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Summary The TP53 gene has a polymorphism in exon 4 at codon 72 that presents the arginine
or proline genotype. The association of TP53 codon 72 polymorphism with lung cancer risk has
been studied by several groups, although with inconsistent results. Our previous study showed
that the human papillomavirus (HPV) infection is associated with the development of lung cancer
in Mazandaran, north part of Iran (cases = 25.6% versus controls = 9.0%, P = 0.002). The frequency
of TP53 codon 72 polymorphism was studied in a north part Iranian group of 92 healthy controls
and 141 lung cancer patients. The allelic distribution of the three genotypes (ArgArg, ArgPro,
ProPro) in healthy normal controls was 46.1, 32.6 and 21.3%, respectively, which differs from
that of lung cancer patients showing genotype frequency as 42.6, 49.6 and 7.8%. A relation
between the presence of the Arg allele and lung cancer risk was observed. Our study reveals

that Arg allele, active smoking and HPV infection are the important risk factors in lung cancer
development in the north part of Iran, Mazandaran province.
© 2006 Elsevier Ireland Ltd. All rights reserved.
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cell lung carcinoma; AdC, adenocarcinoma; SCC, squamouse cell carcinoma; LCC, large cell carcinoma; SCLC, small cell lung carcinoma
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. Introduction

ung cancer is the leading cause of cancer deaths in the
orld [1] and the vast majority of cases are smoking related.
enetic polymorphisms in the genes involved in tumouri-
enesis may determine individual susceptibility to cancer.
o date, several polymorphisms have been described in the
ild-type TP53 gene [2—5].

Germline TP53 mutations have been reported to be asso-
iated with inherited breast cancer risk [6], and codon
2 polymorphism on the exon 4 of the TP53 gene, which
ncodes variant proteins with an arginine (CGC) or proline
CCC), have also been studied as potential susceptible geno-
ypes for lung cancer [7—10].

The genotype distribution of TP53 codon 72 poly-
orphism is significantly different among ethnic groups.
eckman et al. [11] reported that there was a significant
ecrease in the frequency of the Pro allele with increas-
ng latitude, ranging from 0.63 in African Blacks to 0.17
n Swedish Saamis. Weston et al. [12] also reported that
he frequency of the Pro allele varied by ethnicity. The
P53 Pro allele was found to be more common in African-
mericans (0.50) than in Caucasians (0.29). Two Japanese
tudies showed genotype frequencies of Pro ranging from
.35 to 0.40 [8,9]. The association of TP53 codon 72 poly-
orphism with lung cancer risk has been studied by several

roups, although with inconsistent results [7—10,12,13].
In our previous study, we analysed the association

etween HPV infection and lung cancer development [14].
hese results suggested that HPV infection is associated
ith the development of lung cancer in Mazandaran, the
orth part of Iran, and the low prevalence of HPV infection
n lung cancer is leaving room for agents other than HPV
nfection.

The genotype distribution of TP53 codon 72 polymor-
hism remains undefined in the Iranian population. Hence in
he present study, we conducted a case-control study of lung
ancer patients and controls and examined the genotype fre-
uency of codon 72 polymorphism in them using PCR-based
enotyping methods to evaluate the possible relevance of
his polymorphism for lung cancer risk among north Iranian
opulation from Mazandaran province.

. Materials and methods

.1. Tissue samples

total of 233 blocks of paraffin-embedded tissue including
41 samples diagnosed as lung carcinomas and 92 non-cancer
amples as control were retrieved from archive of Imam
homeini Hospital, Medicine faculty of Sari city, Mazandaran
niversity of Medical Sciences, Iran between 1998 and 2004.
he low number of controls, comparing the number of cases

s due to limitation we had in accessing the controls with

uitable characteristics. The non-cancer patients with dif-
erent lung diseases, including pneumothorax, crypto-coccal
nd hydatic cyst infection and fibrosis served as control
ubjects. Furthermore to adjust the environmental con-
ounders, we tried to match the subject’s residence place
n Mazandaran province between both groups.
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.2. DNA extraction and PCR

enomic DNAs from tissue sections were prepared accord-
ng to the methods described by Impraim et al. [15]. To
void contamination of the DNA, great care was taken during
xtraction and PCR (sectioning the blocks to several small
roups at different times, using new surgical blade for each
ample and filter tips during extraction and PCR).

