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RESUMEN 



El trabajo presentado en esta tesis establece que la susceptibili 

dad a la cisticercosis murina causada por el metacéstodo de Taenia 

crassiceps estA notablemente influenciada por los genes del complejo 

Mayor de Histocompatibilidad (MHC) del ratón (H-2). Varias semanas 

después de provocar una infección intraperitoneal con larvas del meta

céstodo las diferencias observadas en la carga parasitaria de ratones 

congénicos en H-2 con fondo genómico BALB, indican que las cepas de 

haplotipo H-2d son las mAs susceptibles mientras que las de haplotipo 

H-2k y H-2 b son las mAs resistentes. Los genes del resto del genoma 

as! como los niveles y especificidades de los anticuerpos inducidos 

por los antigenos parasitarios, no parecen tener un efecto tan impor

tante e inmediato sobre la mayor o menor susceptibilidad de los ra

tones a esta cisticercosis experimental. En vista de estos hallazgos 

se propone que la mayor susceptibilidad de las especies hospederas 

puede deberse a una homologia huésped-parAsito a nivel de moléculas de 

H-2d, de manera que, el grado de rechazo inmunológico del parAsito 

podria estar influido por las similtudes entre los antigenos de histo

compabilidad H-2d del ratón y algunas moléculas sintetizadas por el 

cisticerco. 

En este trabajo de investigación se presentan varios resultados 

que consolidan esta propuesta: 

l.- El hallazgo de antigenos similares a H-2d y H-2b en los parAsitos 

que han crecido en ratones BALB con haplotipos H-2d y H-2b, lo cual 

pudo ser confirmado utilizando un ensayo de inhibición de ELISA. 2.

La extensa reactividad cruzada , vista por Inmunoelectrotransferen

cias, entre los antigenos del parAsito y un panel de anticuerpos anti 

H-2 de diferentes especificidades. 3. - Las aloinmunizaciones, previas 



al desafio con parAsitos, que mostraron que en la cepa susceptible 

BALB/c la inducci6n previa de una inmunidad de transplante no modifica 

la carga parasitaria respecto a los animales no inmunizados, en con

traste con la cepa resistente BALB/B, en donde la inmunidad de trans

plante contra ant!genos H-2d indujo resistencia al parAsito. 4.- La 

homolog!a gen6mica observada por hibridizaci6n positiva entre el geno

ma del parAsito y la sonda 32p-cDNA que codifica para ant!genos MHC 

clase I del rat6n (con el haplotipo H-2Kd), lo cual sugiere una capa

cidad potencial del parAsito para sintetizar mol~culas con secuencias 

similares a las de la cadena alfa del H-2. 

Las conclusiones que se derivan de este trabajo contribuyen al 

conocimiento que se tiene de los mecanismos moleculares adaptativos 

que se desarrollan durante la convivencia biol6gica entre dos organis

mos. Esta nueva informaci6n podria ser de utilidad para comprender 

asociaciones hospedero-parAsito mAs complejas. 



ABSTRACT 



The present work establishes that mice susceptibility to murine 

cysticercosis caused by Taenia crassiceps cysticerci is greatly in

fluenced by MHC genes (H-2), as demostrated by the different parasite 

loads of H-2 congenie mice with BALB background, in which H-2d mice 

(BALB/c) were the most susceptible while BABL/K (H-2k¡ and BALB/B (H-

2b¡ were comparatively resistant. Furthermore, nor non-H-2 genes have 

an importante effect upon parasite load neither the greatest bulk of 

antibodies induced by parasite antigens are associated with resistance 

or susceptibility to this experimental cysticercosis. In view of 

these findings, we propose that the host susceptibility to cysticerco

sis is related to a homology between host and parasite in the context 

of H-2d antigens, thus, as in regular tissue transplantation immuni ty, 

a correct matching in histocompatibility H-2 antigens of the host with 

sorne other parasite molecules may be involved in the observed suscep

tibility. 

The following results agree with our proposal: 

1.- The finding of H-2d and H-2b-like antigens in parasites grown in 

BALB mice of H-2d and H-2b haplotypes, as identified by an inhibitory 

ELISA assay. 2.- The extensive crossreactivity in Western Blot bet

ween the parasite antigens and a panel of anti H-2 antibodies with 

different specificities. 3.- Allograft immunizations, previous to 

parasite challenge, did not modify the expected parasite load in 

BALB/c but in contrast, in BALB/B resistant mice transplantation 

immunity against H-2d, significantly reduced the expected parasite 

load. 4.- The genomic homology by positive hybridization between the 

parasite genome and a 32p-cDNA clone encoding one mouse class I MHC 

antigen (H-2~ haplotype), suggests a potential capability of the 



parasite to produce itself these H-2 like antigens. 

The conclusions derived from this work, contribute to the knowled

ge of the adaptative molecular mechanims generated in host-parasite 

relationships. 



INTRODUCCION 



TABLA 1 

FACTORES DEL HOSPEDERO QUE PUEDEN MODFICAR LA RELACION HOSPEDERO-PARASITO 

Fact.ores 

Asociados a ~enes 
de respu•sta 

inmun. 

Asociados a ~•nas { 
no r•tacionados 

con ta respuesta 
inmune 

Genas de R•spuesta 
inmune hwn.orai 

<:GRih:> 

Genas de Respuesta 
inmun. cetutar 

<:GRic::> 

{ 
Ant icu.rpos 

Compt•mento 

Factor•s sotubt•s 
r•~tador•s de ta 
Rlh 

, 
Hot.cutas del HHC 

R.ec•ptor•s de A~ 

R.ec•ptor•s et. cite 
et.nas 

Factor•s sotubtes 
r•~tador•s de ta 
Rlc 

G•nas r•tacionados con et cromosoma 
sexual 

Genas no r•tacionados con •t cromosoma 
s•xuat 



La persistencia de un parAsito en un hospedero inmunol6gicamente 

competente ha constituido uno de los fen6menos biol6gicos mAs in

teresantes y de los que, parad6jicamente, todavla se sabe poco. Esto 

se debe en parte al escaso conocimiento que se tiene sobre los meca

nismos moleculares que controlan la relaci6n hospedero-parAsito, as! 

como también a la gran complejidad y peculiaridad que los caracteriza. 

En este sentido, nos ha interesado conocer algunas de las estrategias 

de convivencia que se establecen en una relaci6n hospedero-parAsito 

as! como también los fen6menos biol6gicos que determinan la mayor o 

menor susceptibilidad a ésta parasitosis. El presente trabajo de estA 

enfocado a estudiar la posible homologla de algunas de las moléculas 

del MHC del hospedero con otras del parAsito, como una de las estra

tegias que participan durante la convivencia entre el cisticerco de 

Taenia crassiceps y su hospedero intermediario el rat6n. 

Un aspecto importante a considerar es la capacidad que tiene un 

parAsito de poder infectar a organismos vivientes muy similares filo

genéticamente con distintos grados de susceptibilidad. Al respecto es 

indudable que factores genéticos determinados tanto por el parAsito 

corno por el hospedero, as! como factores ambientales, juegan un papel 

crucial en la habilidad que tenga este ~ltimo para iniciar una res

puesta inmunitaria duradera y sobre todo protectora que le permita 

controlar la infecci6n. 

Los factores genéticos asociados al hospedero capaces de modifi

car el curso de la relaci6n hospedero-parAsito pueden ser agrupados 

como se ilustra en la Tabla l. Diferente expresi6n de los genes 

involucrados puede asociarse con distintos grados de resistencia tal y 
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TABLA 2 
PROPIEDADES DEL PARASITO PARA MODIFICAR LA SUSCEPTIBILIDAD DEL HOSPEDERO-

Hod.ificaciÓn 
del 

hDsp.dero 

A niveoi ce-Zuzar 
{ 

Ambieont• intramacrof~ico 
Expreosión de/•ctuosa de H-2 

A niv•l de tos •V8'ntos qU8' 
conforman. Za r•spu9sta inmune> { 

1nmunosupr9si6n 
Ef•ctos anticompt•mentarios 
Ef•ctos antiinflamatorios 
IJe.~radaciÓn de ant icU8'rpos 

Hodutaci.5n da componeont•s 
tt.Z hospeocfaro { Producción de anticu•rpos bloqU8'ant•s 

Produccidn de anticu•rpos no •sp11c{ficos 

{

Variación anti~~nica 

Hodificacion dal parasito HodulaciÓn anti~9nica 

Hi11Wtismo moZ•cuZar 

1 ' 

' ' 
! l 

\..¿ 



como se ha señalado detenidamente en el Apéndice l. 

El parAsito a su vez posee facultades de afectar la susceptibi

lidad del hospedero. como se aprecia en la Tabla 2 la organizaci6n de 

estas propiedades, bien sea que hayan sido demostradas o estén postu

ladas, sigue tres lineas generales: modulaci6n de los componentes del 

hospedero, modificaci6n del hospedero y modificaci6n del parAsito. 

La modificaci6n de los macr6fagos es uno de los mecanismos que 

más frecuentemente ejercen algunos parásitos. No obstante que los 

macr6fagos son células cuya funci6n más importante reside en su capa

cidad de matar, degradar y fagocitar a una amplia variedad de agentes 

infecciosos, existen diversos microorganismos como Mycobacterium tu

berculosis, Mycobacterium leprae y algunos protistas como Toxoplasma, 

Leishmania (El-On et sL.. 1990) y Trypanosoma cruzi que pueden subsis

tir y crecer dentro de ellos. Se han reconocido al menos tres me

canismos que pueden ser empleados por algunos de estos parásitos para 

evadir la acci6n ci tocida del macr6fago. caracter!stico de Toxoplasma 

gondii es su capacidad de inhibir la fusi6n de los lisosomas macro

fágicos con las ves!culas fagoc!ticas que lo contienen (Janes & Hirsh 

1972). Algunos parásitos como Leishmania tropica y Leishmania enriel

ti permiten la formaci6n del fagolisosoma y, sin embargo, pueden 

subsistir dentro de él, probablemente por su capacidad de inhibir 

enzimas lisosomales (Behin et sL.. 1975). El tercer mecanismo observa

do, principalmente en Trypanosoma cruzi, consiste en la habilidad del 

parásito para mantenerse en el citoplasma de la célula, evadiendo as! 

su contacto con las enzimas lisosomales (Kress et sL.. 1975, Nogueira & 

Cohn 1976). otra modificaci6n que pueden sufrir los macrofágos como 
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consecuencia de la presencia del parAsito es una reducci6n en la 

expresi6n de ant!genos de H-2, lo cual ha sido propuesto por Handman 

et al. (1979) como mecanismo para explicar las diferencias de suscep

tibilidad a Leishmania tropica entre cepas sing6nicas de ratones. 

AdemAs, se ha reportado que los parAsitos pueden modular la res

puesta inmunol6gica del hospedero ejerciendo efectos inmunosupresores. 

La inmunosupresi6n se ha sugerido en muchos parAsitos entre los que 

podemos citar a Echinococcus granulosus (Ali 1978, Annen et ª1...:.. 1981) 

a Trichinella spiralis (Barriga 1980, Faubert and T.anner 1975) y a 

Plasmodium falciparum (Hviid et ª1...:.. 1990). Estos estados de inmuno

supresi6n se han definido en funci6n de que se presenta un aumento en 

la capacidad de los animales para retener aloinjertos as! como porque 

disminuyen las cantidades de c6lulas formadoras de placa, debido 

posiblemente a la liberaci6n de sustancias linfocitot6xicas •• Han 

sido descritos varios estados de inmunosupresi6n generalizada que 

parecen asociarse a infecciones por Schistosoma mansoni (Ottesen and 

Poindexter 1980), Trypanosoma ~ (Jayawardena et .a.L_ 1978), Toxo

plasma gondii y Plasmodium falciparµm (Bloom 1979, Wedderbrun and 

Dracott 1977) • Es importante considerar que los estados de inmunosu

presi6n que se han observado en muchas parasitosis pueden ser una 

consecuencia de la infecci6n o bien pueden ser un proceso que se 

inicia antes de la misma y que de alguna manera determina la suscepti

bilidad del individuo a la parasitosis. 

Respecto a la capacidad del parAsito para modificar algunos de los 

eventos que conforman la respuesta inmune del hospedero podemos consi

derar las siguientes estrategias: degradaci6n de anticuerpos IgG por 

3 



proteasas liberadas por Schistosoma mansoni (Auriault 1980); efectos 

anticomplementarios en :r..,_ taeniaeformis determinados por la presencia 

de sustancias en la superficie del parAsito que bloquen la cascada del 

complemento (Hammerberg 1980).; efectos antiinflamatorios de :r..,_ spira

lis manifestados por la capacidad de la larva para impedir la forma

cic!>n del granuloma en grados similares a los inducidos por esteroides 

adrenocorticales (Castro et gl.._ 1980). 

El segundo y tercer mecanismos generales que emplean los parAsitos 

para aumentar la susceptibilidad a la infeccic!>n consiste en la modula

cic!>n de los componentes del hospedero y la modif icacic!>n del propio 

parAsito a fin de reducir la antigenicidad de sus componentes. 

La antigenicidad reducida puede apreciarse en distintas formas: 

por generacic!>n de anticuerpos bloqueantes en la cisticercosis murina 

causada por Taenia taeniaeformis (Mitchell 1980); por produccic!>n de 

anticuerpos no especificos en la malaria humana (Greenwood 1975); por 

modulacic!>n de ant!genos en Leishmania donovani y L..,_ enrielti (Dwyer 

1976, Doyle et gl.._ 1974); por variacic!>n antigénica como se observa en 

Fasciola hepatica (Hanna 1980), Trypanosoma brucei (Seed 1974), Nip

postrongylus brasilensis (Ogilvie 1974) y Giardia lamblia (Gottstein 

et gl.._ 1990) y por mimetismo molecular (Mitchell 1979). 

Una de las ideas que mAs ha enriquecido el concepto de la relacic!>n 

hospedero-parAsito, tanto en términos evolutivos as! como de infeccic!>n 

individual, es la proposicic!>n de la posible existencia de estructuras 

comunes entre hospedero y parAsito. Esta convergencia molecular pro

puesta desde 1960 (Damian 1979) y denominada "Tolerancia adaptativa" 

4 



HYPOTHESIS 1 HYPOTHESIS 2 HYPOTHESIS 3 

NATURAL SELECTION ANllGEN INDUCTION ANTIGEN MASKING 

ongma\paras1tesu1face 

ant1ge·n"···...,,...,...,,...., ..... ·~o::· ._, 1 

¡ 

' MUTATION 
l 

•v•v• 
'host.\1ke' an·1;~·~n ~ 

MUTATION 

1 1 1 1 1 1 1 

'mduces'paras1le 
to produce 

'hosl·hke' anhgens 

1 
host anhgensadhere 
toparrnte su1face 

v1a mRNA? t_.__._._ 

l c. ti~. 1 1 
" \ 

~ hostaft1gen P;·;·asite 
.6, anti gen 

masked 
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PARASITE v ant1.~~ns ..,. 
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INTERFACE 
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-·· -~ ............ ~ 

Fig. 1 Comparación diagramática entre el mimetismo 

molecular (selección natural), inducción an

tigénica y enmascaramiento antigénico por el 

Prof. J. D. Smith ( Tomado de "Molecular Mi 

micry: antigen sharing by parasite and host 

and its consequence. Damian 1979 ). 



(Sprent 1962), "Reaccic!>n antigénica cruzada" (Rowley and Jenkin 1962) 

y "Mimetismo molecular" (Damian 1964) puede ser vista como una expli

caci6n de la persistencia de los parAsitos en un hospedero inmu

nol6gicamente competente pero no ha podido probar su importancia como 

mecanismo de evasi6n de la respuesta inmune. Otras posibles conse

cuencias que surgieron alrededor de esta idea fueron el polimorfismo 

antigénico del hospedero, la susceptibilidad a padecer una infecci6n y 

la enfermedad inmunopatol6gica (autoinmune). 

Del concepto de mimetismo molecular se han derivado dos modifica

ciones: la alternativa propuesta por Capron et ª1.._ (1968) y denominada 

hip6tesis de la inducci6n antigénica y la hip6tesis del enmascaramien

to antigénico propuesta por smithers, Terry and Hockley (1968). como 

puede apreciarse en la figura 1, e~tas tres alternativas difieren en 

el mecanismo y origen de las moléculas compartidas entre el hospedero 

y el parAsito. La hip6tesis de la selecci6n natural (o del mimetismo 

molecular) y la hip6tesis de la inducci6n antigénica son las que 

proponen una sintesis directa de antigenos similares a los del hospe

dero por parte del parAsito, si bien en la primera son mecanismos 

naturales los que operan en el DNA del parAsito, mientras que en la 

segunda es el propio hospedero el que induce la mutaci6n en el genoma 

del parAsito. La tercera hip6tesis propone una simple adsorci6n de 

moléculas del hospedero al parAsito. 

La relevancia biol6gica del mimetismo molecular como.se mencion6 

anteriormente puede tener consecuencias importantes en la estimulaci6n 

de procesos autoinmunes en el hospedero (Rowley and Jenkin•s 1962). 
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TABLA 3 
ANTIGENOS DE REACTIVIDAO CRUZADA ENTRE PARASITOS Y HOSPEDEROS 

Schistosoma man.soni-ratón 

Plasmadi'Ulll. sp - hombre 

Trypanosoma cruzi-hombre 

Taenia soli'Ulll. - cerdo 

Taenia crassic~ps-ratón 

Taenia Sl2lJinata-bovinos 

{ 

a-2 macroglobulina 
productos del MHC 
~-2 microglobulina { 
antigenos de grupo sanguineo 
antigenos de Forsmann 
receptores para IgG 

{ 

{ 

a-2 macroglobulina 
antigenos del sistema 
antigenos de Forsmann 
colllgena 
f' i br i nógeno 

ABO 

antigenos del sistema ABO 
antigenos de Forsmann 
colllgena 
tejido nervioso 
mOsculo cardiaco. 

{ I nmunogl oul i nas I gG 

{ albOmina 
transf'errina 
Inmunoglobulinas IgG 

{ albOmina 
Inmunoglobulinas IgG 

Echinococcus ~ranulosus-hombre { Inmunoglobulinas 

Ascaris lumbricoides - hombre { colllgenas 

ABO 
Lewis 



As!, por ejemplo, los antigenos comunes encontrados entre Trypanosoma 

cruzi y sus hospederos se han relacionado con el daño que se detecta 

en el ml!isculo cardiaco de los pacientes con tripanosomiasis (Sadigur

sky et 5lL.. 1982, McCormik & Rowland 1989). También la probabilidad de 

padecer enfermedades autoinmunes después de ml!iltiples infecciones 

estreptoc6ccicas se ha relacionado con la reactividad cruzada que 

existe entre las proteinas M de los estreptococos y los antigenos de 

transplante humanos (Hirata & Terasaki 1970). Otros procesos auto

imunes como el sindrome de Reiter y la artritis reactiva (Inman et ª1..:_ 

1986) se han asociado a ant!genos HLA-B27 que cruzan antigénicamente 

con estructuras de Yersinia enterocolitica y Chlamydia trachomatis. 

La convergencia antigénica entre hospedero y el agente infeccioso 

ha sido ademAs descrita en Klebsiella .§R., Shigella .§UL.. Yersinia .§R 

(Van Bohemen et al. 1984, Geczy et 5lL.. 1980) asi como en Streptococcus 

.§.R. (Pellegrino et s.!... 1972, Zabriskie et B.1-... 1970, Hirata and Terasa

ki 1970, Rapaport et al. 1973). En el caso de parAsitos, como la 

mayor parte de ellos requieren para completar su ciclo de vida de uno 

o mAs hospederos intermediarios y un hospedero definitivo, es 16gico 

asumir que la reactividad cruzada entre parAsito y hospedero pueda 

darse en cualquiera de estas fases del ciclo. As! en Schistosoma 

mansoni dos glicoproteinas (de 43 y 39 Kd) caracteristicas de las 

etapas larvarias tempranas (miracidias) también se han encontrado en 

los caracoles hospederos (Biomphalaria glabrata) (Dissous et 5lL.. 

1986). En este mismo sistema hospedero-parAsito se ha encontrado 

homologia entre las tropomiosinas (Dissous ~ ª1..:.. 1990). Respecto a 

homologia entre hospederos definitivos y parAsitos, encontramos a 
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Schistosoma mansoni (Damian tt .ill 1973, Smithers tt AL.. 1969, Torpier 

et-ª.!..... 1979, Sher n AL.. 1978), a Plasmodium ~· (McLaughlin et~ 

1987) a Trypanosoma ~ (Hudson & Hindmarsh 1985, szarfman ll 5!l... 

