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Introduction

Coronary artery disease (CAD) is one of the major causes 
of mortality worldwide. It has been reported that the cases 
of CAD in India may increase from 36 million in 2005 to 
approximately 61 million in 2015 (National Commission 
on Macroeconomics and Health report 2005).

Atherosclerosis, the underlying cause for CAD 
involves progressive narrowing of coronary arteries 
due to the formation of atherosclerotic plaque. 
However rupture of an atherosclerotic plaque activates 
the coagulation cascade thereby leading to thrombin 
generation which eventually causes thrombosis. 

Formation of thrombus completely occludes the 
coronary arteries leading to myocardial infarction 
(MI) and sudden ischemic death (Furie & Furie 
2008). Under physiological conditions, procoagulant 
and natural anticoagulant mechanisms ensure that 
the production and inhibition of thrombin is in 
equilibrium. An important pathway required for down-
regulation of excess thrombin is the activated protein C 
(APC) pathway. A prerequisite for activation of protein 
C (PC) is the formation of complex between thrombin 
and its endothelial surface receptor, thrombomodulin 
(TM) (Van de Wouwer et al. 2004). Upon interaction, 
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the rate of PC activation is accelerated by >1000-
fold (Esmon et al. 1982). Activated PC catalyzes the 
proteolytic degradation of coagulation factors FVa and 
FVIIIa, required for thrombin generation. Thus the 
formation of thrombin–TM complex is important for 
effective regulation of thrombin. On interaction with 
TM, thrombin undergoes a conformational change 
which leads to a reduced procoagulant activity as seen 
by its inability to form thrombus and allows thrombin 
to activate protein C and thrombin-activatable 
fibrinolysis inhibitor (TAFI) (Bajzar et al. 1996). Thus 
TM entirely switches the thrombin substrate specificity 
from fibrinogen to protein C and TAFI which inhibits 
coagulation and fibrinolysis respectively and hence 
given the name thrombomodulin. TM thus forms an 
important link between coagulation and fibrinolysis 
(Wu & Matijevic-Aleksic 2000).

The intronless TM gene is located on human chro-
mosome number 20p11.2 and codes for a 60.3 kda 
protein comprising of 575 amino acids. TM is a trans-
membrane glycoprotein expressed constitutively on 
the vascular endothelium and consists of 5 domains, 
N-terminal lectin-like domain, an epidermal growth 
factor (EGF)-like domain, a highly glycosylated serine 
and threonine-rich domain, a transmembrane domain 
and a cytoplasmic domain. The EGF-like domain is 
the thrombin binding site that is critical for PC activa-
tion (Suzuki et al. 1987). Apart from the anti coagulant 
properties of TM, the antiinflammatory properties of 
TM have also been greatly studied in recent years (Li  
et al. 2009). TM also exits in a soluble form (sTM) in cir-
culation in contrast to the intact membrane TM (Ishii & 
Majerus 1985). The physiological function of sTM is not 
known, however, it is thought to indicate endothelial 
damage (Ishii et al. 1991). Therefore there is great inter-
est in knowing whether sTM could serve as a marker of 
atherosclerotic arterial disease.

Several genetic variants of the TM gene have been 
identified that are significantly associated with coro-
nary atherosclerosis (Ireland et al. 1997; Konstantoulas 
et al. 2004; Doggen et al. 1998). Wu et al showed that the 
TM genetic variant (C1418T–Ala455Val) predicts the 
risk of developing CAD in blacks but not in whites, sug-
gesting that the ethnic background plays an important 
role in analysis of the genetic risk factors for CAD (Wu 
et al. 2001). So far to the best of our knowledge there 
has been no data from India about the TM gene vari-
ants and its association with CAD, though the available 
literature suggests that it would be worthwhile studying 
them in Indian population (Ireland et al. 1997; Li et al. 
2000; Park et al. 2002). Therefore in absence of any prior 
data from India on TM gene with respect to CAD, we 
intend to determine the TM genetic variants and sTM 
plasma levels in Indian population and its association 
with CAD, which might be used as a genetic marker for 
screening subjects at young age for future CAD risk.

