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ABSTRACT

It is now generally accepted that the burden of disease due to prostate cancer has tremendously increased globally. Cur-
rent data indicates that prostate cancer is the most common form of cancer in men in the United State of America, and
the second leading cause of death due to cancer in men. Progression to androgen independence and subsequent thera-
peutic resistance and death is a common fate of patients with prostate cancer. This review highlights the gene expres-
sion profile of androgen independent prostate cancer and the possible mechanisms that results in transformation to such

treatment resistant state.
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1. Introduction

It is now generally accepted that the burden of disease
due to prostate cancer has tremendously increased glob-
ally. Current data indicates that prostate cancer is the
most common form of cancer in men in the United State
of America, and the second leading cause of death due to
cancer [1], (see Figure 1). Approximately 100 men are
being diagnosed of this disease daily in the United
Kingdom [2]. In both American and British studies, men
of African descendant or who emigrated from Africa to
either USA or Britain had increased risk of being diag-
nosed with this disease [3]. Factors contributing to the
development of prostate cancer have been suggested. The
most outstanding of them are environmental and genetic
inheritance [4].

1.1. Genetic Inheritance and Prostate Cancer

Heterocyclic aromatic amines such as 2 amino-1-methyl-
6-phenylimidazol[4,5-b]pyridine (phip) is one of the
chemicals found in the cooked red meat which has been
reported to be a carcinogen for prostate cancer in animal
models [4,5]. Recently, Koutros et al. [6] demonstrated
that phip may act as promoters of malignant transformation
by altering mitogenic signaling. Several animal and
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human experimental studies have demonstrated the car-
cinogenicity of three phips in particular: PhIP
(2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine),
MelQx (2-amino-3,8-dimethylimidazo-[4,5-b]quinoxaline),
and DiMelQx (2-amino-3,4,8-trimethylimidazo-[4,5-f]
quinoxaline). In animal models, PhIP increases mutation
frequency, for instance male lacl transgenic rats that were
fed with a diet containing 200 ppm of 2-amino-1-methy
I-6-phenylimidazo[4,5-b]pyridine (PhIP), had mutantion
frequency that was >20-fold higher than the controls after
61 days of treatment; the authors clearly showed that
PhIP-induced mutations were G:C > T:A transversions
and deletions of G:C bp respectively [7]. The strongest
evidence for phip intake and he risk of prostate cancer
was reported in a nested case-control study that included
1126 prostate cancer cases and 1127 controls who were
selected for a genome-wide association study for prostate
cancer, phip exposure and SNP in the GSTM3 and
GSTP1 genes which directly involved in metabolism of
the xenobiotics [5]. That study showed that among
individuals carrying the AG or AA genotype for GSTM3,
that the risk of prostate cancer for those with high intake
was increased compared to those with low intake (OR =
1.7, 95% CI 0.8, 3.6, p-interaction = 0.001 and OR = 2.3,
95% CI 1.2, 4.7, p-interaction = 0.001, respectively) [6].
In addition, individuals carrying the GG genotype, risk of
prostate cancer was decreased compared to those with
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Estimated New Cases*

Males Females
Prostate 186,320 25% Breast 182,460 26%
Lung & bronchus 114,690 15% Lung & bronchus 100,330 14%
Colon & rectum 77,250 10% Colon & rectum 71,560 10%
Urinary bladder 51,230 7% Uterine corpus 40,100 6%
Non-Hodgkin lymphoma 35,450 5% Non-Hodgkin lymphoma 30,670 4%
Melanoma of the skin 34,950 5% Thyroid 28,410 4%
Kidney & renal pelvis 33,130 4% Melanoma of the skin 27,530 4%
Oral cavity & pharynx 25,310 3% Ovary 21,650 3%
Leukemia 25,180 3% Kidney & renal pelvis 21,260 3%
Pancreas 18,770 3% Leukemia 19,090 3%
All Sites 745,180 100% All Sites 692,000 100%

