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Abstract

Objective—To investigate the in vitro ability of antiphospholipid antibodies (aPL) to bind
human tro-phoblast cells and to affect gonadotropin secretion and invasiveness.

Methods—Antiphospholipid antibody 1gG from women with recurrent miscarriages, p»-
glycoprotein | (3,GPI)-independent 1gG aPL human monoclonal antibody (mAb) (519), and IgM
anti-B,GP1 human mAb (TM1G2) were investigated for their binding to trophoblasts cultured for
various amounts of time, their ability to affect invasiveness of Matrigel-coated filters, and their
release of human chorionic gonadotropin (hCG).

Results—Polyclonal IgG aPL, as well as mAb 519 and TM1G2, bound to trophoblasts, the
highest binding being found when cells displayed the greatest amount of syncytium formation.
TM1G2 hinding was found to be BoGPI dependent. Both polyclonal and monoclonal aPL, but not
the controls, significantly reduced hCG release and Matrigel invasiveness.

Conclusion—These findings suggest that aPL recognition of both anionic PL and adhered oGPl
on trophoblast cell structures might represent a potential pathogenetic mechanism for defective
placentation in women with the antiphospholipid syndrome.

Antiphospholipid antibodies (aPL) are associated with poor obstetric outcome, such as
recurrent abortions, fetal death, growth retardation, and early preeclampsia (1). Passive
transfer of whole immunoglobulin fractions from aPL-positive sera has been found to induce
fetal loss and growth retardation in pregnant naive mice, suggesting a direct pathogenetic
role (2-4).

Address reprint requests to P. L. Meroni, MD, Associate Professor of Allergy and Clinical Immunology, Department of Internal
Medicine, University of Milan, Padiglione Granelli, IRCCS Policlinico, Via F. Sforza, 35-20122 Milan, Italy.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Di Simone et al.

Page 2

Although it has been assumed that aPL are directed against anionic PL, current advances in
the field suggest that antibodies to PL-binding plasma proteins, such as Bo-glycoprotein |
(B2GPl), can be detected in standard aPL assays (5). Antibodies specific for fo,GPI have
been identified and found to be associated with the clinical manifestations of the
antiphospholipid syndrome (APS) (6-22). The in vivo immunohistologic demonstration of
B2GPI on trophoblast surfaces (23,24) and the induction of fetal loss by anti-B,GPI
antibodies in experimental animal models (25,26) suggested a role of anti-foGPI antibodies
in fetal loss. Moreover, even murine and human aPL monoclonal antibodies (mAb)
specifically reacting with anionic PL in the absence of any plasma cofactor have been shown
to produce fetal loss, growth retardation, placental deposition, and necrosis in experimental
animal models (3,27,28).

Although experimental models have emphasized the role of thrombotic phenomena in
placental tissue (4,27), studies in humans have shown that thrombotic events cannot account
for all of the histopathologic findings in placentae from women with the APS (29,30). The
possibility of direct villous and extravillous trophoblastic damage by aPL through the
recognition of phosphatidylserine (PS) exposed during syncytium formation has been
suggested (31). Reported direct effects of aPL on trophoblasts have included inhibition of
the intercytotrophoblast fusion process (31), of human chorionic gonadotropin (hCG) or
placental lactogen secretion (31,32), and/or of trophoblast invasiveness (31). Furthermore,
whole 1gG fractions from APS patient sera or xenogenic murine anti-PS mAb have been
shown to displace annexin V from trophoblasts (and endothelial cell surfaces in the case of
human 1gG), thus creating conditions favorable to procoagulant state in vitro (31,33).

The purpose of the present study was to investigate the in vitro ability of 1gG from sera
containing high levels of aPL to bind human trophoblast cells and to affect hCG secretion
and invasiveness. Furthermore, to identify whether specific effects were related to individual
antibody subpopulations, human mAb reacting with foGPI or with anionic PL in the absence
of any plasma cofactor were investigated for their ability to reproduce the binding to
trophoblast cell membranes and the modulation of hormone secretion as well as
invasiveness. From our results, it appears that trophoblast cells might represent one target
for circulating aPL reacting with oGP and/or with “pure” anionic PL (whose binding is
independent of any plasma cofactor) and that such antibodies affect trophoblast
differentiation—related activities.

