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Summary

Spontaneous abortion in early pregnancy due to unknown reasons is a
common problem. The excess complement activation and consequent pla-
cental inflammation and anti-angiogenic milieu is emerging as an important
associated factor in many pregnancy-related complications. In the present
study we sought to examine the expression of complement inhibitory pro-
teins at the feto–maternal interface and levels of complement split products
in the circulation to understand their role in spontaneous abortion. Consent-
ing pregnant women who either underwent elective abortion due to non-
clinical reasons (n = 13) or suffered miscarriage (n = 14) were recruited for
the study. Systemic levels of complement factors C3a and C5a were measured
by enzyme-linked immunosorbent assay (ELISA). Plasma C5 and C3 protein
levels were examined by Western blot. Expressions of complement regulatory
proteins such as CD46 and CD55 in the decidua were investigated by quanti-
tative polymerase chain reaction (PCR) and Western blot. The median of
plasma C3a level was 82·83 ng/ml and 66·17 ng/ml in elective and spontane-
ous abortion patients, respectively. Medians of plasma C5a levels in elective
and spontaneous abortion patients were 0·96 ng/ml and 1·14 ng/ml, respec-
tively. Only plasma C5a levels but not C3a levels showed significant elevation
in spontaneous abortion patients compared to elective abortion patients.
Further, there was a threefold decrease in the mRNA expressions of comple-
ment inhibitory proteins CD46 and CD55 in the decidua obtained from
spontaneous abortion patients compared to that of elective abortion
patients. These data suggested that dysregulated complement cascade may be
associated with spontaneous abortion.
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Introduction

Spontaneous abortion is a common problem in early preg-
nancy. Approximately 15% of clinically recognized first-
trimester pregnancies undergo miscarriage [1,2]. The loss of
subclinical pregnancy is even higher, and is reported to be
approximately 60% based on measurement of human cho-
rionic gonadotrophin levels [3]. Commonly known causes
of spontaneous abortion are chromosomal abnormalities in
the fetus, congenital or acquired abnormalities in the
uterus, the presence of thyroid and anti-phospholipid anti-
bodies and maternal infections [4–10]. However, the under-
lying cause for miscarriage in many spontaneous abortion
cases is not known.

Dysregulated or over-activated complement system is
emerging as an associated factor in many pregnancy com-
plications. The complement system, an important arm of
the innate immunity, is a cascade containing more than 30
proteins and is involved in protection against invading
pathogens. The complement cascade, when activated by
classical, mannose-binding lectin (MBL) and alternative
pathways, deposits several split products on the cell mem-
brane, ultimately creating a cytotoxic cell lysis complex. The
complement split products also include free circulating
anaphylotoxins such as C3a and C5a, which can initiate
inflammation and tissue injury [11]. The complement
cascade is controlled by several soluble and membrane-
bound factors such as factor I, CD55, CD46 and CD59.
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The association of uncontrolled complement with fetal
death has been demonstrated in experimental animals. The
murine complement cascade inhibitor protein Crry defi-
ciency in mice is known to cause fetal demise. Fetal death in
Crry knock-out mice was found to be due to the comple-
ment deposition and consequent placental inflammation
[12]. In an antibody-independent mouse model of sponta-
neous abortion and intrauterine growth restriction (IUGR),
Girardi et al. showed that significant local complement acti-
vation occurs at the feto–maternal interface and comple-
ment split product C5a induces the production of potent
anti-angiogenic factor, soluble vascular endothelial growth
factor (VEGF) receptor 1 (sFlt-1) [13]. Hypocomple-
mentaemia has been shown recently to be predictive of
poor pregnancy outcomes in pregnancies with anti-
phospholipid syndrome [14]. Human and experimental
animal studies have implicated the association of comple-
ment system with pre-eclampsia, which is a serious compli-
cation related to pregnancy. In a prospective study of
pregnant women, Lynch et al. reported that elevated alter-
native pathway component Bb was associated strongly with
pre-eclampsia and preterm birth [15,16]. Mutations of
complement regulatory proteins such as membrane
co-factor protein (MCP or CD46), complement factor I
(CFI) and complement factor H (CFH) have been shown
to be associated with autoimmune as well as non-
autoimmune-mediated pre-eclampsia [17]. In an anti-
phospholipid antibody (aPL) mouse model and in aPL and
systemic lupus erythematosus patients, Cohen et al. demon-
strated that various clinical parameters of placental injury
were associated with complement activation [18]. In this
study we analysed the plasma complement factors C3, C5,
C3a, C5a and the expression of membrane-bound comple-
ment regulatory proteins in placental decidua of a small
cohort of pregnant women that included patients who
either underwent elective abortion for non-clinical reasons
or suffered miscarriage. We show that the plasma C5a levels
were elevated and decidual CD46 and CD55 mRNA levels
were reduced in spontaneous miscarriage patients com-
pared to elective abortion patients.

