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New p53 Gene Mutation in non-Cancerous Mustard Gas Exposed Lung

#! A Karami, * F. Biramijamal, 3 M. Ghanet, *S. Arjmand, M. Eshraghi, °A. Khalilpoor

Abstract

Objective

Mustard gas (MG) is a poisoning chemical, mutagenic and carcinogenic alkylating agent. It is used during
World War I and also Iran-Iraq conflict. The p53 tumor suppressor gene is involved in the pathogenesis
of malignant disease. The aim of this study is to determine possible mutation in p53 gene of lung sample
from mustard gas exposed patients.

Material and Methods

Twelve lung biopsy samples from 12 Mustard Gas exposed soldiers cases along with control cell line
were studied for the presence of mutations in exons 4-9 of the p53 gene by PCR and direct sequencing.
Results

Among examined biopsies most of the samples demonstrated normal polymorphism with no significant
defected mutations but in one sample one type of p53 gene alteration at codon 278 (CCT—CCA) on
transcribed strand was detected. This Mutation has not been observed in another studies related to
mustard gas exposure and p53 mutation databases.

Conclusion

In this study we have reported for the first time new p53 mutation in the lung sample of MG exposed
patients. It is concluded that only one silent mutation were scanned with no signs of any type of cancer.
This type of mutation was not in JARC p53 gene mutation database. Moreover, surrounding sequences of
the mutated p53 gene codons have more 5'-GT and 5-GC sequences which have been found both by our
study and only one another study on Japanese exposed to MG.
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Introduction

Mustard gas (MQG) is a poisoning chemical,
mutagenic and carcinogenic alkylating agent
(1-4). It is used during World War I and Iran-
Iraq conflict (5-11). Besides the vast acute
casualties, frequent chemical attacks resulted
in chronic illness and disabilities among
survival people (10, 12). The lung is one of
the most exposable organs to MG (13).
Sulfur Mustard inhalation leads to different
respiratory complications (14, 15). Exposure
to sulphur mustard gas may have extensive
immediate effects on the respiratory system
but, long-term effects are far less known
(16). Lung injury is common after inhalation
of this gas and leads to chronic bronchitis
and interstitial lung diseases. A large number
of the victims present with signs of chronic
lung disease long after their exposure to
mustard gas (10).

It was shown that p53 gene activated in the
response to MG exposure in the lung tissue
(17). p53, the tumor suppressor gene
modulates apoptosis via trans-activating
number genes which therefore inhibits the
alteration of genetic material (18).

It is showed previously that MG-exposed
cases had p53 gene mutations. So, in this
study we looked for p53 gene mutations
among lung biopsies taken from MG exposed
soldiers.

Materials and Methods

Subjects

Twelve Iranian soldiers exposed to Mustard
Gas (MQG) with mean age of 39.4, range 35 to
52 years old were selected for the study.
They had single exposure to MG during Irag-
Iran war 16 years ago. Patients met all three
criteria: 1, all of them had documentation of
chemical exposure by military health services
at the time of exposure. Patients had been
transferred to local military hospitals.
Chemical reaction kits had been used to
confirm the presence of Mustard at the time
of exposure. A previously validated
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questionnaire was used to identify the
patients so exposed. 2, respiratory symptoms
have begun immediately after exposure to
MG and continuation with no symptom-free
period. 3, radiographic evidence of
expiratory air trapping >25% and mosaic
parenchymal attenuation were found. They
did not have history of smoking, history of
lung disease before exposure to MG, any
occupational history of toxic fume exposure
or occupational risk factors that could lead to
lung disease, any associated chronic disease
(such as heart failure or connective tissue
disease) ~ with  potential  pulmonary
involvement, and history of treatment with
drugs that may cause acute pneumonitis or
ILD as a side effect.

Pulmonary function test (PFT)

We evaluated lung function of all patients by
spirometry using American Thoracic Society
criteria. We measured forced vital capacity
(FVC) and forced expiratory volume in 1
second (FEV1) under the direction of
physicians. TLC (Total lung capacity) and
RV (Resived volume) were measured by the
helium dilution method with a Master Screen
apparatus (Jaeger, Hochberg, Germany), and
diffusing capacity of the lung for carbon
monoxide  (DLco) by the  single
breath-holding helium dilution method, using
an  infrared analyzer  (SensorMedics
Corporation, Anaheim, California, USA,
Vmax software version 04-4), which utilizes
methane as inert tracer gas.

The patients were seated with a nose clip in
place and were asked to perform at least
three forced expiratory maneuvers. They
were told to continue to blow maximally
until they felt there was no air to expel. Both
the patients and the technician received
visual feedback from a monitor during the
test, which was repeated until three
technically  satisfactory  curves  with
reproducible contour were obtained. All the
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indices used for the analysis were derived
from the same maneuver, which was the one
with the largest FVC.