1982, ouaissi ll AL.. 1988, Mccormikc & Rowland 1989, Petry et 5!l... 

1990) a Echinoccocus qranulosus (Varela-Diaz and Coltorti 1973) a 

Ascaris lumbricoides (Michaeli tt AL.. 1972) a ~ crassiceps y 

Taenia saqinata (Kalinna ll AL.. 1989) y a ~ solium (Willms and 

Arcos 1977). La naturaleza qu!mica de los ant!genos compartidos va 

desde moléculas muy sencillas como antigenos de grupos sanguineos 

(sistema ABO y Lewis) o antigenos de Forsmann, hasta moléculas mAs 

complejas como las glicoproteinas del complejo mayor de histocompati

bilidad (MHC), macroglobulinas, etc. La correspondencia de antigenos 

de reactividad cruzada entre parAsito y hospederos definitivos se 

ilustra en la tabla 3. De singular importancia es la adquisici6n de 

productos del complejo mayor de histocompatibilidad, clase I y clase 

II, por.§..... mansoni (Sher ll ª1..,.. 1978), no s6lo porque representa uno 

de los pocos casos de mimetismo molecular complejo, sino por el papel 

que desempeñan estas moUiculas en el hospedero. Los antigenos clase I 

se han reconocido como marcadores de lo propio dado que se asocian 

funcionalmente al rechazo rApido de transplantes de tejidos por célu

las T citot6xicas (Klein 1986). También de ellos depende la adquisi

ci6n de la tolerancia inmunol6gica contra los antlgenos propios 

(Marrack and Kappler 1988). Las moléculas clase II estAn limitadas a 

células del sistema inmunol6gico y su papel mAs importante, hasta la 

fecha, es la presentaci6n del antigeno a células T cooperadoras (Klein 

1986). Cabe señalar que la presencia de estos antigenos en los parA

sitos no parece desempeñar las mismas funciones que en las células del 
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competente. Gitter & Damian (1982) han sugerido que estas diferencias 

pueden deberse a que estos determinantes antigénicos se expresan de 

manera diferente en las células del hospedero. También podría deberse 

a eventos inherentes a las circunstancias de las interacciones inter

celulares (proteínas de membrana, actividad celular, etc.) abriendo la 

posibilidad de que éstos antígenos de histocompatibilidad compartidos 

medien criticamente otras relaciones hospedero-parAsito. Es muy pro

bable que otros parAsitos también expresen proteínas que estén rela

cionadas con los productos del MHC. Al respecto Harrison et .511..,_ 

(1989) han encontrado una glicoproteina en cisticercos de Taenia 

saginata que tiene la facultad de adherirse a la lectina de lenteja y 

que en ensayos de inmunoprecipitacic!>n bandea en la regic!>n de 45 Kd, de 

manera similar a los productos del MHC clase r. 

Debido a que, en México, una de las parasitosis de mayor importan

cia por su elevada frecuencia y gravedad es la cisticercosis humana 

causada por Taenia solium, varios grupos de investigacic!>n han abordado 

éste problema a distintos niveles entre los que resaltan, por una 

lado, la posibilidad de desarrollar una vacuna y el empleo de drogas 

citocidas que controlen la parasitosis, y por otro lado estudiar 

algunos de los factores biolc!>gicos que la determinan, etc. Este 

1Utimo punto ha sido uno de los temas de interés de nuestro grupo. Sin 

embargo, ante la limitaci6n de poder estudiar experimentalemente al 

cisticerco de Taenia solium, se comenz6 a estudiar otro céstodo (el 

cisticerco de Taenia crassiceps) que antigénicamente estA muy relacio

nado con el primero (Larralde et .511..,_ 1989). El principal atractivo de 

éste modelo radica en que el ratc!>n es una de sus especies hospederas 
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naturales. La fisiologia de éste animal as! como su genética son es de 

las mAs conocidas entre los mamiferos. Otra ventaja consiste en que el 

rat6n ofrece la posibilidad de estudiar el comportamiento de la infec-

ci6n en cepas singénicas, congénicas y recombinantes, de modo que es 

posible conocer el papel del MHC y de algunos otros genes en la 

evoluci6n de ésta parasitosis. otro aspecto de especial interés de 

nuestro modelo es que se instala fAcilmente en el peritoneo, el cual 

es un compartimento muy accesible de estudiar y en el que el parAsito 

se reproduce por gemaci6n asexual. si bien éste modelo ofrece venta-

jas muy importantes, también presenta un inconveniente que consiste en 

que la parasitosis que se desarrolla en el peritoneo de éstos animales 

no es natural, aunque desde el punto de vista de éste estudio no 

tendria grandes inconvenientes. 

En principio este trabajo se concentr6 en estudiar el crecimiento 

de los cisticercos en cepas de ratones congénicas y singénicas a fin 

de identificar posibles diferencias de susceptibilidad que estuvieran 

determinadas genéticamente. 

Los resultados que se obtuvieron, y que constituyen las bases 

te6ricas del trabajo de investigaci6n seguido, mostraron claramente 

que los genes del complejo mayor de histocompatibilidad del rat6n (H-

2) tienen una gran influencia en la instalaci6n y crecimiento del 

parAsito siendo las cepas de haplotipo H-2d las mAs susceptibles, en 

tanto que las de haplotipo H-2k y H-2b resultaron las menos las sus-

ceptibles. AdemAs, se encontr6 que otros genes, diferentes a los H-2, 
no afectan significativamente la susceptibilidad en las hembras en 

tanto que si lo hacen en machos, aunque en éstos dltimos el efecto es 
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muy débil (Sciutto et al 1990a) . Tampoco se encontraron diferencias 

significativas en la respuesta inmunitaria humoral entre las cepas con 

diferente susceptibilidad a la infecci6n, siendo la respuesta mayor 

cuanto mAs intensa sea la carga parasitaria (Sciutto et a!...._ 1990b). 

Estos hallazgos nos llevaron a proponer la hip6tesis de que el 

parAsito se instala mejor en el hospedero que mAs se le parece anti

génicamente, como uno de los fen6menos biol6gicos que pueden estar 

mediando las diferencias de susceptibilidad. Dado que entre cepas 

congénicas en H-2 (BALB/c y BALB/B) la ~nica diferencia radica en los 

productos del MHC, es de esperarse que la similtud hospedero-parAsito 

sea a nivel de éstos antigenos. Si esto resulta as!, la menor sus

ceptibilidad podria explicarse en términos del rechazo de injerto, 

mientras que la susceptibilidad seria una aceptaci6n del mismo. El 

trabajo de investigaci6n seguido y que constituye el objetivo de ésta 

tesis consisti6 en buscar antigenos del MHC del rat6n en la superficie 

del cisticerco que puedan justificar las diferencias de susceptibili

dad en las cepas antes mencionadas. 

La presentaci6n del trabajo de estA organizada en dos secciones. 

La primera estA constituida por la exposici6n de tres trabajos: 

1.- 11 An Immunoenzymatic assay to measure the expression of murine 

histocompatibility antigens in macrophages and lymphocytes". 

Este trabajo, que constituye uno de los seguimientos metodol6gicos 

para la demostraci6n de la presencia de moléculas antigénicamente 

similares al H-2 en el cisticerco, es una aportaci6n metodol6gica para 

estudiar otros antigenos superficiales en células tanto en reposo como 
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en distintos grados de diferenciacic!m sin modificar la conformaci6n de 

las moléculas en la célula. 

2. - 11 Murine Taenia crassiceps cysticercosis: H-2 and Sex influence on 

susceptibility11 

3.- 11 Role of antibodies in experimental murine cysticercosis caused 

by Taenia crassiceps 11 • 

Estos dos dltimos trabajos constituyen las bases te6ricas para el 

diseño de la hip6tesis de ésta tesis. En el primero se define clara

mente que la susceptibilidad a esta parasitosis estA fuertemente 

influenciada por los genes de haplotipo H-2 del rat6n. En el segundo 

se reducen las posibilidades de que las diferencias de susceptibilidad 

observadas entre las cepas congénicas estudiadas puedan deberse a una 

diferente capacidad de respuesta inmune humoral. 

Es importante aclarar que si bien los tres trabajos mencionados 

anteriormente forman parte de la presentaci6n de esta tesis, es con el 

objeto de presentar las bases te6ricas del trabajo de investigaci6n 

realizados y no constituyen el objetivo central planteado. 

Con base en los resultados expuestos en estos dos trabajos, comen

zamos a estudiar diferencias de susceptibilidad que pudieran estar 

determinadas por caracteristicas propias del parAsito, especificamente 

investigamos la existencia, en el cisticerco, de antigenos de reacti

vidad cruzada con las moléculas del MHC del rat6n. 

La segunda secci6n de este reporte presenta los resulta dos de este 

proyecto central de investigaci6n, en un articulo titulado: 

11 Sharing of MHC (H-2) antigens and related DNA sequences between host 
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and parasite are strongly related to growth of Taenia crassiceps 

cysticerci in mice" 

En este trabajo se persigue la b~squeda e identificaci6~ de 

determinantes antigénicos en el cisticerco de T..,_ crassiceps similares 

a los antigenos del H-2 del rat6n. Para ello se siguieron tres rutas 

distintas: la primera consisti6 en evaluar el efecto de aloinmuniza

ciones en ratones congénicos en H-2 (BALB/c y BALB/B) sobre la suscep

tibilidad a esta parasitosis a fin de establecer si la instalaci6n del 

parAsito obedece a fen6menos de rechazo/aceptaci6n del "injerto". Po.§ 

teriormente se realizaron ensayos de inhibici6n de ELISA asi como In

munoelectrotransferencias para evaluar el presencia de antigenos "H-2 

like" en extractos totales del cisticerco. Por 1Htimo se buscaron 

homologias gen6micas entre el DNA del cisticerco tratado con EcoRI y 

una sonda cDNA que codifica para antigenos de transplante del rat6n 

(H-2:i«f). 

12 



REPERENCI:AS 

Ali, z. (1978). Pathological changes in the lymphoreticular tissues 
of Swiss mice infected with Echinococcus granulosus cystc. !....._ Parasi
tenkd. ~:47 (Abstract) 

Annen, J .M., Kohler, P. and Eckert, J. (1981). cytotoxicity of Echi
nococcus granulosus cyst fluid in vitre. !....._ Parasitenkd 65:79 (Ab
stract) 

Auriault, C., Joseph, P., Dessaint, J. P. and Capron, A. (1980). 
Inactivation of rat macrophages by peptides resuling from cleavage of 
IgG by Schistosoma larvae proteases. rmmunology Letters ~:135. 

Barriga, O. O. (1980). Responses of B-cells to mitogens and antigen 
in mice receiving isogenic splenocytes from animals treated with 
Trichinella extract. !'!...,_ Parasitol. ~:7304. 

Behin, R., Mauel, J., Biraum-Noerjasin & Rowe, D. (1975). Mechanisms 
of protective immunity in experimental cutaneous leishmaniasis of the 
guinea-pig. II. Selective destruction of different Leishmania species 
in activated guinea-pig and mouse macrophages. Clin. ~ rmmunol. 
~!l.: 351. 

Castro, G. A., Malone, C. and Smith, s. (1980). Systemic anti-infla
matory effect associated with enteric trichinellosis in the rat. !'!...,_ 
Parasitol. ~:407. 

Damian, R. T. (1964). Molecular mimicry: antigen sharing by parasite 
and host and its consequences. Am. Naturalist 98:129. 

Damian, R. T. (1979). Molecular mimicry in biological adaptation. In 
Host-Parasite interfaces (Ed. Brent B. Nickol) Academic Press, New 
York • 103-126 pp 

Damian, R. T., Greeme. N. D. & Hubbard, W. J. (1973). Ocurrence of 
mouse a-2 macroglobulin antigenic determinants on Schistosoma mansoni 
adults with evidence of their nature. !'!...,_ Parasitol. 59:64. 

Dissous, c., Grzych, J. M. & Capron, A. (1986). Schistosoma mansoni 
shares a protective oligosaccharide epitope with fresh water and 
marine snails. Nature 323:445. 

Dissous, c., Torpier, G., Davaux-Miret, o, & capron, A. (1990). Mole
cular mimicry: Homology of tropomyosins from Schistosoma mansoni and 
its invertebrate host Biomphalaria glabrata. VII International Con
gress of Parasitology. Bulletin de la Societé Francaise de parasitolo
gié. Paris Aout 20/24 August. Tome 8 Supplement No. 1 

Doyle, J. J., Behin, R., Mauel, J. and Rowe, D. (1974). Antibody
induced movement of membrane components of Leishmania enrielttii. !'!...,_ 
~ Med. 139:1061. 

13 



Dwyer, D.M. (1976). Antibody-Induced modulation of Leishmania donova
ni surface membrane antigens. ;r_,_ Immunol. 117:2081. 

El-On, J., Zvillich, M. and Elias, E. (1990). Cutaneous leishmania
sis: Inhibition of phagocyte cell activity caused by Leishmania maior. 
VII International Congress of Parasitology. Bulletin de la Societé 
Francaise de parasitologié. Paris Aout 20/24 August. Tome 8 Supplement 
No. 1 

Faubert, G. M. (1976). Depression of the plaque forming cells to sheep 
red blood cells by the new-born larvae of Trichinella spiralis. Im
munol. 30:485. 

Geczy, A. F., Alexander, K. & Bashir, H. v. (1980). A factor(s) in 
Klebsiella culture filtrates specifically modifies an HLA-B27-asso
ciated cell-surface component. Nature 283:782. 

Gitter, B. D. & Damian, R. T. (1982). Murine alloantigen acquisiton 
by schistosomula of Schistosorna rnansoni: Further evidence for the 
presence of K, O, and I region gene products on the tegurnental 
surface. Parasite Immunol. ~:383. 

Gottsein, B., Harriman, G. M., conrad, J. T. & Nash, T. E. (1990). 
Antigenic variation of Giardia lamblia in the mouse. Analysis of 
parasite specific cellular and humoral immune response. VII Interna
tional Congress of Parasitology. Bulletin de la Societé Francaise de 
parasitologié. París Aout 20- 24 August. Tome 8 supplement No. 1 

Greenwood B. M. and Vick R. M. (1975). Evidence for malaria mitogen in 
human malaria. Nature 257:592. 

Hammerberg, B., Dangler, c. and Williams, J. F. (1980). Taenia 
taeniaeformis: Chemical composition of parasite factor affecting coa
gulation and complement cascades. ;r_,_ Parasitol. 66:569. 

Handman, E., ceredig, R. & Mitchell, G. F. (1979). Murine cutaneous 
leishmaniasis disease patterns in intact and nude mice of various 
genotypes and examination of sorne differences between normal and 
infected macrophages. Aust. ;r_,_ ~ Biol. Med. Bci. 57:9. 

Hanna, R. E. (1980). Fasciola hepatica: an immunofluorescent study of 
antigenic changes in the tegument during development in the rat and 
the sheep. ~ Parasitol. 50:155. 

Harrison, L. J. s., Joshua, G. w. P., Wright, s. H. & Parkhouse R.M. 
E. (1989). Specific detection of circulatin surface/secreted glycopro
teins of viable cysticerci in Taenia saqinata cysticercosis. Parasi te 
Immunol. 11: 351. 

14 



Hirata, A. A. and Terasaki, P. I. (1970). Cross-reactions between 
Streptococcal M proteins and human transplantation antigens. science 
1,.ll: 1095. 

Hviid, L., Theander, T. G., Abu-Zeid, Y. a., Abdelhadi, N. H., Jakob
sen, P. H., Saeed, B. o., Jepsen, s., Bayouni, R. A. & Jensen, J. B. 
(1990). Suppression of cell-mediated immunity by acute Plasmodium 
falciparum malaria. VII Internationational Congress of Parasitology. 
Bulletin de la Societ6 Francaise de parasitologi6. París Aout 20- 24 
August. Tome 8 Supplement No. 1 

Hudson, L and Hindmarsh, P. (1985). The relationship between autoim
muni ty and Chagas' di sea se: causal or coincidental? current topics in 
Microbiology an4 Im.munology .111.:167. 

Inman, R. o., Chiu, B., Johnston, M. E. & Falk, J. (1986), Molecular 
mimicry in Reiter•s syndrome: cytotoxicity and ELISA studies of HLA
microbial relationships. Immunol. 58:501. 

Jayawardena, A. N., Waksaman, B. H. & Eardley, o. D. (1978). Activa
tion of Distinct helper and suppresor T cells in experimental trypano
somiasis. iD,. Im.munol .ll.1:622. 

Jones, T. c. & Hirsh, J. o. (1972). The interaction between Toxoplasma 
gondii and mammalian cells. II The abscense of lysosomal fusion with 
phagocytic vacuoles containing living parasite. iD,. ~ Me4 136:1173. 

Kalinna, B., Becker, M. and Geyer, E. (1981). Immunoelectrophoretic 
analyses of antigens shared by the vesicular fluid and cyst wall of 
Taenia crassiceps and ~ saginata metacestodes. Parasitol. ~ 
75:568. 

Keller, R., Ogilvie, B. M. & Simpson, E. (1971). Tumour growth in 
nematode-infected animals. Lancet i:678. 

Kress, Y., Bloom, B. R., Witner, M., Rowen, A. & Tanowitz, H. (197~). 
Resistance of Trypanosoma ~ to killing macrophages. Nature 
~:394. 

Klein, s. (1986). H-2 Complex In: Natural History of the major histo
compatibility complex. Eds. A wiley Interscience Publication. USA. 

Larralde, c., Montoya, R. M., Sciutto, E., Diaz, M. L., Govezensky, T. 
and Coltorti, E. (1989). Deciphering western blots of tapeworm anti
gens (Taenia solium. Echinococcus granulosus and Taenia crassiceps) 
reacting with sera from neurocysticercosis and hydatid disease pa
tients. Alll iD,. ~ ~ ~ Jttg_._ ,il.:284, 

Marrack P. and Kappler J. (1988). The T-cell repertoire for antigen 
and MHC. Immunol. To4ay 2:308 

15 



Mccormick, T. s. and Rowland, E. e (1989). Trypanosoma ~:Cross
reactive anti-heart autoantibodies produced during infection in mice. 
~ Parasitol • .if.:393. 

McLaughlin, G. L., Benedik, M. J. and Campbell, G. H. (1987). Repeated 
immunogenic amino acid sequences of Plasmodium species share sequence 
homologies with proteins from humans and human viruses. Am !I.... Trop. 
Med. Hiq. 37:258. 

Michaeli, D., Senyk, G., Maoz, A. and Fuchs, S. (1972). Ascaris cuti
cule collagen and mamalian collagens: cell mediated and humoral im
munity relationships. J._._ Immunol. }j!_l:l03. 

Mitchell, G. F. (1979). Responses to Infection with Metazoan and 
Protozoan parasited in mice. ~ Immunol • .11.:451. 

Mitchell, G. F., Rajasekariah, G. R. and Rickard, D. (1980). A mecha
nisms to account for mouse strain variation in resistance to the 
larvae cestode Taenia taeniaeformis. Immunol. 39:481. 
Nogueira, N. & Cohn, z. (1976). Trvpanosoma &!J!ti: mechanisms of entry 
and intracellular fate in mammalian cells. !I.... ~ Med. 143:1402. 

Ogilvie, B. M. (1974). Antigenic variation in the nematode Nippostro
gyl!!§. brasilensis. In Parasites in the immunized host: mechanisms of 
survival. pp. 81-90. CIBA Foundation Symp. No. 25. 

Ottesen, E. A. and Poindexter, R. w. (1980). Modulation of the host 
response in human schistosomiasis. II. Humoral factors which inhibit 
lymphocyte proliferative responses to parasite antigens. Am. !I.... Trop. 
Med. HYg_,_ 29:592. 

Ouaissi, M. A. (1988). Role of the RGD sequence in parasite adhesion 
to host cells. Parasitol. Today ~:169. 

Pellegrino, M. A., Ferrone, s., Safford, J. w., Hirata, A. A., Terasa
ki, P. I. and Reisfeld, R. A. (1972). Stimulation of lymphocyte tran
sformation by streptococcal type Ml protein: Relationship to HL-A 
antigens. J. Immunol, .l.2!.:97. 

