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Taenia solium cysticercosis is a health problem in underdeveloped and developed countries. Sex hormones are involved in
cysticercosis prevalence in female and male pigs. Here, we evaluated the effects of progesterone and its antagonist RU486 on scolex
evagination, which is the initial step in the development of the adult worm. Interestingly, progesterone increased T. solium scolex
evagination and worm growth, in a concentration-independent pattern. Progesterone effects could be mediated by a novel T. solium
progesterone receptor (TsPR), since RU486 inhibits both scolex evagination and worm development induced by progesterone.
Using RT-PCR and western blot, sequences related to progesterone receptor were detected in the parasite. A phylogenetic analysis
reveals that TsPR is highly related to fish and amphibian progesterone receptors, whereas it has a distant relation with birds
and mammals. Conclusively, progesterone directly acts upon T. solium cysticerci, possibly through its binding to a progesterone
receptor synthesized by the parasite.

1. Introduction

Cysticercosis, caused by the metacestode stage of Taenia
solium, is a serious health and veterinary problem in many
developing countries [1–3]. In humans, T. solium cysticerci
cause neurocysticercosis, which affects ∼ 50 million people
worldwide, and it has been recently considered as an
emergent disease in the USA [4]. T. solium also infects
pigs, its intermediate host, leading to major economic losses
[5, 6].

When humans ingest undercooked contaminated pork
meat, the adult worm develops in the small intestine. After
two months of asymptomatic infection, this tapeworm starts
producing thousands of eggs that, once released with the
stools, can contaminate the environment, infecting pigs
(rapidly differentiating into cysticerci mainly in the muscle)

and humans (where most severe symptoms are observed due
to the presence of cysticerci in the brain) [1, 7].

Thus, maintenance of the parasite’s life cycle depends
on the adult tapeworm development [8]. In fact, even in
communities which do not rear or consume pigs, human
neurocysticercosis can be found, because of the presence
of a tapeworm carrier [9, 10]. Furthermore, tapeworm
development in turn depends on scolex evagination, the
initial step through which a single cysticercus becomes an
adult parasite with capability of producing infective eggs
[11].

Recent information reveals that sex hormones can affect
the course of a parasite infection [12–16], as in the case
of taeniasis/cysticercosis [17–19]. Moreover, frequency of T.
solium pig cysticercosis is increased during pregnancy, when
there is a significant increase in progesterone levels [19, 20].
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It has also been demonstrated that castration in naturally
infected male boars, induces an increase in the prevalence
of cysticercosis, which highlights the possible role of host
androgens to restrict parasite establishment and estrogens to
facilitate it [19].

Furthermore, Taenia crassiceps (a close relative of T.
solium) has shown to be affected by in vivo and in vitro
sex steroid treatment. Specifically, 17β-estradiol increases
the reproduction of T. crassiceps cysticerci in vitro, while
testosterone or dihydrotestosterone decreases it [21]. When
castrated mice are treated with 17β-estradiol, the number
of parasites as well as their infective capacity increases up
to 200% [22, 23] meanwhile progesterone has the opposite
effect in castrated mice of both sexes: a decrease in the
parasite loads of almost 100% [24].

Since an mRNA sequence similar to that of estrogen
receptor has been found in T. crassiceps [21], it is possible
that the direct effect of estradiol on T. crassiceps reproduction
could be due to its binding to this receptor [21]. In fact,
numerous sex steroid actions in vertebrates are mediated by
the binding to their nuclear receptors, which in this form
regulate gene expression, as in the case of estrogens [25],
androgens [26], and progesterone [27]. The latter interacts
with two main progesterone receptor (PR) isoforms [28],
whereas other hormones such as androgens only have one
specific receptor [26]. Interestingly, a similar mechanism
could occur also in parasites [21, 29, 30].

Steroid hormone effects are not restricted only to ces-
tode parasites but also to nematodes such as Ancyclostoma
dudodenale, whose number of larval and adult stages is
increased by sex steroid hormones in several organs of
mice [31]. Moerover, adult and muscle larvae of Trichinella
spiralis are increased in ovarectomized female rats [14],
suggesting that estrogens are restrictive factors for parasite
establishment, while androgens should play a permissive
role to the infection. Concomitantly, trematode parasites
are also affected by sex steroids. For instance, in vitro,
testosterone has an antifecundity effect upon male and
female Schistosoma mansoni adult worms [29], as well as
dehydroepiandrosterone, which in vitro reduces the viability
and oviposition of Schistosoma mansoni [32].

