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ARTICLE INFO ABSTRACT

Keywords: Cancer; Background: Echinococcus granulosus, intrigues researchers due
Echinococcs to its unique biology and immunogenicity. Recent studies show a
granulosus; Hydatid negative relationship between echinococcosis incidence and

cancer progression, emphasizing significant similarities between
E. granulosus and cancer antigens. This article will review the
anti-cancer effects of E. granulosus antigens and their application
in cancer immunotherapy.

Main Body: It begins with an introduction, highlighting the
significance of E. granulosus antigens in contemporary cancer
treatment. Subsequently, an overview of hydatid cysts, the source
of these antigens, elucidating their structure and immunogenic
properties is provided. Our review extends to the interactions
between echinococcosis and both the innate and acquired
immune systems, shedding light on the mechanisms involved.
We delve into the intriguing connections between echinococcosis
and cancer, exploring the direct and indirect anti-cancer effects
of these antigens and their potential in cancer immunotherapy. To
offer a balanced perspective, we also weigh the pros and cons of
using E. granulosus antigens in cancer therapy.

Conclusion: In conclusion, the promising attributes of E.
granulosus antigens, as highlighted throughout this review,
suggest a bright future for their utilization in cancer therapy.
Their ability to trigger potent immune responses and target cancer
cells holds great potential for the development of effective and
tailored therapies, offering new hope for improved cancer
treatment outcomes. Further research and clinical trials are
needed to fully realize the potential of E. granulosus antigens in
the field of cancer immunotherapy.

Cyst; Immuoherapy;
Innatelmmunity

Copyright: © 2024 by the author(s).
This article is an open-access article distributed under the terms and Conditions of the Creative Commons Attribution (CC BY 4.0) license.



International Journal of New Findings in Health and Educational Sciences (IJHES), 2(3): 6-20, 2024

1. Introduction

Cancer is still one of the most important health challenges in the world and its impact on public health
is increasing day by day. According to GLOBOCAN global statistics, cancer is one of the main causes
of death and disability worldwide, which includes approximately 10 million deaths in 2020 (47).
Therefore, continuous pursuit of innovative and effective treatment approaches is necessary to fight
this terrible disease. In recent years, immunotherapy has emerged as a promising strategy that enhances
the power of the immune system to target and fight cancer cells (48). In this context, the potential of
antigens derived from different sources has been investigated in cancer treatment, and among them,
hydatid cyst antigens are known as an interesting candidate.42 ,13)

Hydatid cysts, resulting from the larval stage of the worm Echinococcus granulosus, are common in
certain regions of the world. According to the World Health Organization report, more than one
million new cases of echinococcosis are reported annually, and this disease has significant health and
economic consequences in endemic areas (35). The protoscolex, which is the infective stage of the
parasite, contains antigenic components that stimulate a strong immune response in the host. It has
been observed that the immune system has a strong defence mechanism against hydatid cysts, which
leads researchers to investigate the potential of echinococcal antigens in other fields, especially in
cancer immunotherapy (11, 32). The immunogenicity of these antigens, together with their ability to
induce a specific immune response, has made them attractive targets for the development of innovative
therapeutic strategies against cancer.
However, despite these promising findings, the challenges and limitations of fully exploiting the
potential of immunotherapy based on hydatid cyst antigens should be considered. The heterogeneity
of tumour antigens in different types of cancer poses an important obstacle that requires further
research to identify antigens that can target a wider range of tumours. In addition, optimization of
antigen formulation, delivery methods, and cost-effective manufacturing are areas that require careful
investigation for the successful translation of protoscolex antigen-based therapies into clinical
practice. The purpose of this article is to review the potential of echinococcal antigens as a promising
candidate for cancer therapy, emphasizing its unique immunogenic properties and discussing the
current preclinical evidence supporting its use

Hydatid cysts: a brief review

Hydatid cysts are pathological structures formed by the larval stage of the Echinococcus granulosus
worm. This parasitic infection, also known as Cystic echinococcosis (CE), affects both humans and
various animals, especially in areas where this parasite is endemic (18). The life cycle of Echinococcus
includes two hosts: definitive hosts, usually canids, and intermediate hosts, including humans and
various herbivores. In humans, infection occurs through the consumption of eggs, which can be the
cause of contamination of food, water, or other environmental sources. Larvae can migrate through
the bloodstream to different organs, which generally affect the liver and lungs, but can also spread to
other organs and lead to the formation of hydatid cysts (Figure 1).22)
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Figure 1. Life cycle of Echinococcus granulosus. Definitive hosts of the parasite are canines and
intermediate hosts will be infected through consumption of meat contaminated with hydatid cysts.
Then the parasite will go through its maturity stages in the definitive host and will leave the host's
body in the form of eggs through faeces (13). Figure provided by www.biorender.com.

