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The antigen Ki-67, which is associated with cell proliferation,
has been demonstrated to be useful in predicting the devel-
opment of human tumors. The objective of this study was to
evaluate the prognostic utility of this biomarker in pre-malig-
nant and malignant lesions of the prostate. A total of 162
prostate biopsies taken from patients diagnosed for benign
prostatic hyperplasia (BPH, n=49), low grade prostatic intra-
epithelial neoplasia (LGPIN, n=53), high grade prostatic intra-
epithelial neoplasia (HGPIN, n=25) and carcinoma (CAR,
n=35), were studied. Immunohistochemistry for Ki-67 was
carried out on all the samples and the number of labeled cells
was semi-quantitatively evaluated (weak, moderate or
intense). In the non-invasive lesions, the presence of Ki-67-
positive cells in the luminal layer of the epithelium was evalu-
ated qualitatively as positive or negative. The correlation
between the immunolabeling for Ki-67 and the histological
diagnosis showed highly significant differences between BPH
and CAR, LGPIN and CAR and HGPIN and CAR, with no signif-
icant differences being found among the other groups.
Analysis of the immunolabeling in luminal cells of non-inva-
sive lesions showed an increase in accordance with the
increase in the degree of histological lesion, the greatest per-
centage being obtained in the HGPIN lesions (88.0%), with
significant differences among all the groups. Bearing in mind
that Ki-67 is a prognostic biomarker for cell proliferation, our
results demonstrating the immunolabeling of Ki-67 in the
luminal compartment of non-invasive lesions having the
potential to evolve to malignancy, may have prognostic impli-
cations.
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T
he notion of pre-malignant lesions and the
sequence of morphological changes that cul-
minate in carcinoma has been well estab-

lished in some organs, such as the breast (Lowell,
1987;Tavassoli et al., 1990), cervix  (The 1988 Be-
thesda system, 1989), skin (Frankel, 1987; Rywlin,
1988), etc. Indeed, the knowledge of these lesions
with pre-cancerous potential has led to therapeutic
decisions being taken based on the morphological
identification of the pre-malignant lesions in some
of these organs.

Despite the fact that carcinoma of the prostate is
the most common cancer in the male (Boring et al.,
1993) and a myriad of studies having been carried
out, knowledge about carcinogenesis of the prostate
has still not been completely analyzed. In general, it
is accepted that prostatic intraepithelial neoplasia
(PIN), or duct-acinar dysplasia, is probably the
most important precursor lesion of invasive cancer.
These lesions can often be recognized in the
prostate before the development of an invasive car-
cinoma (Cohen et al., 2000). Bearing in mind that
the best way to combat them is by early diagnosis,
a full knowledge of the lesions with potential for
malignant evolution of the prostate is extremely
important. The study of prognostic factors or bio-
markers in these lesions and their standardization
could help to better understand the evolutionary
sequence of the phenomena involved in prostate
carcinogenesis.

The expression of the human protein Ki-67 is
associated with cell proliferation. During inter-
phase, the antigen can only be detected within the
nucleus, whereas in mitosis, the majority of the pro-
tein is trans-located to the surface of the chromo-
somes.The fact that Ki-67 protein is present during
all the active phases of the cell cycle (G1, S, G2 and
mitosis), and absent from the G0 phase, has made it
an excellent marker for determining the growth
fraction of a determined cell population (normal or
tumoral) (Scholzen and Gerdes, 2000). Further-

 



more, the fraction of tumor cells positive for Ki-67
(labeling index) has been correlated with the clini-
cal course, recurrences and survival in prostate
cancer (Aaltomaa et al., 1997; Borre et al., 1998;
Bettencourt et al., 1996; Bubendorf et al., 1996;
Moul et al., 1996; Keshgegian et al., 1998; Bai et
al., 1999; Brown et al., 1996; Cher et al., 1996;
Hepburn et al., 1995; Stapleton et al., 1998), sug-
gesting that Ki-67 can be used as a prognostic fac-
tor in the monitoring of these patients.

