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Abstract

Purpose: To identify sialic acid as a tumor markeibe used in experimental models. Obtained data wi
be extrapolated to humans, so that this markerlmamsed in clinical practice. Materials and method&e used
B16 melanoma cells. The lot was composed of 30 @&IdI6 mice, which received subcutaneous injestimin
5x105 B16 melanoma cells into the right flank. Turmume was measured with a vernier caliper. 8iakiid was
determined from the serum obtained by cardiac puacThe second step of our research was perfoonexinum-
ber of 25 patients with cutaneous melanoma. Detetiain of sialic acid was performed using the Kaittenn col-
orimetric method. The correlation between sialiédaand disease progression was exemplified in tiracal
cases. Sialic acid determination was performed yoally from diagnosis, following disease progressiResults:
In murine models tumors increased after a lag kb up to 10 days. Tumor growth was recorded bgsonéng
the tumor’s diameters and calculating its volume. &iserved a progressive increase of sialic aciparallel with
tumor volume. In human subjects, sialic acid lei@sease in metastatic disease and are commoocilized dis-
ease. In the two clinical cases there was a veongtcorrelation between sialic acid and diseasegpession. Con-
clusions: B16 melanoma cells are highly metastaialic acid level was increased in metastatic turngimals
compared to normal animals. Higher levels of sialiid have been shown to correlate with the metiagtatential
of tumor cells. For humans, determination of taium sialic acid would be more useful for diagaadiadvanced
melanoma stage rather than for early detection seréening.
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Rezumat

Scopul lucrarii: De a demonstra ca acidul sialicgte fi utilizat ca marker tumoral in monitorizarea
evolutiei melanomului la modelele experimentaletel@obtinute s-au extrapolat la om, astfel incaést mar-
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ker sa poata fi folosit in practica medicala. Matdrsi metode: S-au utilizat linii celulare expegmtale tip B16
de melanom. Lotul a fost alcatuit din 30 de soamasculi de tip C57BI6 care au primit un numar d&@ ce-
lule tumorale prin injectare in flancul drept. Volwl tumoral a fost masurat cu un caliper verniecidill sialic
s-a determinat din ser obtinut prin punctie cardia@ doua parte a studiului s-a desfasurat pe umaude 25
de pacienti cu melanom. Acidul sialic s-a deterrhjprén metoda colorimetrica Katterman. Corelatianttie pro-
gresia bolii si acidul sialic a fost ulterior exeffifigata prin doua cazuri clinice. Determinarea dgilui sialic s-a
efectuat in dinamica progresiei bolii. Rezultatex inodelele murine cresterea tumorala s-a inregtsthapa o
perioada de lag de 10 zile si s-a evidentiat priasorarea diametrelor si volumelor tumorale. Am olbat o
crestere direct proportionala a acidului sialic. lsambiectii umani nivelele serice au crescut in boaletastatica
si au ramas normale in boala localizata. In celaidaazuri clinice s-a observat o corelatie stramsae progre-
sia bolii si acidul sialic. Concluzii; celulele BH& melanoma au potential inalt de metastazareeldlar de acid sial-
ic sunt crescute la soarecii cu metastaze. Niveascute de acid sialic se coreleaza cu potertraktastatic al tu-
morii. La oameni, acidul sialic creste in fazel@asate ale bolii si nu are utilitate in depistasusscreening.

Cuvinte cheie:melanom, acid sialic, marker, modele murine, ntatses
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Introduction ing as markers of tumor cell activity(6), with a
real clinical significance, being useful in dia-
Malignant melanoma is one of the most gnosis and monitoring the evolution of disease,
aggressive forms of skin cancer, characterized by but also in monitoring response to treatment (7).

malignant proliferation of melanocytes (1). The They are also useful in periodic reassessment of

vast majority of melanomas are from the skin but post-therapy patients. Elevated blood levels can
malignant melanomas have been described in suggest a possible local recurrence or distant

nearly every organ of the body: choroidal melan- metastasis (8). Over time, several markers were

oma, melanoma of the central nervous system identified: tumor-associated antigens, hormones,
(2), mucosal melanoma, head and neck melan- enzymes or immunoglobulins (9).
oma, gastrointestinal melanoma, genitourinary Tumor-associated antigen: CA125 (ovarian
melanoma (3), melanoma of unknown primary cancer), CA 15-3 (breast cancer), PSA (prostate
site (4). Early diagnosis and surgical excision cancer) (10);
can prevent melanoma evolution (5). + Hormones: HCG (human chorionic gonado-

Some substances associated with malig- tropin) (11), ACTH (adrenocorticotropic hor-
nant tumors can be identified in blood, function- mone), LPH (lipotropic hormone), MSH

Primary Malignant Tumor Invasion Embolism Transport
Neoplasm I Vascularization I I I
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Metastases

Figure 1. Natural evolution of malignant melanoma (1)
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(melanocyte-stimulating hormone), ADH (anti-
diuretic hormone), TSH (thyroid-stimulating

hormone), VIP (vasoactive intestinal peptide),
glucagon, calcitonin (12);

+ Enzymes: ALP (alkaline phosphatase), LDH
(lactic dehydrogenase), GGT (gamma-glutamyl
transpeptidase) (13).

