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ABSTRACT

Objective: Etiopathogenesis of schizophrenia (SCZ) involves several risk genes that induce inflammation, environmental stress factors and 
changes in the innate immune system. Patients with SCZ have the highest rate of cigarette smoking and severe nicotine dependence. 
Myeloperoxidase (MPO), a member of subfamily of peroxidases, is most abundantly expressed in immune cells. The aim of this study was to 
investigate the relationship between the MPO rs2333227 variant and SCZ/smoking etiopathogenesis.
Method: The study included 54 patients with SCZ, 94 smokers and 92 healthy controls. MPO rs2333227 variant was genotyped by polymerase 
chain reaction- restriction fragment length polymorphism (PCR-RFLP) method. Odds ratio (OR) and 95% confidence interval (95%CI) were 
calculated using the χ2 test.
Results: G/G and G/A genotypes of MPO rs2333227 were detected in our study samples. The frequencies of the G/G and G/A genotypes were 
53.7%, 46.3%; 56.3%; 43.7%; 68.9%, 31.1% in SCZ patients, smokers, and the control group, respectively. The allele frequencies were G: 76.9% 
(SCZ patients), 77.4% (smokers) 83.7% (controls); A: 23.1% (SCZ patients), 22.6% (smokers), and 16.3% (controls). There was no significant 
difference between the SCZ patients, smokers and controls regarding MPO rs2333227 variant either in terms of allele frequency or genotype 
frequency. Then we genotyped the groups as women and men. MPO rs2333227 variant genotype distribution did not differ between men and 
women (p>0.05).
Conclusion: This study does not support the role of MPO rs2333227 variant in increasing genetic risk for SCZ/smoking in Turkish population.
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ÖZ

Amaç: Şizofreni (SCZ) etyopatogenezi, enflamasyon, çevresel stres faktörleri ve doğal bağışıklık sistemindeki değişiklikleri indükleyen çeşitli 
risk genlerini içerir. SCZ’li hastalar yüksek sigara içme oranına ve şiddetli nikotin bağımlılığına sahiptir. Peroksidaz alt familyasının bir üyesi 
olan miyeloperoksidaz (MPO), en çok bağışıklık hücrelerinde eksprese edilir. Bu çalışmanın amacı MPO rs2333227 varyantı ile SCZ/sigara içimi 
etyopatogenezi arasındaki ilişkiyi araştırmaktır.
Yöntem: Çalışmaya 54 SCZ hastası, 94 sigara içen ve 92 sağlıklı kontrol dahil edildi. MPO rs2333227 varyantı polimeraz zincir reaksiyonu- 
sınırlayıcı enzim parça uzunluk polimorfizmi (PZR-RFLP) yöntemi ile genotiplendi. OR ve %95Cl güven aralığı X2 testi kullanılarak hesaplandı.
Bulgular: Çalışmada hemşirelerin %84.25’i “ERAS protokolünü bilmediklerini, %88,97’si çalıştıkları klinikte ERAS protokolü uygulamalarına yer 
verilmediğini, %99,21’i ise “ERAS protokolüne yönelik herhangi bir yayını takip etmediğini, %99,21’i ERAS protokolünü içeren herhangi bir 
eğitim almadığını belirtti. 
Sonuç: Çalışma örneklerimizde MPO rs22333227 G/G ve G/A genotipleri saptandı. G/G ve G/A genotiplerinin sıklığı SCZ hastalarında, sigara 
içenlerde ve kontrol grubunda sırasıyla, %53,7, %46,3; %56,3, %43,7; %68,9, %31,1 idi. Alel sıklıkları G: %76,9 (SCZ hastaları), %77,4 (sigara 
içenler), %83,7 (kontroller); A %23,1 (SCZ hastaları), %22,6 (sigara içenler), %16,3 (kontroller) idi. SCZ hastaları, sigara içenler ve kontroller 
arasında MPO rs2333227 varyantı alele frekansı ve genotip sıklığı açısından anlamlı bir fark yoktu. Sonra grupları kadın ve erkek olarak geno-
tipledik. MPO rs22333227 varyant genotip dağılımı kadınlar ve erkekler arasında farklı değildi (p>0.05).
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IntroductIon

