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Abstract: Introduction: In the United States (US) & other countries cigarette smoking (CS) continues to be the
more preventable cause of disease and death. Glutathione S-transferase (GST) enzyme is implicated in the
detoxification of carcinogens present in tobacco smoke and consequent polymorphisms in this gene may confer
susceptibility to systemic diseases if DNA damage is important in various diseases. The presences of a gene-
deletion polymorphism have shown by genetic studies on GSTT! & GSTMI. Elevated tumor necrosis factor
alpha (TNF a) & high sensitivity c-reactive protein (hs-CRP) has been increasingly used as a surrogate marker
of systemic inflammation in diverse conditions. Lipoprotein (a) Lp(a) is a low-density lipoprotein (LDL)- like
plasma lipoprotein composed of apolipoprotein B (apoB) and a large glycoprotein termed apolipoprotein (a)
[apo (a)]. We investigated the associations of GST (M1 or TI) genotypes, exposure to smoking, and their
interaction with selected markers of inflammation. Materials & Methods: The present study was carried out in
the Department of Biochemistry, Santosh Medical College, Ghaziabad. Estimation was done including serum
TNF-a by ELISA, hs-CRP & Lp(a) by turbidimetric immunoassay. DNA was extracted from serum and the
GSTM1 and GSTTI polymorphisms were determined using a simple polymerase chain reaction (PCR).
Results: Out of total 284 cigarette smokers, GSTTI gene was present in 51.1% & absent in 48.9% subjects
whereas GSTM1 gene was present in 59.9% & absent in 40.1% subjects as compared to age & sex matched non
cigarette smokers. These differences were found to be statistically significant (p<0.05). The mean serum TNF-
a, Lp(a) & hs-CRP levels were significantly raised in cigarette smokers as compared to non-smokers. These
differences were found to be statistically significant (p< 0.05). Conclusion: In conclusion, the finding of a
significant association between inflammatory markers, GSTMI and 71 with smoking status may influence
systemic diseases including cardiovascular diseases via DNA damage.

Keywords: Cigarette Smoking, GSTT! & GSTM1, Gene Polymorphism, Inflammatory Markers.

Introduction carboxylic acids, lactones, esters, aldehydes,
In most of the world cigarettes are the most k@:tones,. alcohols, phenolst amines, A.L
nitrosamines,  N-heterocyclics,  aliphatic

common form of tobacco used and each year
443,000 deaths occur in the United States (US).
Due to rise of tobacco industry and population
growth cigarette smoking and use of other
tobacco products is increasing in the developing
world [1].

hydrocarbons, monocyclic and polycyclic
aromatic  hydrocarbons (PAHs), nitriles,
anhydrides, carbohydrates, ethers, nitro
compounds and metals included but not
limited to neutral gases [2]. Nicotine a
principal tobacco alkaloid in smoke is an
addictive property of tobacco smoke.
Nornicotine, anatabine and anabasine included
as minor tobacco alkaloids. The alkaloids in

In tobacco smoke over 5300 compounds have
been identified. Compounds includes, carbon and
nitrogen oxides, amides, imides, lactams,
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tobacco are not generally considered
carcinogenic, but in each puff of smoke are
accompanied by carcinogens [3].

Genetic determinants evidence affecting the
smoking phenotype has steadily accumulated
both from analysis of the contributions of
genetics studies of substance abuse in animals
and in humans. Regions of the genome in which
loci affecting nicotine dependence and ever
smoking may be found with further work by two
recent linkage studies in humans have indicated

[4].

Glutathione-S-transferase is a  glutathione
peroxidase & non-selenium dependent. 1961 it
was first identified. Glutathione-S-aryltransferase
was subsequently named this enzyme. Depending
upon the substrate specificity later on, several
other GSTs were demonstrated [5]. A difference
in DNA sequence among individuals, groups, or
populations (present in more than 1% of the
population) called as Genetic Polymorphism.
Genetic polymorphisms may have been induced
by external agents (such as viruses or radiation)
or may be the result of chance processes.

The gene GSTM1 (p) is 4.2 kb, consisting of eight
exons and is located on chromosome 1p13.3, with
four known alleles. GSTMI-null variant is widely
distributed, among different populations apart
from the existence of other GSTM I polymorphic
forms GSTMIa, GSTMIb etc. are the major
polymorphism. The gene GSTT1 (9) is located on
chromosome 22pl11.2, is flanked by two
homologous regions HA3 and HAS and is
composed of six exons. This gene has two known
alleles as the most frequent allele (wild) and the
null allele. The recombination of the homologous
regions HA3 and HAS, resulting in the deletion of
5.4 kb and, as a consequence, the loss of function
of the enzyme showed this polymorphism. The
presences of a gene-deletion polymorphism have
shown by genetic studies on GSTTI. This
deletion polymorphism has been reported large
interethnic variability [6].

