
resist them. Stretch-related changes in
FM physical properties may be a protec-
tive mechanism against premature FM
rupture.

Our hypothesis that acute repetitive
stretch would cause a decrease in rupture
strength was disproved. Rather, repeti-

tive stretching causes an increase in FM
rupture strength.

CLINICAL IMPLICATIONS

� Acute stretch is less important than
biochemical processes in causing fetal
membrane weakening.

� The process of fetal membrane weak-
ening and rupture is complex, sug-
gesting that more research is required
to understand the process before
therapeutic interventions to avoid or
repair aberrant rupture are likely to be
successful. f

Excessive complement activation is associated with placental
injury in patients with antiphospholipid antibodies
Jaime M. Shamonki, MD; Jane E. Salmon, MD; Elizabeth Hyjek, MD; and Rebecca N. Baergen, MD

BACKGROUND AND OBJECTIVE

In pregnancy, circulating antiphos-
pholipid antibodies (APAs) are asso-

ciated with histopathologic changes in
the placenta that reflect decreased utero-
placental perfusion, including villous
infarction, decidual vasculopathy, de-
cidual vascular thrombosis, and “accel-
erated” villous maturity. Although tradi-
tional experimental models have em-
phasized the role of thrombosis in
placental tissue, recent studies demon-
strate that the trophoblastic basement
membrane is a particular target for
APAs, which suggests that these antibod-
ies may be directed specifically at the pla-
centa. A murine model has demonstrated a

critical role for complement in mediat-
ing fetal tissue damage in antiphospho-
lipid syndrome. Passive transfer of hu-
man immunoglobulin G from patients
with high-titer APAs induces fetal death
and/or fetal growth restriction in murine
pups. In the placentas, a marked decidu-
itis and immunohistochemical evidence
of APAs and complement deposition are
present. Mice deficient in C3, C4, or C5
are protected from fetal death that would
ensue normally from exposure to APAs,
despite evidence of APAs in the placenta.
Similar results are found in APA-ex-
posed mice to which specific inhibitors
of C3, C5a, or factor Bb have been ad-
ministered.

These studies demonstrate that, al-
though the nature of the antigen recog-
nized by APAs directs their deposition,
complement activation is crucial for the
induction of tissue injury and fetal loss
that is induced by APAs. It is suggested

that complement activation products re-
cruit and activate inflammatory cells
into the placenta and induce injury, ei-
ther directly or indirectly.

No study to date has demonstrated
complement activation in the presence
of APAs in the human placenta, in which
maternal blood has direct contact with
the trophoblast, which exposes fetal tis-
sue to circulating maternal antibodies.
The classic pathway of complement acti-
vation is mediated by antibody-antigen
complexes; therefore, we directed our
preliminary investigation in that arena.

In this study, we use immunohisto-
chemical methods to analyze placentas
from patients with APAs for the deposi-
tion of complement activation products
from the classic (C4d), early common
(C3b), and terminal common (C5b-9)
pathways in the villous interface between
mother and fetus.

MATERIALS AND METHODS
Patients were identified by retrospective
review of surgical pathologic reports
from 2001 to 2004. Control cases were
selected on the basis of a clinical history
of normal pregnancy and absence of sig-
nificant placental pathologic findings.
The study population included 47 pa-
tients with a clinician-provided history
of positive APAs.

To better isolate the effect of APAs
alone on complement deposition, only
placentas of viable term infants from pa-
tients with APAs, not with antiphospho-
lipid syndrome, were included in the
study. All clinical information was pro-
vided by the submitting obstetrician.
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OVERVIEW
Studies that used a murine model of
antiphospholipid syndrome have dem-
onstrated a critical role for comple-
ment activation that lead to fetal and
placental injury in the presence of an-
tiphospholipid antibodies. Using im-
munohistochemical methods, we ex-
amined the placentas of patients with
antiphospholipid antibodies for deposi-
tion of complement activation products
from various pathways in the villous
interface between mother and fetus.
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Histopathologic diagnoses were ren-
dered on all placentas by 1 pathologist at
the time of specimen submission to
pathologic evaluation, independently of
this study.

Samples were obtained from surgical
pathology files from New York Presbyte-
rian Hospital–Cornell. Tissue samples
were processed in formalin and embed-
ded in paraffin. A 5-�m–thick full-thick-
ness section of each placenta was pre-
pared for each immunohistochemical
stain. Tissue uninvolved by pathologic
lesions was selected as more representa-
tive of the placental function as a whole
and more accurately reflective of dy-
namic processes. Immunohistochemical
staining was performed with monoclo-
nal mouse antibodies anti-SC5b-9, anti-
iC3b, and polyclonal rabbit anti-human
C4d antibody. Appropriate positive and
negative isotypic controls, including
normal placenta, were used for each an-
tibody.