Petry, K., Kahn, s. & Eisen, H. (1990). Molecular characterition of a 
crossreactive antigen between Trypanosoma .!a:Yti and mammalian tissue. 
VII Internationational Congress of Parasitology. Bulletin de la so
ciet~ Francaise de parasitologi~. Paris Aout 20- 24 August. Tome 8 
Supplement No. 1 

Rapaport, F. T., Bachvaroff, R. and Markowitz, s. (1973). Lymphocyte' 
surface effects of soluble extracts streptococcal membranes 
(TGCM). !I.... Immunol. 110:1058. 

Rowley, o. and Jenkin, c. R. (1962). Antigenic cross-reaction between 
host and parasite as a possible cause of pathogenicity. Natura 

16 



1..tl:l54. 

Sadigursky, M., Acosta, A. and Santos-Buch, c. (1982). Muscle sarco
plasmic reticulwn antigen shared by a Trypanosoma ~clone. Am. !L.. 
~ Med. B!9..L ll:934. 

Sciutto, E., Fragoso, G., Diaz, M. L., Valdez, F., Montoya, R. M., 
Govezensky, T., Lomeli, c. and Larralde, c. (1990a). Murine ~ 
crassiceps cysticercosis: H-2 and sex influence on susceptibility. 
Parasitol. ~(In press). 

sciutto, E., Diaz, M. L., Fragoso, G., Govezensky, T., Montoya, R.M. 
and Larralde, c. (1990). Role of antibodies in experimental murine 
cysticercosis caused by Taenia crassiceps (articulo en preparaci6n). 

seed, J. R. (1974). Antigens and antigenic variability of African 
trypanosomes. !L.. Protozology .i,l:639. 

Sher, A., Hall, B. F. and Vadas, M. A. (1978). Acquisiton of murine 
mayor histocompatibility complex genes products by schistosomula of 
Schistosoma mansoni. !L.. ~ ~ .lJ.!:46. 

Smithers, s. R., Terry, R. J. & Hockley, D. H. (1969). Host antigens 
in schistosomiasis. Proc. 1lL soc. Lond. (Biol.) .ll..!:483 

Sprent, ·J. F. A. (1963). "Parasitism. An introducction to parasito
logy and immunology for students of biology, Veterinary science and 
medicine". univ. Queensl. Press, st. Lucia. 145 p. 

szarfman, A., Terranova, V., Rennard, s., Fordat, J., Lima, J., Schei
nman, J. and Martin, G. (1982). Antibodies to laminin in Chagas' 
disease. ![.._ ~ Med. ~:1161. 

Torpier, G., Capron, A. & Ouaissi, M. A. (1979). Receptor for IgG 
(Fe) and human b-2 microglobulin on Schistosoma mansoni schistosomula. 
Natura .2.1.!!:447. 

van Bohemen, c. G., Grumet, F. c. & Zanen, H. c. (1984). Identifica
tion of HLA-B27Ml and -M2 cross-reactive antigens in Klebsiella. 
Shigella and Yersinia • Immunol, .l.a.:607. 

Varela-Diaz, v. M. and Coltorti, E. A. (1972). Further evidence of 
the passage of host immunoglobulins into hydatid cysts. ![.._ Parasitol. 
~:1015. 

Wedderbun, N. and Dracott, B. M. (1977). The immune response to type 
III pneumococcal polyssacharide in mice with malaria. Clin. Exp. 
Immunol. 28: 130. 

Willms, K. and Arcos, L. (1977). Taenia solium: Host serum proteins 
on the cysticercus surface identified by an ul traestructural immunoen
zymatic technique. ~ Parasitol. !1_:396. 

17 



Zabriskie, J. B., Lewshenia, R., Moller, G., Wehle, B. and Falk, R. E. 
(1970). Lymphocytic responses to streptococcal antigens in glomerulo
nephritic patients. Science ~:1005. 

18 



APORTACIONES AL DISEÑO HETODOLOGICO Y 

TEORICO DEL TRABAJO DE INVESTIGACION 



AN IMMUNOENZIMATIC ASSAY TO MEASURE THE EXPRESSION OF MURINE 

HISTOCOMPATIBILITY ANTIGENS IN MACROPHAGES ANO LYMPHOCYTES. 

Fragoso, G., Valdez, F., Rosenstein, Y.*, Govezensky, T., D!az, 

M. L., Montoya, R.M., Larralde, c. and Sciutto, E. 

Instituto de Investigaciones Biom~dicas, UNAM 
* Dana Farber Institute, Boston, MA 02215 

Mailing address: 

Dra. Edda Sciutto, 
Instituto de Investigaciones Biom~dicas, UNAM 
Apdo. Postal70228 
M~xico, D. F., 04510 

Running title: Cellular MHC Immunoenzimatic Assay 

Keywords: MHC-ELISA, H-2 antigens 

1 



ABSTRACT 

A simple, sensitive, rapid and reproducible enzyme 

immunoassay is described to quantify H-2 cellular antigens. 

Cellular antigens were measured through the subsequent binding of 

specific biotinylated antibodies and streptoavidin-peroxidase 

conjugate on cells in suspension. Endogenous peroxidase activity, 

in activated cells, was inhibited by addition of sodium azide and 

H2o 2 in acid conditions. The assay specifically recognized 

between two congenie mice cells (H-2d and H-2b¡ and two cell 

lines (EL-4 and P815) and was sensitive to as few as 2.5 x io4 

cell/well. We also report here a version of this assay useful far 

the detection of soluble antigens by inhibition of the specific 

binding with antibodies after absortion of the antibody activity 

by problems antigens extracts ar cell. This method can be useful 

far a number of potential applications. 
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INTRODUCTION 

Cell surface antigens are detected through a variety of 

methods including immunofluorescence (Tumosa and Kahan 1989, 

Cikes and Friberg 1971), complement mediated cytotoxicity 

(Terasaki et al 1978, stoker and Bernoco 1979), radioimmunoassay 

(RIA) (Takascs and Staehlin 1981, Pink and Ziegler 1979), ELISA 

(Hessian et al 1986, Baumgarten 1986) and fluorescence 

activating cell sorting (FACS) (Lanier and Warner 1981, Monroe 

and Cambier 1983, Sarkar et al 1980). All these methods are 

highly sensitive and relatively easy to perform, however, some 

are very costly or require of delicate standarization for give 

reproducible results or are hardly quantitative. We decided to 

develop an easy immunoenzymatic assay (ELISA), to study H-2 

surface antigen expression considering it has the advantage of 

being potentially quantitative, stable and capable of processing 

a large number of samples in some hours very economically. 

Considering that activated cells increase their intrinsic 

peroxidase activity and that we plan to study antigen expression 

in this type of cells, we develop a procedure to inhibit this 

peroxidase activity in a non reversible way during the time of 

the assay without affecting the surface antigens presence. 

We inform here of an ELISA procedure to quantify the 

expression of MHC products in cell suspensions of different 

types of murine cells, in different stages of differentation in 

a simple, sensitive, fast and reproducible way. The basic idea 
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behind this method is the detection of surf ace antigens by 

reaction with biotinylated specific polyclonal and monoclonal 

antibodies. The Ag-Ab reaction is developed using the peroxidase 

avidin system. The advantage of this method is that phagocytic 

cells could also be studied by previously inhibiting their 

endogenous peroxidase activity by the immunosassay proposed here 

by us. The assay did not modify cellular antigens and proved to 

be sensitive for studying H-2 expression. It also proved to be 

useful for the detection of antigens by inhibition of the 

specific binding with antibodies after absortion of the specific 

activity by problems antigens. 

This ELISA may be advantageously applied to a variety of 

other immunological problems. 
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MATERIALS ANO METHODS 

Antibodies: purification and biotinylation 

Polyclonal anti H-2d and anti H-2b alloantisera were 

obtained by eight serial intraperitoneal immunizations of H-2d 

(BALB/c) and H-2b (BALB/B) spleen cells in BALB/B and BALB/c mice 

respectively. one week after the last immunization the anirnals 

were bled. The resulting sera (obtained from 10 immunized rnice) 

were combined into a single pool. Each alloantiserurn was found 

to be active against erythrocytes of the strain used for 

imrnunization, at dilutions greater that 1:360 and neither serurn 

was found to react with other congenie haplotype red cells (data 

not shown). 

Monoclonal antibodies M.1.42 (rat-antimouse), M.5.114 (rat

antimouse IEdk_rAbdq, Bhattacharya et al 1981), 34.2.12 (mouse

anti H-2od, Ozato et al 1980, ozato et al 1982) and 28.14.8S 

(rnouse-anti H-2ob, Ozato et al 1981) were provided by Dr. Carel 

Reiss (Dana Farber Cancer Institute). Sera frorn intact BALB/B and 

BALB/c mice were also used as controls of the specificity of the 

reaction. Antibodies from sera and ascites fluid were purified 

over an Affi-Gel Protein A MAPS II, (BIO-RAD). 

Fer biotinylation, purified antibodies at concentrations of 

100 ug/ml.were dialized into O.lM sodium bicarbonate pH 8. Biotin 

N-hydroxysuccinimide esther (Sigma), was dissolved in dimethyl 
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sulphoxide (Merck) at 100 ug/ml, 125 ul of this solution were 

added to each ml of antibody solution. The mixture was allowed 

to stand at room temperature for two hours and the reaction was 

stopped by addition of NH4Cl, lM pH 7.2 in 1/10 the volume of the 

total reaction volume. Then, the mixture was dialized against 

phosphate buffered saline (PBS: 0.15 M NaCl, 0.01 M sodium 

phosphate buffer, pH 7.2), sterilized by filtration (Milliphore 

No. 0.22) and stored at 4°c until used. Final dilutions of 

antibodies were performed freshly in each assay. 

Peritoneal mice and tumoral lines cells were used in these 

immunoenzymatic assays to study the expression of H-2 surface 

antigens. Peritoneal cells from BALB/c and BALB/B mice were 

isolated from intact mice as well as from mice infected 

intraperitoneally with Taenia crassiceps cysticerci (Sciutto et 

al 1990). The EL-4 (H-2b¡ cell line, a gift of Dr. Guillermo 

Alfaro (Instituto de cancerolog!a, México o. F.) was maintained 

in C57Bl/6J mice (Gorer 1950), while P815 (H-2d) cell line was 

maintained in (BALB/c x DBA/2)Fl mice (Ralph et al 1976). 

Lymph node cells obtained from BALB/c mice by standard 

procedures were used in inhibition reactions for the detection 

of H-2 antigens. 

Inhibition of endogenous cellular peroxidase activity 
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Endogenous peroxidase inhibition in activated peritoneal 

mice cells and in lines cells was carried out following the 

technique described here based in that published by Malorney et 

al (1988), as follows: one volume of the cells were treated with 

50 volumes of a solution containing 0.1 M sodium azide (Sigma) in 

isotonic saline (0.15M NaCl), adding 0.04% of H2o 2 (Merck) at 

room temperature for 20 min. Cells were washed twice with PBS and 

the pellet resuspended in a 0.1 M citrate/phosphate buffer pH 6.5 

(one volume of cells per 50 volumes of solution) for 20 min at 

room temperature. After this, the cells in the pellet were 

washed three times with PBS and resuspended in 1% BSA in PBS to 

obtain the concentration used in the assay. 

Cellular immunoenzimatic assay 

To determine H-2 expression cells were diluted ~nd washed 

with 1% BSA in PBS. All incubations were carried out at 4°C. The 

ELISA test was performed in V-shaped Immulon plates (Dynatech). 

Cells were added in 100 ul at various concentrations (2.5 x 104 , 

5 x 104, 105, 2.5 x 105, 5 x 105) per well, and spun for 7 min at 

1,500 rpm. The supernatant was discarded and 100 ul per well of 

the diluted biotinylated antibodies (100 ug/ml) were added. 

Plates were incubated for 90 min and then washed three times. 

Ab-Ag reaction was developed by adding 100 ul of 1:2000 

streptoavidin-peroxidase (Amersham) conjugate during 60 minutes. 

After washing three times, the enzyme was detected on the plate 
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by reaction with 100 ul of 0.4 mg/ml orthophenylendiamine (Sigma) 

and 0.03% H2o2 in citrate phosphate buffer (O.lM, pH 5) at room 

temperature for 20 minutes. The orthophenylendiamine reaction was 

stopped with 50 ul of 4M sulfuric acid. Optical density readings 

at 492 nm were done in a Behring automatic ELISA processor. 

Inhibition reactions for the detection of H-2 antiqens 

H-2 antibodies (100 ug/ml) were absorbed with different 

amount of P815 (H-2d¡ and EL-4 (H-2b¡ cells (0.5 x 104, l x 104, 

5 x 104, 10 x 104, 50 x 104 in 1% BSA in PBS) for 90 minutes at 

4°c. Then the suspensions were centrifuged and the supernatants 

were tested in the cellular immunoenzymatic assay against l x 105 

BALB/c lymph node mice cells (H-2d). Percentage of inhibition was 

calculated and graphed versus the amount of inhibitor cells used 

per well. 
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RESULTS 

Quantification of histocompatibility antigens 

Figure 1 shows that anti H-2 fixation (M.1.42) to H-2 

molecules in resident peritoneal BALB/c macrophages depends on 

the amount of cells present per well. This method is sensitive 

enough to detect different levels of H-2 surface antigens as it 

is shown in Figure 1 where female BALB/c peritoneal cells 

express higher levels of H-2 antigens than male cells. The assay 

was sensitive to less than 2.5 x 104 cells per well. That this 

cell ELISA performed equally well with mononoclonal or polyclonal 

antibodies of different specificities in the determination of a 

variety of surface antigens, including naive proteins, is shown 

using peritoneal cells in Table I as well as in cell lines (Table 

II). 

Identification of cellular haplotypes }2y Cell ELISA Inhibition 

Figure 2 shows the identif ication of cellular haplotypes by 

cell ELISA inhibition of the specific reaction (H-2d/anti H-2d¡. 

Greater percentage of inhibition (70%) was observed when P815 

(H-2d¡ cells were used to inhibit the specific reaction, while a 

lower value (30%) was obtained when EL-4 (H-2b¡ cells were used. 

Inhibition of endogenous cellular peroxidase activity. 

Two of the cellular types used: macrophages and lymphocytes 
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have considerable intrinsic peroxidase activity, this activity is 

higher in macrophages than in the lymphocytes. Endogenous 

peroxidase activity in macrophages was completely inhibited by 

the treatment proposed with sodium azide in isotonic saline 

solution containing H2o 2 , and was only partially inhibited in 

lymphocytes (Table III). The acid substrate treatment that 

inhibit the peroxidase activity does not modify the surface 

antigenic properties as may be seen in Table I. 
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DISCUSSION 

The present study reports the development of a simple, 

sensitive, rapid and economic ELISA method to measure the amount 

of the MHC products expression on different cell types. This 

assay does not involve cell fixation to ELISA plates, and uses 

cells in suspension, therefore decreasing possible modifications 

of cells and surface antigens (Drover and Marshall, 1986). This 

method also lessens the complications of unspecif ic reagent 

sticking, a common consequence of using poli-L-lysine to fix the 

cells to plastic (Epstein and Lunney, 1985). 

Most other methods applying the cell-ELISA technique, 

require a large number of cells per well (1-5 x 105) (Epstein and 

Lunney 1985; Hessian et al 1986) but with the method described 

herein, different classes of histocompatibility antigens may be 

easily detected with approximately 104 cells per well. 

This assay was sensitive enough to detect differences in 

the expression levels of histocompatibility antigens and 

specificity may be judged, from the results obtained with 

different antibodies (Table II) against H-2ª and 

haplotypes. 

its 

the 

H-2b 

The assay is. carried out at 4oc and this decreases the 

possibilities of internalization and exchange of membrane 

proteins to a minimun. Unspecific sticking was evaluated using 
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normal immunoglobulins (purified from sera of intact mice) and 

the values obtained were very low. No interference by Fe 

receptors was detected, as in other assays (Nouri-Aria et al 

1988; Baumgarten 1986). This could be dueto a reduction in the 

fixation capacity of biotinylated immunoglobulins to the Fe 

receptor. 

our results also show that the high intrinsic peroxidase 

activity of macrophages is completely inhibited by the treatment 

with azide sodium in saline isotonic solution containing H2o 2 , 

without affecting their expression of MHC antigens. This is not 

so with the low intrinsic peroxidase activity of the lymphocytes 

which it could be inhibited only partially. These differences in 

enzymatic behaviour of cellular populations suggest that we may 

be dealing with peroxidase isoenzymes. 

The consistency and reproducibility of our data allow us to 

propose this method as a reliable and accesible assay for 

measuring the expression of MHC antigens and other surface 

antigens in different types of cells and microenvironments. 
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LEGENDES 

Fig. 1 Optical densities obtained for different nurnber of 

cells using cells plus rnice IgG irnrnunoglobulins (•) and cells 

plus MoAb anti H-2 (o), M.1.42. Each o. D. value is the 

average of three deterrninations per sarnple. 

Fig. 2 Optical densities (A) and Percentage of Inhibition (B) 

obtained with P815 (•) and EL-4 (&) as inhibitor cells of 

the specific reaction H-2ª node lymphatic cells frorn BALB/c rnice 

and anti H-2ª polyclonal biotynilated antibody. 

Table I 

1.- Peritoneal cells (50% rnacrophages, 50% lyrnphocytes) used in 

this study were recovered frorn peritoneurn of BALB/c and BALB/B 

mi ce, 3 o days a fter in f ection w i th 1 O cysts o f Ta en ia 

crassiceps. Cells were previously treated to inhibit intrinsic 

peroxidase activity. 

2.- For full analysis of specificities of MoAbs used, see 

references in material and rnethods. * Each value is the average 

of three deterrninations per sarnple ± S.D. 
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Table II 

1.- For full analysis of specifities of MoAbs used, see 

references in material and methods. * Each value is the average 

of three determinations per sample ± S.D. 

Table III 

Peroxidase activity quantification in intact and in treated cells 

for the inhibition of the intrinsic peroxidase activity. 
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T A B L E I 

IDENTIFICATION OF H-2 ANTIGENS BY CELL ELISA IN PERITONEAL CELLS 

Antibody OPTICAL DENSITY (492 nm) 

Name Specificity2 Peritoneal cells1 

H-2d H-2b 

Polyclonal anti H-2d 0.673±0.21* 0.348±0.03 

34.2.12 anti H-2Dd 0.594±0.031 0.405±0.008 

M.5.114 anti IEdk_IAbdq 0.509±0.015 0.507±0.015 

Polyclonal anti H-2b 0.354±0.34 0.816±0.007 

28.14.SS anti H-2ob 0.333±0.003 0.665±0.010 

Pool of IgG 0.169±0.006 0.207±0.009 
mouse immunoglobulins 
from intact mice 
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TABLE II 

IDENTIFICATION OF H-2 ANTIGENS BY CELL ELISA IN CELL LINES 

Antibody 

Name Specificityl 

Polyclonal anti 

34.2.12 anti 

M.5.114 anti 

Pool of IgG mouse 
immunoglobulins from 
intact mice. 

H-2d 

H-2od 

rndk -IAbdq 

OPTICAL DENSITY (492 nm) 

Cell Lines 

0.195±0.001* 0.963±0.028 

0.182±0.013 0.563±0.30 

0.395±0.007 0.463±0.277 

0.162±0.045 0.213±0.014 
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T A B L E III 

INHIBITION OF INTRINSIC CELLULAR PEROXIDASE 

Number of 
cells per well 

BY ACID SUBSTRATE TREATMENT 

OPTICAL DENSITY (492 nm) 

MACROPHAGES LYMPHOCYTES 
(Resident peritoneal 

(H-2b) BALB/c cells) EL-4 

Non Inhibited Non Inhibited 
Inhibited Inhibited 

104 0.104* 0.013 0.099 0.066 

105 0.480 0.014 0.156 0.096 

106 0.745 0.013 0.405 0.228 

* Average of three determinations 
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ABSTRACT 

several inbred strains of mice were inf ected by 

intraperitoneal injection of ten Taenia crassiceps cysts per 

mouse. Genes linked with the major histocompatibility complex (H-

2) were found to greatly influence parasite growth, as 

demostrated by the different parasite loads of H-2 congenie mice 

with BALB background: BALB/c (H-2d) mice were the most 

susceptible while BALB/k (H-2k) and BALB/b (H-2b) were 

comparatively resistant. Non-H-2 genes had no significant effect 

on susceptibility in H-2d strains, as reflected by the similar 

parasite loads in BALB/c, DBA/2, and ([BALB/cxDBA/2]Fl) mice. 

