NAT2 Gene Polymorphism and Sporadic Colorectal Cancer.
Prevalence, Tumor Stage and Prognosis. A Preliminary Study

in 70 Patients

Gelu Osian’, Lucia Procopciuc?®, Liviu Viad"'

1) 3% Surgical Clinic. 2) Department of Biochemistry, University of Medicine and Pharmacy Cluj-Napoca, Romania

Abstract

Aim. Theoretically, individuals with a NAT?2 rapid
acetylator genotype are exposed to a higher risk of
developing colorectal cancer. We attempted to study this
relationship. Material and methods. We evaluated a group
of 70 patients with sporadic colorectal cancer and 40 controls.
We calculated the relative risk for patients homozygous for
the normal allele NAT2*5C, NAT2*54, NAT2*6B, NAT2*7B,
for heterozygous patients and for patients homozygous for
the mutant allele. Results. We found an increased risk for
patients with a rapid acetylator genotype to develop
colorectal cancer. Rapid acetylators, homozygous negative
or heterozygous for the NAT2*5C, NAT2*54 and NAT2*6B
mutations have an increased risk of colorectal cancer
compared to homozygous positive patients.The analysis of
the NAT2*5C genotype shows that the majority of the cases
are at stage pT3 for rapid acetylators, 41 cases (74.54%),
compared to slow acetylators, where the majority of cases
are at stage pT4, 10 cases (66.66%) (p<0.05). The genotype
with a rapid acetylator phenotype of the NAT2*5C,
NAT2*54 and NAT2*7B variants was most frequently
associated with Dukes stage B. The NAT2*5C, NAT2*54
and NAT2*7B gene variants with a slow acetylator pheno-
type were most frequently associated with Dukes stage C.
Conclusions. Rapid acetylators, homozygous negative or
heterozygous for the NAT2*5C, NAT2*54 and NAT2*6B
mutations have a higher risk of colorectal cancer compared
to positive homozygotes. Rapid acetylators have earlier
stages of colorectal cancer and a better prognosis than slow
acetylators, who are diagnosed in more advanced stages.
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Introduction

The majority of environmental factors require activation
before interacting with DNA and causing its alteration (1).

The NAT2 gene encodes an enzyme with a detoxification
role, N-acetyltransferase 2. N-acetyltransferase 2 is an
isoenzyme of N-acetyltransferase which is most frequently
present in the liver and the intestinal mucosa (2-4). The
substrate for the activity of N-acetyltransferase 2, involved
in colorectal carcinogenesis, is mainly represented by
heterocyclic amines and polycyclic aromatic hydrocarbons,
such as PhIP (2-amino-1-methyl-6-phenyl-imidazol [4,5-b]
pyridine) from cooked or smoked meat (5, 6) and cigarette
smoke (7-10).

The polymorphism of N-acetyltransferase 2 was
discovered in 1954, by observations on peripheral neuritis
in patients with tuberculosis treated with isoniazid (11). The
variability in the resistance to the toxic effects of isoniazid
and subsequently, in the response to the administration of
other substances, allowed the population to be divided in
rapid acetylators, intermediate acetylators, and slow
acetylators (12), representing the acetylator phenotype. This
variability has been subsequently attributed to the NAT-2
gene polymorphism (13,14), representing the acetylator
genotype.

In order to test the acetylator phenotype, the best
method used is the measurement of caffeine excretion
rate (15,16), a good genotype/phenotype correlation
being usually reported (17,18). However, this as well as
other methods for the evaluation of the phenotype can
be influenced by drugs (19,20), liver or kidney diseases
(21), foods or even surgery (22,23), which can lead to false
results. This is why a genetic study of the NAT2 gene is
required.

