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Abstract 

Placental gene expression is known to have an impact on the developing child and can be 

influenced by many environmental factors. In a murine study focusing on the influence of 

parasite infections during pregnancy we showed that maternal infection with the tropical 

helminth Schistosoma mansoni indeed is correlated with changed placental gene expression: 

in placentas from dams mated in the initial Th1 and the chronic regulatory phase of the in-

fection, the placental VDR expression was significantly downregulated. This in turn related 

with a lower allergy susceptibility of the offspring. Vitamin D through its receptor VDR plays 

a pivotal role not only in bone metabolism but is also a known modulator of the immune 

system. Moreover, it has been shown that as reaction to immunological triggers, such as 

inflammation, VDR expression e.g. within the placenta changes. To investigate whether ma-

ternal helminth infection in humans elicit similar effects at the feto-maternal interface we 

have initiated a pilot study. Here, we analyze placental gene expression in a cohort from 

Germany and one from helminth-endemic Gabon in central Africa. The first and main aim 

was to determine whether a helminth-endemic environment during pregnancy would be 

associated with differences in placental gene expression levels when compared to a healthy 

German control group. Additionally, differences between the fetal and the maternal side of 

the placenta in general were investigated. Gene expression levels of placentas were ana-

lyzed focusing on genes related to vitamin D metabolism (VDR, Cyp27b1), immunologically 

important genes (e.g. IFNy, IL-10) and pregnancy related Hsd3b1. In addition, vitamin D, 

C reactive protein and calcium serum levels from mothers and children at the time of birth 

were determined. Our preliminary data of 22 German and 13 Gabonese patients elicit dis-

tinct differences in placental gene expression and correlation patterns. They partly reflect 

the findings from the murine study with e.g. significantly lower expression of the VDR in the 

Gabonese placentas and additionally higher expression levels of the pro-inflammatory IFNy. 

This supports our hypothesis of a low-level inflammation triggered down-regulation of the 

placental VDR. Those results constitute preliminary data for a big comparative study in Ga-

bon, where a larger cohort of infected and non-infected mothers will be included. In sum-

mary, we hope that this new study will expand our knowledge of the mechanisms underlying 

the hygiene hypothesis which states that intra-uterine and early-childhood infection can 

protect from the later development of allergic diseases. 
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Zusammenfassung 

Plazentare Genexpression kann bekanntermaßen einen Einfluss auf das sich entwickelnde 

Kind haben. In einer Mausstudie, in der wir uns auf den Einfluss von Parasiteninfektionen 

während der Schwangerschaft konzentrierten, konnten wir folgendes zeigen: In Plazenten 

von Müttern, die während der Infektion mit dem Helminthen Schistosoma mansonii verpaart 

wurden, war die plazentare Vitamin D Rezeptor (VDR) Expression signifikant herab reguliert. 

Dies wiederum ging mit einer verringerten Allergieanfälligkeit der Nachkommen einher. Vi-

tamin D und sein Rezeptor spielen eine essentielle Rolle nicht nur im Zusammenhang mit 

dem Knochenmetabolismus, sondern sind auch ein bekannter Modulator des Immunsys-

tems. So konnte beispielsweise gezeigt werden, dass sich die plazentare VDR-Expression als 

Reaktion auf immunologische Trigger, wie u.a. Inflammation, verändern kann. Um zu unter-

suchen, ob maternale Helminthen-Infektionen auch im Menschen zu solch artigen Verände-

rungen führen, initiierten wir eine Pilotstudie. Hierbei analysierten wir plazentare Genex-

pressionsmuster von einer Kohorte aus Deutschland und einer aus dem Helminthen-

endemischen Land Gabun in Zentralafrika. Eines der Hauptziele hierbei war es zu sehen, ob 

der Einfluss einer Helminthen-endemischen Umwelt während der Schwangerschaft mit ver-

änderten plazentaren Genexpressions-Levels assoziiert sein würde. Zusätzlich wurden gene-

relle Unterschiede zwischen der fetalen und der maternalen Seite der Plazenta untersucht. 

Bei den analysierten Genen fokussierten wir uns auf solche des Vitamin D Stoffwechsels 

(VDR, Cyp27b1), immunologisch wichtige Gene (z.B. IFNy, IL-10) und das mit der Schwanger-

schaft in Zusammenhang stehende Hsd3b1. Zusätzlich wurden Vitamin D-, CRP- und Calcium-

Spiegel zum Geburtszeitpunkt bestimmt. Unsere bisherigen Daten von 22 Deutschen und 13 

Gabunischen Patienten zeigen deutliche Unterschiede auf und spiegeln teilweise die Ergeb-

nisse unserer murinen Studie wieder: In den Proben aus Gabun sind im Vergleich zu den 

deutschen Proben die plazentaren VDR- und Hsd3b1-Expression herunterreguliert bei gleich-

zeitig höherer Expression des pro-inflammatorischen IFNy. Dies bekräftigt unsere Hypothese 

einer durch schwachen inflammatorischen Stimulus getriggerten Herabregulation des VDR. 

Diese Ergebnisse sind die Vorarbeit für eine große vergleichende Studie in Gabun, in die so-

wohl infizierte, als auch nicht-infizierte Mütter eingeschlossen werden. Zusammenfassend 

sollen uns die Ergebnisse dabei helfen, die Mechanismen der Hygiene Hypothese besser zu 

verstehen. Diese konstatiert, dass intra-uterine und frühkindliche Infektionen vor der späte-

ren Entwicklung von Allergien schützen können. 
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1 Introduction 

1.1 The hygiene hypothesis 

The hygiene hypothesis states that the incidence of immunological disorders like allergies or 

autoimmune diseases rises due to the decrease of infectious diseases, especially viral and 

bacterial infections. The most important basis of this statement is epidemiological data, 

showing that the population of industrialized and therefore “cleaner” countries is at higher 

risk for immunological diseases than those from developing countries.  

The first one to come up with the hygiene hypothesis was David Strachan in 1989. He found 

an inverse correlation between the incidence of hay fever and household size, when moni-

toring more than 17.000 children born in 1958 in Great Britain. These findings suggest that a 

higher number of older siblings and therefore an increased risk of infections can decrease 

the risk of developing allergies later in life. [Strachan 1989] 

Since then, mainly epidemiological data and animal models have strengthened what was 

further on named “hygiene hypothesis” and are continuing to do so. 

1.1.1 Inverse correlation between viral and bacterial infections and immune 

disorders 

An inverse correlation between the incidence of various infectious diseases, like hepatitis A 

or tuberculosis, and the incidence of immune disorders like type 1 diabetes mellitus (DM1) 

or asthma is observed over the last 50 years. In this context, especially the development of 

antibiotics, vaccines, a better hygiene standard and the rising socio-economic status seem to 

be of great importance. (summarized in [Bach 2002]) 

Reviewing the prevalence of allergic diseases, it is conspicuous that its distribution around 

the world varies tremendously. Taking asthma as an example, the highest prevalence can be 

found in the UK, Australia, New Zealand and the Republic of Ireland, whereas its prevalence 

is significantly lower in for example parts of Eastern Europe, Indonesia or China [ISAAC 1998, 

Masoli et al. 2004].  
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Especially in those countries with a lower incidence of allergic diseases, infectious diseases 

like hepatitis A, childhood diarrhoea or parasitic diseases like schistosomiasis are still more 

often to be found. In general, a north south gradient can be observed in terms of allergic and 

autoimmune diseases with an obvious decrease from northern to southern parts of the 

world. [Okada et al. 2010]  

Certainly, it has to be taken in account that especially in great parts of Africa, there is no 

standardized data available.  

Apart from a greater standard in hygiene, the development of antibiotics had a great influ-

ence on the decreased incidence of infectious diseases: Within the 1990s, a trend towards 

higher prescription rates of antibiotics could be observed [Sharland and Subgroup 2007]. 

Additionally, there is great evidence for a positive correlation between the development of 

immunological disorders like hay fever, eczema or asthma and an early application of antibi-

otics [Droste et al. 2000]. 

1.1.2 Influence of environmental factors on the allergy susceptibility 

Apart from bacterial and viral infections during childhood, many other determinants seem to 

influence the allergy susceptibility. One prominent and well investigated factor is the expo-

sure to farming in rural areas. In two cross-sectional studies for example, Ege et al. analysed 

the prevalence of atopy and asthma in children divided in two groups, one living on farms 

and the other as control group without farm contact. The children living on farms not only 

were exposed to a bigger range of environmental microorganisms but were also less prone 

to develop asthma and atopy. [Ege et al. 2011] 

Another striking proof for the impact of ecological factors is the diverging prevalence of e.g. 

asthma or hay fever in the German population before and after the reunification in 1990. 

Before 1990, the prevalence of both atopic diseases was distinctly higher in the western 

German population [von Mutius et al. 1994]. This observation was mainly linked to a differ-

ent way of lifestyle with e.g. smaller family sizes [von Mutius et al. 1994] and a higher socio-

economic status [Emanuel 1988] in the west. However, after the unification eastern lifestyle 

adjusted to that in the west and interestingly rising levels of atopy and hay fever could be 

observed simultaneously in parts of eastern Germany [von Mutius et al. 1998]. This compari-

son is a prominent example for the influence of environmental factors on allergy develop-
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ment since the genetic background of both groups was the same whereas the lifestyle and 

standard were disparate [von Mutius et al. 1994]. 

Despite all those illustrations, the importance of genetic predisposition should not be forgot-

ten, since for example monozygotic twins compared to dizygotic twins display a higher con-

cordance in the development of e.g. atopic dermatitis (77% versus 15%) [Bieber 2008]. 

1.1.3 Expanded hygiene hypothesis: the role of parasite infections 

As mentioned above, the hygiene hypothesis originally stems from the assumption that bac-

terial and viral infections during childhood decrease the risk of developing allergies and oth-

er immunological disorders. However, more recent data suggest that also parasite infections 

have an impact in this context. [Yazdanbakhsh et al. 2002] 

Helminths for example are parasitic worms that are extremely common in rural areas of the 

tropics and subtropics [WHO 2016]. One of the most frequent helminth species are Schisto-

somes that cause an infection named schistosomiasis or bilharzia [WHO 2016]. For instance, 

in a randomized, controlled exploratory study in chronically helminth infected Gabonese 

schoolchildren, continuous anti-helminth treatment lead to an increase in developing a skin 

positive test for house dust mites [van den Biggelaar et al. 2004]. Coherence between para-

site infections and allergies is supported by the observation that allergies are particularly low 

in rural areas of the developing world, where the prevalence of parasitic infections is emi-

nently higher (reviewed in [Amoah et al. 2012]). Still, the mechanisms underlying especially 

the parasite driven anti-allergic effect remain widely unclear.  

The general idea is that infections like those with bacteria or viruses skew the immune sys-

tem towards the T helper cell 1 (Th1) arm of the immune system in order to eliminate the 

pathogen. That in turn prevents or counterbalances T helper cell 2 (Th2) driven allergic dis-

eases through among others induced levels of interferon gamma (IFNy). [Oriss et al. 1997, 

Kuo et al. 2013] 

However, parasites do not fit in this line of thought, since helminths for instance stimulate 

Th2 dominated immunological reactions. In the context of a parasite driven promotion of 

Th2 responses, regulatory T cells (Treg) seem to play an important role: in a model with 

Schistosoma mansoni it could be demonstrated that functional inactivation of Treg leads to 

an extended initial Th1 phase of infection [Layland et al. 2007]. One possible explanation of 
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how parasite infections still prevent its host from allergic diseases is porposed by van den 

Biggelaar et al. [van den Biggelaar et al. 2000]: In a follow-up study with Gabonese school-

children they revealed anti-inflammatory, Schistosome-antigen-specific Interleukin-10 (IL-10) 

to be significantly higher in infected children and this finding was inversely correlated with a 

positivity of a skin reaction to mites. IL-10 is an anti-inflammatory cytokine that can thus 

dampen the reactivity of Th1 cells and thereby lead to a lower synthesis and release of pro-

inflammatory cytokines like Interleukin-6 (IL-6) or tumor necrosis factor alpha (TNF-α) 

[Couper et al. 2008]. Important sources of IL-10 are Tregs [Laidlaw et al. 2015]. A lack of IL-

10 in turn could be found in alveolar macrophages of patients suffering from asthma [Borish 

et al. 1996], assorting the observation of van den Biggelaar. Additionally, in mouse models it 

could be shown that IL-10 indeed dampens inflammation mediated by the Th2 arm of the 

immune system [Wilson et al. 2007]. The underlying mechanisms of how IL-10 can dampen 

Th2 driven diseases like asthma or allergies however are complex and remain poorly under-

stood. It is very likely that not only the Th1 and Th2 cell balance influences the development 

of allergies but also other, yet unknown factors. Nowadays, it is assumed that apart from 

Th1/2 cells, further T cells (e.g. Treg or Th17) in combination with innate cytokines and cells 

play a major role in the pathogenesis [Stiemsma et al. 2015].  

1.1.4 Animal models and human intervention studies 

Epidemiological data plays an important role in the elucidation of the hygiene hypothesis. In 

this context, especially trials investigating the incidence of allergies and other autoimmune 

diseases in migrants that moved from areas with lower to those with higher incidences are 

of interest. For instance, children of Asian origin who moved to the United Kingdom together 

with their families showed an increase in the risk of developing DM1 [Bodansky et al. 1992]. 

Nonetheless, those migration studies could only strengthen, but not proof the hygiene hy-

pothesis. Proof of principle could for one thing be reached by the investigation of animal 

models. Using for example non-obese diabetic mice, it was shown that the incidence of DM1 

was particularly dependent on the contact with pathogens: nearly all mice bred in pathogen 

free facilities developed DM1, whereas the disease rarely occurred in mice bred in normal 

facility environment [Bach 2002]. A very elegant approach to proof the hygiene hypothesis in 

a human setting, are prospective intervention studies that mainly focus on the effect of hel-

minth eradication. In the already mentioned study in Gabon for instance, it could be demon-



Introduction 

5 

strated that the risk of chronically infected children developing a skin positive test towards 

house dust mite antigens rises and therefore directly correlates with repeated anti-

helminthic treatment and thereby helminth eradication [van den Biggelaar et al. 2004]. The 

same effect could be demonstrated in a study performed in Venezuela, where helminths are 

also endemic: the successful eradication of the latter in children led to an increased reactivi-

ty in the skin-test and additionally rising levels of Immunoglobulin (Ig) E antibodies [Lynch et 

al. 1993]. IgE on the one hand is important for the protection against worm infections and 

on the other hand is responsible for immediate-type allergies. However, the findings are 

inconsistent, since in an exemplary big trial in Ecuador, no effect of anti-helminthic treat-

ment on atopy or allergy prevalence could be observed [Cooper et al. 2006]. 

1.1.5 Influence of prenatal environment on the child’s immune system 

The environment during childhood shapes the immune system and thereby the allergy sus-

ceptibility. Certainly, an important interference takes place a lot earlier, namely already dur-

ing the pre- and perinatal phase [Gollwitzer and Marsland 2015]. Although this circumstance 

is known and again strengthened by epidemiological data, the mechanisms that lead to a 

higher or lower risk of autoimmune disease later in life, are still widely unknown. Many dif-

ferent maternal factors shape the child’s immune system (see Figure 1.1, adapted from 

[Gollwitzer and Marsland 2015]). One of the demonstrated examples that have been investi-

gated intensively is maternal obesity: Apart from the children of obese mothers being at 

greater risk of obesity themselves [Drake and Reynolds 2010], those subjects were also 

found to show a higher incidence of immunological disorders like asthma [Lowe et al. 2011]. 

Further examples for maternal factors and perinatal influencers of the growing child’s im-

mune system are demonstrated in Figure 1.1: Interestingly, apart from environmental varia-

bles like contact to farm animals or cigarette smoke and continuous physical risk factors like 

alcohol abuse or obesity, also temporary stimulators like maternal stress reactions or the 

perinatal usage of antibiotics play a major role [Gollwitzer and Marsland 2015]. We are par-

ticularly interested in the influence of maternal helminth infections on the growing child 

which will be introduced in the following section 1.2.  
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Figure 1.1: Influence factors during the prenatal and perinatal phase 

Many influence factors act, directly or indirectly, upon the growing child and its developing immune 
system. Two distinct phases that are essentially important are the prenatal (green balloon) and 
perinatal (purple balloon) phase. The term “infection” is encircled since it is the particular influencer 
in the prenatal phase that we are interested in. The figure was sketched single-handed and its design 
and content are adapted from [Gollwitzer and Marsland, “Impact of Early-Life Exposures on Immune 
Maturation and Susceptibility to Disease”, Trends Immunol, p. 687, 2015]. 

1.2 Maternal helminth infection and allergy susceptibility of the 
offspring 

In the context of the hygiene hypothesis and especially concerning the role of helminth in-

fections during pregnancy, our group showed that there is a direct link between maternal 

infections during pregnancy and the offspring’s risk for allergic airway inflammation (AAI). 

