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Objective:Objective:Objective:Objective:Objective: 1. To evaluate the percentage of caspase-3 and CD-34 expression on adenocarcinoma; 2. to quantify caspase-3 and

CD-34 in tumor cells; 3. to verify the relationship between biomarkers and its malignancy; 4. to correlate biomarkers themselves.

Methods:Methods:Methods:Methods:Methods: Thirty-eight human malignant prostate specimens, Gleason’s score, were immunohistochemically stained for caspase-3

and CD-34 protein. Quantification was done under Samba 4000 Immuno System reading, yielding two variables: label index and

optical density. Statistical analyses were based on cross-methods involving univariate and bivariate as well as correlation factors

among independent variables. Results:Results:Results:Results:Results: Immunostaining was revealed in 25 plates for caspase-3 and 34 for CD-34. Caspase-3

expression for label index was over 50 in 76%, while for optical density was below 50 in 96%. CD-34 expression demonstrated label

index over 50 in 59% and optical density below 50 in 56%. Correlation among expression and severity did not demonstrate to be

statistically significant. There was no correlation between protein expression and Gleason´s score. Conclusion:Conclusion:Conclusion:Conclusion:Conclusion: 1. Caspase-3 and

CD-34 were present respectively in 73.5% and 100% of samples; 2. caspase-3 and CD-34 showed high expression regarding label

index and low expression in optical density; 3. there was no statistical significance among expressions and tumor severity according

to Gleason´s score; 4. no significant correlation could be set between the biomarkers themselves.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

The differentiation between tumors that will develop into
metastatic disease from those that will present a slow

and controllable evolution represents a challenge to
researchers 1.

Molecular pathogenesis and prostate cancer
progression remain not well known. Genetics-molecular
mechanisms have been implicated in prostate tumorigenesis
and disease evolution. In habitual progression, cell cycle
presents a sequence of events that duplicates cell
components and later splits into two cells. During cancer
evolution, an uncontrollable multiplication process takes
place in the cells due to the respective mutations occurred
initially.

Tumor biomarkers consist in biochemical
indicators of tumor existence, including cell-surface antigens,
cytoplasm proteins, enzymes, and hormones. Programmed
cell death, known as apoptosis, and angiogenesis present
strong correlation with carcinogenesis intensity 2. Biomarkers
studying in such conditions became important coadjuvants
in diagnostic research, tumor progression, and cancer
treatment. Such markers are included in prognostic factors
for prostate carcinoma category III, according to American
Pathologist Consensus 3, described as all other factors not
well enough studied to show their prognostic value.

Programmed cell death markers, such as cysteine
protease protein 32, known as caspase-3, responsible for
proteolytic cleavage of various proteins, have been studied
using paraffin specimens made of different samples of
prostate tumor in order to quantify its expression4.

Loss of apoptotic control in favor of cell
proliferation may be responsible for prostate cancer initiation
and progression1.

Biomarkers modulating prostate cancer
angiogenesis, such as CD-34 antigens expressed in
endothelial cells, have been also evaluated through
immunohistochemical reading in recent studies 5. New
vessels formation will depend on the interaction among cells
themselves and their microenvironment, including
endothelial cells, extracellular matrix, and soluble factors6.

Informatics science in the medical field allowed
imaging analysis of tumor cells through citophotometry
reading, contributing in the diagnosis of neoplasia7.

Computer analysis of histological imaging allows
quantifying several protein markers, glycoproteins or
glycohistochemical. In this manner, microscopic and
mathematical data may be obtained from the analysis;
microscope image     processing is turned into number, making
the statistical analysis elaboration possible.

The current study based on prostate
adenocarcinoma presents as its objectives the following: 1.
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to evaluate the percentage of caspase-3 and CD-34
expression on tumor cells; 2. to quantify caspase-3 and CD-
34 biomarkers in tumor cells; 3. to verify the relationship
between biomarkers of the tumor and its malignancy; 4. to
correlate biomarkers themselves.

