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Abstract

Malignant mesothelioma is known to be associated with asbestos exposure. However, the mechanism of mesothelia
carcinogenesis in relation to the activation of proto-oncogenes or inactivation of tumor suppressor genes remains unclear. In
this study, the PCR-Primer Introduced Restriction Site (PCR-PIRS) assay was employed to examine mutations in the K-ras
proto-oncogene in mesothelioma tissues from workers exposed to asbestos and from rats treated with asbestos. Mutations in
exons 5-8 of the p53 tumor suppressor gene were determined by direct DNA sequence analysis. Results of the PCR-PIRS
analysis revealed no mutations in codons 12, 13 or 61 of the K-ras gene in any of the 17 human or 22 rat mesothelioma
tissue samples. These results were confirmed by direct DNA sequence analysis. No mutations were found in exons 5-8 of
the p53 gene in any of the mesothelioma tissue samples analyzed. These results and the results reported by others indicate
that the K-ras proto-oncogene and p53 tumor suppressor gene may not play a critical role in the induction of mesothelioma
by asbestos either in humans or in rats. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction asbestos exposure [2], efforts have been made to
study the etiology of asbestos-induced mesothe-
liomas. Chromosomal aberrations, including aneu-
ploidy, trandocations and chromosomal breakage in-
duced by ashestos, appear to be associated with
mesothelioma [3,4]. Little is known, however, re-
garding the molecular mechanism of mesothelioma
carcinogenesis.

Asbestos-induced mesothelioma is characterized

Occupational exposure to ashestos may be one of
the primary causes of mesotheliomas. Malignant
mesothelioma is a rare neoplasm of mesodermal
origin with an incidence of approximately 2000 cases
annualy in the United States [1]. Since the first
report of the association between mesothelioma and
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conversion of mesothelial cells [6]. Mutations at
codons 12, 13 or 61 of the ras gene have been
detected in a variety of cancers such as cancer of
pancreas [7], colon [8] and lung [9]. Also, over 50%
of human cancer tissues carry mutations in p53, a
tumor suppressor gene. Most mutations in this gene
occur in exons 5-8, the evolutionarily conserved
region of the gene that is essential for norma func-
tion [10]. Mutations in the K-ras and p53 genes
have been investigated in mesotheliomas induced by
asbestos. Several studies have shown that there is not
a good correlation between K-ras or p53 alterations
and the development of mesotheliomas [11-13].
However, in one study using human mesothelioma
cell lines, 2/20 cell lines tested showed point muta-
tions in the p53 gene [14]. Studies using PCR-SSCP
on mesotheliomas from a Chinese population have
detected mutations in exons 5-8 of p53 in 7/10
cases [15]. Additional studies are needed to resolve
this inconsistency. The present study compares the
K-ras and p53 mutational patterns of the rat and
human mesothelioma samples in order to further
investigate whether mesotheliomas from workers and
rats exposed to asbestos carry any mutations in the
K-ras and p53 genes.

2. Materials and methods
2.1. Human mesothelioma samples

M esothelioma (autopsy) samples from 17 workers
exposed to asbestos were collected from the hospital
of West China University of Medical Sciences. His-
tological diagnosis was performed and the tissues
were embedded in paraffin blocks.

2.2. Rat mesothelioma samples

Wistar rats (30 males and 30 femaes) from the
Laboratory Center at West China University of Med-
ica Sciencesin Chinawere used for the induction of
mesothelioma. Crocidolite fibers (20 mg/ml rat)
were injected (two times with 1 month apart) with
less than 1 pm in diameter and varying in lengths
from 5 to 10 pm (51%; longer than 10 wm, 22%;
shorter than 5 um, 27%). Rats were kept under
controlled conditions until tumors developed. Tumor

tissues were removed from tumor-bearing animals
and fixed with 10% buffered formalin, then embed-
ded in paraffin blocks.

