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Abstract
 
background  The conceptus represents a foreign body to 
the maternal immune system. This ‘natural’ allograft is usually 
not rejected. In analogy with solid organ transplantation, we 
hypothesized that antibody-mediated rejection, characterized by 
activation of the classical complement system, could play a role 
in women with unexplained recurrent miscarriage. We therefore 
investigated the presence of placental c4d deposition, a marker 
for classical complement activation, as well as the presence of anti-
hla class I and II antibodies in women with recurrent miscarriage 
compared to control subjects.

methodology and principle findings  We studied 
placental c4d deposition in 38 women with unexplained recurrent 
miscarriage (cases), a first control group of 22 women who 
experienced one spontaneous miscarriage but subsequently had 
live births and a second control group of 67 women who underwent 
elective termination of pregnancy. c4d depositions were found at 
the maternal side of the syncytiotrophoblast and a diffuse staining 
pattern was strongly associated with recurrent miscarriage (p=0,004) 
when compared tot control subjects. Presence of anti-hla class I and 
II antibodies was determined in 28 out of 38 women in the recurrent 
miscarriage-group, of whom 11 (39%) had a positive titer for anti-
hla class I or II antibodies. Of those, 9 of 11(82%) had focal or diffuse 
placental c4d depositions, whereas in the 17 patients without anti-
hla antibodies diffuse placental c4d was present in only 4 patients 
(23%) (p=0,003).

conclusions  Placental c4d is present significantly more often in 
patients with unexplained recurrent miscarriage compared to control 
subjects. c4d deposition is found at the fetal-maternal interface, and 
may be interpreted as a footprint of antibody mediated trophoblast 
injury. We identified 9 out of 39 patients with unexplained recurrent 
miscarriage who had both placental c4d deposits and positive titers 
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for anti-hla antibodies. This combination strongly suggests an 
antibody-mediated immune response, and might embody a new 
pathophysiologic mechanism responsible for recurrent miscarriages. 

Introduction
 

About 1-3% of all couples will be confronted with recurrent miscar
riage, which is defined as >3 consecutive miscarriages within 20  
weeks of gestation.1 In any recognized pregnancy there is a chance  
of miscarriage of about 10-15%. The large majority of these spora- 
dic miscarriages are caused by fetal chromosomal aneuploidies.2  
In recurrent miscarriage, maternally derived underlying causes  
can be identified in a substantial proportion of women. Examples of 
such causes are uterine anomalies, endocrine disorders, autoimmune 
disorders such as sle or antiphospholipid syndrome, thrombophilia 
or balanced translocations in the maternal (and/or paternal) dna. 
However, in more than 50% of woman suffering from recurrent 
miscarriage, no causal factor can be identified.1 This burden of 
continuous uncertainty has major impact on the lives of women  
and their partners. For clinicians, the lack of both etiological 
insight and evidence based therapeutic interventions makes the 
management of these patients complex and sometimes frustrating.

In analogy with solid organ transplantation it has been 
hypothesized that recurrent miscarriage of unknown etiology is 
a form of maternal anti-fetal allograft rejection. In the transplant 
world, allo-antibody mediated rejection (humoral rejection) has 
gained much attention since the discovery of the biomarker c4d 
in the early nineties.3;4 c4d is a tissue-biomarker for classical 
complement activation, a powerful component of human innate 
immunity that plays an essential role in inducing tissue injury  
in many allo- and autoimmune settings. When antibodies (allo-  
or autoantibodies) bind or deposit, the classical complement path
way is activated via a cascade of enzymatic reactions. The formation 
of potent anaphylactoxins c5a and c3a and the formation of the 
membrane attack complex are the main results of this process.  

c4d is a non-functional split product of classical complement 
activation that covalently attaches to cells and tissues. While 
antibodies dissociate over time, c4d stays anchored to the tissue, 
thereby acting as a footprint of recent antibody mediated tissue 
injury. Nowadays c4d is routinely used by transplantation 
pathologists all over the world.5

We have recently demonstrated that c4d is abundantly present 
in placentas of women with autoimmune mediated pregnancy 
losses caused by sle and antiphospholipid syndrome.6 Placental 
c4d was found at the fetal-maternal interface, and was strongly 
associated with intrauterine fetal death and severe forms of 
preeclampsia.7-10 The concept of excessive complement activation 
as an important mediator of maternal anti-fetal immunity has 
shown to be relevant in settings other than autoimmune disease 
too. Lee et al recently published that c4d in fetal cord endothelium 
was associated with circulating maternal anti-hla I antibodies in 
a setting of spontaneous preterm birth.11 Furthermore, a recent 
cohort study of patients with severe preeclampsia demonstrated 
that 19% of women had mutations in complement regulatory genes. 
It was shown that such mutations are responsible for inadequate 
inhibition of complement activation at the fetal-maternal interface, 
serving as a basis for impaired trophoblast functioning and placental 
development. 