As it can be seen, direct effects of sex steroids upon
helminth parasites (cestodes, nematodes, and trematodes)
are not unusual. In fact, previous results suggest that these
pathogens are not only directly affected by hormones, but
they have also developed several strategies to exploit the
host’s endocrine microenviroment [33, 34], which include
degradation of host proteins as an alternative source of
aminoacids [35], development of parasitic-sex steroid recep-
tors [29, 30], and cross-activation of signal transduction
pathways [36, 37].

Taking into consideration this information, the aim of
the present study was to explore the role of progesterone
on T. solium cysticerci development, evaluating its in vitro
effects on scolex evagination and adult worm growth, key
processes in the maintenance of the infectious cycle in pigs
and humans. The in vitro effect of progesterone on T. solium
was studied through pharmacological (the use of RU486, a
progesterone antagonist which binds to intracellular PR) and

molecular (RT-PCR, western blot, phylogenetic analyses)
approaches, in order to figure out the mechanism of
progesterone actions in the parasite.

2. Materials and Methods

2.1. Obtention of Parasites. T. solium cysticerci were dissected
from the muscle of infected pigs, which were euthanized
at the Veterinary School of the Universidad Nacional
Autónoma de México. The method was previously evalu-
ated by the University Animal Care and Use Committee
to ensure compliance with international regulations and
guidelines. The fibrous capsule that surrounds each par-
asite was carefully separated with the use of a dissection
microscope. Once dissected, cysticerci were placed in tubes
containing sterile PBS (1X) supplemented with 100 U/mL
of antibiotics-fungizone (Gibco,Grand Island, NY, USA)
[38]. Samples were centrifuged for 10 minutes, at 800 g
at 4◦C and the supernatant was discarded. Pellets con-
taining cysticerci were incubated in Dulbecco’s Modified
Medium (DMEM) without fetal serum supplementation
(Gibco, BRL, Rockville, Md, USA). They were then washed
by centrifugation 3 times for 10 minutes at 800 g with
DMEM. After the final wash, viable parasites (complete and
translucent cystic structures) were counted using a binocular
microscope.

2.2. Progesterone and RU486 Dose-Response-Time Curves.
Culture grade progesterone and RU486 were obtained
from Sigma (Sigma-Aldrich, USA). For in vitro tests,
progesterone-water soluble (powder cell culture tested,
Sigma-Aldrich, USA) was dissolved in DMEM free-serum
culture medium, while RU486 was dissolved in pure ethanol
(Sigma) to the desired stock concentration, and sterilized by
passage through a 0.2 mm millipore filter. For concentration-
response curves, the experimental design was as follows,
using four wells per treatment: (a) progesterone vehicle (only
DMEM); (b) RU486 vehicle (ethanol at the final concentra-
tion of 0.06% per well); (c) progesterone at 0.06, 0.25, 2.5,
3.175, and 63.5 μM; (d) RU486 (at the same concentrations
of progesterone); and (e) a combination of progesterone
and RU486 in all concentrations described before. For time-
response curves, cysticerci from all treatments were cultured
during 20 days, with daily inspections of scolex evagination
and worm length. Culture wells contained 5mL of DMEM-
medium and were incubated at 37◦C and 5% CO2. Pro-
gesterone and RU486 were prepared in a final volume of
100 μL and added to 5 mL of medium in each well. From
concentration-response curves of each steroid, we selected
an optimal concentration for progesterone (0.25 μM) and
RU486 (2.5 μM), to be used in the time-response curves. Cul-
ture media, as well as hormone treatments, were completely
replaced every 24 hours during 20 days of culture. Scolex
evagination and worm length were daily determined in all
cultured cysticerci using an inverted microscope (Olympus,
MO21, Tokyo) at 10X and 20X magnification. Worm length
was considered as the millimetric addition of scolex, neck,
and strobila.
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2.3. RNA Extraction of Cultured Cysticerci in Presence of Pro-
gesterone and RU486. Total RNA was isolated from T. solium
cysticerci of each in vitro treatment as well as from uterus
of mouse (positive expression control) using Trizol reagent
(Invitrogen, Carlsbad, Calif, USA). In brief, cysticerci were
disrupted in Trizol reagent (1mL/0.1 g tissue) and 0.2 mL of
chloroform was added per mL of Trizol. The aqueous phase
was recovered after 10 minute of centrifugation at 14 000 g.
RNA was precipitated with isopropyl alcohol, washed with
75% ethanol, and redissolved in RNAse-free water. RNA
concentration was determined by absorbance at 260 nm
and its purity was verified after electrophoresis on 1.0%
denaturing agarose gel in presence of 2.2 M formaldehyde.