There are at least seven classes of isoezymes are
known, five are cytosolic and two membrane
bound. These are involved with oxidative stress,
normal cellular physiology & the inflammation
regulation through modulation of prostaglandin
signaling pathways [7].
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TNEF- a is a well known inflammatory marker.
TNF- a is a protein, relative molecular mass
17,000 that can be secreted by many cell types
(especially monocytes and macrophages but
also B- and T-lymphocytes, mast cells,
neutrophils and fibroblasts). The name ‘tumor
necrosis factor’ comes from the 1%
identification of serum of mice infected with
Bacillus Calmette Guerin that was cause
haemorrhage and necrosis in transplanted
tumors in the same mice [8]. Active
inflammatory  cells  produce  various
inflammatory mediators in response to
smoking, and inflammatory cytokines are the
important of them.

Elevated CRP has been increasingly used as a
surrogate marker of systemic inflammation in
diverse conditions. hs-CRP is an annular
(ring-shaped), pentameric protein found in
blood plasma, the levels of which rise in
response to inflammation. C-reactive protein
is an acute-phase protein of hepatic origin that
increases following interleukin-6 secretion
from macrophages and T cells. Its
physiological role is to bind to
lysophosphatidylcholine expressed on the
surface of dead or dying cells (and some types
of bacteria) in order to activate the
complement system via the C1Q complex [9].

Lp(a) is a low-density lipoprotein (LDL)- like

plasma lipoprotein composed of
apolipoprotein B (apoB) and a large
glycoprotein termed apolipoprotein(a)

[apo(a)]. Shortly after the discovery of the
Lp(a) system by Berg in 1963 it was
recognized that Lp(a) is a quantitative genetic
trait in human plasma. The distribution of
plasma Lp(a) levels is highly skewed towards
lower concentrations, with more than two-
thirds of the population having levels lower
than 20 mg/dl. High plasma concentrations of
Lp(a) are associated with the risk of premature
coronary atherosclerosis and other vascular
diseases [10].

Several markers of inflammation and
endothelial function are associated with
incident coronary disease and other systemic
diseases. Based on previous research that
indicates GSTM1 and GSTTI modify risk of
atherosclerosis, pulmonary and several
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systemic diseases in smokers, it is possible that
GSTM1 and GSTTI reduce the potential for
oxidative damage and therefore modify
inflammation related pathways. Certain GST
genotypes may also be associated with
hemostasis, endothelial function and
inflammation. So we investigated the associations
of GST (M1 or TI) polymorphism, exposure to
smoking, and their interaction with selected
markers of inflammation.

Material and Methods

The present study was carried out in the
Department of Biochemistry, Government
Medical College, Haldwani, and Department of
Biochemistry, = Santosh  Medical  College,
Ghaziabad during the period of 2016 to 2019.
Institutional ethical clearance was taken prior to
the study [F. No SU/2018/528 (2)].

Inclusion criteria: About 284 healthy cigarette
smokers (without any systemic diseases) in the
age group of 18-60 years compared with age &
sex matched 284 controls (non-smokers) were
included in the study.

Exclusion criteria: Patients with chronic liver
diseases, tuberculosis, Pulmonary disorders,
Coronary artery diseases, diabetes mellitus, renal
failure, thyroid dysfunction, anaemia,
malnourished individuals, person with habit of
tobacco chewing along with smoking and taking
other forms of smoke (bidi, hookah, cigar etc)
were excluded from the study.

According to prevalence, used in previous study
[11] sample size was calculated

n=7’xpxgq
FE
Where n is the sample size, Z is 1.96 (5% level of
significance), p is prevalence, q is 1-p and d is
0.05 (95% of c.f.). According to this formula
sample size was 284 for cigarette smokers.

A detailed history from cigarette smokers
comprising of number of cigarettes per day and
duration of cigarette smoking was recorded on
participant proforma. Subjects were classified
into different groups based on number of
cigarettes per day and duration of cigarette
smoking i.e. smoking 1-15 cigarette/day <5 years
are mild smokers in group I, 15-20 cigarette/day
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<5 years in group II, 15-20 cigarette/day 5-10
years moderate, and 15-20 cigarette/day >10
years are heavy smokers [12].

