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Abstract Placental C4d deposition is a feature of classical
complement pathway activation and has been documented in
various obstetrical settings. However, it is unknown whether
placental C4d deposition is present in miscarriages and its
frequency is different between chromosomally normal and
abnormal miscarriages. This study was conducted to assess
villous C4d deposition in miscarriages and to determine
whether its frequency is different between chromosomally
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normal and abnormal miscarriages. Tissue samples (N=58)
of elective abortions (n=20), miscarriages with normal chro-
mosomes (n=15), trisomy 16 (n=13), and trisomy 22 (n=10)
were analyzed. Immunohistochemical staining for C4d and
CD138 was done. Placental C4d deposition was defined as
linear C4d immunoreactivity along the syncytiotrophoblast.
Placental C4d immunoreactivity was detected in 73.3 % (11/
15) and 56.5 % (13/23) of miscarriages with normal chromo-
somes and trisomy cases, respectively, while it was found in
5 % (1/20) of elective abortions (p<0.05). Placental C4d
deposition was more frequent in recurrent miscarriages (pre-
vious spontaneous abortion >2) than in sporadic miscarriages
(76.5 vs. 30.0 %; p=0.001). Chronic deciduitis was observed
in 20.0 % (3/15) and 30.4 % (7/23) of miscarriages with
normal chromosomes and trisomy cases, respectively, but
not in elective abortions (p=0.07 and 0.01, for each). The
frequencies of C4d deposition (46.2 vs. 70.0 %) and chronic
deciduitis (38.5 vs. 20.0 %) were not also different between
trisomy 16 and trisomy 22 cases. Placental C4d deposition is a
prominent feature of miscarriages regardless of their chromo-
somal status. The overall findings suggest that complement-
mediated placental injury is a common pathology of miscar-
riage with diagnostic values in routine pathology practice.

Keywords Complement - Recurrent miscarriage - Chronic
deciduitis - Immunohistochemistry - CD138

Introduction

Miscarriage affects both chromosomally normal and abnormal
embryos and fetuses [1, 2]. Pathological examination of the
placental and decidual compartments is essential in the eval-
uation of miscarriage specimens [3, 4]. Previous studies have
proposed abnormal local and systemic maternal immune re-
sponses as major mechanisms of miscarriage with intact
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chromosomes [5]. Autoimmune disorders such as systemic
lupus erythematosus and antiphospholipid syndrome [6] and
the changes in the number and activation status of NK cells
and T cells have been extensively studied with variable results
[7, 8]. While chromosomal abnormalities of the embryo/fetus
account for the major proportion of early pregnancy loss [2, 9,
10], basic mechanisms as to how chromosomal abnormalities
per se lead to a miscarriage remain largely unknown although
recent investigations have proposed some explanations such
as gene dosage effects of trisomic regions and increased
sensitivity to environmental and genetic variations [11, 12].
It also remains uncertain whether the mechanisms involved in
chromosomally normal and abnormal miscarriages are similar
or very different.

C4d is a split product of C4b and C4d deposition in
vascular endothelial cells and is generally considered as evi-
dence of classical complement pathway activation although
there are examples of C4d-negative antibody-mediated rejec-
tion [13, 14]. Recently, classical complement activation has
been shown as a mechanism of human antiphospholipid
antibody-induced fetal loss with C4d deposition in the placen-
ta [15]. A series of subsequent investigations have demon-
strated the deposition of C4d in the syncytiotrophoblast in a
variety of disorders. Buurma et al. have reported more fre-
quent placental C4d deposition in preeclampsia cases than in
healthy controls (50 vs. 3 %; p=0.001) [16]. Rudzinski et al.
have shown placental C4d immunoreactivity in 88 % of
villitis of unknown etiology cases, while it was found in 5 %
of gestational age-matched control cases (p<0.0001). C4d
deposition was also confirmed in cytomegaloviral placentitis
and placental infarct [17]. Furthermore, C4d deposition was
also found in fetal vessel endothelial cells, meaning that
alloimmune reaction by maternally derived antibodies is pres-
ent [18, 19]. These observations suggest that complement
activation is a common consequence of different types of
placental injuries such as ischemia-reperfusion and antigen-
antibody complexes.