The adequacy of the DNA in each specimen for PCR ampli-
cation was determined by detection of a 110- or 268-base
air fragment of the �-globin gene using the PC03/PC04 and
H20/PC04 primer set, respectively [16].

For detection of HPV genome, nested PCR were per-
ormed using MY09-MY11 as outer and GP5+ to GP6+ as
nner primers [14,17]. For genotyping of HPV, the positive
CR products were extracted from the agarose gel and the
xtracted DNA was analysed by sequencing. Sequence anal-
sis was carried out using the ABI 377 DNA sequencer (PE
iosystems).

TP53 codon polymorphism was detected by allele spe-
ific amplification [18]. Ten microliters of the amplification
roducts were analysed by electrophoresis on 2% agarose
els and ethidium bromide staining. The Arg and Pro alleles
ave a 141 and 177 bp PCR products, respectively.

.3. Data processing

ata were processed by BLAST, SPSS statistical software pro-
ram version 11.5.0. The correlations were subjected to �2

Pearson chi-square) and Fisher’s exact test. Odds ratios and
ogistic regression were also calculated. Statistical signifi-
ance was set as a P-value less than 0.05.

. Results

he characteristics of study subjects including age, gen-
er, smoking status, HPV DNA, TP53 codon 72 variants and
ung cancer types are shown in Table 1. A total of 233
ndividuals, including 141 lung cancer patients (27 females
nd 114 males) and 92 non-cancer controls (24 females
nd 68 males), were recruited into this study (Table 1).
tatistical difference was observed in the smoking status
P ≤ 0.0001) and TP53 codon 72 variants (P = 0.004) between
hese two groups (Table 1). The mean ages of both groups
ere 66.32 ± 11.34 (S.D.) and 54.39 ± 17.454 (S.D.) years,

espectively (Table 1). The gender distribution in case group
as comparable with that for the control group (P = 0.211,

able 1). The most abundant type of cancer determined
istologically was NSCLC (87.2%) and among NSCLC type,
quamous cell cancer is predominant, followed by adeno-
arcinoma and large cell carcinoma (Table 1).

In the healthy control group, the allele frequency for Pro
as 0.376, whereas in the lung cancer group was 0.326. The
omozygote genotype Pro/Pro was 2.73 times more frequent
n controls than in lung cancer subjects (21.3% versus 7.8%,

able 1), but the frequency of Arg/Arg genotype was rela-
ively similar in both groups (42.6% for cases versus 46.1% for
ontrols, Table 1) and the genotype Arg/Pro was 1.5 times
ore frequent in the cases than the controls (49.6% versus

2.6%, Table 1).
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Table 1 The clinical characteristics and HPV status of lung cancer patients and non-cancer controls

Parameter Casesa (N = 141) Controlsa (N = 92) P-value

Age (year ± S.D.) 66.32 ± 11.34 54.39 ± 17.454 ≤0.0001 (t-test)

Gender
Female 27 (19.1)b 24 (26.1) 0.211
Male 114 (80.9) 68 (73.9)

Smoking status
Active 108 (76.6) 42 (45.7) ≤0.0001
Passive 8 (5.7) 7 (7.6)
Non 25 (17.7) 43 (46.7)

p53 codon 72 variants
Arg/Arg 55 (42.6) 41 (46.1) 0.004
Arg/Pro 64 (49.6) 29 (32.6)
Pro/Pro 10 (7.8) 19 (21.3)

HPV
Positive 33 (25.6) 8 (9.0) 0.002
Negative 96 (74.4) 81 (91.0)

HPV type (%within subject)
High risk 24 (18.6) 3 (3.4)
Intermediate risk 4 (3.1) 0 (0) 0.001
Low risk 5 (3.9) 5 (5.6)
Negative 96 (74.4) 81 (91)

Histological type
NSCLC (%within tumour type) 123 (87.2)

AdC 16
SCC 104
LCC 3

SCLC (%within tumour type) 18 (12.8)

ter q

(

(

a
m
i
(
r
a
2
H

a Some of the subjects have been considered as missing value af
b Number in parentheses are percentages.

