Medical Journal of Babylon-Vol. 12- No. 2 -2015 ¥+ Y0 - Ul asall- jde G alaal) -Apdall Gl Alas

Deficiency of Protein C and Protein S in Recurrent Pregnancy Loss
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Abstract

Recurrent pregnancy loss (RPL) is a common disorder that affects around 3-5% of pregnant women. It
has different causes and in about 50% it is of unknown etiology. Normal pregnancy is associated with
increased procoagulants, decreased fibrinolysis and decreased anticoagulants to maintain placental
hemostasis during pregnancy. However, hypercoagulability or thrombophilia might be a risk factor with
these changes especially in women with deficiency of any of natural anticoagulant factors. Protein C and
protein S are natural anticoagulants and their deficiency was found to be associated with placental
thrombosis, hypo perfusion, fetal death and fetal loss.
The aim of the study is to identify protein C and protein S deficiency in women with recurrent pregnancy
loss. 90 women were involved in the study, 45 of them have three or more miscarriages in the first and
second trimester considered as patient group, 45 healthy women at time of full term delivery with at least
one alive child as control group. Full history was taken from patients and controls. Blood investigations
were done for protein C and protein S levels by using ELISA (enzyme linked immune sorbent
assay).Platelets count was performed by auto analyzer (Ruby).
The results showed a significant relation of low protein S with recurrent miscarriage (P =0.002)
OR=2.250 (95%C.I. 1.764-2.870), while the relation of low protein C with recurrent miscarriage was not
significant (P>0.05).There was a significant association of low protein S andlow protein C with the
abortion occurred in the second trimester (P<0.05). Positive family history for thrombosis was
significantly associated with recurrent abortion (p<0.05). Platelets count has non-significant association
with recurrent miscarriage.
There is a significant association of protein S deficiency with recurrent miscarriage especially in the
miscarriages occurring in the second trimester.Thepositive family history of thrombosis is considereda
risk factorfor recurrentmiscarriage.Protein C deficiency had no statistical significant.
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Introduction

ecurrent  pregnancy loss or

miscarriage can be defined as the

loss of three or more successive
pregnancies before viability and includes
all pregnancy losses from the time of
conception until 24 weeks of gestation
[1, 2]. Pregnancy loss is divided into
biochemical and clinical loss. The
biochemical loss is a transient positive
pregnancy test  without ultrasonic
visualization of the pregnancy [3].The
term clinical miscarriage is used when
ultrasound examination or histological
evidence has confirmed that an
intrauterine  pregnancy has existed.
Clinical miscarriages can be subdivided
into early clinical pregnancy losses
(which is most common) that occur
before the twelfth week of gestation, and
late clinical pregnancy losses (which
constitute small proportion of pregnancy
losses) that occur in the twelfth week to
twenty first week of gestation [4,5].
Despite a wide range of investigations,
the cause of recurrent miscarriage
remains unknown (idiopathic) in more
than 50% of cases [6, 7], but several
hypotheses have been proposed [8]
including the following: genetic disorder,
uterine anatomic malformation,
immunological risk factors, infection,
endocrine disorders and thrombophilia.
Thrombophilia is a term which describes
the increased tendency of excessive
blood clotting due to inherited or
acquired causes. It may occur during
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pregnancy, where there is an increase in
most clotting factors and decreased
levels of anticoagulant factors with
reduced fibrinolytic activity. This can
result in placental insufficiency and
abortion [9,10].Factors associated with
thrombophilia include Factor V Leiden
(FVL) mutation associated activated
Protein C Resistance (APCR),
prothrombin G20210A gene mutation,
anti-thrombin III deficiency, protein S
deficiency, protein C deficiency and
hyperhomocysteinaemia (methylene-
tetrahydrofolate  reductase  mutation,
MTHFR) stasis and endothelial cell
dysfunction[11].

Protein C (PC) is a vitamin K-
dependent glycoprotein activated
bythrombin-thrombomodulin complex on
the surface of endothelial cells [12].
Protein C is a precursor of the serine
protease, activated protein C (APC) [13].
In the presence of protein S which is a
cofactor for APC, phospholipidsand
calcium, APC 1inactivates membrane
boundFVa and FVIIla so results in
attenuation of thrombin generation which

leads to inhibit clot formation [14].
Protein C deficiency 1is generally
subdivided into two types: type I

