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Abstract

Cancer remains a significant global health concern, necessitating the search
for new effective and safe anti-cancer agents. Natural products derived from
plants and animals, including mollusks like snails, have gained attention as
potential sources of novel anti-cancer compounds. Haemocyanins (Hcs), large
copper-containing glycoproteins involved in oxygen transport in mollusks, have
shown promise as anti-cancer agents. This study focuses on evaluating the in
vitro anti-tumour efficacy of bioactive substances obtained from the hemolymph
of the garden snail Heliz aspersa on various human cancer cell lines representing
different types of cancer. The results demonstrate that certain hemocyanin
subunits from H. aspersa exhibit cytotoxic activity comparable to cisplatin, a
widely used chemotherapy drug. Additional assays confirm the cytotoxic effects
of the tested substances on cancer cells. The study underscores the potential
of natural compounds from H. aspersa as alternative therapeutic agents for
cancer treatment, while highlighting the need for further investigation. The
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identification of specific proteins responsible for the observed anti-proliferative
effects in the mucus of H. aspersa provides insights for the development of novel
cancer therapies.
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Introduction. Cancer remains a major global health problem and despite
advances in therapy, the search for new effective and safe anti-cancer agents re-
mains a priority in medical research. In recent years, natural products derived
from plants and animals have attracted much attention as potential sources of
novel anti-cancer agents. In particular, mollusks, such as snails, have been shown
to produce a variety of bioactive compounds with diverse properties, including
anti-tumour and immunomodulatory activities. The snail mucus consists of com-
plex multi-component mixtures containing a variety of biochemical and pharma-
cologically active substances with diverse masses and properties.

One class of compounds with promising anti-cancer activity that has been
isolated from snails is hemocyanins (Hes) [*#]. Hemocyanins are large, copper-
containing glycoproteins that are involved in oxygen transport in mollusks. They
vary in molecular masses, quaternary structures, carbohydrate content, and com-
position. Some hemocyanins from mollusks have significant immunological and
anti-tumour potential. Our previous studies have demonstrated that isoforms and
functional units of hemocyanins from Heliz lucorum (HIH) (previously called Helix
vulgaris (HvH)) and hemolymph fraction with molecular weight 50-100 kDa from
Rapana venosa have anti-tumour activity and immunological properties [576]. In
particular, HIH and Heliz aspersa (HaH) hemocyanins have been shown to have
an anti-proliferative effect on CAL-29 and T-24 bladder cancer cell lines. The
anti-tumour properties of HIH were found to be superior to keyhole limpet haemo-
cyanin (KLH) investigated in clinical studies as a potential therapy for bladder
cancer [9].

Some hemocyanins from molluscs have significant immunological and anti-
tumour potential [* 12]. Research on snail mucus has established its antimicrobial
properties and efficacy in wound healing, both in vitro and in clinical studies
[13715]. However, the potential anti-tumour effect of snail secretion was poorly
investigated until recently. An in vitro study showed that snail slime from the
Heliz aspersa maxima species could not only treat melanogenesis but also provide
anti-tumour activity against human melanoma cells ['°]. Two fractions of mucus
of another snail, the giant African snail Achatina fulica, decreased the viability of
breast cancer cells (MCF-7) ['7]. In turn, the mucus of Actinia equina exhibited
a cytotoxic effect on human erythromyeloid leukemia-derived cells (K592) [*%].
Extracts from tissues of H. aspersa were also shown to possess anti-cancer activity
against breast cancer cells (Hs578T) [*]. Recently, the influence of extracts from
mucus and their fractions of different molecular weights on the viability of Caco-2
cells have been evaluated [*°].
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The objective of this study is to assess the in vitro anti-tumour efficacy of
bioactive substances obtained from the hemolymph of H. aspersa, a garden snail.
The evaluation is performed on a diverse range of human cancer cell lines origi-
nating from different types of cancer. Specifically, MDA-MB-231 and MCF-7 cells
represent human breast cancer, A549 and H1299 cells represent lung cancer, HeLa
cells represent cervical cancer, A375 cells represent skin cancer, and SCC-9 cells
represent head and neck cancer. These cell lines not only possess varied origins
but also exhibit distinct genetic profiles.

Materials and methods. Cell cultures. All of the cell lines were obtained
from ATCC, LGC Standards and cultivated in conditions of 5% CO4 at 37°C. To
all basic growth media, 10% fetal bovine serum (Thermo Fisher Scientific) and
penicillin-streptomycin (Thermo Fisher Scientific) were added. Basal mediums
and some important characteristics of each human cancer cell lines used in this
study are summarized in Table 1.