Three genes have been described: NAT'1, which encodes
N-acetyltransferase 1 (located in particular extrahepatically
(19), NAT2, encoding N-acetyltransferase 2, and a NATP
pseudogene. All are located on the short arm of chromosome
8, atlocus 22-8p22 (24,25). The evaluation of the acetylator
genotype also allows a classification in rapid and slow
acetylators based on DNA amplification using the method
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described by Bell (26). Seven mutations have been identified
in the encoding exon of the NAT2 gene, which influence the
acetylator type. The NAT2*4 variant (allele) presents none
of these mutations and is considered the wild variant of the
gene, being the most frequent in many ethnic groups,
including Caucasians and Africans (17,19). NAT2*4 is
expressed by the rapid acetylator phenotype (27, 28). The
presence of mutations, in the homozygous form, determines
the slow acetylator phenotype (18, 29-33), NAT2*5 —
NAT2*]8 variants.

There are no systematic studies on the relationship
between the NAT2 genotype and the histological type or
the stage of colorectal cancer. Hardingham (34), in a group
of 100 patients, and Hubbard (35), in a group of 275 patients,
showed no relationship with the Dukes stage.

The aim of the study

Individuals with a NAT2 rapid acetylator phenotype are
exposed to higher amounts of carcinogens, resulting from
the action of the enzyme NAT2 on environmental
procarcinogens, and consequently they have a higher risk
of developing colorectal cancer. We studied this relationship
in Caucasian subjects from the Transylvanian area, a
homogeneous population who has a diet rich in fried red
meat, which results in an additional amount of heterocyclic
amines. We investigated the presence of colorectal cancer
in rapid acetylators compared to a control group, and the
relationship of NAT2 genotype with histological type and
staging, in order to evaluate its prognostic role.

Material and methods

Patient selection

We studied a group of 70 patients with sporadic colorectal
cancer, operated in the Surgical Clinic I1I Cluj (October 2003
—May 2005), randomly selected. The main inclusion criterion
was histologically confirmed colorectal cancer. Exclusion
criteria: personal or family history of familial adenomatous
polyposis or hereditary non-polyposis cancer; a history of
inflammatory bowel disease.

The control group consisted of 40 patients admitted to
Surgical and Medical Clinic III from Cluj, having symptoms
requiring colonoscopic investigation (rectal hemorrhage,
transit disorders), selected at random, matched for age and
gender. The selection criteria were: age over 50 and
performance of total colonoscopy, which did not reveal
colorectal lesions except diverticula and hemorrhoids. The
exclusion criteria for controls: personal or family history of
familial adenomatous polyposis or hereditary non-polyposis
cancer; a history of inflammatory bowel disease; a history
of colorectal surgery; non-performance of total colonoscopy.
The controls’ diagnosis was irritable bowel syndrome (23
cases), functional constipation (10 cases), gallstone disease
(4 cases) and diverticular disease (3 cases).

Data collection
Data collection was prospective. The follow-up record
of these cases included data related to the underlying

disease and the exposure to environmental factors: fried red
meat (more than 4 days a week), smoking (at least 15 cigaret-
tes a day over the past 5 years). The data were collected by
specially trained resident doctors who, at the time of
biological sampling, required the written consent of the
patients.

The data related to the histopathological examination,
staging, postoperative evolution, genotyping results, etc.
were introduced as they became available.

Sampling. DNA extraction. Identification of NAT2

gene variations

Peripheral blood samples were taken from all patients in
vacutainer tubes containing EDTA. These were stored at
-20°C.

DNA was extracted from peripheral blood leukocytes.
For both groups:

- identification of mutation T341C: NAT2*5C was done
by sequencing;

- identification of mutation C481T: NAT2*54 was done
by sequencing, the PCR-RFLP technique and SSCP (single
strand conformation polymorphism) method;

- identification of mutation G590A: NAT2*6B was done
by sequencing, enzymatic digestion and the SSCP method;

- identification of mutation G857A: NAT2*7B was done
by sequencing and the PCR-RFLP method.