Estimated Deaths

Males Females
Lung & bronchus 90,810 31% Lung & bronchus 71,030 26%
Prostate 28,660 10% Breast 40,480 15%
Colon & rectum 24,260 8% Colon & rectum 25,700 9%
Pancreas 17,500 6% Pancreas 16,790 6%
Liver & intrahepatic bile duct 12,570 4% Ovary 15,520 6%
Leukemia 12,460 4% Non-Hodgkin lymphoma 9,370 3%
Esophagus 11,250 4% Leukemia 9,250 3%
Urinary bladder 9,950 3% Uterine corpus 7,470 3%
Non-Hodgkin lymphoma 9,790 3% Liver & intrahepatic bile duct 5,840 2%
Kidney & renal pelvis 8,100 3% Brain & other nervous system 5,650 2%
All Sites 294,120 100% All Sites 271,530 100%

Figure 1. lllustrating the available epidemiologic data for all forms of cancer including prostate cancer. This shows that
prostate cancer is the leading cause of cancer diagnosed in men and the second cause of death due to cancer in men [1].

low MelQx and DiMelQx intake (OR = 0.6, 95% CI 0.5,
0.8 and OR = 0.7, 95% CI 0.5, 0.8, respectively).
Evidence from that study shows that the effect of phip on
carcinogenesis may depend on the genotype of the
individual in the gens involved in phip metabolism since
men carrying the A variant, with high DiMelQx intake
had two-fold greater risk of prostate cancer than those
with low intake [6]. Expression of GSTM 3 in prostate
tissues acts to detoxify active heterocylic aromatic ami-
nes metabolites by conjugation with glutathione, there-
fore altered expression of the enzyme could lead to
differential clearance of activated phip metabolites
resulting in an accumulation of DNA damaging species,
which could increase the risk for carcinogenesis at this
site [6,7].

2. Management Options for Advanced
Prostate Tumour

For men with localized prostate cancer, common treat-

Copyright © 2012 SciRes.

ment options include watchful waiting, surgery to re-
move the prostate gland (radical prostatectomy), external
beam radiation therapy EBRT, cryotherapy, androgen-
ablation therapy [8-13]. Advanced localised prostate can-
cer is usually treated by androgen ablation therapy
[14,15]. In this treatment protocol, at least three recog-
nised agents have been used; among them is bicalu-
tamide, which has been shown to be most efficacious and
the first line drug for patients with localised prostate
cancer.

Androgen Ablation Therapy (AAT)

AAT involves the use of androgen blockades or antago-
nists such as flutamide, bicalutamide or casodex and
nilutamide to competitively and directly block the an-
drogen receptors in the cytosol of the prostate cells.
These agents are generally—used either as intermittent
therapy—to prevent the flare phenomenon commonly
associated with GnRH agonists or monotherapy, in men
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in whom GnRH agonist could not effectively control
their disease [16]. Patients treated with this drug have
temporal benefits in symptoms and quality of life over a
period of 2 years and subsequently develop androgen
independent state which is commonly characterised with
treatment resistance and cancer cells spread to bone and
lymph node (Figures 2 and 3) and death due to these
complications [14-22]. Mechanisms leading to develop-
ment of androgen independent state and poor treatment
outcome in prostate cancer patients are yet to be fully
explained.

Figure 2. lllustrating the various features of prostate cancer
with androgen independent phenotype in comparison with
norma prostaic tissue. Immunohistochemical staining for
E-cadherin showing secretory glandular structure (left) in
the normal prostate and how it is disrupted in invasive
prostate cancer which is commonly found in androgen
independent prostate cancer states (right) [4].
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Figure 3. The bones and the lymph nodes are the main ini-
tial sites of prostate cancer metastasis [2].

Copyright © 2012 SciRes.

