
Summary. Caspases are the main point in the apoptotic
process. We have collected some information from 210
cases of Ductal breast cancer (pT1 - pT2) such as tumour
size, histological differentiation degree, lymph node
status and tumor necrosis in the infiltrating component
and we have evaluated the number of apoptotic cells or
bodies by TUNEL technique as well as immuno-
histochemical studies to evaluate the expression of
caspase 3 and caspase 6, and proliferation index. 

Our results show that lymph node status and cell
atypism are independent prognostic factors for
recurrence and mortality and only tumour size is an
independent prognostic factor for recurrence.

However, the apoptotic index and the immuno-
histochemical expression of caspases and cell
proliferation index have not turned out to be independent
prognostic factors neither for recurrence nor mortality.

These results show that classic prognostic factors
known until now are the most important factors to
predict the evolution of the illness.
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Introduction

Breast cancer is the most common cancer in women
and it corresponds to 22% of all cancers in females, and
is the second leading cause of cancer death among
women (Parkin et al., 2001).

Although in the past, mortality due to this cancer
was very high, at the present time it has decreased
especially by screening programs and an early detection
as well as better oncology treatments (Botha et al.,
2003).

Apoptosis (programmed cell death) plays an
important role in tissue homeostasis and development. It

is regulated by a wide variety of survival signals as well
as cellular mechanisms that are in charge of DNA
integrity (Gilmore et al., 2000; Ritch et al., 2000). The
apoptosis execution mechanism results in the
development of characteristic morphological features
such as nucleus and chromatin condensation, cell
shrinkage and cytoplasmic blebs. The measure for
quantification of apoptosis is the apoptotic index (AI).
Many publications have proved that breast cancers with
a high apoptosis index (programmed cell death) have a
better prognosis compared with the same type of cancer
with less or no apoptosis (Lipponen and Aaltomaa,
1994; Berardo et al., 1998; Del Bufalo et al., 2002;
Sirvent et al., 2004). This feature seems to be related to
the high proliferation index that breast cancer with high
apoptosis have.

Many elements take part in the apoptotic process
apart from bcl-2 family proteins. Some of them are the
Caspases, a family of Aspartic based cysteine proteases,
which are activated sequentially and are the main point
in the apoptotic process. The caspases are proteins
expressed as inactive proenzymes and are usually
converted to their active forms through proteolytic
processing. They are able to cleave target proteins at a
sequence following aspartic acid residues and they can
also cleave substrate and functional proteins, such as
cytoskeletal proteins, oncoproteins and proteins of the
DNA repair system. Many members of the bcl-2 family
are resident proteins of the mitochondrial membrane and
they influence the mitochondrial membrane potential or
to promote or inhibit the release of caspase-activating
substances such as cytochrome c.

The caspases involved in apoptosis can be divided
into two main groups; the initiator caspases such as
caspases 8, 9 and 10; and the downstream effector
caspases such as caspases 2, 3, 6 and 7. The members of
the latter group are responsible of the morphological
changes in apoptosis (Green and Kroemer, 1998).

Caspase 3 is the most widely studied of effector
caspases, it plays an important role in both death
pathways and cleaves a wide range of cellular substrates,
including structural proteins and DNA repair enzymes

Caspase-3 and caspase-6 in ductal 
breast carcinoma: a descriptive study
S. Blázquez1, J.J. Sirvent2, M. Olona2, C. Aguilar2, A. Pelegri3, J.F. Garcia2 and J. Palacios4
1Pathology Department, Sant Pau i Santa Tecla Hospital, Tarragona, Spain, 
2Pathology Department, Joan XXIII Hospital, Tarragona, Spain, 3Oncology Department, Sant Joan Hospital, Reus, Spain and 
4Centro Nacional de Investigaciones Oncológicas (CNIO), Madrid, Spain

Histol Histopathol (2006) 21: 1321-1329

Offprint requests to: Dr. S. Blázquez, Department of Pathology, Sant
Pau i Santa Tecla Hospital, Tarragona, Spain. e-mail:
sblazquez@xarxatecla.net

DOI: 10.14670/HH-21.1321

http://www.hh.um.es

Histology and
Histopathology
Cellular and Molecular Biology



(Fernández-Alnemri et al., 1995).
Relatively little work has been carried out on

caspase expression in breast cancer, so the aim of this
study is to investigate caspase 3 and caspase 6
immunohistochemical expression and its relationship to
apoptosis and its relationship with breast cancer
prognosis, in a set of samples of ductal breast carcinoma.
We have also evaluated some other factors such as cell
proliferation index (ki67) and the average of apoptotic
cells done by TUNEL technique [terminal-
deoxynucleotidyl-transferase-mediated dUTP nick end
labelling] which allows us to detect the initial stages of
apoptosis where nuclear fragmentation has not taken
place so far  and could not be detected by morphological
assessment (Jong et al., 2000; Kato et al., 2002).
Materials and methods
Tissue