Materials and methods

Patient population

This study was approved by the Institutional Review Board
at the University of Texas Medical Branch at Galveston.
Abortion tissues (5–14 weeks) and blood were obtained
from consenting elective abortion patients at Planned Par-
enthood Houston and spontaneous abortion patients at
The University of Texas Medical Branch at Galveston clinics
in Galveston. Spontaneous abortion tissues were collected
from patients diagnosed for fetal death by ultrasound at the
time when the patient arrived at the hospital. Blood was
collected before conducting the elective abortion and at the

time when the patient arrived at the hospital in cases of
spontaneous abortion. Plasma was separated with
ethylenediamine tetraacetic acid (EDTA) and stored at
−80°C until used for immunoassay or Western blot. Placen-
tal tissues were dissected carefully to exclude any membrane
contamination, flash-frozen and stored at −80°C until used
for RNA and protein isolation. Gestational ages were calcu-
lated from the date of the last menstrual period with either
ultrasound or clinical confirmation. Miscarriage patients
with any kind of maternal infection, recurrent miscarriage,
chromosomal abnormalities in the fetus, or any kind of
physical insult to the uterus, were excluded from the study.
Blood was collected from 14 (11 of gestational week < 10
and three of ≥ 10) elective abortion patients and 13 (10 of
gestational week < 10 and three of ≥ 10) miscarriage
patients. Placental tissues were collected from 13 (seven of
gestational week < 10 and six of ≥ 10) elective abortion
patients and eight (seven of gestational week <10 and one
of = 10) spontaneous abortion patients.

Plasma C3a and C5a measurement

Plasma C3a and C5a concentrations were measured using
enzyme-linked immunosorbent assay (ELISA) kits
(HK354-01 and HK349-01, respectively) purchased from
Hycult Biotech (Plymouth Meeting, PA, USA), according to
the instructions provided by the manufacturer.

Isolation of total RNA and quantitative real-time
polymerase chain reaction (PCR)

Total RNA was isolated from the tissues using the RNeasy
mini kit (Qiagen, Valencia, CA, USA), according to the pro-
cedure recommended by the manufacturer. RNA extraction
was followed by DNase I (Qiagen) treatment to remove
DNA contamination. Total RNA of 1 μg was reverse-
transcribed into complementary DNA using avian
myeloblastosis virus reverse transcriptase (Promega,
Madison, WI, USA) and random oligonucleotide hexamers
(Life Technologies, Grand Island, NY, USA). Quantitative
real-time PCR was carried out using CFX96 system and
SYBR green master mix (BioRad, Hercules, CA, USA). A
comparative cycle of threshold fluorescence (CT) method
was used with housekeeping gene as internal control to
quantify the target gene expression.