Materials and methods

Subject selection
We performed a case–control study. The study design 
was approved by the Hospital’s Ethics Review Board 
(ERB) committee. Subjects visiting the hospital’s Cardiac 
catheterization laboratory were included for this study. 
Subjects selected were 18 years and above age. There 
was no upper age limit. Subjects with previous history 
of vascular disease (CAD, cerebrovascular disease) were 
excluded from the study. A total of 133 angiographically 
proven CAD cases and 133 angiographically negative 
(≤30% stenosis) age and gender matched controls were 
sequentially recruited for the study. Presence of CAD was 
defined by ≥70% diameter narrowing in at least 1 out of the 
3 major coronary artery [Left Anterior Descending (LAD), 
Circumflex (Circ) and Right Coronary Artery (RCA)]. The 
percent stenosis after angiography was decided by the 
cardiologist who ascertained the cases and controls selec-
tion. As the selection of the cases and controls were from 
the same pool, selection bias was not a factor. Informed 
consent was obtained from each subject prior to inclu-
sion in the study. Information about the comorbidity, risk 
factors and lipid profile from all subjects were recorded in 
a detailed proforma. Misclassification bias was addressed 
by stringent training of medical residents and proforma 
used was same for both cases and controls.

Subjects were considered,

Hypertensive, if the documented blood pressure is 
greater than 140/90 mmHg and/or are been treated 
with antihypertensive treatment.

Diabetic, if the fasting blood glucose level is >115 mg/
dL and/or are receiving oral hypoglycemic agents or 
insulin treatment (American Diabetes Association 
2006).

Dyslipidemic, if the total cholesterol is >200 mg/dL; 
HDL cholesterol–males ≤40/female ≤45 mg/dL; 
Total triglycerides >150 mg/dL and LDL cholesterol 
>100 mg/dL (NCEP-ATP 2002)

Overweight/Obese, if their Body Mass Index (BMI) is 
greater than ≥23.0 or ≥ 25 kg/m2, respectively (Misra 
et al. 2009).

All subjects were classified as smokers (current or ex-
smokers) and non-smokers. Similar classification 
was considered for alcohol consumption.

Blood collection and DNA extraction
Venous blood sample was drawn in EDTA tube from sub-
ject by well-trained medical residents. The samples col-
lected were then centrifuged at 2500 rpm for 15 min and 
the plasma supernatant was aliquoted. Modified Miller 
et al. salting-out method was used for extraction of DNA 
from blood leukocytes (Miller et al. 1988). The extracted 
DNA samples along with the respective plasma samples 
were stored at −80°C until further use.
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Amplification of the TM gene
The entire TM gene including the promoter region was 
amplified in 12 different overlapping regions (A, B - & 
L) by polymerase chain reaction (PCR). Amplification 
was performed in a MJ Research PTC-200 thermal cycler 
(Bio-rad laboratories, Hercules, CA, USA) using prim-
ers synthesized by Sigma life sciences (Sigma-Aldrich, 
Bangalore, India). Primers used for the amplification 
along with the cycling conditions have been mentioned 
in the Supplementary Table S1. The PCR products were 
then electrophoresed on a 3% Agarose gel and visualized 
under UV light after ethidium bromide staining.

Single stranded conformation polymorphism for 
genotyping TM gene
Single stranded conformation polymorphism (SSCP) 
analysis is the one of the most widely used gel-based 
mutation detection technique which exploits the dif-
ferences in mobility between the wild type and mutant 
strands of DNA. SSCP analysis was carried out individu-
ally for each of the 12 regions amplified to determine 
the TM genetic variants. The SSCP banding patterns was 
detected by silver staining technique (Hwang et al. 2006).

