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Abstract 
 
Objective: The current study aims to evaluate protein C and protein S levels in young patients with 
thrombosis and compare our results with others in surrounding countries. 
 
Methods: Themeasurement of protein C, total protein S, and free protein S were done for one hundred 
young patients (younger than thirty years) who had thromboembolic disease either deep venous 
thrombosis (DVT), pulmonary embolism (PE), acute myocardial infarction (AMI), or stroke who were 
referred to Ibn-Sina and Al-Salam Teaching Hospitals in Mosul between December 2009  and  
December 2011. The diagnosis was confirmed by ultrasound with Doppler, magnetic resonance 
imagining (MRI), electrocardiography (ECG), cardiac enzymes, and angiography according to the case. 
Family history was taken to establish a familial occurrence of thrombosis. The measurement was done 
by enzyme linked immunoassay using kits from HELENA. 
 
Results: Protein C deficiency was detected in 4 cases (4), female to male ratio was 3:1, and their ages 
ranged from 16 to 28 year with a mean of 21 years. About 50 of the protein C deficient patients were 
presented in the form of deep venous thrombosis, 25% as stroke and 25% as acute myocardial infarction. 
Free protein S deficiency was detected in 6 cases (6), with female to male ratio of 1:1. Their ages were 
in the range of 14-30 years with a mean of 22 years. About 33.3 of the protein S deficient subjects had 
repeated deep venous thrombosis, 33.3 had pulmonary embolisms, 16.7had strokes, and 16.7had 
deep venous thrombosis and pulmonary embolisms. 
 
Conclusions: It appears from this study that protein C and protein S deficiency play a role in young 
patients with thromboembolic disease. Screening tests for PC and PS should be done in young subjects 
less than thirty years with thromboembolic disease in our locality because the diagnosis of these 
deficiencies has a clinical implication for the prevention of recurrent thromboembolic illness. The 
incidence was comparable to the surrounding areas. 
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Introduction 
 
Inherited thrombophilia is a genetic tendency 
to thromboembolism, the most common 
inherited abnormalities of natural 

anticoagulants associated with venous 
thrombosis at young age are deficiency of 
protein S (PS), protein C (PC) and anti-
thrombin III.1-5 Hereditary deficiency of these 
inhibitors leads to a change in the balance 



Evaluation of Protein C and Protein S… Muna A. Kashmoola 

J Med J 2013; June: Vol. 47 (2) http:⁄⁄dar.ju.edu.jo⁄jmj  114

between pro-clotting and anti-clotting making 
these patients more susceptible to 
thromboembolism. Both PC and PS are 
vitamin K dependent proteins and are inherited 
as autosomal dominant. The most common of 
these deficiencies is PS which circulates in free 
form and in an active complex withC4 binding 
protein. It has a functional activity as a co-
factor for activated PC in proteolytic 
degradation of activated coagulation of FV and 
F VIII.6,7 Thus, the assessment of such cases 
for PS deficiency includes the measurement of 
the level or activity of free PS.8 Although PS 
deficiency is uncommon in the general 
population, it is detected approximately in 2 
of unselected patients and 1-13 of patients 
with venous thromboembolism (VTE).9,10 
 
The role of activated PC is the proteolytic 
inactivation of FVa activated PC (APC) 
cleaves and inactivates F VIIIa, but the rate of 
APC inactivation of FVa and FVIIIa are 
enhanced by PS.11,12 Patients with inherited 
(PC) deficiency may have provokedor 
unprovoked thrombosis. Protein S deficiency 
has similar clinical symptoms with PC but 
thrombosis mostly occur  before the age of 35 
years and unprovoked VTE is less frequent.13,14 
The deficiency of these natural anticoagulants 
is reported to occur in less than 1% of the 
general population.15,16,17 Depending on the 
nature of the inherited defect, the spectrum of 
clinical complication varies from mild to 
severe venous thrombosis.18 

Materials and Methods 
 
Aim of the Study 
To evaluate the frequency of PC and PS 
deficiency in young patients with thrombosis 
in Mosul, Iraq and to compare our results with 
the neighboring countries. 
 

Subjects (Control) 
The normal ranges (mean ±SD) of PC and PS, 
total and free, were determined in 50 healthy 
blood donors who had no family history of 
thromboembolism, were not pregnant, and had 
not been on oral contraception for three months 
prior to the test. 
 