The analysis of an experimental model with Schistosoma mansoni (S. mansoni) showed that 

in offspring of chronically schistosome infected mothers the development of AAI was severe-

ly supressed. [Straubinger et al. 2014]  

 

 

Prenatal development Perinatal development

Drug treatment
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Nutrition
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1.2.1 Immune phases of the schistosome infection  

As mentioned above, schistosomes belong to the group of helminthic parasites with approx-

imately 1.5 billion people worldwide being infected, especially in the tropics [WHO 2016].  

Most infections are chronic and clinically unapparent or cause mild disease symptoms that 

are rarely fatal. Instead, they trigger subtle immune modulation of the host’s immune sys-

tem that is presented in Figure 1.2 [Loffredo-Verde 2016, p. 13]. During infection, the host 

undergoes three different immunological phases that are all characterized by a different and 

distinctive cytokine composition. Initially, the infection leads to a Th1 prone immune re-

sponse with the pro-inflammatory IFNy being the most dominate cytokine (acute Th1 

phase). [Loffredo-Verde 2016] 

Subsequently, the Th1 phase is followed by a Th2 dominated phase and finally a regulatory, 

immunosuppressive (Reg) phase that allows the parasite to maintain in its host’s body 

[Pearce and MacDonald 2002]. 

 
Figure 1.2: Th1 and Th2 immune responses during S. mansoni infection in C57/BL/6 mice 

Depending on the helminths life-stage, different immune responses are evoked within the host. The 
acute phase is denoted by a Th1-cell response with high levels of IFNy. As the worms mature with 
consequencial egg deposition, a stronger Th2-cell response affiliates with high levels of classical Th2 
cytokines (e.g. IL-10, IL-5, IL-13) and subsequently a final regulatory immunosuppressive phase 22 
weeks post infection (Reg). Usage with personal permisson of Eva Loffredo-Verde, from [Loffredo-
Verde, “The interaction of hepatitis B or C virus infection and schistosomiasis in chronic pathogen-
induced liver inflammation”, dissertation, p.13, 2016].  
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1.2.2  Helminth infections and their influence on pregnancy 

Helminth infection affects approximately 1.44 billion people worldwide and is a common 

event during pregnancy, especially in endemic areas where infection rates range from 

10-70% [Straubinger and Prazeres da Costa 2014]. Up to now, maternal schistosomiasis dur-

ing pregnancy has been postulated to be mainly associated with premature delivery and low 

birth weight [Siegrist and Siegrist-Obimpeh 1992, Olds 2003, Friedman et al. 2007, Siza 

2008]. Studies on schistosome-associated pregnancy performed in Uganda have expanded 

the knowledge of effects of maternal infection on clinical signs of allergic diseases in infants 

within the first year of life: they demonstrated that treatment with albendazole (medication 

used for the treatment of a variety of parasitic worm infestations) during pregnancy leads to 

an increased incidence of childhood eczema, clearly demonstrating that maternal infection 

during pregnancy can influence the development of the infant’s immune system [Mpairwe 

et al. 2011].  

Even though the parasites do not cross the placental barrier, there is evidence for in utero 

sensitizing of the child, elucidated through cord blood lymphocyte analysis collected from 

offspring of infected and uninfected dams. In a study by King et al., it could be elicited that 

cord blood lymphocytes can produce helminth antigen-specific IgG and polyclonal IgE. These 

results hint towards an in utero stimulation of B cells and T memory cells of the growing 

child and support the assumption that maternal host reactions towards helminths can dis-

tinctly shape the offspring’s developing immune system. [King et al. 1998] 

Even though the infection itself is not known to be transferred diaplacentally, schistosome 

antigens (in form of soluble egg antigen) could be observed in cord blood sera of children 

born from mothers that were infected at the time of delivery. Thereby, the child’s develop-

ing immune system might indirectly be shaped or influenced by the maternal infection. 

[Attallah et al. 2003]  
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1.2.3 Maternal helminth infections alter offspring’s immune responses 

[Straubinger et al. 2014] 

As mentioned above, our group was able to show that in a murine model with S. mansoni, 

maternal infection during pregnancy substantially suppresses the development of AAI in the 

offspring. All following data were published in JACI 2014 by Straubinger et al. [Straubinger et 

al. 2014]. In brief, mothers were mated in the different phases of infection (Th1, Th2, Reg) 

with uninfected males. Subsequently, their offspring’s reaction towards Ovalbumin-induced 

AAI was compared to that from offspring of non-infected mothers. Ovalbumin is a protein 

from the egg white of bird eggs that is frequently used to provoke allergic reactions. The 

severity of AAI was assessed by counting of leucocytes and eosinophils in bronchoalveolar 

lavage (BAL), lung inflammation score and periodic acid-Schiff (PAS)-stained lung tissue sec-

tions. Interestingly, the in a way protective effect of maternal schistosome infection against 

AAI in the offspring could not be seen in all respective animals, but only in those offspring 

from mothers that were mated in the Th1- or Reg-phase of the infection. Those from moth-

ers that were mated in the Th2-phase even developed aggravated AAI compared to offspring 

from non-infected mothers. Assuming a multidimensional system, the placenta as the organ 

in which most of the feto-maternal crosstalk takes place, was thought to be important for 

the mediation of the protective effect. Indeed, when performing microarray analysis of the 

placentas, high amounts of differentially expressed genes were found in each phase (see 

Figure 1.3, a). In the Th1 and Reg phase those genes were mainly downregulated, whereas in 

the Th2 phase the differentially expressed genes were principally upregulated. Interestingly, 

six genes overlapped in the Th1 and Reg phase where the offspring from infected mothers 

were less susceptible towards AAI. Two of them seemed particularly important: The hy-

droxy-delta-5-steroid dehydrogenase (Hsd3b1) and the vitamin D receptor (VDR) (see Figure 

1.3 b). [Straubinger et al. 2014] 
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Figure 1.3: Placental gene expression is altered by maternal schistosome infection 

Heatmap (a) demonstrates significantly down-regulated (blue) and up-regulated (yellow) genes in 
placentas from infected vs. uninfected mothers. Number of differentially expressed genes and 
overlapping genes between the three phases are depicted in Venn diagram. Relative placental target 
gene mRNA expression of IFNy, IL-5, IL-10, Hsd3b1, Foxp3, VDR (normalized to hypoxanthine-guanine 
phosphoribosyltransferase (HPRT)) (b) of infected in relation to uninfected mothers. Usage with 
personal permission of Kathrin Klar, from [Straubinger, “Immunosuppressive and transgenerational 
effects on the development of allergic airway inflammation during Schistosoma mansoni infection”, 
dissertation, p. 96, 2013], data also published in [Straubinger et al. 2014].  

Hsd3b1 plays an important role in the progesterone production during pregnancy and there-

fore maintenance of pregnancy itself. Especially the fact that the VDR and therefore an im-

portant interface in vitamin D metabolism itself was downregulated appeared to be of par-

ticular importance: Since vitamin D metabolism has long been known to not only regulate 

bone health and calcium homeostasis, but also to have a substantial influence on the im-

mune system and the development of allergies and autoimmune diseases [Prietl et al. 2013, 

Mirzakhani et al. 2015]. 
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1.3 Vitamin D - effects below bone and calcium metabolism  

Vitamin D is known to have various effects with the most investigated and best understood 

ones being its role in calcium homeostasis and bone health: it increases the calcium resorp-

tion from the gut and promotes its incorporation into the bone [Deutzmann 2012]. Apart 

from those “classical” vitamin D effects, it comprises a series of other impacts on different 

cells and tissues like modulation of the immune system or regulation of hormone secretion 

and additionally can have effects on the course of pregnancy [Bikle 2009, Shin et al. 2010, 

Prietl et al. 2013]. In addition to its increasingly elucidated influence on human health, it is 

becoming clear that vitamin D deficiency is widely spread among the world’s population 

[Holick 2007]. Especially in pregnant women, vitamin D deficiency seems to be an obvious 

and nearly epidemic problem [Bodnar et al. 2007, Mulligan et al. 2010]. This might have 

broad effects not only on maternal but also on the fetal and later in life the child’s health. In 

this context, the placenta as the organ, where most of the feto-maternal crosstalk takes 

place probably is of pivotal importance. Not only is the placenta able to synthesise active 

vitamin D itself [Weisman et al. 1979], but it also reacts to higher or lower concentrations of 

the latter with for instance modulation of local cytokine production or immune response to 

infection [Shin et al. 2010]: Cultured human decidual natural killer (NK) cells dampen the 

expression of e.g. TNFα or IL-6 in the presence of calcitriol, the biological active form of vit-

amin D, whereas the expression of cathelicidin antimicrobial peptide rises [Evans et al. 

2006]. Also in trophoblast cells, calcitriol was shown to decrease the expression of TNFα-

induced cytokines like IFNy or IL-6 [Diaz et al. 2009]. The role of calcitriol within the human 

body and especially during pregnancy will be part of the following sections.  

1.3.1 Vitamin D synthesis and sustenance within the human body 

Vitamin D is a hydrophobic steroid that is not a vitamin in the classical sense, since the hu-

man body can synthesize it from non-dietary cholesterol. It further functions as pro-

hormone. The most important representatives are cholecalciferol (vitamin D3) from animal’s 

origin and ergocalciferol (vitamin D2) from plant’s origin. Its biologic active forms are 

1,25-Dihydroxycolecalciferol (Calcitriol, 1,25(OH)2D) and 1,25-Dihydroxyergocalciferol. 

Henceforth, both, vitamin D2 and D3 are represented by “vitamin D”. As mentioned above, 

the human body can synthesize Calcitriol from cholesterol or more specifically 
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7-Dehydrocholesterol, the last intermediate of the cholesterol synthesis. Cholecalciferol is 

synthesized within the skin by cleavage of the steroid skeleton by ultraviolet radiation. It is 

then further processed within the liver via hydroxylation which results in 

25-Hydroxycholecalciferol (25(OH)D) and is then finally activated by yet another hydroxyla-

tion to Calcitriol. The mediation enzyme 1α-hydroxylase (Cyp27b1) is mainly expressed with-

in the proximal tubule of the kidneys. [Deutzmann 2012] 

A negative feedback loop is ensured by another hydroxylase, Cyp24a1, which is not only in-

duced by active vitamin D but also degrades 1,25(OH)2D and 25(OH)D via hydroxylation at 

C24 [Omdahl et al. 2002].  

Not only the kidney but also other organs and cells like the placenta or immune cells are 

known to produce active vitamin D and therefore it is most likely that calcitriol not only acts 

in an endocrine way but also influences tissues and cells in a para- or even autocrine way 

[Aranow 2011]. 

1.3.2 General functions of vitamin D 

By now, vitamin D is known to have several effects apart from its “classical” influence on the 

calcitropic system mentioned above. Among others, it has a broad influence on the innate 

and adaptive immune system, underlined by the fact that the VDR is expressed in many dif-

ferent types of immune cells like monocytes [Dickie et al. 2010], macrophages [Helming et 

al. 2005], B cells [Chen et al. 2007] or activated T cells [Daniel et al. 2008]. In general, vitamin 

D seems to benefit a conversion from a rather pro-inflammatory towards a more tolerogenic 

state of the immune system (summarized in [Prietl et al. 2013]). Particularly in T cells, vita-

min D can lead to a changed cytokine profile [Lemire et al. 1985]. This seems to encourage 

the development of Th2 cells and thereby facilitate the synthesis and release of rather anti-

inflammatory Th2 cytokines (e.g. IL-10) [Boonstra et al. 2001]. In contrast to that, when 

treated with calcitriol, Th1 cell mediated secretion of pro-inflammatory cytokines, like IFNy, 

is inhibited [Lemire et al. 1995, Cantorna 2010]. Additionally, vitamin D, through binding to 

its receptor, directly enhances antimicrobial effects by an upregulation of the transcription 

of antimicrobial products like defensin β2 or cathelicidin [Wang et al. 2004]. 
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1.3.3 Genomic and non-genomic responses to vitamin D via binding to its re-

ceptor VDR 

Since vitamin D is strongly hydrophobic and thereby needs to be transported within the 

bloodstream, the great majority of vitamin D is bound to a serum protein called vitamin D 

binding protein (DBP) which carries it towards its effector sites [Cooke and Haddad 1989].  

The hormonal effects of active vitamin D are diverse and mediated through its binding to the 

intracellular receptor VDR [Dusso et al. 2005]. The following heterodimerization with the 

retinoid X receptor (RXR) and nuclear translocation not only influences the calcitropic system 

but also others like immune responses via the transcription of certain target genes [Guillot et 

al. 2010]. The sequence that follows after binding and further examples of vitamin D-VDR 

effects are demonstrated in Figure 1.4: In case of high serum levels of calcium a negative 

feedback-loop is induced after binding to the VDR. Through reduction of the parathormone 

secretion from the parathyroid gland less calcium is released from the bone. In Th2 cells on 

the other hand it upregulates the production of classical Th2 cytokines like IL-10 or IL-13 

[Shin et al. 2010]. Additionally, Calcitriol directly influences the body’s reaction to infection 

by increasing the gene expression of cathelicidin antimicrobial peptide [Wang et al. 2004]. 
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Figure 1.4: Effects of vitamin D by binding to its receptor VDR 

1,25(OH)2D is transported to target cells by DBP. After binding of 1,25(OH)2D to its intracellular 
receptor VDR heterodimerisation with the retinoid X receptor (RXR) takes place. This complex 
dislocates into the nucleus and binds to vitamin D response elements (VDRE) of the DNA which in 
turn leads to different genomic responses. Apart from that, binding of 1,25(OH)2D to its receptor can 
also lead to nongenomic and therefore faster responses. The figure was sketched single-handed and 
its design and content are adapted from [Shin et al., “Vitamin D effects on pregnancy and the 
placenta”, Placenta, Author manuscript p. 18, 2011], additional content from [Dusso et al. 2005, 
Barrera et al. 2007, Barrera et al. 2008, Nguyen et al. 2015]. 

In the context of pregnancy it is interesting to know that the vitamin D-VDR complex plays a 

role in e.g. estradiol and progesterone secretion [Barrera et al. 2007]. Additionally, a faster 

non-genomic signalling cascade is provided by plasmatic receptors with for instance activa-

tion of protein kinase C or phospholipase A2 [Mizwicki and Norman 2009]. Protein kinase C 

generally functions as activator of proteins that play a role in cell growth, differentiation and 

apoptosis whereas phospholipase A2 matters in the context of inflammation: it releases ara-
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chidonic acid out of glycerophospholipids that is further metabolised to prostaglandins and 

leucotrienes [Deutzmann 2012].  

1.3.4 Pregnancy related effects of vitamin D and its role at the feto-maternal 

interface 

Vitamin D supports important functions of the immune system and therefore influences eve-

ry individual’s health. Accordingly, vitamin D deficiency can lead to adverse health outcomes. 

Especially the role of vitamin D status during pregnancy seeks more and more attention. 

Vitamin D deficiency is however not uncommon but rather a wide spread problem around 

the world: In Europe for example, Cashman et al. showed that around 40% of the population 

suffers from vitamin D deficiency, regardless of their age, ethnics and latitude of habitation 

[Cashman et al. 2016]. Vitamin D deficiency, with 25(OH)D as the best surrogate for the bod-

ies sustenance, is classified by the Institute of Medicine (IOM) of the National Academy of 

Science in the following manner: Sufficiency with levels >30 ng/ml, insufficiency with 

25(OH)D levels between 20-30 ng/ml and deficiency with 25(OH)D levels below 20 ng/ml 

(summarized in [Holick et al. 2011]). Especially in vulnerable groups of our population like 

pregnant women, vitamin D deficiency is of high prevalence: Bodnar et al. could show that in 

an American cohort of black and white women, respectively 29.2 % and 54.1 % were not 

sufficiently supplied with vitamin D at the time of birth [Bodnar et al. 2007]. In another longi-

tudinal study analyzing vitamin D levels in Caucasian women in gestational weeks 12, 20 and 

35, depending of the time of measurement 96 %, 96% and 75 % were not sufficiently sup-

plied with vitamin D [Holmes et al. 2009]. The circumstance of a lack of the latter is known to 

have adverse effects for both the mother and the growing child. The mother is at greater risk 

for pregnancy diseases like pre-eclampsia [Baker et al. 2010], gestational diabetes mellitus 

[Zhang et al. 2008] or bacterial vaginosis [Bodnar et al. 2009] whereas children born from 

vitamin D insufficient mothers are more prone towards chronic diseases later in life with 

early childhood wheezing [Devereux et al. 2007], asthma [Erkkola et al. 2009] or DM1 [Stene 

et al. 2000] being prominent and well investigated examples. However, whether there is a 

direct causal relationship between these diseases and low vitamin D levels is currently un-

known. We hypothesize that the placenta as the central organ for the communication be-

tween mother and child plays an important role in this context. This assumption is further 

supported by the knowledge that placental cells contribute decisively to the local vitamin D 
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metabolism and express all enzymes of the vitamin D metabolism including the VDR itself 

[Zehnder et al. 2002, Vigano et al. 2006, Pospechova et al. 2009]. In the following section, 

the placental structure will be further described and its immunological role will be discussed. 

