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The aim of this study was to verify a possible correlation between CYPlAl induction, MspI genotype 
and lung cancer incidence. A case-control study was performed on 48 lung cancer patients and 81 
healthy subjects to test the existence of a correlation, within a European population. The hyperinducible 
group exhibited a significantly higher risk of lung cancer (odds ratio = 3.41; P = 0.036), especially for 
adenocarcinoma (odds ratio = 5.29; P = 0.033). In contrast with the situation observed in Asian 
populations, the tiequency of the M2 allele did not differ significantly in the total lung cancer population 
(7.82%) and the group of healthy subjects (10.71%). The median inducibility value was slightly higher 
among cancer patients with one or two M2 alleles than among patients homozygous for the wild-type 
allele (P = 0.09). However, the percentage of individuals possessing at least one mutated allele was not 
significantly higher among hyperinducible patients (37.5%) than among non-hyperinducible patients 
(16.0%). No significant correlation could be found between M2 allele and lung cancer or between M2 
allele and CYplAZ inducibility; the only positive correlation found was between CYPlAZ hyperinduc- 
ibility and lung cancer incidence. Our observations do not support the view that the presence of the M2 
allele at the MspI site of the CYPZAZ gene constitutes a significant lung cancer risk in Caucasians. 
Copyright 0 1996 Elsevier Science Ltd 

Key words: lung cancer, smoking, CYPlAl, polymorphism, inducibility, lymphocytes, EROD 
EurJCuncer, Vol. 32A, No. 10, pp. 1701-1706,1996 

INTRODUCTION 
As A result of the widespread contamination of our environ- 
ment, we are continuously exposed to a wide variety of pol- 
lutants, notably polycyclic aromatic hydrocarbons (PAHs) 
such as benzo(a)pyrene, produced by combustion of organic 
compounds and present especially in cigarette smoke. This 
exposure, which can become major in some workplaces, plays 
a considerable role in the development of various forms of 
cancer, particularly lung cancers [l-3]. Most of these products 
are hydrophobic and the host organism needs the P450 
enzyme battery to eliminate them. For instance, 
benzo(a)pyrene metabolism via the CYPlAl enzyme gener- 
ates a highly electrophilic diol-epoxide metabolite capable of 
creating DNA adducts [4, 51. In addition to environmental 
risk factors, inherited or acquired host factors also play an 
important role in lung cancer development. Expression of the 
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CYPlAl gene is upregulated by certain foreign chemicals, 
including PAHs, but the extent to which PAHs induce 
CYPlAl varies considerably in human populations. This may 
explain the variability of the genetic predisposition to this kind 
of epithelial cancer [ 1, 61. As first discovered in human 
lymphocytes [2, 71, some individuals display very high induc- 
ibility of CYPlAl by PAHs. The high inducibility values 
recorded in 10% of the human population define what is called 
the ‘hyperinducibility phenotype’. Kellerman and colleagues 
have shown that this phenotype is more frequent in lung 
cancer patients than in healthy individuals [8]. We have shown 
that mitogen-activated lymphocytes are a good model for 
evaluating CYPlAl inducibility by PAHs in subjects’ lungs 
(data not shown). The method involves determining the ratio 
of ethoxyresorufin-0-deethylase (EROD) activity, supported 
by the CYPlAl enzyme, to cyt. c red. (cytochrome c 
reductase) activity, supported by a microsomal enzyme unaf- 
fected by PAH induction. Experiments aimed at optimising 
this method led us to measure both activities on cultured 
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mitogen-activated lymphocytes after a 96-h induction by 
benzanthracene. Unfortunately, this procedure is long, tedi- 
ous, and requires large blood samples. Many investigators 
have therefore sought a correlation between the hyperinduc- 
ibility phenotype and a particular genotype, easier to deter- 
mine. Several polymorphisms of the Ah (Aryl hydrocarbon) 
locus have been studied [7, 9-121. In particular, a point 
mutation called ‘M2’, located 300 bp downstream of the 
CYPlAl gene polyadenylation site, has raised hopes of 
explaining hyperinducibility by PAHs. In the Japanese popu- 
lation, this mutation, which generates an MspI restriction 
fragment length polymorphism (RFLP), is more frequent 
among lung cancer sufferers, principally those with squamous 
cell carcinoma, than among healthy individuals [ 11, 131. This 
mutated genotype might thus be responsible for increased 
susceptibility to tobacco-related lung cancer [lo]. Much work 
has focused on possible links between lung cancer develop- 
ment and either the M2 allele [ 11, 14- 181 or hyperinducibility 
[l, 2, 81. Although in the Japanese population the link 
between the M2 allele and lung cancer seems well established 
[ 11, 131, the existence of such a link in the Caucasian popu- 
lation is much debated [12, 191. Hyperinducibility of 
CYPlAl is considered a risk factor for this type of cancer [2], 
but no clear correlation has been established between high 
inducibility of CYPlAl and the presence of the M2 allele. 