Out of total 284 cigarette smokers, 129 were
in group I, 42 were in group II which were in
mild group, 36 were in moderate & 77 were in
heavy group smokers.

All aseptic precautions were taken; with a
disposable syringe about five mL of blood
was drawn by veinpuncture from a peripheral
vein. For the retraction of clot collected blood
in clean dry glass tubes was allowed to stand
for 30 minutes at room temperature. Then it
was centrifuged at 3000 r.p.m. for ten minutes
to obtained the serum. The serum was stored
at 4°C in the refrigerator for analysis.

Estimation was done including serum TNF-a
by ELISA (Elabscience, Catalog No: E-EL-
H0109), hs-CRP & Lp(a) by turbidimetric
immunoassay using semiautoanalyzer.
Extraction of genomic DNA from serum
samples was done by using Banglore Genei,
India (Product No: D3396)

A simple PCR (eppondorf) method was used
to detect the presence or absence of the
GSTM1 and GSTTI genes. Both GST primer
sets taken according to Arand M et al.,
GSTM-Forward (5 GAACTCCCCTGAAAA
GCTAAAGC3’) and Reverse (5°GTTGGG
CTCAAATATACGGTG3’) and GSTTI
Forward  (5’TCTTACTGGTCCTCACATC
TC3’) and Reverse (5’TCTCCGGATCATGG
CCAGC3’) in the same PCR, a third primer
set for albumin (5’GCCCTCTGCTAACAAG
TCCTAC3’) and (5’GCCCTAAAAAG
AAAATCGCCAATC3’) to serve as an
internal positive control for the amplification
reaction.

PCR products were separated by 2% agarose
gel electrophoresis using ethidium bromide
stain and visualized under UV light.

Statistical Analysis: The analysis was carried
out using the SPSS 19.0.2 program for
windows. Chi square test, unpaired “t” test &
one way ANOVA were used to analyze all the
data for statistical significance.
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Results Mean age of the cigarette smokers and
nonsmokers were 40.66+11.08 years and

In present study, out of total 284 cigarette 37.4249.73 years, respectively.

smokers, 272 were males and 12 were females.

Table-1: Distribution of age-group among cigarette smokers (n=284)

Age group Male Female Total
(yrs) No % No % No %
18-29 41 15.07 02 16.67 43 15.14
30-41 75 27.57 02 16.67 77 27.11
42-53 81 29.79 04 33.33 85 29.93
54-60 75 27.57 04 33.33 79 27.82
Total 272 95.77 12 4.23 284 100

Table-2: Distribution of GSTM1& GSTTI1 gene by in cigarette smokers and non-smokers (n=568)

GSTTI GSTM1
Parameters D )
Present % Absent % Present % Absent %0
value value

Non-smokers | o | 9470 | 15 | 528 257 | 905 | 27 | 950

(n =284)

Cigarette 0.008* 0.018%

smokers 145 51.1 139 48.9 170 59.9 114 40.1

(n=284)

Out of total 284 non- cigarette smokers, GSTT] Fig-1: GSTM1& GSTT] gene distribution in
gene was present in 94.72% & absent in 5.28%  cigarette smokers & non smokers

subjects whereas GSTM1 gene was present in
90.5% & absent in 9.50% subjects. Out of total
284 cigarette smokers, GSTT gene was present
in 51.1% & absent in 48.9% subjects whereas 200 1

300 - B Non-smokers

250 B Cigarette smokers

GSTM1 gene was present in 59.9% & absent in % 150 1

40.1% subjects as compared to age & sex 2 100

matched non cigarette smokers. These differences 50

were found to be statistically significant (p< 0

005) Present | Absent | Present | Absent

GSTT1 GSTM1

Table-3: Distribution of GSTM1& GSTTI gene according to duration & number of cigarette smoked in
cigarette smokers (n=284)

Mild Mild Moderate Heavy
smokers smokers
p I I smokers smokers
Markers value (groupI) | (groupI) Total %
1-15C/D 15-20C/D | 15-20C/D5- | 15-20C/D5-
<Syears <Syears 10years 10years
Present 28 35 45 37 145 51.0
GSTTI 0.018
Absent 22 41 46 30 139 48.9
Present 47 34 49 40 170 59.8
GSTM 1 0.011
Absent 18 29 39 28 114 40.1
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GSTTI gene was absent in 28 with mild smokers
(group I), 41 in (group II), 46 in moderate
smokers and 30 in heavy smokers were smoked
1-15C/D <5Syears followed by 15-20C/D <Syears,

