FALLA DE ORiGEN

UNIVERSIDAD . . NACIONAL AUTONOMA DE MEXICO

lNSTlTUT°~ DE INVESTIGACIONES BIOMEDICAS

APORTACIONES DE LA CISTICERCOSIS MURINA EXPERIMENTAL
POR Taenia crassiceps AL CONOCIMIENTO DE LOS FACTORES
BIOLOGICOS QUE PARTICIPAN EN LA SUSCEPTIBILIDAD A LA
INFECCION POR METACESTODOS Y AL DIAGNOSTICO Y
PREVENCION DE LA CISTICERCOSIS POR Taenia solium.

Tesis presentada por Edda Sciutto para optar por el grado de
Doctor en Ciencias Biomédicas en el Proyecto de Licenciatura,
Maestria y Doctorado en Investigacién Biomédica Bdsica del
Colegio de Ciencias y Humanidades de la UNAM.

México, 1990

TESIS CON




e e

Universidad Nacional - J ~  Biblioteca Central
Auténoma de México -

Direccion General de Bibliotecas de la UNAM
Swmie 1 Bpg L IR

UNAM - Direccion General de Bibliotecas
Tesis Digitales
Restricciones de uso

DERECHOS RESERVADQOS ©
PROHIBIDA SU REPRODUCCION TOTAL O PARCIAL

Todo el material contenido en esta tesis esta protegido por la Ley Federal
del Derecho de Autor (LFDA) de los Estados Unidos Mexicanos (México).

El uso de imagenes, fragmentos de videos, y demas material que sea
objeto de proteccion de los derechos de autor, serd exclusivamente para
fines educativos e informativos y debera citar la fuente donde la obtuvo
mencionando el autor o autores. Cualquier uso distinto como el lucro,
reproduccion, edicion o modificacion, sera perseguido y sancionado por el
respectivo titular de los Derechos de Autor.



CONTENTIDO

PAgina
I. RESUMEN .

TI. INTRODUCCION
IIT. DESCRIPCION DE LAS TECNICAS Y LA METODOLOGIA UTILIZADA

20
Iv.

ARTICULOS PUBLICADPOS

30
BIOLOGICAL DETERMINANTS OF HOST-PARASITE RELATIONSHIP IN
MOUSE CYSTICERCOSIS CAUSED BY Taenia crassiceps: INFLUENCE
OF SEX, MAJOR HISTOCOMPATIBILITY COMPLEX AND VACCINATION.
lLarralde, Cc., Sciutto, E., Grun, J., Dlaz, M.L., Gove-—
zensky, T. and Montoya, R.M. En: Cell Function and Disease,
1988. Edited by Canedo, 1..E., Todd, L. Packer and J.
325-331.

Jaz.

Plenum Press,

2 EXPERIMENTAL CYSTICERCOSIS BY Taenia crassiceps IN
FACTORS INVOLVED IN SUSCEPTIBILITY. Larralde, C.,
E., Huerta, L., Terrazas, I., Fragoso, G.,
Lemus, D., Lomelil, C., Tapia, G., Montoya, R.M.,
and Govezensky, T. Acta Leidensia. En Prensa.

MICE:
Sciutto,
Trueba, L.,

Diaz, M.L.

ARTICULO ACEPTADO PARA SU PUBLICACION (como primer autor)
' 2 CYSTICERCOSIS VACCINE: CROSS PROTECTING IMMUNITY WITH
solium ANTIGENS AGAINST EXPERIMENTAL MURINE
Sciutto, E., Fragoso, G., Trueba, L.,
t R.M., Diaz, M.L., Govezensky, T.,

C. (Aceptado para su

. Immunology) -

31

T.
CYSTICERCOSIS.
Lemas, D., Montova,
Lomell, C. and Larralde,
publicacién en el Parasite

ARTICULOS ENVIADOS PARA SU PUBLICACION (como primer auvtor)

32
. 1 MURINE Taenia crassiceps CYSTICERCOSIS: H-2 AND SEX
‘ INFLUENCE ON SUSCEPTIBILITY. Sciutto, E., Fragoso, G.,
Dlaz, M.L., Vvaldes, F., Lomell, Cc., Govezensky, T.,
Montoya, R.M. and Larralde, C. (Enviado para su publicaciéan
t al Parasitology Research).

2 ROLE QF ANTIBODIES IN EXPERIMENTAIL MURINE CYSTICERCOSIS
CAUSED BY Taenia crassiceps. Sciutto, E.,
. Fragoso, G.,

Diaz, M.L.,
Govezensky,s T., Montoya, R.M. and Larralde,
C. (Manuscrito en preparacisén).




VII.

VIII.

IX.

ARTICULOS PUBLICADOS (en colaboracién)

RELIABLE SEROLOGY OF Taenia solium CYSTICERCOSIS WITH
ANTIGENS FROM cYsT VESICULAR FLUID: ELISA AND
HAEMAGGLUTINATION TESTS. Larralde, Cc., Laclette, J.p.,
Owen, Ch., Madrazo, I., Sandoval, M., Bojalil, R., Sciutto,
E., Contreras, .., Arzate, J. Diaz, M.L., Govezensky, T.,
Montoya, R.M. and Goodsaid, F. Am. J. Trop. Med. Hyg.
35(5), 1986, 965-973.

DECIPHERING WESTERN BLOTS OF TAPEWORM ANTIGENS (Taenia
solium, Echinococcus granulosus, and Taenia crassiceps)
REACTING WITH SERA FROM NEUROCYSTICERCOSIS AND HYDATID
DISEASE PATIENTS. Larralde, C., Montoya, R.M., Sciutto, E.,
Diaz, M.L., Govezensky, T. and Coltorti, E. Am. J. Trop.
Med. and Hyg. 40(3), 1989, 284-292.

IMMUNODIAGNQOSIS OoF HUMAN CYSTICERCOSIS IN CEREBROSPINAL
FLUID (CSF): ANTIGENS FROM MURINE Taenia crassiceps
CYSTICERCI EFFECTIVELY SUBSTITUTE THOSE FROM PORCINE Taenia
solium. l.arralde, C., Sotelo, J., Montoya, R.M., Palencia,
G., Padilla, A., Govezensky, T., Diaz, M.L. and Sciutto E.
Arch. Pathol. Lab. Med. En Prensa.

REVISION BIBLIOGRAFICA PUBLICADA

EL COMPLEJO MAYOR DE HISTOCOMPATIBILIDAD DEL RATON Y LA
RESPUESTA INMUNE. Sciutto, E., Revista de la Facultad de
Medicina 30, 3, 1987, 79-86.

REVISION BIBLIOGRAFICA ENVIADA PARA SU PUBLICACION

SUSCEPTIBILIDAD GENETICA A INFECCIONES PARASITARIAS.
Fragoso, G., Sciutto, E., Estrada, I. y Larralde, C.
Enviado para su publicacién a la Revista Latinoamericana de
Microbiologla, 1990.

DISCUSION GENERAL Y PERSPECTIVAS

33

34

35

36



I. RESUMEN




El trabajo reportado en esta tesis identifica .como factores

criticos ' enila instalacién y desarrollo del parasito.(cisticerco) en

su hoéﬁeaéréf(%éégnjfa factores sexuales, genétiqg§{7inmunolOgicés Yy a
los aﬁééiédosfal compartimento en gue el parasito se desarrolla. Estos
estuqiqs;Jég;;hgh realizado utilizando el modelo experimental de
cisﬁicercosis murina por Taenia crassiceps. Este modeloc ha permitido

explorar sistematicamente la complicada red de eventos qgque se suceden

en el fenémeno de la infeccidn parasitaria que termina en una relacioén

de cierta convivialidad entre la especie parasita y la especie

hospedera.

Las observaciones Yy resultados reportados en esta tesis

consolidan la propuesta de considerar a T. crassiceps como un modelo

de cisticercosis por Taenia solium. A pesar de 1las limitaciones

propias de un modelo experimental de infeccidn y la diferencia entre

ambos céstodos, el modelo de cisticercosis por T. crassiceps ofrece la

esperanza de generar caminos propicios en el estudio de la relacison

entre el cisticerco de la Taenia solium y sus hospederos naturales.

Ademas, en esta tesis se reportan los estudios gue demuestra una

extensa antigenicidad e inmunogenicidad cruzadas entre T. crassiceps y
T. solium, lo gque ofrece la posibilidad de utilizar los cisticercos de
Taenia crassiceps como una fuente alternativa de antigenos en el

diagnéstico y la prevencion de la cisticercosis humana y porcina.



Este trabajo intenta con;tr;i.bui: al conocimiento de la relacién
hospedero—-parasito en'l’a é.isﬁic_ércbsis ,‘ tanto éniel ‘iﬁmuﬁodiagn§sticb
epidemiolégico - e “individual” "como en la-. feno‘ménologjjaA me}'ie‘éygllax‘:‘ v
celular que 'subyacei' en-esta- fo‘fma dreA c'o'nirivvéncia ‘,vbioiégvi‘ca_»en;rve. ..dos

organismos.
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CICLO DE VIDA
TAENIA SOLIUM
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Figura 1. Ciclo de vida de la Taenia solium.



La cisticercosis causada por Taenia solium

es una
parasitaria

enfermedad
afecta principalmente al hombre v al

que cerdo. Cuando
individuos de alguna de estas dos espec;es se lnfectan con huevecxllos
de  Taenia = solium, -los huevecillos se dlferencxan

‘a’ metacéstodos
‘(cisticercos)',e n ' algan

compartlmento del hospedero.
parasito

El ciclo” del
se completa cuando el hombre come carne de cerdo
con ClStlcerCOS

parasltada
estos “llegan - al 3

1ntest1no delgado,

alli'.se
desarrollan 'Y dan lugar a. la  forma . adulta del para51to., . Por
‘el  parasito adulto produce‘  mlllones‘fidé

 enﬁ'lask‘heces



FRECUENCIAS DE LOCALIZACION DE CISTICERCOS. EN

2188 CASOS EN LATINOAMERICA

TABLE VII. Locarion of the Parasite in 2188 Cases of Cysricercosis in Larin America®

Location? Number ofo

Encephalon 1719 78.6
Spinal cord 72 3.3
E>c and annexcs 368 16.8
Subcuiancous rissue 159 7.3
Muscle . 79 3.6
Hear: 31 1.4
Other 124 5.7
Gencralized 23 1.4

@ Data taken from Refs. 2,8, 16—19, 2123, 27, 29, 32-34, 38, 42, 46, 52-63.

b Some parients had larvae in more than one location.

Tabla I.

Schenone et al,

i1982.
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La cisticercosis humana y porcina constituyen un serio- problema

socioceconemico en palses de Asia, Africa y Latinoameérica.-

Las =consecuencias’ patolégicas de 1la

‘cisticercosis dependen
principalmente

del:siﬁib de alojamiento del: cist cércq;' de: la carga
parasita;ia‘y'démlé reaccién del hospedero-al p't&éito.

En. el humano- la forma mas grave y,apafehtemente mas. frecuente de:
enfermedad es la neurocisticercosis (Tabla I), la que se establece
cuando la larva se aloja en el sistema nerviosd:,céntral. ) né

neurocisticercosis es un problema de. salud frecuente  ‘en'

con.
grandes implicaciones sociales y econémicas. E1l econémico

causado por 1la teniasis-cisticercosis se extiende a’la: porcicultura.
donde genera dgrandes peérdidas por decomiso de carne:parasitada.




Los estudios de la transmxsxén de esta enfermedad se  han
concentrado al analisis de factores soc1ales,

econdmicos Yy culturales
gue tienen ev;dentemente un rol fundamental en la persistencia de su

c1clo - pero ‘se han desculdado los factores biclaegicos que afectan su
transmisisén.

‘Débido a que la rcos O solium afecta al hombre y al
cerdo, resﬁiﬁa i

analisis sistematico de los

factores blolbglcos qu‘ partl lpan;en la susceptibilidad del hospedero
a1 paraslto.‘ w

En este ‘sentido- mnos ha 1nteré$ado conocer

las estrategias ée
convivencia qué se'es tre dos organismos complejos, Qy:jlosl
fendmenos bioléélco subyacen en la determlnac;¢n‘ ;ias%;
condiciones maSjl ,Llas mas adversas para ‘co v1v1r ‘Qél~
conocimiento . de intimidéd de esta :

alternativas para

relaclon ,podria »ofrecer
modlflcarla exacervando aquellos fenomenos asoc;ados
a la resistencia-f‘.a:

10



LARVAS EVAGINADAS DE Taenia solium A DISTINTOS
TIEMPOS DE CULTIVO

(ASPECTO Y TAMANQ)

b
[\

w
9

LENGTH {mm)
N "]
~ W
4
[

AN

]

. . . R
3 2 24 30 39 an 37 90

) DAYS
Figura 2.

Morales, E. and Canedo, L., 1982
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Ex;sten;'muchas,estrategias para abordar el estudio

experimental
de la.cisticercosis, -

las qué varian en las fases de la infeccién

que

Entre ‘ellas las

reproducen y‘veliftlpo de 1nformac1on que generan.

teécnicas de cultlvo ‘de par&s;tos *in vitro" permiten estudlar efectos

de lntervenCLOnes experlmentales directamente sobre el paras;to,
alslan

pero ,

'a los clstlcercos de su nicho ecoldgico.

Por. otra
estrateglasv“ln vivo"

adolecen de falta de detalle: molecular

complejidad de las redes interactuantes de un organlém

s;gnlficado biolédgico de estos experimentos pareééri

Come ejemplo de la pérdida de contexto biolégico: en los
experimentos "in vitro©, consideremos el fenémeno de evaginacisén que
ocurre en la mayorla de los cisticercos después de 3 o

4 dlas de
separados de su

pegqueno porcentaje de
cisticercos permanece como tal en el cultivo,

hospedero. Solo un los
mientras la mayoria de

ellos evagina (Laclette, comunicacién personal) ¥y la larva evaginada

crece hasta alcanzar un maximo de 3 o 4 cm (Figura 2). Mientras tanto

si los cisticercos hubieran permanecido en su hospedero intermediario,

la gran mayorlia de ellos hubiera permanecido como tal

indefinidamente
hasta

ser ingeridos por el humano y diferenciarse al estado de tenia.

Estas observaciones permiten suponer gue el cambio de ambiente de 1los
cisticercos dispara senales de diferenciacién que modifican el destino

natural de estos paraAsitos. Asl, el mantenimiento de los cisticercos
en cultivo, resulta mas atractivo como modelo de diferenciacién

que
como modelo para el estudio del parasito en

la fase de cisticerco.

11



MODELO EXPERIMENTAL DE TENIASIS
POR Taenia solium EN HAMSTERS

(Diferencias en eficiencias de infeccién con distintos
tratamientos inmunosupresores

del hospedero)

TABLE 4 Comparative susceptibility of ma:le‘ and female hamsters to infestation with 7. solium

Males {

) . X { Females
Treatment s o ‘D(t':nszge o Coe
. ‘No. infested \ No. positive | No. infested | No- pos
5.0 s 40,0 s 0
2.5 s £0.0 5 0
30 19 895 29 %]
0,025 8 6205 10 0
5.0 4 50,0 .0
i a1 70,7 54 ]

Tabla II. Vester, A., 1974



Respecto a la instalacién de Taenia solium (cisticerco y/o tenia)

en animales de laboratorio; 1los resultados mas alentadores distan aun

de - establecer . a_ _estos metodos como las formas mas

a?ropiadas, para
reproducir. el,deé

rollo completo del parasito,

segin ocurre en. - las
condiciones naturales de transmisién.

Uno.de’los modelos experimentales de Taenia solium consiste en la
instalacioﬁ_ del paraAsito adulto en hamsters inmunodeprimidos.

Los
primerés'intehtos exitosos fueron realizados por Verster (1971, 1974)
en. hamsters dorados previamente inmunosuprimidos guimicamente (Tabla
II) o por irradiacién.

