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Abstract

Introduction: Cystic echinococcosis (CE) is a zoonotic infection caused by the larvae of Echinococcus granulosus.
Studies have indicated an indirect relationship between infection with parasites and many types of cancer, especially
digestive tumors. Aim: The following study aims to evaluate the anticancer activity of two antigens extracted from
hydatid cyst antigens (extracted from cyst fluid and protoscoleces) of Echinococcus granulosus on the growth and
proliferation of colorectal cancer cells compared to normal cells, and study their mechanism of action by DNA damage
and protein expression of p53 and caspase-3. Methods: In this study, the MTT assay was used to study the anticancer
effect by exposing each antigen to a range of concentrations (100, 50, 25, 12.5, 6.2, 3.1, or 0.0 pg/ml). Then, the ICso
for each antigen on both the HRT-18 colorectal cancer cell line and the normal NHF cell line (normal fibroblasts derived
from adipose tissue) was used to evaluate the mechanism of cell death by DNA damage and immunofluorescence
staining for p53 and caspase-3 protein expression. Results: The results showed a significant decrease in the viability
of colorectal cancer cells with increasing concentrations for all antigens used, with a higher effect on protoscoleces
antigens (69.49%) and a slight effect on the normal cell line (21.13%). While the cyst fluid antigen showed a higher
cytotoxicity (72.65%), it also showed an effect on the normal cell line (52.11%). Also, the ICso for protoscoleces and
cyst fluid antigens on colorectal cancer cells were (29.93 and 24.09) pg/ml, respectively, compared with ICso for
normal cells (119.4 and 25.95) pg/ml for protoscoleces and cyst fluid antigen, respectively. Therefore, treatment with
the protoscoleces antigen gave the best cytotoxicity in the MTT test with more safety on the normal cell line. Also,
the results showed the occurrence of programmed cell death induced by DNA damage and expression of both p53 and
caspase-3 proteins in cultured cells after treatment. Conclusion: Antigens possess toxicity against cancer cells due to
their ability to induce apoptosis and damage DNA; they can be considered promising sources for the development of
natural antitumor agents, especially protoscoleces antigens.
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also lead to a poor prognosis [3, 4]. Humans have been

Introduction

Cancer is the second leading cause of death worldwide,
with an estimated 14.1 million new cases and 8.2 million
deaths annually [1], therefore its remains a significant and
well-known health threat, despite the extensive research
being conducted worldwide. Globally colorectal cancer
is the third most common type of cancer, it’s a leading
cause of cancer-related deaths. Approximately 60% of col
colorectal on cancer patients are diagnosed at stage II or
111, and surgery is often the only treatment option for these
patients [2]. Current treatments for cancer include radiation
therapy, chemotherapy, and, eventually, surgery. Radiation
therapy and chemotherapy destroy healthy cells, causing
many side effects. Drug resistance and disease recurrence

