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SUMMARY 
Introduction 

Gynaecologic immunologic research aims to answer an important question: How does the 

immune system manage to protect both mother and unborn child while not harming the semi-

allogeneic and thus partially unaccustomed fetus? Several distinct adaptions in both the 

innate and adaptive immune system take place during pregnancy. Alterations in these 

processes can cause dramatic consequences like pregnancy loss. Here, molecules with 

immunomodulatory functions can provide possible treatment options. One molecule with the 

described features emerged as a candidate: The transmembrane molecule mCD83 as well as 

its soluble form, sCD83. As mCD83 overexpressing cells and cells from pregnant mice showed 

similar behaviour regarding interleukin-10 secretion and B-cell (BC) development, a 

contribution of mCD83 in immunologic pregnancy adaptions is possible. Additionally, the 

soluble form could be a future therapeutic agent in pregnancy disorders, regarding its already 

shown benefits in therapy of various autoimmune diseases in animal models. 

The aim of this work is to evaluate the expression, release and regulation of CD83 in its 

membrane bound and soluble forms during normal and disturbed pregnancies in mouse 

models. 

Methods 

The semi-allogeneic pairing of two inbred stems, C57Bl6/J×BALB/c, results in healthy 

pregnancy and was used to investigate the expression in different stages of pregnancy. Pairing 

CBA/J females with DBA/2J males results in resorption of fetal units and represents a poor 

pregnancy outcome mating (PPOM). This model in comparison with CBA/J×BALB/c pairings 

(presenting a good pregnancy outcome mating (GPOM)) is a model for immunologic 

pregnancy disturbance. It was used to detect alterations in mCD83 expression and sCD83 

release during disturbed pregnancy.  

Results 

During normal murine pregnancy, mCD83 expression increased with a peak on day 14 of 

pregnancy on B- and T-cells, while the amount of mCD83 positive cells was elevated at the 

end of pregnancy. PPOM mice showed higher mCD83 expression and mCD83 positive cell 

count on various lymphocyte subtypes in comparison to GPOM, while sCD83 levels were lower 
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in PPOM pregnancies. Splenocytes released sCD83 in cell culture, whereby the main part 

under unstimulated conditions was produced by BC. Progesterone treatment of splenocytes 

led to a dose dependent mCD83 upregulation on T-cells and reduced mCD83 expression as 

well as sCD83 release from BC. Culture of splenocytes with tissue inhibitor of 

metalloproteinases 1 (TIMP1) resulted in elevated sCD83 release and mCD83 expression on 

BC. Progesterone reduced TIMP1 expression on BC in vitro. 

Conclusions 

mCD83 expression and sCD83 release showed various alterations during normal murine 

pregnancy as well as when comparing PPOM with GPOM. Noticeable are in particular a higher 

mCD83 expression on splenic BC on day 14 of pregnancy. In BC from PPOM, mCD83 expression 

is higher than on BC from GPOM, while PPOM mice show a lower sCD83 serum level, hinting 

a problem in the shedding mechanism during PPOM.  

Progesterone regulates mCD83 expression on BC via TIMP1 and a yet unknown proteinase, 

resulting in degradation of mCD83 with lower mCD83 expression and sCD83 release. Here, the 

resulting expression level may vary depending on the BC surroundings and cell 

compartmentation.  

The results thereby suggest a CD83 involvement in pregnancy and encourage further research 

on mCD83 expression at the feto-maternal interface as well as sCD83 in human blood and 

tissue. Especially the sCD83 alterations are of clinical interest, indicating the molecule as 

potential therapeutical option for pregnancy disturbances.  
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ABBREVIATIONS 
BC  B-cell 

BCR  B-cell receptor 

CD  Cluster of differentiation 

DC  Dendritic cell 

ELIZA  Enzyme-linked immunosorbent assay 

FO  Follicular-zone B-cell 

FOXP3   Forkhead-box-protein 3 

GPOM   Good pregnancy outcome mating 

Ig   Immunoglobulin 

LPS  Lipopolysaccharide 

mCD83  Membrane-bound form of CD83 

mRNA   Messenger ribonucleic acid 

MZ   Marginal-zone B-cell 

np   Non-pregnant  

PCR  Polymerase-chain-reaction 

PIBF  Progesterone-induced-blocking factor 1 

PMA  Phorbol-12-myristat-13-acetat 

PPOM   Poor pregnancy outcome mating 

RNA  Ribonucleic acid 

sCD83   Soluble form of CD83 

TC   T-cell 

TH2  Type-2 helper T-cell 

TIMP1   Tissue inhibitor of metalloproteinases 1 

Treg   Regulatory T-cell 

TN   Transitional-zone B-cell 
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1 Introduction 
1.1 Immunology and pregnancy 
Every pregnancy demands multiple adaptions including hormones, circulatory system, 

metabolism and the immune system. The latter is a crucial point, as it is now responsible for 

the health of two individuals and must accept the semi-allogeneic fetus without impairing the 

protection against pathogens. 

Known adaptions occur both in the innate and the adaptive immune system and include, for 

example, alterations in the antibody profiles and cytokine milieu. The first stage of pregnancy 

is predominantly pro-inflammatory. The following and largest period is characterized by 

higher secretions of anti-inflammatory interleukins as well as a preference for fast-acting type-

2 helper T-cell (TH2)-reactions. Finally, pro-inflammatory reactions characterize the initiation 

of labor [1–5]. 

