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Abstract. Alteration of molecular pathways triggering apoptosis gives raise to various pathological tissue processes, such
as tumorigenesis. The mitochondrial pathway is regulated by
both the genes of the Bcl-2 family and the genes encoding mitochondrial transport molecules. Those proteins allow a release
of cyctochrome c through the outer mitochondrial membrane.
This release activates the caspase cascade resulting in death of
cells. There are at least two main transport systems associated
with the family of Bcl-2 proteins that are involved in transport
of molecules through the outer mitochondrial membrane, i.e.,
the voltage dependent anion channels (VDACs) and translocases of the outer mitochondrial membrane proteins (TOMs).
We investigated the expression of genes of the Bcl-2 family,
i.e., pro-apoptotic Bak and Bid, and anti-apoptotic Bcl-2;
VDAC gene, i.e., VDAC1, VDAC2 and VDAC3; and TOMM
genes, i.e., TOMM20, TOMM22 and TOMM40. This study
was performed at the mRNA and the protein level. Fourteen
paraffin embedded prostate cancer tissues and five normal
prostate tissues were analyzed by the quantitative PCR array
and immunohistochemistry. We found a significant increase in
both mRNA expression of the anti-apoptotic Bcl-2 gene and
VDAC1 gene in prostate cancer tissue in comparison with
their normal counterparts. Translation of the anti-apoptotic
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Bcl-2 and VDAC1 genes in prostate cancer tissue was slightly
increased. We observed no significant differences in the mRNA
expression of the pro-apoptotic Bak and Bid genes, VDAC2 or
VDAC3 genes or the three TOMM genes in these tissues. The
pro-apoptotic Bax protein was downtranslated significantly
in secretory cells of prostate cancer as compared to normal
prostate. We suggest that this protein is a good candidate as
biomarker for prostate cancer.
Introduction
Apoptosis (programmed cell death) plays an important role
in a variety of biological phenomena including tissue homeostasis, morphogenesis and tumorigenesis (1,2). There are two
common pathways for initiation of apoptosis, i.e., the intrinsic
(mitochondrial) and extrinsic (or death receptor) pathways.
The intrinsic pathway is closely regulated by proteins of
the Bcl-2 family. This family consists of two main groups,
namely the pro-apoptotic proteins, i.e., Bak, Bax, Bad, Bcl-Xs,
Bid, Bik, Bim and Hrk and the anti-apoptotic proteins, i.e.,
Bcl-2, Bcl-xL, Bcl-W, Bfl-1 and Mcl-1. The anti-apoptotic
proteins regulate apoptosis by blocking the release of some
mitochondrial molecules, such as cytochrome c, whereas the
pro-apoptotic proteins promote their release from mitochondria to the cytoplasm. Caspases are activated by cytochrome c
in the cytoplasm (3,4).
Alteration of the apoptotic pathways results in a variety of
pathological tissue processes including cancer, autoimmune
disorders and neurodegenerative diseases. In cancer, there
is a loss of balance between cell division and cell death that
seems to play a pivotal role in carcinogenesis (2,5,6). It has
been reported that the expression of the anti-apoptotic Bcl-2
gene is increased in prostate cancer cells and is associated
with a hormone-insensitive, metastatic phenotype of prostate
cancer (7-9). The high expression of Bcl-2 protein in surgical
specimens of prostate cancer was demonstrated in response to
androgen deprivation therapy (ADT) applied prior to radical
prostatectomy (10). Whereas the expression of the anti‑apop-
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totic Bcl-2 protein was significantly increased in prostate
cancer tissues along the increasing Gleason score, expression
of the pro-apoptotic Bak and Bax molecules remained similar
in these tissues (11).