searching for less invasive and more effective ways to
treat cancer [5]. Infectious carcinogens in humans include
Helicobacter pylori, human papillomavirus (HPV), and
hepatitis B and C viruses [6]. However, a hypothesis has
been proposed some parasitic infections cause that induce
innate immune responses that exhibit antitumor activity.
Previous studies indicate that patients with echinococcosis
have a significantly lower incidence of cancer than healthy
individuals [7]. In recent years, a different approach has
emerged regarding the antitumor effects of derivatives
and parasitic substances produced by certain protozoa
and parasitic worms [8]. These parasitic substances
exert numerous cancer-like effects, but the mechanisms
involved remain incompletely understood. However, some
studies suggest beneficial effects of these parasites, such
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as inducing apoptosis in the host, influencing the immune
system by It activates the immune system, limits cancer
spread and angiogenesis, acts on proliferative signals, and
regulates and stimulates inflammatory responses in the
host body [9, 10]. Echinococcosis is a zoonotic disease
with specific genotypes or strains caused by parasites of the
genus Echinococcaceae. The close relationship between
humans and animals provides opportunities for the global
transmission of this zoonotic disease [11]. The larval
stage of Echinococcus granulosus, a tapeworm belonging
to the family Tapeworms, causes echinococcosis. This
disease is classified as one of the most serious tropical
parasitic diseases affecting livestock and has significant
economic and health consequences in both developed and
developing countries [12] The hydatid cyst is a stage in
the life cycle of the Echinococcus granulosus parasite; it
is a larval stage found within the intermediate host. It is
a cystic structure usually filled with a clear fluid (cystic
fluid).and other components. Approximately 5 days after
the intermediate host ingests the egg, the hydatid cyst
begins to form and develop into a small cyst (60—70 pm
in diameter) consisting of an inner cellular layer (germ
layer), an outer non-cellular layer, and an outer layer of
host origin formed as a result of the interaction between
the parasite and the host. This inner cyst gradually expands
and stimulates a granulation reaction in the host, followed
by a fibrous reaction and the formation of a connective
tissue layer (cystic envelope). The size of cysts in humans
or animal intermediate hosts varies considerably, typically
ranging from 1 to 15 cm, although much larger cysts (over
20 cm in diameter) can be found [13]. The hydatid cyst
fluid of Echinococcus granulosus consists of a mixture of
glycoproteins, glycolipids, carbohydrates, cyclophilins,
and ferritin [14]. HCF contains various antigens such
as antigen B, antigen A, and the 78 kDa fraction [15].
According to research, HCF can these compounds inhibit
the growth of certain cancers in both in vitro cell cultures
and animal models [16]. Some antigenic similarities have
been established between the Echinococcus granulosus
parasite and certain tumors; for example, some worm
parasites express myosin-type glycan O antigens for
certain cancers [17]. These similarities are attributed to
the stimulation of cross-reactivity that inhibits cancer
growth [18]. Hydrocarbon compounds, such as mucin,
facilitate the adhesion of cancer cells to surrounding
tissues, thereby preventing cell death and lysis by natural
killer cells and cytotoxic lymphocytes. These hydatid cysts
provide mucin-containing antigens, making them a useful
agent for stimulating the immune system against mucin-
secreting cancer cells [19]. Cell death occurs as a result
of nuclear chromatin condensation, changes in membrane
phosphatidyl structure, and DNA cleavage by enzymes.
Ultimately, cell division by apoptotic components leads
to Cell destruction [20].

In this study, the efficacy of two hydatid cyst
antigens (extracted from cyste fluid, and Protoscoles of
the Echinococcus granulosus) on the colorectal cancer
was evaluated using cytological methods, specifically
cytotoxicity assays by MTT assay and then study their
cell death by DNA damage and proteins expression for
P53 and Cas3 by immunofluorescence staining compared
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with normal cell line used in this study.

Materials and Methods

This study was carried out and the protocols were
approved by ethics committee of scientific committee of
Department of Biology, College of Education for Pure
Sciences, University of Diyala, Diyala provenance, Iraq
with Reference number (CEPEc/01) at 19/2/2026. Also,
animal samples were handled in accordance with biosafety
standards. Appropriate precautions were taken to ensure
the safety of personnel and to maintain the integrity of the
biological material throughout the study.

Hydatid Fluid Antigen Preparation (Cystic fluid antigen)

Samples of livers infected with hydatid cysts were
collected from local butcher shops then transported and
characterized to the scientific laboratories in the College of
Education for Pure Sciences building at Diyala University,
they washed with saline and sterilized with 70% alcohol.
The cysts were then separated and isolated from the
infected liver tissue. Cystic fluid antigen was prepared
according to the method of Hadige et al. [21]. 100 mL
of cystic fluid was washed with 5 mM acetate solution
(pH 5), and centrifuged at 10,000 rpm for 30 minutes.
The precipitate was then dissolved in 0.2 M phosphate
buffer saline PBS (pH 8). Finally, 2.31 g of ammonium
sulfate was added for 1 hour to remove any remaining host
antibodies, followed by centrifugation for 30 minutes at
3,000 g. then filter by millipore (0.22) microns for use it
in the next experiments. The antigen of the hydatid fluid
used as concentration 0.625 mg/ml .

Preparation of Protoscoles Antigen

Using the method of Sapolard et al. [22], the
protoscoles were fixed for 2 hours in PBS containing 4%
paraformaldehyde. A soluble extract of the protoscoles, it
was prepared by homogenization in a phosphate solution
of a concentration of 0.4 M (pH 7.4). The extract was
then centrifuged at 10,000 rpm at 4°C for 30 minutes. The
precipitate was collected and used as a soluble antigen for
the protoscoles as concentration 2.44 mg/ml.

