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Abstract. Trichinosis (Trichinellosis) is a cosmopolitan disease of warm-blooded animals caused by several
species of Trichinella. During their stay in the host body the larvae migrate, causing negative effects and diseases
to the hosts, especially to humans.
Establishing an association between a neoplastic disease and helminth infestation represents a problem because
of the long latency period between the two diseases. Several case reports show the oncogenic potential of
Trichinella spiralis in animals but also in humans. It was observed that Trichinella spp. can potentiate the
carcinogenic effects of some chemicals. A few authors suggest that, the modulation of the hosts immune system,
irritation and inflammation may trigger specific humoral and cellular responses in the hosts body during this
parasitic infestation, that may finally lead to tumor development.
It’s suspected that each developmental stage of T. spiralis may have an antitumor action through specific and
active substances. Crude extracts obtained from the adults and newborn larvae, can also reduce the progression
of tumors in some animals. Excretory–secretory proteins (ESPs) from muscle larvae could contain antitumorsubstances. The antitumor action of T. spiralis was detected to be stronger during the intestinal stage of the
infestation. Trichinella pseudospiralis infestations in mice can suppress inflammatory responses. T. britovi can
also have an oncostatic action in some types of tumors (Walker carcinosarcoma) but not as strong as T. spiralis.
Keywords: Trichinella spp.; Tumors; Mice; Rats.
Acțiunea oncogenă și oncostatică a Trichinellei spp. la animale
Rezumat. Trichineloza este o boală cosmopolită a animalelor cu sânge cald. Boala este cauzată de mai multe
specii de Trichinella. În timpul parazitismului în organismul gazdă, larvele migrează, provocând efecte negative și
boli grave la unele gazde, în special la oameni.
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Stabilirea unei asocieri între o boală neoplazică și o infestație parazitară reprezintă o problemă. Mai multe studii
pun în evidență capacitatea oncogenică a nematodului Trichinella spiralis la animale și la om. S-a observat că
Trichinella spp. are capacitatea de a potența efectele carcinogene ale unor substanțe chimice. Unii autori
sugerează că modularea sistemului imunitar al gazdei, iritarea și inflamația pot declanșa răspunsuri umorale și
celulare specifice, care pot duce în final la apariția formațiunilor tumorale.
Fiecare etapă de dezvoltare a T. spiralis poate avea o acțiune antitumorală. Extractele brute obținute din larvele
pot, de asemenea, să reducă progresia tumorilor la unele specii de animale. Proteinele excretoare și secretoare
(ESP) din larvele musculare pot să conțină substanțe antitumorale. Acțiunea antitumorală a T. spiralis a fost
detectată ca fiind mai puternică în timpul fazei intestinale a parazitismului. Infestațiile cu Trichinella
pseudospiralis la șoareci pot avea efect antiinflamator. T. britovi poate avea acțiune oncostatică în unele tipuri de
tumori (Walker carcinosarcoma), însă această acțiune nu este la fel de puternică comparativ cu T. spiralis.
Cuvinte cheie: Trichinella spp.; Tumori; Şoareci; Şobolani.
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Introduction

span of their hosts (Pocock and Meerovitch,
1982).

Trichinosis or Trichinellosis is a cosmopolitan
disease of warm-blooded animals caused by
several species of Trichinella. This parasite can
also infest human beings, causing different
digestive symptoms (Meyer and Olsen, 1975).
Trichinella spp. are parasitic organisms that
live in the intestines and in the muscle tissues
of humans and animals. Both the adults and the
larvae have parasitic behavior and live in the
same host. During their stay in the host body
the larvae migrate, causing negative effects and
diseases to the host, which may culminate in
death, especially in humans (Șuteu and Cozma,
2012). Helminthes have been involved in the
etiology of different types of neoplasms
(Herrera and Ostrosky-Wegman, 2001).
Trichinellosis in association with neoplastic
conditions has rarely been reported in human
and veterinary literature (Restucci et al., 1991).
Today, there is no doubt that some species of
Trichinella can induce neoplasm formation in
animals and in humans (Herrera and OstroskyWegman, 2001). Several studies were also
performed to observe the oncostatic actions of
these parasites in animal hosts. Trichinella
spiralis and Trichinella britovi have been
recognized as helminths that can negatively
influence tumor growth and prolong the life