A total of 210 patients with invasive operable pT1
and pT2 (TNM-system of UICC) ductal breast
carcinoma (NOS), based on the WHO criteria (Tavassoli
and Devilee, 2003) were studied at the Joan XXIII
University Hospital from Tarragona between 1988 and
2001. In our study we have included infiltrating ductal
breast carcinoma (pT1-pT2), the most frequent breast
cancer, in order to avoid the dispersion of values into
different histological patterns.

Fresh tissue from tumourectomy was sent to the
Pathology Department immediately after surgical
removal. It was fixed in buffered formalin for up to 18
hours and afterwards embedded in paraffin. With a
microtome we obtained serial consecutive sections 4 µm
in thickness. 
Clinical study

Conventional clinical study features were evaluated,
including age, treatment carried out, complementary
treatment, presence of lymph-node metastases and
recurrence. Follow-up information was extracted from
patients’ charts. This article follows ethics requirements
needed for this type of study.
Histopathological characteristics

Sample tissues were studied in sections stained with
haematoxylin and eosin (H&E). The histological grade
was determined according to criteria established by
Elston (Elston and Ellis, 1988), and histological type
according to the WHO classification (Tavassoli and
Devilee, 2003). Classic pathological features were
evaluated, including tumour size (in mm), tumour
necrosis and node metastases. Tumour necrosis was
ascertained when there was more than 10% of necrosis
in the infiltrating component of the carcinoma. Presence
or absence of lymph-node metastases was also evaluated
and, if present, the number of nodes involved were
counted.

Apoptotic Index (AI)

Apoptotic cells were identified by the TUNEL
method, according to the standard procedure included in
the Apop Tag Plus In Situ Apoptosis detection System
(Oncor, Gaithersburg, MD). In brief, sections were
deparaffinised in xylene and ethanol and rinsed with
phosphate buffer saline (PBS); tissues were then
digested with proteinase K for 15 minutes and washed
with distilled water and in PBS. The sections were
incubated in a reaction mixture containing terminal
transferase and digoxigenin dUTP at 37ºC for 1 hour.
The specimens were then washed, followed by the
addition of antidigoxigenin antibody coupled to
horseradish peroxidase, and the tissues were incubated
for 30 minutes at room temperature. Following rinsing
with PBS, 3,3’-diaminobenzidine tetrachloride was
added for 10 minutes and counterstained with H&E.

The Apoptotic Index (AI) was defined as the average
number of apoptotic cells in 10 blindly selected high-
power fields (x40 objective, 0.152 mm2 per field) in a
single histological tumour section from each patient.
Immunohistochemical study

The slices were treated for blocking endogenous
peroxidase activity and non-specific binding.
Afterwards, the sections were incubated with a
monoclonal antibody against caspase-3, mouse
monoclonal caspase-3 antibody (CPP32) Ab-3 (Clone
3CSP03, NeoMarkers) and caspase-6; mouse
monoclonal caspase-6 antibody (Mch 2) Ab-3 (Clone
6CSP03, NeoMarkers); for 1 hour at 37ºC in a moist
chamber. Following rinsing with PBS 3,3’-
diaminobenzidine tetrachloride was added for 10
minutes and after washing it with PBS the
immunohistochemical technique was completed with
DAB kit (DAKO) for 5 minutes. Then the sections were
lightly counterstained with haematoxylin and mounted.

The other immunomarker assessed in the present
study was the mouse anti-human Ki-67 (BGX-297, Bio-
Genex) and each section was incubated 30 minutes with
the antibody at dilution 1:50 followed by the standard
procedure.

The caspase index was scored after having examined
five high-power fields (x400, 0.152 mm2 field, Leica) of
one section of each sample, and corresponds to the
percentage of caspase positive cells of five fields. Two
groups of tumours were obtained based on the cut-off
value statistically established at 10%.

The Proliferation Index (PI) was defined as the
average number of positive cells in 10 blindly selected
high-power fields (x40 objective, 0.152 mm2 per field)
in a single histological tumour section from each patient.
Statistical analysis

Descriptive analysis
The mean, the standard deviation (SD) and
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minimum and maximum values were used for
quantitative variables. Categorical variables were
described in terms of absolute and relative frequency.

