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MOLECULAR FORMS OF HUMAN PROSTATE-SPECIFIC ANTIGEN IN URINE
OF SUBJECTSWITH BENIGN PROSTATIC HYPERPLASIA
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Abstract - In the present study, we examined mollecular forms of urinary prostate-specific antigen (PSA), focusing on
its structural complexity in general and specifically on its microheterogeneity in relation to benign prostatic hyperplasia
(BPH). Gel filtration, ion-exchange chromatography, and lectin-affinity chromatography were used to characterize PSA.
In comparing the binding pattern of PSA isoforms, moderate changes were observed in the relative abundance of dis-
tinct molecular subpopulations separated on lectin-affinity columns. They may be related to alteration in the position and
type of linkage of fucose or sialic acid, as well asto modification of the trimannosyl core by branching of the PSA ol-

igosaccharide chain.
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INTRODUCTION

Prostate-specific antigen, PSA, is serine protease, which
exist as an intact enzymatically active form as well as an
enzymatically inactive form comprising pro-PSA, mature
inact PSA, and severa types of clipped PSA forms
(Stephan et al., 2002). Besides these forms, com-
monly referred to as free PSA, the enzymatically active
form can be found in complex with different protease in-
hibitors, contributing to its extreme molecular heteroge-
neity (Stephan et al. 2000, 2002). Differencesin its
polypeptide backbone affecting the possible glycosyla
tion site and sites important for proper formation of sec-
ondary structure lead to detection of multiple PSA iso-
forms having a broad range of 6 — 28 kDa of molecular
mass (Il sono etal., 2002). An additional source of ob-
served PSA heterogeneity is its glycoprotein nature. The
predominant PSA form is characterized as glycoprotein
having a biantennary N-linked oligosaccharide of the N-
acetyllactosamine type with asialic acid group at the end
of the two branches, but differences such as the presence
of a monoantennary chain arealso found (B el anger
etal., 1995; Ok ad aet al., 2001). The search for specif-
ic changes in PSA glycosylation as a promising tool for
differential diagnostic of benign prostatic hyperlasia
(BPH) and prostate cancer, both being associated with in-
crease in PSA concentrations, is still in progress (Pra-
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kash andRobbins 2000;Percaul aetal., 2003;
Basuetal. 2003; Jankovi¢ andKosanovi ¢,
2005).

Proceeding from the lack of structural informa-
tion about urinary PSA in the available literature, in
the present study we examined glycosylation of BPH
PSA, i.e., prostate-specific antigen isoforms originat-
ing from the urine of subjects with benign prostatic
hyperplasia This analysis was aimed at gaining more
insight into the complexity of PSA in general and spe-
cifically into microheterogeneity as related to this
particular pathophysiological condition. To reach spe-
cific conclusions, our approach was based on combi-
nation of gel filtration, ion-exchange chromatography
and lectin affinity chromatography employing a panel
of plant lectins with different carbohydrate-binding
specificities. The obtained results indicate microhet-
erogenity of the two main PSA isoforms, as well as
differences between them with respect to particular
glycoforms.

MATERIALSAND METHODS

Materials

Radioiodine (**°) was from the Institute of Isotopes
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Co., Ltd. (Budapest, Hungary). Mouse monoclonal anti-
PSA antibodies were from Medix Biochemica (Finland)
and Acris Antibodies (Germany). Bovine serum albumin
(BSA), mannose (Man), and fucose and N-acetylglucos-
amine (GIcNAc) were from Sigma (St. Louis, USA).
Lactose and galactose (Gal) were from ICN Biochemi-
cals (Cleveland, Ohio, USA). The molecular mass mark-
ers Sephadex G-100 and DEAE Sephadex A-50 were
purchased from Pharmacia Fine ChemicalsAB (Uppsala,
Sweden). Affinity columns with immobilized plant lec-
tins were from Vector Laboratories (Burlingame, USA).
All other chemicals were reagent grade.

Sample collection and preparation

Urine was collected from subjects with BPH as di-
agnosed at the Institute for Urology and Nephrology,
Clinical Center of Serbia, Belgrade, Serbia and Monten-
egro, before initiation of any treatment. Samples were
clarified by centrifugation (5 min; 14000 rpm), aiquouts
were made and stored at - 20°C, until processed. Pros-
tate-specific antigen concentration in urine was deter-
mined using a solid phase immunoradiometric assay, IR-
MA PSA (INEP, SCG), and selected samples (PSA > 60
ug/L) were pooled and used for further characterization.

