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¿Qué busco?¿Qué busco?¿Qué busco?¿Qué busco?    

Es una buena pregunta. 
He tratado muchas veces 

de buscar a Dios 
y a la justicia. 

Soy un pobre diablo 
que anda 

entre el cielo y el infierno. 

Soy una gente 
que lo quiere todo 

y que no ha alcanzado nada. 

Durante meses o años 
busco 

la justicia, el pan, la comida, 
la sal, la mujer 

y hay momentos, 
breves momentos, 

en que he querido buscar a Dios... 

Nunca lo he encontrado, 

el día que lo encuentre 

me quedo callado…
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RESUMEN 

Durante diversas infecciones, sobre todo parasitarias se ha reportado dimorfismo sexual 

en la susceptibilidad y/o resistencia de las mismas. Tal es el caso de la cisticercosis 

experimental murina provocada por el metacéstodo de la Taenia crassiceps. Dicho 

dimorfismo se atribuye a las diferencias hormonales entre machos y hembras, 

diferencias que pueden incidir sobre la respuesta inmunológica específica contra el 

parásito o sobre el parásito mismo. Por lo tanto, el tema central de esta tesis fue 

determinar los efectos directos de las hormonas esteroides sexuales 17β-estradiol, 

progesterona, testosterona y 5α-dihidrotestosterona sobre el cisticerco de la Taenia 

crassiceps in vitro. Nuestros resultados muestran que 17β-estradiol estimula la 

reproducción del parásito en 400% mientras que progesterona lo hace sólo en 20%. Por 

el contrario, testosterona y 5α-dihidrotestosterona disminuyen la capacidad reproductiva 

del parásito en 70 y 85%, respectivamente. Estos efectos fueron dependientes de la 

concentración hormonal usada. Además de esto, la infectividad del parásito, así como la 

síntesis de DNA se vieron favorecidas por los tratamientos con progesterona y 17β-

estradiol, mientras que testosterona y 5α-dihidrotestosterona disminuyeron ambas en el 

cisticerco. Interesantemente el tratamiento previo del parásito con Tamoxifen inhibió 

los efectos proliferativos de 17β-estradiol sobre éste. Por otra parte, RU-486 y 

Flutamida no previnieron los efectos de progesterona y los andrógenos testosterona y 

5α-dihidrotestosterona, respectivamente. Estos hallazgos sugieren que el mecanismo a 

través del cual 17β-estradiol lleva a cabo sus efectos sobre el cisticerco de la Taenia 

crassiceps puede ser mediado por un receptor de estrógenos específico, sintetizado por 

el parásito y con capacidad de unir 17β-estradiol exógeno. Alternativamente, los efectos 

de este estrógeno sobre el cisticerco también pueden deberse a la acción de vías de 

señalización mediadas por cascadas de segundos mensajeros tales como LYN-SYK-

ERK, activada en favor del tratamiento estrogénico y bloqueada mediante el uso de 

inhibidores específicos. Por otra parte, los efectos de progesterona y andrógenos pueden 

ser mediados por mecanismos alternativos aún por determinar. Los resultados de este 

trabajo pretenden ampliar nuestro concepto de la relación hospedero-parásito, con la 

finalidad de entender la dinámica molecular y evolutiva de ambos organismos en los 

contextos de salud y enfermedad, conocimiento que podría ayudarnos a prevenir y 

controlar no sólo esta, sino diversas infecciones parasitarias de importancia médica y 

veterinaria. 
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ABSTRACT 

Sexual dimorphism of the immune response has been frequently reported during several 

parasite infections.  This is the case of murine experimental cysticercosis caused by the 

helminth parasite Taenia crassiceps, where female mice are more susceptible than 

males to infection. These differences are strongly related to sex hormones variations 

between both genders, which in turn may differentially affect either host immune 

response or parasite itself. Under these considerations, the matter of this work was to 

determine the specific effects of 17β-estradiol, progesterone, testosterone y 5α-

dihydrotestosterone upon Taenia crassiceps cysticerci in vitro. Our findings show that 

17β-estradiol increases parasite reproduction at 400% meanwhile progesterone does it at 

20%. By the opposite, testosterone y 5α-dihydrotestosterone decrease parasite 

reproduction at 70 and 85% respectively. All hormonal effects upon cysticerci were 

dependent of each sex-steroid concentration. In addition to, both infectivity and DNA 

synthesis were stimulated by 17β-estradiol and progesterone treatments, whilst 

androgens reduced both of them. Interestingly, Tamoxifen inhibited the proliferative 

effects of 17β-estradiol upon parasites. On the other hand, RU-486 and Flutamide did 

not reverse progesterone and androgen effects respectively. These results suggest that 

17β-estradiol exerts its proliferative effects upon the parasite through a specific estrogen 

receptor from the cysticercus, able to bind exogenous sex hormones. Alternatively, 17β-

estradiol effects could be related to signal transduction pathways regulation such as 

LYN-SYK-ERK signaling cascade, which can be activated by this estrogen and, in turn, 

blocked by specific inhibitors of those second messengers before mentioned. On the 

other side, progesterone and androgen effects are mediated by still undetermined 

mechanisms. Finally, these results could extend our understanding about host-parasite 

relationship at molecular and evolutionary levels, under health and sickness conditions 

not only in this infection but also in other parasite infections of medical and veterinary 

relevance. 
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INTRODUCCIÓN 
Durante diversas infecciones, sobre todo parasitarias, se ha reportado dimorfismo 

sexual en la susceptibilidad y/o resistencia de las mismas (Lockshin, 2001). Este 

dimorfismo se establece cuando organismos de la misma especie, pero de sexo 

distinto, poseen la capacidad de responder de manera diferencial a un mismo 

estímulo antigénico. Tal es el caso de la cisticercosis experimental murina 

provocada por el metacéstodo de la Taenia crassiceps. 

Taenia crassiceps es un céstodo helminto del orden de los ciclofilideos 

(Chandler, 1955), cuyo ciclo de vida se desarrolla entre sus hospederos 

intermediario y definitivo. El primero se encuentra representado por diversas 

especies de roedores (Mus musculus, Microtus arvalis, Peromyscus vulgaris, etc.), 

donde la forma larvaria del parásito, o cisticerco, es capaz de alojarse a nivel del 

músculo esquelético. Complementariamente, cuando un cánido (Canis lupus, 

Canis vulgaris) depreda a un roedor cisticercoso se convierte en el hospedero 

definitivo, pues es capaz de alojar intestinalmente a la tenia, es decir, la forma 

adulta del parásito. Una vez establecido, este gusano hermafrodita puede 

autofecundarse y producir diariamente miles de huevesillos que, una vez liberados 

al ambiente a través de las heces, serán ingeridos por el ratón, donde se 

desarrollará el cisticerco, cerrando así el ciclo de vida de éste (Figura 1). 
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Figura 1. Ciclo de vida de la Taenia crassiceps. 

Por otra parte, la cisticercosis murina por Taenia crassiceps también se 

puede inducir experimentalmente, tras la inoculación intraperitoneal del cisticerco 

en el ratón (Mus musculus) (Sciutto et al., 1991). Una de las características más 

importantes de esta infección, es la marcada susceptibilidad asociada al sexo que 

se presenta durante la misma, en donde las hembras desarrollan cargas 

parasitarias cuatro veces mayores que los machos durante el período agudo de la 

infección (Larralde et al., 1995). Dicho fenómeno se atribuye a las diferencias 

hormonales entre machos y hembras, dándose en éstas últimas un microambiente 

fisiológico apropiado para el establecimiento y proliferación del cisticerco de la T. 

crassiceps, como se podrá observar más adelante (Larralde et al., 1995). 

Por otro lado, es importante destacar que llegado el período crónico de la 

infección (después de cuatro semanas), la carga parasitaria entre hembras y 

machos se iguala, borrando así todo indicio de dimorfismo sexual entre ambos 

sexos (Larralde et al., 1995). Este aumento en la carga parasitaria de los machos, 

coincide con un importante incremento en los niveles séricos de 17β-estradiol [E2] 

(hasta 500% más con respecto a sus valores normales) así como en una 

dramática disminución de los niveles circulantes de testosterona [T4] (hasta 90% 

menos de sus valores normales). Esto se debe a que la expresión testicular de la 

Huevesillo

Canis vulgaris

Mus musculus

Hospedero Definitivo

Hospedero Intermediario

Taenia crassiceps

LiberaciónDepredación

Ingestión

Huevesillo

Canis vulgaris

Mus musculus

Hospedero Definitivo

Hospedero Intermediario

Taenia crassiceps

LiberaciónDepredación

Ingestión

Neevia docConverter 5.1



P-450 aromatasa se ve aumentada, al mismo nivel que en el ovario de una 

hembra normal, dando como consecuencia la conversión desmedida de T4 a E2 

en el macho parasitado (Larralde et al., 1995). Cabe mencionar que este serio 

desajuste hormonal afecta otras esferas biológicas del hospedero, como la 

conducta sexual, pues los machos parasitados pierden progresivamente la 

conducta de intromisión, enseguida la conducta de monta y, finalmente, la 

respuesta de eyaculación (Morales et al., 1996). Al mismo tiempo, los niveles de 

interleucina 6 (IL-6) se ven significativamente elevados en machos crónicamente 

infectados (Larralde et al., 1995; Morales-Montor et al., 2003). A este respecto, se 

sabe que algunas citocinas, como es el caso de la IL-6, pueden potenciar la 

expresión de la P-450 aromatasa en muchas especies de mamíferos. 

Lo anterior explicaría, al menos parcialmente, porqué los niveles de 

expresión de esta enzima y por lo tanto los niveles de E2, se ven tan aumentados; 

todo recae sobre la regulación de una fina pero sumamente complicada red de 

interacciones inmunoendocrinas (Morales-Montor et al., 2001), véase Fig.2.  
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Figura 2. Red de interacciones inmunoendocrinas durante la cisticercosis experimental murina. 
Tomado de Morales-Montor et al., 2004. 
 

Con base en estas evidencias, es pertinente pensar que el cisticerco borra 

la diferencia en susceptibilidad entre machos y hembras, porque es capaz de 

igualar el microambiente hormonal entre ambos sexos, particularmente el de los 

esteroides sexuales, aprovechando así una gama compleja de estímulos 

inmunoendocrinos que favorecerán su establecimiento en el macho crónicamente 

infectado. 

 Sin embargo, esta interacción bidireccional entre la respuesta inmune y las 

hormonas esteroides, no solo recae sobre los efectos de E2 y T4, sino también 

sobre otros tipos hormonales, específicamente aquellos que se producen 

mayoritariamente durante ciertas fases del ciclo estral y la gestación, como la 

progesterona [P4]. Evidencias recientes en cerdos y ratones, muestran que la 

frecuencia de cisticercosis se ve favorecida durante la gestación en hembras y la 

castración en machos (Morales et al., 2002), lo cual sugiere que factores 

endocrinos que se liberan durante esta etapa del ciclo reproductivo 

(particularmente P4 y prolactina), poseen funciones inmuno-moduladoras y por lo 

tanto, un papel sumamente importante durante el proceso de infección (Vargas-

Villavicencio et al., 2005). 

De esta manera, queda claro que el sistema inmune es directamente 

influenciado por factores endocrinos, y éstos a su vez retroalimentados por el 

sistema inmune y sus moléculas efectoras, constituyendo una fascinante pero 

compleja red de comunicación entre dos de los más importantes sistemas 

homeostáticos de los organismos superiores: el sistema inmune y el sistema 

endocrino. 

Esta aseveración no excluye a la cisticercosis experimental murina, en 

donde, debido a la colaboración de múltiples grupos interdisciplinarios de trabajo, 

se ha avanzado importantemente en el conocimiento de esta parasitosis y los 

múltiples diálogos que se suscitan entre los sistemas antes mencionados durante 

la misma (Sciutto et al., 1991; Larralde et al., 1995; Terrazas et al., 1999; Morales-
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Montor et al., 2001; Rodríguez-Sosa et al., 2002; Morales-Montor y Larralde, 2005; 

Vargas-Villavicencio et al., 2006). 

Sin embargo, y a pesar de que se ha avanzado mucho en el conocimiento 

de ésta infección experimental, aún quedan diversas preguntas por contestar. Por 

ejemplo, ¿la sola influencia del sistema endocrino sobre el sistema inmune es 

capaz de determinar el curso de una infección parasitaria?, ¿el parásito es capaz 

de responder al microambiente hormonal del hospedero?, ¿pueden los esteroides 

sexuales afectar directamente, y sin mediación del sistema inmune, el 

establecimiento, crecimiento y/o reproducción parasitaria?, ¿las hormonas 

esteroides sexuales del hospedero, tales como E2, P4, T4 y 5α-

dihidrotestosterona (DHT), actúan directamente sobre el cisticerco de la Taenia 

crassiceps? El planteamiento de estas preguntas es la materia de este trabajo, y 

pretende incidir no sólo en el entendimiento de la cisticercosis experimental 

murina, la cisticercosis porcina o la neurocisticercosis humana, sino en nuestra 

concepción de la relación hospedero-parásito, a niveles como el molecular, el 

evolutivo o el terapéutico, y no solo en ésta, sino también en otras infecciones 

(Fig. 3). 

 
Figura 3. ¿Pueden las hormonas del hospedero afectar directamente la fisiología parasitaria? 

 

E2, P4E2, P4
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Por otra parte, no sería descabellado suponer que los esteroides sexuales 

del hospedero pudieran regular diversos procesos moleculares y celulares en el 

parásito, ya que es bien conocido que las hormonas, tanto proteicas cómo  

esteroides, regulan y coordinan una gran variedad de funciones celulares y 

fisiológicas dentro de un organismo (Fig. 3). Estas funciones incluyen el 

crecimiento, reproducción y diferenciación, además de procesos como balance y 

aprovechamiento nutricional, fenómenos excretorios, respuesta corta y prolongada 

al estrés, mantenimiento del medio interno del organismo y, como ya se ha 

mencionado, la respuesta inmunológica dirigida contra un agente patógeno 

(Akmaev, 1996). 

En relación a esto, estudios recientes sugieren que el hospedero, a través 

de las hormonas y factores de crecimiento que él sintetiza, puede modificar 

diversos aspectos de la fisiología parasitaria, tales como infectividad, 

diferenciación y crecimiento (Mendoca et al., 2000; Charder et al., 1992; Escobedo 

et al., 2005). De manera específica, se ha reportado que el tratamiento con el 

andrógeno adrenal dehidroepiandrosterona (DHEA) de ratones infectados con 

cercarias de Schistosoma mansoni, reduce considerablemente la intensidad 

parasitaria (Mendoca et al., 2000). En el mismo sentido, se ha observado que el 

crecimiento de Heterakis spumosa se ve afectado por  el tratamiento con T4 

(Charder et al., 1992). Por otra parte, en la infección murina provocada por 

Nippostrongylus brasilensis, existe evidencia experimental que apoya que los 

esteroides sexuales modulan de manera directa el establecimiento parasitario 

(León et al., 1986). 

Adicionalmente, en merozoitos de Plasmodium falciparum, el tratamiento 

con cortisol aumenta el número y tamaño de gametocitos en este parásito 

(Lingnau et al., 1993). De manera similar, merozoitos tratados con insulina, E2, P4 

y T4, incrementan considerablemente el número de gametocitos, aumentando 

además el crecimiento y la reproducción del parásito en este estadio. Además, 

cuando estos parásitos son tratados con 16-α-bromoepiandrosterona, un análogo 

de la DHEA, su crecimiento se ve disminuido hasta en un 25% (Freilich et al., 

2000). 
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De manera contrastante, la exposición a E2, P4 y T4 in vitro de trofozoítos 

de Entamoeba histolytica, no afecta al parásito en ninguna función. Sin embargo, 

el tratamiento con cortisol incrementa la síntesis de DNA y la proliferación de los 

trofozoítos, mientras que los parásitos tratados con DHEA, muestran una 

disminución en los mismos parámetros, además de pérdida progresiva de 

adherencia y motilidad, culminando con lisis parasitaria (Carrero et al., 2006). 

Por otro lado, el tratamiento de la forma adulta de Schistosoma 

haematobium con T4 disminuye la fecundidad y, por lo tanto, la capacidad 

reproductiva  de este parásito (Remoue et al., 2002). Adicionalmente, amastigotes 

de Trypanosoma cruzi, tratados con factor de crecimiento epidermal murino 

(EGFm), incrementan considerablemente la síntesis de DNA, crecimiento y 

actividad metabólica, induciendo receptores con actividad de cinasas de tirosina, 

tales como la proteína cinasa C (PKC) y diversos miembros de la cascada de 

activación de las MAP cinasas (Ghansah, 2002). De modo similar, se ha descrito 

un efecto estimulante del EGFm sobre el desarrollo y la maduración de diversas 

filarias, particularmente la de Brugia malayi (Dissanayake, 2000). También se ha 

demostrado que micofilarias de Onchocerca volvulus y Oncocerca lienalis 

incrementan su actividad metabólica cuando se les trata con 20-hidroxiecdisona 

(Townson y Tagboto, 1996). Finalmente, el factor estimulante de la colonia de 

macrófagos-granulocitos (MG-CSF) promueve el crecimiento de promastigotes de 

Leishmania mexicana (Charlab et al., 1990). Toda esta evidencia sugiere que las 

hormonas, particularmente las esteroides, pueden modificar el curso de una 

infección a través de ejercer sus efectos directamente sobre el parásito, no de 

manera aleatoria o inespecífica, sino regulando en éste procesos tan importantes 

como la expresión génica, la síntesis de proteínas y/o la activación de cascadas 

de segundos mensajeros. Sorprendentemente, los mecanismos a través de los 

cuales las hormonas del hospedero o exógenas llevan a cabo sus funciones sobre 

el parásito, han sido escasamente estudiados (Maswoswe et al., 1985; Escobedo 

et al., 2005). 

En términos endocrinológicos, dos de los mecanismos más importantes a 

través de los cuales las hormonas esteroides ejercen sus múltiples funciones en el 
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organismo son, en primer término, aquellos que mediados por un receptor nuclear 

o citoplásmico específico, son capaces de activar la transcripción de diversos 

genes con funciones proliferativas o de regulación, encontrando sitios de anclaje 

directos sobre el DNA (Nilsson et al., 2001). A dichos mecanismos se les conoce 

como mecanismos de acción genómica o clásica (Figura 4). 

 
Figura 4. Mecanismo de acción genómica o clásica. Las hormonas esteroides llevan a cabo sus 
funciones a través de la unión a sus receptores nucleares o citoplásmicos específicos y el 
reconocimiento de sitios de regulación de la transcripción en el DNA. Tomado de Cheskis, 2004. 

Por otra parte, existen también los mecanismos de acción rápida de las 

hormonas esteroides, dentro de los cuales se encuentran aquellos capaces de 

activar distintas vías de señalización intracelular mediadas por cascadas de 

segundos mensajeros (Cheskis, 2004; Curtis-Hewitt et al., 2005), véase figura 5. 
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Figura 5. Mecanismos de acción rápida metdiados por segundos mensajeros. Los efectos rápidos de 
las hormonas esteroides (E) mediados por segundos mensajeros pueden llevarse a cabo mediante, al 
menos, dos mecanismos: A) el receptor de hormonas esteroides (RE) actúa coordinadamente con 
otras proteínas de membrana (verde) activando cascadas de señalización. B) Alternativamente, 
proteínas asociadas a la membrana (amarillo), pero no al RE, con capacidad de unir hormonas 
esteroides pueden también conducir a una respuesta intracelular rápida. Modificado de Curtis-Hewitt 
et al., 2005. 

 

En relación a esto, más de una línea de investigación ha sido establecida 

con el fin de determinar si es posible encontrar receptores específicos de 

hormonas esteroides en parásitos, y aún más, si dichos receptores poseen la 

capacidad de reconocer hormonas esteroides exógenas y dirigir los eventos 

transcripcionales subsecuentes a dicha unión. 

En este sentido, Sani y colaboradores (1985) caracterizaron proteínas de 

unión específica para retinol y ácido retinoico en Onchocerca volvulus, Oncocerca 

gibsoni, Dipetalonema viteae, Brugia pahangi y Dirofilaria immitis. El papel que se 

le atribuyó a estas proteínas fue el de mediar, uniéndose a hormonas del 

hospedero, los efectos biológicos de los retinoides sobre la fisiología  parasitaria. 

Por su parte, Unnasch y su grupo de trabajo (1999) reportaron que el 

genoma de Onchocerca volvulus codifica al menos para tres receptores nucleares 
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de esteroides. De éstos, se han caracterizado dos receptores similares a los 

receptores a retinoides en vertebrados, y a la proteína EiP78c de Drosophila 

melanogaster, denominadas OvNR-1 y OvNR-2. Estudios de modelaje 

computacional sugieren que estas moléculas poseen una cavidad de unión al 

ligando que por su forma y tamaño corresponde a un esteroide. 

Por otro lado, en Schistosoma mansoni se ha sugerido la existencia de 

receptores que pueden unir a E2 (de Mendoca et al., 2000). Se propuso entonces 

que dicho receptor podría mediar el efecto protector que esta hormona posee en el 

ratón infectado con este parásito. A partir de diversas secuencias de DNA, en este 

mismo tremátodo se han modelado computacionalmente receptores nucleares de 

esteroides, hormonas tiroideas y ecdiesteroides. La homología que estos 

receptores poseen con los descritos en Drosophila melanogaster, ratón y humano 

se encuentra entre el 70 y el 95%; de ahí su enorme capacidad para unirse a las 

hormonas esteroides del hospedero y afectar de este modo diversos procesos del 

desarrollo de Schistosoma sp (de Mendoca et al., 2000). 

Hasta la fecha, tan sólo en nueve especies parasitarias se ha sugerido la 

existencia de proteínas capaces de unirse a hormonas del hospedero y mediar de 

esta manera el proceso de transcripción, cuyos productos favorecerán en última 

instancia el establecimiento parasitario y la continuidad del ciclo infeccioso. Ver 

Tabla 1. 
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Tabla 1. Efectos directos de hormonas del hospedero sobre la fisiología parasitaria y sus mecanismos 
moleculares propuestos. Csol=Cortisol, Ins=Insulina, EGF=Factor de Crecimiento Epidermal. 
Modificado de Escobedo et al., 2005. 

 

Por otra parte, evidencia experimental reciente sugiere que las hormonas 

esteroides pueden ejercer sus efectos sobre el parásito, a través de mecanismos 

mediados por cascadas de señalización. Interesantemente, estos mecanismos de 

acción rápida han sido un poco más explorados en parásitos que los mecanismos 

genómicos (Escobedo et al., 2005). Sin embargo, esta aparente ventaja es sólo 

relativa, pues los primeros reportes que indican que hormonas del hospedero 

pueden activar cascadas de segundos mensajeros en parásitos aparecieron entre 

finales del siglo pasado y principios de este (Ghansah et al., 2002; Townson y 

Tagboto, 1996). Por ejemplo, una molécula que puede activar distintas vías de 

señalización en parásitos y que ha sido sumamente estudiada es el factor de 

crecimiento epidermal (EGF, por sus siglas en inglés).  

En Brugia malayi se ha determinado la presencia de toda una cascada de 

señalización en la que participa importantemente Raf, un segundo mensajero 

involucrado en regular funciones del citoesqueleto y la expresión génica 
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(Dissanayake, 2000). Interesantemente, el EGF de origen murino incrementa en 

este parásito la transcripción de dicha cinasa y de Ran, una GTPasa nuclear. 

Además, aumenta la interacción física entre Ran y otras proteínas aún por definir y 

potencia la fosforilación de algunas proteínas de origen microfilarial (Dissanayake, 

2000). 

Por otro lado, en Toxoplasma gondii se han caracterizado cuatro proteínas 

transmembranales (TgMIC6, TgMIC7, TgMIC8 y TgMIC9) que poseen múltiples 

dominios de unión al EGF. Estas proteínas poseen un dominio externo de unión a 

este factor, una región transmembranal y un pequeño dominio citoplásmico, 

semejando estructural y funcionalmente a los receptores de EGF descritos 

previamente en mamíferos (Meissner et al., 2002). 

De manera similar, los amastigotes de Trypanosoma cruzi sintetizan un 

receptor capaz de unir al EGF de origen humano, que induce en el parásito la 

actividad de las cinasas MAP y PKC en una forma concentración y tiempo 

dependiente. Como los mismos autores describen, estos resultados sugieren la 

existencia de un mecanismo que regula el crecimiento y la proliferación parasitaria 

mediante distintas vías de señalización dependientes del EGF humano (Ghansah 

et al., 2002). 

 En Plasmodium falciparum, se han descrito, a la fecha cuatro proteínas de 

superficie de los merozoitos que contienen dominios de unión al EGF (MSP-1, 

MSP-4, MSP-5 y MSP-8). La propuesta es que estas proteínas juegan un papel 

crítico en la invasión a los eritrocitos humanos (Marshall et al., 1997). De la misma 

manera, la presencia de un receptor (SmRTK-1) con actividad de cinasa de 

tirosina en Schistosoma mansoni ha sido descrita. Los autores sugieren que la 

localización preferencial de SmRTK-1 en esporocitos y ovocitos podría favorecer 

procesos de diferenciación y crecimiento en este parásito (Vicogne et al., 2003). 

Finalmente, estudios recientes sugieren que Schistosoma haematobium sintetiza 

una proteína de 28 KDa (Sh28GST) capaz de unirse a T4 y facilitar su transporte, 

metabolismo y acción fisiológica en el parásito (Remoue et al., 2002). 
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PLANTEAMIENTO DEL PROBLEMA 
Toda la evidencia antes descrita, sugiere fuertemente que las hormonas, tanto 

esteroides como proteicas, juegan un papel sumamente importante durante el 

establecimiento y desarrollo de una infección parasitaria. Esto podría deberse no 

solo a sus acciones sobre el sistema inmune, sino también por sus posibles 

efectos sobre el parásito, modificando directamente en éste procesos tan 

importantes como reproducción, crecimiento, diferenciación, e infectividad, por 

medio de diversos mecanismos moleculares. 

Por esta razón, consideramos importante determinar el efecto de las 

hormonas esteroides sexuales sobre la fisiología del cisticerco de la Taenia 

crassiceps, adentrándonos en el mecanismo molecular de las mismas y 

estudiando la relevancia que esto tiene en el desarrollo no solo de la cisticercosis 

murina, sino de otras infecciones de importancia médica y veterinaria, como la 

provocada por el metacéstodo de la Taenia solium. Además, el entendimiento de 

estos mecanismos puede ampliar nuestro concepto de la relación hospedero-

parásito, integrándolo en una compleja red dinámica en la que dos organismos, el 

parásito y el hospedero, interaccionan de manera bidireccional, repercutiendo 

sobre el curso fisiológico, patológico y evolutivo de la infección. 
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HIPÓTESIS 

Las hormonas esteroides sexuales 17β-estradiol, progesterona, testosterona y 5α-

dihidrotestosterona, afectan directamente la reproducción del cisticerco de la 

Taenia crassiceps in vitro, a través de un receptor específico de hormonas 

esteroides, expresado por el parásito, o por medio de la activación de distintas 

vías de señalización en las células del cisticerco, ambos mecanismos con 

capacidad de modificar la expresión de genes relacionados con el establecimiento 

y la proliferación parasitaria. 
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OBJETIVO GENERAL 

Determinar los efectos de 17β-estradiol, progesterona, testosterona y 5α-

dihidrotestosterona sobre el cisticerco de la Taenia crassiceps in vitro, 

identificando genes parasitarios que pudieran ser regulados por estos esteroides 

sexuales, estudiando los posibles mecanismos de acción de estos últimos sobre el 

cisticerco. 
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OBJETIVOS ESPECÍFICOS 
 

1) Precisar el efecto de las hormonas esteroides 17β-estradiol, progesterona, 

testosterona y 5α-dihidrotestosterona sobre la viabilidad y la reproducción del 

cisticerco de la Taenia crassiceps in vitro. 
2) Determinar si los cisticercos tratados in vitro con los esteroides antes 

mencionados, presentan algún cambio en su capacidad de establecimiento y 

reproducción al ser reinoculados en ratones completos. 
3) Esclarecer si los cisticercos de la Taenia crassiceps expresan receptores de 

hormonas esteroides sexuales, y si no, proponer un mecanismo alternativo que 

explique cómo se producen los efectos de dichas hormonas. 
4) Identificar genes del cisticerco de la Taenia crassiceps que pudieran ser 

regulados por esteroides sexuales, evaluando su patrón de expresión en 

respuesta al tratamiento hormonal. 
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MATERIALES Y MÉTODOS 

Obtención de los cisticercos 

Los cisticercos de la Taenia crassiceps (cepa ORF) fueron obtenidos a partir de 

ratones hembras (Mus musculus) donadoras de 16 semanas de infección, y 

lavados cinco veces con PBS 1X estéril, suplementado con 100 U/mL de 

antibióticos y 100 U/mL de antimicóticos (Gibco, Grand Island) (Esch and 

Smith, 1976). Una vez concluidos los lavados manuales, los cisticercos 

mantenidos en PBS 1X estéril fueron colocados en tubos Falcon de 50 mL y 

centrifugados por 10 minutos a 1000 rpm. El sobrenadante fue descartado y 

este proceso se repitió cinco veces. Después del lavado final, el número de 

cisticercos viables fue determinado por conteo directo utilizando un microscopio 

estereoscópico con los objetivos de 1 y 4X. Utilizando placas de cultivo de 24 

pozos (Falcon, Becton Dickinson Labware, Franklin Lakes, New Jersey), diez 

cisticercos fueron colocados, por pozo, en 1 mL de DMEM (Serum Free-

Medium. Gibco, BRL) suplementado con 3% de HEPES, 2% de aminoácidos 

no esenciales, 2% de L-glutamina y 2% de penicilina-estreptomicina, e 

incubados a 37ºC bajo una atmósfera constante de 5% de CO2. 

Tratamiento de los cisticercos con esteroides sexuales 

Las hormonas esteroides 17β-estradiol [(8R,9S,13S,14S,17S)-13-methyl-

6,7,8,9,11,12,14,15,16,17-decahydrocyclopenta [a]phenanthrene-3,17-diol], 

progesterona [(8S,9S,10R,13S,14S,17S)-17-acetyl-10,13-dimethyl-

1,2,6,7,8,9,11,12,14,15,16,17-dodecahydrocyclopenta[a]phenanthren-3-one], 

Testosterona [(8R,9S,10R,13S,14S,17S)-17-hydroxy-10,13-dimethyl-

1,2,6,7,8,9,11,12,14, 15,16,17-dodecahydrocyclopenta[a]phenanthren-3-one] y 

5α-dihidrotestosterona [(5S,8R,9S,10S,13S,14S,17S)-17-hydroxy-10,13-

dimethyl-1,2,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydrocyclopenta 

[a]phenanthren-3-one] grado de cultivo, fueron obtenidas de Sigma-Aldrich. 

Para los ensayos in vitro, E2 y P4 hidrosolubles, fueron disueltas en medio de 

cultivo DMEM (Dulbecco’s Modified Eagle’s Medium) sin suplementar, mientras 

que T4 y DHT fueron disueltas en etanol absoluto; todas las hormonas fueron 

llevadas hasta una concentración final de 10nM, 1µM y 10µM, y esterilizadas 

por filtración (0.2 mm millipore filter, Gibco, BRL). El diseño experimental para 

todas las hormonas usadas se describe a continuación: en una placa de cultivo 
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de 24 pozos, 6 pozos fueron usados como controles sin adición de hormona, 6 

pozos fueron adicionados con el vehículo en el cual las hormonas fueron 

disueltas, 6 pozos fueron tratados con concentraciones crecientes de E2 

(0.00064, 0.001, 0.32, 3.18 y 63.60µΜ), 6 pozos fueron tratados con 

concentraciones crecientes de P4 (0.07, 0.29, 2.93, 3.67 y 146.85µM), 6 pozos 

fueron tratados con concentraciones crecientes de T4 (0.07, 0.35, 1.38, 3.46 y 

34.67µΜ) y 6 pozos fueron tratados con concentraciones crecientes de DHT 

(0.07, 0.34, 1.37, 3.44 y 34.43µΜ). Cada hormona fue adicionada, de acuerdo 

a su concentración, en 1mL de medio por pozo. Las concentraciones 

hormonales usadas en este trabajo  fueron determinadas por medio de los 

valores séricos reportados en la literatura y de estudios previos de los niveles 

circulantes de esteroides sexuales encontrados en ratones feminizados 

(Larralde et al., 1995; Morales et al., 1996; Morales-Montor et al., 1999; 

Morales-Montor et al., 2001). Todas las curvas concentración-respuesta y 

temporales fueron realizadas por triplicado, en un total de diez experimentos. 

La reproducción fue medida como número de gemas en cada cisticerco 

(producidas en respuesta al tratamiento hormonal) y contadas directamente 

empleando un microscopio estereoscópico en los objetivos de 1 y 4X. 

Pruebas de viabilidad y reproducción 

La viabilidad de los cisticercos fue determinada microscópicamente. La 

morbilidad de los cisticercos fue reconocida por una desorganización interna 

progresiva, desarrollo de áreas opacas en el líquido vesicular  y pérdida de la 

motilidad. La viabilidad fue determinada de acuerdo al tamaño, motilidad e 

incorporación de colorantes orgánicos (azul tripano). Los cisticercos teñidos, 

con desarrollo de áreas opacas y no motiles fueron considerados muertos. 

Todos los ensayos de viabilidad fueron realizados microscópicamente. La 

reproducción fue medida como número de gemas producidas en cada 

cisticerco en respuesta al tratamiento hormonal. Las gemas fueron contadas 

directamente con ayuda de un microscopio estereoscópico en los objetivos de 

1 y 4X. Se obtuvieron las micrografias de los cisticercos tratados con los 

distintos esteroides sexuales. 
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Ensayos de proliferación 

Los cisticercos fueron cultivados como ya se describió anteriormente. Al tercer 

día de cultivo, éstos recibieron un pulso de  Timidina-3H (10 µCi/mL de medio) 

(methyl-3H TDR, sp act. 247.9 GBq/mmol, NEN, Boston, MA) y fueron 

incubados por un tiempo restante de 56 horas. Enseguida, el DNA de estos 

parásitos se purificó como se mencionó anteriormente y la radiactividad emitida 

por éste se midió por Sistema Betaplate (Wallac Mod 1205, Turku, Finland). 

Aislamiento y cuantificación de DNA 

Se tomaron para cada caso 200mg de tejido de cisticercos tratados con E2, P4, 

T4 y DHT. Posteriormente, el tejido fue homogeneizado por sonicación a 30 

decibeles durante 45 segundos y lisado con Proteinasa K (100 u/mL) durante 2 

horas a 50ºC. Una vez que la fracción de proteínas fue eliminada con 

fenol/cloroformo, el DNA total fue precipitado con etanol frío y resuspendido en 

buffer TE 10% libre de DNAsas. La cantidad y pureza del DNA fue determinada 

por lecturas de absorbancia a 260/280nm. 

Inoculación en ratones después del tratamiento in vitro 

Se usaron ratones (Mus musculus) de ambos sexos de la cepa BALB c/AnN de 

seis semanas de edad. Los ratones fueron alimentados con Purina Diet 5015 y 

agua ad libitum. Después de haber sido tratados in vitro con E2, P4, T4 y DHT, 

los cisticercos de la Taenia crassiceps fueron reinoculados en la cavidad 

peritoneal del ratón, en orden de diez parásitos por ratón. Después de ocho 

semanas de infección, los ratones fueron humanamente sacrificados en una 

cámara de C02 y los parásitos recuperados para su conteo y el registro 

microscópico de sus características morfológicas. 

Tratamiento de los cisticercos con antihormonas e inhibidores 

competitivos 

Con la finalidad de dilucidar el posible mecanismo a través del cual las 

hormonas esteroides llevan a cabo sus efectos sobre el parásito, se diseñaron 

cultivos in vitro utilizando dos tipos de inhibidores. Por un lado, tamoxifén, RU-

486 y flutamida, antihormonas capaces de modular selectivamente diversos 

tipos de receptores de hormonas esteroides bloqueando su actividad 

transcripcional, fueron usados. Alternativamente, AG18, genisteína, picetanol y 

el inhibidor de ERK, inhibidores de proteínas con actividad de cinasa de 

tirosina, capaces de inhibir la fosforilación y activación de segundos 
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mensajeros, fueron también empleados durante este trabajo. E2, P4, tamoxifén 

(antihormona que se une específicamente a los receptores nucleares de 

estrógenos), RU-486 (antihormona que se une específicamente a los 

receptores nucleares de progesterona) y flutamida (antihormona que se une 

específicamente a los receptores nucleares de andrógenos) fueron obtenidos 

de Sigma-Aldrich. T4 y DHT fueron obtenidos de Sigma-Aldrich-Fluka. Los 

inhibidores de proteínas con actividad de cinasa de tirosina AG18 (inhibidor 

general de todos los receptores de superficie con actividad de cinasa de 

tirosina, Frasor et al., 2001) y genisteina (inhibidor de la familia de las SRC-

cinasas, Wong and Leong, 2004) fueron obtenidos de ICN Biomedicals, INC, 

mientras que picetanol (inhibidor de Syk, Takada and Aggarwal, 2004) y el 

inhibidor de ERK (inhibidor de la vía de señalización de cinasas reguladas por 

señales extracelulares, Kelemen et al., 2002) fueron obtenidos de Calbiochem. 

Las antihormonas así como los inhibidores de segundos mensajeros fueron 

primeramente disueltos en etanol absoluto y posteriormente en medio de 

cultivo DMEM sin suplementar, hasta obtener la concentración de 1µM. Las 

antihormonas y los inhibidores fueron esterilizados por filtración (0.2mm, 

Millipore). Posteriormente, en una placa de cultivo de 24 pozos, 6 pozos fueron 

usados como controles sin adición hormonal; 6 pozos fueron adicionados con 

el vehículo en el cual las hormonas, antihormonas e inhibidores fueron 

disueltos; 6 pozos fueron tratados con 318.01nM de E2; 6 pozos fueron 

tratados con 2.93µM de P4; 6 pozos fueron tratados con 1.38µM de T4; 6 

pozos fueron tratados con 1.37µM de DHT; 6 pozos fueron tratados con 

1.77µM de tamoxifén y 318.01nM de E2; 6 pozos fueron tratados con 8µM de 

AG18 y 318.01nM de E2; 6 pozos fueron tratados con 4µM de genisteína y 

318.01nM de E2; 6 pozos fueron tratados con 2µM de picetanol y 318.01nM de 

E2; 6 pozos fueron tratados con 4µM de ERK-Inh y 318.01nM de E2; 6 pozos 

fueron tratados con 2.32µM de RU-486 y 2.93µM de P4; 6 pozos fueron 

tratados con 8µM de AG18 y 2.93µM de P4; 6 pozos fueron tratados con 4µM 

de genisteína y 2.93µM de P4; 6 pozos fueron tratados con 2µM de picetanol y 

2.93µM de P4; 6 pozos fueron tratados con 4µM de ERK-Inh y 2.93µM de P4;6 

pozos fueron tratados con 3.62µM de flutamida y 1.38µM de T4; y finalmente, 6 

pozos fueron tratados con 3.62µM de flutamida y 1.37µM de DHT. Todas las 

Neevia docConverter 5.1



curvas farmacológicas fueron realizadas por triplicado, en un total de diez 

experimentos. La reproducción fue medida como número de gemas en cada 

cisticerco (producidas en respuesta al tratamiento hormonal y/o farmacológico) 

y contadas directamente empleando un microscopio estereoscópico en los 

objetivos de 1 y 4X. 

Extracción de RNA total 

El RNA total fue obtenido a partir de cisticercos de la Taenia crassiceps 

tratados diferencialmente con E2, P4, T4 y DHT, mediante el método simple de 

extracción con Isotiocinato de Guanidina/Fenol/Cloroformo usando Trizol (Trizol 

Reagent-Invitrogen, Carlsbad, CA). De forma breve, los cisticercos fueron 

homogeneizados en reactivo de trizol (1mL trizol/100mg tejido) y por cada 

mililitro de homogeneizado se adicionó 0.2mL de cloroformo (Sigma). La fase 

acuosa fue recuperada después de 15 minutos de centrifugación a 13,000rpm. 

El RNA fue precipitado con Isopropanol (Sigma) y lavado con etanol al 75, 85 y 

100%. Finalmente la pastilla de RNA fue resuspendida en H2O-DEPC libre de 

RNAsas (Sigma). La concentración total de RNA fue determinada por 

absorbancia a 260 nm y su pureza fue verificada mediante geles 

desnaturalizantes de agarosa en presencia de formaldehído 2.2 M. 

Amplificación de genes por RT-PCR 

El RNA total, obtenido a partir de cisticercos de la Taenia crassiceps tratados 

diferencialmente con E2, P4, T4 y DHT, fue retrotranscrito y distintos genes 

fueron amplificados utilizando oligonucleótidos específicos de secuencia  por 

PCR. Los genes candidatos a ser amplificados, fueron aquellos que cumplieran 

las características de ser regulados por hormonas esteroides, implicados en 

procesos proliferativos y altamente conservados a lo largo de la escala 

filogenética. A partir de este análisis se diseñaron los oligonucleótidos con base 

en las secuencias más conservadas de genes previamente reportados para 

humano, rata y ratón en el Gene Data Bank. De esta manera llegamos a los 

miembros del complejo AP-1, c-fos y c-jun, las moléculas de señalización Lyn, 

Syk, Erk, y los receptores de estrógenos, progesterona y andrógenos. En todos 

los casos se utilizó β-actina como gen constitutivo (control positivo de 

amplificación) (Morales-Montor et al, 2003). Las secuencias de oligonucleótidos 

empleadas en los experimentos de PCR se encuentran descritas en la 

siguiente tabla: 
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Gen Sentido Anti-sentido 

c-fos 5’-TGTACGATCA CTGAACTG CA 5’-AGTCAGTTATATCCTGGC 

c-jun 5’CTGGAGCATT TACTGCTG 5’-GTG TTGAGATGATGCTTCGAC 

Lyn 5’-CCCAAACCTCAGAAGCCATG 5’-TGTCGACTACGGCTGCTGCT 

Syk 5’-GAAGCCCTGCCCATGGACACA 5’-AAGCCTCAGTTCCACAGCTGT 

Erk 5’-ACAAAGTTCGAGTTGCTATCA 5’-ATTGATGCCAATGATGTTCTC 

ER-α 5’-AGACTGTCCAGCAGTAACGAG 5’-TCGTAACACTTGCGCAGCCG 

ER-β 5’-CATCTGGGTATCATTACGGTC 5’-GGCACTTCTCTGTCTTCGTAC 

PR-A 5’-CAGTGGTGGATTTCATCCATG 5’-CTTCCAGAGGGTAGGTGCAG 

PR-B 5’-GGAGGCAGAAATTCCAGACC 5’-GACAACAACCCTTTGGTAGC 

AR 5’-GAATGTCAGCCTATCTTTCTTA 5’-TGCCTCATCCTCACACACTGGC 

VDR 5’-CTGAATTCCATGAAACACCTGT 5’-GACTCTAGAGGGCTCACACTCACCTCC 

TNF-α 5’- CAGAGCTGTCTCTAAACCGT 5’- AGGGTGTCTGAAGGAGGGGA 

β-act 5’-GGGTCAGAAGGATTCCTATG  5’-GGTCTCAAACATGATCTGGG 

 

Las secuencias correspondientes a Lyn, Syk y Erk fueron diseñadas a partir de 

las regiones más conservadas de los sitios SH2 y SH3 de cada gen reportado 

en ratón, rata y humano. Para demostrar que el tejido obtenido de cisticercos 

no estaba contaminado con DNA o RNA del hospedero, amplificamos 

secuencias específicas de los genes murinos VDR (exclusivos en el ratón por 

pertenecer a la región variable de las IgG) y TNF-α. La reacción de PCR se 

llevó a cabo de la siguiente manera: 10µg de RNA fueron incubados a 37ºC 

durante 1 hora en presencia de M-MLV Reverse Transcriptase (1U/20µL, 

Applied Biosystems, USA). En un volumen de reacción de 20µL se contenían 

50µM de cada dNTP y 0.05µg de oligonucleótido dT (Gibco, NY). Una vez 

obtenido el cDNA, 10 µL de este fue usado como templado para amplificar 

secuencias específicas de los genes antes mencionados. En un volumen de 

reacción de 50µL se contenían 10µL de cDNA previamente sintetizado, 5µL de 

buffer 10X para PCR (Perkin-Elmer, USA), 1mM de MgCl2, 0.2mM de cada 

dNTP, 0.05µM de cada oligonucleótido y 2.5 unidades de TaqDNA Polimerasa 

(Biotecnologías Universitarias, México). Después de un paso de 

desnaturalización inicial a 95ºC durante 5 minutos, las condiciones de 

amplificación para c-fos fueron las siguientes: 95ºC por 30 segundos, 50ºC por 
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45 segundos y 72ºC por 30 segundos durante 30 ciclos. Un paso final de 

extensión fue realizado a 72ºC durante 5 minutos. Por otra parte, después de 

un paso de desnaturalización inicial a 95ºC durante 5 minutos, las condiciones 

de amplificación para c-jun fueron las siguientes: 95ºC por 30 segundos, 57ºC 

por 30 segundos y 72ºC por 30 segundos durante 35 ciclos. Un paso final de 

extensión fue realizado a 72ºC durante 5 minutos. Los 50µL de producto de 

PCR fueron corridos en un gel de agarosa al 2% en presencia de PBR321-

Ladder como marcador de peso molecular  (Biotecnologías Universitarias, 

México). Los productos de PCR obtenidos fueron revelados por tinción del gel 

con bromuro de etidio y exposición a radiación ultravioleta. En todos los casos, 

las condiciones de PCR fueron ajustadas hasta obtener una banda simple 

correspondiente al peso molecular esperado. Los productos de PCR fueron 

secuenciados recortando directamente del gel de agarosa la banda deseada y 

mediante el empleo de un secuenciador automático (Modelo LIC-4200, Aloka 

Co., Japan). Las secuencias fueron analizadas usando el DNASIS Software 

(Hitachi Software Engineering, Tokyo, Japan). 

Extracción de proteína total 

La proteína total de los cisticercos de la Taenia crassiceps expuestos in vitro a 

E2, P4, T4 y DHT, fue obtenida por el método convencional de Tris-HCl. 

Brevemente, cisticercos tratados y controles sin tratamiento hormonal fueron 

disgregados y homogeneizados en Tris-HCl 100mM (1mL/0.1g de tejido), 

proteinasa K (100U/mL) y cocktail inhibidor de proteínas. Después de 15 

minutos de centrifugación a 14,000rpm, el sobrenadante fue recuperado y la 

pastilla desechada. La proteína obtenida fue cuantificada por absorbancia a 

una longitud de onda de 595nm, usando el método de Bradford-Lowry. 30µg de 

proteína fueron colocadas en Buffer de Laemmli y separadas en un gel de 

acrilamida al 10% (SDS-PAGE) para los experimentos de electroforesis de 

proteínas. 

Detección de receptores de hormonas esteroides por Western Blot 

Las proteínas separadas por SDS-PAGE fueron electro-transferidas a 

membranas de nitrocelulosa. Las membranas fueron bloqueadas toda la noche 

en buffer TBTS (Tris–HCl 10mM pH 7.4, NaCl 100mM y 0.5% de Tween-20) 

conteniendo 5% de leche en polvo. Para la inmunodetección de LYN, SYK, 

ERK y los receptores de hormonas esteroides en el cisticerco de la Taenia 
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crassiceps, las membranas fueron incubadas a temperatura ambiente con 

1µg/mL del anticuerpo monoclonal requerido (ratón α-LYN, ratón α-SYK, ratón 

α-ERK, cabra α-ERα, cabra α-ERβ, burro α-PR, ratón α-AR. Santa Cruz 

Biotech) por dos horas. Después de este tiempo, el anticuerpo primario fue 

retirado y las membranas fueron lavadas cinco veces durante tres minutos con 

TBS-Tween 20 al 3%. Enseguida, las membranas fueron incubadas en el 

anticuerpo secundario correspondiente (acoplado a peroxidasa, dilución 

1:1000) por una hora a temperatura ambiente. Finalmente, las membranas 

fueron lavadas cinco veces con TBS-Tween 20 al 3% y las bandas fueron 

visualizadas usando el sistema ECL de acuerdo a las instrucciones del 

fabricante (Super signal ECL, Pierce). 

Análisis Densitométrico 

Los niveles relativos de expresión de cada gen, tomando como base la 

expresión constitutiva de β-actina como control positivo, fueron determinados 

por análisis densitométrico de las fotografías correspondientes a los geles de 

agarosa. 

