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Abstract

The role of prostate-specific antigen (PSA) during the onset of prostate cancer and subsequent tumor growth and metastasis is not well
u graphy and
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nderstood. We have developed a simple two step procedure, based on principles of hydrophobic charge-induction chromato
olecular size chromatography to provide pure free-PSA (f-PSA) preparation that is free from all other known PSA complexe
s human kallikrein 2 (hK2). The overall recovery of f-PSA is 72%. The isolated f-PSA consists of three known isoforms th
ponds to pI of 6.2, 6.4 and 7.2. f-PSA is enzymatically active and its enzymatic activity can be effectively neutralized by a serine

nhibitor.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Prostate-specific antigen (PSA), a serine protease and
ember of tissue kallikrein family of proteins, is a 33 kDa
lycoprotein that has chymotrypsin and trypsin like activ-

ty [1]. PSA is one of the most abundant protein, largely
roduced by the human prostatic epithelium at a concentra-

ion ranging from 0.5 to 3 mg/ml[2,3]. The known physio-
ogical function of PSA is to degrade seminal vesicle pro-
eins that are important components of semen coagulum
4,5].

PSA is a well known tumor marker and its serum values
ave been very useful in early diagnosis and in the manage-
ent of prostate cancer[4]. Besides prostate cancer, serum
SA values are elevated in other tumor types, including
reast and ovarian cancers[6]. In prostate cancer, the ex-
ess PSA spills over into circulation where it exists either
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as free PSA (f-PSA) or as PSA that complexes with var
serine protease inhibitors[7,8]. In serum, PSA complexe
with �-1 antichymotrypsin (PSA–ACT),�-2-macroglobulin
(PSA–A2M), �-1-antitrypsin (PSA–AT)[9,10] and protein
C inhibitor (PSA–PCI)[11]. The physiological relevance
any of these circulating forms of PSA with regard to pros
cancer diagnosis or management is not known. Also,
rently there is no methodology available that can select
identify and quantitate these molecular forms in the se
particularly from the point of view of clinical diagnosis.
the serum, a small fraction of total PSA remains as f-P
On the contrary, the majority of total PSA in the sem
plasma is f-PSA and the predominant complex is PSA–
[11]. Nearly 70% of f-PSA in the seminal plasma is enzym
ically active[12]. In our earlier studies, we have shown t
PSA and PSA-complexes have strong affinity for diffe
Thiophilic gels (T-gel) and that T-gel affinity can be explo
for the purification of f-PSA and PSA-complexes from v
ious biological fluids including serum and seminal plas
[13,14].
570-0232/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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In recent literature, PSA has been documented as an anti-
angiogenic molecule and an inducer of apoptosis[15,16].
PSA has been shown to inhibit endothelial cell proliferation,
migration and invasion[16]. PSA also inhibits endothelial
cell response to FGF2 and VEGF that are known to stimu-
late angiogenesis[16]. Transfection of PSA c-DNA in PC-3
prostate carcinoma cells prolongs their doubling time, re-
duces their tumorigenicity and metastasis in nude mice[17].
These observations collectively support the idea that PSA
may have a role in prostate tumor growth and metastasis. In
order to critically assess the role of PSA as a “biomarker” or as
a “therapeutic modality”, it is critical to have a source of PSA
that is of high quality, well characterized and enzymatically
active. Although, cloning of PSA has been reported in recent
literature[18], it is critical that PSA from a natural source
should be used initially for assessing its physiological func-
tions. We have developed a simple two-step procedure that
allows isolation of enzymatically active f-PSA from seminal
plasma with high over all recoveries. The availability of high
quality active f-PSA will facilitate evaluation of the physi-
ological role(s) of PSA in prostate tumor cell proliferation,
migration and metastasis.

2. Experimental
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2.3. Antibodies

Mono- and polyclonal anti-PSA antibodies and poly-
clonal anti-�-antichymotrypsin antibody were purchased
from Dako (Carpinteria, CA, USA). Peroxidase conjugated
goat-anti mouse and goat anti-rabbit antibodies were pur-
chased from Jackson Immuno Research Laboratories (West
Grove, PA, USA). Polyclonal anti-protein C-inhibitor anti-
body was obtained from Cedar Lane Laboratories (Hornby,
Ont., Canada).

