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reast cancer is the first leading cause of

cancer-related death inwomen. Xenobiot-

ic-Metabolizing Enzymes (XMEs) contribute
to the detoxification of numerous cancer therapy-induced
products. In the metabolism of xenobiotics, cytochrome
P450s or monooxygenases and Glutathione —s transfer-
ase (GSTs) perform an important function by catalyzing
the hydroxylation reaction andconjugationofglutathione(
GSH) to a wide variety of xenobiotics. Pesticides, which
are excessively used in northern Iran, are one of the most-
important risk factors for breast cancer incidence. They
detoxify by phase | and Il enzymes. The aim of this study
was to evaluate the association of CYP1A1(rs4646421
),CYP1B1(rs1056836),CYP2C8(rs1058930),CYP19A1(
rs749292) and GSTP1(rs 1695) polymorphisms and serum
levels of pesticides (Diazinon and Malathion) with the
risk of breast cancer in Mazandaran province. This cross-
sectional case-control study included 72 patients and 51
healthy individuals who were recruited.lt wasperformed
betweenOctober 2017 to May 2018 in Oncology depart-
ment at Imam Hospital inSari City.Breast cancer patients
with knownclinicopathological characters and healthy
women, as control, were genotyped for genes polymor-
phisms by PCR-RFLP and GC-MS method used for quan-
tification of poisons.Chisquare test, Fisher exact test,and
logistic regression model were applied for statistical analy-
sis. The results of the experiments showed that there
weresignificant relationships between two groups and
the age of the patients wassignificantly higher than the
control group(p = 0.044).Regarding the relationship be-

tween the genotypes of each gene and breast cancer risk,
using a logistic regression model in two normalized and
age-adjusted models, it was determined that in CYP2C8
genotype, those havingtheCGallele, increased the risk of
breast cancer in adjusted model (CI=95%1.11,75.84).
In the CYP19ATgene of individuals with GA genotype,
the risk of breast cancer increasedinnon-adjusted model
(C195%=1/52-27/21) about the CYP1B1 gene, people with
two genotypes of CG + GGwereassociated with a higher
risk of breast in non-adjusted and adjusted model (CI71/5
—19/1 95% =)( CI=95% 1.31,6.57). In CYP2C8gene,the G
allelehada protective effect on breast cancer and decreased
the risk of breast cancer (P = 0.02) and in GSTP1gene,
theGallele increased the riskof breast cancer(P=0.0480).
Moreover,in CYP1B1 gene, G alleledecreased the riskof
breast cancer (P=0.0271).Regardingthe serum levels of OPs,
Diazinon in the case group hada much lower level than the
control groupbut(p<0.001) there was a significant relation-
ship between serum levels of Diazinon and risk of breast
cancer (p<0.001). The results of the current studyconfirmed
the association between CYP2C8(rs1058930),CYP19AT(
rs749292) and CYP1B1(rs1056836)gene polymorphisms
and increased the risk of breast cancer.Also,there was a sig-
nificant relationship between serum levels of Diazinon and
risk of breast cancerin women in Mazandaran province.

Keywords: CYP1A1 (rs4646421), CYP1B1 (rs1056836),
CYP19A1 (rs749292), CYP2C8(rs1058930), GSTP1 (rs
1695) genes, Diazinon, Malathion, Breast Cancer, Poly-
morphism, Mazandaran province.
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reast cancer is one of the most common
cancers among females worldwideso far
and is the leading causeof cancer-related
mortality for almost 14% of all cancerdeaths’. It is a het-
erogeneous diseasecaused by interactions of environmen-
tal and geneticfactors. About 8500 new cases of breast
cancer are reported annually in the country, and 1,400
are reported to die of breast cancer.lt is also estimated By
2014, there were about 4 0,000 people living with this
disease according to the latest statistics from the Cancer
Research Center in Iran?. Iranian Breast cancer cases are
one decade younger than their western counterparts®.The
etiology of breast cancer iscomplex; a small proportion
of breast cancer casescan be attributed purely to genetic
reasons whereas for a vast number of cases there is acom-
pelling evidence for the role of other factors, such as fami-
lyand reproductive history, diet, alcohol consumption,and
exposure to environmental carcinogensas well as genetic
factors,breast cancer susceptibility genes,highpenetrance
genesBRCA1,BRCA2,PTEN,...) and lowpenetrance genes
(CYP450, GSH, UGTA,..) thatencode, xenobiotic metabo-
lizing enzymes in phase | and Il of metabolism

Many carcinogenic compounds are oxidized by phase | en-
zymes, represented by cytochrome P450 family, into reac-
tive metabolites that are detoxified by phase Il enzymes.
GSTs are a family of Phase Il detoxification enzymes that
catalyze the conjugation ofglutathione (GSH) to a wide
variety of xenobiotics. Thisdetoxification ability plays a role
in cellular protectionfrom environmental and oxidative
stress, Hence, the toxic effects of exposure, absorption,
and detoxification of carcinogens depends on a delicate
balance between the phase | and phase Il enzyme poly-
morphisms and expression pattern of these genes are be-
lieved to be key factorsin determining cancer susceptibility
to toxic orenvironmental chemicals*. The term Gene-envi-
ronment interaction (GEI) refers to the joint influence of
genetic and environmental factors on health and disease.
Environmental exposures affect gene regulation and/or
act asadditive risk factors in conjunction with a particular
allelic formof a gene (genetic polymorphism).Such inter-
actions may be important determinantsin cancer®.

Ophosphate pesticides (OPs), triesters of phosphoric acid,
are a widely used group of pesticides. Besides their use in
agriculture, disease control and as therapeutic agents, OPs
are also used inindustry as solvents, plasticizers, flame re-
tardants and in defenseforces as nerve agents®’4. OPs in-
hibit acetylcholinesterase, resulting in chronic harmful ef-
fects on human health e.g., neuropsychological disorders,
disruption of the endocrine system, developmental anom-
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alies, disorders of the immune system andhypersensitivity®.
Diazinon and Malathion are organophosphate insecticide
that arewidely used in gardens and orchards, to control
various pests including the Mediterranean fruit, which
arecurrently used in agriculture®. OPs are metabolized by
cytochrome P450s (CYPs) through either a dearylation re-
action to form an inactive metabolite (Phosphorothioate),
or through a desulfuration reaction to form an active oxon
metabolite'®"43 which is a potent cholinesterase inhibitor,
causing the accumulation of acetylcholine within synapses
and the consequent over-stimulation of postsynaptic re-
ceptors. Along withphase Il enzymes like GST, UGTA, ...
they excrete'. Diazoxon and Malaoxone are the activated
forms of diazinon, and malathion respectively, whereas p-
nitrophenol (PNP) and pyrimidinol(IMP) represent the de-
toxified metabolites such asdimethylthiophosphate(DMTP),
a detoxication product indeed, mammalian carboxylester-
ases catalyze rapiddegradation of malathion to mono-acid
and di-acid derivatives'.

Pesticides can significantly damage cell structuresand can
interfere with metabolic processes or transport mecha-
nisms. In addition, the poisonous effects of them include
the damage to DNA such as changes or losses of nucleotic
bases and double and single-strandbreakageof DNA(14).

Cytogenetic alterations in subjects occupationallyexposed
to pesticides could be used to obtain informationon geno-
toxic exposure during the use of pesticides’™ Candidate
genes for this study are of low-penetrance breast carci-
noma susceptibilityincluding those encoding for Xeno-
biotic metabolizing enzymes (XMEs) involved in carcino-
genmetabolism and detoxification(16).These XMEs can
be divided into phase [(Cytochrome P450 family) and
phasell(GST,UGTA,...) enzymes that metabolically acti-
vate potentially carcinogenic forms. In this study, poly-
morphisms of phase | enzymesCYP1A1(rs4646421C/T),
CYP2C8(rs1058930C/G),CYP1B1(rs1056836 C/G),
CYP19A1(rs749292A/G) and phase Il enzyme GSTP1
(rs1695 A/G) were investigated in breast cancer patients
who referred to Mazandaran province clinics during Octo-
ber 2017 to May 2018.Moreover,the association between
serum levels of the Ops (Diazinon and Malathion) with
breast cancer risks in these patients have been analyzed.

