mRNA-expression of FOXP3 and the house keeping gene
GAPDH with the SYBR green fluorescent dye.

Semi-quantitative
immunohistochemical
evaluation

Grading of immunohistochemical staining. Used in paper I
with the grading + representing <25% of trophoblast cells
stained, ++ = 25-75% trophoblast cells stained and +++ =
>75% trophoblast cells stained. In paper IÍ, + represents
few positive cells, ++ = moderate and +++ = many positive
cells.

Separation of PBMC
and CBMC

Density separation of mononuclear cells from peripheral or
cord blood using Ficoll Hypaque. Used in paper V for
separation of mononuclear cells from peripheral blood and
cord blood.

Statistical analysis

Statistic analysis with the aid of computer programs was
used in all papers. In paper I and II, a multivariable exact
adjacent-category logit model was used for ordinal data
with multiple variables. In paper III, Mann-Whitney U-test
was used for comparison of two unpaired samples.
Student’s t test or Mann-Whitney U-test for comparison of
two unpaired samples, and Kruskall-Wallis ANOVA with
Dunn’s multiple comparisons for comparison of several
unpaired samples were used in paper V. Spearman’s rank
test for correlations was used in paper IV and V.
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4 RESULTS AND DISCUSSION
4.1

TLR2 ON THE TROPHOBLAST MAY BE INVOLVED IN THE
RESPONSE AGAINST PATHOGENS IN THE PLACENTA (PAPER I)

At the time of this study, only TLR2 and 4 had been detected on the protein level in the
placenta [54, 55, 162, 163]. In relation to chorioamnionitis, TLR2 had been studied in
the fetal membranes [164] and in vitro in explant cultures stimulated with bacterial
products [55]. These studies showed that TLR2 expression was significantly higher in
fetal membranes from patients with chorioamnionitis compared to membranes from
healthy pregnancies, and that in vitro stimulation of placental explants with microbial
products did not affect the expression level of TLR2. We therefore wanted to assess
TLR2 expression in situ in placentas affected by chorioamnionitis compared to normal
placentas. Although histological chorioamnionitis may not always be equivalent to
intrauterine infection, the presence of a fetal inflammatory response, identified by
vasculitis and/or funisitis (infiltration of neutrophils in fetal chorionic vessels/umbilical
vessel wall) in the majority of our cases (82%) strongly indicates infection.
Placentas with histological chorioamnionitis and placentas from healthy pregnancies
were stained for TLR2 expression. The stainings were evaluated on a three graded
semi-quantitative scale. In contrast to previous findings on fetal membranes, we saw a
decrease in TLR2 expression on the trophoblast cells in placentas affected by
chorioamnionitis. This indicates that the response to infection is different in different
parts of the placenta. Unfortunately, we did not have access to frozen material that
included the fetal membranes and could therefore not stain the membranes for TLR2 to
compare to the results from Kim et al [164]. We can only speculate about the
mechanism of the reduced TLR2 expression in trophoblast from infected placentas.
One possible mechanism could be shedding of TLR2 from the cell surface, generating
soluble TLR2. Indeed, cell activation with phorbol 12-myristate 13-acetate and
ionomycin or PamCys bacterial peptide in vitro gives a rapid downregulation of cell
surface TLR2 and a release of soluble TLR2 [165]. Another way in which TLR2
expression could be reduced is through apoptosis of trophoblast cells via TLR2
signaling, which has been demonstrated in cultures of trophoblast cells [54].
We also found that the expression of TLR2 is higher in chorioamnionitis placentas
from pregnancies with liveborn children than with stillborn/aborted fetuses. It is
interesting to speculate that a higher expression of TLR2 in the situation of infection is
beneficial for the outcome of the pregnancy, and that could be why we see a higher
expression in placentas from liveborn children. Another explanation could be that the
lower expression in placentas from stillborns reflects an elevated level of apoptosis of
the trophoblast as shown previously for chorioamnionitis [166], which in turn can lead
to pregnancy complications increasing fetal mortality such as preterm birth and
intrauterine growth restriction [167]. However, we cannot rule out the possibility that
the lower TLR2 expression in the placenta is an effect of the fetal death and not vice
versa. Since our material consisted of placentas from both second and third trimester,
we could also compare the expression of TLR2 between different gestational ages. The
villous trophoblast cell layer of the placenta changes during pregnancy. Early in
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pregnancy, it consists of two cell layers, the inner cytotrophoblast and the outer
syncytiotrophoblast. As pregnancy progresses, the cytotrophoblast cells appear to
regress and at term this layer has almost disappeared. In agreement with a previous
study on first trimester placenta [54], we demonstrated that the expression of TLR2 in
our second-trimester placentas was confined to the cytotrophoblast cells, whereas the
syncytiotrophoblast did not express any TLR2. However, in our term material, we
could see staining of the syncytiotrophoblast cell layer. Our results show that, when the
cytotrophoblast cells disappear in the last part of pregnancy, the expression of TLR2 is
not lost, but rather upregulated in the syncytiotrophoblast. This suggests that TLR2 has
an important role in the placenta throughout pregnancy.
Mode of delivery could potentially affect the expression of TLR2 in the placenta.
Indeed, Kim et al [164] showed that spontaneous labor was associated with a higher
expression of TLR2 in the fetal membranes than in membranes of women who were
not in labor. However, in our statistical model, we could not see any significant effect
of mode of delivery on the TLR2 expression.
Initially, our aim was to correlate the type of microbe causing the chorioamnionitis to
the expression of TLR2. Unfortunately, we were not able to address this issue since
bacterial cultures were undertaken only in a minority of cases and the results were often
inconclusive.
Recently, another study on TLR2 expression in term placenta was published [168].
With immunohistochemistry, they detected TLR2 expression on endothelial cells and
Hofbauer cells, in addition to the syncytiotrophoblast. Their explanation to their
conflicting data compared to previous studies, including ours, which only detect TLR2
on trophoblast cells, is that they looked more thoroughly on stem villi where you can
see different classes of mesenchymal cells and vessels more easily. In their stainings,
however, they used an antibody against TLR2 recommended for ELISA, flow
cytometry and Western blot. Their staining of the trophoblast cells seems weak
compared to our study and other previous studies [54, 55]. In addition to
immunohistochemistry, they used Western blot to evaluate TLR2 expression.
Unfortunately, they only analyzed myofibroblasts and syncytiotrophoblasts, but could
only detect expression of TLR2 in the syncytiotrophoblast cells.
In summary, our data indicates that TLR2 might be involved in the response to
infectious pathogens in the placenta. Also, it points towards an important role for TLR2
in the placenta throughout pregnancy.
4.2