2.4. Protein determination

Protein concentrations were determined using the bicin-
choninic acid (BCA) protein assay procedure using 96-well
microtiter plates[19]. The reagents for this assay were pur-
chased from Pierce (Rockford, IL, USA). Bovine serum al-
bumin was used as a standard.

2.5. Thioiphilic gel chromatography

Twenty-five millimeters of T-gel slurry was packed in
a BioRad column (2.5 cm× 10 cm) and equilibrated with
25 mM Hepes buffer containing 1 M sodium sulfate, pH 7.0.
Fifty milliliters of seminal plasma dialyzed against column
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.1. Seminal plasma

Large pools of the leftover seminal fluid were obtai
rom the Infertility and IVF Medical Associates of Weste
ew York after they were finished with all of their nee
he Institutional Review Board at Roswell Park Cance
titute had approved this study. The seminal fluid was
ially centrifuged at 10,000×g for 20 min to remove th
ellular debris and the supernatant (seminal plasma)
ialyzed overnight against 15 mM of phosphate buffer,
.0 containing 0.15 M sodium chloride. At the end of d
sis, seminal plasma was centrifuged again and the
ernatant was aliquoted and frozen at−70◦C until used
one of the samples were thawed more than once. Se
lasma contained on an average of 0.3–0.5 mg of PSA
illiliter.

.2. Chromatographic ligands and other chemicals

Fractogel TA 650 (s) (T-gel) was purchased from
eparation Science (Gibbstown, NJ, USA). Ultrogel A
4 was purchased from BioSepra, SA, Division of Cip
en Biosystems (Fremont, CA, USA). f-PSA was obta

rom Calbiochem (San Diego, CA, USA). Gradient gels
olecular weight standards for gel electrophoresis wer

ained from BioRad Labs, (Hercules, CA, USA). Chem
inescence reagents (ECL) were acquired from NEN
cience Products (Boston, MA, USA). All other chemic
nd reagents used were of analytical grade, or otherw
ighest purity available.
quilibrating buffer was applied to the column. The colu
as washed with column buffer at a flow rate of 20 m
he bound proteins were eluted with 25 mM Hepes bu
H 7.0 containing no sodium sulfate. Two milliliter fractio
ere collected. The presence of PSA in various column

ions was detected by SDS/PAGE Western blot analysis u
nti-PSA antibody.

.6. Concentration of seminal plasma proteins

The T-gel column eluates containing PSA (f-PS
SA–PCI and PSA–ACT) were pooled and conc

rated using a stir-cell (Amicon Corp., Lexington, M
SA) equipped with ultrafiltration membrane, YM-10 w
0,000 MW cut-off (Millipore Corp., Bradford, MA, USA
ept at 4◦C. The concentrated material containing free
omplexed PSA and containing on an average 2–3 m
SA.

.7. Ultrogel®AcA-54 column chromatography

A column (100 cm× 2.5 cm, Amersham Biosciences, P
ataway, NJ, USA) was packed with Ultrogel AcA-
bead size 60–140�M), having a fractionation range
000–70,000 kDa, as per instructions from the manu

urer. The column was equilibrated with 10 mM sodi
cetate buffer containing 0.15 M sodium chloride, pH
he column was calibrated periodically with known mo
lar weight gel-filtration standards from Bio-Rad (Bio-R
abs, Hercules, CA, USA). For each run, 3 ml of conc

rated PSA containing semino protein solution after thiop
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gel chromatography, was applied under column buffer. The
column was developed at room temperature at the rate of
16 ml/h and 4 ml fractions were collected. Each fraction was
monitored for the presence of protein by BCA protein as-
say procedure. The presence of PSA was monitored either
by SDS/PAGE/Western-blot analysis or by ELISA. In sub-
sequent runs, PSA was monitored in various column elu-
ates ranging in molecular weight between 25 and 40 kDa
by Western-blot analysis. The final quantitation of PSA was
based upon double determined ELISA using poly and mon-
oclonal anti-PSA antibodies.

