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Dilara Fatma Akın Bali1 , Tamer Eroğlu2 , Didem Torun Özkan3 

Pathogenic Ala303Val Mutation in the PROS1 Gene 
is Associated with the Pathogenesis of Deep Vein 
Thrombosis

Objective: The aim of this study was to predict the functional impact of pathogenic mutations and the mRNA expression 
profiles of the platelet endothelial aggregation receptor 1 (PEAR1), protein S (alpha) (PROS1), and adrenoceptor alpha 2A 
(ADRA2A) genes in deep vein thrombosis (DVT), as well as to examine the effects of these genes on the pathogenesis of DVT.

Materials and Methods: Patients diagnosed with DVT were selected for the study and healthy individuals were used as con-
trols. Mutations in the PEAR1, PROS1, and ADRA2A genes were determined by DNA sequencing analysis and gene expres-
sions were determined using quantitative real-time polymerase chain reaction testing. Polymorphism Phenotyping v2 (Poly-
phen-2; http://genetics.bwh.harvard.edu/pph2/), SNAP2 (https://rostlab.org/services/snap2web/) and MutationTaster 
(https://www.mutationtaster.org/) software were used to define the pathogenic effects of mutations detected by sequencing 
the selected genes in hotspot regions. Mutation and gene expression analyses were noted in the results and clinical data.

Results: A total of 27 patients with DVT and 10 healthy individuals were included in the study. Twenty-one mutations 
were detected in the 27 patients, most often in the PROS1 gene. A p.Ala303Val mutation is located on the human sex 
hormone-binding globulin (SHBG) domain of mutation PROS1 and is pathogenic. A p.A303V mutation is associated with 
premature termination in codon 303 of the SHBG domain. Examination of the effect on the mRNA expression level of 
wild-type versus mutant genotypes revealed that the mutant PROS1 p.A303V expression was significantly lower (p=0.041). 

Conclusion: A p.A303V mutation in PROS1 might be an independent risk factor for DVT, which could provide helpful 
insight into the pathogenesis of DVT.
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INTRODUCTION

Deep vein thrombosis (DVT), one of the most common venous thromboembolic diseases, is closely linked to pul-
monary embolism and post-thrombotic syndrome, both of which have a high mortality rate. DVT etiology is multi-
factorial, and genetic and environmental factors have synergistic effects in the formation of the disease (1–3). Risk 
factors for thrombosis development, whether acquired or hereditary, are relatively harmless when evaluated alone. 
However, the inheritance of 1 or more genetic anomalies combined with environmental hazards can make an indi-
vidual a candidate for dangerous thrombosis formation (2, 3). In addition to known hereditary factors (antithrombin 
deficiency, Factor V Leiden [FVL], Factor II G20210A mutations), mutations/single nucleotide polymorphisms 
(SNPs) in genes responsible for platelet aggression can also be an independent risk factor in patients with DVT not 
otherwise explained, since thrombocytes are involved in the pathogenesis of DVT (2–4). In genome-wide research 
conducted to identify new biomarkers in recent years, several studies of candidate genes responsible for platelet ag-
gregation have investigated the relationship between genetic changes in special genes, such as protein S (PROS1); 
inositol 1,4,5-triphosphate receptor associated 1 (MRVI1); Fc fragment of immunoglobulin (Ig) E, high affinity I, 
receptor for gamma polypeptide (FCER1G); platelet endothelial aggregation receptor 1 (PEAR1); pro-platelet ba-
sic protein (PPBP); adrenoceptor alpha 2A (ADRA2A); the sonic hedgehog (SHH) signaling molecule; and platelet 
aggregation (4–7). Genes that demonstrate structural and/or functional disorders may become biomarkers in the 
diagnosis, treatment, and prevention of recurrence of DVT, as in other types of multifactorial diseases. The pres-
ent study examined 3 genes directly related to platelet aggregation: PEAR1, PROS1, and ADRA2A. The goal of 
this study was to predict the functional effects of pathogenic mutations and mRNA expression profiles in PEAR1, 
PROS1, and ADRA2A in DVT, and to clarify the effects of these genes on the pathogenesis of DVT.

