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Abstract. The lack of specific and sensitive tumour markers for early detection of cancer is driving a search for new approaches
that could identify biomarkers. Markers are needed to alert clinicians at the early stages of tumourogenesis, before the cancer
has metastasized, when the therapeutic drugs are more effective. Most tumour markers currently used in clinics are serum
glycoproteins, frequently highly glycosylated mucins. Typically, the disease marker is the protein and not the glycan moiety of
the corresponding glycoprotein or mucin. The increasing knowledge of the role of glycans in cancer suggests that further studies
may assist both in determining their role in every step of tumour progression, and in the design of new therapeutic and diagnosic
approaches. Detection of the altered glycans in serum tumour glycoproteins could be a way to achieve specificity in tumour
detection. In this review, we focus on the glycan changes of two serum glycoproteins, prostate specific antigen - currently used as
a tumour marker of prostate cancer - and human pancreatic ribonuclease in pancreatic adenocarcinoma. The detection of glycan
changes, associated with subsets of glycoforms in serum glycoproteins that are specific to the tumour situation, could be the basis

for developing more specific biomarkers.

Keywords: Glycosylation, tumour markers, prostate specific antigen, human pancreatic ribonuclease

1. Introduction

Cancer is rapidly becoming one of the most impor-
tant health issues in the developed world, causing dev-
astating effects on patients and their families as much
as in terms of economic costs of its treatment and loss
of human capital. Since 2005 it has become the leading
cause of death in USA and showing the same tenden-
cy in other industrialized countries [1]. Recent cancer
statistics [2,3] indicate that the likelihood of develop-
ing cancer is approximately one in two for men and
one in three for women. Survival patient rates for the
most common cancers - as lung, prostate, breast and
colorectal - remain very low. Five year survival varies
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greatly according to the cancer site and state at diag-
nosis, but there is always a decrease of survival with
more advanced disease, which points out to the impor-
tance of screening and early detection. Most people
have advanced disease at the time of diagnosis, and
this reduces drastically their survival times. Survival
rates for people diagnosed with advanced cancer have
changed little over the past 20 years, with a few no-
table exceptions (childhood cancers, and cancer of the
testis), whereas the death rates for cardiac, cerebro-
vascular and infectious diseases have declined by about
two-thirds. The percentages of survival range from 5%
and 10%, in metastatic advanced lung and colorectal
cancers compared with the 50-90% when the cancer is
localized, which illustrates the poor survival of patients
with advanced cancer [4]. By contrast, survival is rel-
atively good when cancers are diagnosed at an early
stage, because established treatments can be applied
early when they are more effective [5].
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The question that arises is whether very early detec-
tion and diagnosis of tumours is possible.

2. Tumour markers

Early diagnosis of cancer is difficult because of the
lack of specific symptoms in early disease. The value
of early detection of cervical cancer was established in
1950 thanks to Papanicolau’s smear test. Since then,
some tumour markers have been introduced (Table 1),
but without generally desirable results.

Tumour markers have been defined as molecules pro-
duced by the cancer cells, or induced by the cancer on
normal cells, that are present in biological material that
can be obtained from the patient, and reflect malignant
activity [6]. Recently, the concept of tumour marker
has been expanded to what has been called “Biomark-
er”. Several definitions of Biomarker have been estab-
lished:

— A quantifiable measurement of biological “nor-
mality” providing a reference for detecting abnor-
mal situations [7-9].

— Measurable phenotypic parameter that character-
izes an organism’s state of health or disease, or are-
sponse to a particular therapeutic intervention [9].

According to the National Institutes of Health, a
Biomarker is a characteristic that is objectively mea-
sured and evaluated as an indicator of normal biolog-
ic processes, pathogenic processes, or pharmaceutical
responses to a therapeutic intervention [10]. The con-
cept of Biomarker includes physiological status, im-
ages, specific molecules, genetic alterations, and genet-
ic and protein expression profiles. Accordingly, they
have been classified as DNA based markers, RNA based
markers, Protein markers - including carbohydrate de-
terminants and blood peptidome [11], and molecular
imaging [12].

