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Abstract
In this study, we isolated different bioactive compounds and fractions
from Rapana venosa (RvH), Helix aspersa (HaH) and Helix lucorum (HlH)
and then we evaluated their in vitro antitumour activity on CAL-29 and T24 cell lines (transitional cell carcinoma). Also, we performed fluorescence
staining with propidium iodide to assess nuclear changes caused by molluscan
extracts. Briefly, our results have demonstrated antineoplastic activity of: subunit βc-HaH of H. aspersa hemocyanins to CAL-29 cell line, subunit βc-HaH
and subunit RvH II of R. venosa hemocyanin against T-24 cells. Also, fractions
from R. venosa hemolymph exerted significant cytotoxic activity against CAL29 cells. Furthermore, fluorescence microscopy results demonstrated chromatin
condensation and nuclear morphological changes which are typical for apoptosis
induction. We assume that the observed death of T-24 and CAL-29 cells is due
to the interaction between the oligosaccharide structures of the proteins on the
tumour cell membranes and the hemolymph from R. venosa, active components
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isolated from hemolymph of R. venosa, H. aspersa and H. lucorum, as well as
H. aspersa mucus.
Key words: urothelial carcinoma, molluscan, hemocyanins, antitumour
activity, nuclear changes

Introduction. Bladder carcinoma is the most common malignancy of the
urinary tract [1 ]. The most common type of bladder cancer is transitional cell
carcinoma (TCC), but other types of bladder cancer are also found occasionally,
including squamous carcinoma and adenocarcinoma. Approximately 75–85% of
patients with bladder cancer present with a disease that is confined to the mucosa (stage Ta, carcinoma in situ) or submucosa (stage T1). These categories
are grouped as nonmuscle invasive bladder cancer (NMIBC) [1 ]. In 30% of the
cases, they are presented as muscle-invasive disease associated with a high risk
of death from distant metastases. The high molecular heterogeneity of bladder
tumours is responsible for significant variations in disease course, as well as elevated recurrence and progression rates, thereby hampering the introduction of
more effective targeted therapeutics [2 ]. However, traditional therapy has several
drawbacks such as multidrug resistance, low selectivity, and toxicity to healthy
tissues associated with severe side effects.
It is known that stimulation with keyhole limpet hemocyanin (KLH) from
marine gastropod Megathura crenulata significantly reduced superficial bladder
cancer (SBC) recurrence frequency in TCC patients without any toxic side effects,
making it ideal for long-term repetitive treatments [3 ].
Hemocyanins (Hcs) are oligomeric copper-containing glycoproteins transporting the oxygen to many species of arthropods and molluscan [3 ]. They differ largely
in molecular masses (Mw), quaternary structures, carbohydrate content, and composition [3 ]. Some mollusk hemocyanins have been found to be natural and nonspecific immune-stimulating agents with highly immunogenic and antitumour effects [3 ]. In addition, the carbohydrate moieties present in molluscan hemocyanins
are considered responsible for their high immunogenicity [4 ]. The clinical success
of intravesical therapy of KLH to patients with bladder cancer based on assumed
expression of the disaccharide epitope Gal(β1-3) GalNAc, which are cross reactive
with an equivalent epitope on the surface of bladder tumour cells [5 ].
Our previous results showed that hemocyanins isolated from marine snail
R. venosa (RvH) and garden snails Helix lucorum (HlH) and Helix aspersa (HaH),
their isoforms and some functional units have antiproliferative effect on both bladder cancer cell lines CAL-29 and T-24, therefore the antitumour properties of HlH
are superior to KLH [6 ]. Furthermore, the cytotoxic effect of HaH was not limited
to bladder cancer cell lines only, but extended to human prostate and ovarian carcinoma, malignant glioma, Burkitt’s lymphoma, and acute monocytic leukemia
as well [7 ].