Análisis Estadístico 

Todos los ensayos fueron realizados por triplicado y en un total de diez 

experimentos independientes. Los resultados fueron analizados por ANOVA de 

una vía (análisis de varianza) seguido de una prueba t-student para determinar 

diferencias entre medias y una T-Tukey para las diferencias individuales entre 

grupos. Las significancias estadísticas fueron consideradas cuando P<0.05. 
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RESULTADOS 

Cuando los cisticercos fueron tratados con E2 o P4 in vitro, la capacidad 

reproductiva de éstos se vio considerablemente aumentada. En el grupo 

expuesto a E2, el número de gemas se vio incrementado en 400% sobre el 

grupo control, mientras que el número de gemas en el grupo tratado con P4 

aumentó en un 20% (Figura 6A). La viabilidad, por otra parte, no se vio alterada 

en estos parásitos, y la motilidad se mantuvo constante durante todo el tiempo 

del tratamiento. 
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Figura 6. (A) E2 estimula en 400% la reproducción del cisticerco de la Taenia crassiceps a partir del 

tercer día de cultivo in vitro, mientras que P4 lo hace solamente al quinto día. (B) Por el contrario, 

T4 y DHT inhiben la reproducción del cisticerco de la Taenia crassiceps in vitro. ** Diferencias 

significativas entre grupos tratados y controles. P<0.05. 

Por el contrario, cuando los cisticercos fueron expuestos a T4 o DHT, la 

capacidad reproductiva de éstos se vio disminuida en 70% y 85%, 

respectivamente (Figura 6B), así como su viabilidad, desarrollando áreas 

opacas y pérdida progresiva de la motilidad. Estos resultados explicarían, al 

menos parcialmente, porque el cisticerco de la Taenia crassiceps crece y se 

reproduce mejor en hembras que en machos, sentando las bases fisiológicas 
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para una mejor comprensión del dimorfismo sexual que se presenta durante 

esta y otras infecciones parasitarias. 

En el mismo sentido y con la finalidad de determinar las concentraciones 

óptimas de los esteroides sexuales en el cultivo in vitro, se probaron distintas 

concentraciones de E2, P4, T4 y DHT, encontrando efectos dependientes de la 

concentración en cada caso. E2 y P4 no afectan la viabilidad en ninguna 

concentración probada; sin embargo, concentraciones crecientes de estas 

hormonas incrementaron claramente el número de gemas en el parásito (Fig. 

7). Por otro lado, concentraciones nanomolares de T4 y DHT mostraron un 

potente efecto cisticida al disminuir dramáticamente el número de gemas en el 

cisticerco de la Taenia crassiceps (Fig. 7). 

 

Figura 7. E2 y P4 promueven la reproducción del cisticerco de la Taenia crassiceps en forma 

dependiente de la concentración. Por otra parte, T4 y DHT inhiben la reproducción del parásito 

independientemente de la concentración usada. ** Diferencias significativas entre grupos tratados 

y controles (concentración hormonal igual a cero). P<0.05. 

Las micrografías de todos los cisticercos tratados con los esteroides 

sexuales se muestran en la Figura 8. En los tratamientos con E2 y P4  se 

puede observar que los cisticercos exhibieron un gran número de gemas y 

aparecieron 
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Figura 8.  Micrografías de cisticercos de la Taenia crassiceps tratados in vitro con E2, P4, T4, DHT 

y controles. Los parásitos tratados con E2 exhibieron una gran cantidad de gemas comparados 

con el grupo control. P4 mostró un efecto proliferativo sobre el cisticerco pero no de la misma 

magnitud que E2. Por el contrario, los tratamientos con T4 y DHT inhibieron dramáticamente la 

formación de gemas del cisticerco de la Taenia acrassiceps in vitro. Aumentos en 4X y 6X. 

sumamente motiles (Figura 8). Ocasionalmente se encontraron cisticercos 

multilobulados. Por otra parte, el diámetro aproximado de estos parásitos se 

mantuvo en 1524 +/- 94.9 micrones. Por el contrario, el tamaño de los 

cisticercos tratados con T4 y DHT (Fig. 8) fue relativamente pequeño (218 +/- 

7.4 micrones), lo cual muestra que el tratamiento con estos andrógenos 

disminuye no solo la reproducción del cisticerco sino además su crecimiento y 

tamaño (Fig. 8). Estos parásitos mostraron una progresiva desorganización 

interna, desarrollo de áreas opacas en el líquido vesicular y progresiva pérdida 

de la motilidad. 
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La figura 9 muestra la proliferación de los cisticercos en respuesta al 

tratamiento hormonal después de ser incubados por 56 horas en presencia de 

timidina-3H. T4 y DHT aumentaron la incorporación de timidina-3H en el 

parásito en 50% y 40% respectivamente. En el mismo sentido, P4 aumentó 

cuatro veces la incorporación total de este nucleótido mientras que el 

tratamiento con E2 lo hizo seis veces más con respecto al grupo control (Fig. 

9A). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 9. (A) Los tratamientos con E2, P4, T4 y DHT incrementan la incorporación de timidina-3H 

en el cisticerco de la Taenia crassiceps. (B) En una correlación inversa, sólo los tratamientos con 

hormonas sexuales femeninas promueven la síntesis de DNA mientras que T4 y DHT la 

disminuyen. ** Diferencias significativas entre grupos tratados y controles. P<0.05. 

De manera contrastante, los tratamientos con T4 y DHT disminuyeron en 

30 y 25%, respectivamente, la síntesis de DNA en los parásitos tratados con 

estas hormonas (Fig. 9B). Aunado a esto y a la correlación inversa que existe 

entre mayor incorporación de timidina-3H y menor síntesis de DNA,  estos 

resultados sugieren que los andrógenos podrían afectar al cisticerco a través 
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de la activación de un mecanismo de degradación específica de DNA 

parasitario, lo cual explicaría el contraste entre ambos resultados. 

Por otro lado, los tratamientos con esteroides sexuales femeninos 

mostraron una correlación directa entre la incorporación de timidina-3H y la 

síntesis de DNA, pues esta última fue aumentada por E2 dos veces más, 

mientras que P4 la incrementó 1.5 veces, comparada con lo encontrado en el 

grupo control. 

El número de parásitos recuperados, previa exposición en cultivo a E2, 

P4, T4 o DHT, después de ser reinoculados en ratones hembras y machos de 

la cepa BALBc/AnN de seis semanas de edad, se muestra en la Figura 10. 
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Figura 10. Carga parasitaria en ratones (Mus musculus) BALB c/AnN de ambos sexos, inoculados 

con cisticercos de la Taenia crassiceps sometidos previamente a tratamiento hormonal in vitro. P4 

aumenta la capacidad infectiva de los parásitos mientras que los andrógenos la disminuyen. ** 

Diferencias significativas entre grupos tratados y controles. P<0.05. 

Interesantemente, en hembras y machos el tratamiento con P4 aumentó 

casi al doble la capacidad infectiva del cisticerco (medida como carga 

parasitaria), mientras que E2 solo incrementó la infectividad de los cisticercos 

reinoculados en machos (Figura 10). Por otra parte, los parásitos tratados con 

T4 y DHT mostraron una disminución en su índice infectivo, en hembras del 

50% y en machos del 20%, respectivamente, comparados con el grupo control. 
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De esta manera se observa que la capacidad infectiva (medida como carga 

parasitaria) de los cisticercos tratados con E2 aumenta al doble en machos y 

hembras, mientras que en los parásitos tratados con P4 aumenta al doble sólo 

en hembras. Por otro lado, T4 y DHT disminuyeron en un  75% la capacidad 

infectiva  de los cisticercos tratados con estos esteroides. Todos estos 

resultados fueron estadísticamente significativos con P<0.05 comparados con 

los grupos controles. 

Por otra parte, con la finalidad de determinar el mecanismo a través del 

cual las hormonas esteroides afectan la reproducción del cisticerco de la 

Taenia crassiceps, se realizaron cultivos in vitro del parásito en presencia de 

dos tipos de inhibidores: antihormonas que se unen competitivamente al 

receptor específico del esteroide bloqueando así sus efectos (mecanismo de 

acción prolongada o genómico) e inhibidores de la fosforilación de segundos 

mensajeros (mecanismo de acción rápida mediado por cascadas de 

señalización). 

 De esta manera, el uso de tamoxifen bloqueó el efecto estimulador de 

E2 al disminuir en los parásitos tratados el número de gemas al mismo nivel 

que en los grupos que recibieron el vehículo. Esto sugiere que el 17β-estradiol 

exógeno estimula la reproducción del parásito, presumiblemente por su unión a 

una molécula con actividad de receptor de estrógenos (sintetizado por el 

cisticerco de la Taenia crassiceps) ya que, al inhibir farmacológicamente la 

función de éste, el número de gemas permanece en su nivel basal, véase 

Figura 11. 
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Figura 11. Mecanismo Genómico. Efecto de tamoxifen, RU-486 y flutamida sobre la reproducción 

del cisticerco de la Taenia crassiceps in vitro. Tamoxifen inhibe el efecto de E2 a partir del tercer 

día de cultivo. Por otra parte, los efectos de P4 y los andrógenos T4 y DHT, no se vieron 

modificados mediante el uso de RU-486 y flutamida respectivamente. ** Diferencias significativas 

entre grupos tratados y controles. P<0.05. 

De manera contraria, el uso de RU-486 en los cisticercos tratados con 

P4, y de flutamida en los parásitos expuestos a andrógenos, no revirtió los 

efectos proliferativos de P4 ni las acciones antiproliferativas de T4 y DHT 

(Figura 11), lo cual sugiere que los efectos de estas hormonas sobre el 

parásito, no requieren la presencia de una molécula con actividad de receptor 

clásico de hormonas esteroides. De esta manera, los efectos de P4 serían 

mediados por otra vía o simplemente por la conversión de este precursor a E2 

(mediante diversas enzimas esteroidogénicas sintetizadas por el parásito), 

como se ha reportado para cisticercosis en el hospedero murino (Vargas-

Villavicencio et al, 2005). Por otra parte, debido a los efectos drásticos de T4 y 

DHT sobre la reproducción, el crecimiento y la viabilidad del cisticerco de la 

Taenia crassiceps (Figuras 6B y 8), no se descarta la posibilidad de que estos 

andrógenos posean efectos tóxicos sobre el parásito, lo cual pone en 
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relevancia el uso alternativo de las hormonas esteroides, en este caso, el de T4 

y DHT como potentes agentes cisticidas, lo que explicaría parcialmente porque 

el macho es más resistente a la infección que la hembra, y porque el cisticerco 

induce la feminización del macho crónicamente parasitado.  

Como se mencionó anteriormente, los mecanismos genómicos no son la 

única forma en la cual las hormonas esteroides llevan a cabo sus efectos. 

Alternativamente, se han descrito diversos mecanismos de acción rápida de las 

hormonas esteroides que poseen múltiples efectos en el organismo, como los 

de adaptación pronta al estrés y respuesta inmediata a estímulos 

extracelulares. Por tal razón, se decidió evaluar la participación de este tipo de 

acciones hormonales sobre el cisticerco de la Taenia crassiceps. De esta 

forma, se estudiaron diversas cascadas de señalización que fueran altamente 

conservadas en la escala filogenética, que estuvieran involucradas en procesos 

celulares proliferativos y que pudieran ser activadas por hormonas esteroides 

sexuales. Así, llegamos al estudio de la vía de señalización activada por un 

miembro de la familia de las Src-cinasas, LYN, mismo que río abajo posee la 

capacidad de activar a SYK, proteína que una vez fosforilada inducirá la 

activación de las cinasas reguladas por señales extracelulares (ERK). 

En el cisticerco de la Taenia crassiceps, E2 promueve in vitro la 

reproducción del parásito como se describió anteriormente. Sin embargo, la 

adición de AG18 (inhibidor de todos los receptores membranales con actividad 

de cinasa de tirosina) inhibió por completo el efecto proliferativo de E2 y redujo 

en 50% la formación basal de gemas sin afectar la viabilidad del cisticerco (Fig. 

12). Cascada abajo, el uso de genisteína (inhibidor de la activación de LYN) 

bloqueó los efectos de E2 y, de manera semejante a AG18, disminuyó el 

número de gemas por debajo del nivel de los grupos controles, aunque esta 

diferencia no fue estadísticamente significativa (Fig. 12). Otra vez cascada 

abajo, la exposición a picetanol (inhibidor específico de la activación de SYK), 

provocó en los cisticercos la disminución del número de gemas formadas al 

inhibir completamente la acción proliferativa de E2 (Fig. 12). Finalmente, toda 

esta cascada de señalización celular converge en la activación de ERK, misma 

que al ser bloqueada por la acción de ERK-Inh, provoca una disminución en la 

reproducción del parásito, expuesto al mismo tiempo a E2 (Fig. 12). 
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Figura 12. Mecanismo de acción rápida. Efecto de AG18, Genisteína, Picetanol y ERK-Inh sobre la 

activación de LYN-SYK-ERK y la reproducción del cisticerco de la Taenia crassiceps estimulada 

por E2. El tratamiento con AG18 inhibe el efecto proliferativo de E2 aún por debajo del grupo 

control, mientras que Genisteína, Picetanol y ERK-Inh inhiben la reproducción parasitaria al mismo 

nivel que en el grupo control. ** Diferencias significativas entre grupos tratados y controles. 

P<0.05. 

 

Esto sugiere que E2 promueve la reproducción del parásito también a 

través de mecanismos no genómicos, induciendo en el cisticerco la 

fosforilación específica de la cascada LYN-SYK-ERK (cabe resaltar que 

también se emplearon inhibidores de otras moléculas de señalización como 

Fyn o Zap-70, ambas al mismo nivel que Lyn y Syk en la cascada de 

activación, respectivamente, y no se encontraron efectos sobre la reproducción 

del cisticerco estimulada por E2), ya que al inhibir de manera general a todos 

los receptores con actividad de cinasa de tirosina (AG18) y cascada abajo de 

forma específica a cada uno de estos segundos mensajeros, el estímulo 

originalmente inducido por E2 se inhibe completamente (Fig. 12). 
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Por otro lado, el uso de AG18 en los cisticercos tratados con P4 

disminuyó la capacidad reproductiva del cisticerco, aún por debajo de los 

grupos que sólo recibieron el vehículo (Fig. 13). 
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Figura 13. Efecto de AG18, Genisteína, Picetanol y ERK-Inh sobre la activación de LYN-SYK-ERK y 

la reproducción del cisticerco de la Taenia crassiceps estimulada por P4. El tratamiento con AG18 

inhibe el efecto proliferativo de P4 sobre el parásito a partir del tercer día en cultivo, mientras que 

Genisteína, Picetanol y ERK-Inh no mostraron ningún efecto sobre la acción de esta hormona. ** 

Diferencias significativas entre grupos tratados y controles. P<0.05. 

 

Esto indica que el parásito ha desarrollado diversos mecanismos 

moleculares y celulares para asegurar su reproducción y sobrevivencia, 

mismos que no necesariamente dependen de la acción de los esteroides 

sexuales, aunque su papel dentro de éstos resulta sobremanera relevante. 

Contrastantemente, Genisteína, Picetanol y ERK-Inh no tuvieron ningún efecto 

sobre la proliferación inducida por P4 (Fig. 13), lo cual sugiere que los efectos 

de esta hormona no dependen de un receptor nuclear clásico ni tampoco de la 

vía de señalización LYN-SYK-ERK, haciendo más fuerte la hipótesis de que la 
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influencia de P4 sobre el parásito podría deberse a su conversión a E2, u a otra 

hormona, más que a su actividad misma. 

En vista de que los efectos de E2 sobre le cisticerco de la T. crassiceps 

pudieran estar mediados tanto por mecanismos de acción genómica como no 

genómica, se decidió cultivar al parásito en presencia de ambos tipos de 

inhibidores, es decir, el cisticerco fue expuesto a tamoxifen y a cada uno de los 

inhibidores de la cascada LYN-SYK-ERK por separado, AG18, Genisteína, 

Picetanol y ERK-Inh, respectivamente. Los resultados se muestran en la figura 

14. 

 

Figura 14. Efecto de antihormonas e inhibidores de proteínas con actividad de cinasa de tirosina 

sobre la reproducción del cisticerco de la Taenia crassiceps estimulada por E2. Los tratamientos 

con Tamoxifen y AG18, Tamoxifen y Picetanol, y Tamoxifen y ERK-Inh inhibieron la reproducción 

del parásito aún por debajo de los valores referidos en el grupo control. ** Diferencias 

significativas entre grupos tratados y controles. P<0.05. 

Interesantemente, los efectos acoplados de los inhibidores de vías 

genómicas y no genómicas, no redujeron completamente la capacidad 

reproductiva del parásito como se esperaba. Sin embargo, los cisticercos 

tratados con esta combinación mostraron pérdida progresiva de la motilidad y 

un marcado decrecimiento. De manera específica, el tratamiento conjunto de 

Tamoxifen y AG18 mostró resultados semejantes a los encontrados cuando el 
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parásito es tratado únicamente con AG18, el número de gemas disminuyó en 

50% con respecto al valor mostrado en el grupo control (Fig. 14). 

Contrastantemente, el uso combinado de Tamoxifen y Genisteína no 

tuvo efectos estadísticamente significativos sobre la reproducción basal del 

cisticerco, sin embargo, las combinatorias entre Tamoxifen y Picetanol, y 

Tamoxifen y ERK-Inh inhibieron totalmente el efecto estimulante de E2  y 

disminuyeron al 30% la capacidad reproductiva basal del cisticerco de la 

Taenia crassiceps. 

Por otro lado, con el fin de determinar los posibles mecanismos 

moleculares mediante los cuales E2, P4, T4 y DHT llevan a cabo sus efectos 

en el parásito, se decidió amplificar por PCR los genes c-fos y c-jun, miembros 

del complejo AP-1, ya que estos genes, además de ser proliferativos, son 

regulados por esteroides sexuales como el E2. La figura 15 muestra que la 

expresión de c-fos en cisticercos tratados con E2 y P4 fue fuertemente 

inducida, ya que los cisticercos que no recibieron tratamiento hormonal (grupo 

control) expresan escasamente este gen. De forma opuesta, la expresión de c-

fos fue abatida en cisticercos tratados con T4 y DHT. Los valores 

densitométricos de expresión relativa de c-fos son los siguientes: en cisticercos 

tratados con E2 la expresión de c-fos aumentó 120.3 veces y en los tratados 

con P4 este índice se incrementó 90.9 veces. Por otra parte, en cisticercos 

tratados con T4 y DHT, los valores de expresión de c-fos disminuyeron 20 y 80 

veces respectivamente (Fig. 15A). El mismo patrón fue observado para c-jun, 

una inducción clara de la expresión de este gen en cisticercos tratados con E2 

y P4 fue observada. El tratamiento con DHT abatió considerablemente la 

expresión de este gen mientras que el tratamiento con T4 no tuvo efectos 

significativos sobre la misma. Los valores densitométricos de expresión relativa 

para c-jun son los siguientes: E2 incrementó 117.3 veces la expresión de c-jun 

en los cisticercos tratados con este esteroide, P4, de forma muy similar, 

incrementó 89.9 veces la expresión de este gen, T4 no tuvo efectos sobre su 

expresión y DHT disminuyó la expresión de c-jun 34.29 veces. En todos los 

casos se utilizó β-actina como control constitutivo de expresión (Fig. 15B). 
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Figura 15. Expresión relativa de c-fos y c-jun en respuesta al tratamiento hormonal en el cisticerco 

de la Taenia crassiceps. E2 y P4 inducen la expresión de c-fos y c-jun mientras que el tratamiento 

con T4 inhibe casi completamente la expresión de c-jun. ** Diferencias significativas entre grupos 

tratados y controles. P<0.05. 

 

De esta manera, la determinación de genes parasitarios que pudieran 

participar en el crecimiento y la reproducción del cisticerco de la Taenia 

crassiceps, y además ser regulados por esteroides sexuales se realizó a dos 

niveles: el primero de ellos fue estudiando la expresión específica de cada gen 

en respuesta a la acción hormonal a nivel de RNA mensajero (regulación de la 

expresión génica por esteroides sexuales). El segundo, fue determinar la 

presencia de la proteína, sobre todo si los genes estudiados correspondían a 

receptores hormonales. De esta forma, identificamos y secuenciamos en el 

cisticerco de la Taenia crassiceps (y complementariamente en T. solium) los 

genes completos de c-fos y c-jun, miembros del complejo de transcripción AP-

1, hasta este momento caracterizado solo en mamíferos, además de las 

secuencias proteicas predichas para cada gen, las cuales mostraron en el caso 
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de C-Fos, una homología del 96, 93 y 82% con rata, ratón y humano 

respectivamente, mientras que para el caso de C-Jun la homología con estos 

tres organismos fue de 98, 92 y 93%, respectivamente (Ver Apéndice A). 

 De forma similar, los genes tipo Lyn, Syk y Erk en el cisticerco de la 

Taenia crassiceps fueron amplificados por RT-PCR y sus secuencias 

determinadas parcialmente por secuenciación como se muestra en las figuras 

16 y 17, respectivamente. 

 

 

Figura 16. RT-PCR representativo donde se muestran las bandas correspondientes a Lyn, Syk y 

Erk en el cisticerco de la Taenia crassiceps (Tc) y el bazo de ratón hembra (Mus musculus) 

BALBc/AnN (M) como control positivo. 

(A) Lyn 

Taenia crassiceps:   1 AGGCGGGCCCCGCAGGGCTATCCCGTAGCGTGAACAGCTTTTAACCGAAGTCACCGTGGA 

Taenia crassiceps:  61 GTTCCGCCGCCCCGAAACTTCCACCACGAGCGAGAAATATGGGATGTATTAAATCAAAAA 

Taenia crassiceps: 121 GGAAAGACAATCTCAATGACGATGAAGTAGATTCGAAGACTCAACCAGTTCCTGAATTTC 

Taenia crassiceps: 181 ATCTTTTACCAGGACAGAGATTTCAAACAAAAGATCCAGAGGAACAAGGTGACATTGTGG 

Taenia crassiceps: 241 TGGCCTTATATCGNNNNNNNNNNN 
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(B) Syk 

Taenia crassiceps:   1 CGGTGGGCGGCAGTAGGCAGTGAGCGGAGGAGCCGCGGCAGCGGCATTAAACATTAATTG 

Taenia crassiceps:  61 ACTACTTGGAAAGAAAAAAAATCATGGCTTCCAACATGGCCAACCCTGCTAACCATTTGC 

Taenia crassiceps: 121 CATACTTCTTTGGCAATATTACACGTGAGGAAGCTGAGGAGTATTTGATGCAAGGAGGAA 

Taenia crassiceps: 181 TGAGCGATGGACTATACCTGCTTCGCCAAAGCCGGAATTACCTAGGGGGCTTTGCCTTGT 

Taenia crassiceps: 241 CCTTGGCCTATGGAAGGAAGGTTCATCATTACACAATTGAGAGAGAGCTGAGTGGGACAT 

Taenia crassiceps: 301 ATGCTATTGCAGGAGGCAAATCACATGCAAGTCCTGCTGAACTCATTAACTATCATTCAG 

Taenia crassiceps: 361 AAGAAGCAGATGGCCTTATCTGTCTACTGAGAAAATCTTTCAATCGACCGCCAGGCGTTG 

Taenia crassiceps: 421 AGCCCAAAACAGGGCCCTTTGAAGATTTAAAAGAGAACCTCATCAGAGAGTATGTCAAGC 

Taenia crassiceps: 481 AAACGTGGAATCTGCAGGGTCATGCTCTTGAACAAGCTATCATTAGCCAAAAACCTCAGC 

Taenia crassiceps: 541 TGGAGAAACTGATTGCTACTACAGCCCATGAGAAGATGCCTTGGTTCCATGGGAGGATCT 

Taenia crassiceps: 601 CTCGGGAAGAGTCAGAGCACCGTATCCTCATTGGGTCAAGAAACGACGGAAAATTTTTAA 

Taenia crassiceps: 661 TACGAGAAAGGGACAGCAATGGTTCCTATGCCCTGTGTTTGCTCAATGATGGAAAAGTAC 

Taenia crassiceps: 721 TGCATTACCGTATTGACAGAGATAAGACAGGAAAGCTCTCCATACCAGATGGAAAAAGAT 

Taenia crassiceps: 781 TTGACACCCTCTGGCAGTTAGTTGAGCATTAAGTNNNNNNNNNNNNNN 

(C) Erk 

Taenia crassiceps:   1 CCTTAGCCACCGCCGCCGCCATCGCCACCATGGACGAACAGGAGGCATTGAACTCAATCA 

Taenia crassiceps:  61 TGAACGATCTGGTGGCCCTCCAGATGAACCGACGTCACCGGATGCCTGGATATNNNNNNN 

Figura 17. Secuencia parcial de nucleótidos de genes tipo Lyn (A), Syk (B) y Erk (C) en el cisticerco 

de la Taenia crassiceps. 

 Por otro lado, la expresión de Syk y Erk no se vio afectada en el 

parásito en respuesta a ningún tratamiento hormonal (Figura 18A). Sin 

embargo, Lyn mostró una fuerte regulación positiva por el tratamiento con E2, 

al aumentar tres veces su expresión con respecto al grupo control, mientras 

que P4, T4 y DHT no tuvieron ningún efecto sobre la regulación de esta 

molécula (Figura 18B). 
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Figura 18. Expresión relativa de Lyn, Syk y Erk en respuesta al tratamiento hormonal en el 

cisticerco de la Taenia crassiceps. (A) RT-PCR representativo. (B) Densitometría óptica de la 

expresión relativa de Lyn (Lyn/ββββ-actina). El tratamiento con E2 induce la expresión de Lyn en el 

parásito. ** Diferencias significativas entre grupos tratados y controles. P<0.05. 

 Estos resultados sugieren fuertemente que moléculas tipo Lyn, Syk y 

Erk, con actividad de segundos mensajeros, son expresadas por el cisticerco 

de la Taenia crassiceps, y además reguladas diferencialmente en respuesta a 

E2. Complementariamente, la detección de las proteínas correspondientes a 

estos genes así como su patrón de fosforilación en respuesta al tratamiento 

con esteroides fue realizado mediante Western Blot y se muestra en las figuras 

19 y 20, respectivamente. En el caso específico de LYN, el anticuerpo 

monoclonal detectó una sola banda de 55KDa en T. crassiceps (Figura 19A), 

mientras que para SYK el tamaño molecular fue de 80KDa (Figura 19B). 

Finalmente, un doblete característico de 42 y 44KDa fue detectado en el caso 

de ERK (Figura 19C). En cada ensayo se utilizó bazo de ratón como control 

positivo de detección y se ajustaron las condiciones experimentales hasta 

detectar una sola banda que correspondiera al peso molecular esperado de 

cada proteína. 
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Figura 19. Detección por Western Blot de las proteínas correspondientes en peso molecular a LYN 

(A), SYK (B) y ERK (C) en el cisticerco de la Taenia crassiceps (Tc) y el bazo de ratón hembra (Mus 

musculus) BALBc/AnN (M). 

 Es importante mencionar, que para el caso de este tipo de moléculas 

no basta con detectar la forma nativa de la proteína, sino además, la forma 

fosforilada de ésta, misma que lleva a cabo la función de transducción de una 

señal extracelular al interior de las células. Por esta razón, se realizaron 

ensayos de Western Blot que nos permitieran estudiar la activación (mediada 

por la fosforilación proteica) de la vía de señalización LYN-SYK-ERK en el 

parásito en respuesta al tratamiento con E2, usando por un lado, un anticuerpo 

que reconoce todos los dominios fosforilados en una muestra de proteína total 

(Figura 20A y B), y, por el otro, anticuerpos monoclonales diseñados contra la 

forma nativa de ERK (Figura 20C) y la forma fosforilada de este mismo (Figura 

20D), debido a que la activación de este complejo proteínico es el paso 

limitante en el desencadenamiento de la respuesta proliferativa estimulada por 

E2 en el parásito. 

LYN (55KDa) SYK (80KDa) ERK (44/42KDa)LYN (55KDa) SYK (80KDa) ERK (44/42KDa)
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Figura 20. (A) Detección por Western Blot de proteínas fosforiladas totales en respuesta al 

tratamiento hormonal en el cisticerco de la Taenia crassiceps. (B) Cuantificación densitométrica de 

proteínas fosforiladas totales. Se puede apreciar que el tratamiento con E2 induce la fosforilación 

de diversas proteínas parasitarias. (C) Western Blot mostrando la forma nativa de ERK. (D) 

Western blot mostrando la forma fosforilada de ERK. El tratamiento con E2 induce un aumento en 

la fosforilación de esta cinasa de tirosina. THP=Línea celular derivada de monocitos 

transformados, P=Pervanadato, Inh=Cocktail inhibidor de cinasas de tirosina, C=Control, 

Gen=Genisteína, Pic=Picetanol, ERK-I=Inhibidor de ERK. ** Diferencias significativas entre grupos 

tratados y controles. P<0.05. 

 De esta manera, las proteínas totales de la línea celular THP en 

ausencia de estímulo con Pervanadato, mostraron poca fosforilación. Sin 

embargo, la sola adición de este inhibidor de fosfatasas a estas mismas células 

incrementó hasta ciento seis veces más la cantidad de proteínas fosforiladas 

(Fig. 20A). En el caso específico del cisticerco de la Taenia crassiceps, el grupo 

control que no recibió estimulo hormonal presentó una fosforilación basal en el 

total de sus proteínas. Interesantemente, la sola exposición del parásito a E2 
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duplicó en éste la cantidad de proteínas fosforiladas, mientras que cuando el 

cisticerco fue cultivado al mismo tiempo en presencia de Genisteína, Picetanol, 

ERK-Inh y E2, el porcentaje de proteínas fosforiladas disminuyó 

dramáticamente hasta un tercio del total de lo referido en el grupo control (Fig. 

20A y B). Por otra parte, la exposición del parásito a E2, Genisteína, Picetanol 

o ERK-Inh, no afectó la síntesis proteica de la forma nativa de ERK (Figura 

20C), resultado que correlaciona con lo mostrado a nivel de la expresión del 

RNA mensajero mostrada en la Figura 18A. Sin embargo, la adición de E2 

exógeno indujo potentemente la fosforilación de ERK en el parásito (12:1 con 

respecto al grupo control) mientras que, contrariamente, los tratamientos con 

los inhibidores de cinasas de tirosina bloquearon los efectos de este estrógeno, 

manteniendo la fosforilación de ERK en niveles basales, muy cercanos a los 

del grupo control (Figura 20D). 

 Estos resultados apoyan fuertemente que E2 es capaz de estimular 

directamente la reproducción del cisticerco de la Taenia crassiceps, a través de 

la vía de señalización que comienza con la activación de LYN y SYK, y culmina 

cascada abajo con la activación de ERK. Adicionalmente, los efectos de E2 

sobre el parásito no son a través de la regulación de la expresión génica de 

estas moléculas de señalización, sino por medio de la fosforilación y activación 

específica de estas mismas en el cisticerco, hecho que denota el fuerte impacto 

que el microambiente hormonal del hospedero podría tener sobre la fisiología 

parasitaria, al regular en éste procesos tan específicos como activación de 

diversas vías de señalización y expresión génica. 

 Por último, durante este trabajo se identificaron otros genes que 

participan directamente en la reproducción y el establecimiento del parásito, y 

que también pueden ser regulados por hormonas sexuales. Este es el caso de 

los receptores de hormonas expresados por el parásito, mismos que poseen la 

capacidad de reconocer esteroides sexuales exógenos (e hipotéticamente 

hormonas producidas por el hospedero) y de esta manera regular la 

reproducción, crecimiento y/o metabolismo parasitario en un hospedero 

inmunocompetente. 
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 De esta forma, identificamos y determinamos en el parásito las 

secuencias parciales de los receptores de estrógenos subtipos α y β (ER-α y 

ER-β), así como las correspondientes a los receptores de progesterona 

isoformas A y B (PR-A y PR-B) y el receptor de andrógenos (Fig. 21). 

(A) ER-αααα 

Taenia crassiceps:   1 TTGCTGCACCAGATCCAAGGGAACGAGCTGGAGCCCCTCAACCGCCCGCAGCTCAAGATG 

Taenia crassiceps:  61 CCCATGGAGAGGGCCCTGGGCGAGGTATACGTGGACAACAGCAAGCCCACTGTGTTCAAC 

Taenia crassiceps: 121 TACCCCGAGGGCGCCGCCTACGAGTTCAACGCCGCCGCCGCCGCCGCCGCCGCCGCCTCG 

Taenia crassiceps: 181 GCGCCGGTCTACGGCCAGTCGGGCATCGCCTACGGCCCCGGGTCGGAGGCGGCCGCCTTC 

Taenia crassiceps: 241 AGTGCCAACAGCCTGGGGGCTTTCCCCCAGCTCAACAGCGTGTCGCCTAGCCCGCTGATG 

Taenia crassiceps: 301 CTGCTGCACCCGCCGCCGCAGCTGTCTCCTTTCCTGCACCCGCACGGCCAGCAGGTGCCC 

Taenia crassiceps: 361 TACTACCTGGAGAACGAGCCCAGCGCCTACGCCGTGCGCGACACCGGCCCTCCCGCCTTC 

Taenia crassiceps: 421 TACAGGTCTAATTCTGACAATCGACGCCAGAATGGCCGAGAGAGACTGTCCAGCAGTAAC 

Taenia crassiceps: 481 GAGAAAGGAAACATGATCATGGAGTCTGCCAAGGAGACTCGCTACTGTGCCGTGTGCAAT 

Taenia crassiceps: 541 GNNNTNNNNNTCNNNNNCNN 

(B) ER-ββββ 

Taenia crassiceps:   1 ATAGGGAGGGATAATACCTCGCATGTGAAGCTGCTCGAATACTTACGTCTCCCCGACAAA 

Taenia crassiceps:  61 GCATTAAGTCGTCTACAAACGATTTTGTGCCTCCACACTCATTCCACAATTGGATATCGT 

Taenia crassiceps: 121 GTGGGACCCCCACGCAGCACCACAACCATCNGATGCACGCGGTCTTGGTCCACGCTCTGG 

Taenia crassiceps: 181 CTTTGCACTACTGTTGTTGCCGCCAGACCACTCGCAGCCGTCACAGCACGCTGGCCGTGT 

Taenia crassiceps: 241 ACGAAGACAGAGAAGTGCCACTCTTTCGTAACGTCAAGGGAGGGATCATACCTGGCATGT 

Taenia crassiceps: 301 GATAGCTGCTCGAATCTTACGTCTCCCCGACAAAGCATTAAGTCGTCTACAAACGATTTT 

Taenia crassiceps: 361 GTGCCTCCACACTCATTCCACAATTGGATATCNGTGTCGACCCCCACGCAGCAACCACAA 

Taenia crassiceps: 421 CCATCTGATGCACGCGGTCTTGGTCCACGCTCTGGCTTTGCACTACTGTTGTTGCCGCCA 

Taenia crassiceps: 481 GACACTCGCAGCCGTCACAGCACGCTGGCCGTGTACGAAGACAGAGGGAAAGTGCCATTT 

Taenia crassiceps: 541 AACGCGCNNNNNNNNNNCNNNGNNNNNNNNNNNN 
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(C) PR-A 

Taenia crassiceps:   1 TCGCCCTATTGCCCCTGTCCCGCACTCCTGGCCGTCGCACCCGGCAGCTGCTGGAGGGGG 

Taenia crassiceps:  61 ACAGCTGCCACAGACGTAACACAGGCCATGTTCCTTTATGCCCCACCTGACGGGCTCACT 

Taenia crassiceps: 121 CTCCAACGCCATGCCCACCTGCGCCCTGCACGAGACNAACTCACTACTGCATCTACTCTG 

Taenia crassiceps: 181 GTCGGAAGGTCAACCTTAACCTTAGACNNNNNNNNNNNNANNNATNNNNN 

(D) PR-B 

Taenia crassiceps:   1 CGGAAAAGAAGCAGGATTTTAAAAGTGTCTNAGACACGTTGTNGACTCCCTTCGGGACCT 

Taenia crassiceps:  61 AACACATTCACGCCAGCCCTTCACCCTGTGAGGGCATTAGTTTCTGGAGTTTTTTTGGGC 

Taenia crassiceps: 121 CAAAGCTTACAAAATATCCCCGCAGTGTCCCTGCTCCCAAAGGGTTGGCTGTTAAAGAAC 

Taenia crassiceps: 181 ACCGTTNAAACCCTGCAGCGTNNNNCNNNCGANNNNNNNN 

(E) AR 

Taenia crassiceps:   1 AAGGAGAGGCTTCCAGCACCACCAGCCCCACTGAGGAGACAACCCAGAAGCTGACAGTGT 

Taenia crassiceps:  61 CACACATTGAAGGCTATGAATGTCAGCCCATCTTTCTGAATGTCCTGGAAGCCATTGAGC 

Taenia crassiceps: 121 CAGGTGTAGTGTGTGCTGGACACGACAACAACCAGCCCGACTCCTTTGCAGCCTTGCTCT 

Taenia crassiceps: 181 CTAGCCTCAATGAACTGGGAGAGAGACAGCTTGTACACGTGGTCAAGTGGGCCAAGGCCT 

Taenia crassiceps: 241 TGCCTGGCTTCCGCAACTTACACGTGGACGACCAGATGGCTGTCATTCAGTACTCCTGGA 

Taenia crassiceps: 301 TGGGGCTCATGGTGTTTGCCATGGGCTNNNNNNNNNACNNNNNNNNNNNNNNNN 

Figura 21. Secuencias parciales correspondientes a los receptores de estrógenos αααα y ββββ (ER-αααα y ER-

ββββ), receptores de progesterona A y B (PR-A y PR-B) y receptor de andrógenos (AR) en el cisticerco 

de la Taenia crassiceps. ER-ββββ Número de acceso Gene Data Bank: AY596184. 

 Por otra parte, ER-β fue detectado en mayor cantidad que ER-α, PR-A, 

PR-B y AR en el cisticerco de la Taenia crassiceps, partiendo de la misma 

cantidad de RNA total (Figura 22A). Adicionalmente, cuando el parásito fue 

expuesto a P4, ER-β no solo fue sobre-expresado sino también sintetizado en 

mayor cantidad a nivel de proteína (Figura 22B), mientras que el resto de los 

receptores de hormonas esteroides no presentaron variación en respuesta al 

tratamiento con E2 o P4 (Figura 22B). Estos resultados sugieren que el 

parásito no solo ha desarrollado estructuras proteicas que semejan a los 

receptores de esteroides sexuales descritos en vertebrados superiores, sino 
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además que estas moléculas tipo receptor podrían estar reguladas bajo 

mecanismos endocrinos clásicos, como el que P4 ejerce sobre la expresión de 

los receptores de estrógenos α y β. 
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Figura 22. (A) RT-PCR representativo donde se muestra la expresión de ER-αααα, ER-ββββ, PR-A, PR-B y 

AR en el cisticerco de la Taenia crassiceps. (B) Western Blot mostrando la detección de las 

proteínas correspondientes a ER-αααα, ER-ββββ, PR-A y PR-B en el cisticerco de la Taenia crassiceps y 

los efectos del tratamiento con E2 y P4 sobre su síntesis. 
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DISCUSIÓN 

Durante la cisticercosis murina, se conoce bien que una gran cantidad de 

interacciones entre los sistemas inmune y endocrino, pueden regular diversos 

aspectos de la infección, tales como el establecimiento parasitario. Sin 

embargo, el curso final de la infección no solo es decidido por medio de estas 

complejas interacciones. Nuestros resultados sugieren que el sistema 

endocrino, a través de sus productos hormonales, también puede ser 

determinante durante el establecimiento del cisticerco de la Taenia crassiceps 

en el hospedero murino. De manera específica, las hormonas esteroides 

sexuales (exógenas) poseen efectos directos sobre el parásito, mismos que 

regulan su reproducción, crecimiento e infectividad in vitro. 

Es bien sabido que las hormonas esteroides poseen una gama muy 

amplia de acciones que abarcan desde organismos invertebrados (Ej. 

Drosophila melanogaster) hasta mamíferos como el ratón o el humano mismo. 

Sin embargo, en el caso de organismos parasitarios aún no se precisan bien 

los efectos y mecanismos que los esteroides sexuales son capaces de 

establecer en un hospedero inmunocompetente. Por tal razón, la materia de 

esta tesis fue determinar si las hormonas esteroides sexuales E2, P4, T4 y 

DHT poseían efectos directos sobre el cisticerco de la Taenia crassiceps, 

profundizando en sus mecanismos, específicamente en la regulación (a la alta 

o a la baja) de genes parasitarios como resultado de la influencia hormonal. 

De esta manera, se determinó que E2 estimula la reproducción del 

parásito sin afectar su viabilidad. En este mismo sentido, P4 es capaz de 

inducir un aumentó en el índice proliferativo del cisticerco, aunque éste no es 

de la misma magnitud que el observado con E2. Sin embargo, cuando los 

parásitos son tratados con este progestágeno, su infectividad al ser 

reinoculados en hembras y machos se potencia fuertemente. 

Por otra parte, los andrógenos T4 y DHT poseen el efecto contrario 

sobre el parásito, pues inhiben casi completamente la reproducción del 

cisticerco in vitro, afectando también su viabilidad. 

Estos resultados denotan el carácter multifuncional que los esteroides 

sexuales poseen sobre una gran diversidad de organismos, como ya se ha 

mencionado. En el caso específico de esta parasitósis, E2 puede incrementar 

la reproducción del cisticerco mientras que P4 aumenta su infectividad, 
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sugiriendo que las hormonas sexuales femeninas poseen en su conjunto un 

efecto estimulante sobre Taenia crassiceps, e individualmente acciones 

alternativas que podrían beneficiar y favorecer el establecimiento del parásito 

en las hembras y el macho feminizado. 

Otro de los aspectos interesantes de este trabajo, es el mecanismo a 

través del cual las hormonas esteroides ejercen sus acciones sobre el 

cisticerco. Por medio del uso de antihormonas, nuestros resultados sugieren 

que el parásito ha desarrollado estructuras semejantes a los receptores de 

hormonas esteroides, mismos que poseerían la capacidad de unirse a una 

hormona exógena (en el caso del hospedero murino a hormonas sintetizadas 

por éste) y regular de esta manera la expresión de genes implicados en la 

reproducción, crecimiento e infectividad del cisticerco de la Taenia crassiceps, 

tales como c-fos y c-jun. 

Es de llamar la atención, el alto grado de conservación que las 

hormonas esteroides poseen en cuanto a sus acciones y mecanismos, 

divergiendo como se conoce desde insectos hasta mamíferos, y ahora también 

reportado en organismos parasitarios. 

Otro aspecto sumamente interesante de estos resultados, es el posible 

beneficio que el cisticerco obtiene al aprovechar las hormonas exógenas, o 

bien las sintetizadas por el hospedero durante el proceso de infección. Este 

beneficio podría resultar en un ahorro metabólico y energético, pues el parásito 

sólo sintetizaría los receptores de esteroides sexuales y aprovecharía en su 

completo beneficio el microambiente hormonal del hospedero. Este fenómeno 

fue denominado por nosotros como trans-regulación, haciendo referencia a la 

capacidad que un organismo posee al regular la expresión génica de otro, a 

través de sus productos hormonales y factores de crecimiento (Ver Apéndice 

A). En este caso, el hospedero sería capaz de regular de manera cruzada 

(trans-regulación) el crecimiento y la reproducción del cisticerco, llevando la 

relación de parasitismo de este último no solo a niveles fisiológicos sino 

también a niveles moleculares. Interesantemente, este mecanismo no sólo se 

podría presentar en este modelo de estudio, sino en otras parasitosis en donde 

se conoce o se ha reportado dimorfismo sexual en la infección, o simplemente 

efectos relacionados con el microambiente hormonal del hospedero. Este tipo 

de estudios son de suma importancia, pues al conocer con exactitud las 
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estructuras de las cuales depende la reproducción o el crecimiento del parásito, 

se pueden diseñar drogas o análogos hormonales que afecten exclusivamente 

al patógeno y bloqueen rutas metabólicas o procesos fisiológicos vitales en 

éste. 

Adicionalmente, la reproducción del cisticerco de la Taenia crassiceps no 

solo se lleva a cabo a través de estructuras con actividad de receptores de 

hormonas esteroides en éste, sino también por medio de la activación de 

diversas vías de señalización que pueden ser estimuladas por esteroides 

sexuales, como es el caso de la vía mediada por los segundos mensajeros 

LYN-SYK-ERK. Es importante recalcar, que la inhibición de cada una de estas 

moléculas resultó en la inhibición de los efectos estimulantes de E2 sobre el 

cisticerco, lo que sugiere que este estrógeno aumenta la fosforilación de estas 

moléculas, induciendo finalmente la activación de esta vía de señalización, 

como  se mostró anteriormente en la sección de resultados. Estos hallazgos 

sugieren que el parásito no solo ha desarrollado estructuras semejantes a los 

receptores de hormonas esteroides, sino también vías de señalización 

mediadas por cascadas de segundos mensajeros que aseguran todavía más 

su reproducción y establecimiento en un ambiente hostil como el ofrecido por 

un hospedero inmuno-competente. Interesantemente, se sabe que este tipo de 

moléculas poseen dominios proteínicos altamente conservados denominados 

SH2 y SH3, capaces de interaccionar con receptores de hormonas específicos 

y así regular la expresión génica de un organismo. Es probable que este sea el 

punto en el cual ambas vías en el parásito, genómicas y no genómicas, 

confluyan para potenciar aspectos sumamente importantes de éste como su 

reproducción, lo cual sugiere que los organismos parasitarios han desarrollado 

“mecanismos amortiguadores”, mismos que le permiten divergir sus estrategias 

de sobrevivencia y evitar de esta manera el bloqueo de funciones sumamente 

importantes tales como su diferenciación y los mecanismo que le permiten 

evadir la respuesta inmunológica. 

Por otro lado, queda por esclarecer el mecanismo antiproliferativo que 

los andrógenos T4 y DHT poseen sobre el cisticerco de la Taenia crassiceps. 

Nuestros resultados indican que el tratamiento con estos andrógenos no afecta 

la incorporación de timidina-3H en el parásito, sin embargo, la síntesis de DNA 

se ve disminuida en estos mismos, sugiriendo un mecanismo de daño y 
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degradación del DNA, probablemente mediado por una vía apoptótica activada 

por andrógenos. 

Adicionalmente, resultados no incluidos en esta tesis demuestran que el 

tratamiento con andrógenos provoca un desarreglo del citoesqueleto del 

parásito, debido a la alteración de la estructura de las células flama (células 

que en su conjunto forman parte del aparato protonefridial del cisticerco), que 

exhiben una gran desorganización en el halo de actina que las rodea así como 

pérdida progresiva en la síntesis de tubulina. Es importante mencionar, que la 

estructura molecular del albendazol (fármaco de elección en el tratamiento de 

la teniosis/cisticercosis) conserva dominios parecidos al ciclo pentano per-hidro 

fenantreno, estructura base de las hormonas esteroides, misma que quizá le de 

a los andrógenos efectos cisticidas parecidos a los que se observan con el uso 

de este fármaco. No obstante, es necesario profundizar aún más en estos 

experimentos de microscopia confocal, y en algunas otras estrategias 

experimentales que nos permitan definir con precisión cuál es el mecanismo 

antiproliferativo que media las acciones de T4 y DHT sobre el metacéstodo de 

la Taenia crassiceps. 

 Por último, los genes identificados en el cisticerco de la Taenia 

crassiceps implicados en la reproducción del parásito se muestran en la 

sección de resultados (c-fos, c-jun, Lyn, Syk, Erk, ER-α, ER-β, PR-A, PR-B y 

AR). Consideramos que estos no son todos los genes que activamente podrían 

participar en el crecimiento, la infectividad y la reproducción del parásito, sin 

embargo, poseen funciones dependientes de hormonas sexuales y 

desempeñan papeles proliferativos en el cisticerco, lo cual los hace buenos 

candidatos para ser estudiados en otras parasitosis como la provocada por el 

metacéstodo de la Taenia solium, sabiendo de antemano que su inhibición 

podría resultar en la interrupción de algún proceso fisiológico vital en el parásito 

y, por ende, del proceso infeccioso mediado por éste. 

Los resultados, hipótesis e ideas vertidas en esta tesis pretenden generar una 

concepción diferente de la relación hospedero-parásito, abarcando desde el 

nivel fisiológico hasta el molecular, en el cual el parásito depende en mucho de 

las hormonas y factores de crecimiento del hospedero. 