1.4 The placenta as central organ in feto-maternal crosstalk  

Since the placenta is the main organ for the feto-maternal crosstalk, many investigations 

focussed on the influence of placental and thereby local vitamin D metabolism [Park et al. 

2017, Tamblyn et al. 2017, Workalemahu et al. 2017]. Generally, the placenta forms the bar-

rier between the fetus and the mother and is thereby important for supplying the growing 

child with nutrients. It also takes care of the gas exchange and is a major site for hormone 

production of e.g. progesterone and estradiol [Reister 2011], production of cytokines like IL-

10 [Roth et al. 1996] and growth factors like the placental growth hormone which regulates 

gluconeogenesis and lipolysis [Scippo et al. 1993, Zeck et al. 2008]. In addition to those func-

tions, the feto-maternal interface occupies several immunological functions with the protec-

tion of the fetus from maternal rejection being one of the most prominent ones. 

1.4.1 The placenta: structure of the feto-maternal interface 

For the understanding of this organ it is indispensable to have a notion of its general struc-

ture (see Figure 1.5). The placenta is built from fetal cells and contains both fetal and mater-

nal blood vessels. The fetal side, meaning the so called chorion and the umbilical cord is cov-

ered with epithelium called amnion. The intervillous space, filled with maternal blood, is 

located between chorion and maternal decidua (see explanation below). Here, the fetal villi, 

built from umbilical arteries covered with trophoblast cells, dive in. The surrounding tropho-

blast cells form the placental barrier which separates fetal and maternal blood. The regulat-

ed nutrient and gas exchange between mother and child is ensured through diffusion and 

active transport. Only certain substances like for instance oxygen, electrolytes or glucose can 

pass the placental barrier.  
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Figure 1.5: Placental structure 

In general, the placenta is comprised of a maternal blood lake (intervillous space) into which the fetal 
villi are diving in, resembling a reversed tree. Villi are built of ramifictions of umbilical arteries. Those 
are covered by trophoblast cells that form the placental barier. Deoxygenated and nutrient-poor 
fetal blood is transported to this kind of membrane by the two umbilical arteries and 
oxygen/nutrients enriched blood is then transported back to the fetus by the umbilical vein. Figure 
translated from [Carter and Gray, “Schematischer Aufbau der Plazenta”, 1918, from 
https://commons.wikimedia.org/wiki/File:Plazenta.png, retrieved 28.09.2016]. 

The process of the invasion of fetal derived so called trophoblast cells into the maternal 

uterine endometrium is called placentation (see explanation in Figure 1.6). For this occur-

rence to be successful, it is important that the endometrium undergoes a functional and 

structural reorganisation towards an implantation and thereby pregnancy supporting epithe-

lium, the so called decidua. Within the placenta, a close contact between fetal and maternal 

blood is established to provide the functions mentioned above. That again underlines the 

importance of the immunological functions of the placenta. [Reister 2011] 

Since one placental side is directly connected with the mother and the other directly with 

the child, it is likely that differences between the fetal and the maternal sides can be found. 

Thereby, both sides will be investigated within the study at hand, a process that was techni-

cally not possibly in the mentioned murine study (see section 1.2.3). 



Introduction 

18 

 

Figure 1.6: Process and structures of placentation after fertilization of the ovum 

To enable nidation of the fetal structures into the maternal endometrium (uterine mucosa), structual 
and functional reorganisation of the latter is needed. After these reorganising processes the 
endometrium that partly forms the placenta is called decidua. Fetal derived cells, the trophoblast 
cells, invade into the decidua and form the major cell type of the placenta. More specifically, the 
trophoblast consists of single cells, the cytotrophoblast and a kind of melded cells that form the 
syncytiotrophoblast.The latter is the part that invades the decidua. The figure was sketched single-
handed and its design is adapted from [Reister, “Entstehung und Entwicklung einer Schwangerschaft” 
in Kiechle: “Gynäkologie und Geburtshilfe“, p.167, 2011]. 

1.4.2 Immunological environment within the placental bed  

To perceive its diverse immunological functions, the placental bed composes a unique com-

position of immunological cells that inhabit the decidua: At least 40% of the decidual stroma 

cell population is built by leukocytes which belong to the maternal immune system [Bulmer 

et al. 1991, Erlebacher 2013], including macrophages, T cells (CD4+, CD8+ and Treg), B cells, 

dendritic cells and a special subpopulation of natural killer cells, the uterine (decidual) natu-

ral killer cells (uNK) [Arck and Hecher 2013].  

Here, apart from their “normal” role, they are trimmed to reduce the risk of the placenta 

being attacked in a host versus graft manner that is known from organ transplantation. The 

two largest leukocyte cell populations are formed by macrophages (≈20%) and uNK cells 

(≈70%). The latter play a pivotal role in uterine vascular remodelling and are therefore indis-

pensable especially in the first part of pregnancy. Additionally and in line with the assump-
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tion that hypertensive pregnancy diseases derive from flawed vascular remodelling during 

placentation, impairment of uNK cells is known to be linked with pre-eclampsia. [Erlebacher 

2013] 

Macrophages, as second largest leukocyte population within the feto-maternal interface, are 

indispensable for decidual tissue remodelling: Accordingly, decidual macrophages are 

skewed towards the so called M2-state of macrophages which is mainly associated with im-

munosuppressive effects [Gustafsson et al. 2008]. The role of T cells within the feto-

maternal interface currently is not revealed, even though they constitute around 10-20% of 

the decidual leucocytes and are thereby the third largest population whereas dendritic cells 

and B-cells are rarely found [Erlebacher 2013]. Alike macrophages, those dendritic cells pre-

sent within the placental bed are in a rather tolerogenic state and produce for example less 

IL-12 and more IL-10 compared to dendritic cells outside of the placental bed [Arck and 

Hecher 2013]. This state in turn can be promoted by different mediators like for instance 

vitamin D [Ferreira et al. 2012].  

However, not only the immune cells within the placental bed implement its immunological 

tasks but also the placental cells themselves contribute in this regard. The placenta can local-

ly react to a changed immunological environment since its cells (e.g. trophoblast cells) not 

only express cytokine receptors but also produce pro- and anti-inflammatory cytokines like 

IFNy, TNF-alpha or IL-10 [Bennett et al. 1996, Jokhi et al. 1997]. Interestingly, the cytokine 

production could be demonstrated to be influenced by vitamin D within trophoblast cells 

where it inhibits the production of inflammatory cytokines like IFNy or IL-6 [Diaz et al. 2009].  

In turn, various stimuli can affect the placental vitamin D metabolism: Within a murine 

study, Liu et al. could show that Lipopolysaccharide (LPS), injected intraperitoneally as a very 

strong inflammatory stimulus, could enhance the expression of placental VDR and Cyp27b1 

in the first place [Liu et al. 2011]. That alone emphasises the role of the vitamin D metabo-

lism in the context of inflammation. In a next step, using VDR and Cyp27b1 knockout mice, 

they showed that an in vitro stimulation of the placentas with LPS led to enhanced inflam-

mation with higher placental expression of IFNy and lower expression of IL-10 [Liu et al. 

2011]. This again underlines the generally anti-inflammatory responses that are mediated by 

vitamin D and emphasizes its importance in the context of inflammation: Vitamin D could be 

regarded as a protective agent e.g. against massive inflammatory stimuli.  
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Tavakoli et al. demonstrated that human endometrial cells adapt their cytokine production 

in vitro when being treated with 1,25(OH)2D. IFNy production was significantly reduced in 

these cells in the presence of vitamin D. Generally, the cytokine profile of the cells was 

shaped towards a Th2 phenotype through the treatment with 1,25(OH)2D, similar to the ef-

fect of vitamin D on immune cells mentioned above. [Tavakoli et al. 2011] 

Taken together, the overall anti-inflammatory effects of vitamin D through its receptor are 

active locally within the placenta and thereby seem to be crucial for the balance between 

inflammatory and anti-inflammatory mechanisms or stimuli. 

1.5 Aims of the study 

In summary, a mechanistic link between VDR/vitamin D and inflammation/infection has 

been clearly demonstrated. Additionally, a connection between dysregulated vitamin D me-

tabolism during pregnancy and the child’s allergy and asthma susceptibility later in life is 

being discussed. However, to our knowledge, no study so far linked all of those factors with 

each other and the exact mechanisms of how e.g. parasite infections can protect from the 

development of allergic diseases remain widely unclear. We assume that placental vitamin D 

metabolism, particularly the VDR, is one essential component in this context.  Consequently, 

we set up a pilot study to draw first conclusions within a human setting. In more detail we 

aimed to compare a healthy cohort from Munich, Germany with one from Lambaréné, Ga-

bon. Gabon is a central-African country where helminth infections are endemic. Our specific 

interest was to get a closer insight of what influence helminth infection or more generally a 

helminth-endemic environment might have on placental vitamin D metabolism in humans. 

We hypothesize, with the results of our murine studies in mind (see chapter 1.2.3), that in 

chronically helminth infected individuals through low-level (systemic and placental) inflam-

mation the placental VDR might be downregulated. Our main aim is to investigate the find-

ings of the murine study as mentioned above in a human setting and to see if differences can 

be found between the Gabonese group and the German “control group”. To address our 

hypothesis, we implemented a human pilot study in cooperation with the Centre de Re-

cherches Médicales de Lambaréné (CERMEL) in Lambaréné, Gabon, and the Frauenklinik 

rechts der Isar in Munich, Germany. Within samples of both cohorts from the fetal and ma-
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ternal side of the placenta, gene expression levels of VDR, Cyp27b1, IFNy, IL-10, Foxp3 and 

Hsd3b1 were analysed and compared. 

The main questions and aims of this study are enlisted below, divided into 4 different sub-

groups. 

(1) General aims: 

a) To establish a work flow for the placenta sample collection and processing with the 

development of a transferable protocol for Gabon. 

b) To establish the quantitative real-time Polymerase Chain Reaction for the measure-

ment of placental gene expression. 

c) To build up a cooperation with both the CERMEL in Lambaréné, Gabon, and the 

Frauenklinik rechts der Isar in Munich, Germany. 

(2) Investigation of placental gene expression: 

a) Are all investigated genes (VDR, Cyp27b1, Hsd3b1, IFNy, IL-10 and Foxp3) constantly 

expressed on both (maternal and fetal) sides of the placenta? 

b) Do gene expression levels differ when comparing the fetal with the maternal side of 

the placenta? 

c) Are the investigated genes differentially expressed when comparing a cohort from 

helminth-endemic Gabon with a control group of Germany? 

(3) Investigation of correlation patterns: 

a) Do gene expression levels of the fetal and the maternal side of the placenta corre-

late? 

b) Do placental cytokine expression levels (pro- and anti-inflammatory) correlate with 

those of the vitamin D metabolism (VDR, Cyp27b1)? 

c) Do correlation patterns of German and Gabonese cohort differ? 

(4) Additional questions addressing the German cohort only: 

a) How good is the vitamin D supplementation in a healthy cohort in general? 

b) Do systemic vitamin D levels correlate with placental VDR expression? 

As mentioned above, this study constitutes a pilot study and shall pave the way for a bigger 

study in Gabon. 
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2 Material and Methods 

2.1 Materials 

2.1.1 Equipment 

1000TouchTMThermal Cycler Bio-Rad 

Automatic pipettes (2-1000μl) Gilson® 

Centrifuge (Biofuge fresco) Heraeus 

Centrifuge (Eppendorf 5424) Eppendorf 

Centrifuge (Megafuge 3.0R) Heraeus 

Freezer (-20°C) Bosch 

Freezer (-80°C) Thermo Scientific® 

Fridge Bosch 

Glassware Schott 

Microscope (Axiovert) Zeiss 

Multichanel pipettes (Acura® 855; 5-350μl) Socorex 

Multipette® plus Eppendorf 

Mr. Frosty™  Thermo Scientific® 

NanoDrop® 1000 Spectrophotometer Thermo Scientific® 

Neubauer counting chamber Assistent® 

Pipetboy (acu) IBS 

Thermocycler (T3000) Biometra 
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2.1.2 Software 

GraphPad Prism 5 GraphPad Software 

Nanodrop® 1000 V 3.7.0 Kisker 

2.1.3 Consumables 

BD Luer-Lok™ Access Device BDBioscience 

Bood collection tubes (heparin, EDTA) Sarstedt 

Catch all sample collection swabs Biozym 

Cover slips Roth® 

Cryo vials  Alpha Laboratories 

Disposable bags Roth® 

Eppendorf tubes (0.5-2ml) Eppendorf 

Falcon tubes (15ml, 50 ml) Greiner 

Forceps (sterile, plastic) Praxisdienst 

Gloves Meditrade® 

Leucosep-Tubes Greiner 

Parafilm M® Pechiney 

PAXGene RNAtubes BDBioscience 

Petri dishes Greiner 

Pipet tips (10-1000μl) Starlab 

Powerlyzer PowerSoil Bead Solution Dianova 

Scalpel No.10 Pfm medical 

Scalpels Feather 

Serological pipettes (5-50ml) Greiner 
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2.1.4 Reagents 

Bicoll, Ficoll separating solution (density 1.077g/mL) Biochrom AG 

Chloroform Roth® 

Deoxynucleoside triphosphate (dNTPs) Promega 

Dimethylsulfoxid (DMSO) Sigma® 

Ethanol 70%-99.8% (v/v) MRI Pharmacy 

Isopropanol MRI Pharmacy 

Light Cycler® 480 Probes Master Roche 

M-MLV RT 5X Reaction Buffer Promega 

M-MLV RT (H-)Point Mutant Promega 

Oligo(dT)15 Promega 

RNAlater® Ambion® 

Trypan blue solution 0.4% (v/v) Sigma® 

2.1.5 Medium supplements 

Fetal calf serum (FCS) PAA 

RPMI 1640  PAA  

2.1.6 Kit systems 

GenElute™ Mammalian Total RNA Miniprep Kit Sigma® 

Total RNA Kit, peqGOLD VWR 

Tissue homogenizing CKMix - 2mL Precellys® 

QuantiTect Reverse Transcription Kit Quiagen 
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2.1.7 Primer sequences 

HPRT (reference gene)  

Forward primer 5' tgaccttgatttattttgcatacc 3' 

Reverse primer 5' cgagcaagacgttcagtcct 3' 

Dual labelled probe Universal ProbeLibrary Probe #73, Roche 

  
VDR, transcript variant 1  

Forward primer 5’ gaagctgaacttgcatgagga 3’ 

Reverse primer 5’ gtcctggatggcctcaatc 3’ 

Dual labelled probe Universal ProbeLibrary Probe #15, Roche 

  

VDR, transcript variant 2  

Forward primer 5’ tggacggagaaatggactct 3’ 

Reverse primer 5’ ttcagacccaaaggcttcc 3’ 

Dual labelled probe Universal ProbeLibrary Probe #82, Roche 

  

VDR, transcript variant 3  

Forward primer 5' gagcgattggctgtcgat 3' 

Reverse primer 5' ttcagacccaaaggcttcc 3' 

Dual labelled probe Universal ProbeLibrary Probe #67, Roche 

  

Cyp27b1  

Forward primer 5' cgcagctgtatggggaga 3' 

Reverse primer 5'cacctcaaaatgtgttaggatctg 3' 

Dual labelled probe Universal ProbeLibrary Probe #53, Roche 
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Foxp3  

Forward primer 5' cttccttgaaccccatgc 3' 

Reverse primer 5' gagggtgccaccatgacta 3' 

Dual labelled probe Universal ProbeLibrary Probe #44, Roche 

  

Hsd3b1  

Forward primer 5' tcttcggtgtcactcacagag 3' 

Reverse primer 5' ggcacactagcttggacaca 3' 

Dual labelled probe Universal ProbeLibrary Probe #17, Roche 

  
IL-10  

Forward primer 5' gatgccttcagcagagtgaa 3' 

Reverse primer 5' gcaacccaggtaacccttaaa 3' 

Dual labelled probe Universal ProbeLibrary Probe #67, Roche 

  
IFNy  

Forward primer 5' ggcattttgaagaattggaaag 3' 

Reverse primer 5' tttggatgctctggtcatctt 3' 

Dual labelled probe Universal ProbeLibrary Probe #21, Roche 

  

2.2 Methods 

2.2.1 Patient’s recruitment 

Mothers, patients of the Frauenklinik rechts der Isar in Munich or the Centre de Recherches 

Médicales de Lambaréné , were recruited to the study within the last hours before birth. The 
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purpose and aims of the study were explained thoroughly and each patient was enlightened 

about which sample material was needed. Written informed consent was obtained and not 

only signed by the mothers but also by the fathers if possible since the study also included 

their children. Each patient had to fit a certain inclusion criteria and was only included in the 

study in absence of any exclusion criteria. Those criteria are summarized below. The mothers 

were followed closely during birth and also the child’s birth data and health were monitored 

and noted directly. Additionally, the patient’s history and course of pregnancy were en-

quired. All obtained information is summarized in chapter 2.2.2 and presented in the results. 

