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Zusammenfassung 
 

 

Einleitung: 

In dieser Forschungsarbeit wurden unterschiedliche immunologische Mechanismen 

untersucht, welche bei der Entstehung von Präeklampsie eine Rolle spielen können. 

Hypertone Erkrankungen in der Schwangerschaft (inkl. Präeklampsie) gehören zu den 

weltweit häufigsten und gefährlichsten Schwangerschaftskomplikationen, deren 

Ursachen bis heute unzureichend erforscht bleiben. Am wahrscheinlichsten ist eine 

multifaktorielle Krankheitsentstehung. Klinisch kann es bei der Mutter von Blutdruckkrisen, 

Leber- und Nierenschäden bis hin zu Krampfanfällen kommen. Beim Fetus kann es durch 

eine Mangelversorgung zu Wachstumsrestriktion kommen. Die bisher einzige kurative 

Therapie der Präeklampsie ist eine vorzeitige Entbindung, einhergehend mit einer erhöhten 

neonatalen Mortalität und Morbidität.  

 

Änderungen im maternalen Immunsystem im Sinne einer autoimmunen Reaktion, ausgelöst 

durch den semiallogenen Fetus, werden als einer der möglichen  Auslöser von Präeklampsie 

diskutiert. Weibliche Geschlechts- und Schwangerschaftshormone, unter anderem hCG, 

können das Immunsystem modulieren und somit an der Entstehung von Präeklampsie 

beteiligt sein.  

 

Fragestellung: 

In der vorliegenden Arbeit wurde der Fokus auf eine Subgruppe von Lymphozyten, die 

CD19+CD5+ B1-a B Lymphozyten, gelegt. B1-a Zellen gehören zum angeborenen 

Immunsystem und produzieren natürliche Antikörper, welche polyreaktiv sind, aber auch 

autoreaktiv agieren können. Im Zusammenhang mit Präeklampsie zeigte sich, dass die 

Anzahl von B1-a B Zellen im peripheren Blut der betroffenen Mütter erhöht ist und, dass 

diese in der Lage sind, Angiotensin 1 Rezeptor-Autoantikörper (AT1-AA) zu produzieren.  In 

vitro werden sie dabei von hCG aktiviert. AT1-AA können den AT1 Rezeptor aktivieren und 

somit eine Vasokonstriktion mit nachfolgender Erhöhung des Blutdrucks verursachen.  
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Methoden: 

Die Untersuchungen der B Zell-Subpopulationen wurden einerseits in einem etablierten 

Abort-Mausmodell durchgeführt. Zum anderen wurden humane B Zellen untersucht. CBA/J 

Weibchen wurden mit DBA/2J Männchen (Präeklampsie-Gruppe) oder mit BALB/c 

Männchen (normale Schwangerschaft) verpaart. Nicht schwangere CBA/J Weibchen dienten 

als Kontrollgruppe. B1-a B Zellen aus peritonealer Spülflüssigkeit wurden magnetisch isoliert. 

Humane B1-a B Zellen wurden aus dem peripheren Blut von nicht schwangeren Frauen im 

gebärfähigen Alter gewonnen. Die isolierten Zellen wurden für 72 Stunden (mit und ohne 

LPS, mit verschiedenen Konzentrationen von hCG, h-HCG, Progesteron und Estradiol) 

inkubiert. Danach wurden verschiedene Zytokine (IL10, IFN-γ, TNF-α, IL17) und die 

Aktivitätsmarker CD69 und CD86 angefärbt und via FACS analysiert. 

 

Ergebnisse: 

Wir konnten zeigen, dass die B1-a B Zellen in CBA/J x DBA/2J verpaarten Mäusen in vivo und 

in vitro Veränderungen am murinen Immunsystem hervorrufen. Weibliche 

Geschlechtshormone konnten konzentrationsabhängig sowohl den Aktivitätslevel von 

murinen als auch humanen B1-a B Zellen beeinflussen. In humanen B1-a B Zellen wurde die 

Aktivität vor allem durch das hyperglykosylierte hCG gesteigert. 

 

Diskussion: 

Insgesamt konnten mit dieser Arbeit weitere Nachweise dafür erbracht werden, dass B1-a B 

Zellen an der Entstehung von Präeklampsie beteiligt sein können, und zwar nicht nur durch 

die Produktion von Autoantikörpern, sondern auch durch die Produktion von Zytokinen. H-

hCG stellte sich als ein potenziell wichtiger Faktor heraus, der humane B1-a B Zellen in vitro 

aktivieren kann.  
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Abstract 
 

In this work we investigated immunological mechanisms involved in the onset of PE, a 

multifactorial pregnancy related disease of global importance. The clinical symptoms range 

from de novo hypertension, renal and hepatic damage, to IUGR and convulsions (eclampsia). 

An imbalance between vasospastic and vasodilatory mediators, leading to generalized 

endothelial dysfunction, is most probable responsible for the onset of the disorder. 

Autoimmune reactions provoked by the semi-allogen fetus have also been postulated as a 

possible cause. Preterm delivery is the only curative therapie available.  

Our focus was on a subset of B lymphocytes, the CD19+ CD5+ B1-a B cells. These cells belong 

to the innate immune system and produce natural polyreactive (and possibly autoreactive) 

antibodies such as AT1-AA but also different cytokines. In the context of PE it has been 

reported that B1-a B cells in the peripheral blood are augmented. Female sex hormones, 

pregnancy associated hCG and its isoform h-HCG modulate the immune functions in 

pregnancy and thus may be involved in the development of PE. Cytokine production patterns 

of B1-a B cells and the impact of female sex hormones were analyzed.   

For our experiments an established mouse model for immunological pregnancy loss (CBA/J x 

DBA/2J model) was used. Aditionally, isolated human peripheral blood B1-a B cells were 

used. 

In the mouse model we could demonstrate that in vivo transferred B1-a B cells induced 

deposits in the mothers’ kidneys, correlating with renal damage. Secretion patterns of the 

cytokines IL10, IFN-γ, TNF-α and IL17 in disturbed pregnancies were altered as measured by 

FACS or MBAA respectively. Our data revealed an increased expression of anti-inflammatory 

IL10 in normal pregnant mice. 

The activation levels of human and murine B1-a B cells (as recorded by CD69 and CD86 

expression) were influenced by female sex hormones in a dose-dependent manner. In 

humans, recombinant h-HCG had a strong capacity to activate B1-a B cells. PG exerted a 

comparable effect on murine B1-a B cells.  
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We provide further evidence for a possible autoimmune component in the pathogenesis of 

PE. B1-a B cell involvement might include AA secretion as well as cytokine production. H-

HCG emerges as a potentially important factor for human B1-a B cell activation in vitro. 
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1. Introduction 
 

Preeclampsia (PE) is a devastating pregnancy specific disorder and is one of the leading 

causes for maternal and fetal mortality and morbidity [1–3]. Yet the etiology of PE remains 

poorly understood and there is only a symptomatic therapy available. The idea of an 

autoimmune PE-background emerged some years ago and in subsequent investigations, a 

subgroup of B-Lymphocytes, the B1-a B cells, were identified as important players in the 

onset of the disease [4,5]. Since the immune system is very complex with a number of 

participants, it is assumed that the B1a-B cells need specific trigger substances which induce 

their diverse actions. Cytokines, T cells, female sex hormones and pregnancy specific factors 

like hCG are supposed to be involved in these processes [5]. Up to date we know very little 

about the activation and regulation of B1-a B cells by these agents. The main focus of this 

work was to further characterize the interactions of human and murine B1-a B cells with 

female sex hormones (Estradiol and Progesterone) and especially with human chorionic 

gonadotropin (hCG) and its isoforms. 

 

 1.1 Preeclampsia 
 

Affecting around 5 - 8 % of all pregnant women, PE is one of the most frequent pregnancy-

associated disorders. Worldwide more than 50.000 women die every year from PE and its 

complications [1–3]. In developed countries the disease is usually recognized early enough to 

preserve the mother from death or long-term damage. On the other hand, since premature 

delivery of the fetus and placenta is the only effective PE therapy available, the risk of 

morbidity and mortality of the neonate is extremely high [6]. The main characteristics for 

this multi-organ disease are de novo hypertension and proteinuria, usually appearing after 

the 20th week of gestation [7,8]. In the less frequent early-onset type, symptoms appear 

before 34 weeks of gestation [9,10]. Especially in early-onset PE, the pathophysiological 

mechanisms comprise incomplete remodeling of placental spiral arterys, leading to placental 

hypoperfusion and intrauterine growth restriction (IUGR). Placentation in the first trimester 

(TRM) is abnormal because of a deficient trophoblast invasion in the uterine wall [11,12]. In 

the late onset-type, placental perfusion is not altered to the same extend. An imbalance of 
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pro- and anti-angiogenic factors in favor of the anti-angiogenic factors leads to generalized 

endothelial dysfunction and increased vascular resistance. As a consequence the blood flow 

in nearly every organ can be diminished. Often the maternal kidneys are affected and an 

increased excretion of proteins (proteinuria) occurs. The dysfunction of the blood vessels 

can also affect liver and/or brain circulation. In some cases the patients may develop a 

hemolysis, elevated liver enzymes and low platelets (HELLP) - Syndrome or even an 

eclampsia, both of them being severe forms of PE. Patients with mild forms of PE may 

present different symptoms including: headache, dizziness, edema and abdominal pain. The 

onset of PE can also proceed without any clinical symptoms, being diagnosed by increasing 

blood pressure and aberrant blood test results (e.g. elevation of liver enzymes, decrease of 

platelets and proteinuria) in the preventive examinations in pregnancy. More severe forms 

can cause acute sickness, vomiting and pain in the right upper abdomen. When the brain is 

affected, headache and vision disorders may occure. In one third of the cases these 

symptoms are prodromal signs before life-threatening convulsions (eclampsia) develop 

[13,14]. Reduced uterine perfusion can potentially lead to severe damage of the fetus 

(including IUGR). The combination of IUGR and preterm delivery leads to increased 

peripartal and neonatal morbidity and mortality. About 15% of all preterm deliveries are due 

to PE [15,16].  

The imbalance between vasospastic and vasodilatory mediators found in PE patients 

includes a decrease of VEGF (vascular endothelial growth factor) and PlGF (placental growth 

factor) levels on the one hand and an increase of sFlt-1 (soluble Fms-like tyrosine kinase-1) 

and s-ENG (soluble Endoglin) on the other hand [17]. Moreover, Wallukat and co-authors 

found an agonistic autoantibody against the AT1 (Angiotensin 1) receptor in the serum of PE 

patients [18]. The presence of AT1-AA in PE patients can be one further reason for the 

endothelial dysfunction and the subsequent hypertension and supports the idea of PE having 

an autoimmune component. Angiotensin and its receptors are essential elements in the 

Renin-Angiotensin-Aldosterone-System (RAAS) which is regulating water household and 

blood pressure (figure 1) [19]. Several studies confirmed the importance of AT1-AA in the 

onset of PE [20,21]. Albeit our group has recently identified B1-a B cells as potential AT1-AA 

producing cells, the signals that trigger its production remain yet unknown.  
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Figure 1. Simplified illustration of the RAAS System and the Angiotensin effects 

Decreasing renal perfusion is the most important stimulus for Renin liberation. Renin is a kidney-specific 

enzyme which converts Angiotensinogen to Angiotensin I. In the lungs, the Angiotensin Converting Enzyme 

(ACE) converts Angiotensin I to Angiotensin II. AT II is the endocrine active hormone, exerting its effects on 

blood pressure indirectly via enhancement of Aldosterone secretion and directly by increasing contractility of 

blood vessel smooth muscle. Source: own diagram based on [19]. 