CYP1A1 is one of the “phase |” enzymes located on chro-
mosome 15q22-g24, which isa 5987-bp long gene, hav-
ing 7 exonsand 6 intronsthat encodes for a 512amino acid
protein. This is one of the majorcomponents of detoxifica-
tion pathway that is highlyexpressed in non-hepatic cells
such as breast tissue'. It is a polymorphic genes being in-
volvedin the metabolism of steroids and severalpotential-
lygenotoxicchemicals. In estrogen metabolism, it plays a
role in producing 2-hydroxyestrogens.Four single nucleo-
tide polymorphisms (SNP) were identified inCYP1A1 gene
including M1, T/C transition atnucleotide 3801; M2, A/G
transition at position 2455 resulting in the change of lle
to Val at codon 462; M3T/C transition at nucleotide 3205;
and M4 C/Atransition at position 2453 resulting in the
change of Thr to Asn at codon 461. The M1 polymor-
phism at 3’-flanking region (T3801C) was verified to be

associated with increased activation of carcinogens'®'94°,
CYP1B1is located on chromosome 2 at position 2p22.2.
The gene is 42930-fold-wide and 60846Damolecular
weight. It has 3 exons and 2introns. It is considered as the
key enzyme of P450, which is exogenous in metabolism
and endogenous substrate. CYP1B1 plays a role in the
metabolism of androgens and estrogen substrates. CY-
P1B1can catalyze 4-hydroxy estrogens, a key reaction to
hormonal carcinogenesis.CYP1B1, 5 different SNPs have
been identified that can play a role in replacing amino ac-
ids A119S, R48G, L432V, A443G, and N453S. Val432Leu
polymorphism has recently been identified as the most
influential agent on the catalytic properties of CYP1B1
and will also affect the function of 4-hydroxy in the Val32
allele, which indicates a 3-fold increase in activity rela-
tive to the Leu432 allele, for the specific CYP1B1 gene
rs 163077, 163086 and 162556 involved with invasive
breast cancer?*?'42. CYP19A1is located on chromosome
15, g21.2, consisting of 18 exons and 17 introns and has
a molecular weight of 57883 Da. The enzyme is stag-
nant, which plays an important role in biosynthesis and
the final stages of estrogen biosynthesis. The aromatase
is coded by the CYP19A1gene, a key estrogen biosynthe-
sis enzyme and plays an important role in the develop-
ment of breast cancer. The main effect of this enzyme is
in catalyzing of the final stage of estrogen biosynthesis
that convertsrostenedione and testosterone into estrogen
and estradiol. The direct effect of aromatase on cytotoxic-
ity in the breast is completely reported??. A high level of
aromatase expression has been reported in breast tumors,
which is also visible in the normal breast.CYP2C8 is locat-
ed on chromosome 10 at position10g23.33consisting of
10 exons and 9 introns. This gene has55825Da molecular
weight. CYP2C8 is one of the first human cytochromes,
whichplays a role in drug metabolism in cytochrome P450,
which can also be used in response to chemotherapy and
survival chances. Patients with breast cancer have been
shown to be more closely related to the metabolism of
CYP2C8 * 2 and CYP2C8 * 3?* Glutathione S-transferase
P1 (GSTP1) is a member of phase Il enzymes that cata-
lyzes the glutathione conjugation of a variety of electro-
philicxenobiotics, including substrates that range from
environmental toxins and carcinogens todrugs used in
the treatment of cancer. This gene is located on chromo-
some 11, atposition11g13.2, consisting of 7 exons and 8
introns, and has a molecular weight of 23356 Da. One of
polymorphisms of the GSTP1, A313G (lle 105 Met) gene
have been identified. Two different alleles, GSTP1 * B, *
C, in addition to the wild allele of the GSTP1 * A type have
been identified. GSTP1*A has been reported to play a role
in the acquisition of resistance to cisplatin via the forma-
tion of platinum—GSH conjugation. The GSTP1 is the ma-
jor GST expressed consistently in both normal and tumor
breast tissue. It has been speculated that the absence or
decrease of the dexpression of GSTp results in reduced de-
toxification of possible carcinogens that may be causal to
malignant transformation and disease progression?42>41,

Hence, the present study was designed to evaluate the role of
these genes polymorphisms and OPs levels in breast cancer.




Materials and methods

Subjects

A total of 123 unrelated subjects (51 controls and 72pa-
tients), living in Mazandaran province were enrolled in
this study. The cases were all new incident breast cancer
patients histologically diagnosed at Oncology department
of Cancer Research Center at Imam hospital in Sari, Iran,
during the period of March to May 2018. Control group
individualswere randomly selected from healthy women
who visited patients admitted to the same hospitals and
were healthy blood donors having no evidence of any
personal or family history of cancer or other illnesses. Pa-
tients’ age ranged from 20 to 75 years. Detaileddescrip-

tion of the clinical-pathological characteristicsofthis study
was summarized in (Table 1).Controlgroup’s individuals'
ageranged from 23 to 66years old. Informed consent was
obtained from all participants and a structured question-
nairewas administered by trained interviewers to collect
informationon demographic and anthropometric data, re-
productiveand medical history, residential history, andoc-
cupation as well aslifestyle,exposure parametersof which
have been reported in Table 1.Tobacco smokingand alco-
hol consumption also were asked from the subjects but
there was no case.To investigate whether certain geno-
types are a susceptible marker, 5 ml peripheral blood was
collected in the EDTA tube from both patients and control
group and were stored at -20 °C.

Table 1. Comparison of cases and controls by selected demographic factors and major risk factors for breast cancer

Clinicopathological Variables Cases(n=72) Controls (n=51) P value
Age (mean + SD) 48.08+£10.3 43.69+13.5 0.044*
Age at menarche (mean+SD) 1.2+13.15 1.2413.31 0.485
Age at menopause (meanSD) 4.4+21.52 5.0+£22.55 0.274
Age at 1 St pregnancy (meanSD) 4.4+49.53 8.7+47.13 0.21
Age<45 ,n (%) 31(43%.1) 29(56%.9) 0.13
Age>45, n (%) 41(56%.9) 22(43%.1)
Pregnancy, n (%)
NO 6(8%.3) -

0.036*
YES 66(91%.7) -
Oral contraceptive use, n (%)
NO 29(40%.3) 30(58%.8)

0.047*
YES 43(59%.7) 21(41%.2)
Menopause Status, n(%)
Premenopausal 38(52%.8) 36(70%.6) 0.043*
Post menopausal 34(47%.2) 15(29%.4)
Body mass index, n (mean+SD kg/m2)
BMI <20 kg/m2 3(4%.2) 3(5%.9)
20! |BMI<25 19(26%.4) 14(27%.5) 0.9
BMI D 25 50(69%.4) 34(66%.6)
Family history of breast cancer in first-degree relatives n(%)
No 53(73%.6) - <001*
yes 19(26%.4) -
Education, n(%)
[112 vears 41(56%.9) 12(23%.5) 007"
>12 years 31(43%.1) 39(76%.5)
Occupational expouser to pesiticedes (Agriculturist), n(%)
NO 52(72%.2) -
YES 20(27%.8) - <oor”
Grade, n(%)
I 13(18%.1) -
Il 47(65%.3) - <001*
1 12(16%.7) -
Stage, n(%)
| 5(6%.9) - <001*
I 42(58%.3) -
1 18(25%.0) -
v 7(9%.7) -
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DNA extraction

Blood samples were collected in EDTA-containingtubes
and genomic Genomic DNA was isolated from buffycoats
using a WizPrep DNA blood kitand Salting-out method?®. In
the method, using extraction kit in the presence of strong
anionic detergents, the white blood cells werelysed; then,
proteins were removed with dehydration and prophylaxis.
Briefly, 200 ul of blood were mixed with 20 ulproteinki-
nase k, then200ul GB Buffer was added then the mix-
ture was incubated (10 min 56c¢), and 200ul EtOH %100
was added. Washing buffer 1 and 2 were added next.In
the final step, 50ul Elution Buffer was added. Precipitated
proteins were removed by centrifugation. The DNA in the
supernatant fluid was precipitatedwith ethanol. In every
step, the mixturewas centrifuged basedon the protocol of
the kit. The DNA pellet was dissolved in 400 plofsterile
distilled water. After extraction, the qualityand quantity of
the extracted DNA weremeasured by the spectrophotom-
eter. Then, DNAsamples were stored at -20°C.and its pu-
rity was checked through agarose following the protocol
of the manufacturer. SNPs were genotyped.

