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Objectives: The objectives of this article are
to investigate the serum lipid hydroperoxide
(LOOH) levels and paraoxonase-1 (PON1)
and arylesterase (ARE) activity in patients
with lung, breast, and colorectal cancer. De-
sign and methods: Serum PON1 and ARE
activities and LOOH levels were measured
in 110 patients with cancer and same num-
ber of age- and sex-matched controls. Re-
sults: Serum LOOH levels were found to be
increased while serum PON1 and ARE ac-
tivities were found to be decreased in pa-
tients compared to controls. PON1 activity

was found to be lower in patients with breast
cancer than in patients with lung and col-
orectal cancer. There were positive corre-
lations between the serum PON1 and ARE
activities in patients with colorectal cancer.
Conclusion: We concluded that decreased
PON1 and ARE activities and increased
LOOH levels might have a connection to
carcinogenesis. PON1 activity is decreased
in all patients but it does not seem to be re-
lated to metastase status except for colorec-
tal cancer. J. Clin. Lab. Anal. 26:155—-160,
2012. © 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Lipid peroxidation is a well-known example of oxidative
damage in cell membranes, lipoproteins, and other lipid-
containing structures. Peroxidative modification of un-
saturated phospholipids, glycolipids, and cholesterol can
occur in reactions triggered by (i) free radical species such
as oxyl radicals, peroxyl radicals, and hydroxyl radicals
derived from iron-mediated reduction of hydrogen perox-
ide or (ii) nonradical species such as singlet oxygen, ozone,
and peroxynitrite generated by the reaction of superoxide
with nitric oxide (1). Overproduction of lipid peroxida-
tion byproducts and disturbances in antioxidant defense
system have been implicated in the pathogenesis of cancer.

High-density lipoproteins (HDLs) are major carriers of
plasma lipid hydroperoxides (LOOHs) in animal models
of atherosclerosis and in humans. HDLs are also carriers
of enzymes that destroy the lipid hydroperoxides that oxi-
dize low-density lipoprotein (LDL) phospholipids. These
enzymes include paraoxonase-1 (PON1) and PON3, and
possibly glutathione phospholipid peroxidase (2). The
enzyme may remove lipid peroxidation products. Such
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oxidatively damaged macromolecules have been impli-
cated in aging and in diseases ranging from ischemia-
reperfusion injury to arthritis to cancer (3). Oxidative
stress is a known mediator of cancer.

Human PON1 isa 355 amino acid (43-45 kDa) calcium-
dependent enzyme with at least two N-linked carbohy-
drate chains. Glycosylation heterogeneity may explain
the existence of isoforms. In blood, PONI1 is bound to
a category of HDL. Historically termed paraoxonase,
this enzyme has no known physiological substrate and
no clear biological function (4). Besides its capability
to hydrolyze organophosphorus (OP) [(e.g. chlorpyrifos
oxon, diazoxon) as well as nerve agents such as soman,
sarin, or VX], PON1 was shown to hydrolyze aromatic
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carboxyl esters such as phenyl acetate, and thus to be
involved in the metabolism of drugs and xenobiotics.
However, PON1 does not hydrolyze directly the parent
compounds of such insecticides (i.e., parathion, chlor-
pyrifos, diazinon), or several other OPs (e.g., malaoxon,
dichlorvos) (5). PON1 hydrolyzes also various lactones,
including naturally occurring lactone metabolites. The
catalytic activity of PON1 spans five orders of magni-
tude between phenylacetate (the best substrate known)
and L-homocysteine thiolactone (a metabolite known as
a risk factor for atherosclerotic vascular disease) (4).

PON1 was named after its ability to hydrolyze the
organophosphate substrate paraoxon (PON activity, EC
3.1.8.1), which is the toxic metabolite of the insecticide
parathion. Because PONI1 could also hydrolyze aromatic
esters, such as phenylacetate [arylesterase activity (ARE),
EC 3.1.1.2], the term “A-esterase” was introduced for the
enzyme hydrolysing both compounds (6, 7).

Concentration and activity of PON1 are highly variable
in human populations. The quantity and quality of the
enzyme in serum is likely to be important in an individual’s
response to OP poisoning or risk of developing vascular
disease. As such, it is vital to understand the factors that
influence serum levels of PON1 in vivo, particularly if it
is considered a target for therapeutic intervention (8).