In recurrent miscarriage of unknown etiology both auto- and al-
loantibodies could theoretically be involved. Auto-antibodies could 
for instance be antiphospholipid-like antibodies that are not picked 
up by current assays but have a similar effect on trophoblast cells. 
Allo-antibodies could be anti-hla antibodies directed against fetal 
inherited paternal hla antigens. We hypothesized that if an ongo- 
ing antibody-mediated process is responsible for miscarriage, c4d 
should be present at the fetal-maternal interface. We therefore aimed 
to investigate the presence of c4d deposition on trophoblast tissue  
of patients with unexplained recurrent miscarriage compared to con-
trol subjects. To further unravel the disease mechanism, we related 
placental c4d with the presence of circulating anti-hlaantibodies in 
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a subgroup of women, with the hypothesis that antibody-mediated 
rejection of the fetal allograft may indeed be responsible for a propor-
tion of women with unexplained recurrent miscarriage.

Material and methods
ethics statement  All tissue and serum samples were handled 
in a coded and anonymized fashion, according to the Dutch National 
Ethical guidelines (Code for Proper Secondary Use of Human Tissue, 
Dutch Federation of Medical Scientific Societies). This national 
guideline or code makes it possible to perform research with human 
material that came available within the framework of patient care. 
Subsequently, this human material can be used for research purposes 
when properly coded and anonymized. 

patients  We studied products of conception of 127 women, who 
were divided into three groups: A case-group of 38 patients with 
recurrent miscarriage of unknown etiology, a first control group of 22 
healthy women with one spontaneous miscarriage who subsequently 
had normal pregnancies and live births, and a second control group 
of 67 women who underwent an elective termination of pregnancy 
due to medical reasons (i.e. fetal chromosomal anomalies) or social 
reasons. 

The case-group consisted of 38 women diagnosed with recurrent 
miscarriage of unknown etiology, who were selected from a popu
lation of women enrolled in a clinical trial performed at the Leiden 
University Medical Center (Habenox trial, trial register number 
nvt0095962).12 The Habenox trial investigated the effect of anticoag-
ulant treatment on pregnancy outcome in women with unexplained 
recurrent miscarriage or thrombophilia. Recurrent miscarriage was 
defined as three or more consecutive first trimester miscarriages 
(<13 weeks), two or more second trimester miscarriages (13-24 weeks) 
or one third trimester miscarriage combined with at least one first 
trimester miscarriage. Patients with thrombophilia, defined as  
factor v Leiden mutation, prothrombin gene mutation, protein c  

or s deficiency, high factor viii or presence of antiphospholipid anti-
bodies were excluded for the current study. Other exclusion criteria 
were history of thromboembolism or bleeding disorders, allergy 
to aspirin or enoxaparin, uterine anomalies, cervical insufficiency, 
untreated thyroid disease, poorly treated diabetes mellitus, parental 
chromosomal abnormalities and pregnancies achieved by assisted 
reproductive techniques. We included all women of whom tissue 
samples of miscarriages were available in the archives of the pathol-
ogy department of the Leiden University Medical Center, Leiden, the 
Netherlands. 

For a first control group (sporadic miscarriage group) we included 
22 tissue samples of miscarriages from women who experienced one  
spontaneous miscarriage, but subsequently had live births and un-
eventful pregnancies. None of the patients had a history of preeclamp-
sia or Hemolysis Elevated Liver enzymes and Low Platelets (hellp) 
syndrome, or any of the other exclusion criteria used in the case group. 

For a second control group (elective termination of pregnancy 
group) we included 67 tissue samples of elective terminations of 
pregnancy, of which 21 terminations were performed for medical 
reasons (i.e. fetal chromosomal anomalies) and 46 for social reasons. 
Of 13 cases in this group we received tissue samples from an abortion 
clinic, therefore, of these patients we have no clinical information 
other than the gestational age of the pregnancy. 

