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Summary 
Background: The aim of the study was to investigate the
association of paraoxonase 1 (PON1) polymorphism, PON1/
arylesterase (ARE) activity and oxidative stress index (OSI) in
breast cancer (BC) patients with type 2 diabetes (DM).
Methods: Our study group consisted of 30 healthy women
(HV group) and 66 female BC patients. The BC patients
were divided into two groups: those with (n=37) and
without DM (n=29) (BDM and NBDM group). Genotyping
of PON1 Q192R and L55M polymorphisms were done by
polymerase chain reaction (PCR) – restriction fragment
length polymorphism (RFLP) method. Serum PON1/ARE
enzyme activities, total oxidant status (TOS) and total anti -
oxidant status (TAS) were analysed by spectrophotometric
method. The ratio of TOS to TAS was accepted as the
oxidative stress index (OSI). 
Results: PON1 Q192R genotype frequency distribution was
significantly different in the BDM group compared to the
NBDM group (p=0.021). When alleles distribution was
examined, R and L alleles were significantly lower, Q and M
alleles were significantly higher in the BDM group than in the
NBDM group (p<0.001). TOS and OSI were statistically
higher in BC patients than HV group (p<0.001). 
Conclusions: Our results suggest that PON1 gene Q and M
alleles may be the risk factors predisposing formation of BC

Kratak sadr`aj
Uvod: Cilj studije bio je istra`ivanje veze polimorfizma para -
oksonaze 1 (PON1), aktivnosti PON1/arilesteraze (ARE) i
indeksa oksidativnog stresa (OSI) kod pacijentkinja sa
rakom dojke (BC) i dijabetesom tip 2 (DM).
Metode: Na{a studijska grupa se sastojala od 30 zdravih
`ena (HV grupa) i 66 `ena sa rakom dojke (BC). Pacijent -
kinje iz BC grupe su podeljene u dve grupe: one sa (n =
37) i bez DM (n = 29) (BDM i NBDM grupa). Geno -
tipizacija PON1 K192R i L55M polimorfizama vr{ena je
polimeraznom lan~anom reakcijom (PCR) – metodom poli -
morfizma du`ine restrikcionih fragmenta (RFLP). Enzimske
aktivnosti serumske PON1/ARE, ukupni oksidativni status
(TOS) i ukupni antioksidativni status (TAS) analizirani su
spektro fotometrijskom metodom. Odnos TOS-a prema
TAS-u je prihva}en kao indeks oksidativnog stresa (OSI).
Rezultati: Frekvencija distribucije genotipova PON1 K192R
bila je zna~ajno druga~ija u BDM grupi u odnosu na
NBDM grupu (p = 0,021). Kada je ispitana alelna distri -
bucija, R i L aleli su bili zna~ajno ni`i, K i M aleli su bili
zna~ajno vi{i u BDM grupi nego u NBDM grupi (p <
0,001). TOS i OSI su bili statisti~ki vi{i kod pacijentkinja sa
rakom dojke odnosu na HV grupu (p < 0,001).
Zaklju~ak: Na{i rezultati ukazuju na to da PON1 gen Q i M
aleli mogu biti faktori rizika koji predisponiraju razvoj raka

List of abbreviations: BC, breast cancer; PON1, paraoxonase
1; ARE, arylesterase; TOS, total oxidant status; TAS, total
antioxidant status; OSI, oxidative stress index; HV, healthy
volunteers; BDM, breast cancer with type 2 diabetes mellitus;
NBDM, breast cancer without type 2 diabetes mellitus.
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Introduction

Breast cancer (BC) has become a worldwide
public health problem. In Turkey, BC is the most
common tumour between women in all age groups
as mentioned in Turkey unified database 2013. In
2010, the American Diabetes Association (ADA) and
the American Cancer Society (ACS) had a common
opinion that diabetic patients have an increased risk
of BC (1).

