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Abstract

Alterations of the p53 tumor suppressor gene
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are the most common genetic changes in
human malignancies, including lung cancer.
They have been found in 70% of small cell
lung cancer and in 42-52% of the non-small-
cell lung cancer. The authors have studied
the p53 gene status in non-small-cell lung
cancer patients in Taiwan, and has found a
high mutation rate, being 45% in squamous
cell carcinoma and 42% in adenocarcinoma.
The frequency of metastasis in
hilar/mediastinal lymph node is significantly
higher in tumors with p53 mutation.

Most of the previous studies involving
p53 gene status, including ours, were
performed on surgically resected tumor
samples. Only few studies were done on
nonsurgical specimens such as bronchoscopic
biopsies or pleural effusion. The diagnosis
of lung cancer, however, is often made from
nonsurgical specimens, and the majority of
lung cancer patients are already in advanced
stages at the time of diagnosis, and not fit for
surgery. We therefore started this project to
explore the possibility of detecting p53 gene
mutations in nonsurgical specimens from
patients with lung cancer. We used
polymerase chain reaction-denaturing
gradient gel electrophoresis (PCR-DGGE) to
detect p53 gene mutations in bronchoscopic
biopsy specimens and pleural effusion
samples. We found that of the 20
specimens (10 from bronchoscopic biopsy
and 10 pleural effusions) from 20 patients
with untreated primary lung cancer, 9 (4
biopsy specimens, 5 pleural effusions) were
proved malignant pathologically or
cytologically. Among the 4 malignant
bronchoscopic biopsy specimens (all
squamous cell carcinoma), one (25%)
showed p53 gene mutation. The patient was
in stage IIIA, and the mutation occurred in



exon 8, codon 273 (CGT to TGT). Among
the 5 malignant pleural effusions (all
adenocarcinoma), one (20%) showed p53
gene mutation. The patient was in stage
IIIB. The mutation occurred in exon 7, codon
250 (CCC to CTC). Compared with the
pS3 mutation rate found in surgically
resected tumors, the mutation frequencies
found in our study were lower. Possible
causes for the lower rates include: (1) small
specimen volume, (2) small sample size, and
(3) technical difficulty associated with
DGGE. But we believe molecular diagnosis
of the nonsurgical specimens will be an
important part in the diagnosis of tumors in
the future.
Key words: p53 gene, mutation, lung cancer
INTRODUCTION
Of the more than 10 lung-cancer-related
genes discovered in the past 25 years (1,2),
the p53 tumor suppressor gene is one of the
most important.  Alterations of p53 gene are
the most common genetic changes in human
malignancies, including lung cancer (3-5).
They have been found in about 70% of small
cell lung cancer (6.7), and in 42 to 52% of
non-small-cell lung cancer (8-14). However,
these studies, including ours (14), were
mainly of surgical specimens. Few papers
have been published regarding the p53 status
in nonsurgical specimens In inoperable
patients who make up the majority of lung
cancer patients (15-18). We therefore
started to explore the possibility of detecting
p53 gene mutations using polymerase chain
reaction-denaturing gradient gel
electrophoresis (PCR-DGGE) in nonsurgical
specimens from patients with lung cancer.
MATERIALS AND METHODS
(1) Nonsurgical samples
Using flexible fiberoptic bronchoscopy
and thoracentesis, 20 specimens from 20
patients with untreated primary lung
cancer were obtained.  Bronchofiber-
scopic biopsy specimens were obtained
from visible tumors. Specimens were
frozen at —70°C immediately until being
processed. Pleural effusions were
centrifuged at 7000 g for 5 min. After

centrifugation, the cell pellets were stored
at —70°C until being processed.

(2) DNA extraction
Cell pellets or biopsy specimens were
lysed by lysis buffer containing 20 mM
Tris HCL, pH 8.0/10 mM EDTA.
Genomic DNA was extracted using
proteinase K and sodium dodecyl sulfate
(SDS) followed by phenol/chloroform
extraction and ethanol precipitation.

(3) PCR-DGGE analysis for p5S3 mutations
in exons 3-9
The oligonucleotide primers used to
amplify the p53 gene were as follows:
Exons 3-4 3F: 5GGA CTG ACT TTC
TGC TCT TG 3> 3R: 5 TGA AGT
CTC ATG GAA GCC AG 3°
Exon 5: 5F: TGT TCA CTT GTG CCC
TGA CT 3° 5R: 57 AGC AAT CAG
TGA GGA ATC AG 3’
Exon 6: 6F: 5° TGG TTG CCC AGG
GTC CCC AG 3 6R: 57 GGA GGG
CCACTGACAACCAZ
Exon 7: 7F: 5°CTT GCC ACA GGT
CTC CCC AA 37 7R: 57 AGG GGT
CAGCGGCAAGCAGAT
Exon 8-9, 8F 5° TTG GGA GTA GAT
GGA GCC T3 8RS AGT GTT AGA
CTG GGA AACTTT 3°
The genomic DNA (10-100 ng) was
amplified in a 50 ul reaction mixture
containing 200 uM each of deoxynucleo-
tide triphosphate, 1.5 mM MgCI2, 0.25
uM each primer, and 1 unit of 7ag DNA
polymerase. The PCR protocol was: 60
s at 95°C, 60 s at 60 °C (exons 3-4). 63°C
(exons 5-7) or 58°C (exons 8-9); and 90 s
at 74°C for 40 cycles.
DGGE analysis of the PCR-amplified
genomic DNA fragments was carried out