In the present work, we have compared two groups of 
Caucasians: a group of 81 blood donors and a group of 48 
lung cancer patients. The MspI genotype and the inducibility 
of the CYPIAI gene were determined on lymphocytes isolated 
and cultured after blood sampling. This case-control study 
was performed to confirm or invalidate the hypothesis that, 
within the European population, there is a correlation between 
the presence of the CYPlAl M2 allele and either lung cancer 
or the hyperinducibility phenotype. 

MATERIALS AND METHODS 
Materials 

All chemicals and biochemicals were of analytical quality 
and were purchased from Sigma (Munchen, Germany), 
GIBCO (Gent, Belgium), Boehringer (Mannheim, Germany) 
or Merck (Darmstadt, Germany). Ficoll-Paque was pur- 
chased from Pharmacia (Uppsala, Sweden). Disposable 
materials used for cell culture were purchased from Becton- 
Dickinson (Helsinki, Finland). 

Biological samples 

Blood samples were obtained from: (a) a blood donor popu- 
lation (81 healthy persons); (b) a lung cancer patient popu- 
lation (48 patients hospitalised for bronchopulmonary 
cancer). Lymphocytes from blood samples freshly collected 
on heparin were rapidly isolated on Ficoll-Paque gradients as 
recommended by the manufacturer. They were frozen in 
liquid nitrogen [20] until cultured. 

For lymphocyte culture and induction, the procedure used 
was a modified version of that described by Kouri and col- 
leagues [21]. The lymphocytes were rapidly thawed at 37°C 
and suspended at a cell density of 0.5 x lo6 cells/ml in RPM1 
1640 medium supplemented with 10% (v/v) heat-inactivated 
human AB serum, phytohaemaglutinin PHA-M, and 12 FM 
benzanthracene. Aliquots of 7 ml were seeded into culture 
dishes (diameter: 35 mm) and incubated for 96 h at 37°C in 
an atmosphere of humidified air (95%) and CO* (5%). All 
assays were performed in triplicate. 

Inducibility of CYPlAl in lymphocytes was evaluated by 
measuring a CYPlAl-specific enzyme activity (EROD) and 
comparing it with another enzyme activity unaffected by PAH 
induction (cyt. c red.). The inducibility factor was defined as 
the ratio of EROD activity to cyt. c red. activity determined 
on the same cells. For each lymphocyte sample, the enzyme 
activities were determined on three different culture dishes. 
EROD activity was expressed in pmoles of resorufin formed 
per minute and per dish. Cytochrome c reductase activity was 
expressed in nmoles of cytochrome c reduced per minute and 
per dish. The activity ratios were calculated from the means 
of the three independent measurements. 

EROD activity assay. EROD activity was measured directly 
on the ongoing cultures. Ethoxyresorufin and dicoumarol (a 
stabiliser of the reaction product) were added to each cell 
suspension (respective final concentrations: 8 and 10 FM) 
and the samples were incubated for 45 min at 37C. A 1 ml 
aliquot of cell suspension directly withdrawn after addition of 
the substrate provided a blank (To). At the end of the incu- 
bation, the cell suspensions (6 ml) were rapidly centrifuged to 
separate the cells from the medium. The supernatants and cell 
pellets were frozen separately and stored at -80°C. Overnight 
hydrolysis of the conjugated metabolites was carried out at 
37°C on 1 ml aliquots of supernatant using a mix of 
@glucuronidase/arylsulphatase in a 0.1 M acetate buffer, 
pH 5.5. Proteins were precipitated with methanol, and the 
resorufin formed was finally measured by fluorimetry accord- 
ing to Burke and Mayer [22]. 