Chronic endometritis has been traditionally regarded as a
pathological condition closely related to pelvic inflammatory
disease with microbial colonization of the uterine cavity [20,
21]. The presence of plasma cells is a histological hallmark of
chronic endometritis/deciduitis [22, 23], and there is an asso-
ciation between chronic endometritis and miscarriage/
infertility [22, 24]. Kitaya found chronic endometritis in
9.3 % of patients with recurrent miscarriages and 12.9 % of
miscarriages with unknown etiology [23]. Redline et al. re-
ported a significantly higher frequency of decidual plasma
cells in the first trimester miscarriages with normal karyotype
than in those with abnormal karyotype [25]. On the other
hand, VUE, chronic chorioamnionitis, and chronic deciduitis
with plasma cells comprise a distinct group of pathology
representing the same disease process (antifetal rejection)
involving different regions of the placenta [26-29]. Higher
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prevalence of maternal HLA panel-reactive antibodies and
presence of fetal HLA-specific antibodies in these cases [30]
strongly suggest that the presence of plasma cells in the
endometrium/decidua is also more likely to be associated with
maternal immune response to embryonic/fetal antigens than
with infection.

Considering the potential role of abnormal maternal im-
mune responses in pregnancy disorders, we hypothesized that
subsets of both chromosomally normal and abnormal miscar-
riages may share common immunopathologies. This study
was conducted to assess the frequency of placental C4d in
miscarriages and to determine if the frequencies of placental
C4d deposition and chronic deciduitis are different between
chromosomally normal and abnormal miscarriages.

Materials and methods
Patients and tissue materials

Formalin-fixed, paraffin-embedded tissues of elective abor-
tion and miscarriage cases were retrieved from the data regis-
tries of Asan Medical Center and Hamchoon Women'’s Clinic,
Seoul, Korea. The cases (N=58) were composed of elective
abortions for medical reasons (#=20) and miscarriages with
normal chromosomes (n=15), trisomy 16 (n=13), and triso-
my 22 (n=10). The medical reasons for elective abortions
included maternal problems such cardiovascular diseases,
malignancies, and drug abuse. The study was approved by
the Institutional Review Boards of participating institutions.

Chromosome analysis

Chorionic villi were selected under the microscope to ensure
no maternal cell contamination. The chorionic villi samples
were rinsed with modified Ham’s F10 (Sigma-Aldrich, St.
Louis, MO, USA) with 10 % fetal bovine serum, 1.3 %
sodium bicarbonate solution, and 0.48 % antibiotic-
antimycotic (Life Technologies, Grand Island, NY, USA)
and minced into tiny pieces using a dissecting knife. The cell
suspension was added to two types of media (BIOAMF™-2,
Biological Industries, Isracl; AmnioMAX-C100, Gibco, Life
Technologies) in two separate T50 flasks which were then left
in a humid environment at 37 °C with 5 % CO, for long-term
culture. As the colonization and mitotic activities of the cells
became adequate, chromosome harvesting by conventional
cytogenetic methods was performed. The number and struc-
ture of the chromosome were analyzed by conducting GTG
banding. The karyotype was interpreted according to the
International System for Human Cytogenetic Nomenclature
(ISCN, 2005) by analyzing at least 10 metaphases structurally
and 20 metaphases numerically for each sample.



Virchows Arch (2014) 464:613-620

615

Tests for antithyroid antibodies and antinuclear antibodies

Patients’ sera were used. Automated immunoassay sys-
tems were used for the determination of antimicrosome
and antithyroglobulin antibodies (Roche E170, Mann-
heim, Germany). Assay-specific cutoffs for thyroid au-
toantibodies were >34.00 IU/ml (antimicrosome antibod-
ies and antithyroid peroxidase antibodies) and
>115.00 IU/ml (antithyroglobulin antibodies). Intra-
assay variation was <6 % and inter-assay variation
was <8 %. Antinuclear antibody (ANA) detection was
performed by using an indirect immunofluorescence
method based on the use of HEp-2 cells as a substrate
(MBL International, Woburn, MA, USA). Samples were
diluted with phosphate-buffered saline with a cutoff
dilution of 1:40. Slides were examined by two observers
with a fluorescence microscope at x200 magnification.
Negative and positive controls with known antibody
titers were used for quality control.

