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Objective. The study was designed to answer the question whether a par-
ticular (slow/fast) acetylator phenotype is a risk for malignant lymphoma pa-
tients. Differences in acetylator phenotypes were previously described in uri-
nary bladder and colorectal carcinoma patients compared to controls. Ad-
dressing this issue may help understanding the possible role of xenobiotics’
metabolism in the pathogenesis of malignant lymphomas. Caffeine is cur-
rently preferred as a metabolic probe due to its noninvasiveness. Design.

Case-control study. Setting. Hematology/oncology inpatient unit and outpa-
tient clinic, Ain Shams University Hospitals, Cairo, Egypt: a tertiary care
academic medical institution. Participants. Urine samples were collected 4 h
after the oral administration of a caffeine-containing beverage to 83 patients
with malignant lymphomas and 92 control subjects. Diagnosis of lymphoma
was ascertained histopathologically. Controls were matched in terms of age,
sex and residence (urban/rural). Measurements. To define the acetylation
phenotype, the nanomolar ratio of the urinary concentrations of the caffeine
metabolites: acetylamino-6-amino-3-methyluracil and 1-methylxanthine
(AAMU/1X) was calculated for every study subject. Results. An excess of
fast acetylators was shown in the malignant lymphoma group compared to
the control. The odds ratio for malignant lymphoma associated with fast ace-
tylation was 1.304 (95% CI, 0.709–2.398; p = 0.439). Paradoxically, an ex-
cess of the slow acetylator phenotype was observed in patients with low-
grade non-Hodgkin lymphoma (n = 25) compared to other subjects of the
lymphoma group. The odds ratio for low-grade lymphoma associated with
slow acetylation was 4.00 (95% CI, 1.316–12.155; p = 0.014). Conclusions.

Owing to the small sample size, the association between the acetylator phe-
notype and malignant lymphomas could not be excluded. However, the
study suggests that, compared to other types of lymphoma, low-grade non-
Hodgkin lymphoma would be associated with slow acetylator phenotype.
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Abbreviations: AAMU – acetylamino-6-amino-
3-methyluracil, AFMU – 5-acetylamino-6-formyl-
amino-3-methyluracil, CLL – chronic lymphocytic
leukemia, HD – Hodgkin’s disease, HPLC – high-
performance liquid chromatography, INR – interna-
tional normalization ratio, NAT – N-acetyltransfe-
rase, NHL – non-Hodgkin’s lymphoma, REAL – Re-
vised European American Lymphoma, 1X – 1-me-
thylxanthine.

INTRODUCTION

The association between polymorphism in ace-
tylation and the development of cancer has been
suggested almost 20 years ago [10]. A genetic poly-
morphism in acetylation was supported by the early
observations that the incidence of neurological side
effects during isoniazide therapy is related to the
plasma concentration of the nonacetylated drug [3].
Acetylation is mediated in humans by the hepatic
cytosolic enzyme N-acetyltransferase (NAT). Poly-
morphism in hepatic NAT activity is genetically de-
termined [13] and, inevitably, leads to either activa-
tion or inactivation of environmental carcinogens
conferring susceptibility or protection phenotype.
Two isoforms of NAT exist: NAT1 and NAT2; both
are represented by 2 loci on chromosome 8p22
within a region of 140–360 kb [34]. The NAT2 iso-
form level correlates with the classically defined
“fast acetylator” and “slow acetylator” phenotypes
[17]. Epidemiological studies have proved that the
NAT2 “slow acetylator” phenotype is a significant
risk factor for the development of the transitional
type of urinary bladder cancer in individuals occu-
pationally exposed to N-substituted arylamines due
to inefficient acetylation of these compounds [10,
14, 39]. By contrast, there is an increased preva-
lence of “fast acetylators” among patients with co-
lorectal cancer [19, 22].

The increasing exposure to chemical carcino-
gens, in the form of herbicides, accounts for the
overall increase in incidence of non-Hodgkin lym-
phoma (NHL) over the period of 1950–1980 in the
United States with concentration in the central
states, a predominantly agricultural area [12]. Sev-
eral studies from different countries have docu-
mented the relation between the occupation of
farming as a risk factor for malignant lymphomas
emphasizing the role of phenoxyacetic acid herbi-
cides as a major factor in such an increased risk [4,

7, 8, 16, 26]. Exposure to other xenobiotics includ-
ing atrazine, organophosphate insecticides [40],
chlorphenols [26], fungicides [1], benzene [35], vi-
nyl chloride [30] and hydantoins (phenytoin) [24]
showed less consistent associations with the risk of
malignant lymphomas.