Patients 
Patients were included in the study if they were 
less than thirty years of age with confirmed 
venousor arterial thromboembolic disease 
(DVT, PE, AMI, or stroke) confirmed  by 
ultrasound with Doppler, MRI, ECG, cardiac 
enzymes, and an angiography according to the 
case. Subjects had to have a positive family 
history with a thrombotic episode occurring in 
more than 2 members of the family. 
 
Methods 
All blood samples were collected between 
December 2009 and December 2011, before 
the administration of heparin and warfarin 
therapy. Venous blood was collected in a 
polypropylene tube with 3.8 trisodium citrate 
and was immediately centrifuged at 
12500xrpm in an Eppendorf micro centrifuge 
3200 for 3 min at 22oC. The plasma was 
immediately a liquoted and frozen. An enzyme 
linked immunoassay method (Helena 
Laboratories, Beaumont, Texas USA)was used 
for the determination of PC, total PS, and free 
PS. 
 
The mean, 2±SD was determined for PC and 
PS in both controls and patients. Protein S 
deficiency was diagnosed if the total PS 
antigen level was 50 and the free PS level 
60. Protein C deficiency was defined by a 
reduced level of PC antigen  70. 
The deficiency was considered inherited if it 
was confirmed by the measurement of a second 
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sample that was collected three months later 
while the patient was off anticoagulant for at 
least one week. 
 
Results 
A total of 100 patients (65 females and 35 
males) with confirmed thromboembolic 
disease were included. As shown in table 1, a 
total of 10 patients were found to have an 
inherited deficiency; of these, four patient shad 
PC deficiency and six patients had PS 
deficiency. 
 
In protein C deficiency, deep venous 
thrombosis developed in 2 patients, stroke in 1 
patient, and acute myocardial infarction in 1 
patient. 

In Protein S deficiency, deep venous 
thrombosis appeared in 2 patients, pulmonary 
embolism in 2 patients, stroke in 1patient, and 
recurrent deep venous thrombosis and 
pulmonary embolism in 1 patient. 
 
The mean level of PC in deficient cases was 
34% and the free PS in deficient cases was 
40.2%. These were significantly lower as 
compared to the  control  group  with P values 
of0.001 and 0.05, respectively. All patients 
with PS deficiency had a type I deficiency 
(decreased total and free PS antigen).The 
plasma levels of PC and PS of the control in 
comparison to the normal reference range is 
shown in table (2). 

 

Table (1): Clinical findings of PC and PS deficient cases 

Type of 

deficiency 
Gender No. of cases 

Age 

Year 
 

Level of  

PC and free PS 
Clinical presentation 

PC 

Female* 2 
22 

26 
50 

32 

36 
Deep venous thrombosis 

Female** 1 16 25 28 Stroke 

Male*** 1 28 25 40 
Acute myocardial 

infarction 

PS 

Female** 2 

27 

21 33.3 

30 

38 

 

Recurrent deep venous 

thrombosis 

 
Male*** 2 

25 

16 
33.3 

45 

22 
Pulmonary embolism 

 Female* 1 14 16.7 18 Stroke 

 
Male*** 1 30 16.7 40 

Deep venous thrombosis 

andpulmonary embolism 

*      positive family history of DVT in 2 members of their family 

**    positive family history of stroke 

*** Positive family history of DVT and pulmonary embolism. 

 
The remaining ninety patients with 
thromboembolic disease and normal PC and 
PS level, presented with DVT in 62 (68%) 

cases, with PE in 18 (20%) cases and AMI in 5 
(12%) cases. 
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Table (2): The plasma levels of PC, PS of the control in comparison with normal reference range 

 
Mean ±2 SD 

of patients with no PC or PS deficiency 
Normal reference range% 

Range of control 

% 

PC 107± 16.3 70-130 70-124 

TPS 78 ± 15.6 50-140 50-133 

FPS 67 ± 10.5 60-140% 60-132 

 
Discussion 
The lifetime risk of thromboembolic disease is 
2 fold higher in individuals with deficiency of 
PC, PS, or both compared with non-deficient 
individuals. The risk of thromboembolic onset 
in deficient subjects, on average, is eleven 
years younger compared with non-deficient 
subjects.19,20,21 Two large studies of 
consecutive patients with deep venous 
thrombosis have found a prevalence of PS 
deficiency of (1%-2).22,23 
 