In fact, early detection in cancer still remains a prob-
lem [4], it is the so-called poor relation of cancer re-
search. Early detection studies face different chal-
lenges: discovery, development and evaluation, or val-
idation of the probe. No single biomarker can detect a
tumour with 100% sensitivity (all patients are detected)
and specificity (healthy people are not detected), neces-
sary conditions for a general and adequate population
mass screening. Biomarkers should have the potential
to be used clinically to screen for, diagnose, or monitor
the activity of diseases and to guide molecular targeted
therapy or assess therapeutic response.

The current trend is a panel or set of different markers
with their own sensitivity and specificity [13,14]. Op-
timally, the scientific research community is attempt-
ing to find biomarkers to identify the different types of
cancer and the steps of the malignant progression, in
order that therapy can be optimised for each patient at
every moment. This panel should enhance the positive
predictive value of a test and minimise the proportion
of false positive and false negative results.

Currently new technologies are being introduced —
modern spectrometers, genomics, metabolomics, pro-
teomics and other “omics” technologies such as “gly-
comics”, and new powerful imaging technologies,
based on isotope labelled specific peptides. These
new advances are expected to identify and establish
a set of Biomarkers, including the detection of early
signs [15]. Although these various “omics” technolo-
gies are promising, the fact is that they have not yet pro-
duced widely applicable new approaches to detection
and patient therapy, and none of the biomarkers current-
ly used by clinicians were discovered through the new
high-throughput genomic or proteomic technologies.

This review is focused on the “classic” concept of
tumour marker as a single molecular entity that could
still be useful. In fact, tumour markers of this type
are the only ones used in current clinical setting. In
particular, we will focus on targeted glycoproteomics,
and more specifically on the glycosylation of specific
serum proteins, because most tumour markers are gly-
coproteins, frequently highly glycosylated mucins (Ta-
ble 1). In addition, we expect many proteins secreted
by the tumour to carry tumour-related glycans that may
distinguish them from the same proteins secreted from
healthy cells.

From the main tumour markers included in this ta-
ble, we would like to highlight the ones that correspond
to glycoproteins like human chorionic gonadotropin-
B (hCG-p3) prostate specific antigen (PSA), alpha-
fetoprotein (AFP), carcinoembryonic antigen (CEA),
epidermal growth factor receptor 2 (ErbB-2) and highly
glycosylated mucins like CA 19.9, CA 125, CA 27.29,
CA 15.3, which remarkably are the most used in current
clinical practice.

2.1. Tumour marker glycoproteins:

— Human chorionic gonadotropin-3 (hCG-£3): This
is a glycoprotein normally produced by the
placenta. High levels in serum are associated
with pregnancy, trophoblastic disease and non-
seminomatous germ tumours [13].
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Table 1

Most used human tumour markers in clinical practice. Extracted and modified from [6,13,15]

Tumour marker structure Ref. levels pathologies
AFP. o-fetoprotein Glycoprotein, with high homology to < 10 ng/ml  hepatocellular adenocarcinoma,
albumin tumours of testis and ovary.
B HCG. 3 Fraction of the chorionic < 2U/ml Trophoblastics tumours, germinal neo-
Human chorionic gonadotropin gonadotropin plasias of the testis and ovary.
Cancer antigen Mucin identified by monoclonal < 35U/ml Breast and ovary adenocarcinomas
CA15-3 antibodies
Cancer antigen Glycolipid with the blood group anti- < 37 U/ml Gastrointestinal carcinomas, especially
CA19-9 gen Lewis a pancreas.
Cancer antigen Mucin identified by monoclonal < 35U/ml Lung, ovary and endometrial
CA 125 antibodies adenocarcinomas.
Cancer antigen Mucin identified by monoclonal < 13 U/ml Breast and ovary adenocarcinomas
CA 549 antibodies
Cancer antigen Mucin identified by monoclonal < 38 U/ml Breast cancer
CA 27-29 antibodies
CEA. Glycoprotein family < 5ng/ml Epithelial neoplasias
Carcinoembrionary antigen
ErbB-2 / HER-2 Glycoprotein. Tyrosine-kinase recep- < 15 U/ml Breast cancer
tor of the EGF family.
MCA. Antigen associate to mucins Mucin identified by monoclonal < 13 U/ml Breast and ovarian cancer
antibodies
PAP. Placental alkaline Thermostable alkalyne phosphatase > 100 U/L Testicular seminomas and ovarian
phosphatase. Isoenzyme cancer
PSA. Prostate specific antigen Glycoprotein. Serine-protease of the 4-10 ng/ml Prostate cancer
kallykrein family.
SCC. Associate antigen of the Glycoprotein. Fraction of the antigen < 2.5ng/ml  Epidermoid carcinomas
escamous carcinomas T4.
TAG 72 Mucin Glycoprotein identified by monoclonal < 6 U/ml Lung, ovarian and gastrointestinal
antibodies carcinomas
TG. Thyroidal glycoprotein Glycoproteic hormone synthesized by < 27 ng/ml Follicular and papillary neoplasias of

