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Prostate Specific Antigen. Current clinical application and future prospects

Katerina Duskova, Stepan Vesely

Background. Prostate-specific antigen (PSA) is a glycoprotein produced by the prostate gland and its production can
be enhanced in benign and malignant diseases. The introduction of PSA testing has greatly increased the detection
of prostate cancer. However there is continuing controversy and confusion over the most appropriate application of
the PSA test.

Methods. PubMed and Web of Science databases were used to search original and review articles on the historical
aspects, clinical utilization and possible future directions in PSA.

Conclusions. After its discovery, PSA was quickly established as an exquisitely sensitive tumor marker for prostate
cancer detection, assessment of treatment responses and follow-up among patients with prostate cancer. Nevertheless,
controversy exists about the proper threshold for recommending prostate biopsy. If this limit is lowered to improve
the sensitivity even more, patients with low-risk prostate cancer would be subsequently detected. Post-treatment PSA
levels can certainly provide valuable information about the effectiveness of the therapy given. Recently introduced
ultrasensitive PSA detection techniques are offering new insight into the changes in serum PSA at very low concentra-
tions. This has resulted in identification of valuable postoperative prognostic variables together with the possibility
of earlier cancer relapse detection. The development of assays that may show superior sensitivity and specificity in
prostate cancer diagnosis is focused on proteins possibly complexed with PSA and other potential markers detectable
both in serum and urine. The goal of newly discovered prostate cancer biomarkers is greater cancer specificity in order
to reduce the overdiagnosis, overtreatment and financial cost.
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HISTORY BIOCHEMISTRY AND MECHANISM OF ACTION

In the late 1960s, there was rapid progress in biochem- PSA is a kallikrein-like serine protease with low
ical techniques leading to discovery of several antigensin ~ chymotrpysin-like enzymatic activity that is produced
various tissues and body fluids. At the same time, there  exclusively by the epithelial cells of all types of prostatic
was also a search to identify male-specific antigens in se-  tissue, benign and malignant. Extraprostatic production
men for forensic purposes. In 1971 Mitsuwo Hara and  of PSA is provided mainly by the periurethral glands,
col. discovered y-seminoprotein in human semen and leading to measurable urine but undetectable serum lev-
two years later Tien Shun Li and Carl G Beling aimed at  els of PSA in women and in men. The role of PSA is
immunological control of fertility and they isolated E1  to liquefy the ejaculate by which the motility of sperms
antigen. In 1978 George Sensabaugh discovered another  increases®. Glandular ducts usually provide efficient bar-
perspective forensic marker for cases of rape named pro-  riers to prevent the escape of high concentrations of PSA
tein p30. These days we know that all these independently  into the general circulation. The increase of PSA outflow
discovered proteins (y-seminoprotein, E1 and p30) are  into the serum is related to various disease states of the
synonymous with prostate specific antigen (PSA) (ref.!).  prostate, especially prostate cancer. Three major PSA
PSA was first measured quantitatively in the blood by  fractions were discovered. The majority of serum PSA
Papsidero in 1980 and Stamey finished the initial work  forms a complex with two serine protease inhibitors -
by reporting the correlation of PSA with the progression  al-antichymotrypsin and a2-macroglobulin. The rest of
of prostate cancer in 1987 (ref.?). This was the beginning  the serum PSA is considered to be biologically inactive
of the clinical use of PSA which has gradually become and is called “free PSA”. Currently used immunoassays
the most widely used oncological biomarker in medicine  are able to detect free PSA and PSA complex with al-
today. antichymotrypsin.
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PSA AND PROSTATE CANCER

When it was shown in the late 80’s that the level of
serum PSA correlates with the stage of prostate cancer,
PSA was then rapidly identified as a useful marker for the
follow-up of patients with prostate cancer. In 1986, PSA
was approved by the USA Food and Drug Administration
(FDA) to monitor prostate cancer and in 1994 PSA was
approved as a tool for detecting the disease in men older
than 50 years. Although PSA represents one of the most
useful biomarkers for detection and management of pros-
tate cancer it is not an ideal biomarker and causes many
controversies. Despite relative widespread PSA screen-
ing, prostate cancer remains the second most common
cause of cancer death in men. With an incidence rate of
214 cases per 100.000 men in Europe it has become the
most common solid neoplasm outnumbering colorectal
and lung cancer®.