Table 1

Cell line Basal medium Origin and basic characteristics
MDA-MB-231 | Leibovitz’s L-15 Medium | Triple-negative breast cancer cell line which is
characterized by lack of expression of estrogen
(ER), progesterone (PR) and human epider-
mal growth factor receptors (HER2). The cells
expressed mutated TP53 gene and functional
inactive p53 protein.

MCF-7 Eagle’s Minimum Essen- | Breast cancer cell line with functional p53 gene
tial Medium, with 0.01 | and estrogen receptor (ER) expression.
mg/ml human recombi-
nant insulin

Ab549 F-12K Medium Epithelial-like lung cancer cell line, p53 ex-
pression. Non-small cell lung cancer.
H1299 RPMI-1640 Medium Epithelial-like lung cancer cell line, homozy-

gous partial deletion of the p53 protein, lack
of expression of p53 protein. Non-small cell
lung cancer.

HeLa Eagle’s Minimum Essen- | Adenocarcinoma. TP53 expression was re-
tial Medium ported to be low, and normal levels of pRB
(retinoblastoma suppressor) were found.
A375 Dulbecco’s Modified Ea- | Malignant melanoma, epithelial morphology.
gle’s Medium
SCC-9 Dulbecco’s Modified Ea- | Carcinoma, squamous cell, tongue.

gle’s Medium: F12

Isolation of biologically active substances (BAS) from garden snail
H. aspersa. The mucus was collected from the foot of H. aspersa snails, grown
in Bulgarian eco-farms. For mucus production, each snail was stimulated by
gently prodding the extended foot muscles with a glass rod. After a several step
purification and homogenization process, subject of patent, including filtration
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and centrifugation for removal of rough particles, the crude mucus extract was
obtained [*3]. The crude mucus extract was separated by ultrafiltration using
Centrifugal Filter Units with different pore size (Amic0n® Ultra-15 Centrifugal
Filter Units 50K MWCO and Thermo Scientific™Pierce™Protein Concentrator
PES, 20K MWCO) into two fractions containing compounds with Mw above 20
kDa (with concentration 1.5 mg/ml protein) and with Mw above 50 kDa (with
concentration 1.7 mg/ml protein). Hemocyanin subunits a-HaH and Sc-HaH were
isolated from H. aspersa hemolymph as previously described [8].

SDS-PAGE electrophoresis. Protein fractions were analyzed by sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) with the molec-
ular weight marker ranging from 250 kDa to 10 kDa using a 5% stacking gel and
12% resolving gel, according to the Laemmli method. Equal volumes containing
approximately 20 pg/lane of the samples dissolved in Laemmli sample buffer and
protein standard mixture (Precision Plus Protein™Standard All Blue, Bio-Rad
Laboratories, Germany) were separated and visualized by staining with Coomassie
Brilliant Blue G-250.

Glycosylation screening. Isolated fractions from the mucus of garden
snail H. aspersa were analyzed with the orcinol-sulphuric test to determine the
carbohydrate content. About 2 pl of the purified samples were applied to a thin
layer plate and air dried. The plate was sprayed with orcinol/H2SO4and heated
for 20 min at 100 °. The orcinol /H2SOysolution contained 0.02 g of orcinol, 20%
H5SO4, and HyO to a total volume of 10 ml.

Mass spectrometry analysis. The molecular masses of the isolated frac-
tions were measured by an Autoflex™III, High-Performance MALDI-TOF & TOF/
TOF System (Bruker Daltonics) which uses a 200 Hz frequency-tripled Nd-YAG
laser operating at a wavelength of 355 nm. Analysis was carried out using a-
cyano-4-hydroxycinnamic acid as a matrix. Two microlitres of the sample were
mixed with 2.0 pl of matrix solution (7 mg/ml of a-cyano-4-hydroxycinnamic acid
(CHCA) in 50% CN containing 0.1% TFA) and only 1.0 pl of the mixture was
spotted on a stainless steel 192-well target plate. The samples were dried at room
temperature and subjected to mass analysis. A total of 3500 shots were acquired
in the MS mode and collision energy of 4200 was applied.

Cytotoxic assays. The cytotoxicity of biologically active substances (BAS)
and with the chemotherapy drug cisplatin (Sigma-Aldrich) was determined by
MTT test as previously described [°]. The absorbance was measured with a
multimode microplate reader Varioskan Lux (Thermo Scientific). Results were
analyzed with GraphPad Prism software v.7. Viability was also determined upon
visual inspection via phase contrast microscopy and Trypan Blue staining. After
staining for 5 min with 0.4% Trypan Blue solution (Thermo Fisher Scientific), the
cells were counted in a Cell Counter (Corning, New York, NY, USA) chamber,
and the percentage of live cells was determined.

