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Prognostic Significance of Caspase- 3, Bcl-2, P53 and
GSTPI Expressions in Lung Adenocarcinoma
Serpil OGUZTUZUN*o, Ahmet OGUZ ADA**,
Murat KILIC***, Ebru CAKIR****, Aydın YILMAZ*****
Prognostic significance of caspase- 3, Bcl-2, P53 and GSTPI
expressions in lung adenocarcinoma

Akciğer adenokanserlerinde kaspaz-3, bcl-2, p53 ve GSTPI
ekspresyonlarinin prognostik önemi

SUMMARY

ÖZET

Lung adenocarcinoma is one of the most fatal cancers in humans,
and many factors are known to contribute to its poor prognosis.
The aim of this work is to investigate the prognostic value of the
apoptosis-regulating markers (caspase-3, bcl-2, p53) and the
important detoxification enzyme (GST pi), and analyze the
relationships among these immunohistochemical (IHC) results,
patients’ clinical characteristics, and survival. IHC stainings
were performed on 89 lung adenocarcinoma specimens obtained
from 89 patients from the Atatürk Chest Diseases and Thoracic
Surgery Training and Research Hospital, Ankara, Turkey. The
medical records of the patients were reviewed retrospectively.
The correlation between the presence of protein expression and
clinicopathological parameters (gender, age, tumor stage and
histology) was examined by using the Pearson correlation test.
Survival analysis was carried out by the Kaplan–Meier method.
The prevalence of caspase 3, bcl-2, p53, and GST pi expression
was 48%, 57%, 95% and 52%, respectively. The expression rate
of p53 was relatively high in smokers than that in non-smokers.
There were no correlations among the immunoreactivities of bcl2 and GST pi in clinical stage, and overall survival. However,
there was a significant relationship between caspase-3 and p53
expressions and overall survival. Caspase-3 expression was
correlated with good prognosis, and p53 expression was correlated
with poor prognosis.
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Akciğer adenokarsinomu insanlarda en ölümcül kanserlerden
biridir ve birçok faktör onun kötü prognozuna katkıda
bulunmaktadır. Bu çalışmanın amacı, apoptoz düzenleyen
belirteçlerin (kaspaz-3 bcl-2, p53) ve önemli bir detoksifikasyon
enziminin (GST pi) prognostik değerlerini araştırmak ve aynı
zamanda immunohistokimyasal (İHK) sonuçlar ile hastaların
klinik özellikleri ve sağkalım arasındaki ilişkileri analiz
etmektir. Bu amaçla Atatürk Göğüs Hastalıkları ve Göğüs
Cerrahisi Eğitim ve Araştırma Hastanesi, Ankara, Türkiye’den
alınan toplam 89 akciğer adenokanserli hastalarda, protein
ekspresyonları immunohistokimya ile değerlendirildi. Hastaların
tıbbi kayıtları retrospektif olarak incelendi. Protein ekspresyonu
ve klinikopatolojik parametreler (cinsiyet, yaş, tümör evresi ve
histoloji) arasındaki ilişki Pearson korelasyon testi ile incelendi.
Sağkalım analizi Kaplan-Meier yöntemi ile gerçekleştirildi.
Kaspaz-3, bcl-2, p53, ve GST pi ekspresyonları sırasıyla, 48%,
57%, 95% ve 52% olarak saptandı. P53 ekspresyonunun,
sigara içenlerde sigara içmeyenlere göre daha yüksek olduğu
belirlendi. Klinik evre ve genel sağkalımda, bcl-2 ve GST pi
immunoreaktivite arasında korelasyon bulunamadı. Ancak, p53
ve kaspaz 3 ekspresyonu ve genel sağkalım arasında anlamlı bir
ilişki saptandı. Kaspaz-3 ekspresyonunun iyi prognoz ile, p53
ekspresyonunun ise kötü prognoz ile ilişkili olduğu saptandı.
Anahtar kelimeler: Kaspaz-3, Bcl-2, p53, GST pi, akciğer
adenokanser.