Hydatid cysts are characterized by a fluid-filled sac called a cysticercus surrounded by a thick, fibrous
wall called an odonticia or pericyst. This cyst grows slowly over several years and gradually enlarges,
causing pressure on the surrounding tissues (19). The growth rate can vary depending on the host's
immune response and the location of the cyst. In some cases, hydatid cysts can reach very large sizes
with a diameter of more than 15 cm (20). The clinical appearance of hydatid cysts varies depending
on the location, size and number of cysts present. Often, the infection remains asymptomatic for a long
time, and these cysts may be discovered incidentally during routine medical examinations or imaging
studies. However, when symptoms do occur, they can be diverse and vary from vague abdominal
discomfort to more specific manifestations related to the affected organs (24).

In the liver, the most common site of infection, hydatid cysts can cause liver enlargement
(hepatomegaly) and pain in the right upper quadrant of the abdomen. Grown cysts can exert pressure
on adjacent structures and lead to biliary obstruction, jaundice, or portal hypertension (26, 30). The
presence of a cyst in the lung causes cough, chest pain, fever and breathing problems. Rupture of the
cysts can lead to severe complications such as anaphylactic shock due to the release of the contents of
the cysts into the bloodstream. Infectious cysts may lead to the spread of daughter cysts to other parts
of the body, resulting in secondary infections and additional clinical manifestations.39)

Research efforts aimed at understanding the molecular and immunological aspects of hydatid cysts
have increased our knowledge of host-parasite interactions and the underlying immune evasion
mechanisms employed by the parasite. Investigating host-specific immune responses to Echinococcus
can provide valuable insights into the development of novel immunotherapeutic strategies against
other diseases, including cancer. In addition, similarities between hydatid cysts and tumours,
especially in terms of immune evasion and immunosuppressive microenvironments, have led
researchers to explore the potential of hydatid cyst antigens in cancer immunotherapy (2, 4). The
unique immunogenic properties of hydatid cyst antigens make them attractive for the development of
immunotherapies that can stimulate strong and selective immune responses against cancer cells while
sparing healthy tissues.
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Hydatid cyst antigens

1. Structure and features

The structure and characteristics of hydatid cysts play an important role in their pathogenesis and
clinical manifestations. Hydatid cysts are complex structures that consist of two separate layers: an
outer pericyst and an inner endocyst (Figure 2). The pericyst, also known as the endodontic layer, is a
fibrous layer that surrounds and protects the cyst and prevents the spread of infection to the
surrounding tissues (19). This layer is mainly composed of collagen fibres and connective tissue
components that contribute to the thick and durable nature of the cyst wall. The germinal layer, or
endocyst, is the innermost layer responsible for the production of protoscolexes and daughter cysts
during cyst growth and development.(28)
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Figure 2. Structure of hydatid cyst. Figure provided by www.biorender.com

Protoscolexes are infectious structures that grow from the germinal layer into the cyst. These small,
bud-like structures are equipped with hooks and suckers that enable them to firmly attach to host
tissues. Protoscolexes have a distinctive morphology consisting of a two-lobed shape and a central
rostrum equipped with a hook. These hooks play an important role in the stabilization of protoscolexes
within the cyst and facilitate their survival and growth during the life cycle of E. granulosus (29).

The cyst fluid that fills the hydatid cyst cavity is a complex mixture containing various components
derived from the parasite and the host. Cyst fluid consists of hydatid fluid, a clear, viscous substance
that serves as a nutrient-rich medium for parasite growth. For example, a relationship between the
level of newly produced protein and the creation of suckers on protoscolexes has been mentioned.
This indicates a potential increase in protein production during the development of protoscolexes in
the special region from which the suckers originate (17). In addition to hydatid fluid, cystic fluid may
contain daughter cysts, isolated protoscolexes, and cellular debris. Hydatid fluid contains
immunogenic components including antigens that can stimulate an immune response in the host (10).
The composition of cystic fluid can vary depending on factors such as the stage of cyst expansion, the
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location of the cyst inside the host, and specific factors of the host.(25)

Understanding the complex structure and characteristics of the hydatid cyst is crucial for
understanding the immunological properties of echinococcal antigens and their potential applications
in cancer therapy. The unique characteristics of hydatid cysts, such as the presence of protoscolexes
and immunogenic cyst fluid, make them suitable candidates for investigating new immunotherapy
strategies against cancer. Further research on immunological interactions between host and parasite
can provide valuable insights into the development of targeted and effective cancer therapies.