Western blotting

The tissues were homogenized in radioimmunoprecipi-
tation assay (RIPA) buffer (Cell Signaling Technology,
Danvers, MA, USA) with protease inhibitor tablets (one tab-
let/10 ml) (Roche Life Sciences, Indianapolis, IN, USA).
Protein concentrations in the homogenates and in plasma
were determined by Pierce bicinchoninic acid assay (BCA)
protein assay kit (ThermoScientific, Rockford, IL, USA)
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against bovine serim albumin (BSA) standards. Equal
amounts of proteins were separated by polyacrylamide gel
electrophoresis using NuPAGE 4–12% Bis-Tris mini gels (Life
Technologies) with 3-(N-morpholino)propanesulphonic
acid sodium dodecyl sulphide (MOPS SDS) as running
buffer at 200 V for 50 min. After electrophoresis, proteins
were electrotransferred to polyvinylidene difluoride (PVDF)
membranes. Membranes were blocked with TBST (20 mM
Tris, 500 mM sodium chloride, 1% Tween 20, pH 7·5) con-
taining 5% fat-free milk for 1 h at room temperature.
Blocked membranes were incubated with primary antibodies
for C3c (abcam, Cambridge, MA, USA) or C5 (abcam) or
CD46 (abcam) or CD55 (clone IH4) at 4°C. After washing,
the membranes were incubated overnight at 4°C with horse-
radish peroxidase (HRP) conjugated anti-rabbit secondary
antibody (Southern Biotech, Birmingham, AL, USA). The
bound antibody was visualized on a blue sensitive
autoradiography film using supersignal west pico
chemiluminiscence substrate (ThermoScientific) according
to the instructions provided by the manufacturer. The films
were scanned and the protein band densitometric analysis
was performed using the AlphaEase Flurochem 8000 soft-
ware (Alpha Innotech, Santa Clara, CA, USA).

Statistical analysis

The data were analysed statistically with Prism version 6·00
for Windows (GraphPad Software, San Diego, CA, USA).
The within-group significance was analysed by Student’s
t-test and non-parametric Mann–Whitney test. P < 0·05 was
considered statistically significant.

Results

Spontaneous abortion patients have elevated plasma
C5a levels and reduced plasma C5 protein levels

The plasma C3a levels ranged from 62·8 to 97·8 ng/ml in the
patients who underwent elective abortion (n = 14) with a
median value of 82·83 ng/ml. In spontaneous abortion
patients (n = 13) plasma C3a levels were in the range of 44·5–
131·16 ng/ml, with a median value of 66·17 ng/ml. Although
the median of plasma C3a levels showed a tendency to
decrease in spontaneous abortion patients compared to that
of elective abortion patients, the difference was not statisti-
cally significant (Fig. 1). Plasma C5a levels in elective and
spontaneous abortion patients ranged from 0·58 to 1·4 ng/ml
and 0·86 to 2·14 ng/ml, respectively. The median of plasma
C5a levels in elective abortion patients was 0·96 ng/ml. The
median plasma C5a levels in spontaneous abortion patients
was 1·14 ng/ml, which was significantly higher compared to
that of elective abortion patients (Fig. 2). We also examined
the C3 and C5 protein levels in the plasma by Western blot
(Fig. 3a,b, upper panels). Consistent with C3a levels, plasma
C3 levels showed a trend of increase in spontaneous abortion
patients, but the densitometry analysis of Western blot did
not show statistically significant differences in C3 protein
between spontaneous and elective abortion patients (Fig. 3a,
lower panel). The plasma C5 protein levels in the spontane-
ous miscarriage patients were reduced compared to that of
elective abortion patients, but the difference in the median of
densities of protein bands was not statistically significant
(Fig. 3b, lower panel). Overall, these results suggested that
spontaneous abortion patients had elevated levels of circulat-
ing C5a compared to elective abortion patients.
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mRNA expression of complement regulatory proteins
CD46 and CD55 was reduced in the decidua from
spontaneous abortions

