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SUMMARY 

 

Introduction 

For a successful pregnancy, a set of physiological requirements has to be fulfilled. The 

mother has to provide enough nutrients and the proper anatomical environment for the 

developing fetus and protect him and herself against pathogens. The cells of the im-

mune system constantly monitor the organism in search for pathogens and mount a 

response to eradicate the threat. The favourable outcome of an immune response re-

lays on the capacity of those cells to recognize structures that shouldn’t be present in 

the organism and the speed or strength at which the cells react. During pregnancy, 

however, a fetus is able to establish a firm contact with the endometrium of the mother 

and then grow for an extended period of time. This “exception to the rule” hides behind 

a set of fine-tuned regulations of the immune responses which are not completely un-

derstood. Though many cell types have been extensively investigated in the past dec-

ades, B cells play yet enigmatic roles. 

 

The aim of this work is to uncover the events occurring within the B cell development 

during pregnancy and to study the role of certain subtypes in healthy pregnancy and 

pregnancy miscarriage. 

 

Methods 

For all experiments, 8-weeks-old female mice either non-pregnant, having normal preg-

nancies or miscarriage were used. Organs were removed and cells isolated using 

standard protocols. The analysis of the population distribution was performed by Flow 

Cytometry. For in vitro experiments, specific cell subsets were isolated using MACS Cell 

Separation. Bio-plex method was used for the assessment of Immunoglobulin isotypes 

in serum, while CBA Array was the method used to measure cytokine levels in the su-

pernatant of cell cultures. Statistical analysis was done using GraphPad Prism software. 

 

Results 

Pregnancy had a strong impact on the murine B cell development. The restructuration 
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of the B cell compartment could be appreciated already from the bone marrow progeni-

tors, reduced in pregnant mice. Peripheral subsets drastically adapted their develop-

mental pathways, with a drift towards the generation of marginal zone B cells. B cells 

also showed functional adaptations to gravidity, as evidenced by the changes in the 

immunoglobulin production and immunomodulatory capacity. 

 

Conclusions 

For the first time a deep investigation of the consequences of pregnancy on the B cell 

development was performed, covering several aspects of B cell functionality. This work 

shows that B lymphocyte compartment is remodelled during pregnancy. Aberration of 

this process may lead to pregnancy complications including miscarriage. 
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ABREVIATIONS 

Ag: antigen 

APC: antigen presenting cell 

BM: bone marrow 

DCs: dendritic cells 

dpp: day post plug 

FBS: Fetal bovine serum 

FO: follicular 

LPS: lipopolyssacharide 

MACS: Magnetic activated cell sorting 

MZ: marginal zone 

PerC: peritoneal cavity 

PFA: Paraformaldehyde 

PLN: para-aortic lymph node 

PMA: phorbol 12-myristate 13-acetate  
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FIGURES 

Figure 1.  B cell development and maturation during post natal life. 

Figure 2.  B cell versatility. 
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1 Introduction 

1.1 Immunology of pregnancy 

 

The biological function of the immunological system is to defend the host from every-

thing not recognized as own in the organism. To achieve that aim, cells detect foreign 

structures and induce a reaction to block, encapsulate and destroy the threat. During 

pregnancy, the fetus may also represent a foreign entity, potentially capable of activat-

ing the immune response. For this reason, a normal pregnancy forces the host to adapt 

the immunological machinery in order to offer simultaneously a tolerance to the growing 

fetus, and a proper defence of both entities against pathogens. This temporary, but not 

less extraordinary situation is followed by rearrangements in the interaction among cells 

of the immune system, and a fine regulation of their tolerogenic vs. surveillance activi-

ties. 

 

During the past decades, an abundant emphasis has been focused on the role of T cells 

[1, 2], macrophages [3–5], natural killer cells [6–8] and dendritic cells [9, 10] as regula-

tors of the immune responses during pregnancy. On the other hand, B cells, always re-

ferred as effectors of the immune responses, have not been properly assessed. Of a 

major interest is that the capability of B cells is not limited to the production of antibod-

ies: they produce also cytokines and they act as Antigen Presenting Cells (APC) [11]. 

Though B cells possess the potential of skewing immune responses, not much is known 

about how they affect the immune responses in normal and pathological pregnancies. 

