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Abstract 
Background: Breast cancer is the first leading cause of cancer-related death in 

women. Pesticides which are excessively used in northern Iran are one of the most 

important risk factors for breast cancer incidence. The cytochrome P450 1A1 

(cyp1A1) is a key enzyme in xenobiotics metabolism and SNPs of its coding gene 

has been verified to be important in cancer susceptibility. The aim of this study 

was to evaluate the association of cyp1A1 M1 polymorphism with the risk of 

breast cancer in Mazandaran province. 

Materials and Methods: Ninety six breast cancer patients with known 

clinopathological characters and 110 healthy women as control were genotyped 

for cyp1A1 M1 polymorphisms by PCR-RFLP technique using Msp1 restriction 

enzymes. Logistic regression model was applied for statistical analysis. 

Results: The frequency of TT and TC genotypes of M1 polymorphism was 

calculated 86, 14% for cases and 79 and 21% for control group, respectively. 

Surprisingly, the mutant CC genotype was not found in any subjects. Statistical 

analysis showed no significant correlation between allelic variants and breast 

cancer risk (p value; 0.42, OR; 0.66, CI; 0.24-1.81). No significant correlation was 

also found between genotypic frequency and clinopathological characters. 

Conclusion: Only TT and TC genotypes were found in the studied subjects. The 

M1 allelic variants were significantly associated neither with breast cancer risk nor 

with clinopathological characteristics. 
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Introduction  

Breast cancer is the most prevalent malignancy of 

women worldwide (1, 2). According to a report of the 

Iran’s Ministry of Health and Medical Education, 

breast cancer has become the most common primary 

cancer in Iranian women (3). Iranian Breast cancer 

cases are one decade younger than their western 

counterparts (4). The etiology of breast cancer is 

complex; a small proportion of breast cancer cases 

can be attributed purely to genetic reasons whereas 

for a vast number of cases there is compelling 

evidence for the role of other factors, such as family 

and reproductive history, diet, alcohol consumption, 

and exposure to environmental carcinogens (5, 6, 7). 

Pesticides are among the most carcinogenic 

compounds. According to statistics released by the 

Plant Protection Organization of Mazandaran 

province high amounts of organophosphorus 

pesticides are being used for protection of over 

600,000 hectares under cultivation of crops. 

Pesticides can easily enter surface water through 

irrigation water and rain leading to water pollution 

and can either directly or indirectly threat human 

health (8). Many carcinogenic compounds are 

oxidized by phase I enzymes, represented by 

cytochrome P450 family, into reactive metabolites 

that are detoxified by phase II enzymes. Hence, the 

toxic effects of exposure, absorption and 

detoxification of carcinogens depends on a delicate 
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balance between the phase I and phase II enzymes (9, 

10). The cytochrome P450 enzymes are regulated at 

the transcriptional level and its expression is 

influenced by genetic factors, polymorphism in the 

structural and regulatory gene and by environmental 

factors (11, 12). Polymorphisms and expression 

pattern of these genes are believed to be key factors 

in determining cancer susceptibility to toxic or 

environmental chemicals (13). The cytochrome 

P4501A1 (cyp1A1) enzyme is one of the major 

components of detoxification pathway that is highly 

expressed in non-hepatic cells such as breast tissue 

(14). The cyp1A1, located on chromosome 15q22–

q24, is a 5987-bp long gene that encodes for a 512 

amino acid protein (15). It is a polymorphic gene 

involved in metabolism of steroids and several 

potentially genotoxic chemicals (16). Four single 

nucleotide polymorphisms (SNP) were identified in 

cyp1A1 gene including: M1, T/C transition at 

nucleotide 3801; M2, A/G transition at position 2455 

resulting in change of Ile to Val at codon 462; M3 

T/C transition at nucleotide 3205; and M4 C/A 

transition at position 2453 resulting in change of Thr 

to Asn at codon 461. The M1 polymorphism at 3’-

flanking region (T3801C) was verified to be 

associated with increased activation of carcinogens 

(17, 18). In a population-based, case–control study 

we analyzed the association of the cyp1A1 M1 

genotypes with breast cancer risk in Mazandaran 

province. 

 

Materials and Methods 

Cases and controls 

The study involved 96 patients who underwent 

surgery in some referenced hospitals in Mazandaran 

province from September 2012 to December 2014. 

Patients’ age ranged from 29 to 72 years. 

Demographic and clinopathological data of patients 

were extracted from their records in hospitals. A 

group of 110 healthy females ranging from 23 to 83 

years were also included in this study to investigate 

whether certain M1 genotype is a susceptible marker. 

Five ml peripheral blood was collected from both 

patients and control group and stored at -80 oC.  

 

DNA extraction 

Blood samples were collected in EDTA-containing 

tubes and genomic DNA was extracted from blood 

lymphocytes by proteinase K/SDS digestion and 

phenol–chloroform extraction method (19). DNA 

concentration was measured spectrophotometerically 

and its purity was checked through agarose gel 

electrophoresis. 

