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Introduction

Problem

Placental fibrin deposits in patients wih recurrent spontaneous abortion
(RSA) indicate an exaggerated haemostatic response. This ‘hypercoagu-
lability” may involve pro-coagulant factors such as circulating micropar-
ticles (MPs). We investigated the relationship between circulating pro-
coagulant MPs and systemic coagulation in RSA patients.

Method of study

Platelet- and endothelial cell-derived microparticles (PMPs, EMPs) were
evaluated by flow cytometry in RSA patients (# = 51) and compared to
controls (n = 24) using annexin V (total numbers of MP), and antibodies
against CD61, CD63 and CD62P (PMP), as well as CD144 and CD62E
(EMP). Prothrombin fragment 1 + 2 (F;,,) and thrombin generation
were determined to assess the pro-coagulant potential of MP.

Results

Numbers of annexin V-binding MP were nearly similar in RSA patients
and controls. However, a subgroup of ten RSA patients (10/51; 20%)
presented with MP concentrations >10,000 x 10°/L, compared to only
one women out of the control group (1/24; 4%; P = 0.038). Neither
PMP and EMP nor F;,, and thrombin generation differed significantly
within the study population.

Conclusion

The present study shows that circulating MPs are not directly associated
with the extent of systemic coagulation activation in RSA patients. We
hypothesize that increased numbers of circulating MPs either are only
indirectly associated with coagulation during pregnancy of RSA patients,
or affect abortion via mechanisms independently from hypercoagulation.

women.' Primary RSA refers to women with consec-
utive losses and no prior successful pregnancy, while

The occurrence of three or more consecutive sponta-
neous abortions regardless of previous live births is
regarded as recurrent spontaneous abortion (RSA)
and affects about 1-3% of reproductive-aged
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secondary RSA refers to losses following a live birth.
Facing declining birth rates especially in Western
Europe, there is a growing discussion to also include
women with at least two abortions.

159

American Journal of Reproductive Immunology




TOTH ET AL.

Known risk factors for RSA are genetic disorders,
uterine pathologies, endocrine dysfunctions, autoim-
mune diseases, acquired and inherited thrombophi-
lias as well as environmental factors.>™ Still, in
nearly 50% of RSA patients, the underlying cause
remains unknown.’

During normal pregnancy, haemostasis changes
towards a pro-coagulatory state with an increase in
concentrations of clotting factors and fibrinogen,
which is paralleled by decreased levels of anticoagu-
lant factors and reduced fibrinolytic activity.® In
patients with RSA, fibrin deposits occur in the inter-
villous space of the placenta, raising the question
whether RSA is due to an impaired haemostatic bal-
ance during pregnancy.’

Platelet-derived microparticle (PMP) and endothe-
lial-cell derived microparticle (EMP) can initiate and
support coagulation.® They are released by circulat-
ing blood cells and endothelial cells during cell acti-
vation or apoptosis, partial or complete lysis and
oxidative or high shear stress.”™'?

In 2001, Laude et al. demonstrated that MPs cap-
tured from the plasma of RSA patients by annexin V
generated more thrombin in a prothrombinase assay
than MP from controls.'> In addition, Carp et al.
reported that MPs supposed to originate from endo-
thelial cells (EMP) were significantly elevated in
RSA patients'* compared to controls.

In this prospective case—controlled study, we
determined the circulating numbers of PMP and
EMP and subpopulations thereof in RSA patients
and controls and studied their pro-coagulant capacity
in vitro and in relation with the coagulation activa-
tion status in vivo.

