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Summary

Aim(s): The present study aimed to discover whether there is an association between thrombin-activatable fibrinolysis inhibitor
(TAFI) antigen levels and recurrent miscarriage (RM). In particular, TAFI antigen levels of women with RM were compared with those
of a control group of women with previous uncomplicated pregnancies. Method(s): Group 1 comprised 48 women with RM, defined
as the occurrence of two or more fetal losses before 20 weeks of gestation. Group 2 (the control group) was made up of 40 women
who had undergone at least two healthy pregnancies and had no history of miscarriage. Group 1 was then stratified in to two groups
according to the number of pregnancy losses and group 1A (2 pregnancy losses) consisted of 22 women whereas group 1B (three or
more pregnancy losses) consisted of 26 women. Results: No difference was observed with regard to serum TAFI antigen levels between
groups 1 and 2. There was also no statistical difference in serum TAFI antigen levels between group 1A and group 1B. Conclusion:
The findings of the current study indicated that TAFI antigen levels are not associated with RM. Further multi-centric research with
more subjects is needed to better evaluate the role of TAFI in RM.
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Introduction

Thrombin-activatable fibrinolysis inhibitor, also known
as TAFI, is a recently discovered glycoprotein. TAFI is
also described as procarboxypeptidase U (pro-CPU),
plasma procarboxypeptidase B (pro-pCPB), or procar-
boxypeptidase R (pro- CPR) [1, 2].

TAFI is defined as a new pathway linking coagulation
to fibrinolysis [3]. It is a single-chain plasma protein
composed of 401 amino acids. Produced mainly by the
liver [2], it is also synthesized by megakaryocytes [4].
Cleavage of TAFI at Arg 92 by action of thrombin, the
thrombin-thrombomodulin complex and plasmin leads to
activated TAFI (TAFIa) [5].

TAFI suppresses fibrinolysis. TAFIa removes C-termi-
nal lysine and arginine residues from partially degraded
fibrin and prevents high-affinity plasminogen binding [6].
When there is low level of high-affinity plasminogen
binding, tissue-type plasminogen activator-mediated
plasmin production remains at low levels leading to low
plasma plasmin concentrations. This in turn results in a
low level of fibrin degradation [7]. Thus, the degraded
fibrin co-factor that is necessary for efficient tissue-type
plasminogen activator-mediated plasminogen activation
is rendered inactive by TAFI [8].

It has recently been claimed in increasing numbers of
studies that TAFI not only has antifibrinolytic effects
but also plays a role in modulating inflammation.
Recent studies have shown that TAFIa plays a role in the
degradation of the anaphylatoxins C3a and C5a and
bradykinin [9].
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Currently, there is little knowledge available on the
possible relationship between TAFI and recurrent miscar-
riage (RM). TAFI inhibits plasminogen activator-induced
fibrinolysis and may cause the development of thrombo-
sis [10]. Increased TAFI levels may be responsible for the
development of thrombosis and may lead the way to pla-
cental thrombosis, resulting in fetal loss. There are a few
clinical studies that have explored the association
between TAFI levels and RM however the results are
conflicting [11-13].

The present study aimed to discover whether there is an
association between TAFI levels and RM. In particular,
TAFI levels of women with RM were compared with
those of a control group of women with previous uncom-
plicated pregnancies.

Material and Methods

This descriptive and cross-sectional study was conducted at
the Obstetrics and Gynecology Outpatient Clinic of Adnan
Menderes University Hospital in Turkey.

Patients who had no history of cardiovascular, renal-thyroid,
pancreas disease and had suffered no myocardial infarction or
any kind of malignancy or thromboembolic disease were
recruited into the study. Patients who had taken aspirin, sex
steroids, heparin or antiplatelet agents within the last six weeks
were excluded. Those who did not or could not provide their
informed consent were also excluded from the study.

