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Changes in expression of p53, proliferating cell nuclear
antigen and bcl-2 in recurrent laryngeal cancer after
radiotherapy
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Abstract
The biological changes in recurrent laryngeal cancer following radiotherapy are not fully understood. The
authors investigated differences in the expression of p53, proliferating cell nuclear antigen (PCNA) and
bcl-2 in laryngeal cancer specimens before radiotherapy and in recurrent laryngeal cancer specimens
following radiotherapy in the same patients. The authors investigated the expression of p53, PCNA and
bcl-2 by immunohistochemical stain in 30 specimens from 15 patients with primary laryngeal cancer
and recurrent laryngeal cancer after radiotherapy.

The expression of p53 protein was significantly different in laryngeal cancer before radiotherapy (4/15,
26.7 per cent) compared with recurrent laryngeal cancer after radiotherapy (8/15, 53.3 per cent)
(p , 0.05). The PCNA index was also significantly different in laryngeal cancer specimens before
radiotherapy (mean, 11.9 per cent) compared with recurrent laryngeal cancer after radiotherapy (mean,
18.0 per cent) (p , 0.05). However, there was no statistically significant alteration of bcl-2 expression in
primary compared with recurrent laryngeal cancer. The expression of p53 and PCNA increased in
recurrent laryngeal cancers after radiotherapy, compared with that in laryngeal cancers before
radiotherapy. Recurrent laryngeal cancers arising following radiotherapy became biologically aggressive.
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Introduction

Radiotherapy plays an increasingly important role in
the primary treatment of head and neck cancers such
as early laryngeal cancer. Radiation has direct and
indirect effects: radiation causes deoxyribonucleic
acid (DNA)-double-strand breakage in cancer cell
DNA, and it also creates HO free radicals that act
on surrounding tissues.1,2 Because of the DNA
damage, these genetic alterations may lead to a
more aggressive phenotype in locally recurrent laryn-
geal cancer following radiotherapy. Moreover, there
is a possibility that the genetic changes may be
related to resistance to radiotherapy.

This study was carried out to demonstrate molecu-
lar markers that could more accurately characterize
the biological changes of recurrent laryngeal
cancers following radiotherapy. Because the
expression of p53, proliferating cell nuclear antigen
(PCNA) and bcl-2 are important factors involved in
tumour progression and the response of treatment,
we chose to examine the expression of p53, PCNA

and bcl-2 in primary and recurrent tumour
specimens.

Material and methods

Subjects

The study group consisted of 15 patients treated by
salvage total laryngectomy or supracricoid partial
laryngectomy for persistent or recurrent laryngeal
cancer following radiation therapy, between
January 1995 and December 2002 at the Pusan
National University Hospital. All patients with
early glottic cancer (T1 or T2 N0 M0) and histopatho-
logically confirmed squamous cell carcinoma of the
glottis before radiation therapy were treated with
radiation therapy alone with a curative intent. A
median dose of 70.2 Gy was given over seven
weeks with cobalt-60. The subjects were all male
and their average age was 58.7 years. The average
period from radiotherapy to recurrence was 14.8
months (range, one to 74 months).
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Immunohistochemistry

Immunohistochemical analysis of p53, PCNA
and bcl-2 (Dako, Carpinteria CA, USA) was
performed. Five-micrometre-thick sections of
paraffin-embedded tumour tissues were used for
immunohistochemical staining with the streptavadin-
biotin peroxidase technique (Universal LSAB kit,
Dako). The paraffin sections were deparaffinized
using xylene and rehydrated using sequential concen-
trated alcohol. To enhance staining, the slides were
subjected to microwave antigen retrieval (700 W,
2 � 5min) in 0.01 M sodium citrate buffer (pH
6.0), and the endogenous hydrogen peroxidase
activity was blocked by 3 per cent H2O2 for 10 min.
To minimize nonspecific binding, the tissue of each
slide was reacted with a protein-blocking agent
(Dako) for 20min. The specimens were incubated
with primary antibodies at room temperature for
one hour, washed in phosphate-buffered saline
(PBS) three times, incubated with biotinylated anti-
rabbit and anti-mouse immunoglobulin G for
30min and then washed three times. The slides
were treated with streptavadin buffer diluent for
20min at room temperature and washed with PSB
three times. The peroxidase reaction was visualized
using 3-amino-9-ethylcarbazole (Vector laboratories,
Burlingame CA, USA) for three to 10min.

