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Abstract Platelet-endothelial cell adhesion molecule-1
(PECAM-1) has role in atherosclerotic plaque development
as well as in thrombosis leading to myocardial infarction
(MI). Present study was aimed to analyse the association of
PECAM-1 Leul25Val gene polymorphism with MI in
Indian population. Subjects included healthy individuals as
control (N = 116) and MI patients (N = 100) divided into
two groups; MI patients at presentation of the acute event
(MI-Group-1, N = 46) and patients with recent event of MI
stabilized with treatment 4.5 days from their symptoms
(MI-Group-2, N = 54). The difference in the distribution of
Leul25Val genotype frequencies of controls and patients
did not reach statistical significance. However Leu allele
frequency (0.57) was more associated with MI patients as
compared to control (0.504). sSPECAM-1 levels were sig-
nificantly elevated in patients at acute event of MI (MI-
Group-1) by 44.1% (P = 0.009) as compared to controls
and by 95.2% (P = 0.001) as compared to stabilized MI
patients (MI-Group-2).
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Introduction

Platelet endothelial cell adhesion (PECAM-1) is of the
immunoglobulin (Ig)-superfamily with wide variety of
functions in platelet activation, inflammation, cell survival
and the immune response and involved in transendothelial
migration of monocytes (TEM) [1-4]. Thus it has a role in
atherosclerotic plaque formation. It has also been demon-
strated to have a role in thrombus formation subsequent to
plaque rupture leading to myocardial infarction (MI) [1, 5].
PECAM-1 is a 130-kDa trans-membrane glycoprotein. It
has 6 Ig-like extracellular domains (encoded by exon 3-8)
a short trans-membrane domain (encoded by exon 9) and a
short cytoplasmic tail (encoded by exon 10-16) [6, 7]. The
importance of the first domain of PECAM-1 (encoded by
exon 3) is underscored since PECAM-1 forms homophilic
binding via its 1st or 1st plus 2nd extracellular Ig-like
domains or heterophilic binding with other molecules to
mediate cell-cell adhesion [3, 8]. A Mutation in PECAM-1
gene in Exon-3 has been identified that involves a base pair
substitution (C—G) at position +373 causing Leucine
(Leu) to Valine (Val) substitution at amino acid position
125 (rs668) [9]. Since the interaction or activation of
PECAM-1 is mainly via homophilic binding with its Ist
extracellular Ig-like domains [3, 8], this polymorphism
might affect the homophilic binding capability and influ-
ence individual susceptibility to coronary artery disease
(CAD).

Association between Leul25Val PECAM-1 polymor-
phism and CAD have been analysed in Caucasians [10-13],
Japanese [14], Chinese [15, 16] and Asian Indian residents
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of Singapore [17]. Although studies discussed so far seem
to suggest conflicting data, those investigating the associ-
ation of PECAM-1 polymorphism and risk of atherogenesis
always show increased risk with 125Val [10, 15-17] and
association of PECAM-1 polymorphism and risk of MI
show increased risk with 125Leu [14]. This is thought to be
due to different effects of polymorphisms in PECAM-1.
One variant (125Val) is thought to alter PECAM-1-medi-
ated transendothelial migration of monocytes leading to
increased risk of atherosclerosis while the other variant
(125Leu) is thought to modulate platelet activation leading
to increased risk of MI [18].

Overall incidence of CAD as well as MI is alarmingly
high in our population [19]. To the best of our knowledge
there are no reports on association of Leul25Val poly-
morphism with MI in Indian population. In the present
study we evaluate if PECAM-1 gene Leul25Val poly-
morphism is associated with and increases the risk of MI in
Indian population.

Materials and Methods
Study Population

Study population consisted of patients with MI (N = 100)
and healthy individuals as controls (N = 116). Subjects
with MI in patient group were recruited from Sir H.
N. Hospital and Research Centre and Rajawadi Municipal
Hospital from June 2005 till March 2008. Individuals
recruited under control groups were volunteers visiting Sir
H. N. Medical Research Society. Within both control and
patient groups, subjects were of Indian origin such as
Maharashtrians, Gujarathi, and Marwari from western zone
of India in decreasing order in number.

