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Abstract. – AIM: The aim of this study was
to determine plasma Growth Arrest Specific
Protein 6 (GAS6) protein levels in patients with
unexplained recurrent pregnancy loss (RPL)
and compare them to those of pregnant and to
healthy non-pregnant women with a history of
at least one live delivery.

PATIENTS AND METHODS: A total of 205
women were included in the study. Of these, 68
were diagnosed with unexplained RPL and
were not pregnant at the time of the study. The
second group consisted of 67 pregnant women
in the third trimester of pregnancy. The third
group constituted the control group of 70
healthy non-pregnant women who had at least
one live birth. Plasma levels of GAS6 protein
were measured by ELISA.

RESULTS: Mean plasma GAS6 levels were
found to be different between RPL group and
healthy non-pregnant women (12.17 ± 4.39 µg/L
and 9.18 ± 4.65, respectively, p = 0.0013). Al-
though it was not statistically significant, plas-
ma levels of GAS6 in the third trimester preg-
nant group (10.65 ± 3.74 µg/L) were found to be
slightly higher than non-pregnant controls, and
slightly lower than RPL group. In comparison of
those with 2 or more than 2 pregnancy losses
in the RPL group, there was no difference be-
tween these two subgroups in terms of GAS6
levels (12.39 ± 4.27 µg/L and 11.83 ± 4.63 µg/L,
respectively, p = 0.62).

CONCLUSIONS: Our findings revealed that
plasma GAS6 levels were increased in patients
with RPL. The prothombotic and proinflammato-
ry nature of the GAS 6 protein makes it a likely
culprit involved in the pathologic process in pa-
tients with RPL. Further studies are warranted
to determine the possible role of GAS6 protein
in the pathophysiology of idiopathic RPL.
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Introduction

Recurrent pregnancy loss (RPL) affects 1-2%
of women in the reproductive age group1. Al-
though a variety of anatomic, immunological, ge-
netic, endocrine, infectious, thrombophilic and
environmental etiologies have been shown to be
responsible for RPL, a definite cause cannot be
shown in more than 40% of the cases2. Impaired
trophoblastic invasion and thrombosis in decidual
vessels due to hypoxic or inflammatory condi-
tions have been suggested to cause RPL3. Conse-
quently, conditions associated with hypercoagu-
lability have been studied extensively as risk fac-
tors for RPL4.
Growth arrest specific protein (GAS6) is a vita-

min K dependent protein composed of 678 amino
acids in humans. Although GAS6 shows 44%
structural homology to Protein S, it has not been
shown to have anticoagulant activity5. GAS6 ex-
erts its biological functions by binding to the
TAM family of receptors, Tyro 3, Axl and Mer6.
Initially detected in fibroblasts, GAS6 has been
shown to be expressed in endothelial, smooth
muscle and bone marrow cells7. A growing body
of evidence suggests that GAS6 may be a poten-
tial biomarker of inflammatory and thrombotic
states. GAS6 and its receptors have been shown
to modify platelet activation and aggregation,
thus, mediating thrombus formation8. Previous
experimental studies on GAS6 null mice have
demonstrated GAS6 to have a role in thrombus
stabilization9,10. Additionally, GAS6 has been
shown to promote activation of the endothelium
by inducing P-selectin expression, and possibly to
reinforce thrombus adhesion onto the vascular
wall11. Gas6 also has been shown to promote tis-
sue factor (TF) up-regulation by binding to TAM
receptors on endothelial cells. TF initiates coagu-
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lation by binding to factor VIIa, which ultimately
leads to further thrombin generation and the for-
mation of a fibrin clot12. Although previous stud-
ies reported the role of GAS6 in reproductive sys-
tem, the significance of Gas6 plasma levels in re-
current pregnancy loss remains to be established.
We hypothesized that because of its pro-inflam-
matory and prothrombotic actions, GAS6 protein
might play a role in the development of RPL.
The aim of this study was to determine plasma

GAS6 levels in patients with unexplained RPL
and compare them to those of pregnant and to
healthy non-pregnant women with a history of at
least one live delivery.

