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Serum myeloperoxidase level is increased in heavy smokers 
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ABSTRACT 

Raised myeloperoxidase (MPO) serum levels are as- 
sociated with endothelial dysfunction and cigarette 
smoking is a risk factor for cardiovascular diseases. 
Since myocardial infarction is associated with leuko- 
cytosis and smokers present increased levels of neu- 
trophils, here we hypothesized that the levels of se- 
rum MPO in smokers could be also raised. We car- 
ried out a study on sixty eight adult healthy volun- 
teers. The control group consisted of thirty four non- 
smokers and the test group was thirty four heavy 
smokers. The hemogram, interleukin-8 (IL-8) and 
MPO serum levels were measured. Neutrophil, mo- 
nocyte and lymphocyte counts were higher (p < 0.05) 
and the serum levels of interleukin-8 (IL-8) and MPO 
were fourfold higher in smokers than in non-smokers 
(n = 34, p < 0.05). This result correlated perfectly 
with the increased neutrophil count and IL-8 serum 
level that characterize smoking subjects. We propose 
that the high level of serum MPO could be directly 
involved in the higher prevalence of coronary artery 
diseases among heavy smokers. 
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1. INTRODUCTION 

Myeloperoxidase (MPO) is a heme enzyme abundantly 
expressed by neutrophils. It is the catalyst responsible for 
production of the microbicide hypochlorous acid (HOCl) 
by the oxidation of chloride (Cl–) by hydrogen peroxide 
(H2O2) [1].This enzymatic pathway is a fundamental part 
of the innate immune response and is triggered when 
these cells are activated by noxious stimuli [2]. However, 
HOCl can also take part in deleterious oxidative proc- 
esses associated with chronic inflammatory diseases, in- 
cluding atherosclerosis [3,4]. In addition to that, there is 
substantial evidence that MPO plays an important role in 
the pathogenesis of cardiovascular diseases [5-7]. The 
discovery that the blood serum level of MPO is a bio-  

marker for the prognosis of coronary artery diseases has 
opened up a new area of research with immediate utility 
in clinical practice [8-11]. 

It is well established, scientifically and clinically, that 
smokers are significantly more susceptible to a variety of 
diseases, including coronary artery diseases [12]. Smok- 
ers also have increased blood counts of neutrophils and 
monocytes [13], which are the main endogenous sources 
of MPO. Moreover, chronic exposure to cigarette smoke 
causes increased production and secretion of metallopro- 
teinase by macrophages and proteolytic enzymes by neu- 
trophils [14]. Hence, we hypothesized that the blood se- 
rum level of MPO in tobacco smokers might also be ele- 
vated and could be involved in their susceptibility to car- 
diovascular diseases. 

2. MATERIALS AND METHODS 

Blood donors: The study included sixty eight adult healthy 
volunteers (aged 20 to 67 years). The control group con- 
sisted of thirty four non-smokers (15 women and 19 men) 
and the study group was thirty four heavy smokers (more 
than two packs/day, 16 women and 18 men). None of the 
volunteers reported the use of medication. All subjects 
gave written informed consent for examinations and par- 
ticipation in the study. The study was approved by the 
Faculty research ethics committee (Comite de Etica em 
Pesquisa FCFAR/UNESP n˚ 24/ 2009). 

Blood samples, hematological and biochemical analy- 
sis: Blood samples (totaling 8 mL) were obtained by 
venipuncture. The first 4 mL was collected in an EDTA 
tube and used for hematological analysis. The Other 4 
mL was collected without anticoagulant and used to de- 
termine serum MPO and interleukin-8. The complete he- 
mogram was performed in a Coulter STKS hematologi- 
cal autoanalyzer (Miami, USA). Blood serum was sepa- 
rated by centrifugation at 400 ×g for 20 minutes and 
stored at –80˚C until analysis. The serum level of MPO 
was measured by MPO-EIA (InnoZyme Calbiochem, 
Merck KgaA, Darmstadt, Germany) and serum IL-8 was 
measured by ELISA (RayBiotech, Norcross GA, USA) 
following the manufacturer’s instructions. The blood sam- 
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ples were assayed in duplicate and the results averaged. 