Using the H-2b (BALB/b, C57BL/6J) and H-2k (C3H/HeJ, BALB/k, and 

C3HeB/FeJ) strains, nCIJ'l~H-2 background genes were found to cause 

a small, 

r:!"co~binant 

but significant influence on parasite load. 
k k d d 

A 

mouse strain (K ,I ,s ,D ) was also susceptible, 

indicating that S or/and D regions of the H-2d complex are 

probably involved in the control of resistance to murine 

cysticercosis. Female mice of all strains were more susceptible 

than male mice. The same effects of H-2 genes and sex were 

observed with two strai.ns of '.!'...!_ crassiceps differing in rate of 

growth. 
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INTRODUCTION 

Genetic difference~ in the immune response of mice to 

various parasitic infections are well documented (Vadas 1980; 

Wakelin 1978, 1985) and variation in their innate susceptibility 

hás been found with most of the parasites tested. However, 

linkage of susceptibility with the majar histocompatibility 

complex (MHC) has been successfully documented in only a few 

cases. Genes within H-2 have been shown to play an important role 

in resistance to Trichinella spiralis in mice (Wakelin and 

Donachie, 1983; Wasson et al., 1987) as well as genes outside the 

MHC (Wasson et al., 1983); to Trichuris muris (Else and Wakelin, 

1988); to Schistosoma mansoni ·(Class and Deeleder, 1979) to 

Leishmania mexicana· (Roberts et al., 1989) and to Plasmodium 

chabaudi (Wunderlich et al., 1988). Also, differences in long

term immune response is controlled by MHC genes in the systemic 

form of murine leishmaniasis caused by Leishmania donovani 

(Blackwell et al., 1980). Finally, the immune response to 

secreted antigens of Ascaris ~ is controlled at the level of 

H-2 in mice (Kennedy et al., 1986). Such correlations could have 

profound implications far diagnosis, treatment and control of 

human helminth infection~ (Parkhouse and Harrison, 1989). 

Preliminary studies in experimental murine Taenia crassiceps 

cysticercosis pointed t-0 significant genetic differences between 

mouse strains with variable levels of innate susceptibility 

(Larralde et·a1., 1989). In these experiments the genetic basis 

of .. va·riable susceptibility was not mapped. A hint of H-2 
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involvement comes from protection experiments, where vaccination 

with .!.!_ crassiceps was found to be more effective in H-2b than H-

2d mice (Sciutto et al., 1990). 

We now present a more comprehensive study which strongly 

suggests that differences in susceptibilitY of mice to .!.!_ 

crassiceps are largely' controlled by gene(s) within or closely 

adjacent to the maj~ histocompatibility complex (H-2). In 

addition, female mice are significantly more susceptible to .!.!_ 

crassiceos infection than males, demonstrating an as yet 

unexplained role of gender in this host-parasite relationship. 

4 



MATERIAL ANO METHODS 

Parasites 

The fast-growing ORF- strain of T. crassiceps (Zeder, 1800) 

Rudolphi, 1810 isolated by Freeman in 1962, was supplied by Dr. 

B. Enders (Behringwerke. Marburg, West Germany), and the slaw

growing HYG strain by Dr. J. Grun (Dept. of Biochemistry, 

Jefferson Medica! College, Philadelphia) (Sally et al., 1976) and 

were kept oy serial passage in BALB/c female mice for five years 

by us. 

Parasites used in this study were harvested from the 

peritoneal cavity of the donor mice after one to four months af 

infection. 

All male and female mice used were 5-7-week-old at the start 

of the experiments. They were bred in our animal facilities by 

the "single line breeding system" during 20 generations, starting 

with original stock from Jackson Labs in 1982 and fed Purina's 

Diet 5015 ad libitum. The strains Of mice Used in these studies 

were chosen because they either possesed cammon gene tic 

backgrounds but dif ferent alleles at genes within the majar 

histacompatibility complex (MHC) (BALB/c (H-2d), BALB/b (H-2b), 

BALB/k (H-2k)), ar shared common MHC genes but dlffered in 

genetic backgrounds BALB/c AnN, DBA/2, BALB/c X DBA/2 Fl (H-2d); 

C57BL/6J, BALB/b (H- 2b); CJH/HeJ, CJHeB/FeJ and BALB/k (H-2k). 



This allowed independent evaluation of the inf luence of MHC ar 

non-MHC genes on suscepttbility to cysticercosis. 

Inf ections 

Metacestodes used in challenge infections were removed from 

BALB/c female mice carrying ~ crassiceps ORF ar HYG strain of 

cysticercus. Ten small (aprox 2 mm diameter) non-budding larvae 

were suspended in 0.5· ml of PBS (0.15 M NaCl, 0.01 M sodium 

phosphate buffer, pH 7.2) and injected intraperitoneally into 

each mouse using .25 gauge needle. Mice were sacrificed 30 days 

after· infection and the cysts found inside the peritoneal cavity 

were counted. In this form of disease the parasites never migrate 

to anothe~ location in the host. In one experiment, where the 

kinetics of parasite growth in BALB/c as compared with BALB/b was 

of interest, mice were sacrificed at several times after 

infection, during a·l50 days time period. 

Statistical Analysis 

The statisticai signif icance of the effects of the 

experimental variables (H-2 genes, genetic background, sex of 

mice and strain of parasite) upan parasite load was analyzed by 

multifactorial anaiysis of variance (ANOVA) (SAS Institute Inc., 

1985). Because individual parasite load, as measured by total 

number of parasites in each mouse, was not found to be normally 

distributed and the variances among the different groups were not 

homogeneous, the response variable (parasite load = number of 



parasites in each mouse) required algebraic transformation to 

perform proper comparisons between groups. The transformed 

parasite load that successfully met with the requirements of 

normal distribution and homogeneous variances among groups was 

the fourth root of the number of parasites in each mouse plus 

one (4 v[Number parasites + l]). This transformation does not 

imply significant numeric changes in parasite load. 

Transformation 

and normalize 

of response variables seeks to reduce 

distributions, while the addition 

variances 

of unity 

eliminates troublesome zeroes without greatly altering numeric 

seores. However, in kéeping with the usual lack of concern with 

the restrictions of rigorous statistical analysis, the results 

were also analyzed without any transformation. Identical 

conclusions were reached with both procedures. 
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RESULTS 

Mice of nine strains (BALB/c AnN, DBA/2, BALB/c X DBA/2 Fl, 

BALB/b, C57BL/6J, C3H/HeJ, C3He B/FeJ, A/J) were infected intra-

peritoneally with ten Taenia crassiceps ORF cysticerci per mouse, 

sacrif iced 30 days after infection and the parasite load in each 

mouse was counted. The mean number of larvae established in each 

strain is given in Table r. Strains of the H-2d haplotype carried 

the most numerous cysticerci, while parasite loads in H-2b and H-

2k haplotypes were comparatively smaller. No signif icant 

differences were recorded among the three H-2d susceptible 

strains tested. However, among female mice carrying the resistant 

haplotypes (H-2b, H-2k) there were significant differences 

associated to each strain, but not so in males. The A/J natural 
k k k d d 

recombinant strain H-2a haplotype carrying the K A E D S 

alleles harbored parasite loads essentially identical to the 

other H-2d strains. 

Table I includes thcee H-2 congenie mice with a BALB genetic 

background in which two phenotype classes could be distinguished: 

tfie ~usceptible H-2d carrying large parasite loads and the 

resistant H-2b and H-2k carrying smaller parasite loads. The 

influence · of H-2 complex was further studied by infecting these 

three H-2· ·BALB congenie strains with cysticerci from Taenia 

crassiceps of HYG strain in addition to the ORF strain,. and the 

parasite loads obtained in the different haplotypes are shown in 

Table II. The sarne pattern of susceptibility was observed 

although the HYG strain grew slower than ORF. Parasite loads in 

A 



mice with H-2d were significantly higher than those in H-2k ar H-

2b haplotypes, which carried essentially the same low number of 

parasites. 

Female mice wera ·more susceptible to intraperitoneal 

cysticercosis than males. This strong association between the 

host's sex and parasite growth was observed in all the strains of 

mice (Table I), although to different extents, and with the two 

strains of .parasites (Table II). 

Table III shows the rate of growth of Taenia crassiceps ORF 

in the peritoneal cavity of congenie BALB/c (susceptible, H-2d) 

and BALB/b (resistant, H-2b) male and female mice. In the first 

ten days after infection, no macroscopic parasites could be 

recovered from infected BALB/b mice while a different pattern of 

growth occurred on susceptible male BALB/c mice, in which 

parasites could be recovered as sean as ene day after infection. 
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DISCUSSION 

Severa! inbred strains of mice were experimentally inf ected 

with cysticercus from two strains of Taenia crassiceps (ORF, 

fast, and HYG, slow). Mice with the H-2d haplotype were the most 

susceptible whereas H-2b or H-2k strains were comparatively 

resistant. A gene(s) within or closely adjacent to H-2 must 

theref ore control innate mechanisms responsible for 

susceptibi~ity versus resistance to this form of infection. That 

the natural recombinant (k/d) A/J strain retained the susceptible 

phenotype indicates that MHC mechanisms affecting parasite growth 

are located in the S and /or D region of H-2 genome, since this 
k k d d 

strain is K, I, S , D (Klein, 1986). 

The non-H-2 genetic background of the mouse strains tested 

had considerably less inf luence on parasite growth, with small 

differences in susceptibility only in the context of H-2b or H-2k 

in fema!~ ~ice. Thus non-H-2 determined factors only come into 

effect in mice carrying the H-2 haplotypes conferring resistance. 

The relation between susceptibility and the rnajor 

histocompatibility complex has been studied in a variety of 

experimental mouse infections (Wakelin, 1978, 1985; Vadas, 1980). 

However, H-2 involvement has been definitely established or 

excluded in cornparatively few cases. H-2 linked genes influence 

the response of mice to infection with .'.!'...:. spiralis (Wakelin and 

Donachie, 1983; Wasson.~, 1987), the response of mice to 
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vaccination against schistosorne infection (Sher et al., 1984) and 

the long-terrn response in systernic leishmaniasis caused by 

Leishrnania donovani (Blackwell ~., 1980). In all of these 

infections.genes mapping outside the MHC are also of importance. 

In murine cestode infections there is previous evidence for 

genetic involvement in innate susceptibility to ~ 

taeniaformis (Mitchell, 1982.), and '.!'...!_ crassiceps (Larralde et 

"ª1..·i · 1988). In these studies, we have now shown that innate 

susceptibility rnay be controlled at the leve! of the H-2 while 

non-H-2 background genes contribute a small or negligible leve! 

of control. 

The rnechanis~s involved in innate 

susceptibility have yet to be deterrnined 

and/or 

but H-2 

acquired 

associated 

differences in antigen presentation would be the rnost irnrnediate 

area to explore. Nevertheless, antigen recognition by T cells in 

the context of I-E is unlikely involved considering that H-2b 

mice, that fail in I-E expression, are as resistant as H-2k 

et al., 

antigen 

ruled 

mice, in which I-E rnolecules express norrnally (Wasson 

1987). Considering the susceptibility of A/J strain, 

presentation in the contaxt of class I antigens can not be 

out. Nor the activation of cytotoxic lyrnphocytes neither the role 

of complernent, are·ctiscarded as phenomena critically involved in 

susceptibility, since the S region of H-2 is alsq probably 

involved. Another possibility would be the presence of H-2d 

epitopes or host proteins in '.!'...!_ crassiceps adsorbed frorn the 

BALB/c stock mice in which the parasites have been kept for 
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severa! years now, as it has been recently documented (Kalinna ~ 

-ª1._., 1989). We do not believe this is the case because mice 

infected with parasites grown in BALB/b 

susceptibility pattern (data not shown). 

had the same 

The differences in susceptibility between male and female 

mice merit comment. It appears that these differences occur only 

in the peritoneal experi~ental infection with cysticerci while 

there were no sex dif f erences detected in experimental oral egg 

infection of a number of different rodent species (Delvalle, 

1989). If these sex associated differences vary because of 

differential parasite stage susceptibility ar tissue location is 

open to question. Sex associated differences in susceptibility 

although to 

the host. A 

consistently exist in all the strains of mice used, 

varying extents dependiag of the H-2 genome of 

possible interaction between H-2 functions and endocrine 

enviroment is envisaged (Besedovsky et al., 1986; Blalock ~., 

1985). 

As judged by parasite growth curves, the H-2 dependent 

control of parasite growth appears to occur very early in the 

infection or not at all, since no macroscopic parasites could be 

recovered from H-2b mice in the first 1-10 days of infection. In 

contrast, in the sex associated control of parasite growth 

different mechanisms .are probably involved considering that 

parasites could be recovered as soon as one day after infection 

in both sexes. Thus, resistance determined by H-2 genes may 



) 

depend in different mechanisms than resistance attributable to 

gender. 

Clearly, HYG strain grew slower than ORF in all H-2 strains 

of mice and in both sexes. This difference in rates of growth, 

intrin·sic to the parasite, could well be the outcome of selective 

pressure coming from experimentation: ORF having been kept in the 

laboratory for many more generations than HYG. So long in fact 

that it is thought to have lost it's ability to transform in a 

tapeworm and to reproduce sexually (Smith et al., 1972). 

Finally, the finding of MHC related resistance to murine 

cysticercosis encourage efforts to find or develop and select pig 

strains resistant to cysticercosis as ways of controlling 

transmission of '.!'...:_ solium cysticercosis in endemic countries. 
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lt-2 
HAPLOIYPE 

d 

a(k/d) 

b 

k 

TABLE I 

strol'ITBUl1Y 'ID Taenia crassiceps (OOF) CYSITCEllXfilS OF HICE WTIH 
d, b, AND k H-2 HAPLOl'iPES CN DIFFEID.T JlAC](GROJNil'l 

S1RAIN 

BAIB/c 

DIW2 

(BALB/c x DIW2)Fl 

A/J 

BAIB/b 

C57 Bl/6J 

BALB/k 

CWihl 

G:ileB/FeJ 

FENAi.E 
AVERAGE PARASIIE 
LOAD ± *SE (n) 

a 
110.3 ± 4.6 (70) 

a 
83.2 ± 9.6 ( 9) 

a 
123.6 ± 17.3 ( 7) 

a 
115.3 ± 5.4 (47) 

b 
18. l ± 2.3 (18) 

e 
4.8 ± l. 9 (28) 

b 
33.1 ± a.o (15) 

b 
21.8 ± 5.3 (15) 

e 
6.0 ± 2. 2 (10) 

MAIB 
AVERAGE PARA5TIE 
LOAD± SE (n) 

b 
25.8 ± l. 9 (SO) 

N.D. 
b 

34.0 ± 4. 2 (16) 

b 
30.0 ± 2.5 (45) 

d,c 
0.9 ± 0.4 (20) 

d,c 
0.4 ± 0.2 (20) 

d 
o.o ± o.o (15)· 

d,c 
3. 7 ± l. 7 (15) 

d,c 
2. 7 ± 1.5 (21) 

* Standard error of the 11E811, (n) nlIJlber of mice teste<!. 
a, b,c and d: Statistics :/abeled with the sane literal are not significantly different fran ooch 
other i.hlle those labeled with different literals are significantly different (P .01). Groups 
labeled wlth o.o literals are not significantly different fran o.o groups differing significantly in 
parasite loads beti.een thenSel ves: one located at the high tail of the distribution and the other at 
the low tail. 



TA!ll II 

ROI.E OF lf-2 GENl!S lli TIIE a:MllOL OF Taenia cras.s:iceps (00 AND HYG) 

CYSITCERCT GRa./Ill m TIIE PffiTIOOElM OF INFECTED llALll Mim 

srnAIN OF PARASITE 

ORF HYG 
SIRAIN lf-2 AVEllAGE PARA.5I'IE AVEllAGE PARA5ITE 
OFMim llA!WTYPE SEX LOAD±* SE WAD ±SE 

IWB/c d F 138.3 ± 13.0 29.4 ± 9.5 
M 18.8 ± 4.6 2.4 ± 0.9 

BAIB/b b F . 52.1 ± 17.8 4.0 ± 1.2 
M o.o ± o.o o.o ± o.o 

BAIB/k k F 54.2 ± 23.3 3.0 ± 0.6 
M 1.7 ± 0.9 o.o ± o.o 

* Standard error of the nean 



TABLE rrr 

GroYill CF Taenia crassiceps (rnF) IN RESISrANI' AND SUSCEPITBLE MICE 

DAYS OF 
INFICTICN: 3 5 7 10 20 30 00 150 

BAIB/c F ''0.8 1.2 0.1 3,6 7.1 7.4 136,7 577.0 2663.3 
M 0.4 .0.3 o.o 1.1 1.3 2.3 25.1 112.1 700 

BAIB/b F o.o o.o o.o o.o o.o 1.0 20.6 99.1 3221.4 
M o.o o.o o.o o.o o.o 0.2 o.o 0.9 186.6 

* ~~ of the nunber of parasites recovera:! fran peritoneal cavity of ten mi.ce per group. 
F, femle; M, nele 



REFERENCES 

Besedovsky, H.O., -Del Rey., A.E. 
Immune neuroendocrine interactions. 
mc2>: 1505-7545 . 

and Soskin, Z. ( 1986). 
J. Immunol. (Suppl.) 

. Blackwell, J., Freeman, J. and Bradley, D. (1980). Influence 
of H-2 complex on acquired resistance to Leishmania donovani 
infection in mice. Nature 283: 3, 72-74. 

Blalock, J.E., Harbour-Mc Menamin, D. and Smith, E.M. (1985) 
Peptide Hormones shared by the neuroendocrine and 
immunologic system. J. Immunol. ( Suppl) m< 2): 858-861. 

Class, F.H.J. and Deeler, A.A. (1979). H-2 linked immune 
response to murine experimental Schistosoma mansoni. J. of 
Immunogenet. ~: 167-175. 

Delvalle, B. (1989). Larvae of Taenia crassiceps (Cestoda): 
host specificity and localisation. Parasitol. Res. 1.§.: 181-
182. 

Else, K. and wakelin, D. (1988). The effects of H-2 and non 
H-2 genes on the expulsion of the nematode Trichuris muris 
from inbred and congenie mice. Parasitology 96: 543-550. 

Freeman, R.S. (1962). Studies on the Biology of Taenia 
crassiceps (Zedor, 1800) Rudolphi, 1810 (Cestoda). Can. J. 
Zool. 40: 969-990. 

Kalinna, B.,· Becker, M. and Geyer, E. (1989). 
Immunoelectrophoretic analyses of antig7ns share~ by the 
vesicular fluid and cyst wall of ~ crassiceps and 
Taenia saginata metacestodes. Parasitol. Res. 75: 568-574. 

Kennedy, 
(1986). 
of the 
Ascaris. 

M.W., Gordon, A.M.S., Tomlinson, A. and Qureshi, F. 
Genetic (major histocompatibility complex) control 
antibody repertoire to the secreted antigens of 
Parasite Immunol. 2: 269-273. 

Klein, s. (1986). H-2 Complex In: 
maJor histocompatibility complex. 
Interscience Publication. USA, 50-73. 

Natural History of the 
Eds: A wiley 

Larralde, c., Sci'¡ttto, E., Grun, J., Diaz, M.L., Govezens
ky, T. and Montoya,, -R.M. (1989). Biological determinants of 
host-parasite relat1~nship in mouse cysticercosis .caused by 
Taenia crassiceps: - influence of sex, major histocom
patibility complex and vaccination In: Cell Function and 
Disease, Eds. Luis Canedo et al, pp 353-362, Plenum Press, 
N.Y. 

14 



Mitchell, G.F. (1982). Genetic variation in resistance of 
mice to Taenia taeniaeformis: Analysis of host-protective 
imrnunity and immune evasion. In: Cysticercosis Present State 
of Knowledge and Perspectives. Eds. Flisser, A., Willms, K., 
Laclette, J.P., Larralde, c., Ridaura, c. and BeltrAn, F. 
pp. 575-584, Academic Press. New York. 

Parkhouse, R.M.E. and Harrison (1989). Antigens of parasite 
helminths in diagnosis; protection and pathology. 
Parasitology. 2_2: S5-Sl9. 

Roberts, M., Aláxander, J. and Blackwell, J.B. (1989). 
Influence of Lsh, H-2 and H-11 linked gene on 
visceralization and metastasis asociated with Leishmania 
mexicana infection in mice. Infect. Imrnun. 57(4): 875-881. 

·sally, C.J., Chau, J. and Freemman, R.S. (1976). 
Intraperitoneal Passage of Taenia crassiceps in rats. J. 
Parasitol. 62(5): 837-839. 

SAS Institute Inc. (1985). Introductory Guide fer Personal 
Computers. Version 9. Edition. Carg, N.C.: SAS Institute 
·rnc. 