Statistical analysis

In order to analyze the relationship between the NAT2
genotypes and the risk of sporadic colorectal cancer, we
used the chi square or Fisher test. We calculated the relative
risk for patients homozygous for the normal allele NAT2*5C
(T341C), NAT2*5A4 (C481T), NAT2*6B (G590A), NAT2*7B
(G857A), for heterozygous patients with one normal allele
and one mutant allele, and for patients homozygous for the
mutant allele. We also calculated the relative risk for
patients with a rapid acetylator and slow acetylator
phenotype. Relative risk was expressed as odds ratio (OR)
with 95% CI. The NAT2 genotype was classified in two
categories: rapid acetylators (patients homozygous for the
normal allele or patients with one normal and one mutant
allele) and slow acetylators (patients homozygous for the
mutant allele).

Results

The characteristics of the studied groups are presented
in Table I.

The NAT2 genotypes: NAT2*5C (T341C), NAT2*54
(C481T), NAT2*6B (G590A), NAT2*7B (G857A) were
studied for the 70 patients with colorectal cancer and the 40
controls. In all cases, we found that heterozygous and
homozygous negative variants (normal variants - wild allele)
for mutations were more frequent in the colorectal cancer
group, consequently rapid acetylator genotypes were more
frequent in patients with colorectal cancer than in controls
(Table II).
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Table I Characteristics of the studied groups

Characteristics Cases Controls
(n=70) (n=40)
Tumor location
Right colon, no. (%) 13 (18.57) -
Left colon, no. (%) 33 (47.14) -
Rectum, no. (%) 24 (34.28) -
Age group (years)
50- 59, no. (%) 25 (34.28) 11 (27.5)
60- 69, no. (%) 21 (30) 13 (32.5)
> 70 years, no. (%) 25 (35.71) 16 (40)
Age (years) +SD 65.78 £ 9.55 65.25 £ 10.6
Median age 64.5 63
Gender
Women, no. (%) 37 (52.85) 25 (62.5)
Men, no. (%) 33 (47.14) 15 (37.5)
Smoking
Current smokers, no. (%) 21 (30) 8 (20)
Non-smokers, no. (%) 49 (70) 32 (80)
Fried meat consumption 50 (71.42) 18 (45)

Our results showed an increased risk for patients with a
rapid acetylator genotype to develop colorectal cancer. The
NAT2*54 variant presents the greatest difference

in type distribution between the two groups, only 17.14%
homozygous slow acetylators in the cancer group compared
to 40% in the control group.

In order to analyze the relative risk for each variant, we
considered homozygous patients as the reference group
(Table I1I).

Rapid acetylators, homozygous negative or
heterozygous for the NAT2*5C, NAT2*5A4 and NAT2*6B
mutations have an increased risk of colorectal cancer
compared to homozygous positive patients. The statistical
study shows a significantly increased risk for NAT2*5C
and NAT2*6B heterozygotes.

The NAT2*7B mutation showed different results. The
risk of colorectal cancer decreased to 0.86 for negative
homozygotes and to 0.34 (p<0.01) for heterozygotes.
NAT2*7B homozygotes, although rapid acetylators, have a
higher risk of developing colorectal cancer.

We studied the risk of colorectal cancer in relation to
NAT2 mutations separately for colon cancer and rectal
cancer. The NAT?2 rapid acetylator phenotype significantly
increased the risk of rectal cancer compared to the control
group. The rapid acetylator phenotype for the NAT2*5C,

Table II Distribution of NAT2 gene variants: fast vs slow acetylator status in patients with sporadic colorectal cancer and

control group

Variant Geno- Colorectal cancer Controls Comments Acetylator

type n (%) n (%) phenotype
NAT2*5C (T341C) TT 26 (37.14) 13 (32.5) Homozygous negative Rapid

TC 29 (41.42) 14 (35) Heterozygous Rapid

cCc 15 (21.42) 13 (32.5) Homozygous positive Slow
NAT2*5A (C481T) cC 27 (38.57) 14 (35) Homozygous negative Rapid

CT 31 (44.28) 10 (25) Heterozygous Rapid

TT 12 (17.14) 16 (40) Homozygous positive Slow
NAT2*6B (G590A) GG 24 (34.28) 13 (32.5) Homozygous negative Rapid