Gl filtration

Urine (0.3 ml) was passed through a Sephadex G-
100 column (bed volume 40 ml) equilibrated and eluted
with 0.1 M phosphate buffered saline, pH 7.2. Fractions
(0.5 ml) were collected and elution monitored by measur-
ing PSA-immunoreactivity. The column was calibrated
with molecular mass standards: bovine serum albumin,
66 kDa; ovalbumin, 43 kDa; chymotrypsinogen, 25 kDa
and ribonuclease, 13.7 kDa.

I on-exchange chromatography

Urine was loaded on a DEAE Sephadex A-50 col-
umn (20 ml bed volume) equilibrated with 0.05 M TRIS-
HCI buffer, pH 7.6. The column was washed free of pro-
tein and then eluted by a discontinuous gradient of NaCl:
0.05 M NaCl, 0.1 M NaCl, 0.2 M NaCl, and 1 M NaCl.
Fractions (2 ml) were collected and optical density at 280
nm and PSA-immunoreactivity were recorded. Optical
density was measured using a double-beam spectropho-
tometer of the CE 594 type (CECIL, England). The im-
munoreactive fractions corresponding to particular PSA
isoforms were pooled, concentrated by ultrafiltration, and

dialyzed prior to labelling with 125, using the chloramine
T method as described by Greenwoodet al., (1963).

Lectin-affinity chromatography

Lectin affinity chromatography was performed on
the columns with the following immobilized plant lec-
tins: RCA | (Ricinus communis agglutinin 1), Con A (lec-
tin from Canavalia ensiformes), WGA (wheat germ ag-
glutinin), PHA-E (Phaseolus vulgaris erythroagglutinin),
PHA-L (Phaseolus vulgaris leukoagglutinin), UEA | (Ul-
ex europaeus agglutinin 1), AAA (Aleuria aurantia ag-
glutinin), and SNA (Sambucus nigra agglutinin). A com-
mon chromatographic scheme was applied to all col-
umns, in accordance with manufacturers' instructions.
The 1%]-PSA isoforms (0.5 ml; 300000 - 400000 cpm)
were applied to each of the columns and after 3 hours of
incubation at room temperature, fractions were collected
and the radioactivity of each was recorded. The unbound
and retarded fractions were eluted with a binding buffer
(0.1 M PBS, pH 7.2), except for the Con-A column,
which was washed with 0.1 M acetate buffer (pH 6.0),
supplemented with 100 mM CaCl,,, MgCl,, and MnCl.,.
The bound fraction was specifically eluted by the addi-
tion of competitive sugars: 0.1 M mannose (for Con-A),
0.1 M lactose (for SNA), 0.1 M galactose (for RCA ), 0.1
M N-acetylglucosamine (for PHA-E, PHA-L, and
WGA), and 0.1 M fucose (for UEA and AAA). Finally,
the tightly bound fraction was eluted by the addition of
low-pH buffers: 0.1 M glycine-HCI, pH 3.0 (for RCA,
PHA-E, PHA-L, RCA, AAA, and UEA) or 0.2 M acetic
acid (for SNA and WGA). The Con-A column was final-
ly eluted with 0.1 M borate bufffer, pH 8.4.

RESULTS AND DISCUSSION

The presence of PSA in urine was initially checked
by immunoradiometric assay for total PSA, the results of
which indicated its distribution in the broad concentra-
tion range of 0.5 — 131 pg/l, possibly due to influence of
osmolality change. In order to find out the molecular
formswith which thisimmunoreactivity is associated, the
urine was subjected to gel filtration on a Sephadex G-100
column. The elution profile revealed a minor 90 kDaim-
munoreactive peak corresponding to molecular mass of
the PSA-ACT complex, and a mgjor 30 kDa peak corre-
sponding to the molecular mass of free PSA (Fig. 1).
Thus, urinary PSA was confirmed to be predominantely
initsfreeform asindirectly suggested in previous reports
(Pannek etal., 1997).
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Fig. 1. Urinary BPH PSA immunogram from Sephadex G-100 column.
Arrowsindicate position of: @) 90 kD peak (PSA-ACT complex) and b)
30 kD PSA (free form).

The molecular heterogeneity of urinary PSA was
further examined by anion-exchange chromatography.
Under the emloyed experimental conditions, urinary
BPH PSA were retained on DEAE Sephadex A-50 and
subsequentlly separated into four isoforms by the elution
with increasing concentrations of NaCl (data not shown).
The main PSA-immunoreactive isoforms were el uted by
0.05M NaCl and 0.1 M NaCl (in aratio of 1:0.6). In ad-
dition, two minor PSA-immunoresctive forms (<25% of
total) eluted by 0.2 M NaCl and 1 M NaCl were also de-
tected. Each of them exhibited broad elution profiles in-
dicating that PSA isoforms may be composed of distinct
molecular subpopulations. The differences observed in
the number and relative abundance of particular urinary
isoforms in benign hyperplasia as compared to the nor-
mal condition are presumed to be related not only to the
examined source, but also to a specific pathophysiol ogi-
cal process, since they correspond to previously observed
changesin PSA-isoelectric patterns. Thus, PSA from nor-
mal human seminal plasma can be separated into five iso-
forms with pH in the range of 6.7 — 7.2, whereas a shift
in isoelectric point values was observed in PSA from se-
ra or tissue of subjects with cancer or BPH (Z hang et
al.,1995;Huber etal.,, 1995, Hil z etal., 1999).

