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Abstract

The arylamine N-acetyltransferase 2 (NAT2) enzymes detoxify a wide range of naturally occurring xenobiotics in-
cluding carcinogens and drugs. Point mutations in the NAT2 gene result in the variant alleles M1 (NAT2 *5A), M2
(NAT2*6A), M3 (NAT2*7) and M4 (NAT2 *14A) from the wild-type WT (NAT2 *4) allele. The current study was aimed
at screening genetic polymorphisms of NAT2 gene in 49 lung cancer patients, 54 colorectal cancer patients and 99
cancer-free controls, using PCR-RFLP. There were significant differences in allele frequencies between lung cancer
patients and controls in the WT, M2 and M3 alleles (p < 0.05). However, only M2 and M3 allele frequencies were dif-
ferent between colorectal cancer patients and controls (p < 0.05). There was a marginal significant difference in the
distribution of rapid and slow acetylator genotypes between lung cancer patients and controls (p = 0.06 and p = 0.05,
respectively), but not between colorectal cancer patients and controls (p = 1.0 and p = 0.95, respectively). Risk of
lung cancer development was found to be lower in slow acetylators [odds ratio (OR): 0.51, 95% confidence interval
(95% CI): 0.25, 1.02, p-value = 0.07]. No effect was observed in case of colorectal cancer. Our results showed that
NAT2 genotypes and phenotypes might be involved in lung cancer but not colorectal cancer susceptibility in Jordan.
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Introduction

Lung cancer is one of the most prevalent cancers

worldwide and comprises three major histological sub-

types, adenocarcinoma, squamous cell carcinoma, and

small cell carcinoma. In Jordan, 299 lung cancer cases were

registered in 2009, accounting for (6.2%) of all newly diag-

nosed cases among Jordanians. It ranked third among all

new cancers. Among males it ranked second, affecting 256

(11.2%) of the individuals, and among females it ranked

twelfth, with 43 (1.7%) affected individuals (Tarawneh et

al., 2009).

Colorectal cancer is one of the most common cancers

in the world. In recent years, a dramatic increase in colo-

rectal cancer incidence has been reported in several coun-

tries (Shin and Kim, 2010). In Jordan, there were 554

colorectal cancer cases in 2009; accounting for (11.9%) of

all newly diagnosed cases among Jordanians. It ranked sec-

ond among all new cancers, and first among males, where it

affected 290 (12.7%) and second among females, with 264

(10.5%) affected individuals (Tarawneh et al., 2009).There

are several risk factors involved in the formation of colo-

rectal and lung cancers including diet, cigarette smoking,

aging, as well as different susceptibilities to carcinogens

(Vineis, 2003; Donaldson, 2004).

N-acetyltransferase 2 (NAT2) is an enzyme found in

a large number of organs such as the lungs, colon, breast,

prostate, and liver. The expression of this enzyme suggests

that it plays a key role in the protection against reactive

molecules resulting from environmental insults, not only in

the liver but in all target tissues (Windmill et al., 2000). The

NAT2 gene, located in short arm of chromosome 8(8p22),

has no introns. It contains an 870 bp open reading frame

that encodes a protein of 290 amino acids (Blum et al.,

1990). It is an important phase II enzyme that catalyzes the

acetylation of aromatic and heterocyclic amines and hydra-

zines present in carcinogenic compounds and medicines.

NAT2 is involved in the initial biotransformation metabo-

lism of aromatic amines and hydrazines. It catalyzes the

transfer of an acetyl group from acetyl CoA to the nitrogen

of substrate. Polymorphisms at the NAT2 gene locus result

in impaired enzyme activity (Borlak and Reamon-Buettner,
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2006).There are three NAT2 phenotypes: The fast acetyl-

ation phenotype which consists of two copies of wild type

allele (WT), an intermediate phenotype with one wild type

allele and a mutant allele, and a slow acetylator phenotype

comprising two mutated alleles. Individuals homozygous

or heterozygous for the NAT2 WT allele are classified as

rapid acetylators whereas those homozygous for any of the

remaining (mutant) alleles are classified as slow acetylators

(Seow et al., 1999). The functional state of the phenotype is

due to the impairment of protein translation or stability. No

changes in mRNA levels were detected (da Silva et al.,

2011).