Sciutto, E., Fragoso, G., Trueba, L., Lemus, D., Montoya, 
R.M., Diaz, M.L., Govezensky, T., Lomel!, c., Tapia, G. and 
Larralde, C. (1990). Cysticercosis vaccine: cross-protective 
imrnunity with Taenia solium antigens against experimental 
murine Taenia crassiceps cysticercosis. Parasite Imrnunol. 
Accepted for publication. 

Sher, A., Hieny, S. and James, S. (1984) Mechanisms of 
protective imrnunity against ~ mansoni infection in mice 
vaccinated with irradiated cercarie. III. Influence of the 
major histocompatibility complex. Parasite Immunol. ~: 319-
328. 

Smith, K.J., 
development 
Aneuploidy in 
~: 261-263. 

Esch, G.W. and Kuhn, R.E. (1972). Growth and 
of larval Taenia crassiceps (cestoda) I. 
the anomalous. ORF Strain. Int. J. Parasitol. 

Vadas, M.A. (1980). Parasite imrnunity and the major 
histocompatibility complex. Immunogenetics .!1: 215-223. 

Wasson, D.L. David, C.S. and Gleich, G.J. 1979. 
the major histocompatibility complex 
susceptibility to Trichinella spiralis in 
Imrnunogenetics 2: 491-496. 

Genes within 
influence 

the mouse. 

Wakelin, D. (1978). Genetic control of susceptibility and 
resistance to parasitic infection. Adv. Parasitol. _!i: 220-
308. 

J5 



wakelin, D. (1985). Genetic control of immunity helminth 
infections. Parasitol. Today. l(l): 17-23. 

Wakel!n, D. and Donachie, A.M. (1983). Trichinella spiralis: 
genetic control of immunity to: Influence of H-2 linked 
genes on immunity to the intestinal phase of infection. 
rmmunology. 48: 343-350. 

Wasson, D.L., Brooks, B.O. and Cypess! R.H. (1983). 
Trichinella spiralis: Role of non-H-2 genes in resistance to 
primary infection in mice. Exp. Parasitol. 55: 153-158. 

wasson, D.L., Krco, J.C. and David, Ch. s. (1987). I-E 
expression and susceptibility to parasite infection. 
Immunol. Today ~(2): 39-43. 

Wunderlich, F., Mossmann, H., Helwing, M. and Schillinger, 
G. (1988). Resistance to Plasmodium chabaudi in BlO mice: 
Influence of the H-,-2 complex and testosterone. Infec. Inunun. 
2§.(9): 2400-2406. 

, ~ 



LEGENDS OF TABLES 

Table I. Mean and standard error of the number of parasites 

recovered from the peritoneal cavities of mice 30 days after 

infection with 10 cysts (ORF) per mouse. 

Table II. 

peritoneal 

30 days 

mouse. 

Mean of the number of parasites recovered from 

cavity of ten male and female congenie BALB mice 

after infection with 10 cysts, (ORF or HYG) per 

Table III. Mean parasite loads in resistant and susceptible 

mice infected with ten cysts per mouse and sacrificed from 1 

to 150 days after infection. 
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SUMMARY 

The specific antibody response of mice to experimental in

fection with X.... crassiceps cysticerci was studied in naive and 

vaccinated male and female mice, from two H-2 congenie strains 

that differ in their resistance to infection with parasite. The 

more susceptible conditions had higher antibody levels than the 

resistant conditions at equivalent parasite loads: H-2d (BALB/c} 

> H-2b (BALB/B); females >males; naive > vaccinated. Passive 

transfer of whole immune sera or total immunoglobulins from 

resistant and susceptible strains did not transf er protection to 

this parasite. In fact, whole sera from susceptible female mice 

increased susceptibility of naive females of the susceptible 

strain. Qualitative Western Blot analysis of antigen of the 

frecuency of individual antigen recognition by circulating anti

bodies revealed extensive similarity between strains, sexes and 

immune status in responses to Taenia solium antigens. However, 

the frequencies of band recognition were higher for BALB/B resis

tant strain 24, 203 and 93 Kd antigens; for vaccinated mice in 

78, 93 and 24 Kd. Thus, while the bulk of antibodies against 

cysticercal antigens appears, irrelevant if not favorable for 

against growth, severa! other less conspicuous antigens seem real 

ted to resistant states: a finding which suggest thatthey differ 

in their forms of influence upon the inunune system. 
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INTRODUCTION 

Taenia crassiceps is a larval cestode parasite of mice and 

rats that has proven useful as a laboratoy model for l'...,_ solium 

cysticercosis in the development of potential vaccines and diag

nostic reagents (Sciutto et al. 1990; Larralde et al. 1989, 1990; 

Prokopic, Kudrna and Vanova, 1988) • In addition, murine cystice

rcosis is quite amenable for scientific inquiries dealing with 

the biological factors involved in the relationship between host 

and metacestodes (Rickard and Williams, 1982; Mitchell, 1989). 

In fact, we have recently shown that MHC, sex and immunological 

state of the host are factors, that acting individually and 

interactively, strongly influence the rate of parasite growth and 

alter the chances of cysticercus ever taking up residence in the 

experimentally infected mouse (Sciutto et al. 1990). 

The dominant role played by serum antibodies in host protec

tion against many rodent larval cestode infections is well known. 

In Taenia taeniaeformis cysticercosis, the evidence in compe

lling that antiparasite antibodies are necessary for expression 

or resistance (Mitchell et al. 1982; Soulsby and Lloyd, 1982). 

Also, an association between the differing abilities of indivi

dual to cope with other parasitic infections and their humoral 

immune response is well documented (Gibbens, Harrison and Park

house, 1986; James and Cheveer, 1985; Else and Wakelin, 1989). 

In l'...,_ saginata, l'...,_ crassiceps and l'...,_ solium cysticercosis, how

ever, research in this area has established the notion that fully 
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developed metacestodes are unharmed by antibodies, while early 

larvae are very susceptible (Rickard and Coman, 1977; Siebert and 

Godd, 1980; Harrison and Parkhouse, 1985). However in view of 

the notorious antibody response of cysticercotic individuals -mi 

ce and humans- we felt this had to be reassessed through the use 

of immunochemical techniques and methods of analysis, in hope of 

identifying antigens involved in resistance and collect clues for 

the proper design of a vaccine. 

In this study the humoral response to infection and vaccina

tion with .'J2...,_ crassiceps of two congenie strains of mice of both 

sexes, (representing the extremes of resistance (BALB/B) and 

susceptibility (BALB/c) to primary infection) was assessed by use 

of quantitative enzyme linked immunosorbent assay (ELISA), analy

sis (Immunoplots) of Western Blotting and by passive transfer of 

whole immune serum or immunoglobulins to determine whether the 

quantitative antibody response and/or the specificity of the 

antibody response is associated with natural or acquired resis

tance to infection. 
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MATERIAL ANO METHODS 

Males and females BALB/c and BALB/B mice aged 5 to 7 weeks, 

were used in these experiments. Each individual mouse was infec-

ted with ten T...... crassiceps (ORF strain) cysticerci injected 

intraperitoneally in 0.3 ml of PBS. The infection was allowed to 

proceed from 1 to 150 days before mice were sacrificed by blee

ding. Their sera were stored aliquoted at -20°c and the number 

of cysts recovered from each mouse was recorded. The ORF strain 

of T...... crassiceps was supplied by DR. B. Enders (Behringwerke, 

Germany) in 1984. The larvae were kept in our animal facilities 

by serial passaging (IP) in females BALB/c mice every 2 to 4 

months. Cysticerci for experimental use were collected from the 

donor mice by rinsing their peritoneal cavity with PBS in sterile 

conditions. All cysticerci used in these experiments were 2.0 mm 

or less in diameter and had no visible buds on their surface. 

Immune mouse serum was obtained from vaccinated BALB/c and BALB/B 

mice, of both sexes, vaccinated 30 days before challenge with a 

total antigen extract of T.... crassiceps cysticerci (100 ug/mice) 

and sacrificed by bleeding 30 days after intraperitoneal challen

ge with ten cysts per mouse as described elsewhere (Sciutto et 

al, 1990). 

Antibodies Purification 

Pooled sera from infected mice (immune sera) were precipi

tated at 50 and 33 percent of (NH4) 2so4 the residual ammonium 
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sulfate was eliminated by exahustive dialysis and protein concen

tration were determined using a method modified from Lowry !U; ~ 

(l.951.). 

Preparation of Parasite Antigen Used in Vaccination ELISA and 
Western Blots 

Taenia crassiceps cysticerci to be used in the vaccination 

experiments were collected from the peritoneal cavity of the 

BALB/c female mice used for serial passage, washed in four chan-

ges of cold PBS (9 volumes of solution to l. volume of parasite), 

then ultracentrifugated at ioo,ooo x g fer 60 min at 4ºc. The 

protein content of the supernatant was adjusted to 3 mg/ml and 

stored aliquoted at -7o 0 c until use. Total protein concentra-

tions were determined using a method modified from Lowry et al 

(l.951). 

Taenia solium vesicular fluid obtained as we described else-

where (Larralde et al. 1986) was used as source of antigens in 

Western Blots. 

Enzyme-Linked-Immunosorbent Assay CELISAl 

Sera were processed in ELISA as previously reportea (Larral-

de et ilJ... l.986). Three replicates of each serum were always 

analysed. Briefly, the plates were coated with 100 ul of a 10 

ug/ml of Taenia crassiceps antigens, the mouse sera were diluted 

1:200 in PBS-Tween (0.01%), and Ab-Ag reactions were developed 

with biotinylated sheep antimouse IgG (Amersham). A solution of 
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o-phenilendiamine (0.04% in citrate phosphate buffer, pH 5) (Sig

ma) was used as the substrate. 

Western Blotting 

Electrophoresis and immunoblotting of antigens were perfor

med as described elsewhere (Burnette, 1981; Larralde et al, 

1986). Optimal results were obtained incubating each strip of 

paper containing the transfered antigens with 100 ul of the serum 

to be tested, diluted 1:10 in PBS-Tween (0.01%) for 4 hrs at room 

temperature. Biotin conjugated polyclonal antimouse total Igs 

and Peroxidase-streptoavidin (Amersham), diluted 1:400 were used 

to develop the paper strips. The substrate used was o-chlorona

phtol (0.05 mg/ml, H2o2 o.03%). 

Immunoplot 

A simple plot of the frequency with which each individual 

antigen band in a Western Blot reacts with a set of sera collec

ted from mice of a certain variable against the frequency of the 

same antigen band when reacted with sera of another variable is 

used to detect minor differences in the face of overwhelming 

similarities (Larralde et al. 1989a). The frequency of each band 

obtained with normal sera from that of the chosen variable was 

substracted to minimize background. 

Passive Transfer of Humoral Immunity 

Whole immune serum and purified immunoglobulins transfer 

experiments were designed to explore the role of the both of 

antibodies. BALB/c mice were used as the recipients of sera. 
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sera collected from BALB/B, BALB/c, males and females, previously 

infected or vaccinated with T.:_ crassiceps, were used as donors of 

sera. 

Males and females BALB/c mice were challenged intraperi

toneally with 10 cysticerci per mouse, and a single intraperi

toneal injection (0.5 ml per mouse) of control or immune sera or 

total tgs (2 mg per mouse) from BALB/c mice (15 days vaccinated 

or 30 days infected) or BALB/B mice (30 days infected) of both 

sexes was given intraperitoneally at the same time. Cysticerci 

were recovered 30 days after the challenge infection and counted 

in each mouse. Ten mice were included in each experimental 

group. The student's t-test was used to analyze the statistical 

signif icance of differences between the means transfered and 

control groups. P values equal to 0.05 or smaller were con

sidered significant. 
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RESULTS 

Total antibody levels to vesicular fluid antigens in BALb/c and 
BALB/B mice of both ~· 

All ELISA tests were performed using individual sera from 

each mouse, and were done in triplicate. The values from each 

mouse were graphed against the individual parasite load (n) plus 

one, to avoid zero values. (Figure 1). Clearly, sera from the 

infected BALB/c mice (susceptible) had higher antibody levels 

than sera from the infected BALB/B mice (resistant). Also, in 

BALB/c mice the number of parasites correlates possitively with 

the level of antibodies, more clearly so than BALB/b mice. Male 

and female of both strains did no show significant differences in 

antibody levels at the same level of parasite load. 

Antigen discrimination in Western .IU.Q.t.§. ~ antibodies of BALB/c 
and BALB/B mice of both ~ and of naive and vaccinated mice. 

The Western Blots of T.,_ solium antigen reacting with sera 

from females and males BALB/c and BALB/B mice, infected, vacci-

nated and non-vaccinated, as well as with sera from intact non-

infected mice are shown in Figure 2. Visual analysis of blots 

indicate to great similarities in antibody discrimiantion by the 

two strains of mice, by both sexes and by both vaccinated and 

naive infected mice. Identification of finer differences re-

quires of a recently developed method of plotting Western Blot 

results, which follows (Larralde et ª1· 1989). 
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Immunoplots 

Figure 3 shows all Immunoplots contrasting factors related 

with resistance and susceptibility to infection: resistant and 

susceptible strains A; male and female B; and vaccinated and 

naive mice c. 

Linear correlation of the frequency differences Imrnunoplots 

revealed highly significant positive correlation in all 3 plots, 

meaning that most of the bands have similar frequency of recogni

ti on by infected mice. Only a srnall number of antigens are 

differentially recognized. Table 1 summarizes the discrirninating 

antigens, which are defined as those antigens recognized by one 

category with a overall frequency higher than 50% but of only 30% 

by the other category. 

BALB/B, (H-2b) the resistant strain, recognized preferentia-

lly several antigens 24, 20, 32 and 93 Kd. Females (susceptible 

sex) esentially the same response than males while vaccination 

was associated to higher responses to three antigens 78, 93 and 

24 Kd. 

Passive Transfer of Humoral Immunity 

The data shown in Table I indicate that no protection was 

transfered by sera nor by immunoglobulins (data not shown). 

Contrary to expectations, transfer of sera frorn vaccinated fernale 

BALB/c mice to female BALB/c mice, rather than inhibit, favored 
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the development of the parasite in the transfered host. 

DISCUSSION 

The role played by antibodies in susceptibility or resistan

ce to experimental murine cysticercosis was quantitatively and 

qualitatively studied in three conditions differing in suscepti

bility: MHC differences (BALB/B, H-2b¡ [(resistant); BALB/c, H-2d 

(susceptible)] gender differences [ (fema les (susceptible) and 

males (resistant)] and differences in immune status [vaccinated 

(resistant) and naive (susceptible)]. our results indicate that 

the greatest bulk of antibody inducing antigens, are not clearly 

associated with resistance or susceptibility to experimental 

cysticercosis. This is well in keeping with most literature on 

cysticercosis, established cysts being heedless of antibody and 

complement possible (Suquet, Green-Edwards and Mitchell, 1989) 

and early larvae being the susceptible stage of the parasite 

(Mitchell, 1989; Pond, wassom and Hayes, 1988; Gansmuller et al. 

1987). Because the form of experimental cysticercosis studied 

herein was produced by the inje'ction of young metacestodes in the 

peritoneal cavity of recipient mice our results further stren

gthen the notion that antibody response, as a whole, is incense-

cuental for the parasite. In fact, the bulk of circulating 

antibody did not only fail to transfer protection from vaccinated 

mice to naive recipients but managed to favor parasite growth in 

BALB/c (susceptible) females in a manner reminiscent of a variety 
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of antibody mediated forms of immune evasion (Gibbens, Harrison 

and Parkhouse, 1986; Grzych et al. 1984: Mitchell, 1989). 

However, with the aid of Western Blots and immunoplotting, a 

set of individual antigens, otherwise inconspicuous in the multi

tude of irrelevant ones was found to be associated with resistan

ce (78, 93 and 24 Kd). Whether immune responses to these anti

gens are involved in same way in expression of resistance to :r..,_ 

crassiceps metacestode infection remains to be determined but the 

identif ication of these antigens may have considerable relevance 

in the development of effective vaccines via natural or synthetic 

procedures as well as prived means of probing deeper in the 

molecular events regulating host parasite transactions. 

Strains which diff ered genetically only at H-2 loci exhibed 

differences in the qualitative antibody response. These results 

support the conclusion that H-2 complex has a role in the control 

of the antibody response to T.,_ crassiceps. Intra-H-2 genetic 

control of antibody production has been described f or numerous T

dependent antigens (Mitchell, 1989) and for several parasites: 

Trichinella muris (Else and Wakelin, 1989), Trichinella spiralis 

(Fond, Wasson and Hayes, 1988) and Taenia taeniaeformis (Gibbens, 

Harrison and Parkhouse, 1986). Antigens associated with suscep

tibility or resistance could represent serological markers only 

as is the case of Sj26 (antigen associaed at resistance in mice 

to Schistosoma iaponicum but that is infective in inducing high 
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level of resistance in vaccination, Davern et .i!l· 1988) could 

inffect be or a critical antigen in the outcome of infection. 

It would be reasonable to expect that a vaccine would induce 

resistance by ways similar to those of natural infection, but 

apparently T..,_ crassiceps cysticercosis is not the case. Our 

results shown that antigens associated to sex of MHC related 

natural resistance differ from those related to immune protection 

by vaccination. This in turn suggest that different regulating 

networks are accesible and operated by MHC products gender re

lated hormones and direct antigen stimulation of the immune 

system. Complex antigen mixtures such as those associated with 

parasites present many different epitopes to the immune system. 

sorne of these epitopes in association with major histocompatibi

lity antigens are by different cell types using different recep

tors and epitopes recognition can activate a number of different 

effect or mechanisms. 

In the other hand, parasites can modify the host immune 

response through altering the levels of sex hormones (Isseroff, 

Sylvester and Hels, 1986), hormones that play an influential 

role, in the regulation of the immune response (Alexander and 

Stinson, 1988) and so, by amplication on the control of parasitic 

infection. It is also known that parasites can modulate the host 

immune response inducing changes in the expression of MHC mole-
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cules (Reiner, and Mcmaster, 1987). 

Finally, since there is no question that vaccination effec

tively restrains parasite growth, but more so in the naturally 

resistant BALB/B (H-2b¡ and in male gender (Sciutto et al. 1989), 

and the bulk on antibody being seeming irrelevant or propiciatio

ry of parasite growth, and considering the preceding information 

we can assume that the molecular mechanism, of the immune respon

se to this parasite would be a complex and derive from and in

trincate network of interactions that remains to be developed. 
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PIGURES AND LEGENDS 

Figure l. 

serum antibody response (as measured by ELISA OD 492 nm 

values to vesicular fluid antigens of BALB/c and BALB/B mice 

befare (o,e) and after infection e~> with 10 cysts per 

mouse, mice were sacrified at day 1, 3, 5, 7, 10, 20, 30, 60 

and 150 in gropus of ten far each sex and their antibody 

responses graphed against the logartim of the parasite load 

(n) plus 1 (lag n + 1) to discard zero values. Both suscep

tible and resistant strains of mice mounted antibody synthe

sis in response to infection by '.L... crassiceps; however 

BALB/c antibodies increased with parasite load whereas 

BALB/B remained constant. Antibody responses by males and 

females plotted randomly in the graph. 

Figure 2. 

western Blots showing the antigen/antibody reactions detec

ted in ~ solium vesicular fluid, overlaid with sera from 

BALB/B and BALB/c vaccinated and non vaccinated male and 

female mice and developed with anti-mouse-Ig. Each strip 

correspond to serum from individual mice bled 30 days after 

infection. 
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Figure 3 • 

• A Frequency differences Immunoplots of BALb/c (susceptible) 

and BALB/B (resistant) sera. B Frequency differences immuno

plots of males and female sera. No antigens were found to 

be sex-associated. C. Frequency differences immunoplots of 

vaccinated and non vaccinated mice. Antibody response to 

antigens 78, 93, 24 Kds are preferentially associated to the 

resistant state of discrimination. 

Squares are place at levels such that antigens falling 

therein are frequently recognized (free. 0.5) by sera in the 

category and rarely so (freq. 0.3) by the other category. 

The antibody response to antigens 24, 203 and 93 Kds are 

preferentially associated to the resistant state of BALB/B. 

Table l. 

ªMean ± standard error of the number of parasite recovered 

from 10 females BALB/c (susceptible) recipient mice trans

fered with 0.5 ml of immune sera from female or male BALB/B 

(resistant), or BALB/c (susceptible). 0 serum from 30 days 

infected mice (ten parasites per mice) • •serum from 30 days 

vaccinated mice (100 ug per mice). Passive transfer of 

immune sera from donors mice did not transfer resistance to 

BALB/c mice. Transfered sera from vaccinated female donor 

mice significantly increased the susceptibility of females 
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recipients. 