The recent study evaluated the in vitro antitumour activity of hemocyanins
RvH, HlH, HaH and their structural subunits, as well as the mucus of H. aspersa
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snails, in the HT-29 human colorectal carcinoma cell line. The result obtained for
the H. aspersa mucus is in agreement with the data reported by Matusiewicz et
al. [8 ], indicating that the application of extracts from lyophilized mucus and foot
tissues of H. aspersa decrease the viability of the colon cancer cell line Caco-2.
However, the potential antitumour effect of the snails’ mucus was poorly investigated. An in vitro study showed that snail slime from the H. aspersa maxima species showed antitumour activity against human melanoma cells [9 ]. Two
fractions of mucus of another snail, the giant African snail Achatina fulica, decreased viability of breast cancer cells (MCF-7) [10 ]. In turn, the mucus of Actinia
equina exhibited cytotoxic effect on human erythro-myeloid leukemia-derived cells
(K592) [11 ].
The purpose of this study is to evaluate in vitro antitumour activity of different bioactive compounds from Mollusca, such as RvH, HlH and HaH, two fractions
from hemolymph of R. venosa and one mucus fraction from H. aspersa, against
both bladder cancer cell lines CAL-29 and T-24, and to investigate morphological
alterations in the tumour cells.
Materials and methods. Isolation of bioactive compounds and fractions from Mollusca. Isolation of hemolymph and native hemocyanins from
H. aspersa, H. lucorum and R. venosa. The samples from hemolymph were collected after cutting the foot muscles of garden snails H. aspersa, H. lucorum and
marine snail R. venosa (living freely in the Black Sea), and purified by filtered
water and centrifuged at 10 000 × g and 4 ◦ C for 20 min for removal of rough
particles and hemocytes. The hemolymph samples from three snail species were
subjected to ultrafiltration under pressure (4 bar) on a 100 kDa membrane (Millipore Ultrafiltration Membrane Filters) of Amicon® Stirred Cell, which resulted
in two fractions – one fraction with Mw above 100 kDa to obtain hemocyanin,
and another fraction with Mw below 100 kDa.
The fractions with Mw above 100 kDa, containing mainly hemocyanins with
Mw ∼ 8000 kDa, were subjected to ultracentrifugation at 40 000 × g and 4 ◦ C for
about 180 min (with Kontron-Hermle A8.24 rotor, CENTRIKON centrifuge) to
precipitate the corresponding native Hcs, as described in [4, 7, 12, 13 ].
Isolation of two structural subunits from R. venosa Hc. The sediment containing the native RvH was solubilized at a concentration of about 10% in 50 mM
Tris buffer (pH 7.5) and was purified by gel filtration on column Sephadex G-200.
After dissociation of native RvH against 0.13 M glycine/NaOH buffer, pH 9.6,
the structural subunits RvH1 and RvH2 were separated on an ion-exchange chromatography by a 16/10 Q Sepharose High Performance column equilibrated with
50 mM Tris/HCl buffer and 10 mM EDTA (pH 8.5) with a linear gradient of
0.0–0.5 M NaCl by FPLC system [4 ].
Isolation of isoforms from H. aspersa and H. lucorum Hcs. The isoforms
structural subunits βc-HlH and βc-HaH from native H. lucorum and H. aspersa
Hcs were isolated and purified according to Georgieva et al. [4 ], Velkova et
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al. [13 ], and Antonova et al. [7 ]. Functional unit Fu5 βc-HlH was isolated after
hydrolysis of βc-HlH with low concentrations of trypsin (400:1), using a FPLC system with a Q Sepharose High Performance column. Several single functional units
(FUs) and mixture from two or three FUs were obtained in sufficient purity [13 ].
The isolated subunit βc-HaH was subjected to hydrolysis with trypsin in
ratio 50:1 and a proteolytic mixture after ultrafiltration on centrifugal filter units
30 kDa containing peptides, glycopeptides and polypeptides was obtained.
