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ABSTRACT

Objective: Abnormal glycosylation is a universal aspect of cancer cells. The altered glycosylation pattern has been originated
from changings in expression of glycosylation enzymes which are up-regulating in reply to some oncoproteins in the
biosynthetic pathway of glycans. In this study, it was aimed to show the presence of terminal a-2,3, a-2,6 sialic acid and
a-1,6/a-1,2 fucose motifs in TPC-1 papillary thyroid cancer cells. Also it was aimed to examine the changes in viability and
mobility of the cells after exogenously specific lectin treatment.

Materials and Methods: In this study, the presence of terminal sugar residues in glycan chains on the cell surface was
demonstrated using lectin histochemistry and lectin blotting techniques in TPC-1 cells. The changes in the cell viability and
proliferation after lectin treatment were assessed using the WST-1 test. The Changes in the cell mobility after lectin treatment,
however, were assessed using the wound healing test.

Results: a-2,3, a-2,6 sialic acid and a-1,6/a-1,2 fucose motifs were widespread in the surface of TPC-1 cells. MAL-Il (Maackia
amurensis Lectin ) treatment increased the cell proliferation and mobility of TPC-1 cells. Although SNA (Sambucus nigra
Aglutinin) and AAL (Aleuria aurantia Lectin) treatment did not significantly affect the cell proliferation, SNA and AAL treatment
supported the mobility of TPC-1 cells.

Conclusion: Lectin treatment affect cancerous properties differently depending on the cell type. Also lectin treatment can
support the malignant behaviour of cancer. For this reason, it is necessary to understand the mechanisms of the lectin effect
on the cancer cells.

Keywords: Papillary thyroid cancer, lectin treatment, glycosylation

INTRODUCTION percentage of 40-60% and RET at 20% respectively.
The gene product of BRAF is known to involve in
the MAPK/ERK signalling a pathway which plays an
important role in various cellular processes such as
cell division, differentiation and secretion. BRAF is a
serine/threonine (S/T) kinase and activated by somatic
point mutation occurs in S/T domain (V600E) and the

mutated form receives a mitogenic signal from RAS

Thyroid carcinoma is one of the highly malignant
disease that originates from endocrine glands.
Thyroid gland consists of follicular and parafollicular
(C cells) cells. There are 4 histological types of
thyroid carcinoma; Papillary, follicular, medullary
and anapylastic. Medullary carcinoma are originated
from parafollicular C cells and the others are from

follicular cells (1). This classification is characterized
by mutations leading to an increase in cellular
proliferation and differentiation (2). Papillary thyroid
carcinoma (PTC) is the most common human thyroid
cancer with incidence of 80% (3). The most common
genetic mutations seen in PTC are BRAF and RET at the

and transmits it to the MAP kinase pathway (4). The
BRAF mutation is thought to be the key mutation
for the treatment of thyroid carcinoma and for the
diagnosis of aggressive PTC (4, 5). Another mutation
seen in PTC is the telomerase reverse transcriptase
(TERT) gene. It plays an important role in activity of
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telomerase enzyme during malignant transformation of cells
(6, 7). The nucleotide of 1.295.228 C on the 5th chromosome
expressing this enzyme is replaced by the T nucleotide (C228T)
and the 1.295.250 C nucleotide is replaced by the T nucleotide
(C250T). Aberrant expression of TERT causes cell proliferation
without changing the length of telomerase in human (8, 9).

Glycosylation is a posttranslational or cotranslational
modification required in many proteins to perform many
cellular functions. Glycan chains linked to proteins plays role in
physiological processes such as intracellular protein trafficcing,
signal transduction, cell-cell interaction, cell-extracellular
matrix (ECM) interaction, differentiation (10). Also it has an
important role in the pathophysiological processes (11).
Glycoconjugates are glycosylated biomolecule groups and
they have been shown to take part in the development and
progression of cancer (12). Additionally, cancer-associated
glycoconjugates in blood serum and tissues are used as a
marker for determining the progression of the disease (13).
Altered or aberrant glycosylation is a common pathological
processes in the various type of cancers. This processes is
performed by many glycosylation enzymes, which participate
in the biosynthetic pathways of glycans, up-regulated in reply
to some oncogenic proteins (14). Changes in the expression of
these kind of enzymes induce differences in the synthesis of the
glycan chains found in membrane glycolipids and glycoproteins
(15). This phenomena are also observed in the processes such
as embryogenesis, regeneration and inflammation (16).