2.8. SDS/PAGE and Western-blot analysis

SDS/PAGE was performed by the method of Laemmli
[20]. Electrophorsis was carried out under non-reducing con-
ditions through 4–15% gradient polyacrylamide gel using
Bio-Rad-Protein II unit (Bio-Rad). Samples were mixed in
a ratio of 1:1 (v/v) with sample buffer (125 mM Tris–HCl,
pH 6.8) containing 20% glycerol, 4% SDS, and 0.05% bro-
mophenol blue. Ten microliters of each sample containing
15–20�g protein was loaded into each well and run for
40 min at 200 V. The proteins were then electrophoretically
transferred to polyvinylidene difluoride (PVDF) membranes
using mini trans-blot electrophoretic transfer cells (Bio-Rad).
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cubated for 1 h. For detection, 50�l of appropriately diluted
detection antibody was added to each well and the plate was
incubated for 1 h. The plates were exposed to peroxidase la-
beled secondary antibody (50�l) for 45 min. After washing
the plate, a substrate solution containing 0.02% H2O2, and
0.4�g/ml ofO-phenlydiamine in 0.2 M citrate buffer, pH 5.0
was added to each well. The reaction was stopped by adding
50�l of 2N H2SO4 and the intensity of color was measured
at 450 nm in an ELISA plate reader.

2.10. 2-D gel electrophoresis

Two-dimentional gel electrophoresis was carried out using
Novexsystem and their reagents (Invitrogen, Carlsbad, CA).
Thirty microliters of purified f-PSA (1.5�g/�l) was mixed
with 30�l of Novex 2X IEFsample buffer, pH 3–10 and ap-
plied in two lanes of Novexpre-cast IEF gels (pH 3–10). Five
microliters of Bio-Rad IEF standards, pH 4.45–9.6 were also
loaded in one of the lanes. Isoelectric focusing was performed
using NovexXcell II Mini-cell system at constant voltage of
100 V for 1 h, followed by 200 V for 1 h and 500 V for last
30 min. The gels were stained with Novex Colloidal Blue
Staining Kit and destained with several changes in double
distilled water. Lanes containing samples were cut out of the
gel and electrophoresed in the second dimension in Novex
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he transfer buffer contained 25 mM Tris, 192 mM glyci
nd 20% methanol at pH 8.3. The transfer was performe
pproximately 1 h at 100 V. After the transfer, the memb
as blocked with NAP-sure blocker (Geno Technology I
t. Louis, MO) with gentle agitation. The membranes w
robed with appropriate antibodies in NAP-sure blocke
h. Secondary antibody, peroxidase conjugated goat
ouse IgG at 1:5000 dilution in 1% albumin in PBS c

aining 0.1% Tween 20 was incubated with the memb
or 45 min. The membranes were washed and develop
hemiluminescent reagent (NEN, Boston, MA, USA)
ording to manufacturer’s instructions. Blots were visual
y exposing the chemiluminescence reacted blot to X
lm.

.9. PSA measurement by ELISA

Determination of PSA in various chromatographic fr
ions or in various preparations of f-PSA was carried ou
andwich ELISA. In this assay, polyclonal anti-PSA antib
as used as “capture” antibody and a monoclonal anti-
ntibody was used as “detection” antibody. The assay
alibrated with purified PSA (Calbiochem) and a linear
elation was obtained in the range of 0.75–25 ng/ml P
icrotiter plates (Nunc-Immuno plate, Maxisorp.Nunc I
aperville, IL, USA) were coated overnight with 50�l/well
f appropriately diluted capture antibody in PBS at 4◦C. The
lates were washed three times with 200�l of PBS contain

ng 0.01% Tween 20 and blocked with 200�l of 2% BSA
olution in PBS for 1 h. Fifty microliters of each test sam
t appropriate dilution was added to triplicate wells and
–16%, 1.5 mm thick Tris–glycine gel (Invitrogen, Ca
ad, CA, USA) using Novex Xcell II Mini-Cell system as
er instructions from the manufacturer. NovexSeeBlue pre
tained protein standards were loaded into one of the l
els were electrophoresed at the constant voltage of 1
ntil dye front reached the bottom of the gel. Following e

rophoresis in the second dimension, Western blotting
unostaining and chemilluminescent detection was ca
ut as described above using anti-PSA antibody.

.11. Enzymatic activity of purified f-PSA

The purified f-PSA was characterized for its en
atic activity using a fluorogenic substrate (Mu–His–S
er–Lys–Leu–Gln–AFC) obtained from Calbiochem (S
iago, CA, USA). The test is based on the hydrolysi

his fluorogenic substrate that is specific for PSA enzym
ctivity [21] The activity was determined from the init

inear increase of fluorescence and were expressed a
romoles of AMC released per min based on compar
o a standard curve of the fluorescence of known amoun
he substrate. The fluorescence was measured using Am
owman Spectrophotoflurometer (American Instrument
ilver Spring, MD, USA). The excitation was set at 400
nd emission at 505 nm. The details of the procedure ar
cribed elsewhere[21].