PRESENCE OF IGE ANTIBODIES IN THE PLACENTA IN RELATION
TO MALARIA AND CHORIOAMNIONITIS (PAPER II)

It has previously been demonstrated in a study from our lab, that IgE antibodies can be
detected in the placenta using immunohistochemistry [169]. This was very intriguing
since it is widely accepted that IgG is the only antibody isotype which can cross the
placental barrier from the mother to the child. In the previous study, placentas from
healthy pregnancies of allergic and non-allergic mothers were analyzed, without
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detecting any difference in the amount of IgE antibodies between placentas from
allergic and non-allergic women. Since IgE was present in all studied placentas, it was
hypothesized that it could have an importance for a successful pregnancy outcome
[169]. To investigate this further we analyzed a pathological placenta material for the
presence of IgE. We included placenta material from spontaneous abortions and
different infections, including malaria.
In accordance with the previous study [169], IgE+ cells were found in the villous
parenchyma of all examined placentas. The IgE+ cells were macrophage-like and upon
double immunofluorescense staining it was confirmed that they were CD68+ Hofbauer
cells. The amount of IgE+ cells was evaluated on a three-graded semi-quantitative scale,
not taking the intensity of the staining into account, but only the amount of positive
cells. IgE scores were thereafter compared between different groups.
We could not see any effect of malaria infection or degree of chorioamnionitis on the
IgE score. Our chorioamnionitis material, obtained from second and third trimester,
consisted of placentas from both liveborn children and intrauterine fetal death. There
was a significantly higher IgE score in placentas from second trimester than third
trimester. We also saw an indication towards a higher IgE score in intrauterine fetal
death compared to liveborn children. As a high number of the infants in the second
trimester were stillborn/aborted, compared to the third trimester where most infants
survived, it is hard to say which of these factors affect the amount of IgE+ cells. One
possible explanation for the higher amount of IgE+ cells in second trimester is that this
might reflect a maturation time point in the fetus and the intrauterine environment.
Another explanation could be a decrease in the number of Hofbauer cells. At the time
of this study, it was not clearly evaluated if the number of Hofbauer cells changes with
gestation [28]. In paper III, we have therefore assessed this more thoroughly, showing
that another possible explanation for the higher amount of IgE+ cells in second trimester
is the higher number of CD68+ Hofbauer cells during this period.
In order to correlate peripheral blood IgE levels with IgE score in the placenta, we also
analyzed total IgE in plasma and serum from the mothers where plasma or serum was
available. Despite the wide range of blood IgE levels (ranging from 2 to 1710 kU/L),
we could not find any correlation between these and the IgE score in the placenta.
Contrary to this, we show in paper IV a correlation between maternal plasma levels of
IgE and levels eluted from the placenta. This is probably explained by the different
methods to quantify the placental IgE, i.e. semi quantitative evaluation of IgE+ cells on
thin sections in paper II and amount of eluted IgE per gram placenta evaluated with
ImmunoCAP in paper IV.
We conclude that the higher amount of IgE+ cells in second trimester might be
associated with the maturation of the fetus and the intrauterine environment, the higher
number of intrauterine fetal deaths, or with the higher number of CD68+ Hofbauer cells
during the second trimester.
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4.3