Ethical clearance was obtained from the ethical review committee of the faculty of medicine 

of the Technische Universität München (22.11.2013, project number 385/13) and by the 

Comité d'Éthique Institutionnel of the CERMEL (18.01.2014, Numéro CEI-MRU 13/2013) 

2.2.1.1 Inclusion criteria 

The patients recruited for the study had to fit the following inclusion criteria: 

 Age ≥ 18 

 Single pregnancy 

 Legally competent and mentally fit to understand and follow the instructions of the 

study personnel 

 Signed patient education and informed consent 

 Adequate bone marrow reserve with peripheral granulocyte numbers > 1500/µl and 

thrombocyte numbers > 40.000/µl 

 No status post recurrent thrombosis or lung embolism 

 No severe salience during physical examinations 

 Documentation of known anaphylaxis 

 Spontaneous birth at term (≥ 37 gestational weeks) 

2.2.1.2 Exclusion criteria 

Patients who met any of the following criteria of exclusion were not recruited for the study: 
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 Any of the following autoimmune diseases: Anti-Phosphlipid (antibody) syndrome, 

Goodpasture-Syndrome, rheumatoid arthritis, Lupus erythematodes, Sarcoidosis, 

ANCA Syndrome, Scleroderma, chronic polychondritis 

 Any of the following immunosuppressive diseases: X-chromosomal A-y-Globulinemia, 

severe combined immunodeficiency (SCID), common variable immunodeficiency 

(CVID), selective IG A Deficiency 

 Known Hepatitis B and/or C, HIV, HSV, CMV, Syphilis, Toxoplasmosis infection 

 Other severe and active infections 

 Current treatment with Corticosteroids  

 Requiring transfusion anaemia 

 Any other disease or medical treatment, that according to the principal investigator 

speak against an inclusion (e.g. pre-eclampsia, HELLP-Syndrome) 

 People with dependent or employment relationship to sponsors or investigators 

 Known current or former cancer disease 

Since only the German but not the Gabonese patients were recruited by ourselves, those 

patients were questioned and followed throughout birth in more detail than those from Ga-

bon. Therefore, some of the data mentioned in the following is only available from the Ger-

man cohort. Additionally, it should be mentioned that not all “German” patients originally 

came from Germany. However, all of them were Caucasian and no originally African patients 

were included in this cohort. 

2.2.2 Ascertained patient’s history 

 Maternal age, origin, parity, chronic diseases (e.g. allergies, asthma), supplements 
and medication during pregnancy 

 Course of pregnancy 

 Allergy status of the father and older siblings 

 Any salience during birth 

 Child’s data: sex, birthweight, size, APGAR score, umbilical cord pH value 
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2.2.3 Sample collection and processing 

Of all German patients included in the study, the following sample material was collected. 

Some samples are italicised since their processing and analysis is not part of this thesis. 

 Placenta samples from fetal and maternal sides 

 Heparinized maternal blood and cord-blood 

 Pax-gene blood (maternal and cord-blood) 

 EDTA blood (maternal and cord-blood) 

 Maternal rectal and vaginal swabs 

The respective samples were stored and further processed as summarized in Table 2.1.  Of 

the included patients from Gabon, we only received placental samples from both the fetal 

and the maternal side. 

Figure 2.1 summarises what data we aimed to gain through the recruitment of our patients 

and further analysis of the collected samples. 

 

Figure 2.1: Summary of the data and values gained through the patient’s characteristics 
and analysis of the serum and placenta samples 

 

patient's 
characteristics

• Maternal patient's history, maternal and paternal allergy history
• Course of pregnancy
• Child's birth dates

serum 
measure-

ments

• Vitamin D
• Calcium
• C reactive protein

placental 
gene 

expression

• Pregnancy related genes (Hsd3b1)
• Immunologically important genes (e.g. IL-10, IFNy)
• Genes related to Vitamin D metabolism (VDR, Cyp27b1)
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 sampling timeframe processing/storage 
Placenta samples 
  

Directly after the expulsion 
of the afterbirth 

 Stored in 500μl RNA later 
at 4°C for at least 24 hours 
up to 5 days 

   Transferred to freezer  
(-20°C) 

Heparinized maternal  
blood 

Preferably before birth while 
mother was in the delivery 
room, if not possible directly 
after birth 

 Stored at room  
temperature for up to 8 
hours 

  Plasma isolation and  
PBMC/CBMC 
isolation/cryopreserve-
tion, see chapter 2.2.4 

Maternal PAXgene® 
blood 

 Stored at room tempera-
ture for min. 2 hours and 
max. 72 hours 

  Transferred to freezer  
(-20°C) 

Maternal EDTA blood  Stored in refrigerator and 
transferred to freezer 
(-20°C) as soon as possible 

Heparinized cord-blood 

Directly after clamping and  
cutting of the umbilical cord 

 Stored at room  
temperature for up to 8 
hours 

  Plasma isolation and  
PBMC/CBMC isola-
tion/cryopreservation, see 
chapter 2.2.4 

Fetal PAXgene® 
blood 

 Stored at room tempera-
ture for min. 2 hours and 
max. 72 hours 

  Transferred to freezer  
(-20°C) 

Fetal EDTA blood  Stored in refrigerator and 
transferred to freezer 
(-20°C) as soon as possible 

Maternal rectal and 
vaginal swabs 

Preferably before birth while 
mother was in the delivery 
room, if not possible directly 
after birth 

 Stored in refrigerator and 
transferred to freezer 
(-20°C) as soon as possible 

Table 2.1: Summary of sampling process and storage 
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2.2.4 lsolation and cryopreservation of human peripheral blood mononuclear 

cells (PBMC)/Cord blood mononuclear cells (CBMC) 

For the isolation and following cryopreservation of PBMCs we used a Ficoll gradient tech-

nique: For the isolation heparinized maternal blood and cord blood were collected and han-

dled as described in Table 2.1. Before the actual PBMC/CBMC isolation, plasma was pre-

served after centrifugation of heparinized blood. The following isolation was achieved via 

Ficoll gradient, graphically demonstrated in Figure 2.2. In brief, blood was added in previous-

ly prepared leucosep tubes, filled with Ficoll. After centrifugation, only the upper plasma 

layer, containing the white blood cells, was further used. After two washing steps with PBS 

and RPMI complete medium and following centrifugation, the cell pellet was re-suspended 

in 2 ml of RRMI complete medium and cells were counted in a Neubauer chamber after 

staining with tryptan blue. After a last centrifugation step the cells were resuspended in 1ml 

freezing media (10 % DMSO in FCS) per 1x10^7 cells, aliquoted in cryotubes with a maximum 

of 1x10^7 cells/cryotube and stored in “MrFrosty®” at -80°C for slow cooling down for the 

next 24 hours. Finally, the cryotubes were transferred to liquid nitrogen until further pro-

cessing.  

 

Figure 2.2: PBMC isolation via Ficoll gradient 

Through usage of a filter and ficoll as high density medium, Erythrocytes and granulocytes get sucked 
under the filter after centrifugation whereas the leucocytes as cells of interest form a layer above the 
filter, inbetween the seperation medium and Plasma.  
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2.2.5 Quantitative real-time Polymerase Chain Reaction (qRT-PCR) 

For the analysis of placental gene expression levels, we performed qRT-PCR. The process 

from sample collection until qRT-PCR itself will be explained in the following. 

2.2.5.1 Placenta sample collection 

Placenta samples from healthy German and African mothers were collected from fetal and 

maternal sides of the placenta right after birth. In the murine study described in section 

1.2.3 the whole mouse placenta was used and analysed. Since the human placenta is a lot 

bigger and could not be analysed in one, we took samples from both the fetal and the ma-

ternal side. One placental side is directly connected with the mother and the other directly 

with the child; thereby it is likely that differences between the fetal and the maternal sides 

can be found. They were put into labelled cryotubes containing 500μl RNAlater® solution to 

stabilize placental RNA. Careful attention was payed that each sample was completely sur-

rounded by the RNAlater®, which is pivotal for the integrity and stability of RNA. The sam-

ples were stored at 4°C for at least 24 hours and then transferred to -20° for long time stor-

age.  

The workflow presented in Figure 2.3 was followed and the listed material was used for the 

preparation and implementation of the qRT-PCR. 
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Figure 2.3: Workflow and material for qRT-PCR 

2.2.5.2 RNA Isolation 

RNA was isolated from the fetal and maternal placenta samples using peqGold total RNA Kit. 

Before isolation, all tools and surfaces were treated with RNase AWAY to remove RNases 

and thereby to protect the samples. The method was performed as recommended by the 

manufacturer. In brief, approximately 40 mg of tissue was cut from the placenta sample and 

homogenised in 600 µl Lysis buffer using Precellys® Tissue homogenizing CKMix – 2 mL and 

Precellys®24 tissue homogenizer. The lysate was transferred on a DNA Removing Column. 

After centrifugation at 12.000*g for 1 minute at room temperature, the flow through was 

placed in another 1,5 ml Eppendorf tube. After addition of an equal amount of 70% Ethanol 

and vortexing, the solution was loaded on a PerfectBind RNA Column. Flow-through was 

discarded after another round of centrifugation. After two washing steps with 500 µl Wash 

Buffer I and 600 µl Wash Buffer II, the RNA Column was dried by centrifugation for two 

minutes at 10.000*g. Finally, the RNA was eluted with 50 µl of RNase-free water. RNA yield 

and purity were measured using a NanoDrop® 1000 Spectrophotometer. The resulting RNA 

was stored at -80°C until further processing.  

RNA Isolation

• Usage of peqGOLD Total RNA Kit
• Meassurement of RNA yield and purity with NanoDrop® 1000   

Spectrophotometer
• Storage at -80°C

cDNA 
synthesis

• Usage of 1µg RNA
• Synthesis with M-MLV Reverse Transcriptase (H-) Point Mutant 

(Promega)
• preservation of 25µl of cDNA at -20°C

RT-PCR

• Primer Design with Sigma-Aldrich®, Probes from Roche Universal Probe 
Library

• PCR reaction was performed in Biorad Thermocycler using the protocol 
described in section  2.2.5.4
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2.2.5.3 cDNA synthesis 

cDNA was prepared following the Promega usage information for first-strand cDNA synthesis 

with M-MLV RT (H-) Point Mutant. In short, 1 µg of RNA and 1 µl of Oligo(dT)15 were mixed 

with DEPC-treated water to a total volume of 14 µl. The reaction tubes containing the reac-

tion mix were heated in a thermocycler to 70°C for 5 minutes and then quickly cooled on ice 

for 5 minutes.  

A master mix for the subsequent syntheses was prepared as follows: 

Component Volume 

reaction buffer 5 μl 

nucleotide mix 1,25 μl 

reverse transcriptase 1 μl 

water 3,75 μl 

 

After cooling, 11 µl of the master mix were added to each tube, resulting in a total volume of 

25 µl. The following protocol was used for the synthesis within a thermocycler: 40°C for 

10 minutes, 42°C for 50 minutes (incubation), 70°C for 15 minutes (inactivation of reaction) 

and subsequent cooling to 4°C. The resulting cDNA was stored at -20°C until further pro-

cessing. 

2.2.5.4 qRT-PCR 

qRT-PCR was performed to measure the relative concentrations of certain genes, using 

Roche Universal Probe Library and HPRT as house-keeping gene. The reaction master mix 

was prepared as follows: 

Component Volume 

LightCycler® Probes Master (Roche) 5 μl 

forward primer (10µM) 1 μl 

reverse primer (10µM) 1 μl 

probe 0,3 μl 

water 11,7 μl 
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The LightCycler® Probes Master (Roche) is a ready-to-use reaction mix containing the Taq 

Polymerase and appropriate buffers.  

After addition of 19µl of the respective reaction master mix in each well of a 384 well plate, 

1µl of the particular cDNA was added. The following qRT-PCR was performed in a Thermocy-

cler C 1000 (Bio-Rad) using the following protocol: 

  Temperature (°C) time  

Hot start 95  10 min  

Denaturation  95 10 sec  44 cycles 

Annealing 60 30 sec  

Elongation 72 15 sec  

cooling  45  10 sec  

storage  12 ∞   

2.2.6 Statistical analysis 

All statistical analysis was performed using PRISM® 5.01 (Graph- Pad Software Inc., San Die-

go, CA, USA). To analyse Gaussian distribution, D’Agostino and Pearson omnibus normality 

tests were performed. For further analysis of parametrically distributed data, unpaired t-test 

was performed, whereas nonparametric data was analysed by Mann-Whitney U-test. Statis-

tical dependence was analysed by Spearman’s rank correlation coefficient. 

Results with a P value of <0.05 were considered as significant and P values <0.01 as highly 

significant. 
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3 Results 

All results described in the following are generated to answer the aims of our study already 

mentioned in chapter 1.5. Figure 3.1 further describes and summarises what data was col-

lected. 

 

Figure 3.1: Overview of aims addressed with the different results 

In the following the results arising from the German-Gabon comparison will initially be de-

scribed (see chapter 3.1). Subsequently, the additional data gained from the German cohort 

only will be demonstrated (see chapter 3.2). 

3.1 German and Gabonese cohort differ regarding clinical parame-
ters and placental gene expression 

As mentioned in chapter 1.5, we implemented a pilot study in cooperation with the CERMEL 

in Gabon and the Frauenklinik rechts der Isar in Germany comparing a cohort of German and 

Gabonese mothers and their newly born children. In this comparison we set out to establish 

the placenta sample collection and processing and in addition the qRT-PCR for the investiga-

tion of placental gene expression. The first aim was to see whether all genes of interest were 

expressed within the feto-maternal interface at all. Secondly, the analysis of differences be-

tween the fetal and the maternal side of the placenta on the one hand and between the 

patient's 
characteristics

• Influence on maternal patient's history on vitamin D metabolism (e.g.                              
fage, parity, course of pregnancy)

• Influence of vitamin D supplementation during pregnancy on vitamin  
D serum levels and local gene expression within the placenta

serum 
measure-

ments

• Investigation of a correlation between vitamin D levels and gene     
iexpression within the placenta

• Comparison/correlation analysis of fetal and maternal serum 
measurement results

placental 
gene 

expression

• Comparison between fetal and maternal side of the placenta
• Comparison between Gabonese and German cohort
• Correlation analysis between different genes and between gene 

expression and serum results
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German and Gabonese gene expression patterns on the other hand were of our central in-

terest. Up to now, 22 German and 13 patients from Gabon were included in the study. After 

RNA isolation, two of the fetal Gabonese placenta samples were excluded due to poor RNA 

quantity and quality. 

3.1.1 Clinical details of German and Gabonese patients 

Many factors can influence pregnancy and the child’s pre- and perinatal developing phase 

possibly through placental gene expression. Apart from the genetic background and envi-

ronmental factors, we considered birth mode, maternal age, gravidity, parity and sex of the 

child as possible confounders. Additionally, we noted birth weight and birth size of all chil-

dren (see Table 3.1). We only included patients with vaginal deliveries. Differences could be 

observed in the maternal age with the Gabonese mothers being significantly younger and in 

the birth size of the Gabonese children who were significantly smaller. However, the birth-

weight did not differ significantly in the two groups, which poses the question if the tech-

nique of measuring the neonate’s size might be different. This will have to be clarified in the 

future. 

 Germany Gabon  

Maternal age, years 33,5 ± 4,9 25,2 ± 7,3 p < 0,001 
Median gravidity 

(min, max) 
2 

 (1, 9) 
3 

(1, 12) 
p = 0,1932 

Median parity 
(min, max) 

2 
(1, 5) 

1 
(1, 7) p = 0,9447 

% boys, % girls 59, 41 8, 92  

Birth weight, g 3372 ± 501 3085 ± 323 p = 0,0790 

Birth size, cm 52,9 ± 2,5 49,2 ± 1,9 p < 0,001 

% vaginal delivery 100 100  

Table 3.1: Comparison of German and Gabonese cohort concerning their clinical details 

The two cohorts were compared according to maternal age, gravidity (number of times a women has 
been pregnant), parity (number of times a women has given birth), numer of boys and girls in the 
respecting cohorts, birth weight, birth size and mode of birth. If not labelled differently, data is 
shown as mean ± standard deviation. 

Taken together, the variation between the two cohorts concerning all listed clinical data was 

not high. The only two striking exceptions are the maternal age with the Gabonese mothers 

being significantly younger and the divergence in the sex of the children. In the Gabonese 
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cohort, the included children were mostly girls. This should be considered as possible con-

founders when regarding the results. 

3.1.2 Placental gene expression levels differ between German and Gabonese 

cohort 

The analysed genes were thematically divided into three groups. The first group comprises 

VDR and Cyp27b1 as genes related to vitamin D metabolism (see chapter 3.1.2.1). With the 

second group we aimed to analyse immunologically important genes. IFNy and IL-10 were 

measured as surrogates for a pro- and anti-inflammatory cytokine for we considered placen-

tal inflammation to be important in our trial. Additionally, Foxp3 was measured as marker 

for regulatory T cells (Treg) that play a tremendous role in helminth infection and eventually 

allow the parasite to maintain in the human body due to a further tolerogenic state (see sec-

tion 1.2.1). The last gene representing the third “group” is Hsd3b1 as a pregnancy related 

gene that is important for the placental progesterone production and thereby maintenance 

of pregnancy itself.  