(quantitative deficiency) decreased levels
of protein C. and type II (qualitative
deficiency) decreased functional activity
of protein C. Most patients with PC
deficiency have type I deficiency, while
Type II deficiency is observed in 10-
15% of the cases [15, 16]. Protein C
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deficiency is inherited as autosomal
dominant disorders and, in most cases,
derived from heterozygous mutations
[17]. Acquired PC deficiency can
develop with vitamin K deficiency, liver
disease, treatment with vitamin K
antagonists, severe  and  chronic
inflammation, autoimmune syndromes,
nephritic  syndrome, ordisseminated
intravascular coagulation (DIC) [18]. A
recent study stated an observation of a
higher rate of late fetal loss in patients
with protein C deficiency compared to
non-deficient patients [19].There are two
main types of assays: activity assay
(qualitative)which is either clotting time-
based assay or chromogenic by
spectrophotometer [20]. Quantitative
assay for protein C antigen which are
immunoassays generally done by using
ELISA; it is considered to measure the
quantity of protein C irrespective of its
function [18].Genetic testing by DNA
sequencing is indicated if the results of
functional and antigenic assays do not
approve the diagnosis clearly[21].
Protein S (PS) is a vitamin K-
dependent glycoprotein which acts as
natural anticoagulant [22].Protein S
exists in plasma both free (40%) and
bound to the complement C4b binding
protein (60%) [23].Protein S has both
APC-dependent and independent
anticoagulant properties and
consequently is an important protector in
controlling thrombin generation and
fibrinolysis [24, 25]. The PS deficiency
is identified more than PC deficiency and
its prevalence has been assessed with
about 0.5% in the healthy population and
2% to 12% of thrombophilic patients
[25,17]. Regarding pregnancy
complications, a meta-analysis
designated that protein S deficiency
consulted an overall 15-fold increased
risk of recurrent pregnancy loss and a 7-
fold higher risk of late fetal loss [26].

350

Hereditary PS deficiency is an autosomal
dominant disorder. Acquired deficiency
of protein S 1is detected in several
pathological conditions and could be
associated with an increased risk of
thrombosis. These include nephrotic
syndrome, disseminated intravascular
coagulation (DIC), liver disease, and the
use of oral anticoagulants drugs [27, 28].
There are two types of PS assays:
Immunoassays for the determination of
total and free PS levels and clotting
assays to measure APC cofactor activity.
Immunoassays for free and total PS are
preferred for screening [29]. If the
results of functional and antigenic assays
do not confirm the diagnosis, genetic
testing is indicated [21].

Materials and Methods

90 women were involved in the
present study, 45 of them have three or
more miscarriages in the first trimester
(32 women) and second trimester
(13women) considered as patient group,
45 healthy women at time of full term
delivery with at least one alive child as
the control group. The study is carried
out through a period from November
2013 to August 2014 at two hospitals;
Babylon Teaching Hospital for
gynecology and Pediatric and Al-Hilla
Teaching Hospital. Complete history was
taken including medical history, surgical
history, drug history and family history
of thrombosis for patient and control
groups with exclusion criteria for other
causes of pregnancy loss. The blood
samples that obtained from the patient
and control groups consist of 2ml of
blood drawn in a tube contain ethylene
diamine tetra acetate (EDTA) as anti-
coagulants to prevent clotting of blood to
be used for platelets count by auto
analyzer (CELL-DYN Ruby,Abbots).
1.8mL of blood drawn in tube contain
0.2mL of 3.8% trisodium citrate solution,
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mixed gently and centrifuging for 15
minutes at 1500-2000 g for plasma
preparation and then take the plasma into
plane tube and preserved in -20°C for
testing the levels of protein C and protein
S by ELISA reader (BioTek, U.S.A)
using kit of Aeskulisa Diagnostics.
Statistical analysis was carried out using
SPSS version 20. Categorical variables
were presented as frequencies and
percentages. Pearson’s chi square (X°)
test and fisher exact test were used to
find the association between the

categorical variables. A p-value of < 0.05
was considered as significant.

Results

The results showed a significant
relation of low protein S with recurrent
miscarriages (p=0.002) OR=2.250
(95%C.I. 1.764-2.870) as shown in
tablel. Patients with low protein S were 2
times more likely to have recurrent abortion.
The relation of protein C and platelets were
not significant with recurrent miscarriage
(P>0.05).