HOFBAUER

CELLS

IN

THE

PLACENTA

IN

RELATION

TO

CHORIOAMNIONITIS AND GESTATIONAL AGE (PAPER III)
During the work with paper II, we realized that the knowledge on the amount of
Hofbauer cells in the placenta in relation to infection and different time points during
gestation was limited. Therefore we wanted to investigate this further.
The same chorioamnionitis placenta material as in paper I and II was evaluated. Age
matched controls without signs of chorioamnionitis, matched for numbers of
aborted/stillborn and liveborn infants, were also analyzed. The placentas were stained
for CD68, a widely used macrophage marker [170]. CD68+ cells with two different
morphologic appearances were identified; the majority had the classical, round/plump
cell form, but in some cases, cells with a dendritic-like morphology could be identified.
Both cell types were represented in all cases and CD68+ cells could be found in all
types of villi, including tertiary terminal villi, and in both chorioamnionitis and healthy
placentas.
With the aid of an image analysis program, villi were marked, excluding vessels, and
the numbers of CD68+ cells within the villi were counted. This allowed us to calculate
the number of CD68+ Hofbauer cells per villous area. A limitation of this method is that
we cannot evaluate the total number of cells per placenta. However, we found a striking
decrease of CD68+ Hofbauer cells per villous area in placentas affected by
chorioamnionits compared to control placentas. There was also a decrease in the
amount of CD68+ Hofbauer cells with gestational age. No significant difference in
numbers of CD68+ cells could be found in placental tissue from pregnancies with
aborted/stillborn babies compared to pregnancies with liveborn infants.
Although our data do not provide any direct explanation for the observation of
decreased amount of Hofbauer cells per villous area upon chorioamnionitis, the
phenomenon might be related to a mobilization of Hofbauer cells under the influence of
the ongoing inflammatory process. Mobility of Hofbauer cells have been shown in
scanning electron microscopy [34]. Another explanation for the decreased CD68
positivity in chorioamnionitis could be that the Hofbauer cells remain in the villi, but
undergo a downregulation of the CD68 antigen. The cytokine pleiotrophin is expressed
by monocytes and macrophages during ischemia and can upregulate characteristics of
endothelial cells and downregulate markers like CD68 [171].
Our finding of declining numbers of CD68+ Hofbauer cells per villous area with
advancing gestational age is in agreement with the previous general impression in the
literature. Whether there is a downregulation of the antigen or a translocation of the
cells per se, the Hofbauer cells most likely play a greater role in the earlier trimesters.
Recent data by Anteby et al [43] suggest that Hofbauer cells may take part in the
regulation of trophoblast growth and differentiation as well as placental development,
possibly through mesenchymal-epithelial cell interaction. This occurs predominantly
during early pregnancy.
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In addition to CD68, we stained for CD14, another marker used for identifying
Hofbauer cells, in our placentas. However, the staining was not as distinct as for CD68
and thus it was not possible to reliably count the CD14+ cells.
The two main findings from this study are: i) there are less CD68+ cells in villous
stroma in placentas with chorioamnionitis compared to gestational age-matched
controls without signs of chorioamnionitis, and, ii) there is a decline in the number of
those cells per villous area with advancing gestational age.
4.4