Además, el que hormonas exógenas (o también las producidas por el 

hospedero) puedan regular la expresión génica del cisticerco de la Taenia 
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crassiceps, no debe ser exclusivo de esta parasitosis, pues quizás en otras 

enfermedades provocadas por parásitos extracelulares este mismo fenómeno 

se repita, a distintos niveles, lo cual abre una interesante ventana en el estudio 

y diseño de drogas y moléculas que puedan afectar exclusivamente al 

patógeno y redefinir el curso de la infección parasitaria. 
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CONCLUSIONES 

1) 17β-estradiol, progesterona, testosterona y 5α-dihidrotestosterona 

afectan directamente la reproducción, crecimiento e infectividad del 

cisticerco de la Taenia crassiceps in vitro. 

2) 17β-estradiol aumenta cuatro veces la reproducción del cisticerco de la 

Taenia crassiceps. 

3) El tratamiento con progesterona incrementa la capacidad infectiva del 

cisticerco de la T. crassiceps al ser reinoculado en hembras y machos. 

4) Testosterona y 5α-dihidrotestosterona inhibieron la reproducción del 

cisticerco de la Taenia crassiceps en 70 y 85%, respectivamente, 

mostrando un potente efecto cisticida al reducir en 95% la viabilidad del 

parásito.  

5) Los tratamientos con 17β-estradiol y progesterona no afectaron la 

viabilidad del cisticerco de la T. crassiceps. 

6) El cisticerco de la T. crassiceps sintetiza proteínas con actividad de 

receptor de hormonas esteroides tipo ER-α, ER-β, PR-A, PR-B y AR. 

7) El cisticerco de la T. crassiceps expresa segundos mensajeros 

parecidos en secuencia y función a Lyn, Syk y ERK, descritos 

previamente en mamíferos. 

8) c-fos y c-jun son expresados por el cisticerco de la T. crassiceps y 

parecen estar implicados en el proceso proliferativo mediado por 17β-

estradiol. 

9) El uso de tamoxifen, AG18, genisteína, picetanol y ERK-Inh inhibe el 

efecto proliferativo de 17β-estradiol sobre el cisticerco de la T. 

crassiceps, lo cual sugiere que este estrógeno estimula la reproducción 

del parásito a través de la vía de señalización mediada por LYN-SYK-

ERK. 

10) El uso de RU-486, AG18, genisteína, picetanol y ERK-Inh no inhibe el 

efecto proliferativo de progesterona sobre el parásito, lo cual sugiere que 

sus efectos son mediados por otras vías o simplemente debido a su 

conversión a otra hormona en el cisticerco. 
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^BSlRAcr: 
'fhe in virro cxpos¡lc of T¿¿nla tra.ssit'tp,t cysticclci to l7-fl estrudiol (E¡) ond progesterone (P4) $tirnüldtcd thelr

rcp¡oduction and infectivity. Tcstosterone (Tu) nnd diltydrotestosterone (DHT) inhibitcd thcir reproduction nnd rcduccd their

rnirtility nntJ infectivity. E, nnd Po incrcnsotl, whcrcas T, nnd I)H'f redrtccd, tltc cxprcssion of pnrusite cy'üs nnd t'y'lrt antl DNA

synl l rcs is.  ln v i t ro cxposule ofcyst iocrc i  t r ]  scx steroids bolorc thci r  inoculat ion into rocip icnt  noni l l f 'cctcd mice resul ted in lRrgc
prrrnsitc loads whel ¡rrctrurrcd with E. and P, nnd in smnllct loads when pretreuted with T¡ altd DllT. To detdmrine thc pos$ihlc

rrroleculrr rncchurrisrls by which scx slcroids üftcct ?F. trus.rk'ep.s, scx stcroid recel]tors wcre nrnpliflcd. Tutnla trasslce¡ts ax-
ptc6scd cstrogen receptors (both u nnd p isolirnls) rtnd nttdtogcn rcccptors but no P¡ rcccFtol's. These results dcfllonstl'atc thtrt

icx steroids rcr dircctly on pnrasite rcproduction by binding to r clusslc and spccillc sex steroitl rüccptor on thc pflrasite. I'he

tliffcrc¡tiol resl)onse of cysticcrci to sex stcroids mty rlso bc involvcd in their nbility lo glow taster in the tnurinc fcmulc or

lcr¡inized ¡rlle host. T[is is the first report oftlirc'cI scx stsfoid el'fects on thc pal'asitc possihly through scx stctoid lcceptors in

thc cyst iccrc i .

MOLECULAR MECHANISMS INVOLVED IN

STEROIDS ON THE REPRODUCTION AND

Host nnd parasi te sex-r lssoci f l ted biases tuay be cotnbincd to

favol  their  evolu l ion towald a tnt t t t tn l ly  ¿tcceptable rc lat ion$hip.

In experimental 
'l 'aeni¿t 

crassiteps cysticercosis, f'eurale hosts

ol v¡rrious inbt'cd urouse str¿rins beflr largcr' ¡rarasite loads than

nr¡r les in thc f i rs t  4 wk of  inf 'ect ion (Sciut to et  a l . ,  l99l ) .  Latcr

on during irrt'ection, howcver, the sex-associatcd dif'1'erences

tend to tlisappear as rlalc parasite loads appronch those of t'e-

tnnlcs.  Chronicnl ly  infectcd tnalcs becot t lc  lenl in izcd and de-

velop high scrum cst t 'udio l  (E.)  t rnd low tcstosterone (T,)  levels

(Lalrn ldc et  a l . ,  I995;  Moralcs ct  a l . ,  1996; Molales-Montor,

I Ia l la l -Crr l lerr rs ct  n l , ,  2002) wi th a negat ivc imprtct  orr  their

sexual  f lnd ngglessivc behavior  (Mornlcs et  a l . ,  I996;  Conrbnl

ct  a l . ,  2001).  These resul ts st rongly suggest  that  cstrogcus pro-

rurote ¡.nd flndrogcns inhibit parasite reprodtlction ttnd flre well

in l ine wi th gonndcctomy and hortnotra l  rcconst i tut ion cxpcr i -

rurcrr ts (Huertr t  et  ¡ r1. ,  199?; Lan'a lde ct  a l . ,  1995; Moralcs-Mon-

tor  et  n l . ,  1999; Moralcs-Montor,  tsaig ct  a l . ,  2001).  Elecausc

prel in l inf l ry  ex¡rc| iurents fa i let l  to detect  n d i lect  responsc of thc

parnsi tc whcn exposer l  in v i t lo to sex steroids (C. Lnrrnldc,  pers.

conln.), it was nssutncd that scx steroids cxert their irclions on

parasi tc lcprot luct ion by way of  the host 's  i t t l t rune systcm, per-

hnps by inducing a T-hclper type l /T-hetper typc 2 (TFl l /THZ)

imbalance in fhvor of  THZ, in thc cnsc of  estrogens,  and of

TI{ l  in  the cüse ol -androgens (Terrazas et  a l . ,  1994; Boial i l  et

r r l . .  I1)93;  Mornlcs-Montor,  Baig et  f l1. ,  2002).  Notwi thstanding

thc intctvcnt ion of  the hrrst 's  i t l t r runc rcsponse in dcal ing wi th

the ¡rarasi te,  the possib i l i ty  of  adt l i t ion¡r l  d i rcct  cf fccts of  sexual

ster t r id holrnoncs on the palasi tc 's  physio logy should not  be

hast i ly  d iscurded. Direct  ef fccts of  scx steroids havc hccu in-

voked in cxpl¡ r in ing thc rc l¿r t ion between androgen t re¿I tnent

and increüsed nnt lbers of  larva. l  and Bdul t  s tages of  intest inal

hclminths ol  of  va.r ious othcr ¡ rat 'as i tes in other organs of  vcr-

tebr i r te hosts,  i .c . ,  Ant) ,c losto¡nu tanlnun grows bet ter  and i l l -

cr 'eí rses cgg plo<luct iou when thc host  is  in jected wi th T4 (Bhai

nrrd Pnndcy, 1982); Tu inct'cnscs viability of Nenalos:¡tiroidts

r Í¿ói¿rs lnrvac in thc gut  o l  the lat  (Dobson, l96l) ,  at td i t  a lso

Reccived 9 Dcccmbcr 2003; revised l0 Mnrch 2004; ncce¡r ted 34
March 2004.

*  Dcpurtr r r r rcuto de Biologfr .  Fr tcul t r rd dc Qufnr icn.  U.N.A.M ,  AP
70228, Mexioo D.F.045 10,  Me'x ico.

f  To wlrour corresportdcncc should h¿ addressccl .
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THE DIFFERENTIAL EFFECTS OF SEX
INFECTIVITY OF TAENIA CRASS'CEPS

does so witlt Nlp¡tostrongilus braslliensls locatcd in the hanrster
gut (Solomon, 1969). Le ishntania mttJor systetnic inf'ections in
mice arc strongly affected hy To (Mock and Nrcy, 1998) as
wcll us by the accelcratcd lalval developtnent of intcstilal ces-
todcs such ts Echlnoccocus granulo.rus' (Frnylta ct t t l . ,  l97l)
and Mesoc¿'sfoides u¡rlll (Novak, 1975). However, nonc of thc

ahovc observations indicatc which are the targcts of thc sex
steroids or if thcy enranate froln hosts or p¿rrttsites or btrtlr.
Ccrttrinly, the cotnplcx intcractions existing betwcctr thc cndo-
cri-úe and tlrc irnmune systems of matntnals (Bcsetlovsky an<l
Dcl Rey, 2002; Molales-Montor, Chavarrfa et al. ,  2004) provide

ex¿rmples of oppot'tunities fbr sex steroids to üxcrt their para-

site-prornoting or -restr ict ing actions through thc physiological

systcms of the host. lndccd, carly experiments with T. tt'us.si-
c¿'pn showed that sex-nssociated tliff'et'cnccs in pnrasite loads
tend to disappear Bl ler thynrectoruy (Bojal i l  et al. ,  199-1; Tcr
razns et al., 1994). Howcvcr, the tlirect etTects of scx stctoitls
and other honnonen in a vuriety of otlrer pnt'asitcs (Maswoswe

et  a l . ,  1985;  L ingnar r  e t  n l . ,  1993:  Frc i l i ch  c t  t t l . ,2000;  Morn lcs -
Montor, Moharted et al. ,  2001¡ i-ut l icate caution in cxcluding
helminths from thc general rule of scx steroid capflcity to act
dircct ly on thertt .  Only a consistcnt fhi lure of sensit ivc tcch-
nology to show thc cffccts of sex steroids on cysticelci outsitlc
the host, in vitro, could weakcn thc possibi l i ty of direct act ion

of the hormones on thc pat'asite.
Thus, thc prcscnt in vitro experitnctrts welc dcsigned to thor-

oughly cxplore the possibi l i ty that scxuir l  stero¡d hortrrones
h¿rve a direct cffcct on T. t'rtrssiteps rcproduction, virtbility, and
inf 'ect ivi ty and to look for prel iminnry cvidence of t l te possiblc

nrolccular mcchanisnls involvcd.

MATERIALS AND METHODS

Haruertlng end prrparlng cy¡tlcorcl lor üxpcrlmcntatlon

A ncw stock of I crassicep.r cysticerci (OItF-KuhnZ strflitl) (Culbrcth
et al. ,  1972; Frccntan, 1969) wus muintuincd in our lRhoratory by seriul
irltrrrpcritoncol passnge in BALB/c AnN finrale mice npproxirnRtcly cv-
cry 4 mo. Cysticorci for cnch experitlentnl session wcrc obtained tionr
intraporitoncally infccted feurnlc lnicc nnd placcd in tubes contnining
slcr i lc  phosphate-bul ' foret l  snl inc (PRS) (  |  x  )  supplcrrcrr tcd wi t l t  100 LJ/
rur l  oFrnt ib iot ico- f r tngizone (( ) ibco,  ( i rund Is lnnt i ,  Ncw York)  (Esch nnd
tirnylh, 1976). Thc tuhes were ceul.rillugcd t'or l0 rnin at 1,500 rpur rt
4 C antJ the superntrhrnl wrts discnrdcd. The packed cysticcrci werc
incubuted in AIM-V serrtrn-f'rcc trlcdiu¡n ((iihco BRL. Rockvillc, Mary-
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c- l i rs  (27I  bp)
r-iun (324 bp)
13R-rr (?,lf) hp)
ER-[ ]  (?37 t rp)
PR-A (20ó bp)
PR-B  (210  bp )
AR-(.1()r l l  ( ,109 f ,F)
AR-N I { r  ( - ¡ 01  bp )

B-rrct in (220 bp)

5' -CCCCTGTCAACACACAGGAC

5 / -CAGATCCCGGTGCAGCACCCG

5'-AGACTGTCCACCAGTAACGAS

5' -CATCTGGGTATCATTACGGTC
{ r  / r n ¡ s ¡ ¡ r ¡ ¡ r

( , F ' ñ ¡ ¡ F ¡ ¡ ¡ ñ

5, -GAATGTCAGCCTATCTTTCTTA

5, -GACCTTGGATGGAGAACTACTCCG

5 /,GGCTCAGAAGGATTCCTATG

5' -CCGATGCTCTGCGCTCTGC

5,.GGTGGCACCCACTGTTAACGTGG

5'-TCGTAACACTTGCGCAGCCG

5,-GGCACTTCTCTGTCTTCGTAC
t ,  ^ ñ ñ A ^ i ^ r ^ A

5, -GACAACAACCCTTTGGTAGC

5'-TGCCTCATCCTCACACACTGGC

5'.CCTTGGTTGTTGTCATGTCCGGC

.f 
. -GGTCTCAAACATGATCTGGG

+ Prirncrn wcrc dct igncrJ btsrd dn

Trrrr) .  Ench [ 'CR ¡rror luct wun prrr i f lcd und sequcrrccd ns ¡ lcucr ibcd i i l  Mr{t6r ln¡c u¡rd Methods.

land). ' l 'hey werc then cent l i f 'ugcrJ 3 t imcs l 'or  l0 r r t in nt  1,500 rptn lbr
wnshing.  Af ter  the f inul  wush,  thc numbcrs of  v inblc (cotr tp lctc,  l rat ts-
hrccl l t ,  r t r td r rot i lc  cyst ic  st rucht les)  cyst¡cerc i  were cor i l t ted usi t ]g t r
Lr inoculnr  t r t ic toscope. Tcn v iahle nonbudding cyst icerc i  u¡rproxir r r t tc ly
Z mrn irr diarneter were tlren selcctctl rtntJ dispcnuctl into cnch wcll of'
24-wel l  cul turs p l r r tcs (Fnlcon,  Bccton Dickinsort  Lahwarc,  Frankl in
Lukes,  New Jorocy) in t -nr l  AIM-V tncdiunr nnd incubatcd at  37 ( l

ulrdcr 59/0 COr. A sultlcicnl ttur'ltb¡¡r of crrlture wells were preprred in
cach cxpcr inrcrr t  to acconi lnodir te the complete exper imcntul  dcsign fot
cvnhrat ion of  in v i t ro t reuhnent ef fecls of  scx stcroids on thc cyst¡ccrc i .
Cul lutcs wcrc cxRtnincr l  r ia i ly ,  and their  r t rcdiurr  was cotn¡r lc to ly re-
placed wlrerr  i t  turned yel lowish (pH { i .5) .

Hormonr dorc-rrrponretlmr curvrs

Clulturc gnttlc E,, progcstcronc (Pr), To, and dihydrotestosterone
(1.) l lT)  wcrc obtaincd f ionr Signrr  (St .  Louis,  Missour i ) .  For ' in v i l . ro
tests. wtrter-solLrble Er, and I'., wcre tlissolvctl irt ^IM-V scrutn-lfcc
cul t r r rc lnct l iunl ,  whcrcns T, ,  r r t )d DIIT wcrc d issolved i t r  pure ethntro l
(SigrnLr) to thü dL'sil'ed stock concontration and sterilized hy prssugc
throt lBh o 0.?-nrnr  Mi l l ipolc f i l ter .  The cxper i tneuts used the pnrnsi tc-
londct l  wcl ls :  4 wel ls  were rrsed ns untrer ted contro ls,4 wcl ls  wctc
su¡t ¡ r lcr lcntcd wi th the solvcrr t  in which hornrones wcrc di lutcd,  r tnd 4
wel ls  were t rotr ted wi th d i l ' lcrcnt  conooutr t t ions ol 'E, ,  Pr,  Tr ,  nnd DI ' lT
in thci r ' rcspcct ivc solvcr l ts .  ERch hort lot rc wRs ¡rrepared in n f inal  vol -
urnc of '100 ul  and added to I  ur l  ofnrediu ln in cnch wel l .  F inr¡ l  con-
ccntrrttions of cthtrnol in crrch wcll firr T, and I)lJT were 0.(r and 0.4'Z¡,
rcspect ively.  T l re conccntrat ions of  hornrones uscd in lh is s ludy wcrc
brscd ou our prcvious studics o1'scrurrr  lcvcls t 'ound in lcrr in ized nr ice
lcvcls (Ln|rn ldc ct  n l . ,  l9 f )5;  Moralcs ct  a l . ,  199(r ;  Morf l les-Montor ct
u l . ,  1999; Mornlcs-Montor,  Hnl l r l -Crr l lcros ct  r r l . .  l00l )  nrrd wcrc choscn
trr  r rppr 'oximrt tc thosc lcvcls in t lu l  in v i t lo cxpcr i rncntal  systern.  l r l
hornlonc dosc-tes¡ loune-t i rnc curves,  only the rrur lber of  buds pdr cys-
t icorcus rs a funct ion of  dnys in cul turc wn:t  nsscsscd Rs t l lc  rcsponsc
vuriublc. Fronr thc doso rcsponsc timc curvcs ol cach hortnonc, Rn op-
t i l rn l  dosc wrts sc lcctcd to bc uscd in f i r t t l tcr  cxpcr inrcntat ion:  the dose
ol'cnch hot¡¡onc rrt thc shortcst titnc in which the dil'ferences with the
rcspcct ivc contro l  volucs wcrc ntaxi r ln l -

Effcct¡ of optlmal do¡e¡ of oex rtoroldr on tho vlrblllty,
prollleratlon Indexer, end RNA rxprrrrlon of culturrd cyrtlcorcl

F'i.ttrul asst.¡sntnl of re¡tnxlutlion unil r'iuhilit.y: Parnoitc tc¡rrodu.c-
tion wns rgscssctl as drc totsl nurlhor oi buds thnt w6ro flttflchcd to thc
l0 cyst iccrc i  in cuch wcl l .  Bud corrnt  was pcr lor t r tcd dRi ly  under an
ir lvcr tcd l ight  tn ictosco¡rc.  Cyst¡ccfcus v iabi l i ty  was dcterrn ined dai ly
lbr  the vrr ious wcl ls  using ¡n invcl ' tc t l  r r r icroscopc (OIyrnpus,  MO?1.
Tokyo.  Jopnn) at  x l0 and X l ( )0 rnogni f icat ion.  In jury to cyst iccrc i  wns
t 'ccogt t ize-d tn ictosco¡r ical ly  by ¡r rogressive interrra l  d isorgnnizut ion,  by
rlevelopnrent of whitish opflque rreÍls orr the pnntsite's tegument, otrtl
by loss of nrotility. Dcnd cysticcrci wcrc inttnobilc', opnquc. aud dis-
orgunized structurcs. Photurnicrogrnphs of lcprcscDtotivrr treated cysti-
ccrc i  worc obtnincd.

DNA s:.yntlta,¡l.r; Cultured cysticerci were honrugonized nnd tJigostod

with proteinase K ( l ( )0 U/nr l )  for  l8-20 hr  u l  37 C wi th cont inuous
shaking. Afler the protein frnction wns extrrctdd with phcnol-chloro-
lbnn, DNA was prccipitatcd with cold cthanol arrd assesscd firr high
nrolcculnr  wcight  intcgr i fy  by electro¡rhorosis.  DNA pur i ty  und qurnt i ty
wcre cvaluated hy the rutio ofoptical denuity (OD) rondings nt 260/280
ntn -

Prollleration ¿r.r¿r,.r: Cultrtred cysticcrci wcrc pulscd with l0 ¡rCi of
lH-thymidinc (mcthyl- rH TDR, opact .  247.9 CBq/rnrnol ,  NEN, Boston,
Mnsuachusctts), n.lrd thc pat'asites were iucubuted for another J6 hr.
Then, the DNA froln pulsed cysticerci wns purified ns dcscribcrl nnd
hrrvested irr dn autoflldtic ccll harvcstcr (Skatron Instrunrcnts, Mod
I1028, Oslo,  Norway) onto glass paper f i l ters uud procossed. The f i l tors
wore then counted on ri Bdttpltrlc uystcm (Wallnc Mod 120-f, Turku,
Fin land).

Tolal RNA Ertrdctllrr: Totul [tNA wrs isolrtted lrorn L cras.ricep.r
honilone trcdtcd ry$ticcrci by thc nrcthod bnscd on guanidine isothio-
cyrrnrrtc phctrol--chlorofbrnl extraction using Trizol reagcnt (lnvitrogerr,
(larlsbaci. Calitbrnin). In l¡rief; cysticerci wcre disru¡rted in Trizol rc-
t rgcnt  ( l  ml /0.1 g t issuc),  nnd 0.? nr l  of  chlorofbrnr  wBS addcd pcl ' ln l
of Tlizol. Tlro aqueous phnsc was rccovcr'cd al1cl l0 min ccntrifirgation
rrt 14,000.q. RNA wns prccipitotcd with isoplopyl alcohol, washed with
7-570 cthanol, aud rcdissolved in RNAsc-liee water. Tlre RNA ooncerr-
tL'alio¡r was determinetl lry absorhnnce at 260 nm, und its purity wrs
verified uflor eluctrophoresis on 1.07o dünstuting ngnrosc gcl in thc
prescnce of 2.2 M forrnuldchydc.

AP-1 complex, o¡trogon rocoptorü rr End ft (ER-rr and ER-F), P1
rrccptorr A rnd B (PR-A and PR-B), end androg.n receptor (AR)
grnr empl l f lcat lon

Total RNA frorn hornrorre-treated cysticerci was reverse trunscribed
Followed by specific polymernsc chrtin rcnction (PCR) arnpliflcatiort of
t-fbs, t'-jtttr, ER-a, ER-p, PR-4, PR-B, AR, togcthcr with F-Bctin (con-
t to l  gcnc) as previor tn ly descr ihed (Moralos-Montor,  Rodr igues-Dorrn-
tes et al., 2004). I'rirners were designed brtscd on thc nrost consorvcd
regions of nll specios ol'sot¡uonced gonos roportcd in thc NIII Ccnc
Drtu Bnnk (ER-a nnd ER-F, PR-A and PR-B, nnd AR) or  using thc
so(lutlndc oLcloncd T. t:ntslt'tps gcncs (t:lr.t nnd c-/tzr). The sequenccs
of thc used ¡rrirners lre given in 'lnble I. Thc PCR products obtuincd
were obscrved by sta in ing wi fh eth id ium bromidc.  In n l l  cascs,  n s inglc
brnd wto dctcctcd corrcslrondittg to thc cxpsctcd molecltlar wcight ol'
the gslrs. The expression of r-/ir.s nnd c-Jutt rre nurnericully presentetJ
as the rntio of the OD of ench studied gdne rehitivc to thc üxprcúsion
in thc sarnc prepflration of the F-actin geue, a corrstitutively oxpressed
gene used as un intoruul corttrol for diffcrcnccs in thc rrtnplificrrtiort
proccdurc bctwccn cxpcr inrento and in thc sta in ing of thc di f l 'erent  gels.

Infcctlvlty a¡¡sy of pretroat€d cyrtlcorcl

Six-wcek-old BALB/c AnN rnice of  hoth sexes were used in th is
study as recipionts ofhonnono-pretrorted cysticorci. The lnicc wcrc fcd
with Pur inu Diet  5015 und wuter rd l ib .  Lnrvac for  int rnpcr i toncnl  cx-
perinrentr.rl infr¡ction were thc 10, in vitro-cultulcd cysticcrci after thcir
prctrcntmcnt fbr -f dnyo with the optinrol dosc of each of the sex steroids
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(Er .  f ¡ r .  T { ,  o t  D l lT ) .  Each rcc ip icn t  l t louse u / t rs  in jcc tcd  in t raper i tono-

n l l y  w i th  the  pre t rea tcd  cys t icc rc i  us ing  n  0 .8  gnugc need le-  Rcc ip icn l

n r ic ¡ ¡  were  k i t led  by  cc tv ica l  d is locn t io l l  w l l i l c  under  ¡ :en tobat 'b i to l  an-

estlresin rl- lcr 4 wk of infectiott. Thc parasite loutl was csti lnated by

invcrtcd nticroscopo-lidcd visual coullt i l tg o[ thc l ltunber of l icc-float-

ing, cysticerci lrrgcr thntr 2 lnln, collectcd frotn the infected rnicc nttcr

thorough pcr i tonco l  washes w i th  PBS.

Exper lment r l  dea lgn  and t tE t lü t l c r l  ana ly r l r

I lonnonc dosc- rcsponse- t i tno  c t r rvcs  wcru  es t in rn tcd  in  l0  i t tdc ¡ rcn-

derrt experintcnts, cach ¡rerftrrtnctl with cysticelci h'eshly cxttacted frrrnr

d i f f c rcn t  in f 'ec tcd  donor  micc .  Thc  response va t iub lc  ueed in  s tu t i s t i c r t l

Rnn lyse-s  wa$ thc  s l ln t  o f 'buds  in  the  6  wc l l s  f l t  cach  homronc  dosc  Rnd

t i r l c  o f  expusu lc  i t t  cüch  cxpcr i tne t r t .  Thc  hormol re  use t l  (4  co l tcen t ra -

t ions) ,  thc  dose o fhounont )  r rscd  (5  l cve ls ) ,  thc  t i t l l c  o fcxpos t r re  (10

levc ls )  r t t rd  cx ¡ re r i t len t  ( l0  l cvc ls )  were  thu  indcpcndcnt  v t r i rb les .  A l l

e'xpcrimerrts to cvrtluotc the efl 'ect of thc o¡rÍir lul dose of ltorlrlolle on

thc  ¡ ra ras i te  p r 'o l i l c rn t ion  i r rdoxes  (sunt  o f  buc ls .  DNA qLrant i t y ,  r l l - thy -

nridine, RNA cxpression) wcrc pctfirrtued 5 times. In cnch experimcut.

cLrch  o f  the  4  t re t r l lncn ts  wns rep l i ca ted  in  4  wc l l s ,  w i th  euch wc l l  con-

t r r ¡n ing  l ( )  cys t i cerc i .  T l te ' t Ja tn  l 'o r  the  4  rc ¡ r l i ca t ions  o i :e f l ch  t rca t l l l c l l t

were poolcd antl cxpressed ns {rñ l lvcrage. Dtrts wcrü analyzed using

r r r r r r l ys is  o f  var iancc  (ANOVA)  w i th  homronc  t tca tment  (5  levc ls )  a l ld

t l rc  nu l lhc r  o f  cx ¡ rc r ' in rcn t  (5  l cvc ls )  ns  indcpendent  vnr i t tb lcs  and the

dependcnt  vRr iah les  w6re  thc  4 -wc l l s  average o l ' thc  sun l  o fbuds .  DNA

( lu r tü t i t y ,  n r rd  l l  l - thymid inc  cprn  ( t 'o r  Pro l i f c r r t t i0n  lssoys) ;  thc  svcr t lEc

of t:-/ ir,t/[ i-actin OD rntio nnd r'- lrarlp-actin OD ratio lor RNA cxpres-

s ion ;  a r r t l  thc  to ta l  n t t rnber  o f  cys t i cc rc ¡  deve loped in  rcc ip icn t  t l i ce  o l '

¡rretretrcd cysticcrci l 'or thc int'cctivity assay. If ANOVA revealed sig-

nificnnt ditJ'eronccs bctwcclr trertntenls. thc Sludent's /-tdst ol ' d¡fl 'er-

crrces bctwccn grottp tletrns was npplicd to cach cxpcrimcllt t lding ths

res idun l  vRr ja r tce  es t i ln r tcd  by  ANOVA to  Los l  fo r  s ig t r i f l cnnce.  D i lTcr -

L : r l ccu  wc le  cons idercd  s ign i f i can t  fo r  P ' :  0 .05 .

RESULTS

Sex-aesoclated suscoptlblllty durlng Taenla crEEilcEPa

cystlcercos¡s

A tbw dnys after inf 'cct ion, cysticerci begin nctive ascxu¿rl

rcprocluction hy btrt lding st I  of thc poles. A few rrronths later

t l tey nunrher hunclret ls to thotts¿tuds. reaclr ing biomitsses that

rrruy ec¡urr l  that of thc host. Tutni¿t crussiccps init ial ly grows

fhster in fcmalc thirn in nralc nrice, but in latc inf 'ect ions thc

l 'rurl lhers in m¿rles al io may rc¿rch thousunds (Fig. I) .  Howevcr;
they never becotne as lretrvi ly infectcd as the l 'emule mice. l t  is

important to notc thnt thc health of thc rn¿rssively infccted mice

of btrth gendcrs is ttot cotnpt'ourised undcr laboretory condit¡ons
bccause there is no tnttcroscopic ot '  lnicrosctlpic sign of scrious

i l lness or mal¡rutt- i t ion.

Prol l ferat lon and vlabl l l ty assays

Time-rtt¡ton.rrr ¿'at'r,(rJ. Whcn cysticerci wcrc cxposed in vi-

tlo to E" or P., it wfls npparcnt thst hoth hornrones nrnrkedly

increaserl pürüsitc bud production (Fig. 2A). In thc Er-treuted
group thc number ol lbuds in relat ion to col l trol values increascd
progrcssively, reachinE 4 t i¡res their ini t ial  uumber after 5 days

in culture, whcrcas the eltect of P. wtrs not 8s powcrful (only

a (r59u incrcasc in the number of buds). After 5 days in ctrlture

in the prcsencc of Er and Pu, bud protluction rctrchetl u pletcatt.

E. and P., treatrlrcnt did not modity thc vittbility of cysticcrci
during thc l0 dtrys of study. When cysticerci wcrc exposed in

vitro to Tu or I)H1l tlrc uumber of huds protlucetl was the sallle

0s i l1 the control-culture(l  cyst icetci (Fig. 2t]).  hut the T4-treated
group showed a 10.)/n loss in viabi l i ty after 4 days, which in-

crerrsed to nbout I-5o¿ aftcr l0 t lnys. DHT had the nrost pro-
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w..r, ot lnr."iot 

li 31

Fl(ltJRn l. Timc course initction in malc tnd f 'elrlale mice. Ten cysts

were fnjcctcd ittto tlto peritoncnl cavity ol female nnd tnRlc trt ice lni-

t i i l ly, Tacnla t:ras.slee¿s cysticctci Srow ftr8t61 in lcntales thatr iu tnules

(acute  in t tc t ion) ,  bu t  in  chron ic  in fec t ions  (morc  than 4  wk) ,  mn les  urc

nlso burdencd by huge ¡rarnsite londs. Data represcnt mcan a SE of

ind iv idun l  poras i te  londs  o f  t r  to tn l  o f  130 lemales  ¿nt i  l?5  tna les .  re -

oortlcd in r retrospectivc nlatrner in our dtttnbasc, l 'or a number of cx-

periments porforrncd Bt different l imca.

forurd effect on cysticercus viability, mtrny were found stluc-
turally disorganizcd, scarcely rllotilc, and 20% were dead Bftcr

l0 t lays in culturc.
fh.te-responsd (irrrrre.t.' Diff'crent concentrfltionfr of homrones

in thc culture media wcte studiet l  to estnbl ish a dose-dependent
rcsponse pflttern of T. crassiteps. Thc numbers ol buds wcre

clenrly augtnentcd irs the Er dosc wtrs incre¿sed. 
'l'hc l0-pg

dose doublcd the nu.mber of buds (from 6 to l2), rcnchiug the

maxinlurn rcsponse at 40 F,g. As the P. dosc incrc¿rsetl, the

effect on bud productiolr was ¿tppÍIrent until 20 pg (a Z-fold

increrncnt) (Fig. 3A), rcturning to control lcvels ttt higher P.

doscs. Er arrrl P, did not afTect virrbility at nny dose tested, evcn
nt concentrf l t iono 1.5-4 t imes highcr than those init ial ly usetl '

A tlose-resporrsc pattefll wfls also rcvcaled when androgens

were testcd but was oppositc to that of estrogens (Fig. 3B). To

irt a dosc of 6 ¡r,g apparcntly reduced the trttmber of but'ls to
half (5 in controls and 2 in To-treatcd cysticerci).  DHT showcd
a rerJuclion in thc number of buds to half when thc dose of 4

Fg was uscd, returning to control levels at higltcr doses (ó ¡lg/
rnl).

Morphologital .rtudies: The E.- and Po-treatcd (Fig' 48 and

4C, rcspectively) cysticcrci were trar)sparent, mobile, and sur-
rounded by an incrcascd lrumber of buds, rr lso moti le and rathcr

large (the averagc bud diameter nt this t ime wfls 1,524 + 94.9

pur) (Fig. 4B,C); an occesionel mult i lobed giant cysticercus
w[s observcd. In contrast, To- (Fig. 4D) and DHT-treated cys-

t icerci (Fig.4E) were signif icantly slral ler (2 18 t 7.4 ¡rm) (P

< 0.05) than E, or P4 or control cyst iccrci (1,524 + 94'9 pttt)
(Fig. 4A), sutTering progressive internal disorganization and dc-

veloprtrent of opaque whitish masscs iu the tegulrcnt as well

as progressive loss of nrotility. Thc optimal hormonc doscs fbr
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FIc¡u¡rt 2. Title curvcs ol Tatnfu trzrsrir:c7.t cysticcrci rcproduction
nftcr cxposurc to estradiol und ¡rrogcstct'onc (A) or testostctotlc or I)l lT
(B).  Ench ¡ro i r r t  represents thc Inctn ( t jD) of  5 t rssays count ing the
nuurber of  buds in c¿ch parasi te contai t rsd in cnch cul tured wel l .  Dt t tLr
wcrc poolcd.  dnd the Inctrn wns obt t t inct l .  iP ' i  0.05.  **P ' :0.01 wi th
rcspcct to corrtrol aud vuhicle-trcatcd cysticerci. Tho conccnlration ol'
Irorrroncs are ns lollows: E1, 40 ¡rg/rnl, I'u, 20 ¡r¡y'rnl, Tr, 4pg/rnl, nnd
DHT. ó ¡rg/rul.

lur ther expet iurcrrhr t ion were 40 pg/ml fbr  E".20 pg/rn l  f t r r  P. ,

6 ¡r,g/rnl for Tr, and 4 pg/ntl l 'rrr l)HT.

Exprts.rion qft1ftts und c-.iun gcnes irt re'r-Potr.tL1 to ltorntottal

tr(dtnttttt: In vicw of the knowu effects of sex steroids on thc

exprcssion of  severul  gene fat l t i l ics.  inc lut l ing the AP-l  corn-

plcx genes (c'lir-t and t:-¡trn), which are ixvolved in thc control

of  cel l  d i l ferent iat ion,  r 'cpro<Juct ion,  f lnd Bpoptosis.  these 2

genes wele plirnc canditlirtes for cxplortrtion (Hyder et al.,

1992 ,  1995 ;  Jochum e t  a l . ,  2001 ) .  The  exp ress ion  o f  B -ac t i n  as

an inlern¡rl control was also tneusured to control fbr difl 'erences

in nmpl i f icut i r tu pr 'ocedures and gel  sta in ing in each cxpcr iureut .

As s l rown in Figurc 5,A, ,  the expression of  c-Jos was r l larkedly

enhanced in the Er- and Po-trcntetl cysticerci, whcreas the To-

and DHT-trcntcd cyst icerc i  i r rh ib i ted thc cxprcssion of  th is gcnc

0 1 ? 4 8

Dore (¡tg/ml)

Frr¡unn -1. Dose-dependcnt cft'ect of sex stetoid hoflnoncs on in vitlo
rcploduction of Taeniu tra.r.slt:cps. Ten cysticorci wcrc itlcubated for 5
days undcr dillblcnt concentrutidrlú o[ E, and Pu (A) or T' nnd DHT
(B). Thc bars represent the avcrftEc ofdoterminations (SD) ofthc nunt-
ber ofhuds.  +P < 0.05,  r+P {-  0.01 wi th reupect  to contro l  and vehic le
grou¡rs. Errclt poinl reprcsonts the mettlt (SD) of quirrtu¡rlicrte deterrni-
nnt ions of  the rru lnber of  buds countcd nnd v iubi l i ty  o l 'pt r raui lcs.

(Fig.  5B).  Al l  thesc di fTcrenccs were stat is t ¡cal ly  s igui f ic t rnt  (P

< 0.01). A similar pnttern was ülso seett for rJun tnessellger

RNA (mRNA) expression,  which was c lesr ly  augmented i t r  Er-

and P.-treated cysticerci, but DHT treatment had no efTect antl

T1 t re¡r tment s l ight ly  inhib i tet l  i ts  exprcssion (Fig.  5B).  Al l  these

values were s igni f icant  at  P < 0.01 in compar ison wi th thc

exprcssion of  both genes in contro l  cyst icerc i .

DNA quanttty ünd rH-thvttiditte lncorpot'(rfl¿rl¡. Figttre óA

shows thc E.¿, P4, T{, Írnd DHT stirnulation cffects on rH-thy-

nridine uphrke in its DNA frnction with respect to coutrols. E"

dnd P4 trcatmcDt augmented rH-thymidine upttrke S-fold and 3-

fold. respectively, compared with the untreated cysts. T. an<J

f)HT trcntmcnt impaired ¡H-thymidine uptake by the cysts,  wi th

similnr irrcorporation lcvcls to control cysticerci. Thc sanre pat'
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tcrn was observed whcn DNA was ¡rur i l ied and qtrant i f icd (Fig '

68).  Er and P4 t rcntr l lent  hnd a st imrr latory ef t 'ect  on DNA syn-

thesis whcn cornparcd wi th untrcatet l  contro l  cyst icerc i '  Thus.

Ei trcrltürent doubled the amotlttt of DNA synthesizcd, whercas

[ '4 t lcdtmcnt incrcnscd lhe salne 1.S-fo ld.  No ef fbct  on DNA

syl l thes¡s wi ls  seetr  when cyst iccrc i  were t rcated wi th e i ther Tu

or DHT.
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Control

P4

DHT
früulre 4. Microgrrrphs ol l'a¿ni¿t t:rrr.r,s/ctp.s cysticerci trcrrlcd in vitro with scxutrl stüroid horlnonüs. Tltc parusitos wclc ffelected to lnirly

rcprcse.t tlr$ r¡c*n "i1'*"t o, t¡c lrurnSer of buds tor crrch trcatrnsnt. wlrite bars in cuch photograph, I nrnr. (A) T' crasslteps cyst¡ccrci contrd"

(B) 7l crass/t,r7rs cystictjrc¡ treated with cntradiol (40 ¡rg/rnl), (C) T. tut.rtcep.r cysticeroi treatcd with pro8catcrone (20 rrpyntl)' (D) L rrz.rsictTt

cysticcrci trentud wirh testostcronc (4 pg/ml), $nd (E) r. t'rustlttp.r cysticcrci trerted with DIIT (6 ¡rg/ntl)'

Inf'ectit,it.v a,s.r¿;l).¡,r.' lnf'ectivity studies of cysticerci cxPosed to

sex steroids before thcir inoculat ion to recipicnt mice indicntcd

that estrogens pl'omoted atrd an<Jtogens inhibited thcir inf'ectiv-

ity. Figure 7 shows the ptrr[sitc burdens obtnined at 4 wk of

inf'ection with cysticerci previously cxposed to optimtl doscs

trf E., Pa, T., and DHT 5 days befbre bcing inoculatcd into mtle

irnd femalc mice. In male recipicllts, Er-treated pflrssites tripled

oNeevia docConverter 5.1
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FfcrJRE 5. Efltct of in vitro trcfitnlcnt with sex stcroid lrormonos ort ty'ir,r and rfun cxprcssion in Taenia t:rüs.r1cd,lrs cystlcürcl. (A) A

relrrcscntrltivc RT-p(llt with totül RNA fionr nomral or treated cultulcd T. cru.r.siteps cysticerci showing thc dcfcction ol'c-/os and B-actin (usetl

rrjn co'rrol ex'r*ssion gcnc). (B) Itcsults oft:-/o.r and c-lzn cxprcssion are reportcd as dsnsitonrotric data oftho nutorndiographic signnls. DRtn

rcprese¡t indivi¿unl wclls by trdru¡crtt. ond caoh cx¡rcrimcnt was done in t¡uintuplioato. The relotive ex¡trossion was obtained by cdrrccting the

cxlrression of t-/ir,r or t:-lutr lo thdt of F-ilctin. 
*P { 0,05, *+/' r 0.01 with rcspect to th{.!ir rcspcctivÉ control gloLlp'
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Fr(;LrftF. 6. Specific proliltrLrtiott of T¿enlt tt a.rsitttps cystlcL'Icl
nrcrsurcd rts rl{-thynridine itrcorporution (A) ntttt lotül DNA qutrntiti6s
(B). Dffts Rrc rcptescnted as the rnetn SD of 3 different experimcnts (n
- 5). Eacb oyst culture wus tlonc in tri¡rlicate. Cysticerci were cultuLcd
separately in tlrc prcscncc of'¡¡ach scx storoid und prolifbrntion was
rncnsurctl. DNA was cxtractetl, purificd. rtrtti tlttnnlificd fioln thc cysti-
cc lc i  obtained al ' ter  d i lTerent  t rüsl l r lc t l ts .  +f  {  ( ) .05.  *+P ' j  0.01 ns
com¡rared with their rcspcctivc cotrtrol group.

in uurnber as cot t rpat 'cd wi th contro ls.  and in f -c lnalc recip icnts

thcy wclc doubled.  Pr pretreatnlcnt  t r lso dotrb led the expected

porasi te load in both gcndcrs.  Iu conlrast ,  pr¡or  cxposure of

palasi tcs to Tu and DHT signi f icant ly  dccretrse<J the expected

parasi te lo¿d in male and fcrnale hosts.

.lex sturt¡ltl rece¡tiorr^ detettion in Tuenlu trrzt.r.slcrT.s'.' Because

di f fcrcnt  nrRNAs can hi lve vüry ing hal f - l ivcs and nlay undergo

selcct ive degradat i t rn,  wc dctcr tn iued the quant i ty  and intcgr i ty

of tot[l RNA cxtlncted fiom lhe dift'erent sourccs uscd in this

snrdy.  I t  was c lear th¿rt  thc ssr l lc  amount of  RNA ( l  ¡ rg)  that

wüs not  degradcd was uscd f 'or  reverse t t 'anscr ipt ion (RT)-PCR

nnrpl i f icnt ion in each s ludied t issuc (data not  sh<rwtt) .  The arn-

¡r l i f iur t ion by RT-P(IR of  thc ER-f t  unt l  ER-p,  AR, I rR-A. and

f)R-Fl and p-trctin genes [or 7'. t'ru.tsitel;,t is showu in Figure If.

Speci f ic  f iagments that  corrcspotrd in molecula.r  weight  to thosc

Control P4
P4IE?

E2 Control T4 DHT
T4lDHT

TREATMENT

I.'fauRE 7. Ntunbcr of Tacnl¿ tras.riteps cystlccrci obtained tlorrr
thc pcritoncal caviry of tlALts/c AnN micc of both ocxcs with differont
cxpcrinrental trstrtm6nts. Cyuticcrci wetc ctrlttrred first with n singlo
dose of cstr¿diol, progcstct'oue, testosteronc, or DHT, ond thcn tcinoc-
ulated (10 pornsi tcs per rnouse) into femrt lo ¡ud malc tn icc.  Bals t 'op-
rdscnt thc nrcan SD of iudividutl prrrrrsitc loads of a total of 2 experi-
mcnts (n = 5) .  +P < 0.05,  "*P < 0.01 as cotnpared wi th contro l  mice.

of ER-o, ER-fl, and AR wcrc obtaincd from both T. crus.rlt'eps

rrlrtl control tissucs, whereas PR-A and PR-B frngmcntn wclc

only tlctcctetl in the mousc utcrun (control tissue) ünd not in 7l

t'r'ussitep:. Sequcncing of thc Z crass/t:eps-atnplificd frag-

mcnts, ¿rs well as of control tissues, dcmonstrated their idcntity

to ER-a snd EIR-F,  AR, and p- tct l r r  (dt ta not  shown).

DISCU$SION

This wolk shows th¿rt sex steroids flct d¡rcctly on 7". c¡'assi-
r:e7;.s cysticerci proliferation End vinbility without need of the
host's participation, ald E, an<l P, promote parasite rcproduc-
tion witlrout at'fbcting their viability. Itr contrast, T. und DHT
signif icnntly inhibit  parasite prol i fcrat ion aud may le¿d to their
destruction. Thesc cfTccts dcpend both on the conccntration of
hon'nones and the duration of exposurc. The effects on repro-
duction ¿ru(l virlbility begarr at 24 hr of culture but were ITIBX¡-
mally diffcrcnt bctwecn experimental and colrtrol groups ot 5
daye of culture and later. ()HT was morc drastic in its delete-
rious effects on cynticcrci than T, (P < 0.05) and E, trrore
stimulntory than P. (P < 0.05) Thc involvemcnt of the AP-l
corDplex genes ((:f).$ al.ld c-7rin) of the p[r[site wfls shown hc-
causc the treatment with the 4 sex stcroids hnd an irnpact on
their expression in B way congruent with the proliferfltíon Bnd
viabi l i ty charrgcs. Thc eftects of Et and Po st imulatcd the ex-
prcssion of both cll,s and +Jun B.nd those of T, <-rr DHT inhib-
i ted their expression.

Prcviously, wc had lbund that gender Bnd ci lculnt ing E, and
To lcvcls in host mice crucially affectcd the dynttrrrics of pera-

site loads in trtice infccted with cysticerci of'7. tr¡¿.r.ricr'p.t (Mo-
ralcs-Montor, Baig et ü1.,2002). Thc vcry f 'act th¿l infect ion of
m¿rle mice with 7". trus,tlceps leads to striking increases in cs-
trogen lcvels of the host is consistcnt with the ideir that cysti-
ccrci tirre better in high cstrogcn conditions and. somchow in-
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T. crassiceps Control Tissue

ER

PR

co2H NHz COzH NHz

A D

p-act+

Fl(.iUkF 11. Exprcssion of scx steroid reccptots it't Tt¿enlu dra.rslce¡s cysticcrci, In the vertictl axis, wc show the expression of thc cstlogcll

f c cc l ] k ) r (ER) ,p rogcS tc ro | l c r cce [ ] t ( ) r (P I t ) . ü f l d l . o8cn recc l ] k ) r � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
.u* *hu* lhc d¡stinct isofornrs ol r.hc rcccptors. The positivc cxprcssion control tissuc for thc ER wrs nlouse ovnry, fot PR it was mouse tlteru$,

urrrl fbr AR we used ¡rousc tcstcs. For omplificution ol'AR, wc used 2 difl'erent scts of prinrers defined iu thc flgurc like the -COOH (carboxilic)

ond -Nl l ,  (amino) tcnhinül  donrnin of  the gunc.  B-R.ct i r r  was the cxpressct l  col ls t i tut ive EEue.
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duce the host to producc thcm. However, I luorc lntrlcate sttflt-

egy of  parasi te act iv i ty  i lust  now hc consi t leret l . .  Perhaps low

androgen levels a le a lso ncccssory f t r r  the parasi tc becatrse they

ore so stunted hy thcm. The l rusis for  thc parasi te 's  pret 'erc l )cc

ol  avoidancc ol 'sex steroids is  tnore understandablc i f  overex-

¡rrcssion of  AP- l  gcncs f i rvors asexual  reproduct ion,  whereas

ul t ( letexpl 'cssio l t  does not .  Al l  inadcc¡t tatc hort r lot ra l  cnvi t 'ou-

rncnt  mny lead to apoptosis of  cr t rc ia l  pnrasi tc cc l ls ,  as has beet l

proposcd lor othcr parasitc inl'ect.itrns, i.c.. r-etinoic ncid has

heen shrrwn to af'f'ect l'etrrale lif¿rfl¿tsoidtts tarinii and lnicrofi-

l¿u'inc of L. turinli, Brugfu nala¡ri, Brugiu ¡tuhugi, atltl lt;¿¡n-

lhocheilone¡nu vifrrcre (Zahncr ct nl. ,  I988). Cercariac, schisto-
sontula. Et)d adult womrs of ,it'hl,stt¡.roma nansoni, show re-

duccd viability flnd significnntly inhibit in vitro schistosoura
oviposit ion (Moralcs-Montor. Mohtmed ct al. ,  2001) f lnd T4
does f ikcwise with the mitocl'rondrial lirnction of S. tn¿nsoni
(Fantappie et al. ,  1999).

