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Abstract  Introduction: Anti thrombin III (AT-III), protein C (PC), protein S (PS) are named the natural 
coagulation inhibitors, quantitative and qualitative defects of these inhibitor proteins caused recurrent veins 
thrombosis. Despite there are many clinical and technical assays for improving diagnosis of this disease, but 
diagnosis and classification of this disease facing with some challenges. The diagnosis polymorphism and mutation 
of PC, PS, and Anti-III, recognizing the homozygote and heterozygote form in people who have any patient with 
vein thrombosis in their family. Materials & Methods: 42 patients with vascular thrombosis, who visited 
cardiovascular and thromboses clinic of Immam khomaini and Shahid Modarres General Hospitals have been 
studied in this research. After performing coagulation test and determining the activity of anti coagulation proteins 
(PC, PS, Anti-III), The DNA of patients samples were extracted and reproduce by PCR. Pieces of DNA upon 
reproduction sent to Biosciences Co in UK to determining its sequence. DNA sequences were comprised with wild 
type of proteins genome. Results: The activities of PS in 63.5%, PC in 29.2 and AT-III in 7.3% patients were 
reduced. There was a statistical relation between reducing plasma activity of PC and PS of patients and their familial 
thrombosis (P< 0.05). Results obtained from Chromas software showed that there are remarkable polymorphisms in 
some patients who are suffered from abnormal of related proteins. Discussion & Conclusion: Although, many 
studies are performed in development countries for recognizing this disease, there is not a lot of study which carried 
out in Iran about this issue. Therefore, it is required to perform more molecular tests on natural coagulation inhibitors 
and other effective proteins on creation of vascular thrombosis. 
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1. Introduction 
Thrombophilia is an inherited or acquired coagulapathy, 

that cause increased clotting tendency [1]. In 1856 
Virchow concluded that at least one of the following 
factors may cause thrombosis: delays in blood flow 
(stasis), changes in blood composition, and damage to the 
vascular endothelium [2]. The vein thrombosis (VTE) 
encompasses deep vein thrombosis (DVT) and pulmonary 
embolism (PE) [3]. Due to the nature of DVT (almost 
clinically is silent) it is difficult to estimate the exact 
prevalence of this disease. In recent epidemiological study 
estimated that annually about 80 patients per 100,000 is 
observed [4]. The risk of DVT prevalence in hospitalized 

patients who do not receiving prophylaxis drug are 
increased, the prevalence of the disorder in these patients 
are various from 10 % to 80 % [5]. Thrombus is also tend 
to accumulate within the family, so is known as the family 
thrombophilia [6]. Risk factors for vein thrombosis are 
classified into two categorize, genetic and environmental. 
Environmental risk factors are including; aging, cancer, 
trauma, surgery, lupus anticoagulant, pregnancy, 
postpartum, hormone replacement therapy and oral 
contraceptives and inactivity (for example, trips or are 
staying in bed too long) [7]. Genetic risk factors are 
including: quantitative or qualitative abnormalities of 
protein C, protein S, anti thrombin III, factor V Leiden 
(Arg506Gln), methylen tetra hydrofolate reductase C677T 
mutation, and prothrombin G20210A mutation [8,9,10,11]. 
The majority of Caucasian VTE patients have one of these 
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two thrombophilias: factor V Leiden (R506Q) and 
prothrombin G20210A [12,13,14]. The increase serum 
level of coagulation factors, such as fibrinogen , factor II, 
VIII, IX and XI, and some coagulable proteins such as: 
homocysteine thrombin activatable fibrinolysis (TAFI) are 
also the risk factors for vein Thrombosis [15,16,17]. 
Although the most common signs and symptoms of DVT 
in patients are clinically silent, but depending on the 
degree of obstruction and inflammation of the vessel, the 
symptoms are evident. These symptoms of DVT are 
including: sudden swelling of leg, redness or discoloration 
of the skin, warming the affected area of leg, low-grade 
fever, and pain when there is a physical exercise and 
Tachycardia. The Homan test is also one of the DVT 
symptoms, when the muscles of the legs (upper Knee) 
stretched with a truniked, if the knee move out the rapidly, 
a painful have seen in the muscles of leg. Pulmonary 
embolism is a condition that the main pulmonary artery 
embolus can block. Over 60 % of pulmonary emboli 
clinically are undetectable and death can occur in less than 
30 minutes in these patients [18,19]. It has reported that 
10% patients, who hospitalized in developed country PE is 
the most common cause of preventable death [6,7]. The 
recurrent able is one of the major problem of the 
thrombosis which is known as PTS (post thrombotic 
syndrome) [20,21]. More than 30 % of patients may 
experience this problem again 8 years after initial DVT 
[22,23]. The mutations that cause functional deficiency of 
natural anticoagulants inhibitors (protein C, protein S, and 
anti thrombin III) are one of the DVT cusses. Therfor we 
will be need to improve diagnosis. The aim of our study is 
to determine the level of natural coagulation inhibitors and 
characterized their polymorphism in Iranian patients with 
thrombosis. 

