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Abstract
Ischemic stroke (IS) is a complex disease regarding its risk factors; among those factors, genetics has an important role. 
Protein C (PC) is an important antithrombotic enzyme which its genetic variations disrupt the normal cascade of blood coagu-
lation, resulting in thrombosis and increases the chance of stroke. Therefore, we aimed to investigate three single-nucleotide 
polymorphisms (SNPs) located in the core promoter of PC in order to find their role in this condition in the Iranian popula-
tion. Blood samples from IS patients (n = 249) and healthy volunteers (n = 203) were collected. Biochemical analysis was 
performed. Genotyping was conducted on the extracted DNA from blood samples via the HRM technique. Bioinformatic 
investigations were used to assess how these SNPs may be involved in the IS. Smoking, hypertension, low-density lipoprotein 
cholesterol, and fasting blood glucose were significantly different between healthy and IS groups. rs1799809 and rs1799810 
SNPs were significantly more frequent among IS patients. Also, among four identified haplotypes, CGT was found associ-
ated with IS (p = 0.001). It was also found that these SNPs may interfere with the binding of transcription factors to alter 
the expression of PC. Our data predict that SNPs at the core promoter of PC can affect the binding affinity of transcription 
factors which in turn reduces the expression of PC and increases the risk of IS.
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Introduction

Stroke accounts for a significant portion of mortality and also 
disability all around the world, mainly in the age group above 
60 years (Yousufuddin and Young 2019). Nearly 15 million 

new stroke patients are each year diagnosed world-wide; among 
them, ischemic stroke (IS) is the major type that constitutes 80% 
of cases (Ovbiagele and Nguyen-Huynh 2011). Large artery 
atherosclerotic stroke (LAAS) is the main subtype of ischemic 
stroke (Zhou 2019). IS is defined by cease of blood flow to 
the brain as a result of narrowed brain supplying arteries, rup-
ture of these vessels, or blood clots; however, arrhythmia and Seyed Elyas Meshkani and Ali Fasihi equally contributed to this 
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atherosclerosis are factors that contribute to this condition 
(Arboix 2015). Subsequent to lack of blood supply, within few 
minutes, brain cells begin to die which in turn results in mal-
function of a part of the brain (Xing et al. 2012). Therefore, 
disabilities such as paralysis, memory loss, and dysarthria could 
happen after stroke (Civelek et al. 2016). Regarding the causes, 
stroke is a complex disease that can be resulted from environ-
mental factors, genetic or a combination of both or their interac-
tions. Ample data have elucidated that genetic has a remarkable 
effect on the risk of stroke (Civelek et al. 2016). However, many 
of these genetic factors are not fully known or their mecha-
nisms are not clear (Francis et al. 2007). To date, most studies 
have been revolving around identifying and investigating these 
candidate genes related to medical conditions such as hyper-
tension or metabolism (Civelek et al. 2016). Currently, many 
studies have centered their focus on the role of single-nucleotide 
polymorphisms (SNPs) and their underlying mechanisms in 
different genes (Matarin et al. 2010). Due to the nature of IS, 
it is possible that encoding genes of pro/antithrombotic blood 
factors might be involved as a result of mutation or presence of 
some specific SNPs (Bagoly et al. 2019).

Protein C (PC) is an antithrombotic proenzyme and is vita-
min K-dependent. PC is also involved in the regulation of apop-
tosis and inflammatory reactions (Isermann et al. 2007). It is 
secreted from the liver in an inactive form, and the activation 
process depends on the cleavage of activation peptide at the 
N-terminus of the heavy chain by thrombin. Thrombomodu-
lin and endothelial protein C receptor (EPCR) are responsible 
for enhancing the transformation of PC into its activated form 
(APC). Upon its activation, APC unbounds from its receptor 
(EPCR) on the surface of endothelial cells and then by proteo-
lytic reactions inactivates factors V and VIII and prevents blood 
coagulation (Esmon 2003) (Fig. 2b). Studies have shown that 
low PC in blood circulation leads to aberrant blood coagulation 
and conditions such as deep vein thrombosis and pulmonary 
embolism (Bucciarelli et al. 2012). In addition to that, inac-
curate regulation of blood coagulation has been shown to be 
involved in the pathogenesis of IS; however, this association 
and the way it is mediated are not fully understood (Wiseman 
et al. 2014). In this regard, some studies have linked the defi-
ciency of PC to the onset of IS as a result of aberrant blood 
clots in veins, more especially in younger people (Bucciarelli 
et al. 2012). Therefore, we aimed to assess whether the SNPs 
located in the promoter region of the PC encoding gene are in 
association with the large artery atherosclerosis stroke (LAAS).