Después de 10 dias de infectados por wvia oral
recuperan tenias con progiotidos esteériles del

del hamster. En la Tabla II

se intestino delgado

se ilustra la eficiencia de infeccioén
utilizando diferentes drogas inmunosupresoras en distintas dosis 'y
combinaciones para suprimir al hospedero y facilitar la instalacién de

la tenia. Este modelo permite estudiar una

fase critica en 1la
diferenciacion del parasito,

como es la transformacién del cisticerco

en tenia aungque las reglas que rigen esta relacién son probablemente
diferentes a las gue rigen la relacion entre el cisticerco y el
hospedero (distinta fase del parasito, distinto compartimento del
hospedero) . ‘

12



PROTECCION POR VACUNACION FRENTE. AL DESAFIO DE RATONES

CON ONCOSFERAS DE Taenia solium

Table l Number of Cysﬁuerc: (larva of Taeniz solivum) in lung and liver from mioce im-

with 2 and challenged with 736 Taenis solium oncospheres
by intravenous route.

No. of Pararitized
cysticerci m

Dosis
(ug) Lung Liver Total X Range No./Total k3
Control 24 1 25 4.16 2-9 €16 100
15 (0) [J o V] 0.0 0-0 0i6 [+]
25 (0 [+} 0 o 0.0 0-0 0i6 0
15 {(OB) [+] 2 2 0.33 0-2 116 17
15 (S) 2 1 3 0.5 0-2 26
25 (S) 2 o 2 0.33 0-2 1/6 17
All renls had a high staustical significance P < 0.005.

O = Antgens fmm \sohled on«xhphe
QB =~ A

and blocks fraction
i, Rk S fr

plete eges. scarve oncospheres and blocks )

Tabla IITI. Molinari et al (1988)



Entre los intentos. de lnstalar al paraslto T. “solium-en el estado

larvario de c15t1cerco‘ cabe destacar a“un modelo murlno publlcado
recientemente por autores

desafian ratones con onco

Taenia solium, procedentes
con niclosamida. Lo

oncosferas ‘por

sacrificados. La

lmplantaCLon de

las larvas no alcanzan a desarrollarse completamente,

en su hospedero intermediario mnatural, el 100% ,rgtbnes

infectados presentan implantacion de larvas. en un promedlo de 4

. por

ratdn Yy esta implementacién es susceptible a modificarse a traves de;
inmunizacien "previa del hospedero con antigenos del parasito como

se.
observa *én‘ la - Tabla III. El empleo de este modelo se encuentra
limitado ~a la disponibilidad de las oncosferas de Taenia solium, ‘lo

que fimplica un alto grado de dificultad y riesgo en su utilizacien,
pero sin .duda es de sumo intereés buscar las condiciones ‘que . lo
optimicen.

13



Figura

3.

La Cisticercosis
crassiceps.

Experimental Murina causada por

Taenia

s



Intentando avanzar en el conocimiento de los factores biolégicos
mas prominentes en la relacién cisticerco-hospedero, Y ante  las
limitaciones para instalar 1la cisticefcbsis ‘por Taenia -’ sdlium

experimentalmente decidimos estudlar otro: cestodo (Taenla cra551cegs)
parAsito natural del ratédn (Flg. ¢

en la
bibliografia, esta

c:Lst:Lcercos:Ls

‘é:acteristicas
atractivas para ser abuéhﬂ'modelb,‘éXperimental,
comenzando por su

en ratones,»'especie muy
estudiada

geneticamente, 0pt1mamente ‘en

peritoneo,
compartimento

a ser. modificado. En 1la
figura 3 se’ Aaspecto de un ratén infectado
lntraperltonealmente pcéh' cisticercos de Taenia

crassiceps Yy puede
observarse la

'enorme capacidad para alojar parasitos de este
En principio este trabajo se concentr® en estudiar

el crecimiento de 1los

compartimento.

cisticercos en ratones y en recopilar la

necesaria para establecer las similitudes
entre ambos parasitos

informacion

vy diferencias

asl como entre la cisticercosis por

Taenia
crassiceps y la cisticercosis por Taenia solium

14
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La grafica ilustra el crecimiento de la carga parasi-

taria (nimero de parasitos recuperados en peritoneo)
después de distintos tiempos de infeccidén de ratones
BALB/c hembras (o) ¥y machos (.) infectados con i0
cisticercos por raton. Cada punto resulta del
promedio del numero de cisticercos obtenido en 10
ratones.
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Fiéura 4b.

publicados
Larralde).

Correlacién
cuantificacién de la
obtenidos en el

namero de parasitos

entre dos parAmetros utilizados en la
carga parasitaria (datos no.

laboratorio del Dx.



Respecto. a su crecimiento, el cisticerco de Taenia crassiceps se

divide de manera sexuada y asexuada por gemacién maltiple.

Infectando
intrapefitonéalmente el ratén con algunos parasitos podemos recﬁperar

cientos de cisticercos en unas cuantas semanas.

En la " Figura 4a vemos coémo, despueées de la inoculacién de 10
cisticercos de T. crassiceps en la cavidad peritoneal del

ratén
obtenemos cientos de cisticercos en unas cuantas semanas.

Ademas, -los
cisticercos son fAcilmente cuantificables macroscodpicamente por conteo

individual de los mismos © por medicién del volumen gue ocupan.

Estas
variables presentan un alto lndice de correlacién, Y pueden Vser'
utilizadas indistintamente cuando se trata de medir altas cargas
parasitarias. En la Figura

4b se observa la relacioén

parametros utilizando cientos de valores

experimentales que
obtenide en el laboratorio.

hemos

El principal atractivo de este modelo radica en dque es el ratdn
una de las - especies hospederas naturales de T. crassiceps ¥y su
fisiologia,: .

asl como su genética es la mas conocida de los mamiferos.

Existe ~ademas  disponibilidad de cepas singeénicas, congénicas y
recombinantes ‘en porcicnes del genoma de gran interes inmunolégico,

como. es el Complejo Mayor de Histocompatibilidad (H-2) y la posibili-

dad de modificar su genoma creando ratones transgénicos.

15
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Taenia crassiceps

ZORRO
huevecillos 2%° .
@0 medio ambiente
© 0o
< .
\\\\" 55
RATON = cisticerco
reproduccidn

por gemacidn in vivo o in vitro

SED SEED S
J =& — &g — 8

Figura 5.

Ciclo de vida de Taenia crassiceps

Figura 6. Imagen

de la forma gemante de un cisticerco de Taenia
crassiceps (ORF)

en microscopio esteroscépico {corte—
sla de la Dra. Teresa Rabiela).



Comparando 1os ClclOS de vida de T. crassicegs con T. solium

(Fig. 1 Y 5) podemos observar que ‘en’ la fase sexuada de reproducc;én

ambos requleren de un hospedero lntermedlarlo (porc;nos o roedores) h'4

.an. hospedero deflnltlvo (humanos o canidos y fellnos). Los cisticercos

Y tenlas de ambas espec;es se parecen en su estructura macroscopica,

si blen tanto los c¢isticercos como la tenia de Taenia crassiceps son

mas pequenos . Una diferencia notable pero may ventajosa

experimentalmente es dque, ademas de la forma sexuada de reproduccion,

los c;stlcercos de Taenia crassiceps tienen la capacidad de leldlrse

or emaciéon polar maltiple como se ilustra en la Flgura 6."Asi un
P g

cisticerco —emite gemas gque crecen (Fig. 6) Y se separan ‘delf cuerpo

gemante dandof~lugérba una poblacidn muy numerosa de clstlcercos ‘en
poco tiempo. Esta  forma de divisiéon permite mantener tanto in  vivo
(Freeman, 1962) como in vitro (Taylor, 1963; Siebert and Good, 1979)

a los cisticercos. In vivo, los cisticercos crecen y se multiplican

dptimamente. en la cavidad peritoneal de ratones, lo gque permite un

facil acceso experimental a la relacién hospedero-parasito. In vitro,
si bien su crecimiento es mucho mas lento, pueden también mantenerse

durante un par de meses en los medios de cultivos convencionales.

16



ANTIGENOS DE FLUIDO VESICULAR DE CISTICERCO
DE Taenia crassiceps

Suero de

Suero de Suero de

ratones humanos humanos
cisticercosos neurocisticercosos normales
(T. crassiceps) (T. solium)

Figura 7. Datos obtenidos en el laboratorio del Dr. Larralde
) Rosa Ma. Montoya.

por



En el ’inteénto. de identificar similitudes y diferencias entre
ambos céstodos. estudiamos el repertorio de antigenos reconocidos por
sueros”huménos de neurocisticercosos (T. solium) confirmados y sueros

de ‘cisticercosos (T. crassiceps) utilizando como fuente de
antigenos "“1;quido vesicular del cisticerco de T. crassiceps e
identif CAQdélds por. inmunoelectroransferencias. En la Figura 7: puede

consﬁétéréé“ la gran reactividad cruzada entre los antigenos de ambos
paraaitbs.

17



Peso Total Peso

Peso

de ratones de ratones de la masa .
parasitados (grs) parasitaria

(grs) (grs)

51 23.5 27.5

44.6 23.5 21.2

48.5 21.9 26.7

47 .2 23.4 23.8

46.4 23.7 22.7

55.4 25.1 30.3

49.3 23.8 25.5

51.7 22.6 29.1

Tabla IV. Registro de pesos de ratones Balb/c hembras después de 300
dlas de ser

inoculadas por via intraperitoneal con 10
cisticercos por ratén.

Figura 8. Aspecto de ratones BALB/c hembras después de 300 dias

de infectados con 10 cisticercos de Taenia crassiceps.




Esta inmunoreactividad

los

cruzada  ‘permitid i considerar  a
cisticercos de Taenia crassicegs.;cdmo

provisién de antilgenos, lo que Seria\d‘

cuenta la alta carga parasitaria-qu en la

cavidad peritoneal de los ratoﬁ s “infectados que puedé‘superar la
masa corporal del ratén. (Ta B a‘utilidad de estos

antigenos  en el inmuncdiagn ticercosis . humana  forma
parte del. contenido:-de esta tes

) 'El;‘antecedentefde 1a'gran 1nmunoreactividad cruzadaféntre ambos
ceéstodos . sumado

a la rapidez en la instalacién de .la 'cisticercosis

murina ofrece condiciones optimas para la evaluacién

antlgenos
interesantes para vacunacion. Para ello utilizamos

como.” ‘antigenos

extractos provenientes de T. crassiceps y de T. solium para inducir
proteccidén inmunolégica a los ratones frente al

desafio con
cisticercos de T. crassiceps. Estos experimentos 'de evaluacidén

experimental de una vacuna contra la cisticercosis se detallan en

el
contenido de esta tesis y fundamentan nuestra esperanza

de inducir
nmunoproteccion

i en cerdos vacunandolos con antlgenos provenientes de
T. crassiceps.
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IIT. DESCRIPCION DE LAS TECNICAS Y LA METODOLOGIA UTILIZADA

20



Esta seccién constituye una descripcion detallada de las técnicas
utilizadas. Si bien ya se encuentran, aungue maAs sinteéticamente
descriptas en los artlculos gue constituyen esta tesis, este apéndice

de metodologlas intenta favorecer su reproduccioén.

MANTENCION DE LOS PARASITOS

Los cisticercos de Taenia crassiceps empleados son de la cepa ORF

Yy los de la cepa HYG. La cepa ORF fue la primera aislada' y  esg

mantenida en el laboratorio desde 1952. En 1972 se reporta#qﬂ  lé§j
primeras anomalias en la constitucién de su escolex y en la acfﬂalidéd,
esta estructura se ha peéerdido completamente. La cepa HYG,;' ﬁi¢ﬁt;é§_
tanto, mantiene sus caracteristicas estructurales nofméiégfaj ;sﬁ;

capacidad de completar el ciclo sexuado de divisién.

Estas dos cepas de parasitos estdn siendo mantenidas en “ratones
Balb/c hembras. Los ratones se infectan inoculando pof via
intraperitoneal 10 cisticercos de un tamano de aproximado de: 2 mm
suspendidos en 0.5 ml de PBS con jeringas de insulina con aguja de 25
x 16 mm. Previo a la inoculacién, los cisticercos se lavan con PBS, en
relacion 1 volumen de parasitos en 20 vol de PBS. A partir del mes de
infeccion y en los siguientes 4 meses se utilizan los parasitos
generados en 1la cavidad peritoneal de estos ratones para toda la
experimentacién. En nuestra experiencia los parasitos provenientes de
infecciones mas prolongadas tienen alteraciones en su capacidad de

reproduccién por lo gue no recomendamos sSL USO.
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OBTENCION DE An'r;tcENos DE CISTICERCOS

Para 1éw_obtenc10n

de antigenos se

parte, de los
con soluc;on £151ol¢g1ca y mantenldos .en hlelo
posibles actlv;dadesiproteolitlcas.

cisticercos
lavados

para reducir

Asi tratados,

obtencidn de

los utilizamos en la
tres preparac ones antlgenlcas :

1. Extracto Total

Se resuspenden loéx

c15t1cercos en PBS
inhibidores

fflo‘ adicionado  con
enzlmatlcos (EDTA 2.5 mM(0.93 g por litro de PBS), PCﬁB
(0.4g disueltos. en 10 ml de H20 destilada adicionada con 4 gotas'
de NaOH 5 M),

0.04%

PMSF 0.006% (0.006 g disueltos en 4 ml de etanol o

propanol), en una relacion de 2 volumenes de solucidn por volumen
cisticercos. En estas condiciones se homogeinizan los parasitos ‘en un
Polytron (Brikmann

Instruments) manteniendo durante 10

émbolo en la mezcla y repitiendo 10 veces esta operacién.
la

segundos el

Se detexrmina
concentracion proteica del extracto por el método de Lowry
(=]

¥y se
congela a -70

hasta su uso en alicuotas.

2. Fluido Vesicular

Los cisticercos obtenidos y lavados con PBS mantenidos en bano de
hielo. Se

colocan sobre un papel de filtro para quitar el exceso

de
PBS, se pasan uno por uno a un tubo de centrifuga. Se centrifugan a
10.000 rpm durante 60 min. El liquido vesicular mas componentes del
parasito solubilizados en el sobrenadante se separan del paguete
celular, se

determina su concentracién proteica y se congela en
o
alicuotas a -~ 70 hasta ser utilizado.

22

Lz_k'

de"



3. Extracto antigeénico enriguecido

-con antigenos . de

sugerficie

PBS adicionado con

cisticercos con 20

resuspenden en la misma relacion de volume‘

lavado vy se dejan en agltaclan suave durant

centrifugan a 15.000 rpm durante 60 min,

’a >4 z Se
fa,la capa'de lipidos

que gueda como una pelicula en la parteisuperlor~dél'sObrenadante. El

sobrenadante se ultracentrifuga una hora3za: 50.000 rpm, se separa el

sobrenadante obtenido se determina concentracxon proteéica, se
o

preparan alicuotas y se mantienen en: congelaclbn a - 70 hasta su uso.

CUANTIFICACION DE ANTICUERPOS POR ELISA

Se utilizan ~placas de fondo en U de 96 pozos tipo immulon I

(Dynatech) como soporte de reaccion. Se sensibilizan con 100 . ul por

pozo de ‘una;'soluc16n de 10 ug/ml de proteinas totales  del ' f£luido

vesicular 'en Trls ClH 0.01 M, PH=7.5 incubando durante 2 horas a 37

grados y toda,la noche a 4 grados. La placa se sella hérmgticamente =]
se Vmahtiépé en camara humeda durante los tiempos de incuﬁacibn. Las
placas se iaﬁan 5 veces con 200-250 ul de PBS—Tweeﬁ'al 0.05% y se
bloqﬁea con 100 ul por pozo de una solucién de albumina'serica bovina
al 1%

en PBS durante 60 min a temperatura ambiente. sSe fepiten los

lavados de la manera descrita. Se adicionan 100 ul por pozo de

los
sueros diluidos 1 200 en PBS -Tween 0.01 % incubando a temperatura
ambiente durante 90 min. La placa vuelve a lavarse y los anticuerpos

£ijados se revelan thilizando inmunoglobulinas de suero anti-ratén
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biotinilado (100 ul por pozo de la dilucidén recomendada durante 60 min
a .

temperatura ambiente) y avidina peroxidasa (100.ul por pozo

de la
dlluc;én recomendada durante 60 min a temperatura amblente).