OPs residue extraction and quantification

OPs extraction was done using hexane andacetone (1:1)
according to the method of Bush et al. (1984).Serum of
Blood (2 mL) was taken in a 15 mL falcon tubes and (2 ml)
of Hexane and acetone mixture (1:1) were added.The con-
tents were shaken at room temp for 24 hr in a mechanical
shaker.100 ul HCL 5Nwas added to the mixture and was
centrifuged for 10 min at 3800 rpm and the clear top
upper layer (layer of hexane) was collected. The remain-
ing portion was re-dissolved in hexane for further analysis
and ineach step, the mixturewas shaken for 10 min. The
new extraction get to volume 5mlwithhexane. After evap-
orating the mixture with N2 gas to concentrate Residue
of the OPs remain in the bottom of the tube. Detection
and Quantification of OPs levels were done by Gas Chro-
matograph (GC) equipped with Mass Detector. GC device

model was Agilent. Oven Program was set On 50 °C for
1 min and then 20 °C/min to 120 °C for 0 min and then
10 °C/min to 280 °C, for 5 min run time of 25.5 min per
sample. Theused column wasHP-5MS 5% Phenyl Methyl
Silox with samples injected from Front Injector. The carrier
and makeup gas was Helium, device was set at Pressure
7.6522psi witha flow rate of 1 mL minemployingthe split-
less mode, with Holdup Time36.445 cm/sec. Final extract
(1 uL) was injected at a temperature of column set at 250
C. Total run time of each sample was25.5 min.

Quantitative analysis of OPs residues of eachsample was
done by comparing the peak area with those obtained
from a chromatogram of a mixed OPs standard (Supelco,
Sigma-Aldrich) of known concentration. Analyses were
confirmed by spiking with the known standards of pesti-
cides (Supelco, Sigma-Aldrich). Standard curve of poisons
was drawn. The case and control samples were run in the
same analyticalbatches and for quality check, a sample
was always run with eachset of samples for pesticide
analysis to maintain accuracy for the internal control of
our measurements, pesticide identification wasconfirmed
byAGILENT TECHNOLOGIES,5975 GC-MS at Mazandaran
university research center?’.

Genotyping

Polymorphic sites of genes were genotyped by Polymerase
Chain Reaction-Restriction Fragment Length Polymor-
phism (PCR-RFLP) assay. Amplification was performed us-
ing aspecific primer. A pairof primerswas designed using
Gene Runner software. The sequence of primers has been-
listed in (Table2) reaction contain. 25 pl Polymerase Chain
Reaction (PCR) containing 2 pl genomic DNA (100ng/ul),
12.5ul Master mix PCR, and 1 pl (10 picomols) ofeach
primer which ultimately reached25 pl with distilled water.
The PCR reaction program was setfor each gene. Then,
the product of enzyme digestion was electrophoresed on
2% agarose gel and photos were taken by Gel Doc?®.

Table 2. Primers and restriction enzymes used for polymorphism genotyping

Genes SNP Polymorphisms Primers Restriction enzymes
Intron/splicemutation (m1) Forward CCATTTATTCTCTG:CTCTCTGGTA
CYP1A1 rs4646421 JuRT—-C Reverse Rsal
(T56392)(+303C>T) CCCACCACACTTAGGAAAATCA
CYP1B1*3 Forward CTGTGGTTTTTGTCAACAAGTGGTC
CYP1B1 rs1056836 Exon3/missensc Reverse Bsrl
C251G(Val432 Leu) TGAGCCAGGATGGAGATGAAGAGA
Forward CCAAGGTCCCACAGCTAATTAGTGA
CYP19A1 rs749292 Intron / Exon1 Reverse Tagl
TAAAAGGGCAAGAGCAGAGATGAGC
CYP2C8*4 Exonb/missense Forward AATCAGGGCTTGGTGTAAGATA
CYP2C8 rs1058930 C792G Reverse Taql
(ILe 264 Met) CGATGAATCACAAAATGGACAAG
Forward
missense TCACAGACAGCCCCCTGGTT
GSTP1 rs1695 A313G (lle 105 Met) Reverse AW261
TCTCTGTCCTTGCACTCGCC




Polymorphisms analysis

Previously reported primers andrestricted enzymes in
RFLP-PCR are listed in Table 2. All PCR reactions were per-
formed in an independent blinded duplicate manner and
for each polymorphism, somesampleswere confirmed by
sequencing the PCR products.

The polymorphic site of the CYPT1A1(rs 4646421)(C—T
intron)was determined by polymerase chain reaction-re-
striction fragment length polymorphism (PCR-RFLP). A 519
bpfragment containing C/T allele was amplified using for-
ward and reverse primers that the specifications of prim-
ers and size of product and restriction enzymes of genes
have been explained in Table2 .CYPP1B1 (rs1056836) (C-G
Val 432 lucin) also simultaneously revealed by -Restriction
Fragment Length Polymorphism (PCR-RFLP) PCR reaction
was performed in a total volume of 50 plcontaining 100
ng of genomic DNA, 200 umoldNTPs, 2mM MgCl2, 1 x
Taq polymerase buffer, 100 pmol of CYP1A1 and CYP1B1
(primers and 1 U ofTag DNA polymerase). There action
conditions used with the thermal cycler were as follows for
CYP1A1: initial denaturation at 95°Cfor 5min, 32 cycles
of denaturation at 95 °C for 30sec, annealing at 62°C for
30 sec and extension at 72°C for 30 sec and a final exten-
sion at 72 °C for 10 min for CYP1B1 annealing set at 66.5
°C for 30 sec.To verify proper amplification conditions, 10
plof PCR product was analyzed on a 2% agarose gel and-
stained with ethidium bromide, the amplification of which
was revealed by the presence of bands. To detect CYP1A1
(C-T) and CYP1B1 (C-G) polymorphisms, amplified DNA
was digested with 10 U of FastDigestRsal(37°C, 5 min)
and Bsrl(65°C, 16h) restriction enzymes. In CYP1A1, the
homozygote wild-type CCgenotypeproduce a two183 and
36bpfragments,homozygote mutated TT genotype results
insingle band of 183bp length and heterozygote TC geno-
typeproduces three fragments of 519, 183and 336bpfrag-
ments (figure 1)and in CYP1B1, homozygote wild-type CC
genotypeproducessingle band of 44bplength, homozy-
gote mutated GG genotype results intwo44 and 171bp
fragments and heterozygote GC genotypeproduces three
fragments of 215, 171and 44bp fragments.

To verify proper amplification conditions, 10 plof PCR
product was analyzed on a 2% agarose gel andstained
with ethidium bromide, the amplification of which was
revealed by the presence of bands.Homozygote wild-type
CC genotypeproducessingle band of 44bplength, homo-
zygote mutated GG genotype resultsin two44 and 171bp
fragments and heterozygote GC genotypeproduces three
fragments of 215, 171 and 44bp fragments. Digestion
conditions have beenperformed according to the manu-
facturer's instructions and have been summarized for each
gene inTable3.Homozygotewild-type CCgenotyperesults
in two 84 and 219bp fragments, homozygote mutated
GG genotype produces single band.