The biological importance and structural character-

istics responsible for the existence of different PSA iso-
forms are not fully understood. It has been reported that
neuraminidase treatment of distinct PSA isoforms causes
ashift in their pH towards more basic values and reduces
the differences between them (Z h an g et al., 1995).
Thus, apart from differences in the protein backbone re-
lated to interna peptide bond cleavage, carbohydrate
composition as a possible cause must not be overlooked.

In the present study, glycosylation as a factor con-
tributing to total heterogeneity of urinary PSA isoforms
was investigated by lectin affinity chromatography. Lec-
tins are widely used as atool for isolation and character-
ization of different glycoconjugates (K obata andEn -
do,1992; Cummi ngs, 1994). By choosing this meth-
od and working with purified isoforms, we could gain in-
sight into the microheterogeneity of each of theisoforms,
i.e., separate PSA glycoforms bound with low affinity
(such as those eluted with a binding buffer), with inter-
mediate affinity (such as those eluted with a competitive
sugar at 0.1 — 0.3 M concentration), and with high affin-
ity (such as those eluted with a low-pH buffer). On the
other hand, the carbohydrate-binding specificity of the
eight plant lectins tested enabled us to infer the type of
linkage and composition of the PSA oligosaccharide
chain with respect to the terminal glycosylation aswell as
inner and outer chain moieties, which characteristics are
important for comparison with known structural data
(Belanger etal., 1995).

The two main urinary PSA isoforms (separated by
0.05 M NaCl and 0.1 M NaCl) were characterized after
being labelled with radioiodine. The representative pro-
files of elution from the columns with immobilized plant
lectins are shown in Fig. 2. In al cases, most of the ap-
plied radioactivity was recovered by elution with buffer
lacking sugar. According to the differential elution posi-
tions on the same column, the corresponding eluents
were divided into anon-interacting fraction and afraction
that was retarded in elution (referred to zero and total col-
umn volume). Monotonic or retarded elution fronts (as a
trailing edge or as separated) were observed depending
on the lectin used, but in accordance with their known
binding pattern (K obataand Endo, 1992; Cum -
mings, 1994). Thus, the least microheterogeneity was
observed on the Con A column, the gratest on the PHA-E
column. The PSA fractions bound with either intermedi-
ate or high affinity were observed on al columns, but
compared to the unbound and retarded fractions, their ra-
tios were low.
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Fig. 2. Lectin-affinity chromatography of 125 |-PSA isoforms separated by ion-exchange chromatography on DEAE A-50, using: 0.05 M NaCl (—)
and 0.1 M NaCl (—). The elution was monitored by measuring radioactivity in each fraction. Arrows indicate the start of elution with 1) sugar and
2) low pH buffer, as described in Materia and Methods. For better insight into the details of elution profiles, parts of the graphs (shown in the outli-
ne boxes) are magnified.
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Although PSA is a glycoprotein having low carbo-
hydrate content (8-12%), it can also exist as a non-glyco-
sylated form (B el anger etal., 1995 Tanakaet
al., 2000). Available data on lectin affinity chromatogra-
phy of PSAs from different preparations indicated that
plant lectins (except for ConA) exhibit low PSA binding
(Sumi et al., 2001). Compared to previous results on
semina plasma PSA and available literature data, a de-
creasein lectin binding to urinary BPH PSA was evident,
which isin agreement with the general expectation of de-
crease in disease-accociated PSA forms (B ar ak etal.,
1989; Samadi et al., 1999; Sumi et al., 2001; K o-
sanovi¢ andJankovi ¢, 2005). In comparing lec-
tin-binding patterns of the two main urinary PSA iso-
forms, moderate changesin the rel ative abundance of dis-
tinct molecular subpopulations separated on UEA, PHA-
E, and PHA-L columns can be seen, without any other
striking differences. By referring to the carbohydrate-
binding specificities of lectins used in this investigation,
the characteristic properties of the oligosaccharide chain
of urinary BPH PSA can be assessed. They are presumed
to be related to the position and type of linkage of fucose
or sidic acid, as well asto modification of the trimanno-
syl core by branching. Thus, Con A (which has high af-
finity for the high mannose type or hybrid type of oligo-
saccharide chains with fucose linkages to the innermost
GlcNACc) showed low affinity binding to the examined
BPH PSA isoforms, suggesting modification of the tri-
mannosy! core [Man a1-6 (Man a1,3) Man] by the pres-
ence of bisecting GIcNAc or higher branching and forma-
tion of multiantennary chains (G ol dstei n and
Poretz, 1986 K obataand Endo, 1992; Cum -
mings, 1994). Strong retardation of urinary BPH PSA
on PHA-E (specific for the complex type of oligosaccha
ride chains containing bisecting GIcNAc (1,4 linkage)
and on PHA-L (specific for the multiantennary complex
type of oligosaccharide chainswith GIcCNAc 31,6 branch-
es) may support these findings (Goldsteinand
Poretz, 1986, Kobataand End o, 1992; Cum-
mings, 1994). Low-affinity binding of urinary BPH
PSA isoforms to fucose-specific lectins (AAA and UEA)
and sialic acid-specific lectins (SNA and WGA) was also
found. It is reported that 80% of normal PSA glycan is
core fucosylated, but a1,2-linked outer fucose can be de-
tected (Peracaul aetal., 2003). This can aso hold
true in the case of urinary BPH PSA, to judge from the
AAA and UEA-binding patterns. Thus, AAA binds with
high affinity to core fucosylated N-linked structures,
whereas many structures containing outer chain fucose
substitutes do not bind, but are retarded on a AAA-col-