The aim of this article is to present in
retrospective the most important findings from
several researchers regarding the oncogenic
and oncostatic action of Trichinella spiralis and
other species from the genus Trichinella in
different animal species.
The oncogenic action in animals
Helminths to induce tumor development in
their host’s body require many years of
infestation. During this time they cause chronic
inflammation of the tissues which in many
cases is an essential step in tumor formation
(Vennervald and Polman, 2009). Establishing
an association between a neoplastic disease
and helminth infestation represents a problem
because of the long latency period between the
two diseases. First, the time between the
exposure, which is represented by the initial
parasitic infestation and the outcome meaning
the initial tumor development is almost
unidentifiable. The interesting part is that in
some cases by the time the tumor appears the
helminths might not be in the host body any
more (Vennervald and Polman, 2009;
Machicado and Marcos, 2016).
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A few studies show that Trichinella spp. can
cause tumor development in some conditions,
for instance in a 10-year-old male shorthair cat
after one month of absents from home, a small
mass was found in the subcutaneous tissue at
the rostro-ventral surface of the left mandible.
Histopathologic examination revealed chronic
inﬂammation. After surgical excision and
staining with hematoxylin and eosin (HE), the
authors observed the presents of Trichinella
spiralis larvae between the neoplastic
squamous cells (Moisan et al., 1998). It was
also observed that Trichinella spp. can
potentiate the carcinogenic effects of some
chemicals. A good example in this case is the
experimental study that combined the
infestation of T. spiralis larvae with the
inoculation of chemical carcinogens in rats. The
combination induced the formation of
laryngeal carcinoma in rats more frequently
than either of them alone (Gawish, 1975).

their possible anti-tumor effects, the authors in
this case used cross-immune responses
between antigens of myeloma cell SP2/0 versus
positive sera to T. spiralis, and antigens of T.
spiralis versus positive sera to myeloma cell
SP2/0 in mice. They found that tropomyosin in
this case may play a role in inducing crossprotective immunity (Gong et al., 2011). In an
experimental study, the mice infested with
Trichinella spiralis had successfully reduced
tumor growth. It’s suspected that each
developmental stage of T. spiralis may have an
antitumor effect possibly due to some antitumor active substances and/or tumorassociated antigens (Duan et al., 2011). These
antigens may trigger outer caspase-dependent
apoptotic pathways and inhibit the survival of
some tumor cells, like melanoma (Vasilev et al.,
2015; Pocock and Meerovitch, 1982). Trichinella
spiralis excretory/secretory proteins may have
an inhibitory effect on NCI-H446 small cell lung
cancer by reducing the levels of protein C-myc
and Bcl-2 mRNA (Chang et al., 2014), but
excretory–secretory proteins (ESPs) from
muscle larvae may also contain antitumorsubstances. ESPs successfully inhibited the
growth of small cell lung cancer cultures (Luo et
al., 2017). Lot of ESP of Trichinella spiralis
muscle larvae have unknown identities but six
anti-tumor relevant proteins (histone H2A,
tropomyosin, cleavage and polyadenylation
specificity factor unit 2, armadillo segment
polarity protein and eukaryotic initiation factor
4A ,serine proteinase inhibitor Kazal-type 4)
were determined from 63 identified proteins
(Luo et al., 2016). T. spiralis protein A200711
induced apoptosis in H7402 (human hepatoma)
cells by increasing their susceptibility to
apoptosis (Wang et al., 2013). The proliferation
of HepG2 (Human hepatocellular carcinoma)
cells
was
inhibited
thanks
to
the
excretory/secretory proteins. The inhibition
was dependent on the administered dose. The
apoptotic cells and necrotic ones occupied
17.9% and 6.6%, respectively (Liu et al., 2015).
It can influence the cell-mediated immune
responses as shown by Wing et al., in 1979.
They demonstrated that macrophages from T.
spiralis infested mice had the ability to kill EL-4
(the mouse tumor cell lines) tumor cells. The
antitumor action of T. spiralis was detected to be
stronger during the intestinal stage of the
infestation. During this stage the production of