. La placa
se lava y la actlvmdad de perox1dasa se revela agregando como'sustrato

o- phenllendlamlne

(0. 04% en buffer citrato- fosfato(ac;do citrico 0.1M
/ PO4HNaz2 0.2M,

pH—S).

“Se detiene la reaccion a los 30 mln.
ul de S0O4H2 4 N,

»leyendoéei en el
Todaf

“con 100
lector de Eiiéé: '6D495nm
inmediatamente.

eacc;én ‘debe incluir ademas de.: los‘ sueros en
estudios, sueros provenlentes de

animales no

1nfectados(controles
negativos) b'4 sueros p

venl ntes de animales infectados
positivos) indicadores’ de la

(controles

reproducibilidad def~‘los Yalores
obtenidos.
INMUNOELECTROTRANSFERENCIAS

Para el desarrollo de esta técnica empleamos geles ~ de
poliacrilamida

medianos (1.5 mam ) al 7% con SDS (28 ml) Yy o un gel
concentrador al 3% (3 ml). Se utiliza 3 mg/ml de proteina por gel si
usa el gel sin peine y 300 ug de proteinas por pozo si se

peine de. 10 pozos, pudiendo

se

usa el
tratarse de cualquiera

preparaciones antigénicas mencionadas.

de 1las tres
La muestra se mezcla

con .. un
volumen igual de coctail para electroforesis,

se tapa perfectameﬁﬁe'el
tubo donde se prepard y se hierve a bano maria durante 5 minutos. La
muestra asi tratada se coloca sobre el gel superlor culdando de que no
se remueva con el buffer de corrida,

Y se reallza 1a electroforesls a
corrlente constante (20 mA por gel

de 1.5 Tun para el'ge concentrador

una vez que la muestra entra en el

gel de cpr:;'a)
corrlda

El: tlempo total de
”yarla entre

4 y 6 horas y se utiliza ‘como “indicador
finalizar la corrida que el frehte

para
del colorante este a -1 cm del f£inal
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del gel.

Concluida la electroforesis, se desmontah los geles”y “se les

corta una tira para tenir con azul de Coomas;e Y. el resto se coloca en

200 ml de amortiguador de transferenc;a durante'ls

realizar la transferencia se utlllza papel d nitre celulosa

Para
(13 x 13 cms) al que se le marcan los segmentos que se ut;llzar&n' de
manera individual con la punta de una aguja (3 mm) en los dos extremos,

de la hoja. Todo el procedimiento se reallza con los papeles de
proteccien de 1las hojas y con guantes. Se coloca el pépel de

nitrocelulosa, el
Se prepara el sistema de transferencia y se corre a 25

transferencia.

volts durante 60 min, cuidando de gque la corriente no pase de 1 A.

Después de la transferencia se corta una tirita se lava con PBS-Tween
toda

al 0.3% ¥y se tine con tinta india al 0.1% en PBS—-Tween durante

la noche. El resto del papel se deja blogqueando con BSA al 3% en PBS-

Tween toda la noche a 4 grados. Se lava 5 veces con cantidad

suficiente de PBS-Tween al 0.3% , 5 min. cada lavado‘y se pone a secar

sobre un papel absorbente con la cara donde estan las proteinas
.Y se enumeran una

hacia

abajo. Una vez seco se cortan las tiritas de 3 mm}

por una en el extremo inferior. Cada tirita se moja7én PBS-Tween y se

coloca sobre un vidrio en una ca&amara humeda, éobre cada una de las

tiritas se colocan 100 ul de una dilucién de 1/10 a- 1/20 de los sueros
*S‘horas a temperatura

problemas y se mantienen en incubacién durant

ambiente. Terminada incuban

anti-—-ratén blotlnalado en la d;lu

la incubacién se lavan‘las tiritas y se

con un recomendada
incuban con

durante 90 min., vuelven a. lavarse las

1 - hora en

avidina-peroxidasa en la ZQ1luc1¢n_rec9m

‘25 <L
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agitacién constante, después de lavadas se incuban con sustrato para
peroxidasa durante 30 min. protegiéndolas de la luz, la incubacién se
termina lavando exhaustj.vainerite con agua corriente y se procede luego

al analisis de resultados..
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SOLUCIONES Y REACTIVOS UTILIZADOS

Amortiguador de Tris—-HCl 0.01M, pH=7.5

Trisma - HCl anhidro 1.27

qg
Trisma base anhidro 0.236 g’
1

H20 destilada para 1.00
Ajustar el pH=7.5 '

PBS - pH =7.2 (+0.2)

Na2HPO4 anhidro 2.044 g
NaH2PO4 .H20 - 0.772 g
NaCl 14.80 g
H20 destilada para 2.00 1
PBS—Tween 0.03% - pH=7.2 (+0.2)
PBS 1.00 1
Tween 20 ) 0.3 ml

Composicion de Geles

Gel Separador
7 %

Acrilamida-Bis (1) 14.0 ml
Amortiguador (2) 15.0 ml
Amortiguador (3) =il

SDS 10% (%) i 0.6 ml
H20 destilada :30.1-ml
Persulfato de amonio (5)300 ul

Desgasificar con vacio y agitacie
Temed 40 ul

Desgasificar con vacio y agitacio

(1) Acrilamida mondmerica(30% T,

Acrilamida 29.2 g
Bisacrilamida 0.8 g
H20 destilada para 100.0 ml

Almacenar a 4 grados cubierta de
La acrilamida es neurotéxica y d
se recomienda usar cubreboca y gu

2

Gel Concentrador

3
2.0 ml
5.0 ml:>
0.2 ml
12.86 ml -
- 100 ° ual
n 1 minuto.
20 ual

n 1 minuto.

2.7% C bis)

la luz

ebe manejarse con cuidado,
antes.
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(2) Amortlguador para gel separador 4x
(Trls—cl 1. S M, pH=8 B8)

Tris base ‘L. Py
H20 destllada para’

36 g
200: ml

Se ajusta a pH=8. 8 con ClH concentrado antes de aforar.

(3) Amortlguador para el*gel concentrador 4 3
(Tris -Cl:0.5 M, pH—G B)

Tris base 3 a
H20 destilada para '50.0 ml

Se ajusta el pH=6.8 con ClH concentrado antes de aforar.

SDS

5 g
H20 destilada para 50 ml

(4) SDS al 10% (Dodecil sulfato de sodio)

(5) Persulfato de amonio al 10%
Persulfato de amonio 100 mg
H20 destilada 1 ml

Se prepara inmediatamente antes de usarse
Amortiguador para guardar el gel sepavrador

(Tris—-Cl 0.375 M pH=8.8 0.1%

de SDS)
Tris—-Cl 1.5 M pH=8.8 2.5 ml
SDS al 10% 0.1 ml
H20 destilada para 10.0 ml

Coctel para el tratamiento de la muestra,

(Pris-Cl 0.125 M pH=6.8,

2x%
mercaptoetanol 10%,

SDS 2%, glicerol 20%,
EDTA 0.074%)

Tris-Cl 0.5M, pH=6.8
SDS al 10%

2.5 ml
2 ml
Glicerol 2 ml
EDTA 7.4 mg
Pironina (1%) 20 ul
2- mercaptoetanol 0.1 ml
H20 destilada para 10 ml
El

Z-mercaptoetanol se agrega al descongelar cada
(10 ug/ml)

¢ 28
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Amortiguador de corrida

(Tris 0.025 M pH=8.3, glicina 0.192 M, SDS 0.1%)
Tris base

1is g
Glicina 72 g
sSDS 5. g
H20 destilada para - 1lt.

Solucién para tenir los geles . -7

(Azul de Coomasie R-250 0.

06%, metanol 30%, Acido aceético
10%) :
Azul de Coomasie R-250 300 mg -
Metanol

150 ‘ml’
Acido acetico glacial 50 ‘ml"

H20 destilada para 500 ml
Se filtra antes de usar

Soluciédn para destenir géles

(Acido aceético al 10%)

Acido aceético galcial 100 ml
H20 para R S

Sustrato para peroxidasa (en inmunoelectrotransferencia)

(O-cloronaftol 0.05 mg/ml, H202 0.03%)

O-cloronaftol

30 mg
metanol 10 ml
PBS SO ml
H202 al 30% 50 ul

El O—cloronaftol pPrimero se disuelve en el metanol, se

mezcla con el Pbs e inmediatamente antes de usarlo se  1le
agrega el H202.

Sustrato para peroxidasa (en ELISA)

(O—-phenilendiamina 0.04, citrato 0.1 M fosfato 0.2M, pH=S5)
O-phenilendiamina 40 mg amortiguador

Amortiguador necesario parxa 100 ml

Se prepara en el momento de usar
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From: CELL FUNCTION AND DISEASE

Edited by L. E. Canedo, L. E. Todd, L. Pad¥er
and J. Jaz

(Pienum Publishing Corporation, 1989)

BIOLOGICAL DETERMINANTS OF HOST-PARASITE RELATIONSHIP IN
COSIS CAUSED BY Taenia crassiceps: INFLUENCE OF SEX,
LITY COMPLEX AND VACCINATION*

MOUSE CYSTICER-
MAJOR HISTOCOMPATIBI -

Larralde, C.+, Sciutto, E.+, Grun, J.°., Diaz, M.L.+, Gove-
zensky, T.+, and Montoya, R.M.+
+Instituto de Investigaciones Biomédicas, Universidad Nacio-
onal Autdnoma de México, AP 70-228, México, D. F. 04510,

Dept. Biochemistry, Th. Jefferson U., Philadelphia, PA. USA

The metacestode of Taenia solium is frequent cause of serious
neurological illness of humans in Mexico and other countries of Latin Ameri-—
ca, Asia and Africa. Man is the only carrier of the adult worm and sole
responsible of transmission to pigs and other humans via inadequate
disposal of faeces. Recent years have see advancement in therapy (1,2)
diagnosis (3-5) and pathology of human and porcine disease (6,7). Copious
accounts of recent developments in cysticercosis are collected in (8), (9)
is an exhaustive review of all literature on taeniasis/cysticercosis,

while (10) is the most authorative and comprehensive account of human
cysticercosis.

Factors determining the risk of humans contracring cysticercosis are
thought to be mainly related to magnitude and frequency of exposure to eggs
of T. solium. Evidence implicating biological factors in susceptibility is
tenuous. No impressive association of human cysticercosis with
histocompatibility antigens was found in a doubtfully representative study
performed recently (1l1). nor do the few terminal cases studied make a strong
case for immunosupression determining human disease (12). However,
inklings of biological factors being involved are present in a recent
report of women showing more frequently than males severe inflammation
in neurocysticercosis (13), Also suspicious of biological mediation is the
lack of correlation between poritive serology and social factors
conventionally associated to high risk of infectious disease, such as low
income and scholarity and defective personal hvgiene (14). Further, the
very heterogeneous clinical pictures and forms of evolution of the disease,
some curing spontaneously while others progress relentlessy to fatal
outcomes or live on essentially asymptomatic (10), together with the
parasites'sensitiviry to drugs, some Tresistant to praziquantel and others
to albendazol (135), all argue for a complicated network of factors and

events belonging to parasite (16), host and environment, concurring in the
pathogenesis of cysticercosis.,

#*This work was supported in part by Consejo Nacional de Ciencia y
Tecnologia de Mexico and Quimica Hoechst de México.
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Systematic exploration of the role of biological factors in
susceptibility to cysticercosis is hardly possible studying man, and most
laborious and costly in pigs. However, there are other tapeworms

- T. crassiceps and T. .taeniformis — whose metacestodes affect mice,
that are most sSuitable for experimentation and have already provided with
some evidence for the genetic background of the host influencing the
outcome of infection with T. taeniaformis (17) and of immunity
affecting installation of T. crassiceps (18). Mice harbor the
cysticerci of T.crassiceps in their peritoneal cavities as a chronic

infection causing some inflammation in serose intestinal surfaces at

late
Figure 1. T. cruassiceps cvsticercosis in the peritoneal favity of
mouse infected six months before with five live cystiz rzu. The
disease’'s accesibility to experimentation and measurement of parasite
load is immediately apparent.

stages of disease q
meninges of man. Fu

uite l:ke that caused by T. solium 2n basal
rthermore, anatomically,

the murine parasite resembles
that of T oliu although somewhut smaller, and shares the seemingly

convivial beh ior of the human parasite, not causing major damage to

neighboring structures of the host. other than space occupation and scant
inflammation,

as evidenced by conventional light microscopy and NMR

imaging (19). In nature mice contract the disease ingesting eggs present in
the environment contaminated with faeces from small carnivores —like
foxes, cats, and perhaps others (20)- bearing the adult worm in their
intestine.
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Experimental infection is simply attained by injecting metacestodes in the
peritoneal cavity of mice, where they reproduce by budding. presumably
asexually. In normal conditions one may harvest them by the hundreds a
couple of months after infection (21). If truly asexual, T. crassiceps
capability to multiply by budding., allows for control and uniformity of
the parasite's genetic characteristics. Most conveniently. cysticerci of T.
crassiceps fare well for weeks in conventional rissue culture conditions
and for days in minimal media.

nt ations in mice infected with T.
o tors are indeed involved in host
st imt to the significant
un ological and genetical

determinants on the ra wtn and replication inside the
host., opening very excg of studying the interaction of
these three prominent the host—-parasite relationship,

a unique biolomical ph

s
needless of simple rules of thumb
concerning imrcunclogy.

and causation of disease (21).
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Figure 2. Western blots of protein antigens from the vesicular
fluid of T. crassiceps cysticerci reacting with sera of
neurocysticercotic patients (left) and of healthy donors (right).

1) Immunological Determinants

Antigenic crossreactivity between the human and the mouse parasite
was definitively established by Western Blots (Figure 2), for a number
of proteins differing in molecular weight. Furthermore, Tables I and
II show that vaccination of susceptible mice with antigen extracts of
T. solium cysticerci reduces the parasite load developed from a challange
with T. crassiceps.
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TABLE I

EFFECTS OF VACCINATION WITH Taenia solium ANTIGENS
UPON PARASITE LOAD OF MICE CHALLENGED WITH Taenia crassiceps

Relative dose of vaccine
Parasite locad
ul. 0.00 0.01 0.10 1.00
Individual
Mouse 2000 1000 1500 [of
1500 400 0 600
2000 400 200 0
1000 2000 2000 50
1000 2000 2500 1000
Mean 1500 1160 850 300

Decrement of T. crassiceps parasite load with increasing vaccine

dose in female (SJL X Balb./c) mice. challanged five months after
vaccination with five live cysticerci implanted intraperitoneally.
Vaccine was a sterile 5073 ammonium sulphate protein extract (3%
precipitated) of a single T. solium cysticercus dissected from

the skeletal muscle of a parasitized pig: ten fold dilutions of the
extract were prepared to generate widely different vaccination protocols.

Parasite load was measured as volume of harvested parasites one month
after challenge.

TABLE 1II

EFFECTS OF VACCINATION WITH Taenia solium ANTIGENS

FROM DIFFERENT SOURCES UPON PARASITE LOAD

OF MICE CHALLENGED WITH Taenia crassiceps

Antigens From

Antigens From
Saline Vesicular Fluid Complete Parasite
Parasite loads 100 o 200
per animal, in 1000 600 600
ul 1000 1000 400
1000 900 500
2000 600 o}
800 10
300 o
Decrement of T.

