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Exprassion of p120, Ki-67 and PCNA as proliferation biomarlers in imprint smears of prostate
carcinoma and their prognostic value

The cell proliferation markers p120, Ki-67 and proliferating cell nuclear anifigen (PCNA) recognize nuclear
antipens. The expression ol these proteins by immunostaining methods was reported to be of value in
determining the prognosis of patients with malignant diseases,

In this study, we evaluated the prognostic signilicance of the expression of nuclear antigens p120. FCNA and
Ki-67 in prostale cancer and compared the results with other prognostic factors.

Imprimt smear samples obtained from 70 patients immediately after radical prostatectomy for prosiatic carcinoma
were immunostained with monoclonal antibodies against p120, Ki-67 and PCNA. The immunostaining results
were correlated with Gleason score, tumour differentiation, stape andf prostatic specific antigen (PSA) levels,
Our findings demonsirate that p120, Ki-67 and PCNA expression In prostatic carcinoma smears. cortelated
significantly with the degree of Gleason score (P < 0.001), When combining p120, Ki-67 and PCNA positivity with
tumour differentiation there was a significant association among these parameters (P < 0.001). Overexprassion of
p120, Ki-67 and PCNA, was also associated with increased PSA serum fevels (>4 ng/ml) (P < 0.001}. The
distribution of p120, Ki-67 and PCNA expression in prostate carcinomas was not statistically significant for Ki-67
(P = 0.69) and p120 (P = 0.22) bt was significant for PCNA (P < 0.001) as far as the histological stage (T2a, T2b,
T2c, T3a). P120, Ki-67 and PCNA expression had significant prognostic value for disease-free survival.

Our results conclude thar nuclear antigens pl20, Ki-67 and PCNA appear to be additional markers in the field of
prognosis ol prostatic carcinoma.
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sive tumours from relatively indolent ones. Cell
proliferation las been shown to be a significant
prognostic factor in several human malignancies,'?
A proliferation-associated nuclear prolein pl26,
which is expressed during late G, 10 § phase of the cell
cycle, has been correlated well with nuclear activation
and cell proliferation.® Moreover, it has been demon-
strated In cells of most malignant tumours, with
supgested possible prognostic value,"*% Ki-67 and

Introduction

Many invesiigators have been _l_unlsing on idemilying
prognostic parameters that can separate the aggres-

Correspondence:
Pauline Athansssladou, Assistam Prolessor, Pathology
Depanmen!, Medical School, University ol Athens, 75

Milkras Asins St GR-115 27 Athens, Greece.
Tel: #003210-T462171; Fax: 003210-7462157

Cytopathology 2004, 15, 25-31 © 2004 Blackwell Publishing Lid

proliferating cell nuclear antigen (PCNA) the most
Irequently wsed cell proliferation markers, recognize
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nuclear antigens presented throughout all phases of the
cell cycle hut not at rest |Gy phase) or in the early G
phase.*® Ki-67 nuclear staining has been related
to biological aggressiveness and prognosis in several
cancers including prostate cancer.”™'® PCNA, also
known as cyclin, is a non-hisione nuclear protein, the
level ol synthesis of which correlates direcily with rates
of cellular proliferation and DNA synthesis. It has been
demonstrated recently, that PCNA is an auxiliary
protein of DNA polymerase-delts and plays a critical
role in the initiation of cell proliferation,'!2 Correla-
tion of high levels of PCNA staining with pour prognosis
for patients with prostate carcinomas has been repor-
ch."'“

In this study, we evaluated the immunocytochem-
ical profile of the above-mentioned proliferation-
assoclated proteins and correlated the resuls with
Prognastic parameters.

Materials and methods

Samples were oblained [rom 70 patients who under-
went radical prostatectomy [or prosiatic adenocarci-
noma, immediaiely after prostate removal at the
operation theatre. Patients’ ages ranged from 59 o
75 years (mean 67.11 years), Imprint smears were
taken from different arcas of macroscopically estima-
ted prostatic carcinoma, After air-drying. smears were
fixed in ethancl/acetone 1:1 for 10 minutes and
stored at =70 °C until used for an immunocyiochem-
jcal procedure.