Progression of type 2 diabetes (DM) may have a
critical role in the initiation and progression of
carcino genesis (2). The mechanisms underlying the
relationship between DM and BC may be based on
oxidative stress. Oxidative stress may cause cell
transformation process raising the risk of cancer
development (3).

Paraoxonase 1 (PON1) and arylesterase (ARE)
are high-density lipoprotein (HDL)-bound enzyme
system of antioxidants which protect LDL and HDL
from oxidation. Lipid peroxides and hydrogen
peroxide are neutralised by PON1 (4). PON1 activity
is decreased in diabetic patients (4, 5). 

Polymorphism in PON1 gene leads to amino
acid differences in position 192 of PON1 enzyme (4).
Additionally, PON1 enzyme has got ARE enzyme
activity and that part of the enzyme is non -
polymorphic. It has been reported that ARE activity is
a marker of the actual protein concentration,
independent of changes in PON1 activity (6, 7).

Loss of the protective effect of PON1 may play
an important role in increasing susceptibility to
genomic damage and modulate progression of BC
causing releasing of some inflammation factors,
oxidants and exogenous carcinogens. In addition,
there are studies reporting that the activity of PON1
is decreased in DM patients (6, 8). 

Our aim was to investigate the relationship
between PON1 polymorphism, PON1/ARE activity and
oxidative stress in patients with DM and BC. Oxidative
stress index was used to determine whether PON1
polymorphism could be used as a preliminary diagnostic
marker for BC susceptibility of diabetic patients.

Materials and Methods 

A total of 66 patients with BC who underwent
surgery and 30 healthy volunteers (HV group) with no

family history of BC were enrolled to participate in this
study. The patients were divided into two groups:
Those with and without DM (BDM and NBDM
group). Participants were chosen from those who
were referred to General Surgery Departments of our
hospital between June 2014 to December 2015.
Patients with renal or liver failure were excluded from
the study. The patients with a family history of BC and
those who underwent chemotherapy or radiotherapy
were not included in this study. The study was
approved by the Local Ethics Committee (2014/166
KOU KAEK). Informed consents were obtained from
all participants in the study.

Fasting venous blood was drawn into blood
tubes with clot activator and serum was separated
from the cells by centrifugation at 1500 g for 10 min,
and the serum samples were stored at –80 °C until
PON1 and ARE activities, total oxidant status (TOS)
and total antioxidant status (TAS) analyses. Fasting
glucose (mmol/L), low-density lipoprotein-cholesterol
(LDL-C) (mmol/L), high-density lipoprotein-choleste -
rol (HDL-C) (mmol/L), triglyceride (TG) (mmol/L)
were analysed immediately spectrophotometrically by
Abbott Archıtect c8000 clinical chemistry analyser.   

PON1 and ARE activities, TOS and TAS were
measured using commercially available kits according
to manufacturer instructions (Relassay, Gaziantep,
Turkey). The ratio of TOS to TAS was accepted as the
oxidative stress index (OSI). For calculation, the
resulting unit of TAS was converted to mmol/L, and
the OSI value was calculated according to the
following formula: OSI (arbitrary unit) = TOS (mmol
H2O2 equivalent/L)/TAS (mmol Trolox equivalent/L)
(9–11).

Blood tubes with potassium ethylene diamine
tetraacetic acid (EDTA) is used for HbA1c and geno -
typing analysis. HbA1c was analysed immediately
with high-performance liquid chromatography
(HPLC) by Adams A1c HA-8160 (BIODPC).

Genomic DNA extraction was done from blood
lymphocytes with a conventional salting-out method
(12). Genotypes were analysed by using the PCR-RFLP
method and the primer set used for PON1 55
rs854560 amplification was F: 5’-GAAGAGTGATGTATA
GCCCCAG-3’ as forward and R: 5’-TTTAATCCAGA
GCTAATGAAAGCC-3’ as reverse based on Irene et al.
with some modifications (Table I) (13). 

due to increased oxidant damage seen in DM. However,
these statements require further confirmation with
screening PON1 polymorphism in a greater number of
patients with DM, and also wide range follow-up studies
are necessary for the same purpose.