Results and discussion. The present study aimed to investigate the cy-
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totoxic and cytostatic activities of newly isolated bioactive substances from the
garden snail Heliz aspersa on a large panel of human cancer cell lines. The re-
sults provide valuable insights into the potential of these natural substances as
alternative therapeutic agents for cancer treatment.

The cytotoxicity assays, performed using the MTT test and Trypan Blue
staining, revealed the effects of the tested compounds on cell viability. The MTT
assay is widely used to assess cell metabolic activity and is based on the conversion
of a yellow tetrazolium salt to a purple formazan product by viable cells. Trypan
Blue staining, on the other hand, allows for the visualization and quantification
of non-viable cells, indicating loss of membrane integrity.

In the MTT assay, the tested compounds were evaluated at various concen-
trations ranging from 32 pg/ml to 512 pg/ml. The obtained IC50 values, repre-
senting the concentration required to inhibit 50% of cell viability, were presented
in Fig. 1, panel A. Comparisons were made with the well-known chemotherapeu-
tic agent cisplatin, which was included as a positive control. Interestingly, some

A | BAS/Cell lines | A549 | H1299 | MDA | MCF7 | Hela | A375 | SCC-9
cisplatin 13 32 28 40 61 37 20
HaH-total | 01135 | g0 | 120 | 170 | 118 | 168
(hemocyanin)
BCHAR, 18 33 25 35 28 98 49
(hemocyanin)
ScHAH, 48 78 45 52 29 66 92
(hemocyanin)
mucus
Mw>20kDa 208 166 196 219 184 77 101
mucus
B Mw>50kDa 134 111 107 129 127 85 96
= A549 MDA-MB-231
E 100 100
=]
S 9 90
T s 80
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Fig. 1. Anti-proliferative effect of biologically active substances. A. The IC50 values (in pg/ml)

were determined using MTT assays to evaluate the potency of the biologically active substances

(BAS) isolated from H. aspersa on seven different human cancer cell lines of various origins.

As a positive control, the widely used chemotherapy drug cisplatin was included, and its IC50

values were reported in pM. B. Cell viability in percentage of untreated control estimated by
Trypan Blue staining
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of the newly isolated substances, specifically the hemocyanin subunits a-HaH
and fc-HaH, demonstrated comparable cytotoxic activity to cisplatin within the
tested concentration range. This finding highlights the potential of these natural
substances as effective anti-cancer agents.

To validate the MTT results, Trypan Blue staining was performed. This
additional assay confirmed the trends observed in the MTT assay and provided
complementary information on cell viability. Figure 1, panel B depicts the re-
sults of Trypan Blue staining at 72 h of incubation with the tested substances.
The bar graph presents the percentage of cell viability relative to the untreated
control. The red line in Fig. 1 indicates the threshold for cytotoxicity, set at
70% viability based on established ISO guidelines. According to this criterion,
the HaH-total, 20kDa, and over 50kDa mucus fractions from Heliz aspersa were
considered non-toxic at most tested concentrations. However, at a concentration
of 256 pg/ml, these substances exhibited slight toxicity. Notably, at the high-
est concentration tested, all the substances demonstrated significant cytotoxicity,
with viability below 50%.

Using SDS-PAGE electrophoresis followed by mass spectrometry analysis, we
separated the proteins present in the biologically active mucus derived from H.
aspersa. We focused on proteins with molecular weights greater than 20 kDa and
50 kDa, which exhibited either no or slight anti-proliferative effects, respectively.
Our goal was to identify the specific proteins responsible for the observed biological
activity. Figure 2, panel A illustrates the results of the electrophoresis, where
multiple protein bands were detected. The analysis of the two mucus fractions
(position 1 and 3) revealed prominent protein bands at approximately 220 kDa,
100 kDa, several bands around 50 kDa, as well as bands ranging from 26 to
35 kDa. Notably, in position 3 (Fig. 1A), we observed a protein band with a
molecular weight of approximately 20 kDa, which could potentially correspond to a
previously identified antibacterial protein found in the mucus of Cornu aspersum,
as reported by PITT et al. ['°]. Moreover, we detected additional proteins in the
region spanning from 26 to 35 kDa, at approximately 43 kDa, between 45 and