THE ORIGIN AND SPECIFICITY OF PLACENTAL IGE (PAPER IV)

After discovering IgE in the placenta [169], and showing that its presence is not
affected by intrauterine infection (paper II), we were interested in finding out its origin
and specificity. Local production in the placenta had already been ruled out [169].
Thus, it could hypothetically be of either maternal or fetal origin. If the placental IgE
would be of maternal origin, it would have to be transported over the trophoblast cells,
from the intervillous space into the villi. The fetus on the other hand, can produce IgE
from as early as week 20 of gestation, although IgE producing cells are rare until 9
months after birth [172].
A method to elute the placental IgE with low pH treatment was developed and
optimized. Placentas analyzed in this study were chosen so that approximately half of
them where from allergen sensitized mothers, i.e. with a positive Phadiatop test. The
reason was to be able to compare the specificity profiles between placental IgE and
cord blood and maternal blood IgE. IgE was eluted from 12 placentas, of which 7 were
from sensitized mothers. We determined the total IgE level in maternal plasma, cord
blood plasma and the placental eluates. There was a significant correlation between
maternal total IgE levels and placental eluate total IgE. We also determined allergen
specific IgE levels in all samples. All allergen specificities that we could find in the
placental eluate could also be found in the respective mother. No allergen specific IgE
could be found in any of the cord blood plasma samples or in placental eluates from
non-sensitized mothers. In paper II, we could not find any correlation between placental
IgE scores and maternal plasma IgE levels. The conflicting results compared to the
present study could be explained by the fact that in paper II, the presence of IgE+ cells
was semi-quantitatively graded on thin sections. A proper quantitation of the amount of
IgE present per cell was not possible with the staining technique used.
Since levels of allergen specific IgE in the placental eluates were much lower than the
total IgE, we also investigated if part of the placental IgE could be natural IgE, directed
against phosphorylcholine (PC). Anti-PC IgE antibodies had been reported in a
previous mouse study [173]. We measured anti-PC natural antibodies of all isotypes
except IgD. Anti-PC IgE antibodies could only be detected in the maternal plasma, and
only at low levels and could therefore not explain the discrepancy between levels of
total IgE and allergen-specific IgE. Anti-PC IgG antibodies could be detected at high
levels in maternal and cord blood plasma, and at low levels in placental eluate.
Furthermore, there was a significant correlation between the anti-PC IgG levels in
maternal and cord blood plasma. These results are in agreement with earlier
observations that IgG is transported over the human placenta to the fetus, in order to
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provide natural passive immunity [36]. The levels of anti-PC antibodies were calculated
relative to a standard sample and reported as ELISA units (EU), where one unit
represented a standard dilution giving an absorbance twice the background value.
Therefore, it is not optimal to compare the levels of anti-PC antibodies between the
different classes. When we, however, still make this comparison our data suggests that
in maternal plasma the order of the amount of natural anti-PC antibodies present is IgM
> IgG > IgA > IgE, which is in agreement with previous findings [174, 175], although
in those studies natural IgE is not mentioned. In cord blood plasma, the order turned out
to be IgG > IgM > IgA/IgE, where both IgA and IgE were below the detection limit.
This is in line with the idea that the IgG is passed from the mother to the child and can
be at relatively high concentrations while IgM can be produced by the fetus. In placenta
eluate, the order of the anti-PC natural antibodies is IgG > IgA/IgM > IgE, where IgE is
below the detection limit.
In line with paper II and Sverremark Ekström et al [169], this study indicates that IgE
antibodies can be transported across the placental barrier from the mother and into the
villous stroma of the placenta. We can only speculate about the function of the
placental IgE. The placental IgE could be there because it is taken up and degraded by
the Hofbauer cells, to protect the fetus. It was previously shown that the placental IgE is
neither bound to the high affinity receptor (FcİRI) nor to the low affinity receptor
(FcİRII/CD23), however, IgE had an identical staining pattern as FcȖRI [169].
Monomeric IgG bound to FcȖRI has been shown to be internalized and recycled to the
cell surface while IgG complexes cause cross-linking of receptors leading to uptake and
degradation [37]. IgE, maybe in a complex with IgG, might be taken up and degraded
in a similar way. Placental IgE could also have a homeostatic function in prolonging
cell survival as shown for IgE bound murine mast cells [176] and human lung mast
cells [177].
One important concern in our study was maternal blood contamination of the placental
eluates and the cord blood plasma samples. Maternal contamination of the placental
eluates could be ruled out since natural IgM antibodies were detected in very high
levels in the maternal plasma, but was virtually undetectable in placental eluates. We
could also rule out maternal contamination of our cord blood samples, since total IgA
levels in our cord blood samples were below 10 ȝg/ml. This cut off of level for IgA in
cord blood has been used previously to rule out maternal contamination [178]. Another
concern was that the pH treatment and also enzymes released during the
homogenization could break down IgE antibodies. Since we used the profiles of
allergen specific antibodies to compare between mother-placenta and child-placenta,
we were mainly concerned that the harsh treatment would destroy one specificity more
than the other. Therefore we did a spiking test where we added a known amount of IgE
to the placenta before homogenization and lowering of pH. This showed that there was
indeed an effect on the total level of antibodies detected. However, there was no
preferential effect on any of the allergen specificities tested.
Our study shows that placental IgE can be allergen specific and provides evidence that
it originates from the mother. It could be speculated that this might have an implication
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for the development of the fetal immune system and if it could affect later development
of allergy in the child.
4.5

