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cell nuclear antigen (PCNA) was examined in bladder speci-

mens from 48 patients with superﬁc1al transitional carcinoma, with the use of the PC10 monoclonal
antibody. In vesical tumours with good clinical behaviour, we found a median PCNA positivity of 7.1%
with a range of 5-25%. In vesical tumours with high incidence of recurrence, the median was 36.6%
with a range of 15-80%. In vesical tumours with a strong tendency to invasion, the median positivity for
PCNA staining was 68% with a range of 40~92%. In conclusion, we believe that using PC10 immunos-
taining to determine a nuclear proliferative fraction is a quick and simple method of studying the

prognosis of patients who have vesical tumours of low grade and low stage.
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INTRODUCTION

THe DEGREE of histological differentiation and stage of bladder
carcinomas constitute two most valuable prognostic factors
in establishing the aggressiveness of these tumours. Bladder
cancers can be essentially divided into two groups, superficial
tumours, which are generally low grade and low stage, and
invasive carcinomas, which are usually high grade, muscle-
invasive tumours. Although the majority of the superficial
transitional cell carcinomas (TCC) are low stage and low
grade, there arc a number of tumours that will behave more
aggressively than the usual superficial cancers, displaying high
incidence of recurrence and rapid transformation into a higher
grade malignancy with deep invasion of the bladder wall [1].

To determine which low grade, low stage tumours will
progress into more aggressive tumours, there have been
numerous investigations reporting on markers which help to
predict this transformation [2, 3]. Loss of expression of the
blood group antigens in low grade superficial tumours indi-
cates a propensity for transformation to a high grade malig-
nancy [4, 5].

Newer techniques, including the study of the proliferative
activity of the tumour measured by flow cytometry, image
analysis, tritiated thymidine or bromodeoxyuridine labelling,
or immunohistochemical staining using monoclonal anti-
bodies such as Ki-67 have been utilised to screen low grade
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malignant tumours in an attempt to predict their transform-
ation.

The purpose of this study was to investigate the value of
the monoclonal antibody PC10 anti-proliferating cell nuclear
antigen (PCNA) immunostaining for determination of risk
factors in superficial bladder TCCs.

PATIENTS AND METHODS

The bladder specimens from 48 patients with superficial
TCCs were studied. The cases were divided into three groups.

Group A comprised 15 patients with initial diagnosis of low
grade superficial TCC (A-I) who, after cystoscopic resection,
were free of disease for at least 3 years.

Group B comprised 18 patients with initial diagnosis of low
grade superficial TCC (A-I) who, in the subsequent years
after diagnosis, developed recurrences of the same histologi-
cal grade.

Group C comprised 15 patients with initial low grade, low
stage TCC (A-I) who, within 2 years, had invasion of the
muscle wall. There was no sign of concurrent high grade
tumour at the time of original biopsies.

For immunohistochemistry, an indirect immunoperoxidase
technique was utilised. Sections were deparaffinised, rehy-
drated, washed with Tris buffer and treated with methanol
solution and peroxidase to eliminate endogenous peroxidase.
Following washing, the sections were incubated with the
monoclonal antibody PC10 anti-PCNA (Dako) for 1 h. They
were then washed and incubated with rabbit antimouse immu-
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noglobulin with peroxidase (Dako). Another wash and incu-
bation with goat antirabbit tagged with peroxidase (Nordik)
were then followed. The staining was done with diaminobenzi-
dine. Harris haematoxylin was utilised as a counterstain. For
positive controls, sections of iymph nodes with reactive germi-
nal centres were used.

RESULTS

The most common pattern of staining that we observed
with monoclonal antibody PC10 (PCNA) was the presence of
diffuse nuclear positivity, although many cells showed a granu-
lar arrangement in the nucleus. The intensity of the staining
varied from cell to cell; all nuclei that stained with PCNA
were considered positive, irrespective of the pattern or the
intensity of the staining.

The percentage of positivity for the PC10 immunostaining
was determined by counting the number of cells with positive
nuclei in relation to the total number of tumour cells which
were present in 10 representative high-power fields (400x). A
minimum of 2000 cells were counted. Since positive staining
of PCNA is present in normal tissue, we considered a tumour
to be positive when there was at least 5% positive PCNA
tumour cells.