Patients and Methods

Patients and Controls
The medical records of 116 women under 42

years of age with a history of RPL attending the
Obstetrics and Gynecology outpatient clinic of
our tertiary center were retrospectively analyzed.
Of the 116 patients, 68 were not pregnant at the
time of the study and were diagnosed with unex-
plained RPL following nonpathological hysteros-
alpingographic findings and normal test results
for hormonal profiles, fasting blood glucose and
parental karyotypes. The remaining 48 patients
were found to have positive testing for the vari-
ous etiologies of RPL and were excluded from
the study. RPL was defined as 2 or more losses at
or before the 10th week of gestation in which
clinical pregnancy was documented by ultra-
sonography or histopathological examination.
The second study group consisted of 67 pregnant
women in the third trimester of pregnancy known
to have delivered healthy babies upon follow up.
The third group constituted the control group of
70 healthy non-pregnant women who had at least
one live birth, no history of pregnancy loss or
concurrent disease, and were not on any medica-
tion. Both pregnant and non-pregnant control
cases were randomly assigned during the study
period. The local Ethics Committee of the
Zeynep Kamil Woman’s and Children’s Disease
Training and Research Hospital in Istanbul,
Turkey, approved the study (report no: 2013-67).

Measurement of Plasma GAS6 Levels
All blood samples were taken into a citrate tube

for plasma GAS6 analysis. We validated ELISA
assay for the determination of GAS6 in plasma us-

ing kit provided by R&D Systems (Minneapolis,
MN, USA) as previously described in detail13.
Briefly, a 96-well ELISA plate was coated with
capture antibody (4 µg/mL) overnight at 4°C and
then blocked with wash buffer containing 5%
bovine serum albumin (BSA) for 2 h at room tem-
perature. After washing steps, samples or standard
solutions were added to the wells and incubated
for 1 h at 37°C. The biotinylated secondary anti-
body (100 ng/mL) was added to wells for 1 h at
37°C. Then, 100 µL of streptavidin peroxidase
conjugate were added to each well and incubated
for 20 min at room temperature. The wells were
washed 5 times with washing buffer, and 100 µL
of color reagents A and B (R&D Systems Min-
neapolis, MN, USA) was added to each well, and
incubated for 15 minutes at room temperature.
The reaction was then stopped by adding 50 µL of
stop solution. The absorbance was measured at
450 nm. All samples were analyzed in duplicate.
GAS levels were expressed as µg/L.

Statistical Analysis

Descriptive results of continuous variables
were expressed as mean ± standard deviation.
The ANOVA test was used to compare data
among the study groups. Homogeneity of the
variance was established by the Levene’s test and
Tukey HSD test was used in the post-hoc analy-
sis. Correlations between GAS6 plasma levels
and age, and BMI were assessed using the Spear-
man’s correlation test, p < 0.05 value was accept-
ed as significant.

Results

The demographic characteristics of the study
population and GAS6 levels are presented in Table
I. There was no difference among the groups re-
garding the age. BMI of pregnant women was
found to be significantly higher in comparison to
RPL and non-pregnant healthy controls. Correla-
tion analysis revealed no significant relationship
between GAS6 plasma levels and age, and BMI (r
= 0.109, p = 0.38; r = 0.035, p = 0.78, respectively)
(Figure 1). Mean GAS6 plasma values revealed a
statistical difference among the groups (p =
0.0017) (Figure 2). In multiple comparison analy-
sis; however, a significant difference was only ob-
served between the non-pregnant healthy controls
and the RPL group (p = 0.0013). GAS6 levels were
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not significantly different between the RPL and
pregnant groups (p = 0.095), and between the preg-
nant and non-pregnant healthy women (p = 0.189).
In comparison of those with 2 or more than 2 preg-
nancy losses in the RPL group, there was no differ-
ence between these two subgroups in terms of
GAS6 levels (12.39 ± 4.27 µg/L and 11.83 ± 4.63
µg/L, p = 0.62).

Discussion

To our knowledge, this is the first study exam-
ining the relationship between plasma GAS 6
levels and idiopathic RPL. Previously, the role of
GAS6 in reproductive system was defined in
spermatogenesis and pregnancy related condi-
tions such as preeclampsia and intrauterine
growth retardation14-16. The alterations in the lev-
els of GAS6 did not correlate with age and BMI
of cases in whole study population.
In this study, plasma GAS6 levels were found

to be significantly higher in patients with RPL
than non-pregnant women. This finding might be

related to the possible role of GAS6 in reproduc-
tion and also in pathophysiology of RPL. In the
process of reproduction, various components of
the coagulation, fibrinolytic and inflammatory
pathways are involved in normal embryonic im-
plantation, trophoblast invasion, angiogenesis
and placentation3. The success of a pregnancy
depends on the proper functioning of the closely
related hemostatic and inflammatory pathways
and the development of a healthy placenta17. De-
spite the heterogenous nature of RPL, vascular
dysfunction at the maternal-fetal interface has
been implicated as the pathophysiological mech-
anism behind most cases of RPL, including un-
explained pregnancy losses18. Common inflam-
matory and thrombotic changes involving perivil-
lous fibrin deposition, fibrinoid necrosis of the
decidual bed and thrombi in intervillous spaces
have been demonstrated in placentas of patients
with RPL4. Ekman et al19 found Gas6 levels to be
increased in patients with a wide range of inflam-
matory conditions, suggesting GAS6 as a poten-
tial biomarker of inflammation. Furthermore,
Balogh et al20 suggested that overexpression of