PATIENTS AND METHODS

Patients

Two patients with primary APS (34) were studied. Patient 1 had persistently strong
positivity for IgG anticardiolipin antibodies (aCL) (>100 GPL), anti-BoGPI antibodies, and
lupus anticoagulant (LAC), and had a history of deep venous thrombosis and 2 pregnancies,
both of which ended in spontaneous abortion (one in the first trimester and one in the second
trimester). Patient 2 had persistently moderate positivity for IgG aCL (>60 GPL) and anti-
B2GPI antibodies and had had 3 pregnancies, all of which ended in spontaneous abortion
(one abortion during the first trimester, one during the second trimester, and one during the
third trimester). Two aPL-positive women, each of whom had had 2 uncomplicated
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pregnancies, were studied as controls. IgG fractions were purified from sera on protein G-
Sepharose (Mab Trap-GllI; Pharmacia-Biotech, Uppsala, Sweden) as previously described
(35).

Anticardiolipin and anti-PS antibody assay

Anticardiolipin antibodies were detected by solid-phase enzyme-linked immunosorbent
assay (ELISA) as previously described (35,36). Briefly, plates were coated with CL (50
pg/ml in ethanol; Sigma-Aldrich, Milan, Italy) by evaporating overnight at 4°C. Plates were
then blocked with 10% fetal calf serum (FCS; Sigma-Aldrich)-0.15M phosphate buffered
saline (PBS), pH 7.4, for 2 hours, washed 3 times with FCS-PBS, and then incubated with
samples for 2 hours. After further washes, 100 ul of alkaline phosphatase-conjugated
affinity-purified goat anti-human 1gG or IgM (Sigma-Aldrich) was added to the plates and
incubated for 1 hour. After washing with FCS—PBS, p-nitrophenylphosphate substrate was
used to reveal 1gG or IgM binding. Optical density (OD) values of the enzymatic reactions
were read at 405 nm with a microplate photometer (Platereader; Bio-Rad, Milan, Italy).
Values were expressed as GPL or MPL units, and sera were considered positive when levels
were >10 units. Anti-PS activity was evaluated using an ELISA comparable with that
described above, with plates coated with PS (50 pg/ml in methanol/chloroform, 3/1 [volume/
volume]; Sigma-Aldrich). To evaluate the 3o,GPI dependence of both whole sera and
purified 1gG fractions, aPL assays were also performed in the absence of FCS, using gelatin
(0.5%; Sigma-Aldrich) in the blocking buffer as previously described (37).

Purification of human B,GPI and anti-B,GPI antibody assay

Human B,GPI1 was purified from normal human serum (NHS), and anti-BoGPI antibodies
were detected by solid-phase assay as previously described (10,24,35,38). Sera were
considered positive if OD values were >0.262 for 1gG and >0.282 for IgM (3 SD above the
mean in 100 healthy controls).

Lupus anticoagulant

The presence of LAC was evaluated using different assays, i.e., standard activated partial
thromboplastin time, kaolin clotting time (39), tissue thromboplastin inhibition test (40), and
dilute Russell’s viper venom time. These tests were performed according to the guidelines of
the Scientific and Standardization Committee of the International Society on Thrombosis
and Hemostasis (41).

Human monoclonal antibodies
Two human IgM mAb obtained from hybridized Epstein-Barr virus (EBV)-induced B cell
lines from an APS patient were investigated: TM1G2 is an IgM that has been shown to
recognize $,GPI both complexed with anionic PL (in CL-coated plates) and alone in -
irradiated f,GPI-coated plates. TM1B9 is an IgM that does not display any anti-p,GPI
reactivity, used as a negative control (42-44).

The human aCL IgG mAb (519) was generated from a hybridized EBV-induced B cell line
from a healthy subject; it has been previously characterized as an IgG that binds anionic PL
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in a foGPI-independent way (27). Human mAb 57, used as an isotype-matched mAb
control, is a previously characterized high-affinity rabies virus-neutralizing 1gG1 (45).