Positive controls for SSCP
In order to standardize the SSCP, a mutant primer was 
designed for each of the 12 regions of TM gene whose 
sequence was exactly similar to the corresponding 
wild type forward primer except for a single nucleotide 
change towards the 5′ end of the primer. The mutant 
primer sequences have been mentioned in the supple-
mentary Table S1. Separate PCR reactions were carried 
out with wild and mutant primers, thus producing PCR 
products which differ only by a single nucleotide that was 
introduced in the mutant primer. This single nucleotide 
change between the 2 PCR products was used for SSCP 
standardization. The standardized SSCP electrophoresis 
conditions have been mentioned in the supplementary 
Table S2.

TM gene sequencing
DNA samples showing abnormal electrophoretic mobil-
ity pattern on SSCP analysis were sent for commercial 
automated DNA sequencing. The chromatogram data 
was then matched with the TM gene sequence (GenBank 
accession no: AF495471.1) to determine the exact nucle-
otide change in the sample.

Estimation of plasma sTM levels by enzyme linked 
immunosorbent assay
IMUBIND Thrombomodulin ELISA kit (American 
Diagnostica, Cat No. 837) was used for the estimation of 
sTM from plasma samples. The sTM levels were deter-
mined by measuring solution absorbance at 450 nm and 
comparing the values with those of a standard curve.

Statistical analysis
Stata SE 10.1 software was used to analyze data. 
Independent t test was used to assess differences in 
quantitative variables (age, gender, total cholesterol, 
triglycerides and sTM levels) between cases and con-
trols. The TM genotype and risk factors were presented 
as number (%) of subjects with the condition and the 
differences in frequencies were analyzed by Pearson’s 
Chi-square test. Subgroup analysis of age and other risk 
factors (e.g. smoking) was performed using Chi-square 
test. Frequency matching approach was used to match 
age and gender of controls with cases. To examine the 
relationship of each independent variable with the 
dependent variable (Cases vs. Controls) and to rule out 
confounding and interaction, Binary Logistic Regression 
was performed. To assess mean sTM by CAD severity 
(cases only), one way Analysis of Variance (ANOVA) was 
used. Odds ratio (OR) was calculated to study association 
between the variables and CAD. p value as well as 95% 
confidence interval (CI) were calculated for each OR. 
A p value (significance) of <0.05 is deemed statistically 
significant.

Results

In the present study, we have analyzed the TM gene 
including the promoter region by using PCR-SSCP tech-
nique in 133 CAD cases and 133 controls. The sTM levels 
were estimated by ELISA.

Clinical characteristic of subjects
It was observed that amongst all the non-modifiable risk 
factors (age, gender, family history, diabetes and hyper-
tension) the family history of CAD (p = 0.031, OR = 1.73, 
95% CI = 1.01–2.96) as well as personal history of diabetes 
mellitus (p < 0.0001, OR = 2.69, 95% CI = 1.57–4.62) was 
significantly associated with CAD. However, prevalence 
of hypertension in both the group was almost similar. 
Amongst the modifiable risk factors, it was seen that 
both body mass index (p = 0.034) and hypertriglyceride-
mia were significantly higher (p = 0.0068) in cases when  
compared with controls (Table 1).

Binary logistic regression analysis was used to evalu-
ate the effects of the variables after adjusting for interac-
tion and confounding. The risk factors that appeared to 
be potentially significant predictors (p < 0.1) in single-
variable analyses were included in the multiple logistic 
regression analysis. Risk factors including family history 
of CAD, diabetes mellitus, BMI and hypertriglyceridemia 
were put into the multiple logistic regression model. In 
multivariate analysis only diabetes mellitus (p = 0.001;  
OR = 2.817; 95% CI = 1.558–5.096) and hypertriglyc-
eridemia (p = 0.005; OR = 1.005; 95% CI = 1.001–1.009) 
were found to be independent risk factor for CAD 
(Supplementary Figure S1).
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Genetic variants identified in the  
TM gene by SSCP
The designing of positive controls for each of the 12 
regions of TM gene clearly showed a different mobil-
ity pattern compared to the wild type. This result was 
further validated by DNA sequencing (Supplementary 
Figure S2). A total of four TM genetic variants G-33A 
(rs13306848), Ala25Thr (rs1800576), Ala455Val 
(rs1042579) and Asp468Tyr (rs41348347) were identi-
fied (Table 2). Two genetic variants (G127A and G1456T) 
were observed in only one subject each (both cases) 
whereas the C1418T (Ala455Val substitution) genetic 
variant (Figure 1) was identified in almost 30% of the 
cases as compared to almost 24% in controls, however 
it failed to show any statistical significance with the risk 
of CAD. Similar observation was seen with the promoter 
variant (G-33A) identified in this study.