Patients and methods

Study Population

Between May 2004 and March 2007, blood samples
were obtained from 103 non-pregnant women with
RSA (two and more abortions) and 31 non-pregnant
women with a history of having given birth to at least
one live baby (no history of abortion, still-born foetus,
intrauterine growth restriction, preterm labour, or
pre-eclampsia). All participants were Caucasians.
Exclusion criteria were: (i) increased levels of anti-
phospholipid antibodies (APS: anti-cardiolipin IgG
and IgM and B2-globulin IgG and IgM); (ii) homo-
and heterozygous carriership of the factor V Leiden
(FVL) and/or prothrombin (FII) G20210A mutation
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as well as homozygosity for the 5,10-methylenetet-
rahydrofolate reductase (MTHFR) C677T mutation;
(iii) anti-nuclear antibodies (ANA) above 1:240; and
(iv) elevated leucocyte counts. In all individuals, the
time span between the last abortion and the study
investigation was at least 2 months.

Neither women with RSA nor control subjects
smoked or had taken oral contraceptives for at least
6 months.

Signed informed consent was obtained from all
participants allowing analysis of all clinical and labo-
ratory data mentioned in this paper. The Human
Investigation Review Board of the Ludwig-Maximil-
ians-University Munich approved the study.

Blood Sampling and Measurements

Blood samples were taken during the same time per-
iod (9-12 a.m.) by a trained clinician by puncture of
the antecubital vein without tourniquet through a
20-gauge needle. Platelet-poor plasma was prepared
by centrifugation at 1550 x g for 20 min within
15 min after collection. The plasma was snap-frozen
in liquid nitrogen for 15 min and stored at —80°C
until assayed.

Reagents

Fluorescein isothiocyanate (FITC)-labelled annexin V,
phycoerythrin (PE)-labelled annexin V and IgG-
PE were from Immuno Quality Products (Groningen,
The Netherlands). Anti-CD61-PE and anti-E-selectin-
PE were from BD Biosciences (Heidelberg, Germany),
anti-P-selectin-PE, anti-CD63-PE, and IgG-FITC
from Immunotech (Marseille, France), and anti-
CD144-FITC from Acris (Hiddenhausen, Germany).
All antibodies and annexin V were diluted with
phosphate-buffered saline (PBS; 154 mmol/L NacCl,
1.4 mmol/L phosphate, pH 7.4). Final dilutions were:
annexin V-FITC 1:100 (v/v), annexin V-PE 1:200,
anti-CD61-PE 1:100, anti-P-selectin-PE 1:100, anti-
CD63-PE 1:20, anti-CD144-FITC 1:20 and anti-E-
selectin-PE 1:20.

The latter antibody specifically stains MP exposing
E-selectin from TNF-o-stimulated human endothelial
cells, as demonstrated previously.'”

Isolation and analysis of circulating microparticles

Microparticle isolation and analysis were performed
as per method described by Nieuwland et al.'®

American Journal of Reproductive Immunology 59 (2008) 159-166 © 2008 The Authors

Journal compilation © 2008 Blackwell Munksgaard



CIRCULATING MICROPARTICLES IN RECURRENT SPONTANEOUS ABORTION

Briefly, samples of 250 pL frozen plasma were
thawed on melting ice for approximately 1 hr. After
centrifugation at 17,570 x g and 20°C for 30 min,
225 uL of MP-free supernatant was discarded. The
remaining MP pellet was diluted with 225 pL. PBS
containing 10.9 mmol/L trisodium citrate (PBS/cit-
rate buffer). After resuspension, MPs were centri-
fuged again for 30 min at 17,570 X g and 20°C. The
supernatant (225 pL) was removed and 75 pL of
PBS/citrate buffer was added. Again, the MP pellet
was resuspended. Five microlitres of the MP suspen-
sion was diluted in 35 puL 2.5 mmol/L CaCl,-con-
taining PBS. Then, 5 pL APC-labelled annexin V
plus 5 pL of a cell-specific monoclonal antibody or
isotype-matched control antibodies were added.
Samples were incubated in the dark for 15 min at
room temperature. The reaction was stopped with
900 pL 2.5 mmol/L calcium buffer except for the
annexin V control, to which 900 pL citrate-contain-
ing PBS was added. MPs were analysed in a FAC-
Scan flow cytometer (Becton Dickinson; Heidelberg,
Germany) using the Cell Quest Software (Becton
Dickinson; San Jose, CA, USA). Forward scatter and
side scatter were set at a logarithmic gain. MP were
identified on basis of their size and density and their
capacity to bind a cell-specific monoclonal antibody
and annexin V. Cell-specific labelling with monoclo-
nal antibodies was corrected for identical concentra-
tions of isotype-matched control antibodies, while
annexin V measurements were corrected for auto-
fluorescence.