2. Materials&Methods 
Using Cross sectional method, 42 new case patients 

who were visited the cardiovascular and thrombosis clinic 
in two general hospitals (Imam Khomaini and Modarres) 
in Tehran during 2012-2013 were under study. The 
participants gave informed consent in accordance with the 
Deceleration of Helsinki. The clinical characteristic 
including: foot painful, redness, medical history, 
inflammation, infection and medication use, were 
collected by standard qeusioneree. The patients who were 
under anti coagulant therapy during past six mounts and 
the patients who had any infection and their sera 
inflammation assays positive (like CRP, RF), were 
excluded from study. For normal controls, 21 volunteer 
with normal clinical examination and normal coagulation 
tests were selected. They were matched with patients for 
age, sex and same job. 10 ml of anti coagulated blood was 
collected from patients and controls. Samples were 
centrifuged at 3000g for 10 min, and plasma was aliquted 
and immediately frozen at -70°C. Measurement of protein 
C, protein S activity was performed using clot formation 
methods by Protein C and S kits (stago Co. France). And 
anti-thrombin III measurement using colorimetric method 
(Stago Co. France) 
DNA extraction 

DNA samples were extracted from 3 ml of anti 
coagulated blood according to the company (Sinaclon) 

procedure and frozen in the micro-tubes at -20°C. DNA 
concentration was detected by spectrophotometer at 260°. 
DNA of Proteins C, S, AT-III reproduced by PCR method 
using master mix kit (Sinaclon) and their primers which 
detail in Table 1 to Table 3. 

Table 1. The Protein S, Primers used for PCR 
 Primer Sequence (5’...3’) Size 

PS-F1 GGCTTCAGGATTTTTATTATAGTA 
550 

PS-R1 CTAACTGGGATTATTCTCACAT 
PS-F2 ACAATCATAATATTCCTCTGCC 

298 
PS-R2 TCTGTATTTTCCTGACTTAGC 
PS-F3 AGCTTTCTGTATTTCTTACTC 

289 
PS-R3 TACAGACTGCATCAAAGTGGG 
PS-F4 CCTATACTCATAATCGAGCC 

348 
PS-R4 TGGGCACACAGTAGATACTC 
PS-F5 ATCATTGAGAAAGGGAATGG 

360 
PS-R5 GTAAATACTGCTATGTATAC 
PS-F6 GCTTATATTGAATCTTTGCTCTG 

406 
PS-R6 AAATGTCGGTACTAGCCCCTAG 
PS-F7 CAAGATGCTAAAAGTCTTGG 

415 
PS-R7 GATAGCAAGAGAAGTAAGAATTTC 

Table 2. The AT III Primers used for PCR 
Product length Primer Sequence (5’...3’) Primer 

536 
CCAGGTGGGCTGGAATCCTCTGCTTT PAT-F1 
CTTGGGCCTATGGAAGCCCCAAAGGT PAT-R1 

310 
AACTAGGCAGCCCACCAAACCC PAT-F2 

TGGAGAGGAAGAACTCGGAGGTC PAT-R2 

517 
GGATATGTCTTGTGTCAATAACTATCC PAT-F3 
CTTTTGGTCAGACTACCTTGCGGGTG PAT-R3 

231 
GAATTCCCATCTGTGGGTTGAAGCCA PAT-F4 
TGCATGCCTTAACACTGGAAACAGGC PAT-R4 

326 
AAGCATTTGAGGAATTGCTGTGTCTGT PAT-F5 

GGCTTCAGGATTTTTATTATAGTA PAT-R5 

Table 3. the Protein C, Primers used for PCR 
Product length Primer Sequence (5’...3’) Primer 

220 
GTGCTAGTGCCACTGTTTGT PC-F1 
ATCACCACCTAGCTCTCTTC PC-R1 

637 
AGCTCTGCTTCCTCAGACCC PC-F2 
CCCTGCTGGTTACCAGCTCG PC-R2 

355 
CTTGAACCCTGCACTGTGGC PC-F3 
CGCTTCCCTCTCGGTTTCTG PC-R3 

349 
CTAAGCCTATGCCCATATGA PC-F4 
AAGAAGCCTCTTGCTTAAGC PC-R4 

745 
GGCCTCAGGAAAGTGCCACT PC-F5 
AGAACAGCAGGCCGGTGTGC PC-R5 

After PCR amplification, product was confirmed using 
1% agarose gel.PCR product sent to Biosciences Co. (UK) 
for sequencing. The results were read by the aligner software 
chromas and compared with the normal sequence and the 
number of mutations and polymorphisms were observed. 