3. RESULTS AND DISCUSSIONS 

Leukocytosis is the main immune alteration observed in 
the blood system of smokers and a common feature is the 
increased number of neutrophils in blood, sputum and 
bronchial biopsies [14]. The number of peripheral blood 
neutrophils correlated with the smoking status. Thus, a 
high smoking rate was associated with appreciable in- 
creases counts; former smokers, with less than 5 years 
abstinence, still demonstrated elevated counts and those 
who had abstained for more than 5 years had counts com- 
parable to those in people who had never smoked [15]. In 
corroboration, we found in this study that neutrophil, 
monocyte and lymphocyte counts are higher in smokers 
than in non-smokers (Table 1). 

The cause of the neutrophilia has not yet been totally 
clarified, but nicotine has been implicated in the stimu- 
lation of neutrophils to produce interleukin-8 (IL-8), 
which is a potent neutrophil chemo-attractant and acti- 
vator. IL-8 causes mild to moderate neutrophilia and its 
blood level is positively correlated with the degree of ci- 
garette smoking [16]. The pathway for nicotine-stimu- 
lated production of IL-8 has been linked to nicotinic ace- 
tylcholine receptors (nAChRs) via the generation of per- 
oxynitrite and subsequent NF-kappaB activation [16]. In 
addition, it has recently been demonstrated that dendritic 
cells exposed to cigarette smoke extract release IL-8 [17]. 
Chronic cigarette smoking also stimulates the bone mar- 
row, increases the size of the mitotic and postmitotic 
pools of neutrophils and reduces the time that neutrophils 
spend in the postmitotic pool in the marrow [18]. Cor- 
roborating these findings, here we found that the serum 
level of IL-8 was about 4-fold higher in smokers than in 
non-smokers (Figure 1). 

MPO, which constitutes up to 5% of the dry weight of 
neutrophils [19], may play a pivotal role in atherogenesis 
[5-7]. Hypochlorous acid, the endogenous product of 
MPO-catalyzed oxidation of the chloride anion, has been 
implicated as one of the major reactive intermediates in-  
 
Table 1. Peripheral blood leucocytes. 

 Leucocytes (Cells/L) 

 Smokers (n = 34) Non-Smokers (n = 34)

Neutrophils 6002 ± 291# 3731 ± 144 

Monocytes 639 ± 44# 481 ± 29 

Lymphocytes 2281 ± 92# 2023 ± 86 

Eosinophils 206 ± 25 191 ± 24 

Basophils 58 ± 9 55 ± 8 

Data are mean and SEM. #Statistically significant (Student t-test, p < 0.05). 

volved in the oxidation of low-density lipoproteins (LDL), 
which is an early event in atherosclerosis [3,4]. The es- 
sential reverse cholesterol transport by high density lipo- 
protein (HDL) might also be compromised, since this 
lipoprotein is an in vivo target for MPO-catalyzed oxida- 
tion, impairing its cardioprotective and anti-inflamma- 
tory capacity [5,20,21]. MPO also impairs the ATP-bind- 
ing cassette transporter AI (ABCA1)-dependent choles- 
terol efflux by promoting methionine oxidation and site- 
specific tyrosine chlorination of apolipoprotein A-I [22]. 

Moreover, elevated MPO levels are associated with en- 
dothelial dysfunction [23] and acute myocardial infarc- 
tion is frequently associated with leukocytosis and raised 
peripheral neutrophil counts [24]. The influence of to- 
bacco smoke on human health is still an important prob- 
lem worldwide. Here, for the first time, it has been dem- 
onstrated that smokers exhibit an increased level of 
blood serum MPO (Figure 2). This result correlates per- 
fectly with the increased in neutrophil count and IL-8 
serum level that characterize smoking subjects. 

4. CONCLUSION 

Taking into account the widely-accept deleterious role of 
MPO in atherosclerosis [5-7] and the raised values of 
MPO serum level [8-11] and neutrophil counts [24-26] 
as predictive factors for cardiovascular events, we pro- 
pose that the high level of serum MPO could be directly  
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Figure 1. Serum level of IL-8. The results 
are mean and SEM (n = 34). #Statistically 
significant (Student t-test, p < 0.001). 
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Figure 2. Serum level of MPO. The results 
are mean and SEM (n = 34). #Statistically 
significant (Student t-test, p < 0.001). 
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Scheme 1. Proposal for the corre- 
lation among smoking, increased 
neutrophil counts, augmented MPO 
serum level and increased coronary 
diseases in smokers subjects. 

 
involved in the higher prevalence of coronary artery di- 
seases among smokers [27,28]. Scheme 1 presents our 
proposal for the correlation among smoking, increased 
neutrophil counts, augmented MPO serum level and in- 
creased coronary diseases in smokers. 
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