The anti-apoptotic Bcl-2 and Bcl-x proteins can interact
structurally with the voltage dependent anion channel
(VDAC), especially with the N-terminal region of VDAC
isoform 1 (12). The VDACs are found mostly in the outer
mitochondrial membrane (OMM), which are active during
the movement of various substances into and out of the mitochondria (reviewed in ref. 13). The VDACs play an essential
role in the release of cytochrome c during the apoptotic
process (14-16). Moreover, some publications reported that
the family of the apoptotic Bcl-2 proteins interact the outer
mitochondrial membrane protein (TOM) (17,18). Protein
complexes such as TOM and VDAC were proposed to act
similarly to Bax receptors in regulation of apoptosis (18).
Bellot et al (17) demonstrated that TOM is a receptor for the
pro-apoptotic Bax protein. Expression of TOMM22 gene
resulted in inhibition of the association between Bax and
mitochondria preventing Bax-dependent apoptosis (17). It
remains unclear, how VDACs or TOMs interact with the other
apoptotic proteins, such as Bax, Bak and Bcl-2 molecules to
induce apoptosis. However, the latter one is inhibited during
prostate tumorigenesis.
In this context, we investigated both the level of expression
of protein complexes and their association with the expression of Bcl-2 family in prostate cancer tissue. We measured
the transcript (mRNA) expression level of three members of
the Bcl-2 family, i.e., the pro-apoptotic Bak and Bid protein,
as well as anti-apoptotic Bcl-2 protein; three isoforms
of VDAC, i.e., VDAC1, VDAC2 and VDAC3; and three
member genes of TOM complexes, i.e., TOMM20, TOMM22
and TOMM40 in prostate cancer or normal prostate tissues.
Based on the transcript expression level, we evaluated in
the same tissues the expression level of the family of Bcl-2
proteins, i.e., anti-apoptotic Bcl-2 and pro-apoptotic Bax,
as well as outer mitochondrial membrane protein of VDAC1.
Materials and methods
Samples. We analyzed two groups of tissues, i.e., prostate
cancers with Gleason score 6 to 10 and normal prostates.
Fourteen paraffin-embedded prostate cancers classified as
patterns Gleason 6 to 10. All of them were obtained from the
Tissue Archives at the Department of Anatomical Pathology,
Faculty of Medicine, University of Indonesia during a period
of 2007-2010. These samples were obtained from the prostate
cancer patients who underwent prostatectomy. Five normal
prostates were obtained from adult human male cadavers
at Department of Forensic Medicine, Faculty of Medicine,
University of Indonesia using the following criteria: tissues
were taken from the deceased within 0 to 12 h from death,
age between 15-25 years, who had no health problems
including hypogonadism. A pathologist consultant verified
the diagnosis of prostate cancer in the appropriate tissues
as well as normal prostate tissue structure in the control
group. The study was approved by the local ethics committee
and informs consent was obtained from the patients or the
family of the deceased.

Tissue processing, RNA extraction and cDNA synthesis.
Tumor areas were identified in the 4 µm-thick, formalin-fixed
and paraffin-embedded prostate sections. Normal prostate
tissue were put into fixative, embedded in paraffin and cut into
4 µm-sections for routine histology examination. Total RNA
from both kinds of tissues was extracted using High Pure RNA
Paraffin Kit (Roche, Mannheim, Germany) according to the
manufacturer's protocol. In the protocol, DNase and Proteinase
K were added to improve RNA quality. Concentration of total
RNA in the samples was quantified. RNA purity was determined using Nanodrop (Thermo Scientific, Langenselbold,
Germany). Subsequently, integrity of RNA was evaluated
using Experion (Bio‑Rad, Munich, Germany). cDNA was
synthesized from 500 ng of total RNA using the RT2 Formalin
Fix Paraffin-Embedded (FFPE) PreAMP cDNA synthesis kit
(SABiosciences, MD, USA).