.12. Amino-terminal sequencing of f-PSA protein

f-PSA purified from seminal plasma was prepa
or sequencing, following SDS/PAGE and blotting on
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polyvinylidene difluoride membrane as described by Matsu-
daira[22]. The protein band was subjected to at least 10 cycles
of Edman degradation and parathyroid hormone amino acid
detection was performed on an Applied Biosystems 494 cLC
protein sequencer equipped with an on-line HPLC system.
The procedure was carried out by the W.M. Keck Foundation
Biotechnology Resource Laboratory, Yale University, New
Haven, CT, USA.

3. Results

3.1. Chromatography of seminal plasma proteins on
Fractogel TA650s

Dialyzed seminal plasma was applied to a column packed
with, T-gel slurry as per the details provided in Section2.
The results are shown inFig. 1. Nearly 90% of the pro-
teins applied to the column had no affinity for this ligand
and they appeared in the breakthrough region. After column
was adequately washed, the bound proteins were eluted with
25 mM Hepes buffer containing no sodium sulfate. The pres-
ence of PSA, both free and complexed forms (PSA–PCI and
PSA–ACT) was detected by SDS/PAGE/Western-blot anal-
ysis using monoclonal anti-PSA antibody (Fig. 1, inserts A
a The
i on-

firmed respectively by using anti-PCI and -ACT antibodies
(data not shown). This step in purification effectively sepa-
rated the majority of seminal proteins from PSA and at the
same time retaining all molecular forms of PSA known to be
present in the seminal plasma (Fig. 1, insert B). The experi-
ment was repeated several times and results were essentially
reproducible. The average recovery of total PSA in this step
in purification was 92%.

3.2. Molecular size chromatography (AcA-54 gel) of
T-gel processed seminal proteins

Further separation of f-PSA from other contaminating pro-
teins including immunoglobulins and PSA-complexes was
achieved by molecular size chromatography step. Seminal
proteins, after T-gel chromatography, containing all molec-
ular forms of PSA were concentrated to an average of
2–3 mg/ml PSA protein and applied to column packed with
AcA-54 gel (fractionation range between 5 and 70 kDa).
The column was equilibrated with 10 mM sodium acetate
buffer containing 0.15 M sodium chloride, pH 5.6. An av-
erage of 90% protein appeared in the exclusion range. The
presence of PSA in various column fractions was monitored
by SDS/PAGE/Western-blot analysis and probed with anti-
PSA antibody. The results are shown inFig. 2. The starting
m d f-
P eins

F e colum sulfate, pH
7 and ap s were elut
w
m
T
i

nd B). The majority of PSA in seminal plasma is f-PSA.
dentity of PSA–PCI and PSA–ACT was subsequently c

ig. 1. Chromatography of seminal plasma on Fractogel TA650s. Th
.0. Seminal plasma was dialyzed against column equilibrating buffer

ith 25 mM Hepes buffer. The protein concentration was measured by BCA m
onoclonal anti-PSA antibody or by double determined ELISA. Insert: (A) P
he presence of PSA–PCI and PSA–ACT was subsequently confirmed by m

n the column eluates.
aterial for “molecular size chromatography” containe
SA, PSA-complexes and high molecular weight prot

n was equilibrated with 25 mM Hepes buffer containing 1 M sodium
plied to the column. The column was washed and the bound proteined

ethod and PSA was monitored by either SDS/PAGE Western-blot analysis using

SA isoforms (f-PSA, PSA–PCI and PSA–ACT) present in the starting material.
onoclonal antibodies to PCI and ACT. (B) All three PSA isoforms were recovered
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Fig. 2. Chromatography of T-gel processed seminal proteins on Ultrogel AcA-54 column. The column was equilibrated with 10 mM sodium acetate buffer
containing 0.15 M sodium chloride, pH 5.6. The concentrated seminal proteins, after T-gel chromatography and containing f-PSA, PSA–PCI and PSA–ACTand
other proteins were applied to the column. The column was developed at the flow rate of 16 ml/h and 4 ml fractions were collected. The protein was monitored
by the BCA protein assay procedure. PSA presence was monitored either by SDS/PAGE Western-blot analysis using anti-PSA antibody or quantitated by the
double determined ELISA using anti-PSA antibodies. Insert: (A) f-PSA, PSA–PCI and PSA–ACT in the starting material. (B) f-PSA.