The causes of several pregnancy disturbances, like preeclampsia, preterm birth or recurrent 

pregnancy loss are still not fully identified. In recurrent pregnancy loss for example, 

established causes like uterine or genetic defects or chronic endometriosis can only be found 

in less than a half of the cases [6]. 

In this context, there is a link between pregnancy disorders and a misregulation in the complex 

immunological adaptions during pregnancy [2,7]. Infections, for example, are a trigger leading 

to disturbed immunoreactions and high cytokine releases. But even without bacterial 

infection, sterile inflammation can cause severe complications like preterm labor [2,8–10]. 

Here, the investigation of the mechanisms behind the establishment of the described 

“immunological balance” in healthy pregnancy as well as possible disturbances paves the way 

for possible therapeutic tools. Thus, the examination of molecules with immunomodulatory 

functions is a major interest in gynaecologic immunologic research. One molecule, which 

shows a variety of functions in different immune cells as well as therapeutic potential in 

autoimmune diseases, is the transmembrane molecule CD83 (mCD83). 

1.2 CD83 
mCD83 was first described in 1992 as HB-15 on human dendritic cell (DC) subsets as well as 

on activated lymphocytes [11], and soon obtained a significant role as DC maturation marker 

[12,13]. It is a transmembrane glycoprotein of the immunoglobulin (Ig) superfamily with a 

single extracellular Ig-like domain and a cytoplasmatic domain [11]. mCD83 has been found in 
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various species [14,15], including mice, where the murine form shares 63 % amino acid 

identity with the human variant of the protein [15]. 

In addition to its use as an activation marker on DC, mCD83 was discovered to have a crucial 

role in human DC dependent T-cell (TC) activation [16–18]. In different studies on the other 

hand, CD83 expression levels on antigen presenting cells had no influence on their ability in 

activating CD8+ TC and just a slight positive correlation with the activation of CD4+ TC [19]. As 

CD83 deficient DC show no problems in TC stimulation, this contribution might not be crucial 

[19].  However, some viruses impact CD83 function on DC, thereby profiting from reduced TC 

reaction [20–22]. 

Studies revealed that the lack of mCD83 on murine DC represents higher inflammatory 

potential, resulting for example in increased autoimmune inflammation but also in better 

protection against bacteria [23–25]. Knockout of CD83 on DC in mice led to reduced peripheral 

Treg numbers and impaired Treg function [25]. The role of mCD83 on DC is described as 

important in immune regulation as well as in the prevention of overshooting immune 

reactions [24,25]. 

mCD83 can also be detected on TC, B-cells (BC) as well as on murine thymic epithelial cells 

[11,26–28]. The latter is crucial for murine TC development, as CD83 knockout mice showed a 

severely reduced amount of peripheral CD4+ TC [28]. 

TC display different properties, depending on their CD83 expression. While overexpression 

leads to forkhead-box-protein 3 (FOXP3) upregulation, which is characteristic for regulatory 

TC (Treg) [29], silencing of the molecule impairs TC functions like proliferation or cytokine 

release [30]. Transgenic induced mCD83 expression on murine TC on the other hand enhances 

their interferon and interleukin production [31]. 

Regarding splenic BC, two major subtypes differ in their strategies to react against pathogenic 

threats: Follicular zone B-cells (FO) produce high-affinity antibodies, while marginal zone B-

cells (MZ) are considered pre-activated and show a rapid response with low-affinity antibodies 

[32–36]. mCD83 overexpression on BC results in reduced maturation of FO but higher 

numbers of MZ. The absence of mCD83 on BC on the other hand decreases the MZ maturation 

significantly [37]. On BC, mCD83 co-localizes with the B-cell receptor (BCR) and reduces its 
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sensitivity [38]. Reduced BCR sensitivity may be linked to a preference of BC for developing 

into MZ [34]. 

mCD83 expressing DC as well as lymphocytes release a soluble form of the protein (sCD83) 

[39]. The amount of sCD83 depends on the mCD83 level of the cell, suggesting that sCD83 is 

released from mCD83 by shedding [39]. A different explanation and pathway for sCD83 

production is alternative splicing [40]. The soluble form shows anti-inflammatory properties 

in in vitro studies: High sCD83 doses resulted in cytoskeletal disturbances in DC, impairing their 

ability to cluster with TC, which is essential for TC activation [41]. Furthermore, sCD83 has a 

confirmed anti-inflammatory therapeutic effect in various mouse models of autoimmune 

diseases and allograft transplantation [42–44]. 

1.3 CD83 and pregnancy 
One example for adaptions in normal murine pregnancies is a preference for MZ over FO 

maturation [33,45]. The link to the molecule mCD83 arose when studies revealed its capability 

in influencing the BC maturation in the spleen as described above. In short, mCD83 expression 

on BC leads to a BC distribution similar to the one observed in pregnancies. 

Another connection between pregnancy and mCD83 concerns the production of the anti-

inflammatory interleukin-10 (IL-10): mCD83 overexpressing BC show high IL-10 production 

after lipopolysaccharide (LPS) stimulation; and IL-10 is elevated and crucial in murine 

pregnancy [46,47].  