Tumor markers have a diagnostic role
in early detection (screening), disease staging,
prognostic, monitoring response to treatment
and disease relapse (14). Not all malignancies
are accompanied by specific markers (lung can-
cers) (15), but there are malignancies character-
ized by the presence of markers with high spe-
cificity and sensitivity like AFP (alpha fetopro-
tein) in testicular carcinoma(11).

Lately research efforts in malignant dis-
eases have focused more on the discovery of
new molecular targeted therapies (16). How-
ever, we should not forget the usefulness of
identifying other tumor markers with high spe-
cificity and sensitivity in detection, diagnosis,
treatment and monitoring of malignant tumors.

Many studies tried to establish a correla-
tion between elevated levels of sialic acid (N -acet
ylneuraminic acid) and the presence of malignant
cells (17). Sialic acid is a nonspecific tumor mark
er (18). Increased membrane density of sialic acid
and associating increased activity of sialyltrans-
ferases were observed in several types of malig-
nant cells (19). There appears to be an association
between high levels of sialic acid and tumor
growth in malignant melanoma (20). High density
of sialic acid on the surface of transformed tumor
cells was identified in animal models but also in
humans (21). The idea that serum sialic acid
levels may be a sign of melanoma tumor growth
represents a matter of clinical interest (22).

Sialic acid is a generic term of N- or O-
substituted derivatives of neuraminic acid, a
monosaccharide with a nine-carbon backbone
(23). It is also the name for the most common
member of this group, N-acetylneuraminic acid
(Neu5Ac or NANA)(24).

It is already known that metastatic can-
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cer cells often express a high density of sialic
acid-rich glycoproteins (25). This helps these
late-stage cancer cells enter the blood stream (26,
27). Sialic acid also plays an important role in
human influenza infection (28), and can “hide”
mannose antigens on the surface of host cells
bacteria from mannose-binding lectin. This as-
pect prevents the activation of complement (29).

Materials and methods

The purpose of this paper is to identify
sialic acid as tumor marker to be used in experi-
mental models. These data will be extrapolated
to humans, so that this marker can be used in
clinical practice. Elevated serum sialic acid
levels may indicate disease progression, namely
the appearance of metastasis.

We used B16 melanoma cells. The
transplantable B16- melanoma cells were ob-
tained from the Institute of Biochemistry from
Bucharest and adapted to grow in culture.
Melanocytes were grown in a humidified atmo-
sphere at 37°C under 5% ¢Qhe cell suspen-
sion was centrifuged at 1000 rpm (rotations per
minute) and the supernatant and the rest of des-
troyed cells were removed. The cell sediment
was suspended in a sterile isotonic solution and
the suspension was adjusted to a concentration
of 5x1C viable cells. The lot was composed of
30 male C57BI6 6-8 weeks old mice, weighing
16-20 g. Transplanted mice were slightly anes-
thetized with chloroform. Mice were shaved be-
fore receiving a subcutaneous injection into the
right flank. This area was sterilized and a small
skin incision was performed. Mice received a
subcutaneous injection of 5X1B16 melanoma
cells. After 14 days from cell transplantation
the tumor was palpable in the right flank. Mice
were sacrificed for measurement and sialic acid
determination after 3, 4, 5, 6, 7 weeks. Tumor
volume V was measured with a vernier caliper.

Statistical analysis

For the statistical analysis we use AN-
OVA test. Sample sizes between groups do not
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have to be equal, but large differences in sample
sizes by group may affect the outcome of the
multiple comparisons tests. We determine specif-
ic difference performing paired analyses of the
group, two at a time using also Bonferonni ad-
justment. In this output, the test statistic, Feis
ported in the analysis of variance table. The p-
value for this statistics is p< 0.001, This means
that there is evidence that there are differentes i
the means across groups.

