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Gene expression study related with the intrinsic 
pathway of apoptosis in bladder cancer by 
real-time PCR technique
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ABSTRACT. We examined the expression of anti-apoptotic genes 
(XIAP and Bcl-2) and apoptotic genes (cytochrome c, caspase-9, Apaf-
1) in tissue samples of patients with superficial bladder cancer. Thirty-
two bladder cancer tissue samples (8 papillary urothelial neoplasm of 
low malignant potential, 10 low-grade, and 14 high-grade) and 8 normal 
bladder tissue samples from necropsy were used for the study of gene 
expression by real-time PCR analysis. Analysis of the expression of 
apoptotic gene constituents of an apoptosome demonstrated an increase 
in Apaf-1 expression in the three tumor grades when compared with the 
control (P < 0.01, P < 0.05, and P < 0.01), low expression of caspase-9 
in all groups (P < 0.05), and an increase in cytochrome c expression in 
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all tumor grades in relation to the control, although without statistically 
significant difference. The expression of anti-apoptotic genes revealed 
an increase in XIAP expression in all tumor grades in relation to the 
control, although without statistically significant difference, and low 
expression of Bcl-2 in all tumor grades and the control (P < 0.05). The 
results proved that there is low evidence of apoptotic activity by the 
intrinsic pathway, demonstrated by the low expression of caspase-9 
and considerable increase in XIAP expression, which may render these 
genes potential therapeutic targets in bladder cancer treatment.
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INTRODUCTION

Bladder cancer is the fifth most common neoplasm diagnosed in the Occident, being 
diagnosed approximately 336,000 new cases annually and killing 132,000 patients around the 
world (Parkin et al., 2001a,b; Pashos et al., 2002). After a quarter century of rapid advances, 
cancer research has generated a rich and complex body of knowledge, revealing cancer to be a 
disease involving dynamic changes in the genome (Hanahan and Weinberg, 2000).

The vast catalog of cancer cell genotypes is a manifestation of six essential altera-
tions in cell physiology that collectively dictate malignant growth: self-sufficiency in growth 
signals, insensitivity to growth-inhibitory (antigrowth) signals, limitless replicative potential, 
sustained angiogenesis, tissue invasion, and evasion of programmed cell death (apoptosis) 
(Hanahan and Weinberg, 2000), the last being the focus of this study.

Apoptosis is an evolutionarily conserved, genetically controlled process of pro-
grammed cell death used by multicellular organisms to eliminate cells in diverse physiologi-
cal settings such as development, homeostasis of tissues, and maintenance of integrity of the 
organism (Raff, 1998; Ameisen, 2002). Two major pathways leading to apoptosis have been 
delineated: the extrinsic or receptor-mediated pathway, and the intrinsic or mitochondrial 
pathway. Both pathways involve the activation of a cascade of enzymes called caspases, a 
family of cysteine proteases that cleave after aspartic acid residues. The extrinsic and intrinsic 
pathways possess an independent group of initiator caspases (which activates effector cas-
pases), and the pathways converge to utilize the same group of effector caspases that execute 
the final cell death program (Budihardjo et al., 1999).

The extrinsic pathway is characterized by the activation of cell surface death receptors 
following binding of their specific ligand (Ashkenazi and Dixit, 1998). The intrinsic pathway 
can be executed independent of death receptor signaling, also resulting in the activation of 
effector caspases. In a now well-characterized process, mitochondrial damage results in the 
leakage of cytochrome c into the cytoplasm. Subsequently, cytochrome c complexes with the 
cytoplasmic protein Apaf-1, which then oligomerizes and binds to procaspase-9, resulting in 
the formation of a multimeric complex called the apoptosome. This brings procaspase-9 mol-
ecules into close proximity with each other, allowing enzymatic self-activation. Caspase-9 is 
then able to cleave and activate the downstream effector caspases-3, 6, and 7 (Liu et al., 1996; 
Li et al., 1997; Zou et al., 1997).

Understanding the molecular mechanism and regulation of apoptotic function in dis-
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ease states is important for understanding such states and how they might be best treated. 
Thus, our objective was to analyze the genes that constitute the apoptosome (Apaf-1, cyto-
chrome c, and caspase-9) and anti-apoptotic genes (Bcl-2 and XIAP, known to regulate the 
intrinsic pathway) in human samples of superficial bladder cancer.

