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SUMMARY
The aim of the study was to determine whether the expression of active caspase-3 in neoplastic Hodgkin and Reed-Sternberg (H/RS) cells correlates with the
treatment response and provides prognostic information on treatment outcome. In this retrospective study, we included 56 patients with classical Hodgkin
lymphoma treated at the Department of Paediatric Haematology and Oncology between January 2000 and June 2005. Active caspase-3 was detected by immunohistochemistry in primary biopsy specimens. Seventeen patients (29.3%) were evaluated as caspase-3 positive and remained alive in the first complete
remission. This stood in contrast to patients with less than 5% caspase-3 positive cells, five of whom experienced relapse and three patients died. Adequate
treatment response was achieved in 11 patients (19.6%). Comparison of event-free survival with regard to the percentage of caspase-3 positive tumour cells
showed a tendency for a better clinical outcome in patients with 5% or more active caspase-3 positive cells.
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Exprese aktivní kaspázy 3 u dětí a adolescentů s klasickým Hodgkinovým lymfomem
SOUHRN
Cílem naší studie bylo zjistit, zda exprese aktivní kaspázy 3 v buňkách Hodgkinových a Reed-Sternbergové koreluje s dosaženou léčebnou odpovědí a poskytuje
prognostickou informaci ohledně léčebného výsledku. Do retrospektivní studie jsme zařadili 56 pacientů s klasickou formou Hodgkinova lymfomu, kteří byli
léčeni na Klinice dětské hematologie a onkologie v období mezi lednem 2000 a červnem 2005. Aktivní kaspáza 3 byla detekována imunohistochemicky ve
vzorcích z primárních biopsiích. Sedmnáct pacientů (29,3%) bylo hodnoceno jako kaspáza 3 pozitivních, všichni žijí v první kompletní remisi onemocnění. Oproti
tomu ve skupině pacientů s méně než 5% kaspáza 3 pozitivních HRS buněk jsme diagnostikovali v pěti případech relaps onemocnění a tři nemocní v důsledku
tohoto onemocnění zemřeli. Adekvátní léčebné odpovědi dosáhlo 11 pacientů (19,6%). Při hodnocení event-free survival s ohledem na zastoupení kaspáza 3
pozitivních nádorových buněk jsme ukázali tendenci k lepšímu klinickému průběhu u nemocných s více než 5% buněk s pozitivitou aktivní kaspázy.
Klíčová slova: klasický Hodgkinův lymfom – apoptóza – aktivní kaspáza 3 – léčebná odpověď – klinické výsledky

Classical Hodgkin lymphoma (cHL) is a systemic lymphoproliferative disorder derived typically from pre-apoptotic germinal
centre B-lymphocytes but rarely from transformed T-cells (1-4).
Combined modality treatment (multidrug chemotherapy regimens, radiotherapy) has improved the outcome of cHL patients,
with a 5-year overall survival of 90 % (5). Therefore, the aim of
current treatment protocols is to individually tailor the therapy
to specific risk factors (clinical and biological prognostic factors
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including caspase-3 (6,7)) with a reduction of late treatment-related complications and maintenance of high cure rates (8,9).
Chemotherapeutic approaches are based on proper activation
of an apoptotic pathway and the consequential activation of effector caspase-3. In some cases of Hodgkin lymphoma, chemotherapy
resistance can be caused by ineffective or functionless execution or
progression of the apoptotic cascade in neoplastic cells.
Apoptosis, as a pathway of programmed cell death, is a result
of a complex activation of various molecules including caspases
(cysteine-containing aspartic acid-specific proteases). Caspases
are present in the cytoplasm of both normal and neoplastic cells.
Their activation includes the cleavage of two different inactive
subunits and formation of a functional tetramer. Caspases are
divided into two groups: initial caspases (caspase 2, 8, 9 and 10)
and effector caspases (caspase-3, 6 and 7). Activation of initial
caspases is provided either by T-lymphocytes reacting with a cell
membrane death receptor (Fas/CD95) or by cytotoxic stress via
releasing intracellular cytochrome c. Active initial caspases react
with effector caspase proenzymes. Effector caspase-3 is presČESKO-SLOVENSKÁ PATOLOGIE 1 I 2014