Survival analysis
Survival curves were calculated for recurrence and

death using the Kaplan-Meier method.
Predictive-factor analysis
Recurrence and death were used as independent

variables.
Univariate analysis
The Cox proportional-risk analysis was used to

calculate the relative risk (RR) of the different predictive
variables. A 95% confidence interval (95% CI) was
calculated for each RR.

Multivariate analysis
The Cox proportional-risk analysis was used to

evaluate the independent predictive variables after they
were adjusted. The results are given as RR with 95% CI.
After performing partial multivariate analysis, those
variables that biologically and/or statistically could
predict for the dependent variable were included in the
final model.

The accepted level of statistical significance was
p<0.05.
Results

Patient characteristics are shown in Table 1. The
mean age at diagnosis in this series was 58.45 years (SD
13.34) (range 31-91).
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Fig. 1. Overall survival curves of Kaplan-Meier
for caspase-3 (A) and caspase-6 (B).

Table 1. Descriptive analysis: Clinical and histological findings.

VARIABLES N (%)

TUMOUR SIZE
≤ 20 107 (51.0)

> 20 ≤ 50 103 (49.0)
HISTOLOGICAL GRADE

I 63 (30.0)
II 77 (36.7)
III 70 (33.3)

NECROSIS
Positive 82 (39.0)
Negative 128 (61.0)

LYMPH-NODE STATUS
Negative 126 (60.0)
1-3 nodes 50 (23.8)
> 3 nodes 34 (16.2)

RECURRENCE
Yes 43 (20.5)
Not 167 (79.5)

A

B
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Fig. 3. TUNEL Technique (x 400).
Apoptotic bodies and cells stained.

Fig. 2. Relapse curves of Kaplan-
Meier for caspase-3 (A) and
caspase-6 (B).

A

B



The mean tumour size was 20.87 mm (SD 9.12)
(range 1-50). Tumour necrosis was seen in 82 cases
(39.0%). Axillary nodes could be analysed in all 210
cases and 84 (40%) presented metastases in a variable
number of nodes.

The median follow-up was 70.86 months (SD 38.05)

(range 1.02-201.32). The relapse and overall survival
curves related to caspase-3 and caspasase-6 values are
shown in Fig 1 and 2 in which it is observed that
tumours with caspases have a better prognosis that those
without caspase expression however these results have
no statistical value. 
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Fig. 4. Caspase-3 (x400). A high
positive case showing the
characteristic cytoplasm staining.

Fig. 5. Caspase-6 (x400). A positive
case showing nuclear and cytoplasm
staining.



Apoptotic index

Positive apoptotic cells or bodies showed brown
staining in the nuclei or in their fragments (Fig. 3).
Apoptotic index values had some variability, ranging
between 0% and 5% positive cells (Table 2).
Immunohistochemical study

Caspase-3 and caspase-6 had a heterogeneous
cytoplasmic, coarsely granular pattern (Fig. 4) and
simultaneous nuclear staining was only expressed by

caspase-6 (Fig. 5). The results of caspase-3 and caspase-
6 were shown in Table 3.

Proliferation index values had some variability
(Table 4; Fig 6).

No statistically significant associations emerged
from Spearman test between caspases and the rest of the
variables studied, such as tumour size (caspase-3
p=0.93; caspase-6 p=0.13), histological grade (caspase-3
p=0.11; caspase-6 p=0.25), and lymph node status
(caspase-3 p=0.556; caspase-6 p=0.052). Similarly,
caspasa-3 immunoreaction was not linked to a
significant extent neither with Ki-67 index (p=0.88) nor
apoptotic index (p=0.31). In the case of caspase-6, a
significant association emerged both with necrosis
(p=0.017) and ki-67 index (p=0.00) (Table 5).

Through multivariate analysis, neither caspases,
apoptotic index nor proliferation index have emerged as
significant prognosticators for the patients’ overall
survival (Table 6) or for recurrence (Table 7). The Cox
model revealed that lymph node status and
pleomorphism were independent predictors for mortality
and those plus tumour size were independent predictors
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Fig. 6. Proliferation index value (x 250). A
case with a high index.

Table 2. Descriptive analysis. Apoptotic index by TUNEL technique.

(%)POSITIVE CELLS FREQUENCY PERCENTAGE

0 % 41 19.5
> 0-1% 46 21.9
> 1-5 % 108 51.4

> 5 % 15 7.1

Table 3. Descriptive analysis. Caspases immunohistochemical results.

FREQUENCY PERCENTAGE

CASPASE-3
0-10 122 59.2

11-100 84 40.8
CASPASE-6

0-10 98 47.1
11-100 110 52.9

Table 4. Descriptive analysis. Proliferation index by immuno-
histochemistry.