PATIENTS AND METHODS

The Ethics Committee in Research at Hospital das Clínicas da Faculdade de Me-
dicina de Ribeirão Preto (HCFMRP) approved the protocol and all patients permitted the 
use of resected material from their surgery by signing an informed consent form. Thirty-two 
samples of bladder superficial tumors were stored in liquid nitrogen immediately after their 
resection. They were graded as papillary urothelial neoplasm of low malignant potential 
(PUNLMP): 8 samples, low-grade papillary urothelial carcinoma: 10 samples, and high-
grade papillary urothelial carcinoma: 14 samples. Eight samples from necropsy of patients 
who did not have urogenital problems in life were used as control.

The RNA was extracted using the Trizol reagent (Invitrogen, Carlsbad, CA, USA) 
as recommended by the manufacturer, and the quality of the samples was assessed by 1% 
agarose gel electrophoresis. We used the High Capacity cDNA Reverse Transcription Kit 
(Applied Biosystems, Foster City, CA, USA) to synthesize cDNA, and TaqMan Master 
Mix (Applied Biosystems) and TaqMan Assay-on-Demand (Applied Biosystems) accord-
ing to manufacturer instructions to perform the real-time PCR. The Assays-on-Demand 
were: caspase-9 (Assay ID Hs00154260_m1), cytochrome c (Assay ID Hs01588973_m1), 
Apaf-1 (Assay ID Hs00559441_m1), XIAP (Assay ID 00236913_m1), Bcl-2 (Assay ID 
00608023_m1), and SDHA (Assay ID Hs00188166_m1), the last being used as the endog-
enous reference gene (Ohl et al., 2006). The median ∆Cts of control samples was used as 
the calibrator.

Analysis was conducted using one-way ANOVA and the Tukey post-test with 
GraphPad Prism version 4.0 for Windows (GraphPad Software, San Diego, CA, USA). 
Values of P < 0.05 were considered to be statistically significant.

RESULTS

The gene expression analysis presented normal distribution. The Apaf-1 gene expres-
sion (Figure 1) in all tumor groups exhibited increased expression when compared with the 
control. A statistically significant difference was observed between PUNLMP and control, 
PUNLMP and low-grade tumor, and PUNLMP and high-grade tumor (P < 0.0001, one-way 
ANOVA; P < 0.01, P < 0.05, and P < 0.01, respectively, Tukey post-test).

Caspase-9 gene expression is illustrated in Figure 2. We observed low expression 
of this gene in all groups of samples. A statistically significant difference was observed in 
PUNLMP and low-grade tumor (P = 0.0007, one-way ANOVA; P < 0.05, Tukey post-test).

Although the cytochrome c gene in all groups of samples presented increased expres-
sion (Figure 3), there was no statistically significant difference (P = 0.207, one-way ANOVA).

A statistically significant difference was observed between Bcl-2 expression in 
PUNLMP and high-grade tumors (P = 0.0007, one-way ANOVA; P < 0.05, Tukey post-test) 
(Figure 4). However, all groups studied presented low expression of this gene.
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Figure 1. Median values (± standard deviation) of APAF-1 expression in superficial bladder tumors and control 
samples (P < 0.0001, one-way ANOVA; C x GI, P < 0.01; GI x GII, P < 0.05; GI x GIII, P < 0.01, Tukey post-test).

Figure 2. Median values (± standard deviation) of caspase-9 expression in superficial bladder tumors and control 
samples (P = 0.0007, one-way ANOVA; GI x GII, P < 0.05, Tukey post-test).

Figure 3. Median values (± standard deviation) of cytochrome-c expression in superficial bladder tumors and 
control samples (P = 0.207, one-way ANOVA).
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Figure 5 depicts increased expression of XIAP in PUNLMP, low-grade tumor, high-
grade tumor, and the control. No statistically significant difference was noted (P = 0.1616, 
one-way ANOVA).

Figure 4. Median values (± standard deviation) of BCL-2 expression in superficial bladder tumors and control 
samples (P = 0.0007, one-way ANOVA; GI x GIII, P < 0.05, Tukey post-test).

Figure 5. Median values (± standard deviation) of XIAP expression in superficial bladder tumors and control 
samples (P = 0.1616, one-way ANOVA).