Awidi et al. conducted a four-year prospective 
study on patients admitted with 
thromboembolic disease in Jordan and found 
PC and PS deficiency in 7.8 and 6.9, 
respectively.24 
 
Eid studied 602 patients in Jordan with 
thrombotic events and found the prevalence of 
hereditary PC and PS deficiency 3.8 and 
2.3,respectively.25 
 
Al-Jaouni conducted a retrospective analysis in 
179 consecutive Saudi patients with recurrent 
venous thrombosis at a young age with or 
without positive family history and found PS 
deficiency in 14.5 and PC deficiency in 
8.4.26 
 
In this study (the first study which has been 
done in Iraq), the incidence of PC deficiency 
was comparable to the incidence in Jordan 

found by Eid,25but lower than the incidence in 
Saudi Arabia. The incidence of PS deficiency 
was comparable to the incidence in Jordan by 
Awidi et al.24 

 
In another study on 680 consecutive patients 
with his toryof venous thrombosis, the 
prevalence of protein C deficiency was 2.5%, 
protein S deficiency was 1.3%, and combined 
deficiency was 0.4%.27 
 
In the study by Miljic et al, the frequency of 
protein C deficiency was 4.1% and protein S 
deficiency was 1.6%.28 
 
In another study conducted in Israel, they 
found  the frequency of protein C and protein S 
deficiency were 5.6% and 2.8%, respectively.29 
 
In a study conducted in Taiwan,85 consecutive 
and unrelated patients with unexplained 
thrombophilia were studied, and relatively 
higher prevalence of protein C and  protein S 
deficiency was found.30 

 
Khalid et al. stated that the incidence of protein 
C and protein S deficiency was2.3% and 1.4%, 
respectively.31 

 
The prevalence of protein C and protein S 
deficiencies  in the Trakya  region of Turkey 
was found to be higher than in other reported 
studies.32 



Evaluation of Protein C and Protein S… Muna A. Kashmoola 

J Med J 2013; June: Vol. 47 (2) http:⁄⁄dar.ju.edu.jo⁄jmj  117

We noticed recurrent episodes of thrombosis in 
our cases. It is important to note that the 
recurrence rate in our cases was lower than in 
those reported in other studies because of the 
prophylactic therapy. However, spontaneous 
recurrence  of thrombosis can be expected in 
almost (50%) of patients in whom their first 
thrombotic episode occurred after a triggering 
event.33 
 
Conclusion 
Protein C and Protein S deficiency play a role 
in young patients with thrombosis. Screening 
tests for PC and PS should be done in young 
subjects less than thirty years with 
thromboembolic disease in our locality because 
the diagnosis of these deficiencies has clinical 
implications for the prevention of recurrent 
thromboembolic illness. 
 
The incidence of PC and PS deficiency were 
comparable to those of neighboring countries. 
 
References 
 
1. Boekholdt SM, Kramer  MH. Arterial  

thrombosis  and the role  of  
thrombophilia.SeminThrombHemost 2007; 33: 
588-596. [cross ref] [Medline] 

2. Malm J, Laurell M, Nilsson IM, et al. 
Thromboembolic disease critical evaluation of 
laboratory investigation. Thromb Haemost 
1992; 68: 7-13. 

3. Cho YP, Lee DH, Jang HJ, et al. peripheral 
arterial insufficiency associated with protein C 
deficiency. Br J Radiol 2002; 75: 843-6. 

4. De Stefano V, Finazzi G, MannucciPM, et al. 
Increased risk of venous thrombosis in carriers 
of hereditary protein C deficiency defect. 
Lancet. 1993; 341: 134-8. 

5. De Stefano V, Leone G, Mastrangelo S, et al. 
Clinical manifestation of inherited 
thrombophilia retrospective analysis and follow 
up after diagnosis of 238 patients with 
congenital deficiency of anti thrombin III, 
protein C, protein S. ThrombHaemost 1994; 72: 
352-8. 