Material and Methods

Study Population

All procedures of the current study were conducted under the 
regulations of the Ethics Committee of Sabzevar University 

of Medical Sciences. All subjects were admitted to the study 
by singing written consent. A total number of 249 stoke LAA 
patients and 203 healthy cases were included in this case-
control study with similar age and gender. IS was confirmed 
base on medical examinations by specialist and magnetic 
resonance imaging (MRI) according to the International 
Classification of Disease, 9th edition. Exclusion criteria 
were diseases related to blood, chronic, inflammatory, and 
autoimmune diseases as well as hemorrhagic stroke cases 
and individuals with brain traumas. Moreover, the control 
group was selected by not having a stroke whether in family 
or themselves. Clinical records were investigated to extract 
information about hypertension, fasting blood glucose, and 
also diabetes.

Biochemical Examinations

About 5 ml of fresh blood was taken from subjects by 
venipuncture (into appropriate test tubes) after overnight 
fasting. Blood samples were held and transferred to the 
laboratory at 4 °C. Then samples were centrifuged at 3000 
rpm, and serum was separated for further biochemical anal-
ysis. Biochemical parameters including triglyceride (TG), 
total cholesterol (TC), low-density lipoprotein cholesterol 
(LDL-C), and high-density lipoprotein cholesterol (HDL-
C) were examined based on the standard protocol of cor-
responding kits (Pars Azmoon, Tehran, Iran) via enzymatic 
colorimetric assay.

DNA Extraction and Genotyping

Blood samples were collected from all participants in the 
EDTA-containing tube and were kept at 4 °C until down-
stream experiments. First, DNA was extracted via salting 
out protocol from white cells of peripheral blood. Second, 
the genotyping of samples was performed by high-resolu-
tion melting analysis (HRM) followed by polymerase chain 
reaction (PCR) on the promoter region of the PROC gene. 
Oligo7 software (Molecular Biology Insight, Inc. (DBA 
Oligo, Inc.)) was used for designing the sequence of prim-
ers (Table 1). CFX Real-Time PCR Detection System (Bio-
Rad Laboratories) instrument was used for this purpose. 
PCR was performed in the total volume of 10 μl with 5 of 
Precision Melt Supermix (HOT FIREPol EvaGreen HRM 
Mix, 1×), 0.15 μl of each forward and reverse primer (200 
nM concentration), and 1 μl of DNA sample (30 ng con-
centration) in duplicates. PCR temperature program was as 
follows: initial denaturation at 95 °C (15 min), 40 cycles 
of 95 °C (15 s), 60 °C (20 s), and 72 °C (25 s). For HRM 
analysis, immediately after the PCR procedure, the follow-
ing thermal cycle was used: 72 to 92 °C with 0.1 °C increase 
between each plate read with continuous monitoring dur-
ing warming up. Analysis of data obtained from HRM was 
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carried out using Bio-Rad Precision Melt Analysis (v1.3, 
Bio-Rad Inc, California). To confirm results, around 10% 
of the samples were chosen randomly and underwent direct 
DNA sequencing.

Statistical Analysis

Data analysis was performed through Statistical Package 
for the Social Sciences (SPSS v21) (IBM Corporation, 
NY). Moreover, SNP analysis was conducted by SNP 
analyzer v 2.01. Categorical variables are expressed as 
proportions, and the χ2 test was implemented for com-
parison. Continuous variables are displayed as mean ± 
SD. A statistical significance of P < 0.05 was considered 
for the meaningfulness of differences. To measure the 
strength of PROC promoter polymorphism on the onset 

of stroke, odd ratio (OR) and 95% confidence intervals 
were computed.

Results

Demographic and Biochemical Status 
of Participants

According to the TOAST classification, 249 LAAS patients 
were included in the study and 203 healthy individuals as 
a control group. Clinical and demographic information of 
participants are summarized in Tables 2 and 3. Both groups 
were similar in parameters such as age and sex, age, and, 
body mass index (BMI) (P > 0.05). However, in the IS 
group, there was a significantly higher percentage of hyper-
tension and also smoking while the number of diabetes 
patients was almost similar. Besides, higher LDL-C and 
fasting blood glucose (FBG) were observed in the IS group 
in comparison to the control group (Table 1).

Genotyping of Selected SNPs in the Promoter 
of the PROC Gene

Three SNPs in the promoter region of the PROC gene 
were selected and analyzed by the HRM method in DNA 
samples of all 249 LAA patients and 203 healthy indi-
viduals. Two different segments were analyzed; rs1799808 
and rs1799809 were located in the first fragment, and 
rs1799810 was on the second fragment. 162 bp and 183 
bp bands were observed on agarose gel for the first and 
second segments, respectively.