The association between genetic polymorphisms in

the NAT2 gene and lung and colorectal cancers has been

studied extensively; however, the results are not conclu-

sive, possibly because of ethnic differences and differ-

ences in the life style and number of patients studied.

Some studies indicate that fast acetylators are not associ-

ated with the incidence of colorectal cancer (Hubbard et

al., 1997), while other studies suggest that NAT1 and

NAT2 genotypes may jointly contribute to individual sus-

ceptibility. Furthermore, heterocyclic amines may play an

important role in colorectal cancer associated with red

meat and also exposure to tobacco smoke (Lilla et al.,

2006). Some studies have detected a positive association

of lung cancer risk with NAT2 polymorphisms (Hou et al.,

2000; Zhou et al., 2002).

The proportion and number of fast and slow acetyl-

ation phenotypes varies markedly depending on ethnicity

and geographic origin (Garte et al., 2001). The populations

of Europe and North America contain from 40 to 70% of

slow acetylators, whereas only 10 to 30% of slow acetyl-

ators were found among populations of the Asian pacific

coast; Japanese, Chinese and Koreans (Meyer and Zanger,

1997). Thus, there is an urgent need for studies investigat-

ing the distribution of NAT2 genotypes in different coun-

tries. The aim of this study was to investigate NAT2 poly-

morphisms in colorectal and lung cancer patients and

cancer-free controls from Jordan.

Materials and Methods

Patients and controls

A case-control study involving 49 patients (5 women

and 44 men) histopathologically diagnosed for lung cancer,

54 patients (26 women and 28 men) histopathologically di-

agnosed for colorectal cancer, and 99 cancer-free controls

(7 women and 92 men) presented at the Urology Clinic of

the King Abdullah University Hospital in Irbid during July

2004 to September 2005 were included in this study. The

mean age for the lung, colorectal cancer patients and con-

trols was 58, 56, and 53 years, respectively. The age ranged

from 36 to 82 years in lung cancer patients, from 21 to 90

years in colorectal cancer patients, and from 26 to 80 years

in controls. The study was approved by the University Re-

view Committee for Research on Humans and all patients

and controls signed an informed consent form. All partici-

pants provided a sample of blood (stored at -80 °C until use)

for isolation of DNA and completed a questionnaire cover-

ing demographic factors. The study design was also ap-

proved by the Institutional Review Board at King Abdullah

University Hospital.

Genomic DNA extraction

Genomic DNA of all participants was extracted from

peripheral venous blood collected with ethlendiaminetetra-

acetic acid (EDTA) tubes using Wizard Genomic DNA Pu-

rification kit (Promega, USA) according to the protocol

supplied by the manufacturer.

Genotype analysis

A 1092 bp fragment of the NAT2 gene locus contain-

ing the region of interest was amplified by the polymerase

chain reaction (PCR) as described previously (He et al.,

2005) using a MyCycler Thermal Cycler (BioRad, Italy)

and respective reagents (Promega, USA). NAT2-specific

primers were synthesized by Alpha DNA Inc. (Montreal,

Canada). The primer sequences were 5’-GGA ACA AAT

TGG ACT TGG-3’ and 5’-TCT AGC ATG AAT CAC

TCT GC-3’. After amplification, PCR-products were di-

gested with Kpn I (M1 allele), Taq I (M2 allele), BamH I

(M3 allele), and Msp I/Alu I (M4 allele) according to the

protocol supplied by the manufacturer (Promega, USA).

The digested fragments were separated on Agarose gels

stained with ethidium bromide and visualized under UV

light. The different sizes of the digested products that al-

lowed the individual’s genotype to be determined are

shown diagrammatically (Figure 1). The WT/WT and

WT/Mx genotypes were classified as conferring the fast

acetylation phenotype and the Mx/Mx genotype as confer-

ring the slow acetylation phenotype.

Statistical analysis

Differences in allele and genotype frequency distri-

butions in cases and controls were determined by Chi-

square test. A Chi-square test was also used to confirm

Hardy-Weinberg equilibrium for the three groups (lung,

colorectal and controls).