Association of Ala455Val substitution  
in younger subjects
Out of the four TM genetic variant identified, only 
Ala455Val substitution was seen in considerable num-
ber of study subjects (40 cases and 32 controls) which 
prompted us to further determine its role in younger 
subjects. Therefore in an attempt to minimize the effect 
of long term environmental influences on CAD aetiol-
ogy and to determine the true role of Ala455Val substi-
tution in CAD, the entire subject group was classified 
into 2 age groups; ≤49 and ≥ 50 years. The distribution of 
the Ala455Val substitution was determined in the 2 age 
groups formed in both cases and controls. Interestingly, 
in group I (≤49 years), the mutant allele (Val) distribution 
was significantly (p = 0.006; OR = 3.41; 95% CI = 1.29–
9.23) higher in the cases (53.2 %) when compared with 
the controls (25.0%) (Table 3). It was further observed 
that in same age group, alcohol consumption (p = 0.024; 

OR = 4.4; 95% CI = 0.98–20.86) and BMI ≥ 23 kg/m2  
(p = 0.006; OR = 3.7; 95% CI = 1.28–10.9) were significantly 
associated with Ala455Val substitution (Figure 2). More 
striking is the observation that the number of hypertri-
glyceridemic subjects (>150 mg/dL) were significantly 
higher (p = 0.003) in group I cases (n = 12) as compared 
to the controls (n = 2), thus increasing the risk of CAD 
to more than 11-fold (OR = 11.25; 95% CI = 1.7–119.8) in 
Ala455val carriers.

Estimation of sTM levels by ELISA
The plasma sTM levels were estimated in both the groups 
by ELISA. In all, sTM levels were marginally higher  
(p = 0.588) in controls (3.90 ± 1.12 ng/mL) than the cases 
(3.82 ± 1.22 ng/mL). The number of cases with single, 
double and triple vessel artery disease were 47 (35.3%), 
47 (35.3%) and 39 (29.4%), respectively. However, there 
was no significant difference between the sTM levels 
in CAD cases with single (3.92 ± 1.1 ng/mL), double 
(3.62 ± 0.9 ng/mL) and triple vessel disease (3.93 ± 3.9 ng/
mL). Thus the sTM levels showed no association with 
the increasing severity of coronary atherosclerosis  
(p = 0.399). sTm levels across the four identified TM 

Table 1.  Clinical characteristics of the coronary artery disease (CAD) cases and controls.
Characteristics CAD (n = 133) Controls (n = 133) p value OR (95% CI)
Age (years) 53.39 ± 9.60 52.55 ± 9.64 0.476 –
Gender
  Male 92 (69.1 %) 89 (66.9 %) 0.693 –
  Female 41 (30.9 %) 44 (33.1 %)
Family history of CAD 58 (43.6 %) 41 (30.8 %) 0.031* 1.73 (1.01–2.96)
Diabetes Mellitus (DM) 69 (51.8 %) 38 (28.5 %) <0.0001* 2.69 (1.57–4.62)
Hypertension (HTN) 79 (59.3 %) 81 (60.9 %) 0.802 0.93 (0.55–1.58)
Smoking 32 (24.1 %) 23 (17.3 %) 0.173 1.51 (0.79–2.90)
Alcohol consumption 40 (30.1 %) 37 (27.8 %) 0.685 1.11 (0.63–1.96)
Body Mass Index (kg/m2)
  Normal (18–22.9) 29 (21.8 %) 19 (14.3 %) 0.034* –
  Overweight (23.0–24.9) 63 (47.4 %) 84 (63.1 %)
  Obese (≥25) 41(30.8 %) 30 (22.6 %)
Total serum cholesterola (>200 mg/dL) 183 ± 51.1(n–109) 179 ± 42.5(n–111) 0.549 –
Total Triglyceridesa (>150 mg/dL) 183.07 ± 116.4(n–108) 147.43 ± 71.1(n–110) 0.0068* –
*Statistically significant.
aData for total cholesterol and total triglycerides levels were missing for few subjects. Most of these subjects did not carry out the lipid  
estimation whereas others had carried the test in other local laboratory outside Hinduja hospital and hence their lipid levels were not 
included in the final analysis.