Association of Selected SNPs at the PROC Promoter 
with the Prevalence of IS

We then investigated the relationship between all three 
candidate SNPs from PROC promoter and IS in our 

Table 1   Clinical characteristics of the study population

Continuous and categorical variables were tested by Student’s t-test 
and χ2 analysis, respectively.
n number of individuals, BMI body mass index, FBG fasting blood 
glucose, LDL-C low-density lipoprotein cholesterol, HDL-C high-
density lipoprotein cholesterol, TC total cholesterol, TG triglyceride

Variables IS patients 
(n = 252)

Controls 
(n = 203)

p

Age 64.04 (9.29) 62.87 (10.64 0.2123
Gender (M/F) 123/129 90/113 0.34169
BMI (kg/m2) 25.87 (4.13) 25.42 (3.88) 0.2403
FBG (mmol/L) 7.05 (1.96) 6.62 (1.94) 0.0184
LDL-C (mmol/L) 2.67 (0.51) 2.56 (0.52) 0.02731
HDL-C (mmol/L) 1.50 (0.43 ) 1.55 (0.31 ) 0.1899
TC (mmol/L) 5.12 (0.81 ) 5.24 (0.72) 0.1217
TG (mmol/L) 1.22 (0.33 ) 1.71 (0.31) 0.0001
Hypertension 

(n/%)
168 (66.7) 100 (49.3) 0.00018

Diabetes (n/%) 52 (20.6) 38 (18.7) 0.6101
Smoking (n/%) 102 (40.5) 62 (30. 6) 0.02824

Table 2   Allele distribution of 
each polymorphism

MAF minor allele frequency, PMAF value of allele was determined by χ2 test, HWE Hardy-Weinberg equi-
librium

SNP ID Position Function (M > m) Population MAF PMAF PHWD

rs1799808 2:127418286 C > T Control 0.32759 0.9442 0.0039
IS 0.3254
All 0.32637

rs1799809 2:127418299 A > G Control 0.39163 0.0044 0.0767
IS 0.48611
All 0.44396

rs1799810 2:127418464 A > T Control 0.39901 0.0073 0.0707
IS 0.4881
All 0.44835
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subjects. The distribution of all genotypes was in accord-
ance with the Hardy-Weinberg equilibrium (Table 2). Our 
analysis showed that there is a significant difference in the 
abundance of rs1799809 and rs1799810 SNPs between IS 
and healthy group, while there was no remarkable differ-
ence for the rs1799808 (Table 3). Allelic and genotypic 
distribution frequencies for rs1799808, rs1799809, and 
rs1799810 in the promoter region of the PROC gene were 
examined in four genetic models: dominant, recessive, 

codominant, and allelic. Furthermore, logistic regression 
analysis was performed to adjust the relationship of SNPs 
with IS by age and gender. (Table 3).

Haplotype Frequency Distribution of Selected SNPs 
in the PROC Promoter

The frequency of four different haplotypes related to selected 
SNPs was analyzed by SNP analyzer 2.01 and is shown in 

Table 3   Genotype distribution and Link between the chosen SNPs genotype and risk of ischemic stroke in four models

CI confidence interval, SNP single-nucleotide polymorphism. Adjusted odd ratios were adjusted for gender, age, body mass index, hypertension, 
diabetes, FBG, LDL-C, and smoking status

SNP Genotype Controls IS Crude odd ratio (95% CI) P Adjusted odd ratio (95% CI) P value

rs1799808 Co dominant
TT + CC 128 (63.1) 154 (61.1)
TC 75 (36.9) 98 (38.9) 1.086 (0.742–1.590) 0.6713 1.058 (0.712–1.574) 0.9542
Dominant
CC 99 (48.8) 121 (48.0)
TC + TT 104 (51.2) 131 (52.0) 1.031 (0.712–1.492) 0.8731 1.011 (0.687–1.490) 0.9542
Recessive
CC + TC 174 (85.7) 219 (86.9)
TT 29 (14.3) 33 (13.1) 0.904 (0.528–1.547) 0.7130 0.916 (0.525–1.596) 0.9542
Allele
C 273 (67.2) 340 (67.5)
T 133 (32.8) 164 (32.5) 0.990 (0.749–1.308) 0.9442 0.983 (0.735–1.313) 0.9542