PCR array. Quantitative mRNA expressions of three
members of the family of Bcl-2 genes, i.e., Bak, Bid and
Bcl-2; three isoforms of VDAC, i.e., VDAC1, VDAC2 and
VDAC3; and three member genes of TOM complexes, i.e.,
TOMM20, TOMM22 and TOMM40 were analysed in
custom designed PCR array plate for human genes according
to the manufacturer's protocol (SABiosciences). As a control,
expression of three housekeeping genes GAPDH, ACTB
and HPRT1 were investigated in this study. The reaction
was performed using commercially available RT2 Nano
PreAMP cDNA Synthesis Primer Mix for Human Custom
PCR array (SABiosciences). The following conditions were
applied: 95˚C for 10 min, 8 cycles of 95˚C for 15 sec, 60˚C for
2 min. The cDNA was amplified by RT2 Real Time Master
Mix SYBR‑Green (SABiosciences) using iCycler (Bio‑Rad)
under the following conditions: 95˚C for 10 min, 40 cycles of
95˚C for 15 sec, 60˚C for 60 sec and 72˚C for 20 sec.
Immunohistochemical staining of the Bcl-2, Bax and VDAC1
proteins. Based on the mRNA expression results, the expression of the anti-apoptotic Bcl-2 and VDAC1 proteins in
both kinds of tissues were evaluated. For the expression in
pro-apoptotic protein level, we evaluated pro-apoptotic Bax,
instead of the Bak molecule. The formalin fixed paraffinembedded tissue of prostate cancer and normal prostate
samples were cut into 4 µm-thick histological sections. The
samples were placed on the positively charged microscope
slides, dried at 37˚C for 30 min and incubated at 60˚C for
60 min using the slide warmer (Premiere, Atlanta, GA, USA).
The sections were deparaffinised in Xylene 3 times for 3 min
of each and dehydrated in the alcohol series and tap water.
Endogenous peroxidase was blocked by submerging the slides
in 0.5% H2O2 in methanol for 5 min. Subsequently, the slides
were washed in tap water and rinsed in distilled water, heated
in TE solution using microwave (Electrolux, Italy) power
level 9 for 3 min and power level 1 for 10 min; and allowed
to cool down at room temperature for 30 min. Staining was
performed using the Starr Trek Universal HRP Detection
System (Biocare, CA, USA) as follows: the slides were placed
in PBS pH 7.2 for 5 min, dried and dropped by the protein
blocker of background sniper (Biocare) for 15 min at room
temperature and probed with the primary monoclonal antibody of Bcl-2 or Bax (Santa Cruz Biotechnology, CA, USA)
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Figure 1. mRNA expression of the TOM20, TOM22 and TOM40, the apoptotic Bak, Bcl-2 and Bid as well as VDAC1, VDAC2 and VDAC3 genes in
prostate cancer tissue compared to normal tissue. There were significant differences of the relative expression of Bcl-2 (*p=0.038) and VDAC1 (**p=0.034)
transcript genes, whereas there were no significant differences of the expression of three isoforms of TOM genes, pro-apoptotic Bak and Bid genes or
VDAC2 and VDAC3 genes (p>0.05) in prostate cancer tissues compared to normal prostate tissues.

or anti-VDAC1 antibody (19). Extensive washing in PBS was
carried out before the sections were incubated with Trek
Avidin-HRP label (Biocare) for 20 min at room temperature.
The samples were washed again three times. Betazoid diaminobenzidine chromogen (Biocare) was then added to the
sections which were incubated in the dark for 5 min before
being counter stained in haematoxylin for 60 sec, washed in
tap water, dehydrated in ascending grades of alcohol before
cleaning with xylene and mounting under a cover slip.