The study respected the Animals and
Treatment Protocols. In concordance with the
theme of “Ethics in Scientific Research” Con-
ference held in Bratislava in 2002 and the Roy-
al Society for the Prevention of Violence
against Animals from United Kingdom, we sus-
tain that the pain induced to experimental anim-
als during theresearche could influence correct
data through stress reaction modifications. As
such, we attempted to reduce the level of pain
inflicted to animals during the experiments (the
limited pain principle); we also reduced the
number of animals investigated, using the lowes
number possible (the reducing principle). In the
case of experimental data on small rodents, the
concept of the experiment and the control meth-
ods must be in concordance with the import-
ance of the investigated issue and must allow
the determination of security limits. The evalu-
ation of toxic effects is based on behavioral ob-
servations, growth, hematological and biochem-
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shelter and the care of scientifically used anim-
als. According to the Founding Act of the Insti-

tute of Oncology Bucharest (1949) there is a
single protocol for the use of laboratory anim-
als, involving the Committee of Ethics and

Methodologies for working with animals.

The second step of our research was per-
formed between May 2011 and June 2012 on a
number of 25 patients with cutaneous melanoma
(14 male and 11 female) in the age group
between 18 and 55 years. The study was ap-
proved by the Ethics Committee of the Institute
of Oncology from Bucharest. All patients in-
cluded in the study are in the evidence of the In-
stitute of Oncology from Bucharest and signed
informed consents to participate in this study.

Inclusion criteria: age over 18 years, good
performance status, ECOG=0-2, good renal, cardi-
ac and hepatic function; good hematological and
biochemical balance; histologically confirmed dia-
gnosis of malignant melanoma; localized or meta-
static disease without brain metastases; no history
of cancer. Patients were divided into two groups,
the first group containing patients with localized
disease (10 patients) and the second group patients
with metastatic disease (15 patients).

Determination of sialic acid for the two
groups was made using the colorimetric method
described by Kattermann (30). Sialic acid is
first subjected to periodic oxidation, resulting in
formation ofp-formylpyruvic acid; this acid re-

ical assays, and also on autopsy reports analysis acts with 2 molecules of thiobarbituric acid to

and histological data. The experimental in vivo
models were elaborated with legal aid based on
Decision N0.63/2002 on the principles of good
laboratory practice, and on inspections and veri-
fications of the enforcement of this decision or-
der during chemical substances use and tests.
Other orders used were the 263/2003, the Com-
mittee Directive no. 86/609/CEE onthe protec-
tion of laboratory animals used in experimental
purposes or in other scientific purposes, the
471/2002 law on the use of the 37/2002 order
for protection of experimental animals and the
143/2002 order on instructions regarding the

form a pink cromophore with maximum ab-
sorbance at 549 nm. The normal values of ser-
um sialic acid: 1.41 — 2.15 mmol/l.

Age and sex have no influence on ser-
um sialic acid levels.

Results

The morphofunctional characteristics of
the experimental tumors obtained show a dis-
colored liver, friable, enlarged spleen, obvious
splenic follicles, discolored brittle kidneys,
lungs with congestive-hemorrhagic areas, en-
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Figure 2. Dynamic evolution of the tumor volume
(mouse with B16 melanoma)

larged tracheobronchial lymph nodes and mac-
roscopic lung metastases.

Tumors increased after a lag period up to
10 days. Tumor growth was recorded by measuring
the tumor’s diameters and calculating its volume.
The values obtained are presentedigure 2

Values are represented as an average of 5
determinations + /-SD. P was determined by
ANOVA test (p<0.001 was considered significant).

Determination of sialic acid in experi-
mental tumor growth dynamics

In the dynamic evolution of the tumor
volume experimental animals were sacrificed. Si-
alic acid was determined with the method presen-
ted, from serum obtained by cardiac puncture.
The data obtained are showrfFigure 3

The values are represented as an average
of 5 determinations + /-SD. P was determined by
ANOVA test (p<0.001 was considered significant).

Measurements performed dynamically cor-
related with increased levels of sialic acid. There
fore, there is consistency between tumor volume and
production of glycoproteins and sialic acid by tumo
cells, Pearson r factor is 0.96 . About 10 dayer aft
tumor cell injection in the right flank we could -ob
serve a progressive increase of sialic acid inlglara
with tumor volume. Values were very high at 42
days, which coincided with metastatic disease.
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Figure 3. Dynamic determination of sialic acid

(mouse with B16 melanoma)

In murine melanoma, sialic acid ap-
pears to be a useful marker in monitoring tumor
growth and development.

Determination of sialic acid in pa-
tients with malignant melanoma

The next step of the study was to meas-
ure levels of sialic acid in 25 patients (11 wo-
men and 14 men), mean age 46.7 years, divided
into two groups: 15 patients with metastatic dis-
ease and 10 patients with localized disease. The
15 patients with extensive disease had metastas-
is at various levels: lung, liver, lymph, skin.

