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ABSTRACT

Colorectal cancer (CRC) is one of the most common malignancies in developed
countries. It occurs via an interaction between an individual genetic background and
environmental parameters such as dietary factors. A number of studies have
suggested that dietary procarcinogens, such as heterocyclic amines, N-nitroso
compounds and polycyclic aromatic hydrocarbons, might be related to the
carcinogenesis of CRC. The carcinogens that cause the development of CRC enter the
body as procarcinogens via transporters and are activated to carcinogens or
eliminated by various enzymes. These toxicokinetic-related proteins are also
controlled by our genetic background (e.g. by genetic polymorphisms).Aim of work:
To analyze the common genetic polymorphisms in the genes for the metabolic
enzymes CYPIA; in an attempt to elucidate the association between these
polymorphisms and sporadic cases of colorectal carcinoma among Egyptian patients.
Subjects and Methods: This is a prospective controlled study where we investigated
the association between polymorphism of cytochrome P4501A; (m2) and colorectal
cancer using PCR-RFLPS. Over a period of twenty one months, the present study
included forty patients with colorectal carcinoma diagnosed by histopathological
examination of tumor biopsy and not on chemotherapy or radiotherapy. Twenty
healthy subjects, matched for age and sex were included as a control group. For all
subjects, peripheral blood samples were assayed for genetic polymorphism of
CYP1A;.Results: Our results showed that a statistically significant association
existed between CYP1A; variant genotype (p=0.015 and the odds ratio OR=0.105
with the 95% confidence interval 0.028-0.390) and colorectal cancer. Conclusion:
The studied polymorphism may be associated with the risk of development of
colorectal carcinoma in Egyptian patients however, large scale studies are essential
to confirm that association.
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INTRODUCTION accounted for 9.4% of the world’s

new cancers, with 945,000 cases

Colorectal cancer (CRC) is the diagnosed and 7.9% of the world’s
third leading cause of cancer-related cancer deaths, with 492,000 deaths. In
deaths in both men and women in 2008, CRC represented 8.9% of all
industrialized countries. In 2000, CRC cancers with lung and breast cancers
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having higher incidence (14.5% and
10.8%, respectively)™" 2

CRC is more prevalent in North
America, Argentina, Australia, New
Zealand and parts of Europe, and for
this reason it is commonly regarded as
a western lifestyle disease. ©®

CRC is one of the most common
malignant neoplasms in Egypt,
representing 6.5% of cancers and
tends to occur in younger Egyptians
with no specific predilection to age.
However, 29% of the tumors occurred
in patients under 30 years and 26% of
patients were aged 60 years. The
median age of all patients with CRC
was 48 years which is younger than
that in developed countries. “>

It is widely accepted that
colorectal  carcinogenesis is a
multistep  process involving the
inactivation of a variety of tumor-
suppressor and DNA-repair genes and
simultaneous activation of certain
oncogenes.®

Cancer risk resulting from human
exposure to exogenous chemicals
(xenobiotics), like polycyclic aromatic
hydrocarbons (PAH), which are
ubiquitous environmental, dietary, and
tobacco  carcinogens may vary
according to the ability to clear the
xenobiotics from the body"*®

Polymorphisms in the genes that
encode enzymes involved in the
metabolism of PAHs (xenobiotic-
metabolizing enzymes), such as the
cytochrome P450 group (CYP) and
the glutathione-S-transferase group
(GST), result in varying activity levels
of these enzymes, which can then
influence xenobiotic clearance. The
metabolism of PAHs involves both
activation (phase I) and clearance
(phase II) reactions by these enzymes.

During activation, reactive
intermediates are formed that can bind
to DNA and result in adducts that
cause mutations if not repaired,
thereby initiating carcinogenesis.