 

1.2 The B cell diversity 

 

B cells represent a rich diversity sort of lymphocytes that are classically divided into B1 

and B2 B cells, which differentiate in their ontogenic origin and function. While B1 B 

cells are generated early in life from precursors in the fetal liver, and maintained through 

adult life by their self-renewing capacity, B2 B cells are continuously produced during 
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post natal life by precursors in the bone marrow. B1 B cells cooperate with the innate 

immune system [12] and represents about 5% of the total B-cell pool in mice [13]. With 

a narrow immunoglobulin repertoire, B1 B cells respond in a T-cell-independent way 

recognizing antigens with repeated patterns [14]. B1 B cells can be further divided into 

B-1a and B-1b B cells. 

The B-1a B cells represent a source of antibodies produced without the need of an anti-

genic stimuli, named natural antibodies [15]. Though they have a low affinity, these an-

tibodies are poly-reactive and therefore potentially auto-reactive. For this reason, their 

function might be also relevant for the reproductive immunology [16, 17]. 

 

In postnatal life, the B2 B cells represent the largest population of B cells in the organ-

ism. They are continuously produced from precursors in the bone marrow (BM) [18]. As 

immature cells in the BM, B cells auto-reactivity is checked. Self-reactive cells are either 

induced to apoptosis, anergy or Ag receptor editing [19]. Otherwise, B cells continue 

their maturation in the spleen. The mature stages, follicular zone (FO) and marginal 

zone (MZ) B cells, offer different defensive strategies when facing the presence of an 

antigen. While MZ B cells act rapidly but with low-specificity, the FO B cells have the 

ability to enter germinal centre and improve the affinity through T cell dependent mech-

anisms. The distinctive nature of each subset provides the organism of a well prepared 

set of MZ B cells that ensures a first line of defence until a more elaborated response 

driven by FO B cells takes place [20]. However, the somatic hypermutation that occurs 

in the germinal centres can also generate auto-reactive B lymphocytes that in turn may 

lead to the generation of auto-immune responses [21] that could threaten pregnancy 

wellbeing. 
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Figure 1. B cell development and maturation during post natal life. 

 

The adult bone marrow contains precursors of B cells that continuously progress through developmental stages that 

culminate with the generation of an immature cell that leaves the bone marrow for further maturation in the spleen. 

There, B cells go through several transitional stages that lead to the production of MZ or FO B cells. Plasma cells 

represent the highest maturational stage and may survive ages in specialized niches in the bone marrow. 

T1 (T2, T3), Transitional 1 (Transitional 2, Transitional 3); MZ, marginal zone B cell; FO, follicular zone B cell. 

 

B cells can exert their immunomodulatory capacities through different mechanisms. For 

example, B cells possess several characteristics that makes them excellent antigen 

presenting cells. They interact with T cells in secondary lymphoid organs just after arri-

val of the antigen and they are able to concentrate small amounts of antigen after its 

internalization through BCR mediated mechanism. Finally, BCR internalization of anti-

gens and its processing favours antigen presentation though MHCII [22]. Utilizing cell-

cell interactions (through co-stimulatory molecules expressed on their surface) B cells 

can activate or induce apoptosis in other immune effector cells. For instance, the inter-

action with T cells through the co-stimulatory molecule CD86 leads to the development 

of a pro-inflammatory response carried by the secretion cytokines IL-17 (Th17 re-
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sponse) and IFN-γ, TNF-α, etc. (Th1 response) [23]. It is now well known, that Th2 re-

sponses are associated with pregnancy wellbeing [24–26], but also observed in preg-

nancy loss [27], while strong Th1 responses have been associated with pregnancy dis-

turbances [28]. Consequently, for many years pregnancy success has been attributed to 

a Th2/Th1 balance slightly shifted to Th2-type [29, 30]. In the last years, the capacity 

that B cells have regarding their immunomodulatory ability through cytokine production 

has been recognized [31–33]. Possessing strong inhibitory capacity, IL-10 has been 

shown to affect Th1 and Th2 responses, inducing a phenotype related to pregnancy 

wellbeing. The discovery of IL-10 producing B cells with a protective role in several au-

to-immune diseases like SLE [34, 35], set this subset in the focus of reproductive im-

munologist. 
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Figure 2. B cell versatility. 

 

 

Multifacetic roles that B cells can play during pregnancy. Upon stimulation, a naive B cell (white) can turn into an 
antibody secreting cell (blue), cytokine producing cell (green) or can exert its immunomodulatory effect through cell to 
cell contact (red). 