 

cyp1A1 Msp1 genotyping (cyp1A1M1) 

The cyp1A1 M1 single nucleotide polymorphism     

involves a T>C substitution at position 3801 of the 3′ 

untranslated region (3′-UTR) which creates a MspI 

restriction site. The genotype of this region was 

determined by polymerase chain reaction-restriction 

fragments length polymorphism (PCR-RFLP). A 340 

bp fragments containing T/C allele was amplified 

using forward: 5ˊ- CAGTGAAGAGGTGTAGCC 

GCT -3ˊand reverse: 5ˊ- TAGGAGTCTTGTCTGAT 

GCCT -3ˊprimers. PCR amplification was performed 

in a 25 μl reaction containing 1X PCR buffer, 100 ng 

genomic DNA, 1.5 mM MgCl2, 0.3 mM each 

forward and reverse primers, 0.2 µM dNTPs and 2.5 

U taq DNA polymerase (10 u/μl). The cycling 

conditions including an initial denaturation at 94°C 

for 4 min, 32 cycles of denaturation at 94 °C for 40 

sec, annealing at 55 °C for 35 sec and extension at 72 

°C for 37 sec and a final extension at 72 °C for 7 min. 

Products were analyzed by electrophoresis at 1.5% 

agarose gel and visualized by ethidium bromide 

staining. The amplified fragment was digested with 1 

U MspI restriction enzyme at 37 °C for 2 hr and was 

analyzed on 2% agarose gel. When digested with 

MspI the homozygote wild-type TT genotype 

produce a single band of 340 bp length, the 

homozygote mutated CC genotype results in two 200 

and 140 bp fragments and heterozygote TC genotype 

produce three fragments of 340, 200 and 140 bp 

fragments (figure 1). A sample of each genotype was 

sequenced in Bioneer company (south Korea) to 

verify the results of genotyping.  

 

 
Figure 1. Agarose gel electrophoresis of PCR-RFLP patterns of 
m1 allelic variant of cyp1A1 gene.  L: 100 bp DNA ladder 

(Fermentas); 1- 4: Heterozygous TC genotype; 5: Wild-type 

homozygous TT genotype. 

 

Ethics Statement 

All patients and healthy controls provided their 

verbal informed consent to participate in this study. 

 

Statistical analysis 

The genotype and allele frequency of cyp1A1 M1 

genotype were tested for Hardy-Weinberg
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equilibrium (HWE) for both patient and control 

group using 2 test. Odds ratio (OR), confidence 

intervals (CI) and P-values were calculated using 

unconditional logistic regression and adjusted for 

ageto estimate the association between genotypes or 

some other clinopathological data and the risk of 

breast cancer (20). All data were analyzed by SAS 

9.1 statistics software and P<0.05 was considered as 

statistical significance.  

 

Results 
Demographic and clinopathological data 

This study was performed in 96 breast cancer patients 

and 110 healthy controls with known demographic 

and clinopathological data (table 1) in Mazandaran 

province, northern Iran. 
 

Table 1. Demographic and clinopathological characteristics of 
patientsa. 

Clinopathological Variables 
 

No. of Patient (%) 
 

 

Age 

 ≤ 45 
 >45 

 
42 (45.6) 

50 (54.4) 
 

 

Menopause 

Positive 
Negative 

 

 

 

38 (42) 
53 (58) 

 

Grade 

І 

ІІ  
ІІІ 

 

 

3 (5) 

53 (60) 
31 (35) 

 

Family history 

Positive 

Negative 

 
 

7 (10) 

78 (90) 
 

Smoking 

Positive 

Negative 
 

 
 

6 (7) 

80 (93) 

 

The mean ages of patients and healthy individuals 

were 48.21±8.2 and 46.27±6.1 years, respectively. 

Student's t-test showed no significant relationships 

between the two groups (p>0.365). Chi-square test 

showed that the genotype frequency of case and 

control groups did not significantly diverge from 

HWE (both p>0.05). Despite the importance of 

family history in disease occurrence only 10% of 

patients had a positive history. Results of pathologic 

information showed that 55% of cases were 

diagnosed at advanced stages. 

The cyp1A1 genotype distribution and its association 

to known clinopathological data 

The cyp1A1 m1 allelic variants were determined 

using PCR-RFLP and resulting genotype distribution 

is presented in table 2. The allelic frequency of TT 

and TC genotypes was 89% and 14% for the case and 

79% and 21% in control group, respectively (table 2).  

Surprisingly, the homozygote CC genotype was not 

present in any case and control groups. As shown in 

table 2, in the logistic regression model no significant 

association was found between M1 allelic frequencies 

of subjects and breast cancer risk (P value; 0.42, OR; 

0.66, CI; 0.24-1.81). The TT and TT+TC genotypes 

were not significantly correlated with demographic 

and clinopathological characteristics including age at 

diagnosis (p=0.94), menopause (p=0.49), grade 

(p=0.22), smoking (p=0.96), and family history 

(p=0.64) (Table 3).  