Digestion products were sep arated at the appropri-
ate concentrations on a 2, 3 or 4% Low-melting point
agarose gel and were stained with ethidiumbromide.The
splice-site mutation of CYP19A1( rs749292 )(A-G intron)

and CYP2C8*4 (rs1058930)(C-G exon5) was also ana-
lyzed by PCR-RFLP.PCR amplification also was performed
the same as the above genes. The cycling conditions for
both of genes including one pretreatment cycle denatur-
ation at 94°Cfor 5min, 32 cycles of denaturation at 94 °C
for 30sec, followed by annealing at 66 °C for 30 sec and
elongation at 72°C for 25 sec and final elongation at 72
°C for 10 min.Products were analyzed by electrophoresis at
2%agarose gel and visualized by ethidium bromide stain-
ing. This amplified fragment was digested Taqg| restriction
enzyme at 65°C overnight and was analyzed on 2% aga-
rose gel. CYP19A1,when digested with Tagl, the homozy-
gote wild-type GGgenotyresultsin two144 and 214bp frag-
ments, homozygote mutated AA genotype producesa sin-
gle band of 144bpand heterozygote GA genotypeproduces
three fragments of 358, 144and 214bp fragments( figure
2) whereas Digestion of CYP2C8yeilded band of 84bpand
heterozygote GC genotypeproducesthree fragments of
303, 84 and 219bp.GSTP1gene was digested by AIW261
at 37°C overnight and we observed homozygote wild-type
AA genotypeproducingsingle band of 173 bplength, ho-
mozygote mutated GG genotype resultsin two173 and
264 bp fragments and heterozygote AG genotypeproduces
three fragments of 437, 173and 264 bp.Annealing time for
this gene was 66 °C for30sec( Table 3)

Figure 1. Agarose gel 2% of PCR-RFLP pattern of CYP1A1 gene
Ladder 100bp CT CC 1C e C i CC

ul

/

f o —
50’ ol e
w336 bp - ——

183 bp e .-
100bp rs4646421(CYP1A1)- Rsal

Dr Golmohammadzadeh

Figure 2. Agarose gel 2% of PCR-RFLP patter CYP19A1 gene
A G6N M. ~66 ~M GG " AG conmork

Table 3. Restriction enzymes™ conditions used for Genes

polymorphism genotyping

Temperature and | Fragment
Incubation time | size (pb)
37°C-5min 183-336

SNPS Restriction Enzymes
rs4646421 | FastDigestRsal(10u)

rs1056836 BSrl (10u) 65°C-1h16 44+171
rs749292 Taql(10u) 65°C-1h16 144+214
rs1058930 Taql(10u) 65°C-1h16 84+219

rs1695 AIW261(10u) 37°C-1h16 173+264
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Statistical Analysis: The genotype and allele frequency of
the genes were tested for both patient and control groups.

Chi-squaretest, Fisher exact test, quantitative (numerical)
parameters analyzed by t-student test,odds ratio (OR),
confidence intervals (Cl) and P-values were calculated us-
ingunconditional logistic regression and adjusted estimate
the association between genotypes orsome other clini-
copathological data and the risk ofbreast cancer. In this
research, statistical analyseswere performed using SPSS,
version 21 software. For analyzing the poisons, we tested-
logistic regression, koroscal Valis.

Demographic and clinicopathological data

This study was performed on72 breast cancer patients and
51 healthy controls with known demographic and clinico-
pathologicaldatainMazandaranprovince, northern Iran.

Characteristics of the study population were compared by
case-control status, as shown in (Table1). Student’s t-test
showed significant relationships between the two groups
and the mean age of controls (43.69+13.5years) was sig-
nificantly lowerP(044/0=) than that ofbreast cancer pa-
tients (48.08+10.3years). Chi-square and Fisher exacttest
showed that pregnancy, menopausal status, family history
of breast cancer and education, stage of cancer and grade
of the tumor were significantly different between cases
and controls. However, no significant differences were
found between them in regard to BMI, Age at menarche,
Age at menopause and Age at 1 St pregnancy.

In the case group, the frequency of level education waslow-
er than diploma and difference wassignificant (p <0.001).
The majority of cases hada pregnancy in the patient group
and the difference between two groups was significant
(p=0.036).Regarding the menopause status,the major-
ity of cases werenot at the menopausestatus(p(047/0=.
In cases groups, the majority of people used LD tablets
and the difference between the two groups was signifi-
cant (p=0.043). About the stage of cancer, the majority of
patients were in stage 2 (p <0.001)and Grades of tumors
were mostly reported in Grade 2 (p <0.001). Regarding
the agricultural occupation, few people were in cases
group (p <0.001). About the family history of cancer, the
majority of patients in the first-degree subjects had no his-
tory of cancer in their family (p <0.001).

Regarding the distribution of genotypes, it can be said
that the distribution of genotypes in two groups in CY-
P2C8 (P =0.11), CYP19A1 (P =0.019), CYP1B (P =0.026) )
had a significant difference, and they were homogeneous
only in CYP1A1(p =0.416) (Table4).

In addition, there was no significant correlation between
age and breast cancer risk (P =0.13). However, there-
was a significant relationship between the risk of cancer
and menopausestatus, and the chance of having can-
cer was0.466 times lower than those who did not have
menopausestatus(p=0.048).In addition, there was a sig-

nificant relationship between the risk of cancer and LD
consumption, andthese people had0.47 times higher risk
of breast cancer(=0.043) (Table 5 )

Table 4. Associationbetween genesand risk of breast cancer

group Chi-square test
Gene |Genotype| Groupof | control | Test | Fisher's
: o P value
patients group statistic | exact test

cC 62(%86.1) %94.1)
CYP2C8| CG 0(%0.0) 2(%3.9) - 74 0.011*

GG | 10(%13.9) | 1(%2.0)

T 0(%0.0) | 0(%0.0)

CC | 38(%52.8) |38(%74.5)
CYPIBT| GC | 20(%27.8) | 5(%9.8) | 7.26 - | 0.026*
GG | 14(%19.4) | 8(%15.7)

( 48(
( (
( (
AA 3(%4.2) | 10(%19.6)
CYP19A1| GA | 42(%58.3) | 27(%529)| 7.7 - | oore*
GG | 27(%37.5) | 14(%27/5)
AA | 49(%68.1) | 39(%76.5)
GSTP1 | GA | 12(%16.7) | 12(%23.5) 10.034 | 0.006*
GG | 11(%15.2) | 0(%0.0)
CC | 56(%77.8) |38(%74.5)
CYPIAI| TC | 16(%222) | 13(%255)| 0.17 - 0.416
( (
( (

Table 5. Relationship between demographic characteristic

and risk of breast cancer

group Result
OR |P-value Cl
<45 | 31(25%.2) |29(22%.6)
Age 0.57 | 0.13 |(0.28,1.18)
>45 | 41(33%.3) |22(17%.9)
. NO | 52 (72%.2)
Agriculture
YES | 20 (27%.8)
NO | 36 (29%.3) | 36(29%.3)
Menopausestatus 0.466| 0.048* |(0.22,0.99)
YES | 15(12%.2) | 15(12%.2)

Family history in | NO
first degree YES R
NO | 30 (24%.4) | 30(24%.4)
OCP USE 0.47 | 0.043* 1(0.23,0.98)
YES [ 21 (17%.1) [21(17%.1)

I, 1l -

11l
1,1
I, Iv

Grade

Stage

Regarding the relationship between the genotypes of
each gene and the demographic characteristics, it can
be concluded that there wasno significant difference be-
tween the genotype and the demographic characteristics
such as the age of the patients, education, pregnancy his-
tory, menopausestatus, agricultural occupation, LD con-
sumption, stage of disease, Gradeoftumors, BMI. There
was onlya significant relationship between genotypes of
CYP1A1 gene and education (p =0.004), and the group
with under diploma education had more CC genotype,
and the group with diploma education and higher, had
the highest TC genotype.