1. crassiceps parasite load due to vaccination
female Balb/c mice. Vaccine (1 mg total protein of T,
cysticerci/mouse) was administered two months before
with five cysticerci of
intraperitoneally. Parasite
challenge.

in
solium
challiange
TI. crassiceps implanted
load was measured one month after
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These results establish the sharing of antigens between the murine and the
human parasites, as well as the effective influence of vaccination in
reducing parasite load. These findings are of interest in that

T. crassiceps in mice closely resembles T. solium in antigenic
constitution, validating it's use as a disease model and as an alternative
source for antigens to be used in immunodiagnosis of neurocysticercosis
Likewise, crossimmunity from T, solium to T.crassiceps allows some
optimism about the inverse also holding, at least in pigs. Reducing the
parasite load in pigs, via an effective vaccine, could lower the endemia

of adult T. solium tapeworm infection and the number of eggs in the
environment, as consequence.

TABLE III

SEXUAL AND HISTOCOMPATIBILITY DIFFERENCES IN SUSCEPTIBILITY
OF MICE TO Taenjia crassiceps AS MEASURED BY TOTAL PARASITE COUNT

Strain HZHaplotype Males Females Fem/Male
Balb/c d 200 640 3.2
C57B1 b 116 750

C3A k 130 860

SWR a 290 .1
DBA q 600 .1
SJL s 200 540 2.7

Greater female susceptibility to T. crassiceps is here shown in five
strains of mice differing in HZhaplotypes. Parasite loads are given
as the mean number of parasites collected from each of ten animals.
three weeks after challange with five cysticerci in the peritoneal
cavity. Statistical analvsis (Two Way ANOVA) indicated to
significant variation between sexes and among strains.

2) Sexual histocompatibility Determinants

Mouse females' greater susceptibility to T. crassiceps is demostrated
in Table III: in all strains of mice tried, the ratios of parasite loads in
ten challanged females, as measured thirty days after injecting five
cysticerci in the peritoneal cavity of each animal, was always greater than
twice that of the respective males. Statistical analysis of results in Table

IITI indicated to significant variation due to strains, thus pointing to the
importance of genetic background,

presumably the Major Histocompatibility
Complex, in susceptibility of mice to

T. crassiceps. Experimental design
does not allow definitive conclusions on the role of histocompatibility
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because the strains used, although differing in their H2 haplotypes, also
differ, and to unknown extent,

in ctheir genetic complement. Careful
selecrion of mouse strains is required to elucidare this point. However,
there i3 no statistical doubt that the susceptibility associated to sex
varied in the different strains used. This we consider an important finding.
Although the literature is not lacking in reports of sex associated
differences in susceptibility to experimental infections,

rarely do they
for studing the significance of

crassiceps cysticercosis as a potent model
macroscopic event such as infection,
simplified systems such as isolated cells,
(reviewed in

point to females being more susceptible or to histocomparibility association
immunoneuroendocrine interactions”
22-27).

(21,28-33) and the consequent implicarions for immune reactivity (33).
us, we have great hopes in T.

in a
instead of microscopic phenomena in

subcellular particles and zhe like
In closing,

it would be adveiturous to claim these results are already
relevant to our understanding and dealings with human disease in terms
other than the most general: parasitic disease installs and progresses as
the net result of a complicared and delicate network of interactions among
the organic constitutents of both host and parasite. That sex - presumably
hormones - make such a great difference in host~parasite relationship
involving helminths was indeed surprising. Dilucidatrion of the mechanisms
involved in the sexual differences in susceptibility is yvyet to be doney
direct hormonal influence on the parasite or through immunological mediation
are the most prominent - non—disjunctive -~ possibilities.
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The metacestode of Taenia solium is frequent cau#e of serious
neurological illness of humans in Mexiéo»ana~othervcountries~of

Lacinamerica. Asia and Africa.

Man 1s the only carrier of the:

of ‘humans contractxng

be malnly related to magnltude and

g8's of T. solium. vadence 1mp11ca:1ng

bzologxcal factors

No-:

\uman” susceptibility is tenuous

1mpressxve associatzo .of human cysticercosis with

hxstocompat1b1lity ant1gens was found in a doubtfully’

representative study performed recently (ll).'nor do the few

terminal cases studied make a strong case for 1mmunosupress;on

determining human disease (12). Hovever,binklings of b101031ca1

factors being involved are present 1n a7

cent report of women

showing more frequently than malesrsevere

nflamnationvin

neurocysticercosis (13). Alsovsuspicious‘of7$iologioal hediation

is the lack of correlation betvee

positive seroclogy and social

factors conventionally associated to high risk of 1nfectious

disease, such as lo’ income and scholarity and defective personal

hygiene (1l4). Furthe:, the»very heterogeneous clinical pictures



and forms of evolution of thé‘diseasé. some ‘curing spontaneously

while othersfprogress relentlessy to fa:al outcomes or 11ve—on

essent1ally asymptomacxc (10) toge:her v1th :he,

_parasi.

actors; in

man »

capeworms ?f'T. crassxcegs and T «taeniforml

metacestodes affect mice, that are most su1ta

experihentation and have already providedfvic meTevidénce'for
the genetic background of the host influenci‘ ﬁﬁcomeiof
infection with T. taeniaformis (17) and of imm

installation of T. crassiceps (18). The'laf;‘ as

model of human disease. Mice harbor the ¢§

T.crassiceps free in their peritoneal cavities as:

at late stages of disease, quite liks?thé
basal meninges of man. Furthermore,:'a

parasite—resémbles that of T. solium

vparasite. not

causing major damage to nelghboring s:ructures of the host, other

than space occupation and scant inflammation. as evidenced by
conventional light microscopy and NMR imaging (19). The

biological cycle is also similar, in nature mice contract the



disease by ingesting eggs present in the environment contaminated
with faeces from small carnivores -—-1like foxég;féaﬁs;

bearing the adult worm in the

~and ‘perhaps
others (20)-

Experimental infection 15 simply attalned

metacestodes in the perltoneal cav;ty

reproduce by buddlng. presumably a

ents yzeld‘

quick and trustworty resulcs as parasi

as11y assessed

by 51mp1e'par851te count.;ranglng

chousands,:af

uple ‘of months after'lnf if nrﬁly

asexual, cras51ce25 capabillty to‘m 1 udding. allows
for;éoﬁtréiiand uniformity of the ﬁé%é
Ehéfébferistics. To top it all, cyéﬁiégr cf;ssicegs fare
vel} for weeks in conventional tissue éplture coﬁdiiions and for

days in minimal media, facilitating évéiué;xon'df factors in
simplified systems.

Thus, using experimental murine cysticercosis caused by T.
crassiceps, we undertook the

systematic exploration of factors

involved in the host's susceptibility and the' . parasite's
pathogenicity. Here we briefly inform of our majqr.findings,

as
they stand today.

Parasité f¢pfodﬁction in the peritoneal cavity of mice

experimentalij’infécted with cysticerci of T. crassiceps (ORF
strain) is ;p&e; control of H2 locus, of gonads and of the

1mmpne’si§tem. acting as single factors as well as interacting
sysﬁems: .



a) H2d haplotype is more susceptible than H2b and H2k;
b) females are more spscéptible than m&les:

c) vaccination induces protective immunity, seemingly

independent of én:ibodyp_j e

d) sexual diffefénées'

ary: from strain. to . strain,’ and ‘immune

protectlon i g;iécant

e) ' “than ORF but

‘nviroment;

f) either strain of the pa asit

subcutaneously are seemlngl e dless of the host's

hlstocompat1b111ty. sexual and 1mmune 1nf1uences.

In view of these fzndlngs T crasslcegs cysticercosis

appears as a host- parasite relatlonshlp ‘Controlled by a- dellcate
network of factors from bo:h parasite and host origin that,

however, responds so drasticallj'tdfexperimen:al intervention, it

may contribute to unfold the‘rﬁleé of conviviality between two

biological entities in 1ntiﬁa:e contact. So far, the elements

involved are sexual hormones, H2d histocompatibility antigens and

—~by exclusion — immune cells but not antibodies.
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PARASITE IMMUNOLOGY
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I look forward to receiving a revised manuscript.

Yours sincerely
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SUMMARY

Vaccination of mice with an antigen extract from Taenia solium

cysticerci induced protection against challenge with T. crassiceps

cysticerci as successfully as did antigen extracts from T. crassiceps.

Vaccination was more effective in male than in female mice and in the
resistant strain (BALB/B) more so than in the

(BALB/C) -

susceptible strain
While only the resistant strain was completely protected by
vaccination, the parasite load of the susceptible strain was
significantly reduced by vaccination.

Cross immunity between the human and murine parasites establishes

murine T. crassiceps cysticercosis as a convenient laboratory model in

which to test promising T. solium antigens aimed at wvaccine
development against T. selium cysticercosis.
Further, results point to strong interactions of the immune

system with sexual and histocompatibility €factors in the host's

dealing with cysticercosis.




INTRODUCTION

The = metacestode of T. solium is a freguent cause of serious
neurological illness of Thumans in Mexico and other countries of
Latinocamerica, Asia and Africa (Gemmell et al, 1985). Man is the only

carrier of the adult tapeworm and solely responsible for <transmission

to pigs and other humans via inadequate disposal of faeces. Recent
years have seen advancement in therapy (Del Brutto and Sotelo, 1988;
Escobedo et al., i987), diagnosis (Gonzalez et al., 1987 and Flisser
et al., i1988), immunology (Flisser and Larralde, 1986) and pathology
of human and porcine diseases (Rabiela, 1985). Control of transmission
of T. solium cysticercosis in endemic areas has been less successful
(Gemmell et al., l985; Aluja, 1882). An effective vaccine in

rustically reared pigs would decrease infection pressure for man and
pigs Dby reducing the number of new tapeworm carriers while allowing
continuation of rustic porcine rearing, which is the only form of
porciculture economically accesible in endemic areas for a time to

come .

That vaccination induces immuneological protection against
metacestode infections is very well documented in a variety of species
of host and parasite, most effectively if vaccines comprise
oncospheral antigens (Larralde, Flisser and Pérez-Montfort, 1982; Good
et al., 1982; Rajasekariah, Rickard and Donnell, 1985). The literature
on immunological protection to T. solium although encouraging is
scanty and deals mainly with experimental challenges of a few pigs
with eggs; a design of gquestionable realism on account of doubts about

viability of eggs, effective dose and number of challenges, and

3
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background immune state of the experimental host (Nascimiento et al.,
1987; Molinari, et al., 1983, 1988) . Optimism prevails,

because o0of the extensive similarity among

‘however,

cestode  infections in
natural history, pathology. and, . most convinecingly,

composition.

in: ‘antigenic

Experimentation leading To a vaccine agains<t porcine
cysticercosis is hampered by the high costs,

genetic variability and
slow data

retrieval involved in testing pigs. Experimental murine
cysticercosis, caused by T. crassiceps

(Freeman, 1962; Smith, Esch and
Kuhn, 1972; Larralde et al., 19%80),

could be a useful laboratory model
in which to test promising antigens, provided some degree of

cross—
pig and the mouse

immunity between the

parasites could be
demonstrated. Because a

most recent account informs

of dozens of
crossreacting antigens in E.

granulosus,

T. solium and T.

crassiceps
(Larralde et al.,

1989), an evaluation of cross protective immunity

between T. sclium and T. crassiceps was most pertinent.



MATERIAL AND METHODS

1. Parasites

Larval T. - crassiceps utilized in this study come from a stock of

the "ORF: - strain . kindly supplied by Dr. B. Enders (Behringwerke,

Marburg,  West Germany) in 1984. The parasites were maintained by

serial intraperitoneal inoculation in young female BALB/c mice ever
since. The parasites used to challenge control and vaccinated

mice
were obtained from donor mice -

also BALB/c females - infected with 10

small (less than 2 mm) non-budding larvae, and allowed to reproduce

for 1 to 4 months inside the donor host before harvesting.

2. Hosts
Male and female BALB/c (susceptible) and BALB/B (resistant) mice

(Larralde et al., 1990) 4 to 6 weeks old, were used to test the

effects of vaccination upon susceptibility to experimental infection.

3. aAntigen Preparation

A total extract of the cysticerci was selected

as vaccine,
instead of purified fractions,

there not being any information as to
the specific antigens potentially wuseful 'in protecting against
experimental metacestode infection in mice. Murine T. crassiceps
cysticerci and porcine T. solium cysticerci were

described in detail elsewhere (Larralde,

collected as

et‘al., 1986) and placed in

cold .01 M phosphate buffered saline, PH 7.2 (PBS). The metacestodes

were repeatedly washed in ice cold PBS, and then homogenized in a

Polytren (Brinkmann Instruments); the final protein concentration was

adjusted to 9 mg/ml in PBS, as estimated by the method of Lowry,

and
o
the preparations stored at -70 C until used.

5



4 . Vacéiﬁation

Groups of 8-10 male and female mice each were
injecting intraperitoneally or subcutaneously 100,
vaccine protein

vaccinated by

200 or to 500 ug of

er mouse, suspended in aluminum hydroxide
P Y

(30 mg
protein/l mg of alum), once or twice, 4 weeks apart. Ten male and ten
female non-vaccinated mice were injected with 10 ug of alum alone,

as
controls:

a dose approaching the average dose of adjuvant received by
the vaccinated mice. The experiments were designed so that many of the
groups were

harvest of parasites.

experimental

challenged simultaneocusly with the same
Conseguently,

the same group of non-vaccinated

experiments,

mice are cohort controls of several

and thus appear
reference of

as
expected parasite loads in more than one table of
results.

S. Challenge and measurement of parasite load

vVaccinated and non-vaccinaced mice were each infected
intraperitoneally (using a 26X16 needle on a disposable syringe),

with
10 small (2-3 mm long), unbudding cysts, 30 or 60 days after
vaccination.

Mice were killed 30 or 60 days after infection. Parasite
load was measured in each mouse after etherization, bleeding and
killing by cervical dislocation. The larvae recovered in the

peritoneal cavity from each mouse were placed in separate Petri dishes
and counted one by one.



RESULTS

Table I shows the expected parasite load’ -in non vacc;nated

control mice (dose = 0) fter 30 days of 1nfectlon and those'obtalned

in susceptible BALB/c mice vaccinated with™ dlfferlng“doses

antigen. Vaccination resulted in a sllght 1ncrease71n th

totally protected mice - most clearly ih mélés - éﬁ:aeil Zés: in a
notable decrease in parasite load in those affected. sSignificant
effects of vaccine dose were appreciated: the dose of 100 ug/mouse
consistently induced higher levels of protection than larger doses.
Very clearly, both vaccines, from T. crassiceps and from T. solium,
induced significant levels of resistance to infection in vaccinated
mice. Subcutaneous and intraperitoneal routes of vaccine

administration produced similar levels of protection. Compaxison of

the results in Table I with those obtained in mice challenged 60 days

after vaccination (Table II) indicated that protection declined

as
time elapsed between vaccination and challenge, more rapidly in
females <than in males. However, significant differences between

vaccinated and control mice were also appreciable here, specially in

male mice vaccinated with T. solium. Sexual differences in innate

susceptibility, favoring males over females, were confirmed in these

experiments, in ratios similar to those reported elsewhere (Larralde

et al., 1990).