High resolution CT scan

High resolution CT (HRCT) images were
performed on an electron beam CT machine.
All 1.5 mm sections obtained at full
inspiration with the patient in both supine
and prone position. In all cases additional
expiratory films and prone sections were
taken. Images were photographed at window
settings appropriate for viewing the lung
parenchyma (500 HU centre, 1500 HU
width). The scans, together with plain chest
radiographs, were assessed by a pulmonary
radiologist. The presence or absence of
patchy ground glass pattern, reticular pattern,
emphysema, honeycombing, airways
distortion, and bronchial wall thickening
scans were recorded.

Bronchial Lung Biopsy

All 12 patients underwent bronchoscopy
followed by biopsies of the respiratory lung
parenchyma. Biopsy specimens were
obtained from all three lobes on the right side
or from the upper and lower lobes of the left
lung. But the site of biopsies could not be
exactly matched with chest HRCT findings
site. The biopsies were processed, sectioned,

Table 1. Sequence of primers used in this study.

and stained with hematoxylin and eosin,
Masson’s trichrome, and elastic-van Gieson
stains.

DNA extraction

Genomic DNA was prepared from lung
biopsies by high pure PCR template
preparation kit (Roche Diagnostics GmbH
Mannheim, Germany).

Polymerase chain reaction and sequencing

Exons 4-9 of the p53 gene were PCR-
amplified independently by a single 40-cycle
PCR using 27-30-mer primer by Biramijamal
et al. (19). PCR cycles comprising
denaturation, annealing and elongation at
95°C for 1 min and 60°C for 1 min and 72°C
for 3 min were carried out. The PCR
products were sequenced directly by BigDye
fluorescent dye dideoxy sequencing and
microcapillary electrophoresis with an ABI
310 Genetic Analyzer. All samples were
verified by two independent cycle
sequencing PCR reactions and analysis of
both DNA strands both produced the same
results. They were sequenced directly by
BigDye fluorescent dye dideoxy sequencing
with an ABI 310 Analyzer. All samples were
verified by two independent cycle
sequencing reactions and analysis of both
DNA strands both produced the same results.

Exon 4: F 5-GTCCTCTGACTGCTCTTTTCACCCATCTAC-3'

R 5'-GGGATACGGCCAGGCATTGAAGTCTC-3'
Exon 5: F 5-CTTGTGCCCTGACTTTCAACTCTGTCTC-3'

R 5-TGGGCAACCAGCCCTGTCGTCTCTCCA-3'
Exon 6: F 5'-CCAGGCCTCTGATTCCTCACTGATTGCTC-3'

R 5'-GCCACTGACAACCACCCTTAACCCCTC-3'
Exon 7: F 5'-GCCTCATCTTGGGCCTGTGTTATCTCC-3'

R 5'-GGCCAGTGTGCAGGGTGGCAAGTGGCTC-3'
Exon §: F 5-GTAGACCTGATTTCCTTACTGCCTCTTGC-3'

R 5-ATAACTGCACCCTTGGTCTCCTCCACCGC-3'
Exon 9: F 5'- TTGGGAGTAGATGGAGCCTG-3'

R 5-ACTTGATAAGACGTCCCAAG-3'
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Results

These patients diagnosed as bronchiolitis
obliterans, based on clinical manifestations,
PFT, HRCT, and histopathologic findings
(20). All procedures were approved by the
Research Center of Chemical Injured,
Baqiyatallah University, National Institute

for Genetic Engineering & Biotechnology
(NIGEB) and local Ethical Committee (letter
no 458, 21 Feb 2006) on Human
Experimentation. Molecular analysis showed
only one case modification, in exon 8 of the
p53 gene in case I[r-MG11 (Table 2).

Table 2. p53 mutation analysis in lung biopsies from Iranian Mustard gas exposures.

No. Patient Age FEVY/ Pathologic BALF Cytology Chest p53 Codon Base Type
code (yr) FVvC Diagnosis HRCT mutation
S
squamous air
1 IGM-1 40 80.02% metaplasia no inflammation trapping no - - -
mild chronic
2 IGM-2 44 79.98%  inflammation no inflammation normal no - - -
mild chronic air
3 IGM-3 40 75.27%  inflammation no inflammation trapping no - - -
mild chronic air
4 IGM-4 40 79.95%  inflammation no inflammation trapping no - - -
squamous air
5 IGM-5 44 82.83% metaplasia mild inflammation trapping no - - -
mild chronic air
6 IGM-6 38 76.92%  inflammation no inflammation trapping no - - -
mild chronic air
7 IGM-7 46 84.58%  inflammation mild inflammation trapping no - - -
acute chronic
8 IGM-8 40 90.54%  inflammation  severe inflammation normal no - - -
mild chronic
9 IGM-9 40 88.38%  inflammation mild inflammation normal no - - -
mild chronic
10 IGM-10 38 80.1% inflammation no inflammation normal no - - -
mild chronic air
11 IGM-11 39 88.55%  inflammation no inflammation trapping yes 278 CCT—-CCA  Silent
mild chronic air
12 IGM-12 41 57.05%  inflammation  severe inflammation  trapping no - - -

Patient list and mutation data from analysis
of cases from Tehran are given in Table 2.
Case Ir-MG11 had T: A to A: T transversion
at codon 278 (in exon 8) on the transcribed
strand, without amino acid change (Figure 1).