Immunohistochemistry

Four-micron-thick paraffin sections were obtained and
used for immunostaining for C4d and CD138. A rabbit
polyclonal anti-C4d antibody (Cell Marque Corporation,
Rocklin, CA, USA; dilution of 1:200) and mouse mono-
clonal anti-CD138 antibody (MI-15; Dako, Glostrup,
Denmark; dilution of 1:100) were used as primary anti-
bodies. Immunostaining was performed using a Ventana
BenchMark XT automated slide preparation system. The
positive controls for C4d and CD138 immunostaining
were biopsy specimens of the kidney with acute rejec-
tion and tonsil with chronic tonsillitis, respectively. Im-
munostaining with corresponding isotype controls was
also done using normal rabbit IgG (Jackson

ImmunoResearch Laboratories, Inc., West Grove, PA,
USA) for the anti-C4d antibody and mouse IgG (Jack-
son ImmunoResearch Laboratories, Inc.) for the anti-
CD138 antibody. C4d immunoreactivity was reviewed
by one pathologist (CJK), who was masked to the
clinical diagnosis.

Statistical analysis

Medians and ranges for continuous variables and fre-
quencies and percentages for categorical variables were
reported. The continuous variables were compared using
Mann-Whitney U test, and the categorical variables
were compared using x> test or Fisher’s exact test as
appropriate. Statistical analyses were performed using
SPSS version 18.0 (SPSS, Inc., Chicago, IL, USA).

Results
C4d immunoreactivity in the placenta

The demographics of the patients are summarized in Table 1.
There was no difference in the median gestational age among
elective abortions (median 6.6, range 5~11 weeks) and chro-
mosomally normal (median 7.0, range 6~9 weeks) and ab-
normal cases (median 7.0, range 6~9 weeks). Distinct and
linear C4d immunoreactivity along the syncytiotrophoblast
was found in 73.3 % (11/15) and 56.5 % (13/23) of chromo-
somally normal and abnormal miscarriages, respectively. On
the other hand, very focal and limited villous C4d deposition
was found in only 5 % (1/20) of elective abortions. Placental
C4d deposition was significantly more common in both chro-
mosomally normal and abnormal miscarriages compared to
elective abortions (p<0.001 for each). C4d deposition was

Table 1 Clinical characteristics

of study population (N=58) Elective Normal Abnormal p value
abortion chromosome chromosome
(n=20) (n=15) (n=23)
Median maternal age (year, range) 32 (2741) 35 (29-40) 34 (21-46) 0.026
Pregnancy after ART 0 (0.0 %) 5(33.3 %) 6 (26.1 %) 0.024
Multiparity 15 (75.0 %) 3(20.0 %) 4(17.4 %) 0.001
Previous preterm delivery 3 (15.0 %) 1 (6.7 %) 2 (8.7 %) 0.686
Previous spontaneous abortion 6 (30.0 %) 8(53.3 %) 15 (65.2 %) 0.067
Previous spontaneous abortion >2 1 (5.0 %) 7 (46.7 %) 9 (39.1 %) 0.011
Previous spontaneous abortion >3 0 (0.0 %) 3(20.0 %) 6 (26.1 %) 0.053
Previous elective abortion 10 (50.0 %) 2 (13.3 %) 5(21.7 %) 0.037
ART assisted reproductive tech- Median gestational age (weeks, range) 6.6 (5-11) 7.0 (6-9) 7.0 (6-9) 0.955
nology (in vitro fertilization, Antinuclear antibody ND 1 (6.7 %) 2 (8.7 %) 1.000
intracytoplasmic sperm injection), Antithyroid antibody ND 0 (0.0 %) 3 (13.0 %) 0.264

