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Thesis summary 
 
Paper I. Effects of low molecular weight heparin on the polarization and cytokine profile of 
macrophages and T helper cells in vitro. Sci Rep 2018. 
 
In paper I low molecular weight heparin (LMWH) in vitro effects on activation and 
polarization of central regulatory immune cells, such as Th cells and macrophages, were 
assessed, since LMWH has been widely used as an empiric treatment in recurrent 
pregnancy loss (RPL) and its immunological effects are not fully known. Isolated blood 
monocytes and T helper (Th) cells under different activation and polarizing conditions were 
cultured without or with LMWH at different concentrations. LMWH exposure induced an 
activated phenotype of macrophages, with high expression of HLA-DR and CD206 assessed 
by flow cytometry, associated with increased secretion of Th17-associated CCL20, and 
decreased secretion of CCL2 (M2-associated) and CCL22 (Th2), as measured by multiplex 
bead array. In accordance, LMWH exposure to Th cells reduced the proportion of 
CD25highFoxp3+ regulatory T-cells, and intensified IFN-γ secretion. Collectively, a mainly 
pro-inflammatory effect was noted on two essential tolerance-promoting cells, suggesting 
that potential immunological effects of LMWH may be effective mainly at an earlier 
gestational age to provide an appropriate implantation process in women with recurrent 
miscarriage. 
 
 
Paper II.  Low-molecular-weight-heparin increases Th1- and Th17-associated chemokine 
levels during pregnancy in women with unexplained recurrent pregnancy loss: a 
randomized controlled trial. Sci Rep 2019. 
 
In paper II we investigated whether LMWH could modulate immune responses in vivo 
during pregnancy of women with unexplained RPL. A Swedish open multi-centre 
randomized controlled trial included 45 women treated with tinzaparin and 42 untreated 
women. Longitudinally collected plasma samples were obtained at gestational weeks (gw) 
6, 18, 28 and 34 and analyzed by multiplex bead technology for levels of 11 cytokines and 
chemokines, chosen to represent inflammation and T-helper subset-associated immunity. 
LMWH-treated and untreated women showed differences during pregnancy of the Th1-
associated chemokines CXCL10 (p = 0.01), CXCL11 (p < 0.001) and the Th17-associated 
chemokine CCL20 (p = 0.04), while CCL2, CCL17, CCL22, CXCL1, CXCL8, CXCL12, 
CXCL13 and IL-6 did not differ. Significantly higher plasma levels of CXCL10 and CXCL11 
in treated women were detected at gw 28 and 34, compared to the untreated ones. Thus, a 
potential proinflammatory effect, linked mainly to Th1 immunity, was shown, suggesting 
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an unfavorable effect of LMWH treatment, since Th1 responsea are responsible for breaking 
the fetal-maternal immune tolerance. 
 
 
Paper III. First-trimester trophoblasts obtained by chorionic villus sampling maintain 
tolerogenic and proteomic features in successful pregnancies despite a history of 
unexplained recurrent pregnancy loss. Am J Reprod Immunol. 2020. 
 
In paper III we investigate the “local” immune changes in women with RPL, since they 
potentially could reveal important mechanisms in RPL. Supernatants from superfluous 
chorionic villus sampling material culture was used in an ex vivo model, to determinate the 
immune proteomics profile and to perform functional assays for M2 like macrophages and 
regulatory T cells polarization, assessed by flow cytometry technique. Chorionic villi, 
human fetally derived placental tissue, were shown to induce an M2 like-phenotype and an 
expansion of Treg cells in an ex vivo model, and these immunological properties were 
maintained despite a history of RPL. Accordingly, no differences in the inflammation 
proteomic profile were found in RPL, compared to controls. Trophoblasts in an ex vivo 
model thus maintain tolerogenic and proteomic profile features in successful pregnancies, 
despite a history of RPL. 
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Summary in Swedish 
 
Missfall är en mycket vanlig komplikation under tidig graviditet. När ett par drabbas flera 
gånger ställs diagnosen upprepade missfall. Definitionen av upprepade missfall är två eller 
tre på varandra följande missfall, enligt olika internationella ”guidelines”. I denna 
avhandling har vi använt definitionen tre på varandra följande missfall, vilket anses 
förekomma hos 1-3% av fertila kvinnor. Efter en noggrann utredning kan olika orsaker ofta 
påvisas, men hos cirka hälften förblir missfallen oförklarade (engelska ”unexplained 
repeated pregnancly loss, uRPL). I dessa oförklarade fall anses immunologiska orsaker med 
ökad inflammation kunna ligga bakom, även om det inte finns entydiga bevis för detta, och 
inte heller någon accepterad utredning för att fastställa detta. Tyvärr finns heller ingen 
behandling med bevisad effekt. En blodförtunnande medicinering, låg-molekylärt heparin 
(LMWH), har använts en del, trots att klinisk effekt inte bevisats. I vissa fall kan störningar 
i blodkoagulation orsaka upprepade missfall, men medicinen har även använts vid oklara 
fall på grund av förmodade effekter på immunsystemet.  
 
I detta avhandlingsarbete har vi studerat immunologiska effekter av LMWH. I det första 
delarbetet studerade vi effekterna i ett modellsystem in vitro (i provrör). Blodprover från 
friska försökspersoner användes för att rena fram olika immunceller som sedan 
exponerades för LMWH i koncentrationer som efterliknar koncentrationerna i blod. 
Effekterna studerades genom att kartlägga hur cellerna från försökspersonerna ändrades 
och genom att mäta vilka immunologiska signalmolekyler (cytokiner) som utsöndrades. 
Den sammantagna bilden var att närvaro av LMWH förändrade cellernas egenskaper till 
ökad inflammation. Detta fynd var alltså inte i den förväntade riktningen att LMWH skulle 
minska inflammation, vilket skulle vara gynnsamt vid behandling av upprepade missfall 
som är associerat med ökad inflammation.  
 
I det andra delarbetet undersöktes immunologiska effekter av LMWH i en kontrollerad 
randomiserad studie där kvinnor med tre på varandra upprepade missfall lottades till 
LMWH-behandlingen eller ingen behandling. Båda grupperna hade en hög andel 
lyckosamma graviditeter, dock var studien inte designad för att besvara frågeställningen 
om graviditetsutfall. Påverkan på immunsystemets studerades genom mätning av 
immunologiska signalmolekyler (cytokiner) före behandling och under graviditet. De flesta 
cytokinerna påverkades inte av behandling, men de som ändrades av behandling visade 
tecken på ökad inflammation, alltså i linje med resultaten i första studien. Sammantaget ger 
studierna inga belägg för att använda LMWH baserat på dess eventuella effekter på 
immunsystemet. En intressant spekulation skulle vara att behandla med LMWH innan 
graviditet och under den allra första delen av graviditet eftersom en ökad inflammation 
anses behövas vid själva implantationen. Det behövs dock fler studier innan en sådan 
möjlighet kan bli aktuell. 
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I det tredje delarbetet undersöktes om kvinnor med upprepade missfall har normal 
immunfunktion vid lyckosam graviditet. Det visade sig att så var fallet, vilket delvis kan 
förklaras av att proverna togs så sent som i graviditetsvecka 12, och de flesta missfallen 
inträffar tidigare. Resultaten tyder också på att upprepade missfall inte måste innebära 
bestående avvikelser i immunsystemet, det vill säga trots en historik med minst tre missfall 
hade den undersökta gruppen en normal graviditet och immunfunktionen var normal.   
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Preface 
 
Recurrent pregnancy loss (RPL) is a debated condition both from a research and from a 
clinical point of view. Diagnostic work-up, management and treatment, have not reached a 
common shared agreement, despite the recommendations included in the most recent 
guidelines (ESHRE 2017). This is especially pertinent in relation to unexplained RPL (uRPL), 
where an etiological factor cannot be found and no treatment is recommended, even if a 
wide empirical use of for example low molecular weight heparin (LMWH) has been done 
mainly based on its anticipated immunological properties.  The lack of an evidence-based 
level in this field, due to the difficulties to perform systematic reviews or metanalysis, is 
influenced by differences in definition, etiological factors, management, and therapeutic 
strategies considered. 
 
The aim of this thesis is to further assess the potential immune tolerance disruption at the 
fetal-maternal interface associated with uRPL and to decipher the immunological effects of 
LMWH in vitro and in vivo. 
 
 
RPL Background 

Evolution in definition of RPL and its clinical implications in prognosis 

According to the most recent guidelines (ESHRE 2017, European Society of Human 
Reproduction and Embryology)(1), RPL is defined as the loss of two or more pregnancies 
before the 24th week of gestation. According to the previous ESHRE guidelines and the 2011 
RCOG (Royal College of Obstetricians and Gynaecologists) Green Top Guideline, recurrent 
miscarriage (RM) was defined as three or more consecutive pregnancy losses before 20 and 
24 weeks of gestation, respectively(2-3). Conversely, ASRM (American Society for 
Reproductive Medicine) guidelines already in 2013 (4-5) defined RM as two or more failed 
clinical pregnancies, not necessarily consecutive, before 20th week of gestation. The scientific 
trend of RPL definition implies that clinical evaluation on RPL couples should be done after 
the second pregnancy loss, which has huge implications for individuals and society. 
Regarding common etiological factors, one study has shown that proven or probable causes 
of RPL occur with equal frequency in women with two pregnancy losses versus three or 
more(6).  