It is likely that the expression and
activity levels of the xenobiotic-
metabolizing enzymes determine the
relative level of activation and
detoxification of carcinogens. These
levels are important because increased
levels of activation, decreased
detoxification or both may increase
colorectal cancer incidence. ®

The cytochrome P450 family is a
large and diverse group of enzymes.
The function of most CYP enzymes is
to catalyze the oxidation of organic
substances. The substrates of CYP
enzymes include metabolic
intermediates such as lipids, steroidal
hormones, as well as xenobiotic
substances such as drugs. %

Genes encoding CYP enzymes
and the enzymes themselves are
designated with the abbreviation CYP,
followed by an Arabic numeral
indicating the gene family (e.g. CYPI,
CYP3), a capital letter A,B,C
indicating the subfamily (e.g. CYP1A,
CYP3A) and another numeral for the
individual ~ gene/isoenzyme/isoform
(e.g. CYP1A,. CYP3A,). ™V

These enzymes are variably
distributed in tissues, but are mainly
present in the liver, the main organ
involved in drug and toxin removal,
but a remarkable amount is also found
in the small intestine. CYP is present
in the microsomal part of the
cytoplasm. 2

Cytochrome P450 CYP1A, is one
of the three members of the CYPI
family, which is found mainly in
extrahepatic tissues and participates in
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the metabolism of a vast number of
xenobiotics, as well as a small number
of endogenous substrates. Among the
different reactions catalyzed by
CYP1A,, hydroxylation at a vacant
position of an aromatic ring is
considered to be the hallmark for the
reactive conversion products that can
cause oncogenic  mutations  in
experimental animals and humans. ¥

The CYPI1A, gene, located on
chromosome 15, band 15q 22-24,
comprises seven exons and six introns
and spans 5810 base pairs. In humans,
CYP1A, is under regulatory control of
the aryl hydrocarbon receptor, a
transcription factor that regulates gene
expression. 19

CYPI1A, expression is mediated
through a specific cytosolic receptor,
the aryl hydrocarbon receptor or AhR.
The transcription of CYPLA, is
inhibited by the AhR-related factor
aryl hydrocarbon receptor repressor or
AhRR, which localizes in the nucleus
in the form of a dimeric protein. > '®

Regarding CYP1A,
polymorphism, several mutations in
the gene have been described. The
four principal sequence variants are a
thymine to cytosine substitution at the
3’ end of the gene (mutation 1) that
gives rise to a Mspl restriction enzyme
site, an adenine to  guanine
substitution (mutation 2), resulting in
a Ile-462 Val exchange in the heme
binding region of exon 7, an African
American-specific thymine to
cytosine substitution (mutation 3) in
intron 7, and cytosine to adenine
variant (mutation 4) resulting in a
threonine 461 aspargine amino acid
change in the heme-binding site of the
enzyme.'"'®

METHODOLOGY

Sixty subjects were chosen over a
21 month period (1* February 2009-
31  October 2010) from the
Department of General Surgery at
Cairo University Hospital
Subjects were divided into 2 groups:

e Group 1 included forty patients
newly diagnosed with CRC (22
males and 18 females). The mean
age was 48.5 + 11.57years (range
from 17-70 years). Sixteen
patients were smokers (40%) and
only two patients gave a positive
family history of colorectal
cancer.

e Group 2 included twenty
apparently healthy individuals to
serve as controls (12 males and 8
females). The mean age was
48.85 £ 12.5years (range from
18-65 years). Eight persons were
smokers and none gave a positive
family history of colorectal
cancer.

All patients were subjected to full
history taking and complete clinical
examination. In Group 1 patients,
radiological assessment including
pelvi-abdominal ~ scanning,  chest
radiography, abdominal sonography,
sigmoidoscopy and colonoscopy as
well as biopsy and histopathological
examination were done.

From each participant in the
study, 9 ml of venous blood were
drawn and divided into 6ml of blood
dispensed into 2 sterile EDTA
vacutainer tubes and mixed properly
(one for DNA extraction was done
without delay, the other for CBC), and
the other 3ml of blood were dispensed
into sterile plain vacutainer tubes,
centrifuged for 10 minutes at
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3000rpm, and the separated serum
was used for tumor marker evaluation
and routine chemistry analysis.

All sixty subjects underwent
laboratory investigations including
CBC, kidney and liver functions,
tumor markers (CEA and CA 19-9),
genetic analysis of CYPlA;, gene
polymorphism  for detection of
CYP1A, A4887G (m2) using PCR-
RFLP.