TAFI is basically produced by the liver and therefore patients
with liver disease were excluded from the sample. Care was
taken in obtaining medical history and during the physical
examination to rule out any inflammatory, autoimmune or other
diseases that could affect hemostasis. All of the study subjects
were of the Caucasian race.

The study defined RM as the occurrence of two or more fetal
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losses before 20 weeks of gestation [14]. Medical histories were
carefully recorded to determine RM diagnosis. The patients’
history was verified by checking all available clinical docu-
ments and clinical reports including ultrasound examinations or
hCG assay results.

The study accepted that fetal loss up until and including the
12" week as early abortion and accepted fetal loss after the 12
week and 20 weeks as late abortion.

Group 1 comprised 48 women with RM, defined as the
occurrence of two or more fetal losses before 20 weeks of ges-
tation. Group 2 (the control group) was made up of 40 women
who had undergone at least two healthy pregnancies and had no
history of miscarriage.

The ages indicated in the study were the ages of the subjects
at the time they were recruited into the research.

At a later stage of the study, the patients in group 1 were strat-
ified in two sub-groups according to the number of their preg-
nancy losses. Group 1A comprised patients who had had two
consecutive abortions and group 1B were identified as women
who had had three or more consecutive abortions. Group 1A
consisted of 22 women and group 1B of 26 women.

At the early follicular phase (cycle day 2-5) in the morning
after an overnight fast, venous blood was sampled for the meas-
urement of serum concentrations of TAFI. Serum was separated
by centrifugation and immediately stored at —80°C until the
assay was carried out. Serum TAFI antigen (TAFIag) concentra-
tions in plasma samples were measured with a commercially
available ELISA (enzyme linked immunosorbent assay) kit
(American Diagnostica, Stamford, CT). ELISA was performed
according to the manufacturer’s instructions.

Ethics of research

The study protocol was approved by the local ethics commit-
tee. Participation was on a voluntary basis. All women partici-
pating in the study provided their written informed consent.
Women were not offered any incentives for their participation
in the study.

Statistical analysis

Statistical analysis was carried out by using the Statistical
Package for Social Sciences (SPSS Inc., Chicago, IL, USA),
version 13.0. Significance was defined as p < 0.05. Data were
presented as mean + standard deviation (SD) Parametric contin-
uous variables were analyzed with the t-test, and nonparametric
data was analyzed by using the Mann-Whitney U test. Differ-
ences between categorical variables were analyzed using the
chi-square test and Fisher’s exact test.

Results

A total of 88 participants were enrolled in the study.
Group 1 (women with RM) consisted of 48 women,
whereas the control group (group 2) consisted of 40 age-
matched women who had experienced at least two
uncomplicated pregnancies and had no history of miscar-
riage. Group 1 was then stratified into two groups accord-
ing to the number of pregnancy losses and group 1A (2
pregnancy losses) consisted of 22 women whereas group
1B (three or more pregnancy losses) consisted of 26
women.

The main characteristics of the sample and TAFI ag
levels are presented in Table 1.

There was no significant difference between the groups

Table 1. — Characteristics of the participants.

Group 1 (RM*) Group 2 (Control) p value

n=48 n =40
Age (years) 30.7 5.1 31.9+3.8  0.233
BMI (kg/m?) 213+ 1.5 21.1+1.6  0.601
TAFlag** levels (U/dl) 140.3 +34.2  147.1 +34.6  0.359

*RM = Recurrent miscarriage; **TAFlag = thrombin-activatable fibrinolysis
inhibitor antigen.

Table 2.— Characteristics of the participants in group 1
stratified according to the number of abortions.