Semi-quantitative analysis of expression of Bcl-2, Bax and
VDAC1 antigen in tissue sections. Histological slides of normal
prostate or prostate cancers stained with antibodies for Bcl-2 or
VDAC1 were digitalized using both the microscope Olympus
BX51TR-32FB3F01 with a lamp house for 100W halogen
and the camera DP25-SET. The images were digitalized at
magnification, x1,000 and snap resolution 2,650 x 1,920. They
were saved in the jpg format. The images were analyzed by the
semiquantitative algorithm DAB Immune Membrane written
as the Image J plugin by Vilppu Tuominen and Jorma Isola of
the Cancer Biology Research Group, Institute of Biosciences
and Medical Technology (BioMediTech), University of
Tampere, Finland. This plugin is a part of the open-source
software package (Image J, NIH, USA). The plugin evaluates
both intensity and completeness of staining of prostate glands
or cell infiltrates. First, it segments diaminobenzidine-stained
(DAB) regions of the image. Then, classifies the image based
on the staining completeness and intensity. One calibrates the
algorithm for the first measurement by defining contrast, intensity range and scale in pixels/µm. Subsequently, the algorithm
was tested and tuned up against the images representing both
a positive control, i.e., a strong PSA-positive prostate cancer
tissue and a negative control, i.e., a PSA-negative colonic
mucosa.
Statistical analysis. The number of cycles required for the
fluorescent signal to cross the threshold in qPCR method
(cycle threshold/Ct) values for each qPCR product, where the

amplification curves corrected against the background crossed
a threshold value, were applied in the statistical analysis. Some
candidate reference genes were selected using GeNorm software (20). Applying that software, ACTB and HPRT1 were
found to be the best combination of two reference genes. For
further analysis of the real-time RT-PCR data, we combined
ACTB and HPRT1 as the reference genes for normalization
of gene expression. Relative expression levels were calculated
using the software GenEx Pro 4.3.7 (MultiD Analyses AB
Copyright©, Weihenstephan, Germany). The mean expression
of mRNA corresponding to nine selected genes was analyzed
in the group of prostate cancers or in normal prostates using
Student's t-test at p<0.05.
Results
Transcript expressions of mitochondrial-apoptotic molecules
(Bak, Bid, Bcl-2), -transport molecules (VDAC1, VDAC2,
VDAC3, TOM20, TOM22 and TOM40). Quantitative PCR
array demonstrated a significant increase in mRNA expression of anti-apoptotic Bcl-2 gene (p=0.038) and VDAC1 gene
(p=0.034) in all 14 prostate cancer tissues compared with 5
normal tissue samples. No significant difference in mRNA
expression was found between the pro-apoptotic Bak and Bid,
VDAC2 and VDAC3 genes as well as TOMM20, TOMM22,
TOMM40 genes in prostate cancer tissue samples and normal
tissues (p>0.05) (Fig. 1).
Expression of Bcl-2, Bax and VDAC1 at the protein level in
prostate tissues. The expression of Bcl-2, Bax and VDAC1 at
the protein level in normal prostate and cancer prostate tissues
can be appreciated in Fig. 2: A and B, C and D, E and F,
respectively. All three proteins were dispersed in a form of
the cytoplasmic grains with a faint membrane staining. In
particular, the positive signals of the anti-apoptotic Bcl-2
protein appeared in basal epithelial cells rather than in secretory ones (Fig. 2A). Those proteins were expressed in cells
in a relatively broad range as measured by intensity and
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Figure 2. Expression of the anti-apoptotic Bcl-2 protein in the histological section of (A) normal prostate and (B) prostate adenocarcinoma; pro-apoptotic Bax
in histological section of (C) normal prostate and (D) prostate adenocarcinoma; VDAC1 protein in histological section of (E) normal prostate and (F) prostate
adenocarcinoma. Magnification, x1,000.

completeness, i.e., IM-score (Fig. 3). There was a significant
difference in translation of Bax, but not in translation of Bcl-2
and VDAC1 (p<0.05, p=0.887 and p=0.814, respectively). The
semiquantitative algorithm indicates that Bcl-2 and VDAC1 in
prostate cancer cells has a tendency to increased expression
in comparison with normal prostate. However, this difference
is not statistically significant. On the contrary, there was a
significant decrease in Bax expression in prostate cancer
tissues as compared to normal prostate (Fig. 3).
In the ROC analysis, Bax is shown as the only marker
with sufficient statistical power to distinguish between normal
prostate (NP) and prostate cancer (PCa) (Fig. 4A). Bax protein
sensitivity was 100% and specificity 64% at the cut-off value

6.60. The other two markers were not useful producing AUC
of about 0.5 or lower (Fig. 4B).