Genomic DNA extraction from
peripheral blood leucocytes was done
using Qiagen GmbH (Hoffman La
Roche AG Max-Volmer-Strabe 4-
40724-Hilden-Germany). The analysis
of C.T transversion at position 4887 in
exon 7 of CYPIA,, which results in
the replacement of Thr by Asn at
residue 461 in the heme binding
region of the enzyme, was performed
using PCR-RFLP as described by
Cascorbi and  co-workers %,
Extracted DNA  samples were

amplified using M2F, 5
CTGTCTCCCTCTGGTTACAGGAA
GC and M2R, 5"

TTCCACCCGTTGCAGCAGGATA
GCC primers PCR was performed for
40 cycles with denaturing at 95°C for
1 min, annealing at 56°C for 1 min
and extension at 72°C for 1 min. The
PCR products were then digested with
Bsal enzyme (New England-Bio Labs
Catalog No. 18006327799) at 37°C
overnight,  then  subjected to
electrophoresis in ethidium-bromide-
stained 3% agarose gel and visualized
by ultraviolet light transillumination
to detect m2 mutation.

Statistical analysis: All our data were
statistically described in terms of
range, mean standard deviation (+/-
SD), frequencies and  related
frequencies when appropriate.

Comparison of quantitative variables
between the study groups was done
using Mann Whitney U test for
independent samples when not
normally distributed. For comparing
categorical data, Chi square test was
performed. Exact test was used when
the expected frequency is less than 5.
Multivariate  logistic ~ regression
analysis was done to rest the effect of
all important factors on the occurrence
of CRC in the study sample. A
probability value (p value) less than
0.05 was considered statistically
significant.

RESULTS

In the current study both groups
were age and sex matched (p>0.05)
and no significant difference in
smoking could be detected (p=0.22).
Concerning the site of the carcinoma,
we detected a higher prevalence of
distal tumors in the sigmoid colon and
rectum (57.5%). The main presenting
symptom in our patients was bleeding
per rectum (37.5%), diarrhea (25%),
abdominal pain  (22.5%), and
constipation (15%).

On comparing the levels of the
tumor markers CEA and CA 19-9
between cases and controls, a
statistically significant difference was
detected between the two groups
(p=0.042 and 0.0264), respectively.

Biopsies from our patients
revealed adenocarcinoma in 87.5%
(35/40), mucinous adenocarcinoma in
7.5 % (3/40) and signet cell ring
adenocarcinoma in 5% (2/40)of cases.

The BSA | RFLP analysis for
CYP1A, polymorphism revealed three
genotypes; lle/lle; homozygous for
the presence of the cut site
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(homozygous wild-type allele) with
two bands at 150 bp and 65 bp,
Ile/Val heterozygous (heterozygous
genotype) for the presence of the cut
site with three bands at 204 bp, 150 bp
and 65 bp and Val/Val homozygous
(homozygous rare mutant allele) type
for the absence of the cut site with an
undigested band at 204 bp (Figure 1)

In CYP1A, gene polymorphism,
the cases included 5/40 (12.5%) with
CYP1A,| (m2) mutation compared to
1/20 (5%) in the control group. A
statistically significant difference was
detected on comparing the incidence
of CYP1A, mutation between the two
groups; p=0.015 and the odds ratio
OR= 0.105 with the 95% confidence
interval (C.1)(0.028-0.390). (Table 1)

No statistically significant
differences were found between the
incidence of CYP1A,; mutation and
the age of patients (p=0.296), smoking
(p=0.051), site of the tumor whether
proximal or distal tumors (p=0.904).
(Tables 2, 3, and 4)

On investigating the association
between CYP1A, mutation and sex of

CRC patients, it was found that 5/5
(100%) of patients with the mutation
were males, while none of the patients
having the mutation was a female.
This difference was statistically
significant; p=0.031. (Table 5)

All five patients with the CYP1A,
mutation had adenocarcinoma; two
patients were 55 years old, while the
other three patients were 42, 50 and
59 years old. Two tumors were found
in the rectum, while the other three
tumors were detected in the cecum,
descending colon, and sigmoid colon.
High levels of CEA (above 5ng/ml)
were detected in three patients (60%),
whereas elevated levels of CA 19-9
(above 40 U/ml) were found in four
patients (80%).