Schizophrenia (SCZ) is a common mental disease of 
unknown etiology that generally has onset in young 
adulthood and manifests several combinations of 
positive, and negative psychoticsymptoms, and cog-
nitive impairment in attention and information pro-
cessing (1). The cause and pathogenesis of SCZ remain 
unclear. Many studies have reported that SCZ is cau-
sed by several risk factors that can be roughly classi-
fied into genetic factors and environmental factors. 
Hence, SCZ occurs as a result of an interaction bet-
ween genes and the environment (2). Relationships 
between the immune genes, such as those affecting 
the inflammatory response regulation and SCZ risk, 
have been revealed thanks to the advancements in 
molecular genetics (3). Evidence supports that there 
are abnormalities of inflammatory markers in the 
blood, cerebrospinal fluid (CSF), and central nervous 
system (CNS), such as cytokines, leukocytes, acute-
phase reactants among the cases with SCZ (3). It is 
well known that smoking leads to various physical 
health problems. It is the major cause of preventable 
death, since it enhances the risk of lung cancer and 
other malignancies (4). Recently, there has been an 
increasing interest in tobacco smoking as a risk fac-
tor for SCZ spectrum disorders (5). Some studies have 
reported that patients who had mental diseases 
were more than three times as likely to smoke com-
pared to those without psychiatric disorders (6). The 
studies have shown chronic inflammatory changes in 
smokers as compared to nonsmokers such as higher 
levels of leukotriene B4 and interleukin (IL)-6 and 
IL-8 (7).

Myeloperoxidase (MPO) belongs to a subfamily of 
peroxidases. It is most commonly expressed in immu-
ne cells, including neutrophilic polymorphonuclear 
leukocytes (neutrophils) and lymphocytes monocy-
tes, and macrophages and is also synthesized in 
other body cells (8). 

MPO has potent pro-inflammatory characteristics 
that facilitate the injury of tissue via inflammatory 
site oxidative damage. The MPO gene found in 
17q23.1 encodes human MPO protein. The expressi-
on level or structure of the relevant protein may be 
changed with polymorphisms in the MPO gene (9). At 
the promoter region of the MPO gene, polymorp-

hism of rs2333227 (-463A/G) is found, binding with the 
site of SP1. The gene can be transcribed due to changes 
in the locus, hence affecting the MPO level (10). 

Therefore, this study aimed to investigate the gene-
tic association between MPO rs2333227 variant and 
risk of SCZ and smoking in a Turkish cohort.

MATERIALS and METHODS

Study population
A total of 54 patients with SCZ+smoker, 94 smokers, 
and 92 gender and age-matched healthy individuals 
as controls were included in the study. The subjects 
referring to Istanbul, Turkey, Yedikule Hospital for 
Chest Diseases and Thoracic Surgery Training and 
Research Hospital and Bakirkoy Research and Training 
Psychiatry Hospital, Istanbul Turkey were included in 
the study. SCZ was clinically diagnosed by psychiat-
rists strictly based on DSM-IV criteria (Diagnostic and 
Statistical Manual of Mental Disorders, the fourth 
edition) (11). The scores obtained from the Fagerström 
Test for Nicotine Dependence (FTND) and Heaviness 
of Smoking Index (HSI) were determined to evaluate 
the severity of smoking (12). There was random recru-
itment of the healthy controls from the same hospi-
tal. The healthy subjects who had a psychiatric prob-
lem in their life, any serious endocrine or neurologi-
cal disorder, those who received any treatment or 
underwent medical condition affecting the brain, 
and mental retardation determined based on the 
patient version of the Structured Clinical Interview 
for DSM-IV-TR Axis I Disorders were excluded from 
the study. Also, the control group of patients did not 
smoke. All participants belonged to the Turkish 
population in Turkey. The patients submitted the 
informed, written consent. There was anonymous 
information about the patient before submission. 
Local Ethics Committee approved the work. All the 
procedures which were performed for the study fol-
lowed the Declaration of Helsinki.

Genotyping
Samples of peripheral blood were taken from all 
participants.Tthe genomic DNA was extracted from 
peripheral venous blood sample treated by EDTA 
(ethylenediamine tetraacetate) with the salting-out 
method (13), and it was stored at -20 °C until the time 
of analysis. MPO rs2333227 variant was genotyped 



199

S. Pehlivan et al, MPO Gene in Schizophrenia and Smoking

using the polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) method 
described in a previous study (14). G/G and G/A 
genotypes of MPO rs2333227 were detected in our 
study samples.