Frequency of Genotypes and Alleles

In this case-control study, 156 participants(72 patients and
51 healthy individuals) were studied.The results of the ex-
periments have been representedin (table 6).The frequen-
cy of genotypes CYP1B1 gene among 72 patients, was
CC(52.8%), CG (27.8%) and GG (19.4%), and in healthy
subjects, it was CC(74.5%) CG( 9.8%) and GG (15.7%).
The frequency of alleles in this genotype, allele C (66%)
and G allele (34%) in patients and in control subjects were
C (80%) and G allele (20%). Regarding the CYP1A1 gene,
the frequency of genotypes in patients CC (77.8%), CT
(22.2%) and TT (0%) and in healthy subjects were CC
(74.5%), CT (25.5%) and TT (0% ).Moreover,the frequen-
cy of allele C was determined in patients (89%) and G
allele (11%) and allele C (87%) and G (13%) in controls
had thefrequency.about.CYP19A1 gene, the frequency of
genotypes was determined in patients with GG (37.5%),
GA (58.3%) and AA (4.2%), and in healthy subjects, it
was GG (27.5%), GA (52.9%) and AA (19.6%). The prev-
alence of alleles in patients with allele C was 66%and with
allele T was 34% and in the healthy subjects, allele C was
54% and allele T was 46%.Regarding the CYP2C8 gene,
the frequency of genotypes in patients were CC (86.1%),
CG (0%) and GG (13.9%) and in healthy subjects were

CC (94.1%), CG (3.9%) and GG (2%), and frequency of
alleles Patients were assigned C allele (86%) and T (14%),),
and in the control group, allele C (94%) and T (6%) were
determined. (Table6) Regarding the relationship between
the genotypes of each gene and breast cancer risk us-
ing a logistic regression model (Table 6)in two normal-
ized and age-adjusted models, it was determined thatin
the CYP2C8 genotype, those who hadthe CG allele,hada
9.17 degree increased risk of breast cancer compared
to those havingthe CC genotype in adjusted model
(C1=95%1.11,75.84) .In the CYP19A1gene of individu-
als with GA genotype, the risk of breast cancer was 6.42
compared to those of genotype AA in non-adjusted model
(CI95%=1/52-27/21)(Table 6).Regardingthe CYP1B1 gene
, people with two genotypes of CG + GG were associ-
ated with a higher risk of breast cancer, it means that their
cancer risk was2.61times higher thanCC genotype in non-
adjusted model and was more than 2.93 degrees in ad-
justed model(CI71/5 — 19/1 95% =)( CI=95% 1.31,6.57).
About alleles, inCYP2C8gene, the G allelehada protective
effectonbreast cancer and decreased risk of breast cancer
(P =0.02) and in GSTP1 gene, the Galleleincreasedthe risk
of breast cancer. (P=0.0480) also in CYP1B1 gene, the G
alleledecreasedthe risk of breast cancer.(P=0.0271)

Table 6. The relationship between the genotypes and Alleles and breast cancer risk

Genes name Genotype and Alleles groups Non Adjusted Adjusted
cases (%) controls (%) P OR(95% Cl) P OR(95% ClI)
cc 62(86%.1) 48(94%.1) 0.16 - 0.12 i
CcG 0(0%.0) 2(3%.9) 0.06 7.74(0.95,62.5) 0.04 9.17(1.11,75.84)
ovpacs GG 10(13%.9) 1(2%.0) 0.99 1615E+10 0.99 1560E+10
CC vs GG+CG 72(58%.53) 51(41%.47) 0.167 2.58(0.67,9.89) 0.112 3.027(0.77,11.88)
C %) 86% %96 - Ref -
G(%) 14% %4 P=0.02 0.25(0.08,0.81) -
AA 3(4%.2) 10(19%.6) 0.038 - 0.015 -
GA 42(58%.3) 27(52%.9) 0.011 6.42(1.52,27.21) 0.61 6.21(1.43,26.86)
SYPioaT GG 27(37%.5) 14(27%.5) 0.601 1.24(0.55,2.77) 0.066 1.24(0.54,2.8)
AA+GA Vs GG 72(58%.53) 51(41%.47) 0.246 158(0.73,3.45) 0.263 157(0.71,3.46)
G(%) %66 %54 - Ref :
A%) %34 %46 P=0.084 165(0.93,2.92) -
A 43(68%.1) 39(76%5) 0.885 - 0.848 -
GA 12(16%.7) 12(23%.5) 0.999 1285788459(0,) (0,) | 099 1136050164(0,.)
GG 1(15%.2) 0(0%.0) 0.999 16154778807 0.99 1487441293(0,)
GSTP1 CCvs TT+CT 72(58%.53) 51(41%.47) 0.99 1350641208(0,.) 0.99 1205664754(0,)
A%) %76 %87 Ref -
G(%) %24 %13 P=0.0480 21134
(1.0065-4.4375)
cc 56(77%8) 38(74%5) : - - :
TC 16(22%2) 13(25%.5) 0.67 0.835(0.36,1.93) 0.63 0.81(0.34,1.9)
CYPiAl T 0(0%.0) 0(0%.0) - - - -
CC vs GG+CG 72(58%.53) 51(41%.47) 0.67 0.835(0.36,1.93) 0.63 0.81(0.34,1.9)
C(%) %89 %87 - Ref -
T(%) %11 %13 P=0.66 121(0.51,2.84) -
cc 38(52%8) 38(74%5) 0.034 - 0.024 -
GC 20(27%.8) 5(9%.8) 0.26 1.75(0.66,4.65) 0.165 2.045(0.74,5.6)
cypist GG 14(19% 4) 8(15%.7) 0.22 0.44(0.118,1.62) 0278 0.479(0.127,1.8)
CC vs CG+GG 72(58%.53) 51(41%.47) 0.016 261(1197571) 0.009 2.93(1.31,6.57)
C(%) %66 %80 - Ref -
G(%) %34 %20 P=0.0271 0.48(0.25,0.92)
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The results of logistic regression model regarding the fre-
guency of genotypes of each gene and the incidence of
breast cancer indicated that there was a significant rela-
tionship between the frequency of genotypes and the risk
of breast cancer only in CYP1B1gene (P-value =0.015,
OR=0.38, Cl,0.18 0.84), and no significant results were
obtained for other genes.(Table 7)

It can be said that CC genotype of CYP1B1decreasedthe
risk of breast cancer about 0.38 time in comparison to the
CG + GG genotype. In addition, about the correlation be-
tween CC and CG + GG genotypes with demographic and
clinical variables such as age (P-value = 0.25), agriculture
(P-value = 0.2), menopause (P = 0.16) (P-value = 0.29),
LDL consumption (P-value = 0.86), tumor grade (P-value =
0.83), and stage of cancer(P-value 0.16) =), there was no
significan trelationshipamong two groups (Table 7).

Table 7. Relationship between the frequency of CYP1B1

genotypes and the risk of breast cancer and demographic
and clinical variables

CYP1B1 Result
cC GC+GG | OR | P-value Cl
Case | 38(30%.9) | 34(27.6) -

Group conal T 3s0% ) | Tariore gy | °%8 | 015" |(0.18084
<45 | 34(27%.56) | 26(21%.1)

Age >45 [ a2a%) | 2175y | 00| 020 |(0321.36)

0, 0,

Agriculture \'{“EOS fgﬁ;f’:i 2;87/’7;3) 05 | 02 |(0.17,145)
0. 0.
Menopause | NO | 42(34%.1) | 32(26%.0)

status YES |aa2r%6) | 15(12%2) | 08| ©16 | 027124

rl:amlly NO | 26(36%.1) | 27(37%.5) 055 | 029 |(0.10.165

istory in 5 . .19,1.65
it bgee | YES | 12016%7) | 7(0%7)
NO | 36(29%.3) | 23(18%.7)

OCP USE 094| 086 |(0.45,1.94

YES | 40(32%.5) | 24(19%.5) (045.1.94)
L1l | 32(44%.4) | 28(38%.9)

114 0. 33,3.94

Grade T oens | oEs) 083 [(0.33,3.94)
LI | 22(30%.6) | 25(34%.7)

st 049| 016 |(0.18,1.34

age I,V | 16(22%2) | 9(12%.5) ( )

According to the results of serum levels of Diazinon and
Malathion, it can be concluded that the mean serum level
of diazinon in both case and control groups was statisti-
cally significant (p <0.001). According to the mean+ SD
serum level of this poison, it can be concluded that di-
azinon in the case group hada much lower level than the
control group(Table 8).