2 3. Immunogenicity and antigenic characteristics

The successful survival of parasites is due to their ability to use different escape strategies that ensure
their continuous presence in the host's body. For example, E. granulosus uses two different
mechanisms to evade the host's immune response. The first is a passive escape mechanism in which
the parasite avoids the destructive effects of an immune system attack by developing into a hydatid
cyst. The second mechanism, immune modulation, is that the parasite actively interacts with the host's
immune system and reduces the effects of the host's response. These complex tactics enable survival
and continuation of the parasite's life cycle within the host (46).

However, despite these escape mechanisms, the immune system still can recognize the parasite due to
the expression of distinct antigens during different stages of development. The main source of
antigenic stimulation is the contents of hydatid cysts, including protoscolex; However, the germinal
layer of the cyst acts as a barrier against the host's immune cells. Therefore, for antigenic stimulation,
grooves or tears must occur in the germinal layer. Such an event also occurs following manipulation
of the cyst, for example, during surgery or perforation of the cyst (41).

The response of the host's immune system against hydatid cysts is classically divided into innate and
acquired immunity. Protoscolex antigens are multifaceted and different components stimulate distinct
immune responses. It should be noted that specific proteins and glycoproteins present in Protoscolex
antigens have been identified as key immune targets. These antigens can induce antibody production,
especially 1gG subtypes that play a critical role in modulating immune responses against the parasite.
In addition, Protoscolex antigens can activate cellular immune responses, including the generation of
cytotoxic T lymphocytes (CTLs), which can directly target and kill infected cells.(51)

1 2 3. Echinococcosis And Innate Immunity

Innate immunity is the first line of defence against all kinds of parasites, which can detect pathogen-
associated molecular patterns (PAMPs) through membrane pattern recognition receptors (PRRS) such
as toll-like receptors (TLRs) and domain-like oligomerization receptors. to detect nucleotide binding
(NLRs: Nucleotide-Binding Oligomerization Domain (NOD) Like Receptors). These receptors are
expressed by host innate immune cells, including macrophages, neutrophils, endothelial cells,
dendritic cells (DCs), and lymphocytes, which regulate immune responses through various host
defence mechanisms (6).

Hydatid fluid is a complex mixture of distinct antigens of host and parasite origin. Antigen B (AgB),
one of the most abundant antigens of E. granulosus, is a heat-stable lipoprotein of 160 kDa with three
subunits at 8, 12, 16, and 20 or 24 kDa, accounting for about 10% of the total hydatid fluid content.
Immunolocalization studies indicate the presence of this antigen, which is a type of protease inhibitor
with the ability to inhibit neutrophil recruitment, in the germinal layer of the metacercaria and the
membrane of the protovasculature (54). According to Shepherd et al.'s studies, the 12 kDa AgB subunit
plays an important role in the parasite's escape mechanism from the host's innate immunity (44).
Changes in the activity level of macrophages and suppressing the production of effective cytokines
are among the mechanisms through which AgB plays a role in modulating the host's immune response.
It has also been found that the presence of parasite metabolites can affect the differentiation,
maturation, and function of dendritic cells and natural killer cells (NKSs), thereby contributing to
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disease progression.(33)

There is still no detailed information about the mechanisms related to host susceptibility/resistance to
hydatid cysts. However, studies indicate the presence of some molecules associated with the host's
innate immune cells (such as NKs, macrophages, neutrophils, mast cells, basophils, eosinophils, and
dendritic cells) in patients with cystic echinococcosis (6).