TABLE I 

SERUM TRANSFER FROM RESISTANT OR SUSCEPTIBLE 
HICE DOES NOT INDUCE HOST PROTECTION 

Without serum transfered 

With serum transfered from: 

BALB/c female 

ºinfected 

• vaccinated 

BALB/c male 

0 inf ected 

• vaccinated 

ºBALB/B infected fema le 

ºBALB/B infected mal e 

Receptors of serum 
(BALB/c) 

Female Mal e 

150 ± 79 25 ± 22 

ª211 ± 106 N.O. 

*911 ± 106 34 ± 15 

156 ± 94 29 ± 23 

116 ± 108 20 ± 13 

101 ± 49 N.O. 

245 ± 119 40 ± 30 
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Runninq Title: H-2 and mice susceptibility to Taenia crassiceps 

cysticercosis. 
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Abbreviations used in this paper. 

Ab: antibody; pAb: polyclonal antibody; mAb: monoclonal antibody; 

ssc: stock solution 0.15M NaCl/ 0.015 M sodium citrate; PCMB: 

sodium p-hidroximercuribenzoate. 
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ABSTRACT 

Cysticerci of ~ crassiceps recovered from the peritoneal 

cavity of mice express antigens that crossreact with mouse histocompa

tibility (MHC) antigens class I and are closely related to parasite 

survival and growth within the host. These parasite MHC-like antigens 

were detected by their capacity to specifically inhibit the reaction 

of H-2d cells and/or H-2b cells with a panel of polyclonal (pAb) and 

monoclonal (mAb) antibodies (anti H-2d pAb, anti H-2b pAb, anti H-2od 

mAb, anti H-2ob mAb, anti IEdk_1Abdq mAb, anti H-2 mAb) and by their 

direct Western Blot reactivity with these same antibodies. That these 

MHC-like antigens are ceded for in the cysticercus genome was demon

strated by probing parasite DNA with a 32-cDNA clone (pH-2IIa) enco

ding for mouse class I MHC antigens (H-2;K<i¡. Very strong hybridiza

tion indicated to the presence of nucleotide sequences in the parasite 

genome homologous to those coding for H-2d antigens in the mouse. That 

the host' s immune response to these MHC-like antigens -H-2d specia

lly- is involved in parasite survival and growth was shown by the 

increased resistance to cysticercosis of BALB/B mice immunized with H-

2d cells, while BALB/c mice immunized with H-2b cells were not protec

ted. 

These f indings support the notion that the basic principles of 

proper antigen matching that rule transplantation immunity may be 

involved in host-parasite relationships with complex parasites, such 

as metacestodes, and could be of relevance to understand human suscep

t ibil i ty to cestode disease. 
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INTRODUCTION 

Previous studies in experimental murine Taenia crassiceps cysti

cercosis pointed to significant differences in susceptibility to 

peritoneal infection between H-2 congenie strains. BALB/c (H-2d) mice 

were the most susceptible and the least protected by vaccination, 

while BALB/B (H-2b) and BALB/K (H-2k) mice were comparatively resis

tant and more effectively protected by the vaccines (1,2). 

In other parasitic diseases there are records of susceptibility 

differences associated to H-2 that have been attributed to immunologi

cal phenomena of higher efficency in the resistant strains (3-6). 

However, differences in host susceptibility determined by the parasite 

are poorly explored, excepting perhaps in schistosomiasis, in which 

H-2 antigens found on the surface of the parasites differentially 

affect the growth of the parasite, but again, they are of host origin 

(7-9). 

Here we report of a search fer H-2d antigens ceded in the para

site DNA (Taenia crassiceps cysticercus) conducted to examine the 

hypothesis that correct matching in histocompatibility antigens bet

ween host and parasite may be involved in the establishment and growth 

of these parasites in the host, in a manner similar to the acceptance 

on rejection of a tissue transplant. 
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MATERIAL ANO METHODS 

Mice: Infection AJli;! IJ!!lDunizations 

Female BALB/c and BALB/B mice (5-7 weeks old), bred in our animal 

facilities by the "single line breeding system" during 20 generations, 

starting with original stock from Jackson Labs in 1982, were infected 

intraperitoneally with 10 cisticerci of ~ crassiceps ORF (10). 

Mice were sacrificed 30 days after infection and the parasite load was 

determined as previously reported (1). 

The ORF strain was kept by serial passage in BALB/c female mice 

for f ive years (ORFd) and in BALB/B female mice for more than two 

years (ORFb) • 

In order to evaluate the effect of the presence of MHC like 

products on the susceptibility to cysticerci infection, allograft 

immunized BALB/B and BALB/c mice were obtained by eight serial immuni

zations with H-2d or H-2b spleen cells respectively (10 cells once a 

weeks per mouse). One week after the last immunization groups of ten 

mice each were infected with ten cysts of the ORFd or ORFb parasites. 

Groups of non immunized mice were also infected as controls. 
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Antibodies: purification and biotinylation 

Polyclonal anti/H-2d and anti/H-2b alloantisera were ob

tained by eight serial intraperitoneal immunizations of H-2ª 

(BALB/c) and H-2b (BALB/B) spleen cells in BALB/B and BALB/c 

mice respectively. One week after the last immunization the 

animals were bled and the resulting sera (obtained from 10 im

munized mice) were combined into a single pool. Each alloanti

serum was found to be active against erythrocytes of the strain 

used for immunization, at dilutions greater than 1:360 and neither 

serum was found to react with other congenie haplotype cells 

(data not shown). 

Monoclonal antibodies M.1.42 (rat antimouse H-2), M.5.114 

(rat antimouse IEdk_¡Abdq¡ (11), 34.2.12 (mouse anti H-2od¡, 

(12,13) and 28.14.SS (mouse anti H-2ob) (14), were provided by 

Dr. carel Reiss (Dana Farber Cancer Institute, Bastan). Mouse 

anti-DNP and rabbit anti-mouse immunoglobulins were obtained by 

conventional procedures (15,16). Immunoglobulins from intact 

mice were also used as control of the specificity of the reac

tion. Antibodies from sera and ascites fluid were purified over 

an Affi-Gel Protein A MAPS II, (BIORAD). 

For biotinylation, purif ied antibodies at concentrations of 

100 ug/ml were dialized into 0.1 M sodium bicarbonate pH 8. 

Biotin N-Hydroxysuccinimide esther (Sigma), was dissolved in 

dimethyl sulphoxide (Merck) at 100 ug/ml, 125ul of this solution 
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were added to each ml of antibody solution. The mixture was al

lowed to stand at room temperature f or two hours and the reac-tion 

was stopped by addition of NH4Cl, lM pH 7.2 in 1/10 the volume of 

the total reaction volume. Then, the mixture was dialized against 

phosphate buffered saline (PBS: 0.15 M NaCl, O.OlM sodium phos

phate buffer, pH 7.2), sterilized by filtration (Millipore No. 

0.22) ·and stored at 40c until used. Final dilutions of antibodies 

were performed at the time of the assay. 

Peritoneal mice cells and tumoral line cells were used in 

the immunoenzymatic assays. Peritoneal cells from BALB/c and 

BALB/B mice were isolated from intact mice as well as from mice 

infected intraperi toneally wi th Taenia crass iceps cysticerci. 

The EL-4 (H-2b) cell line, a gift from Dr. Guillermo Alfaro 

(Instituto de Cancerolog1a, M~xico, D. F.) was maintained in 

C57Bl/6J (17). P815 (H-2d) cell line was passaged in (BALB/c x 

DBA/2)Fl mice (18). 

Parasite Antigen Preparation 

Metacestodes of Taenia crassiceps were collected from the 

peritoneal cavity of infected BALB/c and BALB/B mice, and exten

sively washed with ice-chilled phosphate buffered saline (PBS, pH 

7.4, NaN 3 2%, PCMB 0.04%, PMSF 0.006%, EDTA 2.5 mM). Washed 

cysticerci were suspended in an equal volume of the same 

solution and gently mixed overnight at 40 c. The suspension was 

then centrifuged (15,000 rpm, 60 min., 4ºC), and the supernant 
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was aliquoted and freezed until used. Protein content was deter

mined by the method of Lowry (19). 

Cellular immunoenzymatic ~ 

Crossreactivity between parasite and H-2 antigens was detec

ted by inhibition of an ELISA assay for H-2 antigens. For this 

ELISA, endogenous peroxidase peritoneal cell activity inhibition 

was carried out following the technique described by Malorney 

(20) with some modifications. Briefly, one volume of the cells 

were treated with 50 volumes of a solution of O.lM sodium azide 

(Sigma) in isotonic saline (0.15M NaCl), adding 0.04% of H2o2 

(Merck) at room temperture for 20 minutes. Cells were washed 

twice with PBS and the pellet resuspended in a O.lM citrate/ 

phosphate buffer pH 6.5 (one volume of cells per 50 volumes of 

solution) for 20 minutes at room temperature. After this, the 

cells in the pellet were washed three-·times -with--PBS--and--resus- ----- ---

pended in 1% BSA in PBS to obtain the concentration used in the 

assay. All incubations were carried out at 4°c., 100 ul of 

cells (2xl05 cells/ml), was mixed with 100 ul of biotinylated 

antibody in V shaped Immulon plates (Dynatech) and incubated at 

4°c for 90 min. Ab-Ag reaction was developed by adding 100 ul 

of 1:2000 avidin-peroxidase (Amersham) conjugate during 60 minu

tes. After washing three times, enzyme was detected on the plate 

by the reaction with 100 ul of 0.4 mg/ml orthophenylendiamine 

(Sigma) and 0.03% H2o 2 in citrate phosphate buffer (O.lM, pH 5) 

at room temperature for 20 minutes. The orthophenylendiamine 

reaction was stopped with 50 ul of 4M sulfuric acid. optical 

9 



density readings at 492 nm were done in a Behring automatic ELISA 

processor. The inhibition reaction used different amounts of 

parasite antigens (O to 3 ug/ml) that were mixed with the speci

fic biotinylated antibodies prior to their addition to the cells. 

The specificity of this inhibition reaction was evaluated by 

measuring the amount of inhibition obtained when incubating ONP 

labeled cells with biotinylated mouse anti ONP-IgG adsorbed with 

parasite antigens and with murine cells incubating with biotiny

lated rabbit IgG antimouse also adsorbed. 

Western Blot 

Western blottings were carried out according to Bittner, 

Kupferer and Morris (21). :r.,_ crassiceps antigen was boiled in 

the presence of SOS and 2- mercaptoethanol and separated on a 10% 

SOS polyacrylamide gels using the method of Laemmli (22). Pro

teins were transferred from gels to nitrocellulose membrane elec

trophoretically. After saturating any remaining protein-reactive 

sites on the nitrocellulose with 3% BSA in PBS- 0.3% Tween 20, 

the membrane was cut into strips and incubated with the anti-H-2 

polyclonal anti-H-2d, anti-H-2b antibodies; monoclonal M.1.42, 

M.5.114, 34.2.12 and 28.14.SS antibodies; anti-mouse and normal 

biotinylated immunoglobulins (1:10 dilution in PBS- 0.3% Tween 

20) fer four hours at room temperature. After extensive washing, 

the strips were incubated with streptoavidin peroxidase (Amer

sham) diluted 1:400 in PBS- 0.3% Tween 20 fer ene hour at room 

temperature. Enzyme activity on the paper was developed by 
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immersing the strips in a solution containing 30mg of 4- ortho

chloronaphtol (Sigma) 10 ml of methanol, 50 ml of PBS and 50 rnl 

of H2o 2 added immediately prior to use. 

Preparation of DNA 

High molecular weight DNA was prepared from BALB/c and 

BALB/B mice liver by the method of Britten et al (23). Parasite 

DNA was isolated from two populations of Taenia crassiceps cysti

cerci: ORFd and ORFb. DNA was extracted as follows. cysticerci 

was washed and homogenated in SSC lX (O.Ol5M sodium citrate, 0.15M 

NaCl, pH=7.4) with 10 up-down strokes of a motor-driven polytron 

(Brink-rnann Instrurnents) in ice-chilled bath and centrifuged at 

4500 rpm for 20 minutes. A pellet of 100 ul was resuspended in 

one rnililiter of lysis buffer containing 50mM EDTA, pH=B, 0.5% 

Sarcosyl and 100 ug of proteinase K. The solution was incubated 

at 5o 0 c for four hours. The lysate was then extracted three 

times with an equal volume of phenol, once with phenol:chloro

form: isoamilic (25:24:1) and twice with chloroforrn:isoamilic 

(24:1). After dialysis with lOmM tris pH=B, O.lmM EDTA, RNA was 

discarded by ribonuclease treatment (24), followed by the extrac

tion and dialyses described before. After adjusting to 0.3% with 

sodium acetate, DNA was precipitated with two volumes of ethanol. 

DNA was obtained by cesium chloride gradient centrifugation in 

the presence of ethidium bromide as described previously (24). 
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Probe ~ Radiolabelling 

A probe, inserted in the pH-2IIa clone and containing 442pb from 

H-2xd transplantation antigens cloned in pBR322, were used in this 

assay. The pH-2IIa clone i ts the 3 'end probe for transplantation anti 

tigens and cedes for amino acids 167 to 352 (25-27). 32p labebeling 

of the probe to an estimated specific activity of 4. 4 x 104 cpm/ug was 

accomplished by nick translation before use (28). 

southern blot analysis 

Parasite and mice ONA digested with EcoRI were separeted by 

electrophoresis in 1.0% (w/v) agarose gels, stained with ethidium 

bromide and transferred to nitrocellulose by the method of southern 

(29). The nick translated ONA probe were denatured by heating at 62°c. 

Hybridization was carried out in 20 ml 5X Oenhardt's solution (30), 2M 

EDTA, 2X ssc, 120 mM sodium phosphate pH=7, 50% formamide and 0.2% 

sodium dodecyl sulphate (SOS) at 379 C overnight with 450 of pH-2IIa 

32P-probe. Filters were washed under conditions of high stringency two 

times with 0.1% sos, lX ssc, twice with 0.01% sos, O.lX ssc and twice 

with O.lX ssc at 37°c for 10 minutes each wash. 
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RESULTS 

Parasite Antigens inhibited ~ ~ ~ ~ reaction in ~ 

~ 

In Figure l it is shown how ~ crassiceps antigens of cysti

cerci maintained in BALB/c as well as in BALB/B mice specifically 

inhibited the reaction between class I histocompatibility antigens 

(Figure l A, B, D and E) and class II (Figure l A, B, e and F) present 

in the H-2d (Figure l A-C) and H-2b (Figure l D-F) peritonea1·cells, 

with their respective antibodies (monoclonal and polyclonal). Inhibi

tion was specific considering that the reaction between dinitropheny

lated cells and mice anti-DNP antibodies (closed circules), as well as 

the reaction between mouse cells and rabbit anti-mouse cells (open 

squares), were not inhibited at all, even with the maximum concentra

tion of parasite antigens used. Although all H-2 anti-H-2 reactions 

were inhibited by the parasite antigens, the higher inhibitions were 

obtained in the H-2d anti H-2d system (Figure 1 A-C), suggesting that 

in the parasite antigenic extract the H-2d-like determinants are the 

most prominently expressed. Similar results were obtained using tumo

ral line cells of H-2b and H-2d haplotypes (data not shown). 

Effect of previous allograft immunizations QD susceptibility 

Table 1 shows the effect of previous allograft immunizations of 

BALB/c mice with H-2b congenie mouse cells, and of BALB/B mice with H-

2d congenie mouse cells, upon resistance to ulterior parasite challen

ge. BALB/c susceptible mice did not show significant modifications in 
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the expected parasite load due to immunization with H-2b cells. In 

contrast, BALB/B resistant mice were made significantly more resistant 

by inducing transplantation immunity against H-2d cells. These effects 

were independent of whether the parasites had been grown in H-2b or 

H-2d hosts. 

Histocompatibility epitopes in parasite antigens detected )2y western 

Blot. 

Figure 2 shows the extensive crossreactivity, specially in the 

24-67 Kd range between parasite and H-2d histocompatibility antigens, 

as revealed with a panel of polyclonal and monoclonal anti H-2d anti

bodies (Figure 2A-D). Little orno reaction was found with rabbit 

anti-mouse sera and non-immune mouse immunoglobulins (Figure 2 E and 

F). H-2b hyperimmune polyclonal serum against H-2d cellular (spleno

cytes) antigens (Figure 2B) recognized many more bands in the parasite 

extracts than did monoclonal immunoglobulins against H-2d (Figure 2A), 

specially severa! close to Kd 46 and above Kd 60. Anti-class-I mono

clonal antibodies (Figure 2C) recognized the same parasite antigens 

than did anti-class II (Figure 20), with minor intensity differences. 

That Western Blots show little non-specific reactions is indicated by 

the negative controls: polyclonal antimouse serum (Figure 2E) and non

immune mouse IgG (Figure 2F). Western Blots did not significantly 

differ with source of parasite antigens, both preparations of cysti

cerci cultivated in BALB/c or BALB/B produced similar reaction pat

terns. 

H-2-like genes .in the cysticercus ~· 
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High molecular weight genomic DNA was obtained from ~ ~ 

~ cysticerci grown in BALB/c mice, as well as DNA from BALB/c and 

BALB/B mice. The DNA preparations were digested with restriction 

endonucleases, electrophoresed and transferred to nitrocellulose. The 

probe J2_p labeled cDNA encoding H-2J«i antigen (pH-2IIa) strongly 

hybridized with high molecular weight DNA from Taenia crassiceps 

(Figure JE) and with low molecular weight DNA from BALB/c mice (Figure 

JC) and almost insignificantly with BALB/B DNA (Figure JD). A low 

reaction was obtained with the DNA of pBRJ22 (Figure JA) and a clear 

one with unlabeled probe (Figure JB). 
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DISCUSSION 

Our results show that the cysticercus of ~ crassiceps not 

only shares H-2 epitopes with it's murine host, as determined by 

inhibition ELISA and Western Blot, but also that the parasite genome 

shows extensive genetic homology with mouse H-2d genome, as indicated 

by the strong binding of H-2d class I cDNA probe by the cysticercus 

DNA. This cDNA probe, contains one or more repeated elements (25), 

which could also be present in the DNA parasite and partly responsible 

of the strong hibridization observed. Also, this cDNA probe shows 

homology with the constant domain of the mouse immunoglobulins u gene 

(25), thus our results can not exclud cross reactions with these other 

genes, specially considering that ~ solium cysticerci was found 

to be metabolically active to synthetize a protein in vitro which 

cross react with porcine immunoglobulins (49). In the other hand, the 

induction of transplantation immunity in BALB/B (H-2b¡ mice against 

antigens from H-2d splenic cella resulted in cross-protective immuni

ty against challenging L crassiceps cysticerci raised in either H-2d 

or H-2b hosts. In contrast immunization of H-2d against H-2b antigens 

was ineffective for protection. Thus, taken everything considered, our 

experiments indicate that correct matching in -at least- H-2d antigens 

(or epitopes) is deeply involved in the establishment and growth of T... 

crassiceps cysticerci in the peritoneal cavity of mice. Thus, BALB/B 

(H-2b) mice capacity to immunologically react against H-2d antigens 

renders them capable of better resisting the establishment and growth 

of L crassiceps cysticerci, while BALB/c (H-2d) being tolerant to 
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self antigens, is less capable of resisting challenge. 

In general terms, our findings refer to the biological basis of 

murine differences in susceptibility to cysticercosis and point to the 

principles of transplantation immunity ruling also the relationships 

between host and complex parasites. A few years back we found a strong 

association between genetic background and susceptibility of mice to 

experimental X... crassiceps cysticercosis (31). More careful work esta 

blished that susceptibility was related with the H-2 genes (2), while 

genes in the rest of the genome seemed comparatively irrelevant, 

excepting those envolved in sex determination (unpublished observa

tions) • In congenie strains of BALB background H-2d was identified as 

the susceptible haplotype, while H-2b and H-2k were resistant (2). 