Table 1: Association of protein C, S and platelets with patients of recurrent abortion and control

groups
. 2 P
Recurrent Abortion x values Odds Ratio
Variable Patients Control 95% C.1
(%) (%)
Protein C**
Low <70 3 (6.7%) 0 (0.0%) a :
Normal > 70 42 (93.3%) 45(100.0) 3.103 0.242°  2.071 ( 1.667-2.575)
Protein S**
Low <50 9 (20.0%) 0 (0.0%) % )
Normal > 50 36 (80.0%) 45(100.0) 10.000 0.002% 2.250 (1.764-2.870)
Protein C and S
Low 2 (4.4%) 0 (0.0%) 2.045 0.494" 2.047 (1.65-2.534)
Normal 43 (95.6%) 45(100.0)
Platelet
Low < 150 0 (0.0%) 1 (2.2%) a )
150-400 45 (100.0%) 44(97.8%) 1.011 0.315% 2.023 (1.639-2.496)

*p value < 0.05 is significant. *: Fisher Exact test

**According to the AESKULISA Diagnostics kit using in the study, normal rang for protein C is (70 _140%), and

for protein S is (50 _130%).

There were 71.1% (32/45) of
patients had abortions occurred in the
first trimester (<13 weeks of gestation),
and 13 patients (28.9%) had abortions
occurred in the second trimester (>13
weeks of gestation). There was
significant association of low protein S
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andlow protein C with the abortion
occurred in the second trimester (P<0.05,
P=0.016 respectively), however, no
significant  association was seen in
combined proteins(C and S) deficiencies
with gestational age. (Table 2)
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Table 2: Association of gestational age with protein C, S and combined

. 2 P
Variabl Gestational Age X values
ariable <13 weeks >13 weeks
N (%) N (%)
Protein C
Low <70 0 (0.0) 3(23.1%) 7.912 0.016*"
Normal > 70 32 (100.0%) 10 (76.9%)
Protein S
Low <50 1 (3.1%) 8(61.5%) 18.715 0.001*
Normal > 50 31 (96.9%) 5 (38.5%)
Protein C and S
Low 0 (0.0) 2(15.4) 5.756 0.067*
Normal 32 (100.0%) 11 (84.6)

*p value < 0.05 is significant

% Fisher Exact test

This study demonstrated that 17.8% of the
patients had positive family history of
thrombosis while in the control group the
percentage of positive family history of

P<0.01**

thrombosis was 6.7 %. So there is significant
relationship (p < 0.01) between positive
family history of thrombosis and recurrent
abortions (Figure 1).
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**p value < 0.01 is significant
Figure (1): Positive family history of thrombosis in patients and control groups.
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Discussion

In this study a significant
association was found between RPL and
protein S deficiency (p=0.002), this is in
agreement with many previous studies
[30, 31, 32, 33, 34, 35, 36]. Rey et al.,
(2003) in meta-analysis consisting of 31
studies, established the association of PS
deficiency with RPL (OR 14.72, 95% CI
0.99-218.01)[32].

Protein C had no significant
difference between patients and controls,
this is in agreement with Vora et al
(2008) [33] and Parandet al. (2013) [36].
Rey et al. (2003) [32] excluded PC and
antithrombin  (AT) deficiencies as
thrombophilia risk factors for pregnancy
loss. Yamada et al. (2001) [37] could not
find an increased incidence of protein C
deficiency in patient with RPL. While
Jyotsna et al. (2011) [34] found a
significant association in the mean value
of protein C in patient group comparing
with control group.

In the combined defect of both
protein C and S which was documented
in (4.4%) of the patients, there was no
statistical significant comparing with
control group. While the study of Cosmi
B. et al. (2013) [38] and Yildizer al.
(2012) [39] stated that the combination
of more than one inherited thrombophilic
gene defect has been recognized as a
cause of early and late RPL. In spite of
that, the incidence of combined
thrombophilia is not clear [9].

Protein C and protein S deficiency
had a significant association with second
trimester pregnancy loss. This is
consistent with the meta-analysis of 31
retrospective study [32] which had
shown that the relationship of
thrombophilia with late pregnancy loss is
stronger than early miscarriages. Alonso
et al. (2002)[40] also stated that the
prevalence of thrombophilia was more
prominent in second trimester, also in
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agreement with studies done by (Rey and
Regan, 2000)[41] which established that
protein C deficiency has been associated
with an increased risk of second-
trimester miscarriage and stillbirth.
However, a systemic review of 25 studies
by Robertson et al. (2005) [42] revealed
a positive association between early
pregnancy loss and thrombophilia, which
disagree with our study.

Conclusions

There is a significant association
of protein S deficiency with recurrent
miscarriage and the incidence is more in
the miscarriage occurring in the second
trimester. Positive family history of
thrombosis is considering a risk factor
for recurrent miscarriage.