Isolation of bioactive fractions from the hemolymph of R. venosa. R. venosa
hemolymph with Mw below 100 kDa was separated by ultrafiltration in two protein fractions containing compounds with Mw between 10–50 kDa and Mw between 50–100 kDa. Disc membranes from ultracel regenerated cellulose (Ultrafiltration Membrane Filters, Regenerated cellulose, from 10 K, 50 K, and 100 K
MWCO Millipore® Corporation, Billerica, U.S.A.) were used for the processes of
ultrafiltration [4, 12 ].
Collection of H. aspersa mucus and isolation of bioactive fraction. The mucus
was collected and purified from H. aspersa snails, grown in Bulgarian farms using
patented technology without causing suffering to any snail [14 ]. After several
steps homogenization and purification also subject of patent, including filtration
and centrifugation for removal of rough particles, the crude mucus extract was
purified. After ultrafiltration using membrane filter (20 kDa) a fraction containing
compounds with Mw above 20 kDa was obtained from the crude mucus extract [14 ].
Cell culture and reagents. Two human malignant cell lines were used in
this study: CAL-29 and T-24 (urinary bladder transitional cell carcinoma). Both
cell lines (CAL-29 and T-24) were cultured as monolayers in Dulbecco’s modified
Eagle medium (DMEM; Lonza) and supplemented with 10% fetal bovine serum
(FBS; Lonza) and passaged by trypsinization. CAL-29 cells were maintained by
seeding out at ca. 1–2 × 106 cells/75 cm2 flask and splitting confluent culture 1:2
to 1:4 every 3–6 days using standard trypsin/EDTA solution. T-24 cells divide
faster and therefore they were kept in exponential growth by splitting confluent
culture 1:5 twice a week using standard trypsin/EDTA solution and seeding out
at ca. 1–2 × 106 cells/75 cm2 . Fluorescence microscopy was performed using
propidium iodide with product number 5135, (Tocris Bioscience). The yellow salt
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT reagent) was
purchased from Sigma-Aldrich.
Cell viability assay. The cell viability was evaluated by MTT assay. The
MTT method is a colourimetric assay, based on the biotransformation of the yellow dye 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide to a violet
formazan product via the mitochondrial succinate dehydrogenase in viable cells.
Briefly, cell lines (CAL-29, T-24) were seeded at a density 2 × 105 per ml in a 96
well plates. After 24 h, the cells were treated with each extract at the following
final concentrations: 250 µg/ml, 500 µg/ml, and 1000 µg/ml.
Cell line T-24 was exposed to the following samples: Subunits RvH I and
RvH II, subunit βc-HaH, FU of βc-HlH-f (Mw ∼ 50 kDa), trypsin hydrolysate of
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βc-HaH, βc-HaH tryptic hydrolysate, containing compounds with Mw < 30 kDa,
fraction from H. aspersa mucus with Mw > 20 kDa.
Cell line CAL-29 was exposed to the following samples: subunit RvH II,
fraction from R. venosa hemolymph with Mw between 10 and 50 kDa, fraction
from R. venosa hemolymph with Mw between 50 and 100 kD, subunit βc-HaH,
trypsin hydrolysate of βc-HaH.
For each concentration a set of 8 wells was used. After 48 h incubation
period, 10 µl MTT solution (10 mg/ml in PBS) aliquots were added to each well.
After that, the 96 well plates were incubated for 4 h at 37 ◦ C. The formed MTTformazan crystals were dissolved through addition of 100 µl/well 5% formic acid
in 2-propanol. The MTT formazan formation was measured using a microplate
reader (Labexim LMR-1) at 580 nm wave length.