The oncogenic mechanism for T. spiralis and
for other species from the genus Trichinella are
not well known. Some suggest that the up
regulation or down regulation of some
apoptotic factors in skeletal muscle cells may
represent an adaptive mechanism that helps
the parasite to survive (Babal et al., 2011).
However, a number of reports suggested that,
the modulation of the hosts immune system,
irritation and inflammation may trigger
specific humoral and cellular responses in the
hosts body during this parasitic infestation,
that may finally lead to tumor development
(Moisan et al., 1998; Čvorović et al., 2005;
Kristek et al., 2005; Lichiardopol et al., 2010;
Alva et al., 2015; Shirazi et al., 2015).
The oncostatic action in animals
Several species from the genus Trichinella have
an inhibitory effect against certain types of
tumors. Most studies regarding the anti-tumor
potential of T. spiralis showed that this parasite
can influence the immune system of the host
(Wang et al., 2009). Secretory and excretory
products of T. spiralis can induce immune
modulations that can influence the course of
some malignant diseases such as melanoma or
myeloma (Sofronic-Milosavljevic et al., 2015).
To understand the presence of myelomaassociated antigens in Trichinella spiralis and
7
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mast cells and lymphocytes was higher than
usual (Ruitenberg et al., 1982). Trichinella
pseudospiralis infestations in mice can suppress
inflammatory responses. This parasite reduced
T lymphocyte activity in P91 mast cell tumor
development. Down regulation of cell-mediated
reactions are accompanied by migratory larvae
(Stewart et al., 1991).

of HCT-8 tumor cells (Li et al., 2008). The
infestation dose with this parasite is also
important, anti-tumor effects were more
efficient in huge infestations then in small ones
(Wu et al., 2005).
Some authors decided to test the potential
oncostatic action of Trichinella spp. in rats as
well.

The duration of the infestation also plays an
important role in tumor inhibition. Here we can
mention the findings of Kang et al., in 2013.
They found that long infestation with T. spiralis
can have a stronger antineoplastic effect in mice
with B-16 melanoma. The main tumor and the
lung metastases in these mice were significantly
reduced.

Oltean et al., in 2012 based on their results in
experimentally infested rats came to the
conclusion that T. spiralis had a stronger
protective effect against Walker 256
carcinosarcoma (solid form) then Trichinella
britovi. Another study shows that different
doses of BAS (thermostable biologically active
substances) can have different effects on cell
viability in Graffi myeloid, HeLa (human cervical
carcinoma) and T-24 (human transitional cell
bladder carcinoma) tumor cell cultures. The
strongest inhibitory effect was on Graffi myeloid
tumor cells (13.80%), treated with BAS that was
isolated from T. spiralis infested rats in a dose of
1000 μg/ml (Tsocheva-Gaytandzhieva et al.,
2016).

The administration of only the crude extracts
obtained from the adults and newborn larvae,
can also reduce the progression of tumors in
experimentally infested mice, for instance the
rough extracts from adult Trichinella spp. could
have in vitro anti-proliferative effect on
hepatoma H7402 cell line (Wang et al., 2009).
Most of the time by the end of each experiment
the size and the weight of the tumors were
smaller than in the control groups (Zhang et al.,
2009).

Not all studies yielded positive results regarding
the oncostatic potential of T. spiralis. In one
study T. spiralis antigens did not reveal any antitumor activity against murine colon cancer
(Eissa et al., 2018).

The molecular mechanism of growth
suppression in Balb/c mice in a SP2/0 myeloma
model was observed. Genes encoding RpL41,
NKTR, Rbbp4 and ANXA2 were enriched and
were involved in tumor growth inhibition (Deng
et al., 2013).

Discussion
Hulland
(1993)
considered
that
the
inﬂammatory and neoplastic processes in T.
spiralis
infestations
were
independent,
especially because the larvae that he identified
were located in the myoﬁbers of the diaphragm,
where no neoplastic change were found.
Trichinella spp. infestation’s could behave only
as co-carcinogens and only play a part in some
tumor developments, like laryngeal carcinoma
in humans (Čvorović et al., 2005). Constant
irritation by the presence of this parasite may
be responsible for the development of some
types of tumors. It is suspected that Trichinella
spp. may up regulate the Vascular Endothelial
Growth Factor (VEGF) and might also modify
the external kinase and nucleotide metabolizing
enzymes, and by doing so might modulate
multiple host functions including the host’s