MI patients were sub-grouped under two categories as
per the time of their blood collection. Patients under
Group-1 (MI-Group-1, N = 46) were with prolonged chest
pain more than 30 min and ST elevation more than 0.1 mV
on at least two adjacent leads and admitted in the emer-
gency department of cardiac unit with clinical diagnosis of
acute myocardial infarction (AMI). These patients were
with first episode of chest pain and had neither past history
of such clinical symptoms nor were on any known medi-
cations for the same. Their blood sample was collected at
presentation before administering of any thrombolytic
therapy for routine analysis such as electrolytes, cardiac
enzymes, complete blood count and prothrombin time.
Remaining serum was stored at —80°C and EDTA blood
sample at 4°C for further analysis. Patients under Group-2
(MI-Group-2, N = 54) were with recent event of MI on
treatment and their blood sample was collected on the day
of the coronary angiography before coronary intervention
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which was on an average 4.5 days from the stabilization of
their symptoms. On angiography patients demonstrated
50% or more stenosis in at least one major coronary artery.
Exclusion criteria were: diabetes valvular heart disease,
known cardiomyopathy, malignancy, renal or liver dis-
eases, current use of anti-inflammatory (except Aspirin or
statin) or immunosuppressive drugs.

The controls were healthy individuals with systolic
blood pressure/diastolic blood pressure (SBP/DBP) = 135/
85 mmHg or less, with no risk factors of CAD or clinical
symptoms of any other organic disease. Their blood sample
was collected after over night 12 h fast. Those subjects with
fasting glucose levels >110 mg/dl, serum transaminases,
Blood Urea Nitrogen (BUN), and Creatinine levels beyond
normal range or abnormal ECGs were excluded from the
control group. As per the selection criteria in each group,
subjects were recruited in study only after obtaining their
informed consent. Information regarding their demographic
status, clinical history, family history and medications were
noted down in detail. The ethical committee of Sir H.
N. Hospital and Research Centre and Rajawadi Municipal
Hospital approved the study protocol.

DNA Extraction

Genomic DNA extraction was carried out from peripheral
blood leukocytes using the salting out method of Miller
et al. [20].

Genotyping of PECAM-1 +373 C/G (Leul25Val)
Gene Polymorphism

It was carried out by polymerase chain reaction (PCR)-
based restriction digestion method as described by Fang
et al. [17] with modifications. A 504 base pair (bp) portion
of the PECAM-1 gene covering the single nucleotide
polymorphism C4373G (Leul25Val) at exon-3 was
amplified using Forward primer (5'-CTATCAGCCTGGCC
CTGTAG-3’) and Reverse primer (5-TATTCACGCCACT
GTGTGCT-3'). The reaction tube contained Taq buffer
(1X), dNTP (200 pM), 1.5 mmol MgCl,, 25 pmol of each
primer, 1.0 unit of Taq polymerase and 100 ng of genomic
DNA in 50 pl of reaction mixture. PCR was carried out in
thermal cycler “T Gradient” from “Biometra” (Genetix
Biotech Asia Pvt. Ltd.). The cycling conditions were initial
denaturation at 95°C for 5 min which was followed by 30
cycles of denaturation at 94°C for 45 s, annealing at 60°C for
45 s and extension at 72°C for 2.0 min followed by final
extension at 72°C for 10 min. The PCR products were then
digested with restriction enzyme Pvull at 37°C for 16 h. The
digested products were electrophoresed in a 2.0% agarose
gel along with a molecular marker, PhiX174 DNA/Hinfl
Marker. The gels were stained with Ethidium-bromide and
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Fig. 1 Digested products of amplified PECAM-1 depicting Leul25-
Val polymorphism. Lane M—molecular weight marker PhiX-174
DNA Hinf I, Lane UD—undigested product, Lane GG—band at
504 bp-Vall25Val genotype, Lane CG band at 504 and 430 bp
(Leul25Val) genotype and Lane CC band at 430 bp (Leul25Leu),
Lane negative—negative control

visualized by U.V. light. Restriction enzymes Pvull recog-
nized wild type sequence. After digestion with Pvull the
wild-type (C/C or Leul25Leu) genotype generated a shorter
(restricted) fragment of 430 bp. Homozygous mutants (G/G
or Vall25Val) were defined by presence of unrestricted
longer fragments (504 bp). The heterozygotes (C/G or
Leul25Val) were identified by presence of two bands, each
corresponding to the 504 and 430 bp fragments (Fig. 1).

Estimation of Soluble (s) Levels of PECAM-1

An aliquot of serum was stored at —80°C for estimation of
soluble levels of PECAM-1, by commercially available
enzyme-linked immunosorbent assay (ELISA) kit with
monoclonal antibody against, according to the manufac-
turer’s instructions of Bender MedSystem. The minimum
detectable level of SPECAM-1 was 0.06 ng/ml, while the
intra assay coefficient of variation was 2.5% and inter assay
coefficient of variation was 7.4%, respectively.