Control group (n=70) Pregnant group (n=67) RPL group (n=68)

Age (Years) 31.05 ± 5.78 29 ± 5.95 29.04 ± 6.15
BMI (kg/m2) 23.29 ± 4.39α 28.87 ± 3.11α, β 24.98 ± 3.84 β

GAS6 levels (µg/L) 9.18 ± 4.65* 10.65 ± 3.74 12.17 ± 4.39*

Table I. The demographic characteristics and GAS6 levels of the study population.

Mean ± SD values were given, *Stands for the significant difference between RPL and control groups. αStands for the significant
difference between pregnant and healthy controls; βStands for the significant difference between RPL group and pregnants.

Figure 1. Correlation between GAS6 plasma levels and age and BMI.



complicated pregnancies. Similarly, pregnancies
complicated with intrauterine fetal growth re-
striction were found to have higher levels of
GAS6 in umblical venous samples at the time of
delivery16. In light of these findings, it may be
postulated that GAS6 levels might further rise in
case of a pregnancy in those with RPL and shift
the equilibrium from physiologic hypercoagula-
tion of pregnancy toward inflammatory state
causing pregnancy loss. In order to validate this,
future studies comparing the levels of GAS6 in
pregnant and non-pregnant state in patients with
RPL are needed. Although GAS6 levels were
found to be higher in RPL group, it is not clear
whether it is a cause or result of pathophysiologi-
cal process behind RPL.
Gas 6 has been suggested as one of the key

components in the initiation of the coagulation
cascade, leading to TF expression on endothelial
cells upon possible stimulation by thrombin23. In-
creased plasma levels of TF antigen have been
identified in patients with RPL24,25. TF is the
main initiator of the coagulation cascade and is
known to be expressed by placental tissue26.
Blockade of TF with monoclonal antibodies in
antiphospholipid-treated mice prevented preg-
nancy complications, suggesting causative and
crucial role of TF in the pathogenesis of miscar-
riages27. Based on these findings, high levels of
GAS6 in RPL might trigger more TF expression,
leading to placental thrombosis, thus, might, play
a role in the pathogenesis of RPL.

Conclusions

Even though the definite pathology behind re-
current pregnancy loss is not yet evident, inflam-
matory and thrombotic events at the fetomaternal
interface are implicated in its pathogenesis. The
prothombotic and proinflammatory nature of the
Gas 6 protein makes it a likely culprit involved in
the pathologic process in patients with RPL. Our
findings revealed that plasma GAS6 levels were
increased in patients with RPL. Further studies
are warranted to determine the possible role of
GAS6 protein in the pathophysiology of idio-
pathic RPL.
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GAS6 rather than a relative or absolute deficien-
cy might be a suitable marker for pathophysio-
logical situations. In an experimental study on
hamsters, it was reported21 that GAS6 had a role
in endometrial transformation during decidual-
ization and trophoblastic invasion, in such a way
that translation of the protein from GAS6 mRNA
takes place when normal development of preg-
nancy was threatened. Based on all these find-
ings, it may be postulated that overexpression of
GAS6 may play a role in the pathophysiology of
pregnancy loss, and threaten the course of nor-
mal pregnancy in patients with RPL.
In this study, we could not demonstrate a dif-

ference in GAS6 levels between two subgroups
regarding the number of pregnancy losses either
2 or more than 2 consecutive abortions. This
finding may suggest that increased plasma levels
of GAS6 in patients with RPL seem to be inde-
pendent from number of miscarriages.
Although it was not statistically significant,

plasma levels of GAS6 in the third trimester
pregnant group were found to be slightly higher
than controls, and slightly lower than RPL group.
During the pregnancy, substantial changes take
place in the hemostasis mechanism. Significant
rise in the majority of the coagulation factors,
and decrease in the level of natural anticoagu-
lants and fibrinolytic activity are the most impor-
tant physiological changes notable through preg-
nancy. These alterations lead to a state of hyper-
coagulability22. In the current study, slight in-
crease in the level of GAS6 in pregnants may be
related to additive role of this protein to the hy-
percoagulable state of pregnancy. A recent
study15 reported GAS6 levels increased signifi-
cantly in preclamptic pregnants compared to un-

Figure 2. GAS6 plasma levels in the study groups.