GA 28 (40) 15 (37.5) Heterozygous Rapid

AA 18 (25.71) 12 (30) Homozygous positive Slow
NAT2*7B (G857A) GG 32 (45.71) 15 (37.5) Homozygous negative Rapid

GA 8 (11.42) 4 (10) Heterozygous Rapid

AA 30 (42.85) 21 (52.5) Homozygous positive Slow

Table I1I Risk of sporadic colorectal cancer OR- odds ratio- relative risk; 95% CI- confidence interval; p- statistical significance
means p< 0.05; the reference is considered the homozygous positive genotype

Variant Geno- OR 95% CI p Comments Phenotype
type

NAT2*5C (T341C) TT 1.61 0.9-2.87 0.1 Homozygous negative Rapid
TC 1.88 1.05-3.34 0.03 Heterozygous Rapid
cC 1.0 - - Homozygous positive Slow

NAT2*5A (C481T) cC 1.74 0.97-3.1 0.05 Homozygous negative Rapid
CT 1.74 0.97-3.1 0.05 Heterozygous Rapid
TT 1.0 - - Homozygous positive Slow

NAT2*6B (G590A) GG 1.61 0.9-2.87 0.1 Homozygous negative Rapid
GA 1.88 1.05-3.34 0.03 Heterozygous Rapid
AA 1.0 - Homozygous positive Slow

NAT2*7B (G857A) GG 0.86 0.5-1.46 0.58 Homozygous negative Rapid
GA 0.34 0.06-0.28 <0,01 Heterozygous Rapid
AA 1.0 - Homozygous positive Slow
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NAT2*54, NAT2*6B, NAT2*7B mutations is associated
with a risk of 4.69, 2.34, 6.89 (highest risk in the studied
variants), 1.51, respectively, for rectal cancer in men. Similar
results have been obtained for women, the rapid acetylator
phenotype for the NAT2*5C, NAT2*5A4, NAT2*6B,
NAT2*7B mutations being associated with a risk of 3.67,
2.47, 8.35 (highest risk in the studied variants), 1.78,
respectively, for rectal cancer. In all cases p<0.01.

We found a risk of colon cancer in men with a rapid
acetylator phenotype significantly increased for the
NAT2*5C, NAT2*54, and NAT2*6B variants, 2.17, 8.56
(highest risk in the studied variants), 7.72, respectively. In
all these cases p was <0.01. In the case of the NAT2*7B
variant, we found a low risk of colorectal cancer, 0.62 (p=0.33).

In the women with a rapid acetylator phenotype, we
found an increased risk of colon cancer for all NAT?2 variants:
NAT2*5C, NAT2*5A4, NAT2*6B, and NAT2*7B,3.78,3.78,
11.67 (highest risk in the studied variants), 1.25, respectively.
In all these cases p was <0.01.

The rapid acetylator phenotype for the NAT2*5C,
NAT2*54, and NAT2*6B variants most frequently causes
left colon cancers. The NAT2*7B variant with a rapid
acetylator phenotype is more frequently associated with
rectal cancer.

We analyzed the relationship between the NAT2
genotype and the pT stage of the colorectal cancer, using
the Dukes classification modified by Astler and Coller
(MAC) (Table IV). The analysis of the NAT2*5C genotype
shows that the majority of the cases have been at stage

pT3 for rapid acetylators, compared to slow acetylators,
where the majority of cases have been at stage pT4 (p<
0.05).

Regarding the relationship between the NAT2 genotype
and the stage of the disease using the Dukes-MAC
classification, we found that the genotype with a rapid
acetylator phenotype of the NAT2*5C, NAT2*5A4 and
NAT2*7B variants was most frequently associated with
Dukes stage B. The NAT2*5C, NAT2*54 and NAT2*7B
gene variants with a slow acetylator phenotype were most
frequently associated with Dukes stage C. So, rapid
acetylators have earlier colorectal cancer stages
(predominantly B, 47-52% of cases) than slow acetylators
(predominantly in stage C, 46-53%)), statistically significant
values for the NAT2*5C and NAT2*7B variants. In the case
of NAT2*6B variant, we found the predominance of stage C
for all genotypes (Table V).

