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Summary

Aberrant glycosylation is a universal trait of cancer cells, and various types of glycan struc-
tures are well-known markers of tumour progression and invasion. This article discusses the
respective role of sialic acids, biosynthesis of sialylglycoconjugates and the genetic basis of
such phenomenon as well as effects of sialisation, different from normal, and their correlation
with clinical prognosis in the head and neck squamous cell carcinoma (HNSCC).

So far, only few studies of the level of sialic acid in head and neck tumours have been
carried out. Conclusions of the published reports confirm the elevated levels of total sia-
lic acid in these tumours. Not all the authors, however, agree about correlation between
the level of free or associated forms of sialic acid with the tumour size and severity or
condition of lymph nodes. Comparing the progress in diagnosis and treatment of other
types of cancer that has been made thanks to extensive work on the role of sialic acids,
we came to conclusion that only further, detailed studies of this subject, related to HNSCC
would be able to define the role of the glycoforms of sialic acid as a tumour marker or
the target of immunotherapy.
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INTRODUCTION

During embryogenesis, the cells are activated, start gro-
wing and proliferate rapidly. In vertebrates, the deve-
lopment of the embryo as well as cell activation are
accompanied by changes in glycosylation. Therefore,
it is not surprising that such changes are a permanent
feature of cancerous transformation. Further stages of
carcinogenesis, i.e. invasion of tissues through ability
of adhesion to cells of other types and cellular matrix,
as well as colonization of places distant from the pri-
mary tumour and angiogenesis, are also underlain by
mechanisms observed in normal cells, e.g. leukocytes,
dependent on changes in glycosylation. A part of them
influences the behaviour of malignant cells in a confir-
med manner; therefore knowledge may be used to pre-
dict aggressiveness and invasiveness of a tumour and
also upon monitoring and planning the regimen. Howe-
ver, vast majority of disorders in glycosylation has not
been examined yet; we do not know their role or signifi-
cance in biology of malignant cells.

One of the key forms of changes in glycosylation of mali-
gnant cells is elevation of the amount of sialic acid on
their surface. Populations of those cells are known to
be promoted during cancerous transformation which
enhance proliferation, invasiveness, angiogenesis, abi-
lity to metastasis, and which are resistant to immuno-
logical reactions and apoptotic signals. The increase in
surface sialylation of glycans of malignant cells seems to
meet such criteria, affecting both, intercellular reactions
and those between the cell and the matrix.

STRUCTURE AND ROLE OF SIALIC ACIDS

Sialic acids (SA) comprise a family of aceto-derivative
neuraminic acid (Neu) - 9- carbonic 5-amino-3,5-dide-
oxy-2-nonuloson acid. There are about 40 derivatives
of neuraminic acid, which play a significant role in cell
functioning. SA attach to glycans in the terminal, non-
-reducing position, which charges the particles of glyco-
conjugates negatively, thus enabling them to perform a
significant function in intercellular and intermolecular
interactions. Increased surface sialylation of glycoforms
causes the cells repel each other, therefore decreasing
their adhesion, elevating motility and enabling the mali-
gnant cell to reach blood circulation. About 70% of SA
build cell membranes. The remaining part is distributed
among endoplasmic reticulum, mitochondria and lysoso-
mes. Sialic acids that bound to cell membranes are cal-
led binding sialic acids - BSA. Those attached to proteins
and lipids are called protein-associated sialic acids - PSA
or PASA and lipid-associated sialic acids - LSA or LASA
respectively. Free form of SA can be identified only in
trace amounts (free sialic acids - FSA) [8,20,57]. In blood
plasma, the presence of sialic acids is associated with
their occurrence as a component of acute phase prote-
ins: alpha - 1- acid glycoprotein (AAG), haptoglobin, pla-
sminogen, ceruloplasmin or transferrin. This is probably
why elevated total amount of sialic acids (total sialic acids

- TSA) and free sialic acids - FSA, correlate with elevated
ESR and CRP, as well as with the named acute phase pro-
teins. Such relation can be observed not only in cancer
but also in inflammatory conditions, coronary disease,
pregnancy, alcohol abuse or microalbuminuria [22,26].
Because of the negative charge of SA, they influence signi-
ficantly the solubility, viscosity, stability and the charge
of glycoproteins to which they attach. While occluding
the polypeptide part (e.g. antigenic or receptor), the sia-
lylated glycoconjugates protect it against the effect of
proteolytic enzymes and immunological reactions. The
enzymes called sialidases (neuraminidases) hydrolize the
glycosidic bond between sialic acid acceptor oligosaccha-
ride, influencing the receptor-ligand interactions. It was
shown that desialylated glycoproteins are more rapidly
removed from circulation by specific receptors for sialyl-
glycoproteins, localized on hepatocites, Kupffer’s cells or
peritoneal macrophagocytes. The cells expressing desia-
lylated glycoproteins are often recognized by receptors
called galectins. After identification by particular galec-
tins, erythrocytes, lymphocytes, blood platelets and mali-
gnant cells with little or no sialic acids, are removed from
the organism, as desialylation uncovers galactose resi-
dues in glycoconjungates which are ligands for galectins.
Such mechanism, underlying removal of old and dama-
ged cells is also sometimes used by some pathogens. For
example, in sepsis caused by Streptococcus pneumoniae, the
crucial role is taken by sialidases removing the remaining
sialic acid from thrombocytes, which leads then to lethal
coagulopathy [36].

SA determine also multiple pathomechanisms of infec-
tions and colonization by microbes. Identification of
sialic acid attached in a proper configuration to a glyco-
protein or a glycolipid of the cellular membrane of the
host, through lectins (haemagglutinins) on the patho-
gen’s surface, initiates adhesion or endocytosis. On the
other hand, sialidases of microbes uncover cellular anti-
gens of the host, triggering autoaggressive reaction,
despite subsidence of the primary infection. As a com-
ponent of sialyl-Lewis structures (membrane antigen
determinants), they take part in reactions of those anti-
gens with cytokines (IL-1, TNF) and selectines E, L and
P. These processes regulate, among other, colonization
of lymph nodes by circulating leukocytes, their perme-
ation through the endothelium in inflammatory condi-
tions, and on the same basis, they also have a role in the
processes of cancer metastasis.

