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RESUMEN

Se ha demostrado que los antigenos de metacéstodos de Taenia solium inoculados en
cerdos son capaces de inducir respuestas protectoras contra ¢l parasito. El objetivo de este
trabajo fue estudiar y caracterizar la respuesta. inmune generada por los antigenos de
metacéstodos de 77 solium utilizando como modelo experimental ratones de la cepa Balb/c.

Los resultados mostraron que los antipenos contichen al menos 18 polipéptidos
diferentes con pesos moleculares entre 220 y 7 kDa.

Al estudiar la respuesta celular se encontré que los antigenos indujeron respuestas
proliferativas de esplenocitos de ratones inmunizados en forma dosis dependientc y
estadisticamente significativas cuando se compararon con sus testigos (£ < 0.02). Las células
de animales inmunizados y testigos estimuladas con Con A produjeron mensajeros para IL-2,
IFN-y e IL-4 mientras que, la estimulacion con antigenos de metacéstodos mostré que las
células de animales inmunizados produjeron mensajeros para IFN-y, 1L-4 ¢ IL-5 mientras que,
las células de animales testigos no produjeron ningdn mensajero. Los antigenos
aparcntemente inducen la expresion de respuestas mixtas Thl (IFN-y) / Th2 (IL-4 ¢ IL-5).

Los antigenos indujeron en ratones un incremento transitorio y significativo de
cosindfilos en sangre periférica (£ <0.01) en comparacién con la cosinofilia de animales
testigos.

También indujeron anticuerpos especificos IgE ¢ IgG cn los sucros de ratones
inmunizados en comparaciéon con los de animales testigos. IgG1 fue el isotipo mds abundante
(P<0.0007), aunque IgG2b ¢ IgG3 también estaban incrementadas significativamente en los
sucros de ratones inmunizados, mientras que la 1gG2a permanecid sin cambio. Tres antigenos
de metacéstodos (95, 85 y 7 kDa) fucron reconocidos por todas las subclases de 1gG ¢ IgE. de
éstos antigenos, los 2 primeros fucron reconocidos por un sucero anti-paramiosina. Una
proteina aproximadamente de 57 kDa fue reconocida por 1gG 1, 1gG2a, 1gG2b ¢ IglZE micentras
que, otros antigenos (52, 30 y 20 kDa), fucron reconocidos por 1gG1 ¢ 1gG2b. Dos (68 y 60
kDa) de las 4 bandas que fucron reconocidas por el suero anti-lgG de cerdo, también lo fucron
por los antisucros contra todas las subclases de 1gG y por IgE.

Las respuestas de cosinofilia y de isotipos de anticuerpos correlacionaron bien con io
encontrado i vitro ya que, la cosinofilia esti controlada por IL-5 y ¢l cambio de isotipo a IgE
¢ IgG1 por lL-4, lo que sugiere que in vive predominan las respuestas tipo Th2.

Se consiguid la scparacién de 7 picos por cromatografia de intercambio idnico. que al
ser analizados por clectroforesis mostraron diferentes componentes. l.os picos 2 y 3
indujeron la expresion de RNAmM para IL-5 a las 44 h cn esplenocitos de animales
inmunizados mientras que. ¢l pico S indujo la expresién de mensajeros para 1L-4, 1L-5 ¢ IFN-
v a las 66 h en los animales inmunizados y también para I1L-4 e IFN-y en los testigos. El pico 2
indujo cosinofilia significativa (# = 0.04) en sangre periférica al compararla con la de los
animales testigo. Probablemente alguna de las proteinas compartidas por los picos 2,3 y 5
(66. 56 y 35 kDa) inducen la sintesis del mensajero para IL-5 y cosinofilia irn vive.

Al parecer, ¢l ratén puede scr un buen modelo para estudiar las respuestas inmunes
contra antigenos del metacéstodo de 7. soliim ya que inducen respuestas similares a las
observadas en ¢l cerdo y en humano.
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ABSTRACT

it has been demonstrated that a Taenia solium metacestode antigenic complex induced
immune responscs in pigs that are able to prevent infection and destroy the parasite. - The aim -
of this work was to study and characterize the |mmum.. rcsponscs mduced by lhc 7‘. .\ohmn §
metacestode antigens using Balb/c mice as a model.

Results showed that this complex contains at least 18 different polvpcplldcs w:lh
molecular wcq,hls ranging from 220 to 7 kDa.

This |mmun0;,en|c complex induced proliferative responses ‘in splex.n cells  from
immunized mice in a dose-dependent manner. The proliferative responses of immune spleen
cells were statistically significant when compared with their controls.  Con A’ induced the
synthesis of IL-2, IFN~y ¢ IL-4 mRNAs in cither cells from immunized and control animals.
Meanwhile, antigenic complex induced IFN-y, IL-4 ¢ IL-5 mRNAs synthesis in cells from
immunized animals and no messenger synthesis was induced in control cells.  Antigens
induced Thi (IFN-y) / Th2 (IL-4 and IL-5) mixed responses.

On the other hand, antigens induced a transient and significant incrcase of eosinophil
numbers in peripheral blood (p<0.01) in comparison to peripheral blood from control animals.

Besides, the antigens induced IgE and 1gG specific serum antibodies in mice. 1gGl
was the most abundant isotype produced however, 1gG2b and 1gG3 were also significantly
increased in sera from immunized mice. 1gG2a concentration in sera showed no difference
between immunized and control sera. Three antigens (95, 85 and 7 kDa) were recognized by
all IgG subclasses and IgE antibodies but two of them (95 and 85 kDa) corresponded to
paramyosin since they were recognized by anti-paramyosin antibodies. Other antigens (52,
30 y 20 kDa) were recognized by IgG1 and IgG2b. Four proteins were recognized by anti-pig
1gG. all the IgG subclasses and I1gE recognized two of them.

There was good correlation between cosinophilia and antibody isotypes and the
cytokines detected in vitro since cosinophilia is controlled by IL-5 and the switching of
antibodies to IgE and IgG1 by IL-4. The results suggest that the responses controlled by Th2
cells predominated in vivo.

The antigenic complex was separated in 7 peaks using chromatography. Peaks 2 and 3
induced the synthesis of IL-5 and IL-4 mRNAs, 44 h after the stimulation of spleen cells from
immunized mice. Meanwhile, 66 h after stimulation, peak 5 induced the expression of IL.
IL-5 and IFN-y mRNAs in spleen cells from immunized mice as well as 1L-4 and IFN-y in
spleen cells from control mice.

Peak 2 induced significant peripheral blood cosinophilia (7 = 0.04) in comparison to
that of control animals. Likely, onc of the protcins shared by peaks 2, 3 and 5 (66, 56 y 35
kDa) is the responsiblc of inducing IL-5 mRNA synthesis and the cosinophilia in vivo.

The results support the idea that the mouse in a good experimental model to study the

immune responses against T. solium mctacestode antigens since they arce similar to those
observed in pigs and humans.
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INTRODUCCION

1. Morfologia del parisito. R £ SR -

I‘aema solium pertenece al Phylum I’Ialyhc'hmnlhes a’ la’ Clase Cestoda: y: al

Ordcn Taemldae. ¢s causante dc u.mosus en’ el homb: y_mst'ccrcdsis';cnkefstc’-y en el

de la vcsxcula es lranslumda y a’ traves dc t."d puedc versc el cscél(.\ invaginado

(Escobar, 1983).




2. Ciclo de Vida

E! ciclo biolégico de 70 solium involucra dos huéspedes, uno definitivo y otro

intermediario; asi como tres estadios:de- desarrollo: el” adulto . en. el "huésped

definitivo, los huevos. en’ el ..ambiente "y el

intermediario. - El H(‘)hﬁré es:el: huéspéd‘deﬁnilivo sya

mientras la fo ma

que, )

- —“-_—i-\ ' :‘T\ mmmd e Tmdaio,
S O (< asccidental, cisticerco
d= Ry B
/vcnsl-:uu:u en cams / b \\ (
/ / \\\
< 8 \,iﬁ" fac / N
! T e = -
‘} lf\z\“—\ d :::ecrco en ‘l @T -\c-'* - \
AT = N
\ o en ’t :);
\ =N _— intestino dotgadn ® :'/_)
Gomd = © \
o m

(ol

pProgidtido grivido

Figura I. Ciclo Bioldgico de Taenia solium. (Tomado de A! l‘llsscr. Larval ccslodeﬁ.
En: Topley and Wilson’s Mlcroblology and Mlcroblal lnﬁ_cuons) ;

El adulto se dcsan'olla en: cl mleslmo dcl hombrc dccpucs dc. quc, éste ingicre

carne de cerdo infectada con m&_tncuqtodos .'.\hl., el eﬂcolc.\ evag,ma t.sumulado por la
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bilis y las enzimas digestivas. las ventosas sc anclan a las microvellosidadcs intestinales

y la tenia comncnza a crccc.r (Mcrchanl. y col.,: |998) Tres 6 4 _meses dt.spués de la

Iibéravd‘as”:y acti
Iihf‘.zilicd."p T
mﬁs'cﬁljo}c‘::sqhelé‘l o,
meses s ‘tvr‘an‘s_fo‘rmi\r)

cuando - unser’

en - los . tejidos. - del

inflamatorias, . dentro: de

limentos contaminados

ciary Maninéz. 1999) y por auto

hlglémcas en Ia prcparaclé dc aj lmentos por ponadores de Ia lcnm. lo cual representa

un pL'lbrO pam la comumdad. -
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3. Ci stlccrcosn human.u.

La cisticercosis ' es ‘' una parasitosis, provocada ‘por el establecimicnto ' de. los

los puclenlcs en

Meéxico (Del Brutto y Sotelo. 1988; Medma y col., 1990; Carplo y col., 1994)

4. Epidemiologia dc la cisticercosis humana y porcina
La ncurocisticercosis humana e¢s un importante problema de salud publica en

México, América Latina, Asia y Africa (Majan, 1982; Schenone y col... 1982; Sarti y
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col.. 1986: Schantz y Sarti, 1989). Actualmente, en paiscs'com(') Estados Unidos la

incidencia de la cnfcﬁncdad va‘en aumc‘;nlq debido a la migracién (Richards y col.,

1985: Schantz yicol.. I99 Shandera'y co : “1994)° _La mayor parté delos “paises de’

Lannoamcnca son t.ndcm cos para CIS(ICCI‘COSIb (Cuadro 1).

Cuadro' 1.7 Prevalencias: de cisticercosis humana y porcina en algunos paises de

Lalmoaménca ; i .
l’aus Seroprevalencia | Prevalencia en Referencias
s » (EITB) (Y%) cerdos (%)
México o[- . 7.65 5.25" Sarti y col.. 1992% 1993b;
Ll . A 1994, Diaz. Camacho ¥ col.
s 1990, 1991.

Guatemala 15.5 9.0 Allan y col., 1996.
Garcia-Noval v col.. 2001

Honduras 25.5 27.1° Sanchez y col.. 1997, 1999
Sakai y col.. 1998

Bolivia 22.6 3897 Tsang y Wilson, 1995

LEcuador 10.4 7.5 Cruz y col.. 1998

Pera 11.5 42,07 Diaz y col., 1992
Garcin y col.. 1996, 1999,

Prevalencia de cisticercasis en cerdos medida por:
:Exumcn visual y palpaciéon de lengua
“ Deteccion de anticuerpos por EITB.

En Meéxico, los pl‘lmcl‘OS rcportc< sobrc, la lncndcncm de neuroctstuc;rcosus sel

derivaron de registros dv.. autopsnas dt. hospllalcs de Ncurologin v de’ los s«_rvxcnos de

TT“SIS CGt
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Por otro lado, la frecuencia de cisticercosis porcina en nucstro pais no es

homogénca, variando de un estado a otro desde 0.05 a 10% (Aluja 1982 Sarti y col.,

1992a).

S. Respuesta Inmune en Ia cisticerco

La rcspu-.,sta "ih‘

; En el modclo‘ de

complemento’ (Williams; “1982). Esta resistencia

receptores (Mitchen y col.. 1977).'

diferentes clases de” inmun

H Grdgl y col..

1985: Espinoza v col., 1986 Corona y col.. 986 S»hc';n y col., vl ")y‘)l).
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La IgG es cl anticuerpo predominante y su presencia es compatible con que la

enfermedad es un proca..so crénico y de larx,a evolucnén (Corona y col.. |986 Espmo7a

(l:.spmoza y col. ‘I‘)S(S':'I”{dsas

col‘., 1982;'1 >rndndez-Jaurcgui y col.. 1983'~Lscobar.;

1983b.’ 1986 Alu_]avVarg,aS. I988).