 

 

Taking all this into account, the overall aim of this work is to study the impact of preg-

nancy on B cell development, and how different B cell populations can affect pregnancy 

outcome. 

 

2 Material and methods 

2.1 ANIMALS 
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Eight-weeks-old CBA/J (H2k) and C57BL/6 (H2b) females as well as BALB/c (H2d) and 

DBA/2J (H2d) males were purchased from Charles River (Germany/France). C57BL/6 

females were mated with BALB/c males and were checked for vaginal plug twice a day. 

The presence of vaginal plug was considered day 0 post plug (dpp). Plugged females 

were sacrificed at day 7, 14 or 18 post plug. Matings of CBA/J females were performed 

based on a well-established model of pregnancies disturbances [36]. DBA/2J-mated 

CBA/J females suffer from spontaneous abortions (20-30%) as a consequence of a re-

jection to the semiallogeneic fetoplacental unit [37]. Alongside with the embryos resorp-

tions, pregnant females also display features of pre-eclampsia, like angiogenic deregu-

lation, abnormal placental development and fetal growth restriction [38]. On the other 

hand, when mating CBA/J females with BALB/c males, a normal pregnancy outcome is 

expected (0% of median abortion rate). 

2.2 MACS 

 

Magnetic activated cell sorting (MACS) was used to isolate specific cell populations. 

This technique is a widely used method of cell separation [39, 40], allowing the enrich-

ment or depletion of different cell types. It is based on the immunspecific reaction be-

tween a target cell type and a proper magnetic-bead-coupled antibody. After the reac-

tion has taken place, the resulting magnetic labeled cell can be separated from the cell 

suspension by applying a magnetic field [41]. Because it offers a mild isolation with high 

purity output, it allows the analysis and cultivation of a desired cell population [42]. 

Magnetic microbeads are composed of iron oxide and polysaccharide, and degrade dur-

ing cell culture [41]. A variety of companies offer different separation kits [40]. In both 

publications, the isolation took place using commercially available magnetic columns 

and kits (Miltenyi Biotec GmbH, Bergisch Gladbach, Germany). 

 

B-1a B (CD19+CD5+) cells from Peritoneal Cavity (PerC) washouts were magnetically 

isolated in two steps combining two commercially available kits. First, total CD19+ B 

cells were isolated using CD19 MicroBeads Isolation Kit. The second step was per-

formed from the retained fraction, using CD5 MicroBeads Isolation Kit. 
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To avoid the proliferation of B cells into any cytokine producing subset, the pure isolated 

CD19+CD5+ B-1a B cells were incubated 30 minutes at 37°C with mitomycin-c (Sigma-

Aldrich, Germany) and subsequently used as APCs. 

 

CD4+CD25- naïve T cells were magnetically isolated from lymph nodes of non-pregnant 

C57BL/6 females using CD4+CD25+ Regulatory T Cell Isolation Kit (Miltenyi Biotec 

GmbH, Bergisch Gladbach, Germany). 

 

A 5 day culture at 37°C degrees in a 5% CO2 atmosphere was performed incubating 2 x 

105 naïve T cells and 1 x 105 mitomycin-c inactivated B-1a B cells (2:1) in 96-well round-

bottom plates with 200 µL of RMPI supplemented with 10% FBS and antibiotics. Addi-

tionally, some wells were stimulated with a Th17 differentiation cytokines cocktail [43] 

(10 µg/mL IFN-γ, 10 µg/mL anti IL-4, 3 ng/mL TGF-β, 50 ng/mL IL-6 and 20 ng/mL). The 

supernatants were frozen at -80°C. 

 

IL-10 Producing B cells were isolated using a commercially available kit (Regulatory B 

Cell isolation Kit). First, B cells from non-pregnant CBA females were magnetically puri-

fied and stimulated in vitro with 10 µg/mL LPS for 24 hours. 5 h before harvesting the 

cells, PMA and ionomycin were added to final concentrations of 50 ng/mL and 500 

ng/mL respectively. The resulting IL-10 Producing B cells were isolated in a second 

magnetic sorting and were used to perform the transfer into pregnant CBA mice through 

lateral tail vein injection. As controls, some pregnant CBA mice received PBS or the IL-

10 Producing B cell depleted fraction instead (Beff cells). 
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2.3 ANTIBODIES 

 

For flow cytometry analysis, the following fluorochrome-couple antibodies were used: 