Most significant in humans is N-acetyl Neu derivative,
i.e. N-acetyl-5-neuraminic acid (Neu5Ac, previously
NANA). Other derivatives, e.g. O-acetyl were found in
the tissues of fetus and in patients suffering from mela-
noma. N-glycol derivatives were identified on cellular
surfaces of most mammals, including chimpanzees and
other anthropoid apes [19]. However, N-glycolyl deri-
vatives are not present on the surface of human cells,
because of the lack of CMP-Neu5Ac hydroxylase (CMAH),
transforming Neu5Ac into N-glycolylneuraminic acid.
(Fig.1) Regarding the fact that humans have contact
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Fig. 1. Structures of N-Acetylneuraminic acid and N-Glycolylneuraminic acid.

with this acid - consumed with food, there are someti-
mes anti-Neu5Gc antibodies found in healthy individuals
serum - the so called Hanganutziu-Deicher antibodies.
N-glycolylneuraminic acid was also found in tissues of
some cancers, usually as a component of gangliosides
(G3), less often as a component of other glycolipids or
glycoproteins. The mechanism of this phenomenon is
not explained. It may be caused by an alternative course
of transformations in cells or, more likely, by consump-
tion of Neu5Gc in food [49]. Independently of the source,
the sialic acid - absent in normal tissues - stimulates the
immune response in a form of Hanganutziu-Deicher
antibodies, which may explain some instances of spon-
taneous cancer remissions. It may also constitute the
target of specific cancer immunotherapy [30].

BI0SYNTHESIS OF GLYCOCONJUGATES CONTAINING SIALIC ACID

Enzymes that synthesize sialic acid-containing glyco-
conjugates are called sialyltransferases; they reside in
Golgi apparatus and transfer sialic acid residue from its
CMP-activated form to the appropriate acceptor. Until
now, twenty genes belonging to the ST family have
been identified. They have been divided into four fami-
lies: ST3GAL, ST6GAL, ST6GALNAC i ST8SIA. Enzymes
from the family of ST3GAL catalyze adhesion of the sia-
lic residue to terminal galactose in glycoproteins and
glycolipids with the a2-3 linkage. Changes in expres-
sion of ST3GAL 1, 3 and 6 were found in breast, ova-
rian, stomach and cervical cancer [33]. ST6GAL1 and 2
add SA to galactose with the a2-6 binding. It is generally
believed that increased degree of sialylations enhan-
ces tumour aggression. Some of the known substra-

tes of that enzyme are: E-selectin, 1 integrin, ICAM-1
and VCAM. Elevation of the ST6GAL1 gene expression
in numerous cancers depends on activity of ras onco-
gene. That is why, in cancers where its mutation is
identified, including laryngeal cancer, elevated level of
sialylation a2-6 should be expected. In addition cyto-
kines such as TNF-a, IL-1, or IL-6, may induce elevated
expression of ST6Gal-1. Disturbed STGAL1 modulates
significantly the cell interactions with other cells. Its
overexpression was confirmed in head and neck can-
cer, colorectal carcinoma, cervical cancer, breast or liver
cancer [55]. Liu et al. investigated the macrophages’
apoptosis controlled with the TNFR1 receptor, demon-
strating that it depended on sialylation of a2-6 receptor,
caused by ST6GAL1. The cells with elevated sialylation
were significantly less sensitive to apoptosis stimula-
ted by TNF than other cells. The authors concluded that
removal of a2-6 sialylation of macrophages during diffe-
rentiation stage should decrease their survival by sen-
sitizing them to TNF-stimulated apoptosis [27]. Cancers
with elevated expression of ST6GAL1 are characterized
by lower degree of cells differentiation, higher moti-
lity and invasiveness. The studies performed indicated
that many of those effects were caused by excessive
sialylation of p1 integrin [12]. It was hypothesized that
decrease in ST6GAL 1 activity reduced invasiveness of
malignant cells, but only those with increased level of
integrin [39]. Depending on ST6GALI1, excessive sialyla-
tion of integrin causes its increased binding with colla-
gen I, fibronectin and laminin, which effects in higher
motility of cells, and therefore correlates with incre-
ased invasiveness and predisposition to metastasize. On
the one hand, a cell with highly sialylated p1 integrin
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shows better adhesion to the collagen I, IV and fibro-
nectin, improving its migration and making it easier for
the cell to detach from the tumour. However, the same
mechanism is responsible for enhanced, selective adhe-
sion to endothelial cells and metastasis [39]. Such incre-
ase is often caused by elevated levels of the sialic acid
attached with a binding to external lactosamine in units
of GalB1-4GlcNAc, or in internal units of O-glycans Gal-
NAc-O-Ser/Thr. The last epitope, the so-called sialyl-
-Tn (Siaa-2-6GalNAca1-0 Ser / Thr), is currently the aim
for immunotherapeutic attempts in some cancers [44].
What is more, radiation-stimulated overexpression of
ST6GAL1 improves survival of radiated cells, i.e. causes
resistance to radiation [25]. The evaluation of ST6GAL
overexpression, or indirectly of the amount of a2-6 sia-
lylation, e.g. in laryngeal cancer cells, may become an
indicator of cancer tissue radiosensitivity. Thus, it may
facilitate selection of therapies when surgery and radio-
therapy seem to be equivalent regimens.