MATERIALS and METHODS

The Erciyes University Faculty of Medicine Ethics Committee approved the study protocol on October 17, 2018 
(project no. 2018/533) and informed consent was obtained from the participants.
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Participants and Sample Collection
The study group consisted of 27 patients of the Nigde Omer Halis-
demir University Faculty of Medicine aged 20–74 years who were 
diagnosed with primary DVT (n=26) and pulmonary embolism 
(n=1). Table 1 summarizes the clinical, genetic, and demographic 
data of the patients and controls included in the study.

Magnetic resonance imaging, venography, computed tomogra-
phy, and color Doppler ultrasonography can be used to diagnose 
DVT. In the study clinic, DVT is diagnosed with venous color Dop-

pler ultrasonography and physical examination findings. Hemo-
gram, activated partial thromboplastin time (aPTT), prothrombin 
time (PT)/international normalized ratio (INR), and liver function 
test results are routinely used in treatment planning. Patients who 
had undergone surgical intervention, those who had recently been 
administered or were undergoing cancer treatment, those who had 
given birth within the previous 6 weeks, those who received hor-
monal therapy, those who used oral contraceptives, those with a 
history of acute myocardial infarction, and immobilized patients 
were excluded. A control group of 10 individuals (6 males, 4 fe-

Table 1. Clinico-pathological, epidemiological, and molecular data of 27 patients with DVT and healthy individuals

Characteristic Total (n=27) Total (n=10)  p

Gender

 Male 20 (74%) 6 (60%) 0.722

 Female 7 (25.9%) 4 (40%) 0.549

Mean age, years 42 (24–70) 46 (24–70) 0.548

Site of thrombosis  – –

 Lower extremity 25 (92.5%)

 Upper extremity 1 (3.7%)

 Pulmonary embolism 1 (3.7%)

Oral anticoagulant use  – –

 Warfarin 24 (88.8%)

 Rivaroxaban 3 (11.1%)

Frequency of FV G/A 7/27 (26%) 1/10 (10%) 0.385

Frequency of FV A/A 6/27 (22%) – –

Frequency of PT G/A 4/27 (15%) – –

Frequency of PEAR1 mutations 10/27 (37%) 2/10 (20%) 0.468

Frequency of PROS1 mutations 27/27 (100%) 7/10 (70%) 0.525

Frequency of ADRA2A mutations 7/27 (26%) 2/10 (20%) 0.768

 Hypertension 6/27 (22%) – –

 WBC (×109/L) 8.22 (5.8–14.4) 8.3 (9.5–13.7) 0.998

 RBC (×109/L) 5.22 (4.15–6.98) 4.97±1.26 0.683

 aPTT 40.27±9.05 23.20 (18.90–42.20) 0.000

 PTT 22.66±6.66 27±2.2 0.003

 INR 1.98±0.57 0.99±1.35 0.000

Hemoglobin (g/dL) 15.01±1.58 13.2±0.8 0.358

HCT (%) 44.68±4.52 40.91±10.94 0.018

MCV (fL) 86.38±8.51 82.62±5.29 0.532

MCH (pg) 32.27±0.94 26.68±2.05 0.045

PLT (×109/L) 239.8 (139–355) 250.82±80.77 0.087

RDW (%) 13.86±1.11 18.59±13.25 0.132

PCT (%) 0.22±0.06 0.19±0.05 0.612

PDW (%) 16.01±0.43 14.91±1.97 0.179

MPV (fL) 9.11±1.15 8.15±1.08 0.779

The Kolmogorov-Smirnov test and the Shapiro-Wilk test were used to test the normality of the data using SPSS. The data were normally distributed. ADRA2A: Adrenoceptor 

alpha 2A; aPTT: Partial thromboplastin time; FV: Factor V; HCT: Hematocrit; INR: International normalized ratio; MCH: Mean corpuscular hemoglobin; MCV: Mean 

corpuscular volume; MPV: Mean platelet volume; PCT: Procalcitonin; PDW: Platelet distribution width; PEAR1: Platelet endothelial aggregation receptor 1; PLT: Platelet 

count; PROS1: Protein S (alpha); PT: Prothrombin; PTT: Thromboplastin time; RBC: Red blood cells, x109/L; RDW: Red blood cell distribution width; WBC: White blood 

cells, x109/L
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males) with an age range of 20–74 years who presented at the 
hospital for a check-up and had no coagulation system disease 
or acute/chronic diseases was also enrolled.

For the DNA and RNA analysis, 2 mL blood samples were 
taken from the study participants in tubes containing 2% eth-
ylenediaminetetraacetic acid.