In aroun A tumonure
il group A tumours with y WE

a median PCNA posmvn:y of 7. 1°o with a range of 5—25%
The majority of the positive nuclei were scattered in groups in
all the reviewed fields of the tumour (Figure 1).

In group B tumours with high incidence of recurrence, the
median was 36.6% with a range of 15-80%. The most striking
finding in this group was the tendency to find zones of the
tumour with high PCNA positivity while in the remainder of
the tumour the positive tumour nuclei were scattered in
groups. Five of the 18 tumours studied in this group showed
diffuse positivity in more than 50% of the tumour cells.

In group C tumours with a tendency to invasion, the median
positivity for PCNA staining was 68% with a range of 40—
92%. The pattern of staining observed was homogenous with
large areas of tumour positivity (Figure 2). 14 of the 15 cases
in this group showed positivity in more than 50% of the
tumour cells counted (Figure 3).

DISCUSSION
Low grade, low stage superficial bladder tumours have, in
general, a good prognosis, but unfortunately there is a small

Figure 1. Positive nuclei in a superficial vesical tumour with
good clinical behaviour (group A); 15% positive PCNA tumour

cells.
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Figure 2. Homogeneous positivity pattern of staining in a
superficial vesical tumour with a strong tendency to muscle
invasion (group C); 82% positive PCNA tumour cells.
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Figure 3. PCNA expression in superficial bladder cancer.

percentage of these tumours which progress and behave
aggressively [6]. Routine histological examination cannot dis-
tinguish the low grade tumours with good behaviour from

order to resolve these proble:
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those that will progress. In order to res

there have been numerous investigations which can be classi-
fied into two types: the study of blood group antigen alter-
ation, and the analysis of proliferative cellular fraction of the
tumour. In the latter, flow cytometry [7], image analysis [8],
incorporation of tritiated thymidine and bromodeoxyuridine
[9,10] and immunohistochemical staining using different
monoclonal antibodies that are directed against the cell cycles
are used [11]. All these methods have advantages and disad-
vantages.

Numerous works have shown that the analysis of cellular
DNA measured by flow cytometry is an important system for
the prediction of prognosis of bladder tumours and for the
monitoring of progression of the disease and their response to
treatment [12]. Similarly, a high level of correlation between
DNA content, histological grade and clinical behaviour has
been observed [13, 14]. However, the data obtained may be
influenced by the amount of necrotic tissue or normal stroma
present and by the presence of lymphocytes. In addition, it is
necessary to have specialised trained personnel and expensive
machinery.
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The incorporation of thymidine and/or bromodeoxyuridine
has demonstrated that there is a good correlation between
histological grade and clinical behaviour, but the technique
is complicated.

There have been several papers published demonstrating
the utility of the monoclonal antibody Ki-67 as a marker of
proliferation in different types of tumours [15-18]. In our
study, we utilised the monoclonal antibody PC10 (PCNA)
directed against a nuclear antigen associated with cellular
proliferation. PCNA has been identified as an auxillary factor
to DNA polymerase. The synthesis of PCNA occurs in late
G1 phase, presumably after the restriction point, and through-
out S-phase. The advantage of PC10 is that it can be used in
formalin-fixed paraffin-embedded tissue, including archival
tissue, making it useful for retrospective studies [19, 20].

Our results demonstrate that the monoclonal antibody
PC10 is an excellent marker for aggressive superficial bladder
tumours of low stage and low grade, distinguishing these from
those which have good clinical behaviour. It may also have
independent prognostic value when tumours show more than
50% nuclear positivity, since in our study no tumours in group
A, but four of 18 in group B and 14 of 15 in group C had
more than 50% positivity in tumour nuclei, but further studies
are required to confirm this observation.

In conclusion, we believe that the use of monoclonal anti-
body PC10 immunostaining as a marker of proliferation is a
quick, inexpensive method for the study of prognosis of vesical
tumours of low grade and low stage.

1. Ro JY, Ayala AG, El Naggar A. Muscularis mucosa of urinary
bladder. Importance for staging and treatment. Am ¥ Surg Pathol
1987, 11, 668.

. Blasco-Olaetxea E, Gutierrez-Hoyos A, Garrido C, Arozena F.
Marcadores prondsticos en el carcinoma transicional de vejiga.
Arch Esp Urol 1991, 44, 47-52.