Inmunidad en cisticercosis porcina

En estudios hnqlopalolé icos de cnstlcerCOSIs porcma se ha |d|..nl|

cado quc al

inicio existe un loco dc mfllrncuén celular dlscruo.’formado prmcnpalm:.nlc por

- prlmeros upqS

obséi’varsc‘ dcgmnulando.« Los macréfagos comienzan’ a:'alinearse:icn empaluadas'

células pla‘sm‘zfuic‘as y\véosihéﬁlpsy Los abrc;,ados llnfoudcs sc mug.elr‘m mas pequefios o

TZSIS Cod
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ausentes (Grado5). Finalmente, el lugar que ocupaba ¢l metacéstodo es invadido por

tejido - fibroso. - Las . células inflamatorias’ son escasas, - 10s ganchos 'y  corpusculos

calcdrcos : son las (linicas  estructuras . qux

metacéstodo c ¢ e:

‘causada 'por ¢l metacéstodo,- v

minima ‘reaccidéniinflamatoria; alrededo

p'orturi ‘ihcrcmengo ‘en’la sdbbqblacnén,'d'e éélulas‘Cbs': (Molin’a'ri‘ v col. 1987; Tato By

col. I987); .
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“del” huésped progrcsa hacm la. fi broslS alrcdedor del

‘estimuladas

Inmunidad en Neurocisticercosis

En cstudios de autopsias en humanos sc ha rcportado que en pacicmcs que no

recmplazada~ por nédulos»' lmfoudes focalcs y pccrosys,
Evenlualmenté. el pzifziSitb kcs reemplazado por estl:l‘k:iu
calcifica (estadio nodular=calcificado) (Escobar.‘19£!3'
En “lo . que:ser rcfere a mmuno<upres:én en

(

ev:dcncms son conlrovc,rsmles, Correa  y col

prohfcracuén “in'" vitro - de células “mono

> vnkﬂnAmabtdrias
ro ky-/elcher Yy
col.. I996) un mcremcmo de IL- 5 en:suero Y LCR Y de cotaxma en suero de pacientes

(Evans v col.. l998) -

TESIS ""\!
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Més aun, en cortes de cerebro ullll/ando mmunohlstoqmmlca se ha dcmostradO'

quc la rcspucﬂa mmunoléglca in ulu,'al m'cuo es prmcrpalmcnlc de upo cclular con

e ratones: con’ mctacéstodos de T. crax\:cepv es’ un modclo de

re;,ulacnon ncganva de la rcspuesla |n|C|a| (Robmeon y col-., 1997) A mvcl <|stém|co. se

TESIS CLi
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ha reporlado también qut. ratones Balb/c con cnsucercous e\perlmc.mal (T. crassiceps)

muestran una’ respuesm mmla Thlfl‘hZ ya que los nlvelc.s de IL—4 e II-N—fy ‘en suero se

mcrcmentan la mfcccnén tardm (TOCI"I_]CS y col.. I999) La r;spuceta in unc. lmc:al

duranle Ia cnslncercosns expcrlmenlal también es’ una respucsm mixta Thlfrhz con la .

. produccuén de ll‘N—y quc es rdpidamente seguida por Ia producc:én de lL-IO (Tocn_]es y'

Khun, 2003).

- 6. Evasién de a Respuesta Inmune

Utilizando modclos experimentales sc han ldenurcado dllerz,ntes mecanlsmos )

de evasidn utilizados por los cisticercos para modular las rcspucstas inmunes espccihcas_’

¥y la inflamacién en el huésped.

Se ha reponado la presencm de un I'(.ct.plol‘ -c»'de;la»ylgG ‘en_ la’superficie fdelv

col.. ' 1987)

de-T., laenlacformu mi : vla ion i la

produCClori dc cuocmas dcl upo Th2 (Leud y McConm.ll 1983 ‘Mavels Y col.. 1993;

oSS CLN




Katamura y cols., 1995)." Por otro lado. cl tratamiento de ratones con PGE2 antes de la

infeccién incrcmenla el erecimiento de metacéstodos de 7. crassiceps disminuyendo las

col., .1992; Land vy co

Mas aun sc ha mostrado quc productos dé excrcsnén/secrcclon (F/S) de mctaccslodos

‘ on acuvndad de cnstcma protcasa dlsmxnuyt_n in: vuro ln canudad

wables dt. T. .\ohunL

de lmfocntos, CD4 lmponantes para Ia rc.spuesta inmune. del. hu(.spc.d (MOIII’\JI"I y col.,

2000).




7. Vacunacion de cerdos
La vacunacion de cerdos pucdt. ser una potcnlc eslrategla para la crradncacnén de

la neurocisticercosis (Molinari y col., l993a' Lu,htowlers 1999 Plancaru. y col.. 9‘)9)

L.a capacidad mmunogémca de un cxlracto anug,cmco dc mclaccstodos fuc evaluada en.

(Molmarl Y col., 1997). El' contar: con .much'

anllgenos dc oncoeﬂ.ras Oy 95% dc protccmén)

probablemcnte porq ’e n.es conlrolada por la respuesta. inmune muy

u.mpranamcme. Lﬁlos LstudIOS mdlcan que la cisticercosis porcina puede ser controlada

TESIS_CCH
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por vacunacidon y las expeclativas para la produccién de una vacuna efectiva son muy

alcntadoras, una de las cslralcg,las usadas ha sndo |dc_nt|ﬁcar protcmas. nativas derivadas

Cuadro 2. Establ

10 de cisti

cos de T. solium en cerdos vacunados y con diferentes

antigenos.
Desafio
Referencia Vacuna Cerdos No. Porcentaje de Porcentaje
hucvos establecimiento® de
Proteccion
Herbert ¥ TL\‘SII&DS 3 4.300 3.4
Oberp/1974 'Huevos (2 dosis) 4 3.900 0.1 96.0
Molinari/ 1983* Testigos 5 8400 0.9
ixtracto crudo de 6 8300 0.1 B4.8
metacéstodos
Nascimento/ 1995 Testigos 4 10,000 9.3
Extracto crudo de 7 10.000 3.2 65.0
escolex
Manoutcharian/ 1996 | Tostigos [0 10.000 0.05
Fluido vesicular 7 10.000 .02 50.0
Proteinas (56. 66 y (4] 10.000 0.002 95.0
74 Kda)
Kumar/1987 It:sllgn% 4 15,000 1.7
I’|Lu" E} 15.000 0.4 77.6
Zpicol <4 15.000 0.04 97.6
Pathak/1990 I estigos R 15.000 2.5
2178 de oncosferas 8 15.000 0.1 94.9
Plancarte/ 1999 Testigos s 25.000 0.7 o
* Proteina recomb. s 25.000 0.2 77.3
Extructo crudo de S 25.000 0.06 90.7
oncosferas

Tinfeccion con huevos de 7. solium
2 l‘ racciones obtenidas de la cromatografia en Sephadex G-200 de antigenos de escdlices
? Productos de excresion/secrecion
Proteina recombinante de 7. ovis

s oty .
Las diferencias entre los porcentujes d

condiciones de la infeccion y a la viabilidad de los huevos.

sstablecimicnto en cada experimento se pueden deber a las

FALLA DE CTiGEN
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ANTECEDENTES

Se sabe quc en muchas infecciones parasitarias, las respuestas quc conllcvan a Ia -

rcﬁolucnon ] al pro;,rec.o dc la enfermedad dependen de la subpohlacuon ‘de” cclulaq

CD4+ ']hl o h. u q_ mdu/can. IFN-y, 1L-2 y TNF-3 son cuocn

roducndas por o

la subpobldcmn Thi m|cntras que. 1.-4, 1L- 5 AL-6,. 1L.-10 eAIL -l3~son'produc1das pqr'




Los anticuerpos IgE-al q,ual que los 12G, conlnbuyen ala muv.ru. de helmintos

por cuolox:cndad cclular dcpen ‘nte dc anllcun.rpoﬁ (ADCC) (Capron y col.. 1982)

Lﬁlc proceso ha sido’ definido:y: caraclcrmado en vanos model sc p rimei talcs in vuro

(Buttcrworth y/col.,

1985; Gansmuller

‘'no ha sido

1 mmumdad ue, conducen

slodos. ya quc éslos puu:lv..n sobrevwnr por
sped sin’ quc se cstablczca una rcspucsta capaz de -
ible’inducir respuestas inmunes capaces de eliminar a

z ‘vacunacic'm‘ Molinari y col. (1983:1) dt_mostraron que

antigenos; dbu. . ldOS de me acéstodos de 7% solium inoculados en ccrdos. ':on capaccs de

mduc:r respuestas de tlpo cclular que lHevan a la mu(.rtc. y desxrucmén dc Ios parasuos. o

lanto en cerdos mmumzados e mk.ctados e\pcnmcmalmente con hucvos del parésuo

como en cerdos naluralmcnlc parasnadoc c mmun ados (Molmarl y col.. !983b) La
ari -y. col.,  1983b).

antigenos mducen una . xntensa reac

compuésta* por : cosméflos

mhllran ‘el canal cspnral dl.l pdrdsno . Ios g,rdnulos hb'..rados dg;rloscosinéflos

melczan la destruccxon dLl tegumc.nlo v parcnqu:ma del mctaccslodo como se h.n
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documentado por estudios de microscopia de luz y electrénica (Molinari y col., 1983b,

1986). malmcnlc, se produce Ia dcstruccnén complun del’ parasllo. se; obeuva al

parasnc lotalmeme caselllcado y.con g,ran canudad de cclulas |nﬂamalorus dondc anles
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HIPOTESIS

l—mslen cvtdencms dc quc los cosinéfilos forman parlc de la rt_spueﬁla inmune

mducxda por componcnlcﬁ anllgt.mcoq del metacéstodo dc Tuema \()I:mn c_n ce,rdos

vnaturalmcnle parasnados c. nmunwados ¥y quc cstas. célulzs ﬂon rcsponsablc% de la

7dcstruccu6n del fpardsito Lucgo enlonces. algunos antlgcn0§ dcl mclaccslodo dcbv.nr

Ia produ cién de c1 ocmas Th2 relacionadas con la cosmohlla y rclamonadasf

con la smlcs:s e antlcuerpos cspeclfcos que median la degranulacién de cstas cclulas.

OBJETIVO GENERAL

El objetivo del presente trabajo fue estudiar y caracterizar la rcsbucsta inmune
generada por los antigenos de metacéstodos de 7. solium determinando los patrones dec

citocinas y de isotipos de anticuerpos que inducen cn ratones de.la cepa Balb/c.

OBJETIVOS PARTICULARES

1. Estimar la ‘edsinoﬁlia én sangre periférica de ratones inoculados con los antigenos de -

metacéstodos dc Tal.ma _\olmm.

Determmar anucuerpos cspecnfcos de los isotipos I1gE ¢ lg,G y de las subcl:bes de

1eG - hacm_ losi anugenlos,dc metacestodos de Tuenia .mlmm en - stiero’ de - ratones

inmunizados.

TESIS CCH
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3. Identificar las prou:l'nas de mectacéstodos dc Taenia solium que son reconocidas por

los dllchnu:ﬁ lqollpos y subclaees dc, anucuo.rpos.

lL-4 e ILS cstlmulan fa

produccién dc anticuerpos IgE 'y cosinofilia’in vivo. - "7 Sl

TESIS CCE ‘
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MATERIALES Y METODOS

Obtencion de antigenos de meracéstodos de T. solium.

[.os metacéstodos se disecaron cuidadosamente de carne de cerdos parasitados con

metacéstodos de 7. solium y fueron lavados cxhauslivamcme con agua,desionizada.

Electroforesis (PAG. E—S DS)

:Con el fn de con r: Cl ntas protemas y los pc.sos molccularcs aprommados que

tienen los anugenos de melacestodo; de: 7‘ almm. se redlllo un I‘,ctrolorcsls en g:lt.s de

pohacnlamxda al IO% en presencxa de 04% SDS y cn (.Ondl oncs*'rcducloras B-

mercaplo:.l.anol) dc acucrdo al melodo dt.scrno por Lacmmll (1970) Sc dm_posnaron 40 ng

de proteina. del ann;,eno de mc.tacestodo por, po?o. Sc. mcluygron leandarcs de peso

molecular pretemdo= (BIO -Rad, llercules CA.). El corrimiento ah/o a 100 V.durante 2
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h. Entonces, el gel ‘fuc leﬁido con azul dc Coomassie al 5% durantc toda la noche y se

chmmo el exceso de colorante con una soluc:on quc comenm IO% de acudo acético y 15%

de metanol hasta que sc observaran con claridad las bandzm luc.go c scco para su anahsns

“Sec realizé tina' tincion para’ glicoproteinas

Purificacion de proteinas

a) Cromatografia de intercambio lémco
La purificacion de protemas se: reahzo por cromalogml’ ia® de mu.rcambxo lomco

stema se acoplo una’”

método dc Bradford (1976) Se rcah70 clcclroforesls en gcles dc pohacrllanuda al IO% en

[ TESIS CON
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presencia de SDS de cada pico para determinar grado de pureza y caraclerizar las proteinas

presentes.

nl y se mide su dcn5|dad opuca a "80 nm. Las protemas purllxcadas se dmllmn contra un

TESIS CON |
FALLS DE ™78

S




amortiguador dc Tris 1mM pH 7.6 y sc realiza electroforesis para determinar la pureza de

laq protcm‘m obtemdas

Se incluyeron grupos de ammalcs testlgo? moculados

umcamv..nte con. SOlUClOﬂ salmd.