As indicated in our previous study [14], prevalence of HPV
DNA was higher in lung cancer patients than in non-cancer
controls (25.6% versus 9.0%, P = 0.002; Table 1).

In Tables 2 and 3, genotype frequency of TP53 codon
72 and HPV DNA detection rate are stratified by sex and
smoking status. In lung carcinomas, genotype Arg/Arg is vis-
ible to be related to HPV infection (P = 0.003, Table 2). As
shown in Table 3, the significant differences were observed
among TP53 genotypes considering gender, smoking status
and HPV type. Regarding to HPV type, Arg allele is statisti-
cally related to high risk HPV types (Arg/Arg, P = 0.015 and
Arg/Pro, P = 0.04, Table 3).

No significant difference was observed between two
major tumour type considering gender, smoking status,
HPV and TP53 codon 72 genotypes, but discrepancies
were observed between SCC and adenocarcinomas patients
(Table 4):
(a) Adenocarcinomas female patients are more preva-
lent than SCC female patients (37.5% versus 13.5%,
P = 0.027).

a
C
1

o

uality examination of nucleic acid extraction.

b) SCC type lung cancer patients are mostly active smokers
(85.6%) whereas the halves of adenocarcinomas patients
are non-smokers (P ≤ 0.0001).

c) Arg allele is statistically related to SCC type lung cancer
(SCC 0.6785 versus AdC 0.429, P ≤ 0.0001) whereas Pro
allele is visible to be related to adenocarcinoma lung
cancer (SCC 0.3215 versus AdC 0.571, P ≤ 0.0001).

The ORs of several parameters of lung cancer patients
re shown in Table 5. Due to incomparability of the age
eans of case and control, age parameter is then adjusted

n all parameter. The HPV infection had an AOR of 2.580
95% CI 1.166-5.708; P = 0.010). Meanwhile infection of high
isk HPV types had a higher AOR of lung cancer incidence
s 4.140 (95% CI 1.240—13.809; P = 0.010), compared with
.181 (95% CI 1.114—4.270; P = 0.021) of smoking status.
PV infection was increased the risk of lung cancer in males

nd was not significant in females (female AOR 2.432, 95%
I 0.543—10.890, P = 0.156 versus male AOR 2.778, 95% CI
.147—6.732, P = 0.011).

According to the smoking status, this significance was
bserved only in male subjects (male AOR 2.794, 95% CI
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Table 2 HPV status according to clinical characteristics of lung cancer patients and non-cancer controls

Variable Cases Control P-value

HPV positive (%) Number of subjects HPV positive (%) Number of subjects

Age
≤60 12 (40.0) 30 0 52 ≤0.0001
>60 21 (21.9) 96 8 (21.6) 38 1.000
P-value 0.490 0.001

Gender
Female 6 (24) 25 2 (8.7) 23 0.249
Male 27 (26) 104 6 (9.1) 66 0.007
P-value 0.840 1.000

Smoking status
Active 27 (26.7) 101 4 (9.5) 42 0.023
Passive 1 (14.3) 7 2 (28.6) 7 1.000
Non 5 (23.8) 21 2 (5.0) 40 0.042
P-value 0.750 0.155

p53 codon 72 variants
Arg/Arg 22 (40.0) 55 5 (12.2) 41 0.003
Arg/Pro 10 (15.6) 64 2 (6.9) 29 0.329

1
0
(
t
i
T
a
P
c
o

l
4
4

(
r

4

U
p
t

Pro/Pro 1 (10.0) 10
P-value 0.005

.055—7.394; P = 0.039 versus female AOR 1.974, 95% CI

.572—6.805; P = 0.282). Arg allele had also an AOR of 3.349
95% CI 1.334—8.410; P = 0.007). As shown in Table 5, when
he significant parameters are combined, an increased risk
s seen, comparing with the risk of each parameter alone.
he data (not shown) reveal that the Arg/Arg-harbored and
ctive smoker males had an OR 17.5 (95% CI 1.551—197.435;
= 0.041) of developing SCC lung cancer in north of Iran, in
ontrast the Pro/Pro harbored-patients are at a higher risk

f adenocarcinoma development (AOR 19.244, P ≤ 0.0001).