the follicular cells of thyroids.

thyroids

— Alpha-Fetoprotein (AFP): the first “Oncofetal
Antigen” described that received the name of
Alpha-Fetoprotein. It is a glycoprotein present in
foetal serum and related to albumin. AFP is as-
sociated with hepatocellular carcinoma and non-
seminomatous germ cell tumours [13]. The pro-
portion of sialylated glycoforms of AFP changes
between hepatocarcinoma and other benign liver
diseases, which also show elevated AFP serum
levels. The specific detection of the sialylated
AFP related to hepatocarcinoma could be used to
increase specificity [16].

— Carcinoembryonic antigen (CEA): an oncofetal
glycoprotein normally present in the membranes
of mucosal cells and overexpressed in adenocarci-
nomas, especially colorectal cancer.

— Prostate Specific Antigen (PSA): a glycoprotein of
the kallikrein protease family (Human Kallikrein
3) mostly produced by the prostate. Its serum lev-
els in healthy men are very low, but they increase
in prostate pathologies, like benign prostate hyper-
plasia, prostatitis, and especially prostate cancer.
PSA has been used extensively for prostate can-
cer screening. It is the most widely used tumour

marker in clinical practice, but its utility in identi-
fying patients at increased risk of prostate cancer
remains controversial.

— ErbB-2: glycoprotein of the Epidermal Growth

Factor Receptor family, in fact a tyrosine kinase.
It is overexpressed in several malignancies, espe-
cially in breast cancer. Itis also a therapeutic target
using monoclonal antibodies and using inhibitors
against its tyrosine kinase activity.

2.2. Tumour marker glycosylated mucins:

These tumour markers correspond to epitopes of
highly glycosylated mucins detected by specific mon-
oclonal antibodies.

— Cancer Antigen 125 (CA-125): a glycosylated

mucin present in foetal development. Elevated
serum CA-125 values are most often associated
with epithelial ovarian cancer.

— Cancer Antigen 19-9 (CA 19-9): Corresponds to

a carbohydrate structure found either in ganglio-
sides or mucins that contain the sialyl-Lewis A
antigen [17]. It is present primarily in pancreatic
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and biliary tract cancers, but also in patients with
other malignancies and benign conditions such as
cirrhosis and pancreatitis.

— Cancer Antigen 27-29 (CA 27-29): a specific epi-
tope of the glycoprotein Mucin-1, that is present
on the apical surface of normal epithelial cells. It
is highly associated with breast cancer, although
elevated levels are also due to several other malig-
nancies, and benign disorders of the breast, liver
and kidney.

— CA15.3: this is a serum mucin-like glycoprotein.
Itis associated with breast cancer and some benign
gastrointestinal diseases. Combined with CEA, it
raises the specificity for breast cancer up to 95%.

As shown above, the list of biomarkers in clinical
practice reveals that many of them are glycoproteins,
including glycosylated mucins and carbohydrate anti-
gens. Considering that in tumour situation cancer cells
use non-normal or “aberrant” glycosylation for their
particular functions such as escaping from the immune
attack, attaching to capillary endothelia during invasion
and establishing new adhesions for metastasis, the de-
termination of the glycosylation status can be an impor-
tant approach for detecting non-normal or pathological
situations.