INVESTIGATION

OF

NEONATAL

IMMUNE

RESPONSE

AND

PHENOTYPE OF LYMPHOCYTES IN RELATION TO ALLERGIC
STATUS OF THE MOTHER (PAPER V)
It has been proposed that susceptibility to allergy development can depend on
intrauterine factors [179]. In fact, there are studies reporting a higher risk for a child to
develop asthma and eczema if the mother is allergic than if the father is allergic [136,
137, 180]. Furthermore, a previous study from our laboratory showed that children of
allergic mothers had impaired innate responses in cord blood compared to children of
non-allergic mothers [140].
We were interested to further investigate if maternal allergy could affect the neonatal
immune system. We were particularly interested in the phenotype and maturity of T
and B cells, cell proliferative response as well as presence of regulatory T cells upon
allergen stimulation in cord blood. Maternal plasma from the allergic mothers included
in the study was analyzed for specific IgE towards timothy, birch, cat and house dust
mite (HDM) to assess which allergen they were sensitized to. The majority of the
mothers were sensitized to timothy and/or birch, only two were sensitized to cat and
three to HDM. PBMC and CBMC of the mothers and children respectively were
stimulated with extracts of the aforementioned allergens. CBMC were in addition
stimulated with ȕ-lactoglobulin (ȕ-LG), since this milk protein is one of the most
common allergens to be sensitized to at an early age [181]. The timothy- and birchallergic mothers responded with increased proliferation and/or IL-4 production towards
timothy and birch extract, respectively, as compared to non-allergic mothers. In cord
blood, there were, however, no differences in proliferation upon stimulation with
timothy or birch extract in children of timothy- and birch allergic mothers, respectively.
Expression of FOXP3 was analyzed in unstimulated and allergen stimulated PBMC
and CBMC. There where no differences related to the allergic status of the mother. To
further assess the neonatal immune system, we also did an extensive phenotyping of
maturation and homing markers on the cord blood lymphocytes.
It has been hypothesised that children with high risk of developing allergy have a more
immature immune response than children with low risk [114, 182]. Therefore, we
investigated the maturity of the T cells by analysing CD45RA and CD31 expression. B
cells were analysed for expression of CD27, CD5, IgM and IgD. No differences
between children of allergic and non-allergic mothers could be found.
The migration of lymphocytes to different organs is regulated by expression of homing
receptors. A previous study has demonstrated that induction of ĮEȕ7 integrin on cord
blood T cells upon stimulation with Įs1-casein precedes the development of allergic
eczema in children [183]. Another study reported that the percentage of proliferating T
cells expressing CCR4 or integrin ĮE (CD103) in cord blood following stimulation
with ȕ-LG was significantly reduced in children with a high risk of developing allergy
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[184]. We determined expression of ȕ7 integrin, CLA, CCR7 and CD62L on T cells
and FOXP3+ regulatory T cells, but we could still not detect any differences between
children of allergic and non-allergic mothers.
There are conflicting data regarding the role of regulatory T cells in allergy
development. In contrast to our data, demonstrating no difference in amount of
regulatory T cells between children of allergic and non-allergic mothers, it has been
demonstrated previously that maternal atopy can influence cord blood regulatory T
cells. Schaub et al recently reported impairment of regulatory T cells in cord blood of
children with atopic mothers [185]. Taylor et al, on the other hand, demonstrated that
FOXP3 mRNA expression in blood cells at 6 months of age was higher in infants who
developed atopic dermatitis [186]. One important reason for the conflicting data is the
lack of a specific marker for regulatory T cells. FOXP3 is considered the most specific