Normally, the primary immune response to E. granulosus infection is the maturation of dendritic cells
and altered differentiation of monocytes to evade the immune system and establish chronic infection.
Research conducted on BALB/c mice infected with E. granulosus showed an increase in the number
of macrophages, dendritic cells, Tregs, and myeloid-derived suppressor cells (MDSCs), and the
expression of arginase-1 (ARG-1). It is in many myeloid cells that inhibit T lymphocyte response to
E. granulosus antigens (55). It was already known that the secretory-discharge products of E.
granulosus can cause immune tolerance in dendritic cells to disrupt the host's immune response;
However, the presence of some components of these secretion-excretion products, including
protovascular antigens similar to cancer antigens, can stimulate the differentiation and maturation of
dendritic cells towards the activation of the specific immune system. The delivery of such stimulating
antigens to dendritic cells occurs through extracellular vesicles from protovasculatures and metastodes
of E. granulosus.(12)

The presence of some inflammatory cells, mainly neutrophils and macrophages, is a sign of cellular
immune response in the acute echinococcosis stage (32). Active neutrophils at this stage can secrete a
type of protease called neutrophil elastase (NE), which is capable of digesting the parasite's body and
attracting other neutrophils through chemotaxis. In response, E. granulosus oncospheres express a
protein called EgKI-1, which is capable of inhibiting NE and helps the parasite escape from the host's
immune system (51).

Among other mechanisms that occur in the direction of the escape of the parasite from the host's
immune system, it is observed in the stage of chronic echinococcosis and the case of hydatid cyst
rupture. The leakage of hydatid fluid in this situation attracts neutrophils. The influx of neutrophils to
kill protoscolex can be a reason for the production of antigen B by hydatid cyst fluid (44). Antigen B,
as a protease inhibitor, prevents chemotaxis of neutrophils and gives the parasite a chance to cause
secondary echinococcosis by producing larger cysts (38). Therefore, it can be said that preventing the
influx of neutrophils by inhibiting NE secretion and chemotaxis is one of the important mechanisms
of parasite escape from the host's immune system in acute and chronic stages.

The high activity of neutrophils in killing E. granulosus oncospheres indicates the presence of an
antibody-dependent cellular response. On the other hand, we know that an anti-tumor immune
response is needed to overcome acute malignancies (44). Considering that we need the memory of
immune response for successful immunotherapy, the existence of immune memory can be seen as a
reason for the resistance of echinococcosis patients against some cancers (38). Of course, there is also
evidence of a decrease in the Thl immune response and an increase in the level of breast cancer
metastasis to the liver following the injection of 4T1 mouse breast cancer cells into mice with
secondary echinococcosis.(50)

In addition to the fact that neutrophils play an important role in host defence, they can also have pro-
tumour and anti-tumour effects in cancer patients. Many people with advanced cancers show high
levels of neutrophils in their blood, although the exact mechanisms behind this presence are unknown.
Recent evidence has shown that neutrophils in the tumour microenvironment are actively involved in
the initiation of tumour growth, progression, metastasis and angiogenesis. Consequently, potent
inhibitors of neutrophil elastase have been tested as anticancer drugs.(52)

3. 2. 2. Echinococcosis and acquired immunity
It has been found that both Th1 and Th2 cell types are present in the host's acquired immune response
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to E. granulosus. Therefore, by identifying modulating antigens affecting Thl or Th2 polarity, it can
be determined that the body's immune system is sensitive/resistant to the parasite. In the immune
response to infections, cytokines produced by Th lymphocytes are involved in the regulation of
antibody isotype production, and in particular, Th2 cytokines regulate the synthesis of
immunoglobulin E (IgE) and IgG4. Several pieces of evidence show that the sera of patients with
cystic echinococcosis contain all isotypes of specific AgB antibodies. The predominant binding of
IgG4 to AgB suggests a link between AgB and Th2 activation (36).

EgTeg, a new molecule isolated by examining the cDNA library obtained from E. granulosus, is
located in the skin of the protoscolex and the germinal layer of the cyst wall, and is a type of coat
protein that is probably related to the survival of the parasite. This study showed that EgTeg is an
immune regulatory molecule: it inhibits chemotaxis and primarily induces IL-4-positive T
lymphocytes and non-complement repair antibodies. As a result, it can be said that this antigen
activates a type of Th2 immune response associated with chronic infection. The anti-inflammatory
response induced by helminths enables parasite survival in the host by limiting potentially destructive
inflammatory responses.3)