2.4. T. solium Progesterone Receptor (TsPR) Gene Amplifi-
cation. Total RNA from all treated cysticerci was reverse-
transcribed followed by specific PCR amplification of the
putative TsPR by using one specific pair of primers designed
to amplify corresponding fragments of the DNA-binding
domain (one of the most conserved regions of all PR
sequenced genes reported in the NIH Gene Data Bank). β-
actin was used as a control gene of constitutive expression,
as we have previously described [21, 39]. Primer sequence of
PR was: sense 5′-GGAGGCAGAAATTCCAGACC and anti-
sense 5′-GACAACAACCCTTTGGTAGC; for β-actin, primer
sequence was sense 5′-GGGTCAGAAGGATTCCTATG and
antisense 5′-GGTCTCAAACATGATCTGGG. PCR products
were visualized in 2% agarose gel stained with ethidium
bromide. In all cases, a single-band corresponding to the
expected base pair size of the amplified gene fragment was
detected. Uterus from intact mouse was used as positive
expression control for PR expression. TsPR expression is
presented as the ratio of the optical density (OD) of
the studied gene relative to the expression in the same
preparation of the β-actin gene.

2.5. PCR Product Sequencing. TsPR was directly purified
from the gel using a commercial kit (DNeasy Tissue Kit,
QIAGEN) and sequenced. DNA sequences were determined
by using a Thermo Sequenase cycle sequencing kit (Biorad)
and an automatic sequencer (Model LIC-4200, Aloka Co.).
Sequence data were analyzed by using DNASIS Software
(Hitachi Software Engineering, Tokyo, Japan). In addition,
nucleotide sequences were translated to their corresponding
protein sequences by means of ExPASy Molecular Server.

2.6. TsPR Detection by Western Blot. Protein was obtained
from cultured T. solium cysticerci. Untreated cysticerci
and those treated with progesterone and/or RU486 were
disrupted in Tris-HCl (1mL/0.1 g tissue), proteinase K (100
units/mL), and proteases inhibitor cocktail (Calbiochem).
The supernatant was recovered after 15 minutes of centrifu-
gation at 8000 g. Protein concentration was obtained by
absorbance at 320 nm using the Bradford-Lowry method.
Total protein of T. solium (50 μg per well) was boiled in
reducing LaemmLi sample buffer, separated by SDS-PAGE
(10% acrylamide) and electro-blotted onto nitrocellulose
membranes.

Membranes were blocked for 2 h with PBS 1X buff-
er (137 mM NaCl, 2.7 mM KCl, 4.3 mM Na2HPO4,
1.47 mM KH2PO4) containing 0.25% of BSA. For protein
immunodetection, membranes were subjected overnight
to immunoblotting with 1 μg/mL of anti-PR polyclonal
antibody (C-20, Santa Cruz Biotech.), diluted 1 : 1500,
followed by HRP-conjugated anti-rat IgG (Santa Cruz
Biothecnology; diluted 1 : 5000) for 1 hour, at room
temperature. Next, membranes were washed five times in
1X PBS and bands were visualized using the Enhanced
ChemoLuminicensce system, according to manufacturer’s
instructions (Super Signal ECL, Pierce). Chemiluminiscent
signals were captured on Kodak Bio-Max film, and bands
were quantitatively analyzed from digitized images captured
from the films with the Gel-Doc system (BioRad, Richmond,
Calif, USA), using the Bio-Rad Quantity One software.
Rat uterus was used as positive expression control for this
experiment. The content of the protein band corresponding
to the TsPR is presented as the ratio of the optical density of
the studied protein relative to the content of α-tubulin in the
same preparation, used as a constitutively loading control
protein.