Because the challenging parasites had been serially cultured in BALB/c 

(H-2d) female mice, the possibility that they had adsorbed MHC anti

gens from their hosts, and thus were mistakenly taken as "self" struc

tures by H-2d mice and correctly as "foreing" by H-2b, revived the 

notion of antigen similarities between host and parasite playing a 

significant role in their relationship (32,33). Most recently many 

molecules have been found are shared between host and parasite (34-

37). However, the sharing of many of these molecules -immunogloblu

lins, collagen, -2 macroglobulin, Forsmann antigens etc- is not real

ly surprising as they perform general biological functions that one 

would expect would be conserved throughout evolution. In contrast, 

there is little in the literature about sharing of histocompatibility 

antigens, which through evolution produced extremely unique indivi

duals (7,8,38). Should these MHC antigens be shared between host and 
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parasite it was assumed would greatly influence the outcome of their 

relationship. More so perhaps for cestode than for any other para

sites, as cestodes are extremely complex biological structures that 

include nerves, muscles, gonads, digestive system and more (39). 

Perhaps cestodes, metacestodes specially, so complex themsel ves and so 

intimately located inside their hosts, -where they may reside for 

years without major complications for both (40-43)- more resemble a 

veritable tissue trans plant than other comparatively simpler parasi

tic organisms. If so, these host-parasite interactions should roughly 

follow the basic laws of transplantation immunity, where a certain 

degree of matching in histocompatibility antigens between donor and 

receptor is imperative for the graft to take (for the parasite to 

survive). Of course, literature abunds in instances where MHC and 

susceptibility to infection associate (J-6) but it rarely invokes a 

correct matching of histocompatibility antigens, in a transplantation 

immunity context, as a key factor in parasite establishment and survi

val (9). As research proved the role of MHC in immunity to be of 

paramount importance for antigen presentation and regulation of the 

immune response to a number of antigens (44), including those of 

parasites (45), it strengthened the notion, that it would be suicidal 

for a parasite to share MHC molecules with it•s host, as it would 

probably basten it•s immune recognition and destruction. 

However, our results definitively show that mice and Taenia 

crassiceps cysticerci share H-2d-like epitopes and DNA sequences and 

that the ability to respond to these, is directly related to the 

18 



host•s ability to resist a challen9in9 infection, very much like the 

factors involved in the rejection of a transplant. 

This findinq could be of practica! siqnificance for 1'...., .i2l..iYm 

cysticercosis of human and porcine hosts, as it could contribute to 

explain the selective distribution of neurocysticercosis within fami

lies or litters and, in fact, within populations exposed to essential

ly the same risk (46-48). 
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Legends 

Fig. 1 Taenia crassiceps antigens from parasites grown in BALB/B 

(•) or BALB/c (o) mice inhibit H-2d (A,B,C) and H-2b (D,E,F) 

specific reactions in a dese dependent manner. No inhibition was 

detected in two controls systems used (•, DNP anti-DNP; o, 

mouse-rabbit anti mouse). 

Fig.2 Western blot '.L... crassiceps antigens reacted with anti H-2 

monoclonal antibody, A; anti H-2d polyclonal antibody, B; anti 

H-2od monoclonal antibody, C; anti IEdk_rAbdq monoclonal antibo

dy, D; rabbit anti mouse antibodies, E; non immune mouse immuno

globulins, F. Extensive crossreactivity of parasite antigens 

with polyclonal anti H-2d antibodies regardless of the strain of 

mice where parasite were grown was detected. 

Fig. 3 Hybridization of 32P-cDNA (coding fer H-2Kd class I 

transplantation antigens) with genomic DNA derived from BALB/c 

mice (C), BALB/B mice (D) and from Taenia crassiceps cysticerci 

grown in BALB/c mice (E). Lanes A and B represent two control 

systems with pBR322 and unlabeled probe respectively. Lanes C, D 

and E were restricted with EcoRI. All lanes contained 7 ug of 

DNA. 

Table l. Effect of previous immunizations with histocompatibili

ty antigens in host susceptibility to '.L... crassiceps infections. 

Parasite resistant BALB/B (H-2b) mice immunized against BALB/c 
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splenic cells developed protective immunity against I.... crassiceps 

cysticerci grown in either BALB/B or BALB/c hosts. In contrast, 

susceptible BALB/c mice remained equally susceptible after im

mun iza tion with H-2b cells. The ability to respond to H-2d 

antigens is, thus, critically involved in the host•s resistance 

to :r.._ crassiceps cysticercosis. The sexual differences in suscep

tibility, in both strains, immunized or not, is manifest. 
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Parasites 

TABLE I 

PARASITE LOAD IN IMMUNIZED AND NON IMMUNIZED RESISTANT (BALB/B) 

AND SUSCEPTIBLE (BALB/c) MICE WITH HISTOCOMPATIBILITY ANTIGENS 

+ 
pH-2b 

++ 
pH-2d 

H OS T S 

BALB/B 
(H-2b) 

Non Immunized 

48.33 ± 23.3*a 

Immunized 
(anti H-2d) 

2.2 ± 2.Sb 

20.4 ± 6.8 e 2.8 ± 1.93b 

BALB/c 
(H-2d) 

Non Immunized 

98.25 ± 29.4d 

120.8 ± 46.88de 

+ parasites grown in BALB/B mice for four generations. 
++ parasites grown in BALB/c mice for more than four generations. 

* Mean ± s.d. of the parasite load recovered from ten mice per group 30 days 
after infection with 10 cyts. 

Immunized 
(anti H-2b) 

78.1 ± 19.56d 

143.68± 48.78e 

a,b,c,d and e: Statistics labeled with the same literal are not significantly different from 
each other while those labeled with different literals are significantly different (P 0.1). 
Groups labeled with two literals are not significantly different from two groups differing 
significantly in parasite loads between themselves. 
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DISCUSION Y PERSPECTIVAS 



Los resultados presentados en este trabajo de investigacic!m mues

tran que la susceptibilidad de los ratones de la cepa BALB/c en la 

infecci6n causada por el cisticerco de Taenia crassiceps es influen 

ciada por los genes del complejo mayor de histocompatibilidad. De 

especial interés son los hallazgos de que las cepas de haplotipo H-2d 

sean las mAs susceptibles en comparaci6n con las cepas que tienen los 

haplotipos H-2k y H-2b. El resto del fondo gen6mico del hospedero no 

parece tener un papel tan importante ni inmediato en la tasa de multi

plicaci6n del parAsito en el peritoneo. Estos resultados permiten 

excluir como eventos cr!ticos aquellos que se desarrollan indepen

dientemente del MHC y que podrian influir en la mayor o menor suscep

tibilidad del hospedero. El efecto aparentamente exclusivo del H-2 en 

la susceptibilidad puede restringir notablemente el estudio de los 

mecanismos moleculares a aquellos involucrados en la respuesta inmuno-

16gica dirigida contra los ant!genos del parAsito en un determinado 

hospedero, dado el conocimiento existente sobre las funciones asocia

das a estos genes. En otras parasitosis se han identificado algunos 

genes a los que se les ha asociado la resistencia del hospedero, como 

los genes Lsh para Leishmania donovani (De Tolla, Scott and Farell, 

1981) o los genes Ity para Salmonella typhimurium (Plant and Glynn 

1979), sin embargo se desconocen los mecanismos a través de los cuales 

se ejerce tal efecto. As! pues, si bien las asociaciones entre sus

ceptibilidad y MHC no constituyen una regla general en todas las 

parasitosis, en ésta cisticercosis murina los fénomenos inmunol6gicos 

que dependen de los productos del H-2 son los que fundamentalmente 
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est4n determinando las diferencias de susceptibilidad. 

Habiendo pues identificado a los genes del H-2 como los factores 

fundamentales en determinar la susceptibilidad del hospedero, se 

abren dos grandes lineas de investigaci6n a seguir. La primera con

templa aquellos mecanismos inmunol6gicos del hospedero que dependen de 

las actividades biol6gicas de y los productos del MHC, la segunda 

corresponde a propiedades propias del par4sito que puedan favorecer de 

un modo diferencial su capacidad de adaptaci6n en distintos hospede

ros. Considerando que la cepa A/J, (una recombinante natural k/d, 

[Kk, rk, sd, od], Klein 1986) fue susceptible, es muy probable que 

puedan ser excluidos como eventos cr!ticos en la instalaci6n de 

ésta parasitosis, aquellos que se determinan en el contexto de las 

moléculas clase II y que sean los genes asociados a un rechazo de 

transplantes (clase I) los m4s probablemente involucrados y por lo 

tanto los m4s inmediatos a estudiar. Sin embargo los resultados 

obtenidos con esta cepa recombinante no excluyen que factores como el 

complemento (regi6n S) puedan tener un papel importante en la suscep

tibilidad. Al respecto, una consideraci6n de nuestros resultados 

sugerirla que el sistema del complemento no est4 cr!ticamente 

involucrado en las diferencias de carga parasitaria observadas, ya que 

la cepa C3H/HeJ, que naturalmente es deficiente en C4 y por ello 

susceptible a algunas infecciones como la teniasis por Taenia taeniea

formis (Mitchell, Goding and Rickard, 1977), mostr6 ser resistente a 

la cisticercosis por Taenia crassiceps. Los datos presentados ante

riormente aunados a las observaciones de que el complemento no parece 

tener un efecto importante, sugieren que los principales mecanismos 
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dependientes del MHC que afectan la carga parasitaria estar!an locali

zados en la regi6n D. 

En el intento de explorar mecanismos inmunol6gicos dependientes 

del hospedero que pudiesen asociarse a las diferencias de suscepti

bilidad y considerando el papel tan importante que tienen los anti

cuerpos en muchas parasitosis por céstodos, se estudi6 la respuesta 

inmune humoral frente a esta parasitosis. Las siguientes considera

ciones de nuestros resultados nos sugieren que ésta respuesta inmune 

no estA directamente asociada, al menos de una manera sencilla, 

con las diferencias en la carga parasitaria encontradas: a) Se pudo 

constatar que existe una correlaci6n positiva entre el titulo de 

anticuerpos y el m'i.mero de parAsi tos. As! la cepa BALB/B que sostuvo 

una menor carga parasitaria también present6 los valores mAs bajos de 

anticuerpos, en tanto que los animales susceptibles BALB/c con mayor 

carga parasitaria, presentaron los mayores niveles de anticuerpos. 

b) Las cepas mAs susceptibles no modificaron su mayor carga parasita

ria al recibir suero de animales menos susceptibles, c) No se encon

traron diferencias cualitativas de respuesta inmune humoral segl!m el 

anAlisis de espectros antigénicos obtenidos en las inmunoelectro

transferencias, los cuales resultaron muy similares entre cepas que 

presentaban diferentes grados de susceptibilidad. Estos resultados 

sugieren que los factores del hospedero que determinan su grado de 

susceptibilidad no estAn asociados de una manera sencilla con la 

producci6n de anticuerpos, sino que mas bien involucran mecanismos 

relacionados con la respuesta inmune celular. Al menos as! lo sugie

ren las observaciones de Terrazas et al. (1990), quienes han encon-
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trado que la timectomia neonatal ademAs de aumentar significativo en 

la carga parasitaria de la cepa susceptible no modifica los niveles de 

anticuerpos. 

Otro nivel de estudio fue la b~squeda de caracteristicas 

propias del parAsito que pudiesen correlacionarse con las diferencias 

de susceptibilidad. Especificarnente se estudi6 la propuesta de que 

la hornologia entre hospedero y parAsito a nivel de moléculas del H-2 

pudiese constituir un medio a través del cual se comprendieran las 

diferencias en la carga parasitaria entre las cepas estudiadas. Este 

nivel de estudio se enriqueci6 notablemente al encontrar que en otras 

parasitosis corno en la esquistosorniasis causada por Schistosorna manso

ni los parasitos se recubren con moléculas H-2 del hospedero (Sher, 

Hall y Vadas 1978) que si bien no se han logrado correlacionar con 

protecci6n para el parAsi to, tampoco parece existir que puedan favore

cer su reconocimiento (McLaren, Clegg and Srnithers, 1975). Asimismo 

los estudios conducidos por Darnian (1979), sugieren que la hornologia 

antigénica entre Nernatospiroides dubius y el rat6n, determina la 

susceptibilidad de esta especie hospedera a ésta parasitosis. 

Los datos presentados en éste trabajo indican que los cisticercos 

de Taenia crassiceps recuperados tanto de animales susceptibles 

(BALB/c) corno resistentes (BALB/B) sintetizan moll!!culas que comparten 

epitopes con los antigenos de histocornpatibilidad del hospedero. Es

tas moléculas presentes en el extracto antigénico obtenido de parA

si tos fueron detectadas por su capacidad de inhibir sistemas especi-
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fices de reacci6n entre H-2d /anti H-2d y H-2b /anti H-2b, aunque los 

mayores porcentajes de inhibici6n obtenidos fueron con el sistema H-

2d, con lo cual cabe la posibilidad de considerar que sean estos 

determinantes los mAs prominentemente involucrados en el extracto 

antigénico parasitario y que la inhibici6n del sistema H-2b /anti H-2b 

se presente como consecuencia de la gran homologia antigénica que 

existe entre los productos del MHC (Klein 1986). 

La extensa reactividad cruzada observada al confrontar éstos 

antigenos parasitarios por Immunoelectrotransferencias, con un panel 

de anticuerpos anti H-2 de diferentes especificidades, sugiere que 

éstos antigenos "H-2 like" pueden estar asociados a otras moléculas 

del parAsito o bien que pueden estar expresados de manera distinta de 

como se encuentran en las células del hospedero. 

si bien los resultados obtenidos demostraban la presencia de 

antigenos "H-2 like" en el parAsito, no explicaban las diferencias en 

la carga parasitaria entre la cepa mAs susceptible (BALB/c, H-2d) y la 

menos susceptible (BALB/B, H-2b¡ ya que a~n cuando el extracto anti

génico se obtuvo de parAsitos mantenidos por mAs de 2 a 1 os en cada una 

de las cepas de ratones (para eliminar de los parAsitos productos de 

absorci6n del hospedero), siempre se observ6 reactividad entre los 

antigenos parasitarios y anticuerpos anti H-2 de una especificidad de 

haplotipo distinta de la cepa en la que se mantuvieron a los parAsi

tos. 

Los resultados de las aloinmunizaciones revelaron que la induc-
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cic!>n de una inmunidad de transplante contra ant!genos H-2d, previa al 

desafio, reduce notablemente la carga parasitaria, no modificAndose la 

carga parasitaria esperada cuando la inmunidad es contra ant!genos H-

2b, estableciéndose que la habilidad del hospedero de poder responder 

inmunol6gicamente contra los antigenos H-2d es, al menos, uno de los 

eventos mAs importantes que controlan la tasa de multiplicaci6n del 

parAsito dentro del hospedero .. As!, con este estudio, el conocimiento 

de la relaci6n hospedero-parAsito se enriquece notablemente al reve

lar que la generaci6n de una inmunidad de transplante inducida por 

ant!genos "MHC like" propios del parAsito es uno de los mecanismos que 

estAn cr!ticamente involucrados en el control de la cisticercosis 

murina. Cabe considerar ademAs que es muy probable que algunos otros 

factores dependientes directa o indir.ectamente del MHC puedan estar 

involucrados en la interacci6n hospedero-parAsito y que sean criticas 

en determinar el destino final de la relaci6n. 

Finalmente un dltimo aspecto a discutir, es el origen de estas 

moléculas. Muchos reportes de homolog!a entre hospedero-parAsito, 

situan a la adsorci6n como el evento mAs importante (Sher et al. 1978, 

Varela Diaz and Coltorti 1973, Cleg, Smithers and Terry 1971, Dean and 

Sell 1972, Goldring et al. 1976). También el parAsito puede sintetizar 

moléculas similares a las del hospedero, como por ejemplo la produc

ci6n de una molécula similar a la 2 -macroglobulina murina por Schis

tosoma mansoni (Damian, Green and Hubbard 1973). El evento de s!nte

sis no necesariamente tiene que darse como consecuencia de la estancia 

del parAsito en el hospedero a fin de evadir la respuesta inmune del 

mismo, sino que dado que los primeros son organismos mAs evoluciona-
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dos y que presentan estructuras complejas y organizadas, bien cabria 

pensar en la posibilidad de que esta similtud sea tan sl!llo una coinci

dencia. Con base en los antecedentes anteriormente expuestos y en 

los resultados presentados a continuacil!ln, proponemos que estos an

tigenos "H-2 like" pueden ser productos del propio cisticerco: 

a) La manifestacil!ln de mol6culas de elevada reactividad cruzada con 

anticuerpos anti H-2d en el extracto de parAsitos mantenidos por mAs 

de 5 generaciones en cepas de haplotipo H-2b, de manera que dado 

estos se reproducen por gemacil!ln asexual (Freeman 1963) y de que la 

infeccic!ln se comienza con tan solo 10 cisticercos peque 1 os (Sciutto et 

al 1990) es de esperarse que las nuevas generaciones de no conserven 

nada de un hospedero con el que nunca tuvieron contacto. 

b) La hibridizacic!ln positiva obtenida entre el genoma del parAsito y 

la sonda 32p-cDNA (que codifica para antigenos MHC clase I del ratc!ln: 

H-2Kd). La hibridizacic!ln tan intensa observada podria incluir la 

reaccic!ln cruzada con genes de las inmunoglobulinas, dado que esta 

sonda tiene secuencias homc!llogas con los genes u de IgM. Sin embargo 

la baja reactividad de la sonda (H-2~) con el DNA de ratones BALB/B 

(H-2b¡ intensifica la especificidad de la sonda. 

Quedan aun por conocer los mecanismos por los que el cisticerco 

ha adquirido la capacidad de sintesis de estas mol6culas, los cuales 

pueden ser consecuencia de una adquisicic!ln directa del gene del hospe

dero mediada por mecanismos de intercambio gen6tico a trav6s de parti

culas virales, o ser productos de una mutacil!ln del genoma del parAsito 

que se origine!> como consecuencia de su estancia en el hospedero o ser 
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simplemente elementos constitutivos de los parAsitos que casualmente 

resultaron ser similares a los antigenos del H-2 del ratón. 

Desde un punto de vista aplicativo, este trabajo establece me

todolog ias que permiten la b~squeda de ant!genos similares entre 

hospedero y parAsitos en otros sistemas, as! como interpretaciones 

del mimetismo molecular a nivel de mol~culas del MHC que puedan expli

car las diferencias de susceptibilidad-resistencia en el fenómeno del 

parasitismo. 

Finalmente, el presente trabajo desarrollado con el modelo expe

rimental de cisticercosis murina por Taenia crassiceps, ha orientado 

lineas de investigación dirigidas a la b~squeda de los factores bio

lógicos que median la susceptibilidad a esta parasitosis, en especial 

la b~squeda de ep!topes compartidos entre el cisticerco de Taenia 

solium y los ant!genos del complejo mayor de histocompatibilid~d del 

hombre (HLA). 
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En esta revisi6n se considerar& el determinismo genético 

de las infecciones parasitarias en el rat6n, concentrando la 

atencibn en las variaciones entre individuos de una misma 

especie determinadas genéticamente. 

El ratbn es la especie mejor conocida gen~ticamente e 

inmunolbgicamente y; por lo tanto, es ideal como modelo 

experimental de parasitosis por helmintos y protozoarios. 

Empleando cepas singénicas, congénicas y recombinantes, se ha 

podido identificar aquellas que son resistentes y susceptibles 

en cada parasitosis (Tabla I). Un siguiente nivel de anAlisis 

consiste en la identificacibn de la cantidad d~ genes 

involucrados en la determinacibn de la susceptibilidad. Las 

comparaciones se dificultan por criterios arbitrarios de 

susceptibilidad, que van desde asociar la susceptibilidad al 

indice de mortalidad hasta el n6mero de parAsitos recuperados 

en fases no sin toma tol bg icas de 1 a paras i tos is y, en 

consecuencia, siempre quedan dudas de la validez de las 

generalizaciones. 
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1.a Susceptibilidad innata del huAsped al parAsito. 

Las diferencias en la susceptibilidad innata de los 

individuos de una misma especie a un par~sito, se puede 

considerar seg~n si la regibn del genoma involucrada estA 

relacionada con la respuesta inmune (genes de respuesta 

inmune, GRI) o no (genes de D.Q respuesta inmune, GNRI). 

Dentro de los GRI consideraremos aquellos que codifican para 

productos fenot1picos participantes de la respuesta inmune del 

huésped contra el parAsito, a través de los cuales controla su 

crecimiento (~. anticuerpos), mientras que los productos 

fenotipicos de los GNRI identificados, determinan lo propicio del 

nicho ecolbgico en el que el parAsito desarrolla su mediacibn 

irununol6gica (~.hormonas). 
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Susceptibilidad innata asociada ~ ~ relacionados ~ J..A 

respuesta ~. 