Discussion
By using PCR array method, this study showed the transcript
expression of three kinds of apoptotic proteins of the Bcl-2
family, i.e., pro-apoptotic Bak and Bid, anti-apoptotic Bcl-2
and protein subunits of the outer mitochondrial membrane
transport complexes, i.e., three isoforms of voltage dependent
anion channels (VDAC1, VDAC2 and VDAC3) as well as
three isoforms of the translocase of the outer mitochondrial
membrane (TOM20, TOM22 and TOM40) in prostate cancer
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Figure 3. Translation of Bax, Bcl-2 and VDAC1 protein in prostate cancer (1, 3
or 5) or in normal prostate (2, 4 or 6). The green circles represent the 5% and
95% percentile. The red dotted line depicts the mean values. The black line
represents the median. *p<0.05 denotes significant difference.

tissues compared to normal prostate tissues. We found that
the transcript expression of the anti-apoptotic Bcl-2 protein
and VDAC1 increased significantly in prostate cancer tissues
compared to normal ones. When we compared the transcript
expression of Bcl-2 and VDAC1 between normal tissues
and prostate cancer with Gleason score >7 (10 samples) the
increase was even more significant (p= 0.028). Unfortunately,
we were not able to analyze the differences of the level
expression of both genes in normal tissues and prostate cancer
tissues with Gleason score <7 due to lack of sufficient amount
of samples (4 samples). The transcript expression of VDAC1
might be related to the increased expression of anti-apoptotic
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Bcl-2 in cancer cells. Both proteins would inhibit apoptosis of
prostate cancer cells.
Hence, we conclude that the increased Bcl-2 mRNA expression is associated with progression of prostate cancer. Our
finding is in concert with the previous observations that Bcl-2
gene may be involved in progression of prostate cancer (21).
The increased amount of the Bcl-2 transcript in prostate cancer
tissue was found also in prostatic intra-epithelial neoplasia.
Overexpression of the anti-apoptotic Bcl-2 protein causes
effects similar to those of an oncogene (22).
A relationship between gene expression measured as
mRNA amount of Bcl-2 as well as VDAC1 and the amount
of the appropriate protein is non-linear. The mean amounts of
Bcl-2 or VDAC1 mRNA are greater in prostate cancer than
in normal prostate. Those differences disappear at the protein
level. In addition, translation of the genes in normal prostate
does not produce different amounts of the proteins to the
extent of that in prostate cancer and results in greater values
of standard deviation. Other researchers have found a reverse
relationship. For example, Fuzio et al demonstrated that the
Bcl-2 mRNA level was significantly decreased in prostate
cancer in comparison with normal prostate tissues. Androgen
deprivation therapy increased the Bcl-2 mRNA level. However,
this difference was not significant (10).
Immunostaining demonstrated in normal prostate tissues
positive signals of the anti-apoptotic Bcl-2 protein in basal
epithelial cells (Fig. 2A). This finding is in line with the results
of Hockenbery et al showing that this anti-apoptotic protein
was confined to the basal cells of the prostate epithelium, and
was undetectable in secretory cells (23). The disparity between
these two cell types is marked by their different capacity to
express the anti-apoptotic proteins (20).
Proteins of the Bcl-2 family play a pivotal role in
the mitochondrial apoptotic pathway. The ratio between
pro‑apoptotic and anti-apoptotic molecules determines

Figure 4. ROC analysis of the expression of Bax, Bcl-2 and VDAC1 protein in prostate cancer (PCa) and normal prostate (NP) presented as (A) a dot histogram
and (B) ROC diagram. AUC stands for area under curve. The AUC value for Bax protein is the only value >0.5. Sensitivity and specificity for this marker was 100
and 64%, respectively. The cut-off value of the Bax expression that allows separation of normal prostatic tissue from cancer tissue was 6.60.