Received: 28.04.2016
Revised: 06.05.2016
Accepted: 09.05.2016
Kirikkale University, Faculty of Arts and Sciences, Department of Biology, Kirikkale, Turkey
Ankara University, Faculty of Pharmacy, Department of Toxicology, Ankara, Turkey
***
Ankara University Vocational School of Health Services Department of Pharmacy Services, Ankara, Turkey
****
Tepecik Education and Research Hospital, Department of Pathology, Izmir, Turkey
*****
Ataturk Chest Disease and Chest Surgery Education and Research Hospital, Department of Chest Disease, Ankara, Turkey
*

**

Corresponding Author Address: Department of Biology, Faculty of Science-art, Kirikkale University, 71450 Yahşihan, Kirikkale, Turkey
Telephone: +90318-3574242/4031, Fax: +90318 3572461, E-mail: soguztuzun@yahoo.com
o

83

Oguztuzun, Oguz Ada, Kılıc, Cakır, Yılmaz

INTRODUCTION

MATERIALS AND METHODS

For lung adenocarcinoma (AC), surgery is the primary
method in the treatment of patients without demonstrable
metastatic disease. Staging is the most accurate means to
estimate prognosis. Although surgery achieves long-term
survival in early-stage patients, a significant proportion
may suffer from regional or distant recurrence (1). There
is a discrepancy in survival between patients within the
same stage of lung cancer (2). This suggests the need
to identify more molecular markers, the apoptosisregulating markers, and detoxification enzymes (3, 4).

Sources of materials

Although many studies have been conducted on the
clinical significance of apoptosis, few studies on the
clinical significance of caspase-3 expression in malignant
tumors have been reported (5). In addition, most of
these clinical studies on caspase-3 expression focused on
hematologic tumors, such as leukemia (6) and malignant
lymphoma (7). Studies on caspase-3 expression in nonsmall cell lung carcinoma (NSCLC) are limited and their
results on survival are contradictory (8-10).
Apoptosis is important during tumorigenesis. The
bcl-2 is a negative regulator of programmed cell death
(apoptosis) (2). The avoidance of apoptosis via bcl-2 may
lead to a survival advantage. The p53 protein may block
the progression of cell growth cycle and trigger apoptosis
in response to DNA damage. The mutation of p53 gene
causes a loss of tumor-suppressor function, promotes
cellular proliferation and inhibits apoptosis. The p53
mutation has been detected in many types of human
malignancy (3). Expressions of both oncoproteins bcl-2
and p53 have been reported as a prognostic predictor in
NSCLC with conflicting results in previous studies (3,
4).
Glutathione S-transferases (GSTs) are enzymes that
catalyze the conjunction of glutathione to numerous
exogenous and endogenous toxic compounds, such as
reactive oxygen metabolites. The GST family is divided
into membrane-bound and cytosolic enzymes. The
cytosolic GSTs are divided into 7 classes: alpha, mu, pi,
theta, sigma, omega and zeta (11). Expression differences
of the GSTs are likely to influence individual susceptibility
to carcinogens, including tobacco smoke (12). The GST
pi and GST mu are found to regulate the mitogenactivated protein kinase pathway which participates in
cellular apoptosis. GST pi is implicated in preventing
apoptosis (13).
Based on their involvement of apoptosis in tumorigenesis,
we investigated the relationship between caspase-3, bcl2, p53, GST pi proteins and their correlations with
clinicopathological parameters and survival in patients
with lung adenocarcinoma.
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The study included 89 patients with AC diagnosed
and treated at the Atatürk Chest Diseases and Thoracic
Surgery Training and Research Hospital, Ankara,
Turkey. The patients’ medical records were reviewed for
clinical information and follow-up status. The median
follow-up period was 34 months. Clinical staging,
adequate follow-up information, and the pathology
slides of the tumors were available for all patients. All
patients were staged at the time of surgery by regional
lymph node dissection. The disease stage was assessed
based on the American Joint Committee on Cancer
TNM staging system. Of the 89 patients, 75 were
male and 14 were female. Their ages ranged from
35 to 77 years with an average of 57.81±9.53 years.
Four (4.49%) patients were non-smoker. Among 89
surgically resected adenocarcinomas of the lung, 42
were stage I, 22 stage II, 24 stage III, and one stage
IV. The clinicopathological factors considered were age,
gender, tumor size, stage, and smoking status.
Immunohistochemical studies
The surgically resected specimens were fixed routinely in
10% formalin and embedded in paraffin blocks. Tissue
sections were cut at 4 µm and stained with hematoxylin
and eosin. For immunohistochemistry, endogenous
peroxidase activity was blocked by incubating the
sections in 1% hydrogen peroxide (v ⁄ v) in methanol for
10 mins at room temperature (RT). The sections were
subsequently washed in distilled water for 5 mins and
antigen retrieval was performed for 3 mins using 0.01
M citrate buffer (pH 6.0) in a domestic pressure cooker.
The sections were transferred in 0.05 MTris-HCl
(pH 7.6) containing 0.15 M sodium chloride (TBS).
After washing in water, the sections were incubated at
RT for 10 mins with super block (SHP125) (ScyTek
Laboratories, USA) to block nonspecific background
staining. The sections were then covered with the
primary antibodies diluted 1:100 for anti-caspase-3,
anti-GSTpi and p53; 1:50 for anti-bcl-2 in TBS at
4oC overnight. Polyclonal antibodies against caspase-3,
bcl-2 and p53 raised in rabbit were purchased from
Santa Cruz Biotechnology Inc., USA. After washing
in TBS for 15 minutes, the sections were incubated at
RT for biotinylated link antibody (SHP125) (ScyTek
Laboratories, USA). Then, treatment was followed
with Streptavidin/HRP complex (SHP125) (ScyTek
Laboratories, USA). Diaminobenzidine was used to
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visualize peroxidase activity in the tissues. Nuclei were
lightly counterstained with hematoxylin and then the
sections were dehydrated and mounted. Both positive
and negative controls were included in each run. Positive
controls consisted of sections of human tonsillitis
for caspase-3, bcl-2, and GSTpi, and human colon
carcinoma for p53. TBS was used in place of the primary
antibody for negative controls. Immunoreactivity
for caspase-3 was evaluated both qualitatively and
quantitatively. Immunostaining quantity was evaluated
on the following scale: 0 = negative, 1 = less than 25%,
2 = 25–50%, 3 = 50–75%, 4 = more than 75% of
tumor cells showing cytoplasmic positivity (Figure 1A).
Immunostaining intensity of caspase-3 was evaluated as
follows: 1 = weak, 2 = moderate, 3 = strong, 4 = very
strong cytoplasmic staining intensity. The samples were
then divided into three groups based on the combined
scores as follows: 0 = no immunostaining (score 0), 1
= weak immunostaining (scores 1–4) and 2 = strong
immunostaining (scores 5–8). Bcl-2 was recorded as