METHODSMETHODSMETHODSMETHODSMETHODS

Human prostate tissues were obtained from 38
patients from Brasília Hospital, Federal District, Brasil. All
tumors samples were identified, fixed in formol, and
embedded in paraffin. In addition, each paraffin-embedded
section was submitted to new microtomy measured 3µm
thickness. Following, slides were processed under
hematoxylin-eosin staining and reviewed independently by
two pathologists for histopathological report and included
in the study. Four blocks were eliminated: histopathological
confirmation of prostate adenocarcinoma diagnosis was not
confirmed in three of them and Gleason´s score was not
determined in one block.

The slides were classified according to Gleason
grading system that describes tumor infiltration and
differentiation, showing that 79,4% was considered
maligancy ranging from 5 to 7 (Table 1).

Immunohistochemical process followed the ha-
bitual slides preparation. Caspase-3 and CD-34
immunoexpressions were obtained by streptavidin–biotin–
peroxidase complex. Process was realized in steps. At first,
the procedures started by histological sectioning of 3ìm a
5ìm from paraffin-embedded material. The slices were
placed in identified slides. For paraffin fragmentation, the
material was incubated at 37°C during nighttime. Deparaffin
was carried out under xylol and ethanol washing.

For caspase-3 antibody, antigen recovering was
acquired using citrate solution buffer, prepared from the
dilution of citric acid and sodium citrate solution in distilled
water. After drying, the slides were placed in flasks
containing buffer solution and they were warmed. As
temperature reached 97°C, time period was counted to 20
minutes. Flasks were then removed and cooled. Following,

the block endogenous peroxidase activity was immersed in
3% hydrogen peroxide.

In order to preserve pH, slices were submitted
into buffer solution PBS in 0,2M concentration, obtained by
dilution of sodium phosphate monobasic and sodium
phosphate dibasic, using tween 20. Utilizing a hydrophobic
pen, a circle was drawn around the histological cut. The
slides were then incubated with a primary antibody against
caspase-3 and/or CD-34, for 18 hours period (overnight).

Washing the slides with distilled water, followed
by placing them in PBS buffer solution was done next. Later,
Biotin secondary antibody was incubated and placed in PBS
buffer solution. Incubation procedure was realized with
Streptavidin-HRP, followed by another washing in PBS
buffer, when DAB chromogen was added over the slides.
Afterwards eosin-heamatoxylin staining was performed;
finishing up the process with slides preparation and
identification.

Caspase-3 primary antibodies (rabbit polyclonal
anti-CPP32 antibody, code number A3537 Biogen,
immunoglobulin fraction antiserum from rabbit) and CD-34
(rat monoclonal antibody, clone QBEnd/10, molecular
weight105-120kDa, specific binding reaction for humans)
were used in the study.

Histological sections were chosen for
immunohistochemical analysis from heamatoxylin
preparation staining, representing neoplasia and containing
no technical artifacts.

Positive immunoexpression cells analysis for
antibody anti-caspase-3 and anti-CD-34 was performed
under optical microscope using cytophometry through SAM-
BA 4000 Cell Image Analysis System, in high concentration
field unknown as hotspots.

The image analysis system was composed by
video-camera, two monitors, printer, microcomputer, and
specific Immuno® software for histological imaging
interpretation and analysis. The analyzer system developed
by Alcatel (Grenoble, France) stands for Microscope Analysis
System by Automatic Scanning (SAMBA 4000).

Initially, system calibration and pattern set were
performed in order to utilize the software.

Analogical imaging under the microscope is
captured through the camera and sent to the computer.
The respective software analyzer allows the computer to
form digital points into image (pixels), transforming them in
numerical image. Such process grants a value for each point
in the image. The light absorbed by the tissue in each
segment is quantified. Quantification was expressed by
variation gray color scale ranging from zero (black), points
without resistance to light beam, to 255 (white), presenting
resistance, in other words, where tissue is more dense.

Visual field screening for hotspots location was
performed and the reading procedure was conducted in
greek bar.

Objective lens 20x were used in number ranging
from 3 to 10 fields for each slide in order to identify, in the
nucleus and cytoplasm, the apoptosis biomarkers, and in
10 fields for each slide, in order to identify, in the endothelial

TableTableTableTableTable 1 1 1 1 1 – Frequency and percentage of Gleason grading
system in 34 patients presenting prostate
neoplasia.