marker for regulatory T cells in humans, however, FOXP3 can be transiently induced in
non-regulatory T cells and does not always predict suppressive function [16]. We could
confirm our protein data with mRNA analysis indicating that the allergic status of the
mother does not affect FOXP3 expression in CBMC following allergen stimulation.
In agreement with previous studies, we detected very few CLA+ regulatory T cells in
our cord blood samples [187]. Furthermore, our levels of CD27+IgM+IgD+ cells are
similar to a study on circulating marginal zone B cells [188].
Taken together, we found in this study that maternal allergy does not have an effect on
the neonatal response to allergens or the phenotype of neonatal T and B cells.
Limitations in our study are that we could not determine the allergic outcome of the
children and that few mothers were included with relatively low allergen specific IgE
levels. Further studies will reveal if the factors studied here could affect later
development of allergy.
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5 CONCLUSIONS
Paper I. TLR2 expression in placentas with chorioamnionitis was localized to the
trophoblast cells. Furthermore, the expression of TLR2 was lower in placentas with
chorioamnionitis compared to healthy placentas. These data suggest that TLR2 in the
trophoblast could be involved in the response to infectious pathogens in the placenta.
Paper II. Malaria infection or degree of chorioamnionitis did not affect the presence of
IgE antibodies in the placenta. However, the amount of IgE+ cells was higher in second
trimester as compared to the third trimester placenta. IgE was shown to be bound to
CD68+ placental macrophages, Hofbauer cells. The higher amount of IgE+ cells in
second trimester could reflect a maturation time point in the foetus and the intrauterine
environment during the second trimester. It could also be related to the lower number
of Hofbauer cells in third compared to second trimester, as shown in paper III.
Paper III. There were significantly less CD68+ cells/villous area in placentas
diagnosed with chorioamnionitis than in control placentas. There was also a decrease in
the number of these cells in third as compared to second trimester and in placentas from
term as compared to pre-term pregnancies irrespective of chorioamnionitis. These data
indicate that CD68+ Hofbauer cells may be involved in placental infection and possibly
associated to the developmental maturation of the feto-placental unit.
Paper IV. A method was established to elute IgE antibodies from placenta. No natural
(anti-PC) IgE antibodies could be detected in the placenta eluate. However, we found
allergen-specific IgE in placenta eluates from sensitized mothers, but not from placenta
eluates from non-sensitized mothers or in cord blood serum. There was a correlation
between IgE-levels in the placental eluate and the maternal plasma. These results
suggest a maternal origin of placental IgE.
Paper V. Despite a maternal in vitro response to specific allergen stimulation, there
was no effect of maternal allergic disease on the phenotype of neonatal T- or B cells,
proliferation or presence of regulatory T cells in CBMC in response to allergen
stimulation. This indicates that maternal allergic disease has no effect on the neonatal
response to allergens or the phenotype of neonatal lymphocytes. The factors studied
here could, however, still have a role in relation to later allergy development in the
children.
In summary, this thesis has contributed to the understanding of the role of the placenta
and the intrauterine environment in infection and allergy. The work herein
demonstrates that chorioamnionitis affects the TLR2 expression and presence of CD68+
Hofbauer cells in the placenta. It also indicates that placental IgE originates from the
mother and can be allergen specific and that there is no difference in phenotype of T
and B cells or the immune response to allergen stimulation in neonates of allergic
mothers as compared to neonates of non-allergic mothers.