Cell cultures

Placentae were obtained from healthy women immediately after uncomplicated vaginal
delivery at 36 weeks of gestation. Cytotrophaoblast cells were isolated as detailed elsewhere
(46). Briefly, placental tissues were rinsed 3 times in cold Dulbecco’s modified Eagle’s
medium (DMEM)-10% FCS (Gibco BRL, Grand Island, NY). After mincing, the tissues
were submitted to repeated enzymatic digestions in Ringer-bicarbonate buffer containing
0.25 % trypsin (Gibco BRL) and DNase | (Sigma-Aldrich) at 37°C in a shaking water bath.
The supernatants were filtered through a 42-pm mesh filter and centrifuged (200g at room
temperature for 7 minutes); then the cell suspension was layered over a preformed Percoll
(Pharmacia-Biotech) gradient in Hanks’ balanced salt solution (HBSS; Gibco BRL) (46).
The gradient was made from 5-70% Percoll (v/v) by dilutions of 90% Percoll (9 parts
Percoll, HBSS 10x, 1 part) and layered in a 50-ml conical polystyrene centrifuge tube. After
centrifugation (200g at room temperature for 20 minutes), the middle layer was removed,
washed, and then resuspended in DMEM. Cell viability was >90% by trypan blue dye
exclusion.

The purity of the cell preparation was evaluated by immunohistochemical staining for
markers of 1) macrophages (3%, determined using a polyclonal anti—a-chymotrypsin
antibody) (Dako, Santa Barbara, CA), 2) fibroblasts (2%, determined using a polyclonal
antivimentin antibody) (Labsystems, Helsinki, Finland), and 3) syncytiotrophoblast (1%,
determined using an mAb against low molecular weight cytokeratins) (Labsystem, Chicago,
IL). The enriched (95%) cytotrophoblast cells (5 x 10°/ml) were cultured in DMEM-10%
FCS in 96-well plates at 37°C in 5% CO,/95% air.

Cell cultures were performed for 24, 48, or 72 hours in standard medium. In some
experiments, cells grown in standard medium were washed (at 24, 48, or 72 hours) and
cultured in serum-free medium for a further 12 hours. Cell number per well was evaluated
before and after washing and serum-free medium culture to rule out the possibility of
artifacts due to cell detachment. An OD cell-counting method previously described (47) was
used; no significant cell loss was found under the different experimental conditions (data not
shown).

Cytotrophoblasts at different times of culture were further assayed for the cytoplasmic
presence of hCG as a marker for syncytial trophoblasts (46). Briefly, cells were fixed with
Bouin’s solution and washed twice with PBS at room temperature, and endogenous
peroxidase activity was quenched by 30-minute incubation with 0.3% H,0,. Nonspecific Ig
binding was blocked by 20-minute incubation with 5% goat serum in PBS (Dako) and, after
further washes with PBS, an anti-hCG murine mAb (Dako) was applied; binding was
revealed using the AEC Substrate System (Dako). After washing, the cells were
counterstained with hematoxylin.
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Binding assays

On day 1 (24 hours), day 2 (48 hours), and day 3 (72 hours) of culture, the medium was
removed and the cells incubated at room temperature for 1 hour with serial protein
concentrations of the different antibody preparations. Polyclonal IgG (ranging from 1.5
pg/ml to 125 pg/ml) and anti-BoGPI IgM mAb (TM1G2; ranging from 0.6 pg/ml to 50
ug/ml) binding was measured in complete medium at a final volume of 100 pl. Since the
binding of the B,GPI-independent aCL 1gG mAb (519) to CL-coated plates has been found
to be inhibited by the addition of B,GPI (or FCS) (27), serial concentrations of mAb 519
(ranging from 0.6 ug/ml to 50 pg/ml) were incubated with trophoblast cells that had been
washed extensively and then cultured in serum-free medium. 1gG or IgM binding was
evaluated as stated above.