We observed that in patients with local-
ized disease serum sialic acid levels were within
normal limits (with a mean value of 2.16 +/- 0.1
mmol/l), unlike the metastatic group that had el-
evated serum levels (with an mean value of 3.50
+/- 1.2 mmol/l). This observation suggests that si-
alic acid levels increase in metastatic disease and
are common in localized disease. Therefore, sialic
acid may be an indicator of metastatic disease but
cannot be used as a marker for early detection.

To support this idea, we exemplified in
two clinical cases. The sialic acid determination
was performed dynamically from diagnosis,
followingthe progression of the disease.

The first case wass that of patient ZA,
18 years, male, no other secondary diseases,
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Figure 4. Dynamic determination of sialic acid
(First case - Z.A., 18 years, male)

good performance status ECOG=0, good renal,
cardiac and hepatic function, good hematolo-
gical and biochemical balance, diagnosed in
March 2009 with malignant melanoma (histolo-
gically confirmed) of the torso and lymphatic
metastases. Sialic acid value at diagnosis was
2.4 mmol/l. The patient received extensive sur-
gery with lymph node dissection and chemo-
therapy with dacarbazine and cisplatin for 6
months. Evolution was favorable for 12
months, without signs of disease progression.
During this period we have observed a decrease
in the serum levels of sialic acid to a value of
1.8 mmol/l. At 18 months after diagnosis there
was a progressive increase of sialic acid levels.
After another 4 months the patient was dia-
gnosed with lung metastases by CT scan. At 24
months after diagnosis two liver metastases
were found. At this time the value of sialic acid
was 2.2 mmol/l. These dynamic values are rep-
resented irfFigure 4

The second case is that of patient VG,
53 years, male, no other secondary diseases,
good performance status, ECOG=0, good renal,
cardiac and hepatic function, good hematolo-
gical and biochemical balance, diagnosed in
December 2009 with malignant melanoma (his-
tologically confirmed) of the right arm and neg-
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Figure 5. Dynamic determination of sialic acid
(Second case - V.G., 53 years, male)

ative sentinel node. He underwent wide surgical
excision. Sialic acid value at diagnosis was 2.3
mmol/l; the value continued to grow, so that at
6 months after surgical excision sialic acid
value was 2.8 mmol/l. The patient was dia-
gnosed with enlarged right axillary lymph nodes.
Axillary lymph nodes dissection was performed.
The patient followed six series of PCT with da-
carbazine and cisplatin with favorable evolution.
The sialic acid remained constantly elevated for
18 months, from diagnosis until it began to grow
again. After 24 months the patient was already
diagnosed with multiple metastases of liver, lung,
skin and lymph nodes. At that moment the value
of sialic acid was 4.2 mmol/l. These dynamic val-
ues are representedrigure 5

In both cases we can see a very strong cor-
relation between sialic acid and disease progres-
sion, particularly the appearance of distant meta-
stases. This observation reinforces the idea ithat s
alic acid could be a marker of disease progression,
marking the the appearance of metastatic disease.

Discussions

Sialic acid has been shown to play im-
portant roles in a variety of biological processes
including cell adhesion, cellular recognition and
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regulation of glycoconjugates functions (33-
36). In melanoma cells, the involvement of sial-
ic acid residues in determining metastatic po-
tential has been well documented (31).

The levels of sialic acid, an acetylated de-
rivative of the neuraminic acid which is often fdun
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ney and spleen metastases. In human subjects we
can observe the same trend of increase in serum si-
alic acid when disease progression and distant
metastasis occurred. This correlation between
growth in tumor volume, the appearance of meta-
stases and increased sialic acid values seems quite

increased in neoplasm and are shed or secreted byfair. Unfortunately, the group of patients wastrela

tumor cells and thus are increased in blood (32).

Neuraminic sialic acids are 9-carbon sug-
ars typically found in the glycocalyx that taketpar
in the modulation of malignant cell behavior (37,
38). They are usually found as a terminal compon-
ent of different membrane glycoconjugates, such as
glycoproteins or glycolipids. Major examples are
mucins and gangliosides, both implicated in the
modulation of cell behavior (39, 40). The most
common sialic acids in mammals are N-acetyl-
neuraminic (NeuAc) and N-glycolylneuraminic
(NeuGc) acids. The only structural difference
between them is a single oxygen atom at the C-5
position of NeuGc catalyzed by the cytidine mono-
phospho-N-acetylneuraminic acid hydroxylase
(CMAH) (41). While NeuGc is expressed in most
somatic mouse cells, there is nearly no information
regarding its expression in mouse cancer tissues
(42). Few reports suggest a null presence of this
sugar in murine malignant cells (43).