Fluorescence microscopy, staining with propidium iodide. Propidium
iodide (PI) is a red-fluorescent agent, which strongly binds to DNA. In an aqueous
solution, it has a fluorescent excitation maximum of 493 nm (blue-green), and an
emission maximum of 636 nm (red). PI is not permeant to live cells and it binds
to the nucleic acids by intercalating between the DNA chains. Propidium iodide
staining is a widely used tool for apoptosis detection. Firstly, it was made as stock
solution in double-distilled water, with a concentration of 2 mg/ml. Afterwards, a
new solution, with a dilution 1:1500, was prepared from the starting stock. Cells
were seeded in a 24 well plate at a density 2 × 105 per ml. After 24 h incubation
at 37 ◦ C, cells were treated with the Rapana venosa and snail extracts at final
concentration of 500 µg/ml. Tests included the following samples: subunit RvH I,
fraction from R. venosa hemolymph, containing compounds with Mw between 10
and 50 kDa, subunit βc-HaH, subunit βc-HlH, functional unit 5 of βc-HlH (βcHlH-f), with Mw 50 kDa, fraction from H. aspersa mucus with Mw > 20 kDa.
Cells were incubated with the extracts for 24 h at 37 ◦ C and after that they
were harvested by trypsinization. Cell suspensions were spun on microscopic slides
using a centrifuge Hettich Rotofix 32A. Each probe contained 50 000 to 70 000
cells per 100 µl PBS and they were centrifuged at 1500 rpm for 5 min. After
centrifugation, slides were air-dried and afterwards, every slide was covered with
2 drops of the PI solution. Images of the probes were captured with OPTIKA
microscope and C-P6 Pro camera. The objective magnification was 40×.
Results. The hemolymph and mucus of mollusks are rich in various bioactive
compounds. The crude hemolymph from R. venosa, H. aspersa and H. lucorum
snails and mucus from H. aspersa were collected and purified as described by
Dolashka-Angelova et al. [12 ] and Velkova et al. [13 ]. Copper-containing glycoproteins hemocyanins with Mw about 8 MDa represent over 90% of proteins in
hemolymph. They not only act as oxygen transport proteins, but play a significant
role in immune therapies. Native RvH, H1H and HaH were isolated from a fraction
of hemolymph, containing a bioactive compound with Mw above 100 kDa [4 ].
After dissociation of the natural hemocyanin of R. venosa (RvH) by dialysis
against 0.13 M glycine/NaOH buffer, pH 9.6, two structural subunits, RvH I
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and RvH II, with Mw about 420 and 400 kDa, respectively, were purified by ion
exchange chromatography on a 16/10 Q high performance Sepharose® column [4 ].
Three structural subunits (βc-HaH, αD-HaH, and αN-HaH) with Mw ∼ 450 kDa
were isolated from HaH and HlH as described in [4, 7, 13 ].
After hydrolysis of βc-HlH with low trypsin concentration (400:1) functional
units with Mw ∼ 50 kDa were isolated on a Q Sepharose High Performance
column using FPLC system [13 ]. Functional unit βc-HlH-f was obtained with
sufficient purity [13 ]. After hydrolysis of βc-HaH with trypsin in a ratio of 50:1,
a proteolytic mixture containing peptides, glycopeptides and polypeptides of βcHaH was obtained. After ultrafiltration on 30 kDa centrifugal filter blocks, the
fraction containing βc-HaH hydrolysate with Mw < 30 kDa was obtained.
The mucus collected from the foot of H. aspersa snails was purified after
filtration and centrifugation of the crude mucus extract. The fraction with Mw
above 20 kDa is obtained by ultrafiltration as described by Dolashki et al. [14 ].
Using the above methods, the following samples containing bioactive compounds
were obtained: subunits RvH I and RvH II, fraction of hemolymph of R. venosa
(Mw 10–50 kDa) and (Mw 50–100 kDa), subunits βc-HaH, βc-HlH, FU βc-HlH-f
with, trypsin hydrolysate of βc-HaH, with Mw < 30 kD, fraction from H. aspersa
mucus with Mw > 20 kDa.