Anahs:s de Ia eos:nof ilia en sangre periférica

La eosmoﬁlxa se mididé diariamente por 10 dias, mlcxando 24 h dc..spucs dc aphcar la

scg,unda dosxs de anngenos. Los ratones lnmum/zxdo< ‘con’; cl anhbeno complelo -0

TESIS CON
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Ensayos de proliferacio’n

Los ensayos de prohferacnon se llevaron a cabo con. cclula% de ba70 de los ratones

‘ despues de la segunda

Inc; Fullenon CA ) Los datos se’ c\presaron como la mt.dlﬂ dc lab cu ,ntas por minuto =

error estandar (ES)




Expresion de RNAs nnenvajera\' de cilncina\‘

5 de cuocma

por RT l’CR Se

Se delemnno la cxpresmn dc RNAS mensajero

: IL—..
IL-4

IL-5 : 7-TGGAGAT’I‘CCCATGAGCACAGTGG 3

5’—'AGGAAGTCTTGC GGT.

ATCCAGG-3

[FN-y S ” "GAACGCTACACACTGCATC’I"I’GG 3%

—CGACTCC’I‘I‘T’I‘CCGCTTCCTGAG—B‘ ’

Todas' -las ruaccnones dl. amplnf‘cacnon isex reah/aron con .aO ciclos .en..un

termociclador (M.l R(.bearch lnc Watenown. MA) El programa de los ciclos para PCR




consistié en: desnaluralizacién pobr 1. min a 94°C hlbndlzxmon por'2 min a 60°C v

extension: por 3 mm a 72°C, termlnando con una e\tensnon Fnal dc 7. min.a 7”°C Loq

12G1. lgG"a. lgG”b e [&,03 (1 8000) (/YML Laboralor s

20 TESIS Gl
FALLA CE ORIGEN




(DO) de 492 nm. Los valores de corte fueron definidos como la media aritmética + 3

desv:acnones estandar (DS) dc las acuvndades dc Ioe anucucrpo< en lcm sueros de ammaleﬁ

testigos.

lnrnunoeler:lrolran ‘_‘/'L"'c"c"l

‘Para determmar las especnfcndadcs de los antncuerp(m lgG lgL y de Ias subclascs

de 1gG, los antlgenos de melacestodos de T.: volmm' ueron elcctrotrans!endos a papcl de

(Hewletl Packard Me lco) para dlgxtahzacnon y'un programa Labworks (Med1 cybemeucs‘

v 3.0)..
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RESULTADOS

Andlisis EIeélihfoi'élicn T
Los cnsayos eleclroforeucos mostraron quec los antigenos de Ios metaccﬂtodos de T.

solium conncnen al menos 18 polipéptidos diferentes con pesos molecularcs cntre 220 y 7

kDa como ’e p dc observar en la Figura 2.

PM

kDa a_b
216 — | mm =
132 — | N .,

7o— | m

457
325 —
18.4 —

o im

Electroforesis de los antigenos de¢ metacéstodos de 70 s,olii;y(it:_‘cn geles ‘de
poliacrilamida en presencia de SDS. a) Marcadores de peso molecular: miosina (2 16 kDa), B-
galactosidasa (132 kDa), albimina sérica bovina (78 kDa), anhidrasa carbdnica (45.7 kDa),

inhibidor de tripsina (32.5 kDa), lizosima (18.4 kDa) y aprotmma (7.4 kDa) b); Antigenos de
metacéstodos.

o

Figura 2.

Con el fin de determinar cuales de los antigcnos;dc'”r‘ne‘ icoprbleinas
se realizé otra electroforesis en las mismas condlcnones le‘O ‘el gel se;tifo conVPAS los

resultados mostraron que al menos 7 pollpcpudos son gllcoprotemas (357 .4 2 56 ; 66 76y 80

kDa) y que 5 de cllos corresponden a antigenos lnmunodommanles (35 56 66 76 y 80 kDa)
(Fig. 3).
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PM
kDa

216 —
32—
8 —

45.7—
325

18.4 —

Figura 3. Electroforesis de los antigenos de metacéstodo de 7. solium en . geles de
poliacrilamida ‘en prescncia de SDS. a) Marcadores de peso molecular.: Antigenos ~ de
mctacégddds tefiidos con:. b) Azul de Coomassic y c) PAS s




cerdo reconocioé una banda de aproximadamente 74 kDa y el anti-IgG de cerdo 4 polipéptidos

con pesos moleculares de 68, 60, 42 y 35 kDa (Fig. 4).

PM
kDa 1 2 3 4 -
—
205 4
123 4 @
79 o = =—es
- 68
: = |—8
. 42
53 =%

Figura 4. Inmunotransferencia de antigenos de metacéstodos de 7. solium. Linea 1: Suero
anti-antigenos de metacéstodos. Linea 2: Sucro anti-paramiosina. Linea 3: Suero anti-
albimina“de’cerdo.  Linca 4: Albimina de cerdo revelada con anti-albumina de cerdo.
Linea 5: Suero anti-lgG de cerdo.

Ensayos de Proliferacion -

dc (.splenocnos de ratén a. Con A y.a los anug,cnos de

metacéstodo

encontrd

de llmldma trm

RPMI. Qas diferencias’. évn_l:a',v
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significativa (#’<0.02) en todas las dosis probadas cuando se compararon con sus testigos

(Fig. 5). lo que demuestra que los antigenos indujeron una respuesta celular.

12 O Testigo
= & bwvamizaro Ak
s 10
%
£ 81
5% 6 * oty
s % o
: e — N[
= r-;& NN

RPMI a5 25 50

antigenos de metacéstodos (La)

Figura 5. Proliferacién de células esplénicas estimuladas con antigenos de metacéstodos.
Las células esplénicas de ratones inmunizados y testigos fueron estimuladas con diferentes
dosis de los antigenos de metacéstodos. *2<0.02: **/’<0.003. Los resultados mostrados son
representativos de 3 experimentos.

Determinacion de RNAm de citocinas

Los RNAm de citocinas fucron deu.rmmadas por RT-PCR ‘a parur de células

csplemcas de ratones mmumzados (”0 dlas dc.spucs dc la @ct,unda mmunnzacnén) Y lestlgos -

esumuladas con Con Ao con los anllgcnos lotalcs del parasn.o. Los resullados moslraron que

las células. tanlo dc ammalcs mmun ados como testl oS, c<t|muluda< con Con A produJeron

RNAmM para IL- 2, IFN-y e IL-4 (l‘ig. 6A). Por olro lado. Ia csumulac:on con los antig,cnos

mostrd que las cclulas de animales. mmunwados produjeron RNAm dc ll‘N-y. L—4 [ lL-S'

mientras que, las células de los animales lestigos no presentaron mcnsajcros (Fig. 6B)
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Inmunizados Testigos
PM f [

] ]
pb L2 B4 W5 FN-7 B-actina N-2 N4 0S5 WN-v Bactina

B

) Inmunizados Testigos

PM

Pb B2 N4 NS5 WNu-v Bactina w2 un-e W-S WN-v Pactina
$00 —

300 5

Figura 6. Perfil de RNA mensajeros de citocinas. La determinacion de RNAm de IL-2, IL-4,
IL-5 ¢ IFN-y se realizé en células csplénicas de ratones inmunizados con antigenos dec
metacéstodos de T. solium y testigos. A) Estimuladas con Con A (5 ug/ml). B) Estimuladas
con antigenos (5 pg/ml). Los productos de amplificacion de PCR fueron analizados usando
geles de agarosa al 2% teilidos con bromuro de ctidio. E! peso molecular esperado de los
productos de PCR fue: IL-2: 502 pb; 1L-4: 399 pb; IL-5: 304 pb; IFN-y: 460 pb; B-actina: 514
pb.

Cinédtica de eosinofilia en sangre pcrlfénca

Los valores normales de eosméflos en raloncs ﬂuctuan enlre 200 y 500 por mm Los

anugenos de metacéstodos dc T. sohum nduy.:ron en r:nones un mcrcm o v nsuorlo, dc

también cstzidiéﬁcamentc significativa (l’<0.0|). Los cosméf'los regresaron a sus valores

normales al séptimo dia (Fig. 7). -
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- O Testigo
+500 - nrmunizado

m::_q@ﬁa EI§ r‘1§ﬂ_§

Tiempo (dias)

3

eosindfilos/mm

Figura 7. Eosinofilia en sangre periférica de ratones inmunizados y testigos. Los eosindfilos -

fueron cuantificados diariamente en cada ratén después de la segunda inmunizacion con
antigenos de metacéstodos. */7<0.01.

Dclcrnunac:nn de isotipos de anncucrpo\‘

. Anucuerpos IgG'e 1gE espccn[‘cos conlm anm,cnos dc mcmcu-.todos lucron deu.ctddog

por ELISA en sueros de ratones mmunlzados (20 dlas despue de Ia seg,unda |mmunlmc10n) Y )

tesugos.k Los resul!ados mostraron:que:l

de 1gG en los sucros de anlmales tesugos (no ir mumzados) prg.sentaron absorbancnas por

debajo de 0.._ (_Flg. 3B).
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0,3 I0E 19G
0,25

0,2
0,15
0,1

0,05 I i

Absorbancia (492nm)

ratones

o¢]

O Testigo
Inmunizado

~

S \
] Fﬂ&ﬁl—l&

[T o] gG2 b 1gG3

Absorbancia (492nm)
2
»
[l

tsotipo

Figura 8. Respucstas de anticuerpos especiticos contra antigenos de metacéstodos de 7.
solium determinadas por ELISA. A) IgE ¢ 1gG (T: testigos ¢ I: inmunizados) y B) Subclases

de 1gG. Los resultados estin expresados como la media de la absorbancia a 492nm 3 DS.
*P<0.012 y **P<0.0007.

Dererminacion de la in cactividad de lox anticuerpos IgG ¢ IgE

Tresvantigc’nos de ‘metacéstodos co‘n pesos moleculares de 93, 85 y 7 kDa fucron
reconocidos por todas las s;ubélascs dc IgG y por IgE. Una proteina de uproximadan‘icntc 57
kDA fue reconocidz.x por lSC‘ivvl; 'ﬁ‘gdzm"ig:GZb e IgE. Otros antigenos (52. 30 y 20 kaba) fueron
reconocidos por lgGlVé lgGZb( 'lg. 9). Iil scghn&o anticuerpo y el sustrato ai iguz;l que los

sucros normales no recaccionaron con los antigenos de metacéstodos como se puede observar
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en la ’igurzi 9 (lineas 1,2 y 3). Dos de las 4 bandas (68 y 60 kDa) que fueron reconocidas por

el suero anti- 1gG de cerdo (Fig. 3) fucron reconocidas también por los antisueros contra todas

" las sul:;cléisé:s'aé':lgG'y por la IgE (Fig. 9).

kDa 1IgG 1gG1 1I9G2algG2b 1gG3 IgE 1 2 3

Figura 9. Inmunorcactividad de los anticuerpos IgG e IglE. Tiras de nitrocelulosa que
contenian los antigenos de metacéstodos fueron incubadas con sucros de ratones inmunizados
y testigos ¥ la inmunorcactividad fue visualizada usando anticuerpos anti-1gG, anti-IgGl.
anti-lgG2a, anti-lgG2b, anti-1gG3 y anti-IgE de ratén. Linea 1: incubada con suero normal y
revelada con anti-IgG de raton. Linea 2: incubada con el scgundo anticuerpo.

Linea 3:
incubada con fa solucidon de sustrato. Se incluyeron marcadores de peso molecular.

Cromatrtografia de intercambio iénico de los antigenos de mctacésrodo

L.os antigenos de metacéstodos se separaron en una columna Hi-trap Q y los resultados
mostraron que se ¢luyeron 7 picos a las siguientes molaridades de cloruro de sodio: Pico | —
0: Pico 2 — 0.08; Pico 3 — 0.18; Pico 4 — 0.29; Pico 5 — 0.38; Pico 6 — 0.55:y Pico 7—=1.0.- Un

perfil de elucion tipico se puede observar en la Figura 10.
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Figura 10. Perfil de elucidon de los antigenos de metacéstodos separados en una columna Hi-
trap Q de intercambio i6nico.: En este perfil de elucidn se puede obscrvar la scparacnon de 7
picos y las molarldadcs a las cuales se¢ obtuviecron.

Se reallzo electroforesns de los 7 plcos. Ios resullados de los prlmcros 5 aparccc.n en la

mientras’ quc protcmas de 95 y. 80 Kda f‘ueron scparadas con Ita’ conéénii‘éciéﬁ énel pico 4

junto con protcmas lanto de alto Y. ba_|o pL\O molecular. :
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PmM

kDa Ag cc 1 2 3 4 -
200 —
97 — P
68 b —
-~ 56
46
43
-——35
29 —
- 24
—— 21
18 — - 19

Figura 11. Electroforesis de los picos obtenidos de la cromatografia de intercambio idnico en
geles de poliacrilamida en presencia de SDS. En la primera columna se observan los pesos
moleculares y en 1a segunda los antigenos de metacéstodos completos. Lineas 1-5 contienen
¢l material de los picos 1-5.

Cuadro 3. Proteinas contenidas en los picos obtenidos por cromatografia de intercambio

idnico de los antigenos de istodos y estudiadas por electroforesis en presencia de
SDS.
PM (KDa) Apg CC Pico 1 Pico 2 Pico 3 Pico 4 Pico 8§ Pico 6 Pico 7
210 x X xX X xX
90 x X xX x
70 x xX
s6 X xX
95 x x
85 X x x
73 X X
66 X X X X X x
56 X X X x x x
46 ~ X xX X
38 x x
35 X x X X X x
29 X X X
27 X x x
24 X X X x X
21 X X x X X
19 X X x x
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En este cuadro se puedc observar que los picos 2,3 y 5, contienen 3 prolel’nas con

_pesos molccularcs dc 66 56 y 35 kDa. Con Ia hnal dad 'de dclcrmmar si esms proteinas

'mducmn Ia expresuﬁn dc RNAs mcnsa_)cros ‘de’ citocinas, : sc - realizaron cnsayos dc PCR'

nlmdos
mlcntras que, las células de ammalc test

para citocinas (datos no mostrados)' p co'S mduJo la exprcsnén de este’ mensaJero hasm las

66 h pcro mmblcn la expresu‘m de ll..—4 e lFN-'y tanto en Ios animales mmumzados como en

los testigos (Fig. 12).

A

i Mco3
PM Pico 2

pb [ | I 1

B2 Wiy B4 B-5 Bactinn W2 FN-Y B 4 N5 Bacting

$00 —.

-

300 ——

Testigos
PM Inmunizados 9

pb W2 4 W-5 FN-7 Sactina -2 N4 WS WN-v Bactina

Pico 5

500
300 —

Figura 12. Expresion de RNAm de citocinas inducidos por los picos 2. 3 y 5. Células de

bazo de ratones inmunizados con antigenos totales de metacéstodos o de ratones testigos
fucron estimuladas con A: Picos 2 y 3 (c€lulas de animales inmunizados) y B: Pico 5 (células
de animales inmunizados y testigos). Los productos de amplificacién que sc obtuvicron
fucron los siguicntes: [1.-5 304 pb, [L-4 399 pb, 1FN-y 460 pb.
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Con - estos  resultados, se decidid “determinar su  actividad in vivo para lo cual se
inmunizaron 4 ratones cdn' 100 ina del Pico 2 en 0.1 mlidc solucién salina por via "

ng de prot

subcutinca'y.

la cosinofilia

incluyécom

resultados stral periférica .

(P=0.02) éon un va gual quc los

antigenos de meta

OTestigos
= AgCC
1600 0 Pico 2

1400 - *

1200 - T
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Figura 13. Eosinofilia de sangre periférica de ratones inmunizados con Pico 2. Se determind
la cosinofilia en sangre de periférica de animales testigos. inmunizados con antigenos de
cisticerco ¥y con el pico 2. *2=0.004; **/=0.02.

TESIS CON
a2 FALLA DE CRIGEN




DISCUSION

La xnmumdad contra - la\ infecciones parasitarias por helmlmcm se caracteriza: por'

cosmophlha e IEE elevada rcspucslas controladas por Imlocnos coopcr'xdorc,s (CD4 ) Las

respueslas de laﬁ.subpoblacmngs 'lhl ¥ Th” de cc..lula

dc ratoncs lnmunwados LS'.

cspuc:f‘cos lgGI e lgL (r'.spuc.sz..\s 'l‘h2)

(Stavnczcr. 1996). otra citocina producida :vpovr ;Th2

produccion significativa de 1gG3 cncontmda (RcSputbld Thl) (P<O 0!2) (Slavne?t.r 1996).
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En nuestros experimentos. ¢l RNAm de lL-2 no l‘ue detectado en los csplcnocilos estimulados

con Io<. amu:,enoq dcl mclucuslodo. sm cmbar;,o se obxcrvo prohﬂ.racmn, la cual pucd(. ser

dcbnda a olros tactorc.s de crccumlumo como lL-4 (.Ianeway y col..—fl999)

incrementada en suero. de; 1l N—yk‘ IL—4 cn t.tapas ldl‘dldb dc 1a lnfecmon (Toenjes v col..
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1999), lo que sugicre que no existe una polarizacién de la respuesta inmune hacia un solo tipo

de rcﬁpucsla. Ln forma snmular nueslro; rt.sulladoq moararon que Ios csplenocno< de ratones

mmunmados y csumulados con anubcno 3 omlcs dcl n etacestodo dc ¢ Imm exprcsaron los

ol.. 1998) ¢ mducc ap’ ptOSIs kcn los eosmél’los (Iaka.n:lskl y col.. |99 ‘ Y qﬁc'nuestros

resultados mostraron qu_c la mmunlzacnon con anugcnos_mdu_jo rcsp stas conlroladas por 1_-
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4 ¢ IL-5. era poco bfobablc que induicran la produccién de 1L-10, aunque hubicra sido

convemenlc determinar lﬂ prcsencna dc L.Sla CIlOCInd cn |OS raloncs lnmunllados.

ados han mostrado “que Ios anlibc.nos deemes

: lL-4 lFN-y en ammales mmunlzados y en tes| gj

protemas quc lo consuluycn puedcn csmr ctuando como un mi éz,cno- Sm Lmbarl,o. la IL-5

solo se indujo ¢n los ammdlcs mmumzados. suglru.ndo que probablemn,nu. la protcina de 60

TESIS CCt
FALLA DE GRIGER

40




kDa participe en la induccidon de esta citocina. Debido a’‘quese ha reportado la presencia de
cosinéfilos cn los g,ranulomas de ccrdos msucucosos (Molmarn y col..; I983a. l<)83b) y el

; 1998) seria |nu.rcsanu_ E

incremento de IL—S y v..om na‘en: sum.ro dc pacncntcs (Lvans y col'

que . los anu&gnos dc '~mctacéslodos
mlcrmedlarlo ya que los antlcucrpos anti albumma y anu-lgG de’ c&.rdo rcconocxeron algunas

: lodo obtcnldos por el método

proteina. l-malmemu. nlgunos dc los anng&.no d«. memc
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utilizado en este trabajo son glicoprolcfnas como los descritos en la literatura y usadas en el

diagnoéstico de ncuroclsucucoms (l sanb y col., I989)

Nucslros rcsullndo confrman'qug (,stos .mtlgenos prolcclorc_s dc 7.7 \ahum mducc.n' .

> ladas por :

Th2
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: L'os‘a'ntigc\nbs dc‘m‘cmcésto'dos indu
h:,Gl (respuesms controladas por Th2)

Se dctermmo quc_ alguna dc Ias prot n

CONCLUSIONES

El- ratén - parccr.. ser-un- buen modclo pard'—usludlar las rt.spucqtas inmuncs: contra

anlu,cnos do mclac;stodos dc 7'. ¥e. Imm ya que rcproduccn rcspugsms qLu. se observan

en el ccrdo y en humano

de los l’lcos 2 3 y 5 (probablgmcme 66 56 v

35 I\da) inducen ln smtes:s dc mensaJeros para lL-S y au,unn dc las comcmdas en el

Pico 2 |nduccn cosmofha in vlva.

| TESIS CON ]
19 AL.LA DE ORIG GEN




w

10.

11,

BIBLIOGRAFIA

“Allan”JC, "Soto de’ Alfaro H, Torres-Alvarcz R (1996)  Epidemilogy-of - intestinal

taeniasis in four rural Guatemalan communities. Ann Trop Med Parasitol 90:157-165 -

Aluja A (1982) Frequency “of porcine cysticercosis in México: " En:-/ Cysticercosis.

Present State of Knowledge and Perspectives. Flisser A, Willms K. Laclette JP :

Larralde C, Ridaura C , Beltran F (eds) Academic Prcqq, New York

Aluja A, Escobar A, Escobedo F, Flisser A, Laclette .lP
Velasquez V., Willms K (1987) Cisticercosis. 'Una recopllaclo
conocimicntos badsicos para ¢l manejo y control de la cnsuccr O
solium. Fondo de Cultura Econémica, Mcxnco

Banchereau J, Roussct F (199
Immunol Res 10:423-427 :

Behm CA. Ovington KS ("000) The role of eosmophlls in paras
insights from genetically modified mlce. Parasitol Toddy 16 20"—209

Bhaskar S, Dutt S, Mukheljee R (2000) A simple method of z_leclroo.lutxon of md\vndual
protein bands from SDS  polyacrylamide bc.ls for direct’ study in’ cellular assays:- 3

Immunoassay 21:355-375

Bojalil R, Terrazas LI, Govezensky T, Sciutto E,
cellular immune mechanisms - in- scx-associated . resistance

to expe
cysticercosis (Taenia crassiceps). J. Pams:tol 79:384-389. .

Bradford MM (1976) A rapid and ;ensxuv‘. method for the quanlxlatnon of’ nucrogra.rn :

quantitics of protein uulwng lhc prmcnple of protein-dye bmdm&, Anal B|ochcm
72:248-254 .

2. Bucno EC, Vaz AJ, Machado LD leramcmo JA (2000a) l‘oldl IgE duecuon in p:ured

cerebrospinal fluid and serum: sample from pauenlb with" neurocysueercosw. Rev Inst
Med Trop Sao Paulo 42:67- 70

Larralde C: (1993) Thymus—rglated’

. TESTS ¢ %

(FALLE T 0 T



13. Bueno EC. Vaz AlJ, Machado LD, Livramento JA (2000b)  Neurocysticercosis:
detection of IgG, IgA and IgE antibodies in_ cerebrospinal - fluid, ‘serum and saliva
samples by ELISA with faenta solium - and Taunia‘ ,crussir:ep.\' antigens. Arq
Neuropsiquiatr 58:18-24 S e )

of  Schistosoma . manvanl )
complexes. J lmmunol l18 2230-223 .

15. Butterworth 'AE (1984) C

T Advances in
Parasitology. Baker Jr, Mullcr LR =

16. Capron A, Dessaint’ Jp,. Haquc A Capron M (1982)" Anubody—

dependent cell-mediated
cytotoxicity a&,amst parasues Prog Allcgy 3 l 1234 ) EEC SR

17. Capron' M; Capron A (1992) Eﬂ'eclor funcuoib "G ‘r‘n'asis.:Mem} ;

Inst Oswaldo Cruz 87 suppl 4:167-70

18. Carpio A, Plasccncxa M, ‘Santillan F, Lscoba.r AQ 94)
‘ neurocysticercosis. Can J Necurol Scx 21 '43-47 L

19. Chandrashekar R. Rao UR, Subrahmzmyam D «(
immune reactions to Brugia pahangz infective Iarva

5):Serum’:dependen ccll-medlatcd'

20. Cho SY, Kim Sl. Kang SY, Park Al (1988)
antibody in cerebrospinal fluid of neurocysuccr
26

P, Sacchi N (1987) Single

Chomeczynski

24. Cook GA, Metwali A, Blum A Malh
expression in granulomas  of Schn'taaom
152:49-58

pz‘n‘ie}jis;-; with" cercbral

FALLA JF 7%

51

Y TESIS CGH

5N




26. Correa D, Tovar A. Espinoza B, Plancarte A. Flisser A (1989) Cisticercosis humana:
relacion  inmunolégica huésped-parasito. En: Cisticercosis ‘humana y . porcina, "su

conocimiento ¢ mvesugacnon en México. Flisser A, Malagdén F (c.ds) leusa-Noncga.
México e e e L

community. lm J Epldﬁl‘ﬂlOlOE}' 28: 799 803

Del Brutto' OH, sb{c'lia'j,' 'denahf GC ('1‘9"9’7‘)‘ N}aﬁr"of;:y

Llsse, Swets & Zenthger . : B T Gt

30. Diaz JF, Verastegun M, Gmlman RH Tbang VCWw, Pilch
Torres P, Montenegro- T, ‘Miranda E (1992) lmmunodmg
(Taenia solium): a field comparison of an zmubody-cn:ry

assay (EL[SA), and antigen-ELISA. and an- enzym(.-lmked im
(EITB) assay in Peru. Am'J Trop Med Hyg 46:610- 613

inked ‘immunosorbent
unoe ctrotransl‘er blot

31. Diaz-Camacho S. Candil-Ruiz A, Uribe-Beltrin M Wlllms K (1990) Serolo;,y as an
indicator of Taenia solium tapeworm infections in a rural commumty in Mexnco Trans
Royal Soc Trop Med Hyg 84:563- 566 .

32. Diaz-Camacho S, Candil-Ruiz A, Suate-Peraza V. /azucta-Ramo: MN Fclxx-Mcdxna
M. Lozano R. Willms K (1991) Epidemiologic study. and conlrol ‘ofTaenia solium

infections with Praziquantel in a rural VIIIag,e of Mexlco. Am J Trop MLd Hyg 45:522-
531 : ‘ :

33. Dissanayake S. Khan N,;. Shahin: A, Wgcsmbhe S LuLm M (200"
immunoglobulin G1. interleukin-6 ‘and. 1nterleukm-10 by Taenia, .
carbohydrates. Immunology 107 41 1-419

34. Dixon HBF, Lipscomb FM (1961) Cvsucercosxs"an analys
cases. Priov Council Med Res Spcc:al Rep Ser. 229 158

35. Dombrowics D, Quanta.nnens B/ Papm JP Capron A Capro

functional Fc epsilon”R1 on:rat’ eosmophlls 4nd macrophdbc.
1271 ;

36. Dombrowicz, Capron M (2001) Eosmophlls, allergy
13:716-720

37. Dunne DW, Butterworth AE, Fulford AJ; l\anulu llC Lang,lc.y G Ouma JH; Capron
A. Pierce RJ. Sturrock RF. (1992) Immunity after treatment of human schistosomiasis:

association between IgE antibodies to:adult worm-antigens and resistance to reinfection
Eur J Immunol 22:1483-1494

27. Cruz ME, Scha.ntz PM Cruz 1-(1998) Epilepsy and neurocybucercosm m an Andcani

u an cysllcerCOSlﬁ‘

; lrlduction of .

. TESIS CON

FALLA TF ¢ “7IBN |




38. Dunne DW, Richardson BA, Jones FM, Clarck M, Thorne KJ, Butterworth AL (1993)
The use of mouse/human chimaeric antibodies to investigate the roles of different
antibody isotypes, including IgA2, in the killing of Schistosoma mansoni schxstoson]ula
by cosinophils. Parasite Immunot 15:181-185

39. Escobar A (1983) The pathology of Neurocysticercosis. En: Cisticercosis of 't.he"Cer’\'tra'l .
Nervous System. Palacios E, Rodrlguc&-Carbajal J, l‘uv’cras JM <(cds):, . Charles C
Thomas, Springfield, IL . R . it

40. Escobedo F, Garcia-Ramos G, Sotclo J (1983) Parasmc dlso'der
Clin Biol Res 124:227-233

41. Espinoza ‘B, Runz—Palacnos G, TovarwA,;Sando_v:'\le.’; Planc
Charactenzatlon “by ‘enzyme linked  immunosorbent  assay
response. in . patients with neurocysl:cercosns and its appllcatlo
Clin Mlcroblol 24 536-541

42. Estanol B Juércz J, Irigoyen MC, Gonmch—Barranco D C
~Immune - ‘response in patients with cerebral parenchymal cys
prazxquanlel J. Neurol Neurosurg Psychiat 52: 254-257 e

43. Evans CAW Garcia HH, Hartnell A, Gilman RH, .losc P M
Williams TJ, Friedland JS (1998) Elevated concemrauons
'in human neurocysticercosis. Infect Immun 66: 4522-4525

44. Fattah DI, Maizels RM, Mc Laren DJ, Spry CJ (1986) Toxo nteraction of

human blood eosinophils with the infective larvae. E*(p Parasntol 61:427 431

45. Fleury A, Gomez T, Alvarez I, Meza D, Huerta’ M. Chavarri
Lloyd C, Dessein A, Preux PM, Dumas M, Larralde’'C ciutlo_;Ej
High prevalence of calcified silent neurocysucercos: } rur
Neuroepidemiology 22:139-145.

lnfecuom Amold Greal ‘Britain

50. Gajewskx TF, Fn.ch F\V C 8)

) Y
. IFN-gamma inhibits the prohferauon ofTh._ but not 'l hl: murme lu,lper T lymphocytc
clones J lmmunol40 4245—425” T

TESIS CON
53 FALLA DE (GRY

GEN !




51. Gansmuller A, Aneunis A, Venturicllo SM, Bruschi F, Binaghi RA (1987) Antibody
dependent in vitro cytotoxicity of newborn 7Trichinella spiralis larvae: nature of cells
involved Parasite lmmunol 9:281-292

52.°Garcia HH ‘Gilinan Rll Gonmles AL (1996)" Epldemxolog,m de la’ cisticercosis en“el

Peri..En: Taemos:s/C1sucerc05|s por T olmm Garcna HH, Manmez SM (L.dS)

Umverso SA Lxma B

53. Garcna HH Araos R, Gllman R!j{ (17999 lncrea:.cd prcvalcnce of C)sucercosxs and
tacniasis among profesional. fried pork. 3 cndors and the. ;,cncral populm'
in the’ Pcruvnan hlf,hlands. Am'J Trop -lyg 59 902 905

(199]) Lg,g, dt.posmon is the ma_|or sumulus for th producuon of ' Th2, cytokmes in
murine shistosomiasis. J Immunol 146:1322-1327-

64. Gutierrez 1 (1990) Cysticercosis, and Sparganbsns ‘En: Dlabnosnc Pathology of
Parasitic infection with clinical correlation. Leca& Feblgcr Phxladclphla

s4 TESIS CON
FALLA 7% ZN




65.

66.

Hagan l’r, Wilkins HA, Blumentha! UJ, FHayes RJ, Greenhood BM (1985) Eosinophilia
and resistance to Schistosoma haematobium in man Parasite Immun 7:625-632

Harrison  GBL, Heath- DD, Dempster: RP, Gaﬁcc: C. Newton SE. Camcron WG.
Lawrence SB, Lightowlers MW, Rickard MD (1996) Identification ‘and ‘cDNA ‘cloning

~.oftwo - novel  low: molecular weight host—protccuve antigens’. from Taenia_ovis

G7.

‘68,

oncosphcres Int J Parasitol 26:195-204 . .0+

idence’ for selective incorporation of
emaeformu. J Parabnol 75: 638 642

Hayun;,a EG, Summer MP, Letonja l‘ (17989)
host 1mmuno;,lobulm by bll’ObIlOCLl‘Cl of

Herbert IV "Oberg C (1974) Cysucercosm in pigs due . to |nfect|on with Taenia solium

ernaeus 1758. En: Parasitic Zoonosns Soulsby EJL ‘(cd) Acadcmlc Press Nuv York

69.

Herbert DR, Lee JJ, Lee NA, Nolaﬁ '[‘J Schad GA,tAbraham D (2000) Role of[L-S in

_innate and adaptive immunity to: larval Slrongylo:des Alercolarl.s m mlce. J [mmunol

70.

71.

73.

74.

75.

76.

77.

165:4544-4551

Herniandez-Jauregui PA, Marquc.z-Monter H Sastrc-Ortls S (1983) Cysuccrcosls of the
central nervous system in hogs. Am J- Vct Rcs 34:. 451-453 : T :

Ito A, Bogh HO, Lightowlers MW, Muchel GF," Takami ST karmya M Omtake K,
Rickard MD (1991) Vaccination against’ 7aenia taeniaeformis infcction 'in rats using' a

recombinant protein and preliminary. analysm of’ the mduced antlbody responses Mol
Biochem Parasitol 44:43-52

. Janeway CA, Travers P, Walport-M,: Capra>JD (1999) lmmunobnolo&y Elsevier

Science Ltd/Garland Publishing, London, UK/New York' USA

Jeannin P, Lecoanct S, Delneste Y, Gauchm JF, Bonnefoy JY‘(1998) lgL‘ verus ]gG4'
production can be differentially rcgulated by 1L=10 lmmunol1160 3555 3561 i

Johnson KS, Harrison GBL;" Lxgh owlers’, W o oy. K.L,,Dempster RP Lawrence.f
SB, Vinton JC, Heath: DD, Rickard MD, (1.989) Vaccmzmon agamst ovine: cysucercosns :
using a defined recombinant antlgcn. Nature 338:585-587. ;

Kalinna B, McManus (1993) An IgG ‘F
(Cestoda) exhibits sequence - homolog
paramyosin. Parasitology 106:289-296°

Katamura K, Yamauchi T, Fudt‘xi‘ T :

l\azura JW, Aikawa M (1980) Host- defer se
infection in the mouse cosmophxl—medlated des
Immunol 124:355-361 ;

lhc ne "bom Jlarvae in Vitro. J

TESIS CC

ss FALLA DF CZ’LG

EN




78. Kramer LD, Locke GE, Byrd SE, Daryabagi J (1989) Cerebral cysticercosis:
Documentation of natural history with CT. Radiology 171:459-462

79. Kumar D, Gaur SNS, Palhak ML (1987) Immunization of pigs against the cysticercus
of Taenid solium using fractionated first” a.nd ‘sccond - peaks of r.y.sl:cercus"cellulo.sac'
scolex antigen. Indian J Amm Scn 57'932 935 :

s Wlllms K (1982) Ullra:,truclure of surroundm;:.
envelopes of Taenia solium cggs. En: Cystnccrcosxs-'prcsent stale of knowlt_dgc ‘and
perspectives. Flisser, A, Willms K, Lm.lcuc JP

Academic Prcss. Ncw York USA i

80. Laclette JP, Ornelas Y Mcrchant M'l’

81. Lacletiec JP, Alagon Al Wlllms K. Torrc-Blanco A
from Taenia solmm cysticerci by a!'ﬁmty to? mamma
275. ’

Laclette JP; Shoemaker C, Richter D, Arcos' L Pante
Veller: A (1992) Paramyosin inhibits complement C

82

H

Larralde C, Morales J. Terrazas LI, Govezensky T,: Romano ‘M:(1995) Se: _hormonc

Letonja T, Hammerberg B (1983) Thu'd compon
deposition, and leukocyte- attachment rclated t
taeniaeformis. J Parasitol 69: 637—644

mmunoglobulin
larval. Taenia

89. Lightowlers MW (1996) Vaccmatxon against ccstode par: Pdfasitél 26:819-824

90. Lightowlers MW (1999) . Erradication of Taema S ysuc‘ekcyd‘sis:‘ arrole for
vaccination of pigs. Int J Parasitol 29:811-817- .. 24 RO

91. Mahajan RC (1982) . Geographical dnstnbuuon - of human cysticercosis. En
Cysticercosis: Present state of knowledge ‘and: perspt.cuvcs ‘Flisser A, Willms K.
Laclette JP, Larralde C. Ridaura C, Beltran F (cds) Acad Press, New York

56 TESIS CCH
FALLA DE ™

EN




92. Maizels RM, Bundy DAP, Selkik ME, Smith DF, Anderson RM (1993) Immunological

modulation and evasion by helminth paramles in human populations. Nature 365:797-
805

93. Mandujano A, Vela M,"’Al’éa;mafajp; ‘cé_ '
fraction of IgG in Taenia 'solium: cysticerci. . Abstracts .VII:Inte auonal Congresﬁ
Parasitology. Bulletin de la Socu:le l‘rancm:.e de Parasnolo;,u. 8 578 S

98. Medina-Escutia E, Morales-Lopez’ Z, Proano: .IV ,Vazqu
Navarrete Vianney, Madrid-Marina V. Laclette JP,:Cc
response and Thl1/Th2 cytokines ' in human
immunosuppression. J Parasito]l 87:587-590 e

99, Merchant MT, Aguilar L, Avila G, Robert: L. Flisse
solium: description of the intestinal implam.atioh :
infections. J Parasitol 84:681-685 S

100. Mectha K. Subrahmanyam D, Hopper K, Nels
human cosinophil-mediated adhesion and cytoto
Indian J Med Res 74:226-230

101. Mitchell GF, Goding JW, Rickard MD (1977) Stu

cestodes in mice. Increased susceptibility of certain mouse’ strams and: hypothyrruc ‘mice
to Tacnia taeniaeformis and analysis of passive: lransfer of res' ance wnh rum Aust J .

Exp Bio Med Sci 55:165-186

102. Mitchell GF (1982) Genetic variation in resistance of mice to; Taema taemaeformn
analysis of host-protective immunity and immune evasion, En: Cysticercosis: ; Present
state of knowledge and perspectives. Flisser A, Willms K, Laclette Jp. :Larralde C,
Ridaura C. Beltran F (eds). Academic Press, New York

103. Molinari JL., Meza R, Suarez B. Palacios S, Tato P, Retana A (19833) Taenia solium:
Immunity in hogs to the cysticercus. Exp Parasitol 55:340-357 . .

a D (1990) Prc.sencc ofa recept T for the Fe' 7

57 FALLA DE O




104.

105.

106.

107,

108. ]

109.

Molinari JL, Meza R, Tato P (1983b) Tacnia solium: Cell reactions to the larva
(Cysticercus . cellulosae) ~in nalurally parusyitizcd, immunizcd hogs. Exp Parasito]
56:327- 338 P : S

Molmarl JL Tato I’ ~Sepu veda J A (1986) Ultraetruclure ;vndence for damagg ;

;Cazares JML (1990) Depressive cffect of a Taema‘
lymphocytes sumulated wnh :

neurocysucercosxs ients - on:: the structure

onchospheras J Parasttol 79:124- ]27

111

114,

115.

84:173-180.

. Molinari JL, Mejia H,’ Whte : y =

Taenia solium: A- cystein ,protcase 'ecreled by melaccslodes depletes human CD4 =
lymphocytes in vitro. Exp Par itol. 94 133 142 S :

Mosmann TR, Coﬂman RL ‘(1989) Thl and Th2 cells: dlﬂ’crunt pallems of lymp kine
secretion lead to dxﬂ’erem funcuonal properties. Ann Rev Immunol 7:145- 173 DR o

Nascimento E, Cosla JO Guu-naraes MP, l‘ab.:n.s CA (1995) Eﬂ'ectlvc immune
protection of pigs against cysticercosis. Vet Immunol Immunopathol 45:127-137

TESS CON_
58 FALLA 77 OA0TER




116.

120.

121.

124.

125.

-90:3730-3734

126.

127.

Okano M, Satoskar AR, Nishizaki J, Abe M, Ham DA Jr (1999) Induction of Th2
responses and IgE is largely due to “carbohydrates functioning as adjuvam.s on
Schistosoma mansoni eggs anugc.n.s J lmmunol 163:6712-6717

. Ostrosky-?elcher LE, Garcia-Mendoza E, Rxos C, Sou.lo J (1996) Humoral and cellular .

immune response within the subzu'achncnd space of paticnts wnlh neur cystlccrcosm
Arch Med Res 27:513-517 .

Pecleman R, “Wu' J,) Fargeas C Dclespesse G (1989) ‘Recombm nt 'rleixl;m 4

‘suppresses - the - production of lnterferon gamma by: humzm mononuclcar cells J Exp

Med 170 1751 1756

Pene J. Rousset F;’ Briere F, Chretxen I; Bonnefoy Y, prts H.:-Yokota T, Arax N, Ara1
K. Banchereau J, de Vrics JE (1988) IgE production by normal lymphocytcs is induced
by interleukin 4 -and suppressed by interferons gamma and alpha and prostagla.ndm E2.

: Proc Nau Acad Scx USA 85:6880-6884

Percz Torres A Ustarroz M, Constanlmo F Villalobos Nelly, Alu_la A (2002) Taenm

solium “ cysticercosis: ‘lymphocytes in' the: mﬂamrnatory reaction ‘in: naturally mfected
pigs. Parasitol Res 88: l50 152

Pit DSS, Polderman AM, Baeta S Schulz—l\cy H Soboslay PT. (2001) Parasne-spec:fc; .
antibody and cellular immune responscb in”humans . infected with Necator ime {
and Oesophagoslomum blﬁ:rcum' Parasitol Res'8 7”2-729 !

Plancarte A. Flisser A. Gauci ChG

Rabiela MT, Rivas A. Castillo S,Can m : nalomopalholomcal aspeclb of
human. brain cysticercosis, - En::Cysticercosis.’ Pu,sem state  of knowledge ' and

perspectives. Flisser A, Willms K, Lacleue JP; Larralde C, Ridaura C, Beltrdn F:(eds),
Academic Press. New York :

Raphael SS (1983) Lynch’s medical laboratoxv'y'lcchr'lology. WB Sanders. Philadelphia

TESIS CON
FALLA DE ORIGEN| °°




129.

130.

131.

133.
134,

135.

136.

139,

140.

141.

. Sarti E. Schantz PM, ’li’léncane A Wilson -

Restrepo  BI, Llaguno P, Sandoval MA, Enciso JA, Teale JM (1998) Analysis of
immune lesions in neurocysticercosis patients: central nervous system rubpcmse o
helminth appears Thl-like instead ofTh2 J Neuronmmunology 89 64- 7‘7

Restrepo BI, Alvares’ JI; Castafio JA, Arias LF Rcslrepo M 'lru_ullo J Colt.g,lal CH. >
Teale JM (2001) Brain granulomas_ in neurocysticercosis pauents aré associated wnh a‘
Thl and Th2 profilc. Infecl lmmun 69: 4554 4560

Richards FO Jr, Schantz I’M Rulz-lecn E. Solvnllo I‘J (
Angeles county JAMA 254 3444 3448

Rickard‘MD.fWi mins F 198‘2)‘ Hydatidosis/cysticei'éosis

vand:
1mmun|zal|on agamst mfccuon Adv Parasitol 21 '229 296 R

Rldaura Sanz C (1987) Host ;response ‘in chlldhood neuroc

some.
patho]ogxcal aspects Chlld Nerv Syst 3:206- 207 .

Robmson P, ‘Atmar RL :,Lc“ns DL‘. thtc AC (1 997) Granuloma cyt
cysticercosis. Infec Immun 65: 29’75-’793 1

Rodrigues V, dc-Mel]o FA ;Maglhaes EP, Ribciro SBF W M rqt
Interleukin-5 and intérleukin:10 areé major cytokincs in cerebrospinal’

id rom pancms
with active neurocysucercoms Braz J Med Biol Res 33: 1059 1063

Rosas N, Sotelo J, Nleto D (1986) ELISA in the dlagnosns of ﬁcur cys
Neurol 43:353-356 SO . :

Sakai H, Sone M, Castro'DM (1998) Seroprcvalencéi‘of Taema volitem.

1ccrc/osusv‘ in
pigs in a rural community of'Hondu.ras Vet Parasnol 78:233:238 SR

Sanchez AL, Lindback J. Schantz PM (1999) A pop
Taenia solium taeniasis and CySth(:l‘cOSlS.‘

Publica. Mex 28:556-563

Sarti E, Schantz PM, Aguilera J};_ ‘
porcine cysticercosis m a rural
41:195-201

Gutierrez: 10,7 Lopez' AS Roberts - J;
Flisser A - (1992b) Prevalence and rlsk faclors for Tacmu :.volium*{tacniosis “and

60




cysticercosis in humans ‘and pq:,s in a village in Morclos Mexico. Am J Trop Med llyg,
46:677-685 .

143. Sarti E, Schantz PM l’lancartc A, Wilson M, Guucrrc& Ol A&uxlera Jo Roberts J.
" Flisser A (1994) “Epidemiologic. esligalié “of Taernia 3
cysticercosis!in a rural vxllage of Mlchoaca.n Stnle, Mexnco Tr
Hy;, 88 49- 52 i

144.

145.

146.
Commumty-Based bpldemxologlcal
solium: compa.rlson of ~ scrologlcal “screening
populations in Mexico. Clin Inf Dis 18:879-885

147. Schenone H, Villaroel F, Rojas A, Ramirez R (1982) }Epldermology of human

cisticercosis in Latin “American.. En Cisticercosis: - Presenl statc:. of”’ knowlcdge and

perspectives. Flisser A, Willms K, Laclette JP Larralde C Rxdaura C. Beltran F (eds) :
Acad Press, New York ;

148. Secaley M, Ramos C. Willms K, Ortiz-Ortiz L (1981) Taenm \olmm Mltogcmc eﬂ'ecl
of larval extracts on murine B Iymphocytes. Parasnc [mmunol 3:299- 307

149. Shandera WX, White AC Chen JC. Dlu P, Armstrong R (1994) Neurocystlcercosns m

Houston, Texas. Mcdlcme 73:37-52

150. Sher A, Coffiman RL (1992) Regulation of |mmumty to. parasn ]
derived cytokmes Ann Rev Immunol 10: 385-409 :

97:219.225

154. Stavnezer J (1996) 'imuncsglobuxin class switching. Curé Op’in”lrfpn')ﬁno\l 8:199-205

61 ' TESIS CLE
FALLA DE CEIGEN




155.

156.

157.

158.

159.

160.

161.

163.

164.

165.

166.

167.

Sturrock RF, Kimani R. Cottlee BJ, Butterworth AE, Seitz HM, Siongok TK (1983)
Observations on possible immunity to reinfection among kenyan school children after
treatment for Schistosoma mansoni. Trans R Soc Trop Med Hyg 77:363-371

Sugaya H, Aoki M, Abe T, Ishida’ K, Yoshimura K (1997) Cytokine responsa.s ‘in mlc'._'
infected with Angiostrongyius canionensis.: Parasitol Res 83:10-15"

Sugaya H, Graeff-Teixeira 'C, Ishida K, Matsuda S, Kauwahira K.’ Yoshimura K (200"),”
Interleukin-5 . transgenic _mice : show augmented - rc5|slance to, Angmwrongylu\.
costaricensis infection. Parasitol Res 88:350-355. ) )

Suquet C, Green-Edwards C, Leid RW (1984) lsolatlon and parual characte Lalxon ofa
Taenia raenlaeforml.\‘ metacestode proteinase mhlbllor. Int J Pa.rasnol 14:165-172 i

Takanaskl S, Nonaka R, Wing Z, O Byrnc P, Dolovnch J
human peripheral blood eosinophils. J Exp Med 180:711-715

Tato P, Valles Y. Rolén R, Molinari JL (1987) Efecto de. n cn cers
inmunodeprimidos, naturalmente parasitados con Cy.slu:ercuv ce Ren mer .
Mlcroblol 29:67-71 :

Tato P, Castro AM Rodn[,uez D. ‘Soto . R; Arechavaleta F,*Molinari JL': (l995)'

Suppression of murine lymphocyte: proliferation induced by . a sma]l RNA purified from
the Taenia solium metacestode. Parasnol Res 81 181~ 187 } - ;

. Tato P, White AC Willms K, Rodnz,uc? D, Solano S Sepulveda J, Molma JL (1996) ’

Immunosuppression and inhibition: of inflammation in mice induced by a small: Taenla'
solium RN A-peptide to 1mplanted T solium metacestodes. Parasitol Res 8" 590-597°

Terrazas L1, Bojalil R, Govezensky T, Larralde C (1998) Shift from an early prouctxvg'
Thi-type immune response to a late permissive Th2-type response
cysticercosis (Taenia crassiceps). J Parasitol 84:74-81 [

in " murmc

Terrazas LI, Bojalil R, Rodriguez-Sosa M, Govezenski T, Larralde. C-‘(i999) Téénta

crassiceps cysticercosis: A role for prostaglandin E2 in suscepublhtv Pardsnol Res
85:1025-1031 .

Toenjes SA, Spolski RJ, Moonecy KA, Kunh RE (1999). ’I'he systemlc u'nmum, response
of BALB/c mice infected with larval Taenia: cra.s.s:ceps =18 ixed /Th1/Th2-type
response. Parasitology 118:623-633 e .

polvacrylamnde g:ls to mtroccllulose shcets proccdur land's'p'r'ne: applications. Proc
Natl Acad Sci USA 76:4350 s : A -

6 TESIS CON
FALLA D% CHOEN |




168. Tsang VCW, Brand JA, Boyer AE (1989): An enzyme-linked immunoclectrotransfer
blot assay 'and . glycoprotein antigens for dldg,nosmg, human - cysticercosis (Tacria
.salmm) J Infec DlS 159 50-59

169 Tsdng VCW leson M (1 995) Taenia sollum. an’ undcr ‘Fecog
health problem Parasitol Today 11:124-126 :

170.

infections. Parasite Immunol 22:487-492

. Velésco-Suarcz M (1983) Cysticercosis: Personal

Th2- lxke immune responsec with concomitant - a.ner&,y and do
associated phenomena. Parasitology 122:561-570-

173.
174.
175.
176.

177.
S. Warren KS (eds), Blackwell Scxenuf ic Publ auons, Oxford

178. Willms K, Merchant MT (1980) The mﬂnmmatory reacuon surroundmg

larvae in pig muscle:ultratructural and hghl rmcroscoplc _observation:
Immunol 2:261-275 e

179. Yoshino K (1933a) Studies on the post-embryonal dcvelopm
I1. On the migratory course of the onchosphcra of Tae
host. J Med Ass Formosa 32:155-158

180. Yoshino K (1933b) Studies on the post- embryc')’nal‘ )
{1l. On the development of Cysticercus r:ellulo.sae wnhx [

he dcfmuve mtcrmed\ale
host. J Med Ass Formosa 32:166-169

181. Zhacarius RM. Zell TE, Morrison JH. Woodlock:1J17(1969)  Glycoprotein staining
following clectrophoresis on acrylamide gels. ‘Anal Biochem'30:148-152

63 TESTS COoN
FALLA °F QPIGEN




182. Zini D, Farell VIR, Wadee AA (1990) The relationship of antibody levels to the clinical
spectrum of human neurocysticercosis. J Neurol Neurosurg Psychiat 53:656-661

o TESIS CON




APENDICE

5 TESIS CON
LFALL®: "7 7" ~=N




PAGINACION
DISCONTINUA




10.1007/500436-003-0855-0

Lot

bttp/ink springee.de/tink/service/pur /008 S S/paper/s004 36-003-08585-0¢h 1 10.htmtl

{Parasitology Rescarch o
1Founded as Zeitschrift fur Parasitenkunde
‘@ Springer-Verlag 2003
:10.1007/s00436-003-0855-0

Original Paper

Taenia solium metacestode antigens which are
protective for pigs induce Th1/Th2 mixed
responses in mice

Isabel Cnﬂcsl. Jose Luis l\lollnunz, Sandra holanul. Lilian Hernandez-Mendoza™,

Antonio Ramirez! and Patricia 'I‘aloI =

(1) Department of Microbiology and Parasitology. Faculty of Medicine, National Autonomous
University of Mexico., Av. Universidad 3000, 04510 Mexico City. Mexico

(2) Department of Molecular Genetics, Institute of Cellular Physiology. National Autonomous
University of Mexico, Mexico City, Mexico

(3) General Hospital of Mexico, Mexico City. Mexico

5 patricia Tato
Email: tato@servidor,unam.mx
Fax: +52-55-56232382

Recceived: 12 April 2002 Accepted: 12 February 2003 Published online: 26 March 2003

Abstract The purpose of this study was to determine the Thl and Th2 cytokine responses
induced by Tuenia solium metacestode antigens in mice and correlate them with the immune
responses elicited in vivo. To assess this aim. mice were inoculated with metacestode antigens.
RNA was obtained from spleen cells of immunized or control mice incubated with metacestode
antigens and used to determine the eytokine profile. Peripheral blood cosinophilia was measured
daily in cach mouse and specific serum antibody levels were determined. Results showed that
metacestode antigens induce the synthesis of' 1L-4, 11.-5 and IFN-~ mRNAs in spleen cells. They
also induced peripheral blood cosinophilia and clicited specific Igh and [gG antibodies, especially
IpG 1. Three antigens were recognized by all 18G subclasses and by 1gli (104, 88 and 7 kDa). and
a 57-kDa protein was recognized by [gGl. 1gG2a, IgG2b, and [glZ. [pGl and 1gG2b recognized
52. 30 and 20 kDa antigens. Immune responses elicited in vivo and the eytokine profile showed
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good correlation.

Introduction

T cells mediate many responses relevant to immunity against parasitic infections. Recent research
has tocusced on the role of T helper (Th) subsets and the cytokines they release in response to
helminths, especially of Th2 cells (Sher and CofTiman /¥9.2). Eosinophilia and clevated IgE are
hallmarks of helminth infections (Okano ct al. /9v%; Bueno ct al. 20¢/a, 2()0b). Th2 cytokines
induce most notably the production of IgE (IL—4 and IL-13) (Penc et al. / . Banchereau and
Rousset /v¥/; Punnonen et al. /¥93) and eosinophilia (IL-5) (Clutterbuck et al /959, Sanderson

/9911) and they are in turn regulated by a network of cross-regulatory cytokines supplied by Th
subsets (Kimata et al. /992; King et al. /993) like IL-10 that modulates [FN--~ and IL-5

production (Boros and Whitfield /998).

An association between IgE antibodies to adult worm antigens and resistance to reinfection with
Schistosoma has been demonstrated (Hagan et al. /9%/; Dunne et al. /9%2). Studies in an
endemic focus of Schistosoma mansoni suggest that the acquired resistance seems to be
IgE-mediated (Van Dam et al. /¥906).

On the other hand. cosinophils are important as effector cells in immunity against Trichinella
spiralis (Kazura and Aikawa /¢ Vallance et al. 2004), Onchocerca volvulus (Greene ct al.
198 1), Brugia malayi (Sim et al. 1982), Toxocara canis (Fattah et al 1986). Angiostrongvius
costaricencis (Su&,aya et al. 2002), 8. mansoni (Butterworth et al. 7 Dunne ct al. /993,
Grezel et al. /293, Dombrowicz et al. 2000, and 7. soliten larvae (Mo inari et al. /283a. /95N3b).

Immunization of pigs with antigens obtained from 7. solivm metacestodes induced a high level of
protection dbdin\l the larval stage., both in pigs chd"t—l’l}__bd with 7% solium egps (Molinari et al.
1983a) and in naturally parasitized pigs (Molman ct al. /983b, 1923). lhstopatholoycal studies
of metacestodes removed from immunized pigs showed an intense inflammatory reaction
surrounding mictacestodes in different stages of deterioration or completely destroyed. These
inflammatory sites were mainly composed of ¢osinophils. although macrophages. lymphocytes.
epithelioid cells. plasma cells and fibroblasts were also observed. Eosinophils were found
infiltrating parasite structures. Morceover, these antigens induced peripheral blood cosinophilia
and 1gG antibodics in nmurallv parasitized pigs (Molinari et al. /¥83a, /983b). To find out
whether mice would be useful in the study of the ‘T'-cell helper immune responses induced by 70
solium metacestode antigens, we immunized mice. determined Thl and Th2 cytokine responses
and correlated these with the immune responses elicited in vivo and those reported in pigs. Here.
we report that 70 solizen metacestode antigens induce mixed Thl and Th2 cytokine responses.
although the prominent immune responses elicited in vivo correlate especially with the Th2
profile (vosinophilia, gk and 1pG 1 synthesis).

Materials and methods
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EXSTIRE.§

Mice
Female inbred BALB/c mice were used in this study. They were given tood and water ad libitum,
T. solium metacestode antigens

Antigens were prepared according to the method described previousty (Molinari et al. /9Y7) with
slight modifications. Briefly, metacestodes were carcfully dissected from the muscles of
cysticercotic pigs, washed three times with sterile 0.15 M sodium chloride solution and blended
for 6 s in a Sorvall Omni-mixer (Ivan Sorvall, Norwalk, Conn.). Mectacestodes were washed
seven times with sterile distilled water and centrituged at 1,500 g for 10 min, the pellet was
suspended in 0.02 M sodium phosphate bufler (plt 7.2) containing 0.4% sodium deoxycholate
(Merck). deoxyribonuclease (20 s12/ml) and protease inhibitors (0.5 mM EDTA, 5 jig/ml

leupeptin and 10 jsg/ml E-64) (Bochringer-Mannheim, Indianapolis, Ind.) and ground with glass

sand in a mortar for 2 h at room temperature. The material was centrifluged at 1.500 g for 10 min
in a Sorvall MC-5B refrigerated centrituge at 4°C and the supernatant incubated for 1 h at 37°C
with constant stirring. It was then dialyzed against 0.02 M sodium phosphate bufler (pH 7.2) for
6 days with daily changes. Afterwards, the extract was centrifuged (15,000 g. 30 min). the
supernatant lyophilized, and its protein concentration was determined (Bradford /976).

SDS-PAGE

7. solium metacestode antigens were analyzed by sodium dodecylsulphate-polyacrylamide gel

clectrophoresis (SDS-PAGE) as described by Lacmmli (£/27¢)) using 10% polyacrylamide gels.

Pre-stained molecular mass markers (Bio-Rad) were mcludc.d After LlLCerphOl’&.slS, gels were
stained with Coomassie bluc.

Immunizations

Ten mice werc inoculated subcutaneously with 100 s:¢ of 7. solitm metacestode antigen

suspended in 0.1 ml of sterile isotonic saline solution. At 10 days after the first immunization. a
booster under the same conditions was given. Control mice (#2=10) were inoculated with sterile
isotonic saline solution. All experiments were carried out in triplicate.

Spleen cell isolation and proliferation assays

25/04.03 0236 am.
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Spleens were removed under sterile conditions from immunized and control mice 20 days afler
the second immunization and placed in RPMI medium. Single-cell suspensions were obtained by
flushing spleens with 5 ml of medium: Spleen cells were washed once by centrifugation at 400 g
for 10 min and then suspended in RPMI containing 10% fetal bovine serum (Gibeo), penicillin at
10 1U/ml, and streptomycin at 10 ug/ml (completec medium). Cell viability was determined by

trypan-blue dye exclusion and cell suspensions were adjusted to 5><106 cells/ml. Proliferation
assays were performed according to Arechavaleta (/295). Aliquots of 5x 10> cells were plated in
triplicatc in 96 well plates (Costar). 7. solium metacestode antigens were added at
concentrations of 0.5, 2.5 and 5 g of protein/well. Cultures were incubated in an almosphere
containing 5% CO,, at 37°C for 7 days. At 16 h before harvesting, | ;Ci of’[sl-l]-thymidine

(74 GBq/mmol; ICN, Irvine, Califl) was added to cach culture. Cells were harvested onto glass
microfiber filters (Whatman 934-AH) and washed with distilled water using a multiple automated
sample harvester (Nunc, Denmark). Tritiated thymidine incorporation was measured by liquid
scintillation counting (Packard Tri-card 300 Beckman Instruments, Fullerton, Calif). Data are
expressed as mean counts per minutexSE.,

Total RNA extraction and RT-PCR

Spleen cells (5= 10° cells/ml) from control or immunized mice were incubated in 24-well
flat-bottom plates with I ml of ConA (5 jig/ml) for 4 h or with 1 m! of metacestode amigene (5 .

s1/ml) for 64 h at 37°C in an atmosphere containing 5% CO5. RNA was extracted from spleen

cells after incubation with ConA or metacestode antigens using a standard procgdun.
(Chomczynski and Sacchi /987). In all instances, 0.5 g of total RNA was used in‘the reverse

transcription reactions, The sequences of the lymphokine PCR primers were those dcséribcd by .
Cook et al. (/993): . . ;

IL-2, 5'-ATGTACAGCATGCAGCTCGCATC-3";
5'-GGCTTGTTGAGATGATGCTTTGACA-3"

IL-4, 5'-ATGGGTCTCAACCCCCAGCTAGT-3";
5’-GCTCTTTAGGCTTTCCAGGAAGTC-3"

IL-5, 5'-TGGAGATTCCCATGAGCACAGTGG-3';
5'-AGGAAGTCTTGCAGGTAATCCAGG-3'

IFN-~, $'"-TGAACGCTACACACTGCATCTTGG-3';
5'-CGACTCCTTTTCCGCTTCCTGAG-3"

All amplification reactions were done for 30 cycles in a thermal cycler (MJ Rescarch.

EXUEE 25/03 030236 4 m

TESIS C X
FALLA DE CH:GEN




10.1007/s00436-003-0855-0 hupHlink springer.de/link/service/our... 370085 5/paper/sIN36-003-08 5 5-0ch 1 10.luml

Watertown, Mass.). The PCR cycling program consisted of denaturation for 1 min at 94°C
followed by anncaling at 60°C for 2 min. extension at 72°C for 3 min. denaturation for 1 min at
94°C, and ending with a final extension for 7 min at 72°C. PCR products were separated by
clectrophoresis in 2% agarose gels with ethidium bromide (5 /50 ml) in O.5~TBE (0.5 M Tris,

0.9 M boric acid. 0.01 M EDTA) at 100 V for 45 min.

Measurement of peripheral blood eosinophilia

Eosinophilia was measured for 10 days starting 24 h after the booster. All immunized and control
mice were bled daily from the tail vein and cosinophils were counted following a standard
technique (Raphael /9583). Blood was diluted (1:20) with Hinkleman's dye solution and

cosinophils were counted in a hemocytometer. Results were expressed as cosin(»pllils/xnnIS.
Determination of specific serum antibodies

G and IgE specific antibodies were detected in sera from immunized and control mice by
ELISA. The metacestode antigen used in all the ELISAs was the same preparation emiployed for
immunization. Briefly, plates were coated overnight at 4°C with metacestode antigens (3 s2g/ml)

and blocked with 3% nonfat milk in PBS for 30 min at 37°C. Plates were incubated with serum
dilutions (1:100) and then with commercial horseradish peroxidase-conjugated rabbit polyclonal
anti-mouse 1gG (1:8.000) (ZIMED Laboratories, San Francisco. Califl) or with rat monoclonal
anti-mouse IgE (1:1,000) (Southern Biotechnology Associates. Birmingham. Ala)). 1gG
subclasses were also detected by using peroxidase rabbit polyclonal anti-mouse 1gG1, 1gG2a,
12G2b and 1gG3 antibodics (1:8.000) (ZIMED).

Specific antibodices were visualized using the o-phenylendiamine peroxidase substrate system at
an optical density 0of 492 nm on an ELISA reader (LLabsystermns Multiskan, Finland). The cut-off’
levels were defined as the arithmetic mean+3SD of the antibody activity of the control sera.

Western blot analysis

Electrophoresis was performed as described above using 18 jzg/well of metacestode antigen and

Western blot analysis was performed according to the method described by Tsang et al. (/989).
{n order to determine the specificities of 1gG, 1gG subclasses, and g2 antibodies., 7. solium
metacestode antigens were electroblotted (100 V for 45 min) onto nitrocellulose by using a
Trans-blot SD semi-dry transfer cell according to the recommendations of the manufacturer
(Bio-Rad). The blots were incubated with immunized or control sera (1:100) and bound
antibodies were visualized with a 1:1,500 dilution of polyclonal rabbit anti-mouse 1¢G or 1gG
subclasses or with a 1:1.000 dilution ot monoclonal rat anti-mouse 1gli conjugated to horseradish
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peroxidase. Proteins recognized by the different isotypes were visualized with the H5O5

4-cloro-1-naphtol (Sigma-Aldrich, St. Louis, Mich.) substrate system. Protein masses were
estimated from band positions relative to molecular wclght markers.

Statistical analysis

Results were analyzed using the Student's s-test. 2 values <0.05 were considered significant.

Results

SDS-PAGE

Electrophoretic assays showed that the 7. solium metacestode antigens contain at lecast 18
different polypeptides with molecular weights ranging between 7 and 220 kDa (Fig. 1).

mMw

kDa a b
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132
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Fig. 1. . SDS-polyacrylamide electrophoresis of Taema solium metacestode antigens. a Molecular mass
markers b metacestode antigens

of IR 25/04/03 02:46 u.m.




10.1007/5004 36-03-OKS55-0 hitp/link.springer.de/link/service/jour.. 3/K8 S 5/paper/s0436-003-0855-Och 1 H).heml

Proliferation assays

Proliferative responsces of splenocytes to metacestode antigens were determined 20 days after the
last immunization. It was found that metacestode antigens induced spleen cell proliteration in a
dose-dependent manner in immunized mice in contrast with control animals in which tritiated
thymidine uptake was similar to that observed in cells cultivated with RPMi medium. Tritiated
thymidine incorporation was statistically significant with all the doses tested when compared with

their controls (Fig. 2)
%
. §
25 s.0

metacestode antigens (1g)

O controt
immunized

AN ™

RPMI 0.5

-
© N & O ® O N
" 1 s L N ;

Y Thymidine uptake {cpm} x 1000

Fig. 2. Tritiated thymidine uptake by spleen celis stimulated with metacestode antigens. Spleen cells from
immunized and control mice were stimulated with different doses of metacestode antigens. ~/~<0.02;
**FP<0.003

Cytokine mRNA production

RT-PCR analysis of spleen cells from immunized and control mice stimulated with ConA showed
similar results producing IL-2, IFN-~, and IL-4 mRNAs (Fig. 3A). Mcanwhile, RT-PCR

analysis showed that spleen cells from immunized mice stimulated with metacestode antigens
induced the expression of IFN-~, IL-4, and I.-5 mRNA in contrast to cells from control animals

stimulated under the sume conditions which did not show any cytokine mRNA production
(Fig. 3B).
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Fig. 3. Cytokine mRNA profile. Determination of IL-2, IL-4, IL-5, and IFN-~ mRNAs of spleen cells from

immunized and control mice stimulated with: A Concanavalin A, and B 7. solium metacestode antigens.
PCR products were analyzed using 2% agarose gels and stained with ethidium bromide. Molecular mass
of the PCR products: IL-2 502 bp, iL-4 399 bp, IL-S 304 bp, and IFN-+ 460 bp

Kinetics of peripheral blood eosinophilia

7. soliurm mectacestode antigens induced a transient increase of blood cosinophilia in mice which

started the second day after the last immunization. The highest level (1,383 eosinophils/mmB)

was reached on the 3rd day. although the increases on the 4th and 5th days were also statistically
significant. Eosinophils return to normal values by the 7th day (Fig. 4).
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Fig. 4. Peripheral blood eosinophilia of immunized and control mice. Eosinophils were measured daily
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Antibody isotype determination

ELISA detected high levels of specific 1gG and 1g2 serum dnubodu.s in lmmum/&.d mice

. 5A). 18G subclasses were measured and it was found that although! IgG1, ‘18G2b, and IbGS
were significantly increased in immunized mouse sera (I’<0 07). lhc 1gG 1 value was the highest
and 1gG2a remained unchanged (Fig. 5B). ) = A "

. 03+ A 19€ 19G -
g 0,25 1 i
o
L o024
g oas
£ o1t
s T .
2 0,051 I

- 0 c 1 ' 1

micao

1618 .o
- 1.4 4 - Q1Control
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Fig. 5. Specific antibody isotype responses against 7. soliumm de antigens d 1 by ELISA. A

IgE and IgG responses. C Sera from control non-immunized mice, / sera from immunized mice. B IgG
subclasses. Results are expressed as the mean absorbance values (Aggsnm)tSD. “P<0.012 and
*=P,<0.0007

Determination of the immunoreactivities of IgG and IgE
antibodies
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_recognized 52, 30 and 20 kDa antigens. Second antibody and subsira
“normal sera showed no bands (Fig. 6 lines'1; 2 and 3). Since, it has b

Three antigens were recognized by all 12G subclasses and by IgE (104, 88 and 7 kDa) meanwhile
a 57-kDa protein was recognized by 1gG1, 18G2a, 1gG2b, and IgE (Fig. 6). 1gG1 and 1gG2b
controls as well as
reported that 7. solium
metacestodes bind 1gG molecules (Landa et al. /99-). we incubated a nitrocellulose strip
containing metacestode antigens with polyclonal rabbit anti-pig IgG serum conjugated to
peroxidase (Sigma-Aldrich) in order to look for 1gG molecules in our antigen preparation. Four
bands (68, 60, 42 and 35 kDa) were found. Two of them (68 and 60 kDa) were recognized by
most of the IgG subclasses and IgE.

MW
kDa 19G IgG1 IgG2s G2 I9G3 WE 1 2 3 L
B =
205 wd uiad
123 o -—104
79 = *«—88
o= |—=
41 o -—Aa2
37 am
17 e
cdm e

Fig. 6. Immunoreactivities of IigG and IgE antibodies. Nitrocellulose strips were incubated with sera from
immunized and control mice and immunoreactivities were visualized using antibodies anti-mouse IgG,
1gG1, IgG2a, IgG2b, IgG3, and IgE. Line 1 Strip incubated with normal serum and revealed with
anti-mouse IgG; /line 2 second antibody control; line 3 substrate control; and line 4 strip uncuba(ed w:th
anti-pig 1gG conjugated to peroxidase. Molecular mass markers are specified :

Discussion

Immunity against parasitic helminth infections is characterized by eosinophilia and clevated
serum [gE. The Th1/Th2 CD4+ responses have been fairly well characterized in murine models
of infections caused by S. mansoni, A. costaricensis, and Taenia crassiceps (Grzych et al. /991;
Sugaya et al. /¥ 7; Terrazas et al. /998; Toenjes et al. /999), but no work has been done on 7.
solium cysticercosis. Here, we describe the mRNA cytokine profile produced by splenocytes
from immunized mice stimulated with 7°. solium metacestode antigens and its correlation with the
immune responses elicited in vivo. Results showed that splenocytes from immunized mice
stimulated with metacestode antigens produced IL-5 and 1L.-4 mRNAs which correlated well
with the cosinophilia and synthesis of IgG1 and IgE spccific antibodics (Th2-responses). 1gG2b
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was also significantly produced. lts switching is induced by TGF-;3 (Stavnezer /Y¥6), another
cytokine produced by Th2 cells. Our results showed that IFN-+. mRNA was induced by 7.

- solium antigens and a significant production of 1gG3 was found (Th1 responsc) (Stavnezer
1996). In our experiments, IL-2 mRNA was not detected in splenocytes stimulated with 7°
solinm antigens. This agreed with the low production of [L-2 in response to helminth antigens
that has been reported (Soboslay et al. /9vY; Pit et al. 200 17).

Cross-regulation by cytokines has been proposed as the mechanism by which Thl and Th2 stay

Martinez et al. /vv). But, although much work has focused on the inhibitory eftfect of some
cytokines produced by these Th cell populations, mixed responses coexist in some parasitic
infections. For instance, the systemic immune response of BALB/c mice infected with 7.
crassiceps is a mixed Th1/Th2 response since an increased production of IFN-~ and 1L-4 was

observed throughout infection when cells were stimulated with larval antigens (Toenjes et al.
1999). Similarly, our results showed that splenocytes stimulated with 77 solium metacestode
antigens expressed IFN-~ (Thl response), 11.-4 and 1L-5 (Th2 responses) mRNAs. However, in

these experiments, the biological effects driven by 11.-4 predominated in vivo since IgE and 1¢G1
specific antibodies were produced to a greater extent in comparison with lgG3. In human
neurocysticercosis (NCCQ). [L-5 and 1L-10 (Th2 responses) are reported to be the major
Meanwhile. peripheral blood mononuclear cells from NCC patients showed a Thl cytokine
profile when they were stimulated with metacestode antigens (Grewal et al. 20(4). Finally, it has
been reported that in brain granulomas from human NCC, Thi cytokines (IFN--~ and 1L-18)

were prevalent but Th2 cytokines (IL-4, [1.-10 and 11.-13) were also present (Restrepo et al.
2001).

The presence of IL-10 in the granulomas around the metacestodes has been documented in 77
crassiceps as well as in patients with 7. solitm cysticercosis (Robinson et al. /997 Terrazas et
al. /998 Restrepo et al. 200 /), but its role has not been elucidated. 1t has been reported that 77
crassiceps metacestode carbohydrates induce the production of 1L-6 and 1L.-10 with the absence
of 1L.-4 and IL-5 (Dissanayake et al. 2002). Moreover, IL-10 inhibits 1L.-4 induced IgE synthesis
by peripheral blood mononuclear cells from healthy and allergic patients (Punnonen et al. /993,
Jeannin et al. /99¥), and induces apoptosis in cosinophils (Takanaski et al. /¥¥4). Since our
results showed that immunization with antigens induced 11.-4 and TL-5-driven responses. it
would be unlikely that they induce [L-10 production.

Previous work on immunized pigs demonstrated that 70 solitm metacestode antigens induced
cosinophilia (Molinari et al. /943b) and that these cells have been related to the destruction of
the cysts (Willms and Merchant /9850, Molinari et al. /956). Eosinophils have been related to
protection in other parasitic helminth infections (Behm and Ovington 200, Herbert et al. 2oy,
Vallance et al. 2000, Sugaya et al. 200>). Our results showed that metacestode antigens also
evoked cosinophilia in mice since. afier the second immunization. increased levels of cosinophils
were observed in the peripheral blood. 11.-5 increases the cosinophil pool within the bone
marrow and promotes cosinophil maturation as well as blood cosinophilia in the presence of
allergen or parasitic antigens (Dombrowics and Capron 2020 /1). Even though, metacestode
antigens did not induce a conspicuous expression o’ [1.-5 mRNA ex vivo, we found blood
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cosinophilia, an 1L.-5 regulated response, suggesting that some antigens in this complex
preferentially induced 1FN-~ and IL-4 mRNA expression ex vivo.

It was also found that 7. solium metacestode antigens predominantly induced the production of
specific IgG1 in mice although specific 1gE and 1gG2b antibodics were also detected. These
antibody responses along with the blood cosinophilia are compatible with a Th2-type immune
response. Similar results on antibody levels have been reported in the 7. crassiceps murine
model, since increasing amounts of specilic IgG1l und 1gG2b were detected as infection
progresses, especially I2G 1. Specific 1gG2a (Thl response) was increased early in the infection
but was later dramatically downregulated (Terrazas ct al. /99~N). rmally_ the results showed that
7. solium metacestode antigens induced a mixed Th1/Th2 response in mice (IFN-~, IL-4 and

1L.-5), although. Th2-driven immune responses predominated in vivo (cosinophilia, and [glZ,
1gG1 and IgG2b antibodics).

The antigens used in the present study induced protection in pigs against the infection with 7%
solium eggs and in naturally infected pigs (Molinari et al. /¥83a, /¥53b). 1n mice, they induced a
granulomatous process around metacestodes implanted subcutancously that destroyed the
parasite (Tato et al. /996, Molinari et al. /295). In all of these works, eosinophils (Th2 response)
have been found in the inflammatory reactions surrounding the larvae and they have been related
to the damage to the parasite. Our results confirmed that 7. solium protective antigens induced
mainly Th2-driven responses ¢x vivo and in vivo. In contrast, results of rescarch with 70
crassiceps suggest that Thl responses are protective (Terrazas et al. /99N, /999).

The murine model using 7. solinm antigens seems to be helpful in the understanding ol the
protective immiune responscs against cysticercosis.
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