including immunoglobulins (Fig. 2, insert A). Immunoglob-
ulins and other high molecular weight proteins appeared
in the column breakthrough region. During this step both
f-PSA and complexed PSA were also distinctly separated
(Fig. 2, inserts). Fractions containing f-PSA were pooled,
concentrated and filter sterilized. PSA concentration was ad-
justed to 1 mg/ml protein and aliquots were frozen at−70◦C.
The average recovery of PSA was 82%. The proportion of
complexed PSA (c-PSA) largely containing PSA–PCI and
PSA–ACT was < 10% of total PSA applied[23]. The f-PSA
preparations were further confirmed to be free from PSA–PCI
and PSA–ACT complexes by subjecting f-PSA preparations
to SDS/PAGE Western-blot analysis and staining with anti-
PCI and anti-ACT antibodies. f-PSA preparations were sub-
sequently evaluated for its purity and enzymatic activity.

3.3. PSA recovery

The data inTable 1shows the percent recovery of PSA
from three different experiments. It includes PSA recoveries
at each step in the purification procedure and also the overall
PSA recoveries at the end of the process. The average re-
covery of PSA after T-gel chromatography is 92% and after
AcA-54 molecular size chromatography is 82%. The overall
recovery of f-PSA at the end of these two steps in purifica-
t d in
b SA is
c ed in

the literature. The PSA recovered after T-gel chromatogra-
phy contained both f-PSA and complexed-PSA (PSA–PCI,
PSA–ACT). However, at the end of second step in purifica-
tion, the PSA recovery as shown inTable 1represents only
f-PSA and does not include complexed-PSA that is usually
about 10% of the total PSA. Complexed-PSA; being higher
in molecular weight, appeared much earlier in elution profile
(Fig. 2, c-PSA peak).

3.4. Characterization of purified f-PSA

3.4.1. Purity of f-PSA as determined by 2-D gel
electrophoresis

The high-resolution power of two-dimentional gel elec-
trophoresis (2-D gel) was used to test the purity of f-
PSA preparation. The purified f-PSA was concentrated to
1 mg/ml protein and stored either at−70◦C or in few
cases lyophilized. The f-PSA was subjected to 2-D gel elec-
trophoresis as per the details described above in Section2.
One gel was stained with silver nitrate to show protein bands
and another gel was developed with monoclonal antibody to
PSA. The results are shown inFig. 3. Protein staining has
shown three bands, all in the region of 33 kDa and with re-
spective pI of 6.2, 6.4 and 7.2. These three bands represent al-
ready known isoforms of PSA[11,24]. No additional protein
b
s n-
o ined
ion varied with different seminal plasma pools and varie
etween 64 and 78% range. This percent recovery of P
onsiderably higher than what has thus far been report
ands were seen any where on the gel (Fig. 3a).Fig. 3b repre-
ents the gel, ran identically toFig. 3a, and stained with mo
clonal anti-PSA antibody. The PSA antibody also sta
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Table 1
PSA recovery at each step in purification

Hydrophobic charge induction chromatography Molecular size chromatography

PSAa applied (mg) PSA recovered (mg)a Recovery (%) PSA applied (mg)a f-PSA recovered (mg) Recovery (%) Overall recovery (%)

25.5 24.45 95.9 23.44 20.10 82.2 78.8
17.8 16.3 91.4 14.9 11.3 75.8 63.5
22.68 20.41 90.1 19.56 16.82 86.7 74.2

a Includes free and complex forms.

identical three spots corresponding to pI of 6.2, 6.4 and 7.2.
They all represent f-PSA.

3.4.2. Enzymatic activity of f-PSA
The majority of f-PSA present in the seminal plasma

(∼70%) is known to be enzymatically active[25]. We
used a highly specific substrate (Mu–His–Ser–Ser–Lys–
Leu–Gln–AFC) to determine if f-PSA preparation has en-
zymatic activity[21]. The data presented inFig. 4shows the
enzymatic activity of f-PSA. PSA was able to hydrolyze this
substrate in a dose dependent manner (Fig. 4). With increas-
ing concentration of f-PSA, the amount of AFC released is
increased proportionately over a period of time. The enzy-
matic activity of f-PSA obtained by our method consists of
an average of 211 units as compared to 169 units of commer-
cially acquired enzymatically active PSA (Calbiochem, Cat.
#539834, Lot #B40577). One unit of enzymatic activity is
defined as the amount of enzyme that cleaves 1�mol of sub-
strate/min/ml. In order to ascertain that the enzymatic activity
of PSA is indeed specific to this substrate, we attempted to
block PSA enzymatic activity by a serine protease inhibitor,
aprotinin. When PSA was first exposed to Aprotinin prior to
the substrate, its enzymatic activity was completely elimi-
nated (Fig. 4).