2.7. Phylogenetic Analysis of the TsPR. The TsPR protein
sequence was aligned to the PR protein sequences of other
species (including mammals, birds, fish, one reptilian, and
one amphibian) obtained from protein data sets in GenBank.
Sequence alignment was done using Clustal W software
[40]. Alignment of TsPR contained 88 amino acids from 12
different taxa. Phylogenetic relationships were inferred using
the Neighbor joining (NJ) method. Robustness of the NJ tree
was evaluated using bootstrap of 10 000 replicates. The tree
was drawn using RETREE and DRAWGRAM from PHYLIP
[41]. The genetic differentiation between taxa was estimated
using the mean character difference with the help of PAUP∗

4.0b10 software [42]. It is important to point out that the
number of species used for the analysis was selected based
on the PR sequence found in the gene data bank (for some
species there is only one sequence).

2.8. Experimental Design and Statistical Analysis. Hormone
dose-response-time curves were estimated in 4 independent
experiments. The response variable used in statistical analy-
ses was the total number of evaginated scolices that showed
worm growth and motility in all wells of each hormone
concentration and time of exposure, for every experiment.
Hormones, their concentrations and times of exposure, were
the independent variables. The data for the 4 replicates of
each treatment were expressed as an average. Data were
analyzed using one way variance analysis (ANOVA). If
ANOVA showed significant differences among treatments, a
Tukey Test was applied for test significance. Differences were
considered significant when P < .05.

3. Results

When T. solium cysticerci were in vitro exposed to proges-
terone, an increase in the scolex evagination was observed
in all treated parasites compared to control groups, where
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Figure 1: Progesterone induced scolex evagination of Taenia solium
in a concentration-independent pattern (a) maintained along the
time (b). On the contrary, RU486 exerted a potent concentration-
dependent evagination-inhibitory effect (a), even in presence of
progesterone and during the total 20 days of in vitro culture (b).
In concentration-response curves (panel a), cysticerci treated with
vehicle are referred as concentration zero. Data are represented as
mean +/− SD; ∗∗P < .05.

only 40% spontaneously evaginated (Figure 1). However,
this evagination-promoting effect mediated by progesterone
was independent of the tested concentrations (Figure 1(a)).
RU486 showed a strong anti-parasite effect, since pro-
gressively inhibited scolex evagination, reaching its max-
imum effect at 2.5 μM, even in the presence of pro-
gesterone (Figure 1). Interestingly, in the case of RU486,
a concentration-dependent pattern was evident, and no
significant differences were observed between RU486 plus
progesterone and RU486 alone-treated groups (Figure 1(a)).

Concomitantly, the evagination-promoting effect of pro-
gesterone (0.25 μM) was maintained through all 20 days
of in vitro culture, reaching its highest response on day 14
in culture, in relation to untreated parasites (Figure 1(b)).
Consistently, when cysticerci were exposed to 2.5 μM of
RU486, scolex evagination was observed neither during
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Figure 2: Progesterone stimulates worm growth in a concentration-
independent pattern (a), reaching its maximum effect at 20 day of
in vitro culture (b). In contrast, RU486 inhibits worm development
with the lowest concentration (0.06 μM) (a) and during the
whole culture time (b). Progesterone-treated parasites were motile
and undamaged on the culture plate, typically distinct to those
treated with RU486. Worm length was considered as the addition
(mm) of scolex, neck, and strobila. In the concentration-response
curves (panel a), cysticerci treated with vehicle are referred as
concentration zero. Data are represented as mean +/− SD; ∗∗P <
.05.

the first days of culture nor at the end of the process
(Figure 1(b)).

It is important to mention that viability of evaginated
cysticerci was verified daily by means of worm motility in the
culture plate, which was constant through all days of in vitro
culture. Injured parasites were recognized by a progressive
internal disorganization: development of opaque areas in the
tegument and loss of translucence of the vesicule (data not
shown).

Progesterone also affected in vitro worm growth. From
the lowest concentration (0.06 μM) progesterone duplicated
worm length on day 10th (measured as the addition of scolex,
neck, and strobila of the developing parasite) with respect
to the control group, and reached a plateau (Figure 2(a)).
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Figure 3: TsPR gene expression in T. solium. A single band of 206 bp, corresponding to the Taenia solium Progesterone Receptor (TsPR) was
detected in T. solium and mouse uterus (a). Progesterone as well as RU486 increased TsPR expression in T. solium cysticerci. Densitometric
analysis is shown in (b). β-actin was used as constitutive expression gene. Data are represented as mean +/− SD; ∗∗P < .05.