The limitation of the PSA examination is its specific-
ity. It is believed that prostate cancer cells have a changed
structure, which causes the outflow of PSA into the se-
rum in larger amounts compared to the normal prostate.
However, even though PSA is organ-specific, it can be
elevated not only by cancer of the prostatic gland, but
also in non-malignant conditions such as benign prostatic
hypertrophy and prostatitis’. Moreover, PSA levels are
highly variable over time and can be affected by manipula-
tions of the prostate®.

There are a number of PSA assays for detection avail-
able from various manufacturers. However, these do not
detect PSA equally and several studies have shown vari-
ability between them’®. The interpretation of PSA velocity
influences clinical decisions because many men present
today with sequential PSA determinations over several
years. To harmonize PSA results and reduce the discrep-
ancies between the various assays, reference materials
are available for assay calibration. Method comparisons
between the traditionally calibrated Hybritech PSA and
fPSA assays and the new “standardized” WHO calibrated
assays yield results that are lower for PSA and fPSA by
25%. A PSA cut-off of 3 or 3.1 ng/mL should be consid-
ered for WHO calibrated assays in order to achieve the
same sensitivity/specificity profile as with a cut-off of 4
ng/mL in traditionally calibrated assays’. Further, as re-
cently reviewed, the intraindividual biological variation of
PSA may well reach 20% (ref.'°). Owing to such analytical
and biological variations, PSA changes over time must be
interpreted with great care.

DETECTION OF PROSTATE CANCER

The traditional threshold of 4.0 ng/mL was first pro-
posed by Hybritech Inc. (San Diego, CA, USA) in 1986
after studying a cohort of men without prostate cancer!.
This assay was the first PSA assay approved by the FDA
(ref.'?). Consequently, a value of PSA > 4.0 ng/mL be-
came established for recommending biopsy, although it
was known that men could have cancer with PSA val-
ues below this threshold. Numerous recent studies have
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shown that a significant number of cancers are missed
with this cutoff’>. A PSA cut-off of 4.0 ng/mL has a sen-
sitivity of 67-80%, which implies that 20-30% of cancers
are missed when only the PSA level is obtained™. In or-
der to improve the sensitivity, a 2.5 ng/mL cutoff was
recently recommended by the National Comprehensive
Cancer Network (NCCN) in the United States. Several
other modifications of PSA value are suggested to attain
a better test sensitivity.

Age-specific PSA

The age-specific PSA reference range reflects the as-
sociation between PSA and age. As men age, the value
of their serum PSA increases. This seems to be due to
the contribution of enlarged prostate as well as due to
increased “leakiness” of the prostatic epithelium. This
is thought to be a result of subclinical inflammation or
microscopic foci of cellular atypia'®. It is generally ac-
cepted that a PSA of 3.5 for a 50-year-old man is more
significant than a PSA value of 4.5 for a 70-year-old
man'. On other hand, age specific PSA has been shown
to increase detection of prostate cancer in younger men
(50-59 years) by 15%, although at the cost of a 45% in-
crease in the number of biopsies performed!. One trend
in PSA detection is now a baseline PSA determination at
age 40 years, upon which the following screening interval
may then be based!, A subsequent screening interval of 8
years might be enough in men with initial PSA levels <1
ng/mL (ref.’®). In the USA, the NCCN suggests relating
patient PSA to an age-specific median PSA. If the PSA
is higher than the age-specific median, annual screening
is recommended®.

PSA density

Another effective method is to include the size of the
prostate, called PSA density. Men with enlarged prostates
often have elevated PSA because of benign disease. PSA
density can be calculated by dividing the PSA value by
the prostate volume measured by TRUS (transrectal ul-
trasonography). The difficulty with this approach is that
TRUS is invasive and expensive, and the prostate volumes
determined at different medical centers may vary signifi-
cantly?®. Not only the size of a whole gland, but also the
transition zone of the gland can be measured diagnosti-
cally. One study showed the efficiencies of transition zone
PSA density in the diagnosis of prostate cancer in men
with a PSA 4-20 ng/mL (ref.?").