The concentration of MP/L plasma was estimated
according to method described by Berckmans et al.’

Prothrombin Fragment 1 + 2 (F,,,) Determination

Prothrombin fragment 1 + 2 (F;,,) was measured by
an ELISA (Enzygnost F,,, monoclonal OPBD), fol-
lowing the instructions of the manufacturer (Dade
Behring Diagnostics GmbH; Marburg, Germany).
Reference range was 53-271 pmol/L. Concentrations
of F;,, were measured in RSA patients with MP
above 10,000 x 10°/L and compared to randomly
selected plasma samples from RSA patients and
controls (both with normal MP levels).

Thrombin Generation Test

The thrombin generation test (TGT) was used to
estimate the thrombin-generating capacity of the
MPs, as described previously.”'' Briefly, MPs were
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reconstituted in defibrinated (by reptilase) normal
(MP-free) plasma. For the inhibition experiments,
the defibrinated plasma and the MPs were separately
incubated for 30 min at ambient temperature with
20 and 5 pL of antibodies respectively. Anti-factor
VII was used to inhibit the extrinsic pathway and
anti-factor XI or anti-factor XII to inhibit the intrin-
sic pathway. Plasma and MPs were pooled after pre-
incubation and incubated for an additional 10 min
at 37°C. Thrombin generation was started (¢t = 0) by
addition of 30 pL CaCl, (16.7 mmol/L final concen-
tration). At fixed intervals, 3 pL-aliquots were
removed and added to 147 pL pre-warmed chromo-
genic substrate Pefachrome TH-5114 (Pentapharm,
Basel, Switzerland). After 3 min, 90 pL 1 m citric
acid was added to stop the conversion of Pefachrome
TH-5114.

The generated amount of p-nitroaniline was deter-
mined at 4 =405 nm with the Spectramax micro-
plate reader (Molecular Devices, Union City, CA,
USA). For quantitative analysis, the results were
expressed as the area under the thrombin generation
curve (AUC), «calculated for the time interval
between 0 and 15 min after the addition of CaCl..

Thrombin generation was measured in RSA
patients with MPs above 10,000 x 10%/L and com-
pared to randomly selected plasma samples from
RSA patients and controls (both with normal MP
levels).

Statistics

Parametrically distributed data are expressed as
mean (+S.D.). All other data are presented as the
median [(Q1-Q3) = interquartile range]. Indepen-
dent variables were analysed by Mann-Whitney U-
test, chi-squared test and paired f-test. P-values
<0.05 were regarded as statistically significant. Data
were examined with SPSS for Windows (release
15.0, Chicago, IL, USA).

Results

Study Population

Out of 103 RSA patients, 52 did not fullfill the study
criteria [heterozygous FVL (n = 8), heterozygous FII
G20210A (3), homozygous MTHFR C677T (11), APS
(9), ANA (6), von Willebrand disease (1), lupus ery-
thematodes (1) and pregnant (13)]. In the control
group, seven women were excluded [homozygous
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FVL (2), heterozygous FII G20210A (1), APS (3) and
elevated leukocytes (1)].

Accordingly, our study population consisted of 22
women with at least two abortions (RSA_2) and of
29 with three and more abortions (RSA_3). They
were compared to 24 control women.

Table I summarizes the data of the study popula-
tion. Control women were slightly older than the
RSA patients (RSA_2 versus control P = 0.02; RSA_3
versus control P = 0.05). Platelet counts did not differ
between the study groups.