Considering the influence of mCD83 expression on lymphocyte function and the 

immunomodulatory capacity of sCD83, a contribution to tolerance during pregnancy can be 

postulated.  

1.4 Mouse models in gynaecologic research 
To investigate the causes, processes and consequences of disturbed pregnancies, various 

mouse models are used. One is the pairing of CBA/J females with males of the oldest inbreed 

strain, the DBA/2J; in comparison to BALB/c males. Pairing CBA/J with DBA/2J mice results in 

resorption of 10-80% of the formed feto-placental units [48,49].  

In the 1980s, this model was extensively used to study the theory of acquired 

immunosuppression during pregnancy: It was believed that healthy pregnancy required 

immunosuppression, and that CBA/J×DBA/2J paired mothers lack it [48]. In any case, the exact 
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cause of the higher resorption rate is still unidentified, although various immunological 

alterations have been described. 

These include infiltration of natural killer cells as well as other leukocytes, including TC and BC 

[48,50]. Especially TC got into focus as studies showed altered TC function in CBA/J×DBA/2J  

pairings [48,51]. 

However, recent data show effects far beyond a plain lack of immunosuppression. Higher 

oxidative stress as well as disturbed DNA-methylation are discussed [52,53]. Additionally, 

changes in the vascularisation are described, resulting in a disturbed blood supply for the 

trophoblast. Vascularisation deficits are not limited to the placenta, there is evidence for a 

generalised vascular problem in the mother, resulting for example in kidney diseases. Those 

findings indicate that thrombosis and ischaemia, resulting in inflammation, are part of the 

process leading to the resorptions [54,55]. Thus, the mechanisms are not simply explainable 

with primary immune system dysregulation [48]. 

Despite this, the model is still frequently used for immune-mediated, pro-inflammatory 

disturbances during pregnancy, especially recurrent pregnancy loss and preeclampsia [54]. 

Another model in gynaecologic research is for example the intravenous or intrauterine 

application of LPS in pregnant mice resulting in preterm birth or abortion [56,57]. 

Of course, research is not limited to pregnancy disturbances but covers adaptions during 

healthy pregnancy as well. Here, the most widely used inbred strain in research [58], the 

C57Bl6/J, is frequently used. The C57Bl6 strain was created in 1921 and brought to the Jackson 

Laboratory in 1948, thereby creating the C57Bl6/J substrain [59]. Because syngeneic pairings 

of inbred strains do not mimic the semi-allogeneic challenge that occurs in human 

pregnancies, experiments are frequently conducted using a pairing of a female and a male 

from different inbred strains, like C57Bl6/J×BALB/c [45,60,61]. 

2 Objectives 
For the last few years, the immunologic research has placed a strong focus on molecules with 

immunomodulatory characteristics. In contrast to the classical immunosuppressives, they 

convey, as the name says, modulatory effects, without the disadvantage of a generalized 

immunosuppression. 
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The transmembrane molecule mCD83 as well as its soluble form emerged as promising 

therapeutic tools to treat inflammatory disorders. 

To investigate the possible use of the molecule in immunological mediated pregnancy 

disturbances, an understanding of the functional properties of the molecule during normal as 

well as disturbed pregnancy is crucial. 

Thus, the analysis of the expression of mCD83 on Lymphocytes as well as the release of sCD83 

and its regulation during pregnancy was the object of the underlying publications. 

3 Materials and methods 
The experiments were conducted according to the methods described in the published 

manuscripts [62,63]. In brief, mCD83 expression on immune cells from lymphoid organs of 

pregnant or non-pregnant mice was evaluated.  

3.1 Animals and cell preparation 
 Two mouse models were used: First, the expression of mCD83 was examined in different 

states of normal murine pregnancy in a C57Bl6/J×BALB/c pairing [45,61]. Then, a model for 

pregnancy disturbance was used to determine possible CD83 influences on pregnancy 

outcome. This model compares the pairing of CBA/J females with either BALB/c males, 

representing a good pregnancy outcome mating (GPOM) or DBA/2J males for poor pregnancy 

outcome mating (PPOM) [48,55].  

After pairing, female mice were checked for vaginal plug regularly. Plug observation was 

declared as day 0 of pregnancy. Mice were sacrificed on either day 7, 14 or 18 of pregnancy. 

Non pregnant mice were sacrificed as controls. Blood as well as spleen, thymus and the uterus 

draining paraaortal and inguinal lymph nodes were collected. Single-cell suspensions were 

obtained from the taken organs. Additionally, single-cell suspensions were further used for 

isolation and depletion of specific lymphocyte subtypes. 

3.2 Cell stimulation 
Single cell suspensions, isolated BC and BC or TC depleted lymphocytes were cultured and 

stimulated in various settings as described in the publications. Stimulation was performed 

with LPS, Phorbol-12-myristat-13-acetat (PMA), ionomycin, pregnancy hormones and 

recombinant Tissue inhibitor of metalloproteinases 1 (TIMP1) or anti-TIMP1. After 

stimulation, the cells were separated from the supernatants via centrifugation. 
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3.3 Evaluation of mCD83 expression and sCD83 release 
Fresh single-cell suspensions as well as stimulated cells were examined using flow cytometry. 