In the present study, we aimed to examine the existence of
a-2,3, 0-2,6 sialic acid and a-1,6/ a-1,2 fucose motifs, which
are common terminal sugars of several cancers. In addition,
we aimed to show the possible effects of the lectins having
binding ability to terminally located a-2,3 sialic acid, a-2,6 sialic
acid a-1,6/a-1,2 fucose motifs on cell viability/proliferation
and mobility.

MATERIALS AND METHODS

Cell Culture

TPC-1 cells were cultured at 37°C with 5% CO, at 1 atmospheric
pressure in Dulbecco’s modified Eagle medium (DMEM)
containing 10% fetal bovine serum (FBS) and antibiotics (100
U/mL penicillin ve 100 pg/mL streptomycin). Firstly, cells with
sufficient density were washed with sterile PBS (Phosphate
Buffered Saline) without calcium-magnesium. The cells were
removed from petri dish with 2.5% sterile Trypsin-EDTA
(Ethylene Diamine Tetraacetic Acid). For freezing of the cells,
the freezing medium prepared with 90% FBS and 10% was used
and transferred to -152°C for periodic storage.

Cell Surface Lectin-Fluorescent Staining

The aim of this method is to determine a-2,3 and a-2,6 sialic
acid and o-1,6/a-1,2 fucose motifs on TPC-1 cell surface. For
this purpose, 25.000 cells were transferred to each well of 24-
well plate with 12 mm diameter sterile coverslip. The cells with
sufficient density were rinsed with HEPES (pH 7.5) and then
the cells fixed in 4% paraformaldehyde (pH 7.2) for 10 min in
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a 37°C incubator. After washing, the cells incubated in HEPES
containing 50 mM ammonium chloride (NH,Cl) for 5 min and
blocked with BSA for 10 min. The sugar residues on the cell
surfaces were labelled with 2.5 pg/ml biotinylated MAL-Il, SNA
and AAL (Vector Lab. UK) lectins for 1 hour at room temperature
and then cells were incubated with Cy3-conjugated Streptavidin
(ThermoFisher-Scientific, USA) and ProLong Gold antifade
reagent (ThermoFisher-Scientific, USA) with DAPI which was
used to distinguish the nuclei of the cells. To check out lectin
binding specificity, two negative control were designed
namely, untreated and inhibitory sugars (MAL-lI/3'sialillactose,
SNA/6'sialillactose, AAL/L-fucose) groups. Lectin binding
activity in the surface of the cells were observed with an epi-
illuminated fluorescence microscope (Nikon, Eclipse-Ti-U) and
photographed with a camera (Nikon, DSRi1).

Lectin Blotting

Membrane Protein Extraction Kit (ThermoFisher-Scientific,
USA) was used for the isolation of membrane proteins. The
cells were harvested from the flask with the cell scraper and
centrifuged at 3000g. Membrane proteins were obtained
following the instructions of the product manual. The amount
of the proteins was determined using the Bradford protein
determination method and 30 pg/ml membrane protein
samples were loaded in each well of 4-12% Bis-tris gradient
acrylamide gel. The electrophoretically separated proteins in
the gel were transferred onto nitrocellulose membrane using
Novex iblot gel transfer system (ThermoFisher-Scientific, USA).
After transferring step, the membrane was incubated in Tug/ml
biotinylated MAL-Il, SNA and AAL lectins at room temperature
for 1 hour. The biotinylated lectins were labelled by incubating
cells with 2 pg/ml HRP-conjugated Streptavidin in PBST
(Phosphate buffered Saline-Tween 20) at room temperature for
1 hour. After that, cells were washed with PBST and the lectin
specific sugar motifs on the cell surface were visualized by the
gel imaging system (KODAK Gel Logic System 1500) using the
Novex ECL HRP Chemiluminescent Substrate Reagent Kit.