Becausc thcre is u great deal of conscrved sequellcc holnol-

ogy Brnong most hormone rcceptors, especially in thc lignnd
nnd DNA-binding dornuins (Danrian, 1997), wc were eble to

show thnt cysticerci expresscd an audrogen receptor, with ho-
mology to the androgcn rcceptor that binds both To and DHT.

FO(Fü,

BABA
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Such cornmonal i t ics between host  ant l  cyst icc l 'cus metahol ism

should conrc ns uo surpr isc,  whett  extcns¡vs homologics be-

tween spccies í l re heing doct t t t lentcd in other systüms as wel l '

Thc snme argt t t r tcnt  appl ier+ for  the t l i rect  act ion ol -  estrogcns,

trlthough thcil cf'f'ccts ure opposite to those of arrdrogcns. Inter-

e:st ingly,  we s l towcd that  btr th isotbrurs o l -  thc c l ¡ rss ic estrogct l

r-eceptor (E,R-a and I-lR-p) trre exprcsscd in Z t'ra-s.slt'cps, but

thclc is no exprcssion of¡ Po rcccptors (ncithcl isolirrm A nor

B). It appcars that the efJ'ects of estrogcns and androgcns tue

caused hy thc binding of E¡ antl. To to thcir respectivc receptors'

Thc sm¿rl l  ef fects of  P,  could rcsul t  f ionl  noncxpression of  i ts

$pccific Ieccptor or lre causcd by [ongenomic cfl'ects or merely

reflect its tronsfonrratiorr to Er ils plcviously shown for afldro-

gcrrs (Conrez et  a l . ,  2000).  t l inding of  thc I 'R to the c lassic

cstlogen-rlepcndctrt elcntents coultl be responsible lbr thc acti-

v i r t ion of  AP- l  cornplcx geucs in thc t rormtt l  ruetabol ism of  7 l

¿¡'¿¡.r.ri¿:¿,¿r,s. Ilrcvious stutlies havc deuronstratcd that the genollle

ttl- ()ru'hot'trt:a v¡tlvulu.r cucotles at lcast 3 mellrbcrs of the nu-

c lenr receptor  lnmi ly (Unnasch et  a l . ,  1999),  and th is could a lso

be the case fbr Z t'rr.r's.r'ict'ps.

With lcspect to thc significtncc of the dift'ercntial efTects of

scx horrttones ou host and parasite, we found it interesting to

spcculüte on the evolutionnry irnpact of the host gendcr difl 'er-

ential spccializiltion in dculing with thc p¿rr¿rsite's dift'er:ent stag-

es.  
' fhus,  

i t  wort ld appcar that  gerrdcr specia l izat ion of  the k ind

dcscrilrerl here for T. cru,rsi<:elts (f'emales favoring and tnnles

hincler ing larvt t l  t tsexual  reproduct ion) cotr ld be cvolv ing to a

nrorr-  bcnign host-palasi te reI t r t ionship.
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ras¡te regulation by host hormones:
old mechanism of host exploitation?

l,; il'j-+, 4 -'l'r' TBENDS ln Paradtologv Vol.?l No.l2 Decrmbor 20OE .",.."'d"'"..'

Recent cxporlmontsl evidence tugg€ttt that poratltou

can not onlY cvado lmmune rcsponsot sctlvoly but alco

oxplolt thc hormonal mlcroenvlronm€nt w¡thln thc host

to favor thelr octabllshmont, growth and reproductlon'

Thc benefit for paroeltee of hormonal oxplo¡tstlon ¡s so

groat that thoy have evolved Etructuror slmllar to tho

itcrold and proto¡n hormone receptors txprosstd In

uppor vor tobrates tht t  can b lnd to the hormonal

motabol¡tes syntheslz€d by tho hoet' Thle strtrtegy lt

sxompllfled by two p8rssltcs that rctpond to adrcnal

$toroldr 8nd sexual eterolds, rospectlvely: Schlctocoma

manronl End Taenla crasslc6|Pr. Underctandlng how thc

host Bndoctlno systom can, undor ccrtaln clrcum-

stanccs, favor the cütabllthment of E prrür¡te, and

characterizlng tht paratltc hormonc recePtors thüt are

involvcd mlght aid the dcdgn of hormonal snalogs and

drugt that tfrect thc p8148¡tc oxclul¡voly'

Hormonor and Paraslt€u
Hormonee regulat€ a variety of cellular and physiological

functions of organisme, Euch aB growth, r€production arrd

differentiation t1,21. Recently, the ability of hormonee to

affect the immunological reeponee directnd sgeirret patho-

genic agents has gained attention [3-S]' This ie evident

áuring varioue paraaitic diseaees Euch aB malaria,

schietoeomiaeie, toxoplaemosis, cysticercoaie' trypanoso-
miasis a-nd leishmaniaaie [7-11] in which Etrong hormonal

regulation of the immune response hae been described

l1t-171. lnTa¿nia cralsiceps infection, the interaction of

the immune ald endocrine Bysteme is dynamic and

bidirectional (Box 1). However, factore other than the

immunoendocrine eystem affect the course of a paraeitic

i¡fection,
Paraeitee have developed diverB€ mechaniems of

Burvival within the hoet that facilitate the establiehment

of infection. These mechanisme can be grouped into two

typet, The flrst ie to evade the immune responee by using

Btrat€giea such aB antigenic variation, molecular mimicry

or affe;ting antigen proceeeing arrd presentation [18-201'
For example, pathogenB such 8B Chlarnydia trachomatis

arrd Coxiella burnetii have developed molecules that

interfere directly w-ith antigen proceEsing and preeen-

tation 1201. Irr the eecond mechanigm, the parasite exploits

Correepond,ing tuthorr Morals¡'Mont¡r, J' fl montor68@blomcdicts unEm mx)
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s host Bystem to ite benefit and, thus, obtains an

advantage such as eetabliehment, growth or reproduction

[21]. For example, Naegleria fowleri can internalize

antigen-antibody complexeB from ite eurface, Ttrie mech-

anism provides the parasit€ w-ith a dual beneflt: firet,

obtaining amino acide for metaboliem, and eecond

prev€nti;g the eurface-borrnd antibody from interfering

with parasite-hoet-cell interactions t22l' A etriking

example of the exploitation of hoet moleculee ia the ability

of several parasites to use hoet-ayntheeized cytokineu as

indirect Srowth factore for themselvea [20,21].
Recent exp€rimental evidence t23-321 has led ue to

propoBe a m€chaniBm ofhoet exploitation by parasitee' In

lhis eyetem of 'traneregulation', the parasite beneflts

directly from hormonee or growth factore that are derived

from the host to enable rapid eetabliehment, and

increaeed growth and reproduction ratee. Tlaneregulation
hae been deecribed in at leaet eight paraeitic infectione

that are cauaed by both protozoan and metazoane
(Table 1).

Hormonal tranlregulatlon of paratlte growth and

leProductlon
Adranal hormones
It hae been demonetrated that adrenal hormonea exert a

profound efect on several paraeit€a, In uitro cortisol

lreatment of Plasmodiwn fdlciparun merozoites wae

found tn increaee the number a¡d eize of the gametocybes

produced t311, By contraet, when these paraeites were

lreated with the dehydroepiandroaterone (DHEA) analog

l6-a-bromoepiand¡oet€ron€¡ growth ratee diminished by

25Vo 1271.
Cortieol wae found to etimulate Entamoeba hiotolytíca

proliferation in a doee-depend€nt menner' By contraet,

"*pot,tt" of trophozoitee to DHEA inhibit€d proliferation,

reduc€d Bdherence and motility, and caueed lyeie in a

doee-dependent manner, Consiatent with thie, cortisol

increaeed, whereae DHEA decreeB€d, levele ofeyntheeis of

parssite DNA (ae det¿rmined by 3H'thymidrne incorpor'

atioo). Lysie of trophozoitet by DIIEA Eeema to be caused

by a necrotic rather thal apoptotic procese, aB determined

through patterne of DNA fragmentation and enzymatic

in situ labeling of apoptosis-induced DNA-strand breaks

ldetected by Tdt-mediat€d dlJTP-biotin nick-end labeling
(TUNEL) agBayÉ]. A poeeible mechanigm of action of

trophozoite lyeia by DHEA wae suggested from

o
"*w..ctÉnc6dlr6ct.com 
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BchietoBomiaeie and, in fact, is ae effective as the moat
€ffective vaccine antigen ca¡üdatee [36]. Aleo, cortieol and
DHEA inhibit ovipoeition by S. manwni both in uitro
alrd i¿ uiuo 1371. In uitro, DHEA hae etrong cercaricidal
and Bchietosomulicidal efecte, in addition to decreasing
adult worm aurvival rat€B by up to 1007o [37]' It hae aleo
been demonstrat¿d that adrenal function alters with age
during primary ald secondary S. manaoni infection in
baboone [38,39] and mice [38], and this change correlateg
with the intensity and type of infection [38], Moreover,
ad¡enalectomized infected mice dioplayed increased mor'
tality rates ald numbers of adult worma' and twice as
many ova per worm pair in their liver [40]. Thua, the
evidenc€ Buggeste that a lack ofadrenal ateroidl, particu-
larly DHEA, mediateB Hñ increment of the adult worm
burden and promot€B worm fecundity in uiuo and in uitro-

Sex- and pregnancy-associated hormonee
Treatment of adult Schistosoma haematobium with tne-
toeterone diminiehee fertility ald, thus, the reproductive
capacity of this parasite [24]. Tleatment of T cra'sliceps
cyBticerci with l7-p-eatradiol increaBee their reproductive
capscity by increaeing the number of buds' whereaB
treatment with teatosterone or dihydroteetosterone
(DHT) diminiahee thie tunction, In addition, viability
growth and infective capacity of cysticerci are increaued
tn 2OO7o after treatment with eetrogen but are inhibited
almoat completely by androgen treatment [32] . In eeparate
studiee, treatment of P. falciparum mlÍozoitee with
eetradiol, progeeterone or testoeterone increaoed the
number of gametocytee that were produced in uitro 1291.

It hae been ehown that the in uitro expoeur€ of
E, hiatolytica trophozoitee to several conc€ntrations of

Vol.2t  No.12 Drc.mb.r  2006

Bex Bt€roida Euch aE 17-p-eetradiol, progeeterone, testos-
terone and DIIT hae little efrect on paraBit€ viability or
proliferation [38].

Other host-derived fgctors
T4tpanoaoma cruEi e'rnaltigotee that are treated in uitro
with murine epidermal Srowth factor (EGF) increaee their
levels of DNA ayntheeie, growth and metabolic activity
coneiderably linducing receptors with tyroeine kinase,
prot€in kinaee C (PKC) a-nd mitogen-activat¿d prot€in
kinase (MAPK) activityl [23], Tleatment of P falciparum
m€rozoitee with ineulin increasea the number of gameto-
c¡'tee produced.in uitro. Similarly, murine EGF etimulatee
t}na in uitro development and matu¡ation of Brugia malayi
microfilariae and othe¡ filarial parasiteB [26]. It hae sleo
been demonetrated that Onchocerca uoluulus and Onch'
ocerca lienalia mic¡ofilariae increaee their metabolic
activity when treat€d in uitro with 20-hydro)ryecdieone
[28], Granulocyte-macrophage-colony-etimulating factor
(GM-CSF) augmente the in uitro growth of I'eishmania
trlexin o.nd promsstigQtÉ8 [3 0] .

Tranrregu latlon of paraelte rl g nal'transductlon
pathwryr
Rogulatlon of gene exqralslon
The mechaniame by which host hormon€B act on paraeiteB
have recently been inveatigated, and Eome paraeite
moloculee that are involved in traneregulation have been
identiffed and characterized [32,41]' Theee include
receptor8, traneportere, eteroidogenic pathway enzymeB
and eecond meeeengers that a¡e Bynth€Eized by paraeitea
arrd that enable the exploitation of hoet hormones, Several
linee of inveetigation are in progreee to determine whether

4.

TRENDS ln Ptütltolqy

F|gur . l ,HÓ| t ¡ t6 Ío |dhormonorc¡nr | fao tggver r | ' |pdc t |o lp8rsB| t .Phy | |o logY.StÜro |d¡ ( | 'g 'ád f rd |o | , t tÜ to3 t | ronÜ,progát tÜron ' ,DHEAündcÓf | |o | ) ' romth |ho | tün
Olnd to rprclf lc cytoplssmlo r.c.ptorr thüt rrr oxprr¡rrd by thü parecltr, Tho llgüñd-rámptor mmplár ctn ragulrtr, through gánomlo mrchrnltmr, pÜrr¡lto growth.

Infoctlvlty, dllf6rontlrt¡on rnd r6próduotlon. Thr lbll l ty ol the prrr¡ltr to b¡nd to ho[t molrcultl ünd urs lhsm to lt l  own bángflt l¡ mrdlltod by á mÜohsnlrm thüt wó hÜvá

d6ñómlnstod trrnrrogulát¡on. Abbrevlrtlonr: HRE, hormonr rorpoñiá 6lümont; SH. rtóroltl hormonr; SHB, ltárold hormonr nuclrir rftÜptor.
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classical nuclear receptora can be found in palasit€e and'
if so, whether they can bind to hoat hormonee to direct
downetream transcriptionel events (Figure 1)'

Sani eú aI. l|Ll characterized 'apeciflc retinol and
retinoic acid-binding prot€ins' in O. uoluulus, Onchocerca
gibsoni, Dipetalonema uiteaet Brugia pahangi arrd Dir-
ofiIaria immitis. The role ascribed to theee proteins wag
that of binding to hoet hormonee er,rd mediating the
biological efecte ofretinoide on paraBites, such aB growthl
reproduction and differentiation. The genome of
O. uoluulus codee for at least three claseical nuclear
receptore t42l; two of theee (OvNR-1 and OvNR-2) have
been characterized and found to be eimilar to the retinoid
r€ceptors in verbebratea and to tha Droaophila melanoga-
afer protein EiP78c. Computer modeling Euggests that
theee molecules poeeeee a ligand-binding cavity that ie of a
eize and form capable ofbinding to a steroid [42,43].

The preaence ofreceptors in S. mansoni that can bind to
l7-F-eetradiol providee a likely mechaniem for the
prot€ctive efect of thie hormone in infected mice and
hametere t441. In the enme paragite, claeeical nuclear
receptore for eteroide, thyroid hormonee and ecdysteroide
have been characterized [461. Homology alrong theae
rec€ptora and those deecribed in Droaophila, miss snfl
humana rangee ftom 70Vo to 96Vo, hence their enormoue
capacity tn bind to hoet hormonee a¡d affect diveree
developmental processee of Schiatosomr;. epp. [46]' It hae
been shown that cyeticerci of the helminth paraBit€
T, craaaiceps express arr androg€n-receptor'like mRNA
and both ieoforms of the claaeic estrogen receptor (¿ and

0), but there is no expregBion ofeither ieoform (A or B) of
progeBt€rone receptorg t321, It ge€mB that the direct
in uitro effecte of eetrogens and androgene on T cralsicepl

vol.er ¡¡o.iz orcrmbtioo6
- -ggr

reproduction are due to the binding of eetradiol and
teetosterone to their respective r€ceptorB. The emall
efects of progesterone obeerved in the apparent abnence
of ita npeciflc r€ceptor could be due to non-conventional
nuclear r€c€ptorÉ or could r€fl€ct the tra¡eformation of
this hormone to estradiol, ae ehown for andro8ene [46].
Binding of the eetrog€n rsceptor to claaeic estrogen-
dependent elements could be reeponaible for the activation
of activator protein (AP)-l complex genea in the normal
metaboliem of T! craeúcepa 1321.

Regulatlon of protein phosphorylation
Rapid-action or non-g€nomic mechaniems have been
inveatigatnd more proliflcally than those involving the
pre8enc€ of a claeeical nuclear rec€ptor (Figure 2).
However, thie apparent advantage ie only relative b€cauB€
the firet reports inücating that hoet hormones might
activate caecadea of aecond meeeengera appeared only at
the beginning of thia century [23,26]. EGF is E molecule
that can activate different aignaling pathwaye in parasitee
and that hae been arnply etudied t231' The preeence of a
compl€t€ eignaling caecade that correepondB to the Raf
kinasee hae been determined ín B. malayi [26]. Murine
EGF increaeee tranacription levele of R¡f kinase and Ran
- a nucl€ar GTPaee in B. malayi - and has been
demonstrated to promote phoephorylation of eome micro-
fllarial prot6inÉ, Moreover, phyeical interaction increaeee
between Ran and other proteine (which are yet to be
deflned) and promotet phoephorylation of eome proteins of
microfllarial origrn, By contraet, Tl cruzi nmaetigotcs
eyntheaize a receptor that can bind to humal EGF to
induce the activity of paraeite MAPK 8¡d PKC aascades ul
a dose- and time-dep€ndent manrrer. Aa propoeed by
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Ghaneah eú al, [23], theee regultg sugEegt the exietence of a
mechanism that regulates growth and paraeite prolifer-
ation through a Bigneling pathway that is dependent on
human EGF, Similarly, the preeenc€ in S' m¿¿so¿i of a
receptor (SnRTK-1) with a high degree of structural
homology to the ineulin receptor catalytic domaine haa
been determined. Preferential localization of SnRTK-1 in
BporocyBts and oocyete could favor differentiation and
growth proce8BeB in thie pareBite [47] becauee r€ceptorg
with tyroaine kinaee activity typically control aepecta of
metaboliem, growth and development. Recent etudiee
ehow that S. haematobium synthesizeB a 28-k-Da prot€inl
Sh2SGST (5. haematobium glutathione-S-transferase of
28 kDa), that can bind to teetneterone and facilitat¿ the
traneport, metabolism and physiological action of thie
hormone in the paraeite [24],

Goncludlng rom¡rkü
In light of thie evidence, it i8 clear that the hoet endocrin€
system can not only influence the couree of paraeitic
infection by modulating the immune syatem but aleo be
exploit€d ürectly by paraBit€e. Thus, by means of g€nomic
(Figure 1) and non-genomic (Figure 2) mechaniemg, hogt
hormonee reguJate important parseite proc68Be8 such aB
growth, differentiation and reproduction through a
mecharriem described aB tranaregulation. In some caees,
this mechaniem enablee the paraeite to accomplieh a more
Eucceeeful infection, In othe¡ casesr trsneregulation might
benefit the host by reducing the euccees of paraeite
infection,

Compreheneion of the conc€pts of transregulation a¡d
host exploitation, in addition to the etudy of classic
nucl€ar receptors and receptors that regulate the activity
of various second-meseenger caecad€s in parasitee' pro-
videe intereeting reeearch perepectivee in the complex
hoet-paraeite evolutionary relationehip. Nuclear
receptora in paraeites are Ecarce and have been deecribed
in only eix parasites to date. However, aB more parasite
g€nome projects reach completion, evidence of the8e
r€ceptors in other parasitee ie likely to accumulate. Recent
evidence that cysticerci of I crassiceps poEseBB 17-F'
hydroxystet'oid dehydrogenase activity that can metab-
olize a¡droet€nedione to teetoeterone [46] euggests that
eteroid hormonee will also be identifled, at leaet in
eularyotic paraBite8.

The ability of a parasite to affect a female or male host
of the eame species differentially (eexual dimorphitm of an
infection) can be mediated by hormonal regulation of the
immune responee of the host or by direct hormonal effects
on the parasite, Underetanding the contribution ofeach of
theee effecte ald the characterization of the paraeite
molecules involved might facilitate the development of
druge that counteract the effects ofhormonee on the host
immune Bystem or the parasite.
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J .  M O R A L E S - M o N T O R ' . ,  G .  E S c o B E D O T ,  M .  R O D R I G U E Z - D o R A N T E S T ,

Ñ . É I I N Z - A S C E N C I O ¡ ,  M .  A .  C E R B O N '  A N d  C .  L A R R A L D E I

I Depurtamonto de Inmunolo¡¡ía, Instituto tle Inuestigaciones Bioméditas, andr Departamtnto dt Biologla,

Faruttad de Químita, Lf .N.A.M. AP 70228, México D'F' 04510, Méxito

(R¿r¿itt¿tl 30 ortohor 2003; nlisad I January urul 22 January 2004; arcaptad 22 January 2004)

S  U M  M A R Y

Homologuce of r-los rrnd c-7zz from total DNA of Taenia rassiups snd Ta¿nia solium were cloncd and sequcnced, The

"-ino acid alignmcnt u."ly"i, rcvealed thrrt c-los DNAa from T. tassiceps and' T. solium were highly homologoua (96o1'),

and both have high homology comparetl to scvcral mummalian r-/os proteine (93 % to mouee, 9ó ol, to rat und 86'/o to hrrman)'

Thc c-junprotcin alignment show..l high". homology (T ' uassircps and T. solium have 98 ol'), when compared with mouec'

rat and human, being 92u1,, 98,/n und 93'ln rerpectivcly, RT-PCR amplification of the paraaite't total RNA' chowcd that

T. crassittps cxprennetl both AP-l complex genee, while ?. so/rzn only expreeecd c-las. Southcrn blot hybridization analynis

confirmed thc true origin of cach rrmplified gene. AP-1 trunecription gene cxprcnuion ie rcgulated by ocetratliol in the eame

fashion aa thcir mrrmmali"..uurrr".pu..r only in T. uassircps, To etudy if AP-l gcncn are involvcd in a physiological

function of the cyet, reproduction wrrs etudied irr ¿rlro. Ocetrrrdiol trcatlnent Etimulated reproduction in T' drdssi¿cÉ5 but nÓt

in T. soliumcysticcrci. This ia thc first reporr of the dercction und functionulity of AP'1 tranecription factor gcnet in any

npecies of helminth parasite.

Key worde: AP-l trrrnecription firctor, Taenia crasilteps, Taetia solium, c-Jos gene, r-7un gene'

Differential expression of AP-1
c-fos and c-jun in the helminth
and Taenia solium

I  N T R ( ) D  L I ( : T I O N

The metÉcestodc stage of the tflpeworm T'aenia

so/iurn cauees ncurocyaticcrcotris, thc Third World

major brain disorder that is eetimated to nffect 50

mil l ion people world-widc, and ie an emergent dis-

ease in the United Stntes (White, 1997). 7' .  sol ium

also infects pigo, the intermcdiate hoet, lcading to

major cconomic loss and trunsmission to humans

(Sciutto et a/.  2000), Slow data retr ieval and high

coets in T, solium research have led to the use of an

cxperimental diseaec in mice with another ccutode'

Taenia crassiceps, which cxhibits exteneive simi-

lari t ics to T. sol ium(Larrnldc el a/.  1990; Toledo ¿f ¿1,

2001 ) .
Expcrimental intraperitonenl (IP) cyeticercosis of

mice is caused by thc IP injection of T. crassice¡)s

(Culhreth, Esch & Kuhn, 1972) and is chnracterized

by thc parasite's rapid rate of aecxual reproduction to

rcach grams of parasite masu per infccted host in tr few

months (Lurralde et a/.  199-5), Parasite prol i fcrat ion

is faster in female than in male micc, and ie fnvoured

by oestradiol and hindeted by androgens (Fluertn

* Correeponding author: DcpHrtürnento de Inmunologia,
Instituto de Investigaciones BiomÉdicue, UNAM, AP
70228, MÉxico DF 04510, México' Tel:  * 52-55 5622 38-54.
Fnx: *5255 5622 3369. E-mnil :  jmontor66@biomedicae'
Llnflm,mx

Paratirulogy (2004), 129, 233-243' 0 2004 Cnmhridge Univerritv I'rear

DOI:  10.1017/500311t12004005529 I ' r inted in thc Uni ted Hingdom

transcription factor genes
parasite s Taenia crüssice|s

et aI.7992; Bojal i l  ef al,  1993; Terrazao et al.  1994).

The importancc of sexual factors for murine cysti-

cercosis is further etrceeed by a rcmarkable femin-

ization proce88 that ensues in chronically infected

male mice: serum ocstradiol levele are increaeed 200

times their normal valuce, while thoee of testoeterone

nre 90% reduced relat ive to control values (Larralde

e¿ ¿/, 1995). The infccted peritoneum shows a

str ikingly mild and traneient inf lammatory procees

(Padil la et al.  2001) Bnd the eystemic immune re-

spon8e shows a progressive downregulation of the

THI cytokine profile and upregulation of TH2 when

massive levcla of paraeite loads flre reÉched (Terrazas

et al. 1998; Toenjcs et al. 1999)' Sex hormonee

are propooed to be involved in thc regulation of

murine T. crassicefrs cyeticercosio by way of thymus-

depcndent immune mechanisms that obetruct or

fnvour paraeitc growth (Bojalil et aI. 1993; Terrazau

et a|.1994). IL-ó is proposed to favour the exprcsuion

of P-450 aromataoe in infected males, thue ehunting

testostcrone to oeetradiol (Morales-Monto¡ et al-

2001). Hints that sex hormones may bc involved in

T. sol ium dieesse of humans and pige are progress-

ively being reportcd (Sotelo & del Bruto, 2000;

Morales et al.2OOZ).
In uddition to thc effects of scx-steroide on the

host immune Bystem (Moralcs-Montor ¿f aI- 2A0\,

thcy mny aleo directly affect the pflraeite if their

ueual target genes involved in cell proliferation and
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Table 1 . Sequences of the primers used for PCR amplification of total Taenia crassicefis, f , so/izzr, mouse

and pig RNA ieversc transcribed

(Primcrr were designed baecd on the ñoBt conBcrved regions of ecvcral npccier reqrrenccd genen or hteed uoing thc ecquence
of cloncd 'l', üassi¿¿ps gcnee (c-las uncl c-7zn). GenBank rtcceeeion numbers: c-los (gi55933, gi50399, gi1513l'232), Fjun
(¡{ i57819, gió75aa01, gi lAOOZ+¡, r 'NF-a (gi3953ó9, gi7305584, gi259521t0, si l64ó94, si29569762\,p-actin (ei386a8e0l,

Hi6671 508; si50l ó088, gi2737l 027, f i i l  56758, gi29ó03620, f l i1 56758, gi28573sBl ) und VDR (gi l  t14894). Each PCR product

wrro purificd and sequenccd ae deecribed in thc Materials rrnd Methode scction.)

Ccnc $ense pr imcr Anti¡ense Drimer

o
t

rfos 5'-CCCC'|C;TCAACACACAGGAC
c-jun 5'-CAGA'fCCCGCTGCAGCACCCG
T'NF-a 5'-GGCAGGTCTACTTTG(;AGTCATTGC
VDR 5'-TGAA.I 'TCCATGAAACACCTCTGGTTCTT
f-actin 5'-CTACAATGACCTGCGTGTCC

5'-CCGATGCTCTGCGCTCTGC
5'.GGTGGCACCCACTGTTAACGTC G
5'.ACATTCGAGGCTCCAGTGAATTCG G
5'-GACTCTAGAGGGCTCACACTCACCTCCCCT
5'-GGTCTCAAACATCATCTGGG
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differentistion (such ae c-los and c-jurt) arc preuent ln

the parasite, These paraeite genee coulcl regulate the

expreosion of many other gencs in u variety of t iseucu

and cel l  types (Hyder, Shipley & Stanccl,  1995;

Hydcr et a|.1992) and their over-expreesion in the

cysticcrcotic mice could wcl l  inf luence thc outcome

of the infect ion as wcl l  us explain i ts ctrong depen-

dence on $ex-steroids. 
' I 'he specif ic aim of thie study

was to invcstigate whether T. crassheps t,nd T . solium

cysticcrci express sequences of the AP-l complex

proto-oncogenee c-ltrs ttnd c-jun (both ctrongly regu-

luted by ocstradiol) and, i f  eo, because oestradiol

hae bcen demonstratcd to pluy a major rolc during

cyeticercosis, to study i f  the AP-l gene complex is

involved in rcgulat ing reproduction of both T. cras-

srceps and T. solium cysticerci inztitto.

M A T I I N  I A L S  A N D  M t i ' I ' I I O D S

Par¿sites

Total RNA wirs extracted from cysticerci of the fast

growing ORF strain of Taenia crassiccps isolated ns

deecribcd by Freeman (1962). The cysticerci uecd in

thcse experimente were cult ivated for 5 days after

bcing col lected from the peritoncnl cavity of donor

female mice. The col lected cysticerci were al ive and

quite clean from debris but were, however, washed

several t imce with NTS to minimize contamination
with host cel l  a. T , sol ium l ivc cysticerci were dieeected

and freed from all surrounding tissuee of an infected

pig, immediately nfter being humnnely ki l led in

the F'acultad de Medicina Veterinaria y Zootecnta,

UNAM. The cysticcrci wcre washed sevcral t imes

with sal inc to minimize contamination with host

cel le.

Total RNA isolation

Total RNA was inolatccl from ?. crassiceps and

T. solium cysticetci, togcther with mousc tcstee and

pig musclc (as controls for specific c-jun or c-fos

ampli f icf l t ion), usin¡¡ the single-step method baecd

on guanidinc isothiocyanate/phcnol/chloroform

extraction with Trizol rc¡tgent (Life Technologies,

CA). In brief,  parasites, mouse testee and pig muscle
were dierupted in Trizol reagcnt (1 ml/0'1 g of t is-

sue), and 0'2 ml of chloroform was add€d per ml

of Trizol. The aqueoue phase wns recovered after a

10 min centr i fugation at 14000 S, RNA was precipi-

tatcd with isopropyl olcohol, waehcd with 75 ol,

ethanol and rcdiesolved in RNAee-free water, RNA

concentration wBB determincd by absorbance at

260 nm ünd its purity wae verified after clectro-

phoresis on 1'0% denaturing agaroee gel in the
presence of 2'2 t"t formaldehydc.

R?-PCR amfilification

Totsl RNA from parasitesr mousc tc8tes trnd pig

muocle wao reveree transcribed followed by specific

PCR amplification of c-;fos and c-jun gene sequenccs'

Nucleotide Bequences of thc primers used for d-los,

t-jun and.B-actin amplification are shown in Table 1.

To demon¡trate that cysticerci were not contsmined

by hoet ccl l  DNA or RNA, wc uBed primers of prg

TNF-a and the mouse VDR gene, which correspond

to the mouse variable region of the IgG (Table 1).

Brief ly, 2 pg of total RNA (either hoet or paraeite)

werc incubated at 37'C for t  h with 400 units of

M-MLV reverse transcriptÉee (Applied Biosystcms,
Boston, MA) in 20 pl of reaction volume containing

50 mlt of each dNTP and 0'05 ¡rg oligo (dt) primer
(Gibco, NY). Ten pl of the cDNA reaction wfls

subjected to PCR in order to amplify Epecific se-
quencee of the epecif ied gence. The 5041 PCR re-

action included 1041 of previously eynthesized

cDNA, 25 pl of 10 x PCR-buffer (Biotecnologras

Univcrsitariae, Mexico) 1 mtr,t  MgCl¡,0'2 mlr¿ of each

dNTP, 0'05 4nr of each primer, and 2'5 units of Tdq

DNA polymeraBe (Biotecnologias Universitarias,
Mexico). After an init ial  denuturation stcp at 94 oC

for 4 min, temperature cycl ing was init iated ae fol-

lowe:  94 'C fo r  55  Bec ,  50  "C fo r  55  scc  and 72"Cfor

45 sec during 30 cycles for cy'os, while for c-jun was:

94 oC for 55 sec. 57 "C for 55 Bec and 72 oC for 45 eec

during 30 cyclce. B-actin wao ampli f ied by uaing eame
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Fig.  1.  (cot t t . )

l: --------- -*AUGAGCAGCTAcACGA¡{GCCTCTGTTTCT----*--AT

1 : --------- -*MAGCAGCTACACGAAGCCTGTCTTTCT-------AT

6 I : TTAGcGTTGTTCTCTTTCCCTCCccCCTCTTccGAGTGAGAI\IUUU{¡\I{GG-GGGGcCTAA
6 1 r TTAGCGTTGTTCTCTTTCCCTCCCCCCTCTTCCGAGTGAGA¡U\¡\JUqIqJ\GG-GGGGCCTAA

1 2 1 r ATTCCCACCAACATAAACTAA- -TGACATACAATCTATGAAATTCTGTTTTCACCTCTGCC

1 2 1 r ATTCCCACCAACATAAACTAA- -TGACATACAATGATGAAiATTCTGTTTTCACCTCTGCC

1B 1 i TGTGACAGGGAI{TGCN\¡\.¡¡[¡\TAGCA--AGTGGCCTATTTCCACGAATCCCCGCCTCCCTG
1 8 1 I TGTGGGACTTAGCTCTq.N¡qi+tAGCA*-AGTffi CCTATTTCCACGAATCCCCGCCTCCCTG

2 C 1 ; CCCTCCCCCCTcCCGCTATGTACGIA'TCACTGA4,CTGq4ATGGAGGCTAACGCAGAGGCAG
241rCCCTcCCCCCTCCCGCTATGTACGATCACTGAACT GGAGGCTAACGCAGAGGCAG

3 O 1 ¡ GAGCCAGCCGffiATEAGCCCCCCGTTTTGCGC-AGATCTGTECGTCTCTAGTGCCAACTT
3 0 1 r GAGCCAGCCGGGATCAGCCcccCGTTTTGCGC-AGATCTGTCCGTCTCTACTGCCAACTT
3 6 I : T-ATCcCCACGGTGACAGCCATCTCCACCAGCCCAGACCTGCAG-TGGCTGGTGCAGCCC
3 6 1. ; T-ATCCCCACGGTGACAGCCATCTCCACCAGCCCAGACCTGCAG-TGGCTGGTGCArcCC
{ 2 I r -----ACTCTGGTCTCCTCCGTGGCCCCATCGC¡AGACCAGA----GcGCcCCATCCTTA

4 2 1 : -----ACTCTGGTCTCCTCCGTffiCCCCATCGCAAGACCAGA----GCGCCCCATCCTTA

4 I I : C--GGACTCCCACC-----AGcGAc4qlC4qTT4r4.T qCTGGqCGCCAC--AGCGGG--A

{ 8 1. ; C- -GGACTCCCACC-----AACAffiAGTCAGTTATATCCTGGCCGCCAG- -AGCGffi - -A
* ***l.li].iF--

5 4 1 i GTGGTGAAGACCATGTC- --- -AffiCGGCAGGGC--AffiTTTCCGGTATCGT-AGCTAGG

5 4 ]. I GTGGTGAAGACCATGTC- ----AreCGGCAGGGC-.AGCTTTCCffi TATCGT-AGCTAffi

6 0 1 : TCGATAACGA-- -''---- --AGATCCATCCGCTGTCCTAATCCTCTCTAGTCCGTCTTG

5 O 1 : TCGATAACGA-- ----- - --.AGATCCATCCGCTGTCCTAATCCf-¿bCTAGTCCGTCTTG

6 6 1 : GAATGCCCA-----CCGTTTGGCTTCGCGACCCTTGGGACCCTCAGAATffiAGACGAGGG
6 6 1 ; GAATGCCCA---- -CCGTTTGGCTTCGCCACCCTTGGGACCCTCAGAATGGAGACGAGGG

7 2 1. : GGACACATGAGTTCTGCGAGG-- --------

7 2 1 ; GGACACATGAGTTCTGCGAGG
7 I 1 : -------------ATCTGCGGTTTCCTATCCCAGAGGTGACCGGCCCAGT---CAGTCTA

78 I  :  - - - - - - - - - - - - -ATCTGCGGTTTCCTATCCCAGAGGTGACCGGCcCAGT--*CAGTCTA

I 4 1 r ACCCGGCTTGTCCTCTGCGGAAGGACAGGAffi CCGAGGGCAAGTGGCTACGTTCGGGGGT
8 4 1 : ACCCGGCTTGTCCTCTGCGGAAGGACAGGAffi CCGAGGGCAAGTGGCTACGTTCGGGGGT
9 0 1 ; GTGTTTGTTCTACACTGAAGCACCAAAGTT CCAT CTTCCAAGACTCAAAGCTGTTCTCAG

90 I : GTGTTTGTTCTACACTGAAGCACCAAAGTTCCATCTTCCAAGACTCA¡ilICS16*TCTCAG
9 6 1 : GT CCCAGACGcCACTGAccTCTTACAGCTGGGAACCTTTcTTCCCGTCCCCTCTGCGCCC
9 6 1 : GT CCCAGACGCcACTGACCTCTTACAGCTffi GAACCTTTcTTcCCGTCCCCTCTGCGCCC

1 02 I ! CCACCCCCCTTCCCAAGTCCGA-TcTffiAA¡ATCACCCGCTGCAGGCGGGTTCCTTGTAA
]. O 2 ]. I CCACCCCCCTTCCCAAGTCCGA-TCTffiA¡AATCACCCGCTGCAGGCGGGTTCCTTGTAA
L 0 I L ; GCGCAGT-TTCCAGGCTGCACGTATTCAGACCCCCATCTccCCAGCACCGACTTGCTTTC
I O B ]. ¡ GCGCAGT -TTCCÁGGCTGCACGTATTCAGACCCCCATCTCCCCAGCACCGACTTGCTTTC

I 1 { I : TCCTCCCCCCCCCCCCCCGAGCTCACCTcAcTTTGTAATTCTGAGcTCCCCCCCTACCTC
1 1 { 1 : TCCTCccCCCccCCCCCCGAGCTCACCTcAcTTTGccccccTGCGcTGCACCCTCAG---

* * * * *  *  *  *  * *  *
I?01:AGTCCGCCCTCTGGTCTCAGCTC---A¡{¡{¡\CTAAACATACGACCCCTTCAGGCATACTTG
L 2 0 1 : AGTTGGCTAGCTGTTCCCCACGcGGAi\GA¡\CTAAACATACGACCCCTTCAGGCATACTTG

* *  * * *  *  I  + *  *  *

12 6 1 : TAGGGTGGTTTTGCACAATGTTTATC--CGTCAGTGTC¡ACGC'GGACTGTCGcCTTGATA
I 2 6 1 : TAGGGTGGTTTTGCACAATGTTTATC--ccTCAGTGTCAACGGGGACTGTAATTGGCCTA

* + + * * * * *

1 32 1 : GCTCTAAGTGGCTAAffi GTCGGG---GAGTAGGTGGGGGGCTGTGCTGCCGTCCTTTA.AA
1. 3 2 1 : GCTCTAAGTGGCTAAGGGTCGGG- --GAGTAGGTGGGGGGCTGTGCTGCCGTCCTTTA¡A

L 3 B L : ACACGAATT-TATGAATGAACCCAGTACTG---TAGTTATTGTACACTTATTTACAATCC
1 3 I 1 : ACACGAATT-TATGAATGAACCCAGTACTG---TAGTTATTGTACACTTATTTACAATCC
1 4 4 1 ¡ T-TCACTTTTCTCTGCACGC--TGCTTCCAGCCCCGAC. --TCCCAGGCAAffiAGCTGGA

1 4 { 1 : T-TCACTTTTCTCTGCACGE--TGCTTCCAGCCCCGAC---TCCCAreCAAGGAGCTffiA
1 5O I : GAGAGGGGCTGAGAAGCTGACcCCCCCTTTTTCTAAAGTTTCTTG---ATTTfficAATcT
1 50 1 : GAGAGGGGCTGAGAAGCTGACccccCCTTTTTCTAAAGTTTCTTG- --ATTTreGAATGT

1 5 6 1 : GGGCAAGCTTTCCTTTAGGAACAG-AGGCTTCGAGCCTAAATCAGGTTTTAAGCC-TGCG
I 5 6 1 : GGGCAAGCTTTCCTTTAGGAACAG-AGGCTTCGAGCCTAAATCAGGTTTTAAGGC-TGCG
162lITACTTG--CTTC--TCCTAA-*--TACC\GAGACTEAAJUUUUU\¡VUU\¡il{AGTTC-----
I62L:TACTTG--CTTC--TCCTAA--**TACCAGAGACTCjUUUilLNUüLil{.¡Uilqi{GTTC-----
L681: -*---- -----CAGATTGC-TffiACAATGACCCGGGTC

1 68 1 : -__--- -----CAGATTGC.TGGACAATGACCCGGGTC

1 7 { I I TCATCCCTTGACCCTGGGAACCGG--GTCCACATTGAATCAGGTGCGAATGTTCGCTCGC
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? .  r o l l m

f.  crrrr ldapt

T .  r o l l m

T, Ettúr ' loepr

?. roJ- lm

T. ot. t t ldopr

T .  r o l l H
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T ,  r o J ¡ M

T, dtt t t . lo.pt

f ,  r o J I m

T. oE.rt , ls.p,

T. rdl l f f i

B
f ta t tu ¡  ra t tue :  1
Mus nu ,scü lus :  L
fforao sapians: L
frrnl¡ or¡¡riorprl I

f a o n j r . s o i l u n :  1

1 7 { 1 : TCATCCCTTGACCCTGGGAACCGG--GTCCACATTGA.ITCAGGTGCGAATGTTCGCTCGC
1 B 0 L : CTTeTCTGCcTTTCcCGGCAGCCGGCGCCTcCccTcCGec--CCGGTTccCCCCCTGcGC
L I 0 1. : cTTCTcTGCcTTTCccGGCAGCCffi cccCTCcCCTCCGcC- -cCGGTTCTAATTCTGAGC

+ * * + +  +

L B 6 1 : TGCACCCTCAG---AGTTGGCT---AGCTGTTcccCACGCGGAAGGT-----CAATccCT
l8 5 1 :  TCCCCCCCTACCTCAGTCCGCC---CTCTGGTCTCAGCTC---AAGT-----CAATCCCT

+  +  * *  * f *  *  * *  *  *  * *  *  *

I 92 1 : CcC--- -TCCTTTACACAGGATGTCCATATTAGGACATCTGCGTCAGCAGGTTTCCAC--

I 92 ], I CCC- - - -TCCTTTACACAGGATGTCCATATTAreACATCTGCGTCAGCAGGTTTCCAC--

1 98 1 r GGcCGGTccCTGTTGTTCTGGGGGGGCGACC--ATCTCCGAAATCCTACCCGGCCGCGG-
1 98 1 : cGCCGGTcCCTGTTGTTCTGGGGGGGGGACC--ATCTCCGA-AATCCTACCCGGCCGCGG-
2 0 4 1 : TCTAGGAGACCc---CCTAAGATCcCAAATGTGAACACTCATAGGTGAJ\AGA---TGTAT
2 O 4 1 T TCTAffiAGACCC'--CCTAAGATCCCA.AATGTGAACACTCATAGGTGAAAGA---TGTAT
2 1 0 1 : GCCAAGACGGGGGT - - - - - - - - -TGA.AAGC - - - - - * -CTGGGGCGTAGAÉTTGACGAC -A

2 1 0 1 : GCCAAGACGffiGGT------- --TGAAAGC*------CTGGGGCGTAGACTTGACGAC*A

2 1 6 1 : GArcGCCCGCAGAGGGCCTTGGGGCGCCCTTCCCCCCCCTTCCAGTTC--CGCCCAGTGA
2 1 6 ]. : GAGCGCCCGCAGAGGGCCTTGGGGCGCGCTTCCCCCCCCTTCCAGTTC--CGCCCAGTGA
2 2 2 1 I C--CTAGGAAGTCCATCCATTCACAGCGCTTCTATAAAGGCCCCAGCTGAGGCGCC----
2 22 1 : C.-GTAGGAAGTCCATCCATTCACAGCGCTTCTATAAAGGCGCCAGCTGAGGCCCC'-- 

-

2 28 1 : TACTACTAMA¡AAAAA
2 2 B 1 : TACTACTAA.AAAAAAAA

*  +  + *  * * * *  *

MMYQGFAGEYEXXXXXXXXXXXXXXXLTYYPS PADSFSSMGSPVNSQDFCTDIJ\VSSANF 6 O

MMYQGEAGEYEXXXXXXIHXXXXXXXLTYYPS PADSFSSMGS PVNSQDTCTDIAVSSANÉ- 60
*  *  *  *  *  *  +  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  +  *  *  *  i  *  +  *  t  *  +  *  *  *  *  *  *  t  *  *  *  *  *  *  *  *  +  *  *  *  t  *  *  *  *  *  *  *  60

I,ÍMFSGFNA¡YEAS SSRCSSAS PAGDSLSYYHS PADSFSSMGS PVNTQDFCA.DLSVSSANE 5 0

MMFSGFIIADYEAS SSRCS SAS PAGDSLSYTHSPAISFg gI,fGSPVNAQDFCTDLAVSSAI'�IF 6 0

fiarrus ¡rrrus: 61 VPTVTAISTSPDLQWLVQPTIISSVAPSQNRG-HPYGVI{XXXXXXXYSRPAWKAPGGRG 120

Hu.s muscuf us: 61. vFTVTAISTSPDLQWIVOPTLISSVAPSONRG-HPYGI¿KYJ{XXXXXYSRPAWKAPGGRG 120

. É l o r a o  s a p J e n s l  6 l  t t * * * * + * * * * * * * * * t * * * * * * * * * * t t * * * * * * * * * * * + * t * + * * * * * * + + * * r * * * *  1 2 0

rrrnrr ffraalorpr i 51 IPTVTAISTSPDIJQWLVQPTLVSSVAPSQTÉAPHPYGI,PTPSTGAYA.BAG\IVKTMSGGRA 120

frenla ¡o.llum: 51 IPTVTAISTSPDLQWLVQPAIVSSVAPSQTRiAPHPFGVPAPSAGAYSBAGWKTMTGGBA 120

Rarrrrr ¡arrusi 121 QSIGRRGIf,-/EQLSPXXXXXXXXXXXXNKI4A-A-AKCRNRRRELTDTIQA.ETDQLEEEXS¡J,Q reO

I4us nuscufus: 121 QSIGRRGIfl/EQLSPXXXXXXXXXXXXNKMAAAKCRNRRREITDTLQAETDQLEEEI{SAIQ 180

I { o m o  s a p l e n s ¡  1 2 L  * * * * * + * * * * * * * * + + + + * * * + * * + + + * * * r * * * * * * * * + * * * * * + T E T D Q L E E E K S A I Q  1 8 0

f¡rn¡ o¡¡r¡.toop¡: 121 QSIGRRGIffEQISPEEEEKRRTRRERNKMAAAKCRNRRBEITDTLQAETDQLEDEKSAIQ 180

?á6nla solTumi 121 QSIGRRGIffEQLSPEEEEKRRIRRERNKMAAAKCRNRRRELTDTÍ,QAETDQLEDEKSAIO 1Bq

RAETUS TITIU.s: 181 A.ETANXXXXXXXXXEII,AAHRPACKMPEETRFSEEI'AAATAIDLGAPSPAA----AEETF 
2¿O

Mus ¡nuscuLus: 181 AEIAIIXXXXXXXXXEILAAHRPACKMPEELRFSEELAjMTAI,DIGAPSPAA*---AEETF 
2{0

Itomo saplens: 181 AETAT-IXXXXXXXXXFILAAHRPACKMPEELRFSEELA.AATAIDLGAPSPA¡A*---EETF 
2{0

r.úni, oE,,,!d.p¡¡ t BL TEIANLI,KEKEKLEE'ILA-AIRPACKIPNDLGFPEEM-SVfSLDI,TGGT,PEATTPESEEAF 
240

TAANTA J,OJ7üMi 181 TETANLLKEKEKLEFII'AN{RPACKIPDDTGFPEEMSVASIDLTGGLPEVATPESEEAET 240

RdtTU,g TdTtDJ:  2{1 AIPX}4TEAPPAVPPKEP--SGSGIEIIGEPEDELLFSTGPR----EASRWPDMDLPGAS 3OO

.tvlus muscul.u s: 24:r AIPXMTEAPPAVPPKEP--SGSGLELKAEPFDE],],FSTGPR-*--EASRSVPDMDÍ'PGAS 
300

.Homo $aplÉns: 241 AIPXMTEAPPAVPPKEP-*SGSGLELIGEPFDELLFSTGPR----EASRSVPDiIIDLPGAS 
300

f..dr¡ dfilfr'.p t: 24:- TLPLLNDPEpK-psLEP\¡KNTSNMELKAEPFDDFLFPASSRPSGSETARSVPDVDTSG-- 
300

r¡a¡J¡  roJ, lun:  ?{1 LPLLNDPEPKPSVEPVKSISSMELHTEPFDDFIJFPASSRP9GSETARSVPDMDLSG$FYA 
300

R¡rrus rrttu,f: 30l SFYASDWEPLGAGSSG------ELEPLXXXXXXXXXXXXXXXXXÉ1/FTYPEADAFPSCAA 360

Hu.s nüscul,us: 30I SFYASDWEPLGAGSSG------EIJEPLX)0{XX)CO{X)0ü{XXXXXEVFTYPE'ADAFPSCAA 
360

Hono sgplens: 301 SFYASDWEPIJGAGSSG---*--ELEPLIOffXXXXXXXXXXXXXXFVFTYPEADAIPSCAA 
300

f.rhi¡ 4.,,1s.F¡: 30L SFYAADWEPTHSSSI,B4GPM\j"TELEPT,CTPVWCTPSCTTYTSSEI/FTYPEADSFPSCAA 
350

Taa¡la ¡o]Jm: 301 ADWEPLHSGSIGI{GPMATELE:PLCTPWTCTPSCTAYTSSFI/FTYPEADSFPSCAAAHRK 360

Rdttus r t t tus:  361 AI IRKGXXXXXXXXXXXXXPTLLAI 38{ 96t

Mus nusculus: 361 AIIRKGXXXXXXXXXKXIJ(PTLI,AJ, 38{ 93t

Homo saplens: 361 AHRKGXXXXXXXXXXXXXPTLLAL 38{ BZt

r .entr  ot . . r !o.p¡ :  361 AHRKGSSSNEPSSDSLSSPTLLAI 3B1l

? ¡en j ¡  r o l l um :  361  GSSSNEPSSDSLSSPT I I ,A I '  380

Fig.  l ,  For legend eee oppot i te pagc.
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Expr¿ssiorr of AP-I tranuription genes in Tuenia cran¡icepu and Trrenia eolium

condit ione ae those for t- jun. An extra primcr ex-

teneion temperature at72 oC for 10 min wau done for

cvery gene. Then 25 pl of the total PCR reactlon

ploducts of each strmple were clectrophoresed on

2% agarose gcl.  PCR products were vieual izcd by

staining with ethidium bromide. A single band was

detected in al l  cases, and thc eize of each epecif ic

ampli f icat ion product üB cxpected was 274 nt (c- los),

325 nt (t- jun) and 327 nt @-uctin).