Determination of degree of stain

As a negative control, a section of each sample was
processed with the first antibody omitted. A positive
response was identified when distinct reddish brown
reactions appeared in the nuclei of more than 10
per cent of the tumour cells in the p53 immunohisto-
chemical stain. A positive response for PCNA was
also identified when reddish brown stain reactions
were observed in the nuclei of tumour cells. The per-
centage of nuclei stained, the PCNA index, was
assessed by counting all tumour cells in 10 randomly
selected high-power fields (�400). At least 500 cells
were counted. The expression of bcl-2 was categor-
ized as negative (no staining was seen in tumour
cells) or positive (30 per cent or more of the
cytoplasm of tumour cells were intensely stained).

Statistical analysis

Paired t-tests were conducted on the changes in
expression of p53, PCNA and bcl-2 in tissues
before and after radiation therapy; a p value of 0.05
or below was regarded as significant.

Results

Before radiation, four (26.7 per cent) out of the 15
cases showed positive p53 expression and 11 cases
(73.3 per cent) showed negative expression. In the
recurring cancers, however, the number of cases
with positive p53 expression increased to eight
(53.3 per cent) out of the 15 cases (Table I,
Figure 1) (p , 0.05).

Before radiation, the PCNA index of cancer
tissues was 11.9 per cent on average (0.2–0.8 per
cent). However, the PCNA index in recurring

cancer tissues increased to 18.0 per cent on average
(7.0–39.6 per cent) (Table I, Figure 2) (p , 0.05).
There were no statistically significant changes in
bcl-2 expression in primary (7/15, 46.7 per cent)
compared with recurrent laryngeal cancer (5/15,
33.3 per cent) (Table I) (p . 0.05).

Discussion

Biological changes in recurrent malignant cells fol-
lowing radiotherapy have not been well character-
ized to date. The possible mechanisms of recurrent
cancer following radiation include: (1) existing cells
with tolerance to radioactivity survive the radiation
and recur; (2) radiation causes changes to the existing
cancer, which recurs as another type of cancer; and
(3) a new tumour develops. We do not know which
mechanism causes recurrences. However, it is pos-
sible that malignant cells which persist or recur
locally following radiotherapy possess additional
genetic alterations compared with the primary, pre-
radiotherapy tumour. Furthermore, because of the
DNA-damaging effects of radiation, these genetic
alterations may lead to more malignant phenotypes
in locally recurrent cancer following radiotherapy,
compared with the pre-radiotherapy tumour. Any
genetic changes caused by failed radiotherapy may
have profound implications on the response to
further treatment, so determining pre-radiotherapy
tumour characteristics has been less useful for pre-
dicting how patients will response to additional treat-
ment. The alteration of the expression of p53, PCNA
and bcl-2 in locally recurrent laryngeal cancers fol-
lowing radiotherapy may support this hypothesis.

Radiotherapy may have a deleterious effect on
patients who are not cured by this treatment. Recur-
rent prostate tumours following radiotherapy may
grow more rapidly than primary, untreated
tumours.3 Locally recurrent prostate tumours follow-
ing radiotherapy are more poorly differentiated and
have a more aggressive phenotype than the same
tumours before radiotherapy.4

Mutations in the p53 gene are the most common
genetic abnormality in all human cancers. This
gene plays a critical role in growth inhibition, cellular
response to genetic damage and entrance into the
apoptotic pathway. Our results demonstrate a signifi-
cant increase in p53 expression in recurrent laryngeal
cancers following radiotherapy, compared with that
in primary, pre-radiotherapy cancers (p , 0.05).
This is consistent with the finding that recurrent pros-
tate cancer following radiotherapy showed a higher
rate of p53 mutation than did the prostate cancer
before radiotherapy.5 In addition, radiotherapy may
induce p53 mutation in lung cancer.6 The increased
incidence of p53 alterations may reflect new genetic
mutations and selective growth of cells containing a
p53 mutation or p53 protein alteration in the
absence of gene mutation. Recurrent laryngeal
cancers following radiotherapy showed an increase
of p53 expression, which suggests that p53 mutation
may be related to sensitivity to radiotherapy. These
results are consistent with the finding7–9 that p53
expression correlates with resistance to radiation.
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Proliferating cell nuclear antigen is an excellent
marker of proliferation. Our results demonstrate a
significant increase in the PCNA index in recurrent
laryngeal cancers following radiotherapy, compared

with primary, pre-radiotherapy cancers. This finding
is consistent with the report that there is a higher
degree of cell proliferation in recurrent prostate
cancers following radiotherapy.5 Recurrent tumour