The histopathological diagnoses were made on
sectivns from the same samples that were used for
the imprints. The TNM system (based on the staging
system of the American Joint Committee on Cancer)'*
was used for pathological staging. and grading of the
primary carcinoma was evaluated according 1o the
Gleason score system. None of the patients had been
treated with radiation or androgen depletion prior to
prostatectomy.

Follow-up after surgery included serum prostatic
specific antigen (F5A) at 6 months postoperatively
and monthly {mean 33.2 months) thereafter. The
data of studied cases of prostate carcinoma are shown
in Table 1.

Immunocytochemical staining was performed by
the avidin-biotin complex (ABC) immunoperoxidase
method.'® Smears were incubated for 45 minutes
with normal rabbit serum (Dakopatis. Glostrup, Den-
mark} diluted 1:50 in phosphate-buliered saline
(PBS) and then rinsed in three changes of PBS for

Table 1. Clinical characteristics of 70 paticnts whh prostate
adenocarcdinoma treated with radical prostateciomy

] Peroeniage

Age |years)

<65 14 20.0

f5=6% 35 50.0

>70 21 30.0
Stage

T2a 4] 8.6

T2b 20 8.6

Tic 6 8.6

T3a 3 4.2
Gleason score (grade)

-4 19 27.1

5-b 30 429

27 21 300
Differentiation

Well 11 15.7

Moderate 49 T0.0

Poor 10 14.3
Pre-treatmen| prosiatic specific
antigen [ngint)

04 13 18.6

g £l 514

210 21 30.0

T2a, tumeur involves 50% o a labe or less; T2h, tumour
involves mare than 50% of a lobe; T2¢, tumour invalves both
labes: T3a, unilateral extracapsular extension ol rhe wmaour.

5 minutes, Primary antibodies, PCNA, Ki-67 (Dako-
paus) and pl20 (BioGenex; San Ramon, USA) were
applied in dilution 1 ; 200, 1 : 40, 1 : 40, respectively
and the smears incubated overnight.

After washing in PBS, smears were incubated in
hintinylated rabbit antimouse antibodies (Dakopaus) at
1 : 300 dilution for 30 minutes at room temperature.
They were again washed and incubated in streptavidin-
biotin complex (Dakopaus) followed by the ABC
complex horseradish peroxidase (HRP; Dakopatts),

Visualization was achieved by a final incubation in
diaminobenzldine tetrahydrocloride 0.06% in FES
contalning 0.03% hydropen peroxide (DAB; Sigma,
Poole, UK). Smears were counierstained with Mayer's
haematoxylin.

MNormal human 1onsil smear was used as a positive
control. For each antibody-ncgative conirol, studies
were performed In which normal rabbit serum was
used instead of the primary amibody.

A total of 500-1000 cells were counted by surveying
five to 10 micrnscopic Helds with two observers in
every case, 10 determine the average labelling index.
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The field 10 be counted was chosen under 400
magnificarion from the well-labelled area. The lobel-
ling index was expressed as the percenlage ratio of
total labelled cells to the total number of cells eounted,
To compare the measurements of iwo observers, a
Kendall correlation test was used.

All stalning was confined to the nucleus of wmaour
cells and was shown as partal, diffuse and granular
brown pattern (Figures 1-3).

PCNA, Ki-67 and pl20 positivities were scored as
lollows: staining of <20% of cells{=), 21-40%{+), 41—
60% (++), 61-100%(+++). Nuclear PCNA, Ki-67 and
p120 staining was positive if >21% and negative if
<20% of cells stained.