3. Wick MR, Zarbo R], Hitchcock CH. Special techniques for the
pathologic analysis of lesions of the urinary bladder. In Young
RH, ed. Pathology of the Urinary Bladder. Churchill Livingstone,
1989.

4. Blasco-Olaetxea E, Torrado J, Belloso L, Arozena F, Gutierrez-
Hoyos A, Cuadrado E. T-antigen: a prognostic indicator of high
recurrence index in transitional carcinoma of the bladder. Cancer
1988, 61, 1091.

5. Cuadrado E, Rodriguez Trinidad A, Blasco-Olaetxea E, Torrado

')

E. Blasco-Olaetxea et al.

], Lopez Garcia J, Arozena F. Blood group isoantigens ABH in
transitional carcinoma of the bladder. A clinicopathological study.
¥ Urol 1986, 135, 409.

6. Heney NM, Ahmed S, Flanagan M], er al. Superficial bladder
cancer: progression and recurrence. ¥ Urol 1983, 130, 1083.

7. Coons JS, Landay AL, Weinstein RS. Advances in flow cytometry
for diagnosis pathology. Lab Invest 1987, 57, 453.

8. Hemstreet GP, Rollins S, Jones Ph, et al. Identification of high
risk subgroup of grade 1 transitional cell carcinoma using image
analysis based deoxyribonucleic acid ploidy analysis of tumor
tissue. ¥ Urol 1991, 146, 1515-1529.

9. Kamel OW, Franklin WA, Ringus JC, Meyer JS. Thymidine
labelling index and Ki-67 growth fraction in lesion of the breast.
Am ¥ Pathol 1989, 134, 107-113.

10. Sasaki K, Matsumuru K, Tsuji T, Shinozaki F, Takahashi M.
Relationship between labeling indices of Ki-67 and BrdUrd in
human malignant tumors. Cancer 1988, 62, 989-993.

11. Garcia RL, Coltrera MD, Gown AM. Analysis of proliferative
grade using anti PCNA cyclin monoclonal antibodies in fixed
embedded tissues. Compararison with flow cytometric analysis.
Am ¥ Pathol 1989, 134, 733-739.

12. Dressler LG, Bartow SA. DNA flow cytometry in solid tumors:
practical aspects and clinical applications. Sem Diag Pathol 1989,
6, 55.

13. Klein F, Whitemore W, Hess H. Flow cytometry follow-up of
patients with low stage bladder tumors. ¥ Urol 1982, 128, 88.

14. Murphy WM. DNA flow cytometry in diagnostic pathology of

the urinary tract. Human Pathol 1987, 18, 317.

. Bursch C, Prince, Norton |, er al, Proliferation in human bladder
carcinoma measured by Ki-67 antibody labelling: its potential
clinical importance. Br ¥ Cancer 1991, 64, 357-360.

16. Hitchcock ChL. Ki-67 staining as a means of simplify analysis of

tumor cell proliferation. Am ¥ Clin Pathol 1991, 96, 444-445.

17. Sahin AA, Ro JY, El-Naggar AK, et al. Tumor proliferative
fraction in solid malignant neoplasms. A comparative study of
Ki-67 immunostaining and flow cytometric determinations. Am
¥ Clin Pathol 1991, 96, 512-519.

18. Tsujihashi H, Nakanishi A, Matsuda H, Uejima S, Kurita T. Cell
proliferation of human bladder tumors determined by Brdurd
and Ki-67 immunostaining F Urol 1991, 145, 846-849.

. Hali PA, Levison DA, Woods AL, et al. Proliferating cell nuciear
antigen PCNA immunolocalization in paraffin sections: an index
of cell proliferation with evidence of deregulated expression in
some neoplasms. ¥ Pathol 1990, 162, 285-294.

20. Landberg G, Roos G. Antibodies to proliferating cell nuclear

antigen as S phase probes in flow cytometric cell cycle analysis.
Cancer Res 1991, 51, 45704574,

—
W

[
]

Acknowledgements—This work was supported by grants from Fun-
dacion Gipuzkoa and Asociacién Vasca del Cancer. We would like to
thank Dr A.G. Ayala for reviewing the manuscript. We would also like
to thank E. Alvarez and A. Zugasti for excellent technical assistance.