This “aberrant” glycosylation can be detected in
blood substances, and in the last few years it has also
been described in secreted proteins present in serum
such as AFP [16], PSA [18-20], human pancreatic ri-
bonuclease 1 [21,22] or alpha-1-acid glycoprotein [23].
Therefore, there is a renewed interest in this research
area. “Glycomics” is becoming and important “om-
ic” field, already present in the scientific literature as
a promising tool for the discovery of new and more
specific biomarkers [24,25].

3. Glycansin cancer

Glycan alteration is a common feature in tumour
cells and may affect any type of cell glycoconjugate
such as N-glycans and O-glycans on glycoproteins, gly-
colipids or glycosaminoglycans [26,27 and references
cited herein].

Several alterations have been reported and implicate
the under or over expression of certain glycan struc-
tures and the presentation of other glycan structures
normally restricted to embryonic developmental cells.
For instance, an increase in the branching of N-glycans,
a general augmentation in sialic acid content, an over-

expression of specific carbohydrate antigens that lead
to terminal structures like sialyl-Lewis* (SLe¥), sialyl-
Lewis® (SLe?), or polysialic acid are often associated
to tumour cells (Fig. 1). The expression of some of
those glycan structures can be correlated to the malig-
nant phenotype of tumour cells. For instance, those
pancreatic adenocarcinoma cell lines that overexpress
SLe* and SLe® have higher metastatic potential that the
same cells where the expression of these antigens have
been inhibited [28,29].

Glycans are involved in processes of cell adhesion
and motility and regulate cell-cell and cell-extracellular
matrix communication. Therefore, cell glycan expres-
sion is crucial in several steps of tumour progression
where those processes are involved, such as detachment
from the extracellular matrix, cell motility for invasion,
adhesion to activated endothelial cells or metastasis.
Some of the glycan changes reported in tumour cells
have been demonstrated to assist tumour development
in some of these key steps that increase their malignant
potential [30 and references cited herein].

Alteration of glycosylation can be found either in the
glycocalyx of the tumour cells or in particular glyco-
proteins that play important roles in the tumorigenic
process. As an example of the first, the overexpres-
sion of SLe* in several adenocarcinomas has been re-
lated to an increase of the invasive and metastatic po-
tential of the tumours. SLe* acts as a ligand of E and
P-selectins and mediates the first adhesion step of the
tumor cells to the activated endothelium, before the
extravasation step [31]. The malignant phenotype of
the SLe* expressing tumour cells has been obstruct-
ed by either blocking the attachment of SLe* to the
activated endothelium using metabolic decoys that act
as competitors of the molecule [32,33] or by revert-
ing the biosynthesis to more fucosylated antigens like
LeY [28]. As an example of the second, specific glyco-
sylation changes, such as an increase of the N-glycan
branching, in key receptor proteins like the Epider-
mal Growth Factor Receptor (EGFR), have been shown
to activate their signalling pathway by reducing the
turnover rates and maintaining the receptors for longer
on the cell membrane [34]. In particular, the formation
of tetra-antennary structures by action of the MGAT-
5 enzyme (GIcNACT-V) promotes the activation of
EGFR signalling pathways, leading to cell growth and
division. On the contrary, diminishing the EGFR N-
glycan branching, caused by GIcCNACT-V, reduces the
invasiveness and metastatic potential of tumour cells by
decreasing the EGF mediated activation of the SHP-2
tyrosine phosphatase, and in consequence inhibits the
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Fig. 1. Example of a N-glycan structure containing some of the main carbohydrate alterations found in tumours: (3-1,6-branching, sialylation,

core fucosylation and sialyl-Lewis antigens.

dephosphorylation of the focal adhesion kinase (FAK),
reducing cell motility and tumour invasiveness [35].