PSA velocity

Another clinical feature which may indicate the pres-
ence of prostate cancer is the rate of PSA increase with
time, named PSA velocity. Serum PSA increases signifi-
cantly in the presence of tumor compared with benign
disease alone. On the one hand, PSA velocity analysis
may not be practical because multiple PSA values must
be obtained over a period of years to use this algorithm
most effectively?’. Prospective studies have shown that
these measurements do not provide additional informa-
tion compared to PSA alone?.
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Free PSA

Extensive research on free PSA has demonstrated that
analysis of the proportions of the free-to-total PSA (f/t
PSA) in serum may increase the diagnostic specificity by
15-20% and it is recommended for use in patients with
PSA values between 4.0 and 10.0 ng/mL. It was demon-
strated that increased levels of free PSA are associated
with benign prostate tissue and decreased probability of
cancer?. In a prospective multicentre trial, tumor was
found on biopsy in 56% of men with f/t PSA <0.10, but
in only 8% of men with f/t PSA >0.25 (ref.?’). However,
the level of free PSA can be influenced by many factors
such as the temperature instability of free PSA or the size
of the gland above 40 cm? (ref.2¢).

SCREENING FOR PROSTATE CANCER

PSA elevations lead to prostate biopsies which fre-
quently uncover harmless forms of cancer without the
possibility of distinguishing between a harmless and a
potentially metastatic form. Hence, massive PSA screen-
ing is associated with the overtreatment of many men
with indolent cancer. Despite this, the clinical use of
PSA has caused a decrease in prostate cancer mortality
mainly because of diagnosis in the earlier and curable
clinical stages. According to The European Randomized
Study of Screening for Prostate Cancer (ERSPC) PSA
screening provides a 20% mortality reduction. However,
in order to prevent one cancer specific death within a
9 year period, 1410 patients need to be screened from
which 48 need to be treated”’. Considering the longer time
period, the benefit of screening is much higher - at year
12 only 503 man need to be screened and 18 man need
to be treated to prevent one prostate cancer death?®. The
majority of new cases are clinically unapparent, localized
and with a low Gleason score. To prevent overtreatment, it
is necessary to understand the prolonged natural history
of the disease; most patients are diagnosed at an older
age. However, the clinical course of localized untreated
prostate cancer is still unclear. Progression of the disease
to the metastatic form in 10-15 years from diagnosis is not
frequent?, but the further follow-up has shown that even
primarily indolent localized prostate cancer can proceed
to a more aggressive form*°. According to the guidelines
of the European Urological Society and based on the re-
sults of large, randomized trials widespread mass PSA
screening is not appropriate. More suitable is the oppor-
tunistic screening offered to the well-informed man. It is
recommended to start the screening at 40 years. If the
PSA levels are below 1 ng/mL, further screening every 8
years is enough. Men older than 75 years should not be
screened because the early detection of the tumor would
not have any clinical impact'’,

PSA AS A PREDICTOR OF TREATMENT SUCCESS

The pretreatment PSA serum level is considered to be
a predictor of the response to radical prostatectomy or
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radiotherapy. In several studies where multivariable pre-
dictive models were constructed, PSA proved to be an in-
dependent prognostic factor. One of the most established
risk group stratifications was presented by D’Amico. By
means of PSA, biopsy Gleason score and clinical stage
patients were divided by into the three risk groups accord-
ing to the different probability of biochemical relapse after
surgery or radiotherapy: low (clinical stage T1c-T2a and
PSA <10ng/mL and GS <6), intermediate (clinical stage
T2b or PSA level of 10.1-20ng/mL or GS 7) and high
risk group (clinical stage T2c or PSA >20ng/mL or GS
8-10) (ref.?") This stratification predicts the probability of
biochemical relapse in 5 years after the curative therapy to
be <25%, 25-50% and >50% respectively. The published lit-
erature describes several predictive algorithms, multivari-
ate analyses and artificial neural networks incorporating
preoperative PSA as a means to estimate the risk of pros-
tate cancer progression®***, The predictive accuracy of
the most widely used preoperative model for prediction of
biochemical recurrence after radical prostatectomy ranges
from 67% to 86% (ref.3*). Despite better understanding
of the biological behavior of prostate cancer, further im-
provement in the accuracy of existing models is limited by
the lack of additional readily available predictive variables.