In vitro invasion assay

In preliminary experiments, we found that cultured primary cytotrophoblasts from 36-week
placentae displayed a higher invasion index in comparison with cells from term-delivery (40
weeks) placentae. Therefore, for the in vitro invasion assays, we obtained cytotrophoblasts
from women in spontaneous labor undergoing vaginal delivery at 36 weeks of gestation.
Trophaoblast cells were plated on Matrigel invasion chamber inserts containing polyethylene
terephthalate membranes with 8 um-diameter pores in 24-well tissue culture plates. The cells
were then labeled for 36 hours with 10 pCi/ml 3H-thymidine (Amersham, Milan, Italy) in
DMEM-10% FCS, after which they were trypsinized, washed, and resuspended in complete
medium at a concentration of 10%/ml. Five hundred-microliter samples of the cell
suspensions were added in duplicate to the upper well of transwell chambers, and 750 ul of
3T3 cell medium was added to the lower wells as a chemoattractant (48). In the experiments
performed in serum-free medium, fibronectin (5 pug/ml; Sigma-Aldrich) was added to the
lower wells. After a 72-hour incubation, media from the upper and lower wells were
removed and placed in separate tubes. PBS washes of the upper wells were pooled with the
media. Five hundred microliters of a trypsin solution (0.01% in PBS) was added to each
lower well, with the transwell in place in order to remove adhered cells.

Trypsin solutions were pooled with the incubation media from the lower wells. The
membranes were carefully removed with a small scalpel and placed in separate tubes for
determination of radioactivity. Radioactivity of the fractions from each compartment as well
as of the Matrigel-coated filters was evaluated with a scintillation counter (Beckman,
Fullerton, CA). The invasion index was calculated from the amount of radioactivity in the
lower wells, expressed as a percentage of the sum of the radioactivity in all of the
compartments plus the membranes. Each experiment was carried out in duplicate with
primary human trophoblasts in the presence of 1) medium alone, 2) polyclonal normal or
APS 1gG (3, 30, 60, or 125 ug/ml), 3) human anti-3,GPI mAb (TM1G2) or control mAb
TM1B9 (3, 12, or 50 pg/ml), or 4) human BoGPI-independent aCL 1gG mAb 519 or control
mAb 57 (3, 12, or 50 pg/ml).

Hormone secretion

Primary trophoblast cells were cultured in complete medium in the presence of polyclonal
IgG (ranging from 3 pg/ml to 125 pg/ml), anti-poGPI (TM1G2), and its negative control
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(TM1B9; 25 pg/ml). Cultures (25 ug/ml) performed in serum-free medium with washing
were used for the human aCL mAb (mAb 519) or the negative control mAb (mAb 57). The
medium and the Ig were changed daily from the first day of incubation. After 72-hour
culture, the cells were treated for 24 hours with 10~’M gonadotropin-releasing hormone
(GnRH) (Lutrepulse; Ferring Arzneimittel, GmbH, Kiel, Germany). At the end of the
incubation period, the media were removed and stored at —20°C for hCG determination. The
assay was performed with a commercial radioimmunoassay kit (Radim, Rome, Italy). The
intra- and interassay coefficients of variation were <12% and <8%, respectively.

Statistical analysis

RESULTS

Statistical analyses were performed using two-way analysis of variance for multiple
comparisons.

Anti-PL activity of the IgG fractions

Table 1 shows aCL and anti-B,GPI binding of the patients’ 1gG fractions. Assays performed
with PS-coated plates showed higher OD values for IgG fractions from patients with the
APS in comparison with those displayed by 1gG from NHS (OD 2.876 £ 0.231 and 1.321
0.156 for IgG from patient sample 1 at 125 pg/ml and 30 pg/ml, respectively, and 2.242 +
0.123 and 1.654 £ 0.147 for IgG from patient sample 2 at 125 pug/ml and 30 pg/ml,
respectively, versus 0.127 + 0.031 and 0.167 £ 0.021 for NHS IgG sample 1 and sample 2,
respectively, both at 125 pug/ml [mean £ SD of triplicate experiments]). When gelatin-
blocked plates were used, both aCL (Table 1) and anti-PS activity (data not shown)
decreased to background values.