A B
2 3 1 2 3 4 5

Fig. 2. A.SDS-PAGE (12.0%) analysis of proteins 1 o
fractions isolated in mucus: position 1 — Heliz as- -:_; " o
persa mucus with Mw >20 kDa; position 2 — Pro-

tein marker with molecular weights 6.5-200 kDa; g
position 3 — Heliz aspersa with Mw >50 kDa; B. e |
Carbohydrate test with orcinol/H2SOy4: position - xl N
1 — negative control (H20); position 2 - posi- .
tive control (mannose 0.5 mg/ml); position 3 —
positive control (mannose 1 mg/ml); position 4 —
mucus H. aspersa >20 kDa; position 5 — mucus

H. aspersa >50 kDa

— N 7

— 45

N B
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60 kDa, and within the range of 100 to 250 kDa. Several of these proteins have
previously been identified in studies investigating mucus fractions of C. aspersum.
For instance, a protein with a molecular weight of about 50 kDa, exhibiting anti-
pseudomonal properties, has been reported in prior research [15].

The presence of proteins with molecular weights ranging from 50 to 60 kDa
aligns with the findings of MATUSIEWICZ et al. [*°], who conducted SDS-PAGE
analysis on mucus from Heliz aspersa Mdiller. 1t is likely that some of the proteins
observed around 30-40 kDa and 50-60 kDa in Fig. 2A are lectins, which are
common components of gastropod mucus. Lectins belong to various classes and
play a role in the immune response of invertebrates, as highlighted by Pitt et
al. [®]. In mollusk mucus, lectins contribute to functions such as substrate
binding/attachment and viscosity. They have also been found to exhibit properties
related to binding mammalian cells, as reported by Pitt et al. and ELLIJIMI et al.
[15,16].

Additionally, the mucus of the African Giant Land snail, Achatina fulica, has
been shown to contain a 160 kDa glycoprotein called “achacin”. In the region above
100 kDa, the proteins may correspond to glycoproteins known as mucins, which
have been detected in the mucus of Heliz aspersa and Heliz pomatia [*°]. Previous
data also support the anti-tumour effects of mucus extracts from Helix aspersa, as
demonstrated ['%1%2%]. Next we tested the carbohydrate content of the two mucus
fractions by standard orcinol-sulphuric test. After conducting the orcinol/H2SOy4
test, we discovered that the two mucus fractions from H. aspersa, specifically those
above 20 kDa and above 50 kDa, contain high levels of glycoproteins (Fig. 2B).
Finally, we performed a MALDI-TOF-MS analysis (Fig. 3), which enabled the
determination of the precise molecular masses of proteins in the mucus fraction
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Fig. 3. MALDI-TOF-MS spectrum of fraction with Mw>20 kDa. Pro-
teins with masses in wide m/z region between 20-150 kDa were detected
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with a molecular weight greater than 20 kDa. Our analysis of the proteins presents
in the mucus fraction with Mw>20 kDa using MALDI-TOF-MS confirmed the
molecular masses of the proteins detected through SDS-PAGE.

The identification of specific proteins with anti-proliferative activity may con-
tribute to the development of novel therapeutic agents for various types of cancer.
In conclusion, the proteins present in the mucus of H. aspersa exhibit anti-tumour
activity against multiple human cancer cell lines, likely through a combination of
different proteins with varying functions. Further research is warranted to iden-
tify the specific mechanisms through which these proteins exert their biological
effects.

In conclusion, the investigation of natural compounds derived from the
garden snail Helix aspersa has revealed their potential as alternative therapeutic
agents for cancer treatment. Specifically, the hemocyanin subunits a-HaH and fSc-
HaH have demonstrated significant cytotoxic activity against various human can-
cer cell lines, comparable to the widely used chemotherapy drug cisplatin. These
findings support the growing body of evidence suggesting that natural products
from mollusks, such as snails, can serve as a valuable source of novel anti-cancer
agents.

The study also highlights the need for further research to fully understand
the mechanisms of action, safety, and potential side effects of these compounds.
Additional investigations, including in vivo studies using animal models or clinical
trials, are necessary to evaluate the efficacy and safety of these substances in a
more physiologically relevant context.

Moreover, the identification of specific proteins in the mucus of H. aspersa
with anti-proliferative effects provides valuable insights for the development of
novel therapeutic strategies for various types of cancer. These proteins, which
include hemocyanin subunits, lectins, mucins, and potentially other unidenti-
fied components, contribute to the observed anti-tumour activity. Future studies
should aim to elucidate the precise mechanisms by which these proteins exert their
biological effects and explore their potential applications in cancer therapy.

Overall, this research underscores the importance of exploring natural com-
pounds from diverse sources, such as molluscs, in the search for effective and safe
anti-cancer agents. The findings offer a promising foundation for further investiga-
tion and provide motivation for the development of innovative cancer treatments
based on natural substances.
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