DISCUSSION

Jia et al. (2001) were the first to provide direct evidence suggesting that Apaf-1 protein 
levels in human leukemic cells vary constitutively. In addition, we demonstrated that a relative 
deficiency of Apaf-1 in human leukemic cells and tumor cells can result in resistance to apopto-
sis. Restoration of Apaf-1 protein levels after gene transfection is able to resensitize previously 
resistant cells to UV light-induced killing. Comparing two different cell lines, Jia et al. (2001) 
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observed that the bladder cancer J82 cell line expressed less Apaf-1 protein than the CEM/
VLB100 cell line, and that the sensitivity of J82 cells to UV light-induced apoptosis was consid-
erably lower than that in CEM/VLB100 cells. The percentage of apoptosis and the activation of 
caspase-3 and 9- were significantly increased after transfection with the Apaf-1 gene. More-
over, Apaf-1 transfection suppressed colony formation in J82 cells after UV light stimulation.

Christoph et al. (2008) investigated the methylation status of Apaf-1, caspase-8, 
DAPK-1, and IGFBP-3 in bladder, kidney, and testicular cancer using real-time methylation-
specific PCR to find similarities in methylation frequency and individual levels of methylation 
with regard to histopathological classification and biological behavior. Methylation frequency 
was the highest for Apaf-1 (88-100%) for all the different tumor types. The highest Apaf-1 
and DAPK-1 levels of methylation were found in the advanced tumor groups. Methylation 
frequency and methylation levels in normal tissue were significantly lower. Apaf-1 methyla-
tion was also frequent in normal testicular tissue, but at lower levels than that in cancerous 
tissue. Apaf-1 methylation levels in recurrent superficial and muscle-invasive bladder tumors 
were significantly higher. Methylation levels of Apaf-1 were also correlated with higher risk 
for recurrent metastatic disease in non-advanced tumors of the kidney. The methylation profile 
observed demonstrated a substantial role of the Apaf-1 gene in tumorigenesis. The different 
methylation pattern in testicular cancer might represent a different methylotype of this cancer.

The Apaf-1 gene is frequently methylated in bladder cancer, and methylation of this 
gene is found in more aggressive tumor types. Hinz et al. (2007) studied the EZH2 gene, which 
controls methylation of various EZH2 target promoters and the methylation of Apaf-1, DAPK-
1, and IGFBP-3 in transitional cell carcinoma (TCC). The EZH2 expression levels correlated 
well with the differentiation grade of the tumor specimens (P = 0.03), and the Apaf-1 methyla-
tion correlated with tumor stage (P = 0.0001) and grade (P = 0.004). Matched-pair analysis 
demonstrated a statistically significant correlation between elevated EZH2 mRNA expression 
and higher methylation levels of Apaf-1 in superficial (P = 0.024) and well-differentiated (P = 
0.04) TCC. Apaf-1 and IGFBP-3 methylation levels were significantly higher (P = 0.03 and P 
= 0.01, respectively) in patients with recurrent TCC. The authors concluded that EZH2 expres-
sion and Apaf-1 methylation are related to tumor progression and invasiveness.

Apaf-1 is necessary to activate caspase-9, which activates caspase-3, -6, and -7 (Furu-
kawa et al., 2005). Inactivation of Apaf-1 is described in malignant melanomas and malignant 
hematopoietic disorders (Soengas et al., 2001; Fu et al., 2003). Apaf-1 expression is reacti-
vated following exposure to demethylation reagents, demonstrating the relationship between 
re-expression and methylation. Fu et al. (2003) restored mRNA and protein expression in leu-
kemic cell lines with altered Apaf-1. Christoph et al. (2008) highlighted the importance of 
Apaf-1 in tumorigenesis and suggested that the inactivation of this gene by methylation is an 
early event in bladder cancer progression.

In our study, we noted that the expression of Apaf-1 in PUNLMP was significantly 
higher in relation to low- and high-grade tumors, and the expression decreased as the histo-
logical grade increased. Although there were no statically significant differences between low- 
and high-grade tumors, low-grade tumors exhibited higher expression than high-grade tumors, 
demonstrating that the gene expression decreases when the lesion becomes more aggressive. 
These data are in accordance with those of other studies (Hinz et al., 2007; Christoph et al., 
2007, 2008), which proves that the apoptotic rate can decrease in aggressive lesions, as Apaf-1 
is an important factor that controls the intrinsic pathway of apoptosis (Furukawa et al., 2005).



884

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 12 (2): 878-886 (2013)

D.F. Barione et al.

The role of cytochrome c in apoptosis was first identified in experiments in which the 
addition of dATP to cytosolic extracts induced caspase activity (Liu et al., 1996). Immuno-
depletion of cytochrome c in an extract abolished its apoptotic potential, whereas restoration 
of cytochrome c led to the recovery of apoptotic potential (Ow et al., 2008).