•Angiotensinogen

Renin 

(Kidney)

•Angiotensin I

ACE

(Lung)

•Angiotensin II

via ATII Type I Receptor: 

Aldosterone liberation

vasoconstriction
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1.2 B1-a B Cells 

 

B1-a B cells are a subpopulation of B lymphocytes (figure 2). B cells belong to the group of 

white blood cells (lymphocytes) and exert important immune functions including secretion 

and presentation of immunoglobulins. The expression of the surface marker CD19 

characterizes B cells. However, both cell types: B1 and B2 lymphocytes origin from different 

precursors, can be found in different organs and take over diverse tasks (figure 3). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Simplified systematic of white blood cells 

B cells, as well as T cells and Natural Killer cells belong to the lymphoid cell strain. B cells can be further 
subdivided by means of their surface markers, their places of production and their main ways to act. B1-a B 
cells are specified by the surface protein CD5 additional to the common B cell molecule CD19. Source: own 
diagram based on [22–24]. 
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Figure 3. Developmental and functional differences of B1 and B2 cells 

B1 as well as B2 cells develop from progenitor cells in the bone marrow. They mature through various steps 
from pro-B cells to B cells and emigrate to their specific places of execution. B1 cells develop and act mainly 
independent of T cells, whereas B2 cells are largely dependent on T cell produced signals. B2 cells mature in the 
spleen to marginal or follicular zone B cells. They proceed to the lymphoid tissues in the body and produce 
highly specific antibodies. The big part of B1 cells in adults is located in the serous cavities.   
Source: Montecino-Rodriguez et al 2012, “B-1 B cell development in the fetus and adult.” PMID 22284417 

 

 

B2 cells (the conventional B cells) belong to the adaptive arm of the immune system and 

develop from hematopoietic precursor cells in the bone marrow throughout adult life. They 

migrate to the spleen and undergo further maturation there. After T cell dependent 

activation they undergo Ig - class switch and secrete different immunoglobulins [25]. B2 also 

act as antigen presenting cells (APCs) [24]. All B cells are able to produce different cytokines 

and contribute to the development and regulation of lymphoid architecture. Cytokines are 

messenger molecules which aid cell to cell communication in immune responses and guide 

cells toward the side of inflammation [26,27]. In contrast to B2, B1 cells belong to the innate 

immune system and secrete antibodies in a T cell independent manner [25]. B1 cells are 

mainly produced in the fetal liver and circulate in the peripheral blood. In mice, most of 

them are located in the visceral cavities [23]. B1-a B cells are (amongst others) characterized 
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by the expression of the surface molecules CD19 and CD5 [28]. In the murine system, B1-b 

cells lack the surface molecule CD5 but bear all other surface markers usually expressed by 

B1-a cells [29]. In the course of life, the number of B1 cells decreases. In neonates, B1-a B 

cells represent the most abundant B cell population whereas in adults they account for only 

20 % of all circulating B cells [22]. One of the most striking features of these cells is the 

production of “natural antibodies”. In contrast to the adaptive antibodies, natural antibodies 

are produced continuously and independently of antigens. Natural antibodies are poly-

reactive and serve as a first line of defense against pathogens [30]. However, due to their 

polyreactivity, natural antibodies might also become auto-reactive [31]. Indeed, B1-a B cells 

and autoantibodies produced by them have already been associated with several human 

autoimmune diseases such as Sjögren’s syndrome, Systemic Lupus Erythematosus (SLE) and 

Rheumatoid Arthritis [30,32]. Once a foreign pathogen fits to the polyreactive B1-a B cell 

antibody, the cell becomes more active in order to eliminate the recognized structure. 

Activation levels of B cells can be determined by measuring specific surface markers such as 

CD69 and CD86 which are upregulated with increasing activity [33]. Also augmented size is a 

sign for activation [34]. 

Important background information for this study was delivered by Jensen, Wallukat et. al in 

their publication “CD19+ CD5+ cells as indicators of preeclampsia”. They were able to show 

that the frequency of the CD19+CD5+ B1-a B cells in the peripheral blood of preeclamptic 

patients is dramatically increased as compared to normotensive women. They also found 

that upon activation with serum from PE patients, B1-a B cells are able to produce AT1-AA 

[5]. Furthermore they were able to show that B1-B cells express high levels of LH/hCG 

receptor and that hCG induces the proliferation of B1-a B cells in vitro.  

Using the CBA x DBA mouse model of immunologically mediated pregnancy loss (detailed 

description in chapter 3.1), our group could previously demonstrate that B1-a B cells are 

involved in cellular mechanisms associated with pregnancy losses. They are able to induce 

differentiation of naïve T cells into Th17 and Th1 cells [35]. 
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1.3 Human Chorionic Gonadotropin 

 

Human chorionic gonadotropin (hCG) is a female sex hormone produced by the 

syncytiotrophoblast of the placenta during pregnancy. Other factors produced by the 

placenta are e.g. progesterone, leptin and human placental lactogen (HPL) [36]. hCG is a 

glycoprotein comprising an α-subunit and a β-subunit. In its structure it is closely related to 

TSH and to the other gonadotrophins LH and FSH. They all consist of a uniform α-subunit and 

differ only in the hormone specific β-subunit [19,37]. Five variants of hCG have been 

described so far: hCG, sulfated hCG, hyperglycosylated hCG, a free β-subunit and a 

hyperglycosylated free β-subunit. The biological functions vary between these forms and 

cover an incredibly wide spectrum [37]. At first, the basic hCG molecule is necessary to 

promote the production of progesterone (PG) by corpus luteum cells, which in turn is crucial 

to maintain pregnancy [38]. Indeed, without the hCG-triggered ongoing production of PG the 

secretory uterine epithelium would degenerate and consequently implantation would be 

impossible [39]. Clinically, nausea in the first TRM of pregnancy has been associated with 

rising levels of hCG. In interaction with PG it emphasizes a reduction of the vascular tonus 

and thus a decreasing diastolic blood pressure [40]. Recent studies also showed participation 

of hCG in many other mechanisms being activated in pregnancy: It induces angiogenesis in 

the uterine endothelium [41], trophoblast migration and invasion into the uterine wall [42] 

and supports the growth of uterus, fetus and umbilical cord [37].  

Interestingly, hCG has also been implicated as a key regulator of the immune system [43]. 

The hyperglycosylated isoform of hCG (h-HCG) plays a crucial role in the onset of pregnancy. 

h-HCG is the principal form of the hormone in very early pregnancy stages, representing 87% 

of total hCG during the third week of gestation [38]. It is the most important invasion signal 

for the extravillous cytotrophoblast. Unduly low levels of h-HCG may predict pregnancy 

failure. The molecule also serves as a high sensitivity marker for chorionic carcinoma and 

may be used in screening tests for genetic disorders (e.g. Down Syndrome) and third 

trimester hypertensive disorders including preeclamspia [44,45]. Different chorionic 

carcinoma cell lines produce hCG and have been established in research concerning this 

hormone. Jeg-3 and BeWo are two cell lines which produce significant amounts of h-HCG. In 

BeWo, 50 % of total hCG is hyperglycosylated. In Jeg-3 up to 100 % of total hCG is 

hyperglycosylated [46]. 
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hCG can be detected in the maternal blood and urine starting from the second week of 

gestation on. Therefore, it is used in pregnancy tests. The blood level of hCG doubles every 2 

- 5 days and reaches its peak at the end of the first TRM. Then the concentration slowly 

decreases until birth [44,47]. The interpersonal variance of hCG levels in early pregnancy is 

extraordinarily wide [48]. However, patients who develop PE in the third trimester show 

persistent high levels of hCG in course of the pregnancy [5,49]. 

 

1.4 LH/hCG Receptor 
 

The luteinizing hormone (LH) and hCG use a common receptor to execute their biological 

functions in the human organism. The LH/hCG receptor belongs to a family of membrane 

coupled G-protein receptors. All of these receptors consist of a polypeptide chain with 7 

transmembrane domains, an extracellular binding side for ligands such as hCG and an 

intracellular binding side for the GTP-binding proteins (G-proteins) [19]. The activation of the 

receptor on the extracellular side causes the conversion of intracellular bound GTP to cAMP 

by a G-protein and following intracellular signal cascades resulting in DNA transcription. The 

LH/hCG receptor is located on granulosa and corpus luteal cells in the ovary, on myometrial 

tissues and uterine vasculature, as well as in the human central nervous system e.g. on brain 

cells in the area postrema and hippocampus [50]. In pregnancy, the receptor is also 

expressed on the decidua, on umbilical cord cells and on fetal organs [38]. Importantly, the 

vast majority of B1-a B cells (up to 95 %) express the LH/hCG receptor [5]. While acting 

through the same receptor, hCG and LH cause different effects and the LH/hCG receptor is 

able to differentiate both hormones. It responds to hCG, hHCG and LH, but not to hCG free 

subunits or nicked hCG [38,44]. 

On a molecular level, it could be shown that hCG stimulates the receptor approximately 5 

fold more potent than LH. In vitro, intracellular cAMP production increases significantly upon 

stimulation by hCG. LH in turn is more potent on additional intracellular signaling pathways 

(e.g. phospho-ERK 1/2 and phospho-AKT transcription). LH reaches its maximum effect after 

10 minutes and is thus significantly faster than hCG (maximal effect after 1 hour) [51].   
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 LH hCG 

 

Side of production 

 

Pituitary gland 

 

Syncytiotrophoblast cells 

Release Pulsatil, in non pregnant women Steadily increasing, during the 1st 

TRM of pregnancy 

Side of action Granulosa and corpus luteum 

cells of the ovary 

corpus luteum, decidua, uterine 

vasculature, fetal organs, brain 

Effects Promotion of PG production - 

ovulation -  formation and 

maintenance of corpus luteum  

Promotion of PG production - 

uterine growth and muscle 

relaxation - angiogenesis - fetal 

growth - hyperemesis 

Half-life 1-2 hours  

(maxumim effect after 10 min) 

Several hours  

(maximum effect after 1 hour) 

 

Table 1. Comparison of the biological functions of LH and hCG 

LH and hCG are structurally closely related molecules and act upon the same receptor. Anyways there are some 

differences in the way they are released and in the biological effects they cause. Source: own table based on 

[38,51].    
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2. Specific Aims of the Study 
 

The specific aims of this research project are: 

 

▪ To examine the influence of B1-a B cells on murine pregnancy outcome using B1a-B 

cell transfer from pregnancy loss prone CBA mice to normal pregnant CBA mice.  

 

▪ To investigate cytokine production patterns of B1-a B cells in the CBA/J x DBA/2J 

mouse model using fluorescent activated cell sorting (FACS).  

 

▪ To explore the impact of different female sex hormones on the activation levels of 

murine B1-a B cells. The hormones hCG, progesterone and estradiol will be 

compared. 

 

▪ To test, how gonadotrophins (hCG and it`s isoforms) and other female sex hormones 

stimulate human B1-a B cells in terms of proliferation, activation and AA production.  
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3. Material & Methods 
 

A detailed list of material is attached to the manuscript (page 75). 

 

3.1 Mouse Model 
 

In our experiments a well-established mouse model for immunologically mediated 

pregnancy loss was used. Recently, its applicability as a PE model has also been postulated 

[52,53]. In this model three inbred strains are used: CBA/J females and DBA/2J as well as 

BALB/c males [54–56]. Female mice of the inbred strain CBA/J have an agouti colored coat 

and a median body weight of 20 g at age of 8 to 10 weeks. DBA/2J males are of dilute brown 

and weigh around 24 g at 2 month age. BALB/c mice are albinos and the males have a 

comparable weight to the other strains [57]. As shown in the figure 4, virgin CBA/J females 

were either paired with a BALB/c male or with a DBA/2J male. When mated to the BALB/c 

males, females display a very low rate of miscarriages (down to 0%). However, variability of 

the miscarriage rates in between different animal facilities has been described [58]. The 

CBA/J x BALB/c combinations represent the normal pregnant (NP) group. In contrast, DBA/2J 

mated CBA/J females show a median of 20-30% miscarriages and preeclampsia-like 

symptoms such as  fetal growth restriction, vascular deregulation and abnormal placental 

development [16,35]. They compose the abortion prone (AP) group.  
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Figure 4. Mating scheme in the CBA/J x DBA/2J mouse model 

8-10 weeks old virgin CBA/J females were divided in three groups. Those who were paired with a BALB/c male 
represented the normal pregnant group. Those who were paired with a DBA/2J male formed the abortion 
prone group with a suspected median of 20 - 30% miscarriages. Non-pregnant CBA/J females served as control 
group.  
 