LOOHs are a large family of the first by-products of
oxidized lipids, and their quantification could become a
useful biomarker (9). Lipid hydroperoxides are formed
nonenzymatically by the action of reactive oxygen species
(ROS) on polyunsaturated fatty acids (PUFAs) (10) or
enzymatically from lipoxygenases (LOXs) (11) and cy-
clooxygenases (COXs) (12).

Previous studies have shown reduced rates of lipid per-
oxidation in the tumor tissue of various types of can-
cer (13-16). The aim of this study was to investigate the
serum PON1 and ARE activities and LOOH levels in pa-
tients with patients lung, breast, and colorectal cancer,
compared to that of healthy controls, and to investigate
possible alterations in relation to the type of cancer.

MATERIALS AND METHODS
The Study Population

This study was conducted at the Department of In-
ternal Medicine, Cerrahpasa Medical Faculty, University
of Istanbul, Turkey. A total of 110 patients were admit-
ted during the period. Twenty-five age- and sex-matched
healthy women were enrolled into this study. Cases ei-
ther study group or control, who had pathologies that
could cause secondary lipid disorders, cardiovascular dis-
eases, diabetes mellitus, renal failure, chronic infection
and inflammation, alcohol abuse, and those who used
antilipidemic and antioxidant drugs, were excluded from
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the study. PON1 activity is influenced by diet as well as
endocrine and other environmental factors (17). There-
fore, we have had a questionnaire that included questions
on demographics, diet, and other lifestyle factors per-
formed. After doing this questionnaire, we have used the
patients who have similar diet and lifestyle. All patients
with previously performed chemotherapy, radiotherapy,
and surgery were also excluded from the study.

The remaining 45 patients with previously untreated,
histopathologically verified newly diagnosed as of lung
cancer (LC). Subjects’ history and physical examinations
were documented. The diagnosis of LC was based on
histopathologic findings. Seven of 45 patients were small
cell LC, 38 patients were nonsmall cell LC (NSCLC).

This study included 25 consecutive patients with pri-
mary breast cancer who attended the Faculty of them
had distant metastases at the time of diagnosis. We evalu-
ated clinicopathological features (histology, menopausal
status, estrogen receptor (ER), and progesterone recep-
tor (PR) status, number of axillary lymph nodes involved,
grade, tumor size, and stage according to the American
Joint Committee on Cancer staging system).

Forty patients with newly diagnosed and histologically
confirmed primary colorectal cancer were included in this
prospective study. Tumor staging was performed accord-
ing to the Dukes’ and TNM Classification of Malignant
Tumors (TNM).

The protocol for sample collection was approved by the
Istanbul University Cerrahpasa Medicine Faculty Ethics
Committee. The study was performed in accordance with
the Helsinki Declaration and informed consent was ob-
tained from all patients and controls prior to their inclu-
sion in the study.

Serum Preparation

Blood was drawn after 12—-14 hr of fasting in the morn-
ing. Serum were obtained after at least 30 min of clotting
by centrifugation at 2,500 x g for 15 min. Serum were
removed and used directly for measurements of biochem-
ical parameters and tumor markers. Other serum were
stored at —70°C until assayed for determination of all
parameters. All icteric or haemolytic blood samples were
discarded. All parameters were analyzed in all samples
together in a single batch, after we had finished our pro-
tocol (control and patient samples were analysed in the
same batch).

Determination of PON1 Arylesterase Activity

Arylesterase activity was also measured spectrophoto-
metrically using phenylacetate (Sigma Co, London, UK)
as the substrate. The assay mixture contained 100 wl of
10 mmol/1 substrate solution, 5 pl serum, and 1 mmol/1



CaCl, (Sigma, USA) in 50 mmol/1 Tris buffer (Fluka
Chemie, Switzerland), pH = 8. Production of phenol was
determined spectrophotometrically after 2 min at 270 nm.
The assay mixture was prepared daily before use. PONI1
arylesterase activity was monitored in triplicate and the re-
sults are presented as wmol/min per ml (18). Mean intra-
assay and inter-assay coefficients of variation were up to
5% and 8%, respectively.