The association between CYP1A,
polymorphism and the pathological
type of malignancy showed no
statistical significance; p=0.665, in
which 100% of patients with variant
genotype had adenocarcinoma and
none had mucinous or signet ring cell
adenocarcinoma. (Table 6)
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Figure (1): gel electrophoresis showing the CYP1A;m2 mutation gene polymorphism
after BsrDI digestion.
e Lane 1: DNA marker
e Lanes 2, 3,4, 5,6, 7,8, 9,10, 12, 13, 14, 18, 19, 20, 21, 22 and 23: are
homozygous wild types (Ile/IIE) (two bands at 150 bp and 65 bp)

e Lanes 11, 15, 17: are heterozygous for the mutation (Ile/Val), (three bands at 204
bp, 150 bp, and 65 bp)

e Lane 16: homozygous for the mutation (Val/Val) (one band at 204 bp)

Table (1): Frequency of CYP1A, genotypes among the two groups

Cases (n=40) | Controls (n=20) | P
Number (%)
CYP1A, Ile/Ile 35 (87.5%) 19 (95%)
Genotypes | Ile/Val 4 (10%) 1 (5%) 0.015 (S)
Val/Val 1 (2.5%) 0 (0%)
Gene polymorphism | 5 (12.5%) 1 (5%)

Table (2): Frequency of CYP1A, Genotypes according to the ages in cases

CYP1A,; Genotypes p
Wild type (n=35) | Variant (n=5)
o,
Number (%) 0296
Age <50 19 (54.3%) 2 (40%)
Age > 50 16 (45.7%) 3 (60%)
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Table (3): Frequency of CYP1A, Genotypes according to smoking
CYP1A, Genotypes P
Wild type (n=35) | Variant (n=5)
Number (%)
Negative 23 (65.7%) 1(20%) 0.051
Positive 12 (34.3%) 4 (80%)

Table (4): Frequency of CYP1A, Genotypes according to the site of malignancy

CYP1A, Genotypes P
Wild type (n=35) | Variant (n=5)
Number (%) 0.904
Proximal 15 (42.9%) 2 (40%) (NS)
Distal 20 (57.1%) 3 (60%)
Table (5): Frequency of CYP1A, genotypes among both sexes
CYP1A, Genotypes P
Wild Number (%) | Variant (n=5)
Type (n=35)
Males 17 (48.6%) 5 (100%) 0.031.(S)
Females 18 (51.4%) 0 (0%)

Table (6): Frequency of CYP1A, genotypes according to the pathological type of the

tumor
CYP1A, Genotypes P
Wild type (n=35) | Variant (n=5)
Number (%)
Adenocarcinoma 30 (85.7%) 5 (100%) 0.665 (NS)
Mucinous Adenocarcinoma | 3 (8.6%) 0 (0%)
Signet cell ring carcinoma | 2 (5.7%) 0 (0%)
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DISCUSSION

Colorectal carcinoma diagnosis is
often made at a too late stage inducing
a poor prognosis, emphasizing the
need for prevention and early
diagnostic tools. Metabolic enzymes,
including phase 1 and phase II
enzymes, are involved in activation
and detoxification of xenobiotics,
which play an important role in the
pathogenesis of colorectal cancer.
Cytochrome P450, including family 1,
subfamily A,  polypeptide 1
(CYP1A,), is one of the phase I
enzymes, metabolizing a large number
of endogenous and exogenous
substances, such as polycyclic
aromatic hydrocarbons, heterocyclic
amines, aromatic amines, and N-
nitrosamines. Thus, CYP1A, plays an
important role in human susceptibility
to colorectal cancer due to various
exogenous factors,?*2"22)

CONCLUSION

In conclusion, CYP1A, Ile462Val
polymorphism may contribute to
colorectal cancer risk, however,
further study is needed with a large-
scale case-control sample to validate
the identified risk in our current study.
In addition, potential gene-gene and
gene-environment interactions should
be taken into account when the
relation between CYPIA, Ile462Val
polymorphism and colorectal cancer
risk is further evaluated.