2.3. DNA extraction

DNA was extracted from paraffin-embedded tis-
sue sections using 200-500 wl of digestion buffer
(50 mM Tris at pH 8.0, 1 mM EDTA, 0.5% Tween
20 and 500 w.g/ml of proteinase K) over 5 days at
37°C. The proteinase K was inactivated by boiling
the sample at 94°C for 8 min. DNA extracted from
leucocytes of healthy persons and from fresh rat liver
tissues was used as normal controls for human and
rat samples, respectively.

2.4, Nested PCR

A larger DNA fragment was amplified first using
outer primers, then 5 .l of the amplified PCR prod-
uct underwent a second round of PCR using inner
primers. The primers used for exons 1 and 2 of the
K-ras and exons 5-8 of the p53 are listed in Table
1. After heating for 10 min a 94°C, PCR reactions
were performed for 35 cycles at 94°C for 1 min,
40°C for 1 min, and 74°C for 1 min. 10 wl of the
second PCR products were electrophoresed on a 2%
agarose gel containing 0.5 wg,/ml ethidium bromide.

2.5. PCR-Primer Introduced Restriction Ste (PCR-
PIRS

K-ras gene mutations in codons 12, 13 and 61
were determined by the PCR-PIRS method previ-
ously described by Jacobson and Mills [16]. Briefly,
the first PCR was performed in a reaction mixture
containing 10 wM of each nucleotide, 1.2 mM
MgCl,, and fully matched primers flanking the de-
sired DNA fragments. An aiquot of the first PCR
product was used as the template for the second
PCR. The second PCR reaction mixture contained 4
wM of each nucleotide, 0.6 WM MgCl, and 100
pmol of 5 mismatched primer (BstNI: SAAA CTT
GTG GTA GTT GGA CCT 3;Bgl l: 5 CTT GTG
GTA GTT GGC CCT GGT 3; Bcl I: 5 G GAT
ATT CTC GAC ACA GCT GAT 3 for codons 12,
13 and 61, respectively), to introduce a new enzyme
restriction site into PCR products derived from alle-
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Table 1
The primers used for exons 1 and 2 of K-ras and exons 5-8 of p53
Gene Primer sequence Base pair
Rat and human K-ras
Exon 1 Outer Forward 5CTT GAT AAT CTT GTG TGG AAC-3 226
Reverse 5 CCA CCCTTT ACA AAT TGT AC3
Inner Forward 5TTT ATT ATA AGG CCT GCT G3 141
Reverse 5GCA TTT ACCTCT ATC GTA GG3
Exon 2 Outer Forward 5AGG TGC ACT GTA ATA ATCC3 264
Reverse 5AAT TACTCC TTA ATG TCA GC3
Inner Forward 5AGA CTGTGT TTCTCCCTT C3 212
Reverse 5 TTA AAC CCA CCT ATAATG G3
Human p53
Exon 5 Outer Forward STTGCTT TATCTGTTCACT TGT G3 359
Reverse 5TCCTTC CACTCG GAT AAG3
Inner Forward 5GTCTCCTTCCTCTTCCTA C3 218
Reverse 5TGC TCA CCA TCG CTA TC3
Exon 6 Outer Forward 5TGA TTC CTC ACT GAT TGC TC3 300
Reverse 5AAC TGT GCA ATA GTT AAA CCC3
Inner Forward 5TGA TTG CTC TTA GGT C3 237
Reverse 5 GAG GTC AAA TAA GCA G3
Exon 7 Outer Forward 5 CCC CAA GGC GCA CTG3 264
Reverse 5TAG TAG TAT GGA AGA AAT CGG3
Inner Forward 5 CTT GGG CCT GTG TAAZ 156
Reverse 5 TGT GCA GGG TGG CAA3
Exon 8 Outer Forward 5 CTA TCC TGA GTA GTG GTA ATC3 172
Reverse 5TGT CCT GCT TGC TTA CCT C3
Inner Forward 5 TAA TCT ACT GGG ACG GAA C3 143
Reverse 5TACCTC GCT TAGTGC TC3
Rat p53
Exon 5 Outer Forward 5TGA CCTTTGATTCITTC3 291
Reverse 5 GCA AGA ATA AGT CAGAGGC 3
Inner Forward 5TCT TTC TCC TCT CCT AC3 260
Reverse 5GACAACCAGTTCTAACS
Exon 6 Outer Forward 5GGT TGT CCAGGGTCTC3 286
Reverse 5CACAGCTTCCTACCTG3
Inner Forward 5TCT GACTTATTCTTIGC?3 254
Reverse 5TACCTGGAGTCTTCC3
Exon 7 Outer Forward 5 GGT AGT GGG AAT CTT C3 220
Reverse 5AAG GAG AGA GCA AGG 3
Inner Forward 5TAGTGGGAATCTTCTG3 173
Reverse 5TCCACCTTCTTT GTC3
Exon 8 Outer Forward 5 GCA AAG AGA GGT GAG 3 165
Reverse 5AAG GGT GAAATATTCTC3
Inner Forward 5AAG GGT GAA ATATTCTC3 142
Reverse 5ACA AAG AAG GTG GAG3