Statistical analysis
Software SPSS version 20.0 (SPSS Inc., Chicago, IL, 
USA) for Windows was used to analyze all data. The 
statistically significant differences between the cont-
rols and cases were estimated by logistic regression 
analysis. Odds ratio (OR) and 95% confidence inter-
val (CI) were also calculated. Chi-square test was 
used to compare the differences in MPO rs2333227 
variant genotype and allele frequencies between 
cases and controls, and if necessary, the Fisher’s 
exact test was used. Two-tailed analyses were done, 
and p<0.05 showed statistically significant differen-
ces.

RESULTS

For MPO rs2333227 variant, 54 SCZ+smoker patients 
(41 females, 13 males), 94 smokers (43 females, 51 
males), and 92 controls (55 females, 37 males) were 
evaluated. The groups had the allele and genotype 
distributions of MPO rs2333227, as shown in Table 1. 
G/G and G/A genotypes of MPO rs2333227 were 
detected in our study samples. The frequencies of 
the G/G and G/A genotypes were 53.7%, 46.3%; 
56.3%; 43.7%; 68.9%, 31.1% in SCZ patients, smo-
kers, and the control group, respectively. The allele 
frequencies were G: 76.9%, 77.4% 83.7%; A: 23.1%, 
22.6%, and 16.3%. There was no significant differen-
ce between the SCZ patients, smokers, and controls 
regarding the MPO rs2333227 variant either in terms 
of allele or genotype frequencies.

Then we genotyped the groups into women and 
men. The distribution of MPO rs2333227 variant 
genotype did not differ between male and male pati-
ents (p>0.05) (Data not shown).

DISCUSSION

Cells and mediators which have evolved mainly to 
defend humans against malignancy and infection 
have been complexly organized in the immune 
system. Complex interactions between the immune 
system and brain influencing neural function, survival, 
and development may be etiologically and therapeu-
tically associated for numerous CNS diseases such as 
psychiatric diseases (15). SCZ is seen in about 1% of the 
population during their lives and mainly starts when 
the brain develops following puberty (16). 

There was a suggestion of a possible relationship 
between the immune system and SCZ about one 
century ago, which was confirmed by epidemiologi-
cal studies finding relations with systemic inflamma-
tion and infection. There is a relationship between 
autoimmune conditions during childhood and subc-
linical psychotic episodes in adolescents and SCZ in 
adults (17). Also, there is a linear increase in the risk of 
SCZ by increasing the number of severe infections 
among the individuals who previously had a history 
of autoimmune disease (17). An immune-mediated 
etiology SCZ was supported by the studies on geno-
me association, suggesting significant links between 
markers near the region of major histocompatibility 
complex (MHC) and the SCZ on chromosome 6 (18). 
Besides, this disease is significantly associated with 
enhancers having a potent role in the immune func-
tions, even after excluding the MHC region genes (19). 
Moreover, at least two ILs seem to be involved in the 

Table 1. Genotype distribution and allele frequencies of MPO rs2333227 variant in groups.

MPO rs2333227

Genotypes

G/G
G/A

Alleles
G
A

SCZ group

n=54 (%)

29 (53.7)
25 (46.3)

83 (76.9)
25 (23.1)

Smoker group

n=94 (%)

53 (56.3)
41 (43.7)

147 (77.4)
41 (22.6)

Control group

n=92 (%)

62 (68.9)
30 (31.1)

154 (83.7)
30 (16.3)

OR*

0.561 a

0.625 b

0.897 c

0.647 a

0.698 b

0.926 c

%95 CI*

0.282-1.119 a

0.344-1.136 b

0.458-1.758 c

0.357-1.172 a

0.414-1.178 b

0.526-1.630 c

P

0.113 a

0.133 b

0.864 c

0.164 a

0.189 b

0.885 c

*Fisher’s Exact Test, a: Sch group versus control group, b: Smoker group versus control group, c: Sch group versus smoker group.
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impacts on systems of neurotransmitter in SCZ: 
IL-1β, which promotes mesencephalic progenitor 
cells of rat converted into a dopaminergic phenoty-
pe, and IL-6, which shortens survival of serotonergic 
neurons in the fetus (20). This association in humans 
can be supported by a cohort study of bacterial 
infections and studies on some infections. A higher 
risk for SCZ may be due to higher levels of C-reactive 
protein and cytokines during childhood (20).