Cell culture

Cell lines were cultured in MEM medium (US
Biological, USA) supplemented with 10% (v/v)
commercially available fetal bovine serum (FBS)
(Capricorn-Scientific, Germany), 100 IU of penicillin
antibiotics, and 100 pg/ml of streptomycin (Capricorn-
Scientific, Germany). The cells were incubated in a
humidified environment at 37°C. Subsequently, the
proliferating cells were used in the required proportions
for laboratory experiments using antigens as a treatment
material [23, 24].

MTT procedure

Cells were seeded at a density of 10,000 cells per well
of a 96-well microplate and incubated at 37°C for 24h
until a homogeneous monolayer was formed. Cytotoxicity
was measured using the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay. For



each antigen, the cells were exposed to a range of
concentrations (100, 50, 25, 12.5, 6.2, and 3.1 pg) for
72 h exposure time. Then after that, cells were stained
by 28 uL of MTT stain solution (as concentration 2 mg/
mL) for each well, the incubation continued for three
hours, then, 100 puL of dimethyl sulfoxide (DMSO) was
added to each well, and incubation continued for 15
minutes. Absorbance was measured at a wavelength of
492 nm using a microplate reader [25]. Cytotoxicity was
calculated using the following equation:

Cytotoxicity % = (OD Control — OD sample)/OD
Control x 100

OD control is the average optical density of the wells
not treated with the antigens used, and OD Sample is the
optical density of the wells treated with the antigens used
for the study [26].

DNA Damage
Apoptosis study and morphological alteration:
Apoptosis estimation (propidium iodide/Acridine
orange assay), the apoptotic attentions in cell lines
(infected with antigens and control) were measured
using (AO/PI). 5000 cells/well were seeded in plate,
next infected with (cyst fluid antigen) for 24h in a 37 °C
incubator. For traditional dual staining, the tested wells
received exactly 50ul of the AO/PI stain mixture (at room
temperature) for 30 seconds. After then, the stain was
removed. The images were taken using a Leica fluorescent
microscope [27]. Fluorescent intensity measured by
fluorescent microscopy and via using image j software.

Indirect immunofluorescence staining

Indirect immunofluorescence was performed to
detect protein expression in cultured cells and FFPE
tissue sections using an unconjugated primary antibody
followed by a fluorophore-conjugated secondary antibody.
All steps involving fluorescent reagents were carried out
in reduced light conditions to protect fluorophores from
photobleaching.

Preparation of Cultured Cells, Cells were seeded
onto sterile coverslips or chambered slides and allowed
to attach overnight at 37 °C. confluency of 70-80%
was used to ensure optimal morphology and antibody
penetration. The cells were then stabilized by incubating
them with a 4% paraformaldehyde solution for 15 minutes
at room temperature. After fixation, the samples were
washed three times with PBS solution. To permeabilize
cellular membranes, slides were incubated in 0.1-0.5%
Triton X-100 prepared in PBS for 3—15 minutes at room
temperature, then washed in PBS three additional times.

Blocking, to reduce nonspecific binding, slides
were incubated with 10% FBS, and then blocking was
performed for 30—60 minutes at room temperature in a
humidified chamber. Excess blocking solution was gently
removed without allowing samples to dry.

Primary Antibody Incubation, Primary antibodies
were diluted to a final concentration of 5 pg/mL in
PBS containing 1.5% FBS. Then 500 pL was used to
completely cover each coverslip. Slides were incubated
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for 1 hour at room temperature in a sealed humidified
chamber to prevent evaporation. The slides were washed
three times with PBS solution for 5 minutes per wash with
gentle agitation.

Secondary Antibody Incubation, Fluorophore-
conjugated secondary antibodies were diluted to 5 pg/mL
in PBS containing 1.5% FBS. Slides were incubated with
the secondary antibody for 1 hour at room temperature,
protected from light, in a humidified chamber. Following
incubation, The slides were washed three times with PBS
for 5 minutes to remove unbound antibodies.

Mounting and Imaging, Coverslips were mounted
using and allowed to polymerize as required. Slides were
examined using a fluorescence microscope equipped with
appropriate filter sets. Images were acquired at multiple
magnifications and exported in TIFF format for analysis.

Statistical analysis

The obtained data were statically analyzed using
Tukey’s ANOVA multiple comparisons test with GraphPad
Prism 8. The values were presented as the mean + SD of
triplicate measurements [28].