3
eck

F Uni-
v sub-
j lysis.

Fig. 4. Enzymatic activity of f-PSA. The reaction mixture contained 10�l of
20 mM concentration of highly specific chromogenic substrate and varying
concentrations of f-PSA (5, 10 and 20�g) in total of 500�l of 50 mM Tris.
HCl, pH 7.9 buffer. The amount of AFC released over a period of time
was monitored using Aminco-Bowman Spectrophotometer. There is a dose-
dependent increase in amount of AFC released by increasing concentration
of f-PSA. The enzymatic activity of f-PSA was completely blocked when
f-PSA was exposed to a serine protease inhibitor, Aprotinin before being
exposed to the substrate.

The results are shown inTable 2. There were two major se-
quences and both were in agreement with NCBI data base
for PSA. A full length sequence that has isoleucine as the
N-terminal residue and constituted 70% of total f-PSA and
another as N− 1 sequence and starting with valine at the

F ther with silver stain (a) or by chemiluminescent agent after probing the membrane with
a g to p6.2, 6.4 and 7.2. The identical spots were illuminated in both gels. Beside PSA
i rate.
.4.3. Amino-terminal sequencing of f-PSA
A sample of f-PSA preparation was sent to W.M. K

oundation Biotechnology Resources Laboratory, Yale
ersity for amino-terminal sequencing. The protein was
ected to at least 10 cycles of amino acid sequence ana

ig. 3. 2-D gel electrophoresis of f-PSA. The blots were developed ei
nti-PSA antibody (b). Three distinct spots were seen correspondinI

soforms, no other proteins were detected in gel stained with silver nit
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Table 2
Amino-terminal sequence of f-PSA(seminal plasma)
25Ile–Val–Gly–Gly–Trp–Glu–Cys–Glu–Lys–His–full length
26Val–Gly–Gly–Trp–Glu–Cys–X–Lys–His–Ser–N− 1

N-terminus. This represent 30% of f-PSA. Occasionally, a
third sequence (<5%) starting170Lys–Leu–Gly–X–Val–Asp
was seen. This was also confirmed to be PSA sequence with
molecular weight of <10 kDa.

4. Discussion

We have developed a simple two-step procedure to obtain
pure preparation of f-PSA from seminal plasma. The main
highlights of our procedure are: (1) the simplicity of the
procedure, (2) the significantly higher recoveries of f-PSA
(Table 1), the purified f-PSA preparation is free from any
known PSA complexes (Fig. 3) and (3) f-PSA preparation is
enzymatically active (Fig. 4). Our procedure is milder and
avoids any denaturation conditions. The use of thiophilic-gel
chromatography as a first step in this purification procedure
allows handling of large volume of seminal plasma as this lig-
and retains <10% of total proteins that are applied. The sem-
inal plasma proteins that are retained on this ligand includes
PSA, all known PSA-complexes and some high molecular
weight proteins including immunoglobulins. This ligand has
high capacity (10–15 mg protein/ml adsorbent) and can be
used, both in a column chromatography procedure or in a
batch adsorption procedure. The PSA complexes and other
h lins
w step,
b mn.
T au-
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o SA
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r
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r el
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o ee
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f

The more definitive identity of PSA protein was based
on N-terminal sequence data (Table 2). Two sequences were
identified; one corresponding to full length PSA and another
to N− 1 with missing isoleucine. The two sequences were
roughly 70 and 30%, respectively of the total PSA. The full
length sequence is known to be enzymatically active whereas,
N − 1 sequence has no enzymatic activity[15]. The third PSA
sequence (<10 kDa) representing <5% of total f-PSA was
seen occasionally. Evidently this sequence was not present
initially in our purified f-PSA preparations. It is primarily be-
cause the second step in purification involved molecular siz-
ing which effectively must separate the low molecular weight
PSA sequence from the full length sequence. Perhaps, this
sequence was generated as an artifact due to storage and/or
handling of the f-PSA. The PSA gene (hK3) is a member of
human tissue kallikrein gene family that consist of at least
three well characterized members[27]. Seminal plasma is
known to have both human kallikrein-2 (hK2) and human
kallikrein-3 (hK3) proteins. Because of extensive sequence
homology between these two kallikrein, it is conceivable that
our f-PSA preparation may have traces of hK2. However,
the probability of hK2 presence in our f-PSA preparation is
next to nothing. Firstly, in the seminal plasma hK2 levels are
80–500-fold lower than hK3. In seminal plasma, PSA (hK3)
levels are 0.5–3.0 mg/ml[2,3], whereas average hK2 level is
6 in
t tely
[ ight
t ond
s