Gleason GradingGleason GradingGleason GradingGleason GradingGleason Grading Cases NumberCases NumberCases NumberCases NumberCases Number %%%%%
SystemSystemSystemSystemSystem

2 1 2,9
3 0 0
4 2 5,9
5 6 17,6
6 11 32,4
7 10 29,4
8 2 5,9
9 2 5,9

10 0 0
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cell membrane, the angiogenesis biomarkers. Total surface
extent ranged from 60.000µm2 a 120.000µm2. Reading time
spent for each slide was approximately 40 minutes.

Parameters evaluated consisted into two variables
for quantifying markers expression: label index and mean
optical density. Label index describes the percentage of area
marked. Mean optical density comprises the color intensity.
Such variable is expressed in absolute number.

Data statistical interpretations were under
univariable analysis, calculating the positive biomarkers
expression, frequency, and percentage. In the bivariable
model, Fisher´s exact test analysis was used to correlate
histopathological Gleason´s score (<7 or =7) and biomarkers
that were also divided into two groups. First group included
values <50, considered low expression and second group,
values =50 were considered as high expression. Finally, it
was considered the association grade between biomarkers
through Spearman rank correlation test, estimating
coefficients and verifying its significance.

RESULTSRESULTSRESULTSRESULTSRESULTS

Thirty-four histopathological patient samples
presenting prostate neoplasia were evaluated. All samples
were immunostained for caspase-3 and CD-34, obtained
positive results in 73,5% and in 100%, respectively (P =
0,002).

In the caspase-3 marked slides, a chestnut color
was observed as for the nucleus as for the cytoplasm stained
regions. Blue coloration was noted in non-stained regions
(Figure 1).

In the CD-34 marked slides it was observed, in
endothelium, the same chestnut color for the stained regions
and blue color in non-stained regions (Figure 2).

Label index quantification and optical density
obtained for both markers are detailed in Tables 2 and 3.
Caspase-3 was considered in intervals of 50, in 25 patients,
and CD-34 protein was also considered in intervals of 50, in
34 patients.

Correlation between biomarkers quantificationCorrelation between biomarkers quantificationCorrelation between biomarkers quantificationCorrelation between biomarkers quantificationCorrelation between biomarkers quantification
according to Gleason´s Scoreaccording to Gleason´s Scoreaccording to Gleason´s Scoreaccording to Gleason´s Scoreaccording to Gleason´s Score

Table 4 demonstrates the correlation between
label index and optical density quantification for caspase-3
marker and both groups of patients defined by two grades
according to Gleason´s classification: <7 and =7. None of
the correlations was statistical significant (P > 0,05).

Table 5 verifies the correlation between label
index and optical density quantification for CD-34 marker
and both groups of patients defined by both grades according
to Gleason´s score: <7 e =7. None of the correlations was
statistical significant (P > 0,05).

In respect to the correlation coefficients between
caspase-3 and CD-34, the label index was 0,017 (p=0,936)
and optical density was 0,234 (p=0,272) and shows that
variables did not present statistical significance between
them (P > 0,05).

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

Early diagnosis improvements in prostate
adenocarcinoma have been looking for new biomarkers
due to the limitations uses of PSA as a diagnosis and
prognosis marker.

Weidner et al.8 concluded that the discovery of
accurate prognostic indicators that correlate with disease
evolution would help to identify patients who might require
aggressive therapy. Nowadays, it is well known the genetic
origin of prostate neoplasia. Alers et al. 9 confirm the

Figure 1 –Figure 1 –Figure 1 –Figure 1 –Figure 1 – Photomicrography presenting the high expression
caspase-3 pattern in prostate adenocarcinoma grade
6 according to Gleason´s score (400x enlargement).
The arrows indicate cells stained by the antibody.

Figure 2 –Figure 2 –Figure 2 –Figure 2 –Figure 2 – Photomicrography presenting the high expression of
CD-34 pattern in prostate adenocarcinoma grade 6
according to Gleason´s score (400x enlargement). The
arrow shows immunostained endothelium.
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possibility to document chromosomal alterations associated
with prostate cancer staging.