Table 8. Serum levels of Diazinon and Malathion in Case and
Control groups

95% Confidence
Serum Statical Interval of the
levels Group | MeanSD value DF | P-value Difference
Lower | Upper
Case

- 35.4+38.9
Diazinon |Control 10045732 4.1 36.5 [ <0.001 [ 97.3 | -32.5

) Case [79.6+101.0
Malathion Contoll 6572128 0.02 55 0.98 -458 | 46.6

According to the results of the logistic regression model,
there was a significant relationship between serum level
of diazinon andthe risk of breast cancer (P <0.001).Results
indicated that, for each unit of increase in serum level of
diazinon, the chance of a breast cancer risk increased
1.019 degree. No significant correlation was found be-
tween serum levels of malathion and the risk of cancer in
this study (Table 9).

Table 9. The relationshipbetween the risk of cancer and se-
rum level of Diazinon and Malathion
95% C.I. for EXP (B)
OPs VieanzSD B P-value | Exp(B)
Diazinon | 65.1£65.35 | 0.019 | 0.001 | 1.019 1.01 1.03

Malathion | 79.4+85.98 0 0.98 1 0.99 1.01

Regarding the results, after adjusting the regression model
based on the serum level of diazinon and malathion, no
double and triple of genotypes were found to have a signif-
icant relationship with the incidence of disease (Table 10).

Gene Genotype Group Adjusted for Diazinon Adjusted for Malathion
Case (%) Control(%) P OR(95% CI) P OR(95%Cl)
CC 62(86%0.1) 48(94%0.1) 0.22 - 0.74 -
CYP2CS CG 0(0%0.0) 2(3%0.9) 0.08 22.04(0.67,719.2) 0.44 2.49(0.24,25.66)
GG 10(13%0.9) 1(2%0.0) 0.99 4.56E+10 0.99 4.99E+10
CC vs GG+CG 72(58%0.53) 51(41%0.47) 0.65 1.67(0.17,15.9) 0.82 0.82(0.15,4.46)
AA 3(4%0.2) 10(19%0.6) 0.24 - 0.21 -
CYP19A1 GA 42(58%0.3) 27(52%0.9) 0.099 6.16(0.71,53.35) 0.09 5.12(0.78,33.65)
GG 27(37%0.5) 14(27%0.5) 0.317 2.02(0.51,7.9) 0.27 1.94(0.58,6.4)
AA+GA vs GG 72(58%0.53) 51(41%0.47) 0.18 2.43(0.65,9.2) 0.14 2.33(0.74,7.37)
AA 49(68%0.1) 39(76%0.5) 0.23 - 0.13 -
GSTP GA 12(16%0.7) 12(23%0.5) 0.99 760099542(0,.) 0.99 1179022271(0,.)
GG 11(15%0.2) 0(0%0.0) 0.99 5767349012(0,.) 0.99 1.130E+10(0,.)
AA+GAvs GG 72(58%0.53) 51(41%0.47) 0.99 946807232(0,.) 0.99 1610795464(0,.)
CcC 56(77%0.8) 38(74%0.5) - - - -
CYPIAT TC 16(22%0.2) 13(25%0.5) 0.22 2.66(0.56,12.75) 0.39 1.72(049,6.01)
T 0(0%0.0) 0(0%0.0) - - - -
CCvs TT+CT 72(58%0.53) 51(41%0.47) 0.22 2.66(0.55,12.75) 0.63 0.81(0.34,1.9)
CC 38(52%0.8) 38(74%0.5) 0.11 - 0.15 -
CYP1BI GC 20(27%0.8) 5(9%0.8) 0.71 1.37(0.27,7.25) 0.84 1.15(0.28,4.76)
GG 14(19%0.4) 8(15%0.7) 0.09 0.12(0.01,1.48) 0.13 0.22(0.03,1.59)
CC vs CG+GG 72(58%0.53) 51(41%0.47) 0.09 3.23(0.81,12.98) 0.15 2.31(0.74,7.22)




According to the results, the serum level of organophos-
phate diazinon and malathion did not differ significantly
in different stages of the disease (Table11).

Table 11. Serum Levels of Organophosphate Diazinon and
Malathion in Different Stages of breast cancer

Descriptive values Kruskal-Wallis
Serum levels | stage i
o Avelrage Mean+SD Stafical DF | P-value
rating value
1 10.5 17.2246.4
- 2 16.67 38.2+39.1
Diazinon 3 18 4295531 1.99 3 0.57
4 14 20.6+13.8
1 16 59.3+58.1
2 18 105.6+120.6
Malathi 4.31 2
AN T 21a | 429523 3 3| 0B
4 75 14.5+20.5

Discussion: Breast cancer is one of the most common fe-
male malignant tumors in Iran?°. Pesticides are one of the
most important risk factors for cancer, which are exces-
sively used in Mazandaran province located in south coast
of Caspian Sea*°.

Breast cancer comprises about 21% of all new cancers
in women. The highest age-adjusted incidence rate is re-
ported for North America, being 87 per 100 thousand
women per year, while the lowest rate has been reported
in China. Breast cancer follows a steeply increasing age
gradient up to 40 years of age, after which the rate of in-
crease slows down. Even though, there are three times as
many new cases diagnosed annually as in the late 1980s,
breast cancer mortality has remained largely unchanged.
This may at least partly be explained by earlier detection of
the disease due to effective screening programs and avail-
ability of improved therapies. The highest annual mortality
rates for breast cancer have beenreported for the UK, the
Netherlands, and Denmark, being over 25 per 100 thou-
sand in these countries. So far, conflicting results have
been reported from association studies®®. The etiology of
breast cancer could not be described by allelic variability at
a single locus.Instead,an improved understanding of the
interplay of xenobiotic exposures,endogenous physiology,
and genetic variability at multiple loci may help to iden-
tify women who are at increased risk of breast cancer.
The genetic polymorphisms that may be linked to breast
cancer are numerous. Cumulative lifetime exposure to
estrogen, estrogen metabolites, and other physiological
factors, as well as environmental exposures, could play
an important role in the etiology of breast cancer in ge-
netically predisposed women;carcinogenesis,determining
response to drugs and cell signaling. Many carcinogenic
compounds are oxidized by phase | enzymes, represented
by cytochrome P450 family, into reactive metabolites that
are detoxified by phase Il enzymes. GSTs are a family of
Phase Il detoxification enzymes that catalyze the conjuga-
tion ofglutathione (GSH) to a wide variety of xenobiotics.
Thisdetoxification ability plays a role in cellular protection-
from environmental and oxidative stress®'. CYP450 and
GSH enzymes associated with the development of breast

cancer® which involved in biosynthesis and metabolism of
estrogens and other CYP enzymes can involve in the devel-
opment of breast cancer risks like CYP19,CYP2,CYP17,CY
P1A2,CYP11A1,CYP2D6,CYP2C19,CYP3A4/5,CYPTAT,C
YP1B1,CYP2C8/9. In this study, distribution of CYP450 and
GSTisoenzymesCYP1A1(rs4646421), CYP1B1(rs1056836),
CYP19A1(rs749292) and CYP2C8(rs1058930) and
GSTP1(rs1695) gene polymorphisms in patients with
breast cancer in Mazandaran province and association
with serum levels of Diazinon and Malathion was investi-
gated by the PCR-RFLP using restriction enzyme activityand
GC-MS methods.

Vivek Kumar etal. searched about CYP 1A1 polymorphism
and organochlorine pesticides levels in the etiologyof
prostate cancer. They studied 70 newly diagnosedprostate
cancer patients and 61 age-matched healthy male con-
trols. OCP levels in blood were determinedusing gas chro-
matography-mass spectrometry (GC-MS) and CYP1A1
polymorphisms were analyzed by allele-specific PCR and
RFLP-PCR methods. Significantly higher levels of B -HCH,
y-HCH and p,p’ -DDE were found in cases as compared to
controls (p-values = 0.04, 0.008, and 0.01, respectively).
Higherlevels of y-HCH were observed in advanced stages of
prostate cancer cases (<T2 vs.> T3), (p-value =0.04).Dieldrin
was found significantly higher in cases with initial stages (p-
value =0.03). They did not observe a correlation between
prostate cancer and CYP1A1 polymorphisms. Hence, a
higher level of OCPs, especially B-HCH, y-HCH and p,p’
-DDE might be associated with prostatecancer risk.