Probe deueloPment

Fifty ¡ l l  samplco of the PCR reaction wete electro-

phoresed on 2'/o Bgflro8e gcls. The PCR products

obtained were visual ized by staining with ethidium

hromiclc, tnd were detected by using a 100 nt ladder

as moleculf lr  weight m$rker (Gibco, BRL' NY). In

all cases, the bands correponding to T. trassiteps c-fos

and c-jun, antl T. solium c-/os, together with VDR and
'I'NF-a from mouae and pig respectivcly were ex-

ciscd direct ly from the gel, puri f ied by electroelut ion,

and cloned into the blueecript SK( * /  -  )  (Stratagene,

La Jol la, CA) vcctor. These specif ic cDNAs were

used flB probeu to perform the T. crassiceps and T,

so/izzr phage library ecrcening Bnd the Southern blot

hybridization analysis.

Southern blot analysis

T, crassiups Bnd T. solizrn cysticerci wcrc hom-

ogcnized gently and digested by proteinase K

(100 units/ml) for 18-20 h at 37 oC, with continuous

shaking, After thc protein fract ion wae extracted with

phcnol/chloroform, the I)NA was precipitated with

cold ethanol and ssseased for high molecular weight

integri ty by electrophoresis. DNA al iquote (20¡¿g)

were digested with E¿oRI, separated in 1% agorose

gcls, denutured with 0'25 u NaOH, and trans-

ferred to Hybond nylon mcmbranes, cDNA parssite

probes, label led with [a-s¡P]CTP, 0'6 kb c-los and

c-jan were eynthcsized from lincarized cDNA. The

membranes were hybridizcd with the probc over-

night at 65 oC and then waehed with 0'3 x SSC/0'1 %'

SDS for about 2 h at 65 oC, fol lowed by exposure to

X-ray f i lm, The signals were quanti tated by denei-

tomctr ic scanning (Molecular Dynamics, Sunnywale,

CA). PCR products of the VDR rrnd TIrIF-a gele

were blottcd in the same way as parasite genomic

DNA to reveal a very low rate of amplification, and to

be eure that no contamination at al l  from hoet cel le

occurred.

237

DNA sequendng

'l'he DNA Bequence was determined by usin¡,¡ a

Thcrmo Sequenase cycle sequencing kit  (Biorad)

and an Butomatic Bcquencer (Model LIC-+200,

Aloka Co., Japan). The aequencc data were analyacd

using DNASIS Software (Hitachi Software Engrn-

ceringr Tokyo, Japan), Homology Eearching on thc

nucleotidc and protein database was carr ied out

with thc Blaet program at the Nstional Center for

Biotechnology Informetion (Bethcsda, Maryland).

Pairwuse Bequence al ignment and protein identi t ice
were pcrformed ueing CLUSTLAW 1.6 eoftware.

Treatment o/T. craesicepa and T. eol ium

ttith oestradiol: hormotu dose-response and

tcmporal curtes

Culture grade E¡ was obtflined from Sigma. For

in aitro tcste, wuter*aoluble E¡, was dissolved in

AIM-V frce-serum culture medium, and steri l ized

by paesage through a 0'2 mm mil l ipore f i l ter. The

experiments employed parasite-loaded welle: 6 wells

were used ae untreated controla, 6 welle were sup-

plementcd with the eolvent in which the hormone

wae dilutcd and ó welle were treated with different

conccntrations of E! (5, 10, 20 and 4O pg/ml).

Hormone wae prepared in a f inal volume of 100¡l l

and added to 1 ml of medium in each well. The range

of concentrst iona of oeetradiol teated in this utudy

was based on our prcvioue studies of serum levels

found in feminized mice (Larralde et al,  1995) and

were chosen to approximate tho8c levels tn vitro. I¡

hormone doee-responae-t ime curves, only thc num-

ber of bude per cysticercue HB I function of days in

culture wue assesaed as the responee variable (1-10

daye in culture). From the doee-reeponse-t ime
curve8 of oeetradiol,  Bn optimal dose was selected to

be used in furthcr experimentation: the doee of each

hormone at the shortest time in which thc differences

with the respective control values was maximal.

Reproduction was meaeurcd aB the number of bude

that cach cyst produced in response to treatment and

theee were counted directly under an invened light

microscope.

R E S I . ] L T S

The alignment of the c-;fos gene sequencee nnd

predictcd amino acid tranelation of T. crassice¿s

and T. so/lutn with their mammalian counterparts

ie shown in Fig. 7. T, crassiceps and ?, solium genct

Fig.7. Taenia trassitcps and T. salium c-los gene dequence and predicted emino acid Eequencc alignment. (A) Nuclcotide

Bequcnce of ?. rrassiceps r;nd T. solium c-los gene. The positione of the Etart codon and the oligonuclcotidea used for

PCR amplificution arc underlined. Thc nuclcotide numbcrs are by referencc to thc ¡tart of thc 5'UTR when thc

T. tassiteps tnd, T. soliumsequence ie aligned with other known mamm¿lian c-lo.t eequencee' Aeterink¡ (+) indicatc a change

in nucleotide sequencc. (B) Alignment of the c-los protcin eequences in rat (iRattzs ra¿úüs), mousc (Mu musdus), humun

(Homo sapietts), T . rassiceps, snd T. solium, Amino acids are repreeentcd by eingle-letter codcs ' Dotted linee rcprencnt

undentified nmino acid¡, and the X rcprenents highly variahle regione, mcanin¡ that X can be any rmino acid.

t Neevia docConverter 5.1



238

t
t
t
t
t
I

o
t
t
t
t
t
t
o
t
t
I
t
t
t
t
o
t
t
I
t
t
I
I
t
t
I

J. Morules'Montor and othtrs

A
r, ot.t t !d.p' 1 r AUGTTffi TAACCCTAACaATCCTAAAACAGAGCATGACCTTGAACCTGGCCGACCCGTAGC

r,,o-tlü 1 :-RUcTTGCTARCCCTAAGATCCTAI\J\I{CJ{GJ\GCATGACCTTGAACCTGGCCGACCCGTAGC

r, utaarotpr 61 : ñcanCTCAGCACCGCCGG-AGAtrCGCTGTTrcTGGG-----ACTGGTCTGCGGGCTC

¡. rotJm 6L ¡ C-AGAACTCAGCACCGCCGG-AGAGCCGCTGTTGCTGGG-----ACTGGTCTGCGGTTC

?. urrrrorpr 12 1 : CAAGGAACCGCTGCTCCCCGAGACCGCTCCGTGAtrTGACCGCGACTTTTCAAAGCTCGGC

f. ,OIIM ].2 1 I CAAGGAACCGCTGCTCCCCGAGAGCGCTCCGTGAGTGACCGCGACTTTTCñAAGCTCGGC

r, ü.rt!a.pt 1g 1 r ATCGCGCGGGAGCCTACCAACGTGAGTGCTAGCGGAGTCTT----AACCCTGCGCTCCCT

?..OTIE ].81:ATCGCGCGGGAGCCTACC.BACGTGACTGCTAGCGGAGTCTT---*AACCCTGCffiTCCCT

?. uerrloopr 241r GGAGCGAACTGGGGAffiAGGGCTCAGGGGGAAffiACTffiCCTCTGGAffiGCACGCTCCTA

r. ro.tiu 24L: GGAGCGAACTGffiGAGGAGGGCTC¿GGffiAAGCACTGCCGTCTGGAGCGCACGCTCCTA

r. d¡rrrio,p, 30 1 : AACAAACTTT----GTTACAGAAGCGGGGACGCTTCGCCGAGffiCTTCGfGcGcGcccIc

¡, ,OIIE 30 1 I¡IACA¡ACTTT---'GTTACAGAAGCGGGGACffiTTCGCCGAGG6CTTCGTGCGCGCCCTG

Í, oE.. | !d.p, 3 6 1 ¡ cCT GAACTGCACCGAAACTTCTGCGCñCAGCCCAffi CTAAC CCCGCGTGAAG-ffi CAÉCA

T. rOIIffi 3 6 1. I GCTGAACTGCACCGAAACTTCTGCGCACAGCCCAGGCTAACCCCGCCTGAAG-GCCACCA

r. ü.tr!d.p' 42 I :ACTTTCCTGACCACAEACGGACGAAACCACCTTCTACGACGATGCCCTCAACCCCTCOTT

r. ,ortm 42 1 : ACTTTCCTGACCACAGACG;GACcAAACG.I\CCTTCTACGACGATGCCCTCAACGCCTCGTT

r, ottttlotpt 481 : CCTCC.AGTCCGAGAGCGGTGCCTACGGCTACATCGGAffiCCGffiCGGCAGAGCCGCAGAC

r.,OIT¡EI 4B1:CCTGGAGTCCGAGACCGGTGCCTACffiTACATCGGAGGCCGffiCGGCACAGCCGCAGAC

r , utttlatpt 5 4 1 : GGTcCCGGAGATG*CCGGGAGAGACGCCGCCCTGTCCCCCATCGACATGGAGTCTCñGGA

?. ¡OITM 541: GGTGCCGCAGATG-CCffiGAGAGACGCCGCCCTGTCCCCCATCGACATGGACTCÍCAGGA

r. ot t r t la tp r 6 0 1 : GCGGATCAAGGCGGAGAGGAAffi GCATGAGAAACCGCATCGCT GCCTCCAAGTGCCGGA

T. TOIJM 601 : GCGGATCAAGGCGGAGAGGAAGGCGCATGAGAAACCGCATCGCTGCCTCCAAGTGCCGGA

r, 't...!d.p, 6 6 1 : AAAffiAAGCTCGAGCGC'ATCCCCCGGCTAGAGGAAAAAGTGAAAACCTTG.AAAGCCCAAA

?. .OI.IU 6 61 ; AAAGGAAGCTGGAGCGGATCGCCCGCCTAGAGGA¡¡A.B,GTGf,NAAFCTTGAAAGCGE¡AA

! , orrtt!d.pt ? 2 I ¡ CTCCGAGCTGGCGTCCACGGCCAACATGCTCAGGGAACAGGTGG-CACAGCTTAAAC¡GA

f,,OJJh ?21: CTCCGAGCTGGCGTCCACGGCCAACATGCTCAGGGAACAGGTffi-CACAGCTTAAACAGA

r. ü.r,!é.p, ?8 1 :AAGTCATGACCCCGCTTCCCGGCGGAGCAGGAGGTGACGACTGGGCGCGGCTATCCCCCC

?..OIIM ? 8 1 : AAGTC.ATGACCCCGCTTCCCGGCGGAGCAGGAGGTGACGACTGGGCGCGGGTATCCCCCC

t. utrtLodpt B 4 1 : GCTTCCccGc------- ---GCGCTGTTGCGGCCGCffiTGGCCTCAGTAGCAGGCGCÍGG

r..OIiúI 8 41 : GCTTCCCGGC--*-------GCGCTGTTGCffiCGCGGTGGCCTCACTAGCAGGCGCTGG

r. *tattatpr 901: CGccGGTGGTGGCT.ACAGCGCCAGCCTGCACAGTGAECGTCCGGTCTACGCC.BACCTCAG

r. ¡oftm 901r CGGCGGTGGTGGCTACAGCGCCAGCCTGCACAGTGAGCCTCCGGTCTACTCAATAT-AC
* +  *

r. nr, !ld.p, e 6 1 : cAAcrrcAAcccGGGrGcGcTGA-GcAGcGGcGGTGGGcTGffiGq4III+qIqlIgiGT c

r,,o¿rm e61,t.T11-.*".t*"9:1:1:""T"JT"-.t*Tccccccrqq4qq'4.TTrA'qlggrgrcrc

r, ottrttotpt 102 1 : ACCTCCGCGGCACAGCCGGTCAGCGGGCCffiGCTGCAGCCGCCTCCGGTGCAGCACCCGC

r, roftm I 02 1 : ACCTCCGCGGCACAGCCGGTCAGCGGGCCCGCTGCAGCCGCCTCcGGTGCAGcAccccc

r, cE.,úre.pt 12 6 1 I GGCTGGCCTTTCCCICGCAGCCGCAGCAGCAGCACCAAGCCGTGTTGAq4TG4.TGCIIEG

r. roltm 12 6 1 : GCCTGGCCTTTCCCTCGC.AGCCGCAGCAGCAGCAGCAACCCqTCTTqAGATqAEGCIITq

r-oEruuterp' 1321:ACGTGCCGGAGATGCCGGGAGAGACGCCGCCCCTGTCCCCTATCGACATffiAGTCAGCAG
r,.O-I-IM 1321 ¡ÁTGTGCCGGAGATGCCGffiAGAGACGCCGCCCCTGTCCCCTATCGACATGGAGTCAGCAG

r. artrrloopt 138 I ; TTGCAAA-CGTTTTGAGAACAGACTGTCAGGGCTGACGCATTGCCGCCTCCAAGTGCCGG

r. rortm 138 1 ¡ TTGCAAA-CGTTTTGAGAACACACTGTCAGffiCTGACGCATTGCCGCCTCCAAGTGCCGG

r. dr.trlayp, 14 4 I :AAAAGGAAGCTGGAGCffiATCGCTCGGCTAGAGGAAAAAGTGA¡¡ACCTTGAAAGCGCAA

?.roJlm 14{1;AA¡AGG¡AGCTGGAGCGGATCGCTCffiCTAGi\GrG,¡{J{JUU\GTGAAAACCTTGAIU{GCGCAI¡I

r- ottrrlatpt 1 50 1 :AACTCCGAGCTGGCATCCACGGCCAACATGCTCAGGGAACAGGTGGCACAGCTTAAGCAG

r. rortm 15O1:AACTCCGAGCTffiCATCCACGGCCAACATGCTCAGGGAACiAGGTGGCACAGCTTAAGCAG

r. urrrloopr 1 5 6 I : AAAGTCATGAACCACGTTAACAGTGGGTGCCAACTCATGCTAACGCGGGGCAATGGTCAG

T. ,O-IIM 15 5 1 I AAAGTCATGAACCACGTTAACAGTffiGTGCCAACTCATGCTAACGCGGffiAATGGTCAG

r- ortrtlaspt 1621 : GAGCGGATC¡AGG-CAGAGAGGAAGCGCATGAGGI\IIC-----A¡'GAI\AA¡AA¡\¡\TAI{C---
?.,o]rffi t621:GAGCGGATCAAffi-CAGAGAGGAAGCGCATGACGAAC-----Nq'cAl{l{l{l{1il{l{TAAc---
r, or.utTE}pr I 6 I 1 : -AGAGAC.AAACTTGAGAACTTGACTGGTTGCGACAAAAAAAAAAAAAAA

r. ,ÓJ,TM 1 6 8 } : -AGAGAEAAACTTGAGAJ\CTTGACTffiTTGCGACAAAAA¡A¡AAAAAAA

Fig.  2.  (cant . )

demostrated homology to eeveral known c-los genee the mammalian proteins indicates that d-lo,r u;nd t-jun

uequenccd.  Thec-/os T.uassi tepsnnd ?.sol lurzgcncs sharc 92% amino acid ident i ty '  Molecular  c loning

have a high sequence homology bctween them (96%),  of  both genes in both paraei tce,  together wi th their

whi le when compared wi th mouse, rat  and human, retspect ive mRNAs, and determinat ion of  the fu l l

the scores arc lower, but otill they Bre as high ae (93 ol,, Iength protein sequence, has confirmed that both

96% and 82%) respectivcly. Comparieon of thc belong to the group of proteins of the c-los and c-jun

predicted amino acid Bequence of t-fos and c-7un with family'
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Expressiott of AP-1 transtiption genes in Tacnia cranticepe and Tacnia eolium

B
Rattu' fTttUA: 1 MTAfiMETTFYDDAINASFTOSESGAYGYSNPKTLKQSMTLNLADPVGSIKPHI.RAI(NSDT
Mus muscul us: 1 MTAI(METTFYDDAINASHLQSESGAYGYSNPKIIKQSMTLNI,ADE4/GSLKPHLRAKI{SDL
Hono sapl ens : I MTAIffETTFYDDAINASHLQSESGAYGYSNPKILKQSfILNLADPVGSLKPHLRjAKNSDL
r¡r¡r¡ o¡¡rrlcrpr i I MTAI0IÍETTEYDDAINASFLQSESGAYGYSNPKILKQSMTLNLADPVG$LKPHIRiAI(NSDL
T¿dn:.a joll um; I MTAI(METTEYDDAINASFLPSESGPYGYSNPKILKQSI4TLNLADPVGSLKPHLR AKNSDL

Rrttur ¡attus: 61 LTSPDVGLIKLASPELERLIIQSSNGHITTTPTPTQELCPKNVTDEQEGFAEGEI/RALAE
Mus musculus: 61 LTSPDVGI,LKLASPELERLTIQSSNGHITTTPTPTQFLCPKIWTDEQEGFAIGFI/RAI,AE
Hoaro sapi ens: 6 1 LTSPDVGLLKLASPELERLI TQSSNGITTTTTPTPTQFLCPKN\TIDEQEGFAEGFI/RAIAE
r¡ntr oreralorpr: 61 LTSPDVGLLKLASPELERIJIIQSSNGHITTTPTPTQFLCPKN\IIDEQEGFAEGEI/RAI¿E
raa¡la ¡oLlum: 51 LTSPDVGLLKI*ASPELERLVIQSSNGHITTTPTPTQFLCPKNVTDEQEGFAEGFI/RAIAE

Rerrur ¡dttus: 121 LHSqNTLPSVTSAAQPXXXXXXXXXXXX)OffXXXXXXXXXXXLHSEPPVYANI,SNENXXX
.ülus nuscuLus: 121 I,HSQNTIJPSVTSAAQPXXXXXXXXXXXXXXXXruA(XXXXXXXLHSEPPVYAIÍLSNFI{XXX
Homo sa¡rian.s: 121 ITHSQNTLPSVTSAAQPXXXXXXXXXXXXXXXXXXXXXKXXXXLHSEPP\rYANLSNETIKI{X
rrrntr o*rrrocp¡¡ 12L LHSQNTLPS\,|TSAAQPVSGAG,fVAPAVASVAGAGGffiGYSASIHSEPPVYAbIÍ,SNFNPGA
3'¿ante ro.tlufl: 121 LHSQNTLPSWSAAQP\I'IGAGIWAPAVASVAGGSGSGGF9ASLHSEPP\IYANI,SNF^IPGA

Rdtrus ¡rttturl 181 XXXXXXXXXXXXXXXXEXXXXXXX¡{XXXXXXXXXXXXX){XXXXRI-QAIKEEPQTVPE}'IPG
J'fus ¡ruscuj.u.s: 181 XXXXX)O{XXXXXXXXXE¡üXXXXXXXXXXXXXXX)ffXXXXXXXRIQAIKEEPQTVPEMPG
Hono sa¡tlens ; I E 1 XXXXXX)O{XXXXXXX)(A]{XXXXXrcflOOO{XXXXXX)O(X)O{XXXRLQAI,KEEPQTVPEMPG
rttnlt artttlotp¡; lBl ISCffiAPSYGAAGLAFPSQPQOQQQPPQPPHHLPQQIPVQHPRIQALKEEPQIVPEMPG
?aonJ¡ rol,lum: 181 I,SSGGGAPEYcAAGI.AFPAQPQQQOOPPHHLPQQMPVQHPRLOAIKEEPOTVPEMPGETP

Rrrrus rrttur: 2{1 ETPPLSPIDMESQERII$ERKRMRNRIAASKCRKRKLERIARLEEIffKTLKAQNSET,AI¡T
Mua ftu.ecuLD.s: 2¿1 ETPPLSPTDMESQERII(AERKRMRNRIAASKCRKRKIERIARLEEIffKTLKf,QNSEIAST
Homo.eaplens: 2{¡1 ETPPLSPIDMESQERIKAERKBI-flNRIAASKCRKRKLERIARLEEKTTKTLKAQNSELAÉ¡T
rttatt oxtulotptt 2A! ETPPT,SPIDMESQERIKAERIffiI'ÍRI'IRIAASKCRKRKLERIARLEEIfl,TKTITKAQNSELAST
1'aonl¡ ro.Llum: 2{1 pLSPIDMESQERIKAERKR¡{RNRIAASKCRKRKLERIARLEEIfl/KELKA0NSELAETA}¡M

.Rd t t ut .Ed t tur : 3 O 1 ANI4LREQVAOLKQI$/MNHV}{SGCQIJMIJTQ0LQTF 98 t

Mus mu.scul us : 30 I ANMLREQVAQLKQKVMNHVNSGCQ$'fi TQQI'QTF 92 t

Homo eaPl ens : 3 01 ANMLREQVAQLK0KVMNTII/NSGCQÍ.I{LTQQI,QTF 93 t

r..nl.. dr.,,lo.p¡ I 30 1 AIIMI,REQVAQIJKQIffMNHV}{SGCQLMLTQQLQTF
?¡anlr ¡oJ. I u¡t : 3 O 1 LREQVAQLKQIffMNII\ruSffi QLMLTQQLQTF

Fig.2. Taenia crassicaps and T. solium c-jun gene Bequcncc and predictcd amino acid Bequencc alignment. (A)

Nucleotide Bequencc of T . tassimps and T. sólium c-jun gene. The poeitionn of the start codon and the oligonuclcotidee

uned for PCR amplification üre underlinetl. The nuclcotide number arc by reference to thc ctart of the 5'UTR when

thc 
'/', czassrcaps and ?. solpr oequcnce ir uligned with other known mammalian c-¡un scqucnccE. Aeterieke (r) indicate

a change in nuclcotide scquence. (B) Alignment of thc c-las protein eequcncec in rut (Rattus tattus), morree (Mus rzustulu),

human (I{onro sapicns), und ceetodce 
'f . uassieps,and T, solium. Amino acidc ure reprcocnted by eingle-lcttcr code¡.

f)ottetl linea rcprc6cnt unidentificd amino rrcide, and the X repreecnte hi¡hly variable rcgionr, merrning that X can be

anv umino acid.

C)n the other hand, T. crassicelts and' T. solium c-jun
genee (Fig. 2) hnvc a higher scquence homology

(98%). Intereetingly, the homology is also higher

when compared with both helminth gene Bequcnces

to thcir mammalian counterparts (mouse 93%, rat

98o1,. and human 93o1,) (Fi¡{.  2). Nucleotidc Eequence

data reported in this pÉper are nvai lable in the

GcnBankl 'M, EMBL and DDBJ databases under

the Accession numbers: AY436ó13, AY4366l+,

AY43ó615 and AY436ó16.
In view of thc fact that diffcrcnt mRNAe cnn

have varying half- l ives and may undergo sclcct ive

dcgradation, the quanti ty and integri ty of total RNA

extrscted from the difTerent Bourceg used in this

study was comprrred, Thc eame amount of RNA

(1 pg) that was non-degradcd was used for RT-PCR
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Bmplif icat ion in esch t iseue etudied. The RT-PCR

amplification of the r-las Bequences for T. crassiceps

flnd T. solium is ehown in Fig' 34. It ie clear that a

epecific fragment (274nt) that corrceponds in mol-

ecular weight to thet of c-fos was obtained in both

control tiesucs, aB well as in ?. ttassice{'s and T'

solium, Notc that in both paraeites the intensity of the

band for c-los amplification is 10 times atronger than

the control t iaeue, using the same total RNA Bmount.
p-actin waa conetantly expreeeed in all tissues ampli-

fied, In Fig. 3A the amplification by RT-PCR of the

c-jun gene is alto ehown in T , crassiceps but not in ?.

solium, A specific fragment (325 nt) that corrceponds

in molecular weight to that of c-jun wae obtained

from mouee teetee and pig muscle total RNA, B*actin
wne constflntly cxpreseed in all tieeuee amplified. By
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t  r '  , l / I

¡;ftts J>

viun ]

/l-ur'litt j

B l / r  / ' l t

I t t It . ! t t 1 ,  i l I

,_¡un +

I-tuitt +,

Fig. 3. Analycis of the cxpreoeion of r-los and c-jun gene

in Taenia crdssit¿Ps and T. solruu cyaticerci' (A) A

rcprcscntf,tive RT-PCR of total RNA from T. trussiups

(TC), ". so/rurn (T!i), mouse (MT) tcete¡ tntl pig muecle

(PM) ehowing the detection of c-los and r--¡urr. p-rrctin wae

used ae thc conntitutively expreeeed control genc in all

lance. (B) Reprerentntivc Northcrn blot of total RNA from

T. ratsiceps (TC), mouec tcstcn (MT), T. solruz (TS)

and pig murcle (PM), ohowing the detection of c-los tnd

t-jun, fi-rctin wns uecd ae a control of RNA integrity, ae

wcfl a¡ a contitutivcly cxprensed genc to show that T. solium

docl not expreoo thc c-.¡uz gene.

ueing degenerated ol igonuclcot ides of  the c- izn gene

ae primers, no expreseion of t-jun gene wae detected

in T.  sol ium ei ther (not  shown),

As a demonetration that c-los and c-7zn play a

physio logical  ro le in both species of  cyet icerc i ,  and

thflt the lack of expresuion in T. solium found by

RT-PCR was not artifactual or due to a trivial reason

Buch as non-speci f ic i ty  of  the ol igonucleot idee uoed,

Northcrn blot  annlyses wcrc performed. In Fig,  3B

it is ehown that both T. crassicefis and T. solium

exprc88ed the c-/os gcnc Ét similar levcls. However,

when c-7un gene expreseion was aosesecd, it was found

thut  only T.  crassircPs expreescd th is gene (Fig.  3B).

I t  ie  important  to ment ion that  B-act in wtr$ expresued

in al l  RNA Bamples analysed,  Eupport ing the not ion

that T. so/rur¿ cysticcrci do not expreoe thc c-7url gene.

The fact that c-los and c-jun genee are regulated in

the same wny ss their mammalian counterpnrte in

both species of  cyst iccrc i ,  was demostratcd by way

of R'I'-PCR amplification of cultured T' crassiceps

and ?.  so/ izm cyst icerc i  in thc preoence of  oestradio l ,

a steroid hormone that is known to inducc e-los and

c- jzn cxpression in mnmmal ian cel ls .  In Fig,  4A the

pattern of expression for c-los, is shown and it ie

clear that Er trestment strongly augmented c-/crs

cxpreseion in T. crassicepo, but not in T. solium. In

Fig.  4A, a representat ive Northern blot  ie shown for

c- jun,  in which i t  is  c lear that  E¡ st imulutes c-7zn

tlt*

t'*#*

2+0

expreesion in T. crassicerts, but has no effect what-

soever in T. st¡lium.
In Fig. 48 a Southern blot analyuie is depicted of

t-jun and. c-/crs in T, solium and T, dra.tsti¿ps cysti-

cerci.  Southern blot and hybridization probing of

EcoRI-digested T. crassicepJ and f, so/runr gcnomic

DNA identified DNA fragmenta in each Bample that

hybridized with the c-fos and e-7zn cDNA probee.

T. rassicefis Bnd T. solium genomic DNA produced

restriction fragments of 2'37 kb when hybridized

with the c-los probe, while whcn hybridized with

d-l¿n both produced a 4'5 fragment (not ehown).
When treated with En, T. crassiceps cysticerci

exhibited amplified copy number of the e-ltrs gene,

while ?. solium did not. The level of c-los amplifi-

cation in T, uassircfis ranged from 2'4 to 3'ó. The

B&me pattern was Been when thc c-iun gene was eimi-

larly examined in the eame eamples in both parasitcu:

an increased (1'9 to 2'3) copy number in T. crassiceps

t-jun gene aB the oestradiol doee increased, while

there was no change in the level of c-jun gene rn

T, solium. The f-actin gene rcmtined conatant.
In Table 2, the cffcct of oestradiol on in ztitro te-

production of T. crassicefs and ?. solium ia shown.

The number of buds was augmented in ?. crassiceqs

cysticcrci by 720% when they were atimulated with

40 ¡tE, of E¡ compared with untreated cyeticcrci. On

thc other hand, whcn T. so/rurz cyeticcrci were treated

with E¡, no effect on reproduction wae recorded,

as comparcd with untreated cyete. E¡ did not affect

viabi l i ty in any species of cyeticerci tested, and re-

production waa correlated with AP-1 complcx gene

expre8sion in T. trassiceas,
To further dcmostrate that c-las and ¿-it¿tt genee

were of parasite origin and not obtained artifactually
by hoet cel l  contamination, we el iminate al l  possible

hoet cell contamination after parasitee being ex-

tracted directly from host tieeucs by culturing them

for 1 week in a free-serum mcdium, which maintains

paraeites, but not mammalian cel le, Paraeitc cultures

were then checked for poesible DNA and RNA hoet

ccll traces, amplifing a highly specific gene product,

which has evolved only in mammale, Euch as the frag-

ment VDRHC (Variable Rcgion of the Heavy Chain

of thc immunoglobulins), which showed no ampli-

fication in DNA or RNA from the paraoitc, but gave

posit ive in the hoet t iseues (not shown). The same

reeult wae obtained when another highly evolved
genc (as TNF-a) wae ueed sB s template: the mouse

and pig t iesuee ampli f ied i t ,  whercae T. sol ium

Bnd ?. üassiilps did not (not ehown), B-actin was

exprcs8ed to a almilar level as in mousc 8nd pig

t iesuee, demoetrat ing DNA and RNA integri ty.

D I S C U S S I O N

This etudy reports thc expreseion of c-los in T,

crassi¿e|s and ?. so/turn cyeticerci and of c-jun only

in T, crassfteps. The preeence of both c-fos and c-jun
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Exfresion oJ AP-I trautription genes itt Taenia craesicepa aad Tacnia nolium

' lable 2. Inxitro rcproduction and AP-l relat ivc cxpression of Taenia

crassirc'ps and ?. so/rurn cyeticerci in the absence (C) or presence of a doae

of 4() ¡tg of oestradiol (E¡) during five days in culture

Numbcr of bud¡ Relative expreeoion Relative oxprctsion
(nv. pcr cultured well) c-Jos/p-rcrin t'jun/fl-actin

Spec ies  o f

cyeticerci

T, uussiups
T. solium

0
0

25+
0

1 . 2
1 . 5

1 20.8.
1 . 8

1 , 6  9 0 . 3 i
0 0

r  P < 0 ' 0 1

t l'-

r'y'irs r !ü-r

- { It-jurt

tl-at'titt ->

Tautln rrursi+'tns

'F

t l

could help to explnin the high ascxual prol i ferat ion

rate of T, crassiceps in femalc and feminizcd male

mice, ae wcll ns the strong efTects of Bcx-Eteroida

leading to increased parneitc loads (Bojal i l  et al,  1993 ;
Larralde et al.  7995; Morales-Montor el al.  2001,

2002). 'I'he Bequenced parasite e-/os and c-jun gene

fragmcnts code for thc proteine' DNA binding

domains, that arc the most highly conserved among

specieo, as thown aleo by our f inding that

they are identical in T. solium and T' tro'ssice¡s-

Moet certainly, theoe parasite gence must be rm-

portant in the physiology, development Énd aeexual

rcproduction of the parasite, as they ure for many

other organisme. Poesibly theec parasite gence Bre

aleo important for the hoet, ehould the proteins coded

'l'uttnia 
¡¿.linnt

reach the ho¡t celle and influencc their activities

in a variety of processes euch ae inflammation, rm-

munity and cel l  prol i ferat ion (Barnen & Adcock,

1  998) ,
To show the integri ty, size and cxpression level of

thcec genes in pnraeite RNA, wc performed North-

ern blot analysis. Our reeulte reinforced the notion

that c-/os is expreeeed in both opccieu of tapeworm,

blrt c-jun ie only expreoeed in T. crassiceps, Énd not

in 7', solium, which is very intriguing. Lack of c-jun

expreseion it T, solium could result eithcr from hoet

or paraeite regulation factorE' since Southern blot

analyeiu showed a transcript for c-jun in T- solium,

which demostrates thst i t  doee havc the gene¡ but i t  is

not being expresBed,

| . t r r ' i l 1 t ,4

_!!::!!!!!*
I  r l  l r l

r ' - l i r . t jF- - f f i
I
I
I

. l
t ' 'Jm - l  . " " -* ' l f f i * -**{¡h¡#l

I

I

fl-uultt

FiB. 4. Northcrn and Southcrn blot ünBlyBcB of r-las nnd t-jun gene exprcoeion in culturcd and entrrrdiol-trcatcd cyrticerci.

(A) Rcprenentntive Northern blot of c-las an,J t-jun cxprecsion in reeponre to 40 pg of oentradiol (El) from Tc (Taenia

crassicep,r) an¿ T. solium comprrred againnt unstimulatcd ?. tassiups (CTc) und unotimulflted T. solium (CTu) cyeticerci,

(B) Southern blot analyuis of gcnomic DNA for c-los ond rjun in T. uasitcps and T. solium cyoticcrci. p-ectin wae ueed

a¡ u control of IINA integrity, and to ehow that regulntion of AP-1 complcx gcnes by eatradiol in apecific, as wcll ae u

contitutivcly expreseed gcne to show that T. solrun poaocesc¡ tht t'jun gcnc, but doeo not cxPreEs it. In both hlot8'

d-actin wa¡ used 11a a contr(]I, constittttively exprcescd gene rtnd remaine{ uneltered'
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J, Morales-Montor and oth¿rs

It is well known that c-Joslc-jun heterodimere

are the most functional at the transcript ion lcvel
(Chincnov & Kerppola, 2001). Thue, T. sol ium

cysticerci expteosing only d-los would limit the ef-

fective transcription of the gencs involved in ascxual

rcprocluction that characterizes ?. crassiddps cysti-

cerci.  Indeed, the lack of t :- junexpreosion in7'.sol ium

cysticerci is congruent with the fact thot thio parasrte

is incapable of nsexual reproduction. Although c-7trn

can form a functional homodimer, 80 far it hns not

been demonetrated that c-los functions in this way'

In this rcgard, i t  is very intr iguing to understand

how c-los elone functions in T. solium. It would be

important to ascertuin which of both poseibi l i t ies ie

operoting¡ since T. so/iarn cyeticcrci frequently de-

generate and calcify opontancously and harmessly

in i ts human host 's ccntlal nervous systcm for un-

known reaoono. I f  these reaeone involve regulat ion

of the exprcseion of parasite transcript ion factore,

the poesibi l i ty of therapy to shut down thcsc genes

is opcncd.
The connection between sex steroide Bnd pflrasit-

ism is progressively being recognized ss decisivc in

the outcomc of ueveral parasite infect ions (Alexander

& Stimson, 1988; Klein, 2000)'  Iror inotance, in

mammals, sex eteroide part icipate in a largc number

of physiological proccesee such as sexual behaviour
(Maggi & Pérez, 1985), reproduction, and develop-

ment (Knobil  er al.  1988). Ocetradiol regulatcs theue

procceses by inducing DNA repl icat ion nnd cel lulat

prol i ferat ion through chenges in thc expression of

several proto-oncogenes such as c-los (Kushner ct a/'

2000) and tr vuriety of genes from thc izn fumily
(Ransone & Verma,  1990;  Nephew e t  a / .  1993) '

Likewise, the influence of c-fos lafid c-iun genes on

reproductive behaviour affect thc evolution of the

host nnd paraeite Bpecies (Mclennun & Brooks,

1991). The inclusion of gene complexes, such as

AP-l in the parasite, with euch potent and wide

efTecto on various cel lulrrr procesBeB involved in

hoot-parasite relat ionehips may help in understand-

ing a number of major questione in parasitology,

l ike host-pnraeite specif ici ty, BexuBl dimorphism, the

possible relat ion with oncogenesis, antigenic prira-

site variation, and the type of effectivc immune

responses, to nume u few.
Compariuon of the amino acid eequcnce encoded

by the conserved regionu of the taeniid genes further

indicates that both c-los and c'7zn proteins are highly

conscrved in relat ion to other parasite genes. Mem-

bcrs of the c-los and c-jun gene family have two exone

encoding two DNA binding domaine that arc slternf l*

t ivcly spl iced, producing tranocripts that encode

proteins having either one or two binding protein

domains, which is furthcr indicative that these Ere

transcript ion factors proteins. Elucidation of features

common to the genes encoding these proteinu wil l

lead to a bctter underetanding of the role that they

play in the parasites' biology.
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HoST GENDER IN PARASITIC INFECTIONS OF MAMMALS: AN EVALUATION OF THE

FEMALE HOST SUPREMACY PARADIGM

J. Morale¡-Montor, A. Chavarrla, M. A. De León, L. l, Del Castl l lo, E, G. Escobodo, E. N. Sáncher, J' A' Vargas'
M. Hsrnández-Floree, T. Romo'Gonrález-, and G' Larraldef
Departamonto de Inmunologla, Instituto de Investigaclones Biomédicas, Universidad Naclonal Autonoma de Mexico, AP 70228, El Alto.
México DF 04510, N/exico. E-ne/: larr1lde@sstvidor-Ltnam-mx

A[rsrRA(tr :  A rcv¡ew of  curcr t t  l i tcroturc on rnur l l ra l ian hosts '  scxual  d imorphisnr (SD) in pur¿si t ic  in l 'ect ions rdvcalcd that  ( l )

it is r scrrrccly an<l supcrficinlly studied biologicol ¡rheuorncnon ol'considcrablc significnncc for irldividunl hcnlth, behavior'. ¡rnd

tifcslylcs and fbr tlrc cvolution ol'spccies: (Z) ttrcrc arc nrtrny nottrblc cxceFtiolts to tltc rtrle of u fnvorable f'ernnle bias in

susccpt ih i l i ty  to infect ion;  ( -1)  n cornplex nctwork of  r ro leculLtr  nnd oel lu lut  rüsct ions conncct in8 thc host 's  immtl t to-ncuro-

cndocr ine systcnrs wi th thosc ol ' the pi r ls i re is  rcsponsi t r lc  for  thc host-parusi to rc lat ionshiP rathür than. just  ln t rdRpt ivc inrmuno

resporlsc R¡d sex lronrroncs; (4) a lncl ofgcnder-specific itnnruno profilcs in responso to dif'lcrent inFections; (5) tlre direct effccts

of illc l,o*t hormoucs on p"iu*iL" plrysiology rnrry significantly contribute to SD in patasitisrn; and (6) the neod to curich the

rcductionist trpprooclr to iornplcx'¡iologiciri iosrics, lik. SD, with nrore ponctrating approucheu to tlr_e study of caL¡sc+ffect

relutiouships. li., ncrwol.k theory. T|c rJvicw conclutlcs by advising ugaitrot generalizrtl' ion rcgarding SD antl parasitism rtnd by

poirr t ing to sonlc of  t l rc  rnost  ¡ r rornis ing l ines ol  rcscnrch-

THE FEMALE HOST SUPREMACY PARADIGM IN
PARASITIC INFECTIONS

I t  is  widcly held that  tbt ln le uranl tnt ls  nt 'c  urore res¡stant  to

parasi t ic  infect ions than males hccnusc ofgendcr-nssociated di f -

fcrcnccs irt exposttrc antJ of tcstostcrone's itntlunosttppressivc

properties. The pnrudigm implies tlrat scxual tlimotphism (SD)

to parasi t ism is r r redintcd ouly,  or  pr incipal ly ,  by thc host 's  i rn-

rnunc systetn and usunl ly  d isregnrds the palasi tes '  t l i rect  rc-

sponse to thc dist inct  sex-stc l 'o id prof i les of  their  f 'emalc and

nlnlc hosts.

Thc I'errralc supremilcy paladigm in parnsitic infections h¿rs

cxistcd for  ü long t i lüc (At1dis,  1946) '  nnd t lespi tc thought l i r l

rccomrt tendat ior)s agir inst  s i rnpl i f icat ion (Zuk nnt l  McKcnn.

1996),  i t  is  rarely qucst ionecl .  In scvcral  prest ig ious. iotr rnals.

however,  i t  has lcceut ly  bcct)  t l  m¿rt te l  of  dcbntc,  part icular ly  in

¿rssoci t r t ion wi th morta l i ty  t rent ls  in l tumans (Moole and Wi lsorr .

2002; Owens, 2002) and several  inf 'cct ious discnscs (Ztrk und

McKean, 1996; Dopr¿rt lo et  a l . ,  1998; Watnnabc ct  a l "  1999:

Klei r ,  20()0;  Gunley at ld Raj t rn,  20011 Hughcs and Randolph,

2001 ;  Robe r t s  e t  ¡ 11 . .  2001 ;  Ve r t he l y i , 200 l ) .  l t  hns  n l so  been

associnted wi th s n l rmber of  brof ldcr  subjects,  i  c ' ,  cvolut ion of

ssxr. r Í l  reproduct ion (Zuk,  1994),  dccis ion mnking ol  the host ,

socin l  h icrarchy ( t iarnald et  a l . ,  1998; Goutbal  et  41. ,  2002) '

mi l t ing behovior  (Krrval iers and Colwel l ,  l99J;  Morales ct  n l . .

1996; Wi l l is  and I 'oul in,  2000).  and cncrgy costs of  inf 'ect ion

und thc immune respotrsc ( l lansen et  a l . ,  ?003) '  We dccidcd to

rccxnmine the paradigm in the l ight  of ' t l te currcnt  underst&nd-

ing ol '  the i t lurune and ctrdocl ine systems of  potent ia l  hosts

bccausc we tbund that it conflicted with our obscrvatto¡s re-

garding experitnctrtnl Inrrrine cysticercosis causcd by T"acnirr

t ' rassi teps.

EXPERIMENTAL MURIN E TAENIA CRASS'CEPS
CY$TICERCOSIS CONFLICTS WITH THE PARADIGM

Tacni¿t <:r¿t.ssit-eps is an intcstinnl cestodc of canines (dcfin-

i t ivc host l  ant l  of  vat ' ious cxtra intcst iu¿r l  t issues of  rodents ( in-

Rcccivcd 20 Murch 200- l :  rcv iscd 23 Scptcnrber 2003; ncccpted 24

Scptcmber 2003.
+ lJopurturnctlto de IJiologil Molccular, Univcrsidad Vcracrttzrnn' Xal'

r tpn,  Mexico.
t To whour corrcsDotldence should bc addressed.

termediate host) in its lnrvtrl (cysticcrcus) sLilge ( F'rcclllan,

1962). Experirnental cysticercosis cfltrscd by Z t'ras.tfu'e¡;.r tu

nrice simply requires thc intraperitoneal injection of livc cysti-

cerci (Culbreth et al. ,  1972). lntrapcri toneal cysticcrci rcplo-

duce ascxuully by exogcnous budding, developing massive par-

asite lotds in n f-ew morrt lrs (Snrith, Esch ct al. ,  I972; Snti t l t .

Pnrrish et al,, 1972) thflt tnay cven approxilnatc the host's body

weighl, without car.rsinE it upparcnt tliscomfort (Lnrralde et al--

1995). The cysticelci ¿lso survivc antl reprodrrce in vitro under

usual culture conditions in media frcc of fetal calf scrum' These

fcatures of expcrirnentttl mul'inc cysticercosis have made it a

conveilient modcl in studying thc imnrunological, genetic, and

sexusl t'Bctors involved in susccptibility to infcction iuld pera-

site prol i fcrat ion (Sciutto ct al. ,  2002). Scxual t l i f l 'erel lces to

infection in mice arc still a lnatter of rcscttrch' Tltus. cxpcri-

urental findings have shown thirt in diffclent corrgenic and syn-

gelric strfliDs of lrúce, fctnales become infbcted more often thall

nlrrles flnd carry more cyst¡cct'ci than males, with significant

betweeu-strai¡r variat ions (Sciutto et al. ,  1991; Htrert i t  et al ' ,

1992; Larraldc ct al. ,  1995: Terrazas et ¿r1., I998: Morales-Mon-

tor, Bnig et aI. ,2001; Morales-Montor, Btr ig. Hallal-Callcros el

al. ,  2002; Morales-Montoa Baig, Kabbnni ct ¿rl ' ,  20()2; Moralcs-

Montori Il¿rllnl-Ctlleros ct ¿r1., 2002). Estrogens f'avor pat'asitc

reprtrdttction, wherets androgens sppear to inhibit it (Bojalit ct

¿r1., 1993; Tct 'rnz¿Is et f l I . ,  1994; Morales-Montor. Baig, Hallal-
( lal lcros ct al. ,  2002), Conadectonry and thyurectotrry equalize

paras¡te loads between scxcs by greatly inclensing those iD

males and sl ightly decreasing those in femalcs (Huerta et al ' .

1992; Terrazas ct nl. ,  1994; Morales-Montor, tsaig, Hallel-Cal-

leros et al., 2002). Male mice are bctter protected by vnccina-

t iou than fcmales (Clruz-Rcvi l la et al. ,  2000). Extemally sdmin-

istcrcd I7$-estradiol nnd dihydrotcntostcrone (DHT) arc able to

restorc parEsite loads to their normal levcls in ctlstr8ted aniln¿rls.

T cells, hut not ¿rntibodics, also restore thc cflects of tltyrncc-

tomy (Bojal i l  ct al. .  I993). Thc THI responsc hinders parasitc

glowth enrly in int 'ect i trn ( lbr lnzas ct al. ,  1999; Toenjes et al-.

