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Proliferating cell nuclear antigen in laryngeal cancer
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Abstract
The expression of proliferating cell nuclear antigen in paraffin sections from 154 cases of laryngeal squamous
cell carcinoma were examined. There was significant difference in PCNA expression between the control group
and cancer patients (p<0.001). The mean score of PCNA was higher in patients with poor prognosis than in
patients with satisfactory outcome after treatment (/?<0.05). There was no significant correlation between the
PCNA count and the patient's age and sex, T and N stage and site of the tumour.

Univariate analysis revealed that the PCNA score correlated with the patients' survival rates. In multivariate
analysis the prognostic value of PCNA was on the statistical borderline (p = 0.049). In our study clinical features
like N and T status had a more important influence on survival rate. Nevertheless it appears that the
immunohistological examination of PCNA in paraffin section could be a complementary prognostic tool for
laryngeal carcinoma. PCNA expression may also be a valuable tool for differentiating malignant from benign
laryngeal epithelium.
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Introduction
Squamous cell carcinomas of the larynx are the most
common malignant neoplasms in the head and neck
region. The incidence of laryngeal cancer in Poland is
especially high.

The estimation of a patient's prognosis is of great
importance as the selection of individual therapy is based
on it. In the past few years, cell kinetic information has
proved to be useful in completing conventional histo-
pathological grading and clinical staging methods for the
prediction of the biological behaviour of many neoplasms.
Various cellular markers have been reported to be
valuable in this field. One such marker is the proliferating
cell nuclear antigen (PCNA).

PCNA is a 36-kd, acidic, nonhistone, nuclear protein
whose expression is associated with the late Gl and S
phases of the cell cycle. The human PCNA gene is a 261
amino acid polypeptide with a high content of aspartate
and glutamic acid (Tsuji et al, 1992). PCNA was first
described by Miyachi (Miyachi et al., 1978) as a nuclear
antigen found in proliferating cells that reacted with the
sera of patients who had systemic lupus erythematosus.
This antigen was found to be related to cell proliferation
and blast transformation. It has been proven that PCNA
acts as the auxiliary protein of DNA polymerase (Munck-
Wikland et al., 1994). A series of monoclonal antibodies to
PCNA have been described, including PC10, which can be
used on paraffin sections.

The level of PCNA has been shown to correlate with the
proliferative activity and prognosis of cancer patients in
several papers (Skopelitou et al., 1993; Storkel et al., 1993;
Welkoborsky et al., 1995; Golusinski et al, 1996). Other
authors have failed to prove the prognostic value of PCNA
(Tomasino et al., 1995).

The aim of our study was to investigate the expression of
PCNA in laryngeal squamous cell carcinoma and its
relationship to the clinical outcome of the patients.

Materials and methods

One hundred and fifty-four patients who underwent
biopsy for carcinoma of the larynx were selected for this
study. All patients were diagnosed between 1991 and 1994.
There were 26 females and 128 males. The mean age was
61.3 ± 10.1 years. Tumour staging was performed
according to TMN criteria. In 36 cases cervical lymph
node metastases were detected.

All cases were squamous carcinomas. The histopatho-
logical grading of tumours (GI-GIII) done on the
haematoxylin-eosin sections was as follows: 39 cases -
GI, 61 cases - Gil and 54 cases - GUI.

After diagnosis the patients were treated by surgery
and/or radiotherapy. Eighty-nine patients underwent
complete surgical excision of tumour with free margins.
Thirty-two patients were treated by radiotherapy alone
and thirty-three patients underwent surgery and subse-
quent radiotherapy.

A minimum follow-up of three years or to a patient's
death was available for all the cases.

The tissue specimens, in the form of paraffin blocks,
were available in the Department of Pathology, School of
Medicine in Wroclaw. For the control, normal laryngeal
epithelium obtained from 25 patients with benign lesions
of the larynx was examined.

The histological diagnosis was made by an experienced
pathologist on the basis of haematoxylin-eosin stain. All
specimens were fixed in 10 per cent formalin and routinely
processed for paraffin embedding. Sections were cut at
3^1 u.m and mounted on coated glass slides. The slides
were air-dried at room temperature overnight and then
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TABLE I
PCNA EXPRESSION IN CONTROL GROUP AND CANCER PATIENTS

Groups of
patients

Number of
cases

PCNA
expression

Control
Cancer

25
154

26.56 ± 24.64
56.18 ± 19.05 p<0.001

stained immunohistochemically for PCNA. The three-step
immunoperoxidase method using the streptovidin-biotin
complex and the monoclonal antibody PC-10 was per-
formed, according to the procedure described by Hall
(Hall et al., 1990). PC-10 was diluted 1:100 and the
incubation time was two hours.