REFERENCES

1. Parkin DM, Bray F, Ferlay J
and Pisani P(2001): Estimating
the World Cancer Burden:

Globocan 2000. Int. J. Cancer:
94(2):153-156.

Jemal A, Siegel R, Ward E, Hao
Y, Xu J, Murray T, Thun MJ
(2008): Cancer Statistics. CA
Cancer J Clin., 58(2)::71-96.
Espey DK, Wu XC, Swan J,
Wiggins C, Jim MA, Ward E,
Wingo PA, Howe HL, Ries LA,
Miller BA, Jemal A, Ahmed F,
Cobb N, Kaur JS, Edwards
BK.(2007): Annual report to the
nation on the status of cancer,
1975-2004, featuring cancer in
American Indians and Alaska
Natives. Cancer, 110(10):2119-
52

Abdel Meguid Kassem, Nadia
El-Guendy, Marwa Tantawy,
Hala Abdelhady, Akmal El-
Ghor and Abdel Hady Abdel
Wahab  (2011):  Mutational
Hotspots in the Mitochondrial D-
Loop Region of the Cancerous
and Precancerous Colorectal
Lesion in Egyptian Patients. DNA
Cell Biol., 30(11): 899-906.
An-Chi Lo, Amr S. Soliman,
Hussein M. Khaled, Ahmed
Aboelyazid and Joel K.
Greenson. (2010): Lifestyle,
Occupational, and Reproductive
Factors and Risk of Colorectal
Cancer. Dis. Colon Rectum,
53(5): 830-837.

Chen K, Jin MJ, Fan CH, Song
L, Jiang QT, Yu WP, Ma XY,
Yao KY, Zhonghua Liu Xing
Bing XueZaZhi (2005):A case-
control study on the association
between genetic polymorphisms
of metabolic enzymes and the risk
of colorectal cancer. Zhonghua
Liu Xing Bing XueZaZhi.,
26(9):659-64

258



Bull. Egypt. Soc. Physiol. Sci. 31 (2) 2011

Jan et al.

10.

11.

12.

13.

Nebert DW, Dalton TP (2006):
The role of cytochrome P450

enzymes in endogenous
signalling pathways and
environmental  carcinogenesis.

Nat Rev Cancer 6(12):947-60.
Yoshida K, Osawa K, Kasahara
M, Miyaishi A, Nakanishi K,
Hayamizu S, Osawa Y, Tsutou
A, Tabuchi Y, Shimada E,
Tanaka K, Yamamoto M,
Takahashi J.(2007): Association
of CYP1Al, 2, GSTMI1 and
NAT2 Gene polymorphisms with
colorectal cancer and smoking.
Asian Pacific J cancer Prev., 8(3):
438-444.

Shin A., Kim J (2010): Effect
modification of meat intake by
genetic  polymorphisms on
colorectal neoplasia
susceptibility. Asian Pac J Cancer
Prev., 11(2):281-7.

Danielson PB (2002): The
cytochrome P450 superfamily:
biochemistry, evolution and drug
metabolism in humans; Curr
Drug Metab., 3(6):561-97.
Nelson DR (2006): Cytochrome
P450 nomenclature. Methods Mol
Biol.; 320:1-10.

Mandrioli R, Forti GC, Raggi
MA (2006): Fluoxetine
metabolism and pharmacological
interactions:  The role of
cytochrome p450. Curr. Drug
Metab., 7(2):127-33.

Buterin T, Hess MT, Luneva N,
Geacintov NE, Amin S, Kroth
H, Seidel A, Naegeli H (2000):
Unrepaired fjord region
polycyclic aromatic hydrocarbon-
DNA adducts in ras codon 61
mutational hot spots. Cancer Res.,
60(7):1849-56.

14.

15.

16.

17.

18.

19.