Apart from comparing the results of the German and Gabonese cohort, we were in particular 

interested if we could detect differences between the fetal and the maternal side of the pla-

centa. Most studies investigating placental physiology or its role within different diseases, 

like for instance pre-eclampsia [Enquobahrie et al. 2008] or fetal growth restriction (FGR) 

[Sitras et al. 2009], to our knowledge only compare placental gene expression in healthy or 

sick patients in general but do not differentiate between the fetal and maternal side of the 

placenta. Therefore, little is known about the specific differences between the fetal and ma-

ternal side and thereby the possibly preferred localisation of specific genes. However, 

changes in placental expression of genes related to the vitamin D metabolism are well 

known and linked to adverse pregnancy outcomes. In placentas that were collected from 

FGR pregnancies for example, the placental VDR was significantly downregulated [Nguyen et 

al. 2015]. Also, in pre-ecplamptic patients, placental VDR expression was found to be down-

regulated whereas Cyp27b1 was upregulated in those placentas [Ma et al. 2012]. Strikingly, 

none of those studies to our knowledge differ between the fetal and maternal side of the 

placenta which might but for all that be very important for the results. 
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Interestingly, a possible connection between first-trimester vitamin D deficiency and placen-

tal inflammation could be demonstrated in humans. Zhang et al. could show that extremely 

low vitamin D levels early in pregnancy were associated with significantly higher occurrence 

of placental inflammation. Placental inflammation was defined through histologic examina-

tion of the placenta after birth, whenever amongst others decidualitis or chorioamnionitis 

occurred. [Zhang et al. 2018] 

Since vitamin D operates through its receptor VDR it could be postulated that also changed 

VDR expression levels might influence the level of placental inflammation. 

3.1.2.1 Expression of placental genes related to vitamin D metabolism 

Vitamin D metabolism comprises many different enzymes. Ultimately, 1,25(OH)2D as active 

form of vitamin D implements its functions through binding to its receptor VDR. In the thesis 

at hand we measured the expression of VDR and Cyp27b1, the gene encoding for the vita-

min D activating enzyme, as two central checkpoints of vitamin D metabolism. Importantly, 

three different transcript or splice variants of the VDR exist (VDR1, VDR2 and VDR3). To spot 

which of those would be best for the African-German comparison, we analysed all three var-

iants in the placenta samples from the fetal and maternal side (see Figure 3.2, a-b). Notably 

on the fetal side, all three transcript variants were significantly lower expressed on the Gab-

onese compared to the German side of the placenta. In both populations however, VDR1 

showed the highest expression on the fetal side of the placenta, the same applies for the 

maternal side of the German samples. On the maternal side of the Gabonese placenta sam-

ples, VDR1 and VDR2 expression levels were comparable. VDR3 was below the detectable 

threshold in the majority of Gabonese samples. Thus, we decided to use VDR1 as the tran-

script variant to compare the two groups (see Figure 3.2, c). Regarding both placental sides, 

significantly lower VDR expression levels were found in the Gabonese compared to the Ger-

man placentas. Interestingly, also differences between the fetal and maternal side could be 

seen within the German cohort with VDR expression being significantly higher on the fetal 

side of the placenta. This was not the case when comparing the fetal and maternal side of 

the Gabonese placentas.  

Regarding Cyp27b1 expression (see Figure 3.2, d), differences between the two cohorts 

could be measured again: on the maternal side of the placenta, Cyp27b1 expression was 
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significantly lower in the Gabonese samples. In the latter, differences between the fetal and 

maternal side were detected with a significantly higher Cyp27b1 expression on the fetal side.  

 

Figure 3.2: Comparison of genes related to vitamin D metabolism 

Relative VDR and Cyp27b1 expression, normalized to HPRT as house-keeping gene (HKG), were 
measured as genes related to vitamin D metabolism. Of the VDR, the three different notable 
transcript variants were analysed for the maternal (a) and fetal (b) side of the placenta. Gene 
expression levels of VDR1 (c) and Cyp27b1 (d) were compared between the maternal and fetal sides 
of the respective placentas and additionally differences between the German and the Gabonese 
cohort were analysed. Data is shown as mean ± SEM, asterisks show statistical differences (Mann-
Whitney- or t-test) between the groups indicated by the brackets (*p<0,05, **p<0,01, ***p<0,001). 

In summary, both, VDR (respectively on the fetal and the maternal side) and Cyp27b1 (only 

on the maternal side) were significantly lower expressed in the Gabonese placentas and 

thereby placentas from the helminth-endemic area. Additionally, the expression levels differ 
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significantly when comparing the fetal and the maternal side of one cohort. That underlines 

the importance of looking into both placental sides separately. 

3.1.2.2 Placental expression of immunologically relevant genes 

To address the inflammatory environment within the placenta, we analysed pro-

inflammatory IFNy and anti-inflammatory IL-10 expression (see Figure 3.3, a-b). On the fetal 

side, IFNy was significantly higher expressed within the Gabonese placentas compared to the 

German ones. No significant differences were detected regarding the maternal sides. Addi-

tionally, the IFNy expression was significantly higher in the fetal compared to the maternal 

side of Gabonese placentas (see Figure 3.3, a), an observation that could not be seen in the 

German cohort. Conversely, both, maternal and fetal side IL-10 expression was measured to 

be significantly lower in the Gabonese compared to the German placenta samples (see Fig-

ure 3.3, b). Regarding this cytokine, gene expression was significantly lower on the fetal 

compared to the maternal side in placentas from Gabonese patients. Again, this could not be 

observed in the German cohort (see Figure 3.3, b).  

Foxp3 expression, as marker for Treg, was also ascertained (see Figure 3.3, c). Treg play an 

important role in helminth infection (see section 1.1.3). We detected highly significant dif-

ferences of Foxp3 expression when comparing both the fetal and maternal side of the Ger-

man with the Gabonese placentas. The Foxp3 expression was significantly lower in the Gab-

onese samples on both placental sides. Here, no differences could be detected when com-

paring the maternal with the fetal side within each cohort. 

All in all, the immunological milieu within the placental bed of the Gabonese patients of our 

study was more inflammation prone than the one in German placentas. This is represented 

by higher IFNy and lower IL-10 and Foxp3 expression and applies especially for the fetal side 

of the placenta.  



Results 

43 

 

Figure 3.3: Comparison of immunologically important genes 

Relative IFNy (a), IL-10 (b) and Foxp3 (c) expression, normalized to HPRT as HKG. Gene expression 
levels were compared between the maternal and fetal sides of the respective placentas and 
additionally differences between the German and the Gabonese cohort were analysed. Data is 
shown as mean ± SEM, asterisks show statistical differences (Mann-Whitney- or t-test) between the 
groups indicated by the brackets (*p<0,05, **p<0,01, ***p<0,001). 
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Hsd3b1 is a gene most important for the placental progesterone production and thereby 

salvage of pregnancy itself [Peng et al. 2004]. More specifically, it encodes the enzyme 
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nificantly downregulated genes in chronically infected mice in the murine study that consti-
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could not be seen in the Gabonese cohort (see Figure 3.4). However, and in context with the 

murine study, Hsd3b1 expression was significantly lower in the Gabonese placenta samples 

from the fetal but not the maternal side.  

 

Figure 3.4: Comparison of Hsd3b1 expression 

Relative Hsd3b1 expression, normalized to HPRT as HKG. Gene expression levels were compared 
between the maternal and fetal sides of the respective placentas and additionally differences 
between the German and the Gabonese cohort were analysed. Data is shown as mean ± SEM, 
asterisks show statistical differences (Mann-Whitney- or t-test) between the groups indicated by the 
brackets (*p<0,05, **p<0,01, ***p<0,001). 

3.1.3 Correlation patterns in comparison between the German and Gabonese 

cohort 

Correlation analysis provides the basis for the hint towards mechanistic links and is essential 

for generating new hypotheses. For the analysis of a possible connection between the com-
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tial connection between the genes related to vitamin D metabolism and the immunologically 

important genes. Our specific interest here was to find out whether German and Gabonese 

correlation patterns were comparable or, as anticipated, if they differed. More specifically, 

we expected to see a negative correlation between VDR and IFNy in the Gabonese cohort 
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by any helminths. Furthermore, the German cohort did not display an inflammatory prone 

placental milieu in the first place. 

Another and rather basic interest of ours was whether gene expression levels between the 

fetal and the maternal sides of the placenta correlated. This investigation is demonstrated in 

the following section. 

3.1.3.1 Gene expression levels between fetal and maternal side of the placen-

ta do not correlate in large parts 

To the best of our knowledge, only view studies exist that investigate differences in gene 

expression levels between the fetal and maternal side of the placenta: using microarray 

analysis, Sood et al. found distinct differences in gene expression profiles in samples from 

fetal, maternal and middle sections of the placenta. Amongst those differentially expressed 

genes were for instance vasodilator neurokinin B (NKB) and VEGF receptor Fms-like tyrosi-

nase kinase 1. Interestingly, both genes are associated with pre-eclampsia. [Sood et al. 2006] 

These findings support the assumption that future studies need to distinguish more closely 

on where or rather of which placental section the samples are gathered from since this may 

change the results drastically. Still, it remains unknown if there is a mechanistic link between 

gene expression levels of the fetal and maternal side of the placenta. To verge on this issue, 

we performed correlation analysis between the gene expression levels of the fetal and ma-

ternal sides of the placenta. The results are shown in Figure 3.5 for the German cohort and 

in Figure 3.6 for the Gabonese cohort. As demonstrated, no correlation between the fetal 

and maternal VDR (respectively a), Cyp27b1 (respectively b), Foxp3 (respectively e) or 

Hsd3b1 (respectively f) expression could be found in both cohorts. However, a strong corre-

lation between fetal and maternal placental IFNy expression was detected in the German 

cohort (Figure 3.5, c). This was not seen in the placentas of the Gabonese cohort (Figure 3.6, 

c). In both cohorts then again, a positive correlation between fetal and maternal placental 

IL-10 (respectively d) could be elucidated.  

Concluding, in our set of genes, only cytokine expression levels correlate between the fetal 

and maternal side of the placenta. The expression levels of the fetal and maternal placental 

side of genes related to vitamin D metabolism, pregnancy related Hsd3b1 and also Foxp3 did 

not correlate and are thereby possibly independent from each other. 
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Figure 3.5: Correlation analysis of gene expression levels between fetal and maternal sides 
of German placentas 

Correlation analysis was performed between gene expression levels of the fetal and maternal side of 
the placenta. No correlation could be found between fetal and maternal expression of VDR (a), 
Cyp27b1 (b), Foxp3 (e) and Hsd3b1 (f) expression. A positive correlation was detected between fetal 
and maternal IFNy and IL-10 (f) expression. Asterisks show statistical significance of correlation 
(spearman) between the respective genes (*p<0,05, **p<0,01, ***p<0,001). 
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Figure 3.6: Correlation analysis of gene expression levels between fetal and maternal sides 
of Gabonese placentas 

Correlation analysis was performed between gene expression levels of the fetal and maternal side of 
the placenta. No correlation could be found between fetal and maternal VDR (a), Cyp27b1 (b), IFNy 
(c), Foxp3 (e) and Hsd3b1 (f) expression. A positive correlation was detected between fetal and 
maternal IL-10 (f) expression. Asterisks show statistical significance of correlation (spearman) 
between the respective genes (*p<0,05, **p<0,01, ***p<0,001). 
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3.1.3.2 Correlation between IFNy and VDR expression and additionally be-

tween VDR and IL-10 expression only present at fetal side of Gabo-

nese placentas 

It is known that active vitamin D through binding to its receptor VDR can promote anti-

inflammatory processes. However, the regulation of these effects is complicated, most 

probably subtly tuned and yet poorly understood. As reviewed in [Cantorna et al. 2015], 

1,25(OH)2D can inhibit IFNy production in T cells and additionally can lead to an induction of 

Treg. Accordingly, within the placenta vitamin D metabolism might operate as protector 

against high and thereby potentially harmful levels of inflammation. We hypothesize, that in 

healthy patients (in our case from non-helminth-endemic Germany), no correlation between 

inflammatory IFNy and vitamin D metabolism can be detected since here no conspicuous 

inflammation levels are found in the first place. In placentas from helminth-endemic Gabon 

however, where higher placental IFNy expression was found on the fetal side of the placenta 

(see section 3.1.2.2) we expected a negative correlation between IFNy and VDR. In this con-

text, we hypothesize a low level inflammation triggered downregulation of the VDR. With 

regard to the anti-inflammatory role of VDR mentioned above, this potentially negative cor-

relation might turn into a positive correlation in a state with distinctly raised levels of in-

flammation like for instance acute maternal infection with different pathogens.  

Therefore, we aimed to investigate a possible correlation between VDR and the measured 

cytokines IFNy/IL-10 on the one hand and between Cyp27b1 and IFNy/IL-10 on the other 

hand (results are demonstrated below). 

In the healthy German cohort, with no obvious signs of inflammation or infection (such as 

helminth infection or others), no correlation between the placental expression of VDR and 

IFNy (see Figure 3.7, a-b) or of VDR and IL-10 (see Figure 3.8, a-b) was detected. Likewise, no 

correlation could be seen in the maternal side of the Gabonese placentas (see Figure 

3.7/Figure 3.8, c). However, within the fetal side of the Gabonese placentas, a different pic-

ture emerged: here, VDR expression negatively correlated with IFNy expression (see Figure 

3.7, d) and additionally a positive and even stronger correlation between VDR and IL-10 (see 

Figure 3.8, d) could be observed. 

At this point nevertheless, it should be stated that a correlation only indicates a possible 

interaction and one can only hypothesize a causal relationship. Additionally, our results only 
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reflect the situation at the time of birth and do not inform us about the nine months before. 

Still, it was very interesting to see that specifically the fetal side of the Gabonese placentas 

differed from all other results not only concerning the correlation between VDR and IFNy but 

also between VDR and IL-10. To further investigate the immune reactivity at the time of 

birth, we isolated and cryoconserved PBMCs and CBMCs (see section 2.2.4). Those cells will 

be further investigated in the future to get an insight of the immunological state of the 

mothers and children during birth. 

 

Figure 3.7: Correlation between VDR and IFNy could only be detected on fetal side of Gab-
onese placenta samples 

Correlation analysis was performed between VDR and IFNy expression. Fetal and maternal side were 
anaylsed seperatly within both cohorts: Maternal side of the German placentas (a), fetal side of the 
German placentas (b), maternal side of the Gabonese placentas (c) and fetal side of the Gabonese 
placentas (d). Asterisks show statistical significance of correlation (spearman) between the respective 
genes (*p<0,05, **p<0,01, ***p<0,001).  
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Figure 3.8: Correlation between VDR and IL-10 could only be detected on fetal side of Gab-
onese placenta samples 

Correlation analysis was performed between VDR and IL-10 expression. Fetal and maternal side were 
anaylsed seperatly within both cohorts: Maternal side of the German placentas (a), fetal side of the 
German placentas (b), maternal side of the Gabonese placentas (c) and fetal side of the Gabonese 
placentas (d). Asterisks show statistical significance of correlation (spearman) between the respective 
genes (*p<0,05, **p<0,01, ***p<0,001). 

In summary, only within the fetal side of the Gabonese placentas a negative correlation be-

tween VDR and IFNy (Figure 3.7, d) and a positive correlation between VDR and IL-10 (Figure 

3.8, d) could be observed. This strengthens our hypothesis of a low-level inflammation driv-

en VDR downregulation in placentas from patients of helminth-endemic Gabon. 
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3.1.3.3 Correlation between Cyp27b1 and IFNy/IL-10 expression is stronger in 

Gabonese samples 

As described in the preceding chapter, active vitamin D can promote anti-inflammatory ef-

fects through its receptor VDR. Since Cyp27b1 encodes the gene for the 1-alpha-hydroxylase 

and thereby the vitamin D activating enzyme, we were further interested in a possible corre-

lation between Cyp27b1 and IFNy or IL-10 expression within the placenta. The feto-maternal 

interface, namely the decidua and placenta, is known to be an important source for the con-

version of 25(OH)D to 1,25(OH)2D in humans [Weisman et al. 1979]. Therefore, it is most 

likely that the placenta can locally counterbalance higher levels of inflammation, e.g. 

through altered vitamin D metabolism, and thus protect the growing child, as it is already 

shown for the murine placenta [Liu et al. 2011]. With this in mind, we analysed the correla-

tions between Cyp27b1 and IFNy expression on the one hand (see Figure 3.9) and between 

Cyp27b1 and IL-10 on the other hand (see Figure 3.10).  