The intensity of immunoreactivity
and percentage of cells that were stained
in each case were evaluated for each an-
tibody to calculate an H-score, defined as
�Pi(I), where I is the intensity of staining
with a value of 0, 1, or 2 (none-to-mini-
mal, moderate, or strong, respectively)
and Pi is the percentage of cells that were
stained for each intensity, varying from
0-100%, for a maximum score of 200.
Scores were recorded for each cell type
(cytotrophoblast, syncytiotrophoblast,
extravillous trophoblast), location (cy-
toplasm, cell membrane, basement
membrane), and antibody (C3b, C4d,

and C5b-9). When scoring the slides, the
pathologist was blinded to cases vs con-
trol patients.

RESULTS
Patients with APAs had significantly
more previous spontaneous abortions
and, accordingly, greater gravidity (a dif-
ference that approached significance).
No other clinical differences were ob-
served. Patients were of similar age and
parity. The pregnancies of both groups
produced placentas and fetuses of simi-
lar weights. Because only placentas from
full-term viable infants were included in
the study, fetuses were of a comparable
gestational age.

C4d reactivity was observed in 3 areas
within the placenta: villous trophoblast
(syncytiotrophoblast and cytotropho-
blast) cytoplasm, villous trophoblast cell
and basement membrane, and the extra-
villous trophoblast of the basal plate. Re-
activity to C3b and C5b-9 were observed
only in the extravillous trophoblast and
villous trophoblast cytoplasm.

Immunoreactivity to C4d protein was
significantly stronger in the villous tro-
phoblast cytoplasm (P � .001), cell and
basement membrane (P � .001), and ex-
travillous trophoblast (P � .001) in APA
cases compared with control patients.
Significantly greater immunoreactivity
to C3b (P � .005) was also observed in
the villous trophoblast cytoplasm in pla-
centas of patients with APAs, compared
with normal control patients. In con-
trast, we found significantly less deposi-

tion of C5b-9 in the villous trophoblast
cytoplasm (P � .005) of APA cases vs
control patients (Table).

Additionally, we found a significant
correlation between the presence of
pathologic lesions and the deposition of
C4d in the trophoblast cytoplasm (P �
.001) and cellular and basement mem-
branes (P � .001).

COMMENT
We have documented a novel finding in
the placentas of patients with APAs by
demonstrating an increased deposition
of complement factors C4d and C3b,
compared with normal control patients.
Even when clinically silent, by measures
such as fetal birthweight, APAs produce
histopathologic changes in the placenta
and, accordingly, are associated with in-
creased complement deposition. As in
the murine models of antiphospholipid
syndrome, these results support the role
of complement in the induction of pla-
cental tissue injury in the presence of
APAs. Taken together, these studies sug-
gest that proinflammatory factors that
stimulate complement activation may
precede the changes that ultimately lead
to ischemia, tissue injury, and fetal loss.

Complement activation products have
the capacity to activate leukocytes and
endothelial cells, thereby inducing a pro-
thrombotic phenotype. As such, com-
plement activation may be a critical
event that precedes the thrombosis that
defines antiphospholipid syndrome.
Heparin therapy actually may prevent

TABLE
Comparison of immunohistochemical staining
Variable APA cases (n � 47) Control patients (n � 23) P value

C4d cytoplasm of villous trophoblast 105.3 � 34 20 � 4 �.001*
................................................................................................................................................................................................................................................................................................................................................................................

C4d cellular and basement membrane of villous trophoblast 87.2 � 59 28.4 � 25 �.001*
................................................................................................................................................................................................................................................................................................................................................................................

C4d extravillous trophoblast of decidua 98.8 � 57 42.2 � 37 �.001*
................................................................................................................................................................................................................................................................................................................................................................................

C3b cytoplasm of villous trophoblast 59.3 � 36 36.3 � 28 .005*
................................................................................................................................................................................................................................................................................................................................................................................

C3b extravillous trophoblast of decidua 95.5 � 55 70.8 � 55 .090 (NS)
................................................................................................................................................................................................................................................................................................................................................................................

C5b-9 cytoplasm of villous trophoblast 64.5 � 57 113.8 � 59 .005*
................................................................................................................................................................................................................................................................................................................................................................................

C5b-9 extravillous trophoblast of decidua 162 � 22 146 � 34 .065 (NS)
................................................................................................................................................................................................................................................................................................................................................................................