ctive
( ent.
T in-
h ic
a ck of
i s its
e is
e orts
[

r for
e have
a s re-
l ancer.
T SA
i has
b mor
g state
c ave
d or
g e,
P into
n wth
f t
a CaP
c uces
l ls
igh molecular weight proteins including immunoglobu
ere further separated from f-PSA during the second
ased on molecular size chromatography, on AcA54 colu
he column was developed in a buffer at pH 5.6 to avoid

ocleavage of PSA during purification. The overall recov
f purified f-PSA range between 64 and 78% of total P
resent in the starting material. This represents a signifi

mprovement in overall PSA recovery that has been repo
arlier. The average recoveries as reported in the liter
ange between 7 and 30% of the total PSA[2,11,26]. In ma-
ority of these cases, the PSA was characterized eithe
ingle band in SDS/PAGE or by amino terminal sequen
nd not by its enzymatic activity. The immunological cha

erization of PSA was based upon mono- and polyclonal
odies to PSA in SDS/PAGE/Western-blot analysis. The
ity of f-PSA preparation was initially confirmed by 2-D g
lectrophoresis. The corresponding gels were either exp

o silver stain to visualize protein bands or to monoclo
nti-PSA antibody to visualize immunoreactive PSA ba

t is known that PSA exist in different isoforms[11,24]. The
ariability of different isoforms may be due to difference
ither the primary structure of the protein or in the pat
f glycosylation or both. We have identified three isofo
f f-PSA corresponding to pI 6.2, 6.4 and 7.2. These thr

soforms were consistently seen in different preparation
-PSA purified from seminal plasma.
�g/ml [28]. It is also known that nearly all hK2 present
he seminal plasma complexes with PCI rather immedia
29] and the complex is much higher in molecular we
han f-PSA and will effectively be eliminated at the sec
tep in our purification procedure.

Purified f-PSA has been shown to be enzymatically a
Fig. 4). The enzymatic activity is distinctly dose depend
his enzymatic activity was effectively blocked by an
ibitor of serine protease (Fig. 4). It is known that enzymat
ctivity is associated with complete sequence and that la

soleucine at the start of N-terminus effectively destroy
nzymatic activity[30]. In our preparations, 70% of f-PSA
nzymatically active and this is in agreement to earlier rep

25].
Despite the importance of PSA as a surrogate marke

arly detection of prostate cancer, relatively few reports
ddressed the issue of its physiological functions and it

ation to the pathogenesis and progression of prostate c
he most widely accepted physiological function of P

s to liquefy the seminal clot. More recently, attention
een drawn to PSA as regulatory molecule in prostate tu
rowth and metastasis. We have earlier shown that pro
ancer cell lines that vary in their metastatic potential h
ifferential expression of growth factors that control tum
rowth and metastasis[31]. Human prostate cancer cell lin
C3M, is known to be highly metastatic when inoculated
ude mice[32]. These cells have higher expression of gro

actors like VEGF, IL-8, TGF-�2, ICAM1 and MMP9 tha
re known to promote tumor growth as compared to LN
ells that are poorly metastatic and are known to prod
ow levels of PSA in culture[31]. On the contrary PC3M cel
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being highly metastatic have low level of HuIFN-� expres-
sion [31]. HuIFN-� is known to be a tumor suppressor. In
subsequent studies, we have shown that PC3M cells treated
with our purified f-PSA significantly down-regulates VEGF,
pim1 oncogene, uPAR and up-regulates HuIFN-� expression
[33]. These observations provide a strong evidence that f-PSA
has a role in overall tumor growth and metastasis.

The availability of large quantities of high quality PSA
from natural source like seminal plasma would greatly facil-
itate further research in this direction and in the development
of novel inhibitors/modulators for in vitro and in vivo evalu-
ation.
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