1558

References

1) STEPHENSON MD. Frequency of factors associated
with habitual abortion in 197 couples. Fertil Steril
1996; 66: 24-29.

2) FORD HB, SCHUST DJ. Recurrent pregnancy loss:
etiology, diagnosis, and therapy. Rev Obstet Gy-
necol 2009; 2: 76-83.

3) KWAK-KIM J, YANG KM, GILMAN-SACHS A. Recurrent preg-
nancy loss: a disease of inflammation and coagula-
tion. J Obstet Gynaecol Res 2009; 35: 609-622.

4) VAN HORN JT, CRAVEN C, WARD K, BRANCH DW, SILVER
RM. Placental tissue from antiphospholipid and an-
tiphospholipid-like syndrome pregnancies showed
more infarction, intravascular fibrin deposition, syncy-
tial knot formation, and fibrosis than controls. Histo-
logic features of placentas and abortion specimens
from women with antiphospholipid and antiphospho-
lipid-like syndromes.Placenta 2004; 25: 642-648.

5) MANFIOLETTI G, BRANCOLINI C, AVANZI G, SCHNEIDER C.
The protein encoded by a growth arrest-specific
gene (gas6) is a new member of the vitamin K-
dependent proteins related to protein S, a nega-
tive coregulator in the blood coagulation cascade.
Mol Cell Biol 1993; 13: 4976-4985.

6) BINDER MD, KILPATRICK TJ. TAM receptor signalling and
demyelination.Neurosignals 2009; 17: 277-287.

7) TJWA M, BELLIDO-MARTIN L, LIN Y, LUTGENS E, PLAISANCE
S, BONO F, DELESQUE-TOUCHARD N, HERVÉ C, MOURA R,
BILLIAU AD, APARICIO C, LEVI M, DAEMEN M, DEWERCHIN
M, LUPU F, ARNOUT J, HERBERT JM, WAER M, GARCÍA DE

FRUTOS P, DAHLBÄCK B, CARMELIET P, HOYLAERTS MF,
MOONS L. Gas6 promotes inflammation by enhanc-
ing interactions between endothelial cells, platelets,
and leukocytes. Blood 2008; 111: 4096-105.

8) GOULD WR, BAXI SM, SCHROEDER R, PENG YW,
LEADLEY RJ, PETERSON JT, PERRIN LA. Gas6 receptors
Axl, Sky and Mer enhance platelet activation and
regulate thrombotic responses. J Thromb
Haemost 2005; 3: 733-741.

9) ANGELILLO-SCHERRER A, DE FRUTOS P, APARICIO C, MELIS

E, SAVI P, LUPU F, ARNOUT J, DEWERCHIN M, HOYLAERTS
M, HERBERT J, COLLEN D, DAHLBÄCK B, CARMELIET P.
Deficiency or inhibition of Gas6 causes platelet
dysfunction and protects mice against thrombo-
sis. Nat Med 2001; 7: 215-221.

10) ANGELILLO-SCHERRER A, BURNIER L, FLORES N, SAVI P,
DEMOL M, SCHAEFFER P, HERBERT JM, LEMKE G, GOFF
SP, MATSUSHIMA GK, EARP HS, VESIN C, HOYLAERTS MF,
PLAISANCE S, COLLEN D, CONWAY EM, WEHRLE-HALLER
B, CARMELIET P. Role of Gas6 receptors in platelet
signaling during thrombus stabilization and impli-
cations for antithrombotic therapy. J Clin Invest
2005; 115: 237-246.

11) TJWA M, BELLIDO-MARTIN L, LIN Y, LUTGENS E, PLAISANCE
S, BONO F, DELESQUE- TOUCHARD N, HERVE C, MOURA R,
BILLIAU AD, APARICIO C, LEVI M, DAEMEN M, DEWERCHIN
M, LUPU F, ARNOUT J, HERBERT JM, WAER M, GARCÍA DE

FRUTOS P, DAHLBÄCK B, CARMELIET P, HOYLAERTS MF,
MOONS L. Gas6 promotes inflammation by enhanc-
ing interactions between endothelial cells, platelets,
and leukocytes. Blood 2008; 111: 4096-4105.

12) FOLEY JH, CONWAY EM. Gas6 gains entry into the
coagulation cascade 2013; 121: 570-571.