To avoid the effect of multiple parameters, we ran a
ogistic regression model. Data shown that Arg allele (OR
.576, 95% CI 1.636—12.803; P = 0.004), active smoking (OR
.563, 95% CI 1.691—12.310; P = 0.003) and HPV infection

h

m
i
o

Table 3 TP53 genetic polymorphism according to clinical charac

Parameter Cases

RR RP PP

Gender
Male 46 (44.3)a 51 (49) 7 (6.7)
Female 9 (28.6) 13 (28.6) 3 (42.9)

Smoking status
Active 43 (42.6) 51 (50.5) 7 (6.9)
Passive 2 (28.6) 2 (28.6) 3 (42.9)
Non 10 (47.6) 11 (52.4) 0

HPV type
High risk 13 (23.6) 10 (15.6) 1 (10.0)
Intermediate risk 4 (7.3) 0 0
Low risk 5 (5.2) 0 0

a Number in parentheses are percentages.
1 (5.3) 19 1.000
0.707

OR 3.030, 95% CI 1.216—7.546; P = 0.017) are the significant
isk factors in lung carcinogenesis.

. Discussion

nquestionably, cigarette smoking does cause many health
roblems, but certainly it cannot be the only causative fac-
or in lung cancer. Thus, factors other than smoking may also

ave an impact as risk factors for lung cancer [19,20].

In our previous study [14] we showed that HPV infection
ay be associated with the development of lung cancer

n Mazandaran, north part of Iran, and the low prevalence
f HPV infection in lung cancer, as compared with genital

teristics of lung cancer patients and non-cancer controls

Control P-value

RR RP PP

34 (51.5) 18 (27.3) 14 (21.2) 0.002
7 (30.4) 11 (47.8) 5 (21.7) 0.794

19 (45.2) 13 (31.0) 10 (23.8) 0.008
4 (57.1) 2 (28.6) 1 (14.3) 0.790

18 (45) 14 (35) 8 (20) 0.073

3 (7.3) 0 0 Arg/Arg; 0.015
0 0 0 Arg/Pro; 0.04
2 (4.9) 2 (6.9) 1 (5.3) Pro/Pro; 0.579
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Table 4 Histological type of lung cancer according to clinical characteristics of lung cancer patients

Variable Major tumour type Subtype of NSCLC

NSCLC SCLC SCC AdC

Gender
Female 21 (17.1)a 6 (33.3) 14 (13.5) 6 (37.5)
Male 102 (82.9) 12 (66.7) 90 (86.5) 10 (62.5)
P-value 0.114 0.027

HPV
Positive 28 (25) 5 (29.4) 24 (25.3) 3 (21.4)
Negative 84 (75) 12 (70.6) 71 (74.7) 11 (78.6)
P-value 0.767 1.000

Smoking status
Active 97 (78.9) 11 (61.1) 89 (85.6) 6 (37.5)
Passive 6 (4.9) 2 (11.1) 4 (3.8) 2 (12.5)
Non 20 (16.3) 5 (27.8) 11 (10.6) 8 (50.0)
P-value 0.174 ≤0.0001

p53 codon 72 variants
Arg/Arg 44 (39.3) 11 (64.7) 37 (38.9) 4 (28.6)
Arg/Pro 59 (52.7) 5 (29.4) 55 (57.9) 4 (28.6)
Pro/Pro 9 (8.0) 1 (5.9) 3 (3.2) 6 (42.8)

P-value 0.140

a Number in parentheses are percentages.

carcinoma, is leaving room for agents other than HPV

infection. In this study, we have evaluated the associa-
tion between the lung cancer and HPV infection and the
genotype at codon 72 of the TP53 gene in north part of
Iran.

t
p
q
C

Table 5 The lung cancer risk estimation according to clinical cha
Iran, Mazandaran province

Variable OR (95% CI)

Gender
Female 0.671 (0.359—1.25
Male 1.490 (0.796—2.78

Smoking status
Active 4.072 (2.245—7.38
Passive 0.730 (0.256—2.08

Smoking status
Male 5.963 (2.559—13.8
Female 3.438 (0.919 —12.