ND test not done
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found only in 1 out of 20 elective abortion cases (5 %), and the
patient was a primigravid woman who received renal trans-
plantation. The positive signals were detected as a thin linear
immunoreactivity along the syncytiotrophoblast surface or
also as diffuse cytoplasmic immunoreactivity. However, C4d
immunoreactivity was not found in villous cytotrophoblasts or
extravillous trophoblasts. Among the C4d-positive, chromo-
somally normal miscarriages (n=11), three cases showed very
strong immunoreactivity in several clusters of chorionic villi
(Fig. 1), while focal immunoreactivity restricted to a few villi
was found in the remaining eight cases. One of the cases with
strong C4d immunoreactivity was a case of chronic
intervillositis, and C4d immunoreactivity was prominent
along the periphery of the ischemic chorionic villi affected
by inflammation (Fig. 2). Chromosomally abnormal miscar-
riages also showed similar C4d immunoreactive pattern with
rather strong immunoreactivity in three cases and focal im-
munoreactivity in ten cases (Fig. 3). There was no significant
difference in C4d-positive rates between chromosomally nor-
mal and abnormal cases (73.3 vs. 56.5 %; p=0.294) and also
between trisomy 16 and trisomy 22 cases (46.2 vs. 70.0 %;
Fig. 4a, b). C4d-positive rate was higher in recurrent

Fig. 1 Villous C4d deposition in
chromosomally normal
miscarriages. Immunohistological
findings of missed abortion at

6 weeks. A few CD138+ plasma
cells are found in the decidua (a),
and C4d immunoreactivity is
observed along the
syncytiotrophoblast surface (b).
The patient was antinuclear
antibody positive. Insets in a and
b are negative isotype control
immunostaining results using
mouse IgG and rabbit IgG,
respectively. Blighted ovum at

7 weeks showing CD138+
plasma cells in the decidua (¢) and
linear C4d deposition along the
syncytiotrophoblast (d). An
image from C4d-positive control
immunostaining using a paraffin
section obtained from a renal
allograft with antibody-mediated
rejection (e). Isotype negative
control staining for C4d using
rabbit IgG (f). a—f X200
magnification
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miscarriages (previous spontaneous abortion >2) compared
to sporadic miscarriages (76.5 vs. 30.0 %, p=0.001;
Fig. 4c). Of note, four out of six cases with strong C4d
immunoreactivity were cases of recurrent miscarriages with
adverse clinical courses regardless of chromosomal status, and
two of them were positive for antinuclear antibodies. One
woman had a history of preterm preeclampsia in her previous
pregnancy. Overall, antinuclear antibody-positive rates in
chromosomally normal and abnormal miscarriages were
6.7 % (1/15) and 8.7 % (2/23), respectively. Antithyroid
antibody was positive in 13.0 % (3/23) of chromosomally
abnormal miscarriages, but not in chromosomally normal
miscarriages (Table 1). One patient was positive for both
antinuclear antibody and antithyroid antibody.

Chronic deciduitis in chromosomally normal and abnormal
miscarriages

CD138-positive plasma cells in the decidua were found
in 20.0 % (3/15) of chromosomally normal and in
30.4 % (7/23) of chromosomally abnormal miscarriages.
Chronic deciduitis was not found in elective abortions.
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Fig. 2 C4d immunoreactivity in a case of chronic intervillositis with
recurrent miscarriage at 8 weeks. An area affected with chronic
intervillositis (a) and a cluster of ischemic villi with intervillous fibrin
deposition (b). C4d immunoreactivity along ischemic villi (¢). a—¢ X 100
magnification

Therefore, chronic deciduitis was significantly more fre-
quent in chromosomally abnormal miscarriages compared
to elective abortions (p=0.01). There was no difference
in the frequency of chronic deciduitis between chromo-
somally normal and abnormal cases (20.0 vs. 30.4 %; p=
0.709) and also between trisomy 16 and trisomy 22 cases
(38.5 vs. 20.0 %; p=0.405). Strong CD138 immunore-
activity was also detected in the basolateral portion of
the endometrial glands and villous syncytiotrophoblast,
which served as internal controls.