as follows: PCR products were
electrophoresed at 60°C on a 12%
polyacrylamide gel with a linearly
increas-ing  denaturant  concentration

gradient (100% denaturant = 7 M urea
and 40% formamide) as follows: exon 6
and 7, 30 to 40% denaturant at 240 V for
3 h; exons 3-4, 5 and 8-9. 20 to 30%
denaturant at 150 V for 12 h. The gels



were stained with ethidium bromide and
illuminated with ultraviolet light. Every
abnormal band revealed by DGGE
analysis was cut out from the gels,
reamplified by PCR, and sequenced using
a automatic double-stranded DNA cycle
sequencing system. The primers used to
amplify each fragment were the same as
the sequencing primers.
Results
A total of 20 specimens from 20 patients

with previously untreated primary lung
cancer were studied. Of these, 9 specimens
(45%) were pathologically or cytologically
positive, including 4 bronchoscopic biopsy
specimens and 5 pleural effusion samples.
We found p53 mutations in 2 (22%) of the 9
patients. including 1 of 5 (20%) pleural
effusion samples (all adenocarcinoma), and 1
of 4 (25%) bronchoscopic biopsy specimens
(all squamous cell carcinoma) (Table). No
p53 gene mutations were detected in any of

the 11 pathologically or cytologically

negative specimens

Table pS3 Mutations in 9 Patients with

Non-small-cell Lung Cancer

No [Cell Age [Sex |[StagingSpecimen
type

1 |Adeno |72 M |IV P* effusion

2 |Adeno |77 M |IlIB P effusion

3 |Adeno 40 |M |IIIB P effusion

4 jAdeno |50 |F |HIIB P effusion

S |Adeno |70 M |[IV P effusion

6 |Squam |71 M |l B** biopsy

7 |Squam |77 |M [IIIA [B biopsy

8 |Squam |67 M |IV B biopsy

9 |Squam |70 M |IV B biopsy

[U8]

No [p53 mutation exon |Mutation codon

1 - -

2 7 250 (CCC - CTCO)
3 - -

4 - -

5 - -

6 B, _

7 8 273 (CGT —» TGT)
8 - _

9 . i}

*

P: pleural; **B: bronchoscopic
DISCUSSION
In this study we have demonstrated the
possibility of detecting p53 gene mutations in
nonsurgical specimens. In contrast to ras
mutations, which are usually localized to ras
codons 12, 13 and 61 (20). p53 mutations
showed many different types: missense. non-
sense, splicing and deletion(1). These
mutations can occur through the open reading
frame, though they are most frequent in
exons 5 through 8 (1,14). The detection of
p53 mutations, therefore, demands more
laborious techniques, and could be very
difficult in small biopsy specimens or pleural
effusions containing few malignant cells.
Dowell and coworkers (16) reported their
detailed analysis of p53 protein expression in
cytologic specimens including sputum,
bronchial washings and needle washings of
lung biopsy samples. using a murine
monoclonal antibody. p53 overexpression
was detected in 21% of the cytologically
positive samples. Murakami and colleagues
(18) used PCR/DGGE techniques and found
p53 gene mutations in 40% of cytologically
positive specimens, including bronchoscopic
biopsy, percutaneous needle aspiration.
brushing, washing and pleural effusion
samples.

Although PCR-single-strand
conformation polymorphism (SSCP) has
been widely used to detect p53 mutations.
DGGE analysis has an equal capacity for
detecting pS3 mutations (21). It is preferred



because there is no need for radioisotopes.
There-fore we chose this method for our
study. We found that p53 mutation rate was
20% (1/5) for adenocarcinoma and 25% (1/4)
for squamous cell carcinoma. In previous
studies examining surgical specimens, the
mutation rate was 32 to 41% in
adenocarcinoma (6-11, 14), 33 to 68% in
squamous cell carcinoma (6-11, 14) and 61 to
87% in small cell carcinoma (2-5). The
frequencies of p53 mutation observed in this
study were lower.  Possible causes for the
lower rates include: (1) the small volume of
the bronchoscopic biopsy specimens and
pleural fluids, with scanty cancer cells, (2)
the small number of samples, and (3)
technical difficulty of the DGGE.

The most important application of
molecular analysis using nonsurgical
specimens is knowing the relationship
between p53 gene mutation and prognosis for
the patient at the time of first diagnosis.

Due to the small sample size in our study, we
could not find such relationship. Murakami
and coworkers (18) demonstrated that for
patients with untreated, inoperable lung
cancer at stage [IIA or higher, those without
p53 gene mutations survived longer than
those with mutations. We believe that
molecular diagnosis for nonsurgical
specimens could be valuable in prognosis-
telling and even therapy-decision-making, as
pS3 has been shown to determine the
sensitivity of cells to radiation and/or
anticancer agents (23, 24).

CONCLUSION

We tested the potential of a PCR-DGGE
assay in detecting p53 gene mutations in
nonsurgical specimens of patients with
primary lung cancer, and found it could be
used for the molecular diagnosis of
nonsurgical specimens.
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