An overview of the clinical characteristics of all patients, derived 
from the case-record files, is given in table 1.

tissue samples of miscarriages and elective termina-
tions of pregnancy  Products of conception were fixed in 4% 
buffered formalin and embedded in paraffin. Paraffin sections were 
routinely stained with he. To study classical complement activation, 
immunohistochemical staining was performed for c4d (BI-Rc4d, 
Biomedica Gruppe, Austria). Optimal antibody dilutions and incuba-
tion times for the different antibodies were pre-determined by means 
of titration on positive control sections. Endogenous peroxidase 
activity was blocked. Antigen retrieval was performed with 10 mM 
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citrate buffer (pH 6.0). A polyclonal rabbit anti-human c4d antibody 
(Biomedica Gruppe, Austria), was applied at a dilution of 1:80 in 1% 
bsa/pbs, and slides were incubated for one hour at room tempera-
ture. The slides were then incubated with a secondary antibody (anti-
rabbit EnVision, K5007, Dako Cytomation, Denmark) for 30 minutes. 
Staining was visualized with diaminobenzidine (Dako Cytomation, 
Denmark) and counterstained with Haematoxylin. 

quantification of morphology and immunohisto
pathology  Sections were evaluated by two experienced observers 
(imb and dc) who scored the slides blinded to the patients’ clinical 
data. Differences in scorings were resolved by re-reviewing the sec-
tions and coming to consensus. Positivity for c4d was scored semi-
quantitatively. Staining intensity around syncytiotrophoblast was 
scored as 0, 1, or 2, with 0 representing the total absence of staining,  
1 representing focal positive staining, and 2 representing diffuse 
staining of all syncytiotrophoblast cell- and basement membranes. 
Typical examples of staining patterns are given in figure 1.

serology: anti-hla antibodies and antibody specific-
ity  Serum samples from 28 patients from the recurrent miscarriage 
group were available for analysis. The samples were procured from 
−80◦C storage and a Lambda Antigen Tray class i & ii elisa (One 
Lambda, Canoga Park, ca) was carried out to detect the presence  
of hla class I and class II IgG antibodies. The elisa was conducted 
according to protocol with OD readouts at 630 nm. 

statistical analysis  Categorical variables were compared using 
the Chi-square test and its trend version (linear-by-linear analysis). 
Differences in quantitative parameters between groups were assessed 
using one-way anova (for data normally distributed) or the non-
parametric Kruskall Wallis-test (for non-normally distributed data). 
All analyses were performed using spss statistical software package 
(version 16.0; Chicago, il). A p-value less than 0,05 was considered 
statistically significant.

Results
clinical characteristics of cases and control 
subjects  Table 1 shows the clincial characteristics of the study 
population. Differences between women with unexplained recurrent 
miscarriages and control subjects were observed in maternal age 
and gravidity (both p<0.05). Women from the recurrent miscarriage 
group were treated with anticoagulant therapy during pregnancy in 
25 out of 38 cases (67%). The medication used was a prophylactic dose 
of low molecular weight heparin (lmwh) in 15 cases (40%), aspirin 
in 10 cases (27%) or a combination of both in 6 cases (16%). None of 
the women with sporadic miscarriage used any medication during 
pregnancy. In the elective termination of pregnancy-group this 
information was not available. 

immunohistochemical c4d staining in cases versus 
control subjects  Immunohistochemistry was performed on 
trophoblast tissue from miscarriage material from the three study-
groups. When c4d was present on trophoblast tissue, positivity was 
detected at the fetal-maternal interface, on the maternal side of the 
syncytiotrophoblast, either in a focal or a diffuse staining pattern. 
Typical examples of c4d staining patterns are shown in figure 1a-c. 

The presence of placental c4d and its distribution in either a focal 
or diffuse pattern differed significantly among the three groups in 
a chi-square linear by linear association analysis (p<0.004). A diffuse 
c4d staining pattern in the placenta was present in 10 of 38 of women 
with unexplained recurrent miscarriage (26%), compared to 3 out of 
22 in the sporadic miscarriage group (13%) and 7 out of 67 in elective 
abortions (10,4%)(p<0,004). Detailed information on c4d staining in 
cases versus control subjects is given in table 2. 

anti-hla antibodies and their relation with c4d   
Table 3 shows the relationship between anti-hla seropositivity 
and presence of c4d in placental tissue. In total, serum samples of 
28 women with unexplained recurrent miscarriage were analysed. 
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Seropositivity for anti-hla class I or II IgG antibodies was detected  
in 11 cases. Of those, 9 women (82%) also had placental c4d deposits  
in a focal or diffuse pattern. In 17 women without detectable anti-
hla antibodies, only 4 (23%) had focal or diffuse placental c4d 
staining (P=0,004). 

