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Sialylation and fucosylation of cancer-associated prostate specific antigen
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Summary

Purpose: To examine sialylation and fucosylation of
prostate cancer-associated prostate-specific antigen (PCa
PSA) from localized prostate cancer and from metastatic
prostate cancer, as relevant indicators of tumour stage-de-
pendent microheterogeneity of its oligosaccharide chain.

Materials and methods: Sera and urine were collected
from a group of consenting patients and used as source of
the examined PSA. Lectin-affinity chromatography was per-
formed on the columns with immobilized sialic acid-specific
lectins Sambucus nigra agglutinin (SNA) and Maackia amu-
rensis lectin (MAA), and fucose-specific lectins Aleuria auran-
tia agglutinin (AAA) and Ulex europaeus agglutinin (UEA).
PSA elution from the corresponding columns was monitored

Introduction

PSA s initially characterized as 33 kD glycopro-
tein having the biantennary N-linked oligosaccharide
chain of N-acetyllactosamine type with a sialic acid
group at the end of the two branches [1,2]. However,
experimental evidence indicated that, besides this
main form, the PSA molecule exists in various glyco-
forms, having also the monoantennary glycans as well
as different outer chain moieties [3]. Microheterogene-
ity of the PSA molecule was observed in both normal
and pathological conditions of prostate tissue [4-6].
The alterations in PSA sugar chain attract attention as
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by measuring immunoreactivity to free (f) PSA form.
Results: The results of lectin affinity chromatographies
of PCa PSA indicated distinct and high microheterogeneity of
its oligosaccharide chain in respect to the presence of glyco-
forms differing in the position and the type of linkage of sialic
acid or fucose, as well as alterations related to the examined
PS4 source (localized or metastatic prostate cancer).
Conclusion: The observed decrease in SNA reactivity to
metastatic PCa PSA in comparison with PCa PSA from local-
ized prostate cancer may be of interest in the monitoring of
response to therapy and scoring of its metastatic potential.
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a potential marker for differential diagnosis between
benign prostatic hyperplasia and cancer, both of them
being associated with increase in serum PSA values
in overlapping range of concentrations [7]. Based on
chemical analysis and lectin-binding pattern, an in-
verse correlation between the amount of PSA glycan
and its serum PSA concentration was suggested [8].
Our previous data obtained on cancer-associated uri-
nary PSA isoforms as well as available data on tumor
cell line-derived PSA suggested that sialylation and
fucosylation may be of interest as relevant indicators
of PSA glycosylation [4,5,9].

The purpose of this study was to further analyze
PCa PSA in search for a difference between PSA from
localized prostate cancer and PSA from metastatic
prostate cancer.

Materials and methods

Materials

Vector Laboratories (Burlingame, USA) affinity
columns with immobilized plant lectins were used.
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Fucose and lactose were purchased from Sigma (St.
Louis, USA). Mouse monoclonal anti-PSA antibodies
clone 8311 (100% PSA and 76% PSA a1-ACT reactiv-
ity) and clone 8A6, isotype IgG2a (100% fPS A epitope
1 reactivity) were purchased from Medix, Biochemica
and HyTest, Pharmacity (Finland), respectively. All
other chemicals were reagent grade.

Sample collection and PSA determination

This study was carried out on a group of consent-
ing patients diagnosed at the Institute for Urology and
Nephrology, Clinical Center of Serbia, SCG. Urine and
blood samples were collected from patients with local-
ized prostate cancer before initiation of any treatment,
and from patients with metastatic prostate cancer, with
no regard to any medical treatment. The samples were
used immediately or stored at —20° C until processed.

Serum and urinary PSA concentration (total (t)
or fPSA) was determined using a solid phase two-site
immunoradiometric assay IRMA PSA/ IRMA fPSA
(INEP, SCG). All probes were done in duplicate, and,
when needed, samples were diluted in 0.05 M phos-
phate buffer saline (pH 7.4) containing 1% BSA.

Pooled urine from patients with localized prostate
cancer (n=4) was chosen as a source of PSA, since its
concentration was several times higher than the corre-
sponding serum concentration, enabling its direct and
reliabe detection during subsequent chromatographic
procedures. As for patients with metastatic prostate can-
cer (n=8), sera having highly elevated PSA (>1500 ug/L
fPSA) and alkaline phosphatase (>700 U/L) were used
as a PSA source and were examined separately.