Results

Cytotoxicity

The cytotoxicity of Hydatid Cyst Antigens extracted
from cyst fluid, and Protoscoles antigen was determined
in colorectal cancer (HRT-18) and normal (NHF) cell
line using the MTT assay. Microscopic images (Figure 1)
showed distinct morphological changes in antigen-treated
cells compared to the control group. Morphological
analysis of the cell showed changes in cell morphology
such as cell shrinkage, membrane swelling, or the
formation of bodies programmed for cell death, leading
to cell death. Also, cell density analysis showed decreased
cell density compared to control wells indicate cytotoxic
effects in treated antigens at concentrations of (100, 50, 25,
12.5, 6.2, and 3.1 pg/ml) which showed a concentration
depended effect led to toxicity on both antigens used.

The results of MTT assay showed that the cytotoxicity
increased gradually with increasing antigen concentration,
where the highest toxicity rate was recorded at a
concentration of 100 pg/ml and the lowest rate at a
concentration of 3.12 pg/ml, Statistical analyses indicate
that both are significant differences (p <0.01) between the
different concentrations, indicating that the effect of the
antigen depends directly on its concentration. Although
the highest concentrations in cyst fluid antigen (72.65%)
compared with 69.49% in protoscoles antigen, the best
antigens was Protoscoles because it’s showed slight effect
on normal cell line (21.13%) compared with cyst fluid
antigen that showed a higher cytotoxicity (72.65%) but
with their effect on normal cell line (52.11%) as showed
in Figure 2.

Also, the IC, for Protoscoles and cyst fluid antigens
on colorectal cancer cells were (29.93, and 24.09) pg/ml
respectively compared with IC50 for normal cells (119.4,
and 25.95) ng/ml for Protoscoles, and cyst fluid antigen
respectively (Figure 3). Therefore, treatment with the
Protoscoles antigen gave the best cytotoxicity in the MTT
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Figure 1. Morphological Changes after Exposed to Antigens, (A): Un treated cells of colorectal cancer cell line HRT-
18, (B): Cells treated with 100 ng/ml Protoscoles antigen for HRT-18, (C): Cells treated with100 ng/ml cyst fluid
antigen for HRT-18, (D): Un treated cells for normal cell line NHF, (E): Cells treated with 100 pug/ml Protoscoles

antigen for NHF, (F): Cells treated with 100 pg/ml cyst fluid antigen for NHF.
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Figure 2. Inhibition Curve, which Shows the Effect of Protoscoles and Cyst Fluid Antigen on Cell Viability. The
x-axis is the concentration of antigen (A): protoscoles antigen for colorectal cancer HRT-18, (B): cyst fluid antigen for
colorectal cancer HRT-18, (C): protoscoles antigen for normal cell line NHF, (D): cyst fluid antigen for normal cell

line NHF. The y-axis represents the percentage of cell death (cytotoxicity).
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test with more safety on normal cell line.

DNA Damage
Apoptosis study and morphological

According to the results above mechanism of action
were studied for IC50 concentration, a DNA damage assay
and morphological changes accompanying apoptosis were
conducted using antigens prepared from antigens. The
results showed that antigens with high concentrations
caused significant morphological changes compared
to the untreated group. Figure (4 A & B) shows the
morphological changes in HRT-18 cancer cell line after
treatment with antigens extracts, which included nucleus
condensation, fragmentation, and the appearance of signs
of programmed cell death.

Also, the results of fluorescence test showed a clear
significant difference between the group treated and the
control group, as the fluorescence intensity of live cells
(viable) decreased significantly compared to the control
group by p <0.001, while the results of dead cells showed
a significant increase by p < 0.001. The group treated
showed a higher fluorescence intensity for dead cells
compared to live cells, while the control group showed
higher fluorescence intensity for live cells compared
to dead cells. There is a significant difference in the
fluorescence intensity between the two groups, especially
in dead cells, which indicates that the treatment had an
effect (Figure 4 C).

Detection of P53 and Cas3 Proteins Expression by indirect
immunofluorescence stainin

Figure 5 showed that both P53 and Cas3 protein
levels of HRT-18 colorectal cancer cells was increased
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significantly at p<0.05 after exposed to antigen with
higher protein levels at P53, compared with untreated cells
(as negative control) which recorded no protein levels.

Discussion

In the present study, the effect of antigens from two
hydatid cyst antigens (extracted from cyst fluid, and
Protoscoles) of the Echinococcus granulosus on HRT-18
colorectal cancer cells was studied to determine their
ability to inhibit cell growth and showed their ability
to induce apoptosis using cellular methods including
cytotoxicity and apoptosis testing with both DNA damage
and protein expression of both P53 and Cas3.