Mutation Screening
DNA Isolation and Genotyping
The DNA isolation was performed using Zymo Quick-DNA 
Kits (Zymo Research Corp., Irvine, CA, USA). The isolat-
ed DNA samples were stored at -20°C for later analysis. 
Genomic DNA quality and concentration were determined 
using a spectrophotometer. The exon regions of PEAR1, 
PROS1, and ADRA2A to be studied were amplified using 
polymerase chain reaction (PCR) testing. The primers were 
designed using Primer3 software (https://primer3.org) 
(Table 2). Approximately 200 ng of genomic DNA from 
the amplification process was used as the template for the 
sequencing process. PCR was performed using a 96-well 
thermal cycler. Amplicons were sequenced using the CEQ 
8000 genetic analysis system (Beckman Coulter Inc., Brea, 
CA, USA). The raw data were read using Chromas 2.6.5 
software (http://technelysium.com.au/wp/chromas/) to 
detect mutations defined according to reference sequences 
obtained from the Ensembl genome browser (https://www.
ensembl.org). Genotyping of FVL and Factor II mutations 
were screened using real-time PCR (RT PCR) melting curve 
analysis of fluorescence with a LightCycler 480 System 
(Roche Diagnostics, Basel, Switzerland). The primers and 
probes used in the study are summarized in Table 2. Melting 
analysis was performed using LightMix in-vitro diagnostics 
FVL and Factor II G20210A mutation detection kits (Roche 
Diagnostics, Basel, Switzerland) according to the manufac-
turer’s instructions.

In-silico Analysis of the PROS1, PEAR1, and ADRA2A 
Pathway Mutations
Polymorphism Phenotyping v2 (Polyphen-2; http://genetics.
bwh.harvard.edu/pph2/) software helps to determine effects 
on the stability and function of the protein in question using 
physical and comparative data of amino acids affected by mu-
tations in genes. The resulting estimation is based on a num-
ber of phylogenetic, sequence, and structure-based properties 
characterizing the amino acid changes. The program provides 
a qualitative prediction of probably damaging, possibly dam-
aging, benign, or unknown (8). The evolutionary conservation 
analysis of the mutant codons identified during the study with 
the multiple sequence alignment tool included in this software 
was compared between species.

SNAP2 (https://rostlab.org/services/snap2web/) software 
is a tool that scores the impact of variants/non-synonym sin-
gle nucleotide polymorphisms (SNPs) by considering various 
sequence and variant properties. Values between -100 and 0 
are scored as neutral, while a value of 0 to 100 is scored as 
having an effect (9). Finally, MutationTaster (https://www.
mutationtaster.org/), which uses a Bayes classifier, was used 
to predict the disease potential of a variant (10). Structural Ta
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modeling of selected mutations was calculated 
using the SWISS-MODEL server (https://swiss-
model.expasy.org), stand-alone software that 
can generate mutated models of the proteins 
for the corresponding amino acid substitutions 
(11). The Catalog of Somatic Mutations in Can-
cer (COSMIC) database (https://cancer.sanger.
ac.uk) was used to determine the possible patho-
genicity of the identified mutations (12).

PROS1 and ADRA2A mRNA Expression 
Analysis
RNA Isolation, c-DNA Synthesis, and 
Quantitative Real-Time PCR
RNA isolation was performed using PureZOL 
solution (Bio-Rad Laboratories, Inc., Hercules, 
CA, USA) according to the manufacturer’s 
recommended protocol. A spectrophotometer 
was used to defined the concentration and pu-
rity of the samples of RNA, which were then 
stored at -80°C until use. The primer sequenc-
es are given in Table 2. In this study, the quan-
titative RT PCR (q-RT PCR) technique was 
performed to calculate the mRNA expression 
rates of the human acidic ribosomal protein 
(RPLP0) housekeeping gene in PROS1 and 
ADRA2A. The manufacturer’s recommended 
protocol for use of the c-DNA synthesis kit was 
followed. The mRNA levels of the study group 
were determined according to the protocol pro-
posed by the manufacturer using SYBR Green 
I Master (Thermo Fisher Scientific, Waltham, 
MA, USA) and mRNA levels were established 
with Rotor-Gene Q (Qiagen, Hilden, Germa-
ny). Each sample was studied in 3 replicates. 
The mRNA levels were measured according to 
2exp-ΔCt (13).