Cytochrome c reductase. This was measured on whole cell 
pellets according to Peterson and coworkers [23] (E = 
2 1 rnM_’ cm- ‘). The quantitation threshold was 0.25 nmoles 
of cytochrome c reduced per minute and per culture dish. 

DNA extraction was carried out on 5 ml blood samples 
collected on heparin. A conventional phenol-chloroform 
method [24] was used as follows: after centrifugation and 
elimination of the plasma, the erythrocyte pellet was lysed by 
dilution in a buffer containing 2.5 mM Tris-HCl (pH 7.6), 
80 mM sucrose, 1.25 mM MgCl,, 0.25% Triton X-100 and 
0.005% sodium azide. The leucocyte pellet, obtained after a 
15-min centrifugation at 3OOg, was digested overnight with 
proteinase K (0.1 mg/ml) at room temperature in a buffer 
containing 50 mM Tri-HCl (pH 8.0), 20 mM EDTA and 
2% SDS. Phenol-chloroform extractions were carried out 
until a clear lysate was obtained. The pH of the aqueous phase 
was adjusted to 5.6 with 0.1 M ammonium acetate and one 
volume of isopropanol was added. The precipitated DNA was 
removed with a glass loop and washed once with 70% ethanol 
before solubilisation in a buffer containing 10 mM Tri-HCl 
(pH 8.0) and 0.1 mM EDTA. DNA concentration and purity 
were estimated by UV spectrophotometry. 

The MspI genotype was elucidated by amplifying a 338 bp 
DNA fragment encompassing the site of interest by the poly- 
merase chain reaction (PCR). The primers used were 5’-AGT 
GAA GAG GTG TAG CCG CT-3’ and 5’-CGC TAA GAC 
AGC ACA GTG ATT-3’. The PCR mix contained 1 X PCR 
Gene Amp buffer (Perkin Elmer), 2.5 mM MgCl,, 200 IJ-M 
dNTPs, 0.5 FM primers, 0.15 )*g genomic DNA and 1.25 
units of Ampli Taq polymerase (Cetus); it was subjected to 35 
thermocycles of 2 min at 94°C 1 min at 57°C and 2 min at 
72°C. The elongation cycle was ended by heating at 72’C for 
5 min. The PCR products were digested with MspI restriction 
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enzyme. When the mutated allele (M2) is present, this yields odds ratios (relative risk estimates) and 95% confidence inter- 
two DNA fragments (205 and 133 bp, see Figure 1). vals were simultaneously computed. 

Statistics RESULTS 
Hardy-Weinberg’s equation was used to calculate allele 

frequencies. A subject was considered to display the hyperind- 
ucibility phenotype when the inducibility factor measured on 
lymphocytes fell within the 90th quantile of inducibility values 
recorded in the unilateral healthy population. Different stat- 
istical analyses were used to assess correlations between the 
CYPlAl genotype, CYPlAl inducibility and the lung cancer 
risk: (1) Unpaired t-tests or Mann-Whitney Rank Sum analy- 
ses were used to compare inducibility value distributions in 
subgroups segregated on the basis of genotype and of the 
absence/presence of lung cancer; (2) Chi-square of Fisher’s 
exact analyses were performed on contingency tables. The 

The patients: age, sex, smoking habits, and distribution of lung 

cancer histological types 

In the whole lung cancer population, the mean age was 62 
years and the average tobacco consumption expressed in 
pack-years was 43. Among these patients, 53% were current 
smokers, 43% were ex-smokers and 4% were non-smokers. 
The average age of non-smokers was slightly higher (7 1 years) 
than that of patients having stopped smoking more than a year 
prior to lung cancer diagnosis (67 years), which in turn was 
distinctly higher than that of current smokers (59 years). The 
accelerating effect of smoking on lung cancer development 
was most obvious in the mixed-type lung cancer group, where 
the mean age of patients varied from 48 among smokers to 
71 among ex-smokers (no cases being observed among the 
non-smokers). 