The expression of proteins in the various samples is represented in the 12.5%
SDS-PAGE (Fig. 1). Both fractions from R. venosa hemolymph with Mw 10–
50 kDa and Mw 50–100 kDa, βc-HaH tryptic hydrolysate with Mw < 30 kD, and
total trypsin hydrolysate of βc-HaH, FU βc-HlH-f and a mucus extract from H. aspersa were analyzed by SDS-PAGE with the Mw marker ranging from 250 kDa
to 10 kDa [15 ]. All tested isoforms of hemocyanins (RvH I, RvH II, βc-HaH, and
βc-HlH) were analyzed by 8% PAGE under native conditions, as described by
Georgieva et al. [4 ].
Fig. 1. 12.5% SDS-PAGE analysis, visualized
by staining with Coomassie G-250, position:
1) Mw of standard proteins from Bio-Rad;
2) βc-HaH tryptic hydrolysate, containing compounds with Mw < 30 kDa; 3) Functional unit
βc-HlH-f with Mw ≈ 50 kDa; 4) trypsin hydrolysate of βc-HaH; 5) fraction from R. venosa
hemolymph with Mw 10–50 kDa; 6) fraction from R. venosa hemolymph with Mw 50–
100 kDa; 7) fraction from H. aspersa mucus
with Mw > 20 kDa
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Glycosylation is one of the most important post-translational modifications
of proteins, which has a decisive effect on their structures and functions. It is
an important parameter in the optimization of many drugs based on glycoprotein
and monoclonal antibodies. Screening with orcinol/H2 SO4 test on a silica gel
plate showed a change in colour in all samples of the control water fraction. The
test confirmed that all obtained samples are glycosylated. The subunits RvHI,
βc-HaH, and βc-HlH have a higher carbohydrate content than other samples, but
also show that the Rv50-100 fraction is richer in glycoproteins compared to the
fraction Rv10-50 isolated from the hemolymph of R. venosa.
Cell viability reduction (MTT-assay). Cell viability and growth inhibition of urothelial carcinoma cells are presented in Fig. 2. CAL-29 and T-24 cell
lines were incubated with the extracts for 48 h at 37 ◦ C. T-24 cell growth was
reduced the most by subunit βc-HaH with 75% and by subunit RvH II, isolated
of native R. venosa hemocyanin with 67%. CAL-29 cell growth was significantly
reduced with 81% and 82%, respectively, by treated with both fractions from
R. venosa hemolymph, containing compounds with Mw 10–50 kDa and with Mw
50–100 kDa. Also, cell viability of CAL-29 cells was reduced with 66% by subunit
βc-HaH.

Fig. 2. Concentration dependent growth inhibition of T-24 and CAL-29 cancer cells
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CAL-29 cancer cells

T-24 cancer cells

Fig. 3. Fluorescent microscopy of nuclear changes in CAL-29 and T-24 cancer cells after
staining with propidium iodide. The objective magnification is 40×. Cells were treated with
the extracts at the final concentration of 500 µg/ml for 24 h
CAL-29 cells.
(A) untreated control,
(B) fraction from H. aspersa (Mw > 20 kDa),
(C) fraction from R. venosa hemolymph
(Mw 10–50 kDa), (D) subunit βc-HlH,
(E) FU βc-HlH-f, (F) RvH I

T-24 cells. (A) untreated control, (B) fraction from H. aspersa mucus with Mw >
20 kDa, (C) subunit βc-HaH, (D) subunit
RvH I

Nuclear changes as estimated by staining with propidium iodide.
Fluorescence microscopy data for CAL-29 and T-24 cells are presented in Fig. 3.
Chromatin condensation, nuclear shrinkage and fragmentation were observed in
all treated CAL-29 urothelial carcinoma. Strongest nuclear fragmentation was
induced by the subunit RvH I.