positive if cytoplasmic staining was present in >10%
tumor cells (Figure. 1B). Immunohistochemical
reactivity for p53 was recorded as the percentage of
stained nuclei. A specimen was considered as positive
when more than 10% of the nuclei were stained
(Figure. 1C). Immunostaining intensity for GST pi
was evaluated on the following scale: 1 = weak, 2 =
moderate, 3 = strong, 4 = very strong (Figure 1D).
Statistical analysis
Statistical analysis was performed by using SPSS
software version 11.5 (SPSS Inc., Chicago, IL, USA).
The correlation between the presence of protein
expression and clinicopathological parameters (gender,
age, tumor stage and histology) was examined by using
the Spearman correlation test. Survival analysis was
calculated by the Kaplan–Meier method. Three year
survival rate was also calculated. A p-value <0.05 was
considered as statistically significant.

Figure 1. Composite figures of immunohistochemical stains of caspase-3 (A), bcl-2 (B) p-53 (C) and GST-pi (D). A: lung
adenocarcinoma cells moderate staining for caspase-3 immunoreactivity; original magnification, 40X. B: bcl-2 positive
immunoreactivity in cancer cells showing cytoplasmic staining. Immunoperoxidase stain; original magnification, 40X.
C:
cancer cells staining positively for p53 immunoreactivity; original magnification, 40X. D: cytoplasmic staining of GST-pi
protein in cancer cells. Immunoperoxidase stain; original magnification, 40X.
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RESULTS
Caspase-3 expression has been analysed in tumor
tissues of patients with lung adenocarcinoma. Among
the 89 cases, 85 (95.50%) showed positive staining for
caspase-3. The immunostaining of caspase-3 revealed
diffuse cytoplasmic positivity restricted to the tumor
areas (Fig. 1A). Among the 89 cases, 51 (57.30%)
showed cytoplasmic staining for bcl-2 (Fig. 1B). Nuclear
staining for p53 was positive in 42/89 (47.19%) cases
(Fig. 1C). All samples from lung adenocarcinoma cases
had positive staining with the GST pi protein being
expressed in the cytoplasm, the nucleus, or both (Fig.
1D).

A

C

The expression of caspase-3, bcl-2, p53 and GST pi
markers were not significantly associated with any of
the prognostic factors (sex, tumor stage and tumor
size) (p>0.05) (Table 1). When the staining scores were
taken into account, there was a statistically significant
difference in p53 expression between smoker and
nonsmoker patients. The p53 expression scores in
smoker patients was significantly higher than nonsmoker
patients (p=0.028) (Table 1).
To determine whether the expression of caspase-3, bcl2, p53 and GST pi markers have prognostic value, we
evaluated the survival rates of 89 patients. In the whole
study population, caspase-3 expression was correlated
with better outcome. The estimated 3-year survival rate

B

D

Figure 2. Overall survival of 89 lung cancer patients by caspase-3 (p=0.007<0.05) (A), bcl-2 (p=0.481>0.05) (B), p53
(p=0.030<0.05) (C) and GSTpi (GSTP1) (p=0.086>0.05) (D) staining, Kaplan-Meier function.
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f: Mean±SE of age of patients. M: Male, F: Female, TS: Tumor Stage. The Relationships between the staining scores of the tumour markers and clinical parameters of
lung adenocarcinoma patients were investigated bySpearman’s Rank Correlation Test. The results were considered significant for p-value less than 0.05.