In the ASRM definition, miscarriages should be related to failed clinical pregnancies, therefore 
an ultrasonography or histopathological examination is needed to support the diagnosis.  
Conversely, the ESHRE guidelines take into account non-visualized pregnancy losses (a 
wide spectrum of clinical conditions ranging from biochemical pregnancy losses to failed 
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pregnancy of unknown locations, PULs), since they too have a negative prognostic value on 
subsequent live birth chances in early uRPL (occurring before 10 week of gestational age)(7). 
Therefore, RPL is the more appropriate term to use according to the 2017 ESHRE guidelines, 

since RM includes only intrauterine clinical miscarriages(1).  

Primary RPL occurs if there is no previous pregnancy (viable pregnancy) beyond 24 weeks 
of gestation. Conversely, RPL that occurs after one or more previous pregnancies 
progressing beyond 24 weeks of gestation, is defined as secondary. These definitions are 
common for the different guidelines, while the question of consecutive pregnancy losses 
has changed. Both the ESHRE guidelines 2017 and the ASRM 2013 Practice Committee claim 
that pregnancy losses could be non-consecutive, which is in contrast to previous definitions 
(8,5,9). Regarding secondary RPL prognosis, a live birth could reduce previous pregnancy 
losses negative influence, since a previous successful pregnancy may confer an 
immunological memory in suppressive regulatory T cells in peri-uterine lymph nodes, and 
therefore the immune response against fetal antigens (10, 11). This immunological feature 
is lacking in primary RPL patients, since they show an aberrant endometrial peri-
implantation memory T cell phenotype (12). These observations suggest the possibility of 
stratifying RM patients, since they comprehend a broad heterogeneous population (13). A 
better stratification could also lead to individualized treatment.  

The different immunological background in secondary RPL patients could impact the 
prognosis (10,11). Secondary, rather than primary RPL, show not only enhanced memory 
Treg cells function, but also higher TNF levels in early pregnancy, in which a genetic 
background could have a role (14). Furthermore, in secondary RPL a higher rate of 
aneuploidy has been detected. These patients could, therefore, take advantages from a 
preimplantation genetic screening (PGS) (15). Secondary RPL is also associated with a 
specific immune response towards male-specific minor antigens, associated with specific 

HLA alleles (HY(human Y chromosome)-restricting HLA class II alleles)(15-18).   

RPL is associated with an increased risk for obstetrical complications and adverse 
pregnancy outcomes, such as preterm delivery, fetal growth restriction, and gestational 
diabetes mellitus, with a major incidence in primary RPL (19). RPL patients should undergo 
a more strict follow-up for early detection of obstetrical complications (19).  

No differences between primary and secondary RPL have been found in the proportion of 
etiological factors (Chromosomal abnormalities; Uterine anatomic defects, such as septum, 
unicornuate and bicornuate uteri, fibroids and polyps >1.0 cm in the uterine cavity, and 
Asherman’s syndrome adhesions; Autoimmune disorders, Lupus anticoagulant (LAC); 
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Anticardiolipin antibodies (ACA); Factor V Leiden mutation; Mutations for the G20210A 
prothrombin (factor II) gene; protein C, protein S, antithrombin III; Thyroid function 
(Thyroid Stimulating Hormone), Antithyroid peroxidase (anti-TPO) and antithyroid 
antibody; Blood glucose level; Antinuclear antibody (ANA); Rheumatoid factor(RF)) (19).  

In our work we used the more stringent definition of RPL, defined as three or more 
consecutive miscarriages before 22 gestational weeks. 

 
Risk factors  
 

Obesity and age are considered known risk factors for RPL. Another factor that has been 
associated with RPL, because of psycho-neuro-endocrine-immunological connections, is 
stress. Nevertheless, there is no evidence to support stress as a direct cause for pregnancy 
losses. Screening for endometritis or abnormal decidualization, which seem to be implied 
in RPL, are not recommended, since an evidence-based level has not been reached (1).  
 

Etiology 

Despite several known etiological factors for RPL have been detected, such as uterine 
abnormalities, hormonal causes, parental chromosomal abnormalities, autoimmune 
diseases, antiphospholipid antibody syndrome and major thrombophilia, approximately 
40-50% of the cases are estimated as unexplained (1). The frequency of uRPL is estimated to 

1-2% of fertile women (1). 

RPL is commonly associated with the presence of several slight aberrations, depicting a 
threshold model similar to multifactorial diseases approach: a major etiological factor that 
can directly explain the pregnancy losses cannot be found in the majority of the cases. 

Therefore, a threshold model instead of a pie one better describes RPL etiology (20).  

 

Unexplained RPL  

An aberrant immune response at the fetal-maternal interface has been hypothesized to be 
involved in uRPL. Inflammation and immune tolerance are tuned throughout pregnancy; 
an inflammation process is required for a proper implantation process in the earliest stages. 
Then, a switch to immune tolerance takes place in order to promote a “non-rejection” of the 
semi-allogenic fetus. The “gatekeepers” of this key immune switching at the fetal maternal 
interface are the decidualized stromal cells (21-24). In addition, the trophoblast cells have 
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an important role in promoting tolerance (25). The tolerance promoting environment also 
involves several subtypes of immune cells such as regulatory T cells, NK cells, and immune 
regulatory macrophages, all interacting with each other and with tissue cells (26).  

Labor onset requires an inflammation process, which implies a new immune switching (26-
32).  Pregnancy complications, such as RPL, are potentially associated with alterations in 
placentation and immune system tuning (33-35). uRPL can be considered, indeed, as an 
immune pathological condition in which an increased pro-inflammatory response 
(enhanced Th1, Th17 responses; reduced Th2 responses and lower levels in Treg and uNK 
cells), predisposition to break autotolerance (autoantibodies involved: ACA, ANA, anti ds-
DNA, anti-TPO) and dysregulation of the maternal immune response to fetal or trophoblast 
antigens (molecules involved: killer cell immunoglobulin receptors (KIR), HLA, mannose-

binding lectin (MBL), HY) occur (36).  

Maternal-fetal interface immune tolerance establishment requires epigenetic modifications 
in fetally derived trophoblastic tissue, but also at the maternal side, the decidua. Indeed, the 
relative exclusion of T cells in the decidua has been shown, in mice, to be caused by 
epigenetic silencing mechanisms in decidualized stromal cells of genes encoding T cell 
recruiting and inflammatory chemokines (37). Epigenetic gene silencing mechanisms could 
reveal potential targeted therapeutic approaches in pregnancy complications, such as 

uRPL(37).  

 

General prognosis 

Two thirds of RPL women had at least one live birth after a first consultation at an RPL 
clinic, with a child born within 5 years (38). Increasing number of previous miscarriages and 
age at first consultation negatively affect the chance of subsequent live birth rate (38). 
Furthermore, it has been shown that secondary RPL pregnancies have a better prognosis 
compared to primary ones, since, as mentioned before, a live birth could reduce negative 
immunological influence from previous pregnancy losses (10, 11). Consistently, there is an 
immunological memory acquired for each pregnancy (39-40) and if no etiological causes can 
be identified for RPL, the general prognosis of subsequent pregnancies for unexplained RPL 
is good (41). Indeed, it has been suggested that unexplained/idiopathic RPL could be 
considered as a chance occurrence given the high general frequency of pregnancy losses 
(42). Saravelos et al (43) propose to stratify idiopathic RPL patients in two subgroups, 
women with RPL that probably has occurred predominantly by chance, without any specific 
underlying pathology, and women with uRPL that occur due to an underlying pathology. 
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While the first group has a good prognosis for subsequent pregnancy live birth, conversely 
the second one has a poorer prognosis (43). 

 

Potential therapeutic approaches in uRPL 

Several treatment strategies have been considered to be potentially effective, such as 
intravenous immunoglobulin (IVIG), progesterone, acetylsalicylic acid (ASA), leukocyte 
immunization treatment, low molecular weight heparin (LMWH) and corticosteroids. 
Nevertheless, no evidenced based approaches have been achieved in order to confirm their 
efficacy (1), which is reflected in the recent ESHRE guide lines. However, LMWH has been 
widely used and still is used in clinical practice as an empirical therapy. Beyond its well-
known anticoagulant effects, LMWH potentially exerts immunomodulatory and anti-
inflammatory effects, which could counteract the dysregulated pro-inflammatory 
environment in RPL. Furthermore, LMWH could play a role at the fetal-maternal interface 
in the prevention of trophoblast apoptosis, the increase in trophoblast invasion, the 
improvement of endothelial and vascular microenvironments, the regulation of embryo 
implantation, and the modulation of endometrial stromal cells (ESCs) decidualization by 
improving endometrial receptivity and supporting early implantation (45).  These processes 
may be aberrant in women with RPL (45).  In addition, it has been suggested that women 
with RPL have an endometrial super-receptivity (46-47). Thus, an implantation window 
extension may occur, and, in turn, the decidualized endometrium could allow the 
implantation also of a poor-quality embryo (46). 

LMWH is not recommended in uRPL, since studies have failed to show evidence for 
increase in “live birth rate” (1). Several studies show discrepant results, which is in part 
caused by differences in the study design (in terms of definition, randomization and 
starting-week of treatment, diagnostic screening applied for uRPL). Accordingly, in the 

most recent ESHRE guidelines, LMWH is not recommended in uRPL. (1).  

 

Heparin structure and its interactions 

Heparin is made of highly sulphated linear glycosaminoglycan made of repeated sulfated 
disaccharides and it has a structure similar to heparan sulfate (HS), the glycosaminoglycan 
(GAG) part of many cell surface and extracellular matrix (ECM) proteoglycans (48).  

Furthermore, heparin can bind and regulate multiple functional proteins such as 
coagulation cofactors, chemokines, and growth factors, by playing a role, in cell attachment, 
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migration, invasion and differentiation, morphogenesis, organogenesis, blood coagulation, 
lipid metabolism, inflammation, and responses to injury, similar to HS. This heparin vast 
field of actions ha recently led to the concept of a heparin interactome: proteins with their 
related interactions net-work are therefore known as heparin/HS interactome (48). 