Determination of PON1 Paraoxonase Activity

PONI1 activity was assayed using synthetic paraoxon
(diethyl-p-nitrophenyl phosphate) as substrate. PONI ac-
tivity was determined by measuring the initial rate of sub-
strate hydrolysis to p-nitrophenol, whose absorbance was
monitored at 412 nm in the assay mixture containing 2.0
mM paraoxon, 2.0 mM CaCl,, and 20 pl of plasma in
100 mM Tris-HCI buffer (pH = 8.0). The blank sample
containing incubation mixture without plasma was run si-
multaneously to correct for spontaneous substrate break-
down. The enzyme activity was calculated from E412 of
p-nitrophenol (18.290 per M/cm) and was expressed as
U/ml; 1 U of enzyme hydrolyzes 1 nmol of paraoxon/min
(19). Mean intra-assay and inter-assay coefficients of vari-
ation for this analysis were 9.7% and 10.9%, respectively.

Determination of Serum LOOH Levels

Serum LOOH levels were determined spectrophotomet-
rically according to the method of ferrous oxidation with
xylenol orange version 2 (FOX 2) (20). Hydroperoxides
oxidize ferrous to ferric ions selectively in dilute acid and
the resultant ferric ions can be determined by using ferric-
sensitive dyes as an indirect measure of hydroperoxide
concentration. Xylenol orange binds ferric ions with high
selectivity to produce a coloured (blue-purple) complex
with an extinction coefficient of 1.5 x 10*M~! x cm™.
Ninety microliter aliquots of plasma were transferred into
microcentrifuge reaction vials. Triphenylphosphine (TPP)
(10 mM in methanol; 10 ml) was added to vials to remove
hydroperoxides. Methanol alone (10 ml) was added to the
remaining vials. The LOOH content in the plasma sam-
ples is determined as a function of the absorbance differ-
ence of samples with and without elimination of LOOHs
by TPP. The samples were vortexed and subsequently in-
cubated at room temperature for 30 min. FOX2 reagent
(900 ml) was added and the samples were vortexed. After
incubation at room temperature for 30 min, the samples
were centrifuged at 15,000 g at 20°C for 10 min, the su-
pernatant was carefully decanted into a cuvette, and ab-
sorbance was read at 560 nm. The coefficients of intra-
and inter-assay variations were 2.6% (n = 10), and 2.5%
(n = 12), respectively.
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Serum total protein, albumin, total cholesterol, HDL,
and LDL cholesterol were measured using an Olympus
AU 800 autoanalyzer (Olympus, Japan). The methods
were Biuret for total protein, BCG (Bromocresol green)
for albumin. Total cholesterol, HDL cholesterol, and
triglycerides were measured by enzymatic methods in all
samples.

Statistical Analysis

Statistical analyses were performed using the SPSS soft-
ware package, version 10.0 for Windows. Clinical labo-
ratory data were expressed as mean + standard devia-
tion. The analysis of variance (ANOVA) test was used
to compare biochemical parameters among lung, breast,
and colorectal cancer. Mann—Whitney U test was used
to assess the mean differences between metastatic and
nonmetastatic cancer patients. The Pearson’s correlation
analysis was used to assess the relationship between PON1
and ARE activity. A value of P < 0.05 was considered as
statistically significant.

RESULTS

The demographic features and biochemical parameters
of all groups are presented in the Table 1. Age and triglyc-
erides levels were not different among the groups. The
serum total cholesterol levels in controls and patients
with breast cancer were significantly lower compared
to patients with lung and colorectal cancer (P < 0.05)
(Table 1). Serum HDL cholesterol was significantly lower
(P < 0.05) and LDL cholesterol levels were significantly
higher (P < 0.001) in the cancer patients as compared
with controls. However, there was no significant correla-
tion between HDL and PONI activity in all groups.

PONI1 and ARE acivities was found to be decreased
(P < 0.001) in serum of patients with cancer compared to
controls. When the patient group was categorized, PONI1
activity was found to be lower in patients with breast
cancer than in patients with lung and colorectal cancer.
There was established positive correlation between serum
PONI activity and serum ARE activity in patients with
colorectal cancer (r = 0356; P < 0.05) (Fig. 1).