The purpose of this study was to evaluate the
presence of Ki-67 in prostate lesions with potential
for malignant transformation and carcinoma, its
correlation with the distinct histological diagnoses
and its prognostic utility, evaluating its presence in
the different epithelial layers.

Materials and Methods
We studied one hundred and sixty-two prostate

biopsies from patients who came to the urological
surgery clinic complaining of prostate symptoms,
PSA serum levels > 3 ng/L and doubtful or positive
rectal exploration.

Trans-urethral biopsy was performed, obtaining
3-5 cylinders, which were fixed in 10% formalde-
hyde, routinely processed for light microscopy and
stained with haematoxylin-eosin. The lesions were
histologically classified as: benign prostate hyper-
plasia (BPH), low grade prostate intraepithelial
neoplasia (LGPIN), high grade prostate intraep-
ithelial neoplasia (HGPIN) and Carcinoma (CAR),
grading these in accordance with Gleason's score
system.

Sections from each biopsy specimen were sub-
jected to immunohistochemistry for Ki-67 using an
anti-Ki-67 antibody (DAKO Corp., dilution 1:100),
in an automatic immunohistochemistry system
(NEXES,Ventana), based on the avidin-biotin com-
plex with horse-radish peroxidase as a label and
H2O2-diaminobenzidine as substrate-chromogen.
The processing of the sample, prior to incubation
with the primary antibody, included antigenic
unmasking by heating in citrate buffer at pH 6.0,
for 4 min at 120ºC.

The percentage of cells positive for Ki-67 was
scored semi-quantitatively, according to the number
of labeled cells observed, as weak (marked as +),
< 25% of labeled cells, moderate (marked as ++),
25-75% of labeled cells, and intense (marked as
+++), > 75% of labeled cells. Moreover, in the non-

invasive lesions, the immunolabeling of Ki-67 in the
luminal cells was quantitatively scored as positive
(some cells immunolabeled) and negative (no immu-
nolabeled cells). This evaluation was carried out
exclusively in the zones of prostate epithelium that
presented the lesion diagnosed in the original biopsy.

Significance between the positivity observed and
the distinct histological diagnoses were analyzed
statistically using the chi-square test. Differences
were considered statistically significant at p< 0.05.

Results
In the histological study were diagnosed 49 cases

as BPH (30.2%), 53 cases as LGPIN  (32.7%),
25 cases as HGPIN  (15.4%) and 35 cases as
CAR (21.6%).

Semi-quantitative evaluation of the immunola-
beling for Ki-67 demonstrated that the majority of
the BPH lesions (85.7%), LGPIN (81.1%)
(Figure 1-A) and HGPIN (72.0%), (Figure 1-B),
presented weak positivity (+). On the other hand,
the majority of the CAR (62.9%) presented mod-
erate positivity (++) (Figure 1-C) and 14.3%
intense positivity (Figure 1-D).

Gleason's score for the CAR ranged between 4
and 9, the greatest percentile (34.3%) having a
score of 6. We did not find significant differences
between the immunolabeling for Ki-67 and
Gleason's score.

The results for each of the histological lesions,
evaluated without taking into account the immuno-
labeled cellular compartment, are presented in
Table 1. The correlation between the immunolabel-
ing for Ki-67 and the histological diagnosis showed
statistically significant differences between BPH
and CAR (p<0.001), LGPIN  and CAR (p<0.001)
and HGPIN and CAR (p<0.001); significant dif-
ferences were not found among the other groups.

The qualitative evaluation of the presence of Ki-
67-positive cells in the luminal layer of the prostate
epithelium in non-invasive lesions is shown in Table
2. It can be seen that the percentage of positivity
for Ki-67 in the luminal compartment increases in
accordance with the increase of the grade of histo-
logical lesion, the greater percentage being
obtained in the HGPIN lesions (88.0%) (Figure 1-
B). Differences were statistically significant
between BPH and LGPIN (p <0.02), BPH and
HGPIN (p <0.001) and between LGPIN and
HGPIN (p <0.001).
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Discussion
The predictive value of the labeling index by Ki-67

has special importance in the types of cancers in
which it is difficult to predict the clinical course
solely by histological criteria. There are numerous
studies that analyze this predictive value in carcino-
ma of the prostate, although there is a great vari-

ability of results. Thus, an international standardi-
zation of the labeling methods and clinical morpho-
logical validation through multi-central and ran-
domized prospective studies is urgently needed,
(Scholzen and Gerdes, 2000), so as to obtain a con-
sensus from all points of view (Bostwick et al.,
2000).