Keywords: diabetes mellitus type 2, paraoxonase 1, single
nucleotide polymorphism, oxidative stress, breast cancer

dojke zbog pove}anog oksidativnog o{te}enja kod DM.
Ipak, ovakva tvrdnja zahteva dalju potvrdu skriningom
PON1 polimorfizma kod ve}eg broja pacijentkinja sa DM,
a u istu svrhu su potrebne i dodatne studije {irokog spektra.

Klju~ne re~i: dijabetes melitus tip 2, paraoksonaza 1,
jednonukleotidni polimorfizam, oksidativni stres, rak dojke
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Genotypes were analysed using the PCR-RFLP
method and the primer set used for PON1 192 rs662
amplification was F:5’ TATTGTTGCTGTGGGACC
TGAG-3’ as forward and R: 5’-CACGCTAAACCCAA
ATACATCTC-3’ as reverse based on Irene et al. (13)
with some modifications (Table I). 

Statistical evaluation was performed with IBM
SPSS 20.0 (SPSS Inc. Chicago, IL, USA). The normal
distribution fitness test was assessed using the
Kolmogorov-Smirnov Test. The differences between
the groups were determined by parametric one-way
analysis of variance (ANOVA) test Tukey’s Multiple
Comparison Test for numerical variables with normal
distribution and by nonparametric Kruskal-Wallis test
and Dunn’s Multiple Comparison  post-hoc test for
variables without normal distribution. Chi-squared
test was carried out to compare the entire sample.
The mean ± standard deviation was used for
variables with normal distribution. The median (25th–
75th percentile) was used for variables without normal
distribution. The values of the data, with a
significance level of p<0.05. 

Results

Demographical and laboratory parameters of
BC patients and HV group are presented in Table II.
TOS and OSI values were found to be higher and
statistically significant in BC patients than HV group
(p<0.001). When PON1 and ARE activities were
compared, there was no statistically significant
difference between BC patients and HV group
(p>0.05), but PON1 activity was found to be lower in
BC patients than HV group.

Demographical and laboratory parameters of
BDM and NBDM are presented in Table III. Although
no statistical significance was observed (p>0.05), it
was seen that serum PON1 activity was lower in BDM
than NBDM group. Genotyping and allelic distri -
bution of PON1 L55M polymorphism between BDM
and NBDM groups are given in Table IV. According to
the results of our study, there was no statistically
significant difference in terms of PON1 L55M poly -

morphism between BDM and NBDM groups. How -
ever, allelic frequencies were found to be significantly
higher in the M allele of BDM group than NBDM
group, and also significant decrease was found in the
L allele frequencies (p<0.001). Geno type and allelic
distribution of PON1 Q192R polymorphism between
BDM and NBDM is given in Table V. The difference
of PON1 Q192R poly morphism genotypes was found
to be statistically significant between BDM and
NBDM (p=0.021). In BDM group, QQ genotype rate
was significantly higher (48.6%) than NBDM (27.6%).
QR was found to be lower in BDM (48.6%) than
NBDM (55.2%). The rate of RR was found to be
lower in BDM (2.7%) than NBDM (17.2%). While Q
allele frequency was statistically higher in BDM group
than NBDM group, but R allele frequency was
statistically lower (p<0.001). 

Comparison of PON1, ARE activities is given in
Figure 1 and comparison of TAS, TOS, OSI measure -
ments is given in Figure 2 for all participants. PON1
activities of each genotype in BC patients are shown
in Figure 1. When compared according to the PON1
Q192R polymorphism, there was no statistically
significant difference between the PON1 enzyme
activities of BC patients (p>0.05), but the lowest
PON1 enzyme activity was observed in patients with
the QQ genotype (mean ± standard deviation;
QQ:120.0 ± 80.2; QR: 157.0 ± 84.2; RR: 191.4 ±
57.5). In the PON1 L55M polymorphism, there was
no statistically significant difference between the
PON1 enzyme activities of BC patients (p>0.05),
while the lowest PON1 enzyme activity was observed
in patients with MM genotype (median (25th–75th

percentile); LL:113.5(83.47–166.50); LM:152.10
(76.84–216.70); MM:84.11). In total, the lowest
PON1 enzyme activity was found in individuals with
MM genotype and only 4 of 66 BC patients had MM
genotype. ARE activities of each genotype in BC
patients are shown in Figure 2. When compared
according to the PON1 Q192R and PON1 L55M
polymorphisms, there was no statistically significant
difference between the ARE enzyme activities of BC
patients (p>0.05).