Group 1A Group 1B p value
(2 fetal losses) (= 3 fetal losses)
n=22 n =26

Age (years) 294 +£6.3 31.8£35 0975
BMI (kg/m?) 213+ 1.6 21215 0.709
TAFI ag** levels (U/dl) 137.1 +31.9 143.0 £36.5 0.093
Pregnancy losses n (%)
Early abortion 18 (81.8) 21 (82.1)  0.950
Late abortion 4 (18.2) 5(17.9) 0.975

*RM = Recurrent miscarriage; **TAFlag = thrombin-activatable fibrinolysis
inhibitor antigen.

for body mass index, and age (Table 1). No difference
was observed with regard to TAFlag levels between
groups 1 and 2 (group 1: 140.3 + 34.2 U/dl; group 2:
147.1 = 34.6 U/dl) (Table 1).

There was also no statistical difference in TAFlag
levels between group 1A and group 1B (group 1A: 137.1
+ 31.9 U/dl; group 1B: 143.0 + 36.5 U/dl) (Table 2).

Discussion

No significant difference was observed in plasma TAFI
ag levels between the women in the RM group and the
control group. Moreover, there was also no difference in
TAFI ag levels between women in the sub-groups.

Effective uteroplacental circulation is a prerequisite for
the healthy progress of pregnancy. This circulation may be
affected by maternal hemostatic abnormalities. In preg-
nancy, the homeostatic balance between coagulation and
fibrinolysis shifts toward hypercoagulation. This is caused
by an increase in procoagulants, a decrease in anticoagu-
lants, and a decline in fibrinolysis. The imbalance between
coagulation and fibrinolysis may result in a series of early
or late pregnancy complications, of which RM is one [14,
15]. An increase in stored fibrin or a reduction in fibrin
degradation, leading to placental thrombosis and failure
due to a decline in trophoblastic invasion has been sus-
pected of causing these complications [13, 16].

After, the importance of the fibrinolytic system
increased during early trophoblastic invasion was shown,
research in recent years has concentrated on the fibri-
nolytic stage in achieving maternal hemostasis [17]. TAFI
is a newly identified fibrinolytic inhibitor that plays an
important role in maintaining the balance between coag-
ulation and fibrinolysis [18].

TAFI turns into its active form, known as TAFIa and
inhibits fibrinolysis by affecting the formation of plasma
[3]. A decline in fibrinolysis may be associated with
uteroplacental thrombosis leading to placental failure.
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To the best of our knowledge there are three articles in
the literature that explore the association between preg-
nancy loss and TAFI. In their retrospective research,
Folkeringa et al. [11], investigated the association
between TAFlag levels and sporadic pregnancy losses.
Masini et al. conducted prospective research [13] on the
association between recurrent pregnancy loss (RPL) and
TAFI gene polymorphisms. Knol et al. in their retrospec-
tive research [12], reanalyzed previously published cases
and making use of particularly the data of Folkeringa et
al. [11] explored the correlation between RPL and
plasma TAFlag levels.

Folkeringa et al. [11] have asserted that there is no
association between plasma TAFIag levels and fetal loss.
Other researchers, however, have reported that high
TAFIag levels may protect against RPL [12, 13]. The
present study too has found no relationship between RM
and TAFIag levels.

In the study by Folkeringa et al. [11], the data of four
previous studies on venous thromboembolism risk [19-
22], were re-analyzed. From the perspective of fetal loss
rates, there were no differences seen between the “high”
TAFIag and the “normal” TAFlag groups.

Knol et al. [12] made a further analysis of the data of
the four studies reanalyzed by Folkeringa et al. [11]. In
this study, a lower threshold value was used for high
TAFIag levels. This time, 213 out of 843 were stratified
as the “high” TAFIag group. In the “high” TAFIag group,
total RPL was 3.8%, but the early RPL rate was found to
be 2.8%. On the other hand, in the “normal” TAFlag
group, these rates were calculated as 7.9% and 7.0%,
respectively. When Knol ez al. [12] decreased the TAFIag
level threshold value used in the Folkeringa ef al. [11]
series, they found a significant difference between total
RPL and early RPL. Interestingly enough, Knol et al.
[12] found that in cases with high levels of TAFIag, total
RPLs were lower only in early cases of RPL. The
researchers stressed that high levels of TAFI could
prevent RPL.