While a positive correlation between the vitamin D activating enzyme and IFNy within the 

German cohort could only be detected on the maternal side of the placenta (see Figure 

3.9, a), a positive correlation was detected on both sides of the placentas from the Gabonese 

patients (see Figure 3.9, c-d).  
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Figure 3.9: Correlation between Cyp27b1 and IFNy expression is strongest in maternal side 
of Gabonese placentas 

Correlation analysis was performed between Cyp27b1 and IFNy expression. Fetal and maternal side 
were anaylsed seperatly within both cohorts: Maternal side of the German placentas (a), fetal side of 
the German placentas (b), maternal side of the Gabonese placentas (c) and fetal side of the 
Gabonese placentas (d). Asterisks show statistical significance of correlation (spearman) between the 
respective genes (*p<0,05, **p<0,01, ***p<0,001) 

Additionally, the correlation patterns of the two cohorts were distinctly different concerning 

Cyp27b1 and IL-10. No correlation could be detected on both sides of the German placentas 

(Figure 3.10, a-b) and the fetal side of the Gabonese placentas (Figure 3.10, d). However, we 

did find a highly significant correlation between Cyp27b1 and IL-10 on the maternal side of 

the Gabonese placentas (Figure 3.10, c). 
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Figure 3.10: Correlation between Cyp27b1 and IL-10 only existent on maternal side of 
Gabonese placentas 

Correlation analysis was performed between Cyp27b1 and IL-10 expression. Fetal and maternal side 
were anaylsed seperatly within both cohorts: Maternal side of the German placentas (a), fetal side of 
the German placentas (b), maternal side of the Gabonese placentas (c) and fetal side of the 
Gabonese placentas (d). Asterisks show statistical significance of correlation (spearman) between the 
respective genes (*p<0,05, **p<0,01, ***p<0,001) 

In summary, our results suggest that there are distinct differences when comparing the co-

hort from helminth-endemic Gabon with the one from non-endemic Germany: Only in the 

Gabonese placentas a strong correlation between Cyp27b1 and respectively IFNy and IL-10 

could be detected that was only vague (Cyp27b1-IFNy) or inexistent (Cyp27b1-IL10) within 

the German placentas. 

The differences detected between the German and the Gabonese cohort concerning their 

placental gene expression patterns might even be more obvious when regarding a larger 

study group than ours. 
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3.2 Further analysis of the German cohort 

As mentioned above, we had the possibility to collect more samples and information from 

the German patients. Thus, in the following the additional results from the German cohort 

will be described. 

3.2.1 Maternal patient’s history and clinical details of the mother, father and 

the child 

The mothers were interviewed concerning their patient’s history. Table 3.2 summarises the 

clinical details obtained from the mothers, the allergy status of the father and additionally 

the child’s birth data.  

Clinical details 

 Parents  Child 

maternal age, years 33,5 ± 4,9 birth weight, g 3372,0 ± 501,5 

median parity (min, 
max) 2 (1 ,5) size, cm 52,9 ± 2,5 

median gravity 
(min, max) 2 (1, 9) % girls, % boys 41, 59 

% vaginal delivery 100 umbilical artery 
pH 7,25 ± 0,10 

% mothers with 
allergies 31,8 median 5 min. 

APGAR (min, max) 9 (7, 10) 

% fathers with al-
lergies 50,0   

Table 3.2: Clinical details of the mothers, fathers and their children 

Apart from maternal age, parity and gravity, the mothers and fathers were questioned about their 
allergy history. The children’s birth data was collected including birth weight, size, sex, umbilical 
artery pH and APGAR-Score. If not labelled differently, data is shown as mean ± standart deviation. 

Five of the mothers stated to have a chronic disease, namely psoriasis, haemochromatosis, 

prolactinoma, asthma and heterozygous Factor V/II Mutation. Since those were none of the 

diseases specified in the list of exclusion criteria and also were not considered as confound-

ers by the clinical study investigator, those mothers were included into the analysis. 
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3.2.1.1 Maternal and paternal allergy history 

All mothers and fathers were surveyed concerning their allergy history. 32% of the mothers 

and 50 % of the fathers stated to suffer from allergies. Amongst those allergies were food-, 

pollen-, bee-, house dust mite-, animal hair-, drug- and washing powder-allergies. Table 3.3 

shows the absolute number of mothers and fathers suffering from those specific allergies, 

indicating that allergies against pollen and house dust mites are the most common ones in 

our cohort. 

 Affected mothers Affected fathers 

food  2 2 

pollen  4 6 

bee  0 1 

house dust mite 5 4 

animal hair 1 2 

washing powder 1 0 

drugs 1 0 

Table 3.3: Distribution of allergies, absolute numbers of effected mothers and fathers are 
constituted 

3.2.2 Course of pregnancy 

The course of pregnancy was assessed by noting all medicine that was ingested during the 

last nine months, including vitamin D supplementation, and by noting any salience during 

pregnancy. 

Half of the mothers ingested magnesium and/or iron if required, due to muscle spasm or 

anaemia. Three of them supplemented L-thyroxine because of hypothyroidism and another 

three injected Clexane® as thrombosis prophylaxis. One of the mothers was treated with 

Utrogest® (progesterone) and Unacid® (Sultamicillin) in the event of cervical insufficiency. 

More than half of the mothers ingested dietary supplements containing for example vitamin 

D or folate. The most common product was Femibion®, which contains iodine, vitamins 
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B1/2/6/12, vitamin C, vitamin E, Biotin and Niacin besides vitamin D and folate. Since we 

were especially interested in vitamin D metabolism, we specifically analysed how many of 

the mothers digested this very vitamin. Figure 3.11 shows the proportion of mothers that 

stated to have supplemented vitamin D containing products during pregnancy. Most com-

mon products that are ingested during pregnancy, like e.g. Femibion®, contain 5-20 µg 

(=200-800 I.U.) of vitamin D3 (Cholecalciferol). Regularity and accuracy of the intake was not 

assessed. 

 

Figure 3.11: Proportion of mothers that supplemented vitamin D containing products dur-
ing pregnancy 

3.2.3 Serum parameters assessed within the German cohort 

Heparinized blood was collected from both, the mother and the child (cord blood). As de-

scribed in chapter 2.2.4, the plasma was aliquoted and stored after centrifugation of the 

heparinized blood. From those serum samples, levels of vitamin D, calcium and C reactive 

protein (CRP) were measured in the department of clinical chemistry of the Klinikum rechts 

der Isar (MRI). 

3.2.3.1 Vitamin D supply of the mothers and their children is largely insuffi-

cient or even deficient  

Within the human body, not only biologically active 1,25-hydroxyvitamin D but also its pre-

cursors can be measured. To get a closer insight into the body’s sustenance with this vita-

min, generally 25-hydroxyvitamin D is regarded as the best marker [Holick 2007]. Vitamin D 
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itself is able to upregulate the expression of its receptor VDR [Pike and Meyer 2010]. How-

ever, VDR regulation through vitamin D is tissue specific and differs in tissues that are not 

linked to calcium homeostasis [Gensure et al. 1998]. Therefore, we measured systemic 25-

hydroxyvitamin D levels as a possible influencer or regulator of the placental VDR expres-

sion. 

The results are shown in Figure 3.12, comparing firstly the maternal with the fetal levels (a). 

As presented, no significant difference could be evaluated between the two groups. As re-

viewed by Holick et al. [Holick 2007], the sustenance with vitamin D is generally seen as suf-

ficient when the serum levels are higher than 30 ng/ml, whereas levels between 20-30 ng/ml 

are assessed as insufficient and levels below 20 ng/ml constitute a deficient vitamin D sup-

ply. Clearly, the great majority of mothers was not only insufficiently but even deficiently 

supplied with 25-hydroxyvitamin D and the same applies for the results from the fetal serum 

with only slightly higher levels of vitamin D. Also, knowing that 25-hydroxyvitamin D passes 

the placental barrier [Salle et al. 2000], we expected a connection between the fetal and the 

maternal levels and could indeed confirm our expectation when performing correlation 

analysis (Figure 3.12, b). Knowing that nearly half of the mothers stated to have supple-

mented vitamin D during pregnancy, we analysed whether in those subjects vitamin D levels 

were higher (Figure 3.12, c-d). When comparing those two groups, on both the fetal and the 

maternal side, no significant difference could be found. Only a trend towards higher levels 

could be seen in fetal and maternal vitamin D levels in the particular groups of mothers who 

stated to have supplemented vitamin D.  
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Figure 3.12: Maternal and fetal serum vitamin D levels.  

Vitamin D levels were meassured in serum from maternal blood and cord blood. The results (a) were 
divided in three groups: sufficient (>30 ng/ml), insufficient (20-30 ng/ml) and deficient (<20 ng/ml). 
Results are shown as mean ± SEM. Correlation of maternal and fetal vitamin D levels (b) was 
analysed by spearman correlation analysis (Spearman r: 0,8680, p<0,0001). Differences between 
fetal and maternal vitamin D levels with (+ Vit D) and without (- Vit D) maternal vitamin D 
supplementaion during pregnancy (c,d) was analysed. Data is shown as mean ± SEM, asterisks show 
statistical differences (Mann-Whitney test) between the groups indicated by the brackets (*p<0,05, 
**p<0,01, ***p<0,001). 

3.2.3.2 Calcium levels significantly higher within fetal compared to maternal 

serum 

Since calcium serum levels are tightly regulated by vitamin D metabolism, we analysed the 

calcium levels of the mothers and children. Again, fetal and maternal levels were compared 

and a significant difference was observed. As expected, since the growing fetus has a greater 

demand of calcium, fetal calcium levels were significantly higher than those from the moth-

ers. 
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Figure 3.13: Maternal and fetal serum calcium levels 

Calcium levels were measured from fetal and maternal serum. Data is shown as mean ± SEM, 
asterisks show statistical differences (Mann-Whitney test) between the groups indicated by the 
brackets (*p<0,05, **p<0,01, ***p<0,001). 

3.2.3.3 Investigation of CRP levels as a marker for systemic inflammation 

Since we were interested in local and also systemic inflammatory processes, we analysed 

CRP levels not only from the mothers but also from their children to get a closer insight of 

their systemic inflammatory state and so to say as internal control. CRP is produced in the 

liver and stands for an unspecific surrogate marker of inflammation.  

The results from the CRP serum measurements are shown in Figure 3.14, a. Strikingly, CRP 

levels were lower than the detectable range in all fetal serum samples, which is not surpris-

ing because CRP cannot pass the placental barrier [Nielsen et al. 1990]. Thus, we did not ex-

pect elevated levels in the fetal serum of subjects born from healthy mothers. Still, already 

within the fetal liver, CRP can be produced [Pereira et al. 2014] and therefore levels might 

have been elevated if the offspring were at stress e.g. due to infection. Yet, we wanted to 

find an explanation for the relatively strong variation of the maternal CRP levels. For practi-

cal reasons, some of the maternal blood samples were taken before and some after birth. 

CRP is known to rise during birth and thus we analysed whether the levels were significantly 

higher in those samples collected after birth (see Figure 3.14, b). However, no significant 

difference could be observed between those two subgroups. Still, the assumed positive cor-

relation between the duration of birth and the amount of CRP (see Figure 3.14, c) could be 

elucidated, demonstrating that it was not the collection point in time but the individual 

length of birth that led to the variation of maternal CRP levels. 
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Figure 3.14: Maternal CRP levels are dependent on duration of birth.  

Fetal and maternal CRP levels were measured (a). Maternal results were divided in two groups, 
contingent on whether the blood was taken before (BB) or after (AB) birth (b). Spearman correlation 
analysis was performed between maternal CRP levels and duration of birth. Data (a,b) is shown as 
mean ± SEM, asterisks show statistical differences between the groups indicated by the brackets 
(*p<0,05, **p<0,01, ***p<0,001). 

3.2.4 Systemic 25(OH)D levels do not correlate with placental VDR expres-

sion 

As mentioned above, vitamin D contributes to the regulation of its receptor VDR. However, 

the regulation within different tissues seems to be dependent on the tissue itself and in a 

trophoblast model with BeWo cells was shown to be dose dependent: Cell culture stimula-

tion with 0,1 and 1 nmol/mL 1,25(OH)2D lead to a reduced, whereas stimulations with 

0,01 nmol/ml lead to an increased VDR expression [Knabl et al. 2014]. Therefore, we ana-
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lysed a possible correlation between systemic 25(OH)D and placental VDR expression. No 

correlation could be detected in our samples (see Figure 3.15, a-d). It should be emphasized 

again that we only measured 25(OH)D and not the bioactive form 1,25(OH)2D. However, 

even if we had measured calcitriol levels, the local concentration within the placenta might 

have shown a different picture since, as described before (see chapter 3.1.3.3), the placenta 

itself can synthesize active calcitriol from 25(OH)D. 

 

Figure 3.15: Placental VDR expression does not correlate with systemic maternal or fetal 
serum 25(OH)D levels 

Correlation analysis between VDR1 expression and 25(OH)D serum levels was performed. Different 
groups were seperately analysed: Maternal 25(OH)D and maternal VDR1 (a), fetal 25(OH)D and fetal 
VDR1 (b), fetal VDR1 and maternal 25(OH)D (c) and maternal VDR1 and fetal 25(OH)D (d). Asterisks 
show statistical significance of correlation (spearman) between VDR and 25(OH)D (*p<0,05, 
**p<0,01, ***p<0,001). 
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3.3 Major findings resulting from the pilot study 

Taken together we could show the following: 

(1) Gene expression levels differ distinctly when comparing a cohort from helminth-

endemic Gabon with non-endemic Germany: 

a) VDR (respectively on the fetal and the maternal side) and Cyp27b1 (only on the ma-

ternal side) were significantly lower expressed in the Gabonese placentas. 

b) The immunological milieu within the placental bed of the Gabonese patients is more 

inflammation prone than the one in German placentas, represented by higher IFNy 

and lower IL-10 and Foxp3 expression. 

c) Placental Hsd3b1 expression was significantly lower in the Gabonese samples from 

the fetal but not the maternal side compared to the German samples. 

(2) Fetal and maternal side of the placenta need to be investigated individually since gene 

expression levels can differ significantly. 

(3) In our set of analysed genes only cytokine expression levels correlate between the fetal 

and maternal side of the placenta. The expression levels of genes related to vitamin D 

metabolism, pregnancy related Hsd3b1 and also Foxp3 did not correlate and are there-

fore possibly independent from each other. 

(4) Correlation of gene expression patterns of the two cohorts differ: 

a) Only within the fetal side of the Gabonese placentas a negative correlation between 

VDR and IFNy (Figure 3.7, d) and a positive correlation between VDR and IL-10 (Figure 

3.8, d) was observed. 

b) Only in the Gabonese placentas a strong positive correlation between Cyp27b1 and 

IFNy and IL-10 could be detected that was only vague (Cyp27b1-IFNy) or inexistent 

(Cyp27b1-IL10) within the German placentas. 

(5) Additional results from German cohort: 

d) Majority of mothers and their children from German cohort is not sufficiently sup-

plied with vitamin D, whether the vitamin was ingested during pregnancy or not. 

e) Serum 25(OH)D levels do not correlate with placental VDR expression. 

f) Maternal CRP levels increase with duration of birth. 
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4 Discussion  

4.1 Placental gene expression levels differ when comparing a co-
hort from helminth-endemic Gabon with non-endemic Germa-
ny 

The placenta plays a pivotal role during pregnancy and functions as interface between the 

mother and the child. Accordingly, it seems almost self-explanatory that genes expressed in 

the placenta play a decisive role in placental physiology. The growing fetus, as it has been 

known for many years now, can suffer not only from short- but even further long-term con-

sequences arising from impaired placental gene expression and thereby function [Gheorghe 

et al. 2010]. Fetal growth and development for instance was shown to be influenced by 

changed placental gene expression in malaria infected women, where upregulated placental 

TNF-alpha and IL-8 expression was correlated with intrauterine growth retardation 

[Moormann et al. 1999]. Another example is the impact of changed placental vitamin D me-

tabolism. As summarized in [Knabl et al. 2017], altered placental VDR expression is associat-

ed with adverse pregnancy outcomes, e.g. the development of pre-eclampsia, gestational 

diabetes or preterm birth. 

Within our cohort from helminth-endemic Gabon, the overall placental gene expression lev-

els of VDR, Cyp27b1, IL-10, Hsd3b1 and Foxp3 where lower and of IFNy were higher when 

compared to the German cohort. These general differences in gene expression levels might 

be due to various reasons and will be discussed in this section. 

It is likely that environmental or genetic factors can influence placental gene expression. This 

might partly explain the diverging gene expression patterns comparing our German and 

Gabonese cohort (see section 3.1.2). For instance, a lack of nutrients, as it could have been 

the case in the Gabonese patients, was indicated in several studies to lead to instant health-

damaging effects both in the placenta and the fetus (reviewed in [Gheorghe et al. 2010]). 

Still, most studies highlight altered gene expression in pathological conditions. In turn, com-

parisons of gene expression patterns of generally healthy cohorts, like in our study, are miss-

ing.  
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Another factor that might intensify the observed differences in gene expression levels be-

tween the German and Gabonese cohort however could be the technique of sampling. Wy-

att et al described a dependency of gene expression levels on the specific patch of sampling 

within the placental disk, suggesting a reflection of local villous perfusion [Wyatt et al. 2005]. 

With this in mind, the samples were only collected from placental parts that were not mac-

roscopically calcified and thereby probably less perfused. Possible influencers of the gene 

expression levels on the fetal side of the placenta might additionally have been the amniotic 

membranes. However, they were dissected carefully to avoid falsification of the results. Still, 

there may have been differences in sampling in the Gabonese and German groups, but these 

were minimized as much as possible through training.  