Statistical analysis: The SPSS software, version 16.0, 
was used for data analysis. For descriptive purposes, we 
used mean (±  SD) for quantitative variables and No (%) 
for qualitative variables. In addition, we utilized the T-test, 
ANOVA, and TUKEY to show the relationship between 
two variables under study. 

3. Results 
In this project, the goal of our study was determinate 

plasma Activity of the natural inhibitors protein and 
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diagnosis of any remarkable polymorphism or mutation in 
patients with VET. Forty six percent out of 42 patients 
were male and 54% were female, their age ranged from 16 
to 70 years old. The result of the CBC, PT and PTT assays 
which characterized the performance of individuals’ 
primary and secondary haemostatic showed often are 
various, and without any specific diagnosis, therefore we 
do not show the results. The clinical and laboratory 

characterization of thrombosis were variable. So we 
classified in three demographic groups: 1- patients 
associated with thrombosis familial history, 2- patients 
associated with other clinical and laboratory vascular 
characterization, 3- patients associated with coagulant 
proteins gene mutations. The demographic characterization 
summarized in Table 4 –Table 6. 

Table 4. phenotype and clinical characterization of patients associated familial thrombosis 

age gender 
Clinical sign of foot Inhibitor activity % NO of 

Patients Painful inflammation redness AT-III PS PC 
42 M + + + 28.9 15 74 1 
52 F + + + 114 60 39 2 
32 F + + - 125 31 64 3 
16 M - - - 112 28 17 4 
24 M - - - 127 110 38 5 
46 M + + + 131 26 125 6 
32 M - - - 120 17 74 7 
70 F + + + 125 21 68 8 
48 M + + - 112 22 92 9 
42 F + + - 95 40 72 10 

* Normal Range activity: Protein C: 70-140%, Protein S: 65-140%, Anti thrombin III: 80-120%. 

Table 5. phenotype and clinical characterization of patients associated with other clinical signs 
Other condition 

age gender 
Clinical sign of foot Inhibitor activity % No of 

patients  Painful inflammation redness AT-III PS PC 
Recurrent Thrombosis 38 M + + - 108 56 94 1 
hyperhemocysteinemia 30 M - + + 115 89 65 2 
hyperhemocysteinemia 33 M + + + 109 114 86 3 
hyperhemocysteinemia 30 F + + + 109 51 120 4 

Hypertension 29 F - - - 95 29 82 5 
Recurrent Thrombosis 53 F + + + 104 70 157 6 

Thrombosis After surgery 61 M + + + 93 32 50 7 
Thrombosis after surgery 52 F + + + 112 28 35 8 

Recurrent Thrombosis 28 M - - - 132 34 82 9 
Recurrent Thrombosis 24 M + + + 93 6 123 10 
Recurrent Thrombosis 41 F - - - 128 31 13 11 
Recurrent Thrombosis 42 M + + + 98 62 57 12 

Thrombosis after surgery 64 F + + - 99 105 45 13 
- Recurrent Thrombosis 38 M - + - 130 32 105 14 
hyperhemocysteinemia 33 F + + + 29 88 92 15 

Recurrent Abortion 32 F - - - 102 56 92 16 
Recurrent Abortion 29 F - - - 85 87 132 17 

- 42 F - + + 95 47 144 18 
Recurrent Abortion 33 F - + - 93 44 102 19 

* Normal Range activity: Protein C: 70-140%, Protein S: 65-140%, Anti thrombin III: 80-120%. 

Table 6. Demographic of patients with clinical and laboratory data associated coagulant proteins mutation 

 age gender 
Clinical sign of body Inhibitor activity % No of 

patients Painful inflammation redness AT-III PS PC 
FXIII 34 M - + - 108 101 81 1 
FXIII 35 M - - - 99 116 106 2 

MTHFR 36 F + + + 112 45 104 3 
G20210 21 M - + - 109 127 96 4 
MTHFR 27 F - - - 90 55 106 5 
MTHFR 37 F + + + 38 152 117 6 

F V Leiden 29 M + + - 102 33 66 7 
G20210 27 M - - - 81 151 102 8 
MTHFR 33 M - - - 92 77 110 9 

F V Leiden 39 F - - - 150 103 92 10 
F V Leiden 45 F + + + 115 68 85 11 
F V Leiden 42 M + + + 116 145 103 12 
F V Leiden 39 M - - - 124 110 155 13 

* Normal Range activity:Protein C: 70-140%, Protein S: 65-140%, Anti thrombin III: 80-120%. 
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In ANOVA test, the mean activity level of AT-III were 
not deferent in three groups of patients with p value = 0. 
744. There is a relative between the mean activity of 
Proteins S and C and clinical carecterazation of three 
groups (P < 0.001 and P< 0.039 in respect). 