The opposed effect was observed with RU486 treatment:
when T. solium cysticerci were exposed to 2.5 μM and
higher concentrations of RU486, a total inhibition of worm
development was seen, even in the presence of the highest
concentration of progesterone (Figure 2(a)). Dissimilar to
the results of evagination percentage, the effect of RU486 on
worm length was independent of the tested concentration. In
addition, the T. solium worm gradually grew up in response
to 0.25 μM of progesterone (Figure 2(b)). Differentiated
worms in absence of hormones or anti-hormonal stimulus
had a spontaneous development, reaching their maximum
length (3.5 mm) at 12 day in culture (Figure 2(b)). Once
again, in the presence or absence of progesterone, no worm
differentiation was observed with 2.5 μM of RU486 along all
the time of in vitro culture (Figure 2(b)).

A single band corresponding to the expected molec-
ular weight of the amplified fragment of PR (approxi-
mately 206 bp) was detected from TsPR and mouse uterus
(Figure 3(a)). Moreover, progesterone and RU486, separately
and/or combined, increased TsPR mRNA content related to
the control group (Figure 3(b)).

TsPR protein was detected by western blot as a main
band of approximately 116 KDa (Figure 4(a)). This TsPR
matches to PR-B isoform that has been previously reported
for rodents and human cell lines [43–46]. Nevertheless, no
bands corresponding to PR-A isoform were identified in

any of the tested treatments in the parasite (Figure 4(a)).
On the contrary, by using the same antibody, a couple of
bands of 87 and 116 KDa were well recognized in the control
tissue used (rat uterus), corresponding to PR-A and PR-
B, respectively (Figure 4(a)). TsPR content was increased in
response to RU486 but not when parasites were exposed to
both progesterone and RU486 (Figure 4(b)).

A preliminary sequence of TsPR was obtained by PCR
product sequencing and then translated to protein sequence
(ExPASy Proteomics Server). A posterior analysis of this
TsPR showed homology of around 60% to the protein
sequences previously reported for mouse, rat, rabbit, and
human PR in the GenDataBank. It is important to mention
that the analyzed conserved motif was situated in a region of
approximately 50 aa, located in the DNA-binding domain of
the C-terminal motif (from aa position number 110 to 160 of
the mammal sequences described earlier) (data not shown).
A more precise analysis of the TsPR sequence involved
a Neighbor Joint Tree (NJT) for studying phylogenetic
relationships (Figure 5). This NJT was inferred from the PR
dataset, producing a single tree composed by 5 groups. The
first contained sequences of 6 species of mammals (including
pig and human, both natural hosts of the parasite), the
second group consisted of one reptilian and one bird. The
third group included only one amphibian. The fourth group
was composed of 3 fish species, and the fifth group was
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Figure 4: TsPR protein detection in T. solium. A main band of approximately 116 KDa, equivalent to TsPR was detected in T. solium (a). This
TsPR matches to the molecular weight of PR-B isoform from rat uterus, but not to PR-A (∼ 87 KDa), where no protein bands in the parasite
were observed (a). TsPR protein was significantly up-regulated by RU486 alone, but not by progesterone and the combination between
progesterone and RU486 (b). α-tubulin was used as control constitutive protein. Data are represented as mean +/− SD; ∗∗P < .05.

only composed by T. solium. The phylogenetic relationships
among the 5 groups received good bootstrap support ranging
from 66 to 100% (see Figure 5). Additionally, TsPR is related
to the PR family of vertebrates, more closely associated to
reptilian and amphibian (Figure 5). This finding suggests
that TsPR is definitively not a product of host cell contam-
ination, specifically not of pig nor human cells, because of
the big distance between T. solium and mammals in the NJT.

4. Discussion

Here we describe the effects of progesterone and its antag-
onist RU486 upon scolex evagination and adult worm

growth. First of all, it was clear that progesterone has a
direct stimulatory effect on T. solium in vitro. In fact,
progesterone exerts a marked evagination-promoting effect
in a concentration-independent pattern, maintained entire
time in culture, making that all parasites differentiate at 14
days of in vitro culture.