Molecule Antibody clone Label 

Alternate 

nomeclature 

CD23 B3B4 PE FcεRII 

CD5 53-7.3 APC  

CD21 7G6 FITC  

CD19 1d3 PE-Cy7  

CD43 R2/60 FITC  

CD45R RA3-6B2 PE-Cy7 B220 

IgM II/41 APC  

IgD 11-26c PE  

CD93 

CD1d 

CD11c 

CD80 

CD80 

CD4 

CD11b 

CD5 

AA4.1 

1B1 

HL3 

B7-1 

16-1OA1 

RM4-4 

M1/70 

53-7.3 

FITC 

PE 

APC 

PE 

FITC 

FITC 

FITC 

APC 

C1qRp 

MCHII 2G9 FITC  

CD86 GL1 FITC  

CD23 B3B4 PE  

  

 

2.4 FLOW CYTOMETRY 

 

Taking advantage of the specificity of the antibody-antigen reaction, many cell types 

have been characterized in the past decades by their differential expression of surface 
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markers (clusters of differentiation). By the detection of one or the combination of more 

of them, specific cell types can be analysed, quantified and sorted using Flow Cytome-

try. In this technique, the cells are labeled using specific fluorochrome-coupled antibod-

ies, and then transported with a flow to the interrogation site of the Cytometer. Here, a 

laser pulse is applied to excite the flouorochromes bound to the cells, and the light emit-

ted by them is captured and further analysed. Using software, different kinds of plots 

can be drawn to obtain the frequency of specific labeled cells within the cell suspension. 

 

For the Flow Cytometry analysis, single cell suspensions were stained following stand-

ard protocols with specific antibodies or matched isotype controls for 30 minutes at 4°C. 

After washing, the cells were fixed with 4% PFA and measured with a FACSCalibur flow 

cytometer. Data analysis was performed using FlowJo software (Tree Star Inc.). The 

mean fluorescence intensity (MFI) was calculated to determine the expression levels of 

CD80, CD86, MHCII, PD-L1, PD-L2 and FASL on CD19+CD23-CD5+ B-1a B cells. 

 

3 Results 

3.1 PREGNANCY STRONGLY AFFECTS B2 B CELLS DEVELOPMENT 

 

A profound analysis of the B cell development performed at different stages of pregnan-

cy revealed a marked alteration of B lymphopoiesis in the bone marrow. Gravidity was 

associated with a decrease in the numbers of the first stages of B cell development (pre 

and pro B cells) as well as immature B cells, while mature/recirculating B cells tend to 

accumulate. 

 

The peripheral maturation of B cells takes place in the spleen from immature B cells 

originated in the BM. A deep examination of the splenic B cell compartment depicted a 

reduction of total B cells (identified as B220+ cells) towards day 14 of pregnancy. A dec-

rement of the numbers of sIgMhisIgDlo Immature B cells observed in pregnant mice may 

account for this phenomenon. 
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The reduction in the Immature B cell numbers had a remarkable impact on the mature 

stages of B cell development, marginal zone (MZ) and follicular zone (FO) B cells. As 

pregnancy advanced, the maturation of the B cells was skewed to the generation of MZ 

B cells rather than FO B cells. Interestingly, a serum immunoglobulin analysis revealed 

that isotypes normally produced by MZ B cells (IgM, IgA and IgG3) are augmented in 

pregnant mice while others isotypes remain unchanged or even dropped significantly. 

 

As well as in the spleen, other significantly changes were observed in the periphery. An 

increase of B cells was observed on the Lymph nodes draining the uterus (PLN), espe-

cially after day 14 of pregnancy, with a preference towards a mature phenotype reflect-

ed on a higher mature/immature ratio at day 18 of pregnancy. B cells were also signifi-

cantly increased at the peritoneal cavity of pregnant mice. Here, a deeper analysis of 

the B cell compartment revealed that both B1 and B2 subsets expanded during gravidi-

ty. Among the B1 population, B-1b B cells manifested an increment at day 7 and 14 of 

pregnancy, while interestingly, the B-1a B cells did not suffered significant changes in 

pregnant mice. 

3.2 B1 B CELLS SKEW TH1/TH2/TH17 RESPONSES 

 

Although several reports have shown the capacity of B-1a B cells to induce Th1 [44] as 

well as Th17 [23] responses associated with pregnancy pathologies, their numbers 

were not affected in the course of a normal pregnancy. To further uncover the mecha-

nisms underneath this behaviour, their nature as professional Antigen Presenting Cells 

(APC) was assessed making use of a murine model of pregnancy disturbances [45, 46]. 