Statistical analysis of the results of the complete factorial

design shown in Tables I and II requires careful consideration, there

being many zeroes in individual parasite load and variances being so

large and not normally distributed. These characteristics render

7



approaching the

.
N

simple comparisons of means and standard errors in groups

of doubtful
meaning. We applied analysis of variance

(ANOVA) to take
design (Factors and Levels:

500 ug/mouse);

the

advantage of
maultifactorial

dose of wvaccine (0,
i00, 200, source of vaccine (T. solium, T.

sex (M,F); route of vaccine administration (SC,

crassiceps);

IP); interval between
challenge and wvaccination (30, 60 days); replicartes mostly 10 per
treatment combination with very few missing values. Thus, a
measurement of the variation due to error and due to each factor and
combination of factors

was obtained. Because the model

1985) requires normal distribution of the response
transformations

used (SAS,

variable, several
of the individual parasite load were <tried until

in each mouse + 1) was found to meet satisfactoriiy
with the restriction of

4/ (Parasite load

normality. Thus, we statistically

confirmed
that .the single factors

that most significantly affected parasite load
were sex, vaccine/challenge time interval, source of antigen, and dose
of antigens. A very significant interaction of source of antigen with
dose indicated to significanc dose differences for each

antigen
preparation,

and that of sex and time interval to different evolution
of the disease according to sex. No significant differences in
of vaccine could be documented.
double and higher order interactions,

route
of administration

The rest of <the

although many were statistically
significant, were of smaller magnitude or of obscure meaning.

The protective effect of vaccination is again discernible- in ,
Table III. Although protection is clearer in early infectiohs,(BO:days
vs 60 days) it is still discernible after 60 days of infection;
specially in long standing 'Iiﬁféctidhs
parasite loads of non-vaccinated animals. Y

males, some females in

-Table’” IV
8
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also shows that secondary immunization 30 days after the: - first vaccine
inoculation paradoxically resulted in a diminution of

so in females and in longstanding infections: ' than: in

. males‘and - early
infections.

Analysis of variance of results shown ‘in

le IV, by the
same procedure discussed

above, indicated 'to

. significant
differences between vaccinated and controls in all. cases .except <the
twice vaccinated females after 60 days of infection.’

The results in Table IV refer to the role of MHC and vaccination

in immune protection measured 30 days after infection.

Results again
show the significant protective effects of vaccination in duplicate
experiments performed simultaneously by different coworkers. Also,
Table IV indicates that complete immunity was induced in all

animals
only in the resistant BARL3/B (H-2b) mouse strain (Larralde et al,
19890), in both males and females, while the congenic strain BAiB/c,

(E-24d), showed only reduced parasite load and occassional sterile

immunity in males only.

protection, more



. DISCUSSION

Results support that vaccination with either T. crassiceps, or T.

solium antigens protects mice against experimental cysticercosis
caused by T. crassiceps cysticerci placed in the peritoneal cavity.

Cross-reacting immunity between the cestodes affecting human and

porcine hosts with that of mice offers an expeditious and economic

laboratory model of cysticercosis on which to test promising antigens

in the development of a vaccine against T. solium cysticercosis. It

also strengthens optimism about the eventual immunological protection

of rustically reared pigs by similar procedures. In addition, murine
cysticercosis by T. crassiceps would be capable of supporting the
immediate industrial production of vaccine - instead of the
hnmanageable porcine source of antigens - while DNA recombinant or

peptide synthesis technology develop alternative vaccines and - they

become accesible in endemic areas.

our results also tell of the intricacigs of the host—parasite

relationship when hosts deal with as complex a;parasite as cysticerci.

Not only do the host's gender and histocompatibility genetic factors

influence innate susceptibility (Larralde:et él.) 1990) but they also

seem to regulate immunity, -as the proteéﬁion induced.. by vaccination

was always greater in males than in females . of either susceptible

(BALB/c, H-2d) or resistant (BALB/B, H—-2b) mouse strains. In fact,

complete - sterile - immunity was obtained only in the resistant

strain. Although sex—-linked and histocompatibility-linked

susceptibility to parasite infection have been recognized in a number

of other parasitic diseaes (Blair and Campbell, 1976; Mitchell,

10
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Rajasekariah and Rickard, 1980) no general pattern is .recognizable.

Some report females as more resistant than males and others ' indicate

that haplotypes other than BH-2d are related to 'susceptibii;;y. It
would seem that each species of parasite finds or sets i£'$ o&n;uniéue
set of rules for convivial relationship with each host,, we know of no
formal report relating suceptibility with race in p6fcinéff2;‘ so1idm
cysticercosis, but the introduction of genetically resistant'éigé in

endemic areas would certainly be an important contribution to. . control

of transmission.

Other interesting points on parasite immunology emerge from our
experiments. That the differences in parasite load between vaccinated

and control mice minimized as the infection was allowed to proceed

would indicate that immunity operates most effectively at the early

stages of diesease. However, it could also be a numerical artifact

since, if exponential, the rate of growth of the parasite would only

be stunted at the low parasite loads characteristic of early

infections. The above possibilities are not disjunctive, of course,

and there is still no good reason to favor either. That high doses of

antigen in the vaccine, as well as boosting, induce lesser levels of

protection than low doses and single inoculation, is consistent with a

number of possibilities: from immunological paralysis to Dblocking

antibodies, among other. The alleged endurance of cysticerci to

immunological attack by the host was shown here to be conditioned by a

number of factors - age of disease, as well as by sex,

histocompatibility and immunological factors of the host - and not

only due to a “unique property of the developmental stage of the

11



parasité.\ Finally, the - notable variation in parasite load within
experimental vg:ohps' deserves at least the comment ' that preliminary
experimenps.iindiééte_,it comes -from 'pafaéite diversification with
respect ‘to” faféf of.growth in’ﬁhe challenge-inoculum and not ~from

uncontrolled breeding methods of the mice.
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LEGENDS OF TABLES

Table I. Immunization of

susceptible BALB/c mice with different
doses of T. crassiceps and T.

selium antigens resulted in a
considerable diminution of the individual parasite locad and in
some totally protected mice, after experimental

challenge with 10
intraperitoneally 30 days

cysts placed

after vaccination
recounted

and
Protective effects were most
than in females and at the dose of

than in higher doses.

30 days after infection.
notable in males

100 ug/mouse

Table II. Immunization of susceptible mice with different doses

of T. crassiceps and T. selium antigens, 60 days prior to
challenge, also

resulted in diminution of parasite load arnd in
some totally protected animals, although the level of protection

was not as high as that obtained when

the interval
vaccination and challenge was of only 30 days (Table I1).
were

between

All mice
challenged with 10 cysts placed intraperitoneally

in each
mouse, and then recounted 30 days after infection. Protective

effects were most notable in males than in females and

at the

dose of 100 ug/mouse than in higher doses.

Table I1T.

days before

challenge.

sacrificed and their parasites counted 30 and 601w
infection .with 10 cysts per mouse placed intraperitcnéaLly-“

all but one case (females twice vaccinated with : T.':.. crassiceps

17
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antigens) vaccination resulted in 'a considerable and significant

diminution of parasite load as-.well as in a notable ‘increment in
the number of to;ally’protected mice (NTP) . The protective

effects of vaccination were most notable in early (30 days) than

in late (60 days) infections and slightly more so with antigens

from T. solium than from T. crassiceps.

Table Iv. Vaccination with 100 ug/mouse of T. crassiceps

antigens of congenic BALB mice differing only in H-2 haplotype

resulted in significant diminution of parasite load in Dboth

strains, as measured 30 days after infection. However,

vaccination resulted in complete sterile immunity of both ' sexes

and of all animals only in the resistant BALB/B (E-2b) strain.

18



TARLE I

EARLY PROTECTIVE IMMUNITY AGAINST MURINE T. crassiceps CYSTICEROOSIS

BY VAQCINATION WITH T. crassiceps AND T. soliun ANTIGENS

SOURCE DOSE OF PROTEIN ANTIGENS TN VACCINE (ug/mouse)
oF SEX
VACCINE o 100 200 500
(CONTROL) hig sC ™ sC ™ sc
FEMALE  #138 = 13 W 6 306" 68 + 10" 43 £ 5" 80 x 20" 58 10"
T. crassiceps o(0) 2 ()] (()] ((®)} (0) (o) P
MALE 19+ 5 0% 0" 2x1" 3+ 0" 123 12+ 4 23x 5
(O] 10) ) ((&)) ) (@D __(0):_ S
FEMALE 46 = 10" 12 = 5" 48+ 12" 15£4" @213 15% 3
T. solium 3) (€] Q) (@Y] ([(»)) =(0)
As above - e !
MALE 12 1" o0=o0" 12 0" 4x2" 22% 6" 5% 2
(8) (10) 6) ®» ) R ¢D)

#  Msan * Standard Error of individual parasite load in groups of ten mice each
' Significant difference with control values at 95% confidence level
" Significant difference with control values at 99% confidence level
o Number of totally protected mice bearing zero cysts




TABLE IT

LATE PROTECTIVE IMMINTTY AGAINST MURINE 7. crassiceps CYSTICEROOSIS

BY VAQCINATION WITH T. crassiceps AND T. solium ANTIGENS

SOURCE DOSE OF PROUIEIN ANTIGENS IN VACCINE (ug/mouse) -l .0 -
oF SEX -
VACCINE o 100 200 SBOO
(CONTROL) ™ sc P sC ™ . se
FEMALE ~ #138 = 13 10+ 4" 51 5" 8] + 8" G4+ 10' 134 x* 7 136% 9
T. crassiceps o(1) 3> (V) (€o)] ((s)] ((®)] ()]
MALE 19+ 5 4+ 2" 10 £ 1" 19+ 3 193 02 2 25% 4
0) &) (G o () () )
FEMALE 120 + 23 112 * 27 68 + 21" 43 x8" 22 13" 12% 3¢
T. solium ) ') 3 '¢P) [N ¢}
As above
MALE 1+ 1" 24 %2 7% 20 21 %2 2+ 1" 4% 1%
(@R ((9)] 3 [(®)] (€2) 3
#*

Mean * Standard Error of individual parasite load in groups of ten mice
Significant difference with control values at 95% confidence level
Significant difference with control values at 99% confidence level
Number of totally protected arice bearing zero cysts



TABLYE 11T

EFTECT OF BOQSTING AND SOURCE OF ANIIGENS UPON PROTECTIVE IMMUNITY

AGAINST MURINE T. crassiceps CYSITCEROUSIS IN EARLY AND LATE INFECTIONS

SOURCE NUMBER OF 30 DAYS OF INFECTION 60 DAYS OF INFECTION
or VACCINATIONS SEX . _ _Z NIP
ANTIGENS (100 ug/mouse) #X = SE 'NTP #X + SE NIP
None 8] ¥ 138 1 0/10 658 * 117 1/10
M 19+ 5 0/10 306 £ 42 0/10 .
Z NP = 0/20 Z NP = 1/20 1740 = 025
oF < P<
T. crassiceps 1 ¥ 13 6 el 2/10 255+ 46 .01 1/10
M ox O .01 10/10 1= 1 .01 9/10
2 F 96 £ 25 .20 0/10 648 = 40 .20 0/10
™M 3+ 2 .05 2/10 168 £ 46 .01 2/10
T NIP = 14/40 LI NIP = 12/40 26/80 = .325
T. soliun 1 F 46 + 18 .05 3/10 287 = 89 01 5/10
™M 1+ 1 .01 9/10 103 = 34 .01 4/10
2 ¥ 12+ 8 01 5/10 48 £ 21 .01 2/10
™M 2% 2 .0l 7/10 24 6 .01 5/10
. T NI = 24/40 ZNIP = 16/40 40O/80 = _S00
L NP 38/80 = .475 28/80 = .350
a* Mean and standard error of individual parasite lowd in groups of ten mice each
o Probability of the null hypothesis of experimental group being equal to control
v

NIP Number of totally protected mice bearing zcovoe cysts divided by the number of mdce in the group

..... H —— e e -

Pyt



TABLE IV

EFFECT OF VACCINATION WITH T. crassiceps ANTIGENS AGAINST MURINE
T. crassiceps CYSTICEROOSIS IN BALB MICE DIFFERING IN 12 HAPLOTYPE

GROUPS SEX RESISTANT SUSCEPTIBLE
(BALB/B, H-2b) (BALB/c., 11-2d) Z  NIP
#X + SE 'NTP WX o+ SE NTP
QONTROLS F 6x1 0/10 78 = 18 o/8
M 21 5/10 21 6 o/8
Z NP = 5/20 Z NP = 0/16 5/36
o P P
F(1) 0O+0 .01 10/10 6 =* 1 .01 0/10
VACCINATED F(2) 0+0 .01 10/10 6 x 1 .01 1o
(100 ug/mouse)
M(1) ox0 .05 10/10 2= 1 .01 4/10
M(2) 0x0 .05 10/10 5 = 1 .01 2/10
Z NIP = 40/40 L NIP = 7/40 47/80

3#*  Mean and standard error of individual parasite load in groups of ten mice each
'

Number of totally protected niice bearing zero cysts divided by the number of animals in the group
o Probability of the null hypothesis of experimental group being equal to control
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ABSTRACT

Several ‘"inbred stralns of mlce were infected by
intraperltoneal ‘“injection of ten Taenza crassiceps cysts per
mouse. qéﬁés,linked with thé'major hlStOCOmpatlblllty complex
Z)Hwere,found to greaﬁiyilnfluence parasite growthy ‘as

'paraSLte loads of H-2 congenlc mice

(H-.
demostrated by the different

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]F1l) mice.
Using the H—-2b (BALB/b, C57BL/6J) and H-2k (C3H/HeJ,

non-H—2 background genes were found to cause

"BALB/k, and

C3HeB/FeJ) strains,

a small, but significant influence on parasite load. A

recombinant mouse strain (Kk,Ik,Sd,Dd) was also susceptible,

indicating that S or/and Dyregions 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 were observed with

two strains of T. crassiceps differing in rate of growth.



INTRODUCTION

Genetic differences in the immune response of mice to

various parasitic infections are well documented (Vadas 1980;

Wwakelin 1978, 1985) and variation in their innate susceptibility

has been found with most of the parasites tested. However,
linkage of susceptibility with the major 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) as well as genes outside the MHC (Wasson, Brooks

and Cypess, 1983); to Trichuris muris (Else and Wakelin, 1988);

to Schistosoma mansoni (Class and Deeleder, 1979) 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, Freeman and Bradley, 1980). Finally, the

immune response to secreted antigens of Ascaris suum is

controlled as the level of H-2 in mice (Kennedy, Gordon,

Tomlinson and Qureshi, 1986). Such correlations could have

profound implications for diagnosis, treatment and control of

human helminth infections (Parkhouse and Harrison, 1989).

Preliminary studies in experimental murine Taenia crassiceps
cysticercosis pointed to significant genetic differences between

. mouse strains with variable levels of innate susceptibility



(Larralde et al, 1989).

variable .susceptibility was not mapped. Another hint of H-2

involvement comes: from protection experiments,

with T crassice

found to be more effective in H-2b than
H-2d mice. '(Sciutto et al, 1990).

We now present a: more comprehens;ve study which* strongly

suggests that. dlfferences in susceptibility of mlcejto~T.
crassiceps are largely controlled by gene(s) w;thlnrér cipselyk
adjacent to the major histocompatibility complex (Hjé);"Iﬁ v
addition, female mice are significantly more susceptlble to T.
crassiceps lnfectlon than males,

demonstratlng ‘an'as yvyet

unexplained role of gender in this host—-parasite relationship.

In these experiments the genetic basis of

where vaccination



MATERIAL AND METHODS
Parasites

The fast—growing ORF strain of T. crassiceps (Freeman, 1962)

was supplied by Dr. B. Enders (Behringwerke. Marburg, West )
Germany), and the slow—-growing HYG strain by Dr. J. Grun (Dept. of
Biochemistry, Jefferson Medical College, Philadelphia) and were

kept by serial paSSagé‘in BALB/c female mice for five years

(Sally, Chau and'Ereeman; 1976) .

Parasites used in this study were harvested from the

peritoneal cavity of the donor mice after one to four months of
infection.