The connection to mitochondria was first observed in a Xenopus egg extract system 
in which mitochondria were required for spontaneous caspase activation, and cytochrome c 
was shown to be the main mediator of this effect (Newmeyer et al., 1994; Kluck et al., 1997).

Subsequently, microinjection of cytochrome c into the cytosol of various mammalian 
cell types was found to induce apoptosis (Li et al., 1997; Zhivotovsky et al., 1998). Con-
versely, cytochrome c-deficient cells were resistant to various apoptotic stimuli and exhibited 
decreased activation of caspase-3. Addition of exogenous cytochrome c to the mutant cells 
abrogated resistance to apoptosis (Li et al., 2000).

In our results, we found no statically significant difference for cytochrome c expres-
sion. The gene expression in all tumor grades and the control was similar, and high-grade 
tumors presented a slight increase in relation to the other groups. Nevertheless, we cannot 
suggest that apoptosis by the intrinsic pathway is increased.

Bcl-2 proteins are described as mitochondrial membrane regulators, and one of their 
functions is to control cytochrome c release, blocking the intrinsic pathway mechanism (Cory 
and Adams, 2002). The role of Bcl-2 expression in cellular tumorigenesis was demonstrated in 
transgenic rats, in which super-expression developed lymphoid tumors (Strasser et al., 1990). 
The high expression of Bcl-2 has been noted in many human cancers (hematopoietic, prostate, 
breast) (Reed et al., 1996).

In bladder cancer, immunoreactivity is significantly higher in poorly differentiated tu-
mors (King et al., 1996). However, Nakanishi et al. (1998) identified high immunoreactivity in 
patients with low-grade tumors. The role of Bcl-2 in TCC is not very clear (Bilim et al., 1998). 
Shiina et al. (1996) demonstrated high expression associated with less aggressive tumors, 
whereas Bilim et al. (1998) reported high expression in aggressive tumors.

Despite a significant difference between Bcl-2 expression in PUNLMP and high-
grade tumors, Bcl-2 expression in all groups was very low, and expression was the lowest in 
the high-grade tumors. Therefore, our findings are in accordance with those of previous re-
ports (Shiina et al., 1996; Cristoph et al., 2007). In our results, the expression of Bcl-2 clarifies 
the expression profile of cytochrome c. As an anti-apoptotic gene, Bcl-2 expression does not 
block the higher expression of cytochrome c released from the mitochondria. This connection 
is more obvious when comparing high-grade tumors in both genes (Figures 3 and 4).

Another group of proteins that control apoptosis are the members of the IAP family 
(Shi, 2002; Riedl and Shi, 2004). They control the activity of initiator and effector caspases 
(Deveraux and Reed, 1999). XIAP is a well-characterized member of this family and a power-
ful inhibitor of apoptosis (Salvesen and Duckett, 2002).

Increased expression of XIAP is reported in many cancers, including bladder cancer, 
and can produce resistance to chemotherapy drugs (Deveraux et al., 1999; Parton et al., 2002; 
Bilim et al., 2003). Li et al. (2007) demonstrated that XIAP expression was present in 61 
samples, or 4% of non-invasive bladder tumors. There was no statically significant difference 
between the expression and grade. However, it was noted that well-differentiated tumors (G1) 
expressed more XIAP than poorly differentiated ones (G3), which is similar to the findings of 
another study on different cancer types (Takeuchi et al., 2005). High levels of XIAP in super-
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ficial bladder tumors contribute to decrease of apoptotic activity, providing an advantage in 
tumorigenesis (Li et al., 2007).

The expression of caspase-9 in our study revealed a significant difference between 
PUNLMP and high-grade tumors. Nevertheless, gene expression in all groups analyzed was low.

The low caspase-9 expression can be explained by analyzing XIAP expression, which 
can inhibit caspase-9. There were no significant differences in XIAP expression, which is in 
accordance with the findings of Li et al. (2007).

We suggest that the apoptotic activity by the intrinsic pathway in superficial bladder 
cancer is very low because caspase-9 expression prevents apoptosome formation, and conse-
quently, activation of effector caspases. In addition, the high expression of XIAP may inhibit 
caspase-9 activity.

However, we cannot assume that apoptosis is absent in these tumors, because this 
process can occur by the intrinsic pathway, which is regulated by another group of proteins.
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