Statistical Analysis Power analysis was per-
formed to determine the number of samples to 
be included in the study; α=0.05 and 1-β=0.80 
yielded a sample size of 100. The statistical 
power was 0.80. A Cohen’s d moderate effect 
size of 0.25 was determined, using the informa-
tion obtained from the literature as a case-con-
trol study. The normality of the distribution of 
the data in the groups was confirmed using the 
Kolmogorov–Smirnov test. Analysis of variance 
(ANOVA) and chi-squared testing were used as 
appropriate to compare clinico-pathological, 
epidemiological, and molecular data. The calcu-
lation of amplification efficiency was an import-
ant step in the qRT-PCR analysis of RNA used 
to calculate comparative expression. Statistical 
analysis of mRNA analysis was performed using 
the one-way ANOVA feature of IBM SPSS Sta-
tistics for Windows, Version 22.0 software (IBM 
Corp., Armonk, NY, USA). A p value of <0.05 
was considered statistically significant.Ta
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RESULTS

Clinical and Demographic Analysis of DVT Patient Group
The mean age of the patient group was 42 years (range: 20–74 
years). Examination of the gender distribution indicated that 20 
(74%) of the 27 patients were male and 7 (26%) were female. 
DVT was determined in the upper extremity veins in 1 patient 
(P27), in the pulmonary artery in 1 patient (P12), and in the 
lower extremity veins in 25 members of the patient group. Eight 
patients had a history of hypertension (P7, P9, P12, P16, P20, 
P21, P22, and P24). Warfarin was used in the treatment of 24 
patients, and rivaroxaban was used in 3 patients (P3, P4, and 
P6). Table 1 provides the demographic, clinical, and diagnostic 
parameters of the study group.

Results of Mutation Screening
The Sanger method of DNA sequencing was used to detect mu-
tations. In all, 21 (4 missense mutations, 1 silent mutation, 16 
SNP) changes were found. Nineteen were previously registered in 
the Human Gene Mutation Database (Cardiff University, Cardiff, 
Wales), while 2 were defined for the first time in this study. The 
detected mutations had a heterozygous genotype. Changes in the 
PROS1, PEAR1, and ADRA2A genes were detected in 26 of 27 

DVT patients (no change in P8), which are illustrated in the elec-
tropherograms in Figure 1. The genetic risk factors associated with 
thrombosis in our study group were FVL and PT mutations, with a 
frequency of 13/27 (48%) and 4/27 (15%), respectively. None of 
the healthy control subjects had an identified mutation of PT, but a 
heterozygous mutation of FVL was detected in 1 (10%) participant. 
Table 3 provides details of the changes detected in 3 genes in the 
DNA sequencing analysis. The schematic presentation of the genes 
and mutations observed is presented in Figure 2. The number of 
patients and controls with PEAR1, PROS1, or ADRA2A muta-
tions and the risk caused by the alterations is shown in Table 4.

PROS1 Analysis
The greatest number of changes was found in PROS1 (12 chang-
es). Four of the 12 were missense mutations: p.Lys296Glu 
(p.K296Q) was identified in 8 (30%) of 27 patients, p.Ala-
307Ser (p.A307S) in 3 (11%) patients, p.Arg316His (p.R316H) 
in 5 (18.5%) patients, and p.A303V in 9 (33%) patients. The 
p.K296Q, p.R316H, p.Ala303Ala (p.A303=) and p.Ala303Val 
(p.A303V) mutations have been recorded as somatic mutations in 
the COSMIC database with reference numbers COSV67776681, 
COSV67776384, COSV6777741, and COSV67776359, re-
spectively. The p.A303V mutation has been noted as a risk factor 

a

b

Figure 1. Sequencing electropherograms of (a) PEAR1, (b) PROS1, and (c) ADRA2A gene mutations and variants. Arrows 
indicate the localization of the mutations on the domains
ADRA2A: Adrenoceptor alpha 2A; PEAR1: Platelet endothelial aggregation receptor 1; PROS1: Protein S (alpha)
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for lung adenocarcinoma. p.K296Q, p.R316H, p.A303=, and 
p.A303V changes are splice-site mutations. The p.A303V muta-
tion is located in the laminin G-like 1 (LG-1)/SHBG-like domain, 
which has a key role in the expression of the active protein C 
cofactor anticoagulant (14).