Concerning immunological effects, heparin interactions network is also linked to 
chemokine gradients formation, which guides immune cells migration, since GAGs are 
involved in inducing and stabilizing chemokines oligomerized states. Chemokines and 
cytokines involved in heparin interactome are mostly IL-8/CXCL8, followed by CXCL12, 
CXCL1, CXCL11, interferon-gamma (IFN-γ), IL-10 and CCL2 (48). 

LMWH, which is produced by physical separation, or by controlled chemical/enzymatic 
cleavage of heparin (depolymerization), is widely used nowadays, since it maintains 
anticoagulant activity while having fewer side effects, such as hemorrhage and reduction of 
hematoblasts, compared to heparin. Furthermore, it has better pharmacokinetics, longer 
half-life, better bioavailability, higher safety and reduced polydispersity (49). 

 
 
Known immunological effects of Low Molecular Weight Heparin 

Despite the above considerations, the mechanisms through which LMWH can modulate the 
immune response are not clearly understood, especially those involving the adaptive 
immune system. LMWH exerts its influence on the innate immunity by inhibiting leukocyte 
rolling, cellular adhesion and transmigration through the endothelium (50). Moreover, 
LMWH can also bind to the monocytes cell surface (51-52) and enhance monocytes LPS-
induced pro-inflammatory cytokine secretion, such as CXCL8 and IL-1β (53-54). 
Conversely, other studies show that LMWH can reduce monocytes´ secretion of 
proinflammatory cytokines such as IL-1β, IL-6 and TNF (55-57). Thus, the role of LMWH on 
the immune response is not established, since both pro-inflammatory and anti-
inflammatory properties have been showed. Furthermore, there is no data available about 
a potential role of LMWH in macrophages polarization process, which is a crucial point in 
immune modulation at the maternal-fetal interface. For a successful pregnancy, 
macrophages polarized to M2 macrophages, as well as regulatory T (Treg) cells, are major 
players in promoting immune tolerance (25), mechanisms that are suggested to be 
inadequate in RM (36). 

LMWH effects on T cells have not been deeply investigated. One study suggests an increase 
in Treg cells in peripheral blood in vivo induced by LMWH treatment (58). It would be 
important to further analyze the potential immunological properties of LMWH, with a 
particular regard to the effects on macrophages and T cells, two key players in the immune 
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tolerance during pregnancy, and potentially also involved in pregnancy complications, such 
as uRPL. 

 
 
Immune tolerance establishment in physiological and uRPL pregnancies 
The immune system plays a major role in each pregnancy step: initiation, propagation and 
termination of pregnancy (26). The interplay between inflammation and immune 
modulation is finely tuned throughout pregnancy to ensure a successful outcome, avoiding 
obstetrical complications, such as recurrent pregnancy loss, preeclampsia, gestational 
hypertension and preterm birth (59). At a very early phase in pregnancy an inflammatory 
process is required to promote a proper trophoblast invasion and implantation process. In 
particular, in the early implantation phase and during the window of implantation, 
decidualized stromal cells are considered as the “gatekeepers” of immune cells. The 
decidual stromal cells (DSCs) interact with and instruct several immune cell types, such as 
regulatory macrophages, NK cells and T cells. Decidualized stromal cells can induce a pro-
inflammatory response, which leads to the expression of genes implicated in endometrial 
receptivity, which is followed by an anti-inflammatory response essential for post-
implantation embryo survival and development, and for a balanced trophoblast invasion 
(47). The decidualization process (which is abnormal in vitro in women affected by RPL) 
(46) is crucial for pregnancy outcome, since it controls not only trophoblast invasion, but it 
also confers immune tolerance towards the fetus (21). It has been hypothesized that an 
inadequate implantation process, with a weak pro-inflammatory response, could be a 
contributing factor to RPL (38). The early controlled inflammatory process should switch, 
as mentioned, to a subsequent immune response modulation to avoid the “rejection” of the 
semi-allogenic fetus. However, the break of this tolerance is necessary at term, therefore a 
new immune switching is required. Specifically, the induction of an inflammation status is 
crucial to induce labor (60-63). It should be noted that the length of the 
inflammatory/tolerance phases are not known, and that inflammation and tolerance occur 
together in a delicate balance. For example, during implantation, tolerance is induced in 
parallel with inflammation in order to achieve a “controlled inflammation”.  
 
 
The fetal-maternal interface 
Trophoblasts have a key role in initiating and maintaining tolerance at the fetal-maternal 
interface. After implantation, the uterine decidualized endometrium is infiltrated by 
trophoblast cells of fetal origin, and in order to regulate trophoblast invasion, and to 
promote fetal tolerance and homeostasis, the decidua holds a unique composition of 
immune cells with specialized properties (25). Accordingly, it has been shown in an in vitro 
model that placental explants were able to induce M2 macrophages and Treg cells, i.e. main 
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key immune modulatory cells (25) for fetal tolerance establishment (27-28). Trophoblasts 
from normal pregnancies displayed these immune modulatory properties, while it is not 
known if these properties are disrupted in pathological conditions. Accordingly, aberrant 
activation and polarization of both cell types within the context of a dysregulation in 
trophoblast immunological functions may be involved in pregnancy complications 
including RPL.  
 
Indeed, it has been shown that trophoblast dysfunction, due to compromised trophoblast 
infiltration and apoptosis, as well as multiple aberrant signal transduction pathways (64), 
could lead to adverse pregnancy outcomes, including uRPL (65). In detail, all the impaired 
pathways previously investigated in RPL trophoblast cells functions (including 
kisspeptin/GPR54 and PIBF/PR pathways, C4d and Bb, MBL, NOD1 and NOD2 via 
MAPK/p38 pathway, miR‐27a‐3p/USP25 axis, Fas and FasL, PKC protein, CCNA2, TWIST, 
Prototype and Chimera-Type Galectins, miR-520 and PARP1, BMAL1 via SP1- 
DNMT1/DAB2IP pathway, EIF5A1 via ARAF-mediated activation of integrin/ERK 
signaling pathway, Stathmin-1, peroxiredoxin2are) are linked to trophoblast migration, 
proliferation, invasion and apoptosis processes potentially relevant for RPL pathogenesis 
(64,66–78). Less is known about potential immunological impaired processes induced by 
trophoblast dysfunction. 
 
To sum up, decidual macrophages and Treg cells are of particular relevance in fetal-
maternal immune tolerance; both cell types being enriched in the decidua and with an 
immune regulatory profile (27-28). The decidual macrophages are of a regulatory M2-like 
phenotype (29-30) and Treg cells (31-32) show an augmented suppressive profile in the 
decidua. Accordingly, aberrant activation and polarization of both cell types may be 
involved in pregnancy complications including RPL, as has been shown for macrophages 
(79) and by an altered Treg/Th17 balance (33). 
 
 
Interplay between immune and angiogenesis stimuli during pregnancy 
The activation of a proper placental angiogenesis process, leading to the creation of an 
efficient vascular network, is promoted by the inflammation status at early pregnancy (80-
81). The decidual immune cells are responsible for the production and release of angiogenic 
factor (82-83), such as vascular endothelial growth factor (VEGF) (84), placental growth 
factor (PlGF), fibroblast growth factor (FGF2) (85) matrix metalloproteinases (MMPs) and 
their tissue inhibitors (TIMPs)(86), which placenta is enriched of during pregnancy. The 
placentation process is therefore supported by an adequate angiogenesis process through 
the release of cytokines, growth factors and chemokines. Accordingly, neutrophils (87) and 
dNK (88) represent the major suppliers of angiogenic factors supporting a proper 
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placentation (87). Proangiogenic cytokines release, such as VEGF, CXCL8, MMPs is also 
associated with decidual macrophages (89). 
 
 
Innate immune response players 

Natural killer cells (NK) 
Decidual Natural killer cells (dNKs) show a tissue-specific phenotype (CD56superbright CD16- 
CD49a+ CD9+) compared to the peripheral counterpart, and they represent approximately 
50-70% of the immune cells in the decidua in the first trimester (90). dNKs have more 
immunomodulatory than cytotoxic behavior, by inducing a tolerogenic environment to host 
the fetus (91-92). Furthermore, dNK cells are crucial for spiral artery remodeling and 
trophoblast invasion, by producing angiogenic cytokines and growth factors (88, 90, 93-94). 
A dysregulation in cytotoxic and regulatory NK cells function may be involved in 
pathogenesis of uRPL (90).  
 

Dendritic cells 
Antigen-presenting dendritic cells (DCs) play a key role in the framework of decidual T cell 
polarization by secreting immunosuppressive cytokines. An absence of uterine DCs impairs 
the decidualization process in mice, potentially leading to embryo resorption (94). DCs are 
also involved in angiogenesis, and impairement of this process is suggested to result in 
aberrant blood vessels maturation and impaired endothelial cell survival, involving 
VEGFR1 and TGF (transforming growth factor)-β1 pathways (94). 