Primary cytotrophoblast cells

At the beginning of the cell culture, enriched cytotrophoblasts were single mononuclear cells
with 2 or 3 aggregates (Figure 1A), as in previous studies (32). After 48 hours (Figure 1B),
increasing numbers of syncytia were detectable, and they became the dominant form at 72
hours (Figure 1C). Immunohistologic studies performed with an anti-hCG antiserum
revealed cytoplasmic reactivity in syncytial cells (Figure 2).

Binding of aPL antibodies to trophoblast cells

As shown in Figure 3, 1gG preparations from APS sera displayed time-dependent
trophoblast binding. The highest binding was seen at 72 hours of culture, when the largest
differentiation of cytotrophaoblasts into syncytiotrophoblasts was found. While APS IgG
retained their trophoblast-binding activity with protein concentrations as low as 7-15 pg/mi,
control 1gG did not display any significant binding at any of the tested concentrations.

To formally demonstrate the relationship between the formation of multinucleated cells and
antibody binding, cytotrophoblast cells were incubated for 24, 48, or 72 hours, removed
from the plates (by gentle trypsinization and scraping), and counted in a hematocytometer.
Parallel cultures were carried out for APS and NHS IgG binding. Table 2 shows that the
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highest antibody binding was detected in cultures in which the largest numbers of
multinucleated cells were found.

In order to demonstrate a role of oGPl in aPL trophoblast binding, comparable cultures
were performed in the presence of serial concentrations of human anti-fo,GPl mAb TM1G2.
TM1G2 displayed dose-dependent binding that reached the highest values with cells
cultured for 72 hours (Figure 4). In contrast, after 72 hours, trophoblast cells that had been
extensively washed and then cultured in serum-free medium to remove adherent f,GPI
showed binding values comparable with those found with the irrelevant control TM1B9
(data not shown). Addition of purified human B,GPI (5 ug/ml) restored TM1G2 binding but
did not affect TM1B9 binding (OD 0.784 + 0.117 and 0.201 £ 0.097, respectively, mean +
SD of triplicate experiments). These findings suggest that poGPI adhering to trophoblast
membranes might represent a target antigen for aPL.

It has been reported that a murine anti-PS IgG mAb is able to recognize anionic PL exposed
on the surface of trophoblast cells during syncytiotrophoblast formation (28,31). To evaluate
whether comparable reactivity could be displayed by a human IgG mAb that is able to react
with anionic PL in a B,GPI-independent manner (27), we incubated trophoblast cells with
serial concentrations of mAb 519. Since binding of mAb 519 to CL-coated plates has been
shown to be inhibited by the presence of human poGPI or FCS (27), the experiments were
performed with trophoblast cells in serum-free medium in order to avoid any possible
interference by bovine serum cofactors. Dose- and time-dependent binding to human
trophoblast cells was seen with mAb 519, but not with the irrelevant control (mAb 57). The
binding was evident after 48 hours of culture and reached highest levels with cells cultured
for 72 hours (Figure 5). Thus, the exposure of anionic PL on trophoblast cell surface can be
also recognized by aPL in a poGPIl-independent manner.

Interestingly, human B,GPI (or other serum cofactors present in whole FCS) was able to
make anionic trophoblast PL less accessible for mAb 519 binding. As previously found with
CL-coated plates (27), the addition of serial concentrations of human ,GPI or whole FCS
inhibited mAb 519 binding to trophoblasts in a dose-dependent manner (Figure 6). In
trophoblast cell cultures performed with complete medium, binding of mAb 519 could be
detected only after 72 hours and at the highest mAb protein concentrations (mean + SD OD
0.286 + 0.012 with 25-pug/ml concentrations and 0.387 £ 0.011 with 50-pg/ml concentrations
in complete medium, versus 0.490 £ 0.020 with 25-ug/ml concentrations and 0.714 + 0.095
with 50-pg/ml concentrations in serum-free medium).

Control experiments performed with human skin fibroblast monolayers (kindly provided by
Dr. F. Malavasi, University of Turin, Turin, Italy) cultured in flat-bottomed microtiter plates
(2 x 10% cells/well) did not show any binding activity with any of the polyclonal or
monoclonal 1g preparations (data not shown).