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whether or not apoptosis will occur (5,6). In this study, we
analyzed the transcript expression of two pro-apoptotic
molecules, Bak and Bid, resulting in no significant transcript expression of both genes in prostate cancer tissue
in comparison to normal prostate. However, expression of
Bax at the protein level decreased significantly in prostate
cancer tissues in comparison to normal prostate tissues.
Since Bax is the pro-apoptotic protein, one can expect that
the decline of its expression be entangled in prostate tumorigenesis. Consequently, the ratio of the anti-apoptotic Bcl-2
to the pro-apoptotic Bax is expected to be increased during
tumorigenesis. This study suggests that the high Bcl-2/Bax
ratio may contribute to the emergence of prostate cancer by
disrupting apoptosis cascade.
Furthermore, the ROC analysis in this study showed the
normal prostate and prostate cancer tissue can be separated
using Bax in protein level as a marker with sensitivity 100%
at the cut-off value 6.6. However, VDAC1 and Bcl-2 proteins
were not informative. These findings suggest the evaluation
of Bax in protein level with immunostaining can be used as
diagnostic method to determine prostate cancer tissue.
We also evaluated the transcript expression of the mitochondrial transport system, especially in the outer membrane
that mediates the cytochrome c release in order to initiate
apoptosis. There are at least two main transport systems
in the outer mitochondrial membrane that co-operate with
Bcl-2 family proteins, porin, known also as voltage dependent anion channel (VDAC) and the translocase of the outer
mitochondrial membrane (TOM) complex (24). It has been
reported that Bax/Bak and Bcl-xL, but not Bik and Bid,
can bind directly to the voltage-dependent anion channel
(VDAC) and modulate its activity to induce apoptosis in
mammalian cells (14,15). It was shown that the N-terminal
region of VDAC1 isoform structurally interacts with the
Bcl-2 and Bcl-xL to mediate anti-apoptotic effects (12,16).
The immunoblot study with isolated rat liver mitochondria
was performed to elucidate which receptor could bind to
the pro-apoptotic Bax. This study showed that Bax was
associated with TOM complexes, especially TOM22.
Furthermore, this analysis demonstrated that Bax could not
associate with VDAC1. It was suggested that formation of
the mitochondrial permeability pore was involved in the
interaction between Bax and TOM22 while triggering apoptosis (17). Working with isolated mitochondria from yeast,
Ott et al demonstrated that TOM40 played a role in the Bax
translocation into the outer mitochondrial membrane and
its action to release cytochrome c (18). However, Ross et al
described that there was no direct dependence of Bax and
Bak insertion and oligomerization in the outer mitochondrial membrane on the import and assembly machineries of
TOM in HeLa cells (25). The use of different cell types in
these studies is most likely responsible for these differences.
Indeed, apoptosis in yeast and mammalian cells depends on
different molecular events. For example, yeast lacks Bcl-2like proteins. Although we did not analyze the interaction
between the family of Bcl-2 proteins, i.e. the pro-apoptotic
Bak and Bid as well as the anti-apoptotic Bcl-2 and proteins
in the mitochondrial transport complexes, i.e., VDAC and
TOM isoforms, we could show that there was no significant
differences in the expression of pro-apoptotic Bak and Bid or

TOMM20, TOMM22 and TOMM40 transcripts in prostate
cells with the altered apoptotic process. This finding suggests
that the activities of the TOM complexes do not play any
essential role in development of prostate cancer.