The NAT2 genotype relationship with the histological
differentiation degree (G) of the tumor showed (with the
exception of NAT2*7B genotype) a predominance (not
statistically significant) of moderately differentiated forms
G2 in rapid acetylators and of poorly differentiated forms G3
in slow acetylators (Table VI).

Discussion

NAT2 is an enzyme with an important role in detoxi-
fication, and also in the activation of food and cigarette

Table IV Relationship of the NAT2 genotype with the pT stage

Variant Genotype/ T1 T2 T3 T4 p*
phenotype n (%) n (%) n (%) n (%)

NAT2*5C (T341C)  TT/TC rapid 6 (10.9) 6 (10.9) 41 (74.54) 2 (3.66) 0.000
CC slow 0 0 5 (33.33) 10 (66.6)

NAT2*5A (C481T)  CC/CT rapid 6 (15.79) 6 (15.79) 38 (65.51) 8 (2.91) -
TT slow 0 0 8 (66.66) 4 (33.33) -

NAT2*6B (G590A) GG/GA rapid 3 (5.78) 5 (9.61) 34 (65.38) 10 (19.23) -
AA slow 3 (16.66) 1(5.6) 12 (66.66) 2 (11.08) -

NAT2*7B (G857A) GG/GA rapid 410 4 (10) 26 (65) 6 (15) -
AAslow 2 (6.66) 2 (6.66) 20 (66.66) 6 (20) -

*p calculated for pT3 vs. pT4, significant when p<0.05
Table V Relationship of the NAT2 genotype with the stage of colorectal cancer (Dukes- MAC)

Variant Genotype/ D C B A p*
phenotype n (%) n (%) n (%) n (%)

NAT2*5C (T341C) TT/TC rapid 5 (9.09) 15 (27.27) 29 (52.72) 6 (10.92) 0.006
CC slow 6 (40) 8 (53.33) 1 (6.67) 0 0.055

NAT2*5A (C481T) CC/CT rapid 8 (13.8) 17 (29.31) 27 (46.55) 6 (10.34)
TT slow 3 (25) 6 (50) 3 (25) 0

NAT2*6B (G590A) GG/GA rapid 6 (11.54) 20 (38.46) 24 (46.15) 2 (3.85) -
AA slow 5 (27.78) 3 (16.66) 6 (33.33) 4 (22.23) -

NAT2*7B (G857A) GG/GA rapid 8 (20) 9 (22.5) 19 (47.5) 4 (10) 0.019
AA slow 3 (10) 14 (46.66) 11 (36.67) 2 (6.67)

*p calculated for B vs. C, significant for p<0.05
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Table VI Relationship of the NAT2 genotype with the tumor differentiation degree (G)

Variant Genotype/ Gl G2 G3 G4 p*
phenotype n (%) n (%) n (%) n (%)

NAT2*5C (T341C) TT/TC rapid 8 (14.54) 27 (49.09) 19 (34.54) 1 (1.83) 0.122
CC slow 2 (13.34) 4 (26.66) 7 (46.66) 2 (13.34)

NAT2*5A (C481T) CC/CT rapid 8 (13,8) 28 (48,27) 19 (32,75) 3 (5,18) 0.087
TT slow 2 (16.67) 3 (25) 7 (58.33) 0

NAT2*6B (G590A) GG/GA rapid 6 (11.53) 25 (48.07) 20 (38.46) 1 (1.94) 0.322
AA slow 4 (22.23) 6 (33.33) 6 (33.33) 2 (11.11)

NAT2*7B (G857A) GG/GA rapid 6 (15) 16 (40) 15 (37.5) 3 (7.5) -
AA slow 4 (13.34) 15 (50) 11 (36.66) 0

*p calculated for G2 vs. G3, significant when p<0.05

smoke procarcinogens. Results in the literature regarding
its relationship with colorectal cancer are contradictory.
According to some authors, the rapid acetylator phenotype
represents a risk factor for colorectal cancer (36-40). The
highest mean risk is reported by Tamer, with an OR of 3.03.
We found the highest risk value of 1.88 in rapid acetylators
heterozygous for the NAT2*54 and NAT2*6B variants. Other
studies (8, 41-44)) show no relationship between the NAT?2
polymorphism and colorectal cancer (Table VII).