T. solium cysticerci not only showed evagination but
they also presented a constant motility in the culture plate,
which suggests that progesterone did not affect parasite
viability and, therefore, they were alive during the culture
process. Moreover, progesterone also induced the growth of
the worm in the evaginated parasites by 2 folds, with respect
to untreated cysticerci.
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Interestingly, neither evagination nor worm size depend
on progesterone concentrations, which are different from
those tipically found in mammals [47–50]. This finding
highlights that sex steroids could conserve several effects
on invertebrate organisms (such as helminth parasites), but
their action mechanisms may differ from those reported in
rodent models and human cells.

We also provide elements for a possible action mech-
anism through which progesterone exerts its effects upon
T. solium differentiation. In fact, this helminth seems to
have developed a molecule able to recognize progesterone
and mediate its effects, a protein we named TsPR (Taenia
solium Progesterone Receptor). This putative steroid receptor
is expressed in T. solium and was upregulated by progesterone
and RU486.

It is important to highlight that TsPR has a counterpart
sequence, recently identified in the sequencing of the T.
solium genome, performed by The Consortium of the
Taenia solium Genome Project of the Universidad Nacional
Autónoma de México (data not shown) [51]. These addi-
tional data confirm the existence of a PR in T. solium.

Besides, TsPR was detected both at mRNA and protein
levels. Interestingly, this TsPR matches only to PR-B isoform,
suggesting that T. solium presents only one form of PR-like,
as it has been also described in other organisms such as
rabbits [52, 53]. This result indicates that a single form of
TsPR is actively expressed and translated to protein, which
probably has repercussions on T. solium physiology and its
relationship to the host.

Furthermore, this TsPR showed high degree of relation
to their PR counterparts in fish and amphibian, but it
is distant to mammalian sequences. This finding has two
important connotations: firstly, it suggests that TsPR is a
close relative of the steroid nuclear receptors that bind to
progesterone. Secondly, this PR in T. solium definitively is not
a contamination product from pig or human cells because it
has a far relation to PRs sequenced in these organisms.

RU486 (2.5 μM) totally inhibited scolex evagination and
consequently worm development. This remarkable antipar-
asite effect was maintained even in the presence of the
highest concentration of progesterone (63.5 μM). Moreover,
RU486-treated cysticerci showed internal disorganization;
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development of opaque areas in the tegument, loss of
translucence in the vesicule, and no differentiation along all
the in vitro culture time. This result suggests a possible toxic
effect of RU486 upon T. solium cysticerci, independent of the
TsPR that has not yet been reported for this progesterone-
antagonist.

RU486 induced TsPR expression as well as the concomi-
tant protein production, clearly suggesting that this anti-
hormone regulates PR expression in T. solium, as it has been
reported in rodent models and human cell lines [54, 55].
Then, although RU486 had upregulatory effects on TsPR, the
same toxic response in T. solium was observed, indicating
that RU486’s antiparasite mechanism does not involve TsPR
nor progesterone-dependent pathways inhibition, but a
potent cysticide effect on the parasite, worthy of further
investigation.

5. Conclusions

Here, we describe two different effects of progesterone and
RU486 that probably have different action mechanisms
directly upon T. solium development. Progesterone effects
could explain, at least partially, the higher prevalence of
cysticercosis in pregnant than in nonpregnant swine [19].
Then, T. solium could respond to progesterone through a
TsPR with capacity to bind the hormone, and in this way
regulate parasite viability and survival inside an immuno-
competent host. To the opposite, the RU486 antiparasite
effect was lethal for T. solium. In fact, RU486 permanently
blocked the evagination of T. solium cysticerci, which has
negative consequences to the adult tapeworm development
and production of infective eggs. Thus, RU486 could be
considered as a potential new agent in the interruption of the
T. solium’s life cycle, once we already know optimal doses of
this antihormone as well as adverse and secondary effects in
humans and other animal models.

To our knowledge, this is the first report where anticys-
ticercus effects are described for RU486 and open a promis-
sory field in the design of new strategies that include the
antihormone therapy in the control of taeniasis/cysticercosis
caused by Taenia solium.
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