The association between the NAT2 polymorphisms

and the risk of colorectal and lung cancer was assessed by

calculating the odds ratios (OR) and 95% confidence in-

tervals (CIs) by unconditional logistic regression. The fast

acetylators (WT/WT and WT/Mx genotypes) were used

as reference and ORs were calculated with respect to this

reference as the WT/WT numbers were very small. A

p-value < 0.05 was considered to be statistically signifi-

cant and a p-value of 0.05 to 0.1 as marginally so. The

SPSS 14.0 statistical package was used for all statistical

analyses.
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Results

A total of 202 blood samples were collected at the

King Abdullah University Hospital, including 49 samples

from lung cancer patients, 54 samples from colorectal can-

cer patients, and 99 samples from cancer-free controls. Ta-

ble 1 shows selected demographic characteristics of the

patients and controls. Genotyping of NAT2 polymorphisms

was done using PCR-RFLP. The 1093 bp PCR product of

the NAT2 gene was digested with Kpn I , Taq I , BamH I,

and Alu I / Msp I restriction enzymes (Figure1). Four types

of NAT2 alleles were found in all groups, including the

wild-type WT allele and polymorphisms of M1, M2, and

M3 alleles. The M4 polymorphism was not found in any of

the groups.

Lung cancer

The NAT2 allele and genotype frequencies for lung

cancer patients and cancer-free controls are shown in Ta-

ble 2. There was a statistically significant difference in

allele frequencies between lung cancer patients and the

controls in the WT, M2 and M3 alleles (p < 0.05) but not

in the M1 allele (p > 0.05). M1 was apparent as the major

polymorphism in the control group (37%), while M2 was

the major one in the lung cancer patients (34%)

(Table 2).

There was a marginal statistically significant differ-

ence in the distribution of rapid and slow acetylator geno-

types between controls and lung cancer patients (p = 0.05

and p = 0.06 respectively) (Tables 3 and 4). Lung cancer pa-

tients showed a higher frequency for rapid acetylators

(55.1%) than controls (38.4%) and a lower frequency of

slow acetylators (44.9%) compared to controls (61.6%)

(Tables 3 and 4). A statistically significant difference was

observed between controls and lung cancer patients with

respect to the WT/M2 genotype (p < 0.05) among rapid

acetylators and the M1/M3 genotype (p < 0.05) which can
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Figure 1 - Genotype determination by using PCR-RFLP of the NAT2 gene fragment. Following PCR amplification separate digestions of each PCR prod-

uct were carried out with the restriction enzymes Kpn I, Taq I, BamH I and Alu I/Msp I to detect the substitutions C481T, G590A, G857A and G191A, re-

spectively. The different sizes of the digested products for each restriction enzyme which allow the individual’s genotype to be determined are shown dia-

grammatically.



be explained by the absence of the M1/M3 genotype in the

lung cancer group (Table 3).

Logistic regression analysis was performed to check

the association between NAT2 genotypes and risk of devel-

oping lung cancer. Due to the low number of homozygous

wild type genotypes (rapid acetylators), we pooled homo-

zygotes (WT/WT) and heterozygotes (WT/Mx) as refer-

ence for calculating odd ratios. A marginal statistically

significant decrease in risk for developing lung cancer was

observed in slow acetylator genotypes when the WT/WT

and WT/Mx genotypes were used as reference (Table 5).

The ORs and 95% CIs were 0.51 [0.25-1.02] and p = 0.06.

Colorectal cancer

The NAT2 allele and genotype frequencies for colo-

rectal cancer patients and cancer-free controls are shown
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Table 1 - Demographic characteristics of cancer-free controls, lung and colorectal cancer patients (n = 202).

Characteristic Cancer-free controls Lung cancer Colorectal cancer

n % n % n %

Sex

Males 92 93 44 90 28 52

Females 7 7 5 10 26 48

Race

Caucasian 95 96 48 98 50 93

Other 4 4 1 2 4 7

Family history of cancer

Yes 0 0 3 6 4 7

No 99 100 46 94 50 93

Smoking status

Never 43 42 11 22 33 6

Current 56 58 38 78 21 39

Type of lung cancer

Non small cell carcinoma 41 84

Small cell carcinoma 4 8

Other 4 8

Type of colorectal cancer

Colon

Adenocarcinoma 25 46

Mucinous carcinoma 3 6

Rectum

Adenocarcinoma 24 44

Mucinous carcinoma 2 4

Mean � SD

Age (years) 53 � 14 57 � 10 56 � 11

Table 2 - Allele frequency of NAT2 gene in cancer-free controls and lung cancer patients.