Effect of aPL on in vitro trophoblast invasivness

Trophoblast differentiation is characterized by the development of extravillous trophoblasts
that migrate into maternal myometrium. Matrigel cultures have been reported to be useful in
in vitro assays to evaluate trophoblast invasiveness (48). Incubation with polyclonal 1gG
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from patients with the APS but not with 1gG from NHS (60-125 pg/ml) significantly
reduced trophoblast cell invasiveness. Figure 7 shows the results of a 3-day in vitro Matrigel
invasion assay. Further experiments were performed to evaluate the potential role of an IgM
anti-3,GPI1 mAb on trophoblast invasion. As seen in Figure 7, TM1G2, in contrast to the
irrelevant control (TM1B9), significantly reduced trophoblast invasiveness at the highest
protein concentrations (12 pg/ml and 50 pug/ml). Comparable experiments carried out in
serum-free medium did not demonstrate any effect; however, the addition of exogenous
purified human BoGPI (5 pg/ml) restored the mAb-mediated inhibition (Figure 7).

Finally, we investigated aCL mAb 519 in the same in vitro model of trophoblast
invasiveness. As shown in Figure 7, under serum-free conditions, the 1gG aCL mAb, but not
its irrelevant control, was able to significantly impair Matrigel invasion in a dose-dependent
manner. In cultures performed in serum containing medium, the effect was detectable to a
lesser degree, and only with mAb concentrations of 50 pg/ml (data not shown).

Effect of aPL antibodies on trophoblast hCG secretion

In accordance with our previous data (32), addition of GnRH (10~7M) to trophoblast cells
significantly increased hCG secretion. The presence of normal polyclonal 1gG (3-125
ug/ml) did not modify basal or GnRH-induced hCG production (Table 3). In contrast, APS
1gG (at 30 pg/ml and 125 pg/ml) significantly reduced GnRH-induced hCG stimulation.

Comparable experiments were performed in the presence of the different mAb. Anti-p,GPI
mAb TM1G2 reduced GnRH-induced hCG secretion without changing basal hCG levels
(Table 4). Anticardiolipin mAb 519 significantly inhibited both basal and GhnRH-induced
hCG secretion under serum-free conditions (Table 4). In contrast, the respective irrelevant
controls (mAb TM1B9 and 57) did not modify hCG secretion. These experiments were
performed using different trophoblast tissues obtained from 5 women, with comparable
results.

DISCUSSION

Most of the clinical manifestations of the APS can be related to thrombotic events (1);
however, placental thrombosis cannot explain all of the pregnancy complications that occur
in women with this syndrome (29,30). In this regard, it has been hypothesized that aPL can
directly attack trophoblasts (31,32), but it is still unclear what pathogenetic mechanisms play
a role and which aPL subpopulations are involved.

In the present study, we found that IgG fractions from women with APS bind to trophoblasts
in vitro. The highest degree of binding was found after 72 hours of culture, when the cells
displayed the largest syncytial groups. Since the APS IgG fractions used in the present study
displayed clear binding to CL-coated plates (and to B,GPI-coated plates) only in the
presence of serum, we can assume that trophoblast binding might be largely related to
antibodies reacting with the cofactor present on the trophoblast cell membranes. Our results
are consistent with the demonstration that PS is exposed on the external cell surface during
intertrophoblastic fusion, with this exposure being maximal after 72 hours of culture (31).
Exposure of anionic PS can in turn offer a substrate for cationic B,GPI. The complex of
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B2GPI and membrane PS might expose new cryptic epitopes or an increased antigen density
suitable for anti-B,GPI antibodies (5).

Because of the presence of FCS in the cell culture medium, it is reasonable to assume that
bovine B,GPI was available for binding to the cell surfaces, as we previously found in
human in vitro endothelial cell cultures (49). The wide cross-reactivity of aPL with oGPl
from different species (35) might explain the binding of anti-BoGPI present in our IgG
fractions. In accordance with this, we found that a human IgM anti-f,GPI1 mAb bound to
human trophoblast monolayers only in the presence of exogenous poGPI. The
immunohistochemical demonstration of BoGPI binding to trophoblast cell surfaces in both
normal and abnormal placentae (23,24) suggests that aPL reactivity with trophoblasts might
occur in vivo through cell membrane-adhered ,GPlI.