ent in cytoplasm as a proenzyme with a molecular weight of 32
kD. Caspase-3 activation comprises an initial cleavage at its p20
cleavage site and an autocatalytic cleavage to form a functional
p17 subunit. In vitro studies have demonstrated the presence of
the large subunit in cytoplasm and its redistribution to the nucleus (10,11). The function of caspase-3 is executed through forming
a heteromer from separately nonfunctional subunits. Activated
caspase-3 is responsible for releasing CAD (caspase-activated
DNase) from its inhibitor and activating other effector caspases
(caspase-6 and -7), as well as a consequential cascade of apoptotic nuclear changes and cell death (12,13).
Apoptosis is regulated by several antiapoptotic protein
families, such as bcl-2, bax and IAPs (inhibitors of apoptosis), at
different steps of an apoptotic pathway. Increased or aberrant
bcl-2 expression was considered a possible cause of apoptotic
cascade blockade upstream of caspase-3.
Based on the presence of active caspase-3 in neoplastic cells,
we proposed that patients could be stratified into two groups:
one group with a functional apoptotic cascade and the other
with a probable blockage of apoptosis. Bcl-2 expression and its
potential correlation with caspase-3 expression were also investigated.

MATERIALS AND METHODS
Patients Characteristics
Between January 2000 and July 2005, 78 children with newly
diagnosed, biopsy proven cHL were treated at our department.
Among them, only 56 children were eligible for this study because the paraffin tissue blocks of 20 patients were not available
for further immunohistochemical analysis (mainly consultation
cases), and two patients were excluded from the analysis due
to their violation of the treatment protocol. Five children with
nodular lymphocyte-predominant Hodgkin lymphoma (NLPHL)
were not enrolled because of the previously described absence
of procaspase-3 expression in NLPHL (14).
Essential characteristics were extracted from the patients’
medical records: age at diagnosis, staging, gender, presence
of B symptoms, chemotherapy regimen, radiotherapy dosage,
treatment response and cause and time of death. The median
follow-up was 44.5 months (range, from 6 to 71 months).
Staging and Treatment
All patients underwent full staging investigations before the
start of therapy (chest X-ray, ultrasonography, computed tomography of chest, abdomen and pelvis and positron emission
tomography scans, as well as bone scans and bone marrow aspiration in advanced-stage cHL). Organ functions were assessed in
all patients including cardiac ejection fraction, spirometry, a routine serum chemistry panel and blood count. The staging was
performed according to the Ann Arbor Staging Classification.
Low-risk patients (stage IA, IIA and IIIA) received 2 or 4 cycles
of DBVE chemotherapy (on day 1 and 15: doxorubicin 25 mg/m2,
bleomycin 10 mg/m2 and vincristine 1.5 mg/m2; on days 1-5:
etoposide 100 mg/m2) with involved-field (IF) radiotherapy. Patients in the high-risk group received 3 or 5 cycles of DBVE-PC
chemotherapy (doxorubicin 30 mg/m2 on day 1 and 2; bleomycin 10 mg/m2 on day 1 and 8; vincristine 1.4 mg/m2 on day 1
and 8; etoposide 75 mg/m2 on days 1-5; prednisone 40 mg/m2
on day 1-10; cyclophosphamide 800 mg/m2 on day 1) and subsequent IF radiotherapy. Chemotherapy cycles were repeated
every 3 weeks. Radiotherapy was delivered to all nodal and extranodal sites of initial disease, with the exception of bone marrow and lungs, at a total dose of 21 Gy with 1.8 Gy per fraction,
one fraction per day.
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Treatment response was evaluated by computed tomography, ultrasonography, magnetic resonance and positron emission tomography (PET). FDG-PET scan was performed in 44
patients (78.6 %). Complete remission (CR) was defined as complete disappearance of disease symptoms a more than 75% reduction of initial tumour volume. CR achieved after two cycles
of DBVE chemotherapy or three cycles of DBVE-PC was considered adequate treatment response.
Survival curves were constructed according to the Kaplan-Meier method. Log-rank test was used to analyse differences between the curves. Multivariate analysis was performed using the
Cox regression analysis.
Immunohistochemistry
Pretreatment biopsy specimens of the patients were selected
from the Tumour Registry of the Department of Pathology and
Molecular Medicine. Formalin-fixed paraffin-embedded samples of all cases were reevaluated, and the diagnosis of cHL was
confirmed both by morphology and by immunohistochemistry
using a standard panel of antibodies (CD30, CD15, CD3, CD20,
fascin and bcl-2).
Caspase-3 and Bcl-2 Immunohistochemistry
All cases were examined by immunohistochemistry using a primary monoclonal antibody against the active caspase-3 (primary antibody to caspase-3 (active); Alexis Biochemicals, Lausen,
Switzerland). This antibody recognises cleaved caspase-3 in the
cytoplasm and nucleus. Antigen epitopes in tissue samples were
revealed by boiling the slides in citrate buffer or in a microwave
oven, and they were visualized by the streptavidin-biotin complex method using diaminobenzidine as a chromogen. The expression of active caspase-3 was semiquantitatively evaluated.
We evaluated its nuclear and cytoplasmic positivity in neoplastic
RS and Hodgkin cells using a positive control in apoptotic bodies
and lymphocytes (15). At least 75-100 neoplastic cells were counted. The cut-off of positivity was set as 5% of positive neoplastic
cells in accordance with previous publication by Dukers et al. (7).
Any cytoplasmic positivity of bcl-2 was evaluated as positive (16).