PSA IN THE FOLLOW-UP AFTER THE THERAPY

Monitoring of PSA in patients after definitive therapy
is clinically very useful and widely accepted. After radical
prostatectomy, the PSA level should decrease to undetect-
able levels. If not, the presence of local disease or metas-
tasis is highly probable. Right after the radical surgery,
the PSA level starts to decrease rapidly, and in 6-8 weeks
after the prostatectomy, the PSA value of patients without
residual disease should be undetectable - this means <0.1
ng/mL according to most conventional assays**. During
the follow-up of 10 years after the surgery about 35% of
patients will experience a rise in PSA which is the first
sign of progression of the disease after the prostatecto-
my3¢. Consistently rising PSA levels confirm a suspicion
of biochemical recurrence. This point usually precedes
metastatic disease progression and prostate cancer-spe-
cific mortality by about 7 and 15 years, respectively?’.
Characterization of the biochemical recurrence PSA level
has numerous definitions which is depicted in Table 1. In
the medical literature, however, the most frequently used
PSA cut-off point is 0.2 ng/mL. When PSA rises to this
level, the patient is a candidate for an additional treatment
- local radiotherapy (for believed local recurrence) or hor-
monal therapy (when believed to have metastatic disease).
It is difficult to distinguish between the local or distant
recurrence; however some parameters can help in order
to differentiate them. PSA rises within the first 2 years
following surgery or shorter PSA-doubling times are more
often associated with distant recurrences, whereas longer
PSA-doubling time suggest local failure®”,

After radiotherapy, the decline of serum PSA is slower
compared with radical prostatectomy. The PSA nadir is
reached approximately in 18 months, and undetectable



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2015 Mar; 159(1):18-26.

Table 1. Various definitions of biochemical recurrence after radical prostatectomy used in clinical practice.

BCR Definition

Description

PSA > 0.6 ng/L

PSA > 0.4 ng/L

PSA > 0.4 ng/L and rising

PSA > 0.2 ng/L

PSA > 0.2 ng/L and rising

2 successive rises, final PSA > 0.2 ng/L
PSA > 0.1 ng/L and rising

3 successive rises

3 successive rises > 0.1 ng/L

3 consecutive rises

Single PSA > 0.6 ng/L

Single PSA > 0.4 ng/L

PSA > 0.4 ng/L followed by a value higher than the first

Single PSA > 0.2 ng/L

PSA > 0.2 ng/L followed by a value higher than the first

2 successive rises by any incremental amount, final PSA value > 0.2 ng/L
PSA > 0.1 ng/L followed by value higher than the first

3 successive rises by any incremental amount

3 successive incremental PSA rises of 0.1 ng/mL or greater

3 consecutive PSA rises by any incremental amount

PSA (prostate specific antigen), BCR (biochemical recurrence)

Table 2. Summary of studies proving the significant capability (P<0.001) of ultrasensitive PSA
nadir to predict BCR after radical prostatectomy.

Study Year Number Median PSA nadir cut-off
of patients of follow-up for predicting BCR

Doherty AP et al. (ref.%) 2000 200 1.7 years >0.01

Nakamura M et al. (ref.?”) 2005 46 2.5 years >0.01

Shen S et al. (ref ) 2005 906 3.1 years >0.01

Sakai I et al. (ref.?) 2006 127 2.6 years >0.01

Kinoshita H et al. (ref.*?) 2007 257 4.4 years >0.01

Eisenberg ML et al. (ref.’") 2010 525 4.7 years >0.05

Hong SK et al. (ref.*%) 2010 384 3.3 years >0.001

Yoshida T et al. (ref.’?) 2012 102 2.6 years >0.01

Vesely S et al. (ref.”?) 2013 319 >2 years >0.01

PSA (prostate specific antigen), BCR (biochemical recurrence)

PSA levels are not usually achieved®’. However, a PSA
nadir below 0.5 ng/mL seems to be associated with a fa-
vorable outcome?®. Current definitions of biochemical
failure after radiotherapy are PSA rising more than 2 ng/
mL above the PSA nadir®. Despite all these findings, for
many patients the rise in PSA does not represent a threat
to their life-expectancy or their quality of life. Within
15 years of biochemical recurrence patients are as likely
to die from prostate cancer as from other causes*.

PSA monitoring during the hormonal therapy is used
for patients with either metastatic or locally advanced
prostate cancer. The initial PSA level reflects the extent of
the disease but poorly differentiated tumors can produce
only a small amount. The effect of the hormonal therapy
correlates with the PSA nadir and with the time to PSA
nadir. In fact, the sooner and the lower the PSA nadir is,
the better the survival**?. A rising PSA in a hormonally
treated patient, even if the values are within the "normal"
range, signals clinical progression and second-line therapy
is needed.

Even in case of hormonally independent metastatic
tumor, PSA is a marker of response to the chemotherapy.
However there are some controversies about the value
of PSA response for non-hormonal noncytotoxic drugs.
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Some of them demonstrated a significant overall-survival
benefit without a PSA decline®.

ULTRASENSITIVE PSA

Recent advances in technology have made it possible
to measure PSA at much lower levels. Thus, it has been
demonstrated that the “biological zero” level of PSA after
surgery is much lower than with the use of conventional
assays. Several authors have shown that by using a time-re-
solved immunofluorometric, the PSA assay system with a
detection limit under 0.01 ng/mL, patient relapse could be
discovered earlier by several months or years than by us-
ing conventional assays with detection limits of 0.1 ng/mL
or higher*. Early detection of recurrence offers the possi-
bility of salvage therapy which can be initiated sooner and
more favorable outcomes can be expected*. In general,
assays that measure PSA to levels under 0.0lng/mL are
referred to as “ultrasensitive” or third-generation because
they are 2 logs more sensitive than the first generation
of PSA (ref.**). With the introduction of ultrasensitive
PSA assays, various potential predictive parameters indi-
cating treatment failure were discovered*. The absolute
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lowest level of PSA (PSA nadir) measured with a sensitive
assay offers the possibility of confidently predicting the
removal of all significant PSA producing tissue within a
few weeks of the operation. This parameter can even give
the patient an idea as to how likely he is to have recurrent
prostate cancer. Table 2 shows a list of studies finding an
ultrasensitive PSA nadir as an independent predictor for
biochemical recurrence after radical prostatectomy. This
can significantly improve the identification of patients
who are at high risk of disease recurrence after the sur-
gery. Despite this evidence, most contemporary guidelines
do not uniformly recommend clinical use of ultrasensitive
PSA tests. According to some authors, ultrasensitive PSA
assay is not reliable and insignificant oscillation of its level
can cause unnecessary anxiety among patients®.

NEW TRENDS IN PSA DETECTION

Limitation in sensitivity and specificity of PSA leads
to many attempts to improve the accuracy of detection,
management and prognosis of patients with prostate can-
cer. Various forms of PSA or novel biomarkers associated
with PSA in both serum and urine are at early stages of
development and require evaluation in prospective trials
to determine their potential usefulness in clinical practice.

PCA3

One of these promising markers is PCA3 (also known
as DD3). This gene is 60 to 100-fold overexpressed in
95% of prostate cancer compared with normal or benign
hyperplastic prostate*®. The expression of this gene is
measured in the urine of men with suspicion of prostate
cancer and is compared with the expression of the PSA
gene. A PCA3 score >35 in the urine is correlated with
an average sensitivity and specificity of 66% and 76%,
respectively, for the diagnosis of PCa (compared to a
specificity of 47% for serum PSA at the cutoff for 65%
sensitivity) (ref.*). Progensa PCA3 (Gen-Probe Inc., San
Diego, CA, USA) is a commercially available diagnostic
test that quantitatively detects PCA3 RNA expression in
urine and could be clinically helpful in determining which
patients should be biopsied*®°'.

AMACR

Another urine test is based on the detection of a
gene, alpha-methyl coenzyme A racemase (AMACR).
Zielie and associates demonstrated that quantification
of AMACR transcripts normalized to PSA transcripts
in urine sediments was highly predictive of prostate can-
cer’?. The discovery of TMPRSS2:ERG gene fusions in
the urine of prostate cancer patients provides a powerful
new noninvasive approach to cancer detection’®. Such
gene translocations may be not only diagnostic but also
causative for the development of prostate cancer.

ProPSA

Clinical studies over the last decade have suggested
potential clinical applications for PSA forms and the re-
lated kallikrein hK2. These markers may have a potential
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clinical value, especially the pro-enzyme form of PSA
(proPSA). This molecule represents one component of
the free PSA and contains the pro-leader peptide which
is removed by human kallikrein 2 before becoming PSA.
Pro-PSA is enzymatically inactive and its level is higher
in patients with prostate cancer. However, further studies
are needed to consider its clinical use.

BPSA

BPSA presents another free PSA form which was
recently discovered. It has been shown that BPSA is
closely correlated with benign prostatic hyperplasia®’.
Thus, BPSA and proPSA represent benign and cancer-
associated forms of PSA. Specific monoclonal antibodies
to BPSA and proPSA have recently been used to develop
specific immunoassays for the different free PSA molec-
ular forms>®. ProPSA is mostly detectable in peripheral
zone tumors, while BPSA is enriched in the transition
zone, especially in enlarged glands with benign hyper-
plastic nodules.

inPSA

A third molecular form of free PSA, inPSA (intact,
nonnative PSA), has been identified in tissue and serum.
Unlike BPSA and proPSA, the molecular characteriza-
tion of inPSA is not known. The proportion of inPSA in
serum is elevated in cancer-free tissue and tends to be the
inverse of proPSA%.

PSA-1

PSA-I presents another specific monoclonal antibody
to a free PSA form but it detects only the nonclipped
forms of free PSA (ref.’”). Thus, the PSA-I assay will
be probably detecting both proPSA and inPSA but not
BPSA. Studies with PSA-I have yielded encouraging re-
sults for the detection of prostate cancer. So far, there is
no current immunoassay for inPSA but there is a possi-
bility of calculation using free PSA, BPSA, and proPSA
values.

EPCA-2

Early prostate cancer antigen-2 (EPCA-2) is a nuclear
protein which is currently under intensive research. It
seems that this antigen can be used not only in diagnostic
but it may also enable us to distinguish localized prostate
cancer from advanced cancer®.

PSMA

PSMA (prostate-specific membrane antigen) also
called GCPII (glutamate carboxypeptidase II), is another
highly specific tumor marker of prostate cancer. The po-
tential of PSMA lies in the correlations between its expres-
sion, the differentiation of the tumor and angiogenesis®.
As PSMA is a membrane-bound antigen, its detection in
serum implies the presence of circulating prostate cells.

MSMB

Recently, the Microseminoprotein-beta (MSMB) gene
was found to correlate with an increased risk of develop-
ing prostate cancer. This gene as one of the most abun-
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dant prostatic proteins can be reliably detected in tissue
and serum. It seems that MSMB has potential as a bio-
marker of prostate cancer and potentially as a target for
therapeutic intervention®.

TMPRSS2-ERG

The transmembrane protease, serine 2 v-ets erythro-
blastosis virus E26 oncogene homolog (avian) (7TMPRSS2-
ERG) translocation is present in many prostate cancers®'.
Detection of the TMPRSS2:ERG in urine has been re-
ported to yield >90% specificity and 94% positive pre-
dictive value for prostate cancer detection®. However, a
clinical diagnostic test is not yet available.

Urinary PSA

In 1985 Graves and col. Demonstrated the presence
of PSA in urine, since then there is still no consensus
about the possible role of urinary PSA in the diagnosis or
follow-up®. According to some studies urinary PSA does
not reflect any serum value, however the urinary PSA as
a ratio with a serum PSA has been proved a useful test in
prostate cancer detection especially when the total serum
PSA level is between 4 and 10 ng/mL5*%,

Urinary thiosulfate

Chwatko et al. used thiosulfate in urine as a new bio-
marker and confirmed about 6 times higher level of uri-
nary thiosulfate among prostate cancer patients compared
with patients suffering from benign prostate hyperplasia®.
However thiosulfate has not been identified in the pros-
tate cancer tissue as differentially expressed metabolite in
malignant and benign prostate samples®’.

GENETIC MARKERS

Accessibility at any age and stability in changing con-
ditions are the biggest advantages of genetic markers. It
is known that genetic factors are likely to contribute to
survival in prostate cancer®®*°. However, despite the large
number of studies trying to determine a major prostate
cancer susceptibility gene, this has not been found yet.
Even in the case of “hereditary prostate cancer” mul-
tiple genes with a small to moderate effect seem to be
involved’. Basically there are two types of genes affecting
cancerogenesis - oncogenes and tumor-suppressors. The
growth of the tumor cells is inhibited by tumor-suppressor
genes, which can be inactivated by mutation, methylation
of the promoter or by modification of the protein prod-
uct. Oncogenes are derived from proto-oncogenes because
of genetic damage. Proto-oncogenes are part of normal
growth and proliferation of cells but in case of alteration
they cause abnormal cell growth.

C-MYC

cMYC proto-oncogen encodes the c-MYC protein - a
transcription factor which promotes cell proliferation and
differentiation’. Amplification and overexpression of this
gene correlates with Gleason grade and poor prognosis
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in advanced prostate cancer, however there has not been
proven any correlation with overall survival”>™.

C-ErbB2

Also known as Her-2 neu encodes a transmembrane
phosphoprotein. According to some studies overexpres-
sion of this gene correlates with progression of the disease
to androgen independence. Because other studies have
not shown any Her-2 neu amplification or overexpression
in prostate cancer, there is still a controversy over the role
of this gene™.

Bcl-2

Bcl-2 gene inhibits the apoptotic pathway”’. Its overex-
pression has been implicated in the development of andro-
gen independence and is associated with poor prognosis
of disease™.

PSCA (Prostate stem cell antigen)

Strong PSCA expression has been found in more than
80% of prostate cancer and increased in higher Gleason
score, higher tumor stage and progression to androgen-
independence’ .

P53

P53 gene is a tumor suppressor gene and is the most
frequently mutated gene in human cancers. Its function
is the prohibition of entrance into the synthetic phase of
the cell cycle and the promotion of apoptosis in cells with
damaged DNA (ref.®!). Inactivation of p53 contributes
to the genesis and progression of carcinoma. Abnormal
nuclear p53 accumulation is observed in prostate tumors
and is related to disease stage. It is also correlated with
reduced survival after radical prostatectomy®>%3,

PTEN

The gene PTEN (phosphatase and tensin homologue
deleted on chromosome ten) encodes a phospholipid
phosphatase which acts as a tumor suppressor gene by
inhibiting the signaling pathway regulating cell cycle pro-
gression and cell survival®*. PTEN is expressed in normal
prostatic epithelial cells. In prostatic cancer its production
is reduced particularly in high grade or stage®’.

CONCLUSIONS

For decades PSA has been used to assist in the pros-
tate cancer diagnosis and management. Although the
number of deaths related to prostate cancer has appre-
ciably decreased, it is not clear that this is solely due to
PSA, whose clinical utility is surrounded by several con-
troversies. There is no level of PSA that can reliably dis-
tinguish patients with prostate cancer from those without.
Thus introduction of PSA screening has apparently led
to the diagnosis of many clinically insignificant prostate
cancers and subsequent aggressive treatment without obvi-
ous clinical benefit. Moreover, there is a lack of surrogacy
between PSA changes and clinically significant signs of
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treatment efficacy. Recently introduced ultrasensitive
PSA detection techniques offer new insight into posttreat-
ment changes in serum PSA at very low concentrations.
This may enable earlier cancer relapse detection as well as
unnecessary anxiety among some patients. A new genera-
tion of superior prostate cancer markers have emerged,
introducing new assays in serum and urine that may have
higher cancer specificity than conventional PSA. This
provides an opportunity to apply these findings to guide
clinical decision making and thus reduce overdiagnosis,
overtreatment and financial cost.
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