All identifiable nuclear staining in neoplastic cells was
recorded as positive regardless of intensity. At least 500
cells were observed under high-power (X 40) microscopy
and counted vertically from one corner to the other. The
PCNA index was calculated as the quotient of positive
neoplastic cells to the total number of neoplastic cells
counted, expressed as a percentage.

In a few cases cytoplasmic staining was observed but
nuclear staining was always stronger. The intensity of
staining was not analysed because this feature may depend
on varying staining procedures in different laboratories.

Prognostic factors analysed for their influence on
survival were age and sex of patients, site and size of
tumour, lymph node metastasis, histopathological grading,
and PCNA expression. Any deaths resulting from causes
other than laryngeal cancer were excluded from the
statistical analysis.

Association between PCNA score, and tumour histolo-
gical grade and/or clinical stage was estimated by one-way
analysis of variance (ANOVA).

Univariate survival analyses were based on the Kaplan-
Meier product-limit estimates of survival distribution.

Differences between survival curves were tested statis-
tically using the generalized Wilcoxon test. The relative

TABLE II
CLINICOPATHOLOGICAL FINDINGS AND PCNA EXPRESSION IN

LARYNGEAL CANCER

PCNA
Number expression Statistical

Features of cases (mean ± SD) significance

Sex
Female
Male

Age (yr)
<55
56-65
>65

Site of tumour
Epiglottic
Glottic
Subglottic
Transglottic

T stage
Tl
T2
T3
T4

Lymph node metastasis
No
N,_.,

Histopathological
grade

GI
Gil
GUI

26
128

41
47
66

56
65
8

25

32
28
35
59

118
36

39
61
54

53.61 ± 22.79
56.55 ± 18.53

54.45 ± 16.22
52.57 ± 20.17
59.71 ± 18.63

57.01 ± 21.14
55.81 ± 16.89
65.76 ± 5.97
47.54 ± 10.36

61.57 ± 17.81
56.54 ± 19.74
56.82 ± 18.61
53.88 ± 19.08

56.73 ± 20.06
54.72 ± 16.23

52.29 ± 18.66
53.34 ± 20.12
62.19 ± 16.78

NS

NS

NS

NS

NS

p<0.05

importance of multiple prognostic factors on survival was
estimated using the Cox proportional hazards regression
model.

All data were processed with S-PLUS (MathSoft,
Seattle, WA) statistical software. A p value less than 0.05
was considered significant. The experimental values are
given as a mean ± SD (standard deviation).

Results

The immunoreactivity of PCNA was identified in all
cancer and control tissue specimens. There was a
significant difference in PCNA expression between the
control group and the cancer patients (p<0.001) (Table I).
The PCNA expression was the highest in the Tl stage but
the difference with other stages of the tumour was
statistically non-significant.

Patients with regional lymph node metastases had a
similar PCNA score as the patients with disease limited to
the larynx. The highest PCNA score was observed in
subglottic cancer but the difference with other sites of the
tumour was statistically non-significant. There was sig-
nificant correlation between the PCNA score and histo-
pathological grading of the tumour. The highest PCNA
expression was detected in stage GUI. No significant
relationship was found between PCNA score and sex and
age of the patients (Table II).

The PCNA expression correlated with the patients'
clinical course. The mean score of PCNA was higher in
cases with recurrence than in cases free of disease after
treatment (Table III). The difference was on statistical
borderline of significance (p = 0.042).

Univariate analysis revealed a correlation between the
PCNA score and survival rates. The three- and five-year
survival rates were 62 and 41 per cent for cases with PCNA
>45 and 79 and 73 per cent for cases with PCNA =£ = 45.

Apart from PCNA expression, T stage, N status and size
of the tumour correlated significantly with the patients'
outcome. T4 stage cases had three- and five-year survival
rates of 51 and 28 per cent respectively vs 76-85 per cent
and 69-82 per cent for other stages. Nl-3 patients had
three- and five-year survival rates of 49 and 31 per cent vs
79 and 61 per cent for NO. Transglottic carcinomas had
three- and five-year survival rates of 54 and 24 per cent vs
55-65 per cent and 40-54 per cent for epiglottic or
subglottic and 91-82 per cent of glottic carcinomas.

The age and sex of the patients and histopathological
staging of tumours did not correlate significantly with
prognosis.

To determine if PCNA was an independent prognostic
variable in laryngeal carcinoma, a multivariate analysis was
performed. By testing the association of response with
covariates in the Cox model, only three variables showed
significant correlation with prognosis: N status (p = 0.0004)
and, to a lesser degree, T stage (p = 0.004) and PCNA
score (p = 0.049) (Table IV).