TCEC TG GG AG

‘EI#]F |

: . 1.’ I - s -" |ll ’_J“I
Figure 1. Electropherogram of DNA sequencing
(5 — 3) showing codon 278 base substitution

(CCT—CCA) of p53 gene in MG-exposed lung case.
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Consensus nucleotide sequences from PCR
products are deposited in the
GenBank\EMBL\DDBJ  database  under
accession numbers EF178471, EF178470,
EF178469, EF178468, EF178467,
EF178466, EF012821, EF012820.

Discussion

Our results showed that MG can modify
DNA in one case. Carcinogenicity and
mutagenicity of MG have been shown
previously. Sulfonium ions are produced by
reaction of MG with water, so, these ions can
react with DNA and produce DNA adducts in
DNA strands. In addition, it is reported that
exposure decreases the overall activity of
superoxide dismutase (SOD) (21). Also, it
was shown that MG analog 2-chloroethyl
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ethyl sulphide (CEES) can increase the
endogenous production of reactive oxygen
species (ROS) in exposed cells (22). So, it is
detected that inflammation in lung tissue
after exposure to MG are associated with
oxidative stress (21). The endogenous
production of reactive oxygen species (ROS)
increases during oxidative stress which was
developed by MG. On the other hand, DNA
reactive agents such as ROS can produce
different type of DNA alterations including
single strand breaks; 8-oxoguanine (8-
oxoGua), the most frequently occurring
mutagenic base modification, and various
other DNA oxidation products. Normally,
formation of ROS and the potency of the
cellular defense mechanisms lead to basic
steady-state level of 8-oxoGua and other
oxidation products in DNA. Also, recent
studies have shown that the formation of
ROS is associated with tumor development
in lung tissue which increases the mutation
rates of proliferating competent cells in the
lung. During presence of excess ROS, p53
tumor suppressor gene can be modified in
these cells (23). However, it was reported
that p53 is a responsive gene which can also
be detected in response to MG exposure in
the lung (24). p53 mutations are common

missense mutations that exchange amino
acids (21). Takeshima and colleagues (1994)
showed p53 gene mutations in lung cancer in
Japanese workers who exposed to MG. They
reported two types of silent p53 gene
mutations in exon 7 and also, missense
mutations and frame shift mutations among
MG-exposed cases. Consistently, our results
confirm previous investigation by Takeshima
et al. too.

In our results, we have reported that there
is only one silent mutation for p53 gene in
MG shortly exposed soldiers who were
scanned after 16 years with no signs of any
type of cancer. This type of mutation was not
in IARC p53 gene mutation database.
Accordingly, the results by Takeshima and
colleagues (1994) also is indicative of silent
mutations. However the study by Takeshima
and colleagues was carried out in Japanese
workers who have been exposed to MG for
long period and suffered from lung cancer,
therefore two types of p53 silent mutations in
exon 7, missense mutation and frameshift
mutations were seen. Moreover, surrounding
sequences of the mutated p53 gene codons
have more 5'-GT and 5-GC sequences which
have been found both by our study and by
Takeshima's results (Table 3).

Table 3. Surrounding squences of cordons with missense mutations including 5'-GG and GT sequences.
a gt tectgea gt ggce gg catgaacce gg
Codon 244
tcctga gt a gt ggt aatctact gg ga
codon 262

tga gt agt ggt aat ctact ggg ac gg
3

codon

tttga ggt gc gt gtt t gt gect gt cct
codon 274

atgac gg a ggt t gtg a gg cgcetgeece
codon 173

acc cgc gtc cge gec at gg ccatctac
codon 159

acc atc cac tac aac tacat gtgt aac
codon 235

gg catgaacc gg agqg cccatcctcacc
codon 249

gt tt gt gcct gt cct ggg agagacce gg
codon 278

€ gg a gg cccatc ctc accatcatcaca
codon 252
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Apparently, this might be due to the
preference of solfonium ions to alkylate at 5'-
GT and 5-GC sequences. We have suggested
that the DNA adducts produced by the MG
could occur in TG or GG sequences. This
suggestion needs more in Vitro investigation.
Also, we suggest further follow ups for
detecting more p53 gene mutations or latent
tumor development in lung (8).
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