338 bp 

205 bp 

133 bp 

Figure 1. Determination of the CYPlAl MspI genotype. Pat- 
terns obtained after MspI digestion of the PCR product (see 
Methods): (1) mutant homozygous (M2IM2): two fragments of 
205 and 133 bp, respectively. (2) Heterozygous (MllM2): three 
fragments of 338, 205 and 133 bp, respectively. (3) Wild-type 

homozygous (Ml/Ml): only one fragment of 338 bp. 

The distribution of lung cancer histological types differed 
according to the sex: 70% of the women patients had adeno- 
carcinoma, while a more homogeneous distribution of the 
various histological types was seen among the male patients. 

Frequency of the CYFlAl M2 allele in healthy and lung cancer 

populations 

The MspI genotype was determined on blood samples from 
healthy individuals and lung cancer patients. In the healthy 
population (81 individuals), we found 64 wild-type homozy- 
gotes (Ml/Ml), 15 heterozygotes (Ml/M2) and two mutant 
homozygotes (M2/M2) (Table 1). The frequency of the rare 
mutant allele (M2) was thus 10.71%. Among the cancer 
patients, 37 were wild-type homozygotes, six were hetero- 
zygotes for the M2 allele and one was an M2iM2 mutated 
homozygote. In this population, the frequency of the M2 allele 
was 7.8%, not significantly different from the control value. 

When the results for the primary lung cancer patients were 
broken down according to the histological subclass of the 
tumour, the rare M2 allele appeared slightly more frequent 
among the adenocarcinoma patients (10.91%) and much 
more frequent in the mixed-type lung cancer subgroup (40%). 
It was absent among patients with small cell carcinoma or 
with secondary lung cancer. Its frequency was 4.1% in the 
squamous cell carcinoma subgroup. It must be said, however, 
that none of these values differs significantly from the refer- 
ence value, given the small size of the various subgroups and 
the resulting limited power of our statistical analyses. 

Variability of the inducibility factor in healthy individuals and 

lung cancer patients 
The inducibility factor measured on mitogen-activated lym- 

phocytes after BA induction varied considerably among heal- 
thy individuals and cancer patients (Figure 2). The variability 
range was greater in the lung cancer population (0.04-l .16) 
than in the healthy population (0.02-0.85), but the general 
median values for the healthy and lung cancer populations, 
0.303 and 0.329, respectively, were not significantly different 
(Mann-Whitney Rank Sum Test; P >0.05). 

All subjects exhibiting an inducibility factor of at least 0.503 
were considered to display the hyperinducibility phenotype 
(90th quantile of inducibility factor values recorded in healthy 
subjects). According to this criterion, the proportion of hyper- 
inducible individuals was 8.64% in the healthy group and 
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Table 1. Ml and M2 aUele distribution in lung cancer and healthy populations 

MspI 
genotype 

Ml/Ml 64 (79.0) 
Ml/M2 15 (18.5) 
M2fM2 2 (2.5) 
Total 81 (100) 

M2 frequency 
OR 
95% CI 

10.71% 
1 .OO (ref.) 

- 

Healthy 
population sq.c.c. Sm.C.C. 

Cases of primary lung cancer 
Adeno.C. Mixed Undefined All subtypes 

All 
2d L.C. populations 

11 (84.4) 
1 (7.7) 
1 (7.7) 
13 (15) 

4.10% 
0.68 

[O. 14-3.351 

8 (100) 12 (80.0) 2 (50.0) 4 (100) 
0 (0.0) 3 (20.0) 2 (50.0) 0 (0.0) 
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
8 (100) 15 (100) 4 (100) 4 (100) 

0.00% 10.91% 40.00% 0.00% 
- 0.94 3.76 
- [0.36-2.461 [0.49-28.581 ~ 

37 (84.1) 4 (100) 105 (81.4) 
6 (13.6) 0 (0.0) 21 (16.3) 
1 (2.3) 0 (0.0) 3 (2.3) 

44 (100) 4 (100) 129 (100) 

7.82% 0.00% 9.36% 
0.71 _ 

[0.27-l .87] _ _ 

Sq.C.C., squamous cell carcinoma; Sm.C.C., small cell carcinoma; Adeno.C., adenocarcinoma; 2d L.C., secondary lung cancer; O.R., odds 
ratio calculated after combining subjects carrying one or two MspI mutations. 
x Q with x = number of cases andy = percentage of total number of cases for the subgroup. 
95% C.I., confidence interval at 95%. 