Most women with RSA_2 or RSA_3 had abortions
<12 weeks of gestation [RSA_2: <12 weeks (n = 15),
>12 weeks (2); both <, >12 weeks (5); RSA_3:
<12 weeks (21), both, £, >12 weeks (8)]. Consecu-
tive foetal losses without prior successful pregnancy
were seen in 12 women of RSA_2 and in 17 women
of RSA_3, whereas ten women of RSA_2 and 17
women of RSA_3 had foetal losses following a live
birth.

Circulating Microparticles

Comparing median values of circulating annexin V-
positive MPs, no significant differences between the
different study groups were observed. However,
plasma samples from eight women with RSA_3 and
from two with RSA_2 contained high numbers of
annexin V-positive MPs, i.e. concentrations above
10,000 x 10°/L.  compared to only one control
woman (P = 0.038; Fig. 1). No correlation was seen
between elevated numbers of annexin V-positive MP
and age, menstrual cycle, numbers of pregnancies or
deliveries, early or late pregnancy losses, or platelet

* 52

20000 =

10000

Annexin V-positive microparticles

T T T
Control RSA_2 RSA_3
Study population

Fig. 1 Annexin V-positive microparticle (MP). Two recurrent spontane-
ous abortion (RSA)_2 women and eight RSA_3 women had numbers
of circulating MP above 10,000 (x10°/L) compared to only one
woman out of the control group (P = 0.038). Data are presented as
boxplot. 52 indicates RSA patient with microparticle numbers above
the interquartile range.

Platelet-derived Microparticles

Numbers of PMP (CD61%; Table I) and PMP from
activated platelets (CD63" or CD62P") did not differ,
either within RSA patients with two or three and
more abortions or when comparing RSA patients
and controls. PMP (CD617) correlated with annexin
V-positive MP in all three study groups (all

counts (Table II). P < 0.001).
Table I Study Population
Parameter RSA_2 (n = 22) RSA_3 (n = 29) Control (n = 24)
Age (years) 33.7 + 5.5*% 345 + 6.0% 37.7 + 4.9*%
Gravida 2.8 +1.2% 42 +1.1* 1.7 + 0.6*
Para 0.8 + 1.0* 0.6 + 0.7 1.7 + 0.6*
Platelet count (g/L) 295 + 63 299 + 57 284 + 55

Microparticles
CD61-positive (PMP)
CD144-positive (EMP)
CD62E-positive (EMP)

5030 (2937-6890)
999 (434-1837)
397 (220-530)

3950 (1629-7249)
897 (544—1430)
357 (148-563)

3959 (2299-5936)
683 (218-1544)
306 (193-680)

range).

Patients data are presented as mean + S.D. (*P < 0.05 = significant). Microparticle levels (x10%/L) are indicated as median (interquartile
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Endothelial microparticles

With regard to EMPs, neither CD144-positive EMPs
(Table I) nor CD62E-positive EMPs, i.e. EMPs from
activated endothelial cells (Table I), showed signifi-
cant differences between the study populations.

Prothrombin Fragment 1 + 2 (Fy,,)

Fy,, values were investigated in RSA patients with
MPs > 10,000 (x10%/L; n=9) as well as in RSA_2
and RSA_3 patients (n = 13) and compared to con-
trols (n = 8) (Table II). The levels of F;,, in women
with MPs > 10,000 (x10°/L) were not significantly
increased compared to either RSA_2 + RSA_3 or to
controls (both P > 0.05).