To achieve that, peritoneal B-1a B cells were magnetically isolated from pregnant mice 

having either normal pregnancies or pregnancies leading to abortions. Non-pregnant 

mice were use as controls. Inactivation with mitomycin-c allowed the assessment of 

non-secretory features of the B-1a B cells. The inactivated cells were cultured with na-

ive T cells and their production of cytokines was measured after 5 days. 

In this in vitro experiment, B-1a B cells from mice undergoing miscarriages but not from 
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normal pregnancies were able to induce IL-17 production in T cells. Furthermore, when 

using a Th17 stimulation cocktail [43], B-1a B cells isolated from mice with normal preg-

nancies, exhibited a robust inhibitory capacity on the IL-17 production by T cells that 

was not observed in B-1a B cells from non-pregnant mice and mice having miscarriag-

es. 

As B cells also participate in the induction of Th1 responses [44], the production of pro-

inflammatory cytokines TNF-α, IFN-γ, IL-2 and MCP1 was also measured on the super-

natants of the culture. B-1a B cells from mice with miscarriages showed a Th1 induction 

capacity which was not observed in B-1a B cells from mice with normal pregnancies. 

This dual capacity of the B-1a B cells to induce polarization of naive T cells or suppress 

their activation can be attributed to the expression of the co-stimulatory molecule CD86. 

Mice having normal pregnancies showed lower percentages of CD86 expressing B-1a B 

cells than mice with miscarriages and even non-pregnant mice. 

3.3 B CELLS CYTOKINE SECRETING CAPACITY AFFECTING PREGNAN-

CY 

 

There are several mechanisms in which the B cells can influence immune responses. In 

the last years, the concept that B cells represent a source of cytokines has been rein-

forced by several reports [32, 47, 48]. Among other cytokines, B cells have been in-

volved in the production of large amount of IL-10 in different physiological as well as 

pathological situations [33, 49–51].  The anti-inflammatory cytokine IL-10 has a strong 

influence on pregnancy well-being [26] and its production has been described in diverse 

B cell subsets. Considering that CD19+CD5+CD1d+ B cells (B10 cells) are responsible 

for the most the secretion of this cytokine among B cells, their pregnancy maintaining 

capacity was assessed [33, 51, 52]. 

First, the percentages of CD19+CD5+CD1d+ regulatory B10 cells was determined in the 

spleen of pregnant mice having normal pregnancies or pregnancies miscarriages. The 

analysis depicted a higher percentage of B10 cells in mice having normal pregnancies 

than in mice undergoing miscarriages, in which the levels of B10 cells were similar to 

non-pregnant mice. This result was mirrored by higher levels of Il-10 mRNA detected in 
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the spleen as well as in CD19+ isolated cells of normal pregnant mice, compared to the 

il-10 mRNA levels in mice with miscarriage. 

B cells can be stimulated in vitro to induce the production of IL-10 [53]. Using a magnet-

ic separation technique, IL-10 producing B cells were isolated from mice having normal 

pregnancies and injected i.v. into pregnant mice of the miscarriage-inducing mating at 

day 0 of pregnancy. The transfer of 5x105 B10 cells was not only able to prevent the 

miscarriage on recipient mice, but it was also associated with a diminution in the per-

centage of CD11c+CD80+ mature dendritic cells (DCs) in the spleen and with elevated 

levels of CD4+Foxp3+ Tregs. 

 

4 Discussion 

 

Pregnancy is accompanied by a bunch of anatomical and endocrinal adjustments to 

permit the implantation and later grow of the fetus. The function of immune cells also 

takes part of those physiological adaptations, that later collaborate with the develop-

ment of a healthy fetus. Taking this into account, a more detailed examination of the B 

cell compartment was needed in order to establish a better correlation between the 

course of pregnancy and its effect on the development of different populations. 