1999: Spolski ct al. ,  2000; Rodriguez-Sosa ct al. .  2002), whcrc-

as the THz rcsponse prevai ls at l¿ter t imes of inl 'ect ion hut is

incapable of slowing ptrasitc growth (Terrazas ct rt l . ,  1998;

Tocnjes et al. ,  1999). hr chronic int 'ect ions, t l rc male mouse js

feminizerl (estrogcnizetl tnd deandrogcnized) to a dcgrce that
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inhibits urale scxual behavior (Morir les ct nl. .  I996)'  Fcurini-

z¿lt ion is apparently caused by ovül 'explession of P-4-50 at 'o-

rnatnse (Moralcs-Montor, Hallal-Culleros et al. .  2002), tr iggcrcd

by thc high levels of intcrlctrki t t-6 (IL-6) ut lutc infect ions (Mo-

lales-Motrtot;  Bit ig et al. .  2001; Moralcs-Montor, Mohamed et

at.,  2001). Cytokirrc plof i les of infcctct l  r i lülc f lnd f 'emale micc

do not show major difTerencc$, cxcept fol the levels of IL-4'

which are highcr in males during eal ly infbct ion only (Tcnazas

c t  ¿ 1 . .  1 9 9 8 ) .
These f indings led to thc init ial  ploposal of B scx steroid,

iurrlurtoettdocline interactitrlr thul contlols lhe reproduction of

cysticerci,  onc in which atrdrogens wcrc posfulüted to f i tvor a

THI rcsponse l . l rat l inr i ts parasitc growth ¡rnd in which eslrogcn

l'nvors a THZ res¡ronse thot pcrmits ptlrrlsitc rcprodtrction (Hucr-

t¿ et ir l . ,  1992; Bojtr l i l  ct al. .  1993; Tct ' t 'nzas et nl. .  1994; Mo-

r¿rles-Montor. Baig ct al. ,  2001; Molales-Montor' ,  Baig, Hallal-
( lal lclos et ¿1., 2002; Mor¡r les-Monto¡ Raig' K¿rbbani et nl. ,

2002). Other studies ulso support the putportet l  corrclnt ion be-

tween androgcns rrncl TH I response and betweetr cstrogcn ünd

THZ response (Mornlcs-Morrtor, Baig et al. ,  2t)0 l ;  Moralcs-

Montr)r ' .  Baig, Hatlal-Callcros et nl. ,  2002; Motales-Montot;

Baig. Kabbani et ¿1., ?002; Morales-Montor, Hallnl-Calleros ct

n l . .  2002)
Signs of SD in cysticercLlsis wcrc recently rcportetl lbr other

host ancl tueni id specics. For cxatnple, scx stcroit ls havc bcen

inrpl ica.ted in porcine cysticercosis cnuscd by Tüpnia sol lum

because both casttntiort nutl pregtratrcy ncirrly double the prcv-

alencc of natrral ly acqtr ir-ed cysticcrcosis in rural pigs (Morales

ct ¿r1., 2002). In hum¿rts, womell are rnol'c tiequently afllicted

thirn nren by scvere neurocysticet 'cosis (Dcl Rrutto ct nl. '  I988)

turd sltow higher inf larnmatory prof i lcs (Flerrry ct at. .  2003)'

Because scx stero¡ds nff'ect exper¡mental 7'' crrr.r.rir:e?s itrfcc-

t ions in lnborotory micc und extcnd to n¿tttral inf 'cct ions of 7".

sr¡liun in frumans and pigs, as wcll 1'\s T'richlfiellü spirulis irt

rats (Klcin et al. ,  1999), our ini t ial  suspicions regtlrding the

gcncrnl validity of the fenralc supremacy psradignr were

strcrrgthened.
f)ther ougoing rescarch hns slrown that in |- cr'¿rs.Íic¿?s lllu-

r ine cysticercosis several physiological systcl l ls ofthc host re-

sponrl to t l te host 's sex hortnoncs, r¡nd so docs the parasite either

by l imit ing or by prompting i ts rcprodtrct iot l .  F'or exumple. the

cerltrftl nervous systcln of infcctcd alr(l felllin¡zed male nlice

responds to intrapcl i toncal infcct ions by ovcrcx¡rresssion of the

r;y'r.r' gcne in thc hypothrrlnnrus, hippocflInptlsr trnd preoptic nrea

(Morales-Montor. Arr ietf l  ct nl. ,  2003). l t  wotr ld appcar thut hor-

ruronal chungcs induced in the host flct to pronlote the overex-

pression of the t;lr.r' gcnc irrvolvcd in cellulnr dif'f'erentiation

¿rn(l  prol i t 'cr8t iorr of both ptrrasite and host cel ls (Escobedo ct

ul. ,2004), ¿s thcy do in othcr stress at ld i t tmune chal lcnges

(Pacheco-Lopcz et al. ,  20{)2). Thus, i tr  ururine cysticercosis,

parusitc prolif'eration is t'esponsivc llot only to thc host irntnuuc

systenr and testostcronc but also to a cotuplcx network thut

intcglates t l te ncrvous, immttl te, Hnd endocrine systcms of the

host aml the partrsi te's physiological systelns' Tlre confl ict be-

tween rnalc biases in T. crttssit:t:¡t.t cysticercosis with the host

f'errtale supremacy paladigm expcctntiolls is undcniable and rc-

quircs cxplanation.

TESTING THE FEMALE HOST $UPREMACY PARADIGM IN
A WIDER REPERTOIRE OF PARASITIC INFECTIONS

The paradigm of f'ernalc host suprettlacy in parasitic infcc-

tions of m¿trlllllalsr Bs wcll $s thc robustness of the correspond-

ing endocrinologictrl and immunological factors postulnted trs

its mcchnnisms, was cvttlu.ated rrsing current litcrature (Med-

l inc ,  n :  110:  1995-2002) ,  ns  we l l  as  sevc t 'a l  f requent ly  c i t cd

classic art icles and a fcw receüt ones published in 2003' Atler

examining this litcrattrre, howcvcr, the general validity of thc

t-ernale supreulacy pnrttdigm wns seriously weilkened by too

nlany exceptions, Whut emcrgcd was a cornplex host i l lmuno-

ncul-o-ettdocriue lletwork that wÍls relatcd to the parasite phys-

iological ly and thf l t  sccri ls more l ikcly to control the cotnplex-

ities involvcd in certain host-llarasite intclactions tlrau testos-

terone aloue.
Whetr infections that documented sex bias in infcction pa-

r¿Iileters (Infection-SD) ol immune profiles (lmrnunc-SD) wet'e

found, the possibility of a cnuse-etfect rclationship was cx-

rrmined further. Each infcction was clnssified ss cithcr sexually

dinrorphic. not¡ng thc sex favored by the bias (tbmales }' urales

or f'enrales { males), or undefined (fetnales : rilales)- Infcction-

SD was cvaluated in tcrtns of prevalence, iutensity, severity,

rnorbidiry. nrofrfllity, hormonal profiles, or behavioral changes

in infected animals. The biologicnl meaning of these poramcters

differs substantially. Thus, sorrre relüte to the probability of tn-

l'ection, i.e., prevalcnce, tltld othcrs to the outcotne of infection,

i.c., rrrortnlity, btrt they wcrc assunted to be equivalcnt indic¡r-

tions of scx bias. Itntuune-SD psfanlcters include sDtibody pro-

duction, lyrnphoid cell responses to tnitogcns or antigens, cy-

tokine production, lrypcrseusitivity rcactiolls' rind protective et:

fects of vtccirration. Imtnunc-SD püramctcrs also havc impor-

tant fi¡nctional diff'erenccs in their uatttre and coutext of

expression, i .e.,  popultrt ions, individuir ls, cel ls, and moleculcs,

in thcir role as cffectors or mcdiators of ¡mmrtllc responscs, in

thcir operatiorr uuder in vitro or irr vivo conditions, and in their

nbility to plotect tionr inf'ection. Thcse immunc parameters

were scored as "greater than" or "smaller than" with respcct

to the oppositc gentler, Thc lmmulre-$D nnd lnf'ection-SD dats

collectcd were uscd to exan'linc how the 2 arc counected'

FIRST GENERAL SIGNS OF PARADIGM WEAKNESS

The total number of t'cferences exaurinccl is relativcly smirll,

i .e.,  only I l0. Thc search identi f ied just 46 difTcrent para$rtc

species occurring iu I0 specics of rnammnlian hosts, a rninute

sarnple considcring thc mauy thousands o1' parasitc (Hoberg'

1997) and rnt lnmalian species (Anderson ct nl. '  I984)'  Fotty-

thrcc ret'ereuces reported SD (Ttble l), and the rest (67) wcre

cortcerncd with tlolecular interactious betweetr thc entlocrine

irnd imillune systcms or with homronal, bchavioral, and im-

rnune el l fects on the host (Fig. I) .
The human rnedicine bias in SD research is obvious hecausc

56% of all thc articles wctc otiented to thc study of infcctiorrs

afTecting humans or cxperimental animal infcctions (usually in

rodcnts) having n human counterpart,  i .e..  mtlaÉa, schistoso-

núasis, tryparrosomiasis, toxoplanmosis, and cysticercosis. Most

rcfcrcnces in thc list do not directly explorc SD bttt rathcr de-

scribe the in viho eftbcts of sexual homtones or cytokines on

the immediate response of sotue iurrrrunological or endocrino-

logical courponcnt clerivcd from hosts of either scx in rather
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unreal is t ic  in v i t ro condi t ions,  i .e. ,  cel l  cul turc media contnin ing

(contunrinatcd with) fetal cnlf scrum rich iu growth factors antl

ant ih iot ics.  The biochenr ical  resul ts were then mistakenly as-

surned to opclate in a sirnilar l]la.nner ¡n the more complicated

contcxt  of  atr  in v ivo infect ion.

The analysis developcd by the l i tc lnt t l rc  search casts dorrbt

on thc validity of the gerreral fctntrle supremacy pnr¿Idignl' Thc

rnost notablc shortcomings relate to (I ) the poor reprcscutation

of host-par;rsite systcms tturong citcd references, (2) the hearry

hum¿rn ntedical bias of'the nrole thoroughly cxplored infcctions'

(3) the uncqual meanings of int'ection antl immutto p¿rrnrlleters

measur ing SD in host  suscept ib i l i ty  to inf ,ect ion.  (4)  the ques-

tionable protectivc funclion for many of tlre immune pflralxc-

tcrs. and (5) the excessivc ttsc of the rcductionist flpproach in

exphining cvents occuniug üt  h ighcf  lcvels of  complexi ty hy

way of the dircct extrttpolation of events occurring in vitro.

THE PREVALENGE AND MECHANISMS OF SD IN
SPEC]FIC PARASITE INFECTIONS

Table I summarizes thc 43 referenccs dcscribing 32 infcctions

in I host-ptrrasite systcnrs (somo parasile spccics inl'ect morc

than I host spccics, nnd I host spccies is infcctcd by morc than

I parnsite spccies) that provided inforrlation on the suhject ol

Infect ion-SD or hrrnrunc-SD. In this data set, i l l  22 of 32 in-

starrccs (68%) of thc I systelxs, fctnales fared bcner than malcs

in prevnlcnce, intensity, or consecluencc of inf'ection (ecvcrity)'

varying frorn insignif icant to pronounced. In 5 of 32 instrnccs

(16%), males scorcd better than f 'eruales, ald in 5 of 32 cascs
(lóó/o), r'csults could. not be defrned ol)e wuy or another. I-n e[:

fcct. 327o werc cxce¡rtions to the p¿lrad¡gln. Furthermore, it is

o[ intercst to rlote (Tablc l) thtt severity of infection antl uror-

tal iry indicators wcrc not stt ldicd as extensively as prevalencc

and irrtensity of inl'ection. Scvcrity of infcction wus reportcd in

only 280/o of thc cases cited, und in 60% of these situations,

fenrnlc hosts tared bctter lhan rnnlcs. Only in httttan scltisto-

somiasis, by Schistosttmu haen¿ttt¡bin r¡, was severity thc same

fbr both sexes. Mortality, in contrflst. was only reportcd in I9%

of thc infect ions, half  of which lavored fcrnale hosts and thc

othcr half tlalcs. [t is ch¡ar, therefore, that SD in sevct'ity and

mortality hrrve been insuUiciently cxplored to makc gener¡Il rifld

categoflc statements.
Sex-associuted irnmunological dif fcrences ( lmmune-SD)

wcre reportcd in only l0 of 32 inl'ectiorrs, and multifeaturcd

irrununc profilcs ¿Ire dcscribed in only 5. Table II focttses on

the 5 host-parasitc systerrrs in which several infcction and irn-

mune pfltamcters were evaluated tt the tilllc of inflection. No

urrifilrm pnttenl or scx bi¿rs is discernnble. [n tnalarin, toxo-

plasmosis, and cysticercosís, infcct ions are more prevalent tnd

intense in female than in urale lrrice. Howeve¡ in leishmaniasis

and schistosomiasis, it is the male host thut is morc fi-ccluently

and intensely parasitized. The irrunune pnralnetcrs studicd slso

vrrry in cach inf'ectioll, without clcnr association to inf'ection

pflraurcters. (lomparison of ilnmrtne profilcs in all 5 infections

is possiblc only fbr interfcron-'y (IFN-f)' which was found ttr

be rnorc clevated iu tnales than in fcrnales in al l  but I  inf 'ect ion
(murine lcishurtrniasis). Lcvels of tttn)or nccrosis l'actol'-o (TNF-

a) werc greilter in fctnales tharr in malee with rnalaria; however'

in leishmaniasis, schistosonriasis, ¿lrd toxo¡r lnsrrrosis, tnales ex-

hibited hishcr levels of TNF-u tha¡r f 'emales' ln lcishrnunitrsis
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nnd schistosonrinsis ofmicc and hunratrs, respectively'  lururune-

SD is ohservcd in IFN-'v and TNF-c. I t l  cotrtrast. intbct ion by

Lelshmania mtt i t 'anu shows no diurorphisrl  in IL-4, lL-10. and

IL-12, whereas in inf 'cct ions wit lr  othcr species of Lt ishmania,

there is a clcar increase in IL-4 antl  lL-|0 in males megsurcd
at thc site of the lcsio¡rs. In schistosonrinsis, IL-10 production

is clcarly dimorphic (higher levels favoring females). Murine

leishrnnniasis cxhibitcd the lcast dimorphic TH2 cytokine pro-

f l le of thc 5 inf 'ect iorrs, which contrasts with i ts vcry signif icant
1'nvorable fetnalc bias towrrrd infection. In lrrale-biascd mttrine

cysticercosis, INF-1 wts highcr in m¡rles; lL-2, lL-ó, and pro-

l i f 'ernt ive responscs were equal in both sexes, nltd IL-10 was

highcr in f 'cmrrles. ln addit ion, in mu.rinc cysticercosís'  thcre

w¡rs it revcrsal in the sexual bias toward IL-4 with tirne of

i ! ' IORALES-N4ONTOH EI AL.-HOST GENDEFI lN PAFASITIC INFÉCIIONS

inf'ection. Malec have highcl amounts of lL-4 than f'ernales in

carly infection, but this is reverscd in chronic lnfection. No

ch¡rnge in profiles with time of inf'ection was rcported fbr the

other 4 parasitic infcctions. These observations support the sus-
picion that the rclationship betwccn SD to int'ectiotr, aud the

immunc systcm's mediating effects are not simple snd clearly

involve many of the itrrmuue eftbctors. The host's iurmunc rc-

sponse does not sccm to be gendcr spccific because tro clcur

scx-relflted strfltcgy cÍIn be dctcctetl. Oile would cxpect that

hosts would have evolvcd inrrnunological rcsponses tlrat atc

colnplementary to pflrssite str8tcgics at d.ifferent timcs of inl'ec-
tion, number of parssitcs, loc¡rtion in thc host's tissues, and

offensive and defblrsive mechanisltts. For example, extracellulsr
stagcs of the paranite would be I'ulucrablc to antihodics and

Ftc¡¡RE l. Thc HINE,p rrerwork circuitry. 
'l ' lre mugrritutic und cornplexity of the network inclttdcs praoticully tlll thc host'6 sexuul hon¡oncs

and muny of thc ilnrnuuologicRl cornPorrents dr'scribcd corrnecting nmong tlrónrselves and witlt thc Ptrrasitcs systclrls' An'ows (+, T, -+, J¡ dcnoto

conncctions hetwecn noflcsi eoch poirt* to thc dilection of thc sigrral. + Signs rcfct lo stinrulltory or inhibitirl8 eflects. Thc trutnbers near cüclt

conncction codo dcnotc tlrc refercnces citcd in the figurc: (l) S¡rinedi et rrl. (2002), (2) Esch (2002), (3) Modzhifov and Jrneway (2002)' (4)

Murtaugh nnrt  Foss (200?),  (5)  Hdur i  cr  a l .  (2002¡,  (6)  Pranrparo (2002).  (7)  l lughos und Rtndolph (?001).  (8)  Vcrrhcly i  (2001) '  (9)  Robcrts ct

n l . 1200 - l ) ,  ( 10 )  Thake r  e r  t r I .  i : 001 ) .  ( l l )  L i d$cn lb l d  c t  a l .  ( i 001 ) ,  ( l ? )  Mo ra los -Mdn to r ,  Be ig  e t  r l .  ( 2001 ) ,  ( 13 )  Tay lo r - f t ob i nson  (2001 ) '  ( 14 )

Ku r r i '  c r ' a l .  ( ?001 ) ,  ( 15 )  Rcuoue  " i  o i .  (ZOOI ) ,  ( 16 )  ( l nn l ey  c t  r r l .  ( ?001 ) ,  ( l ? )  Sa l zc r  and  Ve rge r -Bocquc t  ( 2001 ) ,  ( 18 )  Zhan8  c t  a l .  ( 2000 ) ,  ( 19 )

Sol i r r rn¡  et  n l .  12001),  (20) Fererowski  cr  ü1.  (?ml) .  (21) Pcctcrs et  a l .  (2001).  (22) Choe et  r l .  (2001),  (23) Brmea (?001) '  (24) Fru¡co et  n l -

(?00t) ,  (2-5)  Gnvros (2001).  (2ó) Wcinsrock and El l iot l  (2000),  (?7) Clrossrnnn ( lg lJq).  (28) Zhsn8i  ct  a l .  (2000),  (?9) Balemha et  n l .  (1998) '  (30)

Elener let to ct  a l .  (2()00),  (31) Huntcr  and l te incr  (2000),  and (32) Frc i l ich et  n l .  (2000).
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complernent hccattse of their direct elTect on the parasite's ex-

tcmal surfacc (Phil ipp et al. ,  1980). Such antibody-mediatcd

danragc has been documerrted to affcct some parasitc lif'c cycle

stages but ccrtainly not al l ,  i .e.,  tachyzoitcs in toxoplssmosis
(Johnson an(l Saylcs, 2002), early larvae in cysticercosis (Rcs-

trcpo et al. ,  2001), merozoitcs in malaria (Daly and Lottg'
1995), trophozoitcs in amoebirsis (Chosh et al. ,  1998)'  and pro-

mflst igotcs in leishmaniasis (Raf'at i  et al, ,2001). Howevcr, some

of thc cxtracellular stages of, parasites ntanage to cscape fiour

thc circultttion and become sequestcred inside thcir target cells,

npptrently unscathed hy antibodies or otller harmtul imtnuue

eft'ectors. A¡ immutre response Bga¡nst intracellular parasites

would largely depcnd on the exprcs$iorr of parasitc antigens on

the irrfected cel l 's membranc (Kyes et al. ,2001) ¿rnd the tr ig-

geri[g of iuate immttnc cffectors. Attraction of effector [cu-

kocytes (polymorphonuclear lcukocytes, eosinophils, and ba-

sophils), cytotoxic T lyrnphocytes, and naturnl ki l ler (NK) ccl ls

to thc site of parasitc inf'ectiorr nhould aid in pnlasitc destruction

or flt lcast iu containmcnt of their growth or dispersal. Thus, an

incl ination toward TFIZ profi les. with high levels of Entibody

production. would be most sppropriate against extracellular

stf lgcs of parasites. A THI response, which ki l ls infcctcd cel ls,

would be most effcctive agflillst intracellulu parasitcs (Sher et

nl. ,  1992). I f  female hosts truly fhvor TH? responses, thcy

should bc more resistant to extracellular parasites and to intra-

cellular infections in thcir initial stagee when the parasites itre

rurigrating toward thcir protectcd intracellular locntions. ln con-

trust, if aldrogens favor TI{1 responses. tJreu lnales should han-

dle i¡tracellulsr parasites morc eff'cctively, espccitrlly during

late stnges of infbction. Despite thc attractive congruence of

thcse speculat ions on ir lmunity nnd SD to i l r fect ions, Table l l

shows no cletr sign of such pritterns in the strategics of hosts

or p8lssites. Lack of congruity bctwccn expected nnd observed

rcsultg most likcly conre frotn unsound expcctations regarding

the role of the inmunc systcril iu sexually dimorphic palasitic

infect ionu.
A det¿riled undcrstnnding of thc mech¡rnisrns lcading to the

destruction of host or parasitc or to a mutuslly tolcrable stale-

mflte rcquires f'urther research and thc application of a urore

potent ail(l discerning technology. It might also bc usefirl to use

other conccptual tpproaches in exploring host-parastte sy6telns.
i.e.. SD flnd host-paresite spccificity, a.Inong othcrs' Most re-

search on these topics uscs a reductionist approach' attempting
to link microscopic events and cffcctors. Howevcr, the nelwork

or systcms approach, wlrct'e sorne f'unctions arc distrjbrrtivc to

the cntire netwotk and not localizcd in sonte of its parts, is

r¿rrely considcred (Oltvai and Bar¿rb¿tsi, 2002; Stlohrnan' 2003)'

THE HOST-IMMUNO.NEURO.ENDOCRINE.PARASITE
NETWORK IN CHARGE OF INFECTION AND SD

Thc usual experimcntal strfltegy for exarnining thc urecha-

uisms of immunoendocritlc intcractions ¡s to add a sexual hor-

monc or tr cytokinc to an isolated component of tlrc irrunune,

neurological, or endocrinc system and thcn to mcasure its rc-

sponsc. With results obt¿rined by this trpproüch and also with

some of thc in vivo data in Tables I antl [I, we consttuctcd a

flowchart of the irnmune tlnd neurocndocrine systelns that in-

cluded al l  intcractions across species, sexes, cel ls, and types of

resDonses. The result was an al l-encotnpassing host- i t trr truno-
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Deuro-endocr i r rc-¡ra lasi te (HINEP) network contrcct iug com-

ponents wi th in arrd bctwccn the systet t ts  of  thc host  n l ld the

parasi te (Fig.  l ) .  The nr t rgni tudc aut l  complcxi ty  of  the HINEP

nctwork includcs pr t rct ical ly  a l l  scxual  homtonos and many of

thc known iururunologicul  cotnpoucnls.  Sirnplc inspcct io l l  sug-

gcsts thc networks possib le re levdncc to l rany other b io logical

sccnar ios t r thcr  than i r r fect ion.  Some of  the cvcnts in the in l -

nrunoendocr ine l tetwork involve cel l r r lar  d i f f 'erent i¿ l t ion,  rcpro-

duction or tleath and de novo synthcsis of receptors- The prom-

inent ¿rnd varicd cotrnections of thc lllNEP lletwork with other

homrones, wcll klown to bc rcl¿rted to stl'ess antl the inflnnl-

l)rfltory process (tsesedovsky and tiel Itey, 2002; Dirntzel ct al.'

2002),  suggest  that  the r lc twork can nlso in l l r tencc innatc i tn-

r i lune mechonisms (Yokoya¡na nnd Sculzo,  2002).  The HINEP

nctwork of  the host  is  rc l¿tet i  d i rcct ly  wi th the pnrasi te (Mo-

r¿r lcs-Montr)r .  Baig ct  ¿r1. ,  2001; Mortr les-Montor,  Mohatned ct

a l . ,  2001),  af f 'ect ing i ts  reproduct ivc capaci ty through sexual

irnd üdlenal steroids thtt favol the expression of genes related

to celhr l ¡ r  r l i tTercnt iat ion ancl  prol i fcrnt ion (Escobedo et  a l . '

2004).  The HINEP network cotr tn ius c i rcr , l i ts  wi th forward atrd

backward regulrrtion, producing a great I'srrge of el'fects orr the

parasi te or  the host  using several  vc l luc 'q.  Because sornc of  the

cvents in tlre I{lNE,P uetwork involvc ccllular reproduction and

de novo synthesis oIreceptol's, thc nelwor'k wottld seeur c¡lpablc

of  adapt ing rurd evolv ing.

There arc othct' itntnunoendocrinc uctworks dcscribetl ir the

l i tcraturc,  which tbcus on the connect ions of  the inrrnunc sys-

tem wi th adrenals atr t l  nervous systcnl ,  bt ¡ t  secot ld8r i ly  or  l lo t

at  a l l  wi th the gonads ( t lesedovsky ¡rnd dcl  Rey,  2002)" f ' l tc

I I INEP net 'work pt 'cseutcd in th is study adds t ( r  thc cxist ing

nelwolks by incorporuling thc gonnds iuld sex stcl'oidti as intrfl-

lrost connections atrd thc parasites' physiologicrrl systcms ¿rs

intcrhost  connEct lons.

Sex stcroids act on a varicty of intntunocotl.lpetent cells sf-

f 'ect ing c lonal  expansion,  phtrgocytosis,  apoptosis,  i rnt igel)  prc-

scntat ion,  atrd p l rys io logical  responscs to cytokincs and che'

mokincs.  Thus,  there is  no quest ion regarding the capaci ty t r f

scx honnones to ntodulatc the imtr lunc response. The s igni f icntr t

question is, rathcr, what is thcir cnd ef'f'ect on thtr host-parirsite

relat ionship anr l  ¡ r t  which point  t loes i t  nct  in each getrdcr  of

host '? A ntrde i ¡ l  the network l ikc ly to bc present t t t rdcr  a strong

scx-stcroid t r ror lu lat ion of  acquire<J inr tnuni ty inc ludes the TH I  -

TI12 immune rcsporrscs (Rook et  a l . ,  1994; Mart in.  ?000).  Con-

l l ic t ing cf fccts of  undrogcns aud cstrogens on TI l I -THZ may

¡rossib ly ndiust  the rc lat ionship of  each l rost  sex wi th thc par-

asi te aud aclr icve ei thcr  "paci f is t"  cocxistence or  "bcl l igercnt"

conf i 'ontat ion.  Ant igen prcscntnt ion,  c lonal  cxpunsion,  cel l  nc-

t ivat ion,  or  spoptosis aud el ' tector  tnncrophage l \nct ions,  in-

fl¿rmmatitrn, ¡rntl chelnotactic rcspouses are also likely candi-

datcs for  s igni f icant  hormorral  contro l .  The cxplorat ion oIdi rect

scx-steroirl efTects is ns yet incomplctc, trutl their end cff'ccts

on thc whole immune systctn,  cspecia l ly  whctr  act ing in unison,

nlc seldonr studied.  As cnu be gathercd t ior l  the st t tnt r tary of

t r  s ingle honnonc's act ious ol l  solnc of  the imtnunc pnrameters

ci tcd in Table l t l ,  cstrRdiol  sccms to st i rnulntc TI{2,  but  thcrc

is no proof  thst  i t  shuts down THI other than i t l  expcr imcnts

using mitogens instead of  nnt igcns.  Sir r r i la l ly ,  testosteronc dc-

crcases sorne U-ccll.-ansocialeti efl-ector functions by rcducing

the levels of  some THZ cytokines ( IL-1,  lL-6,  TNF-t)  but  hus

not l¡ccn shown to intcrf'cle with TH I functions. Dehydtoe-
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piandrostenedionc (DHEA) stimulates THI irnurunc pflrameters

without npparetrt eft'ect on TH2. DHT has effects similar to

testosterone. Progcsterone downrcgulatcs efl'ectot lncchatlisms
(NK cytotoxic act ivi ty autl  macropltagc cytokine arrd nitr ic ox-

ide production), and prolact in also acts on the THI-TI12 rnod-

ulat ion node. Based on thcsc observations and considering thcy

probably are not independent effcctors, however, it would be

adventurous to prctlict a single hor¡ltone's etrd cff'ect on rr host's

irnrnunological protcctiou or vulnerability to inl'ection- This is

cvcn more likely when many of thc scx honnone levcls nre uot

independent cffcctors and solnc homrones are probably oper-

ating sinrultancously on thc host's immune systcm when cotr-

frontcd with a palasitc. Furthermore, morc cotnplexity atrd lcss

preilictability arc to be expected fi'orn the likelihood of imrnrtne

cytokines trcting dircctly on the parasitc, as do the sex steroids.
Notwithstanding the problem in understanding how real

physiologicnl networks nctunl ly work, thcir nodcs might dif f 'c l
in terms of the numbel of conncctions. Herein l ies the only

hope for untlerstandi ng rclntively sinrp I e cause-ef'f'ect relati on-

ships in parasitisrlr, Firing of the rlost connected. nodcs msy

extend widcly and rapidly throughout the network, inducing a

significant change of phasc Ln its equilibt'ium lrtdte and prompt-

ing thc emergence of ucw properties (Oltvai antl tsarabasi,
2002t Strohman, 2003). ldentification of' the most conncctetl

nodes worrld bc tr way to bcgin their etudy as principal panic-

ipans in SD to infcction. To clarify thc relrrtiorlship cxisting
between a host 's SD and irnrnunity with susceptibi l i ty to inlbc-

t ion. we must look t 'or thesc hie¡archic nodes in the HINHP
nctwork. So¡ilc of thcnr nlriy be apparcnt trt sexufll maturity, btrt

ol lrers might bc more dif f icult  to identi ty, having operated in
thc cnrly ontology of thc f'em¿le or malc it¡tnttne tttrd. endocr¡nc
systems and then disappearing by the time of sexual maturütion'

One coultl hypothesizc that important neuroendocrine system
coDnections with thc itnrilune systetrl orc cstablished during cm-

bryonic devclopmcnt, when gonadal difTerentiation occurs
(Klein ct aI. ,  2002; Sinisi  ct aI. ,  2003) and priucipal cr i ter ia for
immunological sclf- und danget signal recogxition also appcar

to be sct (Matzinger, 2002; Metlzhitov and Jancway, 2002)'
To i lhrstrate the HINEP network's explanatory and ptedict ivc

pl-operties of pnrasite inl'ections. circuits that al'e turued ou in

experimcntrt l  cyst icercosi6 and schistosomiasis t tre i l lustrated
with difTercnt colors in Figurc l ,  The circuits are not identic¿¡I.

but in both, IL-6 is a promitretrt  fclr ture, and thc consequences
of i ts overexpreeniou, i .c.,  I 'eminization, a Tl{2-leaning i tr l tuunc

rcsponse, worrld be expected in othcr inf'ections with all the rest

being equal. ln the nctwork, thcre are fllso circuits cflprible of
mnsculinizing thc inf'ected l'emale if P-450 aromatase is dircctly

inhihited, or by inhibition of CNRH in the hypothalarnus, tlle-

dinted or not by lL-6, or by enhancing the expression of 5a-
rcducLase type l l  hy ureans ol ' f ln IL yct to bc identi f ied. In thc

oppositc direct ion, the DHEA upregulat ion of TFlt,  t 'or in-
stance, entlows the cndocrine system with tru ability to partic-

iprrte in imrnunological defcrrsc, a prcdiction that has yet to be
verif icd in THI-sensit ivc inf 'ect ions (Élaszlcr ct ¿r1., 1999; Su-
zuki,  1999; Rogcrs ct ul. ,  2002). lu the network's schistoso-

miasis cxnmple, the parasitc nctively induccs an immune re-
sponse, which progrecsively leans towart l  TH2. Then, thc in-

crease in IL-B expression in the hypothalanrus st irnulates CRH
production, which, in tum, st i tnulatcs pituitary adrenocolt ico-
tropin horurone (ACTH) (Mornles-Montor, Ncwhouse et al. ,
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2001).  Concorni tant ly ,  IL-6 ¿rrrd nr igrnt ion inhib i tory factor

could bc rcgul i r t ing ACTFI product ion t l i rect ly  in thc pi tx i tsry

glnnd.  The ACTH product ion,  in t t t rn,  st i l t ru lntcs adrent i l  g lands

to prot luce cort iEol  i tn( l  I )HEA. togethel  wi th TNF<r,  which c i rn

dirccrly inhibit palasite growth. Inf'ection tliggers the imtnuue

response of  thc host  by mcdiat ing the l rct t roendocr inc systet l

at  HPA axis levcl  (Mor i r les-Montor,  Mohumcd ct  n l . ,  2003)-  The

consequent tu icroet lv i ronmcnt could be tnore permissive fbr  the

cstnbl ishment nnd growth ol ' thc schistosontc.  The network also

exhibits thc possibility of I'IPA axis hot'uroucs to ect dircctly

on the parnsite, affectitrg its r-eprodrrctive capflcity through ad-

renal steroids that favor the expression of gcncs rclated to ccl-

lul al difTerentiation and p rol if'eratiou ( M olales-Montor, Mohtr-

i led ot f l I . .2001). On thc other hand, in cysticercosis, the nodes

of intcraction arc by way of the hypothalamus-piruitary-go-
nadal axis. Inf'ection with the metaccstode results in a f'emini-

zotion process and irr a THI-TFI2 shift of the host's itnmuue

responsc. The cysticcrci act ively i trduce a THZ immune re'
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sponse. Then, thc iucrctrsc in l l , -6 p lodtrct ion in tunr st iurul t t tes

estrat l io l  prodt tct ion l ry d i rcct ly  uct iva. t ing thc enzyme l ' -450

aromatflsc and rrt the samc tiure incrcasiug pituitary folliclc-

st imulnt ing hortnonc levcls.  Estradio l  wot l ld then cyclc b¿ck to

firvor the 
'l 'H2 

r-csponse lbrthcr. In tuln, thc dccreased testos-

leronc product ion inhib i ts  thc THI-depcndcnt cel lu lar  rcspor lse.

Thc consequetrcc is  thc change of  thc host 's  htr rmoual  tn icroen-

virornertt fronr tcstrictive (tllale) to permissive (f'cnrule) tirr cys-

t icerc i  growth.  The network ¿t lso i l lustratcs the possib i l i ty  that

thc host's sex horlnones nray act directly on thc pnrnsite, irf-

1'ecting its rcproductive capacity through scx steroids that fnvor

thc cxpression of gcncs Ielirted to ccllulttr tlit 'ferentiation ¿rnd

prol i fer f l t ior)  i t r  tnt tny t rn inrnl  species (Fig.  l ) .

l 'hc tllNEP netwot'k's prowess, with its rr'lflnifold fblwtr'rd

and bi rckwald rcgt t lut ious in opcrnt ion,  is  cotrgr t tcnt  wi th the

variegntcd profiles of Inf-cction-SD and ltuurune-SD in tllc virr-

ious hosl-parasi tc systems. l t  docs nol ,  howcvcr,  necessur i ly

irrrply ol deny that thcrc will lre clift'erenccs bctween scxcs in

the f inal  resul ts of  a g ivcn confrontat ion wi th a parasi tc,  rcachet l

¡rcrhnps by diffclcnt mechanisrlrs in difl 'erent host sexes. A

firnctional fcatule of conrplicatctl, rilndolll, or sc¿rle-free nct-

works is its stabílity bcf'ole randotn perturbntions, whercas stra-

tcgic pcrturbations "hrenk" thefir to pieces (Oltvai and Barn-

bnsi ,  2002; St¡ 'ohtnan,  200?).  This cotr ld expla in why there arc

sorr)e scx-unbiuset:l purasitic clise¿ses. Pcrhaps only a l=cw ¡rtrr-
asi tcs ¿rre c. lpablc of  t r igger ing a ptofbtrnd gencral  chunge in

the stntc of the network thtrt results in lnfection-SD, fl property

l iur i tcd to thrrse pnrt rs i tes connect ing wi t l t  the conrplex hierur-

chical  i rmrunologicnl  nodes of  the network ¿rrd the sex steroids.

IS THE HINEP NETWORK INVOLVED IN OTHER MEDICAL
AND BIOLOGICAL PUZZLES?

The literaturc scarch revealed an cxtremely complcx HINEP
network, irrvolving hormolrcs nntl  cytokincs thnt predict potcnt

intcractions irt eveuts gcncrillly nftributcd to the exclusive op-

cr-at ion oi singlc systems in t 'csponse to sirrrplc precepts (repro-

( l .uct ion nnd t lel 'ense). fherefbre, much plust ici ty and r lult i -

functional i ty in a network nrc not without l isk- Absence of con-
trol could lead 1o thc loss of tolerancc aud i tuloit t tnrune pl-ob-

lenrs (Deri jk nnd Berkenbosch, 199l i  Lechncr ct al ' .  1996) ot

be involved in the i t t lnrune comprtrt tr isc of trging ( l 'ancrai antl

Ottaviani,  1995), in the ptrthophysiology ol solne infcct iorrs irr

which inf lanrnration is a prottr i trcut el l 'ector of pathology (Man-

t lrup-l 'oulscu et al. ,  1995; Hcnri ct al. ,  2002)'  or even in some

cornbinati<rn of al l  thc alrove. Morcovcr, the HINEP network

could corulect parnsitc infect ions wit lr  other discascs thlt  secnr

¿rl ien to the imnrunological and cndocrinological dornains, such

fls rrtcr inl hypertension (Peeters et nl. ,  2001), at lrcrosclcrosis
(Chae et al. .  2001), ¿rnd canccr ( l lerrera nnd Oshosky-Wegtnau,
2 0 ( ) l l  P o l a t  e t  t l . . 2 0 0 2 ) .

Muny othcr biological questions emcrgcd l iorrr the rcview ol

thc l i tcrature on SD, cnch point ing to avenues t-or future re-

search. Wc shal l  fbcus on 2 of thc Drore prominent ones, which,

in turn, irrvolve nuny subsidiary possibi l i t ies'  First,  why is there

SD in the i tntnuuc response' l  Sccond, is thcrc cvideuce to st lg-

gest that parasitcs have i t l f fr tcnced the evolut iou of their hosts'

lmmune-SD?
'l 'hc vely complexity of the HINEP network hints ¿rt reüsons

fbr Irrunune-SIf other thun the sclf or lbreigrl concept' Perltaps
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i t  hns evolved as the best mechanisrlr  for individuals of ci thcr

scx to confront inl'ection sttcccssl'ully, evcn if by different

nleclranisms, hn(l {rlso to solve with prccision gender-specific

chal lenges, l ike prcgnancy (Grossnran, 1989), or pcrhaps the

consequeflccs of thcir territorial, mtrting, and sociel behaviors
(Zuk, 1994; Kavaliers ct al. ,  2001).

The selective prcssure driving cvoltttion toward ltnmunc-SD,

mutching in importance the dcfense of the host ngtlinst infec-

t ion, is to permit reproduction in u dioccious species without

nruch inr¡ lu.nological comprotnisc (Grossi lan, 1989; Gail lard

and Spincdi, 1998; Agrawal nnd Lively, 2001; Charles et al-.
2002: Moore and Wilson, 2002: Owcns. 2002; Pott i  et al. ,  2002;

Tel la et al. ,  2002). This compromise could hc achieved by a

transicnt, irnrnuntrlogically specilic allowancc of t'emalc prcg-

nancy with en offspring that is half-fbreign, designcd in terms

of irnmnnocndocrine signaling that docs no domage to an ct:

fective responsc to a pathogen (Martrtl et al., 1995; Matzinger,

2002; Mcdzhitov tmd Jancwtry, 2002). Prcgnancy derrtands for

imrnunological allowance would originste fiom thc ndvaltttge

of species diversificatiorr gained thlough gender dichotorny. lts

satisl'action woultl call for occnsionally fastidious but transient

inrnrunoendocriue regulation by honnoncs and cytokines so that

thc fetus is not damtrged (Bnrnea, 2001). Immune-SD mny pro-

vide rnales with the specialized ability to bettel cope with theit'

more strcssfill ¿Ind dangcrotls livcs when displayittg their sex-

spccif ic behtviors (Ktrval iers et al. '  2001; Spinedi et al- '  2002).

Thus. thc hosts thut get thc best trade-ofT bctwcen the need to

diversity ünd the ueetl to survivc woultl tppeat' to have the

better chances to evolvc. Even the parasite could benefit from

thc host 's l tnmunc-SD. For example, the parasitc-rcshict ive

mirles in thc case of murinc cysticercosis tnay be rcgarded es

belraviorally enh¡rnced vchicles toward thc pürasite's final dcs-

t iny in the gut of camivores (Wil l is and Poulir l ,  2000; Gourb¿l
ct a1.,2001). In hrnr, the cysticcrcus-pemlissivc females, when

irrfected witlr the eggs of T. t'rassiceps, worrld act as the optilllal

hosts fbr their nrassivc rcproduction (Poulin ¿nd Thuln, 1996;

Zuk and McKcan, 1996i Panhuis et rt l . ,  2001)-
Thc level of complcxity introduced in thc clecision-tnaking

process of i tnurune events hy the powerful HINEP network reg-

ulatory capflci ty protnises to enl ightcn persistent immunological
puzzles such as tolerancc and autoimmrrnity, the connection

with inf'ection of secnringly unreleted physioptthological cvents

such as hypertension and cancer, and the role of Immune-SD

in species diversif icat ion arrd individual behavior. The ¡oles of

sex stcroids in the ontological developrncl l t  of the intntunc sys-

tern and irr acquircd and inntte itlrurunc response$ ptornisc in-

valua.ble insights nnd beg for tnore research-

CONCLU9IONS

Thcre are tnany exceptions to the f'enr¿rle host suprenacy
paradigm in parasitic infcctions of nramrn¿rls' too matry to leilve

unqucstioned. Indced, testostcl 'onc is involvcd iD the immu-

noendocrinc internctions triggered by infcction, but so arc tntrny

othcr hormones and cytokines thBt act ils fl network in which

thc contributions of its singlc ef'f'ectors arc uuclear. lilste8d, ilrl-

porlsnt properties, likc inf'ection &lld imlnune sex-associated

ditTercnces, lnay emcrge fiom the nctwork us a wholc. The role

of the host's irnurune system as the only effector of SD in par-

asit isnr is not cleirr;  i t  is insuff iciently cxplored, and i t  is not
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uni fbmrly i r r rp lcmented.  even in thc r i lost  studicd host-parasi tc

systcftis. Finally, the parasite's tlirect rcsponse to the lrorurouttl

cnvironrttent of ctrch host sex has becn overlookcd as it signif-

icant  contr ibutor  to l rost  SD in parasi t ic  infbct ions.  ln fact '  i t

wcrulrl itppcar th¿rt thc conflicting findings in tnuriue T. truli-tl-

('elr.r cysticercosis with thc f'emale suprclll¿rcy patediSm ill ptlr-

asite inf-ections provoke evetr Srcatcr sellsitivity to the host's

sex steroids,  i .e. ,  parasi te dt ' ivcn estr t rget l izat ion t lnd deandro-

gcnizntion r¡f intbctcd malc ntice nnd permissiveness of the te'

mnle nt ice TH2 incl ined i l l tntunc prof i le towf l rd cyst lcercus pro-

l i ferat ion.
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We now approach the possibil i ty of a holistic understarrding
of parasitism througlt genornics (Parasite (iencrtrrics) as a

fuscirating perspective in biology, with irnplications for human

health ancl econonry [21. Purasite Genomics will aid to address

fundarnental questions such $s the origin and evolutio¡l of

parasites 13,4]; the moleculal busis of host-partsite specificity

[5.l; the definition and dynarnics of the parasites host range [6];
thc rnechauisrns of parasite pathogenesis l7]; the various

lnechanislns that purasites use to cvade the host's imlnttne
rcsponse f8]; the signaling that controls the regulatioD ofgenes
in thc difl'erentiation stages within thc parasite life cycle Ln
concert with those of thc hosts physiology [9]; the complete

antigen profile of a given parasite for vaccine and diagnostics
development [10- l2]; the courplete and plecise conlleativity
befween the host ¿utd the parasitc metabolic pathways for a

stratcgic drug design l l-1], among othcrs.

2. Comparatlve parasite genomlcs

Sorne contr-ibutions on httman patasites come from phylo-
genetical and evolutiotlary studies of Comparntive Genomics:
colxparison alnoltg parasite gcrollles help to ulrderstand
evolutionary events th8t generated gcnetic diversity [4]; some
gcnc serluellces Bssooiated with the pBrBSite'S survivtrl in its
host clisplay high levcls of identity slxong related pttrasite

specics [8]; other gencs ure clearly associated to symbiotic
parties inclucling parasites [-11. Comparative studies alnons
parasites havc also identified polentially useful sequences for

multiple diagnosis of parasite spccies [14]. Host-parasite
nlet¿l-gcnolres establish tt plastic nefwork of interactions,

largely througlt ruutual l'egulation of gene expression, to deal

with selectivc pressures fiorn itrside and outsitle B Siven host-
pflrasite reltt iouship |51. Thc set of Senes which code for

clift'erent proteirrs in parasites shows rentarkablc concordance
with the requir'trrnents imposecl by the environmcntal niche in

which the prrüsite resides within the host, a fcuture possibly

involved in host, cell and tissue specificity ofthc parasite l l6l.
Horizontal gene tr¿rnsfer between p¿lrirsites and hosts, some
involving viral-bacterial-parasite-host ohains tnight bc oI
gleat cousequence fbr the evoh¡lion ofhosts and parasites [1 7].

The stlategies that parasites use to evnde the host def'ense
mcchanisms are divcrse, some involving nodifiaation of t l leir
displuyed antigens as well ff i  of the host physioloCy [8]'
Tr¡ytanosontu brrrr:¿l and Plustttotlium .fafuipuntn provide
prime exaulples of antigen variation within the salne host,
which results frorn the successive activation of genes that code
t'or ditfcrent surthce antigens, allowing them to expose

hundleds of antigen valiants alld evade the hosts inllnunc

response [8,18]. The evolutiolr oIparasitisrn cerlainly involves

ü series of udaptations, inclutl ing the loss of gcncs, as indicated
by the absence of prDterns widely distributed in cukaryotes

ll9]. Pnrnsitism seems to irvolve "an incrcasing enlploylnellt
of the Inetsbolic rnachinery of tlre host for lnost of thc
parasite's requireruellts, although not all losses are easily
cxplained" [4J. As a result of thc Ioss of genes and lineage-
specific innovation, parasites protcolnes are somewhltt different
lronl other non-pal'as¡tic euktrryotes that havc sitlilar nulnbel'

H. Agdlar-Día: ú ul. / Purttrlutlng¡, Internutittnal 55 (2006) SllT-5130

of genes. Parasite's proteome has a great componellt associated
with pathogenesis, evasion of irxnune responsc and post-

transcriptional regulation [4 1. Therc is a debate conccming the
pr'ocesses by which iclentical duplicated genes diverge in

sequence and function. lt is clear that after gene duplication,
one copy cBn be subjected to silencing by degenerative
mutation, but also, both copies call be presewed tltrough
natural selection, specially if clne suffered mutations that

slightly alter its function (paralog conversion), rcsulting in
new properties. As on example, it has been su88estcd that there
is a connection between the rates of intron gairVloss and proteill

evolution in lnalaria panuites [20].
An intriguing aspect of parasitisnr is the parasite's resficted

host range, or host specificity, which varies from several to a

single host species. A number of plausible mechanisns Inay be
involved but hard dara qualilying the speculations are still
scalce. The availability of, contplete genomes of both parasite

and host lxay enlighten the issue of specif,rcity, when basetl on

their differences and on their sinilarities, as well BS recognize
possible partrsite niches within other enkaryotes [2 ll. Tlrus'
cotxplete genonles of potential hosts, when compared with

estrrblished hosts, rnay allow f-ol predictions for the most likely
exparrsion ofthe parasites' host range based on their hornology.

3. Taenla sollum

Cestodes Bre Platyhelninthes that originally psrasitized a

nulxbel of predator-prey associations. It is conccivable thflt 7l

^sol¡un eventually colonized hulnans that scavenged their kills,

and their sssociated par'¿tsites were passed intraspecifically to

other humans and to thc first dornesticated pigs l l2].
Progressively, the population growth of hulnan species, the
intensive resring of pigs, the facilitation of humtrn n{gration
carrying along the porcille stock and rustic f'orrns of rearing,
fimrly rooted the parasite and distributed it worldwide [23].