Table 2.  Distribution of the Thrombomodulin genetic variants 
identified.
TM Genetic 
variants  
(rs number)

Amino acid 
change

No. of  
cases (%)

No. of  
controls (%) p value

G-33A 
(rs13306848)

– 03 (2.3%) 05 (3.8%) 0.473

G127A 
(rs1800576)

Ala25Thr 01 (0.7%) – 0.316

C1418T 
(rs1042579)

Ala455Val 40 (30.1%) 32 (24.1%) 0.27

G1456T 
(rs41348347)

Asp468Tyr 01 (0.7%) – 0.316
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genotypes were also analyzed to determine a genotype–
phenotype association. The G127A and G1456T genetic 
variants were observed in an individual subject (both 
cases) and their sTM levels were found to be 3.72 and 
4.07 ng/mL, respectively which did not deviate signifi-
cantly from the mean sTM levels (3.82 ng/mL) observed in 
cases. Mean sTM levels in subjects with G-33A and C1418T 
variant was determined in both the group but it failed to 
show any association (p = 0.473 and 0.27, respectively).

Discussion

TM is an effective natural anticoagulant present on the 
endothelium (Suzuki et al. 1987). Regulation of throm-
bin production by TM is important in preventing the 
progression of atherosclerosis and arterial thrombus for-
mation (Esmon 1997). In this study, the entire TM gene 
was screened to determine the role of TM gene in Indian 
population with CAD.

Amongst all the risk factors, diabetes mellitus  
(p = 0.001) and hypertriglyceridemia (p = 0.005) were 
found to be independent risk factors for CAD. Genotyping 
of TM gene in Indian subjects revealed the identifi-
cation of four genetic variants: G-33A (rs13306848), 
G127A (rs1800576), C1418T (rs1042579) and G1456A 
(rs41348347). The G-33A promoter variant did not show 
any statistical significance with CAD in Indian popula-
tion (Table 2). These findings were in contrast to those 
observed by Ireland et al. who found 3 mutations (C-133A, 
G-33A & GG-9/-10AT) in the promoter region of TM gene. 
Interestingly, the G-33A mutation was observed only in 
Asians suggesting a polymorphic site in this population 
(Ireland et al. 1997). This observation was later confirmed 
by Li et al who found a 23.8% frequency of this mutation in 
Han Chinese subjects of Mongolian origin. Moreover, Li  
et al. (2000) found evidence that G-33A mutation was sig-
nificantly associated with CAD. Similar association was 
also observed by Park et al. (2002) in Korean population. 
Further, we identified three variants: G127A, C1418T and 
G1456T, all were identified in only one subject except the 
C1418T variant. The G127A was first reported by Norlund 
et al. (1997) and later Doggen et al. (1998) reported that 

Figure 1.  Gel picture showing C1418T (Ala455Val) genetic variant along with the chromatogram. (a) SSCP gel showing different migration 
pattern for C1418T variant [Lane 1 – Sample showing a wild type (C1418C – Ala455Ala) pattern; Lane 2 – Sample showing a heterozygous 
(C1418T – Ala455Val) pattern; Lane 3 – Sample showing a mutant (T1418T – Val 455 Val) pattern; P - Positive control)], (b–d) DNA chromatogram 
for the Ala455Ala, Ala455Val and Val455Val genotypes, respectively.