For the first time in a preliminary study in 1979, antigenic similarity between lung carcinoma and
hydatid cyst fluid was reported (53). Of course, it should be noted that some of these common antigens
induce the suppression of the anticancer immune response. Mucin O-glycans are among the most
important common antigens between parasites and cancer cells. In cancers, mucin O-glycans are
involved in metastasis, invasion and cell adhesion. In E. granulosus parasite, Tn O-glycosylated
antigens are present in larval and adult extracts (14). Recently, antigens, which may be mucin O-
glycans, have also been identified in hydatid cyst fluid, lamina and germinal layers, and
secretory/excretory products of hydatid cyst protoscolexes. The immunological cross-reaction of
hydatid cyst fluid antigens with the serum of cancer patients was higher than with the serum of healthy
individuals. Therefore, antibodies produced against these parasitic O-glycosylated antigens can be
useful against cancer. Mucin-like peptides obtained from E. granulosus have been found to induce the
increase of active natural Killer cells in the spleen of immunized mice in a process mediated by factors
derived from soluble dendritic cells.45)

Also, the treatment of spleen cells with Egmuc peptides in immunized mice could increase the immune
response and kill pancreatic tumour cells in vitro. Of course, more detailed studies showed that these
anticancer effects were mostly due to the increased production of IL-12p40p70 and IL-6 and as a
result, increased NK cell activity, which seems to be more of a Th1-like response (38). It has also been
found that the cytotoxic effects of serum on human small-cell lung carcinoma cells were higher among
patients with echinosis than among healthy people (23). Furthermore, 40% of mice vaccinated with
hydatid cyst fluid induced tumour recurrence in a colon cancer model as well as an acquired immune
response against tumour rechallenge (11).

Therefore, it can be said that the results obtained from different studies support the use of specific
antigens of E. granulosus in preventing/treating some types of cancer. These studies show that the high
structural similarity of E. granulosus antigens with cancer antigens will create a long-term memory in
the immune system and prepare for possible confrontation with cancer cells. However, more studies
are still needed to finally confirm these antigens as treatment/prevention options.

E. granulosus and cancer: a complex relationship

It has been proven that various worms including liver fluke Clonorchis sinesis and Opisthorchis
viverini (causing cholangiocarcinoma) and blood fluke Schistosoma japonicum (known risk factor for
liver carcinoma and colon cancer), Schistosoma mansoni (probable cause of colon cancer)) and
Schistosoma haematobium (which leads to bladder cancer) are among the carcinogens in humans. On
the other hand, there is also evidence that certain helminth infections can induce anticancer activities,
such as the pig worm Trichinella spiralis, which can protect infected mice against tumor growth and
metastasis (21).

The simultaneous presence of E. granulosus infection and cancer such as liver cancer, lung
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carcinosarcoma, liver mucosal adenoma cyst, kidney sarcoma, kidney adenocarcinoma, or ovarian
epithelial tumor and lymphoepithelioma-like gastric carcinoma have been widely reported (1, 4).

However, the exact relationship between E. granulosus and cancer remained unknown until the last
decade, until a study in Turkey (with a prevalence rate of 1-2% for E. granulosus) found that the rate
of solid tumour formation among infected patients It is inferior to cystic echinococcosis. This study,
which was conducted on 2086 people undergoing solid tumour surgery between 1990 and 2001,
showed that only two patients had both diseases at the same time (38). This accidental discovery
prompted researchers to investigate the anticancer effects of E. granulosus antigens. After that, the
results of studies conducted by different research groups have confirmed this hypothesis. For example,
it has been proven that protoscolexes in hydatid cysts (larval stage of E. granulosus) can induce cell
death in WEHI-164 fibrosarcoma cells in vitro (16). In addition, vaccination with hydatid cyst fluid in
a mouse model with experimental colon cancer CT26 caused tumour recurrence (10). Also, the
simultaneous injection of live protoscolex and melanoma cells can lead to a significant decrease in
tumour growth compared to the control group in a mouse model (5). Overall, this evidence shows that
E. granulosus can show protective effects against certain types of cancers in vitro and in vivo.