The metacestode stage (cysticercus) of the tapcwonn Z
so/i¿lf,r causes neurocysticercosis in hutnatts, a debilitnting and
not rarely tnortal disease of insidious onset, dif'ficult diagnosis

and not thoroughly resolved by treatment. It is claimed to be

the Third World's rnajor prtrasite responsiblc for brain
disorders. Nowadays T. solium infects - 50 million people

worldwide and nril l ions of their porcine l ivestock, and is row

considcred Bn emergeltt disease in developcd counhies mainly

braught-irr by migrant workers fionl countries where the

disease is endemic [24]. Practically neglected for decades in
the twentieth ccntury [25], research on T. solium in the last

decades has recruited scieDtists fiom all over the world [2{rJ.
Becarrsc of the ?l sol¡utn Ereill darnaging irnpact on hunlan

healtlr and econonry of developing countrics, most of the

cuffent rese¿Irch focuses on the study of clinical sspects of the

hurnan disease Bnd in developing diagnostic, therapeutic and
prophylactic technologies. Sfudies on the biology of the
parasite arc underv/ay in laboratories of Mcxico, where Intruy

important qucstiolls could find Hn answer, and provide strollger
stl'Htegies for cotrkol, To this end, we have constituted a

consortium of kcy laboratories at the National Autotromous
University of Mexico to carry out fl Eenomic project fbt' I
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soli¿tm.'l 'his project wil l provide powernll resources for the

study of taerriasis/cysticercosis, ond, in conjunction with the E'

gr(rnltlosus and E. multiloculari.\ genonle project of EST, will

lrark the beginning of genomics tbr cestode ptrrasite$. OuÍ

project is planned in lwo consecutive stages, The first stage is

being curried out to deternlinc sotne bruic parameters oljthe 11

,soliurn genotne: size, karyotype, gene density, diversity of

repeated soqrlences, highly abundant transcripts' intron density

rtnd averagc size, etc. Afterwurds, we will evaluate the best

strategy for the second slage, ¿r full blown gcnonle pro¡ect'

Wc have estirnated thc genorne size by two diffclcnt

0pproaches: cytofluorometry on isolated cyton nuclei ttom ?l

so/i¡¿¡n tnctirce$todes, stailred with propidium iodide, Bnd by

rneslls of probabil istic calculations on the coding density of the

genolne (based on - 2000 sequenced genonlic clones, - 3000

ESTs, and a tentative gelle nurxber of I7,000), resultillg in sizc

estirlates of 270 aud 25 l Mb, respectively,
In temls of scquencing, our goal for the first stage is to

charactcrize seversl thorrsand ESTs (Aom adult worm ancl

cysticefci cDNA libraries) and genornic clones. Results

obtained so far from tbout 16,000 ESTs rerrds froln rur adult

wonn cDNA library, show that only ubout 40% of the T. soliwn

cocling sequeltces have n previotlsly sequenccd homologue in

the nr protein database. The hit ratc with SwissProt is about

24%, with lnany of the bcst hits to l l lanllnalian gencs,

ospecially huntatrs. Hcrwever, *15% of the SwissProt hits

lack hornologues itr hunlans, lnaking thesc genes irnnrediate

candidates for investigution on phannoco-thcr$py, diagnostics

aud vflccinatiolr. As expecled f'or a lnetazofln cukaryote, many

T. soliu¡n ESTs are relatcd to gene regtllfltion and signal

transduction, Other irnportallt functions Bre proteilr synthesis,

housekeepitrg, metabolisnr, cell division, cytoskeleton. pro-

teases, vacuolar trunspolt, honnone response, and cxtracellular

matrix activit ies.
Resnlts from the sequencing of gerromic clones indicate that

codi[g density for the T. sttliutn genorne appears relatively

higlr: -9% of all nucleotidos are involved in protein coding'

Introu size and nulnbcr within geues appears unexceptlonal'

Pre l iminary resul ts  a lso suggcst  that  l r igh ly  repef i t ive

sequences colnprise less than 5% of the genome' Matry genes

show duplications with highly divergent introns, suggesting

that these evcllts are not recent. As the project has been

conceived as ¿til assemblage of hutnatl attd physical resources

in parasitology, nolectrlar biology und bioinfonnatics, ¿ll data

alld rnaterials Brc imnedi¿rtcly available to rnembers of the

consortiurll. Inform¿tion ohtaine(i will bc annotate(l and lnade

public soon. At present, there is llo gellerslly agreed lnethod as

to how this nright be done and scveral schcmes afe being

consiclered l?71.
Dcvelopment o[ the prtrjcct will rcslrlt in a scries of useful

products including: cDNA coding sequences to be used ss

ternplates l-or thc study of individual gene$; ss the project is

planncd to inclucle extensive secltlencillg of ESTs lrotn eggs,

lar"¡rrl rtnd adult slages. Insintainillg a plaslnid backup for e¿ch

identif icrl coding sequence. Tenrplates wil l be available upoll

request to the consorliunl f'or future ltse. Synthetic oligonrtcleo-

tirles f'r'om identified ESTs will be produced for the study of

gene expression or tratrscriptional analysis through micro-

an'ays. A database contairing tlpd¿rted infonnation of the

sequencing progress, include all genotnic and ESTs sequences,

BAC maps, ss well as rcpositories of other daür generflted by

the consortiurn.
These tools will make proteomics lnore accessible fbr the

shrdy of the cysticerci responses to diffcrent conditions; drug

treatlncnt, stress, hulxan vs. pig, geography (cysticerci from

rlifferent countries), irteraction with hunran hormotrcs, etc'

Other qucstions such ds host-parasite gene trarrsfer, parasitislll-

specific and host-specificity genes, Bnalysis of promoter gencs

fbr the development of transforlnation vectors to expl'ess

particular proteitrs or the possible use of cysticerci as

bioreactors.

4. Concludlng remark

T. solium disease poscs unique biological questions and

medical needs as to lnerit tlle developrnent of I completc

genorne project, The consortiutn for tl'rc T' sttlium gellome

project wishes to use this international syrnposium on

Ccstode Parasites to make a wolldwide call for collaborative

rescarch.
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Abstract

The metacestode stage of Taenia solium causes porcine cysticercosis and human

neurocysticercosis, both serious veterinary and emergent health problems in third world

countries. One of the most important aspects of this infection is the scolex evagination process

through which the cysticercus starts its differentiation until to generate the flatworm that will

produce and release to the environment thousands of infective eggs. Here, Taenia solium

cysticerci were i/l yilro exposed to several concentrations of progesterone (Pa) and l7B-estradiol

(Ez) in order to explore their effects on parasite differentiation, which is favored in castrated and

gestant pigs. Our results suggest a time and dose dependent effect on scolex evagination and

gg¡owth. To determine the molecular mechanisms by which P+ and Ez affected Taenia solium, in

yilro cultures using RU-486 and Tamoxifen were performed, as well as parasite sex-steroid

receptors amplification by means of RT-PCR and detection by western blot. Both anti-hormones

blocked the stimulatory effect of Pa and E zon Taenia solium cysticerci, respectively.

Concomitantly, cysticerci expressed both u and p subtypes of estrogen receptor and A and B

isoforms of progesterone receptor, as well as their proteins. Hormonal treatment did not affect

sex-steroid receptors expression, excepting the progesterone receptor A which expression was

diminished at fifty percent by progesterone treatment. Present results suggest that sex-steroids act

directly xpon Taenia solium metacestodes differentiation, possibly by binding to a parasite sex-

steroid receptor, which does have serious implications on their host-parasite relationship at

molecular, physiological and evolutionary levels'

Key Words: Progesterone; estrogen; anti-hoffnones; Taenia solium; scolex evagination; parasite

differentiation.
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l. Introductlon

Cysticercosis, caused by the metacestode stage of the tapeworm of Taenia solium, is a serious

health problem in many developing countries |-31. Taenia solium metacestodes cause

neurocysticercosis, the Third World major brain disorder that affects 
-50 million people

worldwide, and is considered as an emergent disease in developed countries [4]. T. solium also

infects pigs, its intermediate host, leading to major economic loss and transmission to humans

[5]. Humans are the sole final host of T. solium, developing a tapeworrn infection, following the

ingestion of raw or undercooked contaminated pork meat. Taenia eggs are passed with the stools

and contaminate the environment [6]. When T. solium eggs are ingested by pigs or humans,

larvae may develop throughout the body. In the human, most clinical symptoms are induced

when cysticerci become established in the central nervous system [1,7]. It is important to

underline, Taenia solium cysticercus evagination represents the limitant and crucial step in the

parasite differentiation inside of the definitive host intestine, because when the human ingest a

cysticercus from contaminated pork meat, evagination process is the first differentiation step into

developing of an adult wonn [8]. Once started parasite diferentiation from cysticercus to worm,

through developing of both rostellum and suckers, the flatwonn gets to fix at intestinal wall. This

process is necessary to st¿rt to form proglottides (proliferative units that in their mature stage

develop testicles and ovaries) and, therefore, become an adult tapeworm, the infective stage of

major importance for cysticercosis and neurocysticercosis propagation, due to the production of

thousands of T. solium eggs [8], Then, T. solium scolex evagination results a transcendental

physiological process not only as part of the parasite's life cycle but also for transmission of the

infection. Nevertheless, even though this is a very important paxasite physiological process, if

hormonal factors are involved in the T. solium differentiation from cysticercus to tapeworm,

inside of the definitive host intestine has not been yet studied.
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On this sense, reciprocal endocrine interactions between parasite and host are receiving

increased attention regarding their role in parasite success [9-13]. Direct effects of sex-steroids

have been invoked in explaining the relation between steroid hormone treatment and increased

numbers of larval and adult stages of intestinal worms or of various other parasites in other

organs of vertebrate hosts [1a]. In Taenia solium porcine cysticercosis, pregnancy as well as

cas¡¡ation of males, increased prevalence in wild living pigs [5]. Thus, hormonal environment at

the time of infection may play a significantrole in determining both susceptibility and immune

responses during pig cysticercosis, and possibly human neurocysticercosis.

Another cestode, T. crassiceps (which is philogeneticaly very closely relative of T. solium

and can asexually reproduce itself by budding) has shown to be strongly affected by sex-steroids

treatment in vivo and in vifro. Specifically, l7-B-estradiol increases T. crassicePs cysticerci

reproduction (manifested by the increasing in number of buds) while treatment with testosterone

or dihydrotestosterone (DHT) diminishes this function [16]. In addition, viability, gowth and

infective capacity of cysticerci are also increased up to 200% following treatment with estradiol,

but are almost totally inhibited by androgen treatment U6]. It appears that the direct in vitro

effects of estrogens and androgens upon T. crassicep,r reproduction are due to the binding of

estradiol and testosterone to their respective receptors [16]'

However. direct effects of sex-steroids and other hormones in a variety of other parasites

[17-20J, indicate caution in excluding helminths from sex-steroid capacity to act directly upon

them. Only a consistent failure of sensitive technology to show effects of sex-steroids upon

cysticerci outside the host, in vitro, could weaken the possibility of direct action of the hormones

upon the parasite.
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Because sexual hormones play an important role in murine (Taenia crüssiceps)

cysticercosis and there are data in wild living pigs which suggest that also porcine T- solium

cysticercosis is affected by sex-steroids [15], we decided to study the role of sex hormones in Z'

solium cysticerci in vitro, focusing on a very important ÍNpect of them, their role during scolex

evagination. As we have said, this represents a transcendental differentiation step which marks

woffn developing and eggs production, both of them necessary in the life cycle maintenance and

a succesful infection. Finally, because of the potential application of hormone-based control and

therapeutic measures, the present experiments were designed to thoroughly explore the

possibility that sexual steroid hormones have a direct effect upon Z. solium and one of the most

important physiological events of this parasite, scolex evagination

To our knowledge, this is the first repofi of direct effects of sex-steroids upon T. solium

cysticerci, possibly through specif,ic sex-steroids parasite receptors. These findings may mean a

relevant contribution to a better understanding of the host-parasite relationship at molecular and

evolutionary levels and specific design of anti-cysticerci drugs, which affect exclusively to the

parasite, considerating sexual dimorphism and steroid hormone effects on infections by helminth

cestodes.
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2. Experlmental

2. I. H arv estlng and prepürln g cystlcerci for exp erimentütlorr

Taenia solium cysticerci were dissected from the muscle of male infected pigs in independent

experiments. Pigs were humanely sacrificed by using head electroshock and posterior bleeding'

The method was previously evaluatedsed by the University Animal Care and Use Committee and

governmental agencies to ensure compliance with federal regulations and guidelines. The fibrous

capsule that surrounded each parasite was carefully separated under 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) [21]. The tubes were centrifuged for

l0 min., at 800 g at 4 C and the supernatant was discarded. The packed cysticerci were incubated

in AIM-V serum-free medium (Gibco, BRL, Rockville, MD). They were then centrifuged 3 times

for 10 min at 800 g for washing, After the final wash, the numbers of viable (complete and

translucent cystic structures) cysticerci were counted using a binocular microscope. Five viable

cysticerci were then selected and dispensed into each well of 6-well culture plates (Falcon,

Becton Dickinson Labware, Franklin Lakes, New Jersey) in 3-ml AIM-V medium and incubated

at 37 C under SVo COz. Cultures were examined daily and their medium completely replaced

when turned yellowish (pH 6.5).

2.2. Hormone dose-response-time curves

Culture grade Ez, P+, tamoxifen and RU-486 were obtained from Sigma. For in vitro tests, water

soluble E2, and Pa were dissolved in AIM-V free-serum culture medium, whereas tamoxifen and

RU-486 were dissolved in pure ethanol (Sigma) to the desired stock concentration, and sterilized

by passage through a 0.Z-mm millipore filter. The experiments employed the parasite-loaded

wells as follows: 4 wells were used as untreated controls,4 wells were supplemented with
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ethanol at the final concentration of 0.06 percent. Series of 4 wells were separately treated with

0.0002, 0.0004,0.1, 1 and a0 pg/nrl of P¿i0.02,0.08,0'8, 1 and 20 ¡tg/rnL of E2 and a

combination of both Pq/Ez,prepared at the same time as one single hormonal solution. Final

doses for P¿lEz solution were 0.02/0.0002, 0.08/0.0004, 0.8/0.1, 1/1 and 20140 pg/ml of

progesterone and estradiol, respectively. Concentrations of hormones used in this study were

physiological and pharmacological, as we have previously reported19,22,23,20,l6], and designed

in order to approximate levels in humans, gestant pigs and feminized mice [9,15,16,22].

Tamoxifen and RU-486 were added at the same doses than Er and Pa, respectively' Each

hormone was prepared in a f,rnal volume of 100 ¡rl and added to I ml of medium in each well' In

hormone dose-response-time curves, only the number of scolex differentiated from cysticerci as

a function of days in culture was assessed as the response variable. From dose-response curves of

each hormone, we selected an optimal dose for P4 (80 ng/ml), E2 (400 pg/ml,) and Py'Ez

(800/100 ng/ml, respectively), in order to be used in time-response cur-ves'

2,3, Sex-sterolds effects upon viabtllty, scol*É length ilnd RNA e)cpression of cultured cysticercl

Cysticercus viability and scolex lengthh were determined daily for all wells using an inverted

microscope (Olympus, MO21, Tokyo, Japan) at lOx and 20x magnification. Injury to cysticerci

was recognized microscopically by progressive internal disorganization, development of whitish

opaque areas on the parasite's tegument and by loss of motility. Dead cysticerci were immobile,

opaque and structurally disorganized. Photographs of representative treated cysticerci were

obtained.

Total RNA was isolated from hormone-treated Z. solium cysticerci by the method based

on guanidine isothiocyanate/phenoVchloroform extfaction using Trizol reagent (Inviüogen,

Carlsbad, California). In brief, cysticerci were disrupted in Trizol reagent (1ml/ 0.1 g tissue) and
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0.2 ml of chloroforrn was added per ml of Trizol. The aqueous phase was recovered after 10 min',

of centrifugation at 14,000 g. RNA was precipitated with isopropyl alcohol, washed withlsYo

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. Estrogen receptors ü and B and progesterone receptors A and B gene ümPwcütlon

Total RNA from hormone-treated cysticerci was reverse-transcribed followed by specific PCR

amplification of estrogen receptors cr and p (ER-cl and ER-F) and progesterone receptors A and

B (pR-A and PR-B), together with p'actin (control gene) as previously described [24]. Primers

were designed based on the most conserved regions of all species of sequenced genes reported in

the NIH Gene Data Bank (ER,g and F and PR-A ünd B) as well as using the sequence of

previously cloned T. crassiceps genes [16]. Primer sequences are as follows: ER-cr, sense 5'-

AGACTGTCCAcCAGTAACGAG and antisense 5'-TCGTAACACTTGCGCAGCCG; ER-B'

sense 5' -CATCTGGGTATCATTACGGTC and antisense 5'-GGCACTTCTCTGTCTTCGTAC;

PR-A, sense S'-CAGTGGTGGATTTCATCCATG and antisense 5'-

CTTCCAGAGGGTAGGTGCAG; PR-B, SENSE S'-GGAGGCAGAAATTCCAGACC ANd

antisense 5'-GACAACAACCCTTTGGTAGC; F-actin, sense 5'-

GGGTCAGAAGGATTCCTATG and antisense 5'-GGTCTCTAACATGATCTGGG. PCR

products obtained were visualized by staining with ethidium bromide. In all cases, a single band

was detected corresponding to the expected molecular weight of the gene. Mouse ovaf,y and

uterus were used as expression positive controls for this experiment (these results were performed

as internal confrol, data are not shown) The expression of ER-cr, ER-F, PR-A and PR-B in the

parasite are numerically presented as the ratio of the optical densitometry (OD) of each studied
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gene relative to the expression in the same preparation of the p-actin gene, a constitutively

expressed gene used as an internal control for differences in the amplification procedure between

experiments and in the staining of the different gels.

It is important to underline that in order to demostrate that cysticerci were not contamined

by host cell DNA or RNA, we perfbrmed the same RT-PCR using specific primers of pig TNF-

cr and the mouse VDR gene, which corresponds to the variable region of the IgG and therefore

shows high specificity exclusively for mouse sequence. Sequences of primers are as follows:

TNF-CT SENSE 5'- CAGAGCTGTCTCTAAACCGT -3" ANd ANtiSENSE 5'-

AGGGTGTCTGAAGGAGGGGA -3" ANd VDR SENSE s'-CTGAATTCCA

TcAAACACCTGTGGTTCTT -3', and antisense S'-GACTCTAGA GGGCTCACACTCA CCTCCCCT

- a

Z.S. ER (aand fl) and PR (A and B) western blotting detection on Taenia sollum (ystlcerci

Total protein was obtained from Z. solium un-treated cysticerci by Tris-HCl conventional

isolation, In brief, untreated cysticerci were disrupted in Tris-HCl (lmV 0.1 g tissue), Proteinase

K (100 units/ml) and proteases inhibitor cocktail (Calbiochem). Supernant was recovered after l5

minutes of centrifugation at 8000 g. Pellet was discarded. Protein quantity was obtained by

absorbance at 320 nm using the Bradford-Lowry method. Total Ag T. solium extract (100 pg per

well) was boiled in reducing Laemmli sample buffer, separated by SDS-PAGE (10% acrylamide)

and electroblotted onto nitrocellulose membranes. Membranes were blocked overnight in TBST

buffer (10 mM Tris-HCl, pH7.4,100 mM NaCl, 0.5% Tween 20) containing l% BSA. For

protein immunodetection, membranes were subjected for 2 hrs to immunoblotting with 1 ¡rg/ml

of anti- ER-cr (MC-20, Santa Cruz Biotech. SC-542), anti-ER-B (Y-19, Santa Cruz Biotech' SC-

682l), and anti-PR-A/PR-B polyclonal antibodies (C-20, Santa Cruz Biotech. SC-539), all of

9Neevia docConverter 5.1
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them diluted l:1000, followed by HRP-conjugated antibobies anti-mouse or anti-rabbit IgG

(Santa Cruz Biothecnology; diluted 1:10,000) for I hr, at room temperature. Next, membranes

were washed five times in TBST and the bands were visualized using ECL system according the

manufacturer's instructions (Super Signal ECL, Pierce), Chemiluminiscent signals were captured

in Kodak Bio-Max f,lm, and the bands were quantitatively analyzed from digitized images

captured from the films with the Gel-Doc system (BioRad, Richmond, CA), using the Bio-Rad

Quantity One software. Mouse ovary and uterus were used as positive confrols for this

experiment.

2.6. Experlmental deslgn end stfltlstlcal analysls

Hormone dose-response-time curves were estimated in 4 independent experiments, each

performed with 5 cysticerci, freshly extracted from different infected pigs. The response variable

used in statistical analyses was the sum of scolexed cysticerci in the 4 wells of each hormonal

concentration and time of exposure in each experiment. Hormone used, hormonal concentration,

time of exposure and number of experiments, were the independent variables' Per each

experiment, 4 treatments was replicated in 4 wells, each well containing 5 cysticerci. The data for

the 4 replications of each treatment were pooled and expressed as an average. Data were analyzed

using analysis of variance (ANOVA) with hormonal treatment and number of experiments as

independent variables and, as dependent variables: the average ofscolexed cysticerci per each

cysticerci group and their length (mm); the average of ER-o/B/B-actine OD ratio and PR-A/B/F-

actine OD ratio for RNA expression. If ANOVA found significant differences between

treatments, the Student t-test and t-Tukey were applied to each experiment using the residual

variance estimated by ANOVA to test for significance. Differences were considered significant

when P< 0.05.
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3, Results

when cysticerci were expos ed in vitro to Pa, E2 orP4/Ezcombination, it was apparent that

progesterone and py'Er markedly increased parasite scolex evagination meanwhile estradiol

effect was not so powerfúl (Fig, 1). In the P+-treated BrouF, the percent of scolexed cysticerci in

relation to control values increased progressively, reaching a hundred percent their initial average

after 25 days in culture, while the effect of Ez only was on fifty percent of the treated parasite but

at the same level that in control groups. The effect of Py'E2 also increased at a hundred percent

the L solium cysticerci scolex evagination, probably more due to P+-effect than E2. No

synergistic effects were observed at the lowest doses of Py'Ez. To the opposite, RU-486 and

tamoxifen treatment, even in presence of Pa, Er and the combination of both hormones, showed a

powerful anti-cysticercus effect, due to they completely inhibited scolex evagination in Taenia

solium (Fig. 1).

Moreover, p+-treated cysticerci started to evaginate since sixth day in culture achieving a

total length of 3 fold-times (9.5mm) upper than control groups (3.25mm) at fifty day (Fig' 2). In

addition to, estradiol treatment increased by 2 fold-times the scolex length (6'25mm) comparing

with control cysticerci and accelerated scolex evagination, starting evagination at fourth day in

culture, upper conffols and P+-treated parasites. The effect of Py'E2 was higher than E2-effect but

no differences were observed with Pa-treated parasites (Fig' 2)'

On the other hand, different concentrations of P+ and Ez in the culture media were studied

to ascertain a dose-dependent response pattern of T. solium cysticerci. P+, at the doses 80 and 800

ng/ml, clearly augmented scolex evagination in a hundred of the treated parasites (Fig' 3). The

Ez dose of 400 pg/ml, increased sixty percent the parasite differentiation, accelerating scolex

formation before than control and P+-treated cysticerci (Fig. 3). In addition to, combinated P+ and

Ez did have their most powerful effect at 800 and 100 nglml respectively. Neither P+ and Er by

l lNeevia docConverter 5.1
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separated, nor the combination of both hormones affected viability at any tested dose, even at

concentrations 20 and 40 Fg per mL, respectively'

It is important to say that scolex appearance in P¿ and Ez-treated cysticerci was healthy

and without injury, showing constantly motility in the culture plate (Fig. 4).

In addition to, P¿ and Ez-treated cysticerci (Fig. 4A) were motile with completely

differentiated scolex, showing two rows of hooklets, in addition to four suckers also well

developed (Fig. aB). They were also motile and rather large (average length at this time was 9'5

+ 1.25 mm). py'Ez treatment did not show any differences between P¿-treated parasites and those

ones treated with this hormonal combination. In contrast, cultured cysticerci in presence of

tamoxifen and Ez were poorly differentiated (Fig. 4C), meanwhile RU-486 treatment completely

inhibited pa-effects and, therefore, evagination and growth of the T. solium cysticercus scolex

(Fig. aD). (P< 0.05)

In view that different 6RNA can have varying half-lifes and may undergo selective

degradation, we determined the quantity and integrity of total RNA extracted from the different

parasites used in this study. It was clear that the same amount of RNA (10 pg)' which was not-

degraded, was used for RT-PCR amplification in each studied tissue (data not shown)' The

amplification by RT-pCR of the ER-g (220 bp) and F (2a5 bp) and PR-A (210 bp) and B (320

bp) for T. soliumis shown in Figure 5A. Specific fragments which correspond in molecular

weight to those of ER-q, ER-F, PR-A, and PR-B, previously reported for mammals, showed

poor regulation in response to hormonal treatment (Fig 5A). Interestingly, the only gene who

demonstrated to be strongly affected by Po was PR-A, which expression diminished at f,ifty

percent respect to control Sroups (Fig. 5 A)'
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On the other hand, not only the gene expression of the parasite sex-steroid receptors was

detected, but also presence of their proteins. By means of western blot and using several

polyclonal antibodies previously described on materials and methods, four corresponding

fragments to ER-o (55 KDa), ER-F (80 KDa), PR-A (80 KDa) and PR-B (120 KDa) were

immunodetected in the helminth parasite T. solium and mouse ovary and uterus as internal

control (Fig. 5B).
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4. Dlscusslon

This work describes the progesterone and l7B-estradiol effects, by separated and using a

combination of both hormones, in order to resemble the physiological conditions that parasite can

be exposed in their native host, upon T.solium cysticerci in vitro evagination' Moreover, we

reported the powerful anti-cysticercus effect of the anti-hormones RU-486 and tamoxifen, on the

same differentiation process of Taenia solium, as well as the presence of their corTesponding

parasite sex-steroids receptors. Progesterone-treatment induced in a hundred percent of the 7'

solium cysticerci scolex evagination (Fig. 1). Evaginated scolex showed motility and well

differentiated structures. The combination of both hormones also increased the number of

evaginated parasites in a hundred percent of them, at the same level than progesterone alone,

probably due to the effect of the lastone. Interestingly, no synergistic effect was observed by

means of this combination, even at the lowest doses of these sex-honnones, which suggests that

progesterone may play the most important role upon in vifro scolex evagination of T' solium

cysticercus.

Nevertheless, Ez-treatment accelarated scolex evagination (Fig. 2), which makes us

suppose sex-steroids can act at several levels during a parasite infection, for instance in this

model, l7B-estradiol can accelerate evagination while progesterone stimulates and holds through

the time, this important parasite differentiation process. The additive effects of exogenous P¿ and

Ez (which can be found during pregnancy and several phases of the reproductive cycle of humans

and pigs) upon Z. solium differentiation may mean a better establishment and faster reproduction

of the parasite in an immune-competent host. According to our results, the possible action

mechanisms through which progesterone and estradiol affected parasite differentiation was tested

at three levels: l) by RT-PCR, because bands to ER-o, ER-F, PR-A and PR-B were amplified

t 4Neevia docConverter 5.1
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from 7. solium cysticerci. It is important to say that PR-A was the only parasite sex-steroid

receptor who showed a strong hormonal regulation. Typical endocrinologically, this receptor

demonstrated being regulated through a negative feed-back, similarly as its mammalian

counterparts flnding in different mouse and human tissues, which suggests that steroid hormones

can preservate several molecular mechanisms along evolution and species, even though it be a

parasite. 2) In the same sense, we were able to detect corresponding bands to ER-cr, ER-P, PR-A

and PR-B by means of western blot, using polyclonal antibodies raised against mouse. This result

suggests that the helminth parasite T. solium has similar proteins to ER-a, ER-p, PR-A and PR-B

(parasite-ER-u, ER-p, PR-A and PR-8, which means like-sex steroid receptors on T. solium or

proteins that can bind sex-honnones and work as sex-steroid receptors) previously described in

mammals such as mice and humans. Moreover, we propose these proteins conserve specific and

necessary aminoacid sequences to transduce an external positive signal, in this case, mainly

stimulated by progesterone. Finally, 3) Parasite-ER-4, ER-F, PR-A and PR-B function in Z.

solium was tested by means of specific anti-hormones (RU486 or Tamoxifen). It is well known

that RU-486 and Tamoxifen inhibits P¿ and Ez-functions, respectively, by competitive binding

with their specific nuclear receptors 125,261.

On the other hand, it was very important to determine that parasite like-receptors were

from parasitic tissue and not obtained artifactually by host cell contamination. This fact was

supported for two main reasons: a) to eliminate possible host cell contamination after parasites

being extracted directly from host tissues, cysticerci were cultured for more than eleven weeks

with a free serum medium, which maintains parasites, but mammalian cells do not grow in, b) a

highly specific gene product, which has evolved only in mammals, such as the fragment VDRHC

(Variable Region of the Heavy Chain of the Immunoglobulins) gene was used, and showed no
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amplification in the parasite, but positive in the host tissues. Same result was obtained when

another highly evolved gene (as TNF-u) was used as templatei only the mouse and pig tissues

amplified it, but T. solium did not (data not shown).

, In this work, the only addition of RU486 and tamoxifen, even in presence of

progesterone, estrogens or a combination between those ones, inhibited T. solium scolex

differentiation, which suggests that these anti-hormones have a powerful anti-cysticercus effect

upon one of the most important differentiation process of the T. solium, the scolex evagination

that will finally allow the flatworm developing, whose main function is the production of

thousands of infective eggs that, once released to the enviroment, can maintain the Z. solium life

cycle and, therefore, the infectious process on humans and pigs'

According to our results, we proposed that progesterone is recognized for parasite like-

receptors in T. solium, forming a ligand-receptor complex, probably as it has been described for

other species. This complex could dimerize and translocate into the parasitic cell nucleus where

could be able of regulating several aspects of the parasite physiology, such as differentiation,

scolex evagination and growth, through activation of parasite transcription factors, such as AP-l

complex, as we have previously reported for Taenia crassiceps, another helminth parasite. It has

been suggested the participation of a like-nuclear receptor in the parasite, because of its PCR-

amplification and detection by western blot and, in addition to, the whole inhibition of its

function by means of specific pharmacological agents such as RU486 and tamoxifen. As we said,

RU486 and tamoxifen are anti-hormones able to bind to progesterone and estrogen receptors,

respectively, through competitive mechanisms, blocking in this way the sex-steroids effects such

as stimulation of the scolex evagination in the T. solium metacestodes.
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These results suggest T. solium has developed, through many years of coevolution with

its porcine and human hosts, a complicated host-parasite network, clearly affected by sex-steroids

and involved in the maintenance of one of the most important parasite processes, T. solium

cysticercus scolex evagination, differentiation and Fowth.

In recent years, much information about host hormonal microenviroment affecting many

parasite species has been reported 127-301. For speciflc case of this infection, we had previously

found that gender and circulating estradiol and progesterone levels in host mice and host pigs

crucially affected the dynamics of parasite loads in infected mice with Taenia crassiceps

cysticerci [31] and infected pigs with T. solium metacestodes [15].

In this sense, it is important to say that these levels of estradiol and progesterone in

humans and pigs, may play a relevant role during natural infection, In order to test this

hypothesis, we detected in the parasite proteins (like-steroid receptors) which possibly can bind

exogenous sex-horrnones and act as sex-steroids receptors, activating gene expression and,

therefore, molecular and cellular important events, such as est¿blishment, growth and

differentiation. Such commonalities between host and cysticercus metabolism should come as no

surprise, when extensive homologies between species are being documented in other systems as

well [32]. In addition to, we showed that both subtypes of the classic estrogen receptor (ER-u and

ER-F) are expressed in ?". solium, as well as those isoforms of progesterone receptors ( PR-A and

PR-B). Ii appears that the effects of estrogen and progesterone are due to the binding of estradiol

and progesterone to their respective parasite like-steroid receptors. The effects of Ez could result

from the low-expression of its specific receptor or be due to non-genomic effects, or merely

reflect its transformation to other steroid metabolites [33]. Binding of the ER and PR to steroids-

dependent elements at parasite DNA, could be responsible for the activation of AP-l complex
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genes in the norrnal metabolism of T. soliwn [24]. Previous studies have demonstrated that the

genome of Onchocercü volwlu^y encodes at least three members of the nuclear receptor family

[34], as well as in T. crassiceps cysticerci [6] and this could also be the case for T. solium.

These findings suggest that progesterone and estrogen-effects upon parasite are mediated

by sex-steroid like-receptors expressed by T. solium cysticerci, which may f,ind important

applications in the development of future vaccines and therapeutic protocols, evaluating possible

enhancer hormonal effects during both natural infection and either human or veterenary

pharmacological treatment. On the other hand, the fact that RU486 and Tamoxifen have so

powerful anti-cysticercus effect, blocking the development of T. solium cysticerci scolex,

provides the first evidence that it is possible, in a future, to down-regulate this parasite

physiological process in order to diminish or eliminate the infection transmission rate, decreasing

proglottides developing and infective eggs production, mainly in the third world and developing

countries.

Finally, these results may contribuite to a better understanding of our conception of the

host-parasite relationship and sexual dimorphism during a parasite infection at evolutionary and

physiological levels.
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Flgure Legends

Flgure l� Progesterone increases scolex evagination of the Taenia solium cysticerci. P¿-treated

parasites showed an increasing of hundred percent of the scolex evagination while E2 induced it

in flrfty percent of the treated cysticerci. Py'Ez combination did have the same effects than P¿'

Nevertheless, estrogenic effects were more evidents on the time in which cysticerci started to

evaginate. In contrast, RU486 and tamoxifen, by separated or in combination, dramatically

inhibited scolex evagination in the hundred percent of the treated parasites. C : vehicle-treated

cysticerci (untreated cysticerci); Ce,os = vehicle (pure ethanol 0.06 percent)-treated cysticerci; E2

: l7B-estradiol-treated cysticerci; P4 = progesterone-treated cysticerci;P4lE2: progesterone and

l7B-estradiol-treated cysticerci at the same time; Tamoxifen+82: tamoxifen and 17p-estradiol-

treated cysticerci at the same time; RU486+P4 = RU486 and progesterone-heated cysticerci at

the same time; Tamoxifen/RU486+E2lP4 = tamoxifen and RU486 else t7B-estradiol and

progesterone-treated cysticerci at the same time; Tamoxifen = tamoxifen-treated cysticerci;

RU486 = Ru486-treated cysticerci; Tamoxifen/RU486 : tamoxifen and RU486-treated cysticerci

at the same time. **significant statistically between treated and untreated cysticerci; *Significant

statistically with untreated cysticercy. P< 0.05.

Figure 2. Progesterone and estradiol increase scolex $owth of the Taenia solium cysticerci. P4

and E2-treatment stimulated scolex lengthening by 3 and 2 fold-times, respectively, upper than

vehicle treated-cysticerci. In both of the P+ and Ez treatments, scolex Srowth was progressively

increasing until to begin its maximum value at fifty day in culture. Interestingly, E2-treatment

accelerated scolex evagination, starting this process at fourth day in culture. EZIP4 did have the

same effects than progesterone alone, probably due to the effect of the single hormone'

Moreover, no synergistic effect was observed with this combination. A total of twenty cysticerci

2sNeevia docConverter 5.1



t
t
t per honnonal treatment were used in each independent experiment. C : vehicle-treated cysticerci

o
(untreated cysticerci); E2: 17B-estradiol-treated cysticerci; P4 : progesterone-treated cysticerci;

I
EZIP4: estradiol and progesterone-treated cysticerci at the same time. f +Significant statistically

t
t 

between treated and untreated cysticerci; *signif,rcant statistically with untreated cysticercy' P<

t  0.05.

t Flgure 3. Dose-response curves. Pa clearly augmented scolex evagination in a hundred of the

O parasites at lowest doses, while E2 only affected to fifty percent of the treated cysticerci. PilEz-

t
trearment did have the same effects than progesterone-treated parasites, reaching its more

o
powerful effect at 800 and 100 ng/ml, of progesterone and estradiol respectively. +tSignificant

t
O 

statistically between treated and unfreated cysticerci; +significant statistically with untreated

I 
cysticercy. P< 0,05.

O Figure 4. Taenia solium metacestodes response to sex-steroid and anti-hormonal treatment' P¿

t and Er accelerated scolex evagination of the T. solium cysticerci, which developed well

t differentiated hooks and suckers (A and B). Treated parasites with P4 developed longer scolex

o
man tr2-treated cysticerci (A). In contrast, the only addition of tamoxifen and RU486 dramatically

o
inhibited scolex evagination and developing (C and D respectively).

t
O 

Flgure 5. (A) Estrogen and progesterone (mRNA) receptors expression in Taenia solium

O cyisticerci by RT-PCR. Estrogen (sub-types cL and B) and progesterone (isoforms A and B)

t receptors expression was quantified by densitometric analysis on treated and unfreated T. solium

O metacestodes. (B) Estrogen and progesterone protein receptors detection in Taenia solium

I
metacestodes by western blot. Corresponding bands to ER-c, ER-p, PR-A and PR-B were

t
detected in T. solium by means of western blot using polyclonal antibodies. C : vehicle-treated

t
t cysticerci (untreated cysticerci); Ez= I7}-Estradiol-treated cysticerci; Tamoxifen*E2:

o
t 2 6
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tamoxifen and 17p-estradiol-treated cysticercii Pa: progesterone-treated cysticerci; RU486+P+:

RU486 and progesterone-treated cysticerci. Ovary = mouse ovary as internal control protein;

Uterus: mouse uterus as internal confrol protein. * P< 0'05.
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Abstract

Experimental infection by the helminth parasite Taenia crüssiceps is favoured by female hormonal

environment. Specifically, l7-B estradiol promotes parasite establishment by two non'excluding

independent pathways: a) modulation of the host's immune response and b) direct action upon

parasite to regulate its growth, reproduction and infectivity through specific estrogen receptors'

Nevertheless, here we repofi experimental evidence which suggests that the l7p-estradiol

proliferative effects on Taenia crüssiceps cysticerci also involve the parlicipation of a non-genomic

mechanism, mediated by the LYN-ERK tyrosine kinase signalling pathway activation. Our results

show that in vitro exposure of Taenia crassiceps cysticerci to l7p-estradiol increased parasite

reproduction by two and a half-fold. ln contrast, genistein or ERK-inhibitor, which are specific

inhibitors of LYN and ERK respectively, inhibited l7p-estradiol proliferative effects, diminishing

parasite reproduction to the same level as untreated cysticerci. Concomitantly, 178-estradiol

treatment was able to strongly induce phosphorylation in a variety of parasite proteins, including

parasite like-LYN and ERK, increasing six-fold the total percentage of activated protgins,

Moreover, not only were Lyn and Erk corresponding fragments detected by means of RT-PCR, but

also Zyn gene expression was clearly augmented by l7B-estradiol treatment. On the other hand,

Western blot assays showed surprisingly different molecular weight between parasite LYN-like and

ERK-like proteins and similar proteins detected in the host's tissues. In addition, flow cytometry

experiments corroborated that parasite LYN end ERK-like proteins were specifically from Taenia

crassiceps'tissue and not contamination from host cells, also proving that parasite second

messengers can be activated by exogenous l7B-estradiol, Finally, these results may contribute to a

better understanding of the molecular crosstalk between parasite and host, which can ultimately

regulate parasite physiology by means of its own hormones and growth factors. These

considerations can help in the design of specific drugs that exclusively affect the cysticercus and not

the host.
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Introductlon

Taenia crassiceps is a helminth parasite, which, in its adult stege as a worrn, parasitizes

cannids, while during its intermediate stage, as a cysticercus, it hosts several extraintestinal tissues

of rodents [1]. Experimental ?i crassiceps cysticercosis in mice simply requires the inhaperitoneal

injection of living cysticerci into recipient mice [2]. Intraperitoneal cysticerci reproduce asexually

by budding, reaching massive parasite loads in a few months [3] that can approximate the host body

weight without causing it apparent discomfort [4]. Cysticerci also survive and reproduce in vitro in

usual culture conditions with fetal calf serum-free media [5]. These featwes of murine experimental

cysticercosis make it a convenient model to study the immunological, genetic and sexual factors

involved in susceptibility to infection and parasite proliferation [6,7].

Sex-steroids play a signif,rcant role in parasite load regulation during experimental

intraperitoneal cysticercosis in male and female mice. Briefly, estrogens increase the parasite load

and androgens decrease it: 1 ) by acting directly on the parasite, and favouring or hindering its

reproduction, respectively, and 2) by tilting the hosts' immune response towards a parasite-

permissive Th2 or a parasite-restrictive Thl response [8]'

We previously reported that l7-p-estradiol (E2) increases T. crassiceps in vifro reproduction

while androgens inhibit it, The proliferative effect of Ez on the parasite seerns to be mediated by the

estrogen-induced AP-l transcription factor expression in the parasite [5]. Estrogen receptor (ER)

expression on cysticerci and AP-l complex activation, in addition to the inhibition of proliferation

by tamoxifen, support the idea that one of the proliferative mechanisms mediated by E2 is a

classical nuclear receptor-dependent pathway [9,5].

However, the proliferative effect of Ez on T. crassicep.r reproduction is not fully inhibited by

the anti-estrogen tamoxifen, which suggests that the parasite can respond to estrogens by alternative

pathways. Potential alternative pathways do not necessarily require the binding of the steroid to a

classical nuclear receptor, but can occur through non-specific receptors' many of which belong to

the tyrosine kinase family (TK). Several mechanisms of action related to adrenal and sex-steroid

Neevia docConverter 5.1



t
o
t
o
t
t
t
t
o
t
t
I

I

I

I

I

t
t
t
t
t
t
I

o
t
t
t
t
I

t
t
I

hormones have been described [0,] I ]; among the most amply studied are the non-genomrc

mechanisms mediated by Ez, Specifically, E2 treatment can activate several types of TK such as

PI3K and SRC kinases. The G protein-coupled receptor action (GPCR) may also be modulated by

the estrogen/receptor complex (E/ER) [12], as in excitable cells from mouse reproductive tissue,

where estrogens can promote GPCR activity [3], triggering epidermal growth factor receptor

(EGFR) and, concomitantly, PLC-PKC pathway activation [14]. On the other hand, not only E2

effects are mediated by unspecific receptors closely localized in the cellular membrane, but also by

means of the specific ER [ 5, I 6]. In fact, the binding between Ez and its membrane ER activates

group I and II of the metabotropic glutamate receptor U7l. It is important to mention that ER by

itself is able to bind to SRC kinases through their highly conserved SH2 domains. Such is the case

of the LYN second messenger, among others, which willbe activated as a consequence of EiER

action, Once phosphorylated, LYN will activate downstream to Syk or Zap-70 and, as a

consequence of this, to the extracellular signal-regulated kinases and mitogen-activated protein

kinase signalling pathway (ERK-MAPK), Finally, the ERK-MAPK pathway will regulate cell

proliferation and differentiation [18,19]. On the other side, when Ez is present, ER-cl can directly

interact with p85, the regulatory subunit of PI3K, ultimately Bctivating the Akt pathway [20,12].

The regulation of very important processes such as cell proliferation, differentiation and growth by

means of non-genomic steroid mechanisms in mailunalian systems has been extensively studied

[Zl-23]; nevertheless, information about this type of mechanisms operating in parasitic cells is

scarce [24] and, at the same time, full of interest from the current medicine and drug designing

point of view, because more information about the metabolic pathways that regulate parasite growth

and establishment could provide specific potential targets for therapeutic treatment, such as

enzymes, Benes and molecules present exclusively in the parasite. This would avoid host damage

and unspecific cross-responses,

For these reasons, the present study searched for evidence to show that the l7p-estradiol

proliferative effects on the helminth parasite Taenia crüssiceps, which is antigenically very close to
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Taenia solium,may be related to the participation of a tyrosine kinase-like signalling pathway in the

p'rasite that can be activated by E2 and could regulate in vltro cysticercus reproduption' This study

aimed to open new considerations about the host-parasite relationship at molecular and evolutionary

levels, as well as contributing to identifu several steroid-dependent parasite metabolic routes in

order to design cysticidal drugs that specifically inhibit cysticerci without affecting to host.
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Results

In vitro effects of Ez and tyrosine kinase inhibitors on Taenia crdssiceps cysticercus reproduction.

Concentrati on-response curves

To study the LYN-ERK-like pathway functionality in T. crassiceps cysticerci and propose a

non-genomic mechanism through which Ez can induce an increase in the number of buds in the

parasite, different concentrations of Ez were tested to determine a possible concentration'dependent

response pattern of parasite reproduction. The number of buds clearly increased as the E2

concentration rose. The 100pM concentration duplicated the parasitic reproduction rate, and &

maximum response was reached with 800pM (Fig. l). A concentration-response pattern contrary to

that of l7P-estradiol was evident when tyrosine kinase inhibitors (TK-inhibitors) were tested (Fig.

1), All TK-inhibitor concentratlon-response curves were obtained in the presence of Ez 400ttM.

Tested TK-inhibitors were AGlS (a general inhibitor of tyrosine kinase, [25]), genistein (LYN'

inhibitor, [26]) and ERK-inhibitor (inhibitor of the extracellular signal-regulated kinase signalling

pathway, [27]).

As expected, lpM AGlS blocked the Ez-effect on the parasite, reaching its maxtmum

antiproliferative response at 8¡rM concentration (Fig. l), 1¡rM genistein had a similar effect on

parasite reproduction as AGlS at the same concentration. The maximum response for genistein was

obtained at 4pM concentration, and showed the same antiproliferative effect as that obtained with

S¡rM concentration (Fig. l). Finally, at I and 2pM concentrations, ERK-inhibitor exhibited a poor

but statistically significant stimulating effect on 7. crasriceps reproduction. However, higher

concentrations of this TK-inhibitor completely blocked the E2-proliferative effect on the parasite,

diminishing the number of buds to the same level as in urtreated cysticerci (Fig. l)'

In vitro effects of E2 and tyrosine kinase-inhibitors on Taenia crassiceps cysticercus reproduction.

Time-response curves
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To explore the temporal progression of E2 and TK-inhibitor effects on parasite reproduction'

we designed time-response curves, exposing T. crassiceps cysticerci to the optimal antiproliferative

doses of AG18, genistein and ERK'Inhibitor (taken from the concentration-response curves shown

in Figure 1), with added 400pM of Ez in each case, during five days on in vitro culture.

After five days in culture, bud production in Ez-treated cysticerci showed a four-fold

increase compared to bud production in untreated cysticerci (Fig. 2). AG18 showed the most severe

antiproliferative effect on parasitic reproduction: this TK-inhibitor decreased the number of ?n

crassiceps cysticerci buds by fifty percent with respect to control values, even in presence of E2

(Fig, 2). Similarly, genistein and ERK-inhibitor blocked the E2-proliferative effect of the parasite

because it reduced bud production to the same level as in untreated cysticerci (Fig' 2).

LyN-like and ERK-like amplification in Taenia clüssiceps cysticerci

Considering that different mRNAs can have different half-life and may undergo selective

degradation, we determined the quantity and integrity of total RNA extracted from E2-treated and

untreated Taenia crassiceps cysticerci and mouse spleen as positive control tissue. The same

Bmount of non-degraded RNA (10 pg) was used for RT-PCR amplification in each case. Zyn-like

and Erk-like amplification of T. crassiceps cysticerci is shown in Figure 3. Specific bands that

correspond in molecular weight to those of Lyn (240 bp), Erk (I l2 bp) and ftactin (220 bp)

previously reported for mammals were obtained from Z, crasslceps cysticerci and mouse spleen

(Fig. 3),

On the other hand, not only was lyn-like and Erft-like gene expression detected in Z.

crassiceps cysticerci, but also the modulation of these genes in response to l7B-estradiol and TK-

inhibitors (Fig, a). A representative gel is shown in Figure 4A, where p-actin was used as

constitutive expression control in order to analyze with optical densitometry. Interestingly, Ez was

the only treatment that significantly modified Zyn-like gene expression, increasing it by two-fold

compared to the control group (Fig, aB). Moreover, TK-inhibitor treatment did not have any effect
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on the gene expression of this parasite second messenger (Fig. aB). Opposedly, neither Ez nor TK-

inhibitors affected Erk-llke gene expression in the parasite (Fig' aB)'

LYN-like and ERK-like protein detection in Taenia crassiceps cysticerci

We obtained and quantified total protein from Ez and TK'inhibitor-treated T. crasslceps

cysticerci. The mouse polyclonal anti-LYN recognized in üe immune-precipitated L crassiceps a

single band of approximately 48 KDa, while in pervanadate-stimulated and nonstimulated THP

cells the antibody recognized two protein bands of 53 and 56 KDa, which correspond to the

reported molecular weight for LYN in several mammalien species such as mouse, rat and human

(Fig, 5A). It is important to underline that neither E2 nor genistein treatment modified LYN'like

synthesis in the parasite (Fig. 5A). On the other hand, a characteristic doublet for ERK, of

approximately 55 and 62 KDa respectively, wes detected in the T. crassiceps cysticercus by means

of the mouse polyclonal anti-ERK (Fig. 5B), Unexpectedly, the couple of bands differed from those

detected in pervanadate-stimulated Bw cells, whose expected molecular weight matches the

reported size (42 and 44 KDa) of these proteins in several strains of mice (Fig. 5B). lnterestingly,

l7B-estradiol treatment triplicated only the synthesis of the ERK-like heavier band, while ERK-

inhibitor treatment reduced it to lower levels than those detected in urtreated parasites (Fig. 5B). In

addition to, since second messengers like LYN and ERK are activated through phosphorylation

processes, it was relevant not only to detect them in the parasite but also to determine their capacity

for being phosphorylated in presence to estrogens or TK-inhibitor treatment. For that reason, we

decided to determine the LYN-like and ERK-like functionality in the L crüssiceps cysticercus

through two different strategies: a) using a polyclonal antibody able to recognize all phosphorylated

proteins in response to different treatments (Fig. 5C), and b) by means of an antibody that

exclusively recognizes the ERK phosphorylated form, which is at the end of the whole signalling

pathway and in charge of activating proliferative signals inside the parasitic cell (Fig. 5D). Our

results indicate that l7p-estradiol duplicated the total percent of phosphorylated proteins in Z
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crassieeps,while TK-inhibitors decreased it in sixty percent of the total proteins, with respect to

unffeated cysticerci (Fig. 5C). Concomitantly, when T. crassiceps was exposed to Ez, there was an

increase in ERK-like phosphorylation (expected molecular weight of 62 KDa), compared to control

cysticerci (Fig, 5D). Moreover, TK-inhibitor treatment partially blocked the E2-effect in the

parasite, diminishing ERK'like phosphorylation in response to this estrogen (Fig. 5D).