Table I The primary sequences for amplifying each SNP for PON1 polymorphisms.

Note: PON1: paraoxonase 1, SNP: single nucleotide polymorphism

SNP Reference 
SNP ID

Forward primer
Reverse primer

Annealing 
Tm (°C)

Restriction
enzyme

Digest 
Tm (°C)

L55M rs854560 PON1 
55

5’GAAGAGTGATGTATAGCCCCAG3’

5’TTTAATCCAGAGCTAATGAAAGCC3’
59 Hsp92II 37

Q192R rs662 PON1 
192

5’TATTGTTGCTGTGGGACCTGAG3’
5’CACGCTAAACCCAAATACATCTC3’ 58 BspPI 55
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Table II Demographical and laboratory parameters of BC patients and HV group.

Note: the differences between the groups were determined by parametric one-way analysis of variance (ANOVA) test Tukey’s
Multiple Comparison test for numerical variables with normal distribution (Mean ± Standard Deviation) and by nonparametric
Kruskal-Wallis test and Dunn’s Multiple Comparison post-hoc test for variables without normal distribution (median (25th–75th

percentile)). 
BC: breast cancer; HV: healthy volunteers, *: statistical significance of p<0.001 

Table III Demographical and laboratory parameters of BDM and NBDM Groups.

Feature BC Patients (n = 66) HV group (n = 30) p 

Age (years) 50.48 ± 9.91 47.67 ± 12.38 0.236

PON1 activity (U/L) 142.90 ± 86.98 161.00 ± 99.19 0.464

ARE activity (U/L) 227.80 ± 55.16 232.10 ± 43.97 0.709

TOS (mmol H2O2 equivalent/L) 58.28 (39.06–63.22) 5.53 ± 1.74 <0.001*

TAS (Trolox equivalent/L) 0.95 ± 0.30 1.05 ± 0.17 0.117

OSI (Arbitrary Unit) 62.01 ± 33.25 5.97 ± 5.33 <0.001

Feature NBDM (n = 29) BDM (n = 37) p

Age (years) 47.93 ± 11.29 52.49 ± 8.28 0.063

PON1 activity (U/L) 162.50 ± 93.99 132.90 ± 86.31 0.189

ARE activity (U/L) 235.80 ± 48.77 221.60 ± 59.60 0.303

TOS (mmol H2O2 equivalent/L) 50.60 ± 16.66 60.23 (52.12–63.01) 0.299

TAS (Trolox equivalent/L) 0.91 ± 0.27 1.00 ± 0.32 0.210

OSI (Arbitrary Unit) 60.87 ± 33.65 62.90 ± 33.38 0.807

HbA1c (%) 5.35 ± 0.33 6.10 (5.90–6.55) <0.001*

Fasting glucose (mmol/L) 5.94 ± 0.53 7.10 (6.83 ± 7.85) <0.001*

LDL-C (mmol/L) 3.28 ± 1.04 3.43 ± 0.85 0.513

HDL-C (mmol/L) 1.27 ± 0.31 1.14± 0.33 0.126

TG (mmol/L) 1.49 ± 0.66 1.85 ± 0.70 0.041**

Note: BDM: breast cancer patients with type 2 diabetes mellitus, NBDM: breast cancer patients without type 2 diabetes
mellitus, PON1: paraoxonase 1, ARE: arylesterase TOS: total oxidant status, TAS: total antioxidant status OSI: oxidative stress
index LDL-C: low density lipoprotein- cholesterol, HDL-C: high density lipoprotein-cholesterol, TG: triglycerides, the differences
between the groups were determined by parametric one-way analysis of variance (ANOVA) test Tukey’s Multiple Comparison
test for numerical variables with normal distribution (Mean ± Standard Deviation) and by nonparametric Kruskal-Wallis test
and Dunn’s Multiple Comparison post-hoc test for variables without normal distribution (median (25th–75th percentile)),
*: statistically significant of p<0.001, **: statistically significant of p<0.05.