*: Number of positive stained samples with varying staining scores.
a: The cytoplasmic staining scores for Caspase-3 were calculated based on the sum of the staining intensity and the percentage of positively stained neoplastic cells. Staining intensity was
graded as: 0 for no, 1 for weak, 2 for moderate and 3 for strong stainings. Percentage of stained cells was evaluated as: 0 if no positively stained cells, 1 if 1– 25% of the cells stained, 2 if
25– 50% of the cells stained, 3 if 50–75% of the cells stained and 4 if >75% of the cells stained. Combined scores of Caspase-3 were calculated as: 0 if the sum of staining intensity and
percentage was 0, 1 if the sum of staining intensity and percentage was 1-4 and 2 if the sum of staining intensity and percentage was 5-8.
b: The cytoplasmic staining scores for bcl-2 were calculated based on the staining percentage of positively stained neoplastic cells. Percentage of stained cells was evaluated as: 0 if <10%
positively stained cells and 1 if >10% of the cells stained.
c: The nuclear staining scores for p53 were calculated based on the staining percentage of positively stained neoplastic cells. Percentage of stained cells was evaluated as: 0 if <10% positively
stained cells and 1 if >10% of the cells stained.
d: The cytoplasmic staining scores for GSTP1were calculated based on the staining intensity of positively stained neoplastic cells. Staining intensity was graded as: 0 for no, 1 for weak,
2 for moderate and 3 for strong stainings.
e: Mean±SE of Tumor Size in 89 patients.
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p53c

bcl-2b
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*npositive/%n
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Table 1. The Relationships between the staining scores of the tumour markers and clinical parameters of lung adenocarcinoma patients.
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was more in patients with caspase-3 negative tumors
than with patients with caspase-3 positive tumors
(p = 0.007) (Figure 2A). On the other hand, in patients
with p53 positive tumors, the 3-year survival rate was
more than patients with p53 negative tumors. The p53
expression tended to have an adverse impact on survival
(p=0.030) (Figure 2C). The expressions of bcl-2 and
GST pi (GSTP1) proteins had no statistically significant
impact on survival (p=0.481 and p=0.086 respectively)
(Figures 2B and 2D).

DISCUSSION
In the present study, the expression of apoptosis
related markers, namely, caspase-3, bcl-2, p53, and
GST pi were evaluated immunohistochemically.
The immunohistochemical results showed that lung
adenocarcinomas exhibit varying expressions of
caspase-3, bcl-2, p53 and GST pi proteins.
We have found that positive caspase-3 expression was
correlated with a good prognosis. This result confirms
Koomagi and Volm (8, 9), who reported positive caspase-3
expression, as determined immunohistochemically,
showed a significantly good prognosis as compared to
those with negative caspase-3 expression. However,
Takata et al. (10) reported that patients with positive
caspase-3 expression were associated with a poor
prognosis. It is plausible to suggest that survival is
improved by accelerated apoptotic cancer cell death
when caspase-3 is expressed strongly.

that p53 positive staining is significantly associated
with shorter survival. Overexpression of p53 protein
determined by immunostaining may contribute to the
adverse outcome due to the ability of TP53 to act as a
dominant oncogene (17). Also in smoker patients we
have found that p53 expression was significantly higher
than nonsmoker patients showing the unfavorable effect
of smoking on survival via p53 expression.
The effect of GST pi expression on survival has been
studied in different cancer types namely colorectal
(21), laryngeal (22) and breast (23) cancers, however
significant associations have not been found. Likewise,
the expression of GST pi had no statistically significant
impact on overall survival in our study.
In conclusion, the overexpression of caspase-3 has good
prognostic value in patients with lung adenocarcinoma,
while p53 has poor prognostic value for survival of the
same patients. Although, prediction of survival using
these markers seems uncertain, the observed correlations
with apoptotic proteins reinforce the potential usefulness
of caspase-3 and p53 in the development of therapeutic
strategies for lung cancer in future. The exact clinical
role of these markers should be defined through further
investigations.
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