RESULTS
Demographics
Patient demographics are listed in Table 1. The male to female
ratio was 1.1:1.
According to the Ann Arbor Classification, patients were
mostly stage II (48.2 %). Common sites of involvement were mediastinal, supraclavicular and cervical lymph nodes. B symptoms
(fever > 38 0C, drenching night sweats and greater than 10%
weight loss within the previous 6 months) were present at diagnosis in 23 patients (41.1 %). Bulky disease (mediastinal mass
occupying more than one third of the transthoracic diameter on
a chest radiograph or a peripheral lymph node greater than
6 cm in maximal axial diameter) was observed in 32 patients
(57.1 %). Thirteen patients were assigned to the low-risk treatment group and 43 to the high-risk treatment group.
Treatment results
Treatment response was not evaluated in three patients because they achieved CR by surgery. In the low-risk group, five
patients (50.0 %) achieved CR after two cycles of chemotherapy.
In the group of patients with an advanced-stage disease, six patients (13.9 %) achieved CR after three cycles of DBVE-PC.
At 44.5-month median follow-up (range, 6 to 71 months), five
relapses and four progressions were recorded in four girls and
three boys.
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Table 1. Patients demographics
Characteristic

Table 2. Expression of bcl-2 antiapoptotic regulator
Active caspase-3 positive H/RS cells (%)

Caspase-3/bcl-2 status

> 5% (n = 17)

Double positive

9/56

16.10%

Positive/negative

8/56

14.30%

Negative/positive

26/56

46.40%

Double negative

13/56

23.20%

< 5% (n = 39)

Gender
Male

11

19

Female

6

20

Age (years)
Median

14

15

Range

5-19

3-18

I

3

1

II

3

24

III

7

7

IV

4

7

Nodular sclerosis

9

33

Mixed celularity

7

2

Lymphocyte depletion

0

0

Lymphocyte rich

0

0

Unspecified subtype

1

4

B symptoms

6

17

Bulky disease

9

23

Extranodal involvement

1

3

Spleen

5

4

Lung involvement

3

4

Bone involvement

1

2

Bone marrow involvement

0

1

≥ 1 site

1

2

Progression

0

4

Relapse

0

3

Death

0

3

Stage at diagnosis

Histologic subtypes

Organ involvement

Immunohistochemistry results
Histological subtypes were classified according to the WHO
modification of the Rye classification. Nodular sclerosis was the
predominant histological subtype (75.0 %). Mixed cellularity
was less frequent (16.1 %). In five cases, the histological subtype
was not specified due to limited availability of the tissue submitted for diagnosis.
Evaluation of active caspase-3 expression
The percentage of caspase-3 positive neoplastic cells ranged
between 0 % and 25 % with the mean value of 3 % (Figure 1A, B
and C). The cut-off of positivity was determined as 5 % of positive neoplastic cells according to experiences published in adult
patients by Dukes et al (7).
None of the 17 patients with 5 % or more active caspase-3
positive cells died, whereas three of 39 patients with less than
5 % active caspase-3 positive RS cells died.
An adequate treatment response was achieved in three
patients with early-stage disease and one patient with advanced-stage disease accompanied by 5 % or more active
caspase-3 positive cells. All patients with stable or progressive
disease had less than 5 % of caspase-3 positive cells in the pretreatment specimens.
Among 56 patients in our study, 51 are currently alive in the
first CR, one in the second CR and one in the third CR. One patient died from complications related to autologous stem cell

Figure 1. Evaluation of active caspase 3 immunoexpression in the pretreatment biopsy. A, B: Two positive cases – active caspase 3 cytoplasmic and nuclear
staning (original magnification 200x). C: Negative control (original magnification 400x).