References

1. Royal College of Obstetricians and
Gynaecologists. The Investigation and
Treatment of Couples with Recurrent
Miscarriage. Green - top Guideline No.
17,2003.

2. Edmonds, D. Keith.Dewhurst’s
textbook of obstetrics and gynaecology.
Eighth Edition.2011; 1-852:60 Wiley-
Blackwell, UK.

3. FarquharsonRG ,Jauniaux E, Exalto N.
ESHRE Special Interest Group for Early
Pregnancy (SIGEP). Updated and revised
nomenclature for description of early
pregnancy events. Hum Reprod 2005; 20:
3008 —3011.

4. Jauniaux E, Farquharson RG,
Christiansen OB, Exalto N: Evidence-
base guidelines for the investigation and
medical treatment of recurrent
miscarriage.  Hum  Reprod 2006,
21:2216-2222.

5. Branch DW, Heuser C. Recurrent
miscarriage. In: Carrell DT, Peterson
CM, eds. Reproductive endocrinology
and infertility: integrating modern



Medical Journal of Babylon-Vol. 12- No. 2 -2015

Yoyo o AUl asdl yde U alaal) -dadall il Ao

clinical and laboratory practice. New
York: Springer, 2010:281-96.

6. Hassan M.F.: Soluble fms-like
tyrosine kinase-1 and vascular
endothelial growth factor: Novel markers
for unexplained early recurrent

pregnancy loss; Asian Pacific Journal of
Reproduction 2014; 3(1): 30-34:.60181-
5.

7.Jaslow CR, Carney JL & Kutteh WH.
Diagnostic factors identified in 1020
women with two verses three or more
recurrent pregnancy losses. FertilSteril
2010; 2009(93): 1234—-1243.

8. Rai, R. and Regan, L. Recurrent
miscarriage. Lancet 2006; 368, 601-611.
9. Adel Abu-Heija:Thrombophilia and
Recurrent Pregnancy Loss Is heparin still
the drug of choice? (Rev.) 2014, 14, 1,
€26-36

10. Kaandorp S, Di Nisio M, Goddijn M
et al. Aspirin or anticoagulants for
treating recurrent miscarriage in women
without  antiphospholipid  syndrome
(Review).The Cochrane Library 2009.
Issuel.

11. Gozdziewicz T., Wrobel M., A.
Lojewski A., Skrzypczak J. The
assessment of causes of recurrent
pregnancy loss in material of the
Division of Reproduction at Poznan
University of Medical Sciences. Archives
of Perinatal Medicine 2013; 19(2), 81-
87.

12. Heit JA; Predicting the risk of venous
thromboembolism recurrence. Am J
Hematol. 2012 May; 87 Suppl 1:S63-7.
Epub 2012

13. Esmon CT: The protein C pathway.
Chest 2003; 124, 26S-32S.

14.  Dahlbdack B:  Advances in
understanding pathogenic mechanisms of
thrombophilic disorders. Blood 2008,
112, 19-27.

15. Jorine S. Koenderman and Reitsma
PH. [Inherited Thrombophilia: Past,
Present, and Future Research 2013.

355

16. Stenson, P. D., Mort, M., Ball, E. V.,
Howells, K., Phillips, A. D., Thomas, N.
S., & Cooper, D. N. The Human Gene
Mutation  Database: 2008  update.
Genome Med.2009; Vol. 1, No.1, pp. 13.
17. Whitlatch NL, Ortel TL.
Thrombophilias: when should we test
and how does it help? SeminRespirCrit
Care Med 2008; 29: 25-39.

18. Bernard Khor and Van Cott EM.
Laboratory tests for protein C deficiency
Am. J. Hematol 2010; 85:440 442,

19. Korteweg FJ, Folkeringa N, Brouwer
JL, Erwich JJ, Holm JP, et al. Fetal loss
in women with hereditary thrombophilic
defects and concomitance of other
thrombophilic defects: a retrospective
family study. BJOG 2012; 119: 422-430.
20. Baglin T, Gray E, Greaves M, Hunt
BJ, Keeling D, Machin S, Mackie I,
Makris M, Nokes T, Perry D, Tait RC,
Walker I, Watson H: Clinical guidelines
for testing for heritable thrombophilia.
Br J Haematol 2010, 149, 209-220.