Healthy subjects 
0 Lung cancer patients 

1 Hyperinducibility phenotype 

Figure 2. CYPlAl inducibility distribution in healthy and lung 
cancer populations. The inducibiity factor is defined as the 
ratio of EROD to cytochrome c reductase activity as described 
under Materials and Methods. The broken line represents the 
minimal inducibility factor defining the hyperinducible pheno- 

type+ *, one secondary lung cancer patient. 

24.39% in our lung cancer group (Table 2). Chi-square 
analysis showed this difference to be significant (P = 0.036; 
odds ratio = 3.41). When the results were broken down 
according to the histological type of the tumour, the respective 
percentages for the squamous cell, small cell and adenocarcin- 
oma subgroups were 25, 12.5 and 33.33%, but the only group 
of cancer patients to display a significantly higher hyperinduc- 
ibility rate than the reference population was the adenocarcin- 
oma group (P = 0.033). Hyperinducibility thus appears as a 
major risk factor for adenocarcinoma (odds ratio (OR): 5.29; 
95% confidence interval (CD: [1.27-22.001). 

Relationship between the MspI genotype and the inducibiky 

phenotype 

Figure 3 illustrates, for healthy subjects and lung cancer 
patients, the variability of the inducibility factor according to 

the MspI genotype. When heterozygotes and homozygotes for 
the M2 allele were compared separately with non-mutant 
homozygotes (Ml/Ml), statistical analyses of the data 
revealed no significant effect of the MspI genotype on the 
inducibility value distribution, in either healthy subjects or 
lung cancer patients. However, when the data for the Ml/M2 
and M2lM2 genotypes were combined, there appeared a slight 
upward shift of the distribution median; this effect was non- 
significant (P = 0.09). 

When the data for each population were broken down 
according to the inducibility phenotype of the subjects, the 
mutant rates were, respectively, 28.6 and 19.2% in the healthy 
group (OR1.69; CI [0.30-9.611) and 37.5 and 16.0% in the 
lung cancer population (OR: 3.15; CI [0.53-l&.76]), but 
according to the statistical analysis, the risk of presenting the 
hyperinducible phenotype was not significantly increased by 
the presence of the M2 allele (P >O. 10). 

Thus, the presence of one or two CYPlAZ M2 mutations in 
the genotype does not seem to influence PAH inducibility in 
lung cancer patients. 

DISCUSSION 
One fact clearly emerges from our analysis of age and 

smoking habits in our lung cancer patients: the average age of 
the smokers is lower than that of the non-smokers. This holds 
true for all histological subtypes of cancer studied here. These 
results suggest that tobacco smoking accelerates lung cancer 
development. Our data further show a sex-dependent distri- 
bution of the histological subtypes: adenocarcinoma is by far 
the most frequently encountered subtype in women (70%), 
while the distribution is more homogeneous in men. 

Our results corroborate the conclusion of Kellerman and 
Kouri [2, 81 that CYPlAl hyperinducibility is linked with a 
higher risk of developing lung cancer. Not only did our lung 
cancer population exhibit a wider range of inducibility values 
than the healthy reference group, but ‘hyperinducible’ individ- 
uals also display a 3.41-fold higher lung cancer risk (P = 
0.036). This increase factor is in keeping with that recorded 
by Kellerman. In agreement with the results of Anttila and 
associates [ 11, our data further suggest that humans with 
the hyperinducibility phenotype have an increased risk of 
developing one particular form of lung cancer, adenocarcin- 
oma (relative risk factor = 5.29; P = 0.033). This conclusion 
is strengthened by the fact that tobacco consumption was 
relatively low in this subgroup. These data, however, must be 



Incidence of the Rare CYPl Al M2 Allele 1705 

Table 2. Correlation between the CYPl Al hyperinducibility phenotype and lung cancer susceptibility 