Cell Viability and Proliferation Assay

In order to investigate the effect of MAL-Il, SNA and AAL
unconjugated lectins on the viability of TPC-1 cell lines, WST-1
test was performed with 50.000 cells per well of 96 well plates.
The cells treated with the lectins in doses ranging from 0,001 to
1uM for 24 and 48 hours and, 10ul WST-1 reagent was treated to
these cells and incubated in a 37°Cincubator for 30 minutes.The
plate was stirred for 60 min in a shaker and the absorbance at
440nm were taken using pQuant plate reader (BioTek, Vinooski,
VT). Cell viability and proliferation data obtained from three
independent experiments and performed in triplicate wells.

Wound Healing Assay

According to the data obtained from the cell viability test, two
different doses which do not cause any increase in the number
of cells were selected for each lectin and used in the wound
healing test in order to investigate the effects of the cells on
the cell mobility. TPC-1 cells were seeded on 6-well plates in
certain numbers. When the cells reached a density of 70-80%,
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a wound model was created by carefully drawing horizontal
and vertical lines with 200 pl pipette tip to the bottom of the
wells. Unconjugated lectins were treated to the wound model
for 24 and 48hours and wound width was measured with NIS-
Elements D 3.1 software after at 0, 24 and 48 hours. Using the
data obtained, the percentage of wound width was calculated
in terms of the formula; Wound width % = (Wound width at 24
or 48h)/(Wound width at 0Oh) x100.

Statistical Analysis

Statistical analysis were made using SPSS software. The paired
comparisons of the parameters with the control groups were
performed using the t-test. ANOVA analysis and Tukey postoc
test were used for multiple comparisons. Microsoft Excell
program was used to draw graphics.

RESULTS

Terminal Sugar Residues of TPC-1 Cell Surface

In order to show a-2,3, a-2,6, terminal sialic acid and a-1,6/a-1,2
terminal fucose motifs on cell surfaces, MAL-Il, SNA and
AAL lectins specific for these motifs were used respectively.
Fluorescent intensities were obtained from lectin staining study
with biotinylated lectins and Cy3-streptavidin. The presence of
a-2,3 and a-2,6 sialic acid and a-1,6/a-1,2 fucose motifs were
evident on the cell surface of TPC-1 cells. However, a-2,3 sialic
acid and a-1,6 fucose motifs were significantly higher than
a-2,6 sialic acid motifs (p<0.001) (Figures 1A and 1B). The data
obtained from lectin blotting studies showed that there were
terminal a-2,3 and a-2,6 sialic acid and a-1,6/a-1,2 fucose
sugars in the membrane proteins of TPC-1 cell. The membrane
glycoproteins glycosylated with terminally a-2,3 sialic acid
in TPC-1 cells were ranging from 40 to 80 kDa. Its terminally
a-2,6 sialillated membrane glycoproteins were ranging from
20 to 110 kDa. Its terminally a-1,6/a-1,2 fucosylated membrane
glycoproteins, however, were ranging from 30-160 kDa (Figure
1C). Although a-2,6 sialilation was weaker than the others when
considering SNA fluorescent density in TPC-1, a-2,6 sialilated
membrane glycoproteins more diverse than the other sugar
glycosylation when considering lectin blotted membranes
(Figures 1A-C).

Effects of Lectins on TPC-1 Cell Viability

When TPC-1 cells treated with MAL-Il lectin for 24 hours, the
cell viability of TPC-1 cells increased in a dose dependent
manner at doses among 0.001 and 0.05puM. However, the
cell viability decreased in dose dependent manner at doses
among 0.05-1pM. On the other hand, no significant changes
were observed in the cell viability of SNA and AAL lectins 24h
treated groups in TPC-1 cells at the dose range of 0.001-1uM
(Figure 2A). The results of 48h SNA and AAL lectin treatment in
TPC-1 cells at the dose range of 0.001-1uM were not similar to
the findings those of 24h SNA and AAL lectin treatment (Figure
2B). Some significant fluctuations in the viability of TPC-1 cells
were observed in 48h SNA lectin treatment. A statistically
insignificant 38% increase was observed in the 0.1 uM dose
compared to the control. However, the viability of SNA treated
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TPC-1 cells decreased in dose dependent manner. AAL lectin
treatment to TPC-1 cells at a dose range of 0.001-1uM for 24
hours increased the cell viability in dose dependent manner
up to 25%. It was found that the increase in the viability of
these cells was statistically significant at 0.5, 0.1, 0.25 (p<0.05)
and 0.5uM (p<0.01) (Figure 2B).