To detect and compromise the activity of three 
coagulant inhibitors between two groups of patients with 
thrombosis, we detail all results in Table 7. 

Table 7. comparative of phenotype statistical between meal and female  

Proteins 
Statistic data of activity 

Male (22) Female (20) 
Mean % SD Min Max Mean % SD Min Max 

AT- III 106.36 22.19 28.9 133 100.75 27.87 29 150 
PC 86.4 3o.93 17 155 88.35 37.39 13 157 
PS 68.3 46.4 6 151 60.55 32.74 21 152 

The mean activity of Protein C and AT-III were not deferent between two groups with p value = 0. 394 and = 0.495 in respect. But the mean activity of 
Protein S was lower in female with P< 0.001. 

DNA extraction: To confirm the purity of DNA 
extraction, OD of samples were read by the photometer. 
The results showed that the OD of DNA ratio (260/280 
ratio) were under the 1.8. The PCR production of protein 
S with 15 exon and 7 primers, AT- III with 6 exon and 5 
primers, protein C with 8 exons and 5 different primers 

were detedcted. All 42 patients’ samples and control were 
characterised but, given that all 42 patients represent the 
same PCR products, characterization results from only one 
samples for each protein presented in 3 figures. Figure 1- 
Figure 3 show the PCR production of three proteins. 

 

Figure 1. PCR product of protein S with seven Bands (550, 280,360, 340, 285, 406, 415 bp) in deferent Exons, two Molecular marks (ladder) 

 
Figure 2. PCR product of protein AT-III with five Bands (536, 517,310, 231, and 326 bp) in deferent Exons, two Molecular marks (ladder) 

 
Figure 3. PCR product derived from protein C with five Bands (230, 637,355, 349, 745bp) in deferent Exons, two Molecular markers (ladder) 
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Sequencing of the amplified fragments: After 
amplification of DNA fragments for sequencing was sent 
to the Bio-Science CO, UK. The results were read by the 
aligner software chromas and compared with the normal 
sequence and the number of mutations and 
polymorphisms were observed. Table 8 showed the SNP 

variant in the Coagulant inhibitors proteins of the our 
patients with Vein Thrombosis 

Results in Table 8 indicated that, the most nucleotide 
change that influence in the protein C , S and AT III 
anticoagulant of our patients who phonotypical showed 
low percentage of activity 

Table 8. SNP variant in the Coagulant inhibitors proteins on Vein Thrombosis 
Inhibitor coagulation factor Gene Nucleotide change SNP Risk allele Ratio of patients 