Discussion
The importance of cell kinetic parameters for estimation

of prognosis for an individual patient is well known and
widely accepted. The PCNA-PC10 immunostaining tech-

TABLE III
PCNA EXPRESSION IN PATIENTS WITH DIFFERENT CLINICAL OUT-

COME

Clinical status

No recurrence
Recurrence

Number
cases

96
58

of PCNA
expression

52.31 ± 17.58
59.02 ± 19.51 P

P

= 0.042
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TABLE IV
MULTIVARIATE ANALYSIS OF COX'S PROPORTIONAL HAZARDS

MODEL IN PATIENTS WITH LARYNGEAL CANCER

Variables p

Age
Sex
Site of tumour
T status
N status
Grading
PCNA

NS*
NS
NS
p<0.05
p<0.001
NS
p = 0.049

*NS - not significant.

nique is a relatively simple and reproducible method which
indicates the degree of cell proliferation.

Correlation of the PCNA index with poor survival has
been shown in gastric carcinoma (Jain et al., 1991),
gastrointestinal lymphoma (Woods et al, 1991), breast
cancer (Aaltomaa et al., 1992), bladder cancer (Lipponen
and Eskelinen, 1992), prostatic cancer (Harper et al.,
1992), and carcinoma of the parotid gland (Frankenthaler
et al., 1994). In a study by Fontanini et al. (1992) of lung
cancer, multivariate analyses have shown that PCNA is an
independent prognostic factor.

Scopelitou et al. (1993) presented a positive correlation
of PCNA expression in medullary thyroid carcinoma with
the pathological stage and the nuclear grade of the tumour.

Storkel et al. (1993) investigated 100 patients with a
primary squamous cell carcinoma of the oral cavity and
showed that PCNA is useful in estimating the individual
prognosis.

Shin et al. (1993) analysed dysregulation of PCNA in
head and neck squamous cell carcinoma. The tissue
samples containing premalignant lesions (hyperplasia
and/or dysplasia), cancer tissue and normal epithelium
were examined. The results indicate that PCNA could be a
useful biomarker for multistep carcinogenesis and may
serve as an intermediate end point in chemopreventive
trials.

Yang et al. (1993) analysed the expression of PCNA in
salivary gland tumours and came to the conclusion that
PCNA is a useful marker of tumour cell proliferation.

Munk-Wikland et al. (1994) examined biopsies from
patients with carcinoma in situ of the larynx. The lesions
which progressed to invasive cancer showed a clear
tendency towards a higher percentage of intense PCNA
staining.

New methods based on computer analyses of images
have recently been applied for PCNA staining estimation
(Dawson et al., 1990). Such methods may simplify the
laboratory procedures and improve reliability of counting.

The aim of our work was to analyse the correlation
between PCNA expression and clinicopathological fea-
tures of the tumour. We also estimated whether PCNA
expression could be a prognostic marker of laryngeal
carcinoma.

The PCNA expression was significantly less for benign
lesions than for malignant epithelium, in accordance with
the findings of Shin et al. (1993) and Wen et al. (1995). This
suggests that PCNA expression may be of value for
differentiating benign from malignant squamous epithelial
lesions.

In normal epithelium PCNA was confined to isolated
cells adjacent to the basal laminae. In invasive, poorly
differentiated carcinoma positive PCNA stained cells were
present in all tumour infiltrations. When the tumour cells
matured into squamous pearls, the PCNA staining
disappeared. This observation is in accord with results of

other authors (Shin et al., 1993; Storkel et al., 1993;
Golusinski et al, 1996).

There was no positive association between PCNA
expression and T stage, in accordance with the findings
of Kram et al. (1996) but in contrast with Welkoborsky et
al. (1995) and Golusinski et al. (1996).

It was difficult to assess the correlation between lymph
node status and expression of markers of cell proliferation.
Some authors suggested such a correlation (Golusinski et
al., 1996) but other authors, including this study, could not
confirm this (Roland et al, 1994).

We have demonstrated a significant correlation between
PCNA expression and tumour grading which confirms the
results of other authors (Lorz et al, 1994; Lam et al., 1996).
The explanation of a relationship between histopathologi-
cal grading and PCNA count may be based on the fact that
cell proliferation is one of the factors to consider in the
estimation of the grade of histopathological malignancy
(Woods et al., 1991).

Our results demonstrate that the PCNA score correlated
with the patient's clinical outcome and survival in
univariate analysis although this correlation was rather
weak. These findings are in line with the results obtained
by Pich et al (1992) and Stoerkel et al. (1993).

In multivariate analysis the prognostic value of PCNA
was on the statistical borderline of significance (p = 0.049).
Clinical features like N and T status had a more important
influence on survival rates. Nevertheless it appears that the
immunohistological examination of PCNA on paraffin
section could be a complementary prognostic tool in
laryngeal carcinoma. PCNA expression may also be a
valuable tool in differentiating malignant from benign
laryngeal epithelium.
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