-

Statistical analysis

The relationship of p120, Ki-67 and PCNA expression
with all prognostic faciors (PSA. Gleason score,
tumour differendation and stage) was assessed by
one-way analysis of variance (avova) followed by tests

Fig-u:rr 1. Prostate carcinoma cells with positive nuclear
immunorcactivity for proliferating cell nuciear antigen
(%500),

Figure 2. Fositive nuclear immunostaining for Ki-67 in
Impring smear of prosiate carcinoma (%500).
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Figure 3. Poorly differentiated prostate carcinnma cells with
positive nuclear immunoreaction for pl 20 prowein (x500).

of multiple comparisons, as pl20, Ki-67 and PCNA did
not deviate from normality (Tamhane test). The
simultancous cifect of all variables 10 the expression
of p120, Ki-67 and PCNA was investigated by multiple
linear repression.

Results

The immunocyiochemical expression of the ceil pro-
lifcration-associated study proteins pl20, Ki-67 and
PCNA is summarized in Figure 4. Positive expression
for pl20. Ki-67 and PCNA was detected in 64
(91.4%), 63 (90%) and 60 (85.79%) prosiate card-
noma smears, respectively.

The significant correlations (P < 0.001) between the
degree of Gleason score and pl120, Ki-67 and PCNA
CXPression in prostate carcinoma smears are shown in
Figure 5. We observed that an increasing Gleason
wmour grade was assoclared with an Increase in the.
percentage of nuclei stained positively for the three
biomarkers.

When combining pl20, Ki-67 and PCNA pasitivity
with tumour differentiation, there was a significani
association between these paramerers (P < 0.001;
Figure 6). Il can be deduced that the percemage of
positive nuclei increase with the decreasing degree of
differentiation.

Owerexpression of pl20, Ki-67 and PCNA in prus-
tate carcinoma cell smears was associoted with an
increase in pre-treatment PSA serum levels (>4 ng/ml)
(P < D.001) (Figure 7).
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Table 2. Distribtetion of pl20, Ki-67 and PCNA expression in prustste carcinomas according to histopathological staging

No, of p120 (%)

No. of Ki-67 {%} No. of PCNA (%)

Stage n Percentage {+) =) (+) =1 (+) = Total
T2a qai 59 26 T4 38 62 30 70 100.0
TZh an 29 26 74 33 67 s 72 100.0
T2c fi 8 45 52 54 46 &7 b5 ] 100.0
T3a 3 A 66 34 74 26 85 15 100.0
Tenal 70 100

P-valye 0.022 0.069 0.000

Table 3. Prognostic valuc for the discase-free  survival
assessed by multiple lincar regression model
T P-values

Score df pl20  KiS7 PCNA

Stage 0.057 | 0,200 0.314  D.005

Gleason score 0.502 I D.005 0000 0.005

Dillerentiation poon 0000 0.002 0.010

Prosiatic specific 0.258 T L3664 0.047 0.542

antigen

Residual = 13.833 with 4 d.I. significance = 0.054,
PCNA. proliferating cell nuclear anrigen.
Dependent variable: pi 20, Ki-67 and PCNA long rank test.

patients who had low expression {+) compared with
those who had high expression (++ or +++).

To date. four patients have died [rom prostatic
adenocarcinoma (three in 1.5 years and one in
13 months). The remaining patients were alive and
well at the last loliow-up.

Discussion

The proliferative activity of malignant tumours has
been implicated as a prognostc parameter for the
aggressiveness of the tumours and correlated with
outcome for several human carcinomas. !5

Ki-67 and PCNA have been used extensively as
indicators of the proliferative state in cells and pl20
protein has been considered to be associated with cell
proliferation and has been demonsiraled in most
tumour celly. & 1817

PCNA Is a nuclear protein expressed by non-neo-
plasiic and neoplastic cells undergoing division. >
The commercially available monoclonal antibody to
PCNA may recognize a different epitope on the PCNA
maolecule ' The immunocytochemical evaluation of
PCNA labelling index is easy w perform on routinely
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processed material. lndependent of the method used for
PCNA scorlng. it has been shown thar the increasing
expression of PCNA labelling index may have a prog-
nostic value in prostatic adenocarcinoma (PAC)' >
and in other neoplasms.™'?