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Table IV Genotyping and allelic distribution of PON1 L 55 M polymorphism between BDM and NBDM Groups.

Table V Genotyping and allelic distribution of PON1 Q192R
polymorphism between BDM and NBDM groups.

*Note: PON1: paraoxonase 1, BDM: breast cancer patients with type 2 diabetes mellitus, NBDM: breast cancer patients
without type 2 diabetes mellitus, chi-squared test was used, *: statistical significance of p<0.001.

PON 1 L55M
Polymorphisms Genotype

Frequency Allele
n=132

Frequency

n % n %

NBDM (n=29) LL 13 44.8 % L 41 70.6%

LM 15 51.7 % M 17 29.4%

MM 1 3.4 %

BDM (n=37) LL 12 32.4 % L 46 62.2%

LM 22 59.5 % M 28 37.8%

MM 3 8.1 %

p 0.243 <0.001

PON 1 Q192R
Polymorphisms Genotype

Frequency
Allele

n=132

Frequency

n % n %

NBDM (n=29) QQ 8 27.6% Q 32 55.2%

QR 16 55.2% R 26 44.8%

RR 5 17.2%

BDM (n=37) QQ 18 48.6% Q 54 72.9%

QR 18 48.6% R 20 27.1%

RR 1 2.7%

p 0.021** <0.001

*Note: PON1: paraoxonase 1, BDM: breast cancer patients
with type 2 diabetes mellitus,   NBDM: breast cancer patients
without type 2 diabetes mellitus, chi-squared test was used, *:
statistical significance of p<0.001, **: statistical significance
of p<0.05.

Figure 1 Comparison of paraoxonase 1 (PON1) activity in
breast cancer (BC) patients with different genotypes. 



J Med Biochem 2019; 38 (3) 373

Discussion

Epidemiologic evidence suggests that cancer
incidence is associated with DM (1). This association
was higher for female BC (14). Many epidemiological
studies have found a positive association between DM
and BC (15, 16).

In this study, we examined especially the
association between Q192R and L55M poly -
morphisms of PON1, enzyme activities (PON1 and
ARE) and oxidative stress in BDM. These patients
were investigated for any difference in their poly -
morphism, enzyme activity (PON1 and ARE) and
oxidative stress from NBDM. At the same time, we
wanted to discuss the polymorphism that could lead
to BC development in patients with DM (17, 18). 

According to the results of this study, TOS and
OSI values were found to be higher in all patients
comparing to the HV group, and it was statistically
significant (p<0.05). When BDM and NBDM groups
were compared, TOS and OSI were higher in BDM,
but it was not statistically significant. When PON1
polymorphism was evaluated, QQ genotype ratio, Q
and M allele frequencies were significantly higher in
BDM group.

On the other hand, when PON1 activity and
genotype association was evaluated in BC patients, it
was found that QQ and MM genotypes have the
lowest enzyme activity. Oxidative stress is a condition
caused by the inadequate neutralisation of reactive
oxygen species (ROS) with antioxidants. Non-
detoxified ROS react with lipids, proteins and DNA in
the cell damaging the cell structure by abnormal
products, causing cell death or DNA damage which,
if left unrepaired, may causes cells to become
cancerous (16). Both DM and BC are diseases
accompanied by increased oxidative stress (3). 