Figure 2. EFS according to the number of caspase-3-positive RS cells in 56 cHL patients (17 patients with 5% or more
active caspase-3-positive cells, 39 patients with less than
5% active caspase-3-positive cells, p=0.08, SE±0.359, 95%
confidence interval 5.262-6.668 limited to 6.921, mean
5.965).
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transplantation after the second relapse of Hodgkin lymphoma, and two patients died of refractory disease. The overall
and event-free survival (EFS) rates in patients with 5% or more
caspase-3 positive cells were both 100 %; in patients with less
than 5 % caspase-3 positive cells the overall survival reached
95.7 %, and EFS was 83.2 % (Figure 2).
Comparison of EFS according to the number of caspase-3
positive RS cells showed a tendency to a better clinical outcome
in patients with 5 % or more active caspase-3 positive RS cells,
and this tendency was apparent even in stage IV patients. However, these results were not statistically significant (p = 0.08 and
p = 0.3, respectively).
In multivariate analysis, none of the analysed parameters
(age at diagnosis, gender, clinical stage and B symptoms) was
found to be significant, which confirms that prognostic factors gradually lose their predictive power when treatment is
successfully adapted to the disease burden (17).
Expression of an antiapoptotic regulator, bcl-2
We detected positivity of an antiapoptotic regulator bcl-2 in
62.5 % of our cases. Active caspase-3 versus bcl-2 expression
status in the investigated group of patients is listed in Table 2.
We did not observe any significant correlation between bcl-2
expression and active caspase-3 expression.

DISCUSSION
Proapoptotic or antiapoptotic status of a cell depends on the
activation or inhibition of different signalling pathways at different steps of cell death execution. In case of neoplastic cells,
the antiapoptotic status is predominant. Although the molecular pathogenesis of cHL remains unclear, it has been shown that
neoplastic H/RS cells demonstrate constitutive activation of nuclear factor kappa-B (NF-κB), resulting in an increased proliferation and survival of the cells (18,19). Furthermore, several other
proteins linked to the NF-κB pathway are involved in apoptosis
resistance, such as cellular FADD-like interleukin-1-inhibitory
protein (c-FLIP) (20). c-FLIP is an inhibitor of caspase-8 activity
and mediates cell resistance to death receptor (CD95/Fas)-induced apoptosis that is known to be insufficient in H/RS cells
(21,22), but it does not affect caspase-3 activity. Contrariwise,
caspases can be inhibited by the IAP-family molecules (inhibitors of apoptotic proteins) such as XIAP (23) or cIAP2. The latter
seems to be overexpressed in H/RS cells, and it interferes with
otherwise active caspase-3 (24).
We have shown that the expression of active caspase-3 in
more than 5 % of H/RS neoplastic cells of Hodgkin lymphoma
in pretreatment biopsies may predict a more favourable clinical outcome in patients with an advanced-stage disease. We did
not find a correlation between an expression of caspase-3 in the

neoplastic cells and the achievement of an adequate treatment
response. All 17 patients with 5 % or more caspase-3 positive
cells are alive in the first complete remission, but only 4 patients
(23.5 %) achieved an adequate treatment response. In the group
of 39 patients with less than 5 % caspase-3 positive cells, 2 patients died of progressive disease, and 5 relapses were diagnosed. None of the patients with adequate treatment response
relapsed, irrespective of their numbers of caspase-3 positive
neoplastic cells. Comparison of EFS according to the number of
caspase-3 positive RS cells showed a tendency towards a better
clinical outcome in patients with 5 % or more active caspase-3
positive RS cells.
Our study in children and adolescents unfortunately hasn´t reproduced previously published results in adult patients with significant differences in OS and EFS according to percentages of active caspase-3- positive H/RS cells (7). Statistical significance was
not achieved probably due to the limited number of patients in
our study and the short follow-up (median 44.5 months). Therefore, larger paediatric studies need be conducted.
Several previous studies revealed bcl-2 as a possible prognostic marker of poor outcome in cHL adult patients (25,26). Our
previous study on expression of the antiapoptotic protein, bcl2, suggested an inverse correlation between its expression and
active caspase-3 expression. However, we did not observe any
significant correlation between the expression levels of these
two factors in the present study, probably due to a more complex regulation of the apoptotic pathway in these cases. This is
in accordance with findings of a study by Bai et al. (27). In their
study, both pro- and antiapoptotic proteins of the bcl-2 family
were variably expressed, very often in a high percentage of the
cells, suggesting that it is mainly the antiapoptotic proteins that
counteract the expression of proapoptotic proteins and thereby contribute to cell survival. Furthermore, there was no inverse
correlation of bcl-2 and active caspase-3 expression.
A relation between a high number of active caspase-3 positive H/RS neoplastic cells and a better prognosis of cHL patients
supports the theory that a proper action of chemotherapy and
radiotherapy depends on a proper activation of the apoptotic
cascade, especially the effector caspases. The possibility to detect or even control the ineffective or inappropriate activation
of apoptosis could facilitate the development of new methods
in cancer management, although the complexity of the process
disallows to the reliability solely on one factor.
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