les containing the normal sequence at relevant posi-
tions. After heating for 10 min at 94°C, the first and
second PCR reactions were performed for 35 cycles
a 94°C for 1 min, 40°C for 1 min, and 74°C for 1
min. The second PCR products were digested with a

specific enzyme (Table 2; New England BiolLabs,
Beverly, MA) and separated by electrophoresis on
4% agarose gel with 0.5 pg/ml ethidium bromide.
The result of a digestion-resistant band indicates the
presence of a K-ras gene mutation located at codon
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Table 2

The enzymes and restriction sites to detect mutations in K-ras gene

Enzyme Codon Enzyme recognition site Temperature (°C) Time (h)

BstN | 12 5...CCAYT)’GG...3 60 4
3...GGT (A)*CC...5

Bgl | 13 5...GCCN NNN?NGGC...3 37 2
3'...CGGN?NNN NCCG...5%

Bcl | 61 5...T3GATCA...3 50 2

3...ACTAG?T...%

Digestion site of the enzyme.

12, 13 or 61 using enzymes BstN1, Bgl | or Bdl |,
respectively. DNA fragments amplified by PCR us-
ing the primer-introduced point mutation were em-
ployed as mutant positive controls.

2.6. DNA seguencing

The sequencing of PCR-amplified DNA frag-
ments was conducted by the fluorescent-labeled
dideoxynuclectide triphosphate terminator method
with the Tag Dideoxy Terminator Cycle Sequencing
Kit (PE Applied Biosystems, Foster City, CA) using
an automated sequencer (373A Sequencer, PE Ap-
plied Biosystems).

3. Results and discussion

Of the 60 rats exposed to crocidolite fibers, 22
developed tumors with the latency ranging from 1 to
1.5 years. The tumors were malignant mesotheliomas
by histological examination. There were three differ-
ent types of histological appearance: fibroblastic,
demographic and a mixture of these two types.

DNA from 17 human and 22 rat mesothelioma
tissues isolated from sections of paraffin-embedded
blocks were analyzed for mutations in K-ras and
p53 genes. Each of the desired DNA fragments
containing exons 1 and 2 of K-ras and exons 5-8 of
p53 was amplified by nested PCR with outer and
inner primers, respectively. To determine point muta:
tions in codons 12, 13, and 61 of the K-ras gene,
PCR-PIRS, a highly specific technique, was used for
the analysis of mutations in these codons. As shown
in Fig. 1, no mutations in these codons were found in
any of the 17 human or the 22 rat mesothelioma