Thrombin Generation Test

There were no differences in the amount of throm-
bin generation [expressed as areas under the curve
(AUC)] between the three study groups (Table IV,
Fig. 2). In addition, preincubation with anti-factor
VII(a) did not inhibit thrombin generation in any of

Table Il Characteristics of RSA Women with MP > 10,000 (x10°/L)
Menstrual Annexin V+
Group Age G P RSA <12 weeks >12 weeks cycle Platelet count microparticles
2 41 2 0 1 2 0 2 352 10453
2 31 2 0 1 1 1 3 226 13010
3 33 3 0 1 2 1 2 356 14800
3 29 3 0 1 n.d. 0 2 313 24802
3 36 6 3 1 4 0 1 294 10314
3 41 6 1 2 5 0 2 289 14339
3 25 4 1 2 3 0 1 n.d. 11878
3 37 5 1 2 4 0 2 332 13813
3 36 4 0 1 3 0 1 356 13002
3 40 3 0 1 3 0 2 200 10184
Group: 2, RSA_2; 3, RSA_3; G, gravidity; P, number of deliveries; <12 weeks, abortions <12 weeks of gestation, >12 weeks, abortions
>12 weeks of gestation; menstrual cycle: 1 = follicular phase; 2 = luteal phase; MP numbers (x10°/L); n.d., not determined.

the three study groups, indicating that the extrinsic
coagulation pathway has no major influence under
these conditions. In contrast, preincubation with
anti-factor XI(a) significantly inhibited thrombin
generation.

This effect was strongest in the subgroup of RSA
patients with MPs > 10,000 (x10°/L), indicating that
thrombin generation in these patients is most
strongly dependent on the activation of factor XI
(P =0.001). As shown in Fig. 2, there was no corre-
lation.

Discussion

The present study shows that circulating MPs did
not differ significantly between RSA patients and
controls. Still, elevated numbers of circulating MPs
occurred in a subgroup of women with RSA. These
increased numbers were not related to either their
ability to generate thrombin in vitro or to the extent
of coagulation activation in vivo. Nevertheless, there
was a trend towards increased F;,, levels in these
patients. With regard to thrombin generation in vitro,
the amount of thrombin generated was most

Table Il Prothrombin Fragment 1 + 2

Parameter MP > 10,000 (x10%/L); n = 9

RSA_3 + RSA_2 (n = 13) Control (n = 8)

Fi:2 (pmol/L) 163.2 + 59.3 (104-261)

146.3 + 45.8 (87-244) 151.5 + 55.1 (104-261)
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Prothrombin fragment 1 + 2 (pmol/L) concentrations are presented as mean + S.D. (minimum-maximum).
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Table IV Thrombin Generation Test (TGT)

Thrombin generation

MoAb  n (% of control)? P-value®
MP > 10,000
Extrinsic VI 8 103.6 + 21.6 0.754
Intrinsic Xl 723 + 14.8 0.001
Xl 95.8 +12.3 0.940
RSA_2 + RSA_3
Extrinsic i 11 101.9 + 7.6 0.419
Intrinsic Xl 84.7 +19.7 0.027
XII 87.1 + 183 0.041
Control
Extrinsic VII 8 99.8 £+ 12.6 0.968
Intrinsic Xl 84.7 +18.2 0.049
Xl 98.0 + 20.7 0.797

Effect of antibodies against extrinsic and intrinsic pathway fac-
tors on thrombin generation by microparticles (MPs).

“The area under the curve (AUC) of the thrombin generation by
MP in vitro in the absence of inhibitors was determined and set
at 100% for each individual (control). The effect of monoclonal
antibodies (MoAb) on thrombin generation compared to throm-
bin generation in the absence of MoAb is expressed as %
remaining thrombin generation. Data are expressed as

mean + S.D.

PDifferences in the inhibitory capacity were evaluated by the
paired t-test and considered statistically significant at P < 0.05
(denoted by bold values).