SIALIC ACID IN KNOWN TUMOUR MARKERS

Multiple carbohydrate antigens containing sialic acids
have been reported to have a role in neoplastic trans-
formation. They change significantly during carcinoge-
nesis, where the changes may be: aberrant sialylation,
increased or decreased antigen expression as well as
appearance in an uncommon place. Tumour-associated
carbohydrate antigens resulting from improper glyco-
sylation accompanying cancer transformation include
mucin related Tn, Sialyl Tn, and Thomsen-Friedenre-
ich antigens. Furthermore, there are antigens connec-
ted with Lewis blood group: LewisY, Lewis?, sialyl-Lewis?,
sialyl-Lewis* and Lewis* (SSEA-1, stage-specific embry-
onic antigen-1). Finally, glycosphingolipids Globo H and
SSEA-3, and gangliosides GD2, GD3, GM2, Neu5GcGM3 as
well as polysialic acids [13].

None of the above antigens has been studied thoroughly
in the context of head and neck cancer. The research has
focused rather on the role of sialic acid in other cancers;
especially in colorectal, breast, lung, pancreatic cancer
and melanoma.

SIALIC ACIDS IN GLYCOPROTEINS

1. Structure of sialylglycoproteins

Neu5Ac is attached in the terminal position of oligosac-
charide structures of numerous glycoproteins. Generally,
two types of covalent bond between a sugar particle and
a peptide fragment are distinguished. N-glycoside bonds
of an amino group of the asparganine residue (Asn) and
0-glycoside bonds of a hydroxyl group of residue of
serine (Ser) or threonine (Thr) [36,17].

2. Sialic acids in blood group antigens

O- glycosylation is a common covalent modification of
serine and threonine residues of mammalian glycopro-

teins. This glycoproteins that are often termed mucins.
The simplest mucin O- glycan is a single N- acetylgalac-
tosamine residue linked to serine or threonine named
the Tn antigen. Biosynthesis of mucin-like O-glycosides
depends on activity of several different glycosyltrans-
ferases. After adding sialic acid to the Tn antigen (Gal-
NAc-O-Ser/Thr) in a2-6 position sialyl-Tn antigen is
produced, and if instead of Neu5Ac, galactose is added
through 81-3 linkage, T antigen is obtained. Further
modifications include addition of Neu5Ac with a2-3
binding (sialyl-T antigen) or a2-6, or in both positions
simultaneously. These antigens are usually masked with
sialic acid residues in normal cells, so such epitopes are
invisible for the immune system (in sialyl-Tn antigen,
O-acetylation of Neu5Ac residue causes that it is unde-
tectable by monoclonal antibodies). They appear after
desialylation in glycoproteins on cells aiming at tumori-
genesis [8].

Masked T and Tn antigens are also present on glycopho-
rin A. It is richly glycosylated and sialylated protein
found on red blood cells, which carries blood group anti-
gens M and N. Glycophorin A conteins one N-linked and
15 O-linked oligosaccharides, which after desialylation
became the antigens T, and after degalactolylation Tn
antigens. All oligosaccharides constitute a glycocalyx,
which is important factor protecting cells from patho-
gens; many of such oligosaccharides are blood group
antigens [7].

Increased expression of T antigens (Thomsen-Friden-
reich antigen (TF)), Tn and sialyl-Tn is observed in 90%
of cancers and in some leukaemias [42]. The levels of T/
Tn antigens are directly proportional to progression of
cancers and possibility of metastasis. Tn antigen is pres-
ent in more invasive cancers with high metastatic poten-
tial, while the dominance of T antigen allows for better
prognoses. Neu5Ac has probably double role. On the
one hand, increased sialylation of glycoproteins on the
surface of malignant cells lowers their one to another
adhesion and towards the intercellular matrix, which
supports detachment of cells from the tumour, while
on the other, sialylation a2-6 is a signal of ligand activa-
tion for several galectins, and required e.g. for siglecs,
which in turn causes higher adhesion of malignant cells
to the endothelial cells which produce galectin 3, and as
a consequence causes metastasis. Sialyl-Tn synthesized
by ST6GalNAc-1 with the a2-6 binding is a significant
antigen of numerous epithelial carcinomas, e.g. stom-
ach, pancreatic, colorectal, ovarian or breast cancer and
usually correlates with bad prognosis. Its expression is a
reliable marker for example in colorectal cancer, while
in breast cancer it correlates with decreased differen-
tiation of cells [54]. In turn, the presence of sialyl-Tn
in metaplasia of gastric mucosa is a valuable marker of
high risk of gastric carcinoma [50].

Other alteration of glicosylation during carcinogene-
sis are changes in the expressions of Lewis histo-blood
group antigens. Increased or decreased expression of
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Fig. 2. Structures of T, Tn, Sial, SiaTn and Lewis-type antigens.

Lewis type antigens often accompanies cancer trans-
formations, and the type of pathological biosynthesis
depends on the tissue, which triggered carcinogene-
sis. Regarding the role of the sialic acid, sialyl-Lewis*
and sialyl-Lewis® antigens are interesting [51]. (Fig. 2)
Both antigens are produced through a2-3 sialylation,
depending on a 2-3 - sialyltranferase, and their presence

on the surface of malignant cells enhances metastasis
and reduces the patients’ survival rate. Such relation
was observed in pancreatic, colorectal, lung, bladder,
stomach, breast, kidney and liver cancer [18]. Sialyl-
Lewis?, better known as CA 19-9 antigen, is a commonly
applied marker, particularly in pancreatic cancer. Both
antigens are ligands for E and P selectins, which physi-
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ologically are particles responsible for adhesion of leu-
kocytes for vascular endothelium. Selectins are one of
the families of intercellular adhesion particles (CAMs).
It includes transmembranous leukocyte glycoproteins-
L, endothelial-E glycoproteins and platelet-P. Selectins
are present in small amounts on the surface of normal
cells [24,31]. Affected by inflammatory mediators, such
as TNF, IL-1 or thrombin, they are transferred onto the
cell surface, binding then to specific ligands on the sur-
face of leukocytes, platelets and endothelial cells. In
tumour cells, similar role is played by Lewis type anti-
gens. They enable the tumour cells present in the circu-
lation to bind with endothelium, which is the first stage
of metastasis.