The inflammatory markers in a vascular wall may be 
activated by the endothelial dysfunction induced by 
smoking (21). Some studies have demonstrated that 
C-reactive protein with high sensitivity, plasma visco-
sity, several inflammatory markers, their serum con-
centrations, and fibrinogen are affected by smoking, 
and elevated slightly in ex-smokers. There is a positi-
ve correlation between duration of smoking and 
inflammation markers. On the contrary, there is also 
an inverse relationship between inflammation mar-
kers and the time elapsed after quitting smoking (22).

The lysosomal enzyme and peroxidase activity were 
analyzed in the MPO (23), which plays a role in the 
regulation of inflammatory responses, lysosomal 
pathway, tissue damage, lipid metabolism, and oxi-
dative damage (24). Not only is MPO activity engaged 
in the host defense physiology against microorga-
nisms, but also it is involved in the pathophysiology 
of atherosclerosis, respiratory tract and CNS disea-
ses, and cardiac dysfunction (25). High levels of MPO 
have been detected in brain tissue, in some neuro-
degenerative disorders. There have been signifi-
cantly higher MPO protein levels in Huntington’s 
disease and Parkinson’s disease in the samples of 
caudate and nucleus midbrain, respectively while 
there were no differences MPO protein contents in 
motor cortex samples in amyotrophic lateral sclero-
sis as compared to controls (26). 

In a twin study, twins with a history of major depres-
sive disorder had 32% higher blood levels of MPO (27). 
Another study revealed that those suffering from 
comorbidity of hyperactivity disorder /attention 
deficit and bipolar disorder had significantly higher 
mean MPO levels than a bipolar disorder (28). But 
Kartalci et al. found no significant association betwe-
en the SCZ patient and control groups as for MPO 
levels (29). It has been also revealed that the levels of 

MPO are elevated significantly in smokers compared 
with nonsmokers (30,31).

The MPO gene encodes for a single translational 
product that, after glycosylation and proteolytic pro-
cessing, is released as mature MPO in the azurophilic 
granules (32). It was reported that MPO transcriptio-
nal activity could be positively enhanced by binding 
reversibly to the SP1 transcription factor due to a 
noticeable functional polymorphism in which there 
was an exchange of G to A base at -463 (rs2333227) 
in the promoter region (33). There is an SP1 binding 
the MPO -463G variant, activating 25-fold transcrip-
tion in transient transfection assays, whereas the 
MPO -463A allele leads to notably less transcriptio-
nal activity (33). The variant of MPO rs2333227 variant 
has been described as a protective genetic factor 
against development of several malignancies. It 
seems that the genotypes of A/A and MPO -463G/A 
have a diminished risk of colorectal adenomas, acute 
leukemia, gastric, lung, and ovarian carcinoma (32). Ji 
et al. found MPO rs2333227 variant was positively 
associated with the risk of Alzheimer’s disease 
among the population in China (24). Galecki et al. dec-
lared a statistically significant difference in genotype 
distribution and allele frequency of MPO rs2333227 
variants between depressive patients and healthy 
controls (34). 

This study was conducted to elucidate the genetic 
role of the MPO rs2333227 variant in SCZ and smo-
king status. No association was observed in the 
analysis of SCZ/smoking and this variant in our popu-
lation. There are some limitations in this study. There 
is no large sample size in the study, and only one 
Turkish cohort was included in the study group. 
Furthermore, the study did not consider the relati-
onship between MPO polymorphisms and other 
factors, such as environmental factors.

CONCLUSIONS

In summary, as far as we know, the present study is 
the first one that examines the association between 
the MPO rs2333227 variant with SCZ and smoking 
among the population in Turkey. No evidence of an 
association between MPO rs2333227 variant with 
SCZ and smoking was observed in this sample of the 
Turkish population. Due to these limitations, the role 
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of MPO promoter variant in SCZ/smoking status in 
the future should be clarified by conducing further 
larger-scale studies which are well designed on mul-
tiple populations.
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