Gleason 10 recommends that, in smaller studies
on prostate cancer or when the objective consist in
comparison of tumor “good” and “bad” parameters, would
be preferable to separate patients into two groups according
to histological final count in <7 or =7. Based on this
recommendation, the cut point was also applied in this study
for statistical analysis comparison.

Cells have the ability to go under a form of
programmed cell death, known as apoptosis and tumor growth
is determined by an unbalanced cellular growth and death.

Apoptosis consists in form of programmed cell
death in multicellular organisms, mediated by proteolitic
enzymes known as caspases responsible for initiating the
process of cell death by cleaving specific proteins located in
cellular nucleus and cytoplasm. Caspases family is composed
of 10 proteins members, being caspase-3 as one of the
principles executors of the cellular process.

Caspase-3 has been already demonstrated 11 its
presence in various types of cells. Prostatic epithelial cells
are considered to be among cells presenting positive
immunoreactivity expression for caspase-3 protein. In the
present research, it was verified the presence of caspase-3
in 25 slides from a total of 34 (73,5%). Nevertheless, there
is controversial points in literature referring to percentage
expression, some demonstrating a lower percentage than
the one here presented 12 while others shown expression in
all slides 4.

Caspase-3 quantification was obtained in this
study by computer image using Immuno® software, which
expressed numerically the label index and optical density.
Such a method permitted exclusion of subjective
interventional of data analysis. Literature review has shown

that quantifying reports have been obtained in a subjective
analysis in most of the cases4. Therefore, in the present
study, the different results observed as compared to literature
may be explained by the different quantifying analysis
methods used in the recent research.

Relating to correlation between caspase-3
quantification and disease’s severity based on Gleason´s
score, the current research did not show significant
association. Many studies have been elaborated searching

Table 4Table 4Table 4Table 4Table 4 ––––– Quantifying correlation between caspase-3 marker and Gleason´s Score (<7 and =7).

CASPASE-3CASPASE-3CASPASE-3CASPASE-3CASPASE-3 GLEASONGLEASONGLEASONGLEASONGLEASON <7 <7 <7 <7 <7n n n n n = 13= 13= 13= 13= 13 GLEASONGLEASONGLEASONGLEASONGLEASON =7 =7 =7 =7 =7n n n n n = 10= 10= 10= 10= 10 P* P* P* P* P*  VALUE VALUE VALUE VALUE VALUE

Label index
0-50 3 3 1,0
51-100 10 7
Optical density
0-50 12 10 1,0
51-100 1 0

*Fisher´s exact test.

Table 2Table 2Table 2Table 2Table 2 ––––– Frequency and percentage relating to caspase-3
marker.

CASPASE-3CASPASE-3CASPASE-3CASPASE-3CASPASE-3 nnnnn %%%%%

Label index
0-50 6 24
51-100 19 76
Optical density
0-50 24 96
51-100 1 4

Table 3Table 3Table 3Table 3Table 3 ––––– Frequency and percentage relating to CD-34
marker.

CD-34CD-34CD-34CD-34CD-34 nnnnn %%%%%

Label index
0-50 14 41
51-100 20 59
Optical density
0-50 19 56
51-100 15 44

Correlação entre a quantificação dos biomarcadores segundo o Escore de Gleason

Table 5 –Table 5 –Table 5 –Table 5 –Table 5 – Quantifying correlation between CD-34 marker and Gleason´s Score (<7 and =7).

CD-34CD-34CD-34CD-34CD-34 GLEASONGLEASONGLEASONGLEASONGLEASON <7  <7  <7  <7  <7 n n n n n = 20= 20= 20= 20= 20 GLEASONGLEASONGLEASONGLEASONGLEASON =7  =7  =7  =7  =7 n n n n n = 12= 12= 12= 12= 12 P* P* P* P* P* VALUEVALUEVALUEVALUEVALUE

Label index
0-50 10 4 0,471
51-100 10 8
Optical density
0-50 11 8 0,71
51-100 9 4

*Fisher´s exact test.
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for possible correlations, presenting controversial data about
the subject, some describing none correlation present, while
others demonstrate the existence of possible association4.
Authors 13 gave some explaining over the conflicting results
obtained from the studies, justifying that the divergences
might reside in the amount of antibody used in each study,
its concentration, its affinity to the antigen, incubation period,
detection system sensibility, and fixation process. Another
point to be considered consist in the fact that 79,4% of the
analyzed samples in the present study were classified as
Gleason´s score 5-7, presenting variable biological behavior.