The overall C4d-positive rates in chromosomally normal
and abnormal miscarriages are shown in Fig. 4. C4d-positive
rates of chronic deciduitis cases with CD138+ plasma cells

and those without chronic deciduitis were 70.0 % (7/10) and
37.5 % (18/48), respectively. The C4d-positive rate tended to
be higher in the cases with chronic deciduitis than in those
without (p=0.083; Fig. 4d).

Discussion

The primary and novel finding in the present study is that the
evidence of classical complement pathway activation (C4d) is
commonly found in chromosomally normal and abnormal
miscarriages. Chronic deciduitis is also relatively frequent in
both categories of miscarriage. Complement activation has
been proposed as a cause of fetal rejection and intrauterine
growth restriction, coupled to dysregulation of angiogenic
factors. Girardi et al. have shown in a mouse model of mis-
carriage or intrauterine growth restriction that complement
activation induced elevation of sFlt-1 as a mechanism of fetal
loss [31]. In antiphospholipid syndrome, antiphospholipid
antibody-induced complement activation is thought to be a
cause of endothelial activation, thrombosis, and subsequent
fetal loss [32]. Interestingly, mice deficient in C3 and CS5 are
protected from endothelial activation and thrombosis by the
passive transfer of IgG antiphospholipid antibodies. It is also
well known that trophoblasts express complements and com-
plement regulatory proteins [33, 34], and membrane attack
complex C5b-9 was localized to the foci of villous trophoblast
injury [35].

While chromosomal abnormalities account for the major
proportion of sporadic and recurrent miscarriages [2], the
mechanism for this phenomenon is largely elusive. We have
confirmed rather frequent placental C4d deposition in miscar-
riages and have done a comparative analysis of miscarriage
according to the chromosomal status. Trisomy 16 and trisomy
22 cases were selected because these two types represent the
most common trisomies identified in miscarriages [36] and
also to minimize the complexity of chromosomal anomalies.
Our observations strongly suggest that complement activation
is a common mechanism of placental and fetal injuries regard-
less of chromosomal integrity. A significantly higher C4d-
positive rate in recurrent miscarriage cases than in sporadic
miscarriages suggests a possibility that C4d deposition in
recurrent miscarriages is partially related to repeated maternal
exposure to fetal antigens. Syncytiotrophoblast becomes an
integral component of maternal intervillous circulation during
pregnancy and biologically functions as the maternal endo-
thelium [37]. Early placental development is characterized by
histiotrophic nutrition from endometrial glandular secretions
until the end of the first trimester when a drastic switch to
hemotrophic nutrition occurs following the establishment of
intervillous circulation. Endometrial secretions contain carbo-
hydrates, lipids, and various growth factors and support the
growth of the embryo and the placenta [38]. Jauniaux and
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Fig. 3 Villous C4d deposition in
chromosomally abnormal
miscarriages. Immunohistological
findings of missed abortion with
trisomy 16 at 6 weeks. Many
CD138+ plasma cells are found in
the decidua (a), and C4d
immunoreactivity is observed
along the syncytiotrophoblast
surface (b). The patient was
antithyroid antibody and
antinuclear antibody positive.
Insets in a and b are negative
isotype control immunostaining
results using mouse IgG and
rabbit IgG, respectively. Missed
abortion with trisomy 22 at

6 weeks showing CD138+
plasma cells in the decidua (¢) and
linear C4d deposition along the
syncytiotrophoblast (d). a—d x
200 magnification

Burton have proposed that the premature onset of maternal
intervillous circulation due to the incomplete plugging of
spiral arteries by defective trophoblast invasion and subse-
quent mechanical and biochemical stresses (e.g., oxidative
stress) is a major pathogenetic mechanism of miscarriage

[39]. In this context, it is highly possible that abnormal
complement activation and C4d deposition in miscarriages
are associated with the premature onset of intervillous cir-
culation as fetal trophoblasts will be directly exposed to
maternal blood [40].