Our results showed that OSI was significantly
higher in both BDM and NBDM than HV group.
There was no statistically significant difference in
oxidative stress between patients within groups, and
all these findings are consistent with the literature.
However, OSI is a little higher in BDM than NBDM.
OSI shows a balance between all oxidants and anti -
oxidants existing in the body. Increased OSI means
that balance shifts in favour of oxidants. 

Advanced glycation end products (AGEs) occur
by hyperglycemia in DM. AGEs are responsible for the
formation of ROS in this disease. Increased oxidative
stress is one of the causative factors in carcino -
genesis. Therefore, DM may cause the initiation and
progression of carcinogenesis (3).

In BC patients, we also observed a significant
increase in oxidative stress compared to HV group in
this study. In BDM group the increase in oxidative
stress might have originated from DM and might have
triggered BC.

While PON1 and ARE activity was lower in BC
patients than HV group in BDM group, it was also
lower than NBDM group, but it is not statistically
significant. This decline supports oxidative stress
elevation. Our results are in consistency with the
results of Gupta and his colleagues (19) who reported
that the antioxidant activities of PON1 and ARE are
low in patients with DM and they suggested that these
situations could lead to increased lipid peroxidation.
PON1 is a multifunctional enzyme with paraoxonase
and arylesterase activities. The activity of PON1 is in -
fluenced by various Single nucleotide poly morphisms
(20). But ARE activity is not in fluenced by PON1
polymorphisms (19).

In our study, it was determined that QQ geno -
type ratio and Q allele frequency of BDM group were
significantly higher than NBDM group. Although it is
not statistically significant, it is remarkable to note
that actually there is an association between
genotypes and PON1 activities in BC patients. PON1
activity of BC patients with QQ genotypes was lower,
but it was not statistically significant compared with
QR and RR genotypes. Because we observed that
PON1 activity is lower in DM patients carrying QQ

Figure 2 Comparison of arylesterase (ARE) activity in breast
cancer (BC) patients with different genotypes. 
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genotype we suppose that this explains the reason for
lower PON1 activity. 

Memişoğulları and his colleagues (7) found that
people with homozygous QQ genotype had a higher
risk of BC than QR and RR genotypes. In addition,
when the Q allele is found to be homozygous, it has
been shown that it causes an increased BC risk (7).

A meta-analysis study also showed that PON1 M
and Q alleles are associated with a higher risk of BC.
Individuals having MM and QQ genotypes have a
lower level and lower detoxification activity of the
PON1 enzyme (21). Another meta-analysis study
determined that the frequencies of M allele of PON1
gene were associated with the incidence risk of BC
(22).

In our study, we also evaluated PON1 L55M
polymorphism, and there was not a statistically
significant difference in polymorphism between BDM
and NBDM groups. However, LM (59.5%) and MM
(8.1%) genotype rates were higher in BDM group.
There was no statistically significant difference in
PON1 enzyme activities among BDM and NBDM
groups, but PON1 enzyme activity was found to be
low in MM genotype patients. In addition, only 4 of
66 patients were found to have MM genotype.
Significantly different allele frequencies were found in
BDM group. The presence of MM and QQ genotypes
was accompanied by lower PON1 activity than of LL
and RR genotypes. M and Q alleles had lower activity
of the PON1 enzyme. PON1 activity of LM genotypes
was higher than MM genotypes while it was lower
than LL genotypes. On the other hand, it is suggested
that the R allele may lead to the production of PON1
enzyme with higher detoxification activity against

potentially carcinogenic products of oxidative stress
and lipid peroxidation. This situation may increase the
vulnerability of the breast to genetic damage by
reducing the ability to neutralise inflammatory
oxidants as well as dietary carcinogens.

Because we found that Q and M allele
frequencies are significantly higher in BDM group, we
think that it may be useful to do PON1 L55M and
Q192R polymorphism screening in diabetic patients.
In clinical practice, it should be kept in mind that
diabetic patients who are carrying Q and M alleles
may have greater risk to develop BC. But this
statement needs to be confirmed by larger study
groups in order to prove that PON1 polymorphism
will be used as a marker in the future.
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