Self-cells are protected from autologous complement attack
by membrane expressed complement inhibitory proteins

such as CD55 or decay accelerating factor (DAF), CD46 and
CD59. CD46 is a co-factor for factor I, which cleaves the
C3b into inactive iC3b. The elevated levels of C5a and a cor-
responding trend in the levels of C5 protein in spontaneous
abortion patients led us to hypothesize that CD46 expres-
sion at the feto–maternal interface was deficient in those
patients, and therefore inefficient inactivation of C3b
resulted in the accumulation of C3b. Accumulation of C3b
generated excess C5 convertase, which cleaved additional C5
proteins to produce elevated levels of C5a. Therefore, we
sought to examine the expression of CD46 at the feto–
maternal interface to assess whether deficiency of CD46 was
contributing to the elevated levels of plasma C5a observed
in spontaneous abortion patients. The expression of CD46
mRNA was reduced significantly in the placental decidua
collected from women who suffered spontaneous abortion
compared to that collected from women who underwent
elective abortion (Fig. 4a). Similarly, the expression of
CD55, which inhibits the formation of C3 convertase, was
also reduced in the decidua from spontaneous abortion
patients compared to that of elective abortion patients
(Fig. 4b). However, we did not observe any significant dif-
ference in the expression of terminal membrane attack
complex inhibitor CD59 in the decidua from these patients
(Fig. 4c). These data suggested that the deficiency of CD46
could be contributing to the elevated levels of plasma C5a
in spontaneous abortion patients.

In order to examine whether protein levels follow the
transcript levels of CD46 and CD55 in these placentas, we
assessed these protein levels by Western blot. The CD46
protein levels showed a trend of reduced expression in
spontaneous abortion placentas compared to elective abor-
tion placentas (Fig. 4d). However, the difference in the
median values of CD46 band densities between the two
groups was not significant (Fig. 4e). The CD55 protein
levels were similar in the placentas from spontaneous and
elective abortion patients (Fig. 4f,g).

Discussion

The plasma C5a levels in spontaneous abortion patients
were significantly higher compared to elective abortion
patients, but C3a levels were not significantly different
between the two groups. The plasma levels of C3 and C5
proteins showed a corresponding trend with the C3a and
C5a levels, respectively. The data obtained in the present
study were consistent with previous animal studies. In a
murine model of spontaneous abortion CBA X DBA/2,
factor B, C3a and C5a have been shown to be required for
triggering the abortion. Although complement activation at
the C3 level was needed for triggering the abortion in that
murine model, the C5a and C5aR interaction was extremely
critical for the abortion [13]. Interestingly, when
lipopolysaccharide (LPS) was used to boost the abortion in

A
rb

itr
ar

y 
un

its

Elective Spontaneous

C3

(a)

(b)

C5

100 000

200 000

300 000

0
Elective Spontaneous

A
rb

itr
ar

y 
un

its

100 000

200 000

300 000

400 000

0
Elective Spontaneous

Elective Spontaneous

Fig. 3. Representative Western blots for plasma C3 and C5 levels in

elective and spontaneous abortion patients. Plasma C3 levels were

higher in spontaneous abortion cases (a, upper panel), but the

difference in median of densities of protein bands was not statistically

different (a, lower panel) (P = 0·58). Plasma C5 levels were lower

compared to the elective abortion patients (b, upper panel), but the

difference in median of densities of protein bands was not statistically

significant (P = 0·15).

M. Banadakoppa et al.

746 © 2014 British Society for Immunology, Clinical and Experimental Immunology, 177: 743–749