21. Bereczky Z, Kovéacs KB, Muszbek L:
Protein C and protein S deficiencies:
similarities and differences between two
brothers playing in the same game.
ClinChem Lab Med 2010; 48, S53—-66.
22. Castoldi E. Hackeng TM; Regulation
of coagulation by protein
S.CurrOpinHematol. 2008; 15(5):529-36.
23. Dahlback B. The tale of protein S and
C4b-binding  protein, a story of
affection. ThrombHaemost 2007; 98: 90—
6.

24. Rezende SM, Simmonds RE, Lane
DA. Coagulation, inflammation, and
apoptosis: different roles for protein S
and the protein S-C4b binding protein
complex. Blood 2004; 103: 1192-201.
25. Garcia de Frutos P, Fuentes-Prior P,
Hurtado B, Sala N: Molecular basis of
protein S deficiency. Thromb Haemost
2007, 98, 543-556.



Medical Journal of Babylon-Vol. 12- No. 2 -2015

Yoyo o AUl asdl yde U alaal) -dadall il Ao

26. Dawood F.Pregnancy and
Thrombophilia: J Blood Disorders Transf
2013, 4:5.

27.Beauchamp NJ, Dykes AC, Parikh N,
et al. The prevalence of, and molecular
defects underlying, inherited protein S
deficiency in the general population. Br J
Haematol 2004; 125: 647-654.

28. Armando D’Angelo and Silvana
ViganoD’Angelo Protein S deficiency;
haematologica 2008; 93(4).

29. Ten Kate MK, van der Meer I:

Protein S  deficiency: a clinical
perspective. Haemophilia 2008, 14,
1222-1228.

30. Preston FE, Rosendaal FR, Walker
ID, Briét E, Berntorp E, et al. Increased
fetal loss in women with heritable
thrombophilia. Lancet 1996; 348: 913-
916.

31. Raziel A, Kornberg Y, Friedler S,
Schachter M, Sela BA, et al
Hypercoagulable thrombophilic defects
and hyperhomocysteinemia in patients
with recurrent pregnancy loss. Am J
Reprodlmmunol 2001; 45: 65-71.

32. Rey, E.; Kahn, S.R.; David, M. and
Shrier, I. Thrombophilic disorders and
fetal loss: a meta-analysis. Lancet 2003;
Mar 15.361(9361):901-908.

33. Vora S, Shetty S, Salvi V, Satoskar
P, Ghosh K. Thrombophilia and
unexplained pregnancy loss in Indian
patients. Natl Med J India 2008; 21:116-
9.

34. Jyotsna PL, Sharma S. and Trivedi
SS. Coagulation inhibitors and activated
protein C resistance in recurrent
pregnancy losses in Indian women.2011;
Volume: 54, Issue: 4, Page: 752-755.

35. Hansda J. and Roychowdhury J.
Study of Thrombophilia in Recurrent
Pregnancy Loss. J Obstet Gynaecol India
2012; 62(5): 536-540.

36. Parand A., Zolghadri J., Nezam M.,
Afrasiabi A., Haghpanah S. and Karimi
M.  Inherited  Thrombophilia  and

356

Recurrent Pregnancy Loss. Iran Red Cres
Med J. 2013December; 15(12): e13708.
37. Yamada H, Kato EH, Kobashi G,
Ebina Y, Shimada S, Morikawa M, et al.
Recurrent pregnancy loss: Etiology of
thrombophilia. SeminThrombHaemost
2001; 27:121-9.

38. Cosmi B, Legnani C, Pengo V,
Ghirarduzzi A, Testa S, Poli D, et al. The
influence of factor V Leiden and
G20210A prothrombin mutation on the
presence of residual vein obstruction
after idiopathic deep-vein thrombosis of
the lower limbs. Thromb Haemost 2013;
109: 510-6.

39. Yildiz G, Yavuzcan A, Yildiz P, Suer
N, Tandogan N. Inherited thrombophilia
with recurrent pregnancy loss in Turkish
women--A real phenomenon. Ginekol
Pol 2012; 83:598—603.

40. Alonso A, Soto I, Urgelles MF, Corte
JR, Rodriguez MJ, Pinto CR. Acquired
and inherited thrombophilia in women
with unexplained fetal losses. Am J
Obstet Gynecol 2002; 187(5):1337-42.
41. Rey, R. and Regan, L. (2000).
Thrombophilic and adverse pregnancy
outcome.Semin.Reprod. Med 2000; 18:
369-377.

42. Robertson L, Wk O, Langhorne P,
Twaddle S, Clark P, Lowe GDO, et al.
Thrombophilia in pregnancy : a
systematic review. Br J Haematol2005;
132:171-96.