Regarding the tumor location and the NAT2 genotype,
Jong (45), who reviews six studies published in the literature
on atotal of 2,118 cases, establishes that the rapid acetylator
phenotype is most frequently associated with left colon
cancer: 1070 (50.51%). In our patients, the most frequent
location of tumors in rapid acetylators was also in the left
colon.

Among the studied mutations, only the NAT2*5C rapid
acetylator phenotype presented a higher risk for rectal cancer
than for colon cancer, OR=4.69, compared to OR=2.17, and
only in men, the other variants showing a higher risk for
colon cancer.

The carcinogenesis in colorectal cancer is determined
by the interaction between the polymorphism of some genes
and environmental factors (46-48). Multiple genes involved
in sporadic colorectal carcinogenesis have been discovered,
genes with no significant hereditary transmission, which is
why they have been defined as low penetrance genes (49-
51), many of these encoding enzymes that act on various
metabolic pathways. The variants of the NAT2 gene could
represent biological markers for colorectal cancer (52).

There are no studies that analyze the prognostic role of
NAT?2 gene variants. We attempted to assess it by the
association with the pT stage and the Dukes-MAC stage.
Our results suggest a prognostic significance of the
mutations in this gene when analyzing rapid and slow
acetylators separately.

We found that rapid acetylators, although at a higher
risk for colorectal cancer than slow acetylators, have more
frequently less advanced pT stages at diagnosis than slow
acetylators and, perhaps the most important aspect of the
study, they have a better prognosis than slow acetylators,
more frequently diagnosed in earlier Dukes-MAC stages. A
possible explanation would be that rapid acetylators are
more sensitive and develop more rapidly mutations that
result in cancer, while in slow acetylators, exposure to
carcinogenic factors is prolonged and would result in more
severe mutations associated with more aggressive forms.
As our studied groups are small, these findings must be
treated cautiously.

The current ethnic heterogeneity in the era of
mondialization, as well as the different exposures to
environmental factors related to the economic development,
could explain the sometimes contradictory results reported
by different authors (19). The ethnic differences regarding
NAT?2 variants could also be one of the causes of the
different cancer incidence in various populations (19).

In order to accurately describe the relationship between
the polymorphism of the NAT2 gene and colorectal cancer,
studies on larger populations are required, which should
take into consideration all the variables listed above:

Table VII Published studies of NAT2 genotype in patients with colorectal carcinoma

Author Genotype  Cases/Controls OR Comments

Lee 1998 (36) Rapid 216/187 1.90 More frequently right colon
Gil 1998 (37) Rapid 114/201 2.04 -

Frazier 2001 (38) Rapid 86/- 2.96 HNPCC

Tamer 2004 (39) Rapid 125/82 3.03 Higher risk for diet rich in red meat
Kiss 2004 (40) Rapid 500/500 2.39 -

Slattery 1998 (41) Rapid 1624/ 1963 1.07 -

Katoh 2000 (42) Rapid 103/ 122 1.19 -

Butler 2001(43) Rapid 219/ 200 0.97 Sporadic CRC

Tiemersma 2002 (44) Rapid 102/537 <1 Sporadic CRC

Barrett 2003 (8) Rapid 500/ 500 0.89 Sporadic CRC
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association with other mutations, exposure to environmental
factors, ethnic and demographic peculiarities (53-55).

Conclusions

Rapid acetylators, homozygous negative or

heterozygous for the NAT2*5C, NAT2*54 and NAT2*6B
mutations have a higher risk of colorectal cancer compared
to positive homozygotes. Rapid acetylators have an earlier
stages of colorectal cancer and a better prognosis than
slow acetylators, who have more advanced stages at
diagnosis.
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