Ueda R, Iketaki H, Nagata K,
Kimura S, Gonzalez FJ,
Kusano K, Yoshimura T,
Yamazoe Y (2006): A common
regulatory  region  functions
bidirectionally in transcriptional
activation of the human CYP1A1
and CYP1A2 genes.
MolPharmacol., 69(6):1924-30.
Matsumura F, Puga A,
Tohyama C. (2009): Biological
functions of the aryl hydrocarbon
receptor: beyond induction of
cytochrome P450s. Introduction
to this special issue.
BiochemPharmacol., 77(4):473.
Shi S, Yoon DY, Hodge-Bell
KC, Bebenek 1G, Whitekus MJ,
Zhang R, Cochran AJ, Huerta-
Yepez S, Yim SH, Gonzalez FJ,
Jaiswal AK, Hankinson O.
(2009): The aryl hydrocarbon
receptor nuclear translocator
(Amt) is required for tumor
initiation by benzo[a]pyrene.
Carcinogenesis, 30(11):1957-61.
Hatagima A. (2002): Genetic
polymorphisms and metabolism
of endocrine disruptors in cancer
susceptibility. Cad. Saude
Publica., 18(2):357-77.

Song N, Tan W, Xing D, Lin D.
(2006): CYP 1Al polymorphism
and risk of lung cancer in relation
to tobacco smoking: a case-
control  study in  China.
Carcinogenesis 22(1):11-6.
Cascorbi,I., Brockmoller,J. and
Roots,[.(1996): A C4887A
polymorphism in exon 7 of
human CYP1Al: population
frequency, mutation linkages, and
impact on lung cancer
susceptibility. Cancer Res., 56:
4965-4969.

259



Bull. Egypt. Soc. Physiol. Sci. 31 (2) 2011

Jan et al.

20.

21.

22,

23.

24.

25.

Nebert DW (1991): Role of
genetics and drug metabolism in
human cancer risk. Mutat. Res.,
247:267-281.

Murtaugh MA, Sweeney C, Ma
KN, Caan BJ, Slattery
ML(2005): The CYPI1A,
genotype  may  alter  the
association of meat consumption
patterns and preparation with the
risk of colorectal cancer in men
and women. J Nutr.,135:179-186.
Wang S, Chanock S, Tang D, Li
Z, Jedrychowski W, Perera
FP(2008): Assessment of
interactions between PAH
exposure and genetic
polymorphisms on PAH-DNA
adducts in African American,
Dominican, and Caucasian
mothers and newborns. Cancer
Epidemiol. Biomarkers Prev.,
17:405-413.

Sivaraman L, Leatham MP,
Yee J, Wilkens LR, Lau AF, Le
Marchand L (1994): CYPIA,
genetic polymorphisms and in

situ colorectal cancer. Cancer
Res., 54:36 92-3695.
Pereira Serafim PV,

CotrimGuerreiro da Silva ID,
ManoukiasForones N (2008):
Relationship between genetic
polymorphism of CYPIA, at
codon 462 (Ile462Val) in
colorectal cancer. Int. J. Biol.
Markers 23:18-23.

Sachse C, Smith G, Wilkie MJ,
Barrett JH, Waxman R,
Sullivan F, Forman D, Bishop
DT, Wolf CR (2002): A
pharmacogenetic study to
investigate the role of dietary
carcinogens in the aetiology of

26.

27.

28.

29.

30.

colorectal cancer. Carcinogenesis,
23:1839-1849.

Kiss I, Orsos Z, Gombos K,
Bogner B, Csejtei A, Tibold A,
Varga Z, Pazsit E, Magda I,
Zolyomi A, et al. (2007):
Association  between  allelic
polymorphisms of metabolizing
enzymes (CYP 1A;, CYP 1A,,
CYP 2E;, mEH) and occurrence
of colorectal cancer in Hungary.
Anticancer Res., 27:2931-2937.
Yeh CC, Sung FC, Tang R,
Chang-Chieh CR, Hsieh LL
(2007):  Association  between
polymorphisms of
biotransformation and DNA-
repair genes and risk of colorectal
cancer in Taiwan. J Biomed Sci.,
14:183-193.