25,000

% MP >10.000

S A RSA

= ¢ Control

g 20,000 |

o

XS}

£ 15,000 |-

(0] A

= y =2845x + 765

:‘% r=0.07

o 10,000 A * A P=0.68

CI). //

> A & A A N

£ s000F A et t e

[0} *

c * *

c

< 0 ] ] ] ]
0.00 0.50 1.00 1.50 2.00

TGT (AUC)

Fig. 2 Correlation of TGT and circulating microparticles. No significant
correlation was detected between numbers of circulating annexin V-
positive MP and thrombin generation (P = 0.6).

strongly inhibited by a monoclonal antibody against
coagulation factor XI(a). Since activation of factor XI
into Xla requires a phospholipid surface, increased
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numbers of MPs implicate increased quantities of
pro-coagulant phospholipids. Therefore, as long as
the pro-coagulant phospholipids are the rate-limiting
factor of thrombin generation, a stronger factor XI-
dependent thrombin generation is to be expected.
Because factor XI amplifies both extrinsic (tissue fac-
tor-initiated) and intrinsic/contact-activated (factor
XII)-dependent coagulation, increased inhibition of
thrombin generation via factor XI(a) gives no clue
on the initiating mechanism.

The MPs from circulating blood cells expose phos-
phatidylserine and thus are believed to support coag-
ulation.® Sugimura et al. demonstrated that injection
of artificial phospholipid vesicles, i.e. vesicles con-
taining phosphatidylserine, into pregnant mice
induced thrombosis in the placental bed and reduced
birth weight, further supporting a possible role for
MPs in venous thrombosis, especially during preg-
nancy.'”

We hypothesize that RSA patients with elevated
MP levels may be in a permanent prothrombotic
state even outside of pregnancy. This is supported by
results of Rai et al.,” who came to the same conclu-
sion by thromboelastography. With regard to live
birth rates, this subgroup of RSA patients might ben-
efit from low-molecular weight heparin and/or aspi-
rin during pregnancy.'82°

In contrast to Carp etal, we did not find
increased numbers of EMPs (CD144%) or EMP sub-
populations  from activated endothelial cells
(CD62E™) in RSA patients when compared to con-
trols.'* Carp et al. used a combination of monoclonal
antibodies, i.e. CD51 and CD31, to identify EMPs in
plasma samples. The exposure of CD51 (o) on EMPs
can be disputed. In two independent in vitro studies,
it was shown that CD51 is present on various types
of endothelial cells, but (virtually) absent on EMPs
thereof.?!*? In addition, PECAM-1 (CD31) is abun-
dantly present on PMPs, but can be detected only in
subpopulations of EMPs.?*> Thus, with regard to the
analysis of MPs in plasma samples, i.e. samples con-
taining predominantly PMPs, the choice of CD51
and CD31 is debatable.

The percentage of RSA patients with elevated
numbers of MPs in our study population was also
lower than that of what was reported by Laude
etal.’?

Although it is known that women with RSA have
a higher prevalence of inherited thrombophilias,**?°
Laude et al. did not exclude RSA patients with
inherited thrombophilias in contrast to our study
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population. In addition, the authors used an annexin
V-binding capture assay to study the pro-coagulant
properties of MPs ex vivo, and thrombin generation
was determined with purified human coagulation
factors after washing the MPs.

In our study, in contrast, we directly demonstrated
that (i) the overall numbers of MPs in plasma sam-
ples from women with RSA was comparable to those
of controls; (ii) thrombin generation (using normal
plasma as a physiological source of coagulation fac-
tors and inhibitors) was similar when women with
RSA were compared to controls; and (iii) no relation
was seen between circulating numbers of MPs and
the in vivo coagulation activation status. Despite the
fact that a subgroup of RSA patients presented with
clearly elevated MP concentrations, also these
patients showed no significantly increased coagula-
tion in vive. This may suggest that MPs in vivo exert
effects which contribute to or reflect underlying
pathophysiological processes contributing to abortion
independently from coagulation.

Since MPs affect not only coagulation but also
many other processes, such as endothelial function,
angiogenesis, inflammation, transportation and com-
munication between cells and cellular survival, we
can only speculate on their relation with abortion.
Foetal and placental development is accompanied by
a diversity of processes involving angiogenesis and
endothelial function as well as immunological fac-
tors. Therefore, we hypothesize that MPs may inter-
fere with one or more of the before mentioned
processes, thus disturbing the further growth of the
developing foetus.
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