PEAR1 Analysis
A total of 3 changes were detected in the PEAR1 gene, all of which 
were in the non-coding region.

ADRA2A Analysis
Six changes were detected in the ADRA2A gene. The c.*427A>G 
change was in the 3’ untranslated region (UTR). This alteration 
may be in the miRNA binding region and may be responsible for 
mRNA stabilization. 

Results of In-silico Analysis
Pathogenicity Prediction Analysis
The Poly-Phen2, SNAP2, and MutationTaster analyses indicated 
that the mutations detected in our study could be pathogenic, es-
pecially since the PROS1 p.A303V pathogenic score was close to 
1, which signifies an effect. MutationTaster reported p.A303V as 
“disease causing”. Figure 3 (a–d) provides the detailed predictive 
pathogenic analyses conducted with Poly-Phen2 and SNAP2.

Structure Modeling Analysis
The SWISS-MODEL Interactive Workspace (https://swissmodel.
expasy.org/interactive) was used to model the molecular structure 
of wild-type and mutant proteins. Figure 4 (a–f) shows the loca-
tion of affected PROS1 codons and the molecular structures of 
wild-type and mutant proteins. The p.A307V mutation caused a 
significant conformational change.

Table 4. Combined risk effect of PROS1 mutations on DVT patients with and without FVL mutation

Mutations DVT n=27 (%) FVL+ mutation n=13(%)  FVL- mutation n=14(%) OR CI (95%)

PROS1/p.K296Q 8 (29.6) 5(38.4) 3 (21.4) 0.55 0.11–2.57

PROS1/p.A307S 3 (11.1) 2(15.3) 1 (7.1) 0.48 0.04–5.6

PROS1/p.R316H 5 (18.5) 3 (23) 2 (14.2) 0.64 0.09–4.17

PROS1/p.A303= 14 (51.8) 6 (46.1) 8 (57.1) 1.47 0.43–5.02

PROS1/p.A303V 10 (37) 4 (30.7) 6 (42.8) 1.64 0.40–6.63

CI: Confidence interval; OR: Odd ratios; DVT: Deep vein thrombosis; FVL: Factor V Leiden; PROS1: Protein S (alpha)

a

b

c

Figure 2. Schematic representation of the domain structure of the PEAR1, PROS1, and ADRA2A proteins and mutations 
detected in patients with deep vein thrombosis. (a) PROS1 is a polypeptide of 676 amino acids; (b) PEAR1 is a polypep-
tide of 1037 amino acids; (c) ADRA2A is a polypeptide of 465 amino acids
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Evolutionary Conservation Analysis
Multiple sequence alignment analysis of the amino acid codons 

affected by the variants was used to compare several species for 

the effect of missense mutations. PROS1 p.A303V, p.A307V, 

and p.R316H mutations were found to change the amino acids 

located at a critical point during the evolutionary process. The 

analysis of preservation in the evolutionary process is presented 

in Figure 5 (a–d).

a b

Figure 3. Estimation of possible functional effects of mutations in the PROS1 IL6 gene using (a) PolyPhen-2 (a) and (b) 
SNAP2 software

a

c

e

b

d

f

g

h

Figure 4. Structure models of wild-type and mutant protein S. (a, b) Protein S wild-type and K296Q mutation; (c, d) 
Protein S wild-type and A307S mutation; (e, f). Protein S wild-type and R316H mutation; (g, h). Protein S wild-type and 
A303V mutation
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Results of PROS1 and ADRA2A mRNA Expression Analysis
Simultaneous qRT-PCR was used to examine the mRNA expres-
sion rate in the PROS1, ADRA2A, and housekeeping genes in 
27 patients and 10 controls. As shown in Figure 6a, the mRNA 
expression rate of PROS1 was higher than that of ADRA2A, but 
without statistical significance in our DVT patients, as revealed 
by the mRNA levels normalized to the control group (p=0.295). 
Patients were divided into mutant and wild-type groups in the 
analysis to determine the effect of a PROS1 p.A303V muta-
tion on mRNA level. Comparison of the mRNA levels of these 
groups indicated that the level of changes in PROS1 was signif-
icant (p=0.041) (Fig. 6 b, c) The changes detected in PEAR1 
were not included in the qRT-PCR analysis as they were not in 
the non-coding region of the gene nor in the 3’UTR that enables 
mRNA stability.