In a study byMandanaGhisaretal, they determinedusing-
PCR-RFLP reaction that polymorphisms in genes involved
in xenobiotic metabolism and estrogen biosynthesis, like
CYPT1A1  (lle462Val;rs1048943), CYP1B1(Leud32Val;
rs1056836) and CYP19A1 (C> T, rs10046) and they
found an independent association of CYP1A1 (Val) with
BC risk.CYP1B1 and CYP19A1were not associated with
breast cancer risk. Joanna Trubicka etal. genotyped 597
cancer patients and 597 controls for three CYP1B1SNPs.
They found that the three SNPs rs10012, rs1056827, and
rs1056836 alone did not provide any significant evidence
of association with colorectal cancer risk. Haplotypes of
rs1056827 and rs10012 or rs1056827 and rs1056836 re-
vealed an association with colorectal cancer which was
significantly stronger in the homozygous carriers. Genetic
variants within the CYP1B1associated with altered func-
tion appeared to influence susceptibility the colorectal
cancer in Poland®.

Ghazaleh Khalili etal, studied about Cytochrome P450
1A1 (T3801C) Single Nucleotide Polymorphism inPatients
with Breast Cancer in Mazandaran Province-Northern
Iran. Ninety six patients with breast cancerand known-
clinicopathological characters and 110 healthy women as
control were genotypedforCYP1A1 M1 polymorphisms by
PCR-RFLP technique using Msp1 restrictionenzymes. Lo-
gistic regression was applied for statistical analysis. They
resulted thatthe frequency of TT and TC genotypes of
M1 polymorphism wascalculated 86, 14% for cases and
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79 and 21% for the control group, respectively.Surpris-
ingly, the mutant CC genotype was not found in any sub-
jects. Statisticalanalysis showed no significant correlation
between allelic variants and breastcancer risk (p-value;
0.42, OR; 0.66, Cl; 0.24-1.81). No significant correlation
wasalso found between genotypic frequency and clinico-
pathological characters. Only TT and TC genotypes were
found in the studied subjects. TheM1 allelic variants were
significantly associated neither with breast cancer risk nor-
withclinicopathological characteristics®.

In another study, Marc T Goodman etal. Determined Ge-
netic variation in two CYP19A1 single-nucleotide poly-
morphisms (SNPs), rs749292 and rs727479, by PCR-RFLP
method and association with the risk of ovarian cancer.
Results showedthat A allele of rs749292 was positively as-
sociated with ovarian cancer risk in a codominant model
for all combined races (AG versus AA genotype: odds ratio
(OR), 1.48 and 95% confidence interval (Cl, 1.07-2.04);
GG versus AA: OR, 1.87 (Cl, 1.24-2.82); Ptrend=0.002).
Similar significant associations of the rs749292 Aalleleon
risk of ovarian cancer were found among Caucasian and
Japanese women. No relation of the rs727479 SNP to
ovarian cancer risk was observed overall, although Cau-
casian women carrying the variant A allele compared
with women with a CC genotype had an OR of 2.91 (C|,
1.15-7.37).These data suggested thatCYP19A1 variants
may influence susceptibility to ovarian cancer(35).

H Jernstro'metal investigated CYP2C8and CYP2C9 poly-
morphisms in relation to tumor characteristics and early
breast cancerin a prospective series of 652 breast cancer
patients from southern Sweden which were genotyped
for CYP2C8*3, CYP2C8*4,CYP2C9*2, and CYP2C9*3.
Frequencies of CYP2C8/9 polymorphisms were similar
to healthy European populations. Significantly less node
involvement (P%0.002) and fewer PRtumors (P%0.012)
were associated with CYP2C8*4. Median follow-up was
25 months and 52 breastcancer-related events were re-
ported. In a multivariate model, CYP2C8/9*3/*1*/*2/*1
was the only factor associated with the increase drisk for
early events in 297 tamoxifen-treated, ER-positive pa-
tients, adjusted HR 2.54 (95%CI 1.11-5.79). The effect
appeared to bedriven by CYP2C8%*3, adjusted HR 8.56
(95%Cl 1.53-51.1). They found that Polymorphic variants
of CYP2C8/9 may influence breast tumor characteristics
and disease-free survival in tamoxifen-treated patients?®.

In a study, Catherine Duggan etal. measured the pres-
ence of the null mutation in GSTT1 and GSTM1, and the
rs1695 polymorphism inGSTP1 by a polymerase chain re-
action and assessed associations between breast-cancer
specific and all-causemortality using Cox proportional
hazards models.Results showed that participants with
ER-negative tumors were more likely to be GSTT1 null
(x2=4.52; P=0.03) and AfricanAmerican women were
more likely to be GSTM1 null (x2=34.36; P<0.0001).
NeitherGSTM1 nor GSTT1 null mutationswere associat-
ed with breast cancer-specific or all-cause mortality. In a
model adjusted for body mass index,race/ethnicity, tumor

References

1.

stage, and treatment received at diagnosis, the variant
Val allele of rs1695 was associated withthe increased risk
of all-cause (HR=1.81, 95% Cl 1.16-2.82, P=0.008), but
not breast cancer-specific mortality. The GSTT 1nullmuta-
tion was associated with significantly higher levels of C-
reactive protein. Theyconcluded that GSTMTand GSTT1
null genotypes had no effect on outcome; however, the
variant allele of rs1695 appearedto confer the increased
risk for all-cause mortality in breastcancer survivors3’=°,

he results of this study indicated that CYP2C8
(rs1058930), CYP19A1 (rs749292) and CY-
P1B1 (rs1056836) gene polymorphisms were
associated with breast cancer and there was a significant
relationship between serum level of Diazinon and risk of
breast cancer. Screening these genes, polymorphisms can
be used to prognosticate disease, prevent disease progres-
sion, and be sued asappropriate therapeutic intervention.

Acknowledgments: We acknowledgethe Student Re-
search Committee of Mazandaran University of Medical
Sciences. (Medical Ethics Code of the Committee Ethics:
IR.MAZUMS.REC.1397.1435)

Conflict of interest: The authors declare that they have no
conflict of interest in this work.

Stewart SL, King JB, Thompson TD, Friedman C, Wingo PA. Cancer
mortality surveillance—United States, 1990-2000. MMWR Surveill
summ. 2004;53(3):1-108.

Allred DC. Ductal carcinoma in situ: terminology, classification, and
natural history. Journal of the National Cancer Institute Monographs.
2010;2010(41):134-8.

Nafisi N, Saghafinia M, Motamedi MHK, Akbari ME. A survey of breast
cancer knowledge and attitude in Iranian women. Journal of cancer
research and therapeutics. 2012;8(1):46.

Dumitrescu R, Cotarla I. Understanding breast cancer risk-where
do we stand in 2005? Journal of cellular and molecular medicine.
2005;9(1):208-21.

Berwick M, editor Gene-environment interaction in melanoma. Forum
(Genoa, Italy); 2000.

Holstege CP, Kirk M, Sidell FR. Chemical warfare: nerve agent poison-
ing. Critical care clinics. 1997;13(4):923-42.

Ross SIM, Brewin CR, Curran HV, Furlong CE, Abraham-Smith KM,
Harrison V. Neuropsychological and psychiatric functioning in sheep
farmers exposed to low levels of organophosphate pesticides. Neuro-
toxicology and teratology. 2010;32(4):452-9.

Mansour SA. Pesticide exposure—Egyptian Toxicology.

2004;198(1-3):91-115.

scene.

Alam M, Maughan O. The effect of malathion, diazinon, and various
concentrations of zinc, copper, nickel, lead, iron, and mercury on fish.




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Biological trace element research. 1992;34(3):225-36.

Tang J, Cao Y, Rose RL, Brimfield AA, Dai D, Goldstein JA, et al. Me-
tabolism of chlorpyrifos by human cytochrome P450 isoforms and hu-
man, mouse, and rat liver microsomes. Drug metabolism and disposi-
tion. 2001;29(9):1201-4.

Sams C, Cocker J, Lennard M. Biotransformation of chlorpyrifos and
diazinon by human liver microsomes and recombinant human cyto-
chrome P450s (CYP). Xenobiotica. 2004;34(10):861-73.