The notion that anionic PL exposure has a role in trophoblast differentiation was further
supported by the binding of a human 1gG aCL mAb that recognizes negatively charged PL
in the absence of any plasma cofactor. Interestingly, even mAb 519 displayed the highest
binding when cells were cultured for periods of time known to allow the maximal exposure
of PS. This finding suggests that even foGPI-independent aPL can react with trophoblasts
and supports the idea of the pathogenicity of mAb 519 in passive transfer animal models of
aPL-induced fetal loss (27). It is useful to point out that externally exposed anionic PL
should be bound in vivo by circulating or tissue PL-binding proteins, such as foGPI, annexin
V, or placental anticoagulant protein 1. This binding is supposed to “neutralize” the
potentially procoagulant anionic PL and to make it less accessible for anti-PL antibodies
(31,50). An in vitro equivalent of such an in vivo phenomenon is mirrored by the partial
inhibition of 519 binding to trophoblasts by exogenous ,GPI or FCS. However, we found
that with the use of high concentrations of 519, potentially achievable in vivo, the binding
could be recovered, suggesting that high levels of “pure” aCL can, at least in part, also
overcome the B,GPI-dependent hindrance of anionic PL in vivo (27).

Taken together, these data strongly suggest that trophoblast cell membranes behave as
targets for both BoGPI-dependent and 3,GPI-independent aPL. Trophoblast differentiation is
physiologically characterized by the development of invasive extravillous structures and by
hCG secretion. Recently, Rote et al showed that murine anti-PS mAb bound to trophoblast
cells and prevented their in vitro invasiveness and hCG secretion (31). We obtained
comparable results with spontaneously occurring polyclonal IgG from patients with the
APS. The heterogeneity of antigen specificity of such whole IgG fractions makes it difficult
to precisely identify the antibody population responsible for modulation of trophoblast
function. The fact that human “pure” aCL and anti-3oGPI mAb inhibit trophoblast
invasiveness provides new information on the role of these autoantibody subpopulations in
APS-associated fetal loss. Interestingly, in studies of the binding of aCL mAb 519 and anti-
B2GPI mAb TM1G2, we were also able to reproduce the inhibitory effect on hCG secretion
found with the polyclonal 1gG fractions from APS patients.

We have confirmed in this study that antigenic structures suitable for f,GPI-independent
aPL are present on trophaoblasts. In addition, we demonstrated for the first time that
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trophoblast cells express epitopes that can be recognized by ,GPI-dependent or anti-B,GPI
antibodies.

The autoantibody binding and consequent functional modulation might represent key
mechanisms by which aPL can affect embryo implantation and pregnancy outcome. These
findings are in accordance with the pathogenetic activity of both anti-3,GPI and human
mAb 519 in murine passive transfer models of fetal loss in the APS (25,27) and with the
reported association between the presence of anti-pf,GPI antibodies and fetal loss (8-11,19-
22). In addition, defective placentation might be responsible for some of the early fetal
losses reported to frequently occur in women with the APS (51). The recent demonstration
that Ig aCL and anti-B,GPIl mAb affect human choriocarcinoma cell line proliferation in
vitro (52) is consistent with our findings. The mechanism(s) by which aPL can affect both
trophoblast invasiveness and hCG secretion is not clear, but antibody binding to anionic PL
or to adhered $,GPI on trophoblast cell membranes seems to be a necessary prerequisite. In
conclusion, our data suggest that both B,GPI-independent aPL and anti-B,GPI-dependent
antibodies can bind to human trophoblast cells in vitro and that, once bound, they can affect
normal trophoblast implantation and development.
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Figure 1.
Percoll gradient-purified human cytotrophoblasts. Cells were stained after 24 hours (A), 48