KI 67 FREQUENCY PERCENTAGE

0 14 6.7
> 0-5 71 34.0

> 5-10 52 24.9
> 10-20 43 20.5

> 20 29 13.8



for tumour recurrence.
Discussion

Caspase-3

Caspase-3 is a critical component of the cell death
machinery, being regarded as the most downstream
enzyme in the apoptotic process due to its location in the
protease cascade pathway (Fernández-Alnemri et al.,
1995a). Caspase-3 was overexpressed in 40.8% of the
210 invasive ductal breast carcinomas studied in this

work, showing a homogeneous expression in the
cytoplasm of the neoplastic cells without any nuclear
expression. So caspase-3 resides in the cytoplasm and it
is transported into the nucleus during the process of
apoptosis in order to gain access to the nuclear substrate
of this enzyme (Krajewska et al., 1997). In this study we
have analysed two different methods for assessing
apoptosis: TUNEL and immunohistochemical staining
for caspases. Our results have not found any correlation
between them, but we should take into account that the
antibody used in the present investigation recognizes
both inactive and active forms of caspase-3. In normal
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Table 5. Correlation between variables. Spearman Test.

AGE LYMPH+ TM NECROSIS LYMPH HISTOL. TUBULE PLEOM. TUNEL CAS-3 CAS-6 Ki-67
SIZE INVASION GRAD

LYMPH + -0.08
p 0.24

TM SIZE 0.0184 0.2918
p 0.79 p 0.000

NECROSIS 0.0625 0.2997 0.3489
p 0.36 p 0.000 p 0.00

LYMPH 0.0118 0.4168 0.2761 0.2506
INVASION p 0.86 p 0.000 p 0.00 p 0.000
HISTOL. -0.088 0.1873 0.3123 0.3711 0.2903
GRADE p 0.20 p 0.006 p 0.00 p 0.000 p 0.000
TUBULES -0.064 0.1552 0.2798 0.3525 0.1407 0.6423

p 0.35 p 0.025 p 0.00 p 0.000 p 0.042 p 0.00
PLEOMOR. -0.031 0.1004 0.2555 0.3128 0.2162 0.6897 0.3443

p 0.65 p 0.147 p 0.00 p 0.000 p 0.002 p 0.00 p 0.000
TUNEL 0.0043 0.1995 0.3287 0.4022 0.2597 0.4711 0.3782 0.3307

p 0.95 p 0.004 p 0.00 p 0.000 p 0.000 p 0.00 p 0.000 p 0.00
CASP 3 -0.065 0.0412 0.0056 0.0159 0.0243 0.1099 -0.0324 0.0848 0.0703

p 0.35 p 0.556 p 0.93 p 0.821 p 0.729 p 0.11 p 0.644 p 0.22 p 0.31
CASP 6 -0.085 -0.1350 -0.105 -0.1649 -0.0509 -0.080 -0.1161 -0.061 -0.032 0.3793

p 0.22 p 0.052 p 0.13 p 0.017 p 0.465 p 0.25 p 0.095 p 0.38 p 0.64 p 0.00
Ki67 -0.008 0.1592 0.2118 0.2085 0.1449 0.4782 0.2419 0.4084 0.2818 0.0102 -0.18

p 0.89 p 0.021 p 0.00 p 0.002 p 0.036 p 0.00 p 0.000 p 0.00 p 0.00 p 0.88 p 0.00
MITOSIS -0.059 0.1874 0.3039 0.3437 0.2887 0.8528 0.4166 0.4882 0.4353 0.1210 -0.09 0.45

p 0.39 p 0.007 p 0.00 p 0.000 p 0.000 p 0.00 p 0.000 p 0.00 p 0.00 p 0.08 p 0.16 p 0.00

Table 6. Multivariate analysis in pT1-pT2 breast cancer patients for
mortality: Cox proportional-risk analysis.

VARIABLES RR IC 95%

AGE 1.1095 0.8-1.5
LYMPH-NODE + 3.5960 1.6-7.8
TUMOUR SIZE 1.0338 0.9-1.1
NECROSIS 1.0865 0.5-2.3
HISTOL. GRADE 0.8997 0.2-3.5

TÚBULES 1.4673 0.6-3.6
PLEOMORPHISM 2.1095 1.23-3.62

MITOSIS 1.0126 0.5-2.3
TUNEL 0.9843 0.9-1.0
CASPASE-3 0.55 0.48-1.16
KI 67 0.9856 0.9-1.0

Table 7. Multivariate analysis in pT1-pT2 breast cancer patients for
tumour recurrence: Cox proportional-risk analysis.