rs1799809 Co dominant
AA + GG 114 (56.2) 135 (53.6)
AG 89 (43.8) 117 (46.4) 1.110 (0.766–1.610) 0.5817 1.058 (0.719–1.558) 0.5817
Dominant
AA 79 (38.9) 71 (28.2)
AG + GG 124 (61.1) 181 (71.8) 1.624 (1.096–2.408) 0.0157 1.618 (1.072–2.443) 0.0314
Recessive
AA + AG 168 (82.8) 188 (74.6)
GG 35 (17.2) 64 (25.4) 1.634 (1.030–2.593) 0.0371 1.739 (0.964–3.218) 0.0525
Allele
A 247 (60.8) 259 (51.4)
G 159 (39.2) 245 (48.6) 1.469 (1.127––1.915) 0.0044 1.493 (1.133–1.968) 0.0176

rs1799810 Co dominant
AA + TT 113 (55.7) 136 (54.0)
AT 90 (44.3) 116 (46.0) 1.071 (0.739–1.553) 0.7178 1.014 (0.689–1.492) 0.7178
Dominant
AA 77 (37.9) 71 (28.2)
AT + TT 126 (62.1) 181 (71.8) 1.558 (1.050–2.312) 0.0277 1.545 (1.022–2.333) 0.0429
Recessive
AA + AT 167 (82.3) 187 (74.2)
TT 36 (17.7) 65 (25.8) 1.612 (1.020–2.548) 0.0407 1.718 (0.962–2.966) 0.0583
Allele
A 244 (60.1) 258 (51.2)
T 162 (39.9) 246 (48.8) 1.436 (1.102–1.871) 0.0073 1.458 (1.108–1.919) 0.0292
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Fig. 1b. The most frequent haplotype was H1 (CGT) (0.42369) 
followed by H2 (CAA) with 0.270931 and H3 (TAA) with 
0.27124. However, H4 (TGT) was the rarest haplotype with a 
frequency of 0.01916.

Next, we found that there is a different significant distri-
bution pattern of H1 (p = 0.0019) and H3 (p = 0.0168) hap-
lotypes as they were more frequent in IS patients (Table 4). 
However, no significant association for H2 and H4 haplo-
types with IS was observed. Linkage disequilibrium of SNPs 
is presented in (Fig. 1c).

Sequencing of Variants at PROC Gene Promoter

Sequencing was performed to confirm the results of the HRM 
method. From each cluster, some samples were selected ran-
domly and were sent for sequencing. The results of sequenc-
ing were completely identical to the results of HRM.

Predicting the Alterations that May Occur 
in the Binding of Transcription Factors to SNP 
Positions

A potent region of PROC promoter was selected, around 2500 
bp upstream of + 1, and using UCSC Genome Browser core 

promoter of this gene was predicted based on the active pro-
moter parameter such as chromatin methylation, acetylation, 
CpG islands, and DNase hypersensitivity. This region was 
analyzed via PROMO (available at http://algge​n.lsi.upc.es/)  
to predict how these SNPs may influence the binding of  
different transcription factors (TFs). This platform utilizes 
data from the TRANSFAC database to predict binding sites. 
Figure 1a depicts the predicted TFs related to PROC pro-
moter at the position of examined SNPs.

Discussion

IS accounts for the largest proportion of stroke cases, 
around 80 percent which is a major cause of mortality 
(Ovbiagele and Nguyen-Huynh 2011). Not only patients 
but also for health systems, IS is a serious disease 
considering the economic and also health problems it 
inflicts. IS is a mixed disease in which both environmen-
tal and internal factors such as medical condition and 
genetic are involved (Cheng 2014). Therefore, identify-
ing these factors and more importantly their interactions 
can improve the diagnosis, outcome, and even prediction 
of the disease. The genetic etiology of IS is now more 
discussed, and more data are suggesting novel genes, 
or gene variations are responsible for its onset (Civelek 
et al. 2016). We aimed to investigate SNPs located on 
the promoter region of PC, as an important regulator of 
blood coagulation, and how they can affect the chance 
of stroke occurrence.

Our results showed that rs1799809 and rs1799810 
mutated alleles were significantly associated with a higher 
risk of IS. Moreover, the analysis of haplotypes also showed 
that the H1 haplotype is more frequent in IS patients. Also, 
our bioinformatic investigations demonstrated the sites of 

Table 4   Haplotype analysis of chosen polymorphisms with risk of 
ischemic stroke. IS, ischemic stroke; OR, odds ratio; CI, confidence 
interval

ID OR Lower CI of 
OR

Higher CI of 
OR

p-value

Multiplicative H1 1.532 1.167 1.988 0.001939
H2 0.905 0.676 1.213 0.505066
H3 0.701 0.524 0.939 0.016863
H4 0.498 0.162 1.536 0.216332

Fig. 1   Selected single-
nucleotide mutations in PROC 
gene, the predicted haplotypes, 
and putative TFBs at PROC 
promoter regions. a Predicted 
TFs that are related to promoter 
of PROC and the position of 
SNPs. As the picture shows, 
binding site of different TFs 
are located in this region. More 
importantly, examined SNPs 
are located at this binding sites; 
therefore, they may affect the 
binding of these TFs. b Haplo-
types and their frequencies; c 
LD for the selected SNPs; the 
blocks are constructed based on 
estimates of D/
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these SNPs are located at the binding site of transcription 
factors regulating the expression of PROC.