tissues as seen by the complete digestion of the PCR
products by the related restriction enzyme. The ab-
sence of mutations in exons 1 and 2 of K-ras in
human and rat mesothelioma tissues was confirmed
by direct DNA sequence analysis. These results ap-
pear to be in agreement with results previoudly re-
ported in the literature. No K-ras mutations were
found by Metcaff et al. [14] in 20 mesothelioma cell
lines. Southern blot analysis by Tiainen et a. [17]
revealed no rearrangements and no amplifications of
the ras gene in 23 mesothelioma tissues. An absence
of K-ras mutations has also been reported in primary
mesotheliomas related to asbestos exposure [12]. It is
possible that mesothelioma could develop by other
mechanisms.

Direct DNA sequencing was aso used for the
analysis of the p53 gene in mesothelioma tissues.
No mutations were detected in exons 5, 6, 7, and 8
in any of the 17 human or 22 rat mesothelioma
samples. These results are in agreement with several
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Fig. 1. Representative banding pattern of the PCR products di-
gested by Bcl | for codon 61 of K-ras gene in human and rat
mesothelioma samples. Panel A: human K-ras gene; odd num-
bered lanes are digested PCR products; even numbered lanes are
undigested PCR products; lanes 19 and 20 are positive controls.
Panel B: rat K-ras gene; odd numbered lanes are digested PCR
products; even numbered lanes are undigested PCR products;
lanes 19 and 20 are positive controls.
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other studies reported in the literature. Using PCR-
SSCP and PCR-Denaturing Gradient-gel Elec-
trophoresis, Mor et al. [13] found no p53 mutations
in 13 primary mesothelioma tissues. Similar results
were reported, recently by Kitamura et al. [12] in
seven primary mesotheliomas by the PCR-SSCP
analysis. All of these results seem to indicate that
gene mutations in K-ras and p53 may not play a
crucia role in mesothelioma carcinogenesis in hu-
mans or in rats.

It needs to be noted that immunohistochemical
analysis has been used for the detection of the p53
gene product, the p53 protein. Results of one study
showed that none of the 20 reactive mesothelia
proliferation samples had any p53 immunoreactivity
while 14 of 20 malignant mesothelioma samples had
p53 staining [18]. In another study, 10 of 15 malig-
nant mesothelioma samples were found to show
immunoreactivity for p53 [19]. Immunoreactivity,
however, was not found in 36 and 8 malignant
mesothelioma cases by Ramael et a. [20] and Kishi-
moto [21], respectively. Further studies are needed to
determine whether accumulation and/or overexpres-
sion of the p53 protein is related to mesothelioma
carcinogenesis.

Sixty percent of human mesotheliomas are found
to contain and express SV40 sequences. It is thought
that the SV40 large T-antigen (Tag) interferes with
the normal expression of tumor suppressor gene, p53
in human mesotheliomas. Carbone et al. [22] found
that SV40 Tag binds and inactivates p53. Abnormal
mitosis and apoptosis was observed in asbestos-ex-
posed rat pleural mesothelial cells expressing SV40
Tag [23]. Therefore, it is possible that SV40 may
aso contribute to the development of human
mesotheliomas.

Studies related to the genotoxicity of asbestos
seem to suggest that asbestos fibers may (1) physi-
caly interfere the formation of mitotic spindles and
the segregation of chromosomes [24,25] and (2) gen-
erate reactive oxygen species which could react with
DNA [26-28]. Extensive chromosomal aberrations
have been found in mesothelioma tissues by cytoge-
netic analysis [4,17]. Frequent and multiple chromo-
somal abnormalities have also been found in tissue
cultures treated with asbestos [29-31]. Chromosome
breaks have aso been found in cultured human
primary mesothelia cells following treatment with

asbestos [32]. It has also been reported that asbestos
is capable of impairing the cell cycle checkpoint. It
seems, therefore, that chromosomal aberrations and
impairment of cell cycle checkpoint may be related
to, at least in part, the initiation and development of
mesotheliomas induced by asbestos.
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