Mechanism of action of anticancer effects of E. granulosus

Considering that the investigation of the relationship between the E. granulosus parasite and pelvic
cancer is relatively new, detailed information about the mechanism of action of the anticancer effects
of this parasite has not yet been obtained. However, the anticancer effects of E. granulosus can be
classified into two general categories: direct cell killing effects and indirect effects through the host's
immune system (Figures 3 and 4).
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Figure 3. Possible mechanisms responsible for the anticancer effects induced in the acute phase of
Echinococcus granulosus infection. In the acute phase, the release of EgKI-1 by the oncosphere
strongly inhibits neutrophil elastase and disrupts the cell cycle, thus exerting anticancer effects on
various types of cancer cells. At the same time, mucin O-glycans will be recognized by the host
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immune system and activate innate and Thl-polarized immune responses that have protective effects
against cancer. Image courtesy of www.biorender.com.
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Figure 4. Possible mechanisms responsible for the anticancer effect induced in the chronic phase of
Echinococcus granulosus infection. At this stage, the contents of the hydatid cyst will be released to
the infection sites due to the rupture of the cyst. The highly immunogenic contents of hydatid cysts
rapidly activate the host's innate immunity and cause a shift from Th2 to Th1 response, which has host
protective effects against cancer. Antigen B (AgB), another potent inhibitor of neutrophil elastase, is
highly expressed in hydatid cysts and may exert its anticancer effects through inhibition of neutrophil
elastase and neutrophil chemotaxis. At the same time, protovasculature can also play a direct role in
anticancer effects. Image courtesy of www.biorender.com.

5. 1. Direct effects of echinococcosis on cancer through the property of cell killing

There is evidence that echinococcosis parasites can directly kill cancer cells in addition to inducing
antibody-mediated immunity. It has been found that hydatid cyst protoscolexes can induce cell death
in WEHI-164 fibrosarcoma cells in vitro and inhibit melanoma tumour growth in vivo (16). However,
the specific molecules involved in this process remain largely unclear. In an in vivo study on C57BL/6
mice, treatment with hydatid cyst fluid at the same time as injection of melanoma cells resulted in
decreased tumour growth. However, in this study, it is not clear whether the control group received
heme alum as an auxiliary control or whether it was injected intraperitoneally into the tumour margin
(14). The worrying point in this research is the possible effect of alum as an adjuvant in stimulating
the Th2 immune response in mice.

Interestingly, one study showed that treatment of HeLa cells with various hydatid cyst molecules,
specifically Protoscolex excretory/secretory molecules, could increase the number of dead cells or
decrease the number of viable cells in the culture medium; Also, the treatment of Vero cells with the
same molecules did not increase the number of dead cells or decrease the number of living cells in the
culture medium (21). As mentioned in the previous sections, probably the presence of high amounts
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of antigen B (AgB) as a NE in hydatid cysts is one of the reasons for these strong effects. The effects
of AgB on the breast cancer cell line were also investigated and it was found that the rate of cell death
decreased significantly after treatment with this antigen (15).

Another protein that needs further investigation is the EgKI-1 molecule in the E. granulosus
oncosphere, which was mentioned in the previous sections. A study that investigated the anticancer
effects of this protein in both in vitro and in vivo conditions indicated a significant reduction in the
rate of apoptosis after treatment with this protein in both conditions (37). Therefore, in general, it
can be said that the liquid contents of the hydatid cyst play an important role in the occurrence of the
parasite's cytotoxic effects

.5. 2. Indirect anticancer effect through the activation of the host's immune system

As mentioned in the above section, the anticancer effect has been seen in the contamination of
different parasites. Like parasitic infections, cancer cells can also stimulate innate and acquired
immunity in the growth process (38). Therefore, it can be expected that some parasitic antigens
similar to cancer antigens during chronic infection can create memory in the immune system and
thus prepare this system for a possible encounter with cancer cells.