3. Experimental Evidence for Androgen
Ablation Therapy and Develo Pment of
Drug Resistant Phenotype

Patel et al. [23] studied the characteristic changes that
lead to the development of androgen independence in
prostate cancer cells earlier dependent on androgens us-
ing LNCap cell and sublimes CL1. They transfected the
androgen independent sublines CL1 with a green fluo-
rescence protein and injected them into the Mice, and
observed extensive local invasion and metastasis to dis-
tant organs. In a slightly similar experimental design, Tso
et al. [24] observed that the androgen deprived LNCap
cells were fast growing, and had ability of potentiating
the growth of endothelia cells, and were resistant to both
chemotherapy and radiotherapy, with high metastatic
potential. The works of Freedland et al. [25] revealed
three different growth pattern of androgen refractory
cells when transfected and implanted into the Severe
Combined Immunodeficiency Disease SCID Mice. And
showed that the androgen refractory prostate cancer cells
were fast growing with widespread to metastasis. Zhou et
al. [26] found that androgen independent prostate cancer
cells had decreased apoptosis and acquired higher prolif-
eration rate than the androgen dependent cells. Common
to all these studies are increased invasiveness and malig-
nant metastasis, loss of apoptosis and chemotherapeutic
resistance. It is not clear what molecular and cellular
changes are responsible the transformation to androgen
refractory phenotype following androgen ablation ther-

apy.

4. Molecular and Cellular Alterations in
Androgen Refractory Prostate Cancer

Evidence has shown that androgen dependent prostate
cancer cells required the presence of both epidermal
Growth Factor EGF and androgens for optimal cell pro-
liferation, whereas androgen independent or refractory
prostate cancer cells exhibited significant growth without
these molecules [27]. Freedland et al. [25] observed het-
erogeneous growth response in prostate cancer cells ex-
posed to androgen ablation, and suggested that there
were various alteration in the genes expressions profile
of rapidly proliferating prostate cancer cells. Many stud-
ies have shown androgen receptor gene over expression
following androgen ablation and progression to androgen
refractory phenotype, see Figure 4 [23,26,28].

5. Alteration in Androgen Receptor Gene
Expression

It has been established that androgen ablation therapy
induces initial reduction in the androgen receptor protein
before progression to androgen independent state [23]
and [26]. Hughe et al. [29] demonstrated that this treat-
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Figure 4. lllustrating the three cellular O,-sensing pathways which are often activated by hypoxia and might play in
important rile in transformation to androgen resistance commonly associated with treatment failures after androgene
ablation therapy [30]. As it is easily noticed from the figure that the cancer cells may promote pathways that could result in
increased angiogenesis. This may in addition contribute to promote further tumour spread to distant organs.

ment intervention might induce some structural changes
or mutation in the androgen receptor causing androgen
independence. However, in a study involving 44 mutant
androgen receptor prostate tumours; 15.9% had loss of
function, 6.8% had wild type function, 31.8 % had partial
function and 45.5% demonstrated a gain of function [29].
Also, Marceili et al. [31] investigated androgen receptor
mutations in 137 specimens of prostate cancer from pri-
mary tumour of stage B and D, and observed that only
8% had mutation on in the androgen receptor and that
there was no mutation in the 99 patients with stage B
prostate cancer. Put together, there may some changes in
the androgen receptors of androgen independent prostate
cancer cells, but the extent of such changes may not the
solely responsible for the development of refractory state.
Thus progression to androgen refractory prostate cancer
state may not be due to mutations in the androgen recap-
tors.

6. Evidence from Gene Expression Profile
Studies

Data from microarray analyses studies of prostate cancer
cells progressing to androgen refractory phenotype indi-

Copyright © 2012 SciRes.

cated that the onset of androgen independence did not
require any alteration in the status of androgen receptors,
even though too many genes were dysregulated [32]. The
gene profiling analysis of androgen refractory prostate
cancer cells [33], further threw more lights on the nature
of the dysregulations, indicating that the following genes
were up regulated; PCDH7, TPTE, TSP4, EPHA3, HGF,
MET, EGF, TEM8 while HTAT1P2, CDKN2A, CDKN2B,
CDKNI1C, PPP2CA, SPRY, etc, were down regulated
[33]. Also P53, P21, bax, bcl-2, VEGF, wafl were all up
regulated in the androgen refractory prostate cancer cells
in a separate study [26]. Furthermore, the changes re-
sponsible for progression to androgen independence in
prostate cancer have characterised using real time poly-
merase chain reaction (RT PCR) [23]. Thus, the andro-
gen independent cells had over expression of phosphatise
and tensin homolog gene PTEN, interleukin 6, inter-
leukin 8, transforming growth factor beta, vascular en-
dothelial growth factors VEGF, epidermal growth factor
receptors EGFR, bcl-2 and low level of P53 [23], also
see Figure 4. In addition, the functions of these genes
have been reviewed elsewhere [4,29]. However, a full
functional genomics of these delineated perturbed genes
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may further open a new window into the complex multi-
factoral acquisition of androgen independence following
androgen ablation therapy.