Some of the mechanisms that lead to these glycan
alterations are related to changes in the glycosylation
machinery of tumour cells. Glycosyltransferases and
glycosidases levels in the secretory pathway can be al-
tered and therefore affect the glycan structures synthe-
sized by the cell [36]. Considering that in the secretory
pathway several glycosyltransferases can compete for
the same substrates, changes in their concentration can
alter the final proportion of the glycoforms of a particu-
lar glycoprotein or glycolipid. Thus, changes in the ex-
pression of specific glycosyltransferases like MGAT-5,
which is responsible for the 31-6GIcNAc branching,
or in specific sialyltransferases and fucosyltransferases
involved in the biosynthesis of sialyl-Lewis antigens
have been correlated to the expression of some tumour
glycan structures [28,37], which promote the invasive
and metastatic abilities of tumour cells. As mentioned
above, the inhibition of GICNACT-V expression in the
metatastic breast carcinoma cells MDA-MB231 causes
their malignant phenotype to revert [35]. This enzyme
could thus be considered a good target for the develop-
ment of specific inhibitors that could have therapeutic
potential.

Whether these reported changes in the glycosylation
of tumour cells are a cause or a result of the tumori-
genic process is still unknown. In this context, it has to
be kept in mind that some of the glycosylation changes
reported in tumour cells are not only specific of the
tumour situation. Many inflammatory processes can
involve similar changes in cell glycosylation. For in-
stance, SLe* and 6-sulpho-SLe* are up-regulatedin the
endothelium of chronically inflamed tissues, and their
expression favours the homing of lymphocytes to those
tissues [38].

The microenvironment that surrounds tumour cells
has to be taken into account to understand the glycosy-
lation changes in tumour cells. Inflammation is a key
mediator in many cancers. In pancreatic adenocarci-
noma, inflammatory pathways create an environment
that supports tumour formation [39]. Several cytokines
released in inflammatory processes, like IL-13, TNF-«
and IL-6, could be some of the factors that lead to an
alteration in the expression level of the tumour cell gly-
cosyltransferases and therefore changes in the tumour
cell glycosylation. It has been described that IL-1/3,
when supplied to hepatocarcinoma cells, induces the
expression of SLe* through an enhanced expression of
the sialyltransferase ST3Gal IV and the fucosyltrans-
ferase FUT VI [40].

The increasing knowledge of the alterations of tu-
mour glycan processing pathways and the mechanisms
that lead to these changes is currently being exploited
for therapeutic and/or diagnosis purposes.

From the diagnostic point of view, some of the gly-
coconjugates released by the tumour cells can be mea-
sured in the blood stream and can be used as tumour
markers of specific cancers as well as markers that can
help to monitoring the evolution of the tumour in re-
sponse to therapy. It is the case of CA19.9, CA125,
CA15.3, CA27-29, all mucins with a high content of
glycans indicative of a tumour situation. However,
their lack of specificity, as described above, suggests
the need for the development of more targeted strate-
gies. Inthis regard, one approach is to focus on the gly-
can moiety of specific proteins secreted by the tumour,
which could carry altered glycans due to the changes in
the glycosylation machinery of the tumour cells. The
detection of these specific glycoforms of the protein se-
creted by the tumour, in a targeted way, could be helpful
to improve diagnosis of a specific cancer (Fig. 2).
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Fig. 2. Schematic drawing showing the main sites where the glycosylation of secreted proteins, membrane proteins and mucins can be altered
during the secretory pathway, such as modification in the expression levels of glycosyltransferases, in the availability of sugar-donours and
changes in the Golgi organization. In the upper left corner, disruption of the basal membrane and loss of normal topology and polarization of
epithelial cells in cancer results in the release of the glycoproteins and mucins into the bloodstream. The detection of the altered glycosylation of
these serum proteins could assist in the developing of tumour markers.

In this respect we have focused on the analysis of the serum during prostate pathological states, includ-
the specific glycoforms of the prostate specific anti- ing prostate cancer. The detection of specific glyco-
gen, PSA, which is released from the prostate cells into forms of PSA tumour-related could help to improve the
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specificity in the diagnosis of prostate cancer.