In this regard, there is evidence of similarity between parasite antigens and certain types of cancer,
especially mucin O-glycans (51). For example, antigens such as Tn antigen (CD175) and TF antigen
(or CD176) are among the most popular antigens in cancer treatment research, because in many types
of cancer (including bladder, cervix, colon, ovary, stomach, lung and prostate) are observed (9). The
first report of antigen similarity between E. granulosus and cancer was in the 1970s, which showed a
clear sedimentary band from the immunoreactivity of hydatid fluid and serum of lung carcinoma
patients (53). After that, the presence of both CD175 and CD176 antigens was reported in E.
granulosus larval and adult worm extracts. Antigens such as Tk and TF have also been reported in
adult worms (14). Of course, common antigens other than mucin O-glycans have also been identified.
For example, a non-glycosylated 27 kDa molecule is shared between human breast cancer and E.
granulosus (43). In addition, in a study on the antitumor immune response induced by hydatid cyst
fluid in an animal model of colon cancer, heat shock protein 70 (hsp 70) of E. granulosus has shown
high homology with CT26 colon cancer cell mortalin (about 60%) ( 11). In addition, it has been proven
that common antigens between E. granulosus and cancers can show immunological cross-reactivity.
In general, it can be assumed that the induction of the host's immune response against certain types of
cancer after echinococcosis infection can be caused by the presence of these common antigens.
Previous studies have shown that both cellular immunity and humoral immunity induced by the
protozoan parasite Trypanosoma cruzi protect against various types of cancer in a mouse model (40).
But in the case of E. granulossus, such information is not available. In the onco-immunology paradigm,
it has been found that the polarized Thl response plays a central role in killing cancer cells and
preventing tumor growth, while the polarized Th2 response increases tumor progression and
metastasis (7). As with E. granulossus, the immune response induced by the parasite varies during
different stages of infection: 1) during the oncosphere invasion, a polarized Thl response will
predominate; 2) in the process of cyst formation and growth, the polar Th2 response will gradually
take over the responsibility; 3) At the time of cyst rupture or parasite death, the polarized Th2 response
will rapidly change to the polarized Th1 response (51). Therefore, it can be said that the activation of
Thl response is the reason for the anticancer effects of the parasite (49). Furthermore, this could
explain the conflicting results of some epidemiological and laboratory studies, which show that
Echinococcosis cysti can promote the development and progression of cancer (50.¢

Echinococcal antigens and cancer immunotherapy

In the long-term fight against cancer, there are four general approaches: surgery, chemotherapy,
radiotherapy, and recently immunotherapy, which has become a suitable treatment method for cancer
(87). Inspired by the success of Immune Checkpoint Inhibitors (ICIs) over the past decade, oncologists
and immunologists have made every effort to ensure further success. However, the success achieved
with ICls is still limited, thus requiring further avenues to be explored. The accidental discovery of
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the anticancer effect induced by E. granulosus infection has attracted much attention. Understanding
the underlying mechanisms can provide new insights into the regulation of immunotherapy.

After nearly 40 years of extensive research with limited success, it is now believed that a cancer
vaccine may have the potential to convert immunodeficient tumors to ICI therapy through T cell
immune activation (21). In this context, the ideal cancer vaccine should first be able to stimulate a
strong Th1l-specific response (as a Th2 response may facilitate cancer progression and metastasis) and
then a tumor-specific response (inducing acquired immunity specifically against the cells cancerous
and preserving normal cells). Many tumor-specific antigens have been identified and exploited.
However, most of them fail to induce an appropriate and effective immune response, including mucin
O-glycans, sTn, and tumor-associated T antigen, which are found almost exclusively on cancer cells
and are widely used in the diagnosis and prediction of cancer progression. have been used (56). It
should be noted that despite the production of specific immunoglobulin G and the conversion of serum
immunoglobulin M to immunoglobulin G in a multicenter phase 111 study, the sTn-based vaccine was
not beneficial for women with metastatic breast cancer (31). A Th2-dominant response could be an
explanation for the failure of this vaccine, thereby highlighting the importance of a Thl-dominant
response.

As previously mentioned, mucin O-glycans have now been found in both adult and larval stages of E.
granulosus and in patients with cystic echinococcosis (21). On the other hand, accumulating evidence
has shown that hydatid cyst antigens can induce anticancer effects against several types of cancer in
vitro and mouse models (15, 23, 45). Furthermore, immunization of mice with hydatid cyst antigens
resulted in high expression of interferon-gamma (34). The existence of these evidences indicates the
role of mucin O-glycans in stimulating the Th1l immune response and preparing the immune system
to fight against cancer. Therefore, it can be said that mucin O-glycans of parasitic origin are one of the
successful options for cancer vaccine design. Since there are many differences between the immune
system of humans and mice, further studies are needed to confirm this hypothesis.

Advantages and challenges of using echinococcal antigens for cancer treatment

Immunotherapy based on echinococcal antigen has several advantages that make it a promising
candidate for cancer treatment.

First of all, echinococcal antigens have unique immunogenic properties (4, 14, 16). These antigens
have the ability to activate specific immune responses against cancer cells, which leads to the
recognition and elimination of tumor cells by the immune system. Second, immunotherapy based on
echinococcosis antigens has the potential to induce long-term immune memory (11, 13). By
stimulating the production of memory T cells, the immune system can retain information about tumor-
specific antigens. This memory response enables a rapid and robust immune response upon re-
encounter with cancer cells expressing the same antigens (27). This immunological memory provides
stable and durable protection against tumor recurrence and can significantly improve long-term
outcomes for cancer patients.