Previous clinical studies [20, 28, 38] aiming at
the determination of the distribution of the acetyla-
tor phenotypes yielded controversial results. The
aim of the present study was to determine the dis-
tribution of the acetylator phenotype among a more
homogenous group of patients with malignant lym-
phomas with a better matched control group. In the
present study, we used caffeine as the metabolic
probe [32] to estimate the acetylator phenotype be-
cause it is less invasive and better tolerated by pa-
tients than compounds used in older methods (sul-
famidine, sulfamethazine, dapsone, isonizide, or
procainamide) [25].

MATERIALS and METHODS

Subjects

The lymphoma group consisted of 83 sequen-
tially enrolled patients (56 males and 27 females)
attending the Hematology Clinic and/or Ward at
Ain Shams University Hospitals with age range of
6–78 years (mean 45 ± 15) during the period be-
tween September 1999 and June 2001. A positive
histological diagnosis of malignant lymphomas
was required for recruiting patients, by lymph node
or infiltrated tissue biopsy with immunophenotyp-
ing occasionally utilized. We extended the spec-
trum of malignant lymphomas according to the Re-
vised European-American Lymphoma (REAL)
scheme [18] to include patients with hairy cell leu-
kemia (6 subjects), plasma cell myeloma (6 sub-
jects), mycosis fungoids (1 subject) along with 9
subjects with Hodgkin’s disease (HD) and 61 with
NHL.

According to the REAL scheme [18], we also
included 15 subjects with chronic lymphocytic leu-
kemia (CLL) with the NHL group. We excluded
patients with marked hepatic impairment repre-
sented by a prothrombin time international nor-
malization ratio (INR) greater than 2. The control
group consisted of 92 healthy volunteers (59 males
and 33 females) with age range of 12–79 years
(mean 33 ± 14). Controls were matched to patients
in terms of sex, rural vs. urban residence, and were
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age-matched with a ± 10 years variation allowed.
The healthy volunteers were medical, paramedical
staff and visitors at Ain Shams University Hospi-
tals. Controls were excluded if they had major de-
rangements in hepatic or renal functions, had his-
tory of diagnosis or treatment of neoplasia or had
family history of malignant lymphomas. A written
consent was obtained from all participants. The
study was approved by the Ethics and Research
Committee of the Faculty of Medicine, Ain Shams
University.

Phenotyping procedure

Caffeine was used as the metabolic probe to de-
termine the acetylator phenotype, using a modifica-
tion [25] of the method of Tang et al. [32]. In brief,
spot urine samples were collected 4–6 h after ad-
ministration of a caffeine-containing beverage (con-
taining approximately 150 mg caffeine).

All study subjects refrained from intake of
xanthine-containing beverage in the morning of the
test [25]. Urine samples were stored at –20°C after
the addition of ascorbic acid until they were ana-
lyzed [9]. Samples were prepared before analysis
as previously described [9, 31]. The urinary con-
centration of an acetylated (acetylamino-6-amino-
3-methyluracil AAMU) and non-acetylated me-
tabolite (1-methylxanthine, 1X) were determined
by high-performance liquid chromatography
(HPLC) as previously described [25, 32]. The ace-
tylator phenotype was based on the AAMU/1X
nanomolar ratio [32]. 1X standard solution was
purchased from Sigma Chemical Co. (St. Louis,
MO, USA). AAMU standard solution was prepared
from 5-acetylamino-6-formylamino-3-methyluracil
(AFMU) as previously described [25, 32]. AFMU
was a kind gift from Dr. George Tadrus and Dr.
René Fumeaux (Nestle Research Center, Switzer-
land).

Statistical analysis

The significance of variation in acetylator phe-
notype between the lymphoma and control group
was ascertained by means of the Fisher’s exact test
employing two by two tables. Subgroup analysis of
the lymphoma group was undertaken according to
both the working formulation [33] and REAL [18]
schemes. The p levels of less than 0.01 were con-
sidered statistically significant.