Bostwick et al.3, members of American College
of Pathologists affirmed during the Consensus of 1999 about
Prognosis Factors in Prostate Cancer, relating to apoptosis
process, the insufficient literature data for elaborating
recommendations, justifying the necessity of the researching
development over the subject.

Folkman 14 affirmed that angiogenesis, in
neoplasia, consist in a continuous and vigorous process
observed in cicatrization or inflammatory processes and, in
1986, reported that solid tumors were not able to grow
beyond 1-2 mm without organized vessel formation. Other
authors5,13 have demonstrated that in order to promote tu-
mor growth it becomes necessary to have new vessels
formation in the tumor area and that the angiogenesis index
would become a prognostic factor 8. Such statements justify
the importance of angiogenesis understanding in prostate
cancer, as it has been realized in this research,
demonstrating the angiogenesis process present in all
analyzed slides.

Bigler et al. 15 e Brawer et al. 16 were the
pioneers evaluating microvessels density in prostate tumor,
using a computer image analysis system and Siegal et al.17

demonstrated a higher microvessel density in the center of
prostate tumor than in the peripheral area, suggesting that
angiogenesis promoters present a more intense activity in
the center cancer region. The knowledge over the
topography of microvessels has its implications in quantifying
the angiogenesis process obtained through biopsy samples18,
differing in this study once the samples were obtained from
radical prostatectomies.

There are various types of antibodies anti-
endothelial cells and different ways to analyze microvessels
density. Offersen et al.19 examined two antibodies anti-
endothelial cells (anti-CD-34 and Von Willebrand anti-factor)
and two different methods to quantify angiogenesis in
prostate cancer: microvessels density and Chalkley. Both
methods, when evaluated using anti-CD-34 antibody,
demonstrated a better accuracy for this marker, revealing
CD-34 to be more sensible than Von Willebrand anti-factor
as tumor cell marker. Microvessels counting in the present
study based on a computerized system of reading, excluding
subject counting, thereby improving data credibility.

Correlation between CD-34 and Gleason´sCorrelation between CD-34 and Gleason´sCorrelation between CD-34 and Gleason´sCorrelation between CD-34 and Gleason´sCorrelation between CD-34 and Gleason´s
scorescorescorescorescore

Association between angiogenesis and tumor
severity has already been investigated by various authors 5,13,15.

In the present research, correlation between
antigen tumor expression and its severity grade was not
demonstrated. Such results are controversial as compared
to literature data review.

Bigler et al.15 revealed greater microvessels
density in prostatic tumors as compared to benign areas,
using policlonal antibody Von Willebrand anti-factor.
Microvessels image counting utilized digital image from
software (Bioscan, Edmonds, WA), a similar method as used
in this study. Other authors8 showed, through antibody Von
Willebrand anti-factor, that microvessels density presented
in metastatic prostate tumors was significant greater than
non-metastatic tumors. Although obtained in hotspots,
microvessels counting was conducted in a subjective manner
and the greek bar     method was not applied, unlike the
present study. Salomao et al. 20 noted positive correlation
between microvessels infiltration and Gleason´s score in a
study over 210 patients.