hours (B), and 72 hours (C) of culture. (Hematoxylin and eosin stained; original
magnification x 400.)
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Figure 2.
Immunohistochemical demonstration of human chorionic gonadotropin in Percoll gradient-

purified human cytotrophoblasts at 72 hours of culture (original magnification x 600).
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IgG binding to primary cytotrophoblast cells. Serial protein concentrations of IgG from
patients with the antiphospholipid syndrome (APS) (a,¥) or from normal human serum
(NHS) (@, =) were evaluated after 24 hours (a), 48 hours (b), and 72 hours (c) of culture.
Dose- and time-dependent binding was found with APS IgG, but not with NHS IgG. Values
are the mean + SD. * = P < 0.05; § = P < 0.01, APS IgG versus NHS IgG. O.D. = optical

density.
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Binding of human anti—B,-glycoprotein | (anti-3,GPI) monoclonal antibody (mAb) to
primary cytotrophoblast cells. Serial protein concentrations of anti-Bo,GPlI mAb TM1G2 (=)
or control mAb TM1B9 (@) were evaluated after 24 hours (a), 48 hours (b), and 72 hours
(c) of culture. Dose- and time-dependent binding was seen with TM1G2, but not with
TM1B9. Values are the mean + SD. * = P < 0.05; § = P < 0.01, TM1G2 versus TM1B9.

O.D. = optical density.
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Binding of human IgG anticardiolipin (aCL) mAb to primary cytotrophoblast cells in serum-
free medium cultures. Serial protein concentrations of mAb 519 (=) or control mAb 57 (@)
were evaluated after 24 hours (a), 48 hours (b), and 72 hours (c) of culture. Dose- and time-
dependent binding was seen with 519, but not with 57. Values are the mean £ SD. * =P <

0.05; § = P < 0.01, 519 versus 57. See Figure 4 for other definitions.
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Figure 6.
Binding of human IgG anticardiolipin mAb 519 (=) or control mAb 57 (@), in the presence

of serial concentrations of human [3,-glycoprotein | (Beta 2GPI) (a) or fetal calf serum
(FCS) (b) to trophoblast cells cultured for 72 hours. Values are the mean + SD. See Figure 4
for other definitions.
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Figure 7.
Matrigel invasion assay in the presence of a, 1gG fractions from normal human serum

(NHS) or from patients with the antiphospholipid syndrome (APS) at serial protein
concentrations (0 = 3 ug/ml; 2 = 30 pg/ml; 8§ = 60 pg/ml; m = 125 ug/ml), b, human anti—p,-
glycoprotein | (anti-B2GPI) monoclonal antibody (mAb) at serial protein concentrations (&
=3 pg/ml; O = 12 pg/ml; m = 50 pg/ml) (the effect of mAb TM1G2 was investigated in
cultures performed in medium with and without fetal calf serum [FCS] or in serum-free
medium with 5 pg/ml of B2GPI added), and ¢, human anticardiolipin mAb 519 and control
mAb 57 at serial protein concentrations (& = 3 pg/ml; 0 = 12 ug/ml; m = 50 pg/ml). Values
are the mean and SD of triplicate experiments. * = P < 0.05; § = P < 0.01, APS IgG versus
NHS 1gG, TM1G2 versus TM1B9, and 519 versus 57.
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Table 2

Morphologic changes and polyclonal IgG binding of cultured cytotrophoblasts™

Time of culture

24 hours 48 hours 72 hours
Single cells, % 812 30+ 2F 10+ 2%
Aggregates, % 15+3 39+ 5% 91
Syncytia, % 4x1 31+3f 81+ 2f

APS patient 1
19gG, OD8

APS patient 2
19G, ODS8

NHS IgG, 0D8

0534+15% 0708+93t  1.205+ 98t

00812 ogo5+51F 0.858 +101%
0101445 0123+37  0.111%67

*
All experiments were performed 3 times on different placentae. Values are the mean + SD. OD = optical density (see Table 1 for other

definitions).

TPercentage of 200 counted cells.

iP< 0.01 versus 24-hour cultures.

§AII 1gG fractions were tested at a final protein concentration of 60 pg/ml.
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