Protein C PROC c.565 C>T rs146922335 T 3/42 

Protein C PROC c.1000G>A rs121918150 del 2/42 

Protein C PROC c.1015G>A rs121918158 A 2/42 

Protein C PROC c.814C>T rs121918154 T 2/42 

Protein c PROC c.-21-121C>T rs1799810 T 1/42 

Protein S PROS1 c.586A>G rs121918474 G 4/42 

Protein S PROS1 c.1681C>G rs121918476 G 3/42 

Protein S PROS1 c.2031A>T rs267606981 T 4/42 

Protein S PROS1 c.835C>T rs121918475 T 3/42 

Protein S PROS1 c.586A>G rs121918474 G 1/42 

Protein S PROS1 c.1501T>C rs121918472 C 3/42 

AT-III SERPINC1 c.981A>G rs5877 G 1/42 

AT-III SERPINC1 c.1154-53G>A rs2759328 G 1/42 

4. Discussion 
Thrombosis along with a family history and decreasing 

serum level or dysfunction of natural protein inhibitors are 
the major factor of thrombophilia in midel age. The 
average age of our patients is about 35 years, while E. 
Nizankowska-Mogilnicka In a study of 33 people with 
thrombosis has been reported that mean age of them were 
43 years old [24]. The rate of patients with protein 
inhibitors in variant genetnic is deferent. Our finding in 
this survey indicate that, the activity of PS is decrease in 
63.5 % of patients, PC deficiency in 29.2% and AT-III 
activity decreased just in 7.3 % of patients, 21.42% of 
patients decrease activity of both protein S and C, and just 
one patient had low Protein S and AT-III activity together, 
most of these patients had the familial thrombosis history. 
According to a study by Leonard Minuk, activity of PS 
and PC were decreased, respectively in 63 % and 40 % of 
cases [25]. In a survey in IBTO has been reported, the 
deficiency of PS was detected in 22.77%, PC deficiency in 
6.68%, AT-III deficiency in 5.2% and compound 
deficiencies in 8.91% of patients who were under study by 
Iranian Blood Transfusion Organization (IBTO) [26]. 
Other study by Kinoshita, have reported that, out of 85 
Japanese DVT patients, 25.8% patients had low protein S 
activity, 10.6% patients had low protein C activity, 7% 
patients had low AT-III activity and 21.2% of patients had 
both low protein S and C activities [27]. Liu et al, claimed 
that, 53% of 47 Chinese VTE patients have reduced 
activity of APC anticoagulant system, he reported that 10 
patients had low protein S activity, 9 patients had low 
protein C activity, 5 patients had low AT-III activity and 
one of patients had both low protein S and C activities 
[28]. 

Using Tukey statistical method, we compared the 
patients with family history of thrombosis and patients 

associated with gene mutation, data showed that, PS and 
PC activity were significantly decreased (P <0.001) while 
the AT-III activity was normal. Several studies have been 
reported that, protein S deficiency is approximately 10 
times more prevalent in Asians than in Caucasians [29]. In 
the other hand, the patients in our study like the samples 
who E. Nizankowska-Mogilnicka was studied, activity of 
PS in wemen significantly decreased .This is may be due 
to the presence of sex hormones in men [24]. There have 
been reported many mutation and polymorphism in the 
natural coagulant inhibitors (Protein S, C and AT-III), but 
a frequency of these variant genetic changes are remarkable 
which have related with phenotype of vein thrombosis. 

At present, more than 200 mutations have been described 
in the protein S (PROS1), and large deletions/duplications 
can also be identified as causes of protein S deficiency 
[29]. The most common PROS1 mutation is a p.Lys196Glu 
mutation (rs121918474, c.586A>G, protein S Tokushima, 
p.Lys155Glu in the mature protein numbering, which 
accounts for 9–30 % of protein S molecule abnormalities 
in people of Japanese decent [30]. We have found six 
remarkable mutation and polymorphism in protein S out 
of 42 samples (Table 8). Gene change variant with Rs 
1219118474 was found in a patient (sample 9) with sever 
protein S deficiency (22%), and familial thrombosis 
history. At least 161 different protein C (PROC) mutations 
have been reported, and most of them are missenes 
mutations. The predominant genetic defects in the PROC 
may be different for different races [31]. We detected five 
remarkable mutations and poly morphism in 10 patients 
out of 42 samples. The p.Arg189Trp mutation of protein C 
(rs146922325, c.565C>T, p.Arg147Trp in the mature 
protein was reported by two independent studies in 
Chinese populations [32,33]. 

The heterozygous state of the p.Arg189Trp mutation is 
associated with decreased plasma functional activity and a 
relatively normal protein C antigen level, indicating type 
II protein C deficiency [34]. We recognized 2 Serpinc1 
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gene mutations in AT-III protein that could be related to 
antithrombine deficiency in our patients. In this study, the 
desired protein in patients with a family history were 
amplified and sequenced in a number of mutations and 
polymorphisms were observed. However, we were able to 
indicate several mutaion and polymorphism which related 
with natural coagulant inhibitors deficiency. Recent 
genome studies in European population, have found the 
genetic polymorphisms that are potentially related to VTE 
risk [35]. Usining Tukey test, statical analysis shwoed that 
there are relative for Protein C and S P< 0.031 and P< 
0.001 in respectly. Finaly, an accumulating body of 
evidence strongly suggests that genetic studies should be 
carried out in ethnically diverse populations [36]. 

5. Sugestion 
Identify new polymorphism and mutations in Iranian 

populatin recommended. The exact frequency of all 
disorders in the older population and the more time is need. 
It may help earlier diagnosis of arterial thrombosis in 
patients with low -risk individuals heterozygous protein. 

6. Conclusion 
We detected the serum activity of natural anticoagulant 

proteins (proC, proS, AT-III) were deficient in 50% of 
patient in different conditions. We also diagnosed 12 
remarkable gene variations in patients. Whether the 
natural coagulant inhibitors’ especially Protein S dysfunc-
tion detection in our study is an important, but the national 
surveys are needed to determine this problem. 
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