After gating for BC, TC and DC as well as subtypes, the mCD83 expression and portion of 

mCD83+ cells of each group were investigated.  

Enzyme-linked immunosorbent assays (ELIZA) were used to determine sCD83 levels in murine 

serum and cell supernatants after stimulation. 

Experiments with C57Bl6/J×BALB/c pairing were conducted and analysed by me, while GPOM 

versus PPOM experiments were conducted by Jens Ehrhardt, Anne Tüngler and myself and 

analysed by Damián Muzzio, Rebekka Einenkel and myself. 

4 Results 
4.1 mCD83 on splenocytes during normal and disturbed murine pregnancy 
First, the expression of mCD83 was evaluated during murine pregnancy. The analysis of 

splenocytes from C57Bl6/J×BALB/c paired mice showed an upregulation of mCD83 on TC, BC 

as well as on BC subtypes (Transitional-Zone B-Cells (TN), MZ, FO) on day 14 of pregnancy 

compared to non-pregnant (np) C57Bl6/J mice (Figure 1B-C, [63]). Polymerase-chain-reaction 

(PCR) analysis of freshly isolated BC further confirmed an elevation of CD83 messenger  

ribonucleic acid (mRNA) on day 14 of pregnancy compared to np mice (Figure 1E, [63]). 

To evaluate a possible role of CD83 in pregnancy outcome, a new experiment was performed 

using the mouse model of systemic inflammation-induced pregnancy disturbance as described 

above. Since the expression of mCD83 peaked at day 14 during normal murine pregnancy in 

C57Bl6/J×BALB/c pairings, CBA/J mice were also sacrificed at this state of pregnancy. Results 

showed a higher mCD83 expression on BC as well as their subtypes MZ and FO in PPOM mice 

at day 14 of pregnancy compared to GPOM (Figure 1B, [62]). 

In addition to the analysis of the mCD83 expression, the percentages of mCD83 expressing 

cells among BC, TC and DC where investigated. During normal murine pregnancy, these 

percentages increase in BC, TC and regulatory CD4+CD25+ TC from day 7 to day 18. In DC on 

the other hand, a decrease was shown especially in the middle of pregnancy (Figure 1F, [63]).  

PPOM pairing led to significantly higher mCD83 percentages among BC, MZ, DC and TC when 

compared to GPOM on day 14 (Figure 1C, [62]). 
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To sum up, during normal murine pregnancy the mCD83 expression peaks on day 14 of 

pregnancy on BC and TC, while the amount of mCD83 positive cells is elevated at the end of 

pregnancy. PPOM mice show higher mCD83 expression and mCD83 positive cell count on 

various lymphocyte subtypes in comparison to GPOM pairings. 

4.2 mCD83 on lymphocytes from thymus and lymph nodes during normal and disturbed murine 
pregnancy 
The investigation of mCD83 expression in lymphatic tissues revealed an upregulation of 

mCD83 on BC from paraaortic lymph nodes on day 7 of normal pregnancy. Inguinal lymph 

nodes showed a significant decrease of mCD83 positive DC in all stages of pregnancy 

compared to np mice. No differences were detectable in thymic tissue (Figure 2A-D, [63]). 

PPOM mice had higher mCD83 expression on DC from inguinal and paraaortal lymph nodes 

and thymus. Thymic TC showed higher mCD83 expression but a significantly lower rate of 

mCD83 positive cells in PPOM mice (Figure 1B-C, [62]). 

4.3 sCD83 levels in sera during normal and disturbed murine pregnancy 
The soluble form of CD83, sCD83, is measurable in the blood serum. During normal murine 

pregnancy, no significant changes in sCD83 serum levels were detectable. However, data 

showed a trend towards higher sCD83 levels in pregnancy: 57.7% of mice at day 18 had serum 

levels over 1,1 pg/mL while only 16,7% of np mice exceeded that level (Figure 2E, [63]). Mice 

with PPOM showed lower sCD83 concentrations on day 14 of pregnancy compared to mice 

with GPOM (Figure 3A, [62]). 

4.4 mCD83 and sCD83 upon ex vivo stimulation 
mCD83 levels were additionally evaluated after a 48-hour stimulation of cultured splenic 

lymphocytes with LPS, PMA and ionomycin. The experiment showed a higher upregulation of 

mCD83 as well as higher mCD83 mRNA concentrations in BC derived from mice at the end of 

pregnancy compared to BC from np mice. Analyses of sCD83 in the supernatants revealed 

higher concentrations at the end of pregnancy in vitro (Figure 3C-E, [63]). 

When lymphocytes derived from PPOM vs GPOM pairings on day 14 were stimulated in vitro, 

no significant alteration of mCD83 expression between both groups of mice could be 

observed. The investigation of sCD83 levels in supernatants from PPOM pairings showed no 

significant changes in comparison to GPOM pairings (Figure 2A-B, [62]). 
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To sum up, at the end of pregnancy BC react with higher mCD83 expression to 

proinflammatory stimulation and splenocytes release higher amounts of sCD83. 