Discussion. Our assumptions about the observed effect of hemocyanins
and their isoforms to tumour cell lines T-24 and Cal-29 are probably related
to the glycosylated proteins located on the membranes of tumour cell lines and
the glycans located on the surface of hemocyanins. In general, the most widely
occurring glycosylation modifications in cancer stem from alterations in glycan
length, often toward shorter O-glycans and more branched N-glycans [16 ]. The
most challenging aspect in bladder cancer management stems from its highly
heterogeneous nature, irrespectively of disease stage [16 ]. In the last years bladder cancer glycobiology has disclosed a plethora of cancer-specific glycans and
glycoconjugates (glycoproteins, glycolipids, proteoglycans) accompanying disease
progressions and dissemination [2 ]. The most frequently described cancer-related
glycosylation modifications include the synthesis of highly branched and heavily sialylated glycans, the premature termination of biosynthesis, resulting in the
expression of short-chained forms, and the expression de-novo of glycosidic antigens of foetal type [17 ]. Cancer-associated glycans seem to be implicated in the
activation of oncogenic pathways, establishment of tumour-tolerogenic immune responses and in epithelial-to-mesenchymal transition, a crucial milestone towards
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invasion and metastasis. Therefore, many glycoepitopes, and their related glycosidases/glycosyltransferases, can be considered relevant tumour-associated antigens [18 ], with possible clinical significance in bladder cancer [2 ].
It is known that glycan structures of molluscan Hcs are highly heterogeneous
and consist mainly of mannose-rich N-glycans as well as N-mixed carbohydrates
with fucose, galactose, GlcNAc as well as MeHex and Xyl residues that are not
found in mammals [19 ]. The carbohydrate structures of two isoforms of RvH and
βc-HlH are well characterized by various mass spectrometric methods and techniques. In previous studies, oligosaccharides and their binding sites to RvH I and
RvH II by mass spectrometry were presented. Characteristic for RvH I and RvH II
are oligosachadide strucures mainly from high mannose and complex type as well
as a new type N-glycans with an internal Fuc-residue, binding one GalNAc (β1-2)
and one hexuronic acid [20 ]. A previous study revealed a highly heterogeneous
mixture of glycans with composition Hex3-7 HexNAc2-5 MeHex0-4 Pent0-1 Fuc0-1 in
carbohydrate structure of βc-HlH. Characteristic of βc-HlH is the presence of
mono- and bi-antennary N-glycans as well as hybrid type structures with or without core-fucosylation. The oligosaccharide chains are mostly modified at the inner
core by β1-2-linked xylose to β-mannose, by α1-6-fucosylation of the innermost
GlcNAc residue and by methylation. The glycans of βc-HlH possess a high degree
of methylation (mainly contain a terminal MeHex residue) in some cases even two,
three or four of these residues occur.
Our previous studies on the structural models of the functional units of RvH II
and βc-HlH [20 ], showed that glycosylated sites and oligosaccharide chains are
exposed on the surface of FU. The involvement of N-glycans in the antitumour
properties of hemocyanins has been suggested based on shared glycan epitopes between KLH and tumour cells, which induce cross-reactive antibodies and promote
cellular cytotoxicity against bladder carcinoma [5 ].
Conclusion. In this study, we demonstrated the antineoplastic activity of
the subunit βc-HaH against CAL-29 cells; the subunit βc-HaH and the subunit
RvH II against T-24 cells. Additionally, we showed the antitumour properties
of hemocyanin structural compounds (subunits) as compared to previous studies that revealed the antineoplastic activity of the whole hemocyanin structure.
Noteworthy, both fractions from R. venosa hemolymph, containing compounds
with Mw between 10 and 50 kDa and Mw between 50 and 100 kDa were shown to
exert significant cytotoxic activity against CAL-29 cells. Fluorescence microscopy
results demonstrated chromatin condensation and nuclear morphological changes
which are typical for apoptosis induction. Our assumptions are that the observed
death of tumour cells might be due to the interaction between the oligosaccharide structures of the proteins on the tumour cell membranes and the hemolymph
from Rapana venosa, as well as active components isolated from hemolymph of
R. venosa, H. aspersa, H. lucorum, and H. aspersa mucus. It can be concluded
that isolated hemocyanin structural compounds may contrubute to the intravesical treatment of patients with non-invasive urothelial carcinoma.
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