HPV infection 3.480 (1.522—7.95
Infection in female 3.316 (0.596—18.8
Infection in male 3.506 (1.360—9.03

HPV high risk type 6.085 (1.776—20.8

p53 codon 72 variants
Arg 3.230 (1.422—7.33
Pro 1.149 (0.667—1.97

[HPV+] [Arg/Arg] 4.80 (1.630—14.13
[HPV+] [active smoker] 3.466 (1.130—10.6
[HPV+] [Arg/Arg] [active smoker] 3.840 (0.972—15.1
≤0.0001

Taking into account only the healthy control group,

he allele Pro frequency was 0.376. Thus the Iranian
eople (Mazamdaran province) represent a Pro allele fre-
uency higher than American, Mexican-American, Polish,
zech, Spanish, German and English people, nearly equal to

racteristics, HPV and TP53 codon 72 polymorphism status in

AOR (95% CI) (age-adjusted)

6) (P = 0.211) 0.933 (0.470—1.851) (P = 0.842)
8) (P = 0.211) 1.093 (0.539—2.218) (P = 0.802)

5) (P < 0.0001) 2.181 (1.114—4.270) (P = 0.021)
8) (P = 0.556) 0.804 (0.293—2.184) (P = 0.617)

96) (P ≤ 0.0001) 2.794 (1.055—7.394) (P = 0.039)
865) (P = 0.060) 1.974 (0.572—6.805) (P = 0.282)

8) (P = 0.002) 2.580 (1.166—5.708) (P = 0.010)
51) (P = 0.249) 2.432 (0.543—10.890) (P = 0.156)
8) (P = 0.007) 2.778 (1.147—6.732) (P = 0.011)

51) (P = 0.001) 4.140 (1.240—13.809) (P = 0.010)

9) (P = 0.004) 3.349 (1.334—8.410) (P = 0.007)
9) (P = 0.616) 1.030 (0.576—1.843) (P = 0.921)

2) (P = 0.003) 3.692 (1.366—9.977) (P = 0.004)
29) (P = 0.023) 3.390 (1.162—9.895) (P = 0.015)
71) (P = 0.046) 3.744 (1.069—13.109) (P = 0.023)
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orean, French and Italian people and lower than Japanese,
aiwanese and Afro-American people.

This study reveals that the Arg allele of TP53 polymor-
hism was associated with an increased risk of lung cancer
evelopment (Tables 1 and 5; AOR 3.349, P = 0.007). Studies
f polymorphisms in TP53 are currently less well developed.
n most of same type studies, the allelic frequencies of the
roline variant do not differ between lung cancer cases
nd controls. However, the proline variant was the major
llele in African-Americans compared to Japanese, Cau-
asians, and Mexican-Americans where the arginine allele
as found to be most prevalent [5,7—10,12,13,21,22].
mong Japanese, Kawajiri et al. [8] considered allelic distri-
ution as it pertained to the Hardy—Weinberg equilibrium.
lthough the arginine/proline allelic frequencies were not
ifferent between cases and controls (arginine allele 0.653
n controls, 0.645 in cases), among controls the allelic distri-
ution was in Hardy—Weinberg equilibrium whereas in cases
t was not. In cases there was an underrepresentation of
eterozygotes and an overrepresentation of proline homozy-
otes (P < 0.005). In contrast, Murata et al. [9] examined
he relationship between the codon 72 polymorphism, lung
ancer, and tobacco smoking in a Japanese population but
eported an association of TP53 with tendency to smoke
obacco, where the arginine allele was elevated in non-
moking cancer patients (chi-square = 13.5, P < 0.001). Jin
t al. [10] detected elevated lung cancer risk associated
ith inheritance of the TP53 proline allele in a subset of
frican-American lung cancer cases diagnosed prior to the
ge of 53 years. Overall, however, Jin et al. found no cancer
isk associated with inheritance of the TP53 proline allele
10]. To-Figueras et al. [21] investigated this polymorphism
n relation to histologic type of lung cancer in a Caucasian
opulation in Catalonia. In this population no association of
he TP53, codon 72 genotype, was observed [21]. Taiwanese
nd Chilean studies showed that the Pro allele has been
elated to an increase in lung cancer risk in their population
5,22].