6. Clouse LH, Comp PC. The regulation of 
hemostasis: The protein C system. N Engl J 
Med 1986; 314:1298-304. 

7. Dahlback B. The lab of protein S and C4b 
binding protein, a story of affection. 
ThrombHaemost 2007; 98:90-6. 

8. Kate MK, VanerM. Protein S deficiency: a 
clinical prospective Thrombophilia 2008; 
14:1222-1228. 

9. Jane DA, Mannucci PM, Bauer KA, et al. 
Inherited thrombophilia: part I. Thromb 
Haemost 1996; 76: 651-62. 

10. Seligsohn U, Lubetsky A. Genetic susceptibility 
to venous thrombosis. N. Engl J Med 2001; 344: 
1222-31. 

11. Bajzar L, Nesheim ME, Tracy PB. The 
profibrinolytic effect of activated protein C in 
clots formed from plasma is TAFI-dependent 
Blood 1996; 88: 2093-2100. 

12. Rezende SM, Simmonds RE, Layne DA. 
Coagulation, inflammation and apoptosis: 
different role of proteins and protein S-C4b 
binding protein complex. Blood 2004; 103: 
1192-201. 

13. Onida P, Trsoldi MM, Regarlic, et al. Natural 
anticoagulant protein S and antiphospholipid 
antibodies in SLE. J Rheumatoid 1998; 25 (1): 
57-62. 

14. Greaves M, Preston FE. Pathogenesis  of 
thrombosis in Hoff brand AV, Lewis SM, 
Tudenham EGD, Postgraduate Heamatology, 
B.H. International Edition, Oxford 4th ed,1999; 
653-674. 

15. De Stefano V, Finazzi G, Mannucci PM. 
Inherited thrombophilia: Pathogenesis, clinical 
syndromes and 
management.Blood1996;87:3531-44. 

16. Whilatch NL, Orfel TL. Thrombophilias: When 
should we test and how does it help? Seminars 
in respiratory and clinical care. Medicine 2008; 
29 (1): 27-36. 

17. Seligsohn U, Lubetsky A. Genetic susceptibility 
to venous thrombosis .N Engl J Med 2001; 344: 
1222-31. 

18. Majid Y. Mani R, Maryam Z, et al. Impact of 
inherited thrombophilic factors on deep vein 
thrombosisin individual in south Iran. Journal of 
Applied Hematology 2011; 2 (1):78-85. 

19. Bakhtwar K, Leendert JP, et al. Hereditary 
deficiency of PC or PS confers increased risk of 
arterial thromboembolic events at a young age. 
Circulation 2008; 118: 1659-1667. 

20. Allaart CF, Poort FR, Rosendaal PH, et al. 
Increased risk of venous thrombosis in carriers 



Evaluation of Protein C and Protein S… Muna A. Kashmoola 

J Med J 2013; June: Vol. 47 (2) http:⁄⁄dar.ju.edu.jo⁄jmj  118

of hereditary PC deficiency defect. Lancet 1993; 
341: 134-138. 

21. Borill EG, Bauer JD, Dickerman P, et al. The 
clinical spectrum of heterozygous PC deficiency 
in a large New England. Kindred Blood 
1989;73:712-717. 

22. Heijboer HP, Brand JES, Buller A,et al. 
Deficiencies of coagulation inhibiting and 
fibrinolytic proteins in outpatients with DVT. N. 
Eng. J. med 1990; 323: 1512-1516. 

23. Pabinger IS. Brucker P, Kyrle B, et al. 
Hereditary deficiency of anti-thrombin III, PC & 
PS: prevalence in patients with a history of 
venous thrombosis and criteria for rational 
patient screening. BloodCoagul. Fibrinolysis. 
1992; 3:547-553. 

24. Awidi AS, Abu-khalaf M, Herzallah U, et al. 
Hereditary thrombophilia among 217 
consecutive patient with thromboembolic 
disease in Jordan. Haematol 1993; 44 (2): 95. 

25. Eid SS. Hereditary deficiencies of antithrombin 
III PS and PC pathway in Jordanian thrombosis 
patient. Clin LabSci 2002; 15 (4): 196-9. 

26. Al-Jaoun SK. Primary thrombophilia. Saudi 
Arabia Med J2003;24(6): 614-6. 

27. Pabinger I, Brucker S. Kyrle PA. Hereditary 
deficiency of anti-thrombin III, protein C and 
protein S:Prevalance in patients with a history of 

venous thrombosis and criteria for rational 
patients screening. Blood Coagul Fibrinolysis 
1992; 3: 547-53. 

28. Miljic P, Rolovic Z, Elezovic I, et al. Hereditary 
deficiency of anti-thrombin III, protein C, 
protein Sand factor XII in 121 patients with 
venous or arterial thrombosis. SrpArhCelokLek 
1999;127:21-27. 