Furthermore, we found a significant difference in transcript expression of VDAC1 isoform in prostate cancer cells
compared to normal prostate cells, but not in VDAC2 and
VDAC3 expressions. As a channel protein, VDAC is located
not only in the mitochondrial membrane of eukaryotes but
also in the extra-mitochondrial regions of eukaryotic cells,
e.g., in the plasmalemma (26-29). In mammals there are three
isoforms of VDAC protein. The distribution, characterization
and function of the three isoforms of VDAC differ and the
transcript level of VDAC isoforms varies in different tissues
and species (reviewed in ref. 13). In higher eukaryotes,
VDAC1 is the most predominant isoform. Several studies
demonstrated differences in the expression levels of VDACs
in cancer cells and normal cells, most of them showed alteration in VDAC1 expression (30). In a study with 11 human
cancer cell lines, Simamura et al reported that cancer cells
expressed higher levels of VDAC1 than normal cells such as
WI-38 fibroblasts (31). The study, combining affinity labeling
of cell surface molecules, avidin affinity chromatography
and mass spectrometry analyses of cell membrane proteins
of normal and cancerous cells originating from one prostate
cancer patient, revealed reduced expression level for type-1
(VDAC1) and type-2 (VDAC2) porins in the mitochondrial
membrane of cancer cells (32). Several studies demonstrated VDAC1 upregulation in various cancer cell lines,
which is induced by different treatments, i.e., in three acute
lymphoblastic leukemia (ALL) cell lines after prednisolone
treatment (33), in cervix squamous cell carcinoma cell line
(A431) after cisplatin treatment (34), and in human malignant
melanoma cell line (A375) after treatment with tyrosinase
inhibitor arbutin (35). In prostate cancer cell lines, it has
been reported that the VDAC1 expression in LNCaP cell line
was approximately two times higher than its expression in
PC-3 and DU 145 cell lines. Increased expression in prostate
cancer cell lines was also induced by G3139, the 18-meric
phosphorothionate antisense oligonucleotide; an inducer
of caspase-dependent apoptosis (36). Since cells cultured
in vitro represent a supramolecular system pre-selected in
very specific conditions, their profile of gene expression will
not overlap with the profile of cells living in vivo. Hence, the
conclusive power of such analyses is limited, and their results
may not reflect the biological reality. Looking from that
perspective, our results seem to be more realistic for tissue
systems, such as prostate cancer.
The VDAC1 was also proposed to be involved in the
extrinsic apoptotic pathway. This channel appears to interact
with different modulators such as sigma-1 receptor and
estrogen receptor ERα in the cell membrane. For example,
it can induce the extrinsic apoptotic pathway in LNCaP cell
line (37). For the reasons stated above, it is unknown if this
effect takes place in prostatic tissue in vivo.
We demonstrated the level of expression and the localization of VDAC1 in prostate cancer tissues (Fig. 2F) and normal
prostate tissues (Fig. 2E). The strong positive signal was
found in both basal epithelial and secretory cells of normal
prostate gland. This finding denotes that both cell types need
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this protein for regulation of both apoptosis and cell growth.
Indeed, VDAC plays an important role in energy production via
controlling metabolite traffic across the outer mitochondrial
membrane (38). It has been reported that the downregulation of VDAC1 expression would result in decreased energy
production and, thus, may affect cell vitality. The decrease in
hVDAC1 levels resulted in a dramatic decrease in cell growth,
a 5-fold decrease in ATP synthesis, as well as a decrease of
about 50% in the cellular levels of ATP and ADP (39). The
channel of VDAC regulates ATP flux from mitochondria (40).
The closure state of VDAC channel shows a higher permeability to Ca 2+, reduces metabolite flux, and thus sensitizes
mitochondria to apoptotic signals (41). The positive signal of
VDAC1 expression was found mainly in secretory cells of the
prostate cancer gland.
Our study demonstrates that VDAC1, not TOM complex,
together with the anti-apoptotic protein, Bcl-2 plays a role
in prostate tumorigenesis. However, it remains unclear how
VDAC1 is involved in development of prostate cancer. The level
of interference may not primarily be gene expression but posttranslational complex assembly, since in the context of apoptosis
VDAC may be induced to form the oligomeric complexes. Of
course, this is the case with the composition of TOM isoforms.
Expression of the protein subunits is one aspect, but formation
of the complexes that would be active in the physiological,
impaired or pathological way is the other one. Pro- or antiapoptotic proteins of the Bcl-2 family may interfere with either
the level of biosynthesis, gene expression and complex assembly.
This issue remains beyond the scope of this article.
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