 
Macrophages  

Macrophages can be classified into M1 and M2 subtypes based on their phenotypical and 
functional properties. Monocytes polarization occurs according to microenvironment 
stimuli hold in tissues into which the monocytes migrate. M1 macrophages are responsible 
for a mainly pro‐inflammatory Th1-associated response, while M2 macrophages were 
initially thought to have a role mainly in Th2-associated responses (95). However, it 
subsequently became clear that several variants of M2 macrophages exist, and that decidual 
macrophages are similar to M2 macrophages induced by IL-10 and M-CSF (25,30). During 
the implantation process, decidual macrophages are thought to polarize into an M1 
phenotype, followed by switching to a transition stage of mixed M1 and M2 macrophages 
during extravillous trophoblast invasion (96). Thereafter the M2 phenotype becomes 
predominant when the proper uterus-placental blood supply is guaranteed, to establish the 
proper fetal-maternal tolerance (96). Decidual macrophages are crucial in immune 
regulation, tissue remodeling, cell proliferation, and metabolism within the early pregnancy 
fetal-maternal interface (29). Trophoblast‐derived macrophage colony- stimulating factor 
(M‐CSF) and IL‐10 (25,96) mainly induce polarization to decidual CD14+CD163+CD209+ M2 
macrophages which is required for exerting an immunosuppressive function and the 
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maintenance of a physiological pregnancy (97,98). Accordingly, M1/M2 imbalance may be 
involved in pregnancy complications, such as RPL (97).  
 

Myeloid-derived suppressor cells (MDSCs) 
Human MDSCs include CD14-CD15+CD66b+ (granulocyte, G-MDSCs) and CD14+/-
CD15low/- (monocyte, M-MDSCs). It has been shown that first trimester functionally 
suppressive peripheral and endometrial MDSCs are reduced in miscarriage patients, when  
compared with successful pregnancies. Indeed, MDSCs have an immunosuppressive role, 
by inhibiting T cells and NK cells functions: decidual MDSCs induce Foxp3+ Treg cells 
proliferation and differentiation, suppression of T cell proliferation, Th2 response 
polarization, inhibition of cytotoxic activity in NK cells, potentially involved in a successful 
pregnancy outcome (99). 
 
 
Adaptive immune cells 

T helper cell subsets 
After the Th1/Th2 paradigm was launched, the idea came that pregnancy constitutes a Th2 
phenomenon, for example supported by the abortive effects of Th1 responses (100). 
Subsequently it became clear that this was only in part true, and that Th cell immune 
regulation in pregnancy was more complex and also may differ locally and systemically 
(28). Th1/Th2 and Th17/Treg balances are finely tuned during all pregnancy steps. A 
proinflammatory Th1 framework is required to allow a successful implantation process at 
the earliest stages of pregnancy, although it is under control of Treg cells. A subsequent shift 
to Th2/Treg immune response is needed to ensure the proper fetal-maternal interface 
tolerance (97). CD25highCD127lowFoxp3+ Tregs expansion is induced by placental tissues: 
Treg expression of suppressive markers, such as CTLA-4 reduces excessive Th cell 
activation, by decreasing Th1-, Th2-, and Th17-associated cytokines (25).  
Although the Th1/Th2 is important for a successful pregnancy and deviant balance can lead 
to complications (101), also the Th17/Treg cells ratio is crucial. Enhanced Th17 or reduced 
Treg cells responses have been associated to several pregnancy complications, including 
RPL (94). Nevertheless, Th17 and Treg cells show a wide extent of plasticity in different 
“inflammatory frameworks”, so that they can switch one another (102). 

 
B cells 

An expansion of CD19+CD24hiCD27+ Breg cells has been suggested to contribute to the 
immune regulation in pregnancy. Briefly, Breg cell subtypes produce IL-10, which is a key 
modulator of immune responses during pregnancy, involved in both M2 polarization (30) 
and expansion of Treg cells (25). IL-10 is also able to maintain DCs in an immature state 
during pregnancy and to inhibit T cells activation and Th1 differentiation. Lower 
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CD19+CD24hiCD27+ Breg levels in the first trimester has been detected in women affected 
by RPL (98). 
 
 
Cytokines and chemokines 
The maternal immune system modulation during pregnancy is orchestrated by cytokines 
and chemokines (103). Chemokines recruit specific subsets of T-helper (Th) cells, which can 
be involved in Th1-, Th2- and Th17-associated immune responses (104-109). For instance, 
the Th1 signature cytokine IFN-γ induces CXCL10 and CXCL11 chemokines that bind the 
CXCR3 receptor on Th1 cells, which are therefore attracted to a Th1 site (106-107,109-110-
111). CCL17 and CCL22 chemokines, induced by IL-4 and IL-13, are able to recruit Th2 cells, 
which preferentially express the CCR4 receptor (106-107,109,112). CCL20, induced by IL-17, 
recruits Th17 cells, which express CCR6 (113,106-109). CXCL12 can recruit T cells and 
monocytes, promoting a Th2-associated immune response during pregnancy (114). CXCL13 
attracts B-cells (106), while CXCL8 recruits neutrophils (115). CCL2 recruits monocytes, is 
produced by M2-like decidual macrophages and is involved in tolerance at the fetal-
maternal interface, by reducing macrophage proinflammatory cytokines release (30, 115).  

Th1 cytokines have negative effects on pregnancy outcomes. IFN-ɣ, by activating 
cytotoxic T cells and NK cells, can lead to trophoblast injury, to inhibition of granulocyte–
macrophage colony stimulating factor (GM–CSF) production and inhibition of Th2 cells 
proliferation. (101). 

Furthermore, it has been shown that decidual stromal cells in mice undergo an epigenetic 
silencing of the genes that encode the Th1-associated chemokines CXCL9, CXCL10 and 
CXCL11. This inhibition of Th1 chemokine production in the decidua involves changes in 
histone methylation patterns. Thus, epigenetic mechanisms seem to be involved in fetal-
maternal interface immune-tolerance establishment, by modulating T cells recruitment in 
the decidual tissue (10,116). 

 
Conversely, a Th-1 associated pro-inflammatory setting is important in the early 

implantation phase (and during the window of implantation), when decidual endometrial 
stromal cells induce a pro-inflammatory setting which leads to the expression of genes 
implicated in endometrial receptivity. The pro-inflammatory setting is followed by an anti-
inflammatory response essential for post-implantation embryo survival and development, 
and for a balanced trophoblast invasion (47). 
 

The effects of chemokines are not restricted to recruitment of immune cells. In humans, 
it has been shown that endometrial epithelial cells and decidual stromal cells express 
CXCL9-11, while their receptor CXCR3 is expressed also on trophoblast cells and NK cells. 
The hypothesis is that these chemokines can recruit NK cells to and within the uterus (117). 
In animal models, CXCL9, CXCL10, and CXCL11 expression seems to be time and site 
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specific in the endometrium, with an enhanced pattern at the implantation time. 
Trophoblast cells, in animal models, express CXCR3 which allows CXCL9 and CXCL10 to 
recruit and attach trophoblast cells to endometrial epithelial cells (118).  
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Aims and Hypotheses 
General aim 

This thesis work aims at increasing our understanding of the immunological background to 
RPL, with particular regard to cases in which a main etiological factor cannot be found, and 
in mechanisms of potential treatment in RPL. An increased knowledge in this area can, in a 
long-term perspective, lead to better diagnostic tools to subgroup women with RPL and to 
subsequent individualized therapy. At present, there is no treatment with proven efficacy 
for uRPL. However, LMWH is widely used for its anticipated potential immune modulatory 
effects, even if its immunological properties have not been clearly defined.  
 

Specific aims 
Paper I: To assess immunological effects of LMWH on in vitro polarization of macrophages 
and T cells, key mediators of immune tolerance processes at fetal-maternal interface.  
Paper II: To evaluate in vivo immunological effects of LMWH treatment during pregnancy 
in women affected by RPL.  
Paper III: To establish an ex vivo model using chorionic villous sampling (CVS) tissues to 
assess placental function during pregnancy, and to investigate whether placental immune 
modulatory properties are maintained in successful pregnancies, despite a history of uRPL. 
 

Hypotheses 
In paper I the hypothesis was that the in vitro model would be able to unravel potential 
LMWH properties in exerting anticipated immunomodulatory and anti-inflammatory 
effects. Thus, the expected finding was an LMWH-induced increase in M2 polarization and 
expansion of Treg cells. These properties could potentially counteract the dysregulated pro-
inflammatory environment that characterizes RPL.  
 
In paper III the hypothesis was that LMWH would exert immune modulatory and anti-
inflammatory effects in an in vivo setting during pregnancy.    
 
In paper III, we hypothesized that tissues from chorionic villous sampling (CVS) would 
show immunomodulatory effects in terms of macrophage polarization and expansion of 
Treg cells, but that these effects could be altered in women with RPL.  
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Study Design and Methods 
 

Study design 
(I). To assess the potential immunoregulatory properties of LMWH, with a particular regard 
to the effects on macrophages and Th cells, an in vitro cellular model was used. In this 
model, blood samples from healthy female donors were used as a source of cells that were 
cultured in different conditions in vivo. The effects of LMWH were assessed by 
characterizing the immunological phenotype of different cell types cultured in the presence 
or absence of LMWH, and by examining cytokine and chemokine secretion from these cells. 
In addition, the effects of LMWH on cytokine and chemokine secretion by 1st trimester 
placental tissue was evaluated, since this pathway could be an indirect way of modulating 
macrophages and Th cells. 
(II). To decipher the in vivo immunological effects of LMWH treatment during pregnancy 
in women with uRPL, longitudinal measurements of plasma levels of cytokines and 
chemokines were performed in LMWH-treated and untreated women participating in a 
randomized controlled trial.  
(III). Regarding the investigation of local immune changes, CVS was used as a source of 
placental tissue from ongoing pregnancy.  Small pieces of CVS tissues were cultured ex vivo, 
followed by collection of the cell-free supernatants. The supernatant is referred to as 
conditioned medium (CM), since it is conditioned by secreted factors from the cells, in this 
case mostly the trophoblasts which make up the chorionic villi. The CM is subsequently 
used in the same in vitro model as in paper I, to; (1) evaluate if CVS can be used as an ex 
vivo model of placental/trophoblast functional aspects; (2) assess whether or not the 
immune modulatory properties of trophoblasts are maintained in successful pregnancies, 
despite a history of uRPL; and (3) characterize the secreted proteomic profile of placental 
tissues obtained by CVS. 
 