Jian-Qiang Jin, Yuan-Yuan Hu,
Yu-Ming Niu, Gong-Li Yang,
Yu-Yu Wu, Wei-Dong Leng,

and Ling-Yun Xia (2011):
CYPI1A, [Te462Val
polymorphism  contributes  to

colorectal cancer risk: A meta-
analysis. World J Gastroenterol.,
17(2):260 — 66.

Little J, Sharp L, Masson LF,
Brockton NT, Cotton SC,
Haites NE, Cassidy J. (2006):
Colorectal cancer and genetic
polymorphisms of CYPIAI,
GSTM1 and GSTTI: a case-
control study in the Grampian
region of Scotland. Int. J. Cancer,
119(9):2155-64.

Pande M, Amos CI, Osterwisch
DR, Chen J, Lynch PM,
Broaddus R, Frazier ML.
(2008): Genetic variation in
genes for the xenobiotic-
metabolizing enzymes CYP1A,
EPHX1, GSTMI1, GSTTI, and

260



Bull. Egypt. Soc. Physiol. Sci. 31 (2) 2011 Jan et al.

GSTP1 and susceptibility to 31. Fan C, Jin M, Chen K, Zhang
colorectal cancer in Lynch Y, Zhang S, Liu B. (2007):
syndrome. Cancer Epidemiol. Case-only study of interactions
Biomarkers Prev., 17(9):2393- between metabolic enzymes and
401. smoking in colorectal cancer.

BMC Cancer, 30: 7:115.

Llay) Gigaa AoV o )9 o 40060 JEY) aaad
priauall 9 ) g8 481 ()l pony

I S e sana _/’/dﬁﬁﬁﬂ_mdbw
5 ALl Aaala - calall A0S Ilalall and ol g ¢ DA ALSN 5 2SN L o S

Vs e %10 Jhary sme (o8 Lo sl SISV dia) )y 5Y) aal sa il 5 538 (U s
%Y Ol an s diadl 1aa s ¢ Aima G () daall e e (o pemall Ll (8 Gasgle Wl 5 Gla )
seall o gia g Lale T e J8) i pall (50 %Y s lale Yo alil ae jlac) Syl (e
Aeaiiall cylald) & @l (e J8T o giall 138 oS5 Lle 0 ia yalle 5l

O e e Ao sana Julant (o (55l Al G phadll Bavata dolee 5wl 5 ¢ sl Gl
W Ll QST a5 Ak jusall il dae Jhasi s (5553 Graeadl hoad 3l 5 ¢ oy sl 43S i)
OB sl S ksl 55 Gl 5 ¢ (o 800 (o 5 (o ) Ae sane JAe I il Alee (B LS
G255 s Gankall 8 duall ¢l Hakll Mgl ae ) (535 Cilag 331 o2 Lol <l giue (O
kol G s dll S

O aadl g a5 iS50 OAY ) ASae B ik 5 10 a5 5a s )SI (e ay 1Y (2 15 (o )
a3y Judine Jalsi 5l 3 g5 ansl] sl all o3 g jad 385 Canll 8 Lgw ya 3l ¥ 5 ikl L il alall
) (8 sl 5 ¢ sV U jass el ek (g ¥ 5k a5\ 1) (ol (e I 3V JSEY)
‘ Ol

AIY Yy eIYY Y ) G le 5ed YY) ae e LaddT s Al jall ods il
Analn (il ol Gaiusy milsall 5 ()51l (o yusy Ly g £+ Jauli e sanall (e sans () agaed
Jallll m yall il 2] [l de panall] elaal) e 13 58 Yo Jedii e sanall 5 ¢ 3Ll
el A saall (358 il sall 5 Gl y saall e la V) (el Jue 2ay JSH SY) andll
Y5 2l A (a5 ALK aall 3 ) gem cilad Ailanas il g agd iy jal 5 Candl 8 (S i)
o ol Y 5kl e GBSV o o) s e 3 JWSEYT aaeil 450 ) 1) i) Qs o) )
sy

Cigan g, 1) sl s (o T A1) I JISEY) sand (p Ailan] AV culd Lol 3 s 5 il < jelil
el Gpaal Jaine jlad Jale alang Lea (g peaall (o yall (8 aifisall 5 0 5 58l Gl s

261