Statistical Analysis

Results are expressed as frequency and percentages,
Mean =+ SD for parametric variables and Median with inter
quartile ranges for non-parametric variables such as sPE-
CAM-1. For parametric variables analysis of significance
of difference between two groups was performed by stu-
dent’s unpaired ¢ test. Non-parametric test such as Mann—
Whitney U test was applied for comparing significance
between two medians. Correlations of sSPECAM-1 with
other variables were evaluated by Spearman’s rank corre-
lation test. The Chi square statistics with Yates correction
was used to determine whether allele or genotype fre-
quencies were significantly different between patients and
the control groups. P value < 0.05 was considered statis-
tically significant. Analyses were performed using statis-
tical software SPSS (version 16.0, Chicago, IL).

Results

Table 1 represents the demographic data of controls as well
as of all patients. The controls and MI patients were age
matched. The patient group was characterized by decreased
High Density Lipoprotein (HDL)-cholesterol. The per-
centage of subjects with smoking habits and alcohol con-
sumption were more in patient groups as compared to
controls.

PECAM-1 (Leul25Val) Genotype Distribution
of Patient Groups as Compared to Controls

Genotype and allele frequencies were tested for Hardy—
Weinberg equilibrium and the data met the assumptions of
the Hardy—Weinberg Theory. The genotyping data of
patients of MI-Group-1 and MI-Group-2 were combined
for analyzing under MI group. The genotype frequencies of
Leul25Leu, Leul25Val and Vall25Val of MI group were
35.0, 44.0 and 21.0% and of controls were 23.3, 54.3 and
22.4% respectively. The difference in the distribution of
these frequencies between the two groups did not reach
statistical significance (x> = 3.77, degree of freedom [df] =
2, non-significant [NS]). However there was increased
prevalence of 125Leu allele frequency (0.57) with MI
group as compared to that of control (0.504) (Table 2).
Within control group the Leul25Val genotype distri-
bution between gender, presence and absence of smoking
habits and alcohol consumption as well as in combined
patient groups in addition, between presence and absence
of risk factors such as hypertension and diabetes mellitus
did not reach statistical significance (Data not shown). The
genotype distribution of combined patient groups as com-
pared to respective controls of male, female, smoking
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Table 1 Demographic data of

control and patients Controls MI-Group-1 MI-Group-2
No 116 46 54
Male/female 68/48 33/13 39/15
Age (years) 51.61 + 6.1 50.6 + 10.86™° 51.5 &+ 9.96"8
SBP (mmHg) 117.4 £ 10.64 131.18 =4 27.13%** 129.9 £ 16.8%**
DBP (mmHg) 78.7 £ 6.53 81.75 4 2521 84.8 & 9.13%%*
Total cholesterol (TC) (mM) 5.22 £ 0.96 4.68 £ 1.12%* 4.7 £ 1.12%*
HDL-cholesterol (HDLC) (mM) 1.19 + 0.24 1.03 £ 0.25%* 1.02 £ 0.18%**
TC/HDLC 4.42 £ 0.80 448 + 77N 459 + 83N
Triglyceride (mM) 1.54 4+ 0.94 1.56 + 0.78"S 1.65 £ 0.72N8
LDL-cholesterol (mM) 3.35 £ 0.74 2.89 £+ 0.81%* 2.85 £ 0.97**
Smoking 13 (8.9%) 15 (32.6%) 18 (33.3%)
Alcohol consumption 9 (7.7%) 10 (21.7%) 06 (11.1%)
Diabetes 0 11 (23.9%) 1 (1.85%)
NS ;“’: 8%?%%::;1’3 of) (%(1)5’ Hypertension 0 10 (21.7%) 13 (24.1%)
Table 2 PECAM-1 Leul25Val genotype and allele frequency distribution
Genotype frequencies Allele frequencies
Controls (N = 116) MI Group Controls (N = 116) MI Group
(MI-Group 1 (MI-Group 1
and MI-Group-2) and MI-Group-2)
(N = 100) (N = 100)
Leul25Leu 27 (23.3%) 35 (35.0%) 125Leu 0.504 0.57
Leul25Val 63 (54.3%) 44 (44.0%) 125Val 0.496 0.43
Vall25Val 26 (22.4%) 21 (21.0%)
y* =3.77,df =2 NS x> =186, df = 1 NS
NS non significant, df degree of freedom
habits and alcohol consumption did not demonstrate sig- 150.00
nificance difference either (Data not shown). 5 4_773,:9_ 9
(44.1%1,
Analysis of SPECAM-1 = 51.2 p=0.009)
£ (41.0/66.4) 37.8
) ] 2 100.00 A - (26.4/53.7)
Figure 2 depicts the SPECAM-1 levels of each group. The = 26.2%4,
median of SPECAM-1 levels of MI-Group-1 (73.8 [54.7/ = p=0.001)
89.9] ng/ml) was significantly (P = 0.009) elevated by i
44.1% as compared to controls while median of SPECAM- g 50.00 - B
1 of MI-Group-2 (37.8 [26.4/53.7] ng/ml) was significantly
(P = 0.001) reduced by 26.2% as compared to controls.
Thus as compared to treated MI patients (MI-Group-2) -
levels of SPECAM-1 of MI patients at acute event (MI- .00 . . ’
Group-1) were significantly (P = 0.001) elevated by 95.2%. Control MI-Group-1  MI-Group-2