15-20C/D  5-10years

&15-20C/D  5-10years

respectively. Out of total 284 cigarette smokers,
48.9% GSTTI gene was absent. These differences
were found to be statistically significant (p<
0.05). GSTM1 gene was absent in 18 with mild

Singh S et al

smokers (group I), 29 absent in (group II), 39
absent in moderate smokers and 28 absent in
heavy smokers were smoked 1-15C/D <Syears
followed by 15-20C/D <Syears, 15-20C/D 5-
10years &15-20C/D 5-10years respectively.
Out of total 284 cigarette smokers, 40.1%
GSTM1 gene was absent. These differences
were found to be statistically significant (p<
0.05).

Table-4: Serum levels of TNF-a, Lp(a) and hs-CRP in cigarette smokers and non-smokers (n=568)
Cigarette 95% Confidence
Non-smokers .
smokers t P interval for mean Normal
Parameters (n =284)
M +SD (n =284) value | value value
ean = Mean + SD Lower | Upper
24-183
TNF-a, 39.01+£22.22 235.88469.50 -1.11 | 0.002 84.13 493.0
pg/mL
Lp(a 12.95+8.36 37.48+19.15 -1.46 | 0.007 2.50 48.45 <30mg/dl
hs-CRP 0.16£0.19 2.0245.45 169 | 0005 | 037 3.20 O'Oi?g'%f 7

The mean serum TNF-q, Lp(a) & hs-CRP level in
cigarette smokers (235.88+69.50), (37.48+19.15)
& (2.02+£5.45) and non-smokers (39.01£22.22),
(12.9548.36), (0.16x0.19) respectively. Unpaired

‘t’ test was done in cigarette smokers & non-

smokers. The mean serum TNF-a, Lp(a) &
hs-CRP levels were significantly raised in
cigarette smokers as compared to non-
smokers. These differences were found to be

statistically significant (p< 0.05).

smoked in cigarette smokers (n=284)

Table-5: Serum TNF-a, A1AT, Lp(a) and hs-CRP levels according to duration & number of cigarette

1-15C/D 15-20C/D 15-20C/D 15-20C/D
Parameters <Syears <Syears 10years >10years v apiue
Mean + SD Mean + SD Mean + SD Mean + SD
g TNF-a | 241.06£76.30 | 224.58+61.45 | 238.89+61.30 | 240.91+41.00
g Lower 204.79 226.80 216.38 220.54 0.037
«E Upper 247.45 251.82 249.63 256.06
g Lp(a) 36.51+£20.71 | 37.22+15.89 | 39.79+17.81 44.81£21.75
% Lower 29.15 35.06 33.92 32.28 0.021
5]
_q:, Upper 41.51 42.07 42.62 46.45
% hs-CRP 1.48+0.58 1.56+0.71 1.78+0.66 5.25+15.22
51
® Lower 0.25 1.33 1.46 1.48 0.007
S Upper 5.67 2.56 2.80 7.79
The mean serum TNF-o, Lp(a) & hs-CRP levels cigarette smoked as compared to non-

were significantly raised in cigarette smokers
when adjusted with duration and number of
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smokers. These differences were found to be
statistically significant (p< 0.05).
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Table-6: ANOVA analysis of serum TNF-a, Lp(a) and hs-CRP levels according to duration & number
of cigarette smoked in studied subjects (n=284)

1-15C/D <5 15-20C/D | 15-20C/D 5- | 15-20C/D
years <5 years 10years >10years
Parameters S [ M
um o can F value p value F Critical
squares square
Between groups 6684.65 2228.21
TNF-a 6.91 0.028
Within groups 1298808.96 4655.22
Between groups 381.34 127.12
Lp(a) — 4.09 0.001 3.032
Within groups 100961.57 361.86
Between groups 81.75 27.25
hs-CRP 7.57 0.001
Within groups 4197.50 15.04
The p values were <0.05 which signifies was present in 51.1% & absent in 48.9%

significant variation in levels of serum TNF-q,
Lp(a) and hs-CRP when compared among each
other in terms of group mean.