DISCUSSION

The main causes of DVT include venous stasis, endothelial 
damage, and hypercoagulability. In addition, advanced age, 
obesity, pregnancy and puerperium, some tumor diseases, 
orthopedic surgery, prolonged bed rest, sitting still for long 
periods (for instance during travel), certain medications (estro-
gen-containing oral contraceptives, hormone therapy during 
menopause, etc.), innate coagulation disorders that occur in 
the later stages of life, and genetic factors all increase the risk 
of DVT (1–4, 15). Many patients with >1 risk factor may never 
develop DVT, yet conversely, cases of DVT often cannot be 
associated with any known clinical risk factor. It is crucial to es-
tablish new hypotheses that can provide a better understanding 
of the normal biology of human deep veins and make clear the 
pathogenesis of DVT.

The objective of present study was to examine the influence of 
PROS1, PEAR1, and ADRA2A, which are involved in platelet 
aggregation, on the pathogenesis of DVT. To the best of our 
knowledge, our study is the first in the literature to assess the 
mutation and gene expression profile of PROS1, PEAR1, and 
ADRA2A in DVT patients and provide a comprehensive analy-
sis. First, genotyping of regions encoding important domains of 
the studied genes was performed in 27 patients with DVT using 
DNA sequencing. A total of 21 changes in PEAR1, PROS1, and 
ADRA2A were detected: 4 missense mutations, 1 silent muta-
tion, and 16 SNPs. Our study was the first to describe 2 of these 
changes (PROS c.850-5 T>C; PEAR1 c.400+74T>A). The 
greatest number of changes was observed in PROS1 (57%). Pro-
tein S (PS) deficiency is an independently-acquired inherited risk 
factor for DVT. The incidence of PS deficiency in venous throm-
bosis has been reported to be 2% to 15% (16–18). Studies have 
reported that genetic changes in PROS1 have a negative effect 
on the functionality of PS. Some 360 genetic mutations linked to 
PS deficiency have been recorded in the mutation database thus 
far (20, 19–21). The 4 missense mutations detected in our study 
were in PROS1 (p.K296Q, p.A307H, p.R316H, p.A303V). The 
detected mutations are in the SHBG domain of the gene. This 
SHBG domain (amino acid 392) consists of sequential repeats 
of a domain first identified in the region of the laminin A chain 
and is therefore referred to as an LG-domain. It carries residues 
(amino acids 243–635) containing 2 (LG) domains (LG1/LG2) 
that mediate interactions with C4b-binding protein (14, 21, 22). 
According to the results of in-silico data analysis, the p.A303V 
mutation may be pathogenic: the pathogenic score was close to 
1 and it was graded “effect”, “probably damaging”, and “disease 
causing”. The p.Leu259Pro (p.L259P), p.Ser283Pro (p.S283P), 
p.Leu310Pro (p.L310P), p.Leu405Pro (p.L405P), p.Arg474Pro 

Figure 5. Evolutionary conservation analyses of amino acid mutations in the Protein S (alpha) (PROS1) gene in different species

a
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(p.R474P), p.Ala575Pro (p.A575P), and p.Ala484Pro (p.A484P) 
mutations have been reported in previous studies to cause disrup-
tion of the secondary structure (14, 16). The p.A303V mutation 
detected in our study is in the early part of the LG1 domain. 
We have determined that it has been preserved among species 
throughout the evolutionary process, and we argue that it may 
disrupt the accurate folding properties of the protein that will 
be formed due to its effect on conserved critical amino acids. 
Since PS has anticoagulant properties independent of activated 
protein C as a result of directly inhibiting prothrombinase com-
plexes, a p.A303V mutation may disrupt the functioning of PS. 
A p.A303V mutation was identified in 1 patient (P7) with a FVL 
homozygous genotype and 3 patients (P21, P25, and P27) with a 
heterozygous genotype. The p.K296Q, p.R316H p.A303=, and 
p.A303V splice region mutations detected in PROS1 were deter-
mined as a result of in-silico analysis. We presume that splicing 
activity may prevent the formation of a functional transcript due 
to its disruptive nature, however, these results must be verified by 
additional experimental studies.