Several studies have shown that cell proliferative
activity, as defined by the Ki-87 index, correlates with
the cell growth [raction. ™7 The monocional antibody
to Ki-67 antigen has been a reliable marker to esti-
mate cellular proliferation. Previous studies of Ki-67
immunosiaining in prosiate carcinoma have shown a
relationship with tumour grade and stage,'™®
Furthermore, significant association has been found
between Ki-67 expression and disease progression, 221

Several investigators bave reported that cell prolif-
eration is assuciated with histological grade but does
not correlate with the pathological stage of prostate
carcinomas. ™"

In the present study, the Ki-67, PCNA and pl120
expression values were also increased sipnificantly
with Increasing Gleason score. In contrast, there was
no difference in Ki-67 and pl20 expression with the
stage of the disease. One of the possible explanations
is that these proteins are expressed non-preferentially
throughout the cell cyde excepr in the G, phase, so
may not be effective in idemilying individual tumours
wilh rapid cell turnover but may only be reflective of
the overall number of dividing malignant nuelel.?

This observation was in agreement with anather
study which eoncluded that, with an increasing
Gleason tumour score, there is a corresponding
In¢rease in the percentage of nuclei stained positively
for Ki-67.%¢

Howrever, in prostate carcinoma, the published data
are unclear, with two studies reporting an assoclation
between the increascd Ki-67 level and high-grade
carcinoma’** and a separate study reporting no
association.” Increased Ki-67 levels were alsa correlated
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with advanced clinical siage of prostate carcinoma and a
shorter survival time **

Moul ef al.'® found that patients with a low Gleasun
score (2-4) and those with a pre-treatment PSA fevel
(4-10 np/ml} had a significantly worse S-year disease-
free survival if they exhibited high Ki-67 expression.
Overall. however, the Ki-67 expression did not
mainmain independeni significance as a prognostic
marker. Perhaps with a larger number of patients, or
with longer follow-up, Ki-67 may have clinical use.

Leite of al. found that there was no statistical
difference In PCHMA values when biological parameters
such as Gleason scoure were considered and concluded
that proliferative activity is usually low in prosiate
carcinoma.'” However, another study has shown that
the percentage of PCNA-positive nuclei increases with
decreasing degree of dilferentiation.*

P120 protein has been demonstrated in most
mmour cells but s absent In normal ussues and
benign tumours. The role of pl20 in the proliferation
of cells was suggested as the reduction in the rate of
tumour cell proliferation using monoclonal pl20
antibody.**

Studies of the significance of pl20 cxpression in
human carcinoma samples are limited. Uekl er al®®
studicd immunohistochemieal expression of pl20 pro-
tein in colorecal tumours and reported a graded
increase in pl20 overcxpression in severe dysplasia
and carcinoma. Uchiyama et al.*” reported differences
in pl20 expression between different types of lung
carcinomas. However, neither of these studics reported
a correlation between pl20 expression and clinico-
pathological prognostic parameters. To our knowledge,
there have been few studies of pl20 and prositate
carcinornas.-** In our study, immunorcactivity for
p120 was found to be 91.4% in prostate carcinoma
smears. This finding is high compared with other
studies which found a p120 paositivity of 36-76%.**
Furthermore, we [ound pl20 expression 1o he correla-
1ed with increased tumour aggressiveness and poor
prognosis. This is in agreement with other studies. ™

Wwith regard 1o the disease-free survival after radical
prostatectomy. all studied markers of proliferation
correlated with recurrence in univariate analysis. The
significant co-expression ol the proliferation-associ-
ated proteins in our study supports their collective role
in tumour proliferation and they are independent
predictors of disease recurrence after radical prosta-
tectomy. This is nol surprsing. given that all these
markers in the four patients who died of prostate
carcinoma correlated with high mmour grade and

poor differentiation, possibly reflecting a population of
actively dividing cells.

Inn conclusion, nuclear proliferation-associated anti-
gens pl20, Ki-67 and PCNA appear to be additional
markers pointing to aggressive disease in prosiate
carcinoma,
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