Table 3.  Distribution of the Ala455Val genetic variant in two age 
groups (≤49 and ≥50 years).

Genotype
No. of  

Cases (%)
No. of  

controls (%) p value
Odds ratio 
(95% CI)

Overall
  Ala455 93  

(69.9%)
101  

(75.9%)
  Ala455Val 40 

 (30.1%)
32  

(24.1%)
0.27 –

  Total 133 133
Group I (Age ≤ 49 years)
  Ala455 22 

 (46.8%)
33  

(75.0%)
  Ala455Val 25  

(53.2%)
11  

(25.0%)
0.006* 3.41 

(1.29–9.23)
  Total 47 44
Group II (Age ≥ 50 years)
  Ala455 71  

(82.5%)
68  

(76.4%)
  Ala455Val 15  

(17.5%)
21  

(23.6%)
0.316 –

  Total 86 89
*Statistically significant. 
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the presence of G127A mutation increased the risk of 
coronary thrombosis by two-fold (Doggen et al. 1998). 
However in the present study, due to low prevalence of 
G-33A, G127A and G1456T variant, it can be concluded 
that either a large scale study would be required to find a 
true association with CAD or these genetic variants might 
not be prevalent in ethnically diverse Indian population.

Out the total 6 epidermal growth factor (EGF) – like 
repeat domain, the fourth to sixth EGF like repeats plays 
an important role in anticoagulant function of TM (Zushi 
et al. 1989). Since the Ala455Val substitution is present 
in the 6th EGF-like repeat domain which is required for 
the optimal binding of TM to thrombin (Nagashima et al. 
1993), the crucial thrombin binding and protein C acti-
vation function of TM might be affected. Various stud-
ies carried out in different populations have identified 
C1418T (Ala455Val) TM genetic variant. However its true 
clinical significance with the CAD is quite varied. van der 
Velden et al. (1991) first identified this Ala455Val sub-
stitution and observed that the mutant Valine allele fre-
quency (18%) was similar in both the controls as well as 
cases group, thus failed to show any association. Similar 
findings were also observed by Ohlin and Marlar (1995) 
and Ireland et al. (1997). Interestingly, a study by Norlund 
et al. (1997) in Swedish population observed that the 
mutant Valine allele was significantly higher in controls 
(26%) as compared to patients (18%), suggesting a pro-
tective role of Valine allele in controls, thus prompting 
further studies on this TM genetic variant. Later Wu et al. 
(2001) analyzed the Ala455Val substitution in black and 
white population residing in USA. The study showed that 
the presence of the valine allele increases the risk of CAD 
by 6.1-fold only in blacks but not in whites underscoring 
the importance of investigating the genetic risk factors by 
ethnic origins. The second Northwick Park Heart study 
(NPHSII) on prospective UK middle age men, revealed 
strong linkage disequilibrium between the Ala455Val and 
-1208/-1209TTdelTT variant. The Val/delTT haplotype 

had an overall small but non-significant increase in the 
risk for coronary heart disease (Konstantoulas et al. 2004). 
In the present study, the Ala455Val substitution failed to 
show any statistical significance with CAD in the entire 
study population. As the clinical manifestations of CAD 
are mainly evident in the fifth decade of the life (Sotirios 
et al. 2004), studies have been conducted to determine 
the association between TM genetic variants and CAD 
in subjects <50 years (Doggen et al. 1998; Chao et al. 
2004). In the present study, categorizing the study sub-
jects in different age groups (≤49 and ≥50 years) revealed 
interesting finding. It was observed that in subjects ≤49 
years, the Ala455val substitution was significantly higher 
in cases and increases the CAD risk by more than three-
fold (Table 3). This finding has for the first time shown the 
strong association of Ala455Val substitution with CAD 
in Indian subjects ≤49 years. Further it was seen that in 
subjects ≤49 years with Ala455Val substitution, the pres-
ence of risk factors like alcohol consumption and higher 
BMI increased the CAD risk by 4.4-fold and 3.7-fold, 
respectively. It has been observed that both alcohol con-
sumption and higher BMI are associated with elevated 
C-reactive protein (CRP) levels in the circulation (Nan et 
al. 2005; Austin 2000). CRP is a known marker of inflam-
mation which itself is associated with atherosclerosis 
and coronary thrombosis (Devaraj et al. 2009). It has 
been demonstrated that CRP significantly decreases the 
expression of TM in human endothelial cells, thereby 
promoting thrombogenic conditions (Nan et al. 2005). 
Thus alcohol consumption and high BMI can indirectly 
play a very important role in modulating the antithrom-
botic properties of endothelium by significantly decreas-
ing the TM expression.