Discussion

Many chemicals in cigarette smoke have toxic
effects on the cells and require metabolic
detoxification to prevent their toxicological
responses. Many genes are involved in the
metabolism of a large number of potentially
mutagenic chemicals in cigarette smoke. Many of
these genes which are involved in chemical
metabolism are polymorphic. Glutathione S-
transferases (GSTs) are a large family of enzymes
participating in detoxification of endogenous and
exogenous toxic substrates including tobacco
derived toxins; they also exhibit peroxidase
activity and thus might play an important role in
oxidative stress.

Previous studies have differed on whether GST
polymorphisms modify the association between
cigarette smoking and related disease risks.
Smaller studies have reported that smoking did
not modify associations between GSTTI, or
GSTM1 polymorphisms [13] and related diseases
& breast cancer, whereas former smokers with
GSTTI null were found to have an increased risk
of breast cancer compared with never smokers
with GSTTI present [14].

In present study out of total 284 non- cigarette
smokers, GSTTI gene was present in 94.72% &
absent in 5.28% subjects whereas GSTM gene
was present in 90.5% & absent in 9.50% subjects.
Out of total 284 cigarette smokers, GSTTI gene
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subjects whereas GSTM gene was present in
59.9%& absent in 40.1% subjects as
compared to age & sex matched non cigarette
smokers (Table 2 & Fig. 1).

A cohort study performed in Swiss general
population showed a large proportion of
Caucasians to carry one or both GST gene
deletions (around 20% of GSTTI gene
deletion, around 50% GSTMI gene deletion
and around 10% of GSTTI/GSTMI gene
deletion carriers). In the Korean and Slovak
populations [15], no association between
GSTM1 and GSTTI genetic polymorphism
was found.

In all municipalities of Goias, the frequency
of the GSTTI null genotype was 38.2%, and
of the GSTMI null genotype 50.3%. In the
Northeast of India, some authors (Thoudam et
al., 2010) demonstrated a frequency of 32.7%
for null GSTT! and 41.9% for the null GSTM 1
genotype [16]. Chiurillo ef al. (2013) analyzed
120 urban smoker samples from a Venezuelan
population and 188 Amerindian samples,
showing a null GSTT! genotype frequency of
11% and a null GSTMI genotype of 51% in
the urban population [17].

Previous report suggested that both the
GSTM1 and the GSTTI null variants result in
the lack of enzyme production [18]. The
polymorphic form of GSTMI and GSTTI
genes are deletion variants that produce either
a functional enzyme (non-deletion alleles or
heterozygous deletion) or complete absence of
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the enzyme (homozygous deletion alleles).
However, these GSTs enzyme individually
(GSTM1 and GSTTI) or in combination (GSTM 1
+ GSTTI) of the null genotypes of GSTMI and
GSTTI genes increases the risk of lung, gastric,
colon, bladder cancers [19]. Smoke exposure
induces local and systemic elevations in primary
inflammatory cells. Inflammatory cytokine
release is evident in the airways and lungs in the
hour following smoking (Flouris et al. 2009).
However, smoke exposure suppresses the
effectiveness of the immunological response [20].

The direct link between smoking and chronically
increased inflammation is starting to be revealed
with further understanding of gene expression
and modification in habitual smokers. The
interaction between smoking and the IL-6
promoter gene has been observed and is related to
the systemic elevation in CRP and IL-6 in
smokers in a dose-dependent manner (Sunyer et
al. 2009) [21]. The finding of our study was the
high serum level of TNF-a, hs-CRP & Lp(a)
levels in healthy cigarette smokers compared to
nonsmokers. The mean serum TNF-o, hs-CRP &
Lp(a) when adjusted with duration & number of
cigarette smoked in cigarette smokers were
significantly raised (Table 4,5 & 6).

These findings were in agreement with Y.
Higashimoto et al. who reported the increased
levels of serum TNF-o, IL-6 and tissue inhibitors
of metalloproteinase-1 in asthma and COPD
patients with highest levels in current smoker
with COPD patients and controls [22]. Moreover,
our results were in consistent with those of V.M.
Pinto-Plata er al., Marevic et al., 2008,who
reported a significant increase in serum
inflammatory markers TNF-0, hs-CRP and
interlukin-6 in different stages of cigarette
smokers and this increment was significantly
higher than those of the controls [23].