4.5 Source of sCD83 in vitro 
Taking into account that sCD83 was measurable in the supernatants of stimulated and non-

stimulated cell cultures, the aim was to investigate its sources. Therefore, splenic lymphocytes 

were depleted from either BC or TC before in vitro stimulation. In non-stimulated cell-cultures 

results showed a significantly decreased sCD83 concentration after BC depletion, while TC 

depletion had no effects on sCD83 release. Upon cell stimulation with LPS, PMA and 

ionomycin, TC as well as BC depletion resulted in a significantly reduced sCD83 concentration 

(Figure 3F-G, [63]).  

4.6 Influence of pregnancy related hormones on CD83 in vitro 
Hormones are crucial regulators in pregnancy maintenance, especially estradiol and 

progesterone. Estradiol stimulation did not influence lymphocytic mCD83 expression in vitro. 

(Figure 3B, [63]).  Progesterone on the other hand showed a dose-dependent effect on mCD83 

expression on TC derived from C57Bl6/J mice. An upregulation of mCD83 expression on DC 

and BC was only achievable using supraphysiologically high concentrations of progesterone 

(Figure 2A, [63]). 

The experiment was later repeated with lymphocytes derived from np CBA/J mice, using lower 

progesterone concentrations physiologically found in mice [64]. This setting led to a dose-

dependent decrease in mCD83 expression on BC (Figure 3D, [62]). Additionally, the sCD83 

levels in supernatants from both splenocytes and isolated BC was determined after 

progesterone treatment. Here, progesterone significantly reduced the sCD83 release from 

splenocytes as well as BC (Figure 3B, [62]). 

4.7 New model of mCD83 membrane degradation 
Progesterone treatment reduced both mCD83 on the cell surface and sCD83 release. sCD83 is 

most likely produced by mCD83 shedding [39]. Therefore, a plausible mechanism leading to 

reduced availability of both forms is the degradation of mCD83. Here progesterone may serve 

as a regulator. 

A specific proteinase for the degradation of mCD83 is not known yet, but tissue inhibitor of 

metalloproteinases 1 (TIMP1) is a known inhibitor of various proteinases and can be regulated 

by progesterone [65,66]. 
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In order to investigate a possible role of TIMP1, lymphocytes were cultured with LPS, PMA and 

ionomycin plus either recombinant TIMP1 or a blocking-antibody against TIMP1. Treatment 

with TIMP1 resulted in higher sCD83 concentration in splenocyte supernatants and higher 

mCD83 expression on BC, while anti-TIMP1 induced a significant decrease in mCD83 

expression (Figure 4B-C, [62]). 

Finally, splenic lymphocytes were stimulated with Progesterone and TIMP1 expression was 

measured.  Progesterone stimulation resulted in decreased TIMP-1 expression on BC (Figure 

4A, [62]).  

5 Discussion 
Pregnancy requires various adaptions from the mother’s body. In addition to alterations of 

the metabolism and the cardiovascular system, especially the immune system is required to 

fulfil an important task: it must undergo complex adaptions for the maintenance of the semi-

allogeneic fetus as well as the mother’s and unborn child’s well-being. The mechanisms behind 

these adaptions are one of the major interests in gynaecological immunologic research. They 

provide a basis for therapeutical options in immunological problems during pregnancy as, for 

example, recurrent pregnancy loss. 

BC undergo vast adaptions during pregnancy [33,45,67]. The starting point for the work 

objective of CD83 involvement in pregnancy originated from the observation that mCD83 

overexpressing BC show properties similar to those of BC in murine pregnancy: Both show a 

MZ over FO maturation preference and release elevated amounts of IL-10 [37,45–47]. This led 

to the question whether BC or other immune cells upregulate mCD83 during pregnancy, and 

whether they serve as a source of the anti-inflammatory sCD83. 

5.1 mCD83 and BC in pregnancy 
Indeed, splenic BC as well as their subtypes (MZ, FO and TN) showed an mCD83 upregulation 

during normal murine pregnancy. Considering previous findings concerning mCD83 

expression on BC, this upregulation suggests an immunosuppressive role of the molecule in 

pregnancy. However, most experiments concerning mCD83 expression on BC, like the 

aforementioned enhanced IL-10 secretion upon stimulation, were conducted using mice or 

cells that artificially overexpress CD83 [46]. As this may not mimic a physiologic situation, the 

results from these experiments might not fully translate into normal BC function. 

Nevertheless, there is evidence for a regulative role of mCD83 on BC, in which the molecule 
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supports the cell receiving inhibitory signals precluding a BC population over-stimulation 

[68,69]. 

Thus, the increase of mCD83 expression and mCD83 expressing cells during pregnancy 

indicate a possible role of the protein in the complicated maintenance of an immunological 

balance in pregnancy. Considering these modulations and their possible role in pregnancy 

maintenance, the mCD83 expression was measured in the aforementioned model for murine 

pregnancy disturbance.  

As an increment of mCD83 was observed during the course of normal pregnancies, the 

opposite scenario was expected in PPOM mice. However, PPOM mice showed an even higher 

mCD83 expression on splenic BC than GPOM mice. At first glance this negates the theory of 

mCD83 serving as an important immunosuppressive molecule for good pregnancy outcome in 

this model. However, it has to be taken into account that several cell stimuli can lead to an 

mCD83 upregulation on cells, including cytokines [70]. The mCD83 upregulation in PPOM mice 

might be explained through the proinflammatory setting with elevated cytokine levels [55]. 