Gabon was chosen for the comparison in our pilot study since helminth infections are highly 

endemic within this country’s population. Still, only three of the included patients were test-

ed helminth positive at the time of birth. Looking at the results of the different gene expres-

sion patterns in isolation and with the results of our murine studies in mind, the Gabonese 

results yet reflect the gene expression pattern that we would expect in placentas from 

chronically helminth infected subjects. Accordingly, just like in the placentas from the infect-

ed mice (see chapter 1.2.3), VDR and Hsd3b1 were downregulated compared to the German 

placentas. Additionally, higher levels of inflammation, reflected by upregulated IFNy and 

downregulated IL-10 compared to the German placentas, could be detected. The possibility 

that our Gabonese mothers had had contact to helminths before or even during pregnancy 

but before birth is high by all means. This raises the question whether not even erstwhile 

and elapsed or treated infections can have an impact on placental gene expression and 

thereby the child’s developing immune system.  

Additionally, it has to be mentioned that at least 9 of the 13 Gabonese patients received 

anti-parasitic treatment at the time of birth in form of maloxine, mebendazole, helminthox 

or albendazole. Medication of two of the patients was not known and remains unclear. An-

other two did not receive anti-parasitic medication. According to our collaboration partners 

in Gabon, anti-parasitic treatment during pregnancy or birth belongs to the routinely and 

precautionary prescribed medication. That alone, the difference in medication ingested in 

the two cohorts, might also have contributed to the measured differences in placental gene 

expression. As mentioned in chapter 1.2.2, studies performed in Uganda strengthen the as-

sumption that anti-parasitic treatment during pregnancy might directly, and not only indi-
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rectly through eradication of the parasite itself, affect placental gene expression [Mpairwe et 

al. 2011]. 

However, especially in our study, these assumptions remain rather speculative for three rea-

sons: Firstly, our Gabonese cohort with only 13 patients is rather small. Therefore, additional 

trials with bigger participant numbers will be needed. Secondly, we do not have any infor-

mation about the allergy and eczema status of the children and thereby cannot correlate our 

results with the susceptibility to allergies in those subjects. Thirdly and maybe most im-

portantly, the differences we see between the German and Gabonese cohort might indeed 

in a large part be mediated through genetic or environmental factors additional to helminth 

infection or better said a helminth-endemic environment. 

4.1.1 Gene expression levels differ between fetal and maternal sides of the 

placenta and the extend of the difference depends on the regarded co-

hort 

As stated above, levels of placental gene expression most likely play an important role in 

pregnancy outcome and potentially later in the child’s life. Still, specific localisations of cer-

tain genes or gene families within the placenta remain unclear. To our knowledge, most 

studies only compare placental gene expression between placentas from healthy and non-

healthy patients that suffer for example from pre-eclampsia [Brew et al. 2016] or other 

pregnancy-related diseases. In doing so, they for instance only use samples from one side of 

the placenta. Still, Wyatt et al. reported that the specific placental site where samples were 

taken from the placental disk influence gene expression levels [Wyatt et al. 2005]. Likewise, 

regarding the results from the gene expression levels of the German cohort in our study, 

differences in gene expression between the fetal and maternal side of the placenta could be 

detected (see section 3.1.2). Both, VDR and Hsd3b1 were simultaneously higher expressed 

on the fetal side of the German placentas. This difference was not measured in the Gabo-

nese cohort. This is a novel finding since none of the previously mentioned studies has ad-

dressed such “side-specific” differences. That is particularly interesting when taking into 

consideration that a majority of studies does not even describe from where exactly the ana-

lysed placenta samples were taken. Analysing samples from all different parts of the placen-

ta might thereby change the results from many trials. It should even be considered that from 

each placenta multiple samples should be taken from both the fetal and the maternal side. It 
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might not be enough to take just one sample from each side and compare them to each oth-

er, since gene expression from central placental parts were shown to differ from those of 

more peripheral regions [Burton et al. 2014]. It would also be interesting to see how high the 

gene expression levels of the investigated genes are in the middle sections of the placenta. 

Thus, the physiological role of a higher expression of those genes on the fetal side of the 

placenta yet needs to be elucidated. The detected differences might be evoked through a 

different cell composition on the two sides: the maternal side with direct contact to the de-

cidua is probably more populated with maternal immune cells like uNK cells or macrophages 

[Mori et al. 2016]. It would be particularly interesting to analyse specific cell markers (e.g. 

through qRT-PCR) of exemplary immune cells or also trophoblast cells on both placental 

sides in future investigations. This might give a hint towards what specific cells could be re-

sponsible for the detected differences. 

To the best of our knowledge, only one other study investigated placental gene expression 

patterns from healthy patients in general and likewise reported systematic differences in 

placental gene expressions depending of the sampling site, namely fetal, maternal and mid-

dle sections of the placenta. Here, microarray analysis was performed to investigate differ-

ences in gene expression levels. Two examples of those over 200 differentially expressed 

genes are known to be involved in pre-eclampsia: neurokinin B and the VEGF receptor Fms-

like tyrosine kinase 1. [Sood et al. 2006]  

This highlights the importance of a separated analysis of the fetal and the maternal side of 

the placenta, especially when comparing gene expression levels in placentas from healthy 

and non-healthy (e.g. pre-eclampsia) patients. 

Specifically, the VDR plays an important role within the feto-maternal interface that will be 

further discussed in the following section 4.1.2. 

4.1.2 Specific role of VDR within the human placenta 

The VDR plays a crucial role in the mediation of vitamin D signalling. Especially during preg-

nancy, locally produced 1,25(OH)2D supports anti-inflammatory responses in maternal de-

cidua [Evans et al. 2006] and fetal trophoblast cells: It dampens the expression of inflamma-

tory cytokines like TNF-alpha or IFNy and upregulates the transcription of antimicrobial 

products like defensin β2 or cathelicidin [Wang et al. 2004]. Within the German cohort of 
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our study, the VDR was significantly higher expressed on the fetal side of the placenta (see 

section 3.1.2.1). With the mentioned functions of the vitamin D - VDR signalling in mind, a 

higher VDR expression on the fetal side of the placenta might play a role in building up a kind 

of additional “barrier” that could protect the growing child from infection or more generally 

inflammation. Still, this significant difference in VDR expression between the fetal and ma-

ternal side of the placenta could not be detected in the Gabonese cohort. Moreover, VDR 

expression was significantly lower on both sides of the Gabonese placentas compared to 

those from the German patients. Thereby, it could be stated that helminth infection or more 

carefully expressed life in a helminth-endemic region might lead to a dysregulation of the 

placental VDR. Apart from potential negative effects of a lower VDR expression in the Gabo-

nese placentas, VDR downregulation might also promote beneficial effects for the growing 

fetus like the hypothesized lower allergy susceptibility later in life.  

The balance between Th1 and Th2 cytokines might be shifted towards a pro-inflammatory 

Th1 milieu through VDR downregulation. The growing fetus or more specifically its develop-

ing immune system might in this way be biased towards a Th1 prone state and that again 

could decrease Th2 driven diseases like allergies or asthma during childhood. [Straubinger 

2013, p. 122]  

This assumption is strengthened by the known fact that vitamin D through its receptor VDR 

does contribute to the ratio of Th1/Th2 by promoting the development Th2 cells and sup-

pressing Th1 cells [Sahebnasagh et al. 2017]. Therefore, through downregulation of the lat-

ter the Th1/Th2 balance might be shifted in favour of Th1 cells with hence long-term effects 

like lower predisposition to various immunological disorders as mentioned above.  

4.1.3 Hsd3b1 as placental specific gene and the role of progesterone in preg-

nancy 

The second gene which was significantly higher expressed in the German placentas was 

Hsd3b1 which is indispensable for the placental progesterone production [Simard et al. 

1996]. The major role of this hormone during pregnancy is to maintain pregnancy; accord-

ingly treatment with an anti-progesterone agent during early pregnancy induces abortion. 

During later stages of pregnancy, placental progesterone acts as guardian against preterm 

birth by maintaining myometrial quiescence [Mendelson et al. 2016]. Additionally, proges-
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terone, through binding to its receptor, promotes important anti-inflammatory responses 

and is generally seen as an anti-inflammatory hormone [Hardy et al. 2006, Robinson and 

Klein 2012].  

Apart from binding to the progesterone receptor, progesterone also has a high binding affin-

ity to glucocorticoid receptors. On immune cells for example these are expressed to a great-

er extent than the progesterone receptor. Thereby, for instance in dendritic cells, progester-

one can inhibit cytokine production induced by toll-like receptors. [Jones et al. 2010] 

Within our German cohort, placental Hsd3b1 expression was detected to be significantly 

higher on the fetal side of the placenta. Notably, of all investigated genes Hsd3b1 expression 

was by far the highest, again underlining its indispensability during pregnancy. Equally to the 

VDR expression pattern, higher levels of Hsd3b1 on the fetal side of the placenta might play 

a role in the protection of the fetus. The latter might accordingly be shielded against in-

flammation or infection by higher expression of Hsd3b1 on the fetal side of the placenta and 

thus higher local progesterone levels. However, and also similarly to the VDR, Hsd3b1 ex-

pression was found to be significantly lower in the Gabonese placentas and in the latter no 

significant difference between the fetal and maternal side could be detected. Emphasizing 

again that we only consulted gene expression levels at the time of birth, the situation might 

then again possibly be different in early or mid-pregnancy. Regardless of all progesterone-

related functions of Hsd3b1, it should be stated that this gene belonged to the six overlap-

ping genes that were found to be downregulated in the placentas from offspring which were 

less susceptible to AAI in our murine study (see chapter 1.2.3). Thus, and maybe in connec-

tion with the VDR, Hsd3b1 might take an important mechanistic role in the context of the 

hygiene hypothesis. The influence of Hsd3b1 here could be seen in parallel to the one stated 

above for the VDR , namely through a shift of the Th1/Th2 balance: During pregnancy, higher 

levels of progesterone dampen the induction of Th1 responses, consequently leading to a 

Th2 bias with exemplary higher amounts of for example IL-4 or IL-5 [Piccinni et al. 1995]. In 

turn, lower placental Hsd3b1 expression with thereby potentially lower progesterone syn-

thesis, could promote a Th1 prone state in the child’s developing immune system with even-

tually lower predisposition for Th2 mediated diseases later in life. In this regard, potentially 

low-level inflammatory responses within the placenta might be an important intermediate 

link. This assumption is strengthened by the fact that progesterone is indeed known to sup-
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port Th2 responses and does dampen Th1 responses [Piccinni et al. 1995, Piccinni et al. 

2000]. 

4.1.4 Placental milieu is more inflammation prone in samples from Gabonese 

mothers 

Regarding pro-inflammatory IFNy and anti-inflammatory IL-10, placental inflammation at the 

time of birth was higher in the samples from the Gabonese cohort, particularly on the fetal 

side (see section 3.1.2.2). Here, IFNy was higher expressed and IL-10 was lower expressed 

compared to the German placentas. Additionally, Foxp3 as marker for regulatory T cells was 

significantly lower expressed. Those results were highly significant.  

Cytokines, and in particular IFNy, play an important role during pregnancy. Apart from the 

production in natural killer cells and a pregnancy-related subset the uterine natural killer 

cells, production of this cytokine is known in placental trophoblast cells (reviewed in 

[Murphy et al. 2009]). 

In this context, Straubinger et al. revealed IFNy to be vital for the offspring’s lower suscepti-

bility against AAI by use of IFNy-deficient, schistosome infected dams: here, in the lung tis-

sue of the respective offspring higher levels of lung inflammation were found. These findings 

came along with elevated white blood cells within the lung tissue. The experiment was im-

plemented with animals in the Th1-phase of schistosome infection, where beforehand a pro-

tective effect of maternal infection could be seen concerning the offspring’s susceptibility 

towards allergic airway infection. This underlines the assumption that the pro-inflammatory 

IFNy could be pivotal in the mechanistic link between infection and protection against aller-

gies. [Straubinger et al. 2014]  

We hypothesised that low-level placental inflammation takes a pivotal role in influencing the 

offspring’s developing immune system. Additionally, we proposed that this effect was medi-

ated or supported at least by a downregulation of the placental VDR in placentas from hel-

minth-endemic Gabon. Indeed, both lower expression of VDR and higher IFNy expression 

were detected in the Gabonese placentas. A link between placental vitamin D metabolism, 

most likely through its receptor VDR, and IFNy is already known and demonstrated in differ-

ent studies [Diaz et al. 2009, Liu et al. 2011], yet we showed significant differences in placen-
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tal gene expression when comparing a cohort from helminth-endemic Gabon with one from 

Germany. 

One could assume that not only acute helminth infection during pregnancy but also former 

contact to helminths or at the minimum live in a helminth-endemic area can impact on pla-

cental gene expression. This might lead to beneficial long-term effects in the child, e.g. lower 

allergy susceptibility. The results of our presented human pilot study at least partly reflect 

the results from our study of Straubinger at al. [Straubinger et al. 2014], where maternal 

helminth infection in mice led to a downregulation of VDR and Hsd3b1 which was associated 

with low-level placental inflammation; a corresponding mechanism can thereby be assumed 

in humans. As mentioned before, further work and studies comparing infected and non-

infected mothers with similar genetic background will be needed to be able to draw definite 

conclusions.  

4.2 Correlation analysis as basis for further hypotheses 

To investigate theoretical connections between different collected data, correlation analysis 

is suitable. Even though no causal link can be drawn from a statistically significant positive or 

negative correlation, it can be perfectly used to draw theoretical conclusions and for the 

development of new hypotheses. In the following sections, all performed correlation analy-

sis will be discussed.  

4.2.1 Gene expression levels of fetal and maternal side of the placenta do 

mostly not correlate 

As mentioned above, only little is known about differences between the fetal and the ma-

ternal side of the placenta regarding especially gene expression levels. We could show that 

gene expression levels can indeed differ significantly between the fetal and the maternal 

side when regarding certain genes like VDR or IFNy (see section 3.1.2). Next, we wanted to 

find out whether the expression levels of the fetal and the maternal side correlated with 

each other. Generally, a correlation in this term could for example mean that the cells from 

one side directly regulate or influence the cells from the other side of the placenta. No corre-

lation in contrast could suggest rather separated “systems” with different prior functions of 

each placental side.  
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In both of our study cohorts, no correlation could be found between the expression levels of 

fetal and maternal VDR, Cyp27b1, Foxp3 and Hsd3b1. Interestingly, only the cytokine ex-

pressions within the fetal and the maternal side (IFNy and IL-10) correlated positively in the 

German cohort, whereas in the Gabonese cohort a positive correlation could only be found 

when regarding IL-10.  

One placental side might “communicate” with the other by for instance biochemical mes-

sengers like hormones or by immunological cells of the placental bed through up- or down-

regulation of cytokine synthesis. This might explain the positive correlation between the 

expression of IFNy/IL-10 of the fetal and the maternal side of the German cohort: Theoreti-

cally, higher cytokine expression on one of the placental sides could, through transportation 

with the blood stream, influence the cytokine expression on the other side. That in turn 

could lead to changed gene expression levels of other gene classes like VDR or Cyp27b1 in 

our case. However, this connection between the cytokine levels of the fetal and the mater-

nal side might be interrupted when a certain threshold is overstepped: IFNy expression lev-

els were significantly higher in the fetal side of the Gabonese compared to the German pla-

centas (see section 3.1.2.2) and here, no correlation between the IFNy expression of the fe-

tal and the maternal placental side was found. This could be interpreted as a protective de-

coupling when placental inflammation is comparatively high (in our case compared to the 

German cohort), in order to protect the fetus from “too much” inflammatory stimulus. How-

ever, it should be emphasized that higher RNA expression levels like measured in this study 

not necessarily lead to higher levels of the actual protein. Since all of these assumptions re-

main theoretical and only base on the results of our pilot study, further investigations will be 

needed to explore the crosstalk between the fetal and the maternal side of the placenta. 

4.2.2 German and Gabonese placentas show different correlation pattern 

Not only the gene expression levels varied between the German and the Gabonese cohort 

but also the correlation patterns were found to be dissimilar (see section 3.1.3). In brief, the 

correlation between vitamin D metabolism and inflammation, with IFNy and IL-10 as repre-

sentatives, was stronger within the placentas from Gabonese subjects. Whereas no correla-

tion could be found between VDR and IL-10 or IFNy within the German samples, a correla-

tion could be found on the fetal side of the Gabonese placentas: VDR and IFNy correlated 

negatively whereas a positive correlation was found between the VDR and IL-10. This sup-



Discussion 

72 

ports our assumption that infection or close contact to pathogens can upregulate placental 

inflammation. IFNy seems to be crucial in this regard (see section 4.1.4). Higher levels of this 

cytokine might directly downregulate the placental VDR with potential long-term effects on 

the developing immune system (see section 4.1.2). 