Cigarette smoking is less strongly related to lung ade-
ocarcinoma risk than it is to SCC risk [23]. Nonetheless,
lthough most patients with lung carcinoma have been heavy
mokers at some point during their lifetimes, the preva-
ence of SCC has diminished steadily with the increasing
revalence of adenocarcinoma. Since the early 1980s, ade-
ocarcinoma has been the most common lung malignancy
ound in North America; in contrast, in Europe, SCC remains
he most common subtype of lung disease [24]. Overall,
ncreasing lung adenocarcinoma incidence has been noted
mong nonsmokers, especially in women, in the U.S. as well
s in Asian countries (e.g., Taiwan, Japan) [25]. No lung can-
er statistics have been available with which to estimate
he histological lung cancer type in Iran. This study shows
hat SCC type lung cancer is the most frequent subtype of
SCLC in Mazandaran, but adenocarcinoma female patients
re more prevalent than SCC type-female patients as it is
een in most part of the world (Tables 1 and 4). Adenocarci-
omas lung cancer is more related to non-smoking status and

ro allele, in contrast most of the SCC lung cancer patients
re smoker and harbor Arg allele (Table 4, P ≤ 0.0001).

The oncogenic HPV E6 proteins have been shown to
referentially target p53Arg over p53Pro for ubiquitin-
ediated degradation [18], and this manifests itself in

T
P
R
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n overrepresentation of p53Arg alleles in patients with
PV-associated tumours. This research emphasizes the
elation between HPV and Arg/Arg genotype and overall
etween HPV types and Arg allele (Tables 2 and 3).

Although human papillomavirus has been identified in
ulmonary squamous epithelial samples [26] (the high preva-
ence of HPV infection, 69—73%, in SCC in countries such as
apan, China, Taiwan, Greece and Finland), HPV infection
as not been thoroughly assessed as a potential risk factor
or the development of pulmonary adenocarcinoma. Recent
tudies involving Taiwanese patients [27,28] have demon-
trated a possible association between HPV infection and
ulmonary adenocarcinoma. Among patients who developed
ung adenocarcinoma, the percentage with pulmonary HPV
nfection ranged from 9% to 42% in Asian studies and 0% to
6% in western world studies [25]. In this study, there is
o difference between SCC and AdC in detection of HPV
nd HPV plays a role as a risk factor in the development
f pulmonary adenocarcinoma and squamous cell carcinoma
Table 4).

Studies have demonstrated associations between lung
arcinoma and a variety of risk factors, including tobacco
moke (active and environmental), other indoor pollutions
cooking oil vapors, coal burning, and fungus spores), diet,
enetic factors and infections [19,25]. Tobacco smoking is an
atrogenic agent for production of squamo—columnar junc-
ions (SCJs) in respiratory tract, which is the preferable
ite of HPV entering [26]. In parallel of some studies which
how the synergism of HPV infection and tobacco smoking in
ung cancer [29], our study indicates that HPV infection is
elated to active smoking status (Tables 2 and 5). Further-
ore Arg allele is visible to be related to tobacco smoking.
s expected, the OR for lung cancer increased with tobacco
moking and HPV infection for Arg/Arg genotype (Table 5).
moking males harboring Arg/Arg genotype encounter a high
isk of developing SCC type lung cancer (OR 17.5, P = 0.041).
oreover the Pro/Pro harbored-patients are at a high risk of
denocarcinoma development (AOR 19.244, P ≤ 0.0001).

No HPV infection and tobacco smoking were observed as a
isk factor in under-studied females in spite of what was seen
n males in this research (Tables 2 and 5). One of the possible
ontributing explanations is that women tend to underreport
heir smoking history, resulting in an apparent increase in
ung cancer incidence among nonsmokers. Further studies
re needed on lifestyle and other environmental factors in
ranian females to reach a better understanding.

In conclusion, according to the regression analysis Arg
llele, active smoking and HPV infection are, respectively,
he most important risk factors in lung cancer development
n the north part of Iran, Mazandaran province.
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