Additionally, the upregulation might as well be an auto-regulatory attempt of the mice’s 

immune system in saving the pregnancy. Finally, a reduced cleavage of sCD83 from the 

membrane-bound form could result in mCD83 accumulation. An indication for this theory is 

the significantly reduced sCD83 level detectable in the sera of PPOM mice. This suggests a 

defective sCD83 shedding during PPOM and is further discussed under section 5.4. 

As already mentioned, BC from pregnant mice show an MZ over FO preference [45]. The exact 

cause of how this adaption is generated is not uncovered yet [33]. As mCD83 overexpressing 

BC show a similar behaviour [37], an involvement of the molecule seemed possible and 

supported the interest in researching CD83 in the context of pregnancy. The highest 

expression of mCD83 was measurable on day 14 of pregnancy, while the peak in MZ/FO ratio 

as well as in total MZ is at the end of pregnancy [45]. While PPOM pregnancies fail this 

adaption and show significantly reduced MZ numbers [33], they express more mCD83 in 

comparison to GPOM. Thus, no positive correlation between mCD83 expression and MZ 

preference during pregnancy was found, making an involvement of mCD83 in this adaption 

unlikely. 
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5.2 mCD83 and TC in pregnancy 
mCD83 is expressed on TC. Studies linked it with enhanced TC activation as well as interleukin 

production [31]. Later studies associated mCD83+ TC with a Treg-like phenotype [26,29], 

respectively showed a correlation with mCD83 expression on TC and their differentiation into 

Treg [71]. Those TC have the ability to supress proliferation and cytokine release of activated 

mCD83- TC [26]. Experiments with knockout of mCD83 on Treg resulted in reduced immune 

tolerance and reduced cell stability, underlining the importance of the molecule for Treg 

regulation [24,72]. 

During normal murine pregnancy, splenic CD4+ TC showed a significant increase in mCD83 

expression in the middle of pregnancy. This could be an indication for higher Treg 

differentiation. The data fits with findings showing an increase of splenic Treg likewise on day 

14 of pregnancy [73]. 

Though mCD83 expression was increased at day 14 of pregnancy, the percentage of mCD83+ 

cells among CD4+ TC and CD4+CD25+ Treg showed a significant increase only at day 18 of 

pregnancy compared to day 7. It has to be taken into account, that surface expression of 

mCD83 on unstimulated TC is rather rare, occurring in just 1-2% of unstimulated CD25- or 

CD25+ TC [29]. Here, additional investigations regarding mCD83 function on TC as well as 

mCD83 expression on TC or Treg subtypes during pregnancy are needed. As Treg 

differentiation is an important feature during pregnancy adaptions and malfunctions are 

linked with pregnancy disturbances [74,75], mCD83 expression especially on Treg should 

further be investigated in PPOM mice. 

5.3 mCD83 and DC in pregnancy 
During normal murine pregnancy no significant alterations were measurable in mCD83 

expression on 33D1+/DCIR2+ DC1, but the overall percentage of mCD83 expressing cells in the 

33D1+/DCIR+ cell population dropped in pregnant mice in spleen and inguinal lymph nodes. In 

PPOM pregnancy, higher mCD83 expression was detected in DC from thymus and lymph 

nodes. With mCD83 being a maturation marker on DC, this portrays a higher DC maturation 

 
1 33D1 is a monoclonal antibody reacting with DCIR2, a surface marker on murine dendritic 

cell subpopulations in tissues from spleen, lymph nodes and thymus. If DCIR2 owns further 

biological activity is not known yet [93]. 
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in PPOM mice. These findings are in concordance with other studies revealing a more mature 

DC phenotype in the PPOM model [76,77].  

During pregnancy, various adaptions in the DC populations occur. Those affect the peripheral 

lymphatic system, but above all the fetomaternal interface being the direct contact point 

between mother and fetus [78]. CD83+ DC are detectable in human decidual tissue and show 

a higher quantity in woman with recurrent miscarriage [79]. There is a correlation between 

higher abortion rates and more mature DC [76]. To further elucidate the role of mCD83 on DC 

in pregnancy a deeper analysis of DC subtypes as well as of decidual or placental DC is 

necessary. Additionally, these results encourage further studies concerning mCD83 functions 

to disclose the role of mCD83+ DC in pregnancy. 

5.4 sCD83 
sCD83 has become a major research topic for its immunosuppressive functions and potential 

therapeutical options [80]. During pregnancy, PPOM mice revealed significantly lower sCD83 

serum levels in comparison to GPOM. During normal murine pregnancy, no significant changes 

in the serum levels were detectable, but the results revealed a slight tendency towards higher 

sCD83 levels in pregnant mice. In 2020, Huo et al. performed a similar experiment using 

BALB/c mice proving a significant increase of sCD83 in the sera of pregnant mice. They 

furthermore confirmed an association of bad pregnancy outcome and lower sCD83 serum 

levels in an additional mouse model, using LPS-induced stress and abortion [56].  

The soluble molecule is most likely produced by shedding of the membrane-bound protein 

[39]. Since mCD83 expression on splenic BC increased in PPOM pregnancy while sCD83 sera 

levels decreased, the pathogenic mechanism concerns the shedding.  