13) EREK-TOPRAK A, BINGOL-OZAKPINAR O, KARACA Z,
CIKRIKCIOGLU MA, HURSITOGLU M, URAS AR, ADELI K,

URAS F. Association of plasma growth arrest-spe-
cific protein 6 (Gas6) concentrations with albu-
minuria in patients with type 2 diabetes. Ren Fail
2014 Feb 11. [Epub ahead of print]

14) WANG H, CHEN Y, GE Y, MA P, MA Q, MA J, WANG H,
XUE S, HAN D. Immunoexpression of Tyro 3 family
receptors – Tyro 3, Axl, and Mer – and their ligand
Gas6 in postnatal developing mouse testis. J His-
tochem Cytochem 2005; 53: 1355-1364.

15) STEPAN HL, RICHTER J, KLEY K, KRALISCH S, JANK A,
SCHAARSCHMIDT W, EBERT T, LÖSSNER U, JESSNITZER B,
KRATZSCH J, BLÜHER M, STUMVOLL M, FASSHAUER M. Serum
levels of growth arrest specific protein 6 are increased
in preeclampsia.Regul Pept 2013; 182: 7-11.

16) LINDQVIST PG1, BALOGH I, DAHLBÄCK B. Umbilical
cord plasma levels of growth-arrest specific pro-
tein 6 in intrauterine growth restriction. Acta Ob-
stet Gynecol Scand 2010; 89: 22-26.

17) BAZER FW1, WU G, SPENCER TE, JOHNSON GA, BURGHARDT
RC, BAYLESS K.Novel pathways for implantation and es-
tablishment and maintenance of pregnancy in mam-
mals. Mol HumReprod 2010; 16: 135-152.

18) JINDAL P, REGAN L, FOURKALA EO, RAI R, MOORE G,
GOLDIN RD, SEBIRE NJ. Placental pathology of re-
current spontaneous abor tion: the role of
histopathological examination of products of con-
ception in routine clinical practice: a mini review.
Hum Reprod 2007; 22: 313-316.

19) EKMAN C, LINDER A, AKESSON P, DAHLBÄCK B. Plasma
concentrations of Gas6 (growth arrest specific
protein 6) and its soluble tyrosine kinase receptor
sAxl in sepsis and systemic inflammatory re-
sponse syndromes. Crit Care 2010; 14: R158

20) BALOGH I, HAFIZI S, STENHOFF J, HANSSON K, DAHLBÄCK B.
Analysis of Gas6 in human platelets and plasma. Ar-
terioscler ThrombVasc Biol 2005; 25: 1280-1286.

21) JIANG HY, LEE KH, SCHNEIDER C, TANG WSOPL, CHOW PH.
The growth arrest specific gene (gas6) protein is ex-
pressed in abnormal embryos sired by male golden
hamsters with accessory sex glands removed.
Anatomy and Embryology 2001; 203: 343-355.

22) THORNTON P, DOUGLAS J. Coagulation in pregnancy.
Best Pract Res Clin Obstet Gynaecol 2010; 24:
339-352.

23) ROBINS RS, LEMARIÉ CA, LAURANCE S, AGHOURIAN MN,
WU J, BLOSTEIN MD. Vascular Gas6 contributes to
thrombogenesis and promotes tissue factor up-
regulation after vessel injury in mice. Blood 2013;
121: 692-699.

24) PATIL R, GHOSH K, SATOSKAR P, SHETTY S. Elevated
procoagulant endothelial and tissue factor ex-
pressing microparticles in women with recurrent
pregnancy loss. PLoS One 2013; 8: e81407.

25) VAN DREDEN P, WOODHAMS B, ROUSSEAU A, FAVIER M,
FAVIER R. Comparative evaluation of Tissue factor and
Thrombomodulin activity changes during normal and
idiopathic early and late foetal loss: the cause of hy-
percoagulability?Thromb Res 2012; 129: 787-792.

26) GIRARDI G. Role of tissue factor in feto-maternal
development: a xiphos. J Thromb Haemost 2011;
9: 250-256.

27) REDECHA P, TILLEY R, TENCATI M, SALMON JE, KIRCH-
HOFER D, MACKMAN N, GIRARDI G. Tissue factor: a
link between C5a and neutrophil activation in an-
tiphospholipid antibody-induced fetal injury. Blood
2007; 110: 2423-2431.

M. Eroglu, O.B. Ozakpinar, L. Turkgeldi, S. Sahin, D. Herkiloglu, B. Durukan, F. Uras