Mice

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 common genetic
backgrounds but different alleles at genes within the major
histocompatibility complex (MHC) (1‘4@3/::] (H—zd), BALB/b (H-2b),
BALB/k (H-2k)), or sha:edrcgmmcn MBC §éhes~but differed in

genetic backgroundszALB/c,AhN,4DBA/2; BAT.B/c DBA/2 Fl1 (H-2d);



Cc57BL/6J, BALB/b (H- 2b); C3H/HeJd, C3HeB/FeJ AND BALB/k (H—-2k).

This allowed independent evaluation of the influence of MHC or

non—-MHC genes on susceptibility to cysticercosis.

Infections

Metacestodes used in’ challenge infections were remoVédrfrom
BALB/c female mice carrying T. crassiceps ORF or HYG strginfof”  
cysticercus. Ten small (aprox. 2 mm diameter) nen-budding larvae"
were suspended in 0.5 ml of PBS (0.15 M Nacl, 0.01 M sodiﬁm‘ :
phosphate buffer, pH 7.2) and'injected intraperitoneally intof
each mouse using .25 gauge neédle. The infected mice were

sacrificed and the cysts found inside the peritoneal cavity were

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

another 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 an 150 days time period.

Statistical Ana sis

The statistical significance of the effects of the

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

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

multifacto:ial analysis of variance (ANOVA) (SAS Institute Inc.,

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

number of parasites in each mouse, was mnot 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
perforﬁ proper comparisions 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 (4v [Number parasites + 1]1). This transformation does not
imply significant numeric changes in parasite load. Transforming
response variables seeks to reduce variances and normalize
distributions, while the addition of unity eliminates troublesome

zeroes without greatly altering numeric scores. However, in

keeping with the usual lack of concern with the restrictions of

statistical analysis, the results were also analyzed without any

transformation. Identical conclusions were reached with both

procedures .



RESULTS

Mice of'nine stra;ns (BALB/c AnN, DBA/Z,ﬁBALB/c X DBA/2: F1,

BALB/b C57BL/6J, C3H/HeJ;’C3He B/FeJ, A/&) were infected ihtra—
perltoneally w1th~ten Taenla crasszceps ORF cystlcerCl per mouse,
sacrlflced 30 days after 1nfectlon and ‘the paras;te load in each
"mouse &és counted The mean number of larvae established in each
:straln 1s glven in Table I. sStrains of the H-2d haplotype carried
the most numerous cysticerci, while parasite loads in H-2b and H—
2k haplotypes were comparatively smaller. No significant
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
recombinant strain H-2a haplotype carrying the K“ a* Ef p® s¢
alleles harbored parasite loads essentially identi;al‘tovthe

other H-2d strains.

Table I includes three H—-2 congenic mice-with.a BALB genetic
background in which two phenotype classes could be distingquished:
the susceptible 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 furthered studied infecting these
three H-2 BALB congenic 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 same pattern of susceptibility was observed



although the HYG strain grew slower than ORF. Parasite loads in
mice with H-2d were significantly higher than those in H-2k or

H-2b haplotypes, which carried. essentially the same low number

of parasites.

~“Female mice Were*m§ e:sﬁsceptible to intraperitomeal "
éysticercosis ﬁhah7malés Thié‘stfong associationfbet@éeﬁ'the
host's éex ahd'péié {wﬁhj&aé observed in all thel%ﬁréins of
‘mice (Table I);'V tovéifferent extents, and with_ﬁhéfﬁ@o

Table IIT ‘rate of growth of Taenia crassiceps ORF

in the peritdneal.céQiﬁj‘of congenic BALB/c (susceptible, H-2d)
and BALB/b.(régigﬁédf, H—2b) male and female mice. In the first
ten days after‘infécﬁion, no macroscopic parasites could be
recovered frém infected BALB/b mice while a different pattern of
growth occurred on resistant male BALB/c mice, in which
parasites could be recovered as soon as one day after

infection.



DISCUSSION

In the present study sevérglfihbréa'strains'of mice were
infected with cysticercus from‘ﬁwéféﬁféihéiof Taenia crassiceps
(OR¥, fast, and HYG, slow). Micé with the!H—zd haplotype were the
most susceptible whereas H-2b of H-2k strains were comparatively
resistant. A gene(s) wWithin or closely adjacent to H—2 must
therefore control innate mechanisms responsible for
susceptibility 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
strain is KF, Ik, Sd, p?

(Klein, 1986).

The non-H-2 genetic background of the mouse strains tested
had considerably less influence on parasite growth, with small
differences in susceptibility only in the context of H-2b or H-2k
in female mice. Thus non-H-2 determined factorsfonly'come into

effect in mice carrying the H~-2 haplotypes confefring resistance.

The relation between susceptibility aﬁd the major
histocompatibility complex has been studied in a Qariéty of
experimental mouse infections (Wakelin, 1978, 1'985‘; vadas, 1980)
However, H-2 involvement has been definitely established or
excluded in comparatively few cases. H-2 linked geﬁes influence

the response of mice to infection with T. spiralis (Wakelin and

10



Donachie, 1983; Wasson, Krco and David, 1987), thé response of
mice to vaccination against schistosome infection’ (Sher,

Hieny
and James,

1984) and the long—-term response in systemlc

leishmaniasis caused by Leishmania donovani (Blackwell, Freeman,

and Bradley, 1980). In all of these infectiops?genes mapping

outside the MHC are also of importance.

In murine cestode infections there is prev;ous ev1dence for

genetic lnvolvement in innate susceptlblllty to Taenza

taeniaformis (Mitchell, 1982), and T. crass;ceps”(Larralde et

al, 1988). Ih‘these studies, we have now shown that innate

susceptlblllty may be controlled at’ the 1evel of the H~-2

while
non—H—z background genes contrlbute -a small or ‘negllglble level
of control.

The mechanisms involved in innate and/or acquired
susceptibility have yet to be determined but H-2 associated

differences in antigen presentation would be the most immediate

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

mice, in which I—-E molecules express normally (Wasson,

Krco and
David, 1987).

considering the susceptibility of A/J strain,
antigen presentation in the context of class I antigens can not

be ruled out. Nor the activation of cytotoxic lymphocytes

11



neither the role of complement are - dlscarded as phenomena

critically lnvolved ln susceptlblllty,KSane the S reglon of

mice merlt comment It appears that these differences occur only

in the perltoneal experlmental infection with cysticerci while

there were ‘no sex.differences are detected in oral egg challenge

of common voles and other rodents (Delvalle, 1989). If these sex

associated differences vary because of differential parasite

stage susceptibility or tisular location is open to guestion. Sex

associated differences in susceptibility consistently exist in

all the strains of mice used, although to varying extents

depending of the H-2 genome of the host. A possible interaction

between H-2 functions and endocrine enviroment is envisaged

(Besedovsky, Del Rey, Soskin, 1986; Blalock et al, '1985).

As judged by parasite growth curves, the H-2 depéndent
control of parasite growth appears to occur in the flrst thlrty

days‘of 1nfectlon or not at all, since no macroscoplc paras;tes

couid'be recovered from H-2b mice early in the infection. In

12



contrast;”in*the:sex;associated control’of'parasite=growth

different'mechaniémsrare probably involved coneiderihg'that,

paras;tes:‘ d: be recovered as soon as day. after 1nfectlon.

Thus,'res;stance determined by H— 2 genes may; depend :nndlfferent

mechanlsms than res;stance attrlbutable~torgender~

Cleariy, HYG strain grew slower than ORF ln all H—2 strains
of mice and in both sexes. Thls dlfference 1n‘rates of growth,
intrinsic to the parasite, could well be the outcome'of selective
pressure coming from experimentation: ORF'having‘been kept in the
laboratory for many more generatlons than HYG.»So long in fact
that it is thought to have lost it's ablllty to transform in a

tapeworm and to reproduce sexually (Smlth, Esch and Kuhn, 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 T. solium cysticercosis in endemic countries.
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LEGENDS OF TABLES

Table I. Mean and standard error of the numbexr of paras;tes

recovered from the perltoneal cav;tles of mlce 30 days after

lnfectlon w1th ‘O cy t (ORF) per mouse..

'Mean of the ‘number of paras;tessrecovered from IS

perltoneal cav;ty of ten males and females congenlc BALB mlce

30" days after 1nfectlon with 10 cyst (ORF oerYG) per mouse.

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.

17



TABLE I

SUSCEPTIBILITY TO Taenia ' crassiceps (ORF) CYSTICERCOSIS OF MICE WITH
y d,b, AND k H—2 HAPLOTYPES ON DIFFERENT BACKGROUNDS

: : FEMALE i ..+ MALE :
H-2 . : AVERAGE PARASITE “"AVERAGE "‘PARASITE
HAPLOTYPE STRAIN LOAD * #SE (n) : LOAD * SE (n)
a .
BALB/c 110.3 x 4.6 70> 25.8
a -
d DBA/2 83.2 * 9.6 ¢ 9) 0 : : .
(BALB/c x DBA/2)F1 123.6 * 17.3 [QEY D] s dn e 3400
. a et .
a(k/d) ) A/J 115.3 ES 5.4 Ca7yiwe 30
b EER
BALB/b 18.1 ES 2.3 CA8) o i 0.9
b - °
C57 BL/6J 4.8 1.9 (28) . -
B
BALB/k 33.1 * (15)
b
k C3H/HeJd 21.8 ES ¢15)
c
C3HeB/FeldJ 6.0 * 2.2 (10) .
* Standard error of the mean
n

number of mice tested
a,b,c and 4 different literals with P< 0.010

Statistics labeled with the same literal are not significantly different from each other
while those labeled with different literals are significantly different.




TARLE II

ROLE OF H-2 GENES IN THE OONIROL OF Taenia crassiceps (ORF AND HYG)

CYSTICERCTI GROWIH IN THE PERTTONEIM OF INFECIED BALB MICE

OREF HYG
STRAIN H-2 AVERAGE, PARASTTE AVERAGE, PARASTTE
OF MICE HAPLOTYPE . S EX 1OAD £ * SE LOAD = SE
- BALB/c d F 138.3 = 13.0 29.4 * 9.5
M 18.8 * 4.6 2.4 = 0,9
BALB/b b F 52,1 * 17.8 4,0 = 1.2
M 0.0 = 0.0 0.0 = 0.0
BALB/k k F 542 % 23.3 3.0 = .0.6
M 1.7 = 0.9 0.0+ 0.0

* Standard error of the mean



III

T A B L E

GROWIH OF Taenia cre "'Q(ORF)]NRESISI'ANI'ANDmEMCE
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SUMMARY

The specific antibody response of mice

i ‘to experimental
infection with T. crasszceps cyst;cerc; wa
vaccinated male and female mice,

studied in naive and

from two
that differ in their relative re51stance to
parasite.

zféongeniC'strains

lnfectlon w;th this:

The more susceptlble cond ns had hlgher antlbedy
levels than the reslstant condltlons at equlvalent paras;te
loads: H-24 (BALB/cC) > H-Zb (BALB/b),

females > males;
vaccinated.

’nalve>
Passive transfer of whole immune sera or total k
immunoglobulins from res;stant and susceptible stralns d;d not
transfer protection to this parasite.

In fact, whole sera from -
susceptible female mice increased susceptibility 6£ naive females
of the susceptible strain. Western Blot analysis of antigen

recognition by circulating antibodies revealed extensive
similarity between strains, sexes and immune status.
However,resistance is clearly associated

with the host's
antibody response to three very consplicuous

antigen bands,
migrating between 80

— 93 Kd. Males of BALB/c susceptible strain
mounted strong antibody responses to these antigens only 3i£

vaccinated prior to challenge,

while males £rom BALB/L resistant

strain did so in response to infection without need of previous
vaccination. Females from

either strains were very poorly
reactive to the same antigens,

even if vaccinated, although quite
responsive to many others.

In practical terms these findings
point to metacestodes obtained by

experimental murine T.
crassiceps cysticercosis as: a very abundant and manageable

source
of antigens potentially useful in a design of a vaccine.



INTRODUCTION

Taenia crassiceps is a larval cestode parasite of mice and
rats that has proven useful as a laboratory model for T. soliuﬁ \
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 -
cysticercosis is quite amenable for scientific inquiries déaling~
with the biological factors invelved in the relationship betweén;
host and metacestodes (Rickard and Williams. 1982; Mitchell,
1989). In fact, we have recently shown that MHC, sex and
immunological state of the hostyare 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
protection against mény rodent larval cestode infections is well
known. In Taenia taeniaeformis cysticercosis, the evidence is
compelling that antiparasite antibodies are necessary for
expression of resistance (Mitchell et al, 1982; Soulsby and
Lloyd, 1982). Also, an association between the differing
abilities of individuals to cope with other parasitic infections.
and their humoral immune response is well documented (Gibbéns;

Harrison and Parkhouse, 1986; James and Cheveer, 1985; Else and



Wakelin, 1989). In T. saginata, T. crassiceps and T. solium

cysticercosis, however, research in this area had established the
notion that fully deve;oped‘metacéstbdes are unharmed by
antibodies, while early lafvaé'afé:very susceptible (Rickard and

Coman, 1977; Siebert and Good, '1980; Harrison and Parkhouse,

1985) However in view of the notorious antibody response of

cysticercotic individuals -mice and humans—- we felt this had to

be reassessed through the use of immunochemical technigques 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

vaccination with 7. crassiceps of two congenic strains of mice of

both sexes, (representing the extremes of resistance (BALB/b) and
susceptibility (BALB/c) to primary infection) was asessed by use
of guantitative enzyme linked immunosorbent assay (ELISA),
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 resistance to infection.



MATERIAL AND METHODS

Mice, Parasites and Sera

Males Tana’ females BALB/c and BALB/D mlce aged 5 to 7 weeks,

were used ln ‘these experiments.

Each individual mouse was infect-—
ed w1th ten T.

crassiceps (ORF strain) cysticerci injectéd: B
lntraperltoneally in 0.3 ml of PBS. The infection was allerd to
proceed from 1 to 150 days before mice were sacrlflced by

bleeding. Their sera were stored aliquoted at -20°C and the

number of cysts recovered from each mouse was recorded. The ORF
strain of Taenia crassiceps was supplied by Dr. B. Enders
(Behringwerke, Germany) in 1984. The larvae were kept in our
animal facilities by serial passaging (IP) in female BALB/c mice
every 2 to 4 months. Cysticerci for experimental use were col-

lected 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
vaccinated BALB/c and BALB/b mice,

days

from

of both sexes, vaccinated 30

before challenge with a total antigen extract of 7.

crassi-
ceps cysticerci (100

30
days after intraperitoneal challenge with ten cysts per mouse as

described elsewhere (Sciutto et 21,

Hg/mice) and sacrificed by bleeding

1990)



antibodies Purification

Pdoledfseré,ffpm?infected mice (immune sera) were'
precipitated at 50 and 33 percent of (NH,)_SO_, the residual

ammonium sulfate was eliminated by exahustive dialysis and pro-—

tein concentration were determined using a method modified from
Lowry et al (1951).

Preparation of Parasite Antigen Used in Vaccination ELISA and
Western Blots

Cysticerci to be used in the vaccination experiments were

collected from the peritoneal cavity of the BALB/c;femélé:ﬁice

used for serial passage, washed in four changes’bﬁ?béidfPBs (9

volumes of solution to 1 volume of parasite). theﬂg
ultracentrifuged at 100,000 x g for 60 min at 4°C; The protein

content of the supernatant was adjusted to 3 mg/ml and stored
aligquoted at —-70°C until use. Total protein concentrations were

determined using a method modified from Lowry et al (1951).