SIALIC ACIDS IN GLYCOLIPIDS

Glycolipids are lipids with a carbohydrate attached by
glycosidic bond. Lipids are non-polar molecules, which
make them capable of interacting with the lipid-bilayer
of the cell membrane and anchoring the glycolipid to the
cell surface. Neu5Ac has an important role in construc-
tion of gangliosides. These are glycosides of ceramides,
containing oligosaccharide residuum attached with the
0-glycoside binding, composed mainly of four types of
sugar: glucose, galactose, galactosamine and N- acetyl
neuraminic acid. Characteristic of gangliosides is the
presence of at least one residue of sialic acid, which is
reflected in their nomenclature. The letters M, D and
T refer to mono-, di- and tri- sialylgangliosides respec-
tively. These lipids are mainly present in the membranes
of ganglion cells of the nervous system, but also in other
tissues [34]. Linear polymers of the sialic acid with a2-8
bonds, may also appear as component of gangliosides
or glycoproteins. Increased expression of gangliosides
and polysialic acids may be correlated with expansion
of cancer invasiveness and progression of melanoma,
microcellular lung cancer, Wilms’ cancer, astrocytoma,
neuroblastoma and glioma. These studies have now
reached the stage of highly advanced preclinical and
clinical investigations of immunotherapy making use of
monoclonal antibodies against gangliosides [13].

SIALIC ACIDS IN HEAD AND NECK SQUAMOUS CELL CARCINOMA

In the past scarce studies focused on the correlation of
sialic acids levels with the stage of head and neck can-
cer, and only some individual investigations were car-
ried out in the area of laryngeal cancer.

The latest estimates regarding laryngeal cancer were
published in 2005. Only a few studies on the role of SA
in nasopharyngeal and oral cancer have been published
recently. Reports on positive relation between the levels
of sialic acids, both in a free form (FSA) and one asso-
ciated with proteins (PASA) or lipids (LASA), with the
tumour size, stage and condition of the lymph nodes, are
more congruent in most of the publications. As for sialic
acid in its free form (FSA), the results differ remarkably.
Most authors report that the measurement of serum

concentration of sialic acid in patients with head and
neck cancer is a high sensitivity method. However, the
usefulness of sialic acids as a marker is significantly lim-
ited by the fact that their level increases also in inflam-
matory conditions, especially the chronic ones, and in
patients with alcohol abuse. Consequently, the method
may be characterized by low specificity. Most authors
suggest the use of high sensitivity of increased sialic acid
concentrations along with another marker of high speci-
ficity, e.g. SCCA or CYFRA 21-1 [23, 24, 37].

Uslu et al. 2003 found positive correlation of serum lev-
els of bound sialic acid with the laryngeal cancer stage
with simultaneous lack of correlation in the levels of
free sialic acid. BSA levels were significantly higher in
patients with laryngeal cancer and increased with the
severity of the disease [46]. Akay et al. 2001, identified
significantly increased levels of TSA in patients with
laryngeal cancer compared to a control group and a pos-
itive correlation between the levels of ICAM-1 and TSA
and the stage of cancer of the larynx. The highest levels
of TSA were observed in patients with stage IV [1]. Kiura
et al. 2000 examined the level of antigen SCCA, CEA, fer-
ritin, IAP and sialic acid in HNSCC. They found, inter alia,
a positive correlation between the level of sialic acid
in plasma with tumour size, metastasis in the lymph
nodes, clinical stage and the survival rate [20]. Ayude et
al. 2003 assessed total serum concentration of sialic acid
of patients with head and neck cancer, corrected for the
total protein content (TSA / TP). After determining the
cutoff level of 12.0 ng / mg, TSA / TP method showed
the level of sensitivity (63%) in the diagnosis of HNSCC
specificity level 94%, 50% and 90%, relating to a group
of healthy patients, smokers and drinkers and patients
with benign diseases. Sensitivity of the method in the
diagnosis of HNSCC (in the absence of the spread) may
be improved using a combination of TSA / TP + CYFRA
21-1up to 71% of the TNM I, 80% of TNM II and 60% of
the TNM III [2]. Subsequent authors, Fisher Egg 2003,
compared serum concentrations of sialic acid in patients
with newly diagnosed cancer, relapsed and patients
clinically treated previously without the recurrence of
a disease, with a group of healthy controls. They recog-
nized measurements of sialic acid serum level as a useful
parameter for early detection of a recurrent disease. In
this study, the highest levels correlated positively with
tumour size were observed in patients with active can-
cer. 71% of patients with recurrent cancer were above
the level of SA established by the authors on the basis
of the control group, the upper limit of normal (82 mg
/ dl) [10]. In 2015, two teams of Chinese scientists pub-
lished simultaneously the results of their studies, con-
firming significantly increased serum level of sialic acids
in patients with nasopharyngeal cancer compared to
patients with rhinitis and control groups [45,56]. These
studies showed statistically increased sialic acids lev-
els in HNSCC. However, such knowledge is not enough
to use SA as a marker or as a target of immunotherapy.
Much more detailed information on glycoforms specific
for HNSCC is needed. Direction of future investigations
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may be determined by earlier studies which indirectly
provided information on improper sialylation of cancer
tissues in the head and neck region.

The presence of mucins with changed glycosylation
was found in head and neck squamous cell carcinoma,
also correlated with tumour progression and ability to
produce metastasis [44]. Studies of laryngeal cancer
confirmed elevated expression of mucins, positively
correlated with T feature and poor prognosis. However,
they rarely evaluated the epitope of glycosylation disor-
ders [6,16]. What is more, the results by various authors
show significant discrepancies, probably because of dif-
ferent test methods. It is hard to decide then whether
any antigen of MUC1, MUC2, Lewis, T/Tn group may
have a role of a marker in HNSCC [41]. Bearing in mind
the role of mucins in the development of cancer depend-
ing on their increased sialylation, often correlating with
enhanced activity of sialyltransferases, and the fact that
desialylation stimulates identification of MUC1 in cells
[6], it is possible that focusing the studies on determina-
tion of sialic acids levels of in tumour tissue, preferably
with differentiation of the binding type, type of glyco-
conjugate or identification of a glycoform, may provide
more homogeneous results and allow for administration
of targeted therapies [41].