Subjects, ethical permissions and settings 
To investigate in vitro effects of LMWH on macrophages and T cells, blood samples were 
collected at Linköping University Hospital from 20 healthy non-pregnant female 
volunteers, between 18–45 years of age, not taking hormonal contraceptives or any other 
medication. For the in vitro assay with placental tissue, first-trimester placental tissues were 
collected from 10 healthy pregnant women undergoing elective surgical abortions at 
Linköping University Hospital (Linköping, Sweden). All pregnancies were viable, and the 
median gestational week was 10 (range 9–12), as determined by crown-rump length using 
ultrasound. Misoprostol (Cytotec; Searle) was given to all women prior to surgery. The 
study was approved by the regional ethical board in Linköping, and written informed 
consent was obtained from all subjects. All experiments were performed in accordance with 
the Helsinki Declaration ethical principles for medical research. 
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To assess the in vivo immunological effect of LMWH in uRPL, pregnant women without a 
known cause of RPL, were recruited to an open multi-centre randomized controlled trial 
(RCT), conducted from 1 January 2012 to 31 December 2015, in six Swedish centers: 
Helsingborg, Lund, Kalmar, Jönköping, Karlskrona and Linköping.  Viable pregnancies 
were confirmed by ultrasound. All patients previously undergone a standardized 
diagnostic workup according to national recommendations, including:  a) collection of 
familial and personal medical, gynecological and obstetrical history with specific references 
to previous miscarriages; b) gynecological examination; c) transvaginal ultrasound; d) 
hysterosonography; e) endocrine evaluation panel: thyroid stimulating hormone (TSH), free 
thyroxine (FT4); e) karyotype of both partners; f) immunity panel: anti-phospholipid 
antibodies, lupus anticoagulant, anti-cardiolipin antibodies, Anti-Beta 2 Glycoprotein I 
(anti-β2GPI), anti-thyroid antibodies (anti-thyroid peroxidase and thyroid receptor 
antibodies); g) thrombophilia screening: protein C, protein S, homocysteine and 
determination of the following mutations: factor V Leiden, factor II prothrombin.  
This workup was aimed to identify proven causes of RPL. When all the above known causes 
for RPL had been excluded, women were diagnosed with uRPL and were included in this 
study. Written informed consent was obtained from all participants. 
From the 129 women who were assessed for eligibility, 87 were included for randomization: 
45 women to treatment and 42 women to a control group.  Eight women miscarried and 73 
continued beyond 22 gestational weeks. The regional ethical board in Linköping, Sweden, 
approved the study. All experiments were performed in accordance with the Helsinki 
Declaration ethical principles for medical research. 
 
Regarding the CVS ex vivo model, 36 pregnant women at 12 weeks of gestation were 
included at the Prenatal Diagnosis Unit of Tor Vergata University Hospital between 2014 
and 2017. Gestational age was calculated on the basis of the last menstrual period and was 
confirmed by ultrasonography. Women were divided into two groups: 27 healthy women 
with singleton normal pregnancy and without obstetrics complications in their past 
obstetrical history, and 9 women with a history of RPL, now presenting with a singleton 
normal pregnancy.  
Main indications for CVS in our cohort were: advanced maternal age, defined as >35 years 
of age (n = 26), maternal/paternal increased risk for genetic inheritable diseases (n = 2), 
balanced chromosomal abnormalities (n = 3) and genetic disease healthy carriers (n = 3), 
ultrasonographic soft markers suspected for chromosomopathies (n = 2). No woman in our 
study had a previous pregnancy with fetal chromosomal abnormalities. 
All fetuses from pregnancies included in the study had a normal chromosomal map and 
were negative in a genetic disease test carried out based on the family risk history. 
The pregnancies were followed prospectively to assess their outcomes. The study was 
approved by the Institutional Review Board (IRB) of “Tor Vergata” University in Rome, and 
a written consent was obtained before performing CVS from each eligible patient. 
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For the ex vivo assays, blood samples were collected at Linköping University Hospital 
(Linköping, Sweden) from 9 healthy non-pregnant female volunteers, between 18–45 years 
of age, not taking hormonal contraceptives or any other medication. A written informed 
consent was obtained from all subjects. All experiments were performed in accordance with 
the Helsinki Declaration ethical principles for medical research. 

 
Experimental design 
In vitro functional study 
 

Cell separation and sorting 
Isolated peripheral blood mononuclear cell (PBMCs), trough LymphoPrep gradient, were 
used for isolation of CD14+ monocytes or CD4+ T cells by positive selection using 
immunomagnetic cell sorting, using Magnetic-activated cell sorting (MS MACS) columns. 
To analyze the effects of LMWH on Th cells and macrophages, LMWH, Innohep® 
(tinzaparin sodium) was added to Th cell or macrophage cultures at two different doses: 1 
IU and 10 IU. These doses correspond approximately to those reached in vivo after low dose 
intra-muscular LMWH injection, commonly used in the clinical practice for RM patients.  
Macrophages were generated from CD14+ monocytes, in the presence of recombinant 
human granulocyte-macrophage colony-stimulating factor (GM-CSF) or macrophage 
colony-stimulating factor (M-CSF), in the presence or absence of LMWH.  To analyze the 
effects of LMWH on resting, as well as activated, Th cells, isolated CD4+ T cells were either 
cultured unstimulated or stimulated with anti-CD3 and anti-CD28 Abs. CD4+ T cells were 
thereafter cultured, in the presence or absence of LMWH. 
To measure the influence of LMWH on placental tissue, we measured secreted cytokines 
and chemokines from placental explants exposed or not exposed to LMWH in vitro. 
Immediately after collection of 1st trimester tissue, the decidua was removed, and the fetal 
placental tissue was processed. The placental villi were dissected into small pieces (∼1–2 
mm in diameter) and they were incubated without or with 1 IU or 10 IU of LMWH. The 
conditioned medium (CM) was collected for cytokines and chemokines production assays, 
by Luminex analysis. Major details about methods are provided in Paper I. 
 
To analyze the effects of CVS-CM on Th cells and macrophages, CVS-CM was added to Th 
cell or macrophage cultures at two different concentrations: 12% and 25%. The same models 
of macrophage and Th cell activation and polarization as in paper I were used. In 
macrophage cultivation experiments, cells were exposed to GM-CSF, M-CSF, 12% CVS-CM 
and 25% CVS-CM in the same experiment. To analyze the effects of CVS-CM on Th cells, 
isolated CD4+ T cells were also cultured in the presence or absence of CVS-CM. Details 
about methods are provided in Paper III. 
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Macrophage polarization model principles  
M-CSF and GM-CSF are the growth factors used in our model, since they are needed to 
reliably promote the growth and differentiation of monocytes in vitro with two different 
polarization pathway phenotypes: M2-like and M1-like, respectively. M-CSF was used in 
the experiments as a positive control for M2 polarization in paper I and III, and only in 
paper I to assess whether LMWH can change the M2 phenotype.  
Conversely, GM‐CSF was used to induce an M1‐like phenotype (mainly pro‐inflammatory), 
in order to assess whether LMWH in paper I and CVS‐CM in paper III can reverse the M1 
phenotype and increase expression of M2 phenotype markers.  
 

Flow Cytometry analysis of surface and intracellular markers expression 
Regarding the LMWH in vitro study, cells were stained with Abs for extracellular staining 
and their corresponding isotype controls (as shown in Table 1). Alternatively, cells were 
stained with 7-aminoactinomycin D and Annexin V-PE, which were used to assess viability. 
After extracellular staining, cells were permeabilized to be stained with anti-human Foxp3, 
T-bet, GATA-3, or ROR-γt (for Ab details, see Table 1). Data were acquired using a 
FACSCanto II and analyzed with FACSDiva software version 6.1.2 and Kaluza software 
version 1.1. For details regarding gating strategies, please refer to Paper I. 
 

 

Cell type Antigen Fluorochrome Paper 

Macrophages HLA-DR FITC I and III 

CD 163 PE I and III 

CD 206 APC I and III 

CD 209 PerCP-Cy5.5 I and III 

CD86 V450 I and III 

T helper cells CD4 FITC I and III 

CD25 PC-7 I and III 

GATA-3 PerCP-Cy5.5 I 

Foxp3 PE I and III 

Rorγt APC I 

T-bet Pacific Blue I 

Table 1. Antibodies used for flow cytometry. 

 

With regards to the CVS study, cells were stained with Abs for extracellular staining (for 
Ab details, see Table 1). LIVE/DEAD™ Fixable Aqua Dead Cell Staining was used to assess 
cell viability. After extracellular staining, cells were permeabilized by using the Foxp3 
staining kit, followed by staining with anti-human Foxp3 (for Ab details, see Table 1). For 
details regarding gating strategies, please refer to Paper III. 
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Luminex analysis for cytokines and chemokines production 
To investigate in vitro LMWH effect, multiplex bead assay kits were used to analyze 
supernatants from Th cell cultures for the following factors: GM-CSF, IL-2, IL-10, IL-17A, 
IFN-γ, IL-1β, IL-6, TNF; and supernatants from macrophage cultures for CCL2, CCL22, 
CCL20, CXCL1, CXCL10, IL-12 p70, IL-23, TNF and IL-10. CM from placental explants were 
analyzed for CCL2, CCL22, CCL20, CXCL10, CXCL1–3, CXCL8, GM-CSF, M-CSF, IL-10, IL-
1β, IL-6, VEGF, TRAIL and sFasL. The analyses were performed using the Luminex 200 IS 
system and the MasterPlex QT 2010 software.  
To assess the immunological effects of LMWH in vivo, multiplex bead assay kits were used  
to analyze plasma samples for the following analytes: CCL2, CCL17, CCL20, CCL22, 
CXCL1, CXCL8, CXCL10, CXCL11, CXCL12, CXCL13, IL-6 (please refer to table 3 in paper 
II). The analyses were chosen to represent inflammation and immunity associated with 
subsets of T helper (Th) cells: Th1 (CXL10, CXCL11), Th2 (CCL17, CCL22), Th17 (CCL20, 
CXCL1, CXCL8), as well as B cells (CXCL13), general inflammation (IL-6, CXCL8), 
monocyte recruitment and Th2/anti-inflammatory (CCL2) and monocyte/T cell 
recruitment and Th2 (CXCL12). The measurements were performed using the Luminex 200 
IS system and the MasterPlex QT 2010 software. Details about methods are provided in 
Paper II. 
 