Effects of Lectins TPC-1 Cell Mobility

Increased cell mobility was observed in both 0.001 pM and
0.005 pM doses in 24h and 48h MAL-Il lectin treated TPC-1 cells.
A significant enhancement in cell mobility was monitored,
especially at the concentration of 0.001uM. The wound closure
was quicker than untreated control cells (p<0.001). There was
also a statistically significant increase at MAL-Il concentration
of 0.001uM in 48h treatment (p<0.05). Insignificant increase
in cell mobility were observed in 48h treatment of MAL-Il at
0.005puM concentration when compared to control (Figure 3).
24h and 48h SNA lectin treatment for the doses 0.005 uM and
0.01uM augmented the cell mobility of TPC-1 cells in a dose-
dependent manner. However, this increase is only statistically
significant at 48 hours at a concentration of 0.005uM (p<0.05)
(Figure 4). A statistically significant increased cell mobility was
observed in both concentrations of 0.001 uM and 0.005uM AAL
for 24h treatment (Figure 5). The closure was quicker in both
doses of AAL than the untreated control group (p<0.05). Overall
results of MAL-Il treatment suppressed wound closure of TPC-1
cells at all doses tested when compared to untreated control.
The wound width of 24h and 48h lectin treated cells were
narrower than that of untreated control with various statistical
significances.

DISCUSSION

Recent studies have shown that most of the lectins have
anticarcinogenic feature. This fact generally occurs when lectins
link to glycan chains in the tumor cell membrane to produce
various effects. Mechanical details are not yet known, but
there are so many pieces of evidence that lectins may inhibit
or activate protein function by binding to glycan chains of
glycoproteins in different cellular compartments (17). Thus, the
lectin interaction in different cellular compartments can give
rise to some toxic effects such as decrease in protein synthesis
or cell death stimulation.

Our results pointed out that MAL-Il treatment to TPC-1 cells,
which are papillary thyroid cancer cell line, increased the
cell proliferation at the dose range of 0.001-1uM. Similar
to our findings PNA, which is peanut lectin and recognizes
GalB-1,3GalNAc (TF-antigen) motifs, had also been shown
to have a proliferative effect on HT29 colon cancer cells (18,
19). MAL-Il treatment at the concentration range of 0.8-8 uM
demonstrated to induce apoptosis in lung cancer cell lines
(20). Chen et al., (2009) showed that sialic acid specific PCL
lectin purified from Phaseolus coccineus plant was highly
toxic on L929 fibrosarcoma cells. As a result of this toxic
effect, apoptotic death in the cells was more dominant but
they also observed that it stimulated necrotic death (21).
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Figure 1. Alpha-2,3/2,6 sialic acid and a-1,6/a-1,2 fucose motifs in the cell surface of human papillay thyroid carcinoma cell lines TPC-1.
The fluorescent micrographs of cell surface lectin binding assays and their inhibitory sugar controls (A) and the surface fluorescence
intensity of the cells after biotinylated MAL-Il, SNA and AAL lectin-staining (B) and the membrane glycoprotein profile having MAL-II,
SNA and AAL affinities in the membrane protein fraction of TPC-1 cells blotted on nitrocelluse membrane. The detected bands display
the specific glycosylation status (a-2,3, a-2,6 sialic acid and a-1,6/a-1,2 fucose residues) of membrane glycoproteins of TPC-1 cells (C).
Fluorescence intensity data are represented as the mean=SD. Asterisc (***) shows significance (p<0.001) compared to one another. The