 

Mice used in this study were purchased from Charles River (Germany/France) and were kept 

in the animal facility of Greifswald University Medicine under optimal conditions. Light-dark 

cycle, bedding material, food and water, cage sizes and number of companions were in 

conformity with the recommendations of the German Society for Laboratory Animal Science 

[44]. 

The experiments were conducted according to the institutional guidelines after approval of 

the reviewing ministerial board institutions: Landesverwaltungsamt Sachsen-Anhalt & 

Landesamt für Landwirtschaft, Lebensmittelsicherheit und Fischerei Mecklenburg-

Vorpommern (LALLF, reference number of the application for ethical approval: 7221.3-

1068/13)]. All our experiments conformed to the European Communities Council Directive 

2010/63/EU on the protection of animals used for scientific purposes. 

For the mating, one male and one or two females were brought together. Twice per day (7 

AM and 3 PM) we checked for the presence of vaginal plugs, which indicate a successful 

copulation. The day of vaginal plug detection was considered as day 0 of pregnancy and the 

female was separated from the male. Pregnant animals were sacrificed at day 14 of 

pregnancy. Euthanasia was performed in the animal facility and took place under anesthesia 
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with KetaVet and Rompun (standard dilution of 100mg/kg and 1,5mg/kg) 200µl 

intraperitoneal [45].  

 

3.2 Human Subjects 
 

All the experiments including human samples were reviewed and approved by the Ethics 

Committee of Greifswald University (reference number of ethical approval: BB 126/13). The 

blood donation has been performed after informed consent. Subjects’ age ranged from 20 to 

40 years. Non-pregnant women were free from infections and autoimmune diseases. None 

of the donors was under medical treatment. PE serum samples were obtained from patients 

at the Greifswald University Hospital. PE was defined according to the American College of 

Obstetrics and Gynecology (ACOG) criteria as: new onset hypertension after the 20th week of 

gestation with a mean blood pressure of ≥ 140/90 mmHg and severe proteinuria ≥ 300 mg/l 

in 24 hours (or evidence for other end organ damage, e.g. platelet count of < 100,000/μl, 

elevation of transaminases concentration or cerebral/visual symptoms) [2,8,59] [60]. 

Additionally a HELLP group was introduced. The HELLP (hemolysis, elevated liver enzymes, 

low platelets) syndrome is described as a specific form of PE [46] accompanied by increased 

LDH (> 600 U/L) and ASAT (≥ 70 U/L), and thrombocytopenia of < 100,000/μl. Typical clinical 

symptoms are upper abdominal pain and nausea [61].  

From each subject 5 EDTA-tubes with respectively 5ml blood were taken corresponding to 

the standards of care of Greifswald University Medicine [47]. Samples were further 

processed by immediate centrifugation and isolation of PBMC’s and subsequently B1-a B 

cells.  

 

3.3 B1-a B Cell Isolation 
 

We isolated B1-a B cells from peritoneal cavity washouts of pregnant and non-pregnant 

(Non-p) mice. Using a 5ml syringe and a micro lance hypodermic needle, 2ml of sterile PBS 

were injected into the peritoneal cavity and then withdrawn. The cell suspension was 
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steadily cooled with crushed ice. The pure B1-a B cells were magnetically isolated using the 

magnetic activated cell sorting (MACS) system from Miltenyi Biotec.  

Human blood serum was separated from solid blood components by centrifugation at 1300g 

for 10 minutes and was frozen at -80°C until further processing. The peripheral blood 

mononuclear cells (PBMC’s) were isolated via Ficoll-gradient, as indicated by the provider 

[62]. Afterwards, CD19+CD5+ B1-a B cells were magnetically isolated by MACS system. 

MACS is a widely used, simple and effective technique to isolate particular cell types 

according to their surface markers. A target cell type can be isolated through various 

isolation strategies such as positive selection, depletion, untouched isolation, or sequential 

sorting of cell subsets [63,64]. Using the positive selection, basic cell mixtures such as 

peritoneal washouts or PBMC’s are incubated with antibody-coupled magnetic microbeads. 

The stained cell suspensions are filled in columns containing magnetic beads and run 

alongside these beads. Being put in the magnetic field of a MACS Separator, labeled cells are 

held in the column whereas all other cell types pass through. After removing the columns 

from the separator and thereby turning off the magnetic field, labeled cells can easily be 

flushed out of the column.  Magnetic isolation does neither affect proliferation or viability of 

the cells, nor does it affect flow cytometry results [63]. The target cell types in this study 

were CD19+CD5+ B1a-B cells or CD19+ B cells. Appropriate antibodies as well as columns are 

contained in commercially available kits [65].  

Murine CD19+CD5+ cells were isolated using the “B1-a Cell Isolation Kit mouse”. Human 

CD19+CD5+ B1-a B cells were purified from peripheral blood using a two steps strategy. First, 

CD19+ B cells were enriched using the “B Cell Isolation Kit II human” followed by anti-CD5 

beats to obtain a pure CD19+CD5+ cell suspension. Kits and beats were purchased from 

Miltenyi Biotec (Bergisch Gladbach, Germany).  
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3.4 B1-a B Cell Transfer 
 

 

 

Figure 5. Procedure of B1-a B cell transfer 

Pure isolated B1-a B cells (0,3 - 0,6x106) of NP or AP mice in 250 µl of sterile PBS were injected in the tail vain of 
a normal pregnant CBA/J female on day 0 - 2 of pregnancy. An injection of PBS only served as control.  
 

 

CD19+CD5+ B1-a B cells were isolated from DBA/2J pregnant CBA/J females (AP) at day 14 of 

pregnancy and intravenously transferred into BALB/c pregnant CBA/J females between day 0 

and 2 of pregnancy. B1-a B cells were isolated from normal pregnant females (CBA/J x 

BALB/c), transferred into BALB/c pregnant CBA/J females between day 0 and 2 of pregnancy 

and used as controls. The injection was given into the tail vain and consisted of 0,3x106 to 

0,6x106 freshly isolated B1-a B cells in 250µl of sterile PBS. A PBS injection without cells 

served as a further control. Hence 3 groups could be compared in terms of pregnancy 

outcome: 

1. NP mice transferred with B1-a B cells from CBA/J x DBA/2J (AP mice)  

2. NP mice transferred with B1-a B cells from CBA/J x BALB/c (NP mice) 

3. NP mice injected with sterile PBS 

 

Pregnancy outcome was evaluated in term of: 1) number of living embryos and resorptions 

in the uterus at day 16 of pregnancy 2) size and weight of the embryos. 

The size was measured from the nose to the backside, excluding the tail. Significantly smaller 

or/and lighter embryos (<10th percentile) than the average were classified as growth 
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restricted. The resorptions were even smaller on day 16. They consisted of an additional 

amniotic cavity with dead tissue rests inside. 

 

 

 

 

 

 

 

 

Figure 6. Murine embryos and absorptions on day 16 of pregnancy 

In this exemplary picture of murine embryos and absorptions on day 16 of pregnancy we can see (from left to 

right) two dead and partly resorbed embryos and 6 timely developed embryos. Beneath is the outspread 

murine uterus. 

 

3.5 Kidney Explants 
 

Kidney explants from the B1-a B cell transferred females were examined for IgG 

agglomerations. The tissues were embedded in Tissue-Tek® O.C.T.™ Compound by Sekura 

and immediately frozen in liquid nitrogen. They were stored in a -80 °C until used for 1) 

standard HE-staining 2) immunofluorescence staining of accumulated IgG in the glomerular 

basal membrane (BM) and 3) electron microscopy pictures of the basal membranes. The 

staining was performed by Greifswald Institute for Pathology.  

 

3.6 Culture of Jeg-3 and BeWo Cell Lines 
 

Jeg-3 and BeWo cell lines were kept in liquid nitrogen and thawed at the beginning of the 

experiment. They were resuspended in 10ml of 37°C warm medium consisting of DMEM/F 

with 10% FBS and antibiotics (gentamycin). Cells were washed and resuspended in 10ml 

medium and seeded in 75cm3 cell culture flasks. Incubation took place at 37°C with 5% CO2 

for 48 hours. Afterwards, 5x104 cells/well in 1ml DMEM/F medium with 10% FBS and 

antibiotics were distributed in a 24 well plate following standard protocols [66,67]. Cells 
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were incubated for 24 hours. Next, DMEM/F medium was replaced by Opti-MEM medium 

and cells were incubated for further 24 hours. Afterwards, supernatants were frozen at -80° 

until further use. 

 

3.7 Murine Cell Culture  
 

Isolated cells (0,1x106) were cultured in a 96-well plate with 200µl of Opti-MEM medium 

containing 10% FBS and antibiotics (Pen/Strep) at 37°C and with 5% CO2.      

1. For intracellular cytokine analysis, isolated murine B1-a B cells were treated with or 

without (control) LPS:B4 for 72 hours. For the last 5 hours of incubation, PMA, 

Ionomycin and BFA were applied. Cells were stained as explained below and analyzed 

by flow cytometry (FACS Canto).  

2. For cytokine quantification in supernatants, cells were also treated with LPS:B4 for 72 

hours. For the last 5 hours, PMA and Ionomycin were applied. Immediately after the 

end of culture, samples were frozen at -80° until the analysis via MBAA. 

3. To analyze the influence of female sex hormones on murine B1-a B cells, isolated 

CD19+ B cells from non-pregnant BALB/c females were incubated with progesterone 

(50 pg, ng or µg/ml), estradiol (50 pg/ml) or a combination of both for 24 and 48 

hours. In addition, LPS:B4 was added to some wells.  

 

3.8 Human Cell Culture  
 

Isolated and living peripheral human blood B cells were cultured under the same conditions 

as the murine cells for 24, 48 or 72 hours. 0,1x106 cells were distributed in a 96-well plate in 

200µl of Opti-MEM medium supplemented with 10% FBS and antibiotics. 2µl IL4 (B cell 

stimulatory factor) was added to all wells at the beginning of the incubation to support cell 

proliferation. 10 µg stock solution were diluted 1/100 to a 0,1 µg working solution. 

1. The cells were in equal shares resuspended in supernatants of the cell lines Jeg-3 and 

BeWo.  To exclude, that components of the applied medium influence the activation 
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status of the B1-a B cells we introduced an additional control group with RPMI 

medium. All groups with supernatant of Jeg-3 or BeWo were incubated in Opti-MEM 

medium. Also, a titration of the cell line supernatants was performed. Cells were 

incubated with:  

a) 30% vol. h-HCG (60µl BeWo/ Jeg-3 supernatant + 120µl Opti-MEM)  

b) 60% vol. h-HCG (120µl BeWo/ Jeg-3 supernatant + 60µl Opti-MEM)  

c) 90% vol. h-HCG (180µl BeWo/ Jeg-3 supernatant) respectively  

2. Isolated CD19+ B cells were resuspended in RPMI medium and treated with PG (30 

ng/ml or 200ng/ml), estradiol (3 ng/ml or 20 ng/ml), hCG (250 ng/ml) or recombinant 

h-HCG (250 ng/ml). The chosen doses of PG and estradiol (E) correspond to the 

average concentrations in the first and third TRM of human pregnancy. In case of 

hCG and h-HCG the average concentration at the end of the first TRM was used [68].  