4. PSA glycosylation in cancer

Prostate specific antigen (PSA) is a 28 kDa glyco-
protein comprising 237 amino acid residues with a sin-
gle N-linked glycosylation site at Asn45. It belongs to
the human kallikrein family (human kallikrein 3), and
exhibits serine-protease activity [41]. It is produced
as a proenzyme by the prostate epithelial cells and se-
creted into the lumen of the prostate gland where it is
activated. The prostate glands are surrounded by a con-
tinuous layer of basal cells and a basement membrane,
which may be disrupted by a prostate disease. Thus,
PSA can access the peripheral circulation and be de-
tected in blood [42]. This process characterises not on-
ly prostate cancer (PCa) but also other prostate benign
diseases such as benign prostate hyperplasia (BPH) and
prostatitis [43].

The predominant molecular PSA form present in
blood is the complex of PSA with protease inhibitors,
mainly alpha-1-antichymotrypsin (ACT) [42]. The rest
of the PSA is inactive and circulates as free PSA. This
includes proPSA forms, internally nicked PSA forms
such as BPSA and not nicked but inactive PSA forms
(iPSA) [44].

In 1994 the U.S Food and Drug Administration ap-
proved the PSA test as an aid to early detection of PCa,
using a threshold of 4ng/mL, as a result of the study by
Catalona et al., 1991 [45]. This study reported a 22%
incidence rate of prostate cancer when serum PSA lev-
els were between 4 and 10 ng/mL. This rate increased
to 67% when serum PSA levels were higher than 10
ng/mL. However, there is an appreciable risk of false
positives when using the 4 ng/mL threshold, resulting
in unnecessary biopsies for those with BPH. Further-
more, recent studies point out an important rate of PCa
when serum PSA levels are lower thant 4 ng/mL: 6.6%
(0-0.5 ng/mL), 10.1% (0.6-1 ng/mL), 17.0 % (1.1-2
ng/mL), 26.9% (3.1-4 ng/mL); suggesting an insuffi-
ciency of the 4 ng/mL threshold [46].

There have been several attempts to improve PSA
specificity, mostly based on the measure of complex
PSA [47], free PSA [48] and specific free PSA forms
such as proPSA [49] and BPSA [50] but also on its
possibly altered glycosylation.

PSA N-linked glycans from seminal plasma have
been described as partially sialylated complex-type bi-
antennary structures, mostly core (o 1-6)-fucosylated,;
with a minor percentage of GalNAc terminated anten-

nae [18,51]. Detailed glycan analysis of PSA from
healthy and malign origins has shown significant dif-
ferences. When comparing PSA from seminal plas-
ma (healthy donor) and PSA secreted by the tumour
prostate cell line LNCaP, a loss of sialylation could
be detected for LNCaP PSA oligosaccharides, which
were all neutral and contained a higher fucose and N-
acetylgalactosamine content [18,19]. The comparison
of the glycosylation pattern between PSA from seminal
plasma (healthy donor) and PSA from PCa patient’s
serum showed a decrease in the fucose and alpha2,3-
linked sialic acid content for the PSA from a PCa pa-
tient’s serum.

Other approaches have been done to study PSA al-
tered glycosylation, particularly using lectins binding
capacity. In Basu et al., 2003 [52], Concavalin A was
used to study general glycosylation of PSA from PCa
and BPH patient’s sera. According to this study, PSA
from PCa patient’s sera showed less general glyco-
sylation than that of BPH patient’s sera. Ohyama et
al., 2004 [53] reported an increased Maackia amuren-
sis agglutinin (MAA)-bound fraction in free PSA from
PCa patient’s sera compared to that of BPH patient’s
sera. MAA lectin specifically recognizes alpha2,3-
linked sialic acid. Consequently, alpha2,3-linked sialic
acid content was increased in free PSA PCa patient’s
sera compared to free PSA BPH patient’s sera.

Most of these studies showed a modification of the
sialylation pattern of PSA. Sialic acid is a negatively
charged carbohydrate and the increased or decreased
sialic acid content can modify the PSA theoretical iso-
electric point (pl). Two-dimensional electrophoresis (2-
DE) has been used to study PSA forms of different
sources as it allows separating them not only accord-
ing to their molecular weight, but also to their pl [20,
54-56]. When PSA is separated in a 2-DE gel, 5 main
forms at approximately 33 kDa are observed (Fig. 3).
We will refer to them as F1, F2, F3, F4 and F5 (from the
lowest to the highest pl). The PSA forms were partially
characterized using glycosidase enzymes and the data
suggest that F1, F2 and F3 contain sialic acid while F4
and F5 may not [19].