umn (Y amashitaetal., 1985 Cummings, 1994).
They can be bound to UEA, being specific for al,2-
linked outer fucoseresidues (Y amashitaetal., 1985;
Cummings, 1994). Asfor siaylation, norma PSA
glycans are found to be di- or monosialylated and both
types of linkages (02,6 and a2,3) are presumed to be
present (Peracaul aetal., 2003). Based on the bind-
ing pattern of SNA (which is specific for siaic acid 02,6
Gal), WGA (which has alow-affinity binding site for si-
alic acid), and RCA | (which specifically recognizes fGal
residues, with preference for terminal sugar in 8 1,4 link-
age), urinary BPH PSA is presumed to be not fully silay-
lated or to have a high ratio of siaic acid 02,3 linkage
(Goldstein and Por et z 198; Cummings,
1994).

It is well known that different physiological and
pathological conditions are associated with alteration of
glycosylation affecting the biochemical and functional
characteristics of particular glycoproteins (Brock -
hausen and Kuhns, 1997). The results obtained in
the present study indicate high microheterogeneity of uri-
nary BPH PSA isoforms and a difference in the glyco-
form pattern compared to the normal physiological con-
dition. Changes in sugar chain characteristics as a poten-
tial marker of PSA origin therefore deserve attention, and
further work needs to be done on formulation of assays
for their detection.
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MOJIEKYJICKE ®OPME XYMAHOI' CIEHU®UYHOI' AHTUT'EHA ITPOCTATE
Y YPUHY OCOBA CA BEHUTI'HOM XHITEPIIVIAZUJOM

MAJA KOCAHOBHHh u MUPOCJIABA JAHKOBUR

HUnemumym 3a npumeny nyxneapne enepeuje — MHEII, Ynusepsumem y beoepady, 11080 3emyn, Cpbuja u Lpna I'opa

VY 0oBOM pany cy m3y4aBaHE MOJIEKYyJICKe (opMme ypu-
HapHOr cnenuduuHor anturena mnpocrare (PSA) ca
UJBEM Ja ce JOOHje YBUI Y BErOBY CTPYKTYPHY KOM-
IUIEKCHOCT, YOIIITE, U CHEHU(PHIHO, Y MUKPOXETEpO-
TeHOCT NOBe3aHy ca OCHHUTHOM XHUIIEPIUIa3HjoM Mpo-
crare (BPH). PSA je ucnutuBan ren ¢unrpaiujom,
JOHOM3MEHUBAYKOM XpOMATOTpapujoM M JIEKTHHCKOM
apuaETeTHOM XpoMarorpadujom. Ilopehemem mpo-

¢una BesmBama PSA m3odopmu, 3amaxeHne cy ymepe-
HE pas3lIiKe y PEeNaTHBHOM CaJipKajy MoceGHUX MoJie-
KylIckux “cyOmomynamnuja”, pa3ABOjeHUX Ha JIEKTHH-
cKuUM KonoHama. OHe OM ce MOIJIe JOBECTH y Be3y ca
MpoMeHaMa y MOJIOXKajy U THITY Be3e (hyKo3e WIIH CHja-
JMHCKE KHCEJIMHE Kao U ca MoxuuKanujama TpuMa-
HO3HWJIHOT je3rpa y CMHCIY I'paHamba OJIMrocaxapun-
Hor nanna PSA.