CBA X DBA/2 model, C5 but not C3 was essential for the
abortion [19]. Our data were also consistent with human
studies reported in the literature on the C3a and C5a levels.
Richani et al. reported that women with unexplained fetal
death had elevated levels of plasma C5a compared to

normal pregnant women [20]. Further, they also observed
that plasma C3a levels were not different between fetal
death and normal pregnant groups. However, it is not clear
whether the factors at the feto–maternal interface trigger
the excess activation of complement cascade.
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Normal pregnancy is characterized by an increase in the
complement activity, as evidenced by an increase in the
plasma levels of complement split products C3a, C4a and
C5a in pregnant women compared to non-pregnant women.
However, in normal pregnancy, plasma C3a levels correlate
positively with plasma C4a and C5a levels [21]. Therefore, an
imbalanced plasma C5a level in our spontaneous abortion
patient group indicates pathological complement activation
at the level of C5. In addition, Lynch et al. reported a signifi-
cant association between elevated plasma C3a levels and
various pregnancy complications, such as gestational hyper-
tension, preterm delivery and intrauterine growth restriction.
However, the association between pregnancy loss and C3a
levels was not significant in their study, and our data are con-
sistent with that report [22].

The depositions of complement split products have also
been observed in the villi and decidua obtained from
normal term placentas. However, despite the evidence of
complement activation at the feto–maternal interface in
normal pregnancy, extensive tissue injury was not observed
in those placentas [23]. It was presumed that normal
expression of complement regulatory proteins in placenta
prevents devastating complement activation in normal
pregnancy. The excess complement activation in compli-
cated pregnancies has been associated with many pre-
existing conditions such as autoimmune disease and
obesity. Excess complement activity has been detected in
pregnant women with circulating anti-phospholipid anti-
bodies (aPL) [23,24]. Pregnant women who were obese
before pregnancy and developed pre-eclampsia had signifi-
cantly elevated levels of complement split products Bb and
C3a. In the present study we do not rule out the possibility
that these factors acted as a trigger for the excess comple-
ment activation, at least in some of the spontaneous abor-
tion patients in our study group.

Earlier studies on the role of complement in pregnancy
failure provided evidence for the association between circu-
lating complement split products and miscarriage.
However, the role of decreased expression levels of comple-
ment inhibitory proteins at the feto–maternal interface in
spontaneous abortion was not emphasized, due probably to
the lack of availability of control samples. In the present
study, gestational age-matched pregnant women who
decided to terminate their pregnancy because of non-
medical reasons were selected as a control group and this
allowed us to compare the expression of complement
inhibitory proteins at the feto–maternal interface between
normal and pathological pregnancy. Although the tran-
script levels of both CD46 and CD55 were reduced signifi-
cantly in spontaneous abortion placentas, only CD46
protein levels showed a trend of decrease. The elevated
plasma C5a levels but not the C3a levels in spontaneous
abortion patients are consistent with the CD46 expression
levels in placenta. The CD46 is an especially potent
inactivator of the alternative pathway C5 convertase [25].

Further, CD46 appears to play a major role in the viability
of fetus, because polymorphic and mutational variations
in CD46 gene in humans have been associated with preg-
nancy loss, recurrent pregnancy loss and pre-eclampsia
[17,26,27]. Furthermore, some of the CD46 polymorphic
variations cause premature termination of CD46 synthesis
[28]. Both CD55 and CD46 genes are located on chromo-
some 1 at position 1q32, whereas the CD59 gene is located
on chromosome 11 [29,30]. Therefore, we suggest that
decreased levels of both CD55 and CD46 may be related.
However, decreased CD46 may play a major role in allow-
ing C5 related complement activation in spontaneous abor-
tion patients. Because C3a levels were unchanged, we do
not believe that reduced CD55 expression at the feto–
maternal interface would be involved in complement
activation.

Although, in the spontaneous abortion patients, the
timing of fetal death is uncertain, our results from circulat-
ing and tissue complement factors suggested that increase
in C5a preceded the fetal death. More studies with an
appropriate time–course and a greater number of patients
are required to confirm these findings. However, we believe
that the present study is significant, because this included
gestational age-matched elective abortion patients for com-
parison with spontaneous abortion cases.

In summary, the present study revealed that systemic C5a
levels were elevated and mRNA expression of CD46 at the
feto–maternal interface was reduced in the spontaneous
abortion patients compared to elective abortion patients
without concurrent increase in the systemic C3a levels.
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