LOOH Ilevels were significantly different in all of the
groups (P < 0.001). LOOH levels were found to be higher
in lung cancer cases, and lower in breast cancer. No signif-
icant difference was found in PONI activities among the
patients groups with metastase except for patients with
colorectal cancer (P < 0.05) (Table 2).

DISCUSSION
Research on lipid peroxidation has intensified in re-

cent years largely because of increasing awareness that
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TABLE 1. Demographic features, paraoxonase, and arylesterase activity and lipid hydroperoxide parameters in controls and patient

group

Control (n:25) Lung (n: 45) Colorectal (n: 40) Breast (n: 25) P
Age (year) 52.40 + 11.32 59.37 + 10.83 54.28 + 12.46 53.74 +10.71 062
Total cholesterol (mmol/1) 4.68 +0.74 5.28 £0.81 5.47 £1.37 4.84 +0.64 003"
Triglyceride (mmol/1) 1.10 + 0.63 1.24 £ 0.56 1.42 +1.17 1.08 +0.53 364
HDL cholesterol (mmol/1) 1.43+£0.26 1.26 £0.22 1.27 +£0.19 1.24+£0.13 017"
LDL cholesterol (mmol/1) 2.75 £ 0.65 3.45 4+ 0.61 3.55+1.19 3.10 +0.57 000"
PONI1 (U/ml) 124.89 + 21.70 67.64 + 22.01 65.94 + 22.57 42.99 + 7.98 .000™*
ARE (U/ml) 98.55 + 18.82 65.62 +27.14 57.55 + 13.34 54.51 + 11.57 .000™"
LOOH (pmol/1) 1.08 +0.24 2.96 +0.43 2.38 +£0.63 1.97 £+ 0.50 .000™""

Data are expressed as mean & SD.
P < 0.05 " P <0.01; ™" P < 0.001
PON: paraoxonase; ARE: arylesterase; LOOH: lipid hydroperoxide.
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Fig. 1. Positive correlation between serum PON1 and ARE activity in
the colorectal cancer group (r = 0.356 P = 0.033).

this process may play an important role in UV-induced
skin cancer, atherosclerosis, neurodegeneration, and var-
ious other disorders. LOOHs are well-known interme-
diates of peroxidative reactions that are generally more
long-lived than any free radical precursors, making
intermembrane translocation within a cell, between cells,
or between lipoproteins and cells possible (21). In general,
ROS appear to be key regulatory factors in molecular
pathways linked to tumor development and tumor dis-
semination, which offer potential therapeutic invention
points (22).

Serum PONI1 binds to high-density lipoprotein and
contributes to the detoxification of OP compounds, such
as paraoxon, and carcinogenic lipid soluble radicals from
lipid peroxidation (23-25). A recent study also reported a
decreased level of PON1 and ARE activities in radiology
workers exposed for more than 5 years to ionizing radia-
tion (26). In a preliminary study of Elkiran et al. (27), it
was reported that serum PON1 and ARE activities were
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TABLE 2. Paraoxonase and arylesterase activity and lipid hy-
droperoxide in metastatic and nonmetastatic cancer patients

Nonmetastatic Metastatic P
Lung cancer (n:27) (n:18)
PON 1(U/ml) 66.19 £+ 22.36 69.83 +£21.93 .586
ARE (U/ml) 59.06 £+ 17.39 75.45 £+ 35.68 .086
LOOH (pumol/1) 2.90 +0.44 3.05+0.41 .366
Colorectal cancer (n:15) (n:25)
PON 1(U/ml) 75.99 £ 24.65 59.91 £ 19.30 040"
ARE (U/ml) 61.39 £+ 13.77 55.21 £12.80 192
LOOH (pmol/1) 2.65+0.72 2.22 £0.51 .052
Breast cancer (n:17) (n:8)
PON 1(U/ml) 43.98 +7.71 40.88 + 8.64 .440
ARE (U/ml) 53.56 £ 11.10 56.51 £ 13.08 .588
LOOH (jumol/1) 1.98 +£0.57 1.97 +£0.36 .588
*P<0.05

significantly lower in LC patients compared to healthy
subjects in a Turkish population. These observations sug-
gested the hypothesis that defects in the antioxidant sys-
tem capacity and altered PONI1 activity may be involved
in the pathogenesis of LC. Results of our study are enough
to confirm it in LC patients in the same population.