7. The Mechanism of Progression to
Treatment Resistant Phenotype

The emergence of cells refractory to androgen ablation

and radiation therapy is often the major cause of death in

men treated with prostate cancer. It is not yet known the

actual initiators of the emergence of these resistant cells.

Currently, some hypotheses have evolved to explain the

changes that lead to the progression to androgen inde-

pendence. These include;

1) Increased in the sensitivity of the androgen recep-
tors [5,30,34-37].

2) Decreased and/or loss of specificity of the androgen
receptors [4,35].

3) Outlaw pathways [5,33,37].

4) involvement of neuroendocrine cells [37-39].

5) involvement of prostate cancer stem cells [2,36].

6) increasing level of tumour hypoxia [21,40,41].

7.1. Hypersensitivity of the Androgen Receptors

The androgen receptors become more sensitive to ex-
ceedingly low concentration of androgens. This could be
the effect of over expression of messenger RNAs for
androgen receptors in the androgen independent prostatic
cells [23,33]. This will result to higher expression of an-
drogen receptors, making it easier and faster for binding
of ligand even at lower concentration [34].

A second explanation of this phenomenon is that an-
drogen deprivation may exact a selective ones will sub-
sequently undergo clonal expansion with over expression
of androgen receptor genes [25,26,28,33,34].

Additionally, it could be that the androgen indepen-
dent prostate cells have higher expression of or increased
activity of 5 alpha reductase, leading increased conver-
sion of testosterone to DHT with a consequent autocrine
action [34]. Hence, differences in the level of androgens
between prostatic tissues and the serum has been re-
ported in the androgen refractory cells following andro-
gen ablation therapy; with disproportionally higher levels
in the prostatic tissues than that in the serum [5,34].

7.2. Altered Specificity

Here the androgen receptor becomes activated by nonan-
drogens and even antiandrogens normally present in the
serum. Though earlier studies pointed accusing finger on
mutations in the androgen receptors as the main cause of
promiscuous ligand binding [5,34,35], on the other hand,
recent studies held conflicting but more convincing evi-
dences; that the level of mutations in androgen receptors
were quite negligible [29,33]. However, microdissection
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of tumours and Laser Capture techniques studies may
resolve the current controversies [5].

7.3. Outlaw Pathways

The process by which steroid hormone receptors become
activated by either nonsteroid ligand or ligand independ-
ent means was described as outlaw pathways [5]. The
following ligands have been shown to activate the an-
drogen receptor of androgen independent prostate cells;
insulin like growth factors (IGF), keratinocyte growth
factors (KGF), epidermal growth factors (EGF), causing
proliferation of the cells [5,34]. Thus making the tumour
growth to be androgen independent.

7.4. Bypass Pathways

Mechanisms that can cause proliferation of prostate cells
and inhibition of apoptosis in androgen dependent or
independent state without the involvement of androgen
receptor are known as a bypass pathway [5]. The works
of Raffo et al. [35] revealed an elevation of expression of
bcl-2 oncoprotein. This protein is normally involved
suppression of apoptosis. It is not normally found ex-
pressed on the epithelia cells. Hence, bcl-2 may be in-
volved in the protection of androgen independent pros-
tate cancer from apoptosis and the level of expression
was strongly correlated with the extent of hormone re-
fractory phenotype [35].

Other players in the bypass pathway are the prostate
cancer stem cells and neuroendocrine cells. Evidence has
shown that prostate tumour is made up of heterogeneous
population of cells with various phenotypes [30]. Many
studies have identifies and selected Stem cells from pri-
mary and metastic prostate cancer and characterised us-
ing expression of CD133 as the target marker [30]. Of
the cells, 0.1% of cells in the tumour expressed CD133
phenotype; these cells were shown to be capable of self
renewal, proliferation, differentiation and invasion, [2,
39]. That report strongly demonstrated that prostate can-
cer contained a subpopulation of cancer stem cells which
lack expression of androgen receptors. During transfor-
mation to androgen independence state, these subpopula-
tion of cells may on the other hands serve as a protection
from the effect of androgen deprivation during therapy.
An inherent genetic instability in this subpopulation may
lead to the generation of cells with androgen independ-
ence in the later stage [2].