Cancer-free controls Lung cancer patients X2 statistics

Allele n Frequency n Frequency X2 P

WT* 39 0.19 28 0.28 5.47 0.019

M1 73 0.37 32 0.33 0.53 0.46

M2* 41 0.21 33 0.34 5.91 0.015

M3* 45 0.23 5 0.05 14.48 0.001

Total 198 1 98 1

*Significant p < 0.05.



in Table 6. There was a statistically significant difference

in allele frequencies between colorectal cancer patients

and the cancer-free controls in the M2 and M3 alleles

(p < 0.05) but not in the WT and M1 alleles (p > 0.05). M1

was the major polymorphism in the control group (37%),

while M2 is the major one in the colorectal cancer patients

(36%).

There was no statistically significant difference in the

distribution of rapid and slow acetylator genotypes be-

tween controls and colorectal cancer patients (p = 0.95 and

p = 1.0, respectively). Both controls and colorectal cancer

patients had similar frequencies for rapid acetylators (38.4

and 38.9%, respectively) and for slow ones (61.6% and

61.1%, respectively) (Tables 7 and 8). Nonetheless, a sta-

tistically significant difference was observed between can-

cer-free controls and colorectal cancer patients concerning

the frequency of WT/WT, WT/M1 and WT/M2 genotypes

among rapid acetylators (p < 0.05) but not so in the WT/M3

genotype frequency (Table 7). On the other hand, among

slow acetylator genotypes, there was a statistically signifi-

cant difference between controls and colorectal cancer pa-

tients in the frequencies of M1/M1, M1/M2, M1/M3 and

M3/M3 genotypes (p < 0.05) but not in the frequency of

M2/M2 and M2/M3 genotypes (Table 8).

Logistic regression analysis was performed to look at

the association between NAT2 genotypes and risk of devel-

oping colorectal cancer. Due to the low number of homozy-

gous wild type genotypes (rapid acetylators), both homozy-

gotes (WT/WT) and heterozygotes (WT/Mx) were used as

reference for calculating odd ratios. There was no reduction

or increase in the risk of developing colorectal cancer when

the WT/WT and WT/Mx genotypes were used as a refer-

ence (Table 9). The ORs and 95% CIs were 0.98 [0.50-

1.93] and p = 1.0.

NAT2 polymorphisms and risk of cancer 729

Table 5 - Crude OR relationship between NAT2 genotypes and lung cancer by using rapid acetylators as a reference.

Cancer-free controls Lung cancer patients Statistics

Genotype n % n % OR (95%CI)*

WT/WT & WT/Mx 38 38.4 27 55.1 1.0 (Reference)

Mx/Mx 61 61.6 22 44.9 0.51 [0.25 1.02]

*p = 0.06.

X = 1, 2, 3; OR: odd ratio; CI: confidence interval.

Table 3 - The percentage of rapid acetylator genotypes in cancer-free controls and lung cancer patients.

Cancer-free controls Lung cancer patients X2 statistics

Genotype n % n % X2 p

WT/WT 1 1.01 2 4.08 1.50 0.2

WT/M1 29 29.29 10 20.41 1.38 0.2

WT/M2* 1 1.01 14 28.57 27.30 0.000001

WT/M3 7 7.07 1 2.04 1.62 0.2

Total 38 38.40 27 55.10 3.85 0.05

*Significant p < 0.05.

Table 4 - The percentage of slow acetylator genotypes in cancer-free controls and lung cancer patients.

Cancer-free controls Lung cancer patients X2 statistics

Genotype n % n % X2 p

M1/M1 3 3.03 5 10.20 3.20 0.07

M1/M2 12 12.12 11 22.45 2.53 0.10

M1/M3* 26 26.26 0 0 15.5 0.0006

M2/M2 8 8.08 2 4.08 0.91 0.34

M2/M3 12 12.12 4 8.16 0.59 0.44

M3/M3 0 0 0 0 0 0

Total 61 61.62 22 44.89 3.40 0.06

*Significant p < 0.05.



Discussion

This study is the first to examine NAT2 poly-

morphisms in cancer-free individuals; lung and colorectal

cancer patients in Jordan and the Middle East in general.