Investigating oral squamous cell carcinoma, Shimizu
used a monoclonal antibody directed against MUC1,
obtaining 22% response, with 57,9% of malignant
cells with confirmed presence of MUC1 antigen. This
response is too weak, however, to be accepted as basis
for a therapy. To improve effectiveness, the author sug-
gests an adjuvant therapy or the use two antibodies at
a time [40]. An alternative solution could be identifica-
tion of a specific MUC1 glycoform. In this respect, stu-
dies on adenocarcinomas appear interesting, especially
those of the breast cancer, where an immunodominating
0-glycopeptide epitope (Tn/STn-MUC1) was identified,
resulting from improper glycosylation and probably
enhancing production of a specific antibody, regarding
the lack of immunological tolerance for this structure
[53, 43]. Bhatavdekar and al. 1988 and 1991, evaluated
serum levels of protein-associated sialic acid (PSA) in
patients with head and neck cancer, comparing them to
the control group. The results presented point to PSA
as a good predictor. The elevated levels were found in
57% of patients with benign tumours, 52% of primary
head and neck cancer, and 75% of metastatic HNSCC. PSA
levels decreased in patients during effective treatment
and increased with poorer prognosis [4,3]. The literature
includes no publications on the levels of gangliosides
related to HNSCC, however, their role may be confirmed
indirectly by studies of the level of sialic acid associated
with lipids. Thirty years ago, Galioto et al. 1987 exami-
ned the level of LASA in patients with laryngeal cancer
qualified for total or partial laryngectomy with surgical
junction. It pointed to significantly higher concentra-
tions of LASA in patients with lymph node metastasis as
compared to those without metastasis, it was estimated,

however that the study showed a large margin of error
[11]. Throughout the following years, the results of LASA
were more promising. In his studies of the amount of SA
connected with lipids, Mevio 1991 found high specificity
and sensitivity of 98-99% for this method in laryngeal
cancer [32]. Straka et al. 1992 evaluated usefulness of
radioimmunoassays for detection of squamous cell car-
cinoma, the level of sialic acid bound to lipids (LSA), car-
cinoembryonic antigen (CEA) and CA-125 in a population
of cancer patients and the control group. The radioim-
munoassay was rated as the most sensitive method -
47.5%, the level of CEA was elevated in 40.6% of patients
with cancer, LSA only in 16,8%, and CA-125 in 7.9%. False
positive results were observed in 18.2% of patients in the
radioimmunoassay of CEA and 10.2% in LSA and 15.9% of
CA-125. Different combinations of markers did not bring
any statistical changes in specificity or sensitivity [41].
According to Lépez Sdez et al., a medium level of sialic
acid associated with fats (LSA) is significantly lower in
healthy patients, and increases substantially along with
progression of the disease. However, no significant dif-
ference was identified between patients with chronic
diseases and those with breast cancer, head and neck
cancer, lung cancer and tumours of the gastrointestinal
tract [35]. High sensitivity of this method was also con-
firmed by Kaplan et al. 1993 with sensitivity of 94,4 %
[21], and Dreyfuss et al. 1992 showing sensitivity of 71%
[9]. According to Inal et al. 2004, sensitivity was 89,3%
at specificity of 100% [15]. In all the studies, the levels
of LSA increased along with progression of the disease,
especially in relation to T characteristics and metastasis
to the lymph nodes.

Recent publications do not report on any studies focused
on sialic acids associated with lipids in head and neck squ-
amous cancer. However, similar research referring to e.g.
non-small cell lung cancer, neuroblastoma or melanoma,
is already at the preclinical stage and clinical immuno-
therapy with use of monoclonal antibodies against gan-
gliosides has been investigated [14,52]. 1t is likely that
the same antibodies will prove effective in the laryngeal
cancer therapies as well as other head and neck tumours.
Hence, it is worthwhile to take a closer look at the cau-
ses of elevated LSA in HNSCC, and pay attention to par-
ticular sialylconjugates, with potentially higher usability,
e.g. NeuGcGM3. The presence of N-glycoliloneuraminic
acid NeuGc as a component of gangliosides (G3) was iden-
tified in tissues of some cancers, even though a human
body does not produce this compound. The cause may be
an alternative course of transformations in muted cells
or, what is more probable, its consumption together with
food. The presence of Neu5Gc in laryngeal cancer tis-
sues has not been evaluated yet. Most of the studies in
this area focus on malignant melanoma and breast can-
cer; some authors observed its presence also in tumour
cells of gastric, colorectal, nasopharyngeal and uterine
cancer, and in germ cell tumours as well as leukaemias
or lymphomas [29]. Of special interest is the presence of
Neu5Gc in epipharyngeal cancer, taking into account the
viral etiology of this carcinoma. Earlier studies deny any
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possibility of emergence of CMAH in human cells. Other
enzymes, which could take a role of this enzyme in mali-
gnant cells, are searched for. It would be recommended to
carry out more detailed evaluation of the levels of Neu5Gc
in head and neck tumours, especially the nasopharyngeal
cancer and such mutation within its cells which could
enhance Neu5Gc expression. If proved, significant pre-
sence of Neu5Gc in cells of e.g. cancers of the larynx or
the epipharynx, would make a way towards specific
immunotherapy, aimed at a relation which does not occur
in healthy cells, therefore is potentially highly effective
and safe. Studies of an antibody against NeuGcGM3 have
already reached the stage of first clinical tests, bringing
some encouraging results in advanced malignant mela-
noma. Similar studies have also been designed for breast
and lung cancer [14].