Conclusion and discussion
 
Recurrent miscarriage is a devastating complication of pregnancy, 
affecting a large population of women worldwide. Many disease 
mechanisms for this multifactorial disorder have been identified,  
but in 50% of couples no underlying cause can be found.1 For many 
years it has been questioned whether the fetus can indeed be 
interpreted as an ‘allograft’ and thus, miscarriage as ‘rejection’.1;13  
In this study we demonstrate that antibody-mediated rejection of  
the fetal allograft may indeed be present in a subgroup of women 
with so far unexplained recurrent miscarriages. 

c4d, a biomarker of classical complement activation and  
a footprint of antibody-mediated injury, was present in areas 
of active fetal-maternal exchange at the maternal side of the 
syncytiotrophoblast. Placental c4d in a diffuse staining pattern 
was present significantly more often in women with unexplained 
recurrent miscarriages compared to two control groups. Moreover, 
presence of c4d was associated to the presence of anti-hla class i or 
ii antibodies in the recurrent miscarriage group. Taken together, our 
data support the concept of an antibody-mediated immune response 
at the fetal-maternal interface, leading to miscarriage in a certain 
subgroup of patients with so far unexplained recurrent miscarriages. 

Antibody deposition is present in the placenta under physiological 
conditions but because the placenta is strongly protected from 
spontaneous complement activation by regulatory mechanism 
such as Decay Accelerating Factor (daf), Membrane Cofactor 
Protein (mcp) and cd59, this usually does not lead to extensive 
tissue damage.14-16 Therefore, excessive complement deposition 
as we observed in certain women with recurrent miscarriage can 

be interpreted as a sign of local dysregulation of the placental 
complement system. In other words, there must be either ‘excessive 
complement activation’, or ‘inadequate complement regulation’. 

Too much complement activation may be caused by excessive 
antibody deposition.6;17 Antiphospholipid antibodies are likely 
candidates, as they are associated with placental complement acti
vation and impaired pregnancy outcome.6 However, all women in  
our recurrent miscarriage population were tested for anticardiolipin 
IgG, IgM and lupus anticoagulant and were excluded from the study 
if any of these antibodies were positive.12 Allo-antibodies could  
also be involved. Recently, Nielsen et al described that anti-hla 
antibodies are related to a reduced live birth rate in women with 
recurrent miscarriage.18 Interestingly, we found anti-hla class i  
and ii antibodies in serum samples of women with unexplained 
recurrent miscarriage, and demonstrated their potential trace at  
the fetal-maternal interface via c4d deposition. These antibodies  
are most likely directed against inherited paternal antigens expres- 
sed on trophoblast cells. Up to 30% of women have circulating anti-
hla antibodies during pregnancy, which usually do not predispose 
to higher risk of adverse pregnancy outcome, miscarriage or pre
eclampsia.19;20 However, from transplantation settings we know 
that only some allo-antibodies cause rejection, depending on their 
antigenicity, their ability to activate complement and their avidity 
for the antigenic target. Furthermore, presence and detection of 
anti-hla antibodies could also be a marker for a broader antibody 
response. This was shown previously in hla identical family 
transplantations, where the presence of anti-hla antibodies  
was a risk factor for worse outcome, although clearly anti-hla anti- 
bodies themselves could not have caused any harm.21 The specific 
allo-antibodies involved in recurrent miscarriage should be subject 
for further studies. 

Apart from excessive activation, inadequate complement regu
lation at the fetal-maternal interface may also play a role. It was 
recently shown in a group of women with sle and antiphospholipid 
syndrome, that up to 19% of patients who develop severe preeclampsia 
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have genetic mutations in genes encoding for complement regula- 
tory proteins that are necessary to prevent damage of host tissue 
due to uncontrolled activation of complement.22 These mutations 
were first described in populations with atypical Hemolytic Uremic 
Syndrome (ahus) where they lead to widespread microthrombotic 
injury. In the study by Salmon et al, patients with these mutations 
developed severe forms of preeclampsia, intrauterine growth restric
tion and even third trimester intrauterine fetal death. They did not 
have signs of microthrombotic injuries in organs other than the 
placenta and did not present as hus cases. It is possible that genetic 
defects in complement regulation may cause recurrent miscarriages. 
The excessive deposition in placental tissue of some of our patients is 
in line with this concept.