Both serum PONI1 activity, part of the lipid peroxida-
tion scavenging system, and LOOH levels have not been
studied in lung cancer. In our study, serum LOOH levels
were found to be increased while serum PON1 and ARE
activities were found to be decreased in patients com-
pared to controls. Kaynar et al. (28) studied the activities
of antioxidant enzymes and demonstrated that erythro-
cyte malondialdehyde, nitric oxide, total glutathione lev-
els, and erythrocyte superoxide dismutase, catalase, and
xanthine oxidase activities were significantly higher in pa-
tients with LC than in controls. This study indicates sig-
nificant changes in antioxidant defence system in NSCLC
and SCLC patients, which may lead to enhanced action
of oxygen radical, resulting in lipid peroxidation.



The gastrointestinal tract, especially the colon, is con-
stantly exposed to ROS originating from endogenous and
exogenous sources (29). LOOH levels were also signifi-
cantly increased in colorectal cancer in this study. There
were positive correlations between the serum PON1 and
ARE activities in patients with colorectal cancer. Another
important finding of our study significant difference was
not found in PONI activities among the patients groups
with metastase except for patients with colorectal can-
cer. No significant difference was found in ARE activ-
ities and LOOH levels among the patients groups with
metastase with colorectal cancer. Di Giacomo et al. (30)
demonstrated that a significant decrease in nonproteic an-
tioxidant status and in total thiol groups with respect to
healthy controls, whereas oxidized proteins and lipid hy-
droperoxide levels were significantly increased in colon
cancer patients. This study supports our observations in
colorectal cancer.

Gonenc et al (31) have demonstrated lipid peroxidation
in serum and tissue of benign breast disease is greater than
in breast cancer. Total antioxidant status is lower in benign
tissue than in cancerous tissue, probably to compensate for
this elevated free radical production. Serum LOOH levels
was found to be increased while serum PON1 and ARE
activities were found to be decreased in patients compared
to controls. Our results and another study (32,33) support
these observations in breast cancer. Diminished PON and
ARE activity, and increased LOOH levels are also asso-
ciated with particular stage, grade, and CA-125 level of
ovarian cancer (34).

Protection against organophosphorus insecticide and
nerve agent poisoning and reduction of the risk of car-
diovascular disease in individuals who have low PONI
activity represent examples of future utilizations of this
enzyme (35). Human serum PON binds to high-density
lipoprotein and contributes to the elimination of carcino-
genic lipid-soluble radical from lipid peroxidation. De-
creased PON1 activity is a consequence of cancer and not
an underlying cause in this study. Therefore, future uti-
lizations of this enzyme may contribute to the elimination
of carcinogenic radicals.

Chronic inflammation is closely associated with angio-
genesis (36) and PON1, also decreases during inflamma-
tion (37). The decreased PON1 activity may be in response
to inflammation in patients with lung, breast, and colorec-
tal cancer. In future studies, it will be important to deter-
mine whether PON1 and ARE activities play a causal role
in cancer.

Low plasma paraoxonase/arylesterase activities and
the concentration of the PON1 enzyme, high lipid perox-
ide levels were observed in all cancer patients (38). LOOH
levels appear to play a role in the development of lung,
breast, and colorectal cancer in this study. Significant in-
creases in the levels of lipid hydroperoxide and decreases
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in PON1 and ARE activities suggest the possible involve-
ment of oxidative stress in lung, breast, and colorectal
cancer. This shift of equilibrium is probably influencing
the cancer pathogenesis. Our findings also indicate that
in future clinical trials testing the anticarcinogenic effect
of antioxidative supplements, the screening of metastase
status of patients with colorectal cancer according to the
PONI activity may be assured.

LIMITATION OF STUDY

The activity of PON1 is under genetic and environmen-
tal regulation. Due to economical problems, we couldn’t
detect genotypes of PON1 of cancer patients.
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