Data are expressed as mean � SD. H-scores for C4d, C3b, and C5b-9 in patients with APAs and in normal control patients. (H-score is the �Pi(I), where I is the intensity of the immunostaining.)
NS, not significant.

* Significance at P � .05.
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APA-associated miscarriage by inhibit-
ing the proinflammatory factors that
lead to fetal tissue injury.

A body of evidence has mounted that
demonstrates the complement-inhibi-
tory effects of heparin, which may ac-
count for its ability to avert miscarriage
or fetal morbidity in the presence of
APAs. This argument is furthered by Gi-
rardi et al, who demonstrated that, un-
like heparin, anticoagulants (fondapa-
rinux and hirudin) that do not inhibit
complement activation do not prevent
pregnancy loss in mice that are exposed
to APAs.

An unexpected finding was that we ob-
served a decrease in C5b-9 complement
protein in APA cases, compared with
control patients. C5b-9, the membrane
attack complex, leads to tissue injury
through permeabilizing cell membranes
and acting as an ion channel to trigger
cell activation.

In addition to producing membrane at-
tack complex, activation of the comple-
ment common pathway releases the ana-
phylatoxins C3a and C5a, which are
independent inflammatory mediators that
are capable of leading to tissue damage.
The pathologic condition that is observed
in these APA cases correlates significantly
with deposition of C4d and may be the ef-
fect of anaphylatoxin release (C3a, C5a)
rather than because of the direct effects of
membrane attack complex.

More specific therapy, namely an
agent that specifically inhibits comple-
ment activation, may be useful in the fu-
ture treatment of pregnant patients with
APAs. Future studies, to include patients
with more severe clinical symptoms and
adverse obstetric outcomes, will address
specifically the differences in comple-
ment deposition between patients with
clinical antiphospholipid syndrome vs
the presence of APAs alone.

CLINICAL IMPLICATIONS

� Even when clinically silent, by mea-
sures such as fetal birthweight, an-
tiphospholipid antibodies produce
histopathologic changes in the pla-
centa and, accordingly, are associated
with increased complement deposi-
tion.

� Complement activation products
have the capacity to activate leuko-
cytes and endothelial cells and
thereby induce a prothrombotic phe-
notype. As such, complement activa-
tion may be a critical event that pre-
cedes the thrombosis that defines
antiphospholipid syndrome.

� A therapeutic agent that specifically
inhibits complement activation may
be useful in the future treatment of
pregnant patients with antiphospho-
lipid antibodies. f

Expression and function of protease-activated receptor 4
in human myometrium
Nicholas M. Allen, MB; Margaret O’Brien, PhD; Anne M. Friel, PhD; Terry J. Smith, PhD; John J. Morrison, MD

BACKGROUND AND OBJECTIVE
Thrombin is a well-known serine pro-
tease that plays an important homeo-
static role in blood coagulation. In addi-
tion, thrombin exerts nonthrombotic

physiologic and pathophysiologic effects
in numerous tissues by cleaving and ac-
tivating a relatively novel group of pro-
tease-activated receptors (PARs). To
date, 4 subtypes of PAR have been de-
scribed (PARs1-4); the relative role of
each in thrombin-mediated effects in
different tissues varies.

In the rat, the functional presence of
PARs in both pregnant and nonpregnant
myometrium has been suggested. PAR-1

messenger RNA (mRNA) has been iden-
tified in rat myometrium. However, for
human myometrial smooth muscle, lit-
tle is known about the expression or role
of PARs in relation to uterine quiescence
or excitability. We have recently re-
ported the functional presence of PAR-1
in human myometrium during preg-
nancy and the nonpregnant state and
outlined that PAR-1 activation exerts a
significant uterotonic effect.

Data are limited in relation to the ex-
pression or potential role of PAR-4 in the
human uterus. The aims of this study were
(1) to investigate the expression of PAR-4
at the mRNA level in human myome-
trium, (2) to investigate the expression of
PAR-4 protein in smooth muscle cells de-
rived from human myometrium, (3) to
evaluate the functional effects of PAR-4 ac-
tivation and specific PAR-4 antagonism on
myometrial contractility, and (4) to exam-
ine the role of PAR-4 in thrombin-medi-
ated contractility.
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OVERVIEW
We used reverse transcription poly-
merase chain reaction studies to ex-
plore protease-activated receptor 4
messenger RNA and immunofluores-
cence studies to investigate protein
expression in human myometrium. By
using isometric tension recordings, we
examined functional effects on
contractility.
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