RESULTS

Table 1 illustrates the distribution of lymphoma
and control subjects between the fast and slow ace-
tylator phenotypes. The prevalence of slow acetyla-
tors among controls was close to figures reported
by others for Caucasian populations [11, 28, 36].
There was an observed excess of fast acetylators in
the lymphoma group (42% compared to 36% in the
control group). However, the difference was not
statistically significant (p = 0.439).
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The approximate odds ratio for the fast acetyla-
tor phenotype in malignant lymphomas was 1.304
(95% confidence interval 0.70–2.39). Paradoxi-
cally, as illustrated in Table 2, an excess of the slow
acetylator phenotype was observed in patients with
low-grade NHL (n = 25) compared to other sub-
jects of the lymphoma group. The odds ratio for the
slow acetylator phenotype in low-grade NHL was
4.00 (p = 0.014 with a 95% confidence interval
1.3–12.1).
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DISCUSSION

The association between differential acetylation
of aniline dyes in urinary bladder cancer inspired
many investigators to examine the acetylator phe-
notype in many cancers. The results were contro-
versial for breast cancer [5, 21, 37] and negative for
lung cancer [6, 27]. Malignant lymphomas repre-
sent an exciting model to investigate polymor-
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phism in xenobiotics metabolism because of their,

at least epidemiological, association with environ-

mental carcinogens [1, 4, 7, 8, 16, 19, 26, 35, 40].

The metabolism of phenoxyacetic acid herbicides

had not been extensively studied in humans [15,

29] and was not studied in subjects with malignant

lymphomas, as tumor tissue may also be involved

in the metabolism of these compounds. Acetylation

does not appear to play a major role in phenoxya-

cetic acid herbicide metabolism because most of it

is excreted in urine unchanged [15, 28]. Yet, the

metabolism of these compounds shows a consider-

able diversity according to the dose and route of

exposure [2].
An excess of fast acetylators was shown in the

group with the malignant lymphomas compared to

the control group. Yet, such excess was not statisti-

cally significant. Weila-Hojeñska et al. also found

an apparent excess of fast acetylators among 198

Polish patients with malignant lymphomas and

acute leukemia compared to controls but their re-

sults were, also, not statistically significant [38].

Philip et al. studied acetylation frequency in 101

British white patients with NHL compared to con-

trols and, also, found an apparent excess of fast

acetylators and, again, such excess was not statisti-

cally significant [28]. Lemos et al. studied NAT2

genotypes, using restriction fragment length poly-

morphism (RFLP), in 160 Portuguese patients with

hematological malignancies (including 71 subjects

with NHL and 25 subjects with HD) and 128 unre-

lated controls and found no difference in acetylator

genotype frequencies [23]. The impact of tumor tis-

sue on the metabolism of xenobiotics and/or the

metabolic derangements induced by chemothera-

peutic agents may influence the acetylator pheno-

type but will not affect the genotype. This hypothe-

sis is supported by the observation of Kolygin et al.

that the aceylator phenotype changed in patients

with HD with disease progression; with higher

prevalence of the fast phenotype, and regressed

with systemic chemotherapy with a greater preva-

lence of the slow phenotype [20]. Such an effect

may explain the apparent paradox between pheno-

typing and genotyping studies.
An excess of slow acetylators was observed

among patients with low-grade NHL, according to

the working formulation scheme [33], compared to

other subjects of the malignant lymphoma group.

None of the previously published studies per-

formed a subgroup analysis of lymphoma subjects
to look into the influence of histology on the acety-
lator phenotype [20, 28, 38]. Our REAL scheme
[18] based subgroup analysis was limited by un-
availability of immunophenotypic data on 20 of the
total of 83 subjects of the lymphoma group.

Malignant lymphomas are a heterogeneous
group of tumors with different biological features.
To date, studies examining the acetylator pheno-
type in patients with lymphoma did not stratify
lymphoma subjects according to histological types
or individually evaluate these types. The present
study supports a need for further evaluation of
low-grade NHL, including CLL, with respect to the
acetylator phenotype as well as NAT2 genotypes.
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