Fig. 4 Comparisons of C4d a % b %
immunopositive rates according 100 - p<0.001 100 -
to different parameters. a There is p<0.001 p=0.329 p=0.402
no difference in the C4d-positive o 80 I T 1 D 80 I 1
rate between chromosomally © o
normal and abnormal Q 60 g 60 -
miscarriages. Villous C4d *(% '%
deposition is more common in O 404 O 404
miscarriages compared to elective .g' .g'
abortions (63.2 vs. 5.0 %; < 20 < 201
p<0.001). b The C4d-positive © O
rate is not different between 0- 0-
trisomy 16 and trisomy 22 cases. Elective Normal Abnormal Trisomy 16 Trisomy 22
¢ C4d-positive rate is significantly abortion  chromesome  chromosome
higher in recurrent miscarriages Spontaneous abortion
compared to sporadic
miscarriages (p<0.05). d C4d-
positive rzglte in cases with and C % d %
without chronic deciduitis 100 p=0.001 100
documented by the presence of I 1 p=0.083
CD138+ plasma cells L 804 o 804 I |

o Y

2 60 2 604

D D

8_ 40 8_ 40

g - g 20 4

o o

0 - =
22 <2 Chronic deciduitis(+) Chronic deciduitis(-)

Number of previous miscarriages
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Another unexpected finding in this study was that chronic
deciduitis with CD138+ plasma cells was commonly found in
chromosomally normal and abnormal miscarriages. Chronic
deciduitis may be associated with maternal antifetal immune
response and not with pelvic inflammatory disease as de-
scribed earlier. Indeed, the density of plasma cells found in
our study is much lower than that observed in proven infec-
tious endometritis [41]; even limitations of CD138 immuno-
staining in the identification of pelvic inflammatory disease-
associated histologic endometritis have been proposed. Viceti
Miguel et al. could detect CD138+ plasma cells in 30 % of
endometrial biopsies from women with low risk of developing
pelvic inflammatory disease, demonstrating the nonspecific
nature of CD138+ plasma cells in the diagnosis of pelvic
inflammatory disease [42]. We were very much interested in
the relationship between C4d deposition and the presence of
decidual plasma cells, and the C4d-positive rate in cases with
chronic deciduitis tended to be higher than that in cases
without chronic deciduitis (p=0.083).

A major limitation of this study is that serological evalua-
tion for maternal antibodies, particularly for antibodies to fetal
HLA antigens, could not be done. Systematic profiling of
maternal antibodies against different antigens in the context
of different types of miscarriages clearly seems to be an
important venue for further research. Another limitation is
that both chromosomally normal (6.7 %, 1/15) and abnormal
miscarriage cases (17.4 %, 4/23) included patients with anti-
thyroid antibodies or antinuclear antibodies. The significance
of these findings in the context of C4d or chronic deciduitis
could not be specifically assessed.

In conclusion, we report novel evidence supporting a pos-
sibility that chromosomally normal and abnormal miscar-
riages share a common mechanism of placental injury: classi-
cal complement pathway activation. Classical pathway acti-
vation is not exclusively by immune complexes. Previous
studies have shown frequent villous C4d immunoreactivity
in preeclampsia and placental infarcts [16, 17]. This suggests
that defective placentation and ischemia-reperfusion injury of
the placenta significantly contribute to the pathogenesis of
both certain subsets of miscarriage and preeclampsia. Eluci-
dation of the mechanisms of chromosomally normal, idiopath-
ic miscarriages has been a very challenging subject to inves-
tigators. Considering the similar features between chromo-
somally normal and abnormal miscarriages in this study, it is
possible that chromosomally abnormal miscarriage, which is
far more common, is a decent window through which we can
look at the pathophysiology of miscarriage. Furthermore, C4d
immunohistochemistry would be very helpful in the histo-
pathological assessment of miscarriage specimens.
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