Similarly, mannose binding lectin acquired from Sophora
flavescens had a toxic effect on Hela cells and it caused
apoptotic and necrotic death (22). ACA lectin acquire from
Amaranthus caudatus plant can bind to TF-antigen motifs
same as PNA (23, 24) and it was found to significantly increase
the proliferation of HT29 colon cancer cells (25). Based
on our results, consumption of plant nutrients or extracts
containing a-2,3 sialic acid binding lectins seems unfavorable
for the papillary thyroid cancer patients. Because lectins are
protein or glycoprotein nature and they are protected from
gastrointestinal proteolysis and they can enter the circulatory
system. The researchers reported that bioactive PNA lectin
reached an average serum concentration of 50 nM after 200
gr of peanut consumption (26).
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The researchers stated that decrease in invasive character
of melanoma cells after MAL-Il treatment was originated
from increased a-2,3 sialic acid motifs of podoplanin which
is extracellular domain of the mucin receptor. Podoplanin is
also responsible for invasiveness of melanoma cells (27). In
another study, it was found that only 1 unit of a531 integrin
in melanoma cells was decorated with a-2,3 sialic acid
residues and MAL-Il lectin treatment gave rise to a significant
reduce in the mobility of cells. MAL-Il lectin treatment
revealed better results than SNA lectin treatment, which
have affinity to a-2,6 sialic acid, in the matter of suppressing
melanoma cell mobility (28). In addition, MAL-Il and SNA
lectin treatment to 8505C anaplastic and K1 papillary thyroid
cancer cells has been shown to be effective in suppressing
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Figure 2. MAL-II, SNA and AAL treatments affect on the survival of human papillary thyroid carcinoma cell lines TPC-1. Changes in the cell
viability in 24h (A) and 48h lectin treatment (B) at doses among 0.0001-1uM. The data are represented as the mean=SD. Asteriscs (*/*¥)
show significance (p<0.05/p<0.01) between treated and untreated groups.
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Figure 3. MAL-Il treatment affects on the mobility of human papillary thyroid carcinoma cell line TPC-1 and, 0.001 and 0.005uM MAL-II
treatments augmented the cell mobility of TPC-1 cell. Wound width percentages are represented as the mean+SD. Asteriscs (*/***) show
significance (p<0.05/p<0.001) between treated and untreated groups.
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Figure 4. SNA treatment affects on the mobility of human papillary thyroid carcinoma cell line TPC-1 and, 0.005 and 0.01TuM SNA
treatments enhanced the cell mobility of TPC-1 cell. Wound width percentages are represented as the mean+SD. Asterisc (*) shows

cell migration. However, it has been demonstrated that
AAL treatment increases the mobility of 8505C cells. It has
been also shown that MAL-Il and SNA treatment to FTC-133
follicular thyroid cancer cells increases cell mobility (29). Our
findings have been pointed out that MAL-ll, SNA and AAL
lectin treatment significantly increase cell mobility on TPC-
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1 papillary cancer cells. Although limited number of study
have been focused on the effects of lectins related to cell
mobility, overall findings have indicated that lectin treatment
can affect cell mobility differently depending on the cancer
types and even depending on the cancer cell types. It can
be suggested that lectin effect comes out in cancer cells
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Figure 5. AAL treatment affects on the mobility of human papillary thyroid carcinoma cell line TPC-1 and, 0.001 and 0.005uM AAL
treatments increased the cell mobility of TPC-1 cell. Wound width percentages are represented as the mean+SD. Asteriscs (*/**) show
significance (p<0.05/p<0.01) between treated and untreated groups.

with respect to which cell surface proteins will decorate
themselves with the altered sugar chains. Therefore, further
studies with a mechanistic perspective should consider
glycosidic modifications of membrane proteins.

CONCLUSION

In this study, we examined the effects of lectins targeting to
cell surface glycosidic phenotype of papillary cancer cells.
Particularly, it was found that the MAL-Il treatment supported
the aggressive features of the cancer cells. Despite the studies
demonstrating the anticancer properties of some lectins, our
study have pointed out that lectins can support the poor
prognosis of cancer. Also, the present study underscores the
need for investigation about the effects of lectins on cancer
cells in further details. Because, the nutritional plants contain
lectins and they pass through the digestive system without
being broken down by proteolytic enzymes and pass into the
bloodstream. Therefore, this situation can be considerable for
cancer patients. That is why studies on the identification of
lectins found in nutritional plants and how they affect cancer
cells are of great importance.
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