3,5, LYN-like and ERK-like specific detection in Taenla crassiceps cysticerci by flow cytometry

In order to determine that LYN-like and ERK-like proteins came exclusively from Z

crassiceps cysticerci cells and that they had not been contaminated by host immune cells, we

performed a flow cytometry analysis using a polyclonal antibody able to specifically recognize to

cestode's paramyosin, a transcendental protein in the parasitic cytoskeleton function, which is

interestingly not expressed by mammals, Two different cell populations are described: the first are

Balb/cAnN mouse spleen cells, specifically recognized by fl-CD3, cr-CD4, s-CD8, cL-CDl9 and cL'

macrophages antibodies, as is well known, Moreover, these mouse cells showed a diameter between

XXX and XXX pM and high percentage of granularity (Fig. 6A), Neverlheless, these cells were not

recognized by a-paramyosin antibody as shown in Figure 6A, On the other hand, we were able to

detect another cell population, different to that described for mouse spleen. These cells were

obtained from Z. crassiceps tissue, showing different patterns of size and granularity to host

immune cells (their diameter was between XXX and XXX ¡rM, and granularity was XXX-fold less

than that of immune cells, suggesting that these parasite cells are less complex than mouse spleen

cells, Fig. 68). It should be mentioned that these parasite cells did not recognize cr-CD3, o-CD4, c¿'

CD8, c¿-CD19 and cr-macrophages antibodies. Additionally, these parasite cells were well marked

by u-paramyosin antibody (Fig. 6B), and used as template for the subsequent analysis of

exclusively parasite LYN-like and ERK-like (Fig, 6C-F). LYN-like and ERK-like were not only

shown to be present in parasite cells, but also to be upregulated by l7p-eshadiol treatment'

Specifically, this estrogen increased the Z, crassiceps LYN-like synthesis by XXX-fold with respect
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to the control $oup (Fig. 6E). Similarly, ERK-like showed a XXX fold increase in Ez-treated

parasites as compared with untreated cysticerci (Fig. 6F). Unexpectedly, l7p-estradiol also

augmented T. crassiceps paramyosin synthesis XXX-fold, showing what to our understanding is the

first evidence that exogenous sex-steroids can affect the expression and synthesis ofcestode

cytoskeleton molecules (Fig, 6C and 6D)'

In vitro effects of E2, tamoxifen and tyrosine kinase inhibitors on Taenia crasslceps cysticercus

reproduction

With the purpose of studying the possible coordinated participation of the LYN-like and

ERK-like dependent pathway Bnd the proliferative mechanism mediated by the estrogen receptor

(ER), we decided to expose Taenia crassiceps cysticerci to TK-inhibitors in combination with

tamoxifen, a competitive ER-inhibitor, both of them in the presence of l7B-estradiol' As shown

previously, Ez increased the number of buds in the parasite three-fold. Opposedly, tamoxifen

treatment totally inhibited the proliferative effects of this estrogen, reducing pa.rasite reproduction to

the same level as in the control group (Fig, 7). Interestingly, separated combinations of tamoxifen,

AG18, genistein and ERK-inhibitor not only inhibited the Ez-effects but also progessively

diminished the number of buds below control Broup values (Fig. 7). No differences were detected

when combinations of tamoxifen with any of the three TK-inhibitors were used; however, all of

these combinations showed significant differences when compated to Ez-treated and untreated

parasites (Fig. 7),
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Discusslon

As we have previously reported, there is a direct proliferative effect of 178-estradiol on

Taenia crassiceps cysticercus reproduction, which is not necessarily mediated by the host immune

system, but through classic nuclear receptor-like sex-steroids in the pamsite [5]. However,

alternative mechanisms through which E2 can affect the patasite, securing its reproduction and

establishment in an immrurecompetent host, have not been completely explored yet. The aim of the

present study wa5 to investigate the participation of a signalling pathway mediated by second

messenger cascades, which may be responsive to sex-steroids that are highly conserved throughout

the species and involved in cell proliferative processes. Thus, we explored the LYN and EttK-

dependent signalling pathway, two of the tyrosine kinase proteins which can be activated by several

exhacellular signals and generate rapid responses inside the cell, and the effect of the specific

inhibitors, genistein and ERK-inhibitor, on their participation in parasite reproduction.

Interestingly, we found that, at progressively higher l7p-estradiol concentrations, the

number of T. crassiceps cysticercus buds reached its maximum Yalue. The opposite response was

observed when TK-inhibitors were tested in in vitro culture. As concentration of AG I 8, genistein

and ERK-inhibitor rose, parasite reproduction progressively decreased (Fig. l). On the other hand,

the E2-effect was enhanced as time passed, reaching its maximum effect on parasite reproduction at

day five of in vitro culture. Nevertheless, no time-dependent response was found when AGl8,

genistein and ERK-inhibitor were tested, although TK-inhibitors completely blocked the E2'

proliferative effect, suggesting that parasite LYN-like and ERK-like proteins could mediate their

estrogenic action because in the presence of LYN and ERK-inhibitors there was no E2-stimulated

reproduction (Fig, 2). These findings show a marked dose and time-dependent pattern in the effects

of Ez on cysticercus reproduction, which seems to be relevant because it suggests that sex-steroids

could have similar pharmacologic effects on mailrmals and on parasitic cestodes, a hypothesis that

evokes the wide range of steroid hormone actions not only in many different cell types, but also

along the phylogenetic scale, among organisms evolutionarily not closely related'
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Moreover, determination of the pharmacologic actions of Ez and TK-inhibitors on ?tr.

crassiceps cysticerci was as important as verirying Lyn and Erk gene expression in the parasite as

well as their translation to functional proteins in charge of mediating E2-effects' In view of this,

corresponding bands to Zyn-like and Erft-like were amplifled from ?" crassiceps larval tissue by

means of specific primers designed on the most conserved regions of these Senes' previously

reported in mammals such as mouse, rat and human (Fig. 3). Unexpectedly, not only Zyn-like and

Erk-llke genes are expressed in the parasite, but they can also be regulated by sex-steroids such as

l7B-estradiol, which specifically induced Lyn-llke overexpression without affecting the Erft-like

expression (Fig. aB). It should be mentioned that most of the work about signal transduction

pathways focuses on studying their activation mechanisms by hormones [28-30]' However,

especially in parasites, the effects of these $owth factors on second messenger gene expression'

which are practically in charge of mediating the functionality of the whole pethway, have been

scarcely explored. Present results show that this type ofparasite genes are differentially regulated

by exogenous sex-steroids, which could be occurring in vivo from host to parasite, and this offers an

alternative explanation of why T. crassiceps cysticerci glow better in the mouse female than in the

male [4], highlighting differences between the hormonal microenvironments of both genders.

Concomitantly, it is necessary to underline that second messengers lead their transduction

functions as phosphorylated proteins; it was therefore transcendental to determine corresponding

proteins ro LYN snd ERK in the parasite and to analyze their phophorylation pattern in response to

l7p-estradiol and TK-inhibitor treatments, Unexpectedly, one single band conesponding to LYN-

like was detected in T. crassiceps, while most of the mammalian species exhibit a characteristic

doublet (Fig, 5). This finding suggests that, along many yeors of coevolution between the host and

the parasite, several molecules, such as genes or proteins, may be lost or "economized", passing

their functions onto others that conserve similar structures and, therefore, can trigger the same

effects due to a complex process of "molecular hypertrophy", where many functions can be led by a

few molecules. In the same sense, ERK-like was detected in ?" crüssiceps larvae as a typical protein
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doublet showing heavier molecular weight than the same proteins previously reported for mouse, rat

and human (Fig. 5), The fact that ERK-like differs from its homologue in BW cells, supports two

very important aspects of this study; a) that second messengers detected in the parasite are not a

contamination by host immune cells, and b) that, although both proteins have different sequences,

they probably conserve a high degree of similarity in their catalytic domains, which makes them

recognizable with the same antibody, guaranteed the suitable function for transducing signals in

both organisms. In addition, l7p-eshadiol treatment differentially stimulated the phosphorylation of

ERK-like, which strongly supports that parasitic LYN-like and ERK-like are not only expressed and

regulated by exogenous estrogens, but also, these second messengers can be translated to functional

proteins, able to be activated through Er-stimulated phosphorylation processes. This result suggests

again that steroid hormone action mechanisms upon target cells are poorly diversified through

species, maintaining similar and successful strategies from the simplest organisms to the most

complicated,

On the other hand. it was critical to determine that the detected and analyzed LYN-like and

ERK-like were exclusively from the Taenia crassiceps cysticercus, and were not a consequence of

host immune cell contamination, because, as shown elsewhere, there is an extremely high

interaction between parasites and immune cells, which may eventually lead to leukocyte invasion

into several parasitic tissues [31]. For this reason, an alternative use of flow cytometry was

employed to differentiate proteins from 7, crüssiceps and the host mouse by identifying exclusive

molecules of the parasite which are neither synthesized nor expressed by the host' This is the case

of the paramyosin, a muscle protein found only in invertebrates such as Drosophila melanogaster,

Caenorhabditis elegans, Taenia solium and f. süginata [32]. The flow cytometry studies showed

that the analyzed LYN-like and ERK-like presence and phosphorylation pattern belonged

specifrcally to the parasite, because paramyosin was only detected in T. crasslceps cells, where the

second messengers were also found and studied. Opposedly, cells exfracted from mouse spleen

(where no LYN-like and ERK-like analyses were performed) were not recognized by the cr'

Neevia docConverter 5.1



o
o
o
o
I
o
I
t
o
o
t
I
o
t
t
o
t
t
o
o
t
t
t
t
o
I
o
o
t
t
t
t

paramyosin antibody, but they were positive to s,-CD3, cr-CD4, ct-CD8, ct'-CDl9 and c¿-

macrophage antibodies, contrary to parasite cells (Fig. 6)'

These results demonstrate that the parasitic proteins analyzed are in foct ftom Taenia

crüssiceps origin Bnd not from other sources, and simultaneously emphazise the potential use of

flow cytometry for differential identif,rcation of molecules from organisms with extremely close

contact, such as the parasite and its host.

Finally, in order to test if we could arrest parasite proliferation completely by inhibiting the

genomic and rapid response pathways, we cultured T. crasslceps cysticerci in the presence of l7F-

estradiol and TK-inhibitors and tamoxifen, It is well known that tamoxifen inhibits E2'$enomic

Bctions by competitively binding to estrogen nuclear receptor (ENR) [33,34], Interestingly, using

combinations of genomic and non-genomic pathway inhibitors, we did not obtein a total halt of

parasite reproduction (Fig. 7), which could suggest that parasites have developed alternative

mechanisms to secure their reproduction at least at basal levels Bnd, through these "physiological

buffer mechanisms", avoid the loss of very important functions such as Srowth, differentiation,

establishment and, ultimately, their preservation [35].

In conclusion, LYN-like and ERK-like from T. crassicep,s are described here. These second

messengers showed great capacity to transduce signals evoked by l7B-estradiol in the parasite. It is

important to mention here that much information about the effects of the host hormonal

microenvironment on parasite physiology has been generated in recent years [36-39]. Our results

pretend to contribute data about the mechanisms by which the host microenvironment affects the

parasite, Furthermore, the evolutionary origin of the molecules described herein, which facilitate

exploitation of the host's hormones, is worthy of study. In particular, if those genes were acquired

by the parasite through horizontal gene transfer or evolved by mimicry, or simply from common

ancestral genes, remains to be resolved. Finally, our f,indings could help to understand, at molecular

and evolutionary levels, several aspects of the host-parasite relationship, the sexual dimorphism of
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the immune response and, on the other hand, to provide new parasitic targets for designing specif,ic

cysticidal d*gs,

4. Materlals flnd methods
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A new stock of T. crassiceps cysticerci (ORF-Kuhn2 strain) was donated to our laboratory

by R. Kuhn in 2000 and was kept by serial intraperitoneal passage in BALB/cAnN female mice

approximately every fow months [2,40]. Cysticerci for each experimental session were obtained

from intraperitoneally infected female mice and placed in tubes containing sterile PBS (1x)

supplemented with 100 U/mI of antibiotics-fungizone (Gibco, Grand Island) [3]. The tubes were

centrifuged for l0 min at 1,500 rpm and 4oC, and the supernatant was discarded. Packed cysticerci

were incubated in AIM-V serum-free medium (Sigma, St. Louis, Missouri), They were then

centrifuged 3 times for l0 min at 1500 rpm for washing. After the final wash, the numbers of viable

cysticerci (complete, translucent and motile cystic structures) were counted under a binocular

microscope. Ten viable non-budding cysticerci of approximately 2 mm in diameter were then

selected and dispensed into each well of Z4-well culture plates (Falcon, Becton Dickinson Labware,

Franklin Lakes, New Jersey) in I nrl AIM-V Medium (Gibco BRL) and incubated at37" C and 5%

CO? . A sufficient number of culture wells was prepared to accommodate the complete

experimental design to evaluate the effects of in vitro treatment of estradiol on cysticerci. Cultures

were checked daily and their medium was completely replaced when turning yellowish.

In vitro treatment effects of Ez, TK-inhibitors and tamoxifen on Z crasslceps cysticercl

Culture grade l7-p estradiol (Ez) and tamoxifen (Tam) were obtained from Sigma. Culture

grade tyrosine kinase inhibitors (TK-Inhibitors) AGlS and genistein were obtained from ICN

Biomedicals, INC. ERK-inhibitor I was obtained from Calbiochem. For in vilro tests, water-soluble

E2 was dissolved in DMEM serum-free culture medium, while TK-inhibitors and tamoxifen were

dissolved in 3o/o DMSO. Each one was prepared to 100¡rM stock concentration and then sterilized

by passage through a 0.2 mm millipore flrlter, Each of the following experimental conditions was

applied to 24 parasite-loaded wells for concentration-response cuwes: a) supplemented with the

solvent with diluted hormone, b) separately supplemented with I xl02, 2 xl02, 4 xl02 and 8x102pM

of E2, c) separately supplemented with 1,2,4 and 8pM of AGl8, d) separately supplemented with
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l,Z,4and 8¡rM of genistein, e) supplemented with 1,2,4 and 8pM of ERK-inhibitor I. Ez and

tamoxifen concentrations used in this study were also determined as reported in previously [5,9].

Optimal concentrations were selected from the concentration-response curves of Ez and TK-

inhibitors, and used in time-response curves. The concentrations were used as follows: 4x102¡lM of

E2, 8pM of AGl8, 4¡rM of genistein,4pM of ERK-inhibitor and 40¡rM of tamoxifen- The number

of buds per cysticercus as a function of days in culture was assessed as the response variable. In

culture, each TK-inhibitor was supplemented 2 hours before the addition of the hormone. Parasite

reproduction was measured by counting the total number of buds in the ten cysticerci in each well.

Bud count was performed daily under an inverted light microscope. Cysticercus viability was

determined daily for each well using an inverted microscope (Olympus, MO21, Tokyo, Japan) at

10x and l00x magnification. Injury to cysticerci was recognized microscopically by progressive

internal disorganization, development of whitish opaque areas on the parasite's tegument and by

loss of motility. Dead cysticerci were immobile, opaque and disorganized structues.

Effects of Ez and TK-inhibitors on proliferation end gene expression of cultured cysticercl

Total RNA was isolated from hormone and TK-inhibitor-treated T. crassiceps cysticerci,

and BALB cAnN female mouse spleen (as controls for specific Lyn and ErRK gene amplification)

by the single-step method based on guanidine isothiocyanate/phenol/chloroform extraction using

Trizol reagenr (Invitrogen, Carlsbad, CA). Briefly, cysticerci were disrupted in Trizol reagent (1ml/

0.1 g tissue), and 0.2 ml of chloroform were Bdded per lml of Trizol. The aqueous phase was

recovered after l0 min centrifugation at 14,000 rpm, RNA was precipitated with isopropyl alcohol,

washed with 75% ethanol and dissolved in RNAse-free water. RNA concentration was determined

by absorbance at 260nm and its purity was verified by electrophoresis in 1.0% denaturing agarose

gel in the presence of 2.2 M formaldehyde'

Lyn and Erk gene amplification on f. crassiceps cysticerci
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Total RNA from Ez and TK-inhibitor-treated cysticerci was reverse-franscribed, followed by

specific PCR amplification of Lyn and Erk genes, at the same time as ftactin (conhol gene), as we

previously described [9], Briefly, 10 pg of total RNA (either mouse spleen or parasite tissue) were

incubated at37" C for thr with 40 units of M-MLV reverse transcriptase (Applied Biosydtems,

USA) in 20 pl of reaction volume containing 50 pM of each dNTP and 0.05 pg oligo (dt) primer

(Gibco, NY). Ten pl of the cDNA reaction were subjected to PCR in order to amplify the sequences

of the specified genes, Primer design was based on the most conserved regions of sequenced genes

of all species reported in the data base. Sequences of primers are as follows: Iyn sense 5' -

CCCAAACCTCAGAAGCCATG-3', antisense 5' -TGTCGACTACGGCTGCTGCT -3', and Erk

sense 5'-ACAAAGTTCGAGTTGCTATCA-3', entisense 5'-ATTGATGCCAATCATGTTCTC-3'.

primers were designed on SH2 and SH3 regions previously reported for mammalian species. The

50 pl PCR reaction included l0 pl of previously synthesized cDNA, 5 pl of l0x PCR-buffer

(Perkin-Elmer, USA), I mM MgCl, 0.2 mM each dNTP,0'05 pM each primer, and 2'5 units of

Taq DNA (Biotecnologlas Universitarias, México), After an initial denaturation step at 95"C for 5

min, temperature cycling was as follows: 95oC for 30 seconds, 57'C for 45 seconds and 72"C for

45 seconds during 35 cycles, An extra extension step was completed Et7zoc for l0 min for every

gene. The 50 ¡rl of the PCR reaction were electrophoresed on 20lo agarose gel in the presence of a

100 bp ladder as molecular weight marker (Gibco, BRL, NY), The PCR products obtained were

visualized by staining with ethidium bromide. ln all cases, a single band was detected

corresponding to the expected molecular weight of the gene, Identity of the expected molecules was

confirmed by sequencing of each specif,ic band. The amplified DNA sequence was determined by

using a Thermo Sequenase cycle sequencing kit (Biorad) and an automatic sequencer (Model LIC-

4200, Aloka Co., Japan), The sequence deta were analyzed using DNASIS Software (Hitachi

Software Engineering, Tokyo, Japan). Homology searching on the nucleotide and protein database

was caffied out with the Blast program at the National Center for Biotechnology Information

(Bethesda, Maryland). Pairwase sequence alignment and protein identities were perforTned using
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CLUSTLAW 1.6 software.The ftactin gene is a constitutively expressed gene and it was used as

internal control for differences in the amplification procedure between experiments and to stain

different gels,

LYN and ERK immunoblot detection on T. crassiceps cysticercl

Total protein was obtained from Z crasslceps cysticerci by Tris-HCl conventional isolation'

In brief, unfreated, Ez and TK-inhibitor-treated cysticerci BS well as mouse splenocytes were

disrupted in Tris-HCl (lmV 0,1 g tissue), proteinase K (100 units/ml) and proteases inhibitor

cocktail (Calbiochem). The supematant was recovered after l5 min cenftifugation at 14,000 rpm

and the pellet was discarded. Protein quantity was obtained by absorbance at 595 nm using the

Bradford-Lowry method, Total protein extracts of T. crassiceps cysticerci and mouse splenocytes

were boiled in reducing Laemmli sample buffer, separated by SDS-PAGE (10% acrylamide) and

electroblotted onto nihocellulose membranes, The membranes were blocked ovemight in TBST

buffer (10 mM Tris-HCl, pH7.4,100 mM NaCl, 0.5% Tween 20) containing l% BSA with 3% dry

milk. Next. different membranes were washed five times in TBST and separately incubated for 2'5

h in presence of cl-YPO4-4G10 (lpdpl, Upstate), ü-LYN (lpe/FL, Santa Cruz Biotechnolo$y), ü-

ERK (l pg/¡rl, Santa Cruz Biotechnology) and a-pERK (l:2000, Cell Signalling). After this first

incubation. membranes were washed three times in TBST and, subsequently, incubated for lh in

presence of ü,-mouse IgG HRP (l:2000, Amersham) for LYN and pERK, and cl-rabbit IgG HRP

(l:1500, Amersham) for ERK. Immediately after, the bands were visualized using the ECL system

according to the manufacturer's instructions (Super Signal ECL, Pierce). Chemiluminescent signals

were captured in Kodak Bio-Max film'

Specific detection of LYN Bnd ERK inT. crasslceps cysticerci by flow cytometry

T. crassicep.e and mouse spleen cells were extracted by tissue disruption from cultured

treated and untreated-parasites. 2x106 cells for each heatment were incubated at 4'C for 20min in

presence of o-CD3, fl-CD4, ct-CD8, o-CDl9 and cr-macrophages antibodies (as the surface
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antibodies), and subsequently washed in sterile PBS I X-staining. Next, cells were centrifuged at

2000rpm for 5 min, and incubated in GolgiPlug for 3 hours. Immediately after, cells were washed in

PermAVash buffer and centrifuged at 2000 rpm for 5 min. After this, cells were separately

incubated in presence of primary antibodies at room temperature for 20 min, and subsequently

washed in PBS lX-staining, Immediately after, cells were centrifuged at 2000 rpm for 5 min. Cell

pellets were separately resuspended in presence ofsecondary antibodies conjugated to specific

fluorochromes Bnd incubated at 4oC for 30 min in the dark. After this, cells were washed in PBS

lX-staining and centrifuged at 2000rpm for 5 min, Cell pellets were resuspended in 500¡rL of PBS

lX-staining in absence of light and analyzed on cytofluorometer FACScan (Becton Dickinson,

USA).

Experimental design and statistical analysis

Ez and TK-inhibitor concentration-response and time-response curves were estimated in six

independent experiments, each performed with cysticerci freshly extracted from different infected

donor mice and each including E2 and the four inhibitors at optimal concentrations, each replicated

in 24 different wells, The response variable used in statistical analysis is the sum of buds in the 24

wells with each treatment along the time of exposure of each experiment. All experiments to

evaluate the effect of the optimal dose of hormone and inhibitors on parasite proliferation indexes

were perfonned four times. In each of the six experiments, each of the five treatments was

replicated in 24 wells, where each well contained ten viable cysticerci. Data of the six replications

of each treatment were pooled and expressed as their average. Data were analyzed using one'way

ANOVA and a Dumet's Multiple Comparison Test with the hormone and TK-inhibitor treatments

and the number of experiments as independent variables, and the average of the sum of buds in the

24 wells as dependent variable. To analyze the effect of the TK-inhibitor together with tamoxifen

on Taenid crüssiceps cysticerci bud production we used one-way ANOVA and Tukey's Multiple

Comparison Test. Differences were considered statistically signifrcant when P< 0'05.
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Legends to flgures

Flgure 1. Time-response curves. Ez increased the Taenla crassiceps cysticerci reproduction rate

since the first day of in vitro culture. The exposure of the parasite to tyrosine kinase inhibitors

AGl8, Gna, Pic and ERK-I, simultaneous with E2, inhibited the proliferative effect of Ez

diminishing the number of buds to the same level as in the control group, The shaded area

represents conhol group values.++statistically significant differences were estimated with P values

lower than 0.05 (P<0.05), Ez:17-p-eshadiol; Gna:genistein; Pic:piceatannol; ERK-I:ERK-

inhibitor.

Flgure 2. Concentration-response curves, E2 gradually increased the number of buds in Taenla

crassiceps cysticerci at all concentrations, showing the strongest effect at 8X102 pM. Parasite

reproduction stimulated by E2 decreased to the same level as in control gloups by means of AGl8,

Gna. Pic and ERK-I, which exhibited their effects in a concentration-dependent way' The shaded

area represents conrrol group values. All Ez concentrations are in order of 102 pM ss described in

the Methodology.++statistically signif,rcant differences were estimated with P values lower than

0.05 (P<0.05). Ez:17-F-eshadiol; Gna:genistein; Pic:piceetannol; ERK-I:ERK-inhibitor.

Figure !. Lyn, Syft and Erk gene amplification in ?". cre,ssiceps cysticerci. By means of specific

primers, designed from most conserved sequences of mouse, rat and human, we amplified

corresponding fragments to Lyn, Syft and Erk in T. crassicep.e cysticerci. Neither steroid nor TK-

inhibitor heatments modified fhe Lyn, Syk, Erk gene expression in parasites (data not shown)'

Tc=Taenia crassicepsi M=mouse spleen'

Flgure 4. LYN, SYK and ERK-like immunoblot detection in T. crasslceps cysticerci. By Western

blot, the parasite bands corresponding to LYN (A, 55KDa), SYK (8, 80KDa) and a characteristic

doublet of ERK (C, l2QKda)) were detected, which were previously reported for several mammal

species. The middle part of the A and B images shows a phosphotyrosine control and the molecular

weight matker respectively, In B, Tc=Taenia crassicepsi M=mouge spleen,
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Flgure 5. Effects of Ez and genomic/non-genomic inhibitor in vitro treatment upon I' crasslceps

cysticercus reproduction, As previously shown, Ez treatment significantly stimulated cysticercus

reproduction. Tam/AGl8 and Tam/Gna inhibited the proliferative effect of Ez, diminishing parasite

reproduction rate to the same level as in control groups. Il contrast, Tam/Pic and Tam/ERK-I

decreased bud production below values in control cysticerci, +tstatistically significant differences

were estimated with P lower than 0,05 (P<0.05), E2:17-p-estradiol; Tam:tamoxifen;

Gna=genistein; Pic=piceatannol ; ERK-I=ERK-inhibitor'

Flgure 6. Possible mechanism of action by which Ez stimulates ln vitro Taenia crassiceps

cysticercus reproduction. Briefly, Ez has two possible pathways: a nuclear receptor-dependent and a

nuclear receptor-independent pathway. In the first, E2 binds to ENR forming a ligand-receptor

complex. This can bind to another identical ligand'receptor complex beginning nuclear

translocation. Then, the dimeric complex can promote gene expression of the parasite. In the

second, E2 can activate a signal transduction pathway, increasing proliferative Sene expression in

Taenia crassiceps cysticerci, exerting important effects on e,g. reproduction and growth of the

helminth parasite.
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Abetract. Helminth parasites have evolved diverse molecular mechanisms that

facllitate them their establishment, growth and reproduction inslde an

immunologically hostlle envlronment. Thus, the physlological interactlons during

the course of the immune response to helminths are complex. Infectlon induces

antigen-specific recognition by the immune system, which is consequently charged

with the responsibility of marshalling the appropriate effector responses necessary

to destroy the parasite, or at the very least inhibit its progression. Obviously the

immune system should accomplish this task while minimizing collateral damage to

the host. As our understanding of the neuroendocrine system grows, it has become

increasingly clear that this complex network of neurotransmitter$, hormones, and

cytokines plays an impoilant role in mediating immunlty. Helminths present an

especially complex relationship between pathogen and these physlological

systems, with hormonally dependent host factors such as Sex and age correlated

with parasite success. On top of the effect that this particular type of parasites may

have on the invaded host, recent experimental evidence suggest that helminth

parasites not only actively evade lmmune response, but are also able to exploit the

hormonal microenvironment within their host to favor their establishment, growth

and reproduction. This complex strategy of ho$t-parasite complex relationship is

much better exemplified by two helminth parasltes: the trematode Schisfosoma

mansonland the cestode Taenla crassiceps that respond to adrenal steroids and

sexual sterolds, respectively. Understanding how the hosts endocrlne system can

under certain circumstances favor the establishment of a parasitic infection opens

interesting perspectives into the host parasite relatlonship field.
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INTRODUGTION

The immune and neuroendocrine systems are integrated through a complex

neh,vork of hormones and neuropeptides which serve to maintain homeostasis [1].

Two of the main components of this network are the hypothalamic-pituitary-

adrenocortical (HPA) axis [2] and the hypothalamic-pltuitary-gonadal axis (HPG)

[3]. The relationship between the HPA and HPG axes and the immune system

during acute and chronlc inflammatory responses due to stress, infection and

autoimmune responses has been well established t4-81. An important aspect of

cellular communication that has emerged from studies of the neuroendocrine and

immune system is the redundancy in the chemical messengers responsible for

transmission. The identification of a relat¡vely high number of cellular messengers

responsible for coordinating lnteractions between these homeostatic systems may

herald a fundamental shift in our understanding of the host immune response.

Nowhere may this knowledge prove to be more enlightenlng than In our

understandlng of the host response to infection with helminth parasites. Although

strong ev¡dence supports that 1) neurons, endocrine and immune cells produce

hormones [g] and 2) neural, endocrine and lmmune cells syntheslze and secrete

neuroactlve messengers [10], it remains somewhat controversial to what level this

network is involved in the progression of infection with helminths.

Helminth parasites are arguably the most highly evolved infectious

organisms, and consequently have developed mechanisms to facllltate their

suruival within the host. These mechanisms can be roughly grouped into two types.

The first is to evade the immune response by evolving strategies such as antigenic

variation, molecular mimicry or affecting antigen processing and presentation

[11,12]. ln the second mechanism, the paraslte actually exploits a host system to

its benefit and, thus, obtains an advantage in growth or reproduction [13].
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Mechanisms such as fabulation provide parasites with a dual beneflt: first,

obtaining amlno acids for metabolism, and second by preventing the surface-

bound ant¡body from interfering with parasite-host-cell Interactions [14]. A striking

example of the exploitatlon of host molecules is the ability of several helminthes

spec¡es to use host-synthesized cytokines as indirect growth factors t151.

Additional evidence suggests that the blnding of host lmmunoglobulln by some

helminths surface (schistosomes and taenids) paramyosin may lead to immune

evasion through molecular masquerade while interfering wlth Fc interactons with

leukocyte surface receptors [16].

Consistant with the level of co-evolution evldent from such adaptation is the

belief that helminth parasites can exploit the hormonal microenvironments within

the host [13]. In the case of schistosomes, for example, one study demonstrated

that they express molecules with sufficient homology to the veftebrate insulin

receptor family to bind host hormonal metabolites [17]. This suggests a system of

transregulation (term coined by us) in which the parasite exploits host hormones

and growth factors to facilltate infection and potentially Increase growth and

reproduct¡on rates. Transregulation has been described in at least elght parasitic

infections that are caused by both protozoan and metazoans [13J.

Understanding how the host endocrine system is exploited to favor the

establishment of helminths, and characterizing the parasite receptors involved,

might potentially reveal targets for the deslgn of chemotherapeutic hormonal

analogs and drugs [18]. In this review we focus on rev¡ewing the experimental and

epidemiological evidence as it concerns the role of endocrine and neurohormones

in mediating the progression of disease and host immune response in dlfferent

helminth infections. We will try out to summarize the main findlngs in this area by
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reviewing every helminth parasite that has been reported to affect, or be affected

by the neuroimmunoendocrine network.

Host's sex hormoneg, lmmunlty, pArasltes and parasltlc dlsease.

The relationship between parasites (P), particularly helminthes, and their hosts (H)

implies biochemical coevo¡ution and communication between thelr complex

physiological and metabollc systems among themselves and with the environment,

at all levels of biological organization [19]. Hormones regulate a variety of cellular

and physiological functions of organisms such as growth, reproduction and

dlfferentiation t20]. Hormones and immune actors are prominent in H-P

relationships t19l.The comparatively sophlsticated immune systems of

veftebrates add complexity to H-P interactions. Mammals sense and react with

their innate and acquired immunological systems to the presence of a parasite and

the parasite is also sensitlve and reactive to the host's lmmune systems effectors.

Host's hormones are also involved in the modulation of the immune system's

protective or pathogenic functions and also on the parasite's metabolism and

reproductlon [21,22]. Hosts' adrenal hormones are well known immune modulators

[23], whilst sex steroids (estradiol, progesterone and testosterone) are

progressively being recognized to also significantly affect the immune system's

functions 124,251. More recently the ability of hormones to affect, the immunological

response directed against pathogenic agents has gained attention [21]. This is

clearly evident during various parasitic diseases including malaria, schistosomiasls,

toxoplasmosi$, cysticercosis, trypanosomlasis, leishmaniasis [26-30], where strong

hormonal regulation of the immune response has been described [30,31].

However, other factors than the immunoendocrine response affect the course of a

paras¡tlc infection.

Thus Naegterai fowlerta is capable of internalising antlgen antibody

q
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complexes from their surface with the dual beneflt of gaining the amino acids for

their own metabolism and preventing the surface bound antibody from interferlng

wlth paraslte host cell interactions t141. Other pathogens have developed

molecules that directly of interfere with antigen processing and presentation

[14,16]. A striking example of exploitation of host molecules is the ability of a

number of parasites to use host-synthesized cytokines as indirect growth factors

for the parasite [15].

The case of trematodes

The Trematoda are estimated to include 18000 to 24000 specles, and are divided

into two subclasses t32]. Nearly all trematodes are parasites of molluscs and

vertebrates. The smaller Aspidogastrea, comprising about 100 species, are

obligate parasites of molluscs and may also infect turtles and fishes, Including

cartilaginous fishes [32]. The Digenea, which constitute the majority of trematode

diversity, are obligate parasites of both molluscs and vertebrates, but rarely occur

in cartilaginous fishes. One-quarter of a billion people are infected wlth parasitic

trematode worms worldwide [33]. Disease-assoc¡ated symptoms occur in 120

milllon people, and 20 million people suffer from severe morbidity [33]. The three

most important human schistosomes are Schisfosoma haematobium, Schisfosoma

japonicum, and Schlsfosoma mansonl.

Neuromodulatlon of the Infection

Despite a significant amount of research invested toward vaccine development

[34], schistosomiasis remains a common and debilitating parasltic infectlon

throughout many parts of the developing world [33]. Although chemotherapy with

prazlquantel remains highly effectlve t35l the high reinfection rate remalns

problematlc. Estimates place the current number of Infections at approximately 200

million people, with another 600 million considered at risk [33].
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Infection with schistosomes is initiated upon contact by the host wlth a water

source containing Infective cercariae [36]. After penetrating the skin of the host, the

worm develops into migrating schistosomula. After a 3-4 week period of migratlon

the worms complete development into the adult stage, form mating palrs, and

migrate into specles-speciflc sites within the venous system t36l' Once

established, at approximately 5 weeks post-infectlon, the female begins to deposlt

eggs in the bloodstream. Many of the eggs are carried to ectopic tlssues where

they serve as the nidus for the formation of granulomas. Signlficant pathology in

these tissues will accumulate as the egg burden in the tissue increases and the

consequent fibrosis begins to disrupt the normal tissue architecture [36]' A better

insight into the mechanisms regulating the homeostatic mechanisms of the host

can lead to improved knowledge of the patho-physiological proc€sses of

schistosomiasis. ln this way, novel therapeutic approaches can be developed at

the level of these regulatory mechanisms. In schistosomiasis, one of the regulatory

nodes proposed to be involved in the physiopathology of the dlsease is the

complex represented by somatostatin, the vasoactive lntestinal peptide (VlP),

sustance P and other gastric neurohormones [37-39].

Somatostatin ls one of the major regulatory hormones in the central nervous

system (CNS) and digestive system [37J. Somatostatin effects inlcude inhibltion of

growth hormone secretion, collagen I and lll formation and hepatic stellate cell

activation [37]. Such pleotropic activity suggests lt is impllcated in a broad range of

condi¡ons. Somatostatin ls part of an immunoregulatory circult that helps limit

Interferon-gamma (lFN-y) production at sites of chronic Inflammatlon [38]' lt can

suppress IFN-y secretion from T cells through interactions with the SSTRZ receptor

constituitivly expressed on these cells [38]. lt has been also demostrated that

somatostatin likely has an lmportant role in thymic T cell educatlon and selection
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[BZ]. The thymus has a complete regulatory circuit, in which the thymic epithelial

and dendri¡c cells secrete somatostatln [38]. One symptom common to both the

acute and chronic stages of schlstosomiasls is intestinal pathology characterized

by abdominal pain, bloody diarrhea in chronic stages, nausea and fever. Some

chronic patients develop severe hepatosplenic fibrosis, leading to fatal

oesophag6al variceal bleeding t371. Then, it is reasonable to think that improved

knowledge of the patho-physiological processes of schistosomiasis can be

obtained by studying the regulatory mechanisms of somatostatin in the human

body [37].

ln murine schistosomiasis, parasite eggs induce focal, chronic

granulomatous inflammation in the liver and intestines that have been shown to be

able to produce somatostatin and upregulate receptor expression t381.

Fuilhermore, splenic macrophages from infected mice also produce somatostatin'

At the slte of the lesions, there appears to be no other inflammatory cell source of

the neurohormone [38]. The CD4-T lymphocytes infiltratlng in liver granulomas

contain mRNA for the somatostatin receptors sstzA and sst2B t381. lt is easy to

envision a mechanism in which the somatostatin circuit could play an lmportant

role in Schisfoso ma mansoni Infections via its Influence on intersystem signalling;

therapeutically, via its direct effect on Schistosoma - Induced morbidity (fibrosis,

granuloma size, portal hypertension, variceal bleeding) through modulation of

associated inflammatory responses in the llver and Intestines [37,38].

Another neurohormone known to be produced within the granuloma is the

vasoactive intestine peptide (VlP) [37,39]. lt has been postulated that VIP can act

as an immune modulator slnce it can suppress T cell prollferation and ll-z

production t3gl. lt is also able to enhance lL-s production from granuloma-

associated T cells [37]. These cells express VIP receptors of both subclasses: the
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Vlprl and VlPrZ [38]. lt ls expected that the expression of these receptors are

subject to immunoregulation, particularly by lL-4 [38'39]. In humans the

hepatosplen¡c form of schistosomiasis may be associated with some degree of

somatosexual underdevelopment [40], however, prepuberal infection with S.

manson¡in mice resulted in hepato and splenomegaly, phenomena not related to

plasma concentrations of thyroid hormones (T3 and T4) t41l'

Limited studles have shown that during intestlnal schistosomosis the enteric

nervous tissue becomes Inflamed, dlsrupted and destroyed by granulomas, For

Instance, previously it has been shown that Schrsfosoma mansoni Infection causes

alterations in the intrinsic innervation of the distal l leum and proximal colon,

characterized by focal destruction of the enterlc nerves [42]. Occaslonally nerves

were found within granulomas, particularly at the perlphery of the lesions. Under

these condit¡ons nerve cell bodies close to granulomas were shown to be

producing VlP. The distribution of nerue injury varied between the two enteric

segments studied. ln the distal i leum, the prlncipal injury was to the myenteric

pl6xu$, whereas the submucous and mucosal plexuses were predom¡nantly

damaged in the proximal colon [42].

lnterestingly, in another model of the disease, in pigs infected w¡th

Schrsfoso ma japontcurn, there was a posltive correlation between the expression

of VIP and substance P to pathological lesions In the large intestine [43]. In all

lnflamed areas VIP was reduced while substance P was increased in the enteric

nerue plexuses and enterochromaff¡n cells of these tissues [43]. The alterations of

the levels of VIP and substance P were thus correlated with sever¡ty of

inflammation.
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The role of the hypothalamlc-pltultary-adrenocortlcal axls durlng Infectlon

The hypothalamic-pituitary-adrenal (HPA) axis functions primarily to coordinate the

stress-response [2,4]. Thls complex regulatory trifecta has been implicated in the

regulation of the host response during schistosomiasis, playing a major role in

onset, establishment and pathogenesis [6J. Moreover, HPA axis is one of the most

impoftant factors determining aging in mammals, thus, the role for HPA axls control

in mediating resistance is strengthened when age is considered as a factor [44]. In

endemic regions, two interesting patterns of infection emerge: first, the intensity of

infection is hlgher in children than in adults; second, at any g¡ven time only a

fraction of infected individuals develop the characteristlc Symmer's pipe-stem

fibrosis [45,46]. These morbidity patterns cannot be explained slmply on the basls

of acqulred immunity or sex, but were correlated to age, and more specifically the

onset of puberty. Booth et al. [47] concluded that children presented the lowest

overall risk of fibrosis, but suggested this was due to inadequate time for lesions to

produce the effects. However, these authors repoftedthat low production of lL-10

was a common factor in all cases where flbrosis was detected in a chlld [47].

Recently we have demostrated that the HPA axis llkely plays a slmilar role in

the progression of disease in baboons [48]. Baboons with primary infections, when

worm recovery and oviposition rates were hlgh and hepatlc schistosome egg

granulomas were large, had decreasing levels of DHEA, ACTH and CRH aS

infection progressed as compared to uninfected and re-exposed baboons [48]. Re-

exposed baboons with low worm recovery and ovlposition rates, and small

(modulated) hepatic granulomas, had the opposite pattern with HPA axis hormone

levels maintained at, or exceedlng, uninfected baseline values. Reductions of

systemic DHEA-S and cortisol were also noted In primary murine infectlons,

reinforcing our baboon data [49]. Infection also induced lL-18 gene expression ln
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the hypothalamus, while lL-6 and macrophage m¡gration inhibitory factor (MlF)

¡RNA were detected in the pituitary and adrenal glands. TNF-c¿ gene expression

was up-regulated in the hypothalamus and the pituitary gland [48]. Histological

analysis of the HPA related tissues in Infected and control baboons revealed no

morphological differences [48]. Other evidence in support of a key role for the HPA

axis in regulation during schistosomlasis is the increased host susceptibility after

adrenalectomy in the mice [49]. ln these studies w6 noted increased worm

burdens, Increased egg production, and larger hepatic granulomas. We postulated

that a lack of circulating glucocorticolds helped to exacerbate the inflammatory

immune response in the llver [50]. Reduced levels of cortisol could promote

vigorous granuloma formation and encourage the productlon of cytoklnes

necessary for schistosome reproductlon, such as TNF-fl. However, a more recent

study clearly demonstrated that TNF-cr. dld not have a role in schlstosome

reproduction, as measured by fecundity.

Taken together, these results suggest that specific immune system derived

cytokines and hormones expressed by theHPA represent a bi-directlonal

interaction between these two critical homeostatic mechanisms [1,2]. In this

network, cytokine$ like lL-6, MIF and lL-1F likely play a key role In modulating the

HPA axis response during schistosomiasls at all three levels: hypothalamus,

pltuitary and adrenal glands (Fig. 1).

The case of Gestodes

Cestoda is the class of parasitlc flatworms, commonly called tapeworms that live in

the digestive tract of veftebrates as adults and often in the bodies of various

anlmals as juveniles. There are two subclasses in class Cestoda, the Cestodaria

and the Eucestoda. By far the most common and wldespread are the Eucestoda,
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with only a few species of unusual worms in subclass Cestodaria. The

cyclophyllideans are the most impoilant to humans because they infect people and

livestock. Two important tapeworms are the pork tapeworm, Taenia so/rufi, and

the beef tapeworms, I, saginafa [52].

Taennids, particularly Taenia sollum (causal agent of porcine cysticercosis

and human neurocysticercosis) and Taenia crass,csps (causal agent of murine

cysticercosls) are hlghly evolved parasites that have developed dlverse

mechanisms of survival within the host that facilitate their establishment in the

hosts. These mechanisms can be roughly grouped into two types. The first ls

evasion of the immune response by molecular mimicry or by inactivating effector

lmmune processes ( i .e, complement Inhibit ion) [11,12].  In the second mechanlsm,

the parasite exploits the host system to its beneflt In its establishment, growth or

reproduction [13]. This exploitat¡on mechanism provides parasites with a dual

benefit: first, obtaining amino acids for metabollsm, and second preventing the

surface-bound antibody from interfering wlth cytotoxic cells interactlng with the

paraslte t121. A striking example of host molecules'exploitation is the ability of

several taeniids to use host-synthesized cytokines as indlrect growth factors for

themselves t13]. Taennlds can also exploit the hormonal microenvlronment wlthin

the host in their favor [12]. Taennids have evolved structures similar to the steroid

and protein hormone receptors expressed in upper vertebrates, with binding

properties and terminal etfects similar to the hormonal metabolites synthesized by

the host [53]. Such cross regulatlon from host to parasite has been descrlbed in at

least elght parasitic infections that are caused by parasitic cestodes, like

schistosomiasls, fi lariasis, hydatid disease and murine cysticercosis [13J.

A. Experlmental murlne cystlcercos¡s
I 2Neevia docConverter 5.1
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Due to the intrlnsic difficultles in working with the natural hosts (pigs and

humans) of T. solium or because of the hlgh costs of sufficient pigs plus the

slowness in data retrieval, we have used an experimental cysticercosis approach

to gain knowledge of the complex host (H) parasite (P) relatlonship in cysticercosis.

Murine intraperitoneal cysticercosis is caused by the taenid Taenia crass,ceps and

it has been useful to explore the physiological host factors assoc¡ated with porcine

cysticercosis, and to some degree, with human neurocysticercosis [54].

lntraperitoneal T. crassrceps cysticercosis of mlce [54,55] lends itself well to

controlled and reproducible experimentatlon, generatlng numerlcal data of parasite

loads in individual mice in a matter of weeks after infection. lts general

representailon of other forms of cysticercosis has later been strengthened by

similar results in other mouse and parasite strains [54], by the parasite's extensive

sharing of antigens with other taennids and cestodes and by the DNA homology

between L crassrceps and T. solium [54]. These characteristlcs have made murine

cysticercosis a convenient instrument to test vacc¡ne candidates and new drugs or

treatments against cysticercosis. Several features of natural cystlcercotic disease

have been found by extrapolation from experimental murine cysticercosis [56] (Fig'

2).

Neuromodulation Induced by Infectlon: Behavloral changes In the Infected

host.

The hormonal changes in infected mouse profoundly affect their behavior,

such as sexual actlvlty [21], aggresiveness, social status and defense responses

[57], will be mentionated as follows.

Male mice infected with 7. crassiceps show remarkable changes in sexual

behavior, characterized by a complete loss of the eJaculation response early at the

infectlon (six weeks), followed by a gradual decrease in the number of mounts and
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intromissions, and their latencles increased, until none of the parasitized mice

showed any sexual response toward female mice t211. Moreover, it was

demostrated that changes in sexual behavior were due to the change in the normal

production of sex-steroids by the mouse, since after testosterone or

dihydrotestosterone restitution of the infected male mice, a complete restoration of

their sexual behavior was observed [58]. Since c-fos and progesterone receptor

(pR), both are key estradlol-regulated genes involved in the regulation of sexual

behavior, we studied possible changes of c-fos and PR expresslon in the central

nervous system (CNS) of infected male mice. Indeed, c-fos and PR expression

oscillated with tlme of infection and to different magnitudes In hypothalamus, brain

cortex and preoptic area but neither in other areas of the brain nor ¡n several other

organs of the host [59].

Furthermore, infectlon disrupts the dominant-subordinate status [57]. ln

infected male mice strong perturbations in territorial behaviour and aggressiveness

were found. In additlon, during confrontation between na¡ve infected and healthy

mice, infected animals more often assumed a subordlnate status than healthy

ones. The effects of the infection by L crassiceps were more llkely to prevent adult

male mice from becoming behaviourally dominant than to reverse ex¡sting

dominance relat¡onshiPs [57].

Significant CNS changes in c-fos, and progesterone receptor (PR)

expression during infection signifies the brain senses the infection episode and

may be involved in the ensuing behavioral changes of the infected mlce, as well

as, through its connectivity, extend the effects of infectlon to other physlological

systems under its influence. That these changes in CNS are beneficlal to the host

or parasite rema¡ns speculative t591. One could argue that feminizatlon of male

hosts favours the parasite by allowing reproduct¡on in otherwise restrictive male
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mice, but, equally arguable would be to conslder feminlzation of the male host as

deleterious to the paraslte's completion of its cycle by reducing male exposure to

its predators, the definitive hosts. Other similar mutually conflicting statements may

be elaborated with the above premises, which includes too much for belng

ldentified and could perhaps vary with each different host-parasite relationshlp.

Not only male mice are behaviourally affected by cysticercosis, female mice

also suffer perturbations in their sexual behaviour, i.e., receptivity to the male, as

we¡l as disruption of the estrous cycle [Arteaga, M. Personnal communlcation].

Goncludlng Remarks

The evidence presented above lllustrates the complexity and importance of

neuroimmunoendocrine interactions during helminth infections, and provides clues

to the many other possible mechanisms of parasite establishment, growth and

reproduction in an immunocompetent host. Fufther, strong neurolmmunoendocrine

interactions may have implications in the control of transmlssion and treatment of

several parasltlc diseases, but partlcularly in those produced by helminth parasites,

in animals and humans. ln practical importance, the complexity of the helminth-

host rela¡onship suggests that all physiological factors (i.e., sex, age) should be

taken lnto account in the design of vaccines and new drugs'

The differential response of helmlnthes to steroids (sexual or adrenal) may also be

involved in their ability to grow faster in female or male hosts. Host and parasite

sex-associated biases may be combined to favour their evolution towards a

mutually acceptable relationshlp. Moreover, the changes In behavior observed

during helminthiasis, should not be regarded as simple biologlcal curioslties but

more as strong evidence of the plasticity of the host phenotype in response to

infec¡on by parasitic helminths. Furthermore, by changing the reproductive,

aggresive and dominant capacity of the host, parasites generate novel questions
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regarding the evolution of host-parasite relationships in ways other than only

prey/predators interactions. Also, the strong neurolmmunoendocrine interactions

observed during different parasite infections, could give ways to possible new

mechanisms of parasite establishment, growth and reproduction in an

immunocompetent host.
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