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Abstract

BACKGROUND—Prostate-Specific Antigen (PSA) is a serine protease whose expression is
maintained in all stages of prostate cancer. A role for PSA in the pathobiology for prostate cancer
has not been firmly established. Experimental studies to date support a role for PSA through
mechanisms such as release or processing of growth factors and degradation of the extracellular
matrix. Exposure of prostate cancer cells to exogenous PSA also results in gene expression
changes. These in vitro and biochemical assays rely on the use of commercially available PSA.
Contamination of these commercial preparations can significantly impact the results of these in
vitro studies.

METHODS—We characterized PSA and trypsin-like activity of PSA preparations obtained from
three commercial sources: Calbiochem, Fitzgerald, and AbD Serotec. Silver stained gels were
used to compare the purity of each preparation and mass spectrometry was performed to
characterize contaminating proteases.

RESULTS—PSA activity varied between PSA preparations with AbD Serotec PSA having
highest degree of activity. Significant trypsin-like activity, which was inhibited by aprotinin, was
observed in PSA preparations from Calbiochem and Fitzgerald, but not AbD Serotec. These
former two PSA preparations also contained the greatest degree of non-PSA contaminants by
silver stain and mass spectrometry.

CONCLUSIONS—Commercially available preparations of PSA contain contaminating proteins,
including trypsin-like protease activity, that could potentially complicate the interpretation of
results obtained from in vitro studies assessing PSA proteolysis of potential protein substrates and
effects of PSA on gene expression.
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INTRODUCTION

Prostate-Specific Antigen (PSA) is a 33 kDa glycosylated serine protease belonging to the
human kallikrein gene family (reviewed in [1]). PSA is aptly named, in that it is exclusively
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produced in large amounts by both normal and malignant prostate epithelial cells but is not
produced in any significant amounts by other normal tissue in the human male. On this
basis, PSA is used extensively as a biomarker to screen for prostate cancer, to detect
recurrence following local therapies, and to follow response to systemic therapies for
metastatic disease [2,3]. While important in these contexts as a biomarker, the functional
significance of PSA in the development and progression of prostate cancer is not known.
However, previous studies have demonstrated that PSA can cleave a number of proteins that
are important in cancer cell biology that include insulin-like growth factor binding proteins
[4], the small latent for of TGFR2 [5], parathyroid-hormone-related protein (PTHrP) [6,7]
and the extracellular matrix components fibronectin and laminin [8]. Additional studies have
demonstrated that exogenous PSA could affect the growth of osteoblastic and endothelial
cells and could also significantly alter gene expression in a number of model systems [9—
15].

For the most part, these in vitro biochemical and cellular studies have been performed using
PSA that has been purified from human semen. PSA is the most abundant (i.e., mg/ml
concentration) of several kallikreins that are present in the seminal fluid that include KLK2,
[4,11]. These Kkallikreins share considerable sequence homology with PSA and are of similar
molecular weight [16,17]. In the freshly ejaculated semen PSA’s major function is to
maintain the semen in a semi-liquid state through its ability to cleave the major gel-forming
proteins semenogelin I (Sgl) and semenogelin 11 (Sgll), which are synthesized and secreted
by the seminal vesicles [18-20]. PSA was first purified from seminal fluid by Wang et al.
[21] and was later demonstrated to be a serine protease [18,22,23]. In early studies, PSA was
reported to possess trypsin-like activity, which is a feature common to the majority of
proteins in the kallikrein family [18,22]. However, once the structure and sequence of PSA
became known, it was apparent that PSA was a chymotrypsin-like protease due to the
presence of serine at the base of the S1 specificity pocket [22,24,25]. With this information,
the Lilja laboratory developed an additional purification step for PSA in which the seminal
fluid is run through a column containing immobilized aprotinin which removes the arginine-
restricted trypsin-like proteases present in the seminal fluid [26].

Unlike these earlier studies in which investigators purified their own PSA, it is now common
for researchers to use commercially available PSA for their experiments. Enzymatically
active PSA is available for purchase from a number of commercial vendors who purify PSA
from human seminal plasma by precipitation and/or various chromatographic techniques. In
our laboratory we have used such commercial PSA in the development of a PSA-activated
form of proaerolysin, a potent protein toxin [27]. Over the course of these studies, we
observed that preparations of commercially available PSA could activate the wild type
proaerolysin which contained an arginine-rich furin activation motif. These results suggested
that trypsin-like protease may be contaminating the purified PSA used in these experiments.
Given the remarkable proteolytic activity of trypsinlike kallikreins as KLK2 [28,29], even
small amounts of contamination could confound the results. In addition, as these commercial
PSA preparations are used with increasing frequency to probe the role of PSA in the
pathobiology of prostate cancer, it is critical for the interpretation of the results of these
experiments that contaminants are not present that would confound the results. Thus, in this
study we set out to determine the degree of contamination in commercially available PSA
preparations purchased from three vendors and systematically compared their PSA-like and
trypsin-like activities under identical conditions. Finally, we employed a mass spectrometric
approach to identify the contaminating proteins.
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MATERIALS AND METHODS