Even the time of infestation is important
regarding tumor development. If mice are
infested with T. spiralis 28 days prior to sarcoma
cells implantation, they significantly increase
the survival period of the host, but do not affect
the clinical phase of the tumor. These results
indicate that T. spiralis infestation may
temporarily alter the host response to some
types of sarcomas (Molinari and Ebersole,
1977). T. spiralis inhibited the growth of A549
lung cancer in mice when the cancer cells were
inoculated 11 days after T.spiralis infestation
(Gong et al., 2008). Trichinella spp. inhibited the
growth of HCT-8 (Human Colorectal Carcinoma)
tumor cells in BALB/c mice when the infestation
with this parasite accrued before the inoculation
8
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immunity against tumors (Capo et al., 1998).
The detection of the parasite in the tumors and
in the vicinity of them gives credibility to its
carcinogenic potential and not merely to a coincidental finding (Cheung et al., 1997). Kristek
et al. (2005) came to the conclusion that in case
of T. spiralis the cysts around the larvae act as a
protective barrier during tumor formation in
human breast carcinoma. Chronic trichinellosis
induces in the host connective tissue mast cell
hyperplasia and the production of cytokines and
chemokines which are necessary for pathogen
clearance (Skin et al., 2008). Future research
which includes case-control studies would be
beneﬁcial in resolving the association between
this parasitic infestations and malignancy
(Čvorović et al., 2005).

antigens can also have an inhibitory effect
against some types of tumors, for example
SP2/0 myeloma. These types of antigens can
be found in adults, in new born larvae and in
muscle larvae (Wu et al., 2007). Trichinella
spiralis cDNA expression library was obtained
from muscle larvae RNA and screened with
sera from Balb/C mice which were injected
with Sp2/0 myeloma cells to obtain novel
antigen genes. These antigens can possibly be
used for a future anti-tumor vaccine (Duan et
al., 2013). The parasites larval somatic
proteins could inhibit the proliferation and
may induce the apoptotic activity of H446
cells (small cell lung cancer) and its effects
may be related to the up-regulated expression
of Apaf-1 and Cyt-C (Li et al., 2018). Another
study showed that A200711 protein from this
parasite had an inhibitory effect on H7402
(human liver cancer) cells proliferation (Li et
al., 2012). CK-1 of T. spiralis was expressed in
prokaryotic liver tumor cells (Zuo et al., 2014)
and Tsp06172 gene was expressed and cloned
in A549 lung cancer cells (Gao et al., 2013).
Trichinella spiralis infestation can also induce
the expression of cancer suppressor genes like
RB genes in breast MCF-7 tumor cells (Li and
Zhang, 2009). These findings laid the
foundation for further studies on the antitumor effect of this parasite (Zuo et al., 2014).

The ancient idea that parasitic organisms and
their products can be used as an alternative to
tumor treatment has gradually gained interest
over the last few years (Liao et al., 2018).
Using regular treatments and prevention we
can reduce parasitic infestations or reinfestations. This way we lower the risk of
tumor development in animals (Vennervald
and Polman, 2009). The beneficial effects of
some parasites on tumorgenesis vary from
induction of apoptosis, modification of
immune responses, altering metastasis and
angiogenesis,
to
the
regulation
of
inflammation
that
promotes
cancer
development (Callejas et al., 2018). Several
animal models have shown that some parasite
species or parasite products were able to
inhibit or slow down tumor growth (Darani
and Yousefi, 2012). Some nematodes for
example can provide resistance against the
development of some murine tumors
(Molinari and Ebersole, 1977; TsochevaGaytandzhieva et al., 2016). Scientific
evidence indicate that a few Trichinella spp.
can induce antitumor activity against certain
types of neoplasms in mice and rats (Darani
and Yousefi, 2012). These modifications can
be observed in tumor cells when tumors and
parasite infestations coincide or even more
when the infestation precedes tumor
development (Vasilev et al., 2015). Recent
results indicate that protection against tumors
is more efficient when both innate and
adaptive antitumor responses are involved
(Noya et al., 2013). Crude Trichinella spp.

Conclusions
Based on several case reports and studies we
can conclude that Trichinella spiralis in some
situations can cause or at least act as a cocancerigen agent in some tumor formations.
The oncogenic potential of other Trichinella
spp. are not well known and future research is
needed.
In the last few years several researchers
observed that T. spiralis, T. britovi and their
extracts could have an inhibitory action against
some tumor formations in mice and rats.
The exact mechanism by which these parasites
induce or inhibit tumor development in
animals or in humans is not well known. A few
more years of research is needed to clarify the
questions regarding the two types of
mechanisms.
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