The reduction in the numbers of B cells precursors in the BM observed towards the end 

of pregnancy, can account for the minimization of the risk for immune recognition of fe-

tal antigens during the first checkpoint that takes place in the bone marrow [19]. In con-

cordance to this, it had been previously shown that estradiol, which levels peaks to-

wards the last third of murine pregnancy, induces a suppression of B cell lymphopoie-

sis. Similarly, a deletion of B lymphocytes specific for paternal MHCI had already been 

documented in transgenic mice [54]. Whether this reduction of the B cell lymphopoiesis 

is preponderantly hormone- or antigen- mediated is still an issue to be elucidated. Nota-

bly, in spite of the reduction of immature subsets, B cells that reached the mature stage 

accumulated in BM and were also found increased in the periphery (PLN and PerC). 

Spleen receives immature B cells egressing from BM for their further maturation into MZ 

or FO B cells [19]. It was shown that the decision, which maturation pathway an imma-
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ture cell will follow, depends on the influx of immature B cells from the BM. In the case 

of a lower income from the BM, the production of MZ rather than FO B cells is preferred 

[55, 56]. In concordance to this, MZ B cells were augmented in pregnant mice at day 14 

of pregnancy. Furthermore, there was a clear tendency towards the generation of MZ 

rather than FO during the course of pregnancy, as revealed on the MZ/FO ratio. Fitting 

to this observation, immunoglobulin serotypes most likely produced by MZ B cells were 

also found increased in the plasma of pregnant mice. MZ B cells have a pre-activated 

phenotype and offer a faster immunological response than FO B cells [20]. This could 

represent a mechanism of maximizing the immune response when the numbers of in-

coming B cells drop. Taking into account that FO B cells can undergo somatic hypermu-

tation that could eventually lead to recognition of self-antigens or fetal antigens [57], the 

preference for MZ B cells during pregnancy represents an extra advantage for the fetal 

tolerance. 

 

Despite of the changes on the B2 subsets, the numbers of B-1a B cells were not drasti-

cally affected during pregnancy, at least as observed in PerC. However, as this subset 

has been associated with pregnancy disturbances like preeclampsia [16], their behav-

iour in the context of a pregnancy disturbance model was assessed. The experiments 

were cantered on the ability of B-1a B cells to induce polarization of naive T cells into 

pro-inflammatory Th1 and Th17 subsets capable of producing high levels of cytokines 

associated to pregnancy disturbances [23, 44]. To take place, the differentiation of T 

cells requires the engagement of the T cell receptor by an antigen-specific activation, 

accompanied by stimulatory signals. Antigen presentation is driven in the context of 

MHCII molecules, while co-stimulatory signals are represented by the interaction of 

CD28 on the T cells with CD80 or CD86 molecules present on the APC [58, 

59].Blockade of any of the co-stimulatory molecules leads to strong T cell unrespon-

siveness [60]. The fact that lower percentages of CD86 expressing B-1a B cells were 

found in animals having normal pregnancies compared to non-pregnant mice and mice 

undergoing miscarriage, could justify the differential capacity for promoting T cells dif-

ferentiation that B-1a B cells displayed in our in vitro system. 
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The abrogation of immune responses during pregnancy by B cells has been further ex-

tended to in vivo experiments on the same murine model of pregnancy disturbances. In 

this case, regulatory capacity of B cells was assessed through their cytokine secretion 

ability. B cells with regulatory capacity were firstly reported decades ago in experiments 

with guinea pigs [61, 62] and more recently in murine models of Multiple Sclerosis [34, 

63]. Though the means by which B cells can exert their regulatory functions are diverse, 

the quintessential regulatory mechanism attributed to B cells is the secretion of IL-10 

[64]. IL-10 is a potent immunosuppressive cytokine which has been shown to possess 

protective role against naturally occurring fetal loss [26]. Regulatory B cells have been 

found under different B cell populations, including several B1 [52, 65] and B2 subsets 

[66–68]. In spite of that, there are several published methods to isolate IL-10 producing 

B cells for their further utilization on in vivo or in vitro experiments [53]. When IL-10 pro-

ducing B cells isolated from non-pregnant CBA females were transferred into DBA/2J 

pregnant CBA mice, they depicted a protective role in those mice that normally suffer 

from miscarriage. Taking into account that the percentage CD19+CD5+CD1dhi cells are 

lower in CBA mice with miscarriage than in normal pregnant mice, a preponderant in-

volvement of the Regulatory B cells in the pregnancy well-being is confirmed by their 

contribution to the tolerance. 

 

Overall, this work discloses an unexplored field within the reproductive immunology, 

exposing the versatility of B cells to face the challenge of pregnancy and to influence its 

outcome. 
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