In contrast to our findings, Vernooy et al.
reported an increase in the concentration of
soluble TNF-a receptors, while the concentration
of TNF-o was within the reference range for
healthy individuals [24]. Possible explanation for
unchanged concentration of TNF-a is its local
and short term effects, its degradation and its half
life of approximately 6-7 min, as well as its
binding to receptors and renal clearance.
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Smoking is a major risk factor for
atherosclerotic cerebro- and cardiovascular
diseases (CVD) through leading to
dyslipidemia. Smolders et al, reviewing 31
cross-sectional and prospective  studies
involving approximately 50,000 individuals,
have suggested that high Lp(a) levels can be
associated with the risk for ischemic cerebral
vascular accident in smokers [25]. A cohort
study involving 2,365 smoker individuals with
CAD, 284 with ischemic cerebral vascular
accident and 596 with peripheral arterial
disease has shown an association of increased
Lp(a) levels with future events of arterial
diseases, but not with ischemic cerebral
disease. It is worth noting that such
association was independent of LDL-
cholesterol levels [26].

Previous studies confirmed that in general
population, current smoking increased Lp(a)
levels and prevalence of abnormal total
cholesterol (TC), heavy smoking was
associated with increased Lp(a) and higher
risk for abnormal TC and smoking cessation
was associated with decreased Lp(a) and
decreased risk for abnormal TC.

Cigarette smoking has been associated with
increases in CRP and previous investigations
have demonstrated that increased CRP levels
are a secondary effect of cigarette smoking
and reflect tissue injury [27]. Studies in
adolescents have shown a positive association
between active smoking and hs-CRP [28].
Interestingly, non significant higher hs-CRP
concentrations associated with increased
severity of airway obstruction and an
increased degree of dyspnea were observed in
their study [29].

In a study conducted by Broekhuizen et al.,
cigarette smokers had increased levels of
inflammatory markers like CRP [30]. F.
Karadag et al., found out that serum CRP was
significantly higher in stable COPD patients
with heavy smokers than in control subjects (p
< 0.001) [31]. This study confirms that
circulating CRP levels are higher in stable
COPD patients and may thus be regarded as a
valid biomarker of low-grade systemic
inflammation.
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In our study, hs-CRP was found to be
significantly higher in smokers as compared to
non-smokers. Our work duplicates the previous
finding of Juan P de Torres ef al. regarding higher
CRP levels in those who are active smokers
compared with those who are not [32]. A study
by Fro hlich et al. has one of the longest follow-
up periods, with levels of CRP that were as low
as a mean of 1.25 mg/1 following 30-55 years of
cessation in male subjects, compared with 1.92
mg/1l in regular smokers [33].

Epidemiological studies have demonstrated
tobacco smoke to be a major cause of both cancer
and inflammatory diseases. However, the
mechanism by which exposure leads to disease is
better understood in the former case. There are
many identified carcinogens in tobacco smoke
that induce DNA damage by direct binding to
form DNA adducts [34].

Unrepaired DNA damage can result in the
induction of somatic mutations in genes
regulating cell growth, thus providing a
mechanism for inflammation & carcinogenesis.
Glutathione S-transferases are the main enzymes
responsible for the detoxification of carcinogenic
compounds such as polycyclic aromatic
hydrocarbon and aromatic amines, which are
largely present in cigarette smoke. GSTMI and
GSTT1, which are important members of the GST
multigene family, are polymorphic in humans.
Homozygous deletion of part of these genes (null
genotype) results in enzyme deficiency and, thus,
an impaired ability to eliminate carcinogenic
compounds metabolically [35].

Conclusion

Cigarette smoking may induce inflammation
measured as TNF- a, hs-CRP, Lp(a) level, and

Financial Support and sponsorship: Nil
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combinations of the GSTMI and GSTTI
polymorphisms may modify the deleterious
effect of smoking on these markers, indicating
genetic  susceptibility to smoking-related
diseases. It would be beneficial to know if the
patterns observed in this study could be
replicated in other study populations and if the
results could be strengthened by repeated
measurement of these markers. A Dbetter
understanding of intermediate mechanisms is
imperative to help resolve the importance of
GSTs and selected inflammatory markers in
the etiology of certain cancers or
cardiovascular and other systemic diseases.

Limitations: The study was limited to the
population residing in and around Haldwani
and their involvement in the study especially
in case of females. Lack of fund, time and
manpower prevented the inclusion of a large
study group and other sensitive biochemical
markers of cigarette smoke. Future cross-
sectional, longitudinal and mechanistic studies
are needed to determine how CS,
inflammatory markers & GST gene (GSTT! &
GSTM1) are useful in large populations of
cigarette smokers with the inclusion of
clinically relevant endpoints are needed to
extend these findings.
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