Consideraremos como genes relacionados con la respuesta 

inmune a aquellos que codifican para protelnas y_ factores 

solubles asi como para proteinas de superficies celulares. 

Dentro de los genes que codifican para protelnas 

solubles y_ factores solubles se encuentran los de 

inmunoglobulinas -mol6culas efectoras de la inmunidad humoral -

los de interleucinas, -polip6ptidos que modulan mecanismos de 

defensa localizados y sist6micos (43) y otros como mol6culas 

del sistema del complemento, interferbn, protaglandinas y 

linfotoxinas. 

Dentro de las proteinas ~superficies celulares se 

encuentra un grupo de glicoproteinas que pertenecen al 

Complejo Mayor de Histocompatibilidad (MHC), a las que se les ha 

asociado, entre otras funciones, las de presentacibn de 

antigenos a c•lulas immunocompetentes (35,74), as! como la 

codificacibn de algunos de los factores que intervienen en el 

sistema del Complemento. Otras mol6culas de superficie, que 

median fenbmenos de activacibn y proliferacibn, son los 

receptores de antigenos (9) y, los receptores de mol6culas 

liberadas por las propias c6lulas linfoides (interleucinas) 

presentes en linfocitos T, By en macr6fagos (79). 
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susceptibilidad asociada ª- proteinas solubles codificadas por 

~. 

Anticuerpos: 

La resistencia o susceptibilidad mediada por anticuerpos 

puede estar relacionada con la especificidad, afinidad, 

isotipos de inmunoglobulinas, as! como con la cantidad de 

anticuerpos totales. 

La susceptibilidad a diversas enfermedades parasitarias est~ 

asociada a la especificidad y al isotipo de algunas 

inmunoglobulinas. As!., por ejemplo, en la triquinosis 

experimental murina, un factor critico en el desarrollo de la 

infeccibn lo constituye la destruccibn de larvas tempranas por 

citblisis mediada -por--ant-icu•rpos-(-19)--Los-eompl-ejos--l-ar-va--

anticuerpos se fijan a células responsables de la destruccibn 

larvaria (macrbfagos y/o eosinbfilos). Esta reaccibn incluye la 

asociacioh antigeno-anticuerpo (afectada por la especificidad y 

afinidad de los anticuerpos) y la asociacibn de este complejo a 

receptores celulares (determinada por el isotipo de las 

inmunoglobulinas). De este modo, las cepas resistentes presentan 

altos titules de IgE e IgG especificas, inmunoglobulinas para 

las que existen receptores celulares en las células efectoras 

(61). 

Respecto a una asociacibn entre susceptibilidad y cantidad 
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de anticuerpos presentes, existen algunos reportes que la 

documentan. En la tricuriasis experimental murina se ha 

encontrado que las cepas mAs susceptibles presentan mayores 

t1tulos de anticuerpos de clase IgM contra ant1genos de 

secreci6n - excreci6n. (16). Otro ejemplo lo constituye Taenia 

taeniaeformis, para la que se ha reportado mayores tltulos de 

anticuerpos en la cepa resistente que en la cepa susceptible, y 

su fase critica de acci6n parece residir en los primeros 

d1as de infeccibn, ya que son las 

susceptibles a anticuerpos. (26,47,54). 

larvas tempranas las 

Respecto a la asociacibn entre susceptibilidad y 

repertorio de antlgerios reconocidos, en el modelo de infecci6n 

murina con ~istosoma iaponicum, la cepa resistente 129/J 

reconoce un ant1geno de 26 kDa, no reconocido por la cepa 

susceptible (49). 

De las asociaciones encontradas entre anticuerpos y 

susceptibilidad, queda a~n por dilucidar si estas asociaciones 

son responsables total o parcialmente de los diferentes patrones 

de enfermedad. Cabe señalar que en otras parasitosis no se ha 

encontrado asociaci6n entre la especificidad y/o niveles de 

anticuerpos con diferentes patrones de enfermedad como en el caso 

de la leishmaniasis causada por Leishmania tropica (48). 

Sistema del complemento: 

El sistema del complemento es un conjunto de proteinas cuya 

activaci6n resulta en la lisis celular. Una de las estrategias 
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utilizadas para estudiar su influencia en el determinismo 

gen6tico de la susceptibilidad a parAsitos ha sido el empleo 

de cepas sing6nicas de ratones deficientes en alguno de sus 

componentes. Por ejemplo, en la cisticercosis murina por T._,_ 

taeniaeformis se ha encontrado que el conjunto de 

cepas mAs susceptibles son deficientes en C4 y/o es (C3H/He, 

C3H, AKR/J, A/J) (46). 

Son pocas las asociaciones entre los niveles de los 

componentes del complemento y la susceptibilidad innata del 

hu6sped a la parasitosis, si bien existen muchos reportes acerca 

de la capacidad del par!sito para evitar o disminuir el daño por 

complemento (factores anti-complementarios, enzimas 

proteoliticas, enmascaramiento con antigenos del hu6sped). 

Factores solubles reguladores de la Respuesta Inmune: 

En la Tabla 2 se mencionan las principales mo~~culas 

solubles reguladoras, descritas a la fecha, asl como sus 

funciones mAs relevantes. A~n hay mucho por explorar sobre la 

capacidad del parAsito para modificar los niveles de proteinas 

reguladoras producidas por el hu~sped. Uno de los casos 

reportados lo constituye la inmunosupresibn inducida por 

Trypanosoma cruzi a trav6s de la disminucibn de los niveles de 

IL-2 (77). Otro caso es el de la esquistosomiasis, en la que 

estudios in vitre sugieren que los antigenos de huevecillos·de 

Schistosoma iaponicum disminuyen la actividad de la IL-2, a 

trav6s de un mecanismo mediado por c6lulas T supresoras (73). 
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susceptibilidad asociada A proteinas celulares codificadas rull: 

.Gfil. 

Entre las prote!nas de superficies celulares codificadas por 

GRI se encuentran las moléculas receptoras para antigenos, para 

interleucinas y para moléculas codificadas por el MHC. Estas 

moléculas son las mediadoras de interacciones entre células y 

entre células y factores solubles, asociaciones que tienen como 

consecuencia fen6menos de activaci6n y/o proliferaci6n celular 

(Tabla 3). 

Dentro de este conjunto de proteinas s6lo se han descrito 

asociaciones entre la susceptibilidad a infecciones y los genes 

que codifican para los antigenos de histocompatibilidad. 

El efecto de los productos del MHC en la susceptibilidad a 

infecciones parasitarias se ha explorado extensamente en 

muchos modelos experimentales. Sin embargo, no son muchos los 

casos en los que se ha encontrado una asociaci6n. Los ejemplos 

m~s estudiados son los modelos murinos de infeccibn con 

nemAtodos: Trichinella spiralis y Nematospiroides dubius. En 

ambas parasitosis las cepas resistentes (H-2s, H-2b, H-2q, H-

2f) presentan como caracteristica com6n ser I-E- y las mAs 

susceptibles (H-2k) ser I-E+. Se ha propuesto que la respuesta 

inmune en el contexto de antigenos I-E es fundamentalmente 

supresora (56), en tanto que en el contexto de I-A se induce una 

respuesta proliferativa, lo que podria justificar las diferencias 

de susceptibilidad en estas parasitosis (83). También, en el 
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modelo experimental de paludismo a Plasmodium chabaudi, se ha 

identificado la resistencia asociada a la presencia de I-Ab en la 

superficie de c~lulas presentadoras de antigeno (87). Sblo en 

estos casos se ha podido proponer asociacibn entre el genoma y 

sus productos fenotipicos; la mayor parte de la informacibn se 

limita a reportar la asociacibn entre la susceptibilidad

resistencia con los haplotipos de histocompatibilidad (Tabla 1). 

susceptibilidad asociada s ~ DQ relacionados con 1s respuesta 

inmune. 

Los genes no relacionados con la respuesta inmune ser&n 

considerados asociados o no al cromosoma sexual. 

Siendo inmediata las diferencias sexuales entre individuos 

de una misma especie, la sexualidad ha sido una de las primeras 

caracteristicas que se ha intentado asociar a diferencias en la 

susceptibilidad a infecciones. 

GNRI relacionados con el cromosoma sexual 

En la Tabla 4 se señalan las enfermedades parasitarias cuya 

susceptibilidad se asocia al sexo. Como puede apreciarse en todos 

los modelos experimentales murinos los machos son los m&s 

susceptibles, con excepcibn de la cisticercosis murina por ~ 

crassiceps y la tricomoniasis por Trichomonas vaginalis. Estas 

diferencias pueden estar determinadas gen~ticamente en el 

cromosoma "Y" o bien resultar de la influencia del sistema 

neuroendbcrino, ya 'sea modificando el compartimiento en el que el 
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par6sito se desarrolla o modificando la respuesta inmunolbgica 

que el hubsped genera contra el par6sito. La mayor 

susceptibilidad de los machos parece ser independiente del fondo 

genbmico, ya que el patrbn de susceptibilidad se presenta en 

todas las cepas de ratones singénicos utilizadas, y coincide con 

los reportes de respuestas inmunes humorales y celulares 

disminuidas en los machos respecto a las hembras, aparentemente 

reguladas por el sistema neuroend6crino (2,25) 

GNRI no relacionados con el cromosoma sexual 

Un ejemplo tlpico de esta clase de susceptibilidad es el 

paludismo humano, para el cual la resistencia del huésped est6 

asociada a la clase de hemoglobina de sus eritrocitos. Asl, los 

individuos con anemia hemolitica congénica, (cuya hemoglobina 

tiene una mutuaci6n puntual en la cadena ~ de la hemoglobina) 

tienen menor capaci'dad para --acarrear-oxigeno, -lo cual los hace 

m6s resistentes a la infeccibn por Plasmodiun falciparum 

_(18,59). En el paludismo por Plasmodium vivax y~ knowlesi, los 

individuos Duffy (-) son m6s resistentes a la enfermedad 

debido a que su grupo sangulneo se encuentra asociado con la 

incapacidad del par6sito para penetrar la célula del huésped 

(45). 

En el caso de Leishmania donovani (par6sito intracelular 

obligado) responsable de la leishmaniasis visceral en el 

ratbn, se ha identificado que la resistencia innata est6 

determinada por uno o un grupo de genes localizados en el 
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cromosoma 1 murino, designados como genes Lsh. (6,13). Estos 

genes determinan que un individuo se enferme o no dado 

un contacto con el parAsito y, una vez enfermo, la gravedad de 

la enfermedad depender! del haplotipo de histocompatibilidad de 

la cepa de rat6n infectada (5,66). Estos genes Lsh parecen ser 

los mismos que determinan la susceptibilidad natural a 

Salmonella typhimurium, denominados Ity (63). 

l.b Susceptibilidad innata del parAsito .itl. huésped. 

Si bien el estudio de la gen~tica de vertebrados ha 

permitido identificar regiones gen6micas que determinan 

la susceptibilidad del huésped al parAsito, en el parAsito no 

se han estudiado regiones gen6micas equivalentes. Esto se 

debe, en parte, a que es mAs reciente la aplicacibn de técnicas 

de Biologia Molecular en parAsitos. Los primeros reportes de 

aislamiento de mater~aL-genético-de_parAsitos, apareci-er-Qn--.n~-

1974 para Leishmania (11), en 1980 para Plasmodium (15) y en 

1982 para Schistosoma rnansoni (70). Desde entonces se ha venido 

intentando identificar regiones con fines diagnbsticos, 

filogenéticos y taxon6rnicos fundamentalmente. 

Para fines diagn6sticos, como estrategia del estudio del 

genoma, se han identificado zonas de DNA muy repetidas en el 

parAsito. Esta bbsqueda ha proporcionado informacibn 

colateral que resulta de interés respecto a la influencia del 

genoma del parAsito en la susceptibilidad a la infeccibn. 

As!, en Plasmodium berghei, la cepa NK65 productora de 
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gametocitos viables, presenta en la fase intraeritrocitaria un 

18% de secuencias altamente repetidas, 

ISTISAN, que ha perdido en pasajes 

mientras que la cepa 

de laboratorio la 

capacidad de dar gametocitos viables, presenta solo un 3% de 

secuencias repetidas (15). Estudios posteriores por Birago, c. 

et al. , ( 4) confirman estos resulta dos, encontrando una clara 

asociacibn entre la pérdida de infectividad de clonas puras de 

parAsitos NK65 y la cantidad de DNA repetido. Estos resultados 

sugieren que el DNA altamente repetido se encuentra asociado a 

gametogénesis, por lo que podemos tomarlos como ejemplos de 

diferencias de susceptibilidad innata del par~sito para 

desarrollarse en su hu6.sped. 

Otro aspecto que puede considerarse en esta clase de 

susceptibilidad son las infecciones virales de los parAsitos 

reportadas desde 1960 para algunos protozoarios como Entamoeba 

histolytica. Es factible que la bésqueda de virus en parAsitos, 

m~s complejos resulte exitoso y sea un agente causante de 

heterogeneidad en la poblacibn. Asi podriamos encontrar formas 

parasitarias no infectadas con virus extracromosomales de RNA o 

DNA o integradas al cromosoma del hu6sped. 

Es razonable suponer que la presencia de virus en estos 

parAsitos modifiquen diferencialmente su expresibn genética, 

dependiendo del virus infectante y, por lo tanto, su capacidad de 

sobrevivir en el huésped, lo que implicarla diferencias 

intrinsecas de susceptibilidad del parAsito al hu6sped. 
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l.c Susceptibilidad innata asociada ~ interacciones ~ 

par4sito y hutsped A ~ gen6mico. 

Modificaci6n del genoma del bu6sped por el par4sito 

Es posible que el genoma del parAsito y del hu6sped resulten 

de un proceso de seleccion de la interaccibn mAs apta entre las 

especies parasitarias y las hospederas, o bien que se haya 

modificado como consecuencia de su interacci6n. 

Estudios de traduccibn in. vitro del genoma de Babesia 

rodhany han revelado secuencias de aminoAcidos antig~nicas 

comunes entre el parAsito y el bu~sped. Esta homologla 

proteica podrla ser el resultado de la interaccibn entre el 

genoma del par4sito y del hu6sped. (71). 

un ejemplo de que los parbsitos pueden modificar la 

expresi6n gen6mica del bu6sped se presenta en la esquistosomiasis 

(producida por Scbistosoma mansoni) en la cual el parbsito 

disminuye la traducci6n de protelnas a trav6s de la disminuci6n 

de los niveles de andrbgenos (30). Este parAsito ademas induce 

cambios en la expresi6n del receptor de IL-2, (27,77) as! como 

en los niveles de IL-2 (33), dando como resultado el patr6n de 

inmunosupresi6n caracterlstico de esta parasitosis. Cambios de 

este tipo podrlan ser inducidos por el parAsito a fin de 

generar un ambiente m4s apropiado para su sobreviviencia. 
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Conclusiones 

Definiendo un individuo como hu~sped y otro como su 

parAsito, el hu6sped ofrece diferentes ambientes heterog6neos, en 

lo que se refiere a lo propicio para que el partsito crezca. Por 

otro lado, el par !!.si to como especie, es 

heterog~neo, respecto a su patogenicidad o a 

potencialmente 

su capacidad de 

reproducci6n en el hu~sped. Una vez en contacto, el convivio 

hu~sped-parhsito puede generar en cada una de ellas, 

modificaciones que cambien el destino de esta relacibn, 

modificAndose la susceptibilidad inicial. Seg~n estos criterios, 

las diferencias de susceptibilidad del hu6sped hacia el partsito, 

pueden ser directamente proporcionales a la heterogeneidad 

inicial en la poblaci6n hospedera y parAsita y la heterogeneidad 

generada en ambas poblaciones como consecuencia de esta 

interacci6n. A la fecha, se han identificado algunas regiones 

genbmicas cuyas formas alternativas modifican los patrones de 

susceptibilidad; sin embargo, falta mucho por conocer acerca de 

las heterogeneidades poblacionales relevantes para modificar la 

susceptibilidad en la relaci6n hu6sped-partsito. 

Otro aspecto por explorar son las funciones de los productos 

fenotipicos que se han asociado a diferencias de susceptibilidad 

a las parasitosis. Los avances en este aspecto permitirtn conocer 

la dintmica de la interacci6n hu~sped-parAsito. Es muy probable 

que el manejo de nuevas t6cnicas de Biologia Molecular, como la 

creacibn de ratones transg6nicos, sea de gran utilidad a fin de 

dilucidar la relaci6n especie-especificidad de las parasitosis. 
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La adaptacibn de los modelos experimentales en condiciones 

experimentales de infeccibn permitirA explorar la relevancia de 

los factores qen&ticos en la infeccibn y transmisibn de las 

parasitosis. 
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'OOi.A 3 

fROlEINAS !E SIDFICIE CElJlAR CXDIDCA!l\S ro¡ 00 

Sitio de codificación Furcicres princirales 
en ~ilruns Ref 

Qj Q¡ 12 
Qk Q¡ 16 Reconocimiento dean~ 
ClJ. Q¡ 6 soluble o libre y en super-

IB ficies celulares de aUulas 
(Ig's) presentadoras de ant:.igeno 55 

Receptores 
¡era 

Ant:!geoos 
RCl' y Q¡ 13 
RCl' ~ Ch 6 Recmocimi.ento dean~ 
RCI'""' Q¡ 14 en superficies celulares 

asx:iadas a produ;:tos codi-
ficados por seres del m::. 9 

II..-1 
II..-2 Q¡ 10 Reconoc:imi.ento de la ínter- 72 

Recept.ore.s Il..-3 leu:::ina espedfi,ca y ¡mti-
pera Ilr4 ci¡u:iC.o e.cm:> elsJert:a; di-

Interlaci IL-5 rdcoo BI la secueo::ia de 
nas Ilrú eventos que llevan al efe:::-

IL-7 to final de la interleoc:ira 39 

K/D/L Ch 17 llilecula.s JJEdi.3doras de lin-
Q¡ Tia focitolisis y rechazo de 

tran.splantes. 35 
l'blecula.s 

del 
m:: I-A/I-E 0117 llilecula.s presentadoras de 36 

antlgeno, nel:iadoras de fun-
ciaies supre9'.ll"aS y coopera-
doras. 



IL-1 

IL-2 

IL-3 

IL-4 

IL-5 

IL-6 

IL-7 

IFN- a<. 

IFN- Y 

TABLA 2 

PROTEINAS REGULADORAS SECRETADAS POR EL SISTEMA LINFOHEMATICO 

Funciones principales 

Accion sinergica con IL-2. 
Induccion de produccion de 
citocinas y linfocinas. 
Promotor de diferenciacion 
de células T. 

Factor de crecimiento de 
linfocitos 

Funciones hematopoyeticas. 

Factor estimulatorio de 
linfocitos B. Induccion 
de MHC Clase II. 

Factor de crecimiento de 
linfocitos B. 

Factor de diferenciacion 
de linfocitos B. Induc
cion del receptor de IL-2 
en celulas T. 

Factor de crecimiento de 
células B. 

Incrementa la expresion 
moleculas Clase I del MHC 
en linfocitos. Modula res
puestas de Ac's. Incremen
ta actividad de celulas NK. 

Induce moleculas del MHC 
clase I y clase II. Poten
te activador de la funcion 
de macrofagos. 

Sitio de codificaci&n 
en raton 

Ch 11 

Ch 11 

Ch 11 

Ch 5 

Ch 4 

Ch 10 

41 

32 

69,29 

34 . 

34 

34,51 

20 

10.39,62 

39,62 



TAliA 4 

PAm:MS !E ~ A FNFmlm\llS PARA.SITARIAS liJRINAS ~ A SEXO 

PROTOZOARIOS 

Parasito Sus:eptible Resistente Ce¡:e Ref. 

l.es:ishmnia !IEXicana M H DBA/2 1 

I..e:islmmia nejor M H IWJ3/c 50 
DBA/2N 
mv21 

I..e:islmmia dc:mvani M H 21 

Try¡m¡osam rixldesiense M H C576fil/6J 24 
CllA/N 28 

Try¡m¡osam cruzi. C'.ll 
A 

Plasoodiun ~ M H IllA 22 

Plasm:xliun chabaudi M H BlO 87 

'Ii'ichaJma.s vaginal.is E l'l 2 

~~ M H C57R.J6 88 

HELMINTOS 

Trichinella spiralis M H <J>-18 65 
wi.s.s 

Namt~iroides dubius M H C'il 14 

F.chinococcus granulo.sus M H NAMRL'-3 17 

Taenia c:rassiceps H M BAIB/c 68 
BAIB/B 
BAIB/K 

~ taeniaeformis M H C'.il/He 47 
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