Possible use of a2-6 sialylation as a marker in head and
neck tumours requires further detailed research. Howe-
ver, studies confirming e.g. elevated activity of inte-
grin B1 or TSA in laryngeal cancer have already been
performed [1]. The main, recurring conclusion from
this research is the correlation of the level of integrins
with activity of malignant cells as well as a possibility
to influence the course of the disease through regula-
tion of expression of genes responsible for creation of
particular subtypes of integrins. Until now, the authors
have not dealt with the question of biochemical forms
or reasons for increased activity of specific subtypes of
integrins in HNSCC, neither with molecular implications
of such changes. Multiple investigations however, were
carried out in other types of tumours.

Some reports on HNSCC suggest a significant role of a2-6
sialylation in cancerous transformation. Studies of the
cervical cancer proved that along with the increase of
malignancy, expression of a2-6 sialylation elevates in
the basal layer and of a2-3 sialylation in the interlayer
and superficial layer [28]. Holikov4 et al. 2002 map-
ped the profiles of glycoconjugate epitope expression
depending on the type of sialylation, for epiderm and
epithelium of the larynx, cornea as well as, oral and
pharyngeal mucosa, using for that purpose plant lec-
tins and comparing them with endogenous galectins.
They found a2-6 sialylation in basal and spinous layers
of the epidermal and epithelial cells of the mouth and
vocal folds; and a2-3 sialylation, strictly suprabasally in

REFERENCES

the epithelium of the mouth and vocal folds. What is
more, in studies of cancerous tissues from these regions,
it was found that the number of bindings a2-3 decreases
and the number of bindings a2-6 increases along with
decreased cell differentiation [14]. In the study of Shah
et al. 2007, TSA and TSA/TP were significantly higher
in untreated oral cancer patients compared to oral pre-
cancerous conditions (OPC) and the controls. Also, the
increase of serum TSA and TSA/TP was more significant
in patients with OPC than in the controls. Elevated levels
of a2-6- and a2-3-linked sialic acid as well as ST6GAL and
ST3GAL activity in the tumour tissue and serum of can-
cer patients were also found [38].

According to Vajaria et al. 2013, serum and salivary TSA/
TP ratios are significantly higher in OPC and oral cancer
patients, compared to the controls. Salivary TSA/TP ratios
were elevated at greater intensity than the serum levels.
Both, salivary and serum TSA/TP levels were higher in
smokers of the study group and in the controls.

The same team published a 2014 study of glycosylation
changes in saliva of oral cancer patients, oral precance-
rous conditions and patients following treatment, compa-
red to the control group. The authors found significantly
higher values of the TSA / TP, a2-6- and «2-3-linked sialic
acid and the activity of neuraminidase and ST-s activity
in patients with oral cancer as compared to the precance-
rous lesion and compared OPC to the control group. The
levels of studied factors also changed during treatment,
demonstrating positive correlation [47, 48].

SUMMARY

The presence of sialic acids in human cells is common,
therefore finding relations between changes in sialyla-
tion and tumour biology demands not only determina-
tion of correlations between the amount of Neu5Ac and
the tumour stage but also a detailed research is necessary
to comprise e.g. type of chemical binding, kind of glyco-
conjungate or changes in its function, depending on sia-
lylation. Potential use of sialic acids as markers of head
and neck cancers depend mainly on defining which spe-
cific glycoforms of this compound accompany cancerous
transformation in a particular organ, as well as relation
between their amount and the tumour malignancy, inva-
siveness and histological profile.

[1] Akcay F., Taysi S., Uslu C., Dogru Y., Giimiistekin K.: Levels of solu-
ble intercellular adhesion molecule-1 and total sialic acid in serum
of patients with laryngeal cancer. Jpn. J. Clin. Oncol., 2001;31:584-588

[2] Ayude D., Gacio G., Pdez de la Cadena M., Pallas E., Martinez-
-Zorzano V.S., de Carlos A., Rodriguez-Berrocal FJ.: Combined use
of established and novel tumour markers in the diagnosis of head
and neck squamous cell carcinoma. Oncol. Rep., 2003;10:1345-1350

[3]Bhatavdekar J.M., Patel D.D., Vora H.H., Balar D.B.: Squamous cell
carcinoma antigen and protein-bound sialic acid in the manage-

ment of head and neck cancer. Int. J. Biol. Markers, 1991; 4: 237-240

[4] Bhatavdekar JM, Vora HH, Patel D.D.: Serum sialic acid forms
as markers for head and neck malignancies. Neoplasma, 1988; 4:
425-434

[5] Croce M.V., Price M.R., Segal-Eiras A., Detection and isolation of
MUC1 mucin from larynx squamous cell carcinoma. Pathol. Oncol.
Res., 2000; 2: 93-99

[6] Croce M.V., Rabassa M.E., Pereyra A., Segal-Eiras A.: Influence of
sialic acid removal on MUC1 antigenic reactivity in head and neck

1307



Bronikowska I. et al. - Sialic acids in head and neck squamous cell carcinoma...

carcinoma. Pathol. Oncol. Res., 2005; 2: 74-81

[7] Czerwitiski M., Kaczmarek R.: Genetyczne podstawy syntezy cu-
krowych antygenéw grupowych krwi. Acta Hematol. Polon., 2013;
44:251-259

[8] Dall'Olio F., Chiricolo M.: Sialyltransferases in cancer. Glycocon;.
J.,2001; 11-12: 841-850

[9] Dreyfuss A.L, Clark J.R., Andersen J.W.: Lipid-associated sialic
acid, squamous cell carcinoma antigen, carcinoembryonic antigen,
and lactic dehydrogenase levels as tumor markers in squamous cell
carcinoma of the head and neck. Cancer, 1992; 10: 2499-2503

[10] Fang D,C., Liu W.W.: Different types of intestinal metaplasia and
gastric cancer: a clinico-endoscopic follow-up of 112 cases. Zhon-
ghua Nei Ke Za Zhi, 1990; 8: 509-510