Currently, HRM is a reliable method for the detection of 
genotypes. However, there are some limitations of utilizing 
this method; for instance, the size of the amplicon should not 
be more than 550 bp (Słomka et al. 2017). Therefore, for bet-
ter accuracy, we divided the PROC promoter into two smaller 
fragments. For this, two primer sets were designed and used in 
PCR. The first set amplificated a 162 bp length region, flank-
ing rs1799808 and rs1799809, while the second set annealed 
to 183 bp region which contained rs1799810. Moreover, we 
found six different amplotypes in the first fragment and three 
on the second fragment. In total, 4 different haplotypes were 
identified within all samples. Subsequently, direct sequencing 
was used to confirm obtained results from HRM which showed 
100 percent accuracy. Linkage disequilibrium explains the 
lower number of haplotypes than the expected amount. Also, 
we implemented bioinformatics analysis to predict whether 
the sites of these SNPs can affect the expression pattern of PC.

PC is an important antithrombotic enzyme that regulates 
the coagulation system by inactivating factors V and VIII 
(Caspers et al. 2012). Therefore, its tight regulation is of para-
mount importance as it has been observed PC deficiency can 

cause aberrant blood clots in venous (Caspers et al. 2012). 
Folsom et al. have shown that PC is inversely associated with  
the incidence of IS (Folsom et al. 2009). Another study by 
Reiner showed variants of PROC located in the intronic region 
do not affect the amount of circulating PC in European-Amer-
ican cardiovascular patients (Reiner 2008). Our study only 
included the Iranian population; therefore, the ethnicity may 
play a role in this condition. In addition to coagulation, PC is 
a part of other important cellular pathways such as inflamma-
tion and apoptosis; hence, it can be expected that its regulation 
might be under the control of other cellular interactions (Joyce 
et al. 2001; Loubele et al. 2009).

However, our results are in line with earlier studies 
on haplotypes located on more distant upstream bases as 
they also indicated variations of promoter region affect the 
serum amount of PC (Vossen et al. 2013). In addition to 
that, PROC promoter variations may result in only lower PC 
level (not necessarily deficiency) which increases the risk of 
thrombosis (Horakova et al. 2013). Taken together, the alleles 
located on the PROC promoter have a stronger effect on the 
amount of PC in the blood coagulation rather than those in 
introns (Horakova et al. 2013). Our bioinformatic investiga-
tions showed that the sites of investigated SNPs are the binding 

Fig. 2   Prediction of three SNPs 
located in the core promoter 
of PC and role of Protein C in 
blood Coagulation. a As the 
picture shows SNPs at the core 
promoter of PC can affect the 
binding affinity of transcrip-
tion factors which in turn 
reduces the expression of PC 
and increases the risk of IS. b 
Endothelial activation of blood 
coagulation and the protein C 
pathway as a major regulator 
coagulation. Upon its activa-
tion, APC unbounds from its 
receptor (EPCR) on the surface 
of endothelial cells and then by 
proteolytic reactions inactivates 
factors V and VIII and prevents 
blood coagulation
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site of multiple transcription factors which justifies the rela-
tionship between SNPs and its amount in the blood (Fig. 2a).

During this study, only LAA patients were included in the 
study; therefore, further studies considering other subtypes may 
more elucidate the association of the aforementioned SNPs with 
stroke. We only considered the results of bioinformatics analysis 
to justify the causality; however, it is recommended that func-
tional studies evaluate the predicted effect of SNPs on the attach-
ment of transcription factors. Moreover, we did not examine the 
circulating PC of our subjects as well as the expression of PC at 
mRNA level; therefore, a more comprehensive study is required 
to confirm the effects of SNPs on low or PC deficiency.

In conclusion, our data show that investigated SNPs located 
in the promoter region of PROC are significantly associated with 
the risk of IS. Moreover, the CGT haplotype is involved in the 
development of the disease. In addition, these SNPs are located 
in the core promoter that can reduce the affinity of transcription 
factors to their corresponding binding which ultimately reduced 
PC and increases the chance of IS by means of thrombosis.
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