Furthermore, another variant of prostate tumour sub-
population have been identified; which tend to promote
tumour progression and resistance to hormone therapy.
They were described as neuroendocrine cells. Androgen
refractory prostate cancer cells contain about 40 - 100
percent neuroendocrine cells [37]. The neuroendocrine
cells secrete serotonins and b ombestins which have
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paracrine effects on the nearby cells and induce an in-
creased in cell proliferation index [37]. Evidence in sup-
port of this mechanism was that tumour growth contin-
ued in Nu Mice bearing LNCap and neuroendocrine cells
—these cells continued to grow even after the tumour
bearing mice were castrated. It was also noted that the
tumour size decreased in the mice that bore LNCaPs tu-
mour xenograft without neuroendocrine cells [37] this
strongly suggests that the presence of neuroendocrine
cells in LNCaP tumours or prostate cancer tumour mod-
els may contribute in part in the promotion of cancer
progression.

8. The Hypoxic Tumour Microenvironment

The peculiar nature of microenvironment of prostate tu-
mour is characterised by irregular supply of oxygen, PH,
and nutrients [39]. The consequences of this alteration
are development of irregular vasculature, genetic and
epigenetic changes, alterations in gene expression and
cellular functions, see Figure 4 [40]. Tumour hypoxia
has been recognised as one of the pivots of development
and progression of prostate cancer through the activation
of three major oxygen sensitive pathways; including hy-
poxia inducible factor-1 (HIF-1), Mammalian target of
Rapamycin mTOR kinase, and the Unfolded protein re-
sponse (UPR), see Figure 4, [40]. These three pathways
are independent but may also act in an integrated manner,
with some level of influence on each other and leading to
a common cumulative effects on gene expression, cell
survival and tumourigenesis [40]. Hence, long time an-
drogen deprivation has been suggested to induce tumour
hypoxia and the consequent transition from androgen
dependence to independence state, culminating in resis-
tance to therapy.

Additionally, tumour hypoxia induces the generation
of radical oxygen species (ROS), which beyond a certain
threshold may cause adaptive responses and loss of: 1)
PTEN, the function of PTEN in a normal cell is induction
of apoptosis and its loss in androgen refractory prostate
cancer causes cell survival [37]; 2) Glutathione S-trans-
ferase GST-Pi; 3) androgen regulated specific home box
NKX3, 4) over expression of bcl-2 and loss of apoptosis,
5) activation of hypoxia inducible factor-1 HIF-1, see
Figure 4, and activation of nuclear factor (NFKB). NFkB
is an innate molecule which has a central role in the ac-
tivation of both innate and adaptive immunity. In this
case, its activation results in production of pro-inflam-
matory cytokines. Put together, these molecular signal-
ling above may result in the increased level of inflame-
matory cytokines and oxidative damage to the DNA and
epimutation; this may be responsible for acquisition of
aggressive and more malignant phenotype, and invasive
regional and distant spreading and resistance to treatment,
see Figure 4.
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9. Conclusion

In conclusion, development of androgen resistance is an
established consequence of therapeutic intervention using
androgen ablation approach. Various mechanisms involve-
ing the alteration of gene expression, through yet unclear
signalling pathways results in various molecular and cel-
lular changes which may independently and synergisti-
cally induce transformation to androgen resistant phenol-
types. The perturbation of gene expression profile that
drives development of androgen independence has been
discussed in this study. A wide range of genomic pertur-
bations in the gene expression profile of androgen inde-
pendent prostate cancer tumours have been high-lighted.
In addition, some specific mechanisms that may result in
development of androgen independent state have been
discussed. However, more studies involving perhaps
functional genomics may be important—this may pro-
vide evidence for molecular targeting of some hit and
lead genes that drive prostate cancers towards malignant
progression. This in turn may serve as potent therapeutic
targets for overcoming treatment failures in patients with
prostate cancer.
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