The most important finding of this investigation is that dif-

ferences in the frequency of NAT2 genotypes/phenotypes

do exist among different populations and ethnic groups. In

this regard, a high frequency of the slow acetylator pheno-

type among cancer-free Jordanians is similar to what has
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Table 6 - Allele frequency of NAT2 gene in cancer-free controls and colorectal cancer patients in Jordan.

Cancer-free controls Colorectal cancer patients X2 statistics

Allele n Frequency n Frequency X2 p

WT 39 0.20 26 0.24 0.77 0.38

M1 73 0.37 31 0.29 2.00 0.16

M2* 41 0.21 39 0.36 8.59 0.003

M3* 45 0.23 14 0.13 4.23 0.04

Total 198 1 108 1

*Significant p < 0.05.

Table 7 - The percentage of rapid acetylator genotypes in cancer-free controls and colorectal cancer patients.

Cancer-free controls Colorectal cancer patients X2 statistics

Genotype n % n % X2 p

WT/WT* 1 1.01 5 9.26 6.38 0.01

WT/M1* 29 29.29 5 9.26 8.10 0.004

WT/M2* 1 1.01 9 16.67 14.10 0.0001

WT/M3 7 7.07 2 3.70 0.73 0.4

Total 38 38.38 21 38.89 0 0.95

*Significant p < 0.05.

Table 8 - The percentage of slow acetylator genotypes in cancer-free controls and colorectal cancer patients.

Cancer-free controls Colorectal cancer patients X2 statistics

Genotype n % n % X2 p

M1/M1* 3 3.03 3 5.55 4.88 0.03

M1/M2* 12 12.12 19 35.19 11.50 0.0007

M1/M3* 26 26.26 1 1.85 14.20 0.0001

M2/M2 8 8.08 3 5.56 0.33 0.56

M2/M3 12 12.12 5 9.26 0.32 0.56

M3/M3* 0 0 2 3.7 4 0.045

Total 61 61.62 33 61.11 0 1

*Significant p < 0.05.

Table 9 - Crude OR and 95% CI of NAT2 genotypes and colorectal cancer by using rapid acetylator genotypes as reference.

Cancer-free controls Colorectal cancer patients Statistics

Genotype n % n % OR (95%CI)*

WT/WT & WT/Mx 38 38.4 21 38.9 1.0 (Reference)

Mx/Mx 61 61.6 33 61.1 0.98 [0.50 1.93]

*p = 1.0.

x = 1, 2, 3; OR: odd ratio; CI: confidence interval.



been observed in populations of European and African de-

scent (Garte et al., 2001). Other populations such as Japa-

nese, Chinese and Amerindians are characterized by a high

frequency of fast acetylation phenotypes (da Silva et al.,

2011). Although only marginally significant, slow acetyl-

ator genotypes were found to be protective when compar-

ing lung cancer patients to cancer-free controls. No positive

or negative effects were seen in case of colorectal cancer.

Bell et al. (1993) reported a significant difference in

the frequencies of WT, M1, and M4 alleles between Cauca-

sian and African-Americans, while the frequencies of M2

and M3 alleles were similar. No M4 allele was found in

Caucasian-Americans, whereas 18% of African-Americans

carried at least one M4 allele (He et al., 2005). In this study

the frequencies of WT, M1, M2, M3 and M4 were 0.2, 0.37,

0.21 and 0.23, respectively. These frequencies are compa-

rable to those found in the United Arab Emirates, being

0.18, 0.54, 0.21, and 0.070, respectively (Woodhouse et al.,

1997), in Egypt with 0.22, 0.5, 0.26 and 0.03 (Anwar et al.,

1996) and in Oman with 0.19, 0.52, 0.25 and 0.04 respec-

tively (Tanira et al., 2003).

NAT2 polymorphisms and lung cancer

Lung cancer ranked second among Jordanian men

and tenth in women. We studied three polymorphisms in-

volved in the metabolism of carcinogens associated with

lung cancer in Jordan. We did not detect any association be-

tween lung cancer and these polymorphisms. However,

upon grouping the genotypes into rapid and slow acetyl-

ators, the slow acetylation genotypes showed an unex-

pected marginal reduction in lung cancer risk.