Also in the same group of subjects, the total num-
ber of hypertriglyceridemic subjects were significantly 
higher in cases, increasing the CAD risk by 11.25-fold. 
A possible explanation could be that increased triglyc-
erides levels have been shown to be associated with 

Figure 2.  Association of risk factors in Group I subjects (≤ 49 years) with Ala455Val genetic variant.
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smaller LDL (low-density lipoprotein) size which is fur-
ther associated with formation of oxidized LDL (Austin 
2000). It has been suggested that the oxidized-LDL 
releases oxidized phospholipids which down-regulates 
TM expression (Ishii et al. 2003). A consequence of this 
would be reduced TM on the endothelium which may 
significantly contribute to the thrombotic properties of 
the cells in an atherosclerotic lesions.

With great interest in sTM as a marker of endothelial 
damage, various studies have investigated the role of 
sTM in atherosclerosis. Studies have shown that sTM 
levels are significantly associated with the severity of 
coronary atherosclerosis (Li et al. 2000; Nakagawa et al. 
2001; Seigneur et al. 1993). Interestingly studies have 
also shown that individuals with high levels of sTM 
in plasma are associated with significant reduction in 
the relative risk of CAD (Salomaa et al. 1999; Wu 2003). 
Therefore the direct association of TM with coronary 
atherosclerosis is controversial. The present study find-
ing’s of marginally higher sTM levels in controls than 
cases was also observed by Salomaa et al. (1999) and 
Wu (2003), who showed that higher concentration of 
sTM levels in plasma is significantly associated with 
decreased risk of atherosclerosis. It has been suggested 
that the higher sTM levels seen in controls may be con-
tributed primarily by the constitutive cleavage of endo-
thelial TM and thus may be correlated with the levels 
of TM expression on endothelium (Wu 2003). Therefore 
a high concentration of sTM in plasma may indicate a 
high vasoprotective action with a low prothrombotic 
state and thus associated with a low risk of coronary 
atherosclerosis. But with no statistically significant dif-
ference seen in the sTM levels between the CAD cases 
and control group in the present study, the sTM levels 
might have a little role as a marker for the progression 
of coronary atherosclerosis. Furthermore the sTM 
levels did not shown any association with increasing 
severity of coronary atherosclerosis. The levels of sTM 
across the TM genetic variants also failed to show any 
significant association which suggests that sTM levels 
might be clinically insignificant in Indian population.

The limitation of the study is the small number of 
subjects in the subgroup analysis and therefore the 
observed association between the Ala455Val substitu-
tion and subject ≤49 years should be read with caution. 
However, based on the strong association, it would 
indeed be worthwhile to further validate this finding in 
order to screen young asymptomatic subjects for future 
CAD risk.

In conclusion, TM genetic variants did not increase 
the CAD risk in general Indian population. However, 
TM Ala455Val substitution significantly increases the 
CAD risk by three-fold in subjects ≤49 years and the 
risk is more apparent in presence of risk factors. This 
findings needs to be further substantiated in a large 
prospective Indian cohort of young subjects in order 
to establish the clinical utility of the TM Ala455Val 
substitution.
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