Lectin affinity chromatography

Plant lectins capable of differential recognition of
sialic acid and fucose were used as a tool for separating
particular PSA glycoforms [10-12]. Affinity chroma-
tography was performed on the columns with immo-
bilized plant lectins, according to the manufacturers’
instructions. The following lectins were used: SNA,
MAA, UEA and AAA. The bed volume was 2mL for
all columns used. Urine (0.3 mL; 730 pg/L fPSA) or
serum sample (0.3 mL; 1531 ng/L fPSA) were loaded
on each of the columns and after 3 h incubation at room
temperature the fractions (0.5 mL) were collected. The
unbound and the retarded fractions were eluted with
binding buffer (0.1 M PBS, pH 7.2). The bound fraction
was specifically eluted with addition of competitive
sugars: 0.3 M lactose (for SNA), and 0.1 M fucose (for
UEA and AAA). In the case of MA A no sugar was used
for elution, since there was no competitive monosac-

charide. Finally, tightly bound fraction was eluted by
the addition of low pH buffers: 0.1 M glycin-HCI, pH
3.0 (for AAA and UEA) or 0.3 M lactose in 0.2 M acetic
acid (for SNA) and 0.2 M acetic acid (for MAA). The
elution of PSA was monitored by recording immuno-
reactivity as follows: the aliquot of each fraction (100
uL) was allowed to react simultaneously with capture
anti-PSA immobilized on solid phase (polystyrene
tube) and tracer iodinated anti-fPSA antibody (100 pL)
overnight at room temperature with constant shaking.
The non-bound fPSA was aspirated, followed by three
times of washing with 1 mL of 0.1 M PBS-Tween 20.
The bound radioactivity (cpm) was counted on Wizard
gamma counter (Perkin Elmer, USA).

Results

The elution profile of PCa PSA from the columns
with immobilized sialic acid- and fucose-specific
lectins is shown in Figure 1(a-d). Generally, low af-
finity interactions were observed with all lectins tested,
resulting in the separation of PSA glycoforms retarded
in elution. However, in the case of SNA, strong bind-
ing was also evident, especially to PSA from localized
prostate cancer.

Thus, on the SNA column, PCa PSA from local-
ized cancer was separated into 3 fractions, differing in
their relative abundances (Figure 1a). Non-bound frac-
tion appeared as one sharp peak, with no retardation in
the trailing edge of the elution front. Bound fraction,
elutable with lactose, comprised 70% of total PSA loaded
and it was eluted as one broad peak. Its elution profile
suggested the presence of at least 5 PSA molecular sub-
populations. In addition to this, a small PSA fraction
released by the addition of lactose in low pH solution,
was also noticeable. The elution profile of metastatic
PCaPSA from the SNA column revealed also 3 fractions
(Figure 1a). The ratio of bound to non-bound PSA was
significantly decreased in comparison to the examined
PSA from localized prostate cancer, i.¢. it passed through
the column almost completely as non-bound.

PCa PSA from localized cancer interacted with
immobilized MAA, and this was seen as strong retarda-
tion in its elution from the corresponding column (Fig-
ure 1b). In addition, one small broadened peak eluted
as tightly bound fraction with low pH buffer was also
observed. The retarded fraction (58% of total PSA)
was partially separated from non-bound fractions. It
appeared as one major broadened peak suggesting the
presence of different PSA molecular subpopulations. A
small tightly bound fraction eluted with low pH buffer
was also observed. Metastatic PCa PSA showed similar



1 1 21 31 41 51 61 [4 81 ml|

Figure 1. Lectin affinity chromatography of PCa PSA from
localized prostate cancer (==) and metastatic prostate cancer
(—). Arrows indicate the start of elution with: 1) sugar solution,
2) low pH solution, as described in Materials and Methods. The
elution was monitored by free PSA -immunoreactivity.

behaviour on the MAA column, demonstrably interact-
ing with this lectin, except that no heterogeneity related
to PSA subpopulations was so noticeable (Figure 1b).
No tightly bound fraction eluted with low pH buffer was
observed as in PCa PSA from localized cancer.

PCa PSA from localized cancer was separated
on the AAA column into 2 main fractions correspond-
ing to the non-bound and retarded fraction, whereas
sugar elutable fractions were present in trace amounts
(Figure 1c). The retarded fraction was predominant
and had a profile indicating one main retarded sub-
population and 3-4 partially separated subpopulations
in the trailing edge of the elution front. No significant
differences were observed when metastatic PCa PSA
was subjected to lectin affinity chromatography on
AAA, except for relative abundance of sugar elutable
fraction which was even less noticeable.

Affinity chromatography on the UEA column
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resulted in comparable PCa PSA elution profile of
both examined samples (Figure 1d). Addition of bind-
ing buffer partially separated non-bound and retarded
fraction, but the presence of PSA molecular subpopu-
lations in the latter was not noticeable as on the AAA
column. Also, in both samples, only trace amounts of
fucose-elutable PSA fraction were observed.

Discussion

The results of lectin affinity chromatographies of
PCa PSA indicated distinct and high microheterogene-
ity of'its oligosaccharide chain in respect to the presence
of glycoforms differing in the position and type of link-
age of sialic acid or fucose, as well as alterations related
to the examined PSA source (localized or metastatic
prostate cancer). The discrimination of the microhetero-
geneity of oligosaccharide chain which was related to
PSA itself from that of PSA-ACT complex, being
influenced by glycosylation of ACT, was achieved by
recording immunoreactivity to fPSA.

Elution profiles from the columns with sialic
acid-specific lectins suggested the existence of can-
cer-associated glycoforms differing in the extent of
sialylation and having both 02,6 linked sialic acid
(recognized by SNA) and 02,3 linked sialic acid
(exclusivelly recognized by MAA) at the terminal
position of the PSA oligosaccharide chain. SNA
reactivity was significantly decreased in metastatic
PCa PSA in comparison with PCa PSA from localized
prostate cancer. MAA reactivity was not so changed
in metastatic PCa PSA, except for the loss of distinct
molecular subpopulations being evident in the elution
front of PSA from localized cancer.

The current proposed structure of PSA oligosac-
charide chain refers to 02,6 linked sialic acid at the
terminal position, but recent evidence based on chemi-
cal analysis as well as lectin-binding pattern speaks in
favour of the existence of 02,3 linked sialic acid in both
normal and PCa PSA, too [4,13]. Specifically, decrease
in sialic acid content of PSA from serum and urine, or
even total absence of sialylation of PSA from the meta-
static cell line LNCaP were reported [4]. The results
obtained in this study were in general agreement with
data indicating decrease in PSA glycosylation accom-
panying malignant transformation, whereas the distinct
discrepancies in the observed extent of sialylation could
be probably related to the examined sources of PSA.

In addition to sialylation we also examined the fu-
cosylation of PCa PSA. The approach was based on the
use of two fucose-specific lectins, AAA and UEA, which
recognize al,6 linked fucose (core) and 1,2 linked fu-
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cose (outer) residue, respectively [11,12]. It is reported
that 80% of PSA molecules from normal seminal fluid
are core-fucosylated (Fucal,6 linked to the innermost
GalNAc) and that Fucal,2Gal, i.e. H2 epitope, can be
found on PSA isolated from LNCaP cell line [1,4].

Our results point to the presence of both al,6
linked and a1,2 linked fucose in PSA oligosaccharide
chain, with no significant differences seen between
PSA from localized or metastatic prostate cancer.
PCa PSA microheterogeneity was more pronounced
in respect to AAA reactivity.

It is well known that the glyco-phenotype of dif-
ferent cells and tissues can change profoundly during
carcinogenesis [14-17]. One of the possible reasons is
shown to be related to the alterations in the activity and/
or expression of particular enzymes involved in glyco-
sylation pathways [17,18]. Thus, abnormal production
of sialyl- and fucosyl-transferases resulting in the ap-
pearance of distinct carbohydrate epitopes in genitouri-
nary malignancies including prostate cancer has been
reported [4,7,19,20]. The results obtained in this study
suggested that such changes could also have affected
PSA oligosaccharide chain i.e. its microheterogeneity.
In clinical terms, the observed differences between PCa
PSA from localized and metastatic prostate cancer may
be of importance in the monitoring of response to therapy
and scoring of its metastatic potential.
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