At present there is no evidence based treatment for women 
with unexplained recurrent miscarriage. None of the published 
randomized controlled trials investigating the effect of lmwh and 
aspirin in this population could detect a beneficial effect of these 
interventions on live birth rate.12;23;24 In our population a substantial 
proportion of women was using lmwh, aspirin, or a combination of 
both at time of miscarriage. In our study, we could not find a relation 
between use of anticoagulation and presence of c4d, or presence of 
anti-hla antibodies (data not shown). Clearly the current group is 
too small to draw definite conclusions.

Recurrent miscarriage, as is demonstrated by this study, is not a 
condition with a single cause. Progress in understanding the many 
different mechanisms that may lead to recurrent miscarriage is 
urgently needed. This is not a condition with a single cause, and the 
trials described above illustrate that searching for a single treatment 
for all patients is likely futile. Unraveling possible pathofysiological 
mechanisms for recurrent miscarriage in order to define patient 
tailored treatment strategies is essential. Our findings possibly 
identify a subgroup of patients in which complement activation plays 
an important role. This is especially interesting in the light of animal 
studies by Girardi et al, showing that heparin is beneficial in patients 
with antiphospholipid antibodies because it inhibits complement 

activation, and not because of its effects on the coagulation cascade.25 
Patients with recurrent miscarriage and evidence for excessive 
complement activation at the fetal-maternal interface could be the 
’positive responders’ to treatment with heparin or lmwh. Whether 
a positive c4d stain in placental tissue of a patient with multiple 
miscarriages may guide treatment is an interesting subject for 
further investigations.
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table 1	 patient characteristics 

  recurrent 
miscarriage 
(cases) (n=38) 

sporadic 
miscarriage 
(controls) (n=22)

elective  
abortion 
(controls) (n=67)

Mean maternal age in years (sd) 33,5 (5,4) 31,9 (6,7) 28,6 (7,7)

Mean gravidity (sd) 4,2 (2,1) 2,1 (1,0) na

Mean parity (sd) 0,8 (0,8) 1 (1,1) na

Previous miscarriage or fetal loss (%) 100 0 na

Gestational age at miscarriage or  
abortion (wks) (sd in wks)

10,7 (3,8) 10,5 (2,0) 9,149 (3,1)

> 4 miscarriages n(%) 26 (68) 0 na

Heparin therapy during pregnancy n(%) 15 (40) 0 na

Aspirin during pregnancy n(%) 10 (27) 0 na

Aspirin and heparin during pregnancy n(%) 6 (16) 0 na

na = No information available 

 
table 2	 recurrent miscarriage and c4d staining 
 
  no c4d 

deposition
focal c4d 
deposition

diffuse c4d 
deposition

total

Recurrent miscarriage n(%) 16 (42,1) 12 (31,6) 10 (26,3) 38

Spontaneous miscarriage n(%) 7 (31,8) 12 (54,6) 3 (13,6) 22

Abortion on request n(%) 45 (67,2) 15 (22,4) 7 (10,4) 67

P < 0,004 (Chi squared linear by linear analysis) 

table 3	 c4d and anti-hla antibodies in 28 patients with 	
	 unexplained recurrent miscarriage

  negative 
anti-hla  
class i or ii

positive 
anti-hla  
class i or ii

No or focal c4d deposition 13 2

Diffuse c4d deposition 4 9

17 11

P = 0,004

fig 1	 examples of immunohistochemical staining 		
	 patterns of placental c4d

a. Diffuse c4d staining on trophoblast tissue derived from miscarriage material. c4d 
stains red and is positive at the fetal-maternal interface. Every fetal villus is fully covered 
with c4d deposits. No staining is visible within fetal villi, suggesting a maternal origin 
of complement activation.  
b. Focal c4d staining. Between 10% and 50% of fetal villi show signs of c4d deposition. 
Some parts of the trophoblast layer stain positive, but other parts remain negative.  
c. Negative c4d staining. 

a

c

b
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