Many previous studies had reported that there was no

overall association of NAT2 acetylator genotypes with lung

cancer risk, but indicated increased risk with other factors,

such as age, gender and smoking (Oyama et al., 1997; Hou

et al., 2000; Zhou et al., 2002; Sorensen et al., 2005; Osawa

et al., 2007). In a study consisting of 1,115 lung cancer

cases, in which age, gender, smoking status and pack years

of smoking were considered, no overall relationship was

found between NAT2 genotypes and lung cancer risk (Zhou

et al., 2002).On the other hand, other epidemiological stud-

ies showed a significant association between NAT2

acetylation genotypes and lung cancer. A slow acetylator

genotype was associated with increased risk of lung cancer

among non-smoking Chinese women in Singapore (Seow

et al., 1999), while a rapid acetylator genotype was associ-

ated with an increased risk for developing lung cancer

among never smoking Chinese women in Taiwan (Chiou et

al., 2005). Notwithstanding, no overall association was

found between NAT2 genotypes and lung cancer risk

(Borlak and Reamon-Buettner, 2006).

This discrepancy over results could be due to lack of

uniformity in the design, analysis, reporting, and exposure

variables. In addition to NAT2, other factors could modify

the susceptibility of the individual to lung cancer. NAT2 ge-

notypes might confer a lung cancer risk when combined

with other genes. For example, individuals with NAT2 slow

acetylator genotypes combined with NAT1 had a signifi-

cantly elevated adenocarcinoma risk. Moreover, the combi-

nation of slow acetylator genotypes and GSTM1 null geno-

type might increase adduct formation, gene mutation and

lung cancer with smoking (Oyama et al., 1997).

NAT2 polymorphisms and colorectal cancer

We found no association between studied NAT2 poly-

morphisms and risk of colorectal cancer. This is in agree-

ment with findings reported by (Borlak and Reamon-

Buettner, 2006) who detected no overall association be-

tween colorectal cancer and acetylator genotypes. How-

ever, the same authors reported had an inverse association

of the M1/M1 genotype to colon cancer risk, and thus an

apparent protection against the disease. On the other hand,

other genetic epidemiological studies (UK population and

Singapore Chinese), showed that rapid acetylator pheno-

type might be associated with a higher incidence of colo-

rectal cancer (Barrett et al., 2003; Lee et al., 1998).

Moreover, Kiss et al. (2000) provided evidence that

the carriers of rapid acetylator alleles presented higher lev-

els of DNA strand breaks in exfoliated colorectal mucosa

cells following a two-day “high meat” diet. Thus, the NAT1

and NAT2 genotypes coding for the rapid acetylator pheno-

type carry a higher risk for colorectal cancer (Roberts-

Thomson et al., 1999). This association was also confirmed

in a Chinese population with diagnosed colorectal carci-

noma (Frazier et al., 2001).

It has been reported that NAT2 alone could not be a

risk factor for colon cancer (Ye and Parry, 2002). Hetero-

cyclic amine (HCA) from consumption of meat and fish

could increase the risk for rectal cancer in men, but did not

appreciably affect the risk for rectal cancer in women or for

colon cancer in either sex (Le March et al., 2002; Chan et

al. 2005) reported an association between high intake of red

meat and incidence of colorectal cancer risk, particularly

among women with rapid acetylator NAT2 genotypes. An-

other study done in the southern region of Turkey sug-

gested that the exposure to carcinogens through a

high-protein diet might increase the risk of colorectal carci-

noma only in genetically-susceptible individuals, with

smoking status not differing between the control and pa-

tient group (Tamer et al., 2006).

In summary, our results showed significant differ-

ences in allele frequencies between cancer-free controls

and both lung and colorectal cancer patients. There was a

marginal significant difference in the distribution of rapid

and slow acetylator genotypes between lung cancer patients

and controls, but not between colorectal cancer patients and

controls. A risk for developing lung cancer was found to be

lower in slow acetylators. No effect was observed with re-

gard to colorectal cancer. In conclusion, NAT2 genotypes

might be involved in lung cancer but not in colorectal can-
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cer be susceptibility in Jordan, and correspondingly, NAT2

can used as a potential marker for lung cancer risk. How-

ever, further studies are needed on a larger number of pa-

tients to confirm these results.
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