Recombinant PG and E were purchased from Sigma Aldrich. Pure hCG was obtained in form 

of Ovitrelle from Merck Serono. Ovitrelle is a pharmaceutical used to assist reproductive 

techniques by triggering ovulation. One pre-filled syringe contains 250µg 

Choriogonadotropin alfa (equivalent to approximately 6500 IU) and in addition Mannitol, 

Methionine, Poloxamer 188, diluted phosphoric acid, sodium hydroxide and water for 

injections [69].  

Pure isolated h-HCG is not commercially available on the marked. Therefor we sought 

contact to Dr. Laurence A. Cole from the U.S. hCG Reference Service who provided us with a 

100% pure h-HCG that had been isolated from urine of women with chorionic carcinoma 

[70].  
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3.9 Cell Staining 
 

Cell numbers were determined in a Neubauer chamber. 0,1x106 cells were immune-stained 

using specific fluorochrome-coupled antibodies. Cell staining was performed for 30 minutes 

at 4 °C. Commercially available antibodies and matched isotype controls from BD and 

Miltenyi Biotec were used. Murine cells were stained as follows: 

1. For the analysis of the cytokine expression in murine cells by FACS, CD19 PE-Cy5.5 

(1D3) and B220 PE Cy7 (CD45R/ RA3-6B2) were stained extracellular to allow 

identification of the living B cells. Subsequently, BD fix perm was added to fix the 

cells and make their membrane permeable. The intracellular antibodies for the 

cytokines TNF-α PE (MP6-XT22), IFN-γ APC (XMG1.2), IL-10 FITC (JES5-16E3) and IL-17 

APC-Cy7 (TC11-18H10) were applied in a second step. After a last incubation and 

washing step the fixed and stained cells could either be measured directly or be 

stored for some days until measurement.  

2. After the 24 or 48 hours incubation with female sex hormones, murine cells were 

stained extracellular with CD19 PE Cy7 (1D3), CD5 APC (53-7.3) and the activation 

markers CD69 PerCP Cy5.5 (H1.2F3) and CD86 FITC (PO3.3) and were directly 

measured by flow cytometry. 

Human cells were stained with CD19 PerCP Cy5.5 (HIB19), CD5 APC (UCHT2) and the 

activation marker CD69 PE Cy7 (FN50) and subsequently measured after the end of the 

culture with different female sex hormones or cell culture supernatants. 

 

3.10 Fluorescence Activated Cell Sorting (FACS) 
 

Fluorescence activated cell sorting is a technique routinely used in basic research and clinical 

trials. It allows the analysis of single cells by means of their size and their structure. In 

contrast to a simple microscope, it does not create an image of the cells but quantifies 

specific optical markers which have been determined in advance by cell staining [71].  In this 

study the BD FACSCanto™ flow cytometry system from BD biosciences was used. It contains 

two lasers which record every single cell. The forward scatter (FSC) measures the volume of 
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the cell. The side scatter (SSC) specifies the cell granularity, including the amount and the 

color of contained vesicles and surface proteins. The resulting patterns of the scattered light 

are detected by photomultipliers and processed to information about each single cell. Data 

is converted to dot plot graphs in FACS Diva Software.  

Cell suspensions were always stained and prepared as explained in chapter 3.9 and 

measured within the next hour. Data were then analyzed using the FlowJo software. 

Statistical analyses were performed using GraphPad Prism version 5. Statistic counselling 

was carried out by the Greifswald Institute for Bioinformatics and Dr. Marcus Vollmer. 

 

3.11  Multiplex Bead Array Assay (MBAA) 
 

The Bio-Plex Pro diabetes assay is a magnetic bead-based multiplex assay designed to 

measure multiple diabetes-related biomarkers in a minimal volume of matrix such as tissue 

culture supernatant and other biological fluids. Some of the biomarkers are the 

immunomodulatory cytokines IL10, IL17, IFN-γ and TNF-α, which play a role in diabetes as 

well as in PE. We only measured and analyzed these markers in cell culture supernatants 

from murine B cells (compare chapter 3.7 Murine Cell Culture).  

The principal of the test is similar to that of a sandwich ELISA. The biomarkers of interest are 

coupled to a magnetic bead on the one side and, after a series of washing steps, to a 

detection antibody with fluorescent streptavidin-phycoerythrin (SA-PE) on the other side. 

The experiment was performed precisely according to the recommendations in the 

instruction manual [72]. The standard dilution series and blank were applied on the 

prewarmed plate. Coupled beads were prepared in assay buffer under protection from light 

and also applied on the plate. After washing, the thawed and diluted samples were added; 

the plate was incubated for one hour in the dark at room temperature and then it was 

washed again. In two more cycles of incubation and washing the detection antibody and 

afterwards the streptavidin-phycoerythrin (SA-PE) fluorescent reporter were applied before 

the plate was ready to be read in the detector at high photomultiplier tube [72]. 
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3.12  hCG ELISA 
 

Enzyme-linked immunosorbent assays (ELISA) utilize the principle of a quantitative sandwich 

enzyme immunoassay. We used the “Human Hyperglycosylated Chorionic Gonadotropin 

(hgCG) Elisa Kit” from MyBiosource. Here, the delivered microtiter plate was already coated 

with a monoclonal antibody specific for h-HCG. The kit was stored at 8°C in the refrigerator 

until use. Measurement was performed as recommended in the instruction manual. 

Standard row, cell culture supernatant and human blood serum samples were brought to 

room temperature, diluted in PBS and applied on the plate and mixed well.  Incubation took 

place for one hour at 37°C. After washing the plate five times using an automat washer, a 

substrate A and a substrate B were added to each well. Another incubation for 15 min at 

37°C followed. Then we added the stop solution. The plate was read at 450nm immediately 

using a microplate reader [73]. In a test run, all probes contained very high concentrations of 

h-HCG. Especially first TRM serum probes lay outside of the measurable area. For the trial, 

samples were diluted with PBS as follows: 

Human blood serum first TRM   -  1:200 and 1:500 

Human blood serum third TRM (with/ without PE) -  1:100 and 1:200 

BeWo supernatant     -  1:100 

Jeg-3 supernatant     -  1:100 

Test samples were always applied as doublets. The standard row was applied double and an 

extra plate with a separate standard row was measured.  Because of a failure of the standard 

row, the ELISA kit had to be replaced and the experiment must be repeated.  

In total three ELISA kits were used. The standard row of the third kit was working acceptably, 

although low concentrations of the standard fluctuated. High concentrations of the standard 

lay on the expected line. We performed five attempts before abandoning this experimental 

approach. 
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3.13  Flow Jo analysis strategies 
 

All of the FACS measured cells were analyzed by FlowJo software. In a first window, cells 

were plotted between two different types of forward scatter (FSC-H and FSC-A). All cells that 

diverge clearly from the diagonal gate differ in size so much from a normal living cell that 

they are duplets or otherwise contaminated and thus not relevant. Lymphoid cells were 

gated between a forward scatter and a side scatter by menas of their typical size and 

granularity. A simple gating of positive and negative cells was performed for different 

markers of interest (e.g. CD19, CD5, activation markers and the cytokines IL10, IL17, IFN-γ 

and TNF-α).  

Activation levels of the cells were determined by measuring the median fluorescence activity 

(MFI) of CD69 and CD86. With this calculation method it is possible to measure the total 

amount of stained surface markers that are expressed by one cell. Cells with little stained 

surface molecules appear in the positive gate, but they have a lower MFI compared to cells 

with a huge amount of the stained surface molecule. Thereby we were able to obtain 

information about the nature of the cell population in the positive gate. 
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4. Results 

4.1 Alteration of Murine Pregnancy Outcome with Transferred B1-a  B 

Cells 
 

In this experiment we analyzed the capacity of CD19+CD5+ B1-a B cells to influence murine 

pregnancy in vivo in the established CBA/J x DBA/2J mouse model. 

CD19+CD5+ B1-a B cells were isolated from Non-P, NP and AP mice on day 14 of gestation 

and transferred into NP CBA/J females on day 0-2 of gestation. Animals were sacrificed on 

day 16 and embryos were examined.  

The comparison of miscarriage rates as well as size and weight of the sane embryos was 

performed and the results are summarized in figure 7. The individual miscarriage rates of 

mice within the same group vary strongly and are normally distributed as analyzed by 

Kolmogorow-Smirnow-Test. 
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Figure 7. Miscarriage rates of the B1-a B cell transferred mice 

Pregnancy outcome of normal pregnant CBA/J mice is affected after injection of B1-a B cells from NP or AP 
mice or injection of PBS on day 0-2 of gestation. Individual miscarriage rates vary widely. Data are expressed as 
single values with arithmetic mean. Kolmogorow-Smirnow-Test for normality passed with α = 0,05, P> 0,10. 
Differences between the groups were analyzed by a one-way ANOVA, followed by Tukey’s Multiple Comparison 
Test. 
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Size and weight of the normally developed embryos were also recorded. No differences in 

between the groups could be recorded as pictured in figure 8. On day 16 embryos had an 

average weight of 0,46 g and an average length of 14,5 mm whereas the miscarriages were 

not much more than a tiny dark clump (compare figure 6). 
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Figure 8. Litter size, weight and length of the murine embryos are not altered with after B1-a B cell injection 

Normal pregnant CBA/J mice received an injection of B1-a B cells (0,1 x 106) from NP or AP mice or an injection 
of PBS on day 0-2 of gestation. The number of pups per litter in a), the size of single embryos in b) and the 
weight of single embryos in c) do not change after the injection of B1-a B cells or PBS. Data are expressed as 
single values with arithmetic mean. Kolmogorow-Smirnow-Test for normality passed with α = 0,05, P> 0,10. 
Differences between the groups were analyzed by a one-way ANOVA, followed by Tukey’s Multiple Comparison 
Test. 

 

Furthermore, kidneys from the sacrificed animals were removed and sent to the Greifswald 

Institute for Pathology for a histological and immunological analysis of alterations in the 

tissues. Standard HE staining, electron microscopy and immunofluorescence staining for IgG 

was performed.  
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HE – standard staining with hematoxylin-eosin, IF – immunofluorescence, EM – electron microscopy 

 

 

Figure 9. Exemplary pictures of murine kidneys with immune staining 

EM pictures show obvious fokal swelling of the basal membranes from mice of the AP group (white arrows). 
Discreet swellings can also be seen in the NP group samples but not in the PBS injected mice. 
Immunofluorescence staining for IgG shows higher titers of IgG in the glomeruli of the AP mice group as 
compared to the other two groups. The standard HE staining does not reveal any abnormalities in the glomeruli 
of the murine kidney explants.   
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With standard HE staining, no abnormalities in neither of the glomeruli of the murine kidney 

explants are visible. 

However, a fluorescence staining for IgG reveals more cells with an IgG titer >1:128 in the 

glomeruli of the CBA/J x DBA/2J injected mice than in the other two groups. A higher 

accumulation of immunoglobulins from type G normally points at a past infection or the 

presence of an autoimmune disease [19,74]. IgG make 80% of all immunoglobulins in 

humans and in most other mammals. They are the only immunoglobulins which can pass the 

placenta [74].  

The electron microscopy (EM) images of the basal membranes of the glomeruli show focal 

swelling and discrete aggregations in CBA/J x DBA/2J injected mice compared to a 

continuously slim basal membrane (BM) in the PBS injected mice. The BM’s in two of four 

CBA/J x BALB/c injected mice are mostly slim but show focal swellings similar to the more 

distinct findings in the CBA/J x DBA/2J injected group.  