Materials

Enzymatically active PSA purified from human seminal plasma was acquired from
Calbiochem (Catalog #539834, La Jolla, CA), AbD Serotec (Catalog #7820-0504, Oxford,
UK), and Fitzgerald Industries International (Catalog #30C-CP1095, Acton, MA) and stored
as recommended by the manufacturer. Information supplied with PSA from each of these
vendors indicated that in each case PSA is purified from human seminal fluid supplied in a
liquid form in sterile filtered PBS, pH 7.4-7.6 with <0.1% azide as a preservative. In each
case protein was described as =295% pure by SDS-PAGE. For the PSA obtained from
Calbiochem and AbD Serotec, activity was confirmed by vendor using peptide substrates.
No details on the purification methodology was provided in the description of PSA on the
product website or with the purchased product.

A previously characterized PSA substrate Mu-SRKSQQY-AMC was purchased from
California Peptide Research (Napa, CA) [30]. Proaerolysin was obtained from Protox
Therapeutics (Vancouver, BC Canada). Aprotinin was from Sigma (Catalog A1153, St.
Louis, MO). Red blood cells (RBCs) were obtained from discarded material obtained from
the Clinical Chemistry laboratory at Johns Hopkins. Unless otherwise specified, all other
materials were from Sigma.

Measurementof PSA Activity

PSA activity was determined using the Mu-SRKSQQY-AMC substrate as previously
described [30]. The PSA concentration was 5 pg/ml with a PSA substrate concentration of
300 M. The trypsin inhibitor aprotinin was used at 10 M where appropriate. All assays
were performed in PSA buffer (50 mM Tris, 100 mM sodium chloride, pH 7.5) at 37°C.
Assays were performed in triplicate in a black half-area 96-well plate and read every 3 min
for 42 min by a Beckman Coulter DTX-880 plate reader (excitation 370 nm, emission 465
nm).

Measurementof Trypsin Activity

Trypsin-like proteolysis of peptide substrates was measured using a trypsin substrate (Sigma
#B7260) or a previously described substrate for KLK2 (Gly-Lys-Ala-Phe-Arg-AMC) [29].
Trypsin-like proteolysis of protein substrates was determined by measuring the degree of
RBCS hemolysis mediated by activation of proaerolysin as previously described.
Proaerolysin is a trypsin-activated pore forming protoxin that contains a furin peptide
activation domain with the sequence Lys-Val-Arg-Ala-Arg-Arg (KVRARR) [27]. The PSA
concentration was 10 pg/ml and the proaerolysin concentration was 500 nM. The trypsin
inhibitor aprotinin was used at 10 .M where appropriate. After washing three times in PBS,
RBCs were added to 2% final volume and incubated at 37°C for 1 hr. After a brief
centrifugation the absorbance of the supernatant at 415 nm was determined by a Thermo
Scientific Nanodrop. Experiments were performed in triplicate.

Mass Spectrometry

PSA preparations from each vendor were reduced with DTT then alkylated with
iodoacetamide prior to an overnight trypsin digestion as previously described [31]. Digested
peptides were analyzed by liquid chromatography/tandem mass spectrometry (LCMS/MS)
using a LTQ Orbitrap Velos mass spectrometer. All MS/MS spectra were analyzed with
Mascot v.2.2 using the NCBI 167nr database and with Scaffold v.3 as previously described
[32].
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To assay PSA enzymatic activity a previously characterized fluorescent substrate was used
that contained the amino acid tyrosine in the P1 position of the cleavage site. Hydrolysis
data demonstrated a considerable difference in PSA activity amongst the three sources of
PSA. PSA purchased from AbD Serotec had the highest PSA activity (Fig. 1). The addition
of the trypsin-like kallikrein inhibitor aprotinin to the incubation mixture did not
significantly affect hydrolysis of the PSA substrate for any of the PSA preparations.

To assess trypsin-like activity, two fluorescent peptide substrates were used. For each
substrate there was insufficient trypsin-like activity present to hydrolyze either substrate to a
detectable degree after a 1 hr incubation period (data not shown).

In contrast to the small molecule peptide substrates, sufficient protease activity was present
in PSA preparations from two of the three vendors to produce activation of the proaerolysin
protein toxin and lysis of RBCs (Fig. 2). This activation was completely abolished by the
addition of aprotinin consistent with the presence of a trypsin-like protease or kallikrein
within the preparation.

Mass spectrometry was subsequently performed on each PSA preparation to identify the
contaminating proteins (Fig. 3). The ProteinProphet algorithm within the Scaffold software
was used to calculate the protein identification probabilities [32]. This methodology uses the
peptide fragmentation to determine probability that a given protein is in the mixture.
Proteins are grouped as those with 0-19, 20-49, 50-79, 80-94%, and greater than 95%
probability. Enumeration of the proteins identified in each preparation by this method with
probability index above 50% revealed 12 proteins in the AbDSerotec PSA, 27 proteins in the
Fitzgerald PSA and 84 proteins in the Calbiochem PSA preparation. Table I lists the proteins
with a protein identification probability of >95% for at least one sample. Keratins 1, 2, 9, 10,
14, 16 were observed in some or all of the samples and were considered as contamination
and were not included in this table.