Considering that most normal mouse
somatic cells are positive for the expression of
this gene, it is an interesting fact that malignant
cells lack such expression. Sialic acids are over-
expressed as part of gangliosides in several ma-
lignancies and their involvement in the malig-
nant cell behavior has been previously reported
(44, 45). The lack of expression of NeuGc in
mouse tumor cells suggests that the silencing of
the CMAH gene is an important step in the cell
transformation process in this species (42).

The results obtained in animal models cor-
relate quite well with those obtained in human sub-
jects. About 10 days after tumor cell injection in
the right flank, sialic acid values began to insesa
in proportion to tumor volume. Values were very
high after 42 days. These data correlated well with
the presence of numerous lung, liver, lymph, kid-

ively small, because the goal of our study was to
obtain a more homogeneous lot. Selected patients
have the same features of the disease, without ma-
jor variations to interfere and influence the rissul
Therefore, for more reliable results we need more
studies on larger groups of patients. Tumors trans-
planted in mice do not have the same characterist-
ics as human tumors, but the goal of translational
research is to extrapolate these data to human re-
search and translate laboratory results into elinic
practice. Therefore, in this study we used genetic-
ally pure lines of mice, specially designed in the
laboratory. The malignant tumors biology in exper-
imental animals is not identical to human cancer
biology. The malignant tumors of experimental an-
imals show a reduced capacity of spontaneous
metastasis compared to human ones. The growth
rate of cancers in animals is faster (adaptedeto th
life expectancy of the species). For this reason, e
trapolation of results to humans is not always pos-
sible. However, experimental animals research is
the only valid way of decoding the many processes
involved in the development and evolution of ma-
lignant tumors.

Determination of sialic acid is an older
method, but manageable for both doctor and pa-
tient. It is also inexpensive. Therefore, it could
be introduced into clinical practice.

Unlike genomic techniques that can be
performed only once at the time of tissue
sampling, sialic acid can be determined dynam-
ically. Being inexpensive and easily approach-
able, this technique could be used in monitoring
the evolution of malignant melanoma. Increas-
ing sialic acid levels may indicate disease pro-
gression and the presence of systemic disease.
It is interesting to note that in localized disease
sialic acid values stay within normal limits.
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Interestingly, considering the null ex-
pression of NeuGc in human somatic cells, the
expression of NeuGc-GM3 in some human tu-
mors was undoubtedly found. Yin et al. repor-
ted notable results supporting the idea that tu-
mor hypoxia could be one of the factors re-
sponsible for the presence of the non-human si-
alic acids, such as NeuGc, in human tumors.

In this study sialic acid value remains
constant throughout the duration of remission
of the disease or disease-free interval (40).
Thus, sialic acid cannot be used as a marker for
early detection of disease, namely the localized
disease. Increased levels have always coincided
with disease progression and distant metastasis.
In the case of the 2 patients the sialic acid
began to increase before the time of imagistic
diagnosis of distant metastases. This suggests
that it could be an early marker of distant meta-
stasis, indicating systemic disease.

A lot of studies revealed the possibility
that sialylation/desialylation of some relevant
molecules, such as tyrosinase itself and melano-
somal sialoglycoconjugates, participates in the
regulation of expression of melanogenic func-
tions. It may also be possible that the differing
extents of cell surface sialylation work as a sig-
nal for cell differentiation: cell surface sialic
acid expression has been shown to undergo
changes during normal melanocyte differenti-
ation (46). It is likely that further studies fo-
cused on sialoglycoconjugates will help elucid-
ate yet unidentified molecules that are involved
in melanocytic cell differentiation.

Since NeuGc-GM3 is a postulated tumor
antigen in human cancers development of NeuGc-
positive murine tumor cells, it allows the possibil
ity to evaluate cancer vaccines in animal models.

Conclusions

B16 melanoma cells are highly metastatic
and form colonies of tumor nodules in the lung.

In the present study sialic acid level
was drastically increased in the control meta-
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static tumor-bearing animals when compared to
normal animals. Higher levels of cell surface si-
alic acid have been previously shown to correl-
ate with the metastatic potential of tumor cells.

Determination of total serum sialic acid
would be more useful for diagnosis of advanced
melanoma stage and prognosis rather than for
early detection and screening.

The sialic acid could be a marker of the
metastatic disease, even before imagistic evid-
ence of distant metastases.

The sialic acid assay is more reliable,
less expensive, requires less technical sophistic-
ation, does not use radioactive reagents, and
would lend it to automations.

The clinical significance of sialic acid
measurement needs to be evaluated in a variety
of human malignancies.
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