 

 

4.2 Investigation of Cytokine Production Patterns in the CBA/J x DBA/2J 

Mouse Model 
 

4.2.1 Cytokine Production Measured by FACS 
 

B cells secrete a wide range of pro-, as well as anti-inflammatory cytokines [27,75]. We 

analyzed here the expression patterns of the cytokines IL10, IL17, TNF-α and IFN-γ using 

immune-staining and subsequent flow cytometry. 
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Figure 10. Cytokine production is altered in normal and disturbed murine pregnancy 

B1-a B cells were isolated from non-pregnant (Non-p), normal pregnant (NP) and abortion prone (AP) mice. 
Cells were incubated for 72 hours. CD19+ B cells (0,1 x 106) were immune-stained with specific fluorochrome-
coupled antibodies for a) IL10, b) IL17, c) TNF-α and d) IFN-γ. NP mice produce significantly more of the anti-
inflammatory IL10 compared to Non-P mice, whereas B1-a B cells from AP mice fail to do so. Data are 
expressed as mean ± SEM. Differences were analyzed by the non-parametric Kruskal-Wallis-Test. For a) and b) 
*P< 0,05 as analyzed by Kruskal-Wallis-Test.  

 

As shown in figure 10 a), the percentage of IL10 producing B cells is significantly increased in 

NP mice (CBA/J x BALB/c) as compared to Non-p mice. In AP mice (CBA/J x DBA/2J) less B 

cells seem to be able to produce the anti-inflammatory cytokine. Anyways, the median level 

of the cytokine is still higher in AP mice as compared to Non-p mice. LPS stimulation of the B 

cells does not influence IL10 secretion. 

In contrast, the expression of IL17 is significantly reduced in AP mice as compared to the 

Non-p group. In NP mice up to 60% of the B cells produce IL17, less then Non-p mice (80%) 

and more then the AP mice (40%). LPS stimulation causes a slight decline in the number of 

IL17+ positive B cells in all groups.    

Regarding the production of TNF-α, no significant differences could be demonstrated. The 

Non-p mice contain the lowest number of TNF-α producing B cells. In the NP mice the 

portion is higher and in the AP mice under LPS stimulation likewise. LPS causes a slight 

augmentation of TNF- α producing cells in all groups.  
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The number of IFN-γ positive cells does not vary between Non-p mice and NP mice as 

pictured in figure 10 d). In AP mice both with and without LPS treatment, the percentages of 

IFN-γ are higher than in the other two groups.  

 

4.2.2 Cytokine Production Measured by MBAA 
 

A second experimental approach was applied to measure cytokine expression in B1-a B cells.  

Again, the following cytokines were analyzed: IL10, IL17, TNF-α and IFN-γ. Immune-staining 

of the isolated B1-a B cells was performed. Subsequent followed the measurement via 

Multiplex Bead Array Assay (MBAA). 
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Figure 11. MBAA analyzed cytokine production in normal and disturbed murine pregnancy 

B1-a B cells were isolated from non-pregnant (Non-p), normal pregnant (NP) and abortion prone (AP) mice. 
Cells were incubated for 72 hours. Supernatants were collected and immediately frozen at -80°C until the 
measurement via Multiplex Bead Array Assay of the following cytokines: a) IL10, b) IL17, c) TNF-α and d) IFN-γ. 
LPS causes a significant augmentation of cytokine production, especially in NP mice. Data are expressed as 
mean ± SEM. Differences were analyzed by the non-parametric Wilcoxon-Ranksum Test. For a) **P=0,0078, for 
c) and d) *P< 0,05 respectively.  

 
 
 

We could show that IL10 concentrations are the highest in Non-p mice, followed by NP mice 

(figure 11 a). These findings are contrary to FACS analysis. AP mice seem to have the smallest 

part of IL10 producing B1-a B cells. In the NP group, treatment with LPS causes an 

augmentation in cytokine expression compared to incubation without LPS. Differences were 

analyzed by the Wilcoxon-Ranksum pairwise comparison test.  
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Figure 11 b) shows that IL17 production measured by MBAA does not change in between the 

groups without stimulation. Under the influence of LPS in Non-p mice and AP mice the 

portion of IL17 producing cells remains smaller than in NP mice. Differences do not reach 

statistical significance.  

TNF-α expression measured by MBAA differs from FACS analysis. The Non-p mice group 

produces the highest levels of TNF-α whereas they decrease in NP mice and decrease even 

more in AP mice. LPS provokes a significant increase in TNF-α production in the groups Non-

P and NP mice. 

IFN-γ expression does not differ between the three groups. Under stimulation with LPS, the 

expression of IFN-γ is increased in the NP mice group, whereas differences in the other two 

groups do not reach statistical significance in the pairwise comparison.
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4.3  Impact of Female Sex Hormones on Murine B1-a B Cells 
 

In the subsequent experiment the influence of different female sex hormones, especially PG 

and E, on the activation status of murine B1-a B cells has been examined. To determine the 

activated fraction of the cells with or without hormonal treatment we performed a gating 

strategy using the median fluorescence activity (MFI) of the respective populations. 

 

 

 

Figure 12. Gating strategy for murine B1-a B cells treated with female sex hormones 

Representative dot plots to illustrate the gating strategy used in FlowJo software to obtain the results that are 
shown beneath in figure 13 and 14.  
a) SSC-A and FSC-A are plotted against each other. Lymphocytes are gated. b) All of the FACS measured cells 
are plotted between (FSC-H and FSC-A). All cells that diverge clearly from the diagonal gate must be considered 
as duplets or otherwise contaminated. c) Within the lymphoid cell population, the CD19+ B cells are gated. d) 
B1-a B cells are selected by gating CD19+ against CD5+ and choosing all double positive cells. ei) The size of the 
cells was evaluated again. In the control group we can see a major part of the B1-a B cell population being 
enlarged and thus located in the positive area. eii) The B1-a B cells which were treated with PG are mostly 
smaller. The activation levels of the cells were determined by calculating the mean fluorescence intensity (MFI) 
of the surface markers CD69 and CD86 in the bigger part of the cell population. 
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Figure 13. The part of enlarged B1-a B cells declines under treatment with progesterone  

Pure isolated B1-a B cells from non-pregnant BALB/c females were incubated for 24 hours with PG, E or a 
combination of both hormones. CD19+CD5+ B1-a B cells (0,1x106) were immune-stained and gated as explained 
above in figure 12. The percentage of bigger B1-a B cells declines dramatically under treatment with PG 
50µg/ml. Data are expressed as mean ± SEM. *** P<0,001 as analyzed by a one-way ANOVA, followed by 
Tukey’s Multiple Comparison Test.  

 

 

PG in a concentration of 50µg/ml causes the cells to stay significantly smaller than in the 

other groups. In B cells, the size correlates with the activation status [34]. The enlarged cells 

were presumed to be in an activated status. Thus we chose to measure the density of the 

surface activation markers CD69 and CD86 in these cells (figure 14).  
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Figure 14.    The median fluorescence intensity of CD69+ and CD86+ on enlarged B1-a B cells is significantly 

increased when treated with progesterone 

Pure isolated B1-a B cells from non-pregnant BALB/c females were incubated for 24 hours with PG, E or a 
combination of both hormones. CD19+CD5+ B1-a B cells (0,1x106) were immune-stained with specific 
fluorochrome-coupled antibodies for CD69 and CD86 and gated as explained above in figure 12. Enlarged B1-a 
B cells express significantly more CD69 and CD86 when treated with PG 50µg/ml. Data are expressed as mean ± 
SEM. For a) ** P<0,01 and for b) *** P<0,001 as analyzed by a one-way ANOVA, followed by Tukey’s Multiple 
Comparison Test respectively. 

 



 

47 

Figure 14 shows the activation status of the B cells measured as density of the surface 

markers CD69 and CD86. The PG 50 µg/ml treated cells express significantly higher levels of 

CD69 and CD86 compared to a treatment with E and the control group. PG concentrations of 

50 ng/ml and 50 pg/ml had no effect. 

The results of this experiment illustrate the influence of PG on B1-a B cells from Non-p 

BALB/c females in dependence on the hormonal concentration. E in concentrations of 

50ng/ml or 50pg/ml had no effect on the cells. A combination of E and PG neither caused an 

effect (compare figure A1 - A2 in the attachment, page 80 - 81). 

 

 

4.4  Stimulation of Human B1-a B Cells by hCG and its Isoforms 
 

4.4.1 Impact of hCG Produced by BeWo and Jeg-3 Cell Lines 
 

Having demonstrated that PG influences the activation status of murine B1-a B cells, we 

investigated the capacity of hCG and hyperglycosylated human chorionic gonadotropin (h-

HCG) to activate these cells in humans. An augmentation of B1-a B cells in the peripheral 

blood of PE patients and the expression of LH/hCG receptor on these cells was previously 

described. Also, expansion of B1-a B cells upon hCG stimulation in a lymphocyte cell culture 

was recorded [5]. The h-HCG has been proposed to be involved in the onset of PE [45]. We 

used the established cell lines Jeg-3 and BeWo which produce up to 100% and 50% h-HCG 

respectively [46]. Pure isolated B1-a B cells were cultured with conditional medium 

generated from Jeg-3 and BeWo cell cultures and the activation marker CD69 was measured 

by FACS.  
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Figure 15.    B1-a B cells do not show elevated levels of CD69 after co-culture with supernatant from Jeg-3 or  

                      BeWo cell lines 

Pure isolated human CD19+ B cells (0,1 x 106) were cultured with the supernatants of Jeg-3 and BeWo cell lines 
for a) 24, b) 48 and c) 72 hours. After the end of co-culture, cells were directly stained and measured by FACS. 
The activation status of B1-a B cells is not altered by BeWo or Jeg-3 cell culture supernatant independent of the 
time of co-culture. Data are expressed as mean ± SEM. Differences were analyzed by a one-way ANOVA, 
followed by Tukey’s Multiple Comparison Test. 
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Figure 15 illustrates, that the cell line supernatants do not have an influence on the 

activation levels of human B1-a B cells, independent of the time of co-culture. We assume 

that the h-HCG in the supernatants does not have capacity to alter the activation levels of 

the cells.  

Many hormones show their effects closely depending on their concentration. We performed 

a titration row of the cell culture supernatants to find the optimal concentration of h-HCG to 

interact with B1-a B cells. Additionally, also PG and E and a combination of both were tested.  
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Figure 16.  B1-a B cells do not show altered levels of CD69 after co-culture with different dilutions of Jeg-3 

or BeWo cell line supernatants or recombinant PG or E 

Pure isolated human CD19+ B cells (0,1 x 106) were cultured for 24 hours with Jeg-3 and BeWo cell line 
supernatants in dilutions of 30%, 60% and 90%. Additionally, cells were incubated with recombinant PG, E and 
a combination of both. After the end of culture, cells were directly stained and measured by FACS. The 
activation status of B1-a B cells is not altered by BeWo or Jeg-3 cell culture supernatant independent of the 
dilution. PG and E neither cause effects. Data are expressed as mean ± SEM. Differences were analyzed by the 
non-parametric Kruskal-Wallis-Test. 
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In the titration row B1-a B cells incubated with the supernatants of BeWo seem to express 

slightly more CD69 surface molecules. PG and E (applied in concentrations correlating to 

third TRM of pregnancy) do not have that effect and neither have Jeg-3 cells. All in all, no 

statistically relevant changes in CD69 expression by human B1-a B cells can be recorded in 

this experiment. 
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4.4.2 Effects of Recombinant Female Sex Hormones 
 

Since the experiments with h-HCG produced by the chorionic carcinoma cell lines Jeg-3 and 

BeWo did no show distinct results, we introduced a trial with recombinant hormones only. 

The utilized recombinant hCG was obtained in form of the commercially available 

medicament Ovitrelle by Merck Serono. Recombinant h-HCG was provided by Lorence A. 