[11] Fischer F., Egg G.: N-acetylneuraminic acid (sialic acid) as a
tumor marker in head and neck cancers. HNO, 1990; 10: 361-363

[12] Galioto G.B., Mevio E., Benazzo M., Arizzi L., Scelsi M.: Prognostic
parameters in metastatic spread of laryngeal cancer: clinico-histopa-
thological correlations. Clin. Otolaryngol. Allied Sci., 1987; 4: 303-308

[13] Hedlund M., Ng E., Varki A., Varki N.M,: alpha 2-6-Linked sia-
lic acids on N-glycans modulate carcinoma differentiation in vivo.
Cancer Res., 2008; 2: 388-394

[14] Heimburg-Molinaro J.,. Lum M., Vijay G., Jain M., Almogren A.,
Rittenhouse-Olson K.: Cancer vaccines and carbohydrate epitopes.
Vaccine, 2011; 48: 8802-8826

[15] Holikov4 Z., Hrdlickové-Cela E., Plz4k J., Smetana K. Jr, Betka J.,
Dvorankové B., Esner M., Wasano K., André S., Kaltner H., Motlik J.,
Hercogové J., Kodet R., Gabius H.J:. Defining the glycophenotype of
squamous epithelia using plant and mammalian lectins. Differentia-
tion-dependent expression of alpha2,6- and alpha2,3-linked N-ace-
tylneuraminic acid in squamous epithelia and carcinomas, and its
differential effect on binding of the endogenous lectins galectins-1
and -3. APMIS, 2002; 12: 845-856

[16] Inal E., Lagin M., Asal K., Ceylan A., Kéybasioglu A., Ileri F., Uslu
S.S.: The significance of ferritin, lipid-associated sialic acid, CEA, squ-
amous cell carcinoma (SCC) antigen, and CYFRA 21-1 levels in SCC of
the head and neck. Kulak Burun Bogaz Thtis Derg., 2004; 1-2: 23-30

[17] Jeannon J.P., Aston V., Stafford F.W., Soames J.V., Wilson J.A.:
Expression of MUC1 and MUC2 glycoproteins in laryngeal cancer.
Clin. Otolaryngol. Allied Sci., 2001; 2: 109-112

[18] Joshi M., Patil R.: Estimation and comparative study of serum
total sialic acid levels as tumor markers in oral cancer and precan-
cer. J. Cancer Res. Ther., 2010; 3: 263-266

[19] Kaczmarek R.: Zmiany ekspresji antygendéw grupowych ukta-
du Lewis w komérkach nowotworowych. Postepy Hig. Med. Dosw.,
2010; 64: 87-99

[20] Katnik-Prastowska L.: Struktura i biologia kwaséw sjalowych.
Adv. Clin. Exp. Med. 2003; 5: 653-663

[21] Kimura Y, Fujieda S., Takabayashi T., Tanaka T., Sugimoto C.,
Saito H.: Conventional tumor markers are prognostic indicators
in patients with head and neck squamous cell carcinoma. Cancer
Lett., 2000; 2: 163-168

[22] Klapan 1., Kati¢ V., Culo ., Sabolovié D., Cuk V., Fumié¢ K., Simovi¢
S.: Lipid-bound sialic acid, prostaglandin E and histamine in head
and neck cancer. Eur. J. Cancer, 1993; 6: 839-845

[23] Krecicki T., Leluk M.: Acute phase reactant proteins--an aid to
monitoring surgical treatment of laryngeal carcinoma. J. Laryngol.
Otol., 1992; 7: 613-615

[24] Kulpa J., Wéjcik E., Rychlik U.: Uzytecznoéé badahi markeréw
nowotworowych w diagnostyce nowotwordéw glowy i szyi. Wspétcz.
Onkol., 2006; 6: 274-279

[25] Kwiatkowski P., Godlewski J., Sliwiriska-Jewsiewicka A., Kmie¢ Z.:

Czasteczki adhezyjne w procesie nowotworzenia i przerzutowania.
Polish. Ann. Med., 2009; 1: 128-137

[26] Lee M., Lee HJ., Bae S., Lee Y.S.: Protein sialylation by sialyl-
transferase involves radiation resistance. Mol. Cancer Res., 2008;
8:1316-1325

[27] Lindbohm N.: Sialic acid in lipoproteid - Academic Dissertation
March 2000. University of Helsinki, Institute of Clinical Medicine,
Faculty of Medicine

[28] Liu Z., Swindall A.F,, Kesterson R.A., Schoeb T.R., Bullard D.C., Bel-
lis S.L.: ST6Gal-1 regulates macrophage apoptosis via a2-6 sialylation
of the TNFR1 death receptor. J. Biol. Chem., 2011; 45: 39654-39662

[29] Lépez-Morales D., Reyes-Leyva J., Santos-L4pez G., Zenteno E.,
Vallejo-Ruiz V.: Increased expression of sialic acid in cervical biop-
sies with squamous intraepithelial lesions. Diagn. Pathol., 2010; 5: 74

[30] Malykh Y.N., Schauer R., Lee S.: N-Glycolylneuraminic acid in
human tumours. Biochimie, 2001; 83: 623-634

[31] Mantur M., Wojszel J.: Czasteczki adhezyjne oraz ich udziat w
procesie zapalnym i nowotworowym. Pol. Merk. Lek., 2008; 24: 177-
180

[32] Mevio E., Benazzo M., Galioto P., Spriano P., Pizzala R.: Use of
serum markers in the diagnosis and management of laryngeal can-
cer. Clin. Otolaryngol. Allied Sci., 1991; 1: 90-92

[33] Pearce 0.M., Laubli H.: Sialic acids in cancer biology and immu-
nity. Glycobiology. 2016, 26:111-28

[34] Pociecha J.: Tratwy lipidowe, Zaklad Biofizyki Obliczeniowej i
Bioinformatyki, Wydzial Biochemii, Biofizyki i Biotechnologii Uni-
wersytet Jagielloniski, e-artykut DIGONLINE000436, E-pub 2011