In cell culture, splenocytes from late pregnant mice revealed to release higher amounts sCD83 

in normal murine pregnancy. No differences were shown in the PPOM model, but a 

comparison is difficult as PPOM mice were sacrificed in the middle of pregnancy, so later 

changes are possible and need further investigation.  

Various cell types have the ability to release sCD83 [39]. An in-depth investigation of cultured 

splenocytes showed drastically reduced sCD83 levels after BC depletion, suggesting BC to be 

the major source of sCD83 in an unstimulated state. Isolated BC released about the same 

amount of sCD83 as cultured splenocytes did. Nevertheless, upon stimulation, isolated BC 

showed significantly lower sCD83 release in comparison to all splenocytes. That emphasizes 
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BC being not the only source for sCD83 upon cell stimulation. As depletion of BC in this setting 

still led to a highly significant sCD83 reduction, BC pose as a major source of sCD83 upon 

stimulation. 

Missing cell-cell-interactions could also account for the reduced sCD83 release of BC in 

comparison to all splenocytes after stimulation. The fact that TC depletion led to a significant 

reduction of sCD83 release marks TC as possible interaction partners for sCD83 release in BC 

upon stimulation, though a sCD83 release by the TC itself is not impossible. Purified TC showed 

no sCD83 release in culture in previous studies [39]. Other studies described a small release 

of sCD83 from sorted CD4+CD83+TC only upon stimulation [26], which is in line with the 

findings of the underlying publication. 

Taking this and the previous findings on splenic BC into account, the high mCD83 expression 

on splenic BC during PPOM pregnancy could be a consequence of disturbed sCD83 release, 

leading to lower sCD83 serum levels. This theory is supported by the findings of BC being a 

main source of sCD83 production. 

Considering the decreased sCD83 serum concentration in PPOM pregnancy and the anti-

inflammatory properties of the molecule, a test of possible beneficial consequences of sCD83 

administration during pregnancy is conceivable. sCD83 showed already therapeutical benefits 

in animal models for various autoimmune diseases like autoimmune encephalomyelitis or 

arthritis [43,81]. Promising results were gained in transplantation therapy as well. The survival 

of corneal grafts, for example, enhances with sCD83 pre-incubation of the graft [82]. And 

indeed, Huo et al. treated pregnant mice with recombinant, porcine sCD83. The group was 

able to show significantly lower abortions and embryo resorption rates in the LPS-induced 

abortion model. This treatment led to various immunologic alterations, which are considered 

significant for healthy pregnancy like enhanced IL-10 levels and increase of Treg numbers [56]. 

5.5 The role of pregnancy related hormones in the regulation of CD83 
A detailed understanding of immune mediators as well as their functions and regulations helps 

not only to understand the mechanics behind the changes occurring during immunological 

processes like pregnancy, but also helps in the development of potential medical treatments. 

In case of CD83, numerous regulations are yet to be unveiled, so more in-depth studies are 

essential. 
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In pregnancy, especially hormones contribute to various changes of the mother’s immune 

system, making them candidate regulators of CD83 during pregnancy. Excepting the analysis 

of mCD83 as DC maturation marker after DC stimulation with pregnancy hormones [83], the 

influence of pregnancy related hormones on mCD83 expression has not been studied up till 

the underlying publications. 

In in vitro stimulation, unphysiologically high progesterone doses led to an upregulation of 

mCD83 on BC and DC. It is worth mentioning, that higher progesterone concentrations can be 

reached in different compartments of the body. In murine ovarian venous plasma, 

progesterone levels up to 3096 ng/mL are described during pregnancy [84], whereas the 

concentration in peripheral plasma reached 112,7 ng/mL [85]. Nevertheless, in the 

accomplished in vitro experiments, progesterone had to be increased to 50.000 ng/mL to 

show the aforementioned upregulation of mCD83 on BC. 

Lower, physiological doses [64] decreased mCD83 expression on BC and lowered the amount 

of sCD83 in the cell cultures supernatants. Thus, progesterone limits mCD83 availability on BC. 

On TC, progesterone induced a dose-dependent increase of mCD83 expression. Here is a 

correlation between the highest progesterone levels and mCD83 expression on splenic TC 

being both around day 14 of pregnancy. 

Progesterone develops its effects mainly via the intracellular progesterone receptor, which is 

existent in lymphocytes. Lymphocytes show a higher sensitivity to progesterone during 

pregnancy [86]. Those lymphocytes produce the so called progesterone-induced-blocking 

factor 1 (PIBF), a protein mediating various effects in pregnancy like the establishment of a 

TH2-dominant cytokine pattern [87]. 

In the course of normal murine pregnancy, the progesterone concentration in the blood 

increases (with a significant drop on day 10), reaching its peak at day 15, followed by a decline 

[85]. Low progesterone levels are associated with miscarriage in humans and rodents [87–89]. 

Those findings led to various trials and studies of therapeutic progesterone administration in 

pregnancy disturbances like recurrent pregnancy loss or threatened miscarriage. Results vary 

between no significant benefit and improved pregnancy outcome [90–92]. 

Although CD83 can be regulated by progesterone, the hormonal influence cannot explain, at 

least on BC, the alterations in mCD83 occurring during pregnancy. In TC on the other hand, 
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there is a correlation and thereby possible link between the dose-dependent effect on TC, as 

maximum mCD83 expression as well as progesterone concentration occur approximately at 

the same time.  