 
RCT 
Once pregnancy was verified by ultrasound, all 87 eligible participants were recruited and 
randomised to one of the following groups. 
Group 1 (study [LMWH] group) included 45 patients who received tinzaparin sodium 
(Innohep 4500 IU; LEO Pharma A/S, Denmark) by subcutaneous daily injections until 
gestational week (gw) 37. Group 2 (control group) included 42 patients who neither received 
active treatment, nor placebo. 
Enrolled patients were randomized through sequentially numbered closed envelopes 
opened consecutively at each inclusion point. Eligible patients were randomly assigned to 
one of the two study groups according to the envelope noting the intervention type. Once 
allocation was obtained, it could not be changed. 
Longitudinally collected blood samples were obtained at four different time points during 
pregnancy: inclusion time point, before starting treatment (median gw 6, range 5–10), gw 
18 (median 18, range 16–18), gw 28 (median 28, range 26–30), and gw 34 (median 34, range 
32–37), and at 2 weeks’ postpartum. If a woman miscarried, the pregnancy stopped before 
the second sample time-point, and only inclusion samples were obtained. As we performed 
paired data analyses to evaluate LMWH effects during pregnancy, women with 
miscarriages were not included in the further analyses. 
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CVS technique 
An ultrasound Eidos Hitachi equipped with a transabdominal 3.5-MHz Biopsy Convex 
Probe was used to guide CVS. All the procedures were done transabdominally by the same 
expert operator (AP) with the patient placed in a supine position. An 18 G needle was used 
based on a common clinical protocol approved to obtain a proficient material quality assay. 
The skin was sterilized with topical application of povidone-iodine. The needle was flushed 
with 0.5 ml heparin before the procedure. An appropriate site was selected during a 
preliminary ultrasound examination, and then a needle was introduced under ultrasound 
guidance until the placenta was reached. Once the needle tip was in place, the stylet was 
withdrawn and a 10-ml syringe with 5 ml of culture medium was attached to the needle 
hub. Aspirations of chorionic villi were performed in a manual mode. A tissue sample was 
obtained by moving the plunger of the syringe upward in order to create the discontinuous 
negative pressure necessary, while the needle was advancing through the chorion. Then the 
needle was moved forward and backward to obtain adequate specimens from various sites. 
Villous sampling was performed in all cases with a single needle insertion and an amount 
of about 50 mg of sample (range 40–60) was sent for cytogenetic analysis. Superfluous 
material, which remains after the routinely clinical investigations, has been used as explants 
to collect the conditioned medium. 
Immediately after CVS collection, the decidua was removed, and the fetal placental tissue 
was processed. CVS specimens were handled according to our previous protocol for 
placental explants (Paper I). The conditioned medium, after the incubation period, was 
collected and processed as described before. The CVS technique is briefly illustrated in 
figure 1. 
 
 

Proteomic assays 
The Olink® Inflammation panel kit (https://www.olink.com) was used for the proteomics 
assay of CVS-CM. This panel includes 92 inflammation-related protein biomarkers, 
involved in several biological processes, as categorized by GO terms; apoptotic processes, 
cell activation, cell adhesion, cellular response to cytokine stimulus, chemotaxis, 
extracellular matrix organization, inflammatory response, mitogen-activated protein kinase 
(MAPK) cascade, regulation of immune response, response to hypoxia and secretion. 
Protein levels are linearized on a log2 scale and expressed as Normalized Protein eXpression 
(NPX) units. Proteins with more than 50% of values under the detection limit were excluded 
from the analysis (CCL11, CCL19, CCL25, CD6, CX3CL1, FGF-5, FGF-23, IL2, IL4, IL5, IL7, 
IL-10RA, IL13, IL-15RA, IL-17A, IL-17C, IL-20, IL-22RA1, NRTN, NT-3, SLAMF1, 
TRANCE). All samples were sent to and analyzed by the Clinical Biomarker Facility Unit at 
SciLifeLab in Uppsala, Sweden. Paper III experimental study design is shown in figure 1. 
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Figure 1. Paper III experimental study design.  

 

Statistical Methods 
 

Kolmogorov-Smirnov test was used to analyze data distribution.  
In paper I, the majority of the flow cytometry data was normally distributed and therefore 
analyzed with one-way ANOVA followed by the Sidak’s post hoc test for paired data. The 
Pearson’s test was used for correlations between parameters. Data from multiplex bead 
assays were not normally distributed and accordingly analyzed with the Friedman test 
followed by the Wilcoxon matched-pairs tests. Differences were considered statistically 
significant when the several-group comparison (ANOVA or Friedman test) was p < 0.05 
and the post hoc test (Sidak or Wilcoxon) was p < 0.05, while differences were considered a 
tendency when the several-group test was p < 0.09 and the post hoc test was p < 0.05. Flow 
cytometry data are expressed as mean and standard deviation (SD), whereas data from the 
multiplex bead assay are presented as medians and inter-quartile ranges. All data were 
analyzed using GraphPad Prism version 6.0 and version 8.2.0 (La Jolla, CA, USA). 
 
Regarding the RCT in paper II, since the Kolmogorov-Smirnov test showed that data on 
cytokines and chemokines were not normally distributed, they were normalized by 
logarithmic transformation. First, Linear Mixed Models were used to evaluate differences 
between treated and untreated women in any of the cytokines and chemokines during the 
course of pregnancy (by including samples at inclusion, and weeks 18, 25 and 35). This test 
was chosen since it, unlike repeated measures ANOVA, allows missing values. If p < 0.05, 
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a post-hoc test was done to decide at which time point(s), and in which direction, there was 
a difference. As only three chemokines were p <0.05 in the linear mixed model test, the post-
hoc testing in these cases was done with ordinary Student´s t-test or Fisher’s exact tests; the 
latter was used in one case (CCL20) because of the low proportion of samples with 
detectable levels. Student´s t-test on log-transformed values was used to analyze differences 
in cytokine/chemokine levels at inclusion and at 2 weeks’ postpartum. Data were expressed 
as geometric mean and 95% confidence intervals.  
 
In paper III, the majority of the flow cytometry and proteomics data was normally 
distributed, and therefore one‐way ANOVA followed by the Sidak's post hoc test for paired 
data was used to compare flow cytometry data, and two‐tailed Student's t test was used to 
compare protein levels, in women with and without a history of RPL. Pearson's test was 
used for testing of correlations between parameters. Demographic and clinical 
characteristics of the different groups were analyzed and compared by Student's t test or 
Fisher's exact test. P values < 0.05 were considered statistically significant. All data were 
analyzed using SPSS version 24 (Armonk, NY: IMB Corp.). 
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Results and Discussion 
 

Immunological effects of LMWH on macrophages, T cells and placental tissues in 
vitro (paper I) 

To evaluate LMWH effects on differentiation of monocytes to macrophages, a previously 
established in vitro model was used (30). The phenotype of macrophages was evaluated by 
flow cytometry, and their cytokine secretion profile was established by multiple bead 
methodology. The main finding was that several phenotypic and cytokine secretion changes 
induced by LMWH were in the direction of an activated and inflammatory phenotype. The 
expression of the classical activation marker HLA-DR increased at exposure of LMWH, as 
did the expression of CD206. CD206 has been considered being an M2 marker, but in 
humans, CD206 expression is induced not only by M2-associated M-CSF, but also by M1-
associated GM-CSF (30), thereby reflecting a general activation. Furthermore, LMWH was 
not able to increase expression of the major decidual macrophage marker CD163.  
Regarding the profile of cytokine and chemokine secretion, LMWH exposure induced a 
reduction in CCL2 levels, which is in line with an LMWH-induced pro-inflammatory profile 
of macrophages. Indeed, CCL2 is released by decidual macrophages (29-30), and has been 
associated with recruitment of Th2 cells (119), as well as reduced production of 
proinflammatory cytokines by macrophages (120). Furthermore, LMWH exposure 
decreased Th2-associated CCL22 secretion, while it increased Th17-associated CCL20. Th17 
effects during pregnancy are not clearly clarified, nevertheless it is known as a mainly 
proinflammatory response (121), while Th2 supports successful pregnancy (121). Taken 
together, our results (increase in CCL20, decrease in CCL2 and CCL22, together with the 
activated phenotype) indicate that LMWH-exposed macrophages induce a mainly activated 
pro-inflammatory profile in vitro. Thus, there was no evidence to support the original 
hypothesis of LMWH inducing an anti-inflammatory M2-like phenotype that would 
resemble that of decidual macrophages. To support our results, LMWH has been shown to 
have direct effect on monocytes, by binding to their cell surface of (51-52), and heparin has 
been associated with lipopolysaccharide (LPS)-induced inhibition of cytokine secretion (50, 
53, 55). On the other hand, mostly enhanced secretion of proinflammatory cytokines, such 
as CXCL8, IL-1β, IL-6 and TNF by monocytes have been reported (53-57). These partly 
discrepant results could be due to differences in study design (length and dose of 
stimulation, isolated or mix of cells, stimulatory conditions, type of heparin, and read-out), 
choice of donors (sex, age, treatment), and size of the study.  
 