VARIABLES RR IC 95%

AGE 0.9294 0.7-1.2
LYMPH-NODE + 2.8647 1.4-5.9
TUMOUR SIZE 1.0392 1.01-1.1
NECROSIS 1.2501 0.6-2.6
HISTOL. GRADE 0.5578 0.1-2.1

TÚBULES 1.5765 0.6-3.7
PLEOMORPHISM 1.8545 1,08-3,17

MITOSIS 1.2853 0.6-2.8
TUNEL 0.9661 0.9-1.1
CASPASE-3 0.59 0.3-1.2
KI 67 0.9833 0.9-1.0



conditions, caspases are inactive in all cells, but once
activated, it can result in apoptosis, so increased caspase
levels in cancer cells do not implicitly indicate increased
apoptotic potential because the proportion of active and
inactive form is unknown. Although the immuno-
histochemical detection of a protein does not prove its
functional ability, an increase in protein expression does
entail an increase in functional ability (Nakopoulou et
al., 2001). Other authors using a polyclonal antibody
against the active form of caspases (Hadjiloucas et al.,
2001) which detects cells undergoing apoptosis at an
early stage, have found a strong correlation between the
two methods to detect apoptosis.

Moreover, no significant relationship was observed
between caspase-3 proteins levels and either tumour
size, lymph-node status, necrosis or histological grade. 
Caspase-6

Caspase-6 is another downstream enzyme with a
similar way of activation, but less studied than caspase-
3. Caspase-6 was overexpressed in 52.9% of the 210
cases studied, showing predominantly cyoplasmic with
some nuclear staining, so caspase-6 reside mainly in the
cytoplasm a bit in the nucleus. The antibody used against
caspase-6 in the present investigation recognizes both
inactive and active forms of caspase-6.

The results observed in this study related to caspase-
6 were similar to those observed with caspase-3 except
for a significant correlation between caspase-6 protein
and necrosis and proliferation index. Although we have
found this correlation, we can not contrast it with other
publications because caspase-6 has not been highly
studied, so further investigations will be necessary to
attest the value of these results.

In our study we have assessed caspase-3 and
caspase-6 in invasive ductal breast carcinoma in order to
have a homogenous sample without any histological
varieties to avoid a dispersion of the results; others
include any histological type of breast cancer and
compare the results with normal or benign breast tissue.
So we can compare completely our results with theirs.

Although some articles have found a correlation
between both techniques to asses Apoptosis (TUNEL
and immunohistochemical staining for caspases), we
think that further studies must be done before to apply
routinely immunohistochemistry to assess it. Other
authors have found out comparable results using either
immunohistochemistry (Vakkala et al., 1999) or western
blotting (O’Donovan et al., 2003). 
Apoptotic index

We have found that a high Apoptotic Index is
associated with the classically bad prognostic factors
such as large tumour size, high histological grade, lymph
node-positive and tumour necrosis, and a low AI is
associated with good prognosis parameters such as small
tumour size, low histological grade and lymph node-

negative. Our results compare well with other studies
(Lipponen and Aaltomaa, 1994; Berardo et al., 1998).

It is well known that proliferation rates increase in
carcinoma, and the finding that apoptosis rates are also
higher is suggestive of a tissue that is much more rapidly
turning over. The increases in apoptosis may be
indicative of substantial genomic instability that is
manifested during breast cancer progression. Moreover,
recurrent tumours had significantly higher proliferation
and apoptosis compared to primary tumours and
correlated with reduced patient survival (Vakkala et al.,
1999). Whereas apoptosis rates appear higher in invasive
breast cancers than in corresponding non-malignant
breast tissue, proliferation rates are also generally
increased in the malignant tissue (Bai et al., 1999).
Although others have found a significant correlation
between the apoptotic index and proliferation rates in
invasive breast carcinomas, in our study we have found
the same correlation but these variables are not
independent prognostic factors. We have found that
lymph-node status and atypism are independent
predictors for mortality, and these plus tumour size are
independent predictors for tumour recurrence. Neither
AI, proliferation index nor caspases have developed as
independent predictor factors. These results follow the
line we have studied in a previous work (Sirvent et al.,
2004).
Conclusions

Our series showed prognostic significance between
lymph-node status and atypism, with mortality. We have
found prognostic significance between lymph-node
status, atypism and tumour size with tumour recurrence.
We have found no significance between caspases, AI or
proliferation index with neither tumour recurrence nor
mortality.
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