The study patients were also classified into mutant (A303V+) and 
wild-type (A303V-) groups to determine the effect of the PROS1 
A303V mutation on mRNA levels. Comparison revealed that in-
dividuals with p.A303V+ had substantially lower expression levels 
(p=0.041). A PS deficiency is a known independent risk factor 
for DVT. The majority of identified PS deficiencies caused by 

PROS1 mutations have been established to be due to missense 
or nonsense mutations in the gene’s coding regions or regulatory 
sequences. Individuals who carry both the FVL mutation and the 
A303V mutation, another known thrombosis risk factor, have an 
increased risk of thrombosis.

PEAR1 plays a vital role in hemostasis as a platelet receptor. Ex-
tracellular matrix adhesion prompts platelet aggregation (22, 23). 
Some polymorphisms in the gene are known to increase throm-
bocyte aggregation and impair platelet function (4, 7, 23). PEAR1 
is a receptor tyrosine kinase that mediates platelet-platelet adhe-
sion through the EMI domain (EMILIN family) in its extracellular 
components and triggers PI3K/AKT/PTEN signaling, leading to 
PEAR1-mediated megakaryopoiesis and neoangiogenesis stim-
ulation (4, 22–24). Three SNPs detected in PEAR1 are on the 
non-coding region. PEAR1 fulfills its platelet function by controlling 
the PTEN and PI3K pathways (23). Studies conducted with Afri-
can-American patients and Americans of European descent have 
determined that intronic variants in PEAR1 had a strong associ-
ation with platelet aggregation (22–26). ADRA2A, a member of 
the G protein-coupled receptor superfamily, is a type of adrenergic 
receptor that inhibits adenylate cyclase (4, 27–29). ADRA2A on 
platelets interacts with epinephrine, which plays a vital role in the 
regulation of platelet function. There is familial clustering of inter-
individual variations in epinephrine-induced platelet aggregation, 
but the molecular mechanism is still poorly understood. (28, 29).

Figure 6. (a) Normalized relative gene expression levels of PROS1 and ADRA2A in patients with deep vein thrombosis; 
(b, c). Comparative analysis of mRNA expression value of mutant and wild-type individuals in PROS1 and FVL genes; (d) 
Comparison of PROS1/ADRA2A gene expression levels according to patients
*: Indicates p<0.05; NS: Non-significant
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A total of 6 SNPs were detected in ADRA2A, the final gene exam-
ined in our study. c.*427A>G (rs553668) is in the 3’UTR section 
of the gene, which is a miRNA binding region, and has been iden-
tified as a risk factor in type 2 diabetes. Researchers have detected 
4 SNPs in ADRA2A (rs1800545, rs4311994, rs11195419, and 
rs553668) in DVT patients, which indicates that ADRA2A is as-
sociated with thrombocyte hyperaggregability. This, in turn, may 
manifest as venous thromboembolism.

Gene expression analysis using the using qRT-PCR technique 
was applied to determine the effect of mutations in the mRNA 
expression rates of PROS1 and ADRA2A in 27 patients and 
10 healthy individuals. The PROS1 expression rate was higher 
than that of ADRA2A, but the difference was not statistically 
significant (p=0.295).

It has been established that the risk of developing a thrombotic com-
plication is about 5–10 times greater in individuals with heterozy-
gous FVL than in the healthy population and 80–100 times greater 
than homozygotes. The incidence of an FVL mutation in our coun-
try’s healthy population has been reported to be about 7.9% (30). 
The incidence was 48% in our DVT patient group. This suggests 
that our study group was a well-selected primary DVT patient group 
with no other underlying causes and would appear to confirm that 
FVL mutations are a main actor in the pathogenesis of DVT.

CONCLUSION

In summary, 21 changes (4 missense mutations, 1 silent mutation, 
16 SNPs) were detected in this analysis of the PROS1, PEAR1, 
and ADRA2A genes, 2 of which were identified for the first time in 
the current research. We argue that a p.A303V PROS1 mutation 
may be an independent risk factor for DVT due to its pathogenic-
ity. However, the number of samples involved in the study was 
limited, so the target genes should be analyzed in a larger study 
group to draw a definitive conclusion about their role in the patho-
genesis of DVT and to determine biomarker potential. Therefore, 
our data must be validated with larger samples in order to be used 
for diagnostic purposes. Our study data represent preliminary data 
for future studies. Nonetheless, this study is important in terms of 
understanding the frequency and molecular features of the signal 
pathway mutations detected in DVT.
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