To evaluate LMWH effects on T cells, isolated CD4+ T cells exposed to LMWH were cultured 
for three days, either unactivated or activated through the T cell receptor (anti-CD3) and by 
co-stimulation (CD28), i.e. in a way similar to physiological activation.  The main findings 
lend further support to a mainly pro-inflammatory effect of LMWH by showing a decrease 
in the Treg cells proportion (in the resting condition), and an increase in secretion of Th1-
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associated IFN-γ (in the activated condition), as well as a tendency to an increased 
lymphoblasts proportion. Despite the central role of T cells in immune regulation, previous 
studies have not addressed if LMWH may affect T cells. In vivo, one study has suggested 
that LMWH treatment may increase Treg cell frequency in peripheral blood (58). Thus, 
LMWH in vivo may be different from in vitro, since several cellular and molecular 
interactions could occur in vivo, including potential LMWH effects on cell traffic, which has 
been shown in the context of innate immunity (50). Accordingly, the increase in Treg 
frequency in blood may not be paralleled at the fetal-maternal interface (28), where potential 
immune modulatory treatment should be needed at the maternal-fetal interface to tune 
immune tolerance processes involving Treg cells and regulatory M2 macrophages (25), 
which are aberrant in RPL (36). 
 
To evaluate LMWH effects on the placenta, explants from the fetal placenta were exposed to 
LMWV and the effect on cytokine and chemokine secretion was determined by multiple 
bead methodology. This evaluation was motivated by our previous observation that the 
placenta, by secretion of cytokines, can affects macrophages and Th cells, thereby inducing 
a tolerogenic environment (25), hence LMWH could have indirect effects on these immune 
cells by affecting the placenta. Although only tendencies were found in our data, there were 
indeed in line with the data on macrophages; a reduction in CCL22 (Th2), an increase in 
CCL20 (Th17) and IL-6 (pleiotropic but mainly pro-inflammatory). Furthermore, a 
reduction (tendency) in TRAIL secretion from the placental explants was observed, 
supporting a role of LMWH in promoting cell survival at maternal-fetal interface (122).  
However, TRAIL has been shown to have a beneficial role in fetal immune tolerance (123) 
by expanding the Treg population, which is resistant to TRAIL-induced cell death, while 
exonasion of other T cells is inhibited, as shown in mice (124). Also in humans, TRAIL could 
have a beneficial role. We previously reported that TRAIL was produced by trophoblasts 
and that it contributed to Treg expansion since blocking of TRAIL in human placental 
explants led to a reduction in Foxp3+ Treg cells (27). Therefore, the LMWH-associated 
reduction in TRAIL secretion, as well as the changes in chemokine secretion by placental 
explants could exert negative effects on fetal-maternal immune tolerance, although the 
findings were not statistically established. 
 
Collectively, the consistent effects of LMWH shown on macrophages, CD4+ T cells and 
placental tissue are mainly pro-inflammatory and do not lend support for LMWH treatment 
of RPL based on its immunological effects. Therefore, the current use of LMWH could be 
non-optimal. Speculatively, LMWH might have a beneficial role in the earliest phases of 
pregnancy, especially during implantation, when mainly a proinflammatory process is 
required. Indeed, a weak pro-inflammatory response has been suggested in RPL (38). An 
early LMWH treatment could also benefit from other effects, such as prevention of 
trophoblast apoptosis (122), enhancement of trophoblast invasiveness (125), improvement 
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of the endothelial and vascular environments, and regulation of embryo implantation (126). 
Furthermore, LMWH can regulate endometrial stromal cells (ESCs) decidualization, as 
shown in an in vitro model, by improving endometrial receptivity and supporting early 
implantation (45). Interestingly, these processes have been shown to be aberrant in RPL 
women, with a subsequent extension of the implantation window and an increased ability 
of the decidualized endometrium to allow implantation of poor-quality embryo 
(endometrial super-receptivity) (35).  
 
A clinical hypothesis from our results could be to administer LMWH in the luteal phase, to 
benefit on its effects for a proper implantation, since it has also been demonstrated that 
LMWH, if administered in this specific early phase, could improve the implantation and 
live birth rates in women with repeated implantation failure undergoing assisted 
reproduction techniques (127). The majority of clinical trials have not been designed to test 
the hypothesis regarding the LMWH administration at an early implantation phase (128), 
and this could partly explain the contradicting data, since non-homogenous data have been 
merged, even if, hypothetically, an early start of LMWH treatment could be beneficial, while 
at later gestational ages might have negative effects.  
 
 
 

Immunological effects of LMWH on macrophages and T cells in vivo (paper II) 
The in vivo effects of LMWH were tested by an open RCT on pregnant uRPL women. The 
first blood sample was obtained at inclusion early during pregnancy, before start of 
treatment. The following samples during pregnancy were obtained at gestational weeks 18, 
25 and 35.  The immune status was evaluated by measuring plasma levels of cytokines and 
chemokines that were chosen to represent different types of immune responses. Overall, 
there were few differences between the LMWH treated and non-treated women, and no 
changes were in the direction of an anti-inflammatory or pregnancy promoting change. Our 
main results showed an increase in Th1-associated chemokines CXCL10 and CXCL11 in the 
second and third trimesters (at gestational weeks 28 and 34) of LMWH treated uRPL 
pregnancies compared to the non-treated control group. The biological significance of the 
finding is supported by the fact that CXCL10 and CXCL11 are sister chemokines, both being 
induced by IFN-γ and strongly linked to Th1 responses. A Th1 LMWH induced-polarization 
is therefore in line with our previous in vitro findings where LMWH induced an enhanced 
IFN-ɣ production (paper I). To our knowledge, this is the first study assessing the 
immunological effects of LMWH in vivo in women with uRPL. A previous study evaluated 
LMWH in vivo effects, but here treatment was given because of thrombophilia (58). The 
authors reported an increase in Treg frequency, although only Foxp3 was used as marker, 
which implies a risk of including false positive activated non-suppressive cells (28). Still, it 
would have been relevant to evaluate Treg frequency in the present cohort. Unfortunately, 
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there is no Treg-specific cytokine or chemokine profile, although CCL18 would have been 
of interest as being associated with Th2 and Treg cells (129). The present study was open, 
so that women and healthcare providers were aware regarding treatment or not, which, 
according to the phsyco-neuro-endocrine-immunological axis could have affected 
psychological behavior and in turn inflammation response (130). In that sense, also “tender, 
love and care” effects could exert psychological effects in a beneficial way for pregnancy 
outcome (131-132). The similar high rates of successful pregnancy outcomes in the treated 
and non-treated group support the presence of a “tender, love and care” beneficial effect. 
Since only viable pregnancies confirmed by ultrasound were included in our study, this 
could also affect the high pregnancy successful rate.  
 
Th1 polarization affects negatively pregnancy outcomes, both in animal and human models 
(128, 36, 133, 121, 134-135, 25, 48, 136). However, a controlled Th1-associated 
proinflammatory framework is crucial in the early implantation phase (133, 137-138), since 
it is associated with an endometrial receptivity gene expression profile, and later on to a 
proper switching to an anti-inflammatory response essential for post-implantation embryo 
survival and development, and for a balanced trophoblast invasion (47). This setting 
supports our hypothesis based on the in vitro study that LMWH should rather be used at 
an earlier time point during pregnancy.  
 
The Th17-associated chemokine CCL20 was increased at gw 18 and 34 in treated compared 
with non-treated women based on being more often detected in the treated group whereas 
seldom possible to measure in the non-treated group. Th17-associated responses are known 
to reflect mainly a proinflammatory profile (139), with previously reported enhanced 
activity in uRPL non-pregnant women in parallel with increased Th1 activity (121), even 
though its role in pregnancy has been not further elucidated. These results should be 
matched with the knowledge that Th17 / Treg cells ratio has an impact in pregnancy due to 
the plasticity to switch to one another (139, 28, 102, 140). Indeed, in relation to our previous 
in vitro findings, LMWH was able to decrease Treg cells and increase Th17-associated 
CCL20 production (paper I).  
 
Since significant differences have been not detected in our study in IL-6, CCL2, CCL22, 
CCL17, CXCL1, CXCL8, CXCL12 and CXCL13, it can be affirmed that LMWH does not have 
a major impact on several circulating cytokines and chemokine during pregnancy. 
Furthermore, we found Th1-associated CXCL11 levels to be higher in women who 
miscarried in the trial compared to women whose pregnancy proceeded beyond gw 22, 
further emphasizing the negative impact of Th1-associated immune responses. 
Accordingly, several studies have previously shown an enhanced systemic inflammatory 
response in women with uRPL, with higher levels of inflammatory cytokines, such as TNF, 
IFN-γ and IL-6, which expose women at risk for miscarrying (134-135, 141-145). A balanced 
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proinflammatory profile is therefore crucial a for proper implantation and pregnancy 
continuation, while an uncontrolled inflammation framework could impact negatively on 
pregnancy (36, 137-138). To conclude, the major effects of LMWH fin vivo were increased 
levels of the Th1-associated chemokines CXCL10 and CXCL11. These findings lend no 
support to use LMWH in uRPL based on its immunological effects. Further studies are 
needed to explore the hypothesis of using LMWH-associated proinflammatory effects to 
ameliorate the defective implantation process in RPL in the earliest stages of pregnancy. 
 