All of the proteins listed in Table I, with the exception of the G-antigen, have previously
been shown to be present in human semen [33-35]. Besides PSA, epididymal secretory
protein E1 and prostaglandin H2 D-isomerase were the only proteins observed in all three
samples. Peptides from acrosin, a wellcharacterized trypsin-like protease with a role in
fertilization [36], were identified only in the sample from Calbiochem. No other proteases,
including any other kallikreins were detected in any of the samples.

DISCUSSION

A steadily increasing number of studies have pointed to a role for PSA in the pathobiology
of prostate cancer, although an exact mechanism has yet to be clearly defined [1,37]. To
perform such studies our own laboratories and others have relied on the use of commercially
available preparations of PSA. The purpose of this study was to evaluate a series of
commercial PSA preparations for the presence of contaminating proteolytic activity that
could confound the interpretation of mechanistic and biochemical studies with PSA. In this
study, we observed significant differences in the PSA activity between the three
preparations. In addition, we found sufficient contaminating trypsin-like proteolytic activity
in two of three preparation to activate the cytolytic protein toxin proaerolysin. Finally, mass
spectrometry revealed a large number of contaminating seminal proteins in these “purified”
PSA preparations. Of the three preparations tested, the PSA purchased from AbD Serotec
had the highest level of PSA activity, demonstrated minimal trypsin-like activity, and had
the least number of contaminating proteins detectable by mass spectrometry.
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The findings of a trypsin-like activity contaminating the PSA preparations is not a new
discovery as such activity was described when PSA was first discovered and characterized
in the 1980s [18,22]. The realization that PSA had to be a chymotrypsin-like protease based
on its structure led to the inclusion of purification steps such as the use of aprotinin columns
to remove the trypsin-like activity [26]. These additional purification steps appear to have
been omitted in some of the commercial processes currently used to purify PSA from human
seminal plasma. These results emphasize that investigators must use caution in interpreting
results when purified exogenous PSA is used in biochemical or gene expression assays.

We were unable to ascertain in this study the exact nature of the contaminating trypsin-like
protease. A primary candidate would be KLK2, which is present in the seminal fluid at g/
ml quantities. KLK2 is highly homolgous and of approximately the same molecular weight
as PSA (aka KLK3) [16]. KLK4 and KLK11 are also present in the seminal fluid and
possess trypsin-like activity [16,17]. None of these kallikreins were detected in our mass
spectrometry analysis. However, these kallikreins were also not detected in two other
published proteomic analyses of seminal fluid [33,34] while a third, by Pilch et al. [35],
reported the presence of both KLK 2 and 11. We have performed proteomic analyses of
prostatic fluid isolated from radical prostatectomy specimens. Although we observe a large
number of proteins in these samples, we have been unable to detect KLK 2, 4, or 11 in these
samples (unpublished data).

Methods to solve this problem could be to either add additional steps to the PSA purification
process such as aprotinin columns to remove specific activities or immunoaffinity
chromatography [38] with anti-PSA antibodies. Limitations of this latter method are the cost
and the concern that the purifying antibody does not cross react with highly homologous
kallikreins such as KLK2. Recombinant production could also be employed. However, prior
studies have demonstrated that PSA produced in these recombinant systems is enzymatically
inactive due to lack of or incomplete removal of the pro-PSA peptide [39-41]. To
circumvent this problem, our laboratory has generated a modified form of PSA in which the
native pro-PSA peptide has been replaced by a peptide recognized by furin [37]. This
method results in production of increased amounts of enzymatically active PSA. Such
methods could conceivably be optimized to produce sufficient amounts of purified PSA for
commercial purposes.
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Fig. 1.

Comparison of the enzymatic activity of three commercial PSA preparations.Data show
PSA (5 pg/ml) hydrolysis of the fluorophore AMC from the substrate Mu-SRKSQQY-AMC
(300 M) over 40 min incubationin the absence or presence of 10 wM aprotinin. Assay was
performed in triplicate and standard error bars are shown.[Color figure can be seen in the
online version of this article, available at http://wileyonlinelibrary.com/journal/pros]
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Fig. 2.

Hydrolysis of RBCs by proaerolysin activated by protease activity within PSA preprations.
Proaerolysin (500 nM) was preincubated with PSA (10 pg/ml) followed by the addition of
RBCs (2% final volume). Release of hemoglobin into the supernatant from lysed RBCs was
measured spectrophotometrically at absorbance of 415 nm. (Cal, Calbiochem; Fit,
Fitzgerald; AbD, AbD Serotec PSA preparation). [Color figure canbe seen in the online
version of this article, available at http://wileyonlinelibrary.com/journal/pros]
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Fig. 3.
Purity of PSA preparations by silver stained gel analysis. PSA from eachvendor was assayed

for purity by polyacrylamide gel electrophoresis. Briefly, 400 ng of PSA was separated on a
4-15% minigel (Bio-Rad) then fixed and silver stained according to the manufacturers

instructions(Pierce).
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