Pavek P, Dvorak Z. Xenobiotic-induced transcriptional regulation of xe-
nobiotic metabolizing enzymes of the cytochrome P450 superfamily in
human extrahepatic tissues. Current drug metabolism. 2008;9(2):129-43.

Kutz FW, Cook BT, Carter-Pokras OD, Brody D, Murphy RS. Selected
pesticide residues and metabolites in urine from a survey of the US
general population. Journal of Toxicology and Environmental Health,
Part A Current Issues. 1992;37(2):277-91.

Edwards TM, Myers JP. Environmental exposures and gene regu-
lation in disease etiology. Environmental health perspectives.
2007;115(9):1264-70.

Brennan P. Gene—environment interaction and aetiology of cancer:
what does it mean and how can we measure it? Carcinogenesis.
2002;23(3):381-7.

Han W, Kang D, Park IA, Kim SW, Bae JY, Chung K-W, et al. Associations
between breast cancer susceptibility gene polymorphisms and clinico-
pathological features. Clinical Cancer Research. 2004;10(1):124-30.

Lu N, Wu B, Xia Y, Wang W, Gu A, Liang J, et al. Polymorphisms in
CYP1A1 gene are associated with male infertility in a Chinese popula-
tion. International journal of andrology. 2008;31(5):527-33.

Srivastava DS, Mandhani A, Mittal RD. Genetic polymorphisms of cyto-
chrome P450 CYPTA1 (* 2A) and microsomal epoxide hydrolase gene,
interactions with tobacco-users, and susceptibility to bladder cancer: a
study from North India. Archives of toxicology. 2008;82(9):633-9.

Ding X, Kaminsky LS. Human extrahepatic cytochromes P450: function
in xenobiotic metabolism and tissue-selective chemical toxicity in the
respiratory and gastrointestinal tracts. Annual review of pharmacology
and toxicology. 2003;43(1):149-73.

Harth V, Schéfer M, Abel J, Maintz L, Neuhaus T, Besuden M, et al.
Head and neck squamous-cell cancer and its association with polymor-
phic enzymes of xenobiotic metabolism and repair. Journal of Toxicol-
ogy and Environmental Health, Part A. 2008;71(13-14):887-97.

Ickstadt K, Schéfer M, Fritsch A, Schwender H, Abel J, Bolt HM, et al.
Statistical methods for detecting genetic interactions: a head and neck
squamous-cell cancer study. Journal of Toxicology and Environmental
Health, Part A. 2008;71(11-12):803-15.

Haiman CA, Dossus L, Setiawan VW, Stram DO, Dunning AM, Thomas
G, et al. Genetic variation at the CYP19A1 locus predicts circulating
estrogen levels but not breast cancer risk in postmenopausal women.
Cancer research. 2007;67(5):1893-7.

Daily EB, Aquilante CL. Cytochrome P450 2C8 pharmacogenetics: a
review of clinical studies. Pharmacogenomics. 2009;10(9):1489-510.

Bagnoli F, Fady B, Fineschi S, Oddou-Muratorio S, Piotti A, Sebastiani F,
et al. Neutral patterns of genetic variation and applications to conser-
vation in conifer species. Genetics, genomics and breeding of conifers
CRC Press, Boca Raton. 2011:141-95.

Gravina P, Spoletini I, Masini S, Valentini A, Vanni D, Paladini E, et al.
Genetic polymorphisms of glutathione S-transferases GSTM1, GSTTT1,
GSTP1 and GSTA1 as risk factors for schizophrenia. Psychiatry re-
search. 2011;187(3):454-6.

Shokrzadeh M, Fattahi I, Mohammadpour A, Mashhadban AH. Pres-
ence of CagA gene and its antibiotic resistance pattern in Helicobacter
pylori isolates. Journal of Mazandaran University of Medical Sciences.
2017;27(154):60-72.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Kumar V, Yadav CS, Singh S, Goel S, Ahmed RS, Gupta S, et al. CYP
1A1 polymorphism and organochlorine pesticides levels in the etiology
of prostate cancer. Chemosphere. 2010;81(4):464-8.

Tafrihi M, Toosi S, Minaei T, Gohari AR, Niknam V, Arab Najafi SM. An-
ticancer properties of Teucrium persicum in PC-3 prostate cancer cells.
Asia Pac J Cancer Prevent. 2014;15(2):785-91.

Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA:
a cancer journal for clinicians. 2005;55(2):74-108.

Collins LC, Baer HJ, Tamimi RM, Connolly JL, Colditz GA, Schnitt SJ.
The influence of family history on breast cancer risk in women with bi-
opsy-confirmed benign breast disease: results from the Nurses’ Health
Study. Cancer. 2006;107(6):1240-7.

PICADO-LEONARD J, MILLER WL. Cloning and sequence of the human
gene for P450cl7 (steroid 17a-hydroxylase/17, 20 lyase): similarity with
the gene for P450c21. Dna. 1987,6(5):439-48.

Ghisari M, Eiberg H, Long M, Bonefeld-Jgrgensen EC. Polymorphisms
in Phase | and Phase Il genes and breast cancer risk and relations to
persistent organic pollutant exposure: a case—control study in Inuit
women. Environmental Health. 2014;13(1):19.

Trubicka J, Grabowska-Ktujszo E, Suchy J, Masoj¢ B, Serrano-Fernandez
P, Kurzawski G, et al. Variant alleles of the CYP1B1 gene are associated
with colorectal cancer susceptibility. BMC cancer. 2010;10(1):420.

Khalili G, Barzegar A, Nikbakhsh N, Ansari-Pirsaraee Z. Study of Cy-
tochrome P450 1A1 (T3801C) single nucleotide polymorphism in pa-
tients with breast cancer in Mazandaran province-northern Iran. Re-
search in Molecular Medicine. 2015;3(4):17-22.

Goodman MT, Lurie G, Thompson PJ, McDuffie KE, Carney ME. As-
sociation of two common single-nucleotide polymorphisms in the
CYP19A1 locus and ovarian cancer risk. Endocrine-related cancer.
2008;15(4):1055-60.

Jernstréom H, Bageman E, Rose C, Jénsson P-E, Ingvar C. CYP2C8 and
CYP2C9 polymorphisms in relation to tumour characteristics and early
breast cancer related events among 652 breast cancer patients. British
Journal of Cancer. 2009;101(11):1817.

Duggan C, Ballard-Barbash R, Baumgartner RN, Baumgartner KB, Ber-
nstein L, McTiernan A. Associations between null mutations in GSTT1
and GSTM1, the GSTP1 lle 105 Val polymorphism, and mortality in
breast cancer survivors. Springerplus. 2013;2(1):450.

Kimasi K, Shojaei V, Boroumand MR. Investigation of Safety Condi-
tions at Gymnasia in Different Organizations. Journal of Humanities
Insights. 2019;3(02):70-4.

Barbosa F. Emergency Health Care System and its Role in National Di-
sasters. Journal of Humanities Insights. 2018;02(01):14-20.

Zendegany S. Social and civil perceived supports for kidney pa-
tients compared to normal people. Journal of Humanities Insights.
2019;3(01):17-9.

Khoshtinat V. Review the Impact of Adherence to Islamic beliefs Con-
cerning Healthy life Style, General Health and Academic Achievement
as well as Factors Affecting Drug Consumption. Medbiotech Journal.
2017;01(03):139-48.

Soleimanha, M., Salari, A., Khosousi, D., Karimi, A., & Hemmati, M.
(2018). Comparison of the anxiety and satisfaction level of the patients
under fracture plating treatment type c1 and c2 of distal femur in the
two groups of combination drugs (gabapentin, celecoxib, and acet-
aminophen) and placebo. Electronic Journal of General Medicine, 15(4).

Akdeniz G, Deniz O, Vural G, GUmusyayla S, Bektas H. Is digit ratio
(2D:4D) an indicator for patients with epilepsy?. J Clin Exp Invest.
2018;9(2):87-90. https://doi.org/10.5799/jcei.433812

GADGE, G., SABALE,. V., KHADE,. A. & MAHAJAN,. U. (2019). Current
Approaches on Gastro Retentive Drug Delivery System: An Overview.
International Journal of Pharmacy Research & Technology, 9 (2), 16-28.