Cole and the USA hCG reference service in a concentration of 250 ng/ml as indicated by the 

provider [38]. Availability of sufficient h-HCG for the realization of a titration row was not 

given.  Isolated CD19+ B cells were incubated for 24h with different recombinant female sex 

hormones at 37°C. Afterwards a FACS staining for the activation marker CD69 was 

performed. For all hormones, physiologic first TRM concentrations of human pregnancy 

were used for our experiment [68]. PG and E were additionally applied in their physiologic 

third TRM concentrations but did not show any effects. Corresponding data can be found in 

the attachment (figure A3, page 82). 
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Figure 17.   B1-a B cells express very high levels of CD69 after co-culture with recombinant h-HCG 

Pure isolated human CD19+ B cells (0,1 x 106) were cultured for 24 hours with recombinant h-HCG, hCG, PG and 
E. After the end of culture, cells were directly stained and measured by FACS. The recombinant h-HCG caused a 
significant activation of B1-a B cells in vitro. Data are expressed as mean ± SEM. ***P<0,001, **P<0,01 as 
analyzed by a one-way ANOVA, followed by Tukey’s Multiple Comparison Test. 
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Our results show that recombinant h-HCG is capable to activate human B1-a B cells 

significantly in comparison to the other recombinant hormones. The difference of median 

fluorescence intensity (DMFI) of CD69 on human B1-a B cells treated with h-HCG is 

approximately three times as high as in all other groups. Recombinant PG, E and hCG do not 

alter the activation status as compared to the control group. 



 

53 

5. Discussion 
 

5.1 Murine Pregnancy Outcome with Transferred B1-a B Cells 
 

Several models have been used to study the multiple factors which contribute to the onset 

of PE: there are in vitro and in vivo models related to placental development, abnormal 

trophoblast invasion, uteroplacental ischemia and models for immune response to maternal-

fetal interactions. Each model has limitations in reproducing all aspects of PE. An access to 

placental tissue from first TRM pregnancies which will develop PE in the course of gestation 

is not given and planning longitudinal studies would be difficult. That makes the 

investigation of PE a big experimental challenge and model studies will be still indispensable 

for future research [59].  

In this study we used a well-established mouse model for immunological pregnancy loss, the 

CBA/J x DBA/2J mouse model [54–56,76,77]. Since DBA/2J mated CBA/J females developed 

kidney damages with proteinuria, an AT II hypersensitivity and intra uterine growth 

restricted (IUGR) embryos, this model can also be used for PE [53,78]. An increased blood 

pressure could not be detected. Since there is no possibility to measure proteinuria and 

blood pressure in mice in our animal holding facility, we examined renal damage and growth 

restriction as a proxy for the disease burden in this model.  

The fluorescence and EM pictures of the examined murine kidney explants show concrete 

changes in mice that were transferred with cells from DBA/2J pregnant females. The 

pictured endothelium of CBA/J x DBA/2J injected mice is swollen, plugging the fenestrations 

of renal glomerular capillaries. The basal membrane is irregularly thicker than in the other 

groups. Similar findings have been published by Ahmed et al [53]. The fluorescence staining 

for IgG was performed to detect aggregations of immune complexes in the kidneys of AP 

mice. As shown in figure 9, there is an enrichment of the fluorescence signal in the kidneys 

of the CBA/J x DBA/2J transferred mice as compared to the other two groups. We assume 

that the enhancement is caused by autoreactive IgG’s that are deposited in the renal basal 

membranes and the mesangium of transferred mice. A weak fluorescence signal could be 

detected in some mice of the control goup too, which is presumably due to some IgG 
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present in the serum. The swellings of the BM in CBA/J x DBA/2J transferred mice in EM 

examination correlate well with the intensified fluorescence signal in this group. However, in 

EM it is not possible to determine definitely that the endothelial swellings are caused by 

immune complex aggregations. Also fibrin accumulations in the kidney have previously been 

described in PE [79].  

The miscarriage rates of mice in the different groups in this study are in accordance with 

former publications (Ahmed et al, [53]) although we did not reach statistical significance. 

Compared to previously published data, the miscarriage rates of the CBA/J x BALB/c injected 

females were higher in our study. Also PBS injected animals have a high spontaneous 

abortion rate of nearly 20% which is very unlikely for normal pregnant mice. With a median 

of 30% miscarriages, the CBA/J x DBA/2J injected group has a rate as high as the CBA/J x 

DBA/2J group in the comparison publication [53]. The litter size they reported was 9 

embryos on average in a normal pregnancy (CBA/J x BALB/c) and 4 - 5 embryos in a 

disrupted pregnancy. The CBA/J x DBA/2J injected mice have a median of 5,33 embryos and 

the CBA/J x BALB/c injected mice carry a median of 6,66 embryos.  We cannot exclude that 

in our experiments the normal pregnant mice had to cope with additional stress because of 

the tail vain injection on day 2 of pregnancy, their fellow mice in the same cage, allergens in 

the food or litter or other unknown influencing factors. 

In contrast to the previously published data, we could not observe IUGR in females who had 

been injected with B1-a B cells from CBA/J x DBA/2J. Rather the embryos of these females 

had a slightly higher weight with a median of 510 mg as compared to the embryos of CBA/J x 

BALB/c injected females who had a median weight of 440 mg. The length, measured from 

nose to the back excluding the tail, in our experiment corresponds with the fetal weight. The 

median length of the embryos in our experiments was 14,5 mm. 

However, other investigations on the practicability of the CBA/J x DBA/2J mouse model for 

PE obtained controversial data. For example, Poudel et al [80] describe neither IUGR nor 

effects on maternal blood pressure or uterine artery blood flow. Miscarriage rates were 

unfortunately not recorded in their work.  

Overall, our results reinforce the idea that the CBA/J x DBA/2J mouse model can be used as a 

model for pregnancy loss and for PE since both end points correlate closely and can be 

regarded as a continuum. Kidney explants show specific changes. The augmentation of the 
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miscarriage rate in the CBA/J x DBA/2J injected group is visible but did not reach statistical 

relevance. It is possible that the number of injected cells which varied from 0,3 x 106 to 0,6 x 

106 contributed to the different degree of PE symptoms.  

Our mouse model and its practicability must be critically discussed especially in the context 

of blood pressure alteration and fetal growth restriction in PE. Different experimental 

approaches in this study produced conflicting data. On the other hand, the advantage of this 

model is the onset of PE symptoms without genetic or surgical intervention. 

Although not all PE features could be reproduced, our data clearly show the impact of B1-a B 

cells on the development of preeclampsia-like features in this model. Especially IgG 

accumulation in the renal BMs, correlating with renal damage, could be demonstrated. 

 

 

5.2 Cytokine Production Patterns in the CBA/J x DBA/2J Mouse Model 
 

B cells influence the immune system mainly by production of antibodies in a T cell 

dependent way. In addition to the production and presentation of antibodies, secretion of 

cytokines is a main feature of B cells. Therefore, the analysis of cytokine production is an 

important step to understand how B1-a B cells contribute to the onset of PE. It is known that 

the secretion and concentration of certain cytokines is altered in PE patients. The pro-

inflammatory cytokines TNF-α, IL6, IFN-γ and IL17 are elevated in the serum of women 

suffering from PE [81–83,84]. In contrast, the anti-inflammatory cytokines IL10 and IL4 are 

decreased in the serum of PE patients [85,86].  

Since B1-a B cells are a rich source of those cytokines, we examined cytokine production 

patterns in a murine cell culture. Two different methods were used in this study. In our 

hand, analyses with FACS and MBAA show divergent results. 

The results of both experimental approaches we applied are combined in table 2. Underlying 

data are the values of LPS stimulated murine B1-a B cells in the NP and AP groups, always 

compared to the Non-p group. 
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 FACS  MBAA  

 NP (n=6) AP (n=6) NP (n=6) AP (n=7) 

 

IL10 

 

↑ 

 

↑ 

 

↓ 

 

↓ 

IL17 ↓ ↓ ↑ ↔ 

TNF-α 

IFN-γ 

↑ 

↓ 

↑ 

↑ 

↓ 

↓ 

↓ 

↓ 

 

Table 2. Comparison of cytokine production by FACS or MBAA 

Augmentation (↑), reduction (↓) or constant level (↔) of positive B cells in comparison to Non-p mice under 

LPS stimulation. Tendencies and significant results of the two applied methods are controversial. Source: own 

table.  

 

Both in FACS and MBAA, cells were treated with LPS as a pro-inflammatory stimulus. LPS has 

been described to trigger endogenous and cytokine-boosted pregnancy losses in the CBA/J x 

DBA/2J mouse model [77] and is a commonly used agent to enhance the activity of immune 

cells in vitro.  

Conflicting data on the expression of IL10 in normal pregnancy and in PE have been 

previously published. On the one hand, an augmentation of IL10 in human peripheral blood 

in PE is described [87], on the other hand a reduction of IL10 expression in PE as compared 

to normal pregnancy [83,88]. Older studies on IL10 in murine pregnancy have shown an 

augmentation of IL10 producing B cells in normal gestation and the absence of this 

phenomenon in mice with spontaneous miscarriages [89]. FACS data in our study revealed a 

similar IL10 expression pattern. The level of the anti-inflammatory cytokine was significantly 

higher in NP mice than in Non-p mice. AP mice also showed a lower median level of IL10 

than NP mice, although single values spread widely. It is possible that AP mice suffer more 

miscarriages and some PE symptoms because (amongst others) they fail to produce enough 

IL10 to enhance maternal immune tolerance towards the semi-allogenic fetus.  

* 

* 
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IL17 levels in the FACS analysis were significantly lower in the AP group as compared to the 

Non-p group. These data are surprising since serum concentrations of IL17 in human blood 

are usually elevated in PE [84]. We could not detect a TNF-α increase in the AP group as 

compared to the other groups [77,90]. An explanation for this result might be a difference 

between human and murine response. IFN-γ expression seemed upregulated in the AP mice 

group. Although this result did not reach statistical significance, it is in accordance with 

previous publications [77]. In all four cases, LPS did not influence the result significantly. In 

some cases the median values were even lower under LPS treatment than without, 

suggesting that LPS stimulation failed in this experiment.  

Data obtained from the multiplex bead array assay appear mostly contradictory to 

previously published data and to our own FACS data. The expression patterns of TNF-α, IFN-γ 

and IL10 in our study were comparable. These three cytokines had the highest concentration 

in the Non-p group, followed by NP mice. The AP mice produced the fewest cytokines. 

Without LPS stimulation the cytokine expression was low and did not differ significantly 

between the groups. Also IL17 production did not differ between the groups without LPS 

stimulation. Upon LPS stimulation, NP B1-a B cells produced higher amounts of IL17 than the 

other two groups. Altogether LPS had a significant impact on the cytokine production in this 

experiment. Cytokine levels rose from twofold to tenfold upon LPS stimulation. 

We assume that the conflicting results may be due to technical difficulties with multiplex 

assays. The method has clear advantages in comparison with common sandwich ELISA’s: 1) it 

is possible to measure many molecules simultaneously and thus to obtain a maximum of 

results. 2) only a minimum of test volume with low concentrations of the target molecules is 

needed. 3) the results are comparable with those from conventional ELISA’s, when some 

certain elements, like the clones of the monoclonal antibodies used, are assimilated [91]. On 

the other side, the reliability of the multiplex immunoassays has already been questioned. In 

2011 Breen et al raised concerns about the utility of multiplex cytokine assays after 

performing a multisite comparison of tests purchased from various companies [92]. The 

authors compared assays for IL10, TNF-α, IL8 and IL6. Sensitivity, as well as lab and lot 

variability was examined. Some kits showed a significantly lower sensitivity, probably due to 

a higher sample dilution or other components such as the used antibody pairs in the assays. 

All assays showed a significant variability between laboratories and lots even under 
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standardized conditions. Generated data could not be consistently compared to ELISA data 

[92]. 

In contrast flow cytometry, an established method in our hands, showed constantly reliable 

results. In conclusion, our MBAA data should be seen with caution and need further 

clarification.  