In this study on evaluating the immunolabeling of
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Figure 1. Immunolabeling for Ki-67 in pre-malignant and malignant lesions of the prostate. A: LGPIN, presenting weak (+), diffuse pos-
itivity in cells of the basal layer. (Magnification power 103)  B: HGPIN, presenting weak positivity (+) in cells of the basal layer and
the luminal layer of the epithelium. (Magnification power 403) C: Carcinoma of prostate presenting moderate positivity (++).
(Magnification power 203). D: Carcinoma of prostate presenting intense positivity (+++). (Magnification power 103).



Ki-67 in different proliferative lesions, we have
observed how the labeling for Ki-67 in CAR is more
intense than in the rest of the lesions studied. This
result again demonstrates that the labeling index in
CAR is more important than in the other benign or
pre-malignant proliferative lesions. Nevertheless,
we have not found significant differences between
the Gleason's scores and the immunolabeling of Ki-
67.

The expression of this proliferative label has also
been detected in PIN and compared with benign
prostate epithelium. This expression was more
intense in HGPIN lesions and similar to that
observed in invasive adenocarcinoma (Montironi et
al., 1993). This supports the hypothesis that
HGPIN represents an intermediate stage in the
neoplastic transformation of the prostate epitheli-
um. Equally, in studies of cell kinetics, a rank order
among BPH, AAH (atypical adenomatous hyper-
plasia), low grade carcinoma, PIN and high grade
carcinoma has been established, considering PIN as
a pre-neoplastic lesion (Helpap, 1995)

Moreover, the use of antibodies to the antigens
associated with proliferation permits the study of
the proliferative cells within specific compartments
of a tissue.Thus, within the normal prostate epithe-
lium, the majority of the cells immunoreactive for

Ki-67 are of the phenotype of basal cells, but in the
HGPIN lesions, only 6-10% of the immunolabeled
cells are located in this layer, with a concomitant
increase in the immunologically labeled dysplasic
luminal cells (Myers, 1997). For this reason it has
been suggested that, in PIN lesions, the luminal
cells also acquire a proliferative potential.

Our results support this hypothesis, and in accor-
dance with them, Ki-67 must be analyzed in differ-
ent ways in invasive and non-invasive lesions.

In non-invasive proliferative lesions of the
prostate, and in view of our data, the global analy-
sis of Ki-67 does not seem to be very important.
Indeed, it is logical that benign proliferative lesions
will present an increase in labeling for Ki-67
although it is clear that many of them will never
evolve to malignancy.The study of Ki-67 in the dif-
ferentiated cells of the luminal layer of the prostate
epithelium appears more interesting. In these cells
we found significant differences, both when we ana-
lyzed all the groups of lesions together, or when
compared one with another in pairs.

The presence of Ki-67 in an epithelial layer where
the cells should be differentiated (the luminal
layer) could be useful as a prognostic factor since
in our study there is an evident increase of the num-
ber of immunopositive cases in accordance with the
increase of grade of histological lesion, the greater
percentage being found in the HGPIN lesions.

We consider that additional studies with anti-Ki-
67 and 34ßE12 antibodies, and DNA instability
tests (Hirai et al., 2001; Iwasa et al., 2001) are
required to quantify the proliferation fraction in the
luminal layer of this type of lesion and its correla-
tion with the clinical evolution. In the future, the
pre-therapeutic management of the expression of
Ki-67 in the luminal compartment of HGPIN
lesions could be important in the evaluation of the
aggressiveness of these lesions and, as a result, in
the selection of the proper treatment.
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