 

Discussion 

Breast cancer is one of the most common female 

malignant tumors in Iran (21). Pesticides are one of 

the most important risk factors for cancer which are 

excessively used in Mazandaran province located in 

south coast of Caspian Sea (5). Cytochrome P450 

(CYP) 1A1, a member of human CYP1 family, is 

generally expressed in extrahepatic tissues for 

bioactivation of xenobiotics such as pesticides and 

drugs (22). Some single nucleotide polymorphisms 

occurring in genes coding for these xenobiotic-

metabolizing enzymes are known to influence their 

functional properties and their association to cancer 

incidence have been stated in several reports (23). In 

this study, we investigated M1 polymorphisms of 

cyp1A1 in 96 breast cancer patients along with 110 

healthy controls in an attempt to investigate its 

association to breast cancer risk in Mazandaran 

province. The mean age of breast cancer patients 

(48.21±8.2 years) in this study is consistent with the 

results of other researches in Iran, verifying again the 

younger age of breast cancer development for Iranian 

women (24, 25). Most patients were diagnosed to be 

at grades II and III. Similar results were also reported 

in a research conducted on a group of women with 

breast cancer (n=3085) in Iran (25). 
 

 

 
 

Table 2. Distribution of cyp1A1 gene polymorphisms and breast cancer risk 

Polymorphism Genotype 

 

No of subjects (%) 
 

 

Non-adjusted a 
 

Adjusted b 

CI 
 

Case 
 

Control 
 

P value 
 

OR 
 

P value 

 

OR 
 

M1 
TT 83 (86) 87 (79) - 1 - 1 - 
 

TC 
 

13 (14) 23 (21) 0.30 0.59 0.42 0.66 0.24-1.81 

a Logistic regression model, non-adjusted. 
b Logistic regression model, adjusted for diagnostic age. 
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These reports emphasize that cultural and social 

issues, lifestyle change and reproductive behaviors 

are amongst the key factors for late diagnosis of 

breast cancer in Iranian women. So, breast self-

examination and regular evaluations may be helpful 

to screen for the disease at primary stage (26). PCR-

RFLP analysis of M1 polymorphism in this study 

showed that just wild-type homozygote TT and 

heterozygote TC genotypes were appeared in our 

subjects. But, none of the cases and healthy controls 

showed mutant CC genotype. Statistical analysis by 

logistic regression model indicated no significant 

relationship between M1 genotype frequency and 

breast cancer risk (p=0.42 and OR=0.66). 

 
Table 3. Relationship between cyp1A1 (M1) polymorphism and known clinopathological variables. 

clinopathological Variables 

             Genotype (%) Adjusteda 

 

TT 
 

TT+TC P value OR CI 

 

Age 

        ≤ 45 

        >45 
 

 

34 (82) 

41 (83) 
 

 
8 (18) 

9 (17) 
 

 
- 

0.94 
 

 
1 

1.05 
 

 

- 

0.21-5.29 
 

 

Menopause 

        Negative 
        Positive 
 

 
 

35 (91) 
43 (82) 

 
 

3 (9) 
10 (18) 

 
 

- 
0.49 

 
 

1 
0.31 

 
 

- 
0.01-5.66 

 

Grade 

        І – ІІ 

        ІІІ 
 

 
 

48 (82) 

28 (90) 

 
 

10 (18) 

3 (10) 

 
 

- 

0.22 

 
 

1 

0.25 

 
 

- 

0.002 – 2.30 
 

Family history 

        Negative 

        Positive 
 

 
 

66 (87) 

5 (67) 

 
 

12 (13) 

2 (33) 

 
 

- 

0.64 

 
 

1 

0.51 

 
 

- 

0.04-6.37 
 

Smoking 

        Negative 

        Positive 
 

 
 

70 (88) 

6 (100) 

 
 

10 (12) 

0 (0) 

 
 

- 

0.96 

 
 

1 

>999.999 

 
 

- 

<0.001- > 999.999 

      a Logistic regression model adjusted for diagnostic age.  All statistical tests were two-sided with a significance of p<0.05 

 

Several genetic polymorphisms have been identified 

in cyp1A1 gene. But, no agreement has been made on 

the association of these SNP and breast cancer risk. 

Although, similar results indicating no association 

between cyp1A1 gene variants and breast cancer risk 

was presented by Bailey et al., (27) some other 

reports conversely pointed out positive associations 

(28,29). The study of relationship between M1 

genotypes and clinopathological characteristics such 

as age, menopause, smoking, family history and stage 

of the cancer demonstrated no significant correlation. 

Study of the association between allelic variants and 

clinopathological features did not create consistent 

results. Wang et al. found an association between M1 

genotype and stage of cancer (30). Overall, the 

discrepancy between the results of the association 

between SNP and breast cancer risk may be due to 

several factors including difference in ethnicity, diet, 

geographical variation and environmental exposures. 

Further researches with larger groups, are needed to 

clarify these points.                   

 

Conclusion 

This case-control population-based study was 

performed in 96 breast cancer patients with known 

clinopathological characters and 110 healthy women  

 

as control to determine genotypic variants of cyp1A1 

M1 polymorphisms in Mazandaran province, north of 

Iran. Only TT and TC genotypes were found in the 

studied subjects and Logistic regression model 

applied for statistical analysis showed significant 

correlation of M1 allelic variants neither with breast 

cancer risk nor with clinopathological characteristics.  
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