 

5.3 Impact of Female Sex Hormones on Murine B1-a B Cells 
 

Our group had previously demonstrated that B1-a B cells play a pivotal role in controlling 

immune phenomena related to early pregnancy [5]. In current experiments we addressed 

the question, how different female sex hormones influence B1-a B cell behavior. In humans 

it had been shown, that hCG concentrations remain high during the course of pregnancy in 

PE patients [5,49]. Since hCG is a hormone specific for primates [38,93], in our mouse model 

we explored the effects of PG and E. PG is one of the most important hormones during 

pregnancy for its functions include oocyte maturation, support of implantation and growth 

of the placenta. Later in pregnancy it is responsible for the quiescence of uterine muscles 

[19,39]. Recent publications also suggest an immune-modulatory role of PG [39,94]. 

Estrogens are in different ways a counterpart of PG. In some situations they also act 

synergistically, for example on the growth of mammary glands in pregnancy [19].  

HCG promotes the progesterone production by corpus luteum cells. Aditionally, hCG shows 

biological activities during pregnancy: It supports the fusion of trophoblast cells to 

syncytiotrophoblast and the adaption of myometrial spiral arteries. Zygmunt et al described 

hCG as an important promotor of angiogenesis and neovascularization [41]. HCG seems to 

act as a fine-tuning factor during implantation and contributes to growth of the uterus, 

formation of the umbilical cord, quiescence of uterine muscles and immuno-modulation 

during pregnancy. The h-HCG, a hyperglycosylated isoform of hCG, controls the implantation 

and placental invasion at the beginning of pregnancy [44,95].   

In humans, hCG shares a common receptor with LH (LH/hCG receptor). LH controls PG 

production during the female menstrual cycle and if pregnancy occurs, hCG takes over the 

role of LH on PG regulation.  The murine genome does not include a chorionic gonadotropin 
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gene, and LH is therefore the only ligand of LH/hCG receptor and the molecule that 

promotes PG production during murine pregnancy. However, data about the 

immunomodulatory roles of LH in pregnancy is scarce and effects of hCG cannot be claimed 

for LH in mice [96].  

HCG and PG seem to act synergistically. Both contribute to extended maternal immune-

tolerance during pregnancy, they are crucial for successful implantation and placentation 

and both downregulate the tone of uterine muscle cells. With the knowledge that mice lack 

the gene for hCG we hypothesize that PG could have similar effects on murine B1-a B cells as 

hCG has on human cells.  

It is known that PG and E both reversibly suppress B cell development in the bone marrow of 

pregnant mice and that B cells express intracellular PG receptors [39,97]. Moreover PG 

suppresses class switch and somatic hypermutation of B cells [98] and may also induce 

posttranslational modifications of IgG molecules [99]. All these effects depend greatly on the 

concentration of the hormone. It was postulated that PG may suppress pathways of B cell 

differentiation which play an important role in different autoimmune diseases including 

Rheumatoid Arthritis, Systemic Lupus Erythematosus and Sjögren’s syndrome. All of them 

may change their severity during pregnancy [39]. These pathways of B cell differentiation 

and antibody modulation may also be involved in the onset of PE. However, the effects of PG 

on this remain largely unexplored.  

In our experiment PG had a dose dependent effect on the size of murine B1-a B cells. The 

concentration of 50 µg/ml was chosen corresponding to the average levels in the last third of 

murine pregnancy [100]. The majority of B1-a B cells remained small after 24 hours 

incubation with PG. A specific fraction of B1-a B cells enlarged in response to PG and 

expressed significantly more of the activation markers CD69 and CD86. Since the activation 

status of B cells correlates well with their size, we took a closer look on the population of 

“bigger” cells (figure 13). We used the MFI to determine the activation levels of the cells 

since this calculation method allows differentiating between positive cells which express a 

low and a high amount of the measured surface markers. 

We found that under treatment with PG 50 µg/ml the major part of the measured B1-a B 

cells stayed small (inactivated). However, a little portion B1-a B cells enlarged. This 

population expressed an upregulated density of surface activation markers. These data do 
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not enable us to conclude terminally if the effect of PG on the whole population is rather 

suppressive or activating. We speculate that the activated cells may reciprocally influence PG 

effectiveness on B1-a B cells. Our results suggest that PG effects only appear upon 

stimulation with high hormonal concentrations, similar to those in the last third of murine 

pregnancy. The effects are not altered by the presence of E.  

Further investigations are needed to better characterize the immuno-modulating role of PG 

in murine pregnancy.  It is possible that the activation status of B1-a in total is diminished 

because of the reduced number of enlarged (activated) cells. This would be in agreement 

with previous publications describing PG as a B cell suppressive molecule in pregnancy. It is 

also possible that the activation status in total remains equal because of the augmented 

expression of CD69 and CD86 on activated cells.  

Experiments onto the expression of CD69 and B1-a B cell size in the last TRM of normal and 

disturbed murine pregnancy may be conclusive in this regard. The correlation between in 

vivo PG levels and the activation status of B1-a B cells would add to our understanding of the 

regulatory role of PG. The CBA/J x DBA/2J mouse model could be a suitable model for these 

investigations. Lower serum concentrations of PG in the third TRM of pregnancy have been 

described in women with PE [94]. The same could be expected for mice with disturbed 

pregnancies.   

Taken together we were able to show a concentration-dependent response of murine B1-a B 

cells on hormonal treatment with PG.  

 

5.4 hCG and Human B1-a B Cells 
 

We also examined the effects of hCG and its isoform h-HCG on human B1-a B cells in the 

context of hypertensive pregnancy disorders like PE. B1-a B cells are known to be involved in 

the onset of PE and they are known to express the LH/hCG receptor on their surface [5]. For 

this trial we used the two chorionic carcinoma cell lines Jeg-3 and BeWo as an easily 

available source of h-HCG. Jeg-3 cells produce nearly 100% h-HCG and BeWo produce about 

50% h-HCG [46]. Previously published data revealed concentrations of 13 ng/ml h-HCG 

produced by 5000 Jeg-3 cells in 24 hours [101]. The supernatants of these cells were 
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incubated with human B1-a B cells for 24, 48 or 72 hours. The ELISA-determined total 

amount of h-HCG produced by Jeg-3 and BeWo cell lines in this study (on average 9 nmol/ml 

and 7,5 nmol/ml respectively, figure A4 in the attachement) should be seen with caution 

because of methodical difficulties with the test kits. 

Unduly low concentrations of h-HCG at the beginning of pregnancy may serve as a marker 

for pregnancy complications, Down Syndrome and the onset of hypertensive disorders like 

PE in the third TRM [44,45], thus illustrating the possible importance of the 

hyperglycosylated hCG for successful pregnancy establishment. Other groups found no 

correlation between first trimester levels of h-HCG and PE [102]. Recently, we were able to 

show that total hCG levels are augmented in the serum of PE patients as compared to 

normal pregnant women in the third trimester [5]. We did not discriminate in that work 

between hCG and h-HCG. It is possible that the high levels of hCG in PE patients and the 

increased number of B1-a B cells found in PE patients correlate with each other.   

In our first attempt to measure human B1-a B cell activation by h-HCG, the expression of 

CD69 did not change significantly between the groups or between the time periods of 24, 48 

and 72 hours incubation. Using cell culture supernatants as the source of h-HCG, a 

concentration variability and contamination by other factors have to be considered. 

Subsequently, we planned a titration row of Jeg-3 and BeWo supernatant to test different 

concentrations of h-HCG with B1-a B cells. An additional control group with Opti-MEM 

medium was added and groups with PG, E and a combination of both hormones were 

introduced. 

In the titration row CD69 expression of the human B1-a B cells did not change significantly. 

30% diluted BeWo supernatant (presumably the minimal applied h-HCG concentration) 

trended to result in the highest B1-a B cell activation. This is consistent with the hypothesis 

that h-HCG supresses B1-a B cell activity. But on the other hand also 90% diluted BeWo 

supernatant showed a trend to activate the cells. PG was applied in a concentration of 

160ng/ml (average third TRM concentration in human pregnancy [103]) and caused no 

changes in CD69 expression. None of the other applied hormones showed significant effects 

on the activity of B1-a B cells. Since the average activation level of the cells in the control 

group with Opti-MEM medium was slightly higher, we chose it as the dilution medium for all 

groups with treatment.  
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Unfortunately, with the ELISA kit we provided for this purpose we were not able to quantify 

the absolute amount of h-HCG definitely.  

Aditionally, a trial with recombinant female sex hormones was introduced. All recombinant 

hormones were used to stimulate human B1-a B cells for 24 hours. The hormonal levels in 

pregnancy vary strongly. Following concentrations were used: hCG 250ng/ml, h-HCG also 

250ng/ml, PG 30ng/ml and E 3ng/ml (corresponding to average hormonal concentrations at 

the end of the first TRM of human pregnancy). 

Recombinant h-HCG caused a significant increase of B1-a B cell activity. The difference of 

median fluorescence intensity (DMFI) was used to calculate the activation status of B1-a B 

cells by comparing the density of CD69 molecules on the surface of the positively and 

negatively classified cells. The upregulated density of CD69 after treatment with h-HCG 

suggests that the cells are activated by the hormone.   

Previous publications suggest that low levels of h-HCG in the first TRM are related to the 

development of PE [44,45]. Our results show an activation of B1-a B cells by h-HCG. These 

results appear contradictory and should be seen in the context of the multifactorial 

development of PE. Changes in the maternal hormonal and immune system can only 

account for a part of the pathogenesis. Other important pathophysiological mechanisms are 

the defective spiral artery remodeling causing placental ischaemia, as well as the imbalance 

between angiogenic and anti-angiogenic factors leading to generalized endothelial 

dysfunction [17,104]. 

Regarding the possible immunological changes in PE, B1-a B cells can favor the onset of the 

disease via AT1-AA production and production of cytokines (e.g. IL10). In this study, only 

CD69 expression as a marker for the cell activity was measured. We should consider that the 

effects of h-HCG on B1-a B cells can be dose-dependent and differential. It would have been 

reasonable to introduce a control group with an LH/hCG blocking antibody. 

In an additional trial, we intended to record the concentrations of h-HCG in chorionic 

carcinoma cell lines, in normal human pregnancy and in PE with the “Human hgCG Elisa Kit” 

from myBioSource. The subjects we included were divided in the groups Non-P, first and 

third TRM, PE and HELLP. To the best of our knowledge, h-HCG levels in the third TRM of 

human pregnancy had not been recorded before. 
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The measured h-HCG concentrations from some probes are pictured in figure A4 in the 

attachment (page 83). Due to methodical difficulties, data obtained from this test cannot be 

regarded as reliabe. Further experiments with different test systems are needed to 

investigate the concentration of h-HCG in the course of human pregnancy and to finally 

clarify the role of hCG and its isoforms in PE.  

A possible follow up experiment could contain the measurement of serum hCG and h-HCG 

levels, AT1-AA and total amount of B1-a B cells via ELISA [105] and flow cytometry. A 

comparison between normal pregnant women in the first and third TRM of pregnancy and 

women suffering from PE or HELLP syndrome should be made. 

However, the setup for such an experiment will be very difficult, since B1a-B cells are a very 

small subpopulation in the blood of adult humans and AT1-AA cannot be measured easily 

with commercial kits. We made an unsuccessful attempt to detect AT1-AA produced by 

human B1-a B cells via cardiomyocyte contraction assay as described by Wallukat et al [106]. 

Some exemplary samples were sent to a collaboration partner in Berlin. In neither of the 

samples AA in a measurable area could be detected.  

Further studies including IL10, TNF-α or IL6 expression on human B1-a B cells could address 

the h-HCG and B1-a B cell interaction. These cytokines are the most important anti- and pro-

inflammatory molecules in PE and they can be produced by B1-a B cells. 