Controversial results found in this research could
not be explained due to the small population sample under
investigation. Weidner et al.8 also presented a small
population sample for study interpretation, composed by
only 15 patients. In immunohistochemical analysis, besides
the fact that subject counting was performed, different
antibody and biomarkers expressions quantification were
used, although hotspots analysis has been taken under
consideration. In the present investigation, one must
considered also the fact that 78% of samples evaluated
were considered in medium grade for malignancy, in other
words, they were not considered to be completely “good”
or “bad” tumors staging, agreeing to some authors
description18 about no correlation existence between
pathological grade in prostate adenocarcinoma and
Gleason´s scores ranging from 5 to 7. Bostwick et al. 3  affirm
that controversial literature data are justified by the different
methods applied and the interpretation inconstancy
determined by observers, as well as the reading manner
used in the studies (general counting or hotspots). Due to
the angiogenesis importance in tumoral biology, authors
recommend the development of new studies in order to
establish the proper model research pattern and
interpretation criteria.

In the current research, label index of tumor
markers and optical density evaluation did not show
significant correlation. Literature data are not clearly
set over the subject, therefore new studies development
must be considered in order to define possible
relationship.

It has been stated that in normal prostatic
epithelium cellular proliferation is balanced by apoptosis
process12. The target in an effective therapy would be
correcting such unbalanced growth process. In this
manner, it becomes essential the knowledge over
apoptosis process and its adequante intervention. Authors
6 affirmed the accurate knowledge in the angiogenesis
process has resulted in a great number of tested
farmacological agents in preclinical studies and, presently,
in clinical trials. If antiangiogenesis therapy itself is
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effective as monotherapy or in association with
radiotherapy, chemotherapy, or immunotherapy, it
remains to be determined.

This research with computerized method of
biomarker expression using SAMBA 4000 system, according
to literature review, is the first trial published. Other authors
have described a similar procedure, although different
softwares had been applied15,16. The system allowed to
quantify in an easy and fast manner the percentage of
marked area and its color intensity, avoiding subjective errors
reading.

In conclusion: 1. Caspase-3 and CD-34 biomarkers
were present respectively in 73.5% and 100% of the tumor
samples; 2. caspase-3 showed high expression regarding label
index in 76% of the plates, while demonstrating a low
expression in optical density reading in 96% of them; for
CD-34 protein, its index label index was high expressive in
59% of the plates, while optical density showed a low
expression in 56% of them; 3. no statistical significance was
demonstrated among biomarkers expressions and tumor
severity according to Gleason´s score; 4. no significant
correlation could be set between the biomarkers themselves.

R E S U M OR E S U M OR E S U M OR E S U M OR E S U M O

Objetivo: Objetivo: Objetivo: Objetivo: Objetivo: 1. Avaliar em qual percentual as células tumorais se marcam com caspase-3 e CD-34; 2. quantificá-los nas células

tumorais; 3. verificar  correlação entre quantificação e grau de malignidade tumoral; 4. correlacioná-los entre si. MétodosMétodosMétodosMétodosMétodos:

Estudaram-se 38 blocos com adenocarcinoma, classificados por Gleason e marcação imunoistoquímica para caspase-3 e CD-34. As

proteínas imunomarcadas foram quantificadas no software Immuno do Sistema Samba 4000 de citofotometria de imagem, pelo

índice de marcagem e densidade óptica. Resultados:Resultados:Resultados:Resultados:Resultados: Imunomarcou-se 25 lâminas para caspase-3 e 34 para CD-34. As quantificações

da caspase-3 para o índice de marcagem foram acima de 50 em 76% e, para densidade óptica, abaixo de 50 para 96%. Em relação

ao CD-34, índice de marcagem foi acima de 50 em 59% e densidade óptica abaixo de 50 em 56%. As correlações entre expressões

dos marcadores e a gravidade do tumor, assim como entre os marcadores, não evidenciaram significância estatística. Não se mostrou

relação de expressão com o score de Gleason. ConclusãoConclusãoConclusãoConclusãoConclusão: 1. A presença  caspase-3 e CD-34 foi de 73,5% e 100%, respectivamen-

te; 2. caspase-3 e CD-34 apresentaram alta expressão do índice de marcagem, e baixa para densidade óptica; 3. não houve

correlação entre as quantificações com a classificação de Gleason; 4. não houve correlação das expressões dos dois marcadores

entre si.

Descritores:Descritores:Descritores:Descritores:Descritores: Caspase 3. Antígenos CD34. Citofotometria. Imunoistoquímica.      Adenocarcinoma. Neoplasias da próstata.
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