[35] Séez JJ., Senra-Varela A.: Evaluation of lipid-bound sialic acid
(LSA) as a tumor marker. Int. J. Biol. Markers, 1995; 3: 174-179

[36] Schauer R.: Sialic acids as regulators of molecular and cellular
interactions. Curr. Opin. Struct. Biol., 2009; 5: 507-514

[37] Schutter E.M., Visser ].J., van Kamp G.J., Mensdorff-Pouilly S.,
van Dijk W., Hilgers J., Kenemans P.: (Lipid-associated Sialic Acid
(LSA, LASA) Test Highlight), The utility of the lipid-associated sialic
acid (LASA or LSA) test as a serum marker for malignancy is revie-
wed. Tumour Biol., 1992; 3: 121-132

[38] Shah M.H., Telang S.D., Shah P.M., Patel P.S.: Tissue and serum
alpha 2-3- and alpha 2-6-linkage specific sialylation changes in oral
carcinogenesis. Glycoconj. J., 2008; 3: 279-290

[39] Shaikh FM., Seales E.C., Clem W.C., Hennessy K.M., Zhuo Y., Bellis
S.L.: Tumor cell migration and invasion are regulated by expression
of variant integrin glycoforms. Exp.Cell Res., 2008; 16: 2941-2950

[40] Shimizu M., Imai M.: Effect of the antibody immunotherapy by
the anti-MUC1 monoclonal antibody to the oral squamous cell car-
cinoma in vitro. Biol. Pharm. Bull., 2008; 12: 2288-2293

[41] Sipaul F,, Birchall M., Corfield A.: What role do mucins have in the
development of laryngeal squamous cell carcinoma? A systematic
review. Eur. Arch. Otorhinolaryngol., 2011; 8:1109-1117

[42] Springer G.F.: Immunoreactive T and Tn epitopes in cancer dia-
gnosis, prognosis and immunotherapy. J. Mol. Med., 1997; 75: 594-602

[43] Storr SJ., Royle L., Chapman C.J., Hamid U.M., Robertson J.F.,
Murray A., Dwek R.A., Rudd P.M.: The O-linked glycosylation of se-
cretory/shed MUC1 from an advanced breast cancer patient’s serum.
Glycobiology, 2008; 6: 456-462

[44] Straka M.B., Wagner R.L., Johnson J.T., Kachman K.X., Eibling
D.E.: The lack of utility of a tumor marker panel in head and neck
carcinoma, Squamous cell carcinoma antigen, carcinoembryonic
antigen, lipid-associated sialic acid, and CA-125. Arch. Otolaryngol.
Head Neck Surg., 1992; 8: 802-805

[45] Sun Y., Sun C., Zhang E.: Expression of Serum Sialic Acid, Early

1308



® Postepy Hig Med Dosw (online), 2017; tom 71: 1300-1308A

Antigen-IgA, and Viral Capsid Antigen-IgA in Nasopharynx Cancer
Patients: The Diagnostic Implication of Combined Assays, Med. Sci.
Monit., 2015; 21: 4068-4073

[46] Uslu C., Taysi S., Akcay F., Sutbeyaz M.Y., Bakan N.: Serum free
and bound sialic acid and alpha-1-acid glycoprotein in patients with
laryngeal cancer, Ann. Clin Lab. Sci., 2003; 2:156-159

[47] Vajaria B.N., Patel K.R., Begum R., Shah F.D., Patel ].B., Shukla
S.N., Patel P.S.: Evaluation of serum and salivary total sialic acid
and a-I-fucosidase in patients with oral precancerous. conditions
and oral cancer. Oral Surg. Oral Med. Oral Pathol. Oral Radiol., 2013;
6:764-771

[48] Vajaria B.N., Patel K.R., Begum R., Patel ].B., Shah E.D., Joshi G.M.,
Patel P.S.: Salivary glyco-sialylation changes monitors oral carcino-
genesis. Glycoconj. J., 2014; 9: 649-659

[49] Varki A.: Colloquium paper: uniquely human evolution of sia-
lic acid genetics and biology, Proc. Natl. Acad. Sci. U S A., 2010; 11:
8939-8946

[50] varki A., Cummings R.D., Esko J.D., et al. editors: Essentials of
Glycobiology. 2nd edition. Cold Spring Harbor Laboratory Press, 2009

[51] varki A., Cummings R.D., Esko J.D., et al. editors: Essentials of
Glycobiology. 3nd edition.

Cold Spring Harbor Laboratory Press, 2015

[52] Vézquez A.M., Rodréguez-Zhurbenko N., Lépez A.M.: Anti-gan-
glioside anti-idiotypic vaccination: more than molecular mimicry.
Front. Oncol., 2012; 2:170.

[53] Wandall H.H., Blixt O., Tarp M.A., Pedersen J.W., Bennett E.P,,
Mandel U., Ragupathi G.., Livingsto P.0., Hollingsworth M.A., Taylor-
-Papadimitriou]., Burchell J., Clausen H.: Cancer biomarkers defined
by autoantibody signatures to aberrant O-glycopeptide epitopes.
Cancer Res., 2010; 4:1306-1313

[54] Wang P.H.: Altered Glycosylation in Cancer: Sialic Acids and
Sialyltransferases. J.of Cancer Mol., 2005; 2 : 73-81

[55] Wickramasinghe S., Medrano J.F.: Primer on genes encoding
enzymes in sialic acid metabolism in mammals. Biochimie, 2011;
10:1641-1646

[56] Xia C., Zhu K., Zheng G.: Expression of EBV antibody EA-IgA,
Rta-I1gG and VCA-IgA and SA in serum and the implication of com-
bined assay in nasopharyngeal carcinoma diagnosis. Int. J. Clin. Exp.
Pathol., 2015; 12:16104-16110

[57] Zak 1.: Chemia medyczna. Slaska Akademia Medyczna, Katowice,
2001. Rozdziat Weglowodany: 131-176

1308A