Also, the pathways of h-HCG and B1-a B cell interaction should be further investigated. 

Usually hCG acts via a membrane coupled G-protein receptor, the LH/hCG receptor. This 

receptor is widely expressed on B1-a B cells [5]. For h-HCG, increasing body of evidence 

suggests that the molecule also antagonizes the TGFβII receptor [44,47,107]. TGFβII receptor 

is a transmembrane protein with a protein kinase domain present in most of the human 

tissues. Signals transmitted by this receptor complex trigger various responses by the cell, 

including proliferation, differentiation, motility and apoptosis. Tumor promotion and 

immune actions are suppressed by pathways via TGFßII receptor [108]. Using the TGFß 

signaling, h-HCG displays a potent angiogenic effect in LH/hCG receptor knockout mice 

[44,47,107]. It is not yet explored if B1-a B cells also express this receptor. A quantification of 

TGFßII receptor expression on B1-a B cells would be necessary to see if a direct interaction of 

h-HCG and B1-a B cells via TGFßII receptor is possible.  
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Recent investigations approach PE on the molecular level and were able to identify novel 

pathways by characterizing maternal blood proteomics, placental genomics and functional 

as well as clinical data from patients with PE. The description of molecular phase pathways 

and identification of the hub molecules is a promising approach which allows a more in-

depth analysis of different PE phenotypes and may lead to a paradigm shift for future 

investigation [109]. 
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6. Summary & Outlook 
 

We investigated immunological mechanisms which can play a role in the onset of PE, a 

multifactorial and pregnancy specific disorder, whose etiology still remains poorly 

understood. Our focus lay on the CD19+ CD5+ B1-a B lymphocytes and their regulation by 

gonadotrophins (hCG) and female sex hormones present in the murine and human blood 

serum. B1-a B cells belong to the innate immune system and can alter immune functions via 

production of different cytokines and antibodies such as AT1-AA. Experiments were on the 

one hand conducted in an established mouse model for immunological pregnancy loss, the 

CBA/J x DBA/2J mouse model. On the other hand we worked with isolated human peripheral 

blood B1-a B cells.  

In the mouse model we could demonstrate that in vivo transferred B1-a B cells from 

disturbed pregnancies lead to IgG deposits in the mothers’ kidneys correlating with renal 

damage. In vitro, production patterns of the cytokines IL10, IFN-γ, TNF-α and IL17 in 

disturbed pregnancies were altered. We recorded an increased expression of the anti-

inflammatory IL10 in normal pregnant mice, suggesting an extended immune tolerance. 

The activation levels of human and murine B1-a B cells (as recorded by CD69 and CD86 

expression) were influenced by female sex hormones in a dose-dependent way. In humans, 

especially recombinant h-HCG had a strong capacity to activate B1-a B cells. PG exerted a 

comparable effect on murine B1-a B cells. It seems possible that in mice PG takes over some 

of the functions that hCG has in humans [96]. 

Alltogether we could provide further evidence for an autoimmune component in the 

pathogenesis of PE. B1-a B cells can be involved by AA production and also by cytokine 

production [5]. H-HCG emerges as a potentially important factor to activate human B1-a B 

cells in vitro. 

Further studies including IL10, TNF-α or IL6 expression in human B1-a B cells may provide 

important knowledge on h-HCG and B1-a B cell interaction in PE. Also, subsequent research 

on the receptors over which the effects are exerted is necessary. Next to LH/hCG receptor 

signalling, a potential pathway could be the TGFß II receptor antagonization by h-HCG [107]. 
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8. Attachment 
 

8.1 Material List 
 

EXPENDABLE MATERIALS 

Product Name Source 

MACS Separation Columns LS Miltenyi Biotec 

MACS Separation Columns MS Miltenyi Biotec 

MACS Separation Columns LD Miltenyi Biotec 

96 Well Suspension Culture Plate Greiner bio-one 

FACS tubes Sarstedt 

tubes 0,5-2 ml Sarstedt 

Falcons 15/50 ml Sarstedt/BD Biosciences 

Pasteur pipets plastic Sarstedt 

Pasteur pipets glass VWR 

Serological pipets 5-25 ml Sarstedt 

Pipet tips 10-1000 µl 10 Biozym 100+1000 Sarstedt 

Medical gloves Hartmann 

Beaker glasses Carl Roth 

Cell culture flask T-75 Sarstedt 

6-well plate, 24-well plate Sarstedt 

300800 Microlance Hypodermic 

Needle 23G x 1" Blue 

BD Biosciences 

Discardit 309050 5ml Syringe Eccentric 

Luer Slip 

BD Biosciences 
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EQUIPMENT 

Product Name Source 

Pipets 10-1000 µl Eppendorf/Carl Roth/Brandt 

Accu Jet 

Neubauer Chamber 

Brand 

LO (Laboroptik), Lancing, England 

Vortexer NeoLab/ VWR 

Sterile bench Thermo Scientific 

MACS Separator Miltenyi Biotec 

STEMCELL Magnet Stemcell technologies 

Incubator Sanyo 

5810 Centrifuge  Eppendorf 

5810R cooled Centrifuge Eppendorf 

FACS Canto BD Biosciences 

  

 

 

SOFTWARE 

Name Company 

FACS Diva BD Biosciences 

Flow Jo Tree Star Inc. 

Excell 2010 Microsoft 

GraphPad Prism 5 GraphPad Software 

Citavi 5 Swiss Academic Software 
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CHEMICALS 

Description Purity Source 

B-1a Cell Isolation Kit mouse  Miltenyi Biotec 

B Cell Isolation Kit II human  Miltenyi Biotec 

Human CD19 positive 

selection kit (von Sander) 

Anti-APC MicroBeads 

 STEMCELL technologies 

RPMI 1640 medium 500ml Biochrom GmbH 

DMEM/F medium 500ml ThermoFisher Scientific 

Opti-MEM 500ml Life Technologies 

Bio-Plex Pro Assays  BIO-RAD 

Human hgCG Elisa kit 96 tests MyBioSource 

Lymphoprep 500ml Stemcell Technologies 

Fetal Bovine Serum (FBS) 500ml Carl Roth 

IL4 10µg R&D Systems 

LPS B4:111 5mg Sigma Aldrich 

PMA 1mg Merck Millipore 

Ionomycin 5mg Merck Millipore 

Brefeldin A 1000x Stock 

Solution 

1ml eBioscience 

Progesterone 110mg Lyophyllisat Sigma Aldrich/ Th. Geyer 

Estrogen 110mg Lyophyllisat Sigma Aldrich/ Th. Geyer 

Ovitrelle (hCG) 250µg/0,5ml Merck Serono 

h-HCG  USA HCG R. Forence Service, Dr. L. 

Cole 

Tissue-Tek® O.C.T.™  Sekura 
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CELL LINES 

Name Number Company  

BeWo CCL-98 ATCC  

JEG-3 HTB-36 ATCC  

 

 

ANTIBODIES 

Molecule Label Clone Source 

CD19 anti human PerCP-Cy 5.5 HIB19 BD Biosciences 

CD69 anti human PE Cy 7 FN50 BD Biosciences 

CD5 anti human APC UCHT2 Miltenyi Biotec 

CD86 rat anti mouse FITC PO3.3 Miltenyi Biotec 

CD69 hamster anti 

mouse 

PerCP Cy5.5 H1.2F3 BD Biosciences 

CD5 rat anti mouse APC 53-7.3 BD Biosciences 

CD19 anti mouse PE-Cy 7 1D3 BD Biosciences 

B220 rat anti mouse PE-Cy 7 CD45R/ RA3-6B2 BD Biosciences 

CD19 rat anti mouse PerCP-Cy 5.5 1D3 BD Biosciences 

IL17 rat anti mouse APC-Cy 7 TC11-18H10 BD Biosciences 

IFN-γ rat anti mouse APC XMG1.2 BD Biosciences 

TNF rat anti mouse PE MP6-XT22 BD Biosciences 

IL-10 rat anti mouse FITC JES5-16E3 BD Biosciences 
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BUFFER 

Description Composition Source 

PBS Dulbecco  Biochrom GmbH 

FACS 1l 9,55g  PBS 

10g      BSA 

1g        NaN3 

1l         Aqua dest. 

Biochrom 

Carl Roth 

Carl Roth 

 

Lysis 500ml 10x Stock 

Solution 

 

44,5g  NH4Cl 

5g        KHCO3 

0,19g  EDTA 

500ml Aqua dest. 

Carl Roth 

Carl Roth 

Carl Roth 

MACS 500ml 2,5g     BSA 

2mM   EDTA 

500ml  PBS 

Carl Roth 

Carl Roth 

Biochrom 

RPMI Medium 10ml 9ml       RPMI 

1ml      FBS 

100µl   Pen/Strep 

Biochrom GmbH 

Carl Roth 

PAN 



 

80 

8.2 Extensive Data in Reference to Chapter 4.3 
 

Figure A1 shows extended versions of the illustrations in chapter 4.3 to illustrate the impact 

of female sex hormones upon murine B1-a B cells in different concentrations and 

combinations. 
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Figure A1. The part of enlarged B1-a B cells declines under treatment with highly concentrated progesterone 

Pure isolated B1-a B cells from non-pregnant BALB/c females were incubated for 24 hours with PG, E or a 

combination of both hormones. CD19+CD5+ B1-a B cells (0,1x106) were immune-stained and gated as explained 

in figure 12. The percentage of bigger and presumably activated B1-a B cells declines dramatically under 

treatment with PG 50µg/ml. Data are expressed as mean ± SEM. ** P<0,05 as analyzed by a one-way ANOVA, 

followed by Tukey’s Multiple Comparison Test respectively. 
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Figure A2. The median fluorescence intensity of CD69+ and CD86+ on enlarged B1-a B cells is  

   significantly increased when treated with highly concentrated progesterone 

Pure isolated B1-a B cells from non-pregnant BALB/c females were incubated for 24 hours with PG, E or a 
combination of both hormones. CD19+CD5+ B1-a B cells (0,1x106) were immune-stained with specific 
fluorochrome-coupled antibodies for CD69 and CD86 and gated as explained in figure 12. Enlarged B1-a B cells 
express significantly more CD69 and CD86 when treated with PG 50µg/ml. Data are expressed as mean ± SEM. 
For a) ** P<0,05 and for b) *** P<0,001 as analyzed by a one-way ANOVA, followed by Tukey’s Multiple 
Comparison Test respectively. 
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8.3 Extensive Data in Reference to Chapter 4.4.2 
 
 

Figure A3 enlarges the data shown in chapter 4.4.2 (figure 17). Also progesterone and 

estradiol in physiological third TRM human pregnancy concentrations are shown here. 
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Figure A3. Capacity of female sex hormones in different concentrations to stimulate human B1-a B cells 

Pure isolated human CD19+ B cells (0,1x106) were cultured for 24 hours with recombinant h-HCG, hCG, PG and 
E. After the end of culture, cells were directly stained and measured by FACS. The recombinant h-HCG applied 
in a concentration of 250 ng/ml caused a significant activation of B1-a B cells in vitro as compared to all other 
hormones, independent of their concentration. Data are expressed as mean ± SEM. ** P<0,05 as analyzed by a 
one-way ANOVA, followed by Tukey’s Multiple Comparison Test.  
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8.4 Extensive Data in Reference to Chapter 5.4 
 

Figure A4 is the corresponding graph to chapter 5.4 of the discussion and shows ELISA 

measured concentrations of h-HCG in human blood serum and cell culture supernatants. 
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Figure A4. h-HCG concentrations in human serum measured via Elisa 

Human serum was separated from solid blood components by centrifugation. All samples were stored at -80°C 
and thawed immediately before application to the ELISA plate. No distinct conclusions can be made from these 
results because only parts of the data were evaluable. Data are expressed as single values with arithmetic 
mean. 
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