Enzyme—-Linked—Immunosorbent Assay (ELISA)

Sera were. processed in ELISA as previously reported
(Lafralde e§*aI,,l986). Three replicates of each serum were

always aﬁaleéd.'Briefly, the plates were coated with 100 pul of a



10 pg/ml of Taenia crassicceps,

antigens the mouse sera were
diluted 1:200 in PBS-Tween (.0l1l%), and Ab-Ag reactions were
developed with biotinylated sheep antimouse IgG (Amersham). A

solution of o-phenilendiamine (.04% in_ci;fate Phosphate buffer,

PH 5) (Sigma) was used as the substrate.

Western Blotting

Electrophoresis and lmmunoblottlng of}antlgens ‘were:.
performed as described elsewhere (Burnette,

1981, Larralde
et al, 1986).

Optimal results were obtalned lncuba Lngbeach ‘strip

of paper containing the transfered antlgens w;th lOO ul of the

serum to be tested, diluted 1:10 in PBS—Tween (.Ol%) for 4 hrs
at room temperature. Biotin conjugated polyclonal antimouse
total Igs and Peroxidase

streptavidin (Amergham),

diluted
1:400 were used to develop the paper strips.

The substrate used
was o—cloronaftol (0.05 mg/ml, HJE 0.03%).

Passive Transfer of Humoral Immunity

Whole immune serum and purified immunoglobulins transfer

experiments were designed to explore the role of the bulk of
antibodies. BALB/c mice were used as the recipients of sera.
Sera collected from BALB/b, BALB/c, males and femaies,
previocusly infected or vaccinated with T

crassiceps,

were used
as donors of sera. ’




Males and females BALB/c mice were challenged
intraperitoneally with 10 cysticerci per mouse, and a single
intraperitoneal injection (0.5

ml. per mouse) of control or
immune sera oy total Igs (2 mg pexr 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 significance of differences between the means

transfered and control groups. P values egqual to 0.05 or smaller
were considered significant.



RESULTS

Total antlgody levels to vesicular ﬁlu;d antigens in EALQL_ gng
BALB/b mice of both sexes.

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 paras;te load (n) plus

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

infected BALB/c mice (susceptible) had hlgher antlbody levels

than sera from the infected BALB/b mice (reSLStant). Also, in

BALB/c mice the number of parasites correlates possitively with

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

Male and female of both strains did not show significant differ-—

ences in antibody levels at the same level of parasite load.

Passive Transfer of Humoral Immunity

The data shown ‘in Table IXI indicate that no protection was

transfered by sera nor by immunoglobulins (data not shown).
Contrary terxpectations, transfer of sera from vaccinated female
BALB/c mice to female BALB/c mice, rather than inhibit,

favored
the development of the parasites in the transfered host.

Antigen discrimination in Western Blots by antibodies of BALB/c
and BALB/B mice of both sexes and of naive and vaccinated mic




The Western . Blété:6f‘Téenia'crassiceps antigen reacting with

sera from females and males BALB/c and BALB/b mice, infected

vaccinated and non—vacc;nated, as well as .with  sera from intact

non-lnfected mice are shown in Figure 2. Antlgen preparatlon

share many antigens (as determined from the ink stalned strlps,
at the left margin in Figure 2) most of which were s;mllary
recognized by susceptible and resistant mice. But, the most :
relevant finding is that resistance is clearly assoclated tov!:,_

three antigen bands migrating between 80-93 kd males oleA;$/¢

susceptible strain mounted strong antibodies responseS‘to'theée

antigens only if vaccinated prior to challenge, while’

BALB/Pb resistant strain did so in response to 1nfectlon wuthout

need of previous vaccination. Females poorly reactlve\to;the-same

antigens, even if vaccinated, although guite responsiﬁe”to’mény
others.
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DISCUSSION

The role played by antibodies in susceptibilityror
resistance to experimental murine cysticercosis was
quantitatively and gqualitatively studied in three conditions
differing in susceptibility: MHC differences (BALB/b, H-2b
{(resistant); BALB/c, H-2d (susceptibility) ], gender differences
{females (susceptible) and males (resistant)] and-differences in
immune status [vaccinated (resistant) and naivé (suéceptible)].
Our results indicate that the greatest bulk 6f,of antibody
inducing antigens, are not clearly aséqciéted'@ith resistance or
susceptibility to experimental cysticércbsis; fhié‘ié‘well in
keeping with most literature on cysticéf&éé}s}jéétéblished cysts
being heedless of antibody and compleménttﬁésgiﬁlé‘ ; v

A o apdtearly
larvae being the most susceptible (Mitchell;:1989;°Pond; Wassom

the anticomplementary activity of thé‘cystiééi¢;/

and Hayes, 1988; Gansmuller et al, 1987;
1985).

Harrison and Parkhouse,
Because the form of experimental cysticercosis studied
herein was produced by the injection of in the peritoneal cavity
of recipient mice it's no wonder that antibody response in

general was found irrelevant for parasite growth. In fact,'the

bulk of circulating antibody did not only fail to transfer
protection from vaccinated mice to mnaive recipients but managed

to favor parasite growth in BALB/c (susceptible) females in a

manner reminiscent of a variety of antibody mediated forms of

immune evasion (Gibbens, Harrison and Parkhouse, 1986; Grzych

et al, 1984, Mitchell, 1989)

11



As our results shown the molecular mechanisms of the immune
response to this parasite would be an intricate network of
interactions that could involverate sexes, vaccination and H-2
dependent events as it has been reported for other parasitic

infections (Wunderlich et al, 1988; Reiner and McMaster, 1987).

However, with the aid of Western Blots a set of three

antigens migrates between 80-93 kd was found to be associated

with resistance.

Antigens associated . with ‘susceptibility or resistance ‘could

Sji26 (antigen

S Jjaponicum but is

inefective in induci g in vaccination,
Smith et al, 1986; Wakelin; responsible in

the response to the infection..

whether immune responses to these antigens are involved in
same way in expression of resistance to T. crassiceps infection
remains to be determined but the identification of these antigens
may have considerable relevance to the development of effective
vaccines wvia natural or synthetic procedures as well as means of

probing deeper in the molecular events regulating host parasite

transactions.

12



the most meortant flnding in thls report 1s the

Finally,
identification of a set of'lnd1v1dualrant1gens assoc;ated with
; n‘a.manageable source of

resistance, that are cons;étely'present

antigens such as those obtalned £

are potentially usefull in a vacc;ne deSLQn

rasszceps cystlc&rc; and

12 P
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FIGURES AND LEGENDS

Figure l.

Serum antlbody response (as measured by ELISA OD 492 values

to ves;cular fluld antigens -of BALB/C and BALB/b mice before

'fectlon (b) with 10 cysts per mouse, mice

~10, 20, 30,

60 and 150 in

graphed agalnst the 1ogar1tm‘of the parasite load (n) plus 1

(1og n + 1) to dlscard zero ‘values. Both susceptible and

resistant strains of mice mounted antibody synthesis in.

response to infection by T cra551ceps, however BALB/c“

antibodies increased with paras;te load whereas BALB/b”'

remained constant. Antibody responses by males and females
plotted randomly in the graph.f

Figure 2.

Western blots showing the antigen/antibody reactions

detected in vesicular fluid, overlaid with sera from

vaccinated and non vaccinated mice and developed with anti-

mouse—-1g. Each strip correspond to serum from individual

mice bled 30 days after ‘infection.



Table I.

"Mean + standard error of the number of parasite recovered

from 10 female BALB/c (susceptible) recipient mice

transfered with 0.5 ml of immune sera from female or male

VBALB/by(resistant),,or BALB/c (susceptible). °Serum from

days infected mice (ten parasites per mice). ®*serum from

days vaccinated mice (100 ug per mice) Passive transfer

immune sera from donors mice did not transfer resistance

BALB/c mice.Transfered sera from vaccinated femalé:donbf

30
30

of

to

mice significantly increased the susceptibility of “females

recipients.
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TABLE I

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

RECFPTORS OF SERUM

(BALB/c)

Female Hale
Hithout serum transfered 150 * 79 25 * a2
With serum transfered from:
BALB/c fcomale -
infected 211 * 106 N.D.
vaccinacted *311 * 106 34 % 15
gALB/C male
infected 186 % o4 29 % =23
vaccinated 116 * 108 20 % 13
°BALE/b infected female 101 . = a9 N.D.

®BALB/b infected male 245 * 113 40 * 30
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RELIABLE SEROLOGY OF THENIA SOLIUM
CYSTICERCOSIS WITH ANTIGENS FROM CYST VESICULAR
FLUID: ELISA AND HEMAGGLUTINATION TESTS
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Abstract. New levels of reproducibility and sensitivity have been achieved in the de-
tection of anticysticercus antibodies in human sera by using cysticercus vesicular fluid as
the source of antigens for both ELISA and hemagglutination assays. Reproducibility both
between tesis on a serum and between similar sera was significantly improved over 1ypical
results using antigens from whole parasite eatracts. Sera collected from uninfecied indi-
viduals in endemic areas gave somewhatelevated values over those collected in nonendemic
arcas. This nccessitated the use of a higher threshold in endemic arcas to avoid false
positives. With the threshold appropriate for a nonendemic area, both ELISA and hem-
agglutinalion were sensitive enough 1o detect infection in 95% of cases. With the threshold

value for sera from an endcmic area. these sensitivilies were reduced 10 §0%-90%. A
prominent 103-Kd protcin of vesicular fluid. not related 1o antigen B, elicited the sirongest
antibody response in Nourocysiercolic patents

Cysticercosis caused by the metacestodes of
Taenia soliurnt is a scrious health threat and eco-
nomic burden in Latin America. Asinand Africa.
A number of recent publications dealing with the
parasite and the discase. including factors that pro-
pitiate transmission. testify 1o the growing concern
for this parasitosis of humans and pigs.'~*

Epidemiological surveillance of human cysti-
cuercosis is probably only feasible by wayv of de
tecting circulating anticysticercus antibodies. due
1o numerous asymptomatic cases that would
elude routine clinical examination. The cost of
CT scan climinates this powerful technology from
the screening of populations. Likewise, lumbar
tapping to identify soluble antigens in the CSF
of neurocysticercoctic patients would probably
meet with considerable resistance from the pop-
ulation under study.* *

Numerous techniques have been tried in search
of anticysticercus antibodies but none has prov-
en entirely satisfactory. Problems include poor
reproducibility. cross-reactivity with other ces-

Accepted 7 April 1986,

todes and a large fraction of false negative sera
or guestionable sensitivity because of inappro-
priate contrast with normal sera.™'?

To develop a serological test for the epide-
miological surveillance of human cysticercosis
we started by reevaluating all compartments of
the parasite as sources of antigen. We obitained
reliable serological results by employing solubte
antigens from the vesicular fluid instead of the
usual whole parasite extracts. Further. by com-
paring paired hemagglutination and EL1ISA
method: on each serum., we show them to be
roughly equal in sensitivity and specificity for
neurocysticercosis. The unprecedented repro-
ducibility of results is attributed to physical and
chemical stability of the vesicular fluid antigens.

MATERIALS AND METHODS

Antigens

Vesicular fluid from the cysticerci of 7. solium
was used as the only source of antigens. The
cysticerci were dissected from skeletal muscle of
pigs and collected in ice-chilled phosphate buff-
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ered saline (PBS, pH 7.4). Immediately after-
wards, the cysts were ruptured with scissors and
vesicular fluid was collected. Calcium was re-
moved by adding 50 ul of ammonium oxalate
(0.3 M) and 25 ul of ammonia (1:3, v/v, in wa-
ter) to each ml of vesicular fluid, centrifuging
(2,000 x g, 4 min, at 20°C), and discarding all
precipitated material. The supernatant, which
contained all the initial proteins, was then col.
lected and aliquoted in 100 ul samples and stored
in liquid nitrogen. Minimizing the time between
pig slaughter, fluid collection. and elimination of
excess calecium, was critical for reproducible re-
sults. Final protein concentrations in the pro-
cessed fluid varied somewhat between parasit-
ized pigs. ranging from 3 10 6 mg/ml. but their
qualitatlive protein compositions were quite con-
stant.

Sera

Test sera were obuined through conventional
procedures and grouped according 1o the likehi-
hood of containing anticysticercus antibodies in
the following groups: negative (10 sera from
healthy people living in a nonendemic area—
Federal Republic of Germany. provided by Dr.
Enders, Behringwerke. Marburg., FRG): unlikely
(12 sera from healthy people living in an endemic
area—NMexico): suspicious (11 sera Itom neuro-
logic patients in a health institution of Mexico):
probable (14 sera from neurological patients with
clinical and radiological pictures suggestive of
cysticercosis —all Mexican): and confirmed (7 sera
from patients from whose central nervous system

a 7. solium cysiicercus had been surgically re-
moved —all Mexican).

Serological tests

Sera were processed in 2 (ELISA) or 3 (hem-
agglutination) sessions: cach scssion was per-
formed the same day with the same batches of
vesicular fluid and ELISA reagents and included
3 replicates of each serum. with some exceptions
due to shortage of serum.

Optimal results in ELISA were obtained with
Immulon (Dynatech) fiat-bottom plates sensi-
tized with antigen by incubating them with 100
ul of vesicular fluid. containing 10 ug of proteins,
for 5 hr at 37°C and overnight at 4°C. After wash-
ing nonadherent proteins wilth PBS containing
0.05% Tween (PBS-T). plates were incubated with

100 pl of each serum diluted 1:15 in PBS for 3
hr at 37°C. The 1:15 serum dilution was estab-
lished as the optimum by a set of preliminary
experiments (not shown) which tested several di-
lutions for ability of the assay to distinguish be-
tween normal and cysticercotic human sera. The
presence of anticysticercus antibodies attached
10 each well was detected by adding 100 ul of 1:
400 biotinylated protein A (Amersham) in PBS-T
for 1 hr at 37°C. followed by 100 ul of 1:400
biotinylated streptavidin-peroxidasec (Amer-
sham) in PBS-T for 30 min at 37°C. Aftcr wash-
ing.enzyr: ¢ was detected on the plate by reaction
with 100 pl of 0.4 mg’ml orthophenvlenedi-
amine (Sigma) and 0.03% H.O: 1n citrate phos-
phate buffer (0.1 M. pH 3) for 30 min at 37°C.
Plates were Vigorously washed 3 times after cach
reaction step. washes lasung 5 min before fiush-
ing. The orthophenvicenediamine reaction was
stopped with 50 ul of 4 MM sulfuric acid. Optical
density readings at 492 nm were done in a Beh-
ring automatic EL1ISA procuessor.

Hemagelutination reactions were performed
in v-shaped hemagglutination plates using sheep
red blood cells (SRBC) sensitized with vesicular
fluid antigens coupled via glutaraldehyde
bridges.'* SRBC were first washed several times
in PBS and brought to a 50% suspension. To
cach | m! ofthe SRBC suspensions the following
were added: 1.5 mil of 253%0 glutaraldehyde pre-
viously neutralived with 10" sodium carbonate.
5 miofsahne (0.15 M NaChand 1 mlof'sodium
biphosphate (0.013 M, pH ¥). The mixture was
stirred by rotation at 4°C for 24 hr. Afterwards.,
SRBC were washed 4 times with 30 times their
volume of PBS and brought 1o a final 10% sus-
pension in PBS. To cach ! ml of this glutaral-
dehyvde treated SRBC suspension, 5 ml were
added of 1:13 dilution of the cysticercus vesicular
fluid in 0.1 M acctate butffer (pH 5). The mixture
was gently stirred and the reaction allowed to
proceed for about 16 hr at room temperature,
SRBC were then washed 4 umes in abundant
PBS and separated by sedimentation or by gentle
centrifugation and then resuspended in 0.1 M
glycine in PBS 10 block the remaining free al-
dehyde groups.