29. Ben-tal O, Ziveline A, Seligsohn U.The relative 
frequency of hereditary thrombotic disorders 
among 107 patients in Israel. Thrombhae most 
1989; 61: 50-4. 

30. Shen MC, Lin JS, Tsay W. High prevalence of 
anti-thrombin III, Protein C, protein S but no 
factor V Leiden mutation in venous  
thrombophilic Chinese patients in Taiwan. 
Thromb Res 1997; 87:377-85. 

31. Khalid R, Sajid S, Adil N, et al .Frequency of 
hereditary thrombophilia: an experience. Jourof 
Pak Med Associ;2004;5:90. 

32. Demir M, Voral O, Sunar H. The prevalence of 
hereditary thrombophilia in Trakay region of 
Turkey. Yonsei Med, 2000; 41436-40 

33. Ingrid P, Barbara S. Thromboticrisk in 
hereditary anti-thrombin III deficiency, protein 
C or protein Deficiency. Atherosclerosis, 
thrombosis, and vascular biology1996; 16:742-
748. 

 
  



Evaluation of Protein C and Protein S… Muna A. Kashmoola 

J Med J 2013; June: Vol. 47 (2) http:⁄⁄dar.ju.edu.jo⁄jmj  119

 

  في المرضى الشباب الذين يعانون من التخثر Sوبروتين  Cمستوى بروتين تقييم 
  

  
  1منى كاشمولا

  

  كلية الطب، جامعة الموصل، العراق  -1
 

  الملخص
المرضى الشباب الذين يعانون من التخثر ومقارنة نتائج هذه  في Sوبروتين  Cمستوى بروتين تهدف هذه الدراسة إلى تقييم  :الهدف

 .أخرىالدراسة في العراق مع دراسات 
لذين قد ثبت الثلاثين المرضى الشباب دون عمر ئة من االكلي والحر في ما S، بروتين Cشمل البحث قياس مستوى بروتين  :الطريقة

تشخيصهم بأنهم يعانون من تخثر وريدي أو شرياني وراقدين في مستشفى ابن سينا التعليمي ومستشفى السلام التعليمي في الموصل خلال 
  .(ELISA)، وتم القياس بواسطة المقايسة المناعية المرتبطة بالانزيم 2011وحتى كانون الأول  2009الفترة بين كانون الأول 

الكلي والحر في خمسين من الأشخاص من الأصحاء كمجموعة ضابطة مقاربة  S، بروتين Cمستوى بروتين تحديد يضاَ ويشمل البحث أ
استعمال أي من حبوب منع الحمل خلال  أوحمل دم وجود ع( الاعتبار بالنسبة للإناث فيبالنسبة للعمر للفئة العمرية للمرضى مع الأخذ 

  ).ة قبل إجراء الفحصالأشهر الثلاثة الماضي
-16تراوحت أعمارهم بين ) 1: 3(الذكور  ونسبة الإناث إلى) 4(حالات بنسبة  4تم الكشف عن نقص في بروتين سي في  :النتائج

  .من حالات التخثر هي بشكل تخثر وريدي عميق) 50(وكان ) سنة 23وسطي (سنة  28
وتراوحت أعمارهم ) 1:1(ونسبة الإناث إلى الذكور ) 6(حالات بنسبة  6الكلي والحر في  Sيضاَ الكشف عن نقص في بروتين تم أ
لديها تخثر رئوي ) 33.3(من الحالات تعاني من تكرار التخثر الوريدي العميق و) 33.3(وكان ) سنة 22وسطي (سنة  30-14بين 
  .تخثر رئويلديها تخثر وريدي عميق مع ) 16.7( نفسهاالنسبة ولديها طارئة دماغية وعائية ) 16.7(ثم 

للمريضات  وتوجيه العلاجهذه الدراسة تبين اهمية التحليل المنهجي لعينات رأب الثدي النسيجية للمساعدة في تحديد  :الاستنتاجات
 والتعامل معأخذ عينات شامل  كيدب تأيج ومن ثمالتصغيري، بسرطان الثدي بعد رأب الثدي  للإصابةاللواتي لديهن خطر متزايد 

  .عينات رأب الثدي
  .(S)بروتين ، (C)التخثر، بروتين   :الكلمات الدالة

  
 