Previous in vitro and animal studies have shown that
some parasites have anticancer effects. These studies
demonstrated that the heads of the parasites, present in
the fluid of the cyst, induce cell death in myofibroblastic
tumor cells such as (WEHI 164) [29]. Another study
indicated that the fluid in the hydatid cyst contains a
complex mixture of antigens, meaning there are more
than one type that stimulate and activate the immune
system [30]. Therefore, one of the characteristics of the
hydatid cyst is its ability to stimulate both cellular and
humoral immune systems, and it is not limited to a single
type [31], another study showed that various molecules
present in the hydatid cyst have an inhibitory effect on
HeLa and Vero cell lines [32]. One study reported that
AgB antigen extracted from the parasite’s hydatid cyst
fluid has inhibitory activity against melanoma cells. Other
studies have highlighted the importance of the interaction
between hydatid cyst antigens and cancer cell secretions
[33]. Furthermore, the antitumor activity of human HCF
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Figure 3. Dose-Response Curve by IC, of Antigens Treated (A): Protoscoles antigens for colorectal cancer HRT-18,
(B) cyst fluid antigen for colorectal cancer HRT-18. (C): Protoscoles antigens for normal cell NHF, (D): cyst fluid
antigen for normal cell NHF. The x-axis is the concentration of the antigens used in the study (in micrograms), while
the y-axis represents the percentage of cell inhibition by the antigens.
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Figure 5. Shows the Proteins Expression Levels of the Immunofiuorescence for P53 and Cas3 Antibodies of HRT-18
Colorectal Cancer Cells after Induced by Antigens, (A): fluorescence intensity, (B): P53, (C): Cas 3.

(hydroxycystic fluid antigen) was investigated using a
source of hydatid cyst antigen isolated from human cysts
and tested in a mouse model of colon cancer [18]. Karaday
et al. also demonstrated that hydatid disease has protective
effects against lung cancer [34]. In another study, two cell
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types normal and cancerous HeK293 and B16F10, were
used. HeK293 cells, being normal cells, showed lower
sensitivity to the AgB antigen present in the fluid of the
cyst, while B16F10 cells, being a cancerous cell line,
showed higher sensitivity compared to normal cells [29].



In a study by Mohammadi et al., human melanoma cells
A375 were treated with an HCF extract from fertile and
non-fertile hydatid cysts. Cell viability was assessed using
the MTT assay, and they were sensitive to hydatid cyst
fluid antigen [35, 36]. In a study, it was shown that hydatid
cyst induces apoptosis by increasing levels of the Bcl-2
family [36]. The cytotoxic properties of Echinococcus
granulosus have been previously established. In another
study, the rate of apoptosis in lymphocytes treated
with fertile hydatid fluid containing protoscoles was
significantly higher than in untreated cells [37]. This
supports the concept that Echinococcus granulosus hydatid
fluid antigens induce apoptosis in lymphocytes [38]. Nuno
et al. demonstrated that the excretory/excretory secretions
of Echinococcus multilocularis (E. multilocularis) induce
apoptosis in dendritic cells in vitro [39]. Regarding the
role of hydatid cyst antigen in inducing apoptosis, studies
have shown that apoptosis increases after exposure to
AgB antigen, a component of hydatid cyst fluid. One
hypothesis suggests that proteins that induce apoptosis
accumulate on the mitochondrial surface, leading to
the formation of Channels located in the mitochondrial
membrane, causing the contents of the mitochondria to
leak into the cytoplasm [40]. Programmed cell death
is a key mechanism used by the host body for immune
defense against parasites. Echinococcus granulosus has
the characteristic ability to modulate the host’s immune
response through multiple mechanisms. Some of these
mechanisms include influencing dendritic cell maturation
and stimulating a non-protective type II (Th2) helper T
cell response via the B antigen (AgB) [41].

In conclusion, the antigens from processed Protoscoles
antigens components have best cytotoxicity compared to
normal cells, and their toxicity is directly proportional
to antigen concentration. The results also confirm that
antigens induce programmed cell death (apoptosis) by
induced DNA damage, also expressed each P53 and
Cas3 protein in cultured cells after treatment in HRT-18
colorectal cancer cells. Therefore, Protoscoles antigens
may a good natural therapeutic agent for inducing
apoptosis in cancer cells.
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