TABLE I

PATIENT CHARACTERISTICS AND IMMUNOHISTOCHEMICAL RESULTS

Case Sex/age (years) Operation Before radiation After radiation

p53/bcl-2 PCNA index p53/bcl-2 PCNA index

1 M/54 SCPL 2/2 0.2 2/þ 7.0
2 M/66 SCPL 2/þ 11.8 2/þ 13.0
3 M/57 TL 2/2 5.2 þ/2 10.0
4 M/45 SCPL 2/þ 8.2 2/2 7.6
5 M/52 TL 2/þ 10.2 2 14.4
6 M/55 SCPL 2/2 7.4 2/2 10.6
7 M/66 TL þ/2 20.2 þ/2 39.6
8 M/77 TL þ/2 5.2 þ/2 9.2
9 M/55 SCPL 2/þ 13.2 2/þ 10.2

10 M/54 SCPL 2/þ 17.4 þ/2 20.4
11 M/67 SCPL 2/þ 16.2 2/þ 9.2
12 M/64 TL 2/þ 20.8 þ/2 29.2
13 M/54 SCPL 2/2 5.2 þ/2 30.4
14 M/52 SCPL þ/2 15.8 þ/2 24.8
15 M/62 SCPL þ/2 16.0 þ/2 35.4

SCPL ¼ supracricoid partial laryngectomy; TL ¼ total laryngectomy; PCNA ¼ proliferating cell nuclear antigen

FIG. 1

Immunohistochemical staining of p53. Expression of p53
protein in the recurrent laryngeal cancer tissue after radiation
(b) is at a higher intensity than that in the pre-radiation cancer

tissue (a) (in case 12,�400).

FIG. 2

Immunohistochemical staining of proliferating cell nuclear
antigen (PCNA). Expression of PCNA in the recurrent
cancer tissue after radiation (b) is at a higher intensity than
that in the pre-radiation cancer tissue (a) (in case 13,�400).
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cells following radiotherapy may receive additional
genetic damage, leading to a further loss of growth
control and an increase in cellular proliferation
rate, compared with tumour cells in the primary, pre-
treatment tumour. The increased PCNA expression
in recurrent laryngeal cancers after radiation suggests
that PCNA expressionmay be related to sensitivity to
radiotherapy. This result is consistent with the finding
of Dobros et al.10 that PCNA scores are good indi-
cators of radiation exposure in laryngeal cancer.

Although the bcl-2 gene is involved in the apoptotic
pathway, and high bcl-2 expression is fairly well estab-
lished as a favourable prognostic marker in some carci-
nomas, the relationship between bcl-2 expression and
prognosis in laryngeal cancer has been debated.11–13

In our study, there was no statistically significant
difference in bcl-2 expression between primary, pre-
radiotherapy laryngeal cancer and recurrent laryngeal
cancer following radiotherapy.

A few studies have examined the biological
changes in paired primary and recurrent cancer
treated with surgery and/or radiation.5,14 Although
there was no statistically significant alteration of
p53 and PCNA in primary and recurrent colorectal
adenocarcinoma after surgery with or without
radiation, the changes in apoptotic index, p34cdc2
and cyclin D1 were statistically significant.11 Our
results differ from those of Seong et al.14 The possi-
bility that the genetic alteration observed in recur-
rent cancer after surgery is different from the
changes seen after radiation cannot be excluded.

Conclusion

The expression of p53 and PCNA increases in recur-
rent laryngeal cancer after radiotherapy, compared
with that in laryngeal cancer before radiotherapy.
Our results suggest that locally recurrent tumours
after radiotherapy may possess a more aggressive
phenotype than the primary, pre-radiotherapy
tumour. Although the number of specimens was
limited, the results in this study provide a better
understanding of the biological characteristics of
recurrent laryngeal cancer after radiation. Future
studies with a large number of specimens should
help to clarify why recurrent tumours respond
poorly to anticancer treatment. This may be the start-
ing point for developing a new therapeutic strategy
for the treatment of recurrent cancer after radiation.

. This study investigated the differences in
expression of p53, proliferating cell nuclear
antigen (PCNA) and bcl-2 in laryngeal cancer
before radiotherapy and in recurrent cancer
after radiotherapy, in the same patients

. The expression of p53 and PCNA increased in
recurrent cancer after radiotherapy. There was
no change in expression of bcl-2 after
radiotherapy

. Recurrent laryngeal cancers became
biologically aggressive after radiotherapy
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