In a next step it would be important to investigate the findings of this research in vivo. Here, 

many factors including cell-cell contacts and cell compartmentation are likely to modify the 

effects of progesterone on mCD83. 

5.6 New pathways in CD83 regulation 
Progesterone treatment reduced mCD83 expression as well as sCD83 release in vitro. A 

possible explanation for these findings is the degradation of mCD83 by a proteinase. TIMP1 is 

an inhibitor of many proteinases, expressed on BC and regulated by Progesterone [65,66].  

In vitro experiments were performed to test a link between CD83 and TIMP1: TIMP1 treatment 

led to higher sCD83 release from splenocytes and mCD83 expression on BC, while inhibition 

of TIMP1 reduced mCD83 expression. These findings indicate TIMP1 being able to impede a 

not yet unveiled proteinase from mCD83 degradation of the cell surface. It is the first time a 

CD83 regulation through TIMP1 is described, opening the way to further experiments with 

TIMP1 controlled proteinases. 

To further link progesterone in the chain, the influence of progesterone on TIMP1 expression 

on BC was tested. Progesterone downregulates TIMP1 on BC, which, in concordance with the 

findings above, should led to lower mCD83 expression: 

Progesterone↑ →  TIMP1↓ → Proteinase↑  → mCD83↓ 

To sum up, progesterone reduces mCD83 availability on BC and sCD83 release from 

splenocytes via a downregulation of TIMP1 in vitro.  

 In vivo, on the other hand, those cells find themselves in complex and changing 

compartmentations. Progesterone does not solely affect the BC but also its environment. 

Here, studies showed an induction of TIMP1 by progesterone, for example on uterine 

fibroblasts and human endometrial stromal cells [65,66]. Progesterone induced TIMP1 

produced by those cells may lead to higher TIMP1 concentrations, and thus higher mCD83 

expression on BC in vivo depending on the cell surroundings (Figure 1).    
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Figure 1 Schematic depiction of mCD83 expression and sCD83 release on BC depending on BC 

surroundings. (A) BC expressing mCD83 and releasing sCD83. (B) Isolated BC under the 

influence of progesterone. Progesterone down-regulates TIMP1 on BC, resulting in 

degradation of mCD83 by lacking proteinase inhibition and thereby lower sCD83 release. This 

scenario might occur in peripheral BC contributing to local inflammation. (C) BC surrounded 

by stromal cells (for example splenic or uterine stroma). Progesterone induced TIMP1-

production from the stroma cells compensates the TIMP1-reduction on the BC, resulting in 

inhibition of proteinases and prevention of mCD83 degradation.  
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6 Limitations and conclusions 
The underlying publications provided the first insight in CD83 and pregnancy. Thus, they 

delivered valuable information especially regarding the protein’s expression in normal and 

disturbed murine pregnancy.  

A direct comparison between the data of the two publications is difficult, since they were 

acquired in two different mouse models. As described in the introduction, the PPOM mouse 

model is not fully understood yet, making it challenging to interpret the data and to transfer 

them into human pregnancies. However, the main focus of the studies was to evaluate 

whether mCD83 expression changes during murine pregnancy and in an exemplary mouse 

model for pregnancy disturbance. And indeed, the molecule is expressed differentially during 

the stages of pregnancy on different lymphocytic cell types.  

Noticeable is above all the higher mCD83 expression in the middle of normal pregnancy on 

splenic BC subtypes and TC. PPOM pregnancies revealed to express more mCD83 on splenic 

BC in comparison to GPOM while displaying lower sCD83 sera levels. 

On top of that, new insights into the protein itself were shown, which led to new theories in 

pregnancy regulations with CD83 participation:  

Firstly, sCD83 is released from lymphocytes, especially BC, and detectable in the serum. In 

PPOM pregnancy significantly reduced sCD83 sera levels hint a problem in sCD83 release. 

Secondly, mCD83 expression and sCD83 release from BC is regulated by progesterone via 

TIMP1. Here, the compartmentation of the BC may eventually contribute to the mCD83 

expression and sCD83 release by TIMP1 expression on surrounding cells. 

Altogether, the collected data in connection with the immunoregulative functions of sCD83 

points to a potential therapeutical use of sCD83 in pregnancy disturbances. Indeed, in a later 

work published in 2020, porcine recombinant sCD83 was used as treatment in an LPS-induced 

abortion model in mice, revealing a significantly reduced abortion rate [56].  

Although a good set of methods was used to assess CD83 expression and release (flow 

cytometry, quantitative PCR, ELISA), future studies could profit from high-throughput 

ribonucleic acid (RNA)-sequencing to gain information about a wider spectrum of relevant 

cells. Also, in further research projects, the analysis of mCD83 expression on uterine cells and 

the feto-maternal interface will provide valuable insights into the local involvement of this 
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molecule in pregnancy wellbeing. Furthermore, information is needed concerning sCD83 

dynamics and function in human pregnancy. Here, as PPOM mice showed lower sCD83 sera 

levels, the analysis of for example sCD83 in sera of woman with healthy pregnancies and 

pregnancy disturbances like recurrent pregnancy loss, premature birth or preeclampsia is a 

useful and achievable beginning.   
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