As compared to respective male, female, smoking habits
and alcohol consumption the trend of sSPECAM-1 levels of
MI patients at acute event and of treated MI patients as
compared to controls remained same as seen overall.
Similar analysis between treated MI patients and MI
patients at acute event demonstrated same trend as seen
overall (Data not shown).
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Fig. 2 Soluble levels of PECAM-1

SPECAM-1 level was analysed within control group
between gender, presence and absence of smoking habits
and alcohol consumption. Within both patient groups in
addition sPECAM-1 levels were also analysed between
presence and absence of hypertension and in MI Group-1
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between presence and absence of diabetes mellitus. The
significant difference was found only within MI group at
acute event (MI-Group-1) wherein females demonstrated
significantly (P = 0.006) higher sSPECAM-1 levels (89.6
[81/127] ng/ml) as compared to males (64.0 [35.0/73.4] ng/
ml) by 40%. With respect to other risk factors in any group
there was no significant difference in the sSPECAM-1 levels
(Data not shown).

Correlation analysis of SPECAM-1 within controls, MI
patients at acute event (MI-Group-1) and treated patients
(MI-Group-2), with parameters of demographic data, lipid
profile did not demonstrate statistical significance (Data not
shown).

Analysis of SPECAM-1 Levels as per Leul25Val
Genotype

There was no significant difference in the SPECAM-1 level
as per genotype within controls and treated MI group.
However within MI-Group-1 at acute event patients with
Vall25Val genotype were associated with elevated levels
of SPECAM-1 as compared to patients with Leul25Leu
genotype by 44.1% (P = 0.05, NS) and as compared to
patients with Leul25Val genotype by 37.3% (P = 0.028)
(Table 3).

Discussion

PECAM-1 mediates transendothelial migration of circu-
lating leukocytes during atherosclerotic plaque develop-
ment and is also involved in platelet activation and thus
thrombus formation. A polymorphism in PECAM-1 gene
C+373G (Leul25Val) in Exon-3 encoding first extracel-
lular Ig-like domain that mediates the homophilic binding
of PECAM-1 has been documented. In the present study
association of this polymorphism with MI in Indian pop-
ulation was analysed. There was no significant association
observed of Leul25Val polymorphism with MI when
compared against controls. However 125Leu allele fre-
quency (0.57) was more associated with MI group as

compared to controls (0.504). Soluble levels of PECAM-1
were significantly elevated in MI patients at acute event
(MI-Group-1) as compared to treated MI patients (MI-
Group-2).

Association of Leul25Val polymorphism in CAD have
been analysed in various other population as well. Wenzel
et al. [10] have reported allele frequencies of the Leul25/
Vall25 in German population as 0.49/0.51 in controls and
0.35/0.65 in CAD patients reporting increased Vall25
allele in CAD patients (P < 0.01). Among Asian popula-
tion strong association with CAD of Leul25Val polymor-
phism has been noted down by Song et al. [15] and Wei
et al. [16] in Chinese population. Against these reports
Gardemann et al. [11] in German population and Elrayees
et al. [12] in British population did not find Leul25Val
gene polymorphism of PECAM-1 as an independent risk
factor of CAD. A study by Listi et al. [13] in population
from Sicily (Italy), reported no significant association of
this polymorphism with MI while Sasaoka et al. [14] in
Japanese population have reported increased 125Leu allele
frequency (0.52 vs. 0.447, P = 0.048) in MI patients as
compared to controls.