Jung et al., 2004 [56] studied free PSA forms ob-
tained after 2-DE from PCa and BPH patients sera and
reported significant differences in F3 and F4 percent-
ages between the two groups of samples. The percent-
ages of F3 and F4 were directly opposite in BPH and
PCa patients. F3 was lower in BPH patients (median:
23%; range: 3-68%) than PCa (median: 49%, range:
15-86%), whereas F4 was higher in BPH patients (me-
dian: 73%, range: 2-99%) than in PCa patients (medi-
an: 45%, range: 14-77%).
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Fig. 3. 2-Dimensional Electrophoresis and Western blot of total
serum PSA from a prostate cancer patient. Detection by chemilumi-
nescence. Molecular mass in kDa on the right, isoelectric points (pl)
at the top. Five different PSA forms F1, F2, F3 F4 and F5 can be
detected.

All serum PSA studies using 2-DE have focused
on free PSA, which represents only 10-30% of total
serum PSA. Serum can be treated to release complex
PSA [57], so that total PSA can then be analysed by
2-DE. In our laboratory, we performed this procedure
before the PSA 2-DE analysis of 20 PCa patients’ sera
and 20 BPH patients’ sera (total PSA levels: 2.04-
71.62 ng/mL). F3 was significantly higher in BPH pa-
tients than PCa patients. Significant differences were
also found when excluding patients with serum PSA
levels higher than 20ng/mL from the statistical analy-
sis. PCa patients were divided according to their stage
(localized, locally advanced and metastatic). The high-
er the stage of the PCa the lower F3, showing a negative
statistical correlation [58]. The change in F3 and F4
proportions compared with the ones reported by Jung
et al., 2004 [56] may be due to the pre-treatment of the
serum samples to analyse total PSA.

The differences in PSA glycosylation from benign
and malign prostate pathologies reported by different
studies show that these can be used to improve PSA
specificity, especially concerning the degree of sialy-
lation. However, further investigations are required to
fully characterise F3 and F4, which seem to be promis-
ing tools for distinguishing between PCa and BPH.

In a similar way, as described for PSA and prostate
cancer, we have focused on the analysis of the gly-
coforms of a protein mainly secreted by the pancreas
(human pancreatic ribonuclease 1 or RNase 1), which
historically had been associated with pancreatic cancer,
to identify altered glycoforms in the protein in pancre-
atic cancer sera that could help to pancreatic cancer
diagnosis.

5. RNAse 1 glycosylation in cancer

RNase 1 is aglycoprotein with three N-glycosylation
sites that is present in serum and many other organs and
body fluids [59-61]. There are several studies describ-
ing RNase 1 as a possible tumour marker for pancreatic
cancer [62,63], given that this organ was thought to be
the main producer of serum RNase 1 for many years.
However, further studies showed that neither the RNase
1 levels nor the RNase 1 activity in serum are specific or
sensitive enough as a pancreatic cancer marker [64,65].
Pancreatic adenocarcinoma is one of the cancers with
higher mortality and worse prognosis [66] and lacks the
specific and sensitive markers for its early diagnosis,
that are required to improve the survival rate. Current-
ly several efforts are aimed to find biomarkers for this
type of neoplasia [67].

Alterations in the cell glycoconjugates is a common
feature of cancer transformation. Therefore modifica-
tions in the glycosylation of RNase 1 associated with
pancreatic cancer have been analysed in order to find
out whether an aberrantly serum glycosylated RNase 1
could be of diagnostic utility [21,22]. Glycan structures
of RNase 1 obtained from healthy pancreas and RNase
1 produced by several pancreatic cancer cell lines ap-
peared to be different. Glycan structures of RNase 1
from healthy pancreas were all neutral while RNase 1
from pancreatic cancer cell lines contained sialylated
structures [21]. The study of the differences in the gly-
cosylation of serum RNase 1 from two control patients
and two pancreatic cancer patients also showed differ-
ences between the two groups related to the fucosy-
lated RNase 1 glycoforms. In pancreatic cancer sera,
RNase 1 shows an increase of 40% in core fucosylation
in relation to RNase 1 from healthy controls [22].