Standardization of the hemagglutination re-
action with hyperimmune rabbit serum against
T. solium antigens indicated the critical impor-
tance of the serum diluent being PBS with 1%
bovine serum albumin (BSA) in minimizing
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nonspecific agglutination. Thus, all human sera
were diluted with 1% BSA in PBS in a 2-fold
serial fashion staning from a 1:10 dilution of the
initial serum to reach 1:20.480. Each 50 ul of the
final serum dilution was incubated with 25 ul of
3% sensitized SRBC. stirred by rotation for 10
min and left 10 sediment for about 2 hr a1t room
temperature before scoring for agglutination. The
serum titer was taken to be the inverse of the

maximal dilution unmistakenly scored as posi-
tive.

Electrophoresis and immunaoblotting

Polyacrvlamide gel electrophoresis IPAGE) of
the vesicular fluid contents. with sodium dode-
cylsulfate (SDS) and mercaptoethanol. was per-
formed following the protocol of Lacmmli using
a Protean (BioRad) gel format at 10°C. 20-30
mA. for 3—4 hr.** T he stacking gel was made with
3% acrylamide and 0.062% SDS. and measured
1.5 cm in length. 13 cm in width and 0.73 ¢cm
in thickness. The separating gel contained %o or
10% acrylamide. 0.1% SDS and was 13 cm long.
13 cm wide and O.753 mm thick. When required.
staining of fixed gels was performed with 0.23%
Coomassie brilliant blue R-250 in 33% metha-
nol. 10% acetic acid 1in water (v vy for 2 hr. Im-
munoblotting onto nitrocellulose paper was car-
ried out by clectrophoretic transfer at 1.3 A for
60 min in Tris-glycine butfer (pH 8.335), keeping
the temperature below 37°C.°' The paper con-
taining the transferred antigens was then soake
overnightin 3% BSA 1n PBBS-T and then cut inlo
several O.5-cm sinps parallel 1o the axis of ma-
gration. Each strip was then incubated with 1 mi
of the serum to be tested. diluted 1:15 in PBS-T
for 6 hr at room temperature while surring. Af-
terwards, the strips were washed by repeated im-
mersions in 50 ml of PBS.T.

Binding of antibodies 10 the transferred paper
strips was visualized by immersing cach of the
strips in a 1:400 dilution (in PBS) of the com-
mercial preparation of biotinyiated protein A for
1 hr at room temperature. followed by another
immersion in a 1:400 dilution in PBS of biotiny-
lated streptavidin-peroxidase for 30 min. En-
zyme activity on the paper was developed by
immersing the strips in a solution containing 30
mg of o-chloronaphthol (Sigma), 10 ml of meth-
anol, 50 ml of PBS and 50 ul of H.O; added
immediatcly prior 10 use. Protein bands having
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bound antibodies stained black 5-10 min after
immersion, contrasting with those not binding
antibodies or binding a few nonspecific immu-

noglobulins. which stained light gray or not at
all.

RESULTS
ELISA

Table 1 shows the results obtained with ELISA
in 53 sera processed simultaneously in 1 session.
grouped according to the likelihood of the serum
sample coming from a donor having had pre-
vious exposure 10 the parasite. Entries for indi-
vidual sera are the mean absorbance of 3 inde-
pendent incubation mixtures followed by the
standard deviation (SD). exceptin 7 cases where
single detenminations were performed due 10 lack
of sample material. For each of the likelihood
groups, the values for the individual sera were
avceraged and the mean and SD are given. as well
as the coeficient of vanation (mean. SD).

A significant increase in antibody cencentra-
tions. in going from the population with a small
chance of infection to those in a connirmed cys-
ticercotic state, was clearly shown by a 20-fold
increase in mean values of absorbance. The van-
ations within measurements on a given scrum
and between sera in cach group increased even
more rapidly than did the mean. This is indicated
by the decreasing coefficient of variation of cach
group.

An imporiant parameter in serological diag-
nosis is the threshold value of the response vari-
able that. when exceeded by an individual de-
termination on a sample, results in the donor
being classified as serologically positive, These
threshold values have been calculated separately
using the nonendemic (negative) group and the
endemic (unlikely) group as the negatives, with
95% confidence in each case. As shown in Table
1. these values (the mean + 2 SD) were 0.043
absorbance units for the nonendemic (negative)
group and 0.085 for the endemic (unlikely) group.

Hemagglutination

Hemagglutination of SRBC coated with vesic-
ular fluid antigens produced results very similar
to those of the ELISA, Table 2 shows the results
from a representative single session. The first
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TABLE |
Afean absorbance = standard deviation by ELISA

Serum groups

by Lkclihood of cysucercosis infection
Confirmed
Negative healthy Unlikely heatthy
Sers. noncndemic endemic patients osical patienis pauents
1 0.030 0.037 = 0.005 0.061 0.007 0.894 = 0.187 >2.200 = 0.000
2 0.027 0.075 = 0.019 2.140 0.085 0.171 = 0.041 0.637
3 0.038 = 0.014 0.080 0.070 0.017 0.028 = 0.001 1.242 0.251
4 0.027 = 0.003 0.077 = 0.020 0.071 0.002 0.555 = 0.180 0.080 0.002
5 0.031 = 0.001 0.054 1.405 0.267 1.253 = 0.293 0.0743 0.024
6 0.025 = 0.001 0.037 = 0.016 0.305 0.111 1.197 = 0.355 0.411 0.012
7 0.027 = 0.002 0.018 0.001 0.395 = 0.100 0.286 0.099%
8 0.025 = 0.004 28 = 0.004 0.035 0.001 1.425 = 0.341
9 0.025 : 0.003 . 0.010 0.149 0.038 0.231 = 0.118
10 0.028 = 0.007 0.036 = 0.013 0.562 0.232 0.521%
11 0.031 = 0.001 0.081 = 0.016
12 0.026 = 0.004 1.397 0.228
13 1.170 0.218
14 0.778 0.253
Mean 0.029 = 0.007 0.043 = 0.021 D0.482 = 0.695  0.748 = 0.550 0.746 = 0.760
Coeflicient of
variation 4.41 2.04 0.69 1.36 0.98
Threshold 0.043 0.085

well in each serial dilution contained a 1:10 di-
lution of each test serum. so that the numbers
given in the table represent the log: of one-fifth
the effective titer. As before. the mean and SD
are given for 3 independent replicate measure-
ments of each serum. and the mean. SD and
cocfficient of variance are also given for ecach
serum group.

In the 5 groups. both the mean titers and the
degree of varnation betwceen samples within a
group grew with increasing likelihood of pre-
vious contact with the cysticercus antigens. The
95% threshold values for the nonendemic (neg-
ative) group and the endemic (unlikely) group
are shown in Table 2 along with the corrected
threshold values., which arc the same rounded
up 10 the next integer. As with the ELISA. the
threshold values using sera of donors from non-
endemic areas were about half those which were

found by using comparable sera from endemic
areas.

Sensitivity

The sensitivities of both assays resulted from
a combination of 2 factors: the strength of the
mean deteciable response 10 sample antibodies
and the reproducibility of the assays. Both meth-
ods were sensitive enough to detect a difference

between panels of samples from apparently un-
infected individuals in nonendemic and endemic
areas. This resulted in a higher threshold being
required to avoid false positives in endemic areas.
The number of false negatives which would re-
sult from use of either threshold can be estimated
from the fraction of the samples in the probable
and confirmed groups which lic below each
threshold value. False positives would result from
the use of the lower threshold in assays of sam-
ples from endemic arcas.

These findings are summarized in Table 3. Both
the ELISA and the hemagglutination assay re-
ported positive results for 95% of the probable
and confirmed samples when compared with
nonendemic controls. The results with respect to
the threshold for an endemic arca dropped to
91% for the hemagglutination and 80% for the
ELISA. Looking only at the suspiciousgroup and
using the endemic area threshold, the hemagglu-
tination assay supporied the diagnosis of neu-
rocysticercosis in 70% of the cases and ELISA
supported it in 30%.

Reproducibility

A major difference between our serological re-
sults and those using other procedures is the high
degree of reproducibility which was found within
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TasLe 2
AMean titer = standard deviation by indirect hemagglutination
Serum groups by of
Conarmed
‘Negative healihy Uniikely healthy Susp:ious ¥
Sera nonendemic endemc Paticats Pauents patients
-1 1.0 = O. 1.3 =02 K3 Q.4 10.0 = 0.0 12.0 = 0.0
2 1.0 0. 1.0 = 0.0 2.0 0.0 6.0 Q.8 10.6 = 0.4
3 1.3 = 0.3 50 =08 5 a.4 26 = 0.3 5.0 = 0.0
4 1.0 = 0.0 2.0 = 038 3.0 =08 10.5 = 0.5 7.0 = 0.8
5 1.0 = 0.0 .0 = 0.0 11.0 = 1.3 9.2 = 0.9 7.0 0.8
6 1.0 = 0.0 1.0 = 0.0 7.3 = 0.4 9.3 = 0.3 9.0 1.6
7 1.0 = 0.0 1.0 = 0.0 1.6 = 09 9.0 = 1.4 9.0 = 1.6
8 1.0 = 0.0 2.0 = Q.8 2.0 = 00 10.6 = 0.4 12.0 = 0.0
9 1.0 = 0.0 1.0 = 0.0 6.6 = 1.2 103 = 0.4
10 1.0 = 0.0 7.6 = 1.2 10.0 0.0
11 1.0 = 0.0 2.0 0.0
2 1.0 = 0.0 11.3 = 0.9
13 1.5 = 0.5 10.3 = 2.3
14 1.0 = 00 8.3 = 0.9
15 1.0 = 0.0 1.0 = 0.0
16 1.0 = 0.0
17 1.0 = Q.0
18 K 0.0
19 = 0.0
20 = 0.0
21 = 0.3
22 = 0.4
23 = 0.0
23 = 0.0
25 = 0.4
26 = 0.4
Mean 1.0 5.9 8.3 8.9
Swandard
deviation 0.1 0.7 3.4 2.9 2.5
Coefficient of
variation 9.8 1.6 1.7 2.8 3.5
Threshold 1.2 9
Corrected
threshold 2.020 3.0 (1:40)
measurements on each serum sample and be-

tween sera in each group. For example. in the
ELISA, the mean for a given serum was greater
than twice the SD in all but 1 case. Similarly, in

Threshoht value

the hemagglutination assay, only 1.4% afthe sera
showed SD exceeding half of the mean for that
serum. Spearman’s rank-order correlation coef-
ficient (r,) between the ELISA and hemagglutin-

Tame 3
Efect of choice of threshold on fraction of sera above threshold

Fraction above throshold

ELISA

MNonendemic (0.043)
Endemic (0.85)

Hemagglutination
Wonendemic (1:20)
‘Endemic (1:40)

< Specificity = fraction of con

Fraction above threshold

vpenhicny®) Gensitiviny®)
Negative nanendemic Unlinely endemic Confirmed ~ probable acta

0/10 (1.0} 4/12 (0.7 20/21 (0.95)

Q710 (1.0) 0712 (1.) 17721 (0.80)

0/10 1.0y 3/26 (0.88) 22723 (0.95)

0/10 (1.0) 1/26 (0.96) 21/23(0.91)
firmed and scra above g ver

af healthy sera above threshold.
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Fioure 1.

nd peptides in
solution in the vesicular fluid of 6 different coltections
of T. soliwm cysticerct, stored for different times in
fiquitd nitrogen, frozen and thawed once or twice, and
dissected immuediately afier the pigs’ death or 1 day

afterwards, Major bands located between molecular
weights 200-38 Kd are quite constant from collection
10 collection and secm 1o withstand prolonged storage,
freczing and thawing, and some delay in harvesting.
Differences between collections tocalize in molecular
weights < 30.000 or -130.000 4. Moelecular weight
swuandarad (far lefl) includes phosphoryiase B (92,500 &y,
bovine serum atbumin (68.000 d). ovalbumin (43.000

) carbonic anhydrase (31,000 ). soybean trypsin in-
hibitor {21,500 d) and cyvtochrome € {14.300).

ation mean scores of the 51 sera thatl were pro-
cessed with both procedures showued a very ctose

association{(r, = 0.9.¢r = 14,4, P < 0.0001). Rank
orrelation was preferred over linear correlation

because the hemagglutination variable is not a
truly continuous variable.

BEER

3]

25

)

o,

g
X

8
425
03
65
59
a7
0

oD

&0 a5
Figure 2. SDS-PAGE ¢
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MILLIMETERS

Vesicular fluid antigens of T. solium

Figure 1 shows the similarity of vesicular fluid
SDS-PAGE chromatograms for proteins and
peptides extracted from different cysticerci, stored
for different periods, frozen and thawed once or
wwice, or dissected immediately afier death of the
pig or 1 day later. Figure 2 shows the densitome-
try of a represenwtive SDS-PAGE. There are
about 15 distingt protein bands, with molecular
weights ranging from 246 1o 26 Kd and a cloud
of assorted peptides in a broad region bewween
10 and 17 Kd. The most prominent are those
located at 236, 149, 103,65, 47 and 40 Kd, which
will be referred 10 as P46, P149, PI03. etc.
The immunobiots of the SDS-PAGE chro-
matograms with sera from cysticercotic patients
(Fig. 3) showed antibody response in the natu-
rally infected host 1o a number of the vesicular
fluid protweins. The most distinct antigen band
corresponds 10 P103, which is also the one most
frequently recognized by the immune sera. Con-
siderable antibody activity is also directed 1o the
fower motecular weight proteins and o the cloud
of assoried pepuides bul in 3 MANNCSE MOFC Vari-
able between some., P 103 did not react with con-
ventional or monoclonal antibodies against an-
tigen B (data not shown).'* % Further, antigen B
could not be found in significant cancentrations
in the vesicular fluid (Figs. t and 2). In addition,
it also should be mentioned that we could not
detect any host or host-tike proteins in unadul-
terated vesicular fluid when the immunoblots
were reacted with mouse anli-pig serum.

3

430

470

1etry after staining with 0.25 Coomassie/Biue R-250 1o

‘betier iltusirate the protein and peptide composition of the vesicular fluid of the cysticercus of T, sofiurt. Most
faint. A cloud of stain, possibly indicating an assorted peptide mixture, is a common finding,.

notable protein bands localize at 236, 149, 103, 65, 47, 20, 33, 31 and 26 Kd. The last 3 bands are usually very
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Immunoblots (biounylated protein A. biotinylated strepuavidin-peroxidase, o-chloronaphthol)

after SDS-PAGE clectrophoresis of the anugens in the veswular fluid of 7. solitrn cysticercus as detected by
the sera of 16 different neurocysticercotic patients (first 16 strips from left 10 right) and of 15 different healthy
donors residing in Mexico. The reacuion patterns seem 1o differ somewhat bewween patients. 2 not reacting at
all. but most have antibodies to the very conspicuous protein band located at 103 Kd (P103). There is also quite
an activcammune response 1n the patients against antigens located a1 molecular weights < 50 Kd but the reaction

here 1s diffuse and does not resolve 1n clear-cut bands. A couple of the healthy donors have antibodies against
proteins located between 90—60 Kd but none react with P10

Because of shorage of sera. we could not perform
a complete design matching each serum reported 1in Tables 1 and 2 with an immunoblot pattern. only some
were possible, However, we are under the impression that the most reproducible result in immunoblotung is
the reacuion of most of the patient’s sera. with PIO3 and with the cloud of peptides at low molecular weights,
the rest of the bands behaving somewhat capriciousty. In fact. 1n our expenence. immunoblotling proved 10 be
50 suscepuble 10 vanauon that we ind 1t usetful 1in detecung inleresting antigens but of little rehiability as a
diagnostic tool.

DISCUSSION

Two different immunoassay procedures, hem-
agglutination and ELISA. have been used with
antigens from cysticercus vesicular fluid to detect
serum antibodies in infected donors. The assays
were striking in their reproducibility and per-
formed very similarly when tested against 5 panels
of sera in 3 different sessions. Both assays were
sensitive enough 1o detect differences between
sera from healthy donors in arcas where cysