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ABSTRACT: Prostate-specific antigen (PSA or hK3) is a glandular kallikrein with abundant
expression in the prostate that is widely used to detect and monitor prostate cancer (PCa),
although the serum level is frequently elevated also in benign and inflammatory prostatic
diseases. PSA testing is useful for early detection of localized PCa and for the detection of
disease recurrence after treatment. However, PSA has failed to accurately estimate cancer
volume and preoperative staging. There is no PSA level in serum that definitively distinguishes
men with benign conditions from those with prostate cancer, although PCa is rare in men with
PSA levels in serum < 2.0 ng/ml. This prompted searches for enhancing parameters to combine
with PSA testing, such as PSA density, PSA velocity, and age-specific reference ranges. Due
to the protease structure, PSA occurs in different molecular forms in serum and their concen-
trations vary according to the type of prostatic disease. Human glandular kallikrein 2 (hK2) is
very similar to PSA, but expressed at higher levels in prostate adenocarcinoma than in normal
prostate epithelium. Blood testing for hK2 combined with different PSA forms improves
discrimination of men with benign prostatic disease from those with prostate cancer. Many data
have also been reported on the extra-prostatic expression of both PSA and hK2, and it is now
believed that they may both have functions in tissues outside the prostate.
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l. INTRODUCTION

The traditional human glandular kallikrein family, a subgroup of the serine
protease family, comprises three proteins that are very similar in structure:
hK1, or tissue kallikrein; hK2, or human glandular kallikrein 2; and hK3,
which is usually designated prostate-specific antigen (PSA) due to its very
high expression in the prostate. HK2 has 66% identity in primary structure to
tissue kallikrein and 79% identity to PSA.! The genes encoding these proteins
(KLK1, KLK?2, and KLK3) are located close to each other in a 60- to 70-kb
gene segment on the long arm of chromosome 19.># Expression of hK1 is
mainly found in the salivary glands, the pancreas, and the kidneys.’ It catalyzes
the release of Lys-bradykinin from low- or high-molecular-weight kininogen
and thus is involved in the regulation of blood pressure and local blood flow,
as well as in inflammation and cell proliferation.® The highest expression
levels of both PSA and hK2 are found in the prostate epithelium.’-® Recently,
Diamandis et al.'” reported that the human kallikrein gene locus is much larger,
spanning about 300 kb, and includes 12 additional genes. All these genes
encode putative serine proteases with a conserved catalytic triad (His, Asp,
Ser). At the DNA and amino acid levels they show 30 to 80% sequence
homology. Steroid hormones regulate many of these genes. Moreover, some
have an expression level that is downregulated in breast cancer and some of
the gene products appear to act as tumor supressors. At present, little is known
about the biological function of the protein products of the 12 additional genes.
Two of the newly detected genes, prostase/KLK-L1/KLLK4 and KLK 15, also
show primarily prostatic tissue expression.'!!2

Il. PROSTATE-SPECIFIC ANTIGEN

A. Biochemical and Physiological Characteristics of Prostate-
Specific Antigen (PSA)

PSA was first isolated from seminal plasma in 1971 by Hara et al.'> In
1979, Wang et al.'* purified PSA from human prostate tissue and found it to
be “prostate specific”. Shortly after, researchers detected PSA in human serum
and suggested it as a marker of PCa.!>"!7 PSA mRNA codes for a 261 amino
acid prepro form of the protein, although the mature, catalytically active,
single-chain form of PSA contains 237 amino acid residues with a single
carbohydrate side chain attached at Asn,.!*-?° The molecular mass, including
the carbohydrate side chain, is 28.4 kDa.?! SDS-PAGE has indicated masses
of approximately 33 and 28 kDa for the reduced and the nonreduced protein,
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respectively, a difference explained by the internal disulfide bonding of the
polypeptide chain. Processing of the 261 amino acid protein involves two
steps: removal of the signal peptide after transfer of the protein to the ER, and
removal of propeptide after activation of the protein.'® The final step involving
conversion of the zymogen form of PSA (proPSA) into the enzymatically
active mature protein can be accomplished in vitro by adding hK2 at physi-
ological ratios to proPSA.?>->* However, also trypsin and now very recently
prostin have been shown to convert proPSA into active PSA,?**> and it is not
yet fully established how the conversion of proPSA to the mature, active 237
amino acid single-chain enzyme is accomplished and regulated in vivo.
PSA is a serine protease with chymotrypsin-like substrate specificity that
mainly cleaves peptide bonds on the C-terminal side of certain tyrosine and
leucine residues.?*?° PSA is expressed by normal human prostate epithelium,
epithelial cells in benign hyperplastic nodules, and a majority of the tumor
cells in most prostate cancers.!* PSA is secreted into seminal fluid, where it
occurs at very high concentrations, 0.4 to 3 g/l, which corresponds to about 1.5
to 100 umol/1.'63%31 Here PSA degrades the gel-forming proteins semenogelin
I and II and fibronectin that results in the liquefaction of semen and release of
progressively motile spermatozoa.*3” Several reports have also suggested that
PSA modifies cell growth. Studies in vitro have shown that the protease
activity can modify insulin-like growth-factor-binding protein 3 (IGFBP3),
which results in decreased binding affinity for IGF-1,* and PSA can inactivate
the parathyroid-hormone-related protein (PTHrP),* although the significance
of these effects in vivo is not clear. Moreover, PSA has been shown to
stimulate the mitogenic activity of osteoblasts, possibly through activation of
transforming growth factor-f and proteolytic modification of cell-adhesion
receptors.* PSA has also been reported to exhibit antiangiogenetic activity.*!
In the various extracellular compartments, catalytically active 237 amino
acid single chain PSA can be inactivated by several major extracellular
proteinase inhibitors, such as alpha-1-antichymotrypsin (ACT), alpha-1-pro-
teinase inhibitor (API, also called alpha-1-antitrypsin or AAT), protein C
inhibitor (PCI), alpha-2-macroglobulin (AMG), and pregnancy zone protein
(PZP).284248 Several of these inhibitors that normally are present at levels of
0.5 to 30 umol/l in the blood therefore occur at hundred- to thousand-fold
molar excess to PSA in the blood. By contrast, the majority, about 60% to 70%
of PSA in seminal fluid, appears to occur in catalytically active form,?%33
whereas not more than approximately 5% of PSA in seminal fluid exists as
proteinase inhibitor complexes. PSA is mainly linked as covalent 1:1 molar
ratio complexes with PCI,* which is mainly contributed by the seminal
vesicles. The remaining 30% to 40% of catalytically inactive PSA in seminal
fluid exists mainly as internally cleaved, two-chain or multichain forms of the
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protein,?#° reported to be the result of cleavages C-terminal of mainly Lys, s,
but also cleavages C-terminal of Lys,,,840 although the modifying protease(s)
responsible for these cleavages has not yet been clarified.

B. Characteristics of PSA in Blood

The majority of PSA found in blood is catalytically inactive, mainly due
to the formation of covalent 1:1 molar PSA-ACT complexes.*** In vitro, PSA
also rapidly forms complexes in the blood with AMG.#24346:51.52 The complex
formation with AMG, contrary to the mechanisms for complex formation with
ACT, only blocks access to the catalytic cleft of PSA for large-sized protein
substrates but not for small-sized peptide substrates. However, this PSA-AMG
complex is difficult to measure, both because it is suggested to be present only
at very low levels in vivo, but also due to the steric conformation of the AMG
molecule that subsequent to the protease attack blocks access to the PSA
epitopes. A recent study of the metabolism of different molecular forms of
PSA after radical prostatectomy showed that immediately after surgery the
level of free PSA was elevated almost tenfold,> but there was no significant
increase in PSA-ACT or PSA-AMG concentrations. This indicates that the
free PSA released into blood by prostatic manipulation during removal of
clinically localized tumors is not eliminated by complex formation with the
inhibitors in the blood in vivo, and thus suggests that the released free PSA-
form is enzymatically inactive. However, PSA-AMG complexes are readily
generated during nonoptimized storage of blood in vitro.>'>? Low concentra-
tions of PSA in complex with API have also been detected in blood.*® A
minority, 5% to 45%, of the immunodetectable PSA in blood is found in free
noncomplexed form(s). The free noncomplexed PSA is most likely catalyti-
cally inactive as it remains unreactive (or only very slowly reacts) with the
very large excess of active inhibitors such as ACT and AMG in the blood.>*»*
Several recent reports suggest that the composition of free PSA in the blood
manifests considerable structural heterogeneity. Some findings suggest that
the free PSA form in blood is mainly composed of unclipped inactive forms
of PSA, including different proPSA forms,>> whereas other reports suggest that
it consists of internally cleaved PSA forms (also called “nicked” PSA).>®* More
data on the free forms of PSA occurring in blood might soon be reported. A
recent publication reports on the generation of monoclonal antibodies raised
against a neo-epitope formed after internal cleavage of PSA at Lys,q,-Serq;
(also called BPSA)>" as well as monoclonal antibodies that only bind to the
single-chain PSA forms (i.e., different proPSA forms and mature PSA).>8
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The first data reported on the half-life of PSA in serum by Stamey et al.”®
suggested it to be 2.2 + 0.8 days, whereas data from Oesterling et al.®
suggested 3.2 + 0.1 days. Later, Partin ez al.! reported that the clearance of free
and total PSA after radical prostatectomy followed a “two compartment”
model. The initial half-lives were <2 h for free and total PSA and then
increased to 22 and 33 h respectively. Bjork and colleagues®? also analyzed
serum collected immediately after prostatectomy and follow-up samples col-
lected up to 14 days. They reported only very slow, capacity-limited linear
decline in the 95-kDa-sized PSA-ACT complex levels in serum, with a mean
decrease of 0.8 ng/ml per day. By contrast the 28.4-kDa sized free PSA was
eliminated in a bi-exponential manner, where initial re-equilibration gave a
half-life of 0.8 h, and a second half-life of 14 h that might be explained by renal
glomerular filtration.5> Studying rats, Birkenmeyer et al.%® observed that the
PSA-AMG complex was cleared very rapidly from the circulation, with a
calculated half-life of 6.7 = 1 min, which would explain the very low concen-
trations of this complex found in serum.!

One reason for the varying rates of elimination reported for the different
molecular forms of PSA might be that this process occurs by several different
pathways. The smaller sized free PSA molecule is probably subject to renal
clearance, whereas the PSA-ACT and PSA-AMG complexes are too large to
allow elimination by the renal glomeruli. Therefore, it is assumed that PSA-
ACT and PSA-AMG may both be eliminated mainly by the liver, although by
different mechanisms. In rats, Birkenmeyer et al.%* showed that the PSA-AMG
complex was metabolized in the liver, whereas the PSA-ACT complex was
metabolized in both the liver and the kidneys. These researchers also noted that
the rate of elimination of the PSA-AMG complex was considerably prolonged
after addition of a 1000-fold molar excess of transformed AMG, which sug-
gests that clearance of this complex is mediated via the AMG receptor in the
liver. Furthermore, Birkenmeyer and co-workers observed that an excess of
transformed AMG did not interfere with the clearance of the PSA-ACT
complex in rats. This may have occurred because the PSA-ACT complex binds
to a different site on the AMG receptor than AMG,*” or more likely that it binds
to another receptor in the liver and perhaps also in the kidneys. It has also been
reported that ACT complexes do not bind to the AMG receptor,’ whereas they
bind to both the mouse serpin receptor in the liver,5-% and the rat glycoprotein
gp 330 receptor in the kidneys.57-%

C. Clinical Applications
The production of PSA is androgen dependent in the normal prostate gland

and PSA can therefore be detected after puberty in the serum of healthy men.
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The concentration of PSA is normally very low in serum (<2.0 ng/ml in men
40 to 49 years old), and it increases not only in PCa but also in benign prostatic
hypertrophy (BPH),* hence many attempts have been made to establish appro-
priate reference ranges for serum PSA. A PSA cut-off of 4.0 ng/ml has been
used most often over the years.® QOesterling reported that if this cut-off level
were used as the decision level for biopsy in a group of men with organ-
confined tumors or BPH, a sensitivity of 57% and a specificity of 68% would
be obtained, and the positive predictive value (PPV) for serum PSA would be
49%.% Catalona et al.” reported that in a large screening study comprising
6630 males 50 years or older, 15% had a PSA concentration greater than 4.0
ng/ml. After biopsy of these men, the PPV for PSA was 32%. Numerous other
studies show more or less equivalent data, which clearly indicate that many
cancers will be missed with a PSA cut-off of 4.0 ng/ml. In one study Catalona
et al.”! found cancer in 22% of men with PSA concentrations of 2.6 to 4.0 ng/
ml who underwent biopsy. Accordingly, lowering the cut-off level would
result in better sensitivity, but this would also reduce the specificity and PPV.
This low specificity is a problem when using PSA as a tumor marker, and
many attempts have been made to improve the specificity of PSA measure-
ments.

Oesterling and co-workers’ evaluated appropriate reference ranges in
serum from a randomly chosen population of healthy men aged 40 to 79 years
and living in Olmstedt county, Minnesota. This study showed that age as well
as prostate volume correlated with serum PSA concentrations, thus the use of
age-specific reference ranges was introduced. However, even though age-
specific reference ranges would lead to enhanced sensitivity for PCa in men
younger than 60 years and enhanced specificity in men older than 60 years,
these ranges have been criticized because they would also miss cancers in men
older than 60 years, a group at highest risk for PCa.”374

To improve the specificity of PSA measurements, Carter et al.”® used
another approach in which the PSA velocity was analyzed by serial measure-
ments of the elevation of PSA over time. It was found that the PSA levels in
serum increased more rapidly in men with cancer than in healthy men, which
helped to differentiate between these two groups. A PSA velocity of 0.75 ng/ml
per year or greater was strongly suggestive of cancer. However, to obtain reliable
results, it was also found necessary to calculate the slope of the PSA elevation
in serum, that is, the PSA velocity, from a minimum of three different measure-
ments performed during a time period of at least 2 years. Still, there are several
limitations of the method that restrict its clinical utility that include normal
biological intraindividual day-to-day variation as well as interassay variability.
Nixon et al. ' showed in a study of 24 men that if an increase in PSA was less
than 20 to 46%, it may be due to biological and analytical variation.
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Based on the knowledge that PSA concentrations also increase with pros-
tate volume and that more PSA is released per gland volume in patients with
PCa than in those with BPH, Benson et al.”’-”® inaugurated a concept called
PSA density in which the PSA concentration is divided by the trans-rectal
ultrasound (TRUS)-measured volume of the prostate gland. Benson and co-
workers found that a higher PSA density is indeed associated with a greater
likelihood of PCa. However, analyzing PSA density is of limited value due to
the following: it is difficult to make accurate prostate volume measurements
by TRUS; the epithelium-to-stroma ratio varies in BPH; and only the epithe-
lium produces PSA.780 As this procedure also requires the use of ultrasound,
it is less practical in the initial screening for PCa.

Transition zone PSA density is another PSA-derived method that has been
proposed to facilitate discrimination of men with BPH from those with PCa.?!-8?
In this analysis, PSA is divided by the volume of the transition zone of the
prostate gland, because BPH is localized almost exclusively in that area of the
gland. Poor reproducibility due to difficulties in providing accurate TRUS-
based volume determinations of the transition zone also limits the usefulness
of this type of density measurement.

lll. FREE PSA
A. Free PSA for Early Detection of Prostate Cancer

1. Free PSA to Distinguish BPH from PCa

Christensson et al. were the first to report on different molecular PSA
forms in blood in 1990, where they demonstrated the ability of PSA to form
covalent complexes with several major inhibitors such as AMG and ACT.* In
1991, Stenman et al. were the first to report that the proportion of complexed
PSA (PSA-ACT) was higher in men with PCa than in those with BPH.#
Independently, Lilja et al. were the first to report generation of monoclonal
antibodies specific for free PSA, which subsequently were used to develop
three different assays: one specific for detection of free PSA, one for PSA-
ACT complexes, and one for total PSA.*} Their data showed that the PSA-
ACT complex is the predominant form of immunoreactive PSA in serum,
accounting for a mean of about 85% of total PSA, while the free, noncomplexed
PSA-form(s) accounted for the remaining approximately 15%.*} Christensson
et al. reported that the proportion of complexed PSA (PSA-ACT) was signifi-
cantly higher in men with PCa than in those with BPH.?? In agreement with this
finding they also reported that the ratio of free-to-total PSA was statistically
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significantly lower in 109 patients with PCa (a ratio of 0.18) than in 135 men
with BPH (a ratio of 0.28)%; even when they excluded 43 patients from the
heterogenous group of PCa patients who received hormonal treatment the
statistical significance was similiar with a free-to-total PSA ratio of 16% in
prostate cancer patients vs. 28% in men with benign conditions. The benign
pathology was proven by transurethral resection of the prostate; however, not
all had fine needle biopsies of the peripheral zone to safely rule out PCa at this
location.®?

Why there is a higher proportion of serum PSA complexed to ACT in
patients with carcinoma of the prostate than in those with BPH still remains
unclear. One possible explanation for this phenomenon could be that local
contribution of ACT is more pronounced in prostate cancer cells than epithe-
lial cells in BPH tissue.?*® However, in a recent investigation on tissue
Stephan et al.% were unable to demonstrate the presence of any PSA-ACT
complexes intracellularly in the cancer lesions and concluded that the complex
formation presumably takes place after extracellular release of enzymatically
active free PSA. Another possible explanation could be that BPH and prostate
cancer cells secrete different forms of free PSA (enzymatically active or
inactive forms), or at least different proportions of these. This theory is
supported by the finding of different molecular forms of free PSA in blood.35-°
It had been demonstrated previously that cell barriers are better preserved in
benign conditions than in malignant lesions,}” something that might also
influence the different molecular forms detected in blood.

Many studies®®-*! that were conducted subsequently confirm the early data
of Stenman et al.** and Christensson et al.®’ that the use of the free-to-total PSA
ratio enhances the specificity of conventional total PSA testing, which may be
used to avoid many unnecessary prostate biopsies. Some of these studies also
demonstrated that the diagnostic enhancement contributed by the free-to-total
PSA ratio was most pronounced at total PSA levels <10.0 ng/ml.38°2 Conflict-
ing results have been published on the benefits of free-to-total PSA ratio
measurements at total PSA levels below 4.0 ng/ml.?*-*® Different free PSA/
total PSA assays have different “cut-offs” — one variable in comparative
studies. Another variable is different patient selection criteria. Also, in some
cases the detection limit of the free PSA measurements may not be sufficiently
low to allow generation of reliable data at low total PSA levels. Interestingly,
Fowler et al. investigated racial differences of free PSA in a study including 222
African-Americans and 298 Caucasian-Americans all suspected of PCa with
total PSA levels from 2.5 to 9.9 ng/ml, and showed that black men diagnosed
with PCa by prostate biopsies had higher free-to-total PSA ratios than the
white men®; furthermore, by applying a commonly used cut-off of 25% free-
to-total PSA more early-stage PCa in black men would have been missed. In
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a multicenter study, Catalona et al. investigated the performence of the free-
to-total PSA ratio at total PSA levels from 4.0 to 10.0 ng/ml'®, and reported
that at a free-to-total PSA ratio of <25%, the sensitivity was 95%, while the
specificity was enhanced by 20%. It was concluded from this study that at an
expense of missing 5% of the cancer cases, 20% of the negative biopsies (i.€.,
false positives) could be avoided. Many subsequent studies focused on the use
of free-to-total PSA for screening purposes.

2. Free PSA in Screening for Prostate Cancer

Despite international efforts, early detection and treatment of PCa and
strategies used in screening policies remain controversial. Adding new param-
eters to established screening parameters must help to decrease the proportion
of men undergoing prostate biopsies and still allow detection of the majority
of cancers, particularly those that are organ confined and aggressive, and
therefore might be appropriate targets for curative therapy. Screening for PCa
is usually performed by the conventional total PSA testing in blood and digital
rectal examination (DRE) of the prostate. TRUS can be added for detection of
lesions and volumetry of the prostate, but it has been demonstrated not to be
cost-efficient as a primary screening tool. Measurements of the ratio of free-
to total-PSA represent a novel parameter with potential to increase the speci-
ficity of the conventional total PSA testing in screening populations. Bangma
et al. showed in 1726 men screened for PCa with PSA serum levels above 4.0
ng/ml that 39% of biopsies could have been omitted by missing 11% of
cancers by using a cut-off of <20% for free-to-total PSA.!! Catalona et al.
applied a cut-off of <10% for free-to-total PSA to 193 men with PCa detected
during screening on routine biopsies and normal digital examination'®; the
PPV was 46% meaning 46 nonpalpable cancers per 100 biopsies could be
detected. Applying this strategy to the large screening population of 10,523
men in the European Randomized Study of Screening for Prostate Cancer,
Schroder et al. obtained a dramatic effect in reducing the rate of unnecessary
biopsies.!?? In a prospective screening study on 158 men, of which 106 had
PSA levels between 2.5 and 10.0 ng/ml, 37 cancers were detected by prostate
biopsies.'®® By using a cut-off of <18% for the free-to-total PSA ratio, a
significant amount (25%) of cancers would have been missed; however, with
a cut-off of 22% only 2% of cancers would have been missed, with an
elimination of 30% of unnecessary biopsies. Looking at a screening population
with total PSA levels <3.0 ng/ml, Tornblom et al. found no cancers over a cut-
off of 18% free PSA ratio;’® however, below this cut-off nine cancers could be
found that comprised 14% of all diagnosed cancers.
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In a literature review on the use of free PSA, Stein er al. very recently
found not only a cost reduction of 30% during PCa screening in the U.S., but
also that up to 48% of men would have been spared unnecessary biopsies with
only very little reduction in cancer detection rate.'® Some authors focused on
the utility of percent free-to-total PSA measurements to avoid repeat biopsies
for men with previously negative prostate biopsies.!*-197 Morgan ef al. inves-
tigated 64 men with elevated PSA levels from 4.1 to 24.8 ng/ml, normal DRE
and two or more previous negative sets of systematic sextant biopsies'?; at a
cut-off of <10% free-to-total PSA they reported a sensitivity of 91% and
specificity of 86%. Using receiver operator characteristics (ROC) to calculate
areas under the curves (AUCs), percent free-to-total PSA performed the best
(AUC = 0.93) followed by PSA density (AUC 0.69). Catalona et al. looked at
163 men with total PSA levels from 4.1 to 10.0 ng/ml undergoing repeat
biopsies'®; 90% or 95% of the 20 cancer cases would have been detected if
the percent free-to-total PSA cut-off would have been set at <10% or <8%,
avoiding 12% or 13% of the unnecessary biopsies, respectively. The very
recent prospective study by Djavan et al. included 820 men with total PSA
levels from 4.0 to 10.0 ng/ml who underwent repeat biopsies'?’; 83 cancers
were detected. At a cut-off of <30% percent free-to-total PSA, 90% of the
cancers would have been detected and at the same time 50% of the unnecessary
prostate biopsies would have been avoided. Here, the ROC analysis showed
that the AUC for percent free-to-total PSA (AUC 0.75) was greater than those
for transition zone PSA density (AUC 0.69), PSA density (AUC 0.62), or total
PSA (AUC 0.60).

3. Free PSA for Staging and Grading of Prostate Cancer

The ratio of free-to-total PSA has proven useful for enhancing the speci-
ficity of PSA to distinguish between malignant and benign prostatic diseases.
Therefore, it was logical to evaluate the utility of this ratio for preoperative
staging of PCa or even to estimate cancer volume. However, several investi-
gators have come to slightly differing conclusions about the value of percent
free-to-total PSA in predicting the final pathological stage using retrospective
data of radical prostatectomy specimens®”-!%-112 or using data from a prospec-
tive multicenter study.!'!? Using pooled serum of patients with PCa at various
stages, Stamey ef al. showed that the fraction of serum PSA complexed to
ACT remained relatively constant even when hormonal or radiation treatment
had failed.'”™ Lerner et al.' and Bangma et al.'"' found no statistically
significant differences among pathological tumor stages and grades; however,
Lerner et al. described statistically significant differences among pathological
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substages.!® Pannek er al. found that 97% of 301 patients had free-to-total
PSA ratios <25%, which was consistent with the fact that they were considered
suspicious for prostate cancer''’; however, percent free-to-total PSA did not
enhance the preoperative prediction of either organ-confined cancer or lymph
node-positive disease compared with the conventional total PSA levels in
serum. Data from the Department of Urology at the University Hospital in
Hamburg, Germany, on 170 patients with clinically localized PCa showed no
difference in the free-to-total ratio between pT2 and pT3 cancers'!?; however,
there was a significantly lower ratio in pT3 cancers with seminal vesicle
invasion compared with those without seminal vesicle invasion (p = 0.015).
Looking at cancer grade, there was a trend toward lower free-to-total PSA
ratios with higher-grade cancers.'!?

In a preliminary study on 33 patients, Arcangeli et al. found significantly
(p = 0.05) lower free-to-total PSA ratios for cancer with capsular penetration
than for those that were organ confined!'%; using a cut-off ratio of <14%,
cancer with free-to-total PSA ratios below this cut-off had higher Gleason
grades. Sothwick et al.!'3 reported in their study of 268 patients with serum
PSA 4.0 to 10.0 ng/ml and selected for radical prostatectomy, that higher
percent-free PSA levels were associated with more favorable histopathologi-
cal findings in prostatectomy specimens. A value of 15% free PSA provided
the greatest discrimination in predicting favorable pathological outcome.
Moreover, multivariate logistic regression revealed percent-free PSA to be the
strongest predictor of postoperative pathological outcome (odds ratio 2.25),
followed by biopsy Gleason sum (2.06) and patient age (1.35). Very recently,
Grossklaus et al. found a significant inverse relationship between percent free-
to-total PSA and tumor volume in a subset of 37 patients with total PSA levels
>4.0 ng/ml.'"> Epstein et al. showed that the presence of insignificant cancer
of the prostate, that is, defined as organ-confined cancer with tumor volume
of <0.5 ml and no Gleason grade 4 or 5, could be accurately predicted
preoperatively using a cut-off of >15% free-to-total PSA in conjunction with
needle biopsy findings. !

4. Influence of Prostate Volume, Age, and Inflammation of the
Prostate on Free PSA

It was reported by many investigators that age, and prostate volume may
independently influence free-to-total PSA ratios.!!>!'7-"% Partin er al. showed
an increase of percent free-to-total PSA with increasing benign gland volume
of the prostate!'$; dividing the patients into two groups, they reached 95%
sensitivity using a lower cut-off of >14% free-to-total PSA for small glands
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(<35 ml prostate volume) and 25% free-to-total PSA for larger glands (235 ml
of prostate volume). Similar findings were reported by Haese et al. on 395
patients who all had histology proven disease by six systematic biopsies (n =
156 BPH, n = 239 PCa)!'”; however, they used stepwise analysis for each 10
ml of prostate volume. The lower percent free-to-total PSA in PCa compared
with BPH patients was found to be statistically significant only for prostate
gland volumes up to 60 ml; there were no statistically significant differences
in percent free-to-total PSA in PCa compared with BPH patients for the larger
glands (gland volume >60 ml). Consistent with these findings, ROC curves for
percent free-to-total PSA in these two groups showed larger AUCs for percent
free-to-total PSA for the patients with small volume prostates compared with
larger ones. Ornstein et al. similarly found increasing percent free-to-total PSA
with increasing prostate volume (<50 ml vs. 250 ml of prostate volume) in 67
BPH patients (p = 0.008).!"°

Partin et al. also reported an increasing percent free-to-total PSA with
increasing patient age''®; using a cut point of <18% free-to-total PSA, the
sensitivity decreased (90% sensitivity), and many cancers were missed in
patients over 67 years. This phenomen could largely be related to increasing
prostate volume with age; however, in the study by Partin et al. the correlation
between volume and age was insignificant for men with total PSA levels from
4.0 to 10.0 ng/ml.""® Vashi et al. reported similar data based on a study of 225
men with biopsy-proven BPH!?%; percent free-to-total PSA increased with
increasing age at total PSA levels from 2.0 to 20.0 ng/ml. However, no
correction was made for prostate gland volume as a putative contributing
factor. Oesterling et al. and Lein et al. reported some contradictory data for
healthy men'?!122; they found increasing total and free PSA levels for men
from 20 to 89 years of age, but found no significantly different percent free-
to-total PSA from the third to eighth decades.

Total PSA levels have been reported to be elevated in acute prostatitis.!?
Some authors have also investigated the influence on percent free-to-total PSA
by acute inflammation of the prostate. Ornstein et al. similarly found that in
men with BPH, percent free-to-total PSA was significantly higher in men with
a prostate gland larger than 50 ml (n = 35) than in men whose gland was
smaller than 50 ml (n = 28) (p = 0.008)''?; however, all patients with histologi-
cal signs of acute inflammation had moderately elevated PSA levels in serum
(mean of 5.6 ng/ml; SD + 1.6 ng/ml) but no clinical signs of acute inflamma-
tion. The percent free-to-total PSA (22%) was as high as for those with chronic
inflammation (22.3%). In contrast, data reported by Fink et al. who studied 28
patients with acute and chronic inflammation of the prostate'?*; showed a mean
percent free-to-total PSA of 51.3% that was normalized within 2 weeks in
parallel with relief from clinical symptoms of the disease.
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5. Free PSA and Recurrence of Prostate Cancer

Few data have been reported on free PSA as a marker for recurrence after
treatment of prostate cancer with radical prostatectomy. Men with recurrent
PCa should harbor “pure” cancer in that they have no benign prostate tissue.
Alternatively, if the increase in free PSA in benign prostatic disease is due to
compartmentalization of PSA in the transition zone (BPSA) the removal of the
prostate changes the paradigm. “Clones” of metastatic cancer cells will now
determine the amount of inactive (free) PSA released into the serum.

Preliminary data from the Hamburg University Department of Urology on
20 patients after pT3 pNO radical prostatectomy showed a median 21% free-
to-total PSA, ranging from 3.3 to 46.6%.'> Interestingly, Vashi et al. demon-
strated in 46 men with recurrent disease a mean of 9.7% in free-to-total PSA,
and that 65% of the patients with recurrent PCa had <10% free-to-total PSA.
However, four patients (9%) with more aggressive cancer and seminal inva-
sion had >20% free-to-total PSA.12¢ Also, Lin et al.'?’ studied the different
forms of PSA occurring in postoperative sera from 52 men with elevated PSA
concentrations after radical prostatectomy. 52% of the patients had percent
free <15%, 48% had percent free >15 and 13% had levels >30%. No signifi-
cant relationship was found between percent free PSA and grade, stage, or
severity of disease; however, percent free PSA was significantly increased in
patients receiving hormonal treatment and/or radiation therapy versus those
who received no treatment.

6. When to Use Free PSA?

A distinct relationship has been established linking percent-free PSA to the
probability of PCa; patients with low percent free-to-total PSA have far higher
probability of having PCa than those with higher ratios. However, some
factors such as age, prostate volume, and acute inflammation may influence
percent free-to-total PSA that must be taken into account by the interpreting
physician. The data reviewed consistently show that percent free PSA en-
hances the specificity of total PSA testing using established cut-off ratios that
result in reduced need for prostate biopsies, thus subsequently reducing costs.
However, percent-free PSA is not an ideal marker for staging or grading of
PCa preoperatively or helpful when estimating recurrent disease.

B. Measurements of PSA-ACT Complexes (Complexed PSA)
Several problems remain despite the advance of free-to-total PSA. High

analytical precision of free PSA assays is important, in particular in low ranges
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of free PSA levels, to reduce the overlap in percent free-to-total PSA between
men with and those without PCa. Further, intraindividual day-to-day variation
is also likely to be higher for free PSA compared with PSA-ACT due to the
short half-life of 12 to 18 h in plasma for free PSA compared with very slow
elimination of PSA-ACT complexes.®? Moreover, limited in vitro stability of
free PSA in serum!?%!? compared with the significantly higher stability of
PSA-ACT requires compliance with established handling of clinical serum
specimens to avoid falsely decreased free-to-total ratios, or taking advantage
of the enhanced stability of free PSA in anticoagulated EDTA or heparin
plasma samples. The free PSA level is significantly decreased following 24 h
storage unless serum is stored frozen, while there is no decrease in PSA-ACT
levels up to 7 days storage.!?*!12 However, 2 years of storage at —70°C has been
shown to give acceptable levels of both free and total PSA."* Further, prob-
lems with lack of uniformity of manufactured free PSA assays is amplified
when free PSA levels are combined with total PSA levels to obtain free-to-
total ratios, which becomes more problematic when total PSA assays do not
detect free and complexed PSA forms with equimolar signal intensity.

The data first reported by Stenman et al., Christenson et al., and Leinonen
et al *>83131 on the specific PSA-ACT complex measurements showed it to
contribute significant diagnostic enhancement over the conventional total PSA
testing. However, there was an overreading of PSA-ACT complex levels in
these original reports that in subsequent reports was demonstrated to result
from difficulties in eliminating nonspecific (i.e., false positive) background
signals contributed by granulocyte-derived proteases, for example, cathepsin
G, which also form covalent linkages to ACT and attach to the solid phase
surfaces of micro-titer wells. However, Allard ez al.'*? from Bayer Diagnostics
reported on the design of an indirect immunodetection of complexed PSA
(cPSA) in serum: an assay that does not recognize free PSA in the sample, but
recognizes complexed PSA, in particular PSA-ACT. However, it has not yet
been fully clarified whether this assay recognizes PSA-ACT and PSA-API
complexes in an equimolar fashion. However, the PSA-ACT complexes are by
far predominant as the PSA-API complexes contribute only 1 to 2% of total
PSA #8133 The cPSA-assay employs a free-specific monoclonal antibody to
enable selective shielding of free PSA from binding to the capture antibody
linked to magnetic particles. Therefore, only complexed PSA remains to bind
to the polyclonal indicator antibody in the cPSA assay.

Assay validation'** (n = 300) has shown that the sum of the Bayer cPSA
concentration plus the Beckman Coulter free PSA concentration equals that of
the Beckman Coulter total PSA concentration (y = 1.05x —0.25; r = 0.99 in the
0 to 25 ng/ml PSA range). Complex PSA measurements offer advantages in
regard to stability as PSA-ACT is far more stable in the test tube than free
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PSA.128129 Also, cPSA levels are much less affected by prostatic manipulation
such as DRE, cystoscopy, or biopsy compared with a significant increase in
total PSA subsequent to these procedures.!?> The evaluation of the cPSA assay
using ROC showed consistently greater AUCs (although not always statisti-
cally significant greater) than AUCs of total PSA in each of ten different
studies evaluating samples from close to 2000 men.'3+136-14 However, cPSA
was not as specific or sensitive as percent-free PSA or percent-complexed PSA
in the total PSA “gray zone” (e.g., 4 to 10 ng/ml). One of these studies
incorporated 272 men with biopsy-detected carcinoma and 385 men with
benign findings.'*® The enhancement in test performance contributed by the
cPSA assay in the truncated 4 to 10 ng/ml range of PSA levels shows
enhanced capacity of cPSA to discriminate men with cancer from men
without cancer compared with conventional total PSA measurements.!?8
Another of these studies included 367 men with biopsy-detected carcinoma
and 290 men with BPH (enlarged prostates but benign biopsy findings).!3
Here, in the truncated range of 2 to 20 ng/ml or in the truncated range of 4
to 10 ng/ml, only percent-free PSA had an AUC significantly greater than
total PSA. Percent cPSA or cPSA alone gave larger AUCs than that for total
PSA, but no statistical significance was seen. Conflicting results on the
utility of cPSA in these two large studies may be due to different patient
selection criteria or different methods for the determination of the PSA
forms.

IV. HUMAN GLANDULAR KALLIKREIN 2 (hK2)

In 1987, Schedlich and associates' identified the gene coding for hK2, or
hGK 1, as it was called at that time. Soon thereafter it was found that hK2, like
PSA, is expressed mainly in prostatic tissue,”'* and hK2 is expressed in
the prostate tissue at levels corresponding to 10 to 50% of the expression of
PSA."” However, it was not until 1995 that the protein was isolated from
seminal plasma,!#¢ in which it was found to occur mainly in complex with
protein C inhibitor (PCI). In 1990, Henttu et al.® reported that there was good
correlation between expression of PSA and hK2 mRNA in BPH tissue, but that
correlation was not as marked in PCa tissue. In 1997, Darson et al.!*’ further
examined the expression of hK2 and PSA in prostate tissue and found that, in
contrast to PSA, hK2 is expressed at higher levels in prostatic adenocarcinoma
than in the normal prostate epithelium. Therefore, the data suggest that the hK2
expression is incrementally increased during the transition from benign epithe-
lium to primary cancer and lymph node metastases.!47!48 Like PSA, hK2 is
found in seminal plasma,'# although at much lower concentrations (i.e., the
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hK2 levels are about 1% of the PSA concentration),'%° and several studies have

also shown that hK2 levels in serum are elevated in men with prostatic
disease.”:130-160

A. Biochemical and Physiological Characteristics

The hK2 mRNA codes for a 261 amino acid prepro form of hK2, whereas
the mature protein is composed of 237 amino acids and has a single glycosylation
site at Asn,,.! Mature hK2 has an apparent molecular mass of 31 to 33 kDa
according to SDS-PAGE?® 161162 and a true molecular mass of 28.5 kDa deter-
mined by laser desorption mass spectrometry.!%? The protein is initially synthe-
sized with a signal peptide, which is removed after transfer to the ER, and a
propeptide that is removed after activation. Activation of hK2 is believed to be
an autocatalytic process,>*»104165 but it is not known where it occurs.

The hK2 molecule has an aspartate residue at the bottom of its catalytic
pocket, which is critical for the restricted trypsin-like substrate specificity of
classic kallikreins.! The enzymatic activity of hK2 catalyzes cleavage of
substrates on the C-terminal side of certain single and double arginines, and,
much less often, lysines and histidines.!®® Recent investigations have revealed
many potential biological functions of hK2. Studies in vitro have shown that
hK2 can convert the zymogen form of PSA into an enzymatically active
protein.??~2* The significance of this finding in vivo is not yet known, although
hK?2 is likely one physiological activator of PSA, considering the co-localiza-
tion of these two proteins in the prostate, although other proPSA converting
pathways may also exist. Recently, it was shown that prostin, a novel human
prostatic serine protease, also can activate proPSA.?°> Similar to PSA, hK2 can
cleave the semenogelins and fibronectin,!%%167 but the cleavage pattern and
identified cleavage sites in semenogelin I and II generated by the action of hK2
in vitro are distinct from those generated by PSA. Further, the few cleavage
sites identified thus far in the semenogelin in liquefied seminal plasma are
generated by the action of PSA and not by hK2.*° Another potential function
of hK?2 is regulation of the urokinase plasminogen activator (uPA) system. It
has been reported that hK2 activates uPA and inactivates PAI-1, the primary
inhibitor of uPA.24+168.16% [t hag also been shown that hK2 exhibits kininogenase
activity!’ by releasing bradykinin from high-molecular-weight kininogen
(HMWK). One of the many effects of bradykinin is to increase sperm motil-
ity,"”" which is why it is possible that hK2 has a physiological function in
seminal fluid.

Deperthes!'# found that the hK2 in seminal plasma was inactive and that
most of hK?2 is complexed with PCI. Later, in vitro studies showed that hK2
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can form complexes with several extracellular protease inhibitors besides PCI,
including o,-antiplasmin (o,-AP), AMG, ACT, anti-thrombin III (ATIII), C1-
inactivator and PAI-1.163.168.169.172173 Complex formation between hK2 and o,;-
antitrypsin (API) has not been reported. The most rapid inhibition occurs when
hK2 is complexed with PCI, PAI-1, or AMG.!%%!72 The enzymatic activity of
hK2 can also be regulated by micromolar levels of Zn?*, which is noteworthy
because zinc is present at millimolar levels in the prostate and in seminal
fluid.'%® Moreover, in a recent investigation,'’* approximately 10% of the hK2
in prostate tumor tissue was found in complex with the intracellular serine
protease inhibitor-6 (PI-6) and may reflect tumor necrosis.

B. Characteristics of hK2 in Blood

Most of the immunodetectable hK2 in serum appears to be in a free,
noncomplexed 30-kDa form. It has been proposed that catalytically inactive
prohK?2 might represent a significant portion of free hK2 in serum, both in men
with BPH and those with PCa.!>® The limited data reported suggest that only
a small fraction of the hK2 (about 5 to 20%) has a 90-kDa size and is found
in complex with proteinase inhibitors, possibly as hK2-ACT com-
plexes.!50.173.175.176 Therefore, the importance of extracellular protease inhibi-
tors for the regulation of hK2 in serum is not yet understood

As most of hK2 detected in serum appears to be in the free form,!30.175.176
it is likely that elimination of hK2 from blood could mainly occur by glomeru-
lar filtration, although only very little data have been reported on the clearance
of hK2 from serum. In a study by Lilja et al.,”* the prostatic manipulation
during prostatectomy caused an almost tenfold increase in levels of free PSA,
but it did not elevate hK2 concentrations; in fact, within 2 h of surgery, the
mean hK2 levels were below the functional detection limit of the assay
(0.05 ng/ml). In that investigation, the very low concentrations of hK2 in
serum, in combination with the limited functional sensitivity of the available
assay, made it impossible to calculate the elimination rate, although hK2 did
seem to be rapidly cleared from blood circulation.

C. Clinical Applications
The striking similarities between hK2 and PSA, along with the observed
differences in expression of these two proteins in the prostate epithelium,'4”-148

have resulted in much speculation on the potential role of hK2 as a novel
marker for PCa. Immunodetection of hK2 was initially difficult due to the
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extensive structural similarity of the two proteins, about 80% identity in
primary structure, which might result in severe immunological cross-
reaction with PSA. Production of recombinant hK2!6!177-179 made it possible
to characterize the antigenic epitope structures of the protein in greater detail
and to evaluate the cross-reactivity of monoclonal anti-PSA antibodies with
hK2.161.179-181 The information generated on the binding specificity of different
monoclonal antibodies has allowed the design and development of highly
sensitive and specific methods for the detection of each of the two proteins in
tissues and in different body fluids.!47-148.150.152.156.173.175.176 The concentration of
hK?2 in serum is much lower than the level of PSA (i.e., about 1 to 2%).!30:154.158
However, the covariance of hK2 and PSA levels is usually much less than
60%,1>0-154156.159.176 which indicates that hK2 might contribute independent
information, perhaps in an additive fashion, to further enhance the detection of
prostate cancer.

Many studies have demonstrated that hK2-levels in serum are elevated in
men with prostate disease.”®!5%-1¢0 Also, it has been shown that concentrations
of hK2, like PSA, increase with age!'>*!7> and are very low in female sera, as
well as in sera of healthy!32!156.175.176 and prostatectomized!>®!”> men. Further-
more, PCa patients have higher hK2 levels than men with BPH.!52154155.158 I
1998, Kwiatkowski et al.'>* showed that combining the hK2 levels with free
PSA levels was superior to measurements of percent free PSA for the discrimi-
nation of symptomatic men with PCa from those without cancer among men
who had PSA levels from 4 to 10 ng/ml. Later, it was demonstrated'>® that
discrimination of men with BPH from those with localized PCa was signifi-
cantly improved by combining the measured levels of hK2 with those of both
free and total PSA.?%15 Two recent studies indicate that hK2 determinations
may be helpful in predicting organ-confined disease in the preoperative stag-
ing of PCa patients. Haese et al.'8? were the first to report that hK?2 is useful
for distinguishing between organ-confined and non-organ-confined tumors.
This finding was confirmed in a study by Recker et al.'®? that also showed that
the hK2 levels in addition to free and total PSA-levels were useful to improve
the discrimination of grade-G1 from grade-G3 tumors and of grade-G2 from
grade-G3 tumors.

D. Extraprostatic Sources of Prostate-Specific Antigen (PSA)
and Human Glandular Kallikrein 2 (hK2)

The name “prostate-specific antigen” reflects the initial widespread
belief that the expression of this protein was restricted to the prostate gland.
It has now been well documented that PSA is not prostate specific; it is
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expressed in many tissues, although at lower levels, and is secreted in many
biological fluids besides seminal plasma. A list of tissues expressing PSA and
hK?2 is presented in Table 1.6%175:184-220 A ]ist of biological fluids (serum values
from normal subjects) containing PSA and hK2 is shown in Table
2 156,175,186,187.219-230

The periurethral (Skene’s) gland was the first female tissue that was
reported to produce PSA.!' This tissue has been referred to as ‘the female
prostate’?® as its developmental origin is common to that of the male prostate.
PSA is detectable in healthy breast tissue and is present in breast tumor
extracts.**® Various breast secretions contain PSA, including nipple aspirate
fluid, milk of lactating women, and breast cyst fluid. Endometrial tissue
produces PSA as do some ovarian tumors, and PSA is present in amniotic
fluid. Low levels of circulating PSA are detectable in female sera and in some
cerebrospinal fluids (for specific references see Tables 1 and 2).

Numerous studies have already indicated that the phenomenon of PSA
production by breast tissue can be reproduced with breast carcinoma cell
lines.”!=23 It is already known that the PSA gene is regulated by androgens?3;
with breast carcinoma cell lines, it has been shown that PSA is up-regulated

TABLE 1
Tissues Expressing PSA and hK2
Tissue PSA reference hK2 reference
Prostate 69, 184-185 220
Breast 186—-189 175
Thyroid 190 190
Lung 191-194 —
Ovary 195-197 —
Urethra/periurethral/paraurethral glands 198-205 —
Apocrine sweat glands 206 —
Urachus 207 —
Bladder 208-210 —
Cloacogenic glandular epithelium/

anal gland 211 —
Salivary gland 212-214 —
Male accessory sex glands 215 —
Uterus/endometrium 210, 216 o
Adrenal/colon/kidney/liver/parotid 191 —
Bone marrow 217 —
Pancreas 210, 218-219 —
Bile duct 210 —
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by androgens and progestins and, to a lower extent, by mineralocorticoids and
glucocorticoids.??!-23

The physiological role of PSA in extraprostatic tissues is not known. A
recent review summarizes current knowledge, which, at times, seems conflict-
ing.?® It is clear that PSA has biological functions beyond semen liquefaction,
which is the accepted function of this enzyme in seminal plasma.®

PSA levels in various fluids, and especially in female serum, are extremely
low and they are difficult to measure with conventional PSA assays. However,
with the advent of highly sensitive immunological assays for PSA, it has now
been documented that PSA is present in female serum.?*240 In some cases,
these levels approach those of males.?*! These ultrasensitive PSA assays have
facilitated studies toward investigating the diagnostic and prognostic value of
PSA in females.

V. PSA AND THE BREAST
A. PSA as a Prognostic Indicator in Breast Cancer

PSA immunoreactivity in breast cancer cytosolic extracts was first identi-
fied in 1994.180.187 More recent studies with new, ultrasensitive immunoassays
demonstrated that approximately 70% of breast tumor cytosolic extracts con-
tain immunoreactive PSA.?*? The localization of breast tumor PSA was ac-
complished using immunohistochemistry with anti-PSA antibodies.?*>-**¢ The
presence of PSA in breast tumors, as identified by immunoassays, correlated
with that detected immunohistochemically.?** Western blots and high-perfor-
mance liquid chromatography demonstrated that breast tumor PSA was of the
same molecular weight as seminal PSA (vast majority in the free-PSA form).'®’
Molecular analysis verified that the mRNA of breast tumor PSA was identical
in sequence to prostatic PSA.!¥ DNA sequencing further confirmed that no
mutations were present in the coding region of the PSA gene in breast tu-
mors.2¥

PSA positivity in breast tumor cytosols is weakly associated with the
presence of estrogen and progesterone receptors.'8¢-24 In addition to the in vitro
models, which have established the hormonal regulation of PSA in breast
carcinoma cell lines,?*'-233 a severe combined immunodeficiency (SCID) mouse
model has confirmed these data as well.?* The association between steroid
hormone receptors and PSA production was also demonstrated in vivo in
breast tissue.'8® PSA is expressed at low levels by healthy mammary tissue.?°
Breast cytosolic extracts from women receiving progestin-containing oral
contraceptives had considerably more PSA immunoreactivity, confirming the
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hormonal dependence of PSA production.'® The prognostic value of PSA
measurement in breast cytosols was examined in three studies.?*>21:232 PSA
positivity in primary breast tumors is significantly associated with smaller
tumors, steroid hormone receptor positivity, low cellularity, diploid tumors,
low S-phase fraction, less advanced disease stage, younger patient age, lower
risk for relapse, and longer overall survival. Similarly, low levels were more
often found in larger tumors, tumors of older, post-menopausal patients and in
steroid hormone receptor-negative tumors. All these data suggest PSA to be a
favorable prognostic indicator in breast cancer patients. Smaller, immunohis-
tochemical studies found an association of PSA with androgen receptors,?*
association with unfavorable prognosis in a subset of patients with absence of
PSA and estrogen receptors,’* or of no prognostic value.?** The differences are
possibly due to [a] methodology and [b] size of the patient groups.

Based on these findings, another study examined the predictive
value of PSA measurements in cytosolic extracts in relation to tamoxifen
response.?*® High levels of PSA in primary breast tumors were related
to poor response, short duration of response, and poor overall survival
after tamoxifen therapy in recurrent disease. Given that previous stud-
ies have shown that PSA is a favorable marker of prognosis in breast
cancer, the finding that PSA is elevated in tumors and disease that is
refractory to tamoxifen was unexpected, with no obvious explanation at
present.

Another two reports shed some more light into the prognostic value
of PSA in breast cancer. In one study, serum PSA was examined as a
prognostic indicator in women with metastatic breast cancer who were
receiving the synthetic progestin megestrol acetate.?? It was found that
approximately 50% of these patients were able to increase their serum
PSA severalfold, due to the administration of the drug. The patients
who did respond with increased serum PSA had much worse prognosis
and reduced survival than those who did not increase their serum PSA.
In this study, serum PSA was taken as a conveniently measurable
surrogate marker of tumor tissue PSA. This investigation had indicated
that the effectiveness of the drug can be predicted by serum PSA
measurements, but the result was also unexpected, because tumors that
produced more PSA and secreted it into the circulation had a worse
prognosis. This was investigated further in one patient who had a
remarkable increase in serum and cerebrospinal fluid PSA after megestrol
acetate administration.?®* This patient died very quickly from meta-
static breast cancer. These data further indicate a possible role of PSA
in breast cancer progression, but the mechanisms are still obscure.
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B. PSA for Breast Cyst Classification

Breast cyst fluid contains variable amounts of PSA.22225-2%8 It has also
been indicated that of the two types of breast cysts, type I (secretory/apocrine)
contain more PSA than type II (transudative/flattened).?5628-260 Also, type I
cysts have more free PSA than type II cysts.?® It appears that the total amount
of PSA as well as the percent of free PSA in breast cyst fluid has some value
for cyst subclassification.

C. PSA in Nipple Aspirate Fluid and Breast Cancer Risk

The majority (75%) of nipple aspirate fluids contain immunoreactive
PSA 221261262 Copcentrations up to 13 mg/l have been reported, making nipple
aspirate the biological fluid with the second highest concentration of PSA
(after seminal plasma). Nipple aspirate fluid PSA levels are higher in premeno-
pausal, in comparison to postmenopausal women, presumably due to higher
levels of circulating steroid hormones before the menopause.?*!**! The con-
centration of PSA in nipple aspirate fluid appears to be inversely associated
with breast cancer risk.2?! Nipple aspirate fluids from women with no risk
factors for breast cancer had relatively high PSA concentrations, while women
with breast cancer were more likely to have low PSA levels in nipple aspirate
fluid. These findings suggest that PSA analysis in nipple aspirate fluid may
constitute a potential tool for breast cancer risk assessment.

D. Serum PSA as a Marker of Breast Disease

Using ultrasensitive PSA immunoassays, it has been demonstrated that at
least 50% of normal female sera contain detectable PSA 224236.238.239 The likely
source of circulating PSA in females is the mammary duct system, as PSA is
expressed predominantly in breast tissue and enters its secretions. Serum PSA-
levels in females are approximately 100 to 1000 times lower than male PSA
levels in serum.

PSA is differentially expressed during the menstrual cycle, as the rise in
serum PSA levels follows the progesterone concentration peaks.?** PSA levels
were found to increase in the sera of pregnant women,?** and furthermore
serum PSA is elevated in serum of both male and female newborns.?®

Serum PSA levels are elevated in a fraction of endocrine-dependent dis-
eases, including breast cancer, breast cystic disease, and uterine
leomyoma.?3%-26:267 Furthermore, women with high levels of circulating andro-
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gens consequently exhibiting hirsutism have augmented PSA levels in se-
rum.2%%-270 Lehrer et al. used reverse-transcription polymerase chain-reaction
methodology to detect PSA transcripts in circulating cells of breast cancer
patients and found that 25% of the cancer patients were positive.?’! This may
aid in the molecular staging of breast cancer, similar to the situation with
PCa.?”? Others have tried PSA mRNA as a marker of lymph node
micrometastasis of breast cancer’’”® and found a positive signal in approxi-
mately 60%.

Prostate-specific antigen circulates in blood in various forms, including
PSA complexed to ACT and free PSA.?%62¢7 The measurement of the per-
cent-free PSA in PCa patients is already used for the differential diagnosis
between prostate cancer and benign prostatic hyperplasia.?? The molecular
forms of PSA have been investigated in serum of patients with breast
cancer.?3%266.267 Using high-performance liquid chromatography and
ultrasensitive immunoassay techniques, it was found that most breast cancer
patients who have measurable PSA have free PSA as the predominant
molecular form. This finding has been proposed as a way to diagnose breast
cancer,?®” but the diagnostic sensitivity of this test is low, despite the fact that
the diagnostic specificity is acceptable. The mechanism of this differential
presence of PSA molecular forms in serum of breast cancer patients is not
currently known.

VI. PSA IN AMNIOTIC FLUID

Human amniotic fluid contains detectable amounts (median concentration
approximately 3 ng/ml) of PSA 226264274 The concentration of PSA increases
with gestation from week 11 to 21, at which time it reaches a plateau, or slowly
drops. The physiological background to this is not understood.

It was initially hypothesized that PSA measurements in maternal serum
may be a useful screening parameter in order to identify mothers at risk of
carrying fetuses affected with various abnormalities.?’> However, these find-
ings have not been confirmed in subsequent studies despite the fact that
amniotic fluid PSA was detected and found to be lower in patients affected
with Downs syndrome.?76-277

A. Extraprostatic Sources of Human Glandular Kallikrein 2 (hK2)

hK?2 was initially considered to be a prostatic-specific biomarker,?? but it
is now known that this protein is expressed extraprostatically as well. In
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particular, hK2 has been detected in normal and malignant breast tissue
extracts2® and in breast milk, amniotic fluid, breast cyst fluid, serum, urine,
and saliva.'#*222 These data suggest that diseased and normal breast secretions
contain both PSA and hK2.

Breast carcinoma cell lines that produce hK2 have been identified,?*? and
it has already been established that hK2 regulation is similar to that reported
for PSA, namely, up-regulation by androgens, progestins, glucocorticoids, and
mineralocorticoids. In all tissues and fluids in which hK2 has been detected,
statistically significant correlation between PSA and hK2 values has been
found. 149222

Studies have indicated that both PSA and hK2 are up-regulated after
testosterone administration in female to male transsexuals (the increases are
measurable in both serum and urine).??* On the other hand, administration of
antiandrogens and estrogens in male-to-female transsexuals causes dramatic
reductions in the levels of PSA and hK2 in serum and urine.??

By using reverse-transcription polymerase chain-reaction technology, it
has been reported that transcripts of PSA and hK2 can also be found in the
thyroid.'® These data clearly demonstrate that, although these two kallikreins
show their highest expression in prostate tissue, numerous other tissues also
produce these proteins. Therefore, it will be interesting to delineate the pos-
sible biological function of these kallikreins in nonprostatic tissues and other
biological fluids.

REFERENCES

1. Schedlich LJ, Bennetts B, Morris BJ. Primary structure of a human glandular kallikrein
gene. DNA 1987; 6: 429-437.

2. Riegman PH, Vlietstra RJ, van der Korput J, et al. Characterization of the prostate-specific
antigen gene: a novel human kallikrein-like gene. Biochem Biophys Res Commun 1989;
159: 95-102.

3. Riegman PH, Vlietstra RJ, Klaassen P, et al. The prostate-specific antigen gene and the
human glandular kallikrein-1 gene are tandemly located on chromosome 19. FEBS Lett
1989; 247: 123-126.

4. Riegman PH, Vlietstra RJ, Suurmeij L, et al. Characterization of the human kallikrein locus.
Genomics 1992; 14: 6-11.

5. Fukushima D, Kitamura N, Nakanishi S. Nucleotide sequence of cloned cDNA for human
pancreatic kallikrein. Biochemistry 1985; 24: 8037-8043.

6. Clements JA. The glandular kallikrein family of enzymes: tissue-specific expression and
hormonal regulation. Endocr Rev 1989; 10: 393-419.

381



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Chapdelaine P, Paradis G, Tremblay RR, et al. High level of expression in the prostate of
a human glandular kallikrein mRNA related to prostate-specific antigen. FEBS Lett 1988;
236: 205-208.

Henttu P, Lukkarinen O, Vihko P. Expression of the gene coding for human prostate-
specific antigen and related hGK-1 in benign and malignant tumors of the human prostate.
Int J Cancer 1990; 45: 654—-660.

Young C-F, Andrews PE, Montgomery BT, et al. Tissue-specific and hormonal regulation
of human prostate-specific glandular kallikrein. Biochemistry 1992; 31: 818-824.

Diamandis EP, Yousef GM, Luo I, et al. The new human kallikrein gene family: implica-
tions in carcinogenesis. Trends Endocrinol Metab 2000; 11: 54-60.

Yousef GM, Obiezu CV, Luo LY, et al. Prostase/KLK-L1 is a new member of the human
kallikrein gene family, is expressed in prostate and breast tissues, and is hormonally
regulated. Cancer Res 1999; 59: 4252-6.

Yousef GM, Scorilas A, Jung K, et al. Molecular cloning of the human kallikrein 15 gene
(KLK15). Up-regulation in prostate cancer. J Biol Chem 2001; 276: 53-61.

Hara M, Koyanagi Y, Inoue T, et al. Some physico-chemical characteristics of gamma-
seminoprotein, an antigenic component specific for human seminal plasma. Jap J Legal
Med 1971; 25: 322-324.

Wang MC, Valenzuela LA, Murphy GP, et al. Purification of a human prostate specific
antigen. /nvest Urol 1979; 17: 159-163.

Papsidero LD, Wang MC, Valenzuela LA, et al. A prostate antigen in sera of prostatic
cancer patients. Cancer Res 1980; 40: 2428-2432.

Wang MC, Papsidero LD, Kuriyama M, et al. Prostate antigen: A new potentional marker
for prostatic cancer. Prostate 1981; 2: 89-96.

Kuriyama M, Wang MC, Lee C-I, et al. Use of human prostate-specific antigen in moni-
toring prostate cancer. Cancer Res 1981; 41: 3874-3876.

Lundwall A, Lilja H. Molecular cloning of human prostate specific antigen cDNA. FEBS
Lerr 1987; 214: 317-22.

Schaller J, Akiyama K, Tsuda, R, et al. Isolation, characterization and amino-acid sequence
of gamma-seminoprotein, a glycoprotein from human seminal plasma. Eur J Biochem
1987; 170: 111-120.

Schulz, P, Stucka, R, Feldmann, H, et al. Sequence of a cDNA clone encompassing the
complete mature human prostate specific antigen (PSA) and an unspliced leading sequence.
Nucleic Acids Res 1988; 16: 6226.

Bélanger A, van Halbeek H, Graves HCB, et al. Molecular mass and carbohydrate structure
of prostate specific antigen: studies for establishment of an international PSA standard.
Prostate 1995; 27: 187-197.

Kumar A, Mikolajczyk SD, Goel AS, et al. Expression of pro form of prostate-specific
antigen by mammalian cells and its conversion to mature, active form by human kallikrein
2. Cancer Res 1997; 5§7: 3111-4.

382



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Lovgren J, Rajakoski K, Karp M, et al. Activation of the zymogen form of prostate-specific
antigen by human glandular kallikrein 2. Biochem Biophys Res Commun 1997; 238: 549—
55.

Takayama TK, Fujikawa K, Davie EW. Characterization of the precursor of prostate-
specific antigen. Activation by trypsin and by human glandular kallikrein. J Biol Chem
1997; 272: 21582-8.

Takayama TK, Carter CA, Deng T. Activation of prostate-specific antigen precursor (pro-
PSA) by prostin, a novel human prostatic serine protease identified by degenerate PCR.
Biochemistry 2001; 40: 1679-1687.

Akiyama K, Nakamura T, Iwanaga S, et al. The chymotrypsin-like activity of human
prostate-specific antigen, gamma-seminoprotein. FEBS Letter 1987; 225: 163-172.

Lilja H, Abrahamsson PA, Lundwall A. Semenogelin, the predominant protein in human
semen. Primary structure and identification of closely related proteins in the male accessory
sex glands and on the spermatozoa. J Biol Chem 1989; 264: 1894-900.

Christensson A, Laurell CB, Lilja H. Enzymatic activity of prostate-specific antigen and its
reactions with extracellular serine proteinase inhibitors. Eur J Biochem 1990; 194: 755-63.

Malm J, Hellman J, Lilja H. Characterization of the substrate specificity of prostate-specific
antigen (PSA) by limited proteolysis of the major gel-proteins in human semen. Scand J
Clin Lab Invest 1995; 55: Suppl 223 Abstract 544.

Lilja H, Abrahamsson PA. Three predominant proteins secreted by the human prostate
gland. Prostate 1988; 12: 29-38.

Wang TJ, Rittenhouse HG, Wolfert RL, et al. PSA concentrations in seminal plasma. Clin
Chem 1998; 44: 895a-896a.

Lilja H, Laurell CB, Jeppsson JO. Characterization of the predominant basic protein in
human seminal plasma, one cleavage product of the major seminal vesicle protein. Scand
J Clin Lab Invest 1984; 44: 439-46.

Lilja H. A kallikrein-like serine protease in prostatic fluid cleaves the predominant seminal
vesicle protein. J Clin Invest 1985; 76: 1899-903.

Lilja H, Oldbring J, Rannevik G, et al. Seminal vesicle-secreted proteins and their
reactions during gelation and liquefaction of human semen. J Clin Invest 1987; 80: 281—
5.

Lee C, Keefer M, Zhao ZW, et al. Demonstration of the roll of prostate-specific antigen in
semen liquefaction by two-dimensional electrophoresis. J Androl 1989; 10: 432-438.

McGee R, Herr J. Human seminal vesicle-specific antigen during semen liquefaction. Biol
Reprod 1987, 37: 431-439.

McGee R, Herr J. Human seminal vesicle-specific antigen is a substrate for prostate-
specific antigen (or P-30). Biol Reprod 1988; 39: 499-510.

Cohen P, Graves HCB, Peehl DM, et al. Prostate-specific antigen (PSA) is an insulin-like
growth factor binding protein-3 protease found in seminal plasma. J Clin Endocrinol Metab
1992; 74: 1046-1053.

383



39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Iwamura M, di Sant‘Agnese PA, Wu G, et al. Immunohistochemical localization of
parathyroid hormone-related protein in human prostate cancer. Cancer Res 1993; 53:
1724-1726.

Killian CS, Corral DA, Kawinski E, et al. Mitogenic response of osteoblast cells to prostate-
specific antigen suggests an activation of latent TGF-beta and a proteolytic modulation of
cell adhesion receptors. Biochem Biophys Res Commun 1993; 192: 940-947.

Fortier AH, Nelson BJ, Grella DK, et al. Antiangiogenetic activity of prostate-specific
antigen. J Natl Cancer Inst 1999; 91: 1635-1640.

Stenman UH, Leinonen J, Alfthan H, et al. A complex between prostate-specific antigen
and alpha-1-antichymotrypsin is the major form of prostate-specific antigen in serum of
patients with prostatic cancer: assay of the complex improves clinical sensitivity for cancer.
Cancer Res 1991; 51: 222-226.

Lilja H, Christensson A, Dahlen U, et al. Prostate-specific antigen in serum occurs predomi-
nantly in complex with alpha I—antichymotrypsin. Clin Chem 1991; 37: 1618-25.

Espafia F, Sanchez-Cuenca J, Vera CD, et al. A quantative ELISA for the measurement of
complexes of prostate-specific antigen with protein C inhibitor when using a purified
standard. J Lab Clin Med 1993; 122: 711-719.

Christensson A Lilja H. Complex formation between protein C inhibitor and prostate-
specific antigen in vitro and in human semen. Eur J Biochem 1994; 220: 45-53.

Heeb MIJ, Espana F, Gittes RF, et al. Prostate specific antigen-alpha 2—-macroglobulin
complexes in prostate cancer patient sera. Biochem Mol Biol Int 1995; 37: 917-923.

Otto A, Bir J, Birkenmeier G. Prostate-specific antigen forms complexes with human
alpha2-macroglobulin and binds to the alpha2—macroblobulin receptor/IDL receptor-re-
lated protein. J Urol 1998; 159: 297-303.

Zhang W-M, Finne P, Leinonen J, et al. Measurement of the complex between prostate-
specific antigen and alpha-1-protease inhibitor in serum. Clin Chem 1999; 45: 814-821.

Leinonen J, Zhang W-M, Stenman U-H. Complex formation between PSA isoenzymes and
protease inhibitors. J Urol 1996; 155: 1099-1103.

Watt K, Lee P-J, M"Timkulu T, et al. Human prostate-specific antigen: Structural and
functional similarity with serine proteases. Proc Natl Acad Sci USA 1986; 83: 3166-3170.

Zhang W-M, Finne P, Leinonen J, et al. Characterization and immunological determination
of the complex between prostate-specific antigen and alpha-2—-macroglobulin. Clin Chem
1998; 44: 2471-2479.

Lilja H, Haese A, Bjork T, et al. Significance and metabolism of complexed and
noncomplexed prostate specific antigen forms, and human glandular kallikrein 2 in clini-
cally localized prostate cancer before and after radical prostatectomy. J Urol 1999; 162:
2029-34; discussion 2034-5.

Carrell R, Travis J. Alpha-l-antitrypsin and the serpins: variatilon and countervariation.
TIBS 1985; 10: 20-24.

Sottrup-Jensen L. Alpha-macroglobulins: structure, shape, and mechanism of proteinase
complex formation. J Biol Chem 1989; 264: 11539-11542.

384



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Mikolajczyk SD, Grauer LS, Millar LS, et al. A precursor form of PSA (pPSA) is a
component of the free form of PSA in prostate cancer serum. Urology 1997; 50: 710-714.

Noldus J, Chen Z, Stamey TA. Isolation and charcterization of free form prostate specific
antigen (f-PSA) in sera of men with prostate cancer. J Urol 1997; 158: 1606—-1609.

Mikolajczyk SD, Millar LS, Wang TJ, et al. “BPSA”, a specific molecular form of free
prostate-specific antigen, is found predominantly in the transition zone of patients with
nodular benign prostatic hyperplasia. Urology 2000; 55: 41-45.

Nurmikko P, Vaisanen V, Piironen T, et al. Production and characterization of novel anti-
prostate-specific antigen (PSA) monoclonal antibodies that do not detect internally cleaved
Lys145-Lys146 inactive PSA. Clin Chem 2000; 46: 1610-8.

Stamey TA, Yang N, Hay AR, et al. Prostate-specific antigen as a serum marker for
adenocarcinoma of the prostate. N Engl J Med 1987; 317: 509-916.

Oesterling JE, Chan DW, Epstein JL, et al. Prostate specific antigen in the preoperative and
postoperative evaluation of localized prostatic cancer treated with radical prostatectomy. J
Urol 1988; 139: 766-772.

Partin AW, Piantadosi S, Subong EN, et al. Clearance rate of serum-free and total PSA
following radical retropubic prostatectomy. Prostate Suppl 1996; 7: 35-39.

Bjork T, Ljungberg B, Piironen T, et al. Rapid exponential elimination of free prostate-
specific antigen contrasts the slow, capacity-limited elimination of PSA complexed to alpha
l—antichymotrypsin from serum. Urology 1998; 51: 57-62.

Birkenmeyer G, Struck F, Gebhardt R. Clearance mechanism of prostate specific antigen
and its complexes with alpha2-macroglobulin and alphal-antichymotrypsin. J Urol 1999;
162: 897-901.

Kasza A, Petersen HH, Heegaard CW, et al. Specificity of serine proteinase/serpin complex
binding to very-low-density lipoprotein receptor and alpha2—macroglobulin receptor/ low-
density-lipoprotein-receptor-related protein. Eur J Biochem 1997; 248: 270-281.

Pizzo SV, Mast AE, Feldman SR, et al. In vivo catabolism of alpha 1—antichymotrypsin is
mediated by the serpin receptor which binds alpha 1—proteinase inhibitor, antithrombin III
and heparin cofactor II. Biochim Biophys Acta 1988; 967: 158—162.

Mast AE, Enghild JJ, Pizzo SV, et al. Analysis of the plasma elimination kinetics and
conformational stabilities of native, proteinase-complexed, and reactive site cleaved serpins:
comparison of alpha l-antichymotrypsin, antithrombin III, alpha 2-antiplasmin,
angiotensinogen, and ovalbumin. Biochemistry 1991; 30: 1723-1730.

Zheng G, Bachinsky DR, Stamenkovic I, et al. Organ distribution in rats of two members
of the low-density lipoprotein receptor gene family, gp 330 and LRP/alpha 2MR, and the
receptor-associated protein (RAP). J Histochem Cytochem 1994; 42: 531-542.

Poller W, Willnow TE, Hilpert J, et al. Differential recognition of alpha 1-antitrypsin-
elastase and alpha 1-antichymotrypsin-cathepsin G complexes by the low density lipopro-
tein receptor-related protein. J Biol Chem 1995; 270: 2841-2845.

Oesterling JE. Prostate specific antigen: a critical assessment of the most useful tumor
marker for adenocarcinoma of the prostate. J Urol 1991; 145: 907-923.

385



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

8l1.

82.

83.

84.

85.

Catalona WJ, Richie JP, Ahmann FR, et al. Comparison of digital rectal examination and
serum prostate specific antigen in the early detection of prostate cancer: results of a
multicenter clinical trial of 6630 men. J Urol 1994; 151: 1283-1290.

Catalona WJ, Smith DS, Ornstein, DK. Prostate cancer detection in men with serum PSA
concentrations of 2.6 to 4.0 ng/ml and benign prostate examination. JAMA 1997; 277:
1452-1455.

Oesterling JE, Jacobsen SJ, Chute CG, et al. Serum prostate-specific antigen in a commu-
nity based population of healthy men. Establishment of age-spcific reference ranges. JAMA
1993; 270: 860.

Catalona WJ, Hudson MA, Scardino PT, et al. Selection of optimal prostate specific antigen
cutoffs for early detection of prostate cancer: receiver operating characteristics. J Urol
1994; 152: 2037-2042.

Borer JG, Scherman J, Solomon MC, et al. Age specific prostate specific antigen reference
ranges: population specific. J Urol 1998; 159: 444-448.

Carter HB, Pearson JD, Metter EJ, et al. Longitudinal evaluation of prostate-specific
antigen levels in men with and without prostatic disease. JAMA 1992; 267: 2215-2220.

Nixon RG, Wener MH, Smith KM, et al. Biological variation of prostate specific antigen
levels in serum: an evaluation of day-to-day physiological fluctuations in a well-defined
cohort of 24 patients. J Urol 1997; 157: 2183-2190.

Benson MC, Whang IS, Pantuck A, et al. Prostate specific antigen density: a means of
distinguishing benign prostatic hypertrophy and prostate cancer. J Urol 1992; 147: 815.

Benson MC, Whang IS, Olsson CA, et al. The use of prostate specific antigen density to
enhance the predictive value of intermediate levels of serum prostate specific antigen. J
Urol 1992; 147: 817-821.

Partin AW, Carter HB, Chan DW, et al. Prostate specific antigen in the staging of localized
prostate cancer: influence of tumor differentiation, tumor volume and benign hyperplasia.
J Urol 1990; 143: 747-752.

Stamey TA, Kabalin JN, McNeil JE, et al. Prostate specific antigen in the diagnosis and
treatment of adenocarcinoma of the prostate. II. Radical prostatectomy-treated patients. J
Urol 1989; 141: 1076-1083.

Zlotta AR, Djavan B, Marberger M, et al. Prostate specific antigen density of the transition
zone: a new effective parameter for prostate cancer prediction. J Urol 1997; 157: 1315-1321.

Djavan B, Zlotta AR, Byttebier G, et al. Prostate specific antigen density of the transition
zone for early detection of prostate cancer. J Urol 1998; 160: 411-419.

Christensson A, Bjork T, Nilsson O, et al. Serum prostate specific antigen complexed to
alpha l1-antichymotrypsin as an indicator of prostate cancer. J Urol 1993; 150: 100-5.

Bjartell A, Bjork T, Matikainen MT, et al. Production of alpha-l-antichymotrypsin by
PSA-containing cells of human prostate epithelium. Urology 1993; 42: 502-10.

Bjork T, Bjartell A, Abrahamsson PA, et al. Alpha 1-antichymotrypsin production in PSA-
producing cells is common in prostate cancer but rare in benign prostatic hyperplasia.
Urology 1994, 43: 427-34.

386



86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Stephan K, Jung K, Brux B, et al. Molecular forms of prostate specific antigen (PSA) in
malignant and benign prostatic tissue. J Urol 2000; 163: abstract # 1055.

Catalona WJ, Smith DS, Wolfert RL, et al. Evaluation of percentage of free serum prostate-
specific antigen to improve specificity of prostate cancer screening. JAMA 1995; 274:
1214-1220.

Luderer AA, Chen Y-T, Soriano TF, et al. Measurement of the proportion of free to total
prostate-specific antigen improves diagnostic performance of prostate-specific antigen in
the diagnostic gray zone of total prostate-specific antigen. Urology 1995; 46: 187—-194.

Vashi AR, Wojno KJ, Henricks W, et al. Determination of the “reflex range” and appro-
priate cutpoints for percent free prostate-specific antigen in 413 men referred for prostatic
evaluation using the AxSYM system. Urology 1997; 49: 19-27.

Veltri RW, Miller M(C', Zhao G, et al. Evaluation of various molecular forms of PSA to
distinguish benign prostatic hyperplasia (BPH) from prostate cancer (CaP). J Urol 1999;
161: abstract # 1231.

Lein M, Jung K, Elgeti U, et al. Ratio of free and complexed to total prostate specific
antigen in prostate cancer diagnosis. J Urol 2000; 163: abstract # 1231.

Basso D, Fogar P, Piva MG, et al. Total PSA, free PSA/total PSA ratio, and molecular PSA
detection in prostate cancer: which is clinically effective and when? Urology 2000; 55: 710.

Djavan B, Remzi M, Seitz C, et al. Serum-PSA, F/T PSA, PSAD, PSA-TZ and PSA
velocity: early detection of prostate cancer in men with serum PSA levels of 2.5 to 4.0 ng/
ml. J Urol 1999; 161: abstract #355.

Hammerer P, Graefen M, Henke R-P, et al. Ratio of free/total PSA (%f-PSA) in men with
serum PSA levels of 2.5-3 ng/ml: improvement for prostate cancer detection? J Urol 2000;
163: abstract #1230.

Catalona WJ, Partin AW, Finlay JA, et al. Use of percentage of free prostate-specific
antigen to identify men at high risk of prostate cancer when PSA levels are 2.51 to 4 ng/
ml and digital rectal examination is not suspicious for prostate cancer: an alternative model.
Urology 1999; 54: 220-224.

Partin AW, Catalona WJ, Finlay JA, et al. Use of human glandular kallikrein 2 for the
detection of prostate cancer: preliminary analysis. Urology 1999; 54: 83945,

Sokoll LJ, Bruzek DJ, Dunn W, et al. Cancer detection rate for patients with total PSA
concentrations < 4 ng/ml. J Urol 1999; 161: abstract #1227.

Tornblom M, Norming U, Adolfsson J, et al. Diagnostic value of percent free prostate-
specific antigen: retrospective analysis of a population-based screening study with empha-
sis on men with PSA levels less than 3.0 ng/ml. Urology 1999; 53: 945-50.

Fowler JE, Sanders J, Bigler SA, et al. Percent free prostate specific antigen and cancer
detection in black and white men with total prostate specific antigen 2.5 t0 9.9 ng/ml. J Urol
2000; 163: 1467-1470.

Catalona WJ, Partin AW, Slawin KM, et al. Use of percentage of free prostate-specific
antigen to enhance differentiation of prostate cancer from benign prostatic disease: a
prospective multicenter clinical trial. JAMA 1998; 279: 1542—1547.

387



101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Bangma CH, Kranse R, Blijenberg BG, et al. The value of screening tests in the detection
of prostate cancer. Part II: retrospective analysis of free/total prostate-specific analysis
ratio, age-specific reference ranges, and PSA density. Urology 1995; 46: 779.

Schroder FH, van der Cruijsen-Koeter I, de Koening HJ, et al. Prostate cancer detection at
low prostate specific antigen. J Urol 2000; 163: 806-812.

Reissigl A, Klocker H, Pointner J, et al. Usefulness of the ratio free/total prostate-specific
antigen in addition to total PSA levels in prostate cancer screening. Urology 1996; 48: 62—
66.

Stein BS, Mirmirani S, Smithfield N. The economic effect of free PSA levels on the cost
of screening for prostate cancer. J Urol 2000; 163: abstract #1228.

Morgan TO, McLeod DG, Leifer ES, et al. Prospective use of free prostate-specific antigen
to avoid repeat prostate biopsies in men with elevated total prostate-specific antigen.
Urology 1996, 48: 76-80.

Catalona WJ, Beiser JA, Smith DS. Serum free prostate specific antigen and prostate
specific antigen density measurements for predicting cancer in men with prior negative
biospies. J Urol 1997; 158: 2162-2167.

Djavan B, Zlotta A, Remzi M, et al. Optimal predictors of prostate cancer on repeat prostate
biopsy: a prospective study of 1051 men. J Urol 2000; 163: 1144-1148.

Stamey TA, Chen Z, Prestigiacomo A. Serum prostate specific antigen binding alpha-1-
antichymotrypsin: influence of cancer volume, location and therapeutic selection of resis-
tant clones. J Urol 1994; 152: 1510-1514.

Lerner SE, Jacobsen SJ, Lilja H, et al. Free, complexed, and total serum prostate-specific
antigen concentrations and their proportions in predicting stage, grade, and deoxyribo-
nucleic acid ploidy in patients with adenocarcinoma of the prostate. Urology 1996; 48:
240-8.

Pannek J, Subong EN, Jones KA, et al. The role of free/total prostate-specific antigen ratio
in the predicition of final pathological stage for men with clinically localized prostate
cancer. Urology 1996; 48: 6A:51-54.

Bangma CH, Kranse R, Blijenberg BG, et al. The free-to-total serum prostate specific
antigen ratio for staging prostate carcinoma. J Urol 1997; 157: 544-547.

Noldus J, Graefen M, Huland E, et al. The value of the ratio of free-to-total prostate specific
antigen for staging purposes in previously untreated prostate cancer. J Urol 1998; 159:
2004-2007.

Southwick PC, Catalona WJ, Partin AW, et al. Prediction of post-radical prostatectomy
pathological outcome for stage Tlc prostate cancer with percent free prostate-specific
antigen: a prospective multicenter clinical trial. J Urol 1999; 162: 1346-1351.

Arcangeli GC, Shephard DL, Smith DS, et al. Correlation of percent free PSA with
pathologic features of prostatic carcinoma. J Urol 1996; 155: 415A.

Grossklaus DJ, Shappell SB, Gautam S, et al. Correlation between percent free PSA and
tumor volume in radical prostatectomy specimens. J Urol 2000; 163: abstract #1056.

388



116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Epstein JI, Chan DW, Sokoll LJ, et al. Nonpalpable stage Tlc prostate cancer: prediction
of insignificant disease using free/total prostate specific antigen levels and needle biopsy
findings. J Urol 1998; 2407-2411.

Haese A, Graefen M, Noldus J, et al. Prostatic volume and ratio of free-to-total prostate
specific antigen in patients with prostatic cancer or benign prostatic hyperplasia. J Urol
1997; 158: 2188-2192.

Partin AW, Catalona WJ, Southwick PC, et al. Analysis of percent free prostate-specific
antigen (PSA) for prostate cancer detection: influence of total PSA, prostate volume, and
age. Urology 1996; 48: 55-61.

Ormnstein DK, Smith DS, Humphrey PA, et al. The effect of prostate volume, age, total
prostate specific antigen level and acute inflammation on the percentage of free serum
prostate specific antigen levels in men without clinically detectable prostate cancer. J Urol
1998; 159: 1234.

Vashi AR, Wojno KJ, Vessella RL, et al. Percent free PSA correlates directly with patient
age. J Urol 1997; 157: abstract # 432.

Oesterling JE, Jacobsen SJ, Klee GG, et al. Free, complexed and total serum prostate
specific antigen: the establishment of appropriate reference ranges for their concentrations
and ratios. J Urol 1995; 154: 1090-5.

Lein M, Koening FJK, McGovern FJ, et al. The percentage of free prostate specific
antigen is an age-independent tumour marker for prostate cancer: establishment of
reference ranges in a large population of healthy men. Br J Urol 1998; 82: 231-
236.

Dalton DL. Elevated serum prostate-specific antigen due to acute bacterial prostatitis.
Urology 1989; 33: 465.

Fink K, Reissigl A, Horniger W, et al. Findings of percent free prostate specific antigen
(%F-PSA) in acute and chronic prostatitis and comparison to organ confined prostate
cancer. J Urol 1998; 159: abstract #896.

Graefen M, Noldus J, Hammerer P, et al. A high ratio of free to total prostate specific
antigen (F-PSA%) is predominant in biochemical relapse of prostate cancer (PCA) after
radical prostatectomy (RP). J Urol 1997; 157: abstract #439.

Vashi AR, Wojno KJ, Wright GL, et al. Percent free PSA values in men with recurrent
cancer following radical prostatectomy question the hypothesis of percent-free PSA.J Urol
1998; 159: abstract #902.

Lin DW, Noteboom JL, Blumenstein BA, et al. Serum percent free prostate-specific antigen
in metastatic prostate cancer. Urology 1998; 52: 366-371.

Piironen T, Pettersson K, Suonpaa M, et al. In vitro stability of free prostate-specific antigen
(PSA) and prostate- specific antigen (PSA) complexed to alpha I-antichymotrypsin in
blood samples. Urology 1996; 48(6A): 81-7.

Woodrum D, French C, Shamel LB. Stability of free prostate-specific antigen in serum
samples under a variety of sample collection and sample storage conditions. Urology 1996;
48(6A): 33-39.

389



130.

132.

133.

134.

135.

136.

137.

138.

140.

141.

142.

144.

Woodrum D, York L. Two-year stability of free and total PSA in frozen serum samples.
Urology 1998; 52: 247-251.

. Leinonen J, Lovgren T, Vornanen T, et al. Double-label time-resolved immunofluorometric

assay of prostate-specific antigen and of its complex with alpha-1-antichymotrypsin. Clin
Chem 1993; 39: 2098-2103.

Allard WJ, Zhou Z, Yeung KK. Novel immunoassay for the measurement of complexed
prostate-specific antigen in serum. Clin Chem 1998; 44: 1216-1223.

Finne P, Zhang W-M, Auvinen A, et al. Use of the complex between prostate-specific
antigen and alphal—protease inhibitor in screening for prostate cancer. J Urol 2000; 164:
1956-1960.

Brawer MK, Meyer GE, Letran JL, et al. Measurement of complexed PSA improves
specificity for early detection of prostate cancer. Urology 1998; 52: 372-378.

Lynn NN, Collins GN, O'Reilly PH. Prostatic manipulation has a minimal effect on
complexed prostate-specific antigen levels. BJU Int 2000; 86: 65-67.

Lein M, Jung K, Hammerer P, et al. A multicenter clinical trial on the use of alphal-
antichymotrypsin-prostate-specific antigen in prostate cancer diagnosis. Prostate 2001; 47:
77-84.

Stamey TA, Yemoto CE. Examination of the 3 molecular forms of serum prostate specific
antigen for distinguishing negative from positive biopsy: relationship to transition zone
volume. J Urol 2000; 163: 119-126.

Brawer MK, Cheili CD, Neaman IE, et al. Complexed prostate specific antigen provides
significant enhancement of specificity compared with total prostate specific antigen for
detecting prostate cancer. J Urol 2000; 163: 1476-1480.

. Okegawa T, Noda H, Nutahara K, et al. Comparison of two investigative assays for the

complexed prostate-specific antigen in total prostate-specific antigen between 4.1 and 10.0
ng/ml. Urology 2000; 55: 700-704.

Jung K, Elgeti U, Lein M, et al. Ratio of free or complexed prostate-specific antigen (PSA)
to total PSA: Which ratio improves differentiation between benign prostatic hyperplasia
and prostate cancer? Clin Chem 2000; 46: 55-62.

Filella X, Alcover J, Molina R, et al. Measurement of complexed PSA in the differential
diagnosis between prostate cancer and benign prostate hyperplasia. Prostate 2000; 42:
181-185.

Maeda H, Arai Y, Aoki Y, et al. Complexed prostate-specific antigen and its volume
indexes in the detection of prostate cancer. Urology 1999; 54: 225-228.

3. Espana F, Royo M, Martinez M, et al. Free and complexed prostate specific antigen in the

differentiation of benign prostatic hyperplasia and prostate cancer: studies in serum and
plasma samples. J Urol 1998; 160: 2081-2088.

Kuriyama M, Ueno K, Uno H, Akimoto S, et al. Clinical evaluation of serum prostate-
specific antigen-alphal—antichymotrypsin complex values in diagnosisi of prostate cancer
a cooperative study. Int J Urol 1998; 5: 48-54.

390



145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Morris BJ. hGK-1: A kallikrein gene expressed in human prostate. Clin Exp Pharmacol
Physicol 1989; 16: 345-351.

Deperthes D, Chapdelaine P, Tremblay, RR, et al. Isolation of prostatic kallikrein hK2, also
known as hGK-1, in human seminal plasma. Biochim Biophys Acta 1995; 1245: 311-6.

Darson MF, Pacelli A, Roche P, et al. Human glandular kallikrein 2 (hK2) expression in
prostatic intraepithelial neoplasia and adenocarcinoma: a novel prostate cancer marker.
Urology 1997; 49: 857-62.

Darson MF, Pacelli A, Roche P, et al. Human glandular kallikrein 2 expression in prostate
adenocarcinoma and lymph node metastases. Urology 1999; 53: 939—44.

Lovgren J, Valtonen-Andre C, Marsal K, et al. Measurement of prostate-specific antigen
and human glandular kallikrein 2 in different body fluids. J Androl 1999; 20: 348-55.

Piironen T, Lovgren J, Karp M, et al. Inmunofluorometric assay for sensitive and specific
measurement of human prostatic glandular kallikrein (hK?2) in serum. Clin Chem 1996; 42:
1034-41.

Charlesworth MC, Young CY, Klee GG, et al. Detection of a prostate-specific protein,
human glandular kallikrein (hK2), in sera of patients with elevated prostate-specific antigen
levels. Urology 1997; 49: 487-93.

Finlay JA, Evans CL, Day JR, et al. Development of monoclonal antibodies specific for
human glandular kallikrein (hK?2): development of a dual antibody immunoassay for hK2
with negligible prostate-specific antigen cross-reactivity. Urology 1998; 51: 804-9.

Saedi MS, Hill TM, Kuus-Reichel K, et al. The precursor form of the human kallikrein 2,
a kallikrein homologous to prostate-specific antigen, is present in human sera and is

increased in prostate cancer and benign prostatic hyperplasia. Clin Chem 1998; 44: 2115-
9.

Kwiatkowski MK, Recker F, Piironen T, et al. In prostatism patients the ratio of human
glandular kallikrein to free PSA improves the discrimination between prostate cancer and
benign hyperplasia within the diagnostic “gray zone” of total PSA 4 to 10 ng/ml. Urology
1998; 52: 360-5.

Recker F, Kwiatkowski MK, Piironen T, et al. The importance of human glandular
kallikrein and its correlation with different prostate specific antigen serum forms in the
detection of prostate carcinoma. Cancer 1998; 83: 2540-7.

Klee GG, Goodmanson MK, Jacobsen SJ, et al. Highly sensitive automated
chemiluminometric assay for measuring free human glandular kallikrein-2. Clin Chem
1999; 45: 800-6.

Magklara A, Scorilas A, Catalona WJ, et al. The combination of human glandular kallikrein
and free prostate-specific antigen (PSA) enhances discrimination between prostate cancer
and benign prostatic hyperplasia in patients with moderately increased total PSA. Clin
Chem 1999; 45: 1960-6.

Becker C, Piironen T, Pettersson K, et al. Discrimination of men with prostate cancer from
those with benign disease by measurements of human glandular kallikrein 2 (HK2) in
serum. J Urol 2000; 163: 311-6.

391



159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

Becker C, Piironen T, Pettersson K, et al. Clinical value of human glandular kallikrein 2
and free and total prostate-specific antigen in serum from a population of men with prostate-
specific antigen levels 3.0 ng/ml or greater. Urology 2000; 55: 694-9.

Nam RK, Diamandis EP, Toi A, et al. Serum human glandular kallikrein-2 protease levels
predict the presence of prostate cancer among men with elevated prostate-specific antigen.
J Clin Oncol 2000; 18: 1036-42.

Lovgren J, Piironen T, Overmo C, et al. Production of recombinant PSA and HK?2 and
analysis of their immunologic cross-reactivity. Biochem Biophys Res Commun 1995; 213:
888-95.

Grauer LS, Charlesworth MC, Saedi MS, et al. Identification of human glandular kallikrein
hK2 from LNCaP cells. J Androl 1996; 17: 353-9.

Mikolajczyk SD, Millar LS, Kumar A, et al. Human glandular kallikrein, hK2, shows
arginine-restricted specificity and forms complexes with plasma protease inhibitors. Pros-
tate 1998; 34: 44-50.

Mikolajczyk SD, Millar LS, Marker KM, et al. Ala217 is important for the catalytic
function and autoactivation of prostate-specific human kallikrein 2. Eur J Biochem 1997,
246: 440-6.

Lovgren J, Tian S, Lundwall, A et al. Production and activation of recombinant hK2 with
propeptide mutations resulting in high expression levels. Eur J Biochem 1999; 266: 1050-
5.

Lovgren J, Airas K, Lilja H. Enzymatic action of human glandular kallikrein 2 (hK2).
Substrate specificity and regulation by Zn2+ and extracellular protease inhibitors. Eur J
Biochem 1999; 262: 781-9.

Deperthes D, Frenette G, Brillard-Bourdet M, et al. Potential involvement of kallikrein hK2
in the hydrolysis of the human seminal vesicle proteins after ejaculation. J Androl 1996; 17:
659-65.

Frenette G, Tremblay RR, Lazure C, et al. Prostatic kallikrein hK2, but not prostate-specific

antigen (hK3), activates single-chain urokinase-type plasminogen activator. Int J Cancer
1997; 71: 897-9.

Mikolajczyk SD, Millar LS, Kumar A, et al. Prostatic human kallikrein 2 inactivates and
complexes with plasminogen activator inhibitor-1. Int J Cancer 1999; 81: 438-42.

Charlesworth MC, Young CY, Miller VM, et al. Kininogenase activity of prostate-derived
human glandular kallikrein (hK2) purified from seminal fluid. J Androl 1999; 20: 220-9.

Bhoola KD, Figueroa CD, Worthy K. Bioregulation of kinins: kallikreins, kininogens, and
kinases. Pharmacol Rev 1992; 44: 1-80.

Heeb MJ, Espana F. alpha2-macroglobulin and Cl-inactivator are plasma inhibitors of
human glandular kallikrein. Blood Cells Mol Dis 1998; 24: 412-9.

Grauer LS, Finlay JA, Mikolajczyk SD, et al. Detection of human glandular kallikrein, hK2,
as its precursor form and in complex with protease inhibitors in prostate carcinoma serum.
J Androl 1998; 19: 407-11.

392



174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

Mikolajczyk SD, Millar LS, Marker KM, et al. Identification of a novel complex between
human kallikrein 2 and protease inhibitor-6 in prostate cancer tissue. Cancer Res 1999; 5§9:
3927-30.

Black MH, Magklara A, Obiezu CV, et al. Development of an ultrasensitive immunoassay
for human glandular kallikrein with no cross-reactivity from prostate-specific antigen. Clin
Chem 1999; 45: 790-9.

Becker C, Piironen T, Kiviniemi J, et al. Sensitive and specific immunodetection of human
glandular kallikrein 2 in serum. Clin Chem 2000; 46: 198-206.

Saedi MS, Cass MM, Goel AS, et al. Overexpression of a human prostate-specific glandular
kallikrein, hK2, in E. coli and generation of antibodies. Mol Cell Endocrinol 1995; 109:
237-41.

Kumar A, Goel AS, Hill TM, et al. Expression of human glandular kallikrein, hK2, in
mammalian cells. Cancer Res 1996; 56: 5397-402.

Eerola R, Piironen T, Pettersson K, et al. Inmunoreactivity of recombinant human glandu-
lar kallikrein using monoclonal antibodies raised against prostate-specific antigen. Prostate
1997; 31: 84-90.

Corey E, Buhler KR, Vessella RL. Cross-reactivity of ten anti-prostate-specific antigen
monoclonal antibodies with human glandular kallikrein. Urology 1997; 50: 567-71; discus-
sion 571-2. '

Finlay JA, Day JR, Rittenhouse HG. Polyclonal and monoclonal antibodies to prostate-
specific antigen can cross-react with human kallikrein 2 and human kallikrein 1. Urology
1999; 53: 746-51.

Haese A, Becker C, Noldus J, et al. Human glandular kallikrein 2: a potential serum marker
for predicting the organ-confined versus non-organ-confined growth of prostate cancer. J
Urol 2000; 163: 1491-7.

Recker F, Kwiatkowski MK, Piironen T, et al. Human glandular kallikrein as a tool to
improve discrimination of poorly differentiated and non-organ-confined prostate cancer
compared with prostate-specific antigen. Urology 2000; S5: 481-5.

Chu TM. Prostate-specific antigen and early detection of prostate cancer. Tumor Biol 1997;
18: 123-134.

Sensabaugh GF. Isolation and characterization of a semen-specific protein from human
seminal plasma: A potential new marker for semen identification. J Forensic Sci 1978; 23:
106-115.

Yu H, Diamandis EP, Sutherland DJ. Immunoreactive prostate-specific antigen levels in
female and male breast tumors and its association with steroid hormone receptors and
patient age. Clin Biochem 1994; 27: 75-9.

Diamandis EP, Yu H, Sutherland DJ. Detection of prostate-specific antigen immunoreac-
tivity in breast tumors. Breast Cancer Res Treat 1994; 32: 301-10.

Monne M, Croce CM, Yu H, et al. Molecular characterization of prostate-specific antigen
messenger RNA expressed in breast tumors. Cancer Res 1994; 54: 6344-7.

393



189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

Yu H, Diamandis EP, Monne M, et al. Oral contraceptive-induced expression of prostate-
specific antigen in the female breast. J Biol Chem 1995; 270: 6615-8.

Magklara A, Cheung, CC, Asa SL, et al. Expression of prostate-specific antigen and human
glandular kallikrein 2 in the thyroid gland. Clin Chim Acta 2000; 300: 171-80.

Levesque M, Hu H, D’Costa M, et al. Prostate-specific antigen expression by various
tumors. J Clin Lab Anal 1995; 9: 123-8.

Zarghami N, Levesque M, D’Costa M, et al. Frequency of expression of prostate-specific
antigen mRNA in lung tumors. Am J Clin Pathol 1997; 108: 184-90.

Levesque M, Yu H, D’Costa M, et al. Immunoreactive prostate-specific antigen in lung
tumors. J Clin Lab Anal 1995; 9: 375-9.

Zarghami N, D’Costa M, Tsuyuki D, et al. Expression of the prostate specific antigen gene
by lung tissue. Clin Cancer Res 1997; 3: 1201-6.

McLachlin SM, Srigley JR. Prostatic tissue in mature cystic teratoma of the ovary. Am J
Surg Pathol 1992; 16: 780-784.

Buzzi A, Crescini C, Sonzogni A, et al. Prostatic tissue in a cystic teratoma of the ovary.
Minerva Ginecol 1994; 46: 49-51.

Yu H, Diamandis EP, Levesque M, et al. Expression of the prostate-specific antigen gene
by a primary ovarian carcinoma. Cancer Res 1995; 55: 1603-6.

Pollen JJ, Dreilinger A. Immunohistochemical identification of prostatic acid phosphatase
and prostate specific antigen in female periurethral glands. Urology 1984; 23: 303-304.

Tepper SL, Jigard J, Heath D, et al. Homology between the female paraurethral (Skene’s)
glands and the prostate. Immuno-histochemical demonstration. Arch Pathol Lab Med 1984;
108: 432-425.

Wernert N, Albrecht M, Sesterhenn I, et al. The “female prostate”. Location, morphology,
immunohistochemical characteristics and significance. Eur Urol 1992; 22: 64-69.

Svanholm H, Andersen OP, Rohl, H. Tumor of female paraurethral duct. Immunohistochemical
similarity with prostatic carcinoma. Virchows Arch A Pathol Anat Histopathol 1987, 411: 395-398.

Spencer JR, Brodin AG, Ignatoff JM. Clear cell adenocarcinoma of the urethra: Evidence
for origin within paraurethral ducts. J Urol 1990; 143: 122-125.

Zaviacic M, Sidlo J, Borovsky, M. Prostate-specific antigen and prostate specific acid
phosphatase in adenocarcirioma of the Skene’s paraurethral glands and ducts. Virchows
Arch A Pathol Anat Histopathol 1993; 423: 503-505.

Ebisuno S, Miyai M, Tomofumi N. Clear cell adenocarcinoma of the female urethra
showing positive staining with antibodies to prostate-specific antigen and prostatic acid
phosphatase. Urology 1995; 45: 682-685.

Frazier HA, Humphrey PA, Burchette JL, et al. Immunoreactive prostatic specific antigen
in male periurethral glands. J Urol 1992; 147: 246-248.

Papotti M, Paties C, Peveri V, et al. Immunocytochemical detection of prostate-specific
antigen (PSA) in skin adnexal and breast tissues and tumors. Basic Appl Histochem 1989;
33: 25-29.

394



207.

208.

2009.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

Golz R, Schubert, GE. Prostatic-specific antigen. Immunoreactivity in urachal remnants. J
Urol 1989; 141: 1480-1482.

Minkowitts G, Peterson P, Godwin, TA. A histochemical and immunohistochemical study
of adenocarcinomas involving urinary bladder. Mod Pathol 1990; 3: 68A.

Grignon DI, Ro JY, Ayala AG, et al. Primary adenocarcinoma of the urinary bladder: a
clinico-pathologic analysis of 72 cases. Cancer 1991; 67: 2165-2172.

Ishikawa, T, Kashiwagi, H, Iwakami, Y, et al. Expression of alpha-fetoprotein and prostate-
specific antigen genes in several tissues and detection of mRNAs in normal circulating
blood by reverse transcriptase-polymerase chain reaction. Jpn J Clin Oncol 1998; 28: 723—
728.

Kamoshida S, Tsutsumi, Y. Extraprostatic localization of prostatic acid phosphatase and
prostate-specific antigen: distribution in cloacogenic glandular epithelium and sex-depen-
dent expression in human anal gland. Hum Pathol 1990; 21: 1108-1111.

Van Krieken JH. Prostate marker immunoreactivity in salivary gland neoplasms. Am J Surg
Path 1993; 17: 410414,

James GK, Pudek M, Berean KW, et al. Salivary duct carcinoma secreting prostate-specific
antigen. Am J Clin Pathol 1996; 106: 242-7.

Tazawa K, Kurihara Y, Kamoshida S, et al. Localization of prostate-specific antigen-like immu-
noreactivity in human salivary gland and salivary gland tumors. Pathol Int 1999; 49: 500-505.

Elgamal AA, van de Voorde W, van Poppel H, et al. Immunohistochemical localization of
prostate-specific markers within the accessory male gland of Cowper, Littre and Morgagni.
Urology 1994; 44: 84-90.

Clements J, Mukhtar A. Glandular kallikreins and prostate-specific antigen are expressed
in the human endometrium. J Clin Endocrinol Metab 1994; 78: 1536-9.

Smith MR, Biggar S, Hussain, M. Prostate-specific antigen messenger RNA is expressed
in non-prostate cells: Implications for detection of micrometastases. Cancer Res 1995; 55:
2640-2644.

Kuopio T, Ekfors TO, Nikkanen V, et al. Acinar cell carcinoma of the pancreas. Report of
three cases. APMIS 1995; 103: 69-78.

Pezzilli R, Bertaccini A, Billi P, et al. Serum prostate-specific antigen in pancreatic disease.
Ital J Gastroenterol Hepatol 1999; 31: 580-583.

Rittenhouse HG, Finlay JA, Mikolajczyk SD, et al. Human Kallikrein 2 (hK2) and prostate-
specific antigen (PSA): two closely related, but distinct, kallikreins in the prostate. Crit Rev
Clin Lab Sci 1998; 35: 275-368.

Sauter ER, Daly M, Linahan K, et al. Prostate-specific antigen levels in nipple aspirate fluid
correlate with breast cancer risk. Cancer Epidemiol Biomarkers Prev 1996; 5: 967-70.

Magklara A, Scorilas A, Lopez-Otin C, et al. Human glandular kallikrein in breast milk,
amniotic fluid, and breast cyst fluid. Clin Chem 1999; 45: 1774-80.

Obiezu CV, Giltay EJ, Magklara A, et al. Dramatic suppression of plasma and urinary
prostate specific antigen and human glandular kallikrein by antiandrogens in male-to-
female transsexuals. J Urol 2000; 163: 802-5.

395



224,

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

Obiezu CV, Giltay EJ, Magklara A, et al. Serum and urinary prostate-specific antigen and
urinary human glandular kallikrein concentrations are significantly increased after test-
osterone administration in female-to-male transsexuals. Clin Chem 2000; 46: 859-62.

Yu H, Diamandis, EP. Prostate-specific antigen in milk of lactating women. Clin Chem
1995; 41: 54-8.

Yu H, Diamandis EP. Prostate-specific antigen immunoreactivity in amniotic fluid. Clin
Chem 1995; 41: 204-10.

Melegos DN, Freedman MS, Diamandis EP. Prostate-specific antigen in cerebrospinal
fluid. Clin Chem 1997; 43: 855.

Yu H, Diamandis EP. Ultrasensitive time-resolved immunofluorometric assay of prostate-
specific antigen in serum and preliminary clinical studies. Clin Chem 1993; 39: 2108-14.

Black MH, Diamandis EP. The diagnostic and prognostic utility of prostate-specific antigen
for diseases of the breast. Breast Cancer Res Treat 2000; 59: 1-14.

Black MH, Magklara A, Obiezu C, et al. Expression of a prostate-associated protein, human
glandular kallikrein (hK2), in breast tumours and in normal breast secretions. Br J Cancer
2000; 82: 361-7.

Yu H, Diamandis EP, Zarghami N, et al. Induction of prostate specific antigen production
by steroids and tamoxifen in breast cancer cell lines. Breast Cancer Res Treat 1994; 32:
291-300.

Zarghami N, Grass L, Diamandis EP. Steroid hormone regulation of prostate-specific
antigen gene expression in breast cancer. Br J Cancer 1997; 75: 579-88.

Magklara A, Grass L, Diamandis, EP. Differential steroid hormone regulation of human
glandular kallikrein (hK?2) and prostate-specific antigen (PSA) in breast cancer cell lines.
Breast Cancer Res Treat 2000; 59: 263-70.

Cleutjens KBJM, van der Korput HAGM, van Eekelen CCEM, et al. An androgen response
element in far upstream enhancer region is essential for high, androgen-regulated activity
of the prostate-specific antigen promotor. Mol Endocrinol 1997; 11: 148-161.

Diamandis EP. Prostate-specific antigen: a cancer fighter and a valuable messenger? Clin
Chem 2000; 46: 896-900.

Yu H, Diamandis EP. Measurement of serum prostate specific antigen levels in women and
in prostatectomized men with an ultrasensitive immunoassay technique. J Urol 1995; 153:
1004-8.

Ferguson RA, Yu H, Kalyvas M, et al. Ultrasensitive detection of prostate-specific antigen
by a time-resolved immunofluorometric assay and the Immulite immunochemiluminescent

third-generation assay: potential applications in prostate and breast cancers. Clin Chem
1996; 42: 675-84.

Melegos DN, Diamandis EP. Is prostate-specific antigen present in female serum? Clin
Chem 1998; 44: 691-2.

Hautmann S, Huland E, Grupp C, et al. Super-sensitive prostate-specific antigen (PSA) in
serum of women with benign breast disease or breast cancer. Anticancer Res 2000; 20:
2151-2154.

396



240.
241.

242

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

Parish DC. Prostate-specific antigen in the breast. Endo-Rel Cancer 1998; 5: 223-229.

Borchert GH, Giai M, Diamandis EP. Elevated levels of prostate-specific antigen
in serum of women with fibroadenomas and breast cysts. J Natl Cancer Inst 1997; 89:
587-8.

Yu H, Levesque MA, Clark GM, et al. Prognostic value of prostate-specific antigen for
women with breast cancer: a large United States cohort study. Clin Cancer Res 1998; 4:
1489-97.

Howarth DJ, Aronson IB, Diamandis EP. Immunohistochemical localization of prostate-
specific antigen in benign and malignant breast tissues. Br J Cancer 1997; 75: 1646-51.

Heyl W, Wolff JM, Biesterfeld S, et al. Immunohistochemical analysis of prostate-specific
antigen does not correlate to other prognostic factors in breast cancer. Breast Cancer Res
Treat 1999; 56: 169-176.

Alanen KA, Kuopio T, Collan YU, et al. Immunohistochemical labelling for prostate-
specific antigen in breast carcinomas. Breast Cancer Res Treat 1999; 56: 169-176.

Hall RE, Clements JA, Birrell SN, et al. Prostate-specific antigen and gross cystic disease
fluid protein-15 are co-expressed in androgen receptor-positive breast tumours. Br J
Cancer 1998; 78: 360-5.

Majumdar S, Diamandis EP. The promoter and the enhancer region of the KLK 3 (prostate
specific antigen) gene is frequently mutated in breast tumours and in breast carcinoma cell
lines. Br J Cancer 1999; 79: 1594-602.

Foekens JA, Diamandis EP, Yu H, et al. Expression of prostate-specific antigen (PSA)
correlates with poor response to tamoxifen therapy in recurrent breast cancer. Br J Cancer
1999; 79: 888-94.

Kogan I, Ballinger JR, Redshaw R, et al. Prostate-specific antigen induction by a steroid
hormone in T47D cells growing in SCID mice. Breast Cancer Res Treat 1998; 48: 73-80.

Yu H, Diamandis EP, Levesque M, et al. Prostate specific antigen in breast cancer,
benign breast disease and normal breast tissue. Breast Cancer Res Treat 1996; 40: 171-
8.

Yu H, Giai M, Diamandis EP, et al. Prostate-specific antigen is a new favorable prognostic
indicator for women with breast cancer. Cancer Res 1995; 55: 2104-10.

Griniatsos J, Diamandis EP, Gioti J, et al. Correlation of prostate specific antigen immu-
noreactivity (IR-PSA) to other prognostic factors in female breast cancer. Anticancer Res
1998; 18: 683-688.

Diamandis EP, Helle SI, Yu H, et al. Prognostic value of plasma prostate specific antigen
after megestrol acetate treatment in patients with metastatic breast carcinoma. Cancer 1999;
85: 891-8.

Diamandis EP. Elevated serum prostate-specific antigen levels in a woman with metastatic
breast cancer. N Engl J Med 2000; 343: 890-1.

Diamandis EP, Yu H, Lopez-Otin C. Prostate specific antigen—a new constituent of breast
cyst fluid. Breast Cancer Res Treat 1996; 38: 259-64.

397



256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

Borchert GH, Yu H, Tomlinson G, et al. Prostate specific antigen molecular forms in breast
cyst fluid and serum of women with fibrocystic breast disease. J Clin Lab Anal 1999; 13:
75-81.

Lai LC, Erbas H, Lennard TW, et al. Prostate-specific antigen in breast cyst fluid: possible
role of prostate-specific antigen in hormone-dependent breast cancer. Int J Cancer 1996;
66: 743-746.

Mannello F, Bocchiotti G, Bianchi G, et al. Quantification of prostate-specific antigen
immunoreactivity in human breast cyst fluuids. Breast Cancer Res Treat 1996; 38: 247-
252.

Filella X, Molina R, Alcover J, et al. Prostate-specific antigen detection by ultrasensitive
assay in samples from women. Prostate 1996; 29: 311-316.

Malatesta M, Mannello F, Sebastiani M, et al. Prostate-specific antigen found in type I
breast cyst fluids is a secretory product of apocrine cells lining breast gross cysts. Breast
Cancer Res Treat 1999; 57: 157-163.

Sauter ER, Babb J, Daly M, et al. Prostate-specific antigen production in the female breast:
association with progesterone. Cancer Epidemiol Biomarkers Prev 1998; 7: 315-20.

Foretova L, Garber JE, Sadowsky NL, et al. Prostate-specific antigen in nipple aspirates.
Lancet 1996; 347: 1631.

Zarghami N, Grass L, Sauter ER, et al. Prostate-specific antigen in serum during the
menstrual cycle. Clin Chem 1997; 43: 1862-7.

Melegos DN, Yu H, Allen LC, et al. Prostate-specific antigen in amniotic fluid of normal
and abnormal pregnancies. Clin Biochem 1996; 29: 555-62.

Randell EW, Diamandis EP, Ellis G. Serum prostate-specific antigen measured in children
from birth to age 18 years. Clin Chem 1996; 42: 420-3.

Borchert GH, Melegos DN, Tomlinson G, et al. Molecular forms of prostate-specific
antigen in the serum of women with benign and malignant breast diseases. Br J Cancer
1997; 76: 1087-94.

Black MH, Giai M, Ponzone R, et al. Serum total and free prostate-spécific antigen for
breast cancer diagnosis in women. Clin Cancer Res 2000; 6: 467-73.

Melegos DN, Yu H, Ashok M, et al. Prostate-specific antigen in female serum, a potential
new marker of androgen excess. J Clin Endocrinol Metab 1997; 82: 777-80.

Escobar-Morreale HF, Serrano-Gotarredona J, Avita S, et al. The increased circulating
prostate-specific antigen concentrations in women with hirsutism do not respond to acute
changes in adrenal or ovarian function. J Clin Endocrinol Metab 1998; 83: 2580-2584.

Escobar-Morreale HF, Avila S, Sancho J. Serum prostate-specific antigen concentrations
are not useful for monitoring the treatment of hirsutism with oral contraceptive pills. J Clin
Endocrinol Metab 2000; 85: 2488-2492.

Lehrer S, Terk M, Piccoli SP, et al. Reverse transcriptase-polymerase chain reaction for
prostate specific antigen may be a prognostic indicator in breast cancer. Br J Cancer 1996;
74: 871-873.

398



272.

273.

274.

275.

276.

277.

Diamandis, EP. Prostate cancer, prostate-specific antigen, and the polymerase chain reac-
tion. Clin Chem 1995; 41: 177-9.

Ooka M, Sakita I, Fujiwara Y, et al. Selection of mRNA markers for detection of lymph
node micrometastases in breast cancer patients. Oncol Rep 2000; 7: 561-566.

Wolff JM, Heyl W, Borchers H, et al. Detection of prostate-specific antigen immunoreac-
tivity in amniotic fluid. Urol Int 1999; 62: 139-142.

Lambert-Messerlian GM, Canick JA, Melegos DN, et al. Increased concentrations of
prostate-specific antigen in maternal serum from pregnancies affected by fetal Down
syndrome. Clin Chem 1998; 44: 205-8.

Wald NJ, Hackshaw AK, Diamandis EP, et al. Maternal serum prostate-specific antigen
and Down syndrome in the first and second trimesters of pregnancy. International Prenatal
Screening Research Group. Prenat Diagn 1999; 19: 674-6.

Spencer K, Carpenter P. Is prostate specific antigen a marker for pregnancies affected by
Down syndrome? Clin Chem 1998; 44: 2362-2365.

399