There is an interesting study by Fang and co-workers
[17] wherein association of Leul25Val polymorphism of
PECAM-1 gene with CAD in Asian Indians of common
origin i.e. of south Indian settled in Singapore for over 3
generations has been reported. They found that Val125Val
polymorphism of PECAM-1 gene was significantly (P =
0.009) associated with CAD with frequency of Vall25Val
genotype being 16% as compared to 10% in the controls.
One important point to be noted down is that in their study
none of the patient had MI. Thus in their study there was
strong association of 125Val with atherogenesis with
prevalence of 125Val allele frequency being 0.464 in CAD
against 0.336 in controls (P = 0.008). 125Val variant is
suggested to alter PECAM-1-mediated transendothelial
migration of monocytes leading to increased risk of ath-
erosclerosis [18].

In the present study the patients population comprised of
subjects who suffered from MI. We did not observe significant
association of PECAM-1 Leul25Val gene polymorphism

Table 3 Soluble levels of
PECAM-1 (ng/ml) according to

Leul25Leu

Leul25Val Vall25Val

genotype Control (N = 116) 50.67 (39.6/62.2) 52.4 (40.8/67.6) 57.6 (40.6/76)
(N =27) (N = 63) (N = 26)
MI-Group-1 (N = 46) 66.4 (42.3/111.67) 69.7 (46.2/80.9) 95.7 (87.4/170.6)
(N =12) (N = 25) (N =9)
©44.1% 1, NS

e With respect to Leul25Leu
genotype, e with respect to MI-Group-2 (N = 54)
Leul25Val genotype

NS non significant

38.8 (33.8/52.3)
(N =23)

0e37.3% 1 (P < 0.05)
48.5 (38.6/63.6)
(N = 12)

35.0 (24.7/49.3)
(N = 19)
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with MI. Reason for not finding an association in our study
could be ethnic heterogeneity of our population (patients and
controls) from other populations demonstrating association.
However 125Leu variant suggested to modulate platelet
activation leading to increased risk of MI [18] was more
associated with MI patients (0.57) as compared to controls
(0.504). Similar finding is also reported by Sasaoka et al. [14]
in ML

In our study there was significant increase in SPECAM-1
levels in MI patients at acute event (MI-Group-1) as
compared to treated patients (MI-Group-2). The increase in
the SPECAM-1 levels at acute event of MI is in consistent
with its role in atherosclerosis and thrombosis. Similar
finding has been reported by Serebruany et al. [21] and
Soeki et al. [22]. The decreased levels of SPECAM-1
observed in treated MI patients in the present study may be
accounted by the intense medical treatment received by
these patients and that their blood sample was collected on
an average 4.5 days from the stabilization of their symp-
toms. Thus in the present study SPECAM-1 was associated
with MI group but only at acute event. In the same group
(MI-Group-1) sPECAM-1 levels were elevated in females
as compared to male suggesting presence of risk factor
otherwise in a low risk group. It could be further screened
for its role as a candidate biomarker for thrombosis.

The influence of PECAM-1 genotype on soluble levels
of PECAM-1 has been reported in the literature. Wei et al.
[16] have reported elevated levels of SPECAM-1 associated
with subjects with Vall25Val genotype in Chinese popu-
lation of Singapore while Fang et al. [17] have reported no
effect of the genotype on the soluble levels in Asian
Indians (South Indians) of Singapore. While analyzing the
influence of PECAM-1 genotype on soluble levels of PE-
CAM-1 within each group in the present study, there were
increased levels associated with patients of Vall25Val
genotype of MI-Group-1 as compared to other two geno-
types. This suggests minor contribution of Vall25Val
polymorph towards increased expression at acute event,
which may have led to increased soluble levels in these
patients.

Limitation of Study

There was lack of equal number of MI patients under each
subgroup to that of controls. However combined MI
patients of MI-Group-1 (N = 46) and MI-Group-2 (N = 54)
were N = 100 nearer to that of controls (N = 116) allowing
for analysis of genotyping data. As peripheral levels of
PECAM-1 may get affected of the patient’s clinical status,
soluble levels of SPECAM-1 were analysed as per MI-
Group-1 (at acute event) and MI-Group-2 (stabilized with
treatment 4.5 days from their symptoms) against controls
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and comparison was also carried out between these two
groups. There was trend of increased sSPECAM-1 levels
associated with Vall25Val genotype however significant
increase levels associated with Vall125Val genotype of MI-
Group-1 patients at acute event as compared to other two
genotypes of the same group is required to be confirmed in
larger population study.

Conclusion

Leul25Val gene polymorphism in the present study did not
demonstrate significant association with MI however there
was trend of increased 125Leu allele frequency with MI.
SPECAM-1 levels were elevated in the blood of the MI
patients at acute event as compared to the stabilized MI
patients with treatment suggesting its role in thrombosis.
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