Another advantage of immunotherapy based on echinococcal antigens is their potential for
combination therapy. For example, the combination of protoscolex antigen with other
immunomodulatory agents such as immune checkpoint inhibitors or adjuvants can increase the effect
of immunotherapy (42). Synergistic effects can be achieved by targeting multiple pathways involved
in immune response modulation, leading to enhanced antitumor immune responses and improved
therapeutic outcomes.

In addition, immunotherapy based on echinococcal antigens has shown the potential for minimal side
effects. By selectively targeting cancer cells that express specific antigens, this treatment can spare
healthy cells and tissues from the harmful side effects often associated with conventional treatments
such as chemotherapy and radiotherapy. This targeted approach can help minimize toxicity and
improve the overall quality of life of cancer patients undergoing treatment.

However, although immunotherapy based on echinococcal antigen is promising, it also faces several
challenges and limitations that must be considered for its successful implementation in cancer
treatment. One of the main challenges is the heterogeneity of tumor antigens. Different types of cancer
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exhibit diverse antigenic profiles, which makes it challenging to identify echinococcal antigens that
can effectively target a wide range of tumor cells.(8)

Another limitation is the optimization of echinococcal antigen formulation and delivery. The
immunogenicity of echinococcal antigens can be affected by factors such as the choice of adjuvants,
dose and route of administration. Finding the optimal formulation that enhances antigen
immunogenicity while ensuring patient safety and tolerance is an important aspect of successful
immunotherapy. Furthermore, the cost and scalability of echinococcal antigen-based immunotherapy
present significant challenges. Large-scale production and purification of echinococcal antigens can
be complex and expensive. Standardization of production processes and optimization of production
methods are necessary to make available and affordable this treatment method. Overcoming these
challenges will be critical to ensure the widespread availability and cost-effectiveness of echinococcal
antigen-based immunotherapy.

Future prospects and potential applications

potential applications and avenues for exploration. First, more research is needed to expand the
understanding of echinococcal antigen immunotherapy in different types of cancer. Currently, most
studies are focused on preclinical investigations in a limited number of cancer types. Conducting
robust clinical trials involving large populations of patients with different types of cancer will help
evaluate the efficacy, safety, and feasibility of using echinococcal antigen-based therapies in a broader
setting.

In addition, the development of combination therapies containing antigen and other
immunomodulatory agents is promising. Combining antigen with immune checkpoint inhibitors,
cancer vaccines, or other immunotherapeutic agents can potentially enhance the antitumor immune
response by targeting multiple immune pathways simultaneously. In addition, identifying new
antigens or engineering antigenic constructs with high immunogenicity can open new avenues for
cancer treatment. Advances in antigen discovery techniques, such as proteomics and genomics, may
help identify other antigens that are highly expressed on cancer cells and are capable of eliciting strong
immune responses.

Finally, the potential application of echinococcal antigen-based immunotherapy could extend beyond
primary tumor treatment. This method can be used as an adjuvant treatment method to prevent cancer
recurrence or as a neoadjuvant treatment method to stimulate the immune system before removing the
tumor through surgery. Furthermore, investigating the potential of echinococcal antigen
immunotherapy in combination with other therapies, such as chemotherapy or radiation therapy, may
increase overall treatment responses and improve disease outcomes.

The future of immunotherapy based on echinococcal antigens is promising, with several

Conclusion

Echinococcal antigen-based immunotherapy is a promising candidate for cancer treatment. The unique
immunogenic properties of echinococcal antigens, together with their ability to activate specific
immune responses against cancer cells, have made them attractive targets for immune system
inhibition in the fight against cancer. Preclinical studies have shown the ability of these antigens to
inhibit tumor growth, increase immune responses, and synergize with other immunomodulatory
agents. However, several challenges and limitations must be considered to fully realize the potential
of cancer treatment with this method. Heterogeneity of tumor antigens, optimization of antigen
formulation and delivery, and cost-effective production are key areas that require further research.
Furthermore, large clinical trials are needed to confirm the efficacy and safety of echinococcal antigen-
based therapies in different cancer types and patient populations. With continued progress and
collaboration in this field, the use of echinococcal antigens can revolutionize cancer treatment and
provide new avenues for targeted and personalized approaches that can improve treatment outcomes
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and overall cancer management.
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