In their investigation of TAFI gene polymorphisms,
Masini et al. [13] analyzed 86 cases with two or more
pregnancy losses. Several genetic polymorphisms were
found to produce an increase in TAFIag levels and were
found to be associated with a reduced risk of RPL thus
leading the researchers to believe that the genotypes
might be playing a role in preventing the development of
RPL. As did the researchers in the present study, Masini
et al. [13] stratified their study group into two sub-
groups: group 1A (n = 52) were cases with two preg-
nancy losses and group 1B (n = 34) with three or more
pregnancy losses. No significant difference was seen
between the sub-groups, however, in terms of allele fre-
quencies.

The increase in TAFI levels and the drop in fibrinoly-
sis may be expected to be associated with uteroplacental
thrombosis resulting in placental failure. It would have
been expected that TAFI would cause uteroplacental
thrombosis and that rates of fetal loss would be high but
the data did not support this expectation. To the contrary,

no correlation could be found in the present study
between TAFIag levels and RM.

Our finding was supported by the impact of TAFI seen
on trophoblasts. Products of fibrin degradation may
induce trophoblast apoptosis and lead to fetal loss [23].
High levels of TAFI inhibit fibrinolysis and so fibrin
degradation products decrease, thereby possibly prevent-
ing trophoblast apoptosis and reducing the risk of RM.

TAFI’s impact on the hemostatic system may be effec-
tive through different mechanisms in the venous and arte-
rial systems [18]. Besides being a fibrinolytic inhibitor,
TAFI is a plasma protein that plays a role in the regula-
tion of the immune response, acting as a mediator in glu-
cocorticoid actions as well as in the modulation of the
proinflammatory effects of selected anaphlotoxins such
as C3a and C5a [13]. Again, by deactivating bradykinin,
TAFI is also indirectly effective in regulating vascular
tonus and permeability in the control of vascular response
to inflammation [24]. It has also been asserted that
TAFTI’s impact on inflammation may protect against arte-
rial thrombosis [13]. In short, TAFI’s effects on inflam-
mation may be more pronounced in pregnancy loss and it
is believed that this may protect against pregnancy loss
by preventing the development of arterial thrombosis in
uteroplacental circulation.

One reason no association could be found between
TAFI and RM could be because the different effects of
TAFI on RM in the different mechanisms described
above were in balance. Furthermore in a recent study
neither aspirin combined with nadroparin nor aspirin
alone were found to improve the live-birth rate when
compared with placebo, among women with unexplained
RM [25].

The first of the limitations in this study was about the
definition of RM. While RM is defined as loss of three or
more pregnancies, more and more clinicians are begin-
ning to accept RM as the loss of two or more pregnan-
cies. Other studies in the literature, too, define RM as two
or more pregnancy losses [12, 13]. To overcome this lim-
itation the present study group was divided into two sub-
groups according to the number of fetal losses.

The distribution of patients accepted into the research
was heterogeneous in terms of their etiology. While
TAFlag levels affecting the maternal hemostatic system
were the subject being investigated, it is also possible that
other etiologies were also playing a role in patients’ con-
ditions. In this respect, it is believed that if the study
group would have been composed of cases of unex-
plained RM, more reliable data could have been obtained.

The small number of cases in the research was another
limitation. To obtain a larger sample, it is necessary to
conduct the research at multiple health centers.

When it was shown that TAFI activity had a correlation
with plasma TAFIag levels, plasma TAFIag levels
became the subject of various studies. TAFlag when con-
firmed with a hemostatic parameter that is defined as clot
lysis time would have been assessed more reliably. That
this parameter was not included in the study was another
limitation of the present research.
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Despite the limitations of the study we still believe that
our key finding that TAFIag levels are not associated with
RM is of value.

In conclusion the findings of the current study indicate
that TAFIag levels are not associated with RM. Further
multi-centric research with more subjects is needed to
better evaluate the role of TAFI in RM.
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