27

Erika Rindsjö

6 FUTURE PERSPECTIVES
The work in this thesis has touched upon some aspects of intrauterine immunology. It
has provided some answers, but also generated many new questions. Below follows my
thoughts on how to proceed from this work.
A substantial part of the work in this thesis has dealt with placental IgE. We have
analyzed IgE in the placenta in relation to intrauterine infection, deduced its origin to be
maternal and also investigated its specificity. The next question that would be
interesting to investigate is what function does it have in the placenta? Since IgE seems
to always be present in the placenta, it could be that it has important functions for a
successful pregnancy outcome. A first step towards an answer to this question would be
to identify the receptor to which it binds. From previous work, it does not seem to be
binding to the high or low affinity IgE receptor [169]. Immunohistochemical staining
gave, however, a hint that it might be binding to FcȖR. If it is, then this could indicate
that the IgE is transported into the placenta as an immune complex with IgG, and there
binds via IgG to the FcȖR. Furthermore, isolating the Hofbauer cells, crosslinking IgE
and analyzing the response in these cells could provide some answers. Is the IgE simply
taken up and degraded by the Hofbauer cells, or does it induce any response in the
Hofbauer cells, for instance through upregulation of proteins or release of cytokines? It
could also be interesting to investigate first trimester placentas for presence of IgE.
Since the transfer of IgG from the mother is very low in first trimester, this could reveal
if IgE is transported as an immune complex across the placental barrier.
Strikingly little is known about the immune function of the villous macrophages, the
Hofbauer cells. In chorioamnionitis, we show that their number per villous area
decreases. One hypothesis is that they are migrating. The most logical place to migrate
would be towards the chorionic plate, since the infection is localized to the fetal
membranes and amniotic fluid. A way to study this could be to investigate placentas
from pregnancies with male fetuses affected by chorioamnionitis and use a conjoint
immunohistochemistry-in situ hybridisation procedure to characterize infiltrating cells
[189].
Work is also needed to characterize the villous macrophages more thoroughly, since
macrophages have a wide functional and phenotypic variety [190]. The gene expression
of decidual macrophages have been characterized [191]. Furthermore, the
differentiation of decidual macrophages within the uteroplacental unit has been
investigated [192]. The study by McIntyre et al. [192] showed that the uteroplacental
environment had the capacity to alter the functional properties of the decidual
macrophage. It would be interesting to study what kind of phenotype the villous
macrophages, i.e, the Hofbauer cells, have and if they are more of the M1 or the M2
type. This should be done both on the protein level by immunohistochemistry, and also
on the genetic level with gene arrays on isolated Hofbauer cells.
During the work with this thesis, I have participated in planning of and collecting
material for a large prospective study, the ALADDIN (Assessment of Life style and
Allergic Disease During INfancy) study. The aim of the study is to assess the role of
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environmental and life style factors for the development of allergy in children. In the
study, we recruit antroposophic and conventional families during pregnancy and the
plan is to follow the children up to at least 5 years of age. We collect blood from the
mother, father and child, cord blood and placenta in addition to many other types of
samples, like dust, saliva and faeces and the parents fill out questionnaires about their
life style and the health of the family. The last paper in this thesis was designed to be a
“pre-study” to the ALADDIN study. Using the ALADDIN material, we could study
similar factors but instead of correlating our findings only to maternal allergy, we can
relate it also to paternal allergy, allergic outcome in the children and to environmental
exposures. Previous studies have shown an impairment of innate immunity in children
born to allergic mothers [140]. From our results in paper V, it seems like adaptive
immunity in cord blood is not affected by maternal allergy, hence, it might be more
interesting to further investigate innate immune functions within the ALADDIN
material, or follow the development of adaptive immune functions over time in the
children. The ALADDIN material could be further used to investigate Th17 cells.
There are very few studies on this T cell subset in neonates. The first study on Th17
cells in cord blood in relation to maternal allergy recently came out, where they could
not find any difference in the secretion of IL-17 in cord blood of children of allergic
mothers compared to children of non-allergic mothers [185].
As pointed out in the thesis, epigenetics could have an impact within the intrauterine
environment. So far, studies on epigenetic effects on allergy development have mainly
focused on asthma [193], and more work is needed to elucidate further epigenetic
factors in relation to allergy development. We have in fact started to investigate
expression of different immune related genes in placentas within the ALADDIN study.
The plan is to go further with genes where we find differences depending on lifestyle
factors or allergic status, and investigate the epigenetic regulation of these genes.
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