Resembling results were revealed regarding the correlation between Cyp27b1 and the cyto-

kines: Within the German cohort, a positive correlation could only be measured between 

IFNy and Cyp27b1 on the maternal side of the placenta. In the Gabonese samples Cyp27b1 

and IFNy correlated on both placental sides. Additionally, on the maternal side a strong cor-

relation between IL-10 and Cyp27b1 was detected. It could be concluded that in Gabonese 

or even more generally in central-African patients, where infections are a lot more likely 

than in Germany, local vitamin D metabolism is more tightly connected to placental inflam-

mation. However, the causality remains unclear, although a connection between placental 

vitamin D metabolism and distinct pregnancy outcomes is known [Diaz et al. 2002, Fischer et 

al. 2007, Cho et al. 2013, Nguyen et al. 2015]. In pregnant women suffering from pre-

eclampsia for example, a changed placental expression pattern of vitamin D metabolizing 

enzymes (e.g. lower Cyp27b1 expression) is just as well-known as simultaneously higher lev-

els of inflammatory cytokines deriving from the feto-maternal interface [Barrera et al. 2015]. 

Also infectious diseases, including parasite infections like schistosomiasis, are known to in-

crease placental cytokine composition that probably cause immune cells to aggregate within 

the placenta: In placentas from mothers with Plasmodium falciparum infection, higher levels 

of exemplary IFNy and TNF-alpha were measured in plasma from the intervillous space 

[Suguitan et al. 2003]. Accordingly, placental blood levels of TNF-alpha and IL-6 were found 

to be increased in patients with Schistosoma japonicum infection [Kurtis et al. 2011]. With 

this in mind, our assumption is that prenatal influencing factors, for instance maternal infec-

tion [Mpairwe et al. 2014] or completely different ones like farm exposure [von Mutius 

2012], can influence childhood health mechanistically through changed placental gene ex-

pression and thereby physiology. The specific role of vitamin D status during pregnancy on 

the child’s health later in life will be further discussed in chapter 4.3.1. 

We found a by far stronger and clearer correlation between Cyp27b1 and IFNy in the Gabo-

nese placentas compared to the German samples. This observation might be linked to the 

generally higher expression levels of pro-inflammatory IFNy within the placenta. Additionally 

to the VDR, it has been known for long that the placenta expresses all necessary compo-
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nents of the vitamin D signalling, including the vitamin D activating enzyme Cyp27b1 and the 

katabolic enzyme Cyp24a1 [Gray et al. 1979, Weisman et al. 1979]. Thereby, the placenta 

can synthesize active 1,25(OH)2D out of 25(OH)D and additionally can inactivate it again 

through hydroxylation at C24 [Avila et al. 2007]. By an upregulation of Cyp27b1 and conse-

quently increased 1,25(OH)2D synthesis, the placental trophoblast cells themselves can react 

to an adverse immunological milieu by repression of pro-inflammatory cytokines that are for 

instance induced by TNF-alpha [Diaz et al. 2009]. This might explain the stronger correlation 

between Cyp27b1 and IFNy in the Gabonese placentas, where inflammation was generally 

higher. Similar to macrophages, in trophoblast cells production of the antimicrobial protein 

cathelicidin can be enhanced through intracrine 1,25(OH)2D synthesis [Liu et al. 2009]. Thus, 

also within the placenta, bioactive vitamin D can remarkably shape immune responses 

[White 2008].  

Taken together, the positive correlation between Cyp27b1 and IFNy in the placentas from 

our Gabonese cohort could be interpreted as follows: Cyp27b1 might be upregulated in case 

of exceeding a certain threshold of inflammation, in our case surrogated by IFNy expression. 

Cyp27b1 and an enhanced production of bioactive vitamin D might therefore act as counter-

balance for inflammation.  

4.3 German cohort 

4.3.1 Serum 25(OH)D levels in the majority insufficient or deficient 

Within the German cohort, beyond investigating placental gene expression levels, we ana-

lysed vitamin D serum levels. 25(OH)D or calcidiol is generally used to assess human vitamin 

D status which is considered sufficient when levels are higher than 30 ng/ml [Holick and 

Chen 2008]. The majority of the German mothers were inadequately supplied with this vit-

amin and the biggest group showed not only insufficient but even deficient vitamin D levels 

less than 20 ng/ml of 25(OH)D (see section 3.2.3.1). This supports the general opinion that a 

high proportion of the German population is undersupplied with vitamin D [Hintzpeter et al. 

2008]. Even though more of the babies were sufficiently supplied, the majority also showed 

insufficient or deficient levels. Generally, since exposure to sunlight is essential for the vita-

min D synthesis [Holick 2003], seasonal differences in vitamin D sustenance are to be ex-
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pected. However, all births and thereby sample collection took place in July and August 2015 

where solar radiation was high. Still, the results were not surprising since vitamin D deficien-

cy is a known and common global problem and some even term vitamin D deficiency to be 

pandemic [Holick 2008, Cashman et al. 2016]. A subpopulation vulnerable for and endan-

gered by vitamin D deficiency is pregnant women [Schroth et al. 2005]. 

However, also in this subgroup, insufficient supply with vitamin D is no rarity. Here, it is as-

sociated with higher rates of gestational diabetes, pre-eclampsia or preterm birth. Still, 

treatment of vitamin D deficiency during pregnancy is currently not recommended routinely, 

since evidence for direct health benefits for the mother and child are missing. [WHO 2012]  

Furthermore, apart from adverse pregnancy outcomes, a role of vitamin D status during 

pregnancy for the child’s health later in life has been proposed (summarized in [Erkkola 

2011]). Maternal lack of vitamin D during pregnancy for example is associated with the child 

being at higher risk for autoimmune diseases like multiple sclerosis [Munger et al. 2016] or 

childhood eczema [Wei et al. 2016]. However, excessive maternal vitamin D levels can prob-

ably adversely affect the child’s susceptibility to eczema or asthma, too [Gale et al. 2008]. 

Cord-blood 25(OH)D levels significantly correlated with those from the mothers in our co-

hort. Thereby, maternal vitamin D status can be seen as predictive for the child’s vitamin D 

status at birth, a predictive cohesion that was already stated in the 1980s [Hollis and Pittard 

1984]. Low cord-blood vitamin D levels were then again shown to be inversely associated 

with childhood wheezing and respiratory infections [Belderbos et al. 2011, Camargo et al. 

2011]. With all those potential adverse health-consequences in mind, it is alarming that the 

majority of our study population was not sufficiently supplied with vitamin D.  

It will be interesting to see how high the vitamin D serum levels are in the Gabonese moth-

ers and children in future studies. Three variants will matter in this context: Firstly, Gabon as 

central African country lies close to the equator, thereby solar radiation is a lot higher than 

in Germany. This might be the most important factor that could lead to higher vitamin D 

levels in Gabonese people (compared to Germany). However and secondly, dark-skinned 

humans are known to have generally lower 25(OH)D levels compared to lighter skinned peo-

ple. In a study performed in Switzerland for instance, vitamin D levels were measured in 

pregnant women and simultaneously their skin colour was investigated, showing significant-

ly higher rates of vitamin D deficiency in darker skinned women [Richard et al. 2017].  
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Similar results were found by Powe et al., investigating Vitamin D levels white and black 

skinned Americans: the dark-skinned cohort had lower levels of the investigated vitamin. 

The same group however highlights the third and probably very important factor: Apart from 

Vitamin D levels being lower in darker skinned people, simultaneously lower levels of DPB 

were measured, consequently leading to comparable levels of bioavailable vitamin D. The 

hydrophobic vitamin D is in a large part bound to its carrier protein DBP which thereby dis-

tinctly influences its bioavailability. Consequently, it seems to be too easy to only compare 

25(OH)D levels but instead the DBP should always be analysed in parallel. [Powe et al. 2013] 

Intervention trials are ethically difficult, especially in pregnant women. Nevertheless, it 

seems necessary that future studies are implemented to build uniform and safe supplemen-

tation guidance for pregnant women. Most mothers of our cohort that supplemented vita-

min D did this in form of combination tablets that contain several different vitamins like for 

instance Femibion®. Femibion® contains 800 I.U. of vitamin D, an amount that is found in 

most of the products recommended for pregnancy. In light of the fact that we could not find 

significant differences in the vitamin D serum levels of mothers that did or did not supple-

ment vitamin D (see Figure 3.12, c-d), the question should be stated how effective such sup-

plementation is. Apart from the assumption that the amount of daily vitamin D intake is 

simply too low in the most commonly recommended products for pregnancy, also the intake 

itself might be flawed in many cases: It is recommended in the instruction leaflets to take it 

together with a big amount of fluids and in relation with food to be able to resorb this fat-

soluble vitamin at all.  

4.3.2 Systemic 25(OH)D levels do not correlate with placental VDR expres-

sion 

The VDR is known to be internally regulated through vitamin D itself. To investigate whether 

we could find a connection between placental VDR expression and systemic levels of 

25(OH)D, we performed correlation analysis between the two measured variables. No corre-

lation could be found, not when correlating the results from either fetal or maternal side 

with each other nor when correlating fetal with maternal results (see section 3.2.4). Bioac-

tive 1,25(OH)2D interestingly regulates the VDR itself [Santiso-Mere et al. 1993]. This auto-

regulation happens directly through enhancers within the VDR gene [Zella et al. 2007]. An 

autologous upregulation of the VDR by 1,25(OH)2D has for long been known and was 
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demonstrated in different cell lines [Costa et al. 1985]. Most studies only focus on the VDR 

regulation by 1,25(OH)2D and not its precursor 25(OH)D. That might explain why we could 

not reveal a correlation between vitamin D and placental VDR, since we only measured 

25(OH)D as surrogate for the individual’s sustenance with this vitamin. Additionally, not sys-

temic but potentially local vitamin D levels within the placenta might be primarily responsi-

ble for placental VDR regulation. Moreover, an important notion might be that the VDR au-

toregulation is tissue specific and might thereby especially differ between tissues that are 

involved in calcium homeostasis, like bone or kidney, or others like the placenta [Gensure et 

al. 1998, Knabl et al. 2014].  

In BeWo cells that are often used as trophoblast model, Knabl et al. could demonstrate a 

concentration dependant VDR regulation by calcitriol. They were the first to show that spe-

cific concentrations of 1,25(OH)2D can not only up- but also downregulate VDR in tropho-

blast cells. [Knabl et al. 2014] 

Since 25(OH)D is the direct precursor of 1,25(OH)2D, it stands to reason that 1,25(OH)2D de-

pends on 25(OH)D levels, at least in patients without kidney diseases as the main 1,25(OH)2D 

production takes place in the kidneys [Deutzmann 2012]. Thereby, one could conclude that 

also systemic 1,25(OH)2D levels do not correlate with placental VDR, since in our study its 

precursor does not show correlation with placental VDR, too. This assumption however re-

mains speculative and needs to be verified in the future. Nevertheless, as mentioned above, 

it might not be the systemic vitamin D levels but the locally within the placenta produced 

ones that regulate placental VDR expression. This assumption is strengthened by the obser-

vation that placental cells can synthesize 1,25(OH)2D and produce tissue concentrations that 

can even exceed serum concentrations [Zerwekh and Breslau 1986]. In summary, it might be 

interesting to measure placental vitamin D levels in future studies. 

Then again, it should be added that to definitely analyse the amount of bioavailable vita-

min D, also its transporter DBP should be taken in account (see section 4.3.1 and [Powe et al. 

2013]). 

 

 



Résumé and Outlook 

77 

5 Résumé and Outlook 
It has been proposed for a long time that an increase of allergic and autoimmune diseases 

can at least partly be attributed to a decreasing incidence of infectious diseases [Strachan 

1989]. The original idea which focused on bacterial and viral infections has been expanded 

towards parasites and particularly helminths as “balancing” factors counteracting the inci-

dence and course of allergies and autoimmune diseases [Versini et al. 2015]. Apart from 

immune regulatory processes that are induced by such chronic helminth infections and 

which counterbalance allergies in infected hosts, such “protective” effects have recently 

been observed in the next (uninfected) generation: Here, offspring from chronically infected 

mothers showed strongly suppressed development of allergic airway inflammation when 

triggered with a strong allergen [Straubinger et al. 2014]. These observations and its underly-

ing mechanism have important implications other than only the occurrence of allergic dis-

eases. It is likely that for instance vaccine efficacy, the development of autoimmune diseases 

or other non-communicable diseases might be affected. The underlying mechanisms of this 

feto-maternal crosstalk however remain largely unclear. In this context, we assume the pla-

centa as the connecting organ and simultaneously important barrier between mother and 

child to play a pivotal role. Many different gene classes are expressed here. Thereby, it is 

hypothesized that altered local (placental) gene expression patterns play a major role in the 

context of how environmental factors shape the health of the developing child. In a murine 

study, we could reveal that placental VDR and Hsd3b1 expression might take a leading role 

in this regard: Downregulation of both genes was detected in placentas from helminth in-

fected mothers and this correlated significantly with a lower allergy susceptibility of the off-

spring [Straubinger et al. 2014]. These findings are particularly interesting in terms of the 

immunomodulatory functions of vitamin D through its receptor VDR. Generally, the VDR is 

known to promote anti-inflammatory effects by enhancing the development of Tregs and 

damping the release of pro-inflammatory cytokines like IFNy [Mora et al. 2008]. Additionally, 

several studies revealed that adequate maternal vitamin D levels can promote a protective 

effect in the child against the later development of for example wheezing [Camargo et al. 

2007] or asthma [Litonjua and Weiss 2007].  

Since allergies are much less common in helminth-endemic areas like the African country 

Gabon, in contrast to high-income countries like Germany, we performed a pilot study and 

compared gene expression levels between Gabonese and German placental samples focus-
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ing on VDR, Cyp27b1, IFNy, IL-10, Hsd3b1 and Foxp3. The samples were taken from both the 

fetal and the maternal side of the organ. Thus, we could not only investigate differences in 

expression levels between the two cohorts, but were also able to analyse local differences 

inside the organ. Additionally, correlation patterns between the different analysed genes of 

one placental side and supplementary between the fetal and the maternal placental side 

were gathered. Population-based differences were detected both in gene expression levels 

as well as in correlation patterns. For example, VDR and Hsd3b1 expression were found to 

be significantly lower in the samples from helminth-endemic Gabon which resembled find-

ings from our previous experimental murine studies using the maternal helminth infection 

model. Additionally, the placental milieu in the Gabonese cohort was more inflammation-

prone represented by upregulated IFNy and simultaneously downregulated IL-10 expression. 

In addition, we could demonstrate that the fetal and the maternal side should be analysed 

separately when regarding the human placenta, since gene expression levels can differ sig-

nificantly from one side to the other. Interestingly, most gene expression levels did not cor-

relate between the fetal and the maternal side of the placenta in both cohorts, apart from 

the cytokine expression levels which did correlate in large part.  

As summarized above, the two cohorts diverged not only in gene expression levels, but also 

concerning the analysed correlation patterns. In more detail, VDR expression for instance did 

not correlate with either IFNy or IL-10 within the German samples. However, in the Gabo-

nese samples, expression levels of fetal VDR positively correlated with those of IL-10, and 

negative correlation was observed between VDR and IFNy. We assume the generally higher 

levels of pro-inflammatory IFNy to be accountable for this finding. Thus, considering that this 

delicate feto-maternal border is constantly in contact with environmental challenges such as 

microbes, interdependent gene regulation only seems to occur once a certain threshold of 

inflammation (represented by IFNy) is reached. Nevertheless, one should be careful when 

interpreting correlation analyses, since a positive or negative correlation does not necessari-

ly prove underlying causality. 

Another major finding within this thesis was distinct differences in gene expression levels 

between the fetal and the maternal side of the placenta such as the expression of the VDR 

which was significantly higher on the fetal compared to the maternal side of the German 

placentas. Interestingly, gene expression levels of the fetal side did mostly not correlate with 

those from the maternal side. These differences suggest that gene expression within these 
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two anatomical sites is regulated via distinct mechanisms and might thus even fulfil different 

functions. Nevertheless, the expression levels per se might be influenced for instance 

through soluble cytokines like maternal IFNy or IL-10 which however was not investigated in 

this study since we only analysed gene expression levels. Interestingly though, the only gene 

classes that correlated between the fetal and the maternal side were those of the analysed 

cytokines. One exception was the Gabonese IFNy expression, which did not correlate be-

tween the fetal and the maternal side. In theory, assuming that higher gene expression lev-

els lead to higher levels of soluble cytokines, it might come to a deregulation when over-

stepping a specific threshold of inflammation (again represented through IFNy) as kind of 

protecting mechanism for the growing child. 

To the best of our knowledge, this is the first study which investigates the influence of a 

helminth-endemic environment during pregnancy on placental gene regulation as a possible 

mechanistic link explaining transgenerational effects of environmental factors on the off-

spring’s immune system. Nevertheless, our results stem from two very small cohorts that 

can be distinguished in their ethnic and geographic background. This as well as further limi-

tations such as differences in nutrition, general hygiene standard and ethnical background 

were discussed in detail in the discussion section above. Thus, further studies to investigate 

possible mechanistic links between helminth infection, placental vitamin D metabolism and 

the child’s health later in life are needed and have been initiated by our group within a new 

study (HELMVIT).   
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