Parameters sq.c.c. 
Lung cancer population 

Sm C.C. Adeno. C. Total 
Reference 
population 

Hyperinducibility rate 25.00% 12.5% 33.33% 24.39% 8.64% 
Odds ratio (cancer:hyperinducibility) 3.52 1.51 5.29 3.41 1.00 
95% confidence limits 0.77-16.03 0.16-14.05 1.27-22.00 1.19-9.75 _ 
P value* ns ns 0.033 0.036 _ 

Sq.C.C., squamous cell carcinoma; Sm CC., small cell carcinoma; Adeno. C., adenocarcinoma; ns, nof significant (P >0.05) 
*Obtained after comparison of two hyperinducibility rates (case:reference) by the Fisher’s exact tesf or Chi-square test. 

(a) Healthy population (b) Lung cancer population 
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Figure 3. Variability of CYPlAl inducibility according to the MspI genotype in healthy (a) and lung cancer (b) populations. 
EROD, ethoxyresorufin-0-deethylase; Cyt. C. Red., cytochrome E reductase. 

interpreted with caution. CYPlAl inducibility is not the only 
factor to be taken into account when examining 
benzo(a)pyrene toxicity. Anttila and colleagues [25] report a 
protective effect of the gene that expresses GSTMl against 
bronchial lung cancer in hyperinducible patients. Moreover, 
we found no significant correlation between CYPlAl hyperin- 
ducibility and lung cancer subtypes other than adenocarcino- 
ma. 

The frequency of the M2 allele was not significantly differ- 
ent in the two tested populations (7.82% in the cancer pati- 
ents, 10.7 1% in the healthy population). Breakdown accord- 
ing to the histological subtype revealed a higher, but not 
significantly higher, frequency among patients with mixed- 
type lung cancer (40.00%; OR = 3.76). In other studies on 
Caucasians [14, 151, the frequency of the M2 allele was 
similarly not significantly different in the total lung cancer 
population, but it did appear more frequent among squamous 
cell carcinoma patients. These divergences between results 
obtained after breakdown by histological subtype probably 
reflect the small number of cases and the low frequency of the 
M2 allele among Caucasians. This contrasts with the results 
for Asian populations [ 111, where the M2 allele is significantly 
more frequent in lung cancer patients than in healthy subjects. 
The corresponding lung cancer risk for M2lM2 homozygotes 
is 2.6-fold higher than for MYMl heterozygotes and 3.1-fold 
higher than for wild-type homozygotes. The risk of squamous 
cell lung cancer is 5-fold higher for M2lM2 than for Ml/Ml 
homozygotes. This ethnic difference might be due to the 
higher frequency of the M2 allele in Asian populations (36%). 

We found no influence of the CYPlAl MspI genotype 

EdC(P, 32-10-E 

on PAH inducibility value distributions in our Caucasian 
population when the results were broken down according to 
the three possible genotypes. Furthermore, the percentage of 
individuals possessing at least one mutated allele was not 
significantly higher among hyperinducible than among non- 
hyperinducible subjects. In the lung cancer patients, we did 
note a slight upward shift of the median inducibility value 
among patients with one or two M2 alleles compared with 
patients homozygous for the wild-type allele (P = 0.09). 

Landi and associates [20] have also observed, in Caucasi- 
ans, an association between the presence of the M2 allele and 
high CYPlAl enzyme activity, but they did not find a higher 
level of CYPlAl mRNA. This supports the controversial 
hypothesis that this minor allele is genetically linked with an 
A-G transition in exon 7 which leads to an Ile-Val substitution 
[13]. The consequence of this substitution in the haem- 
binding catalytic region of the CYPlAl enzyme could be to 
increase the affinity of the variant CYPlAl enzyme for its 
substrate or to decrease its turnover rate [20]. Most of these 
observations discredit the view that the presence of the M2 
allele at the MspI site of the CYPlAl gene significantly 
increases the risk of lung cancer in Caucasians. Even if the 
rare M2 allele does slightly affect the inducibility phenotype, 
its r81e is probably minor, CYPlAl expression being regulated 
by complex transregulatory machinery. Further studies con- 
cerning the expression of ARNT and the Ah receptor will 
certainly contribute to our knowledge of the regulatory mech- 
anism. 
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