A chorionic villous sampling model shows that first trimester trophoblasts ex vivo 
maintain their tolerogenic features despite a history of recurrent pregnancy losses 
(paper III) 

In this paper we developed a model where conditioned medium from chorionic villi, mainly 
consisting of syncytio- and cytotrophoblasts, obtained from chorionic villous sampling 
(CVS) was used to study functional effects and protein profiling features.  The same 
functional methods as in paper I were used. CVS from women with a history of RPL were 
compared with CVS from controls, all (also RPL women) experiencing a successful 
pregnancy outcome. We found that conditioned medium from chorionic villi was able to 
induce an M2 like-phenotype, with increased proportions of cells expressing CD14, CD163, 
CD209, and decreased proportions of CD86+ cells, as well as an expansion in 
CD25highFoxp3+ Treg cells. Accordingly, previous findings (25) have demonstrated 
trophoblast cells functions to induce a tolerant and homeostatic environment at the 
maternal side (26-28,30,37,102,116,139-140,147-148). Interestingly, immunological 
properties were preserved in RPL women. Furthermore, the inflammation proteomic profile 
revealed no differences between the RPL and the control group. 
 
Our findings seem to be unexpected, since a trophoblast dysfunction in RPL has been 
reported in previous studies. Potential explanations could be:  
1) the fetal/placental side is not dysfunctional in RPL. 
2) these patients have already gone beyond the 12 weeks of gestation, and therefore they 
succeeded in carrying on the pregnancy beyond the highest incidence period, since 
miscarriages in RPL mostly occur earlier, with peaks at 6 and 8 weeks (140-150). Previous 
studies indeed have shown a dysregulation in trophoblast functions in tissues collected 
before the 12th of gestation. 
3) if no etiological causes can be identified for RPL, the general prognosis of subsequent 
pregnancies for unexplained RPL is good (132, 1), due to an immunological memory 
acquired for each pregnancy (151-152), which could impact future obstetric outcomes.  
 
The strength in using an ex vivo model is to have the possibility to investigate local 
immunological properties in an ongoing pregnancy where pregnancy outcome will be 
known, in contrast to previous studies using materials from terminated pregnancies, in a 
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setting of voluntary termination of pregnancies or in missed abortions when it is not known 
if immunological aberrations occur primary or secondary to the miscarriage. CVS model 
limitations include methods invasiveness, optimal gestational week for the technique 
application when the majority of pregnancy losses have already occurred, strict clinical 
indications and not widely used in clinical practice. Nevertheless, our ex vivo model has 
gained a deeper knowledge in local immune regulation and revealed the secreted protein 
profile of trophoblast cells in successful pregnancies.  
 
Our proteomics data demonstrates that trophoblast immunological functions are preserved 
in the RPL condition.  In accordance with our previous study based on elective abortions, 
several Th2 and Th17-associated cytokines were not detected (25). The pregnancy immune 
paradigm traditionally associates a successful obstetric outcome to a skew towards Th2 
rather than to Th1 immune profile, and to a Treg rather than a Th17 profile, since Th1 and 
probably Th17 are mainly associated with adverse outcome, due to fetal-maternal immune 
tolerance dysruption (28,102,139-140,). However, the traditional concept to define 
pregnancy as a Th2 phenomenon (153) seems not to have a great evidence at least locally, 
since M2 macrophages and Treg cells polarization are determined by mostly a general and 
Treg-associated tolerogenic microenvironment, rather than being driven by Th2 cells.  In 
support of this notion, M2 macrophages induced by IL4 and IL13 acquire a phenotype that 
is sharply different from the decidual phenotype (30). Furthermore, first-trimester decidua 
shows higher proportion of Treg cells rather than Th2 cells (31), and IL-10 reaches higher 
levels at the fetal-maternal interface, compared with IL-4 (154) and IL-13 (25). To support 
this concept, IL-20, which has STAT3-induced proinflammatory, angiogenic and 
proliferative activities, was undetectable in our samples. Interestingly, these activities are 
antagonized by IL10, which is one of the major responsible factors to induce a proper 
tolerant uterine environment (155). Accordingly, IL-10 was detectable in our assays, 
supporting IL-10- induced function in polarizing homeostatic macrophages and Tregs, as 
our previous functional studies have demonstrated (25). Besides IL-10, placental-induced 
macrophages are also polarized by M-CSF, which is primarily produced by trophoblast cells 
(25) and accordingly was shown to be detectable in our proteomic panel. Furthermore, Treg 
polarization is driven by synergic actions of IL-10, TGF-beta and TRAIL (123-124), all 
produced by trophoblast cells (25) and confirmed in our present proteomic panel. Also 
leukemia inhibitory factor (LIF), involved in Treg cells induction of (156-157), was present 
in our proteomic signature profile. 
CCL2 was among the most secreted chemokines detected in our study and is known to be 
highly produced by decidual macrophages (30) as well as by trophoblasts (25). CCL2 seems 
to have relevant functions, since it is involved in M2-associated fetal-maternal tolerance, by 
reducing proinflammatory cytokines macrophage production (115, 30). Nevertheless, 
CXCL1 (induced by IL-17) and CCL20 (responsible for Th17 cells recruitment) (107-109, 113, 
158,), as well as Th1-associated proteins, including IFN-γ  and CXCL9-11, which are 
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involved in NK-cells recruitment (118) and in turn regulate trophoblast invasion (47), were 
detected in the CVS-CM profile. These findings emphasize that a controlled inflammation 
takes part in the fetal-maternal regulatory process. Furthermore, information from our 
proteomic panel provides a library for further functional studies of fetal-maternal immune 
tolerance in physiological and pathological pregnancies. 
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Conclusions  
 
1. LMWH induces in vitro a mainly pro-inflammatory profile on macrophages and T cells, 
i.e. two central tolerance-promoting cells at the maternal-fetal interface (paper I). 
 
2. These findings are supported in vivo, where LMWH treatment during pregnancy was 
associated with increased levels of chemokines CXCL10 and CXCL11 indicating a potential 
Th1-biased proinflammatory effect of LMWH treatment (paper II).  
 
3. The observed Th1 and pro-inflammatory actions of LMWH in vitro (paper I) and in vivo 
(paper II), together with previously reported anti-apoptotic and invasion-promoting 
LMWH effects on trophoblasts, could suggest the possibility of using LMWH at an earlier 
gestational age in women with RPL, where the anticoagulant effect is not the primary goal 
of treatment, to favour a proper implantation process, which is defective in RPL condition. 
 
4. Surplus material from chorionic villous sampling can be used in an ex vivo model to 
assess placental functional effects during pregnancy (paper III)  
 
5. Placental immune modulatory effects on macrophages and T cells, as assessed ex vivo by 
chorionic villous sampling, maintain tolerogenic and proteomic profile features in 
successful pregnancies, despite a history of uRPL (paper III). 
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Future directions 
 
RPL is a very debated condition, in which many issues concerning definition, etiological 
factors to investigate or therapies to apply are still controversial. In this line, biomedical 
engineering and artificial intelligence (AI) could help the clinicians to reach an objectiveness 
in RPL access to care. This new approach is the further perspective we would like to 
investigate, since controversial RPL data strengthen the need to combine the information 
given from new immunological to already known risk prediction factors to better stratify 
patients. 
 
AI approach could provide a Support Decision System tool to stratify RPL patients and 
address them to the proper clinical management and in turn to a personalized treatment, 
since RPL seems to be a very heterogeneous condition, which needs to be further stratified. 
Furthermore, although there are several known causes for RPL, 40-50% of the cases remains 
still unexplained, and the clinical approach to this subgroup of patients is debated. AI could 
lead the clinicians to reach a more appropriate identification of the risk for each single 
patient, with particular regard to this this subgroup of patients, uRPL, where the prognosis 
cannot actually be predicted by the “classical RPL risk factors”.  
 
The objective of classifying patients into risk classes and objective targeting them in 
therapeutic pathways according to their specific clinical features, can be the first step of 
utilizing AI. The next step would be to reduce the number of clinical investigations and 
exams needed for defining a specific subgroup of patients and therefore for the prediction 
of RPL the risk class. This could be also achieved by verifying through AI application, those 
clinical features that weight more in correctly discriminating against one risk class from 
another. Furthermore, by an AI algorithm application, it would be predictable each change 
in the risk patient class, according to the different therapeutic approaches applied.  
 
In addition to using AI for presently tested clinical and laboratory biomarkers and 
parameters, it would be of value to use new high-resolution techniques to better understand 
molecular mechanisms, and to stratify patients into subgroups based on mechanisms. For 
example, the PEA technology, used in paper III, could be of value for a detailed protein 
profiling of plasma, which could be relevant for identifying different mechanisms or 
prognostic factors in women with uRPL. Also, micro-RNA (miRNA) hold promise as 
circulating biomarkers of pregnancy pathologies (159), which is of particular interest since 
they, as well as proteins, are contained in micro vesicles that emanate from placenta, and 
therefore should reflect local aberrations (160). 
 
A very important aspect of RPL is to continue the international work to harmonize 
guidelines and to standardize design of studies and immunological evaluation (1). Indeed 
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it is also important to complete well-designed studies in order to obtain evidence to support 
or avoid different treatment options. One very interesting aspect is the seemingly high 
efficacy of “tender, love and care” in RPL, since most RCT show that the placebo-treated (or 
un-treated) group typically has the same very good outcome as the treated group, as evident 
in paper II.   
 
Furthermore, as stated previously, both paper I and paper II suggest that LMWH treatment 
increases inflammation, and speculatively, this property could be of benefit when given 
before and during the early implantation. Although this is an interesting possibility, it 
would be a big effort to make a proper study, and before doing that further evidence should 
be gathered. 
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