Glycan structures of serum RNase 1 were different
from those previously described for RNase 1 from a
healthy pancreas or from the conditioned media of pan-
creatic carcinoma cell lines. However, they matched
with those found in RNase 1 from the conditioned me-
dia of endothelial cell lines [22], which produce signif-
icant quantities of RNase 1 [68]. Actually, the report-
ed similarities in glycan structures from serum and en-
dothelial RNase 1 strongly suggest that the main origin
of serum RNase 1 is the endothelium rather than the
pancreas (Fig. 4).

Serum RNase 1, mainly produced by the endothe-
lium, presents changes in its glycan structures in pan-
creatic cancer patients, in particular the increase in the
proportion of biantennary core fucosylated structures.
This suggests that cancer situation is inducing changes



R. Peracaula et al. / Altered glycosylation in tumours focused to cancer diagnosis

Main RNase 1 glycan structures — Healthy pancreas

215

Main RNase 1 glycan structures — Endothelium

Mo, 6 QMo ¢ ) O-E
. ‘, on o
Mo @ Yo (SN} L@
AL A codons L oRoms
g . i s
oMo 6 Mo ¢
¢ o 99| omm
O‘_.i o o_i o
& o0
t@ {O’i O . I@
o-ilo”
6 KA )
Main RNase 1 glycan structures — Serum
[ oRowm) (&31:0..
Biantennary i ¥[(>-2 E ¥ 0‘2
-fi lated structues: ! |
Iﬁgrr:asl::ioi:yp:\r?c:res;t:g‘éaunecser < 3 i
patients serum RNase 1 omE E ¥(>—20-I-I-

o

X

Fig. 4. In the centre, modelling of the highly fucosylated complex biantennary glycan chains of RNase 1 from pancreas on the three dimensional
structure of RNase 1 AN7. The authors acknowledge the modelling to Wormald MR, Dwek RA and Rudd PM of the Oxford Glycobiology

Institute. Main glycan structures found in RNase 1 from pancreas, endo

in the glycosylation pathways of the endothelial cells.
The way that these glycan changes are generated is still
unknown and is of a major interest. Inflammation oc-
curring during tumour processes could explain cell gly-
cosylation changes. During the inflammatory process-
es, several molecules such as cytokines are released,
which affect not only the immune system but also the
surrounding cells and tissues. For instance, some cy-
tokines, like TNF-a, have been reported to regulate
the glycosylation pathways in inflammatory bowel dis-
eases and also in colon cancer [69]. The alterations of
the glycosylation machinery observed in hepatocellular
carcinoma, such as the ones that lead to an increase of
AFP core fucosylation, are the same ones described for
chronic inflammation of the liver [70].

On the other hand, tumour cells may also release
some inflammatory factors, which could induce alter-
ations in the glycosylation machinery of other neigh-
bouring cells. In pancreatic cancer, serum haptoglobin,
a protein secreted by the liver, is more core fucosylated
than in serum from healthy controls and other patients
suffering from different malignancies, suggesting an
influence of the pancreatic cancer cells on the glycosy-
lation pathways of the neighbouring hepatic cells [71].
Thus, the alteration in the molecules of the surrounding

thelial cell lines and serum are shown.

tissues induced by the presence of the tumour can also
be a potential source of new biomarkers.
Glycosylation can be a valuable tool for cancer de-
tection. Searching for glycosylation changesin specific
proteins in the sera of tumour patients, in what has been
called targeted glycoproteomics, seems to be a promis-
ing approach to discover new biomarkers. In particular,
these new potential biomarkers could be valuable when
used in combination with traditional tumour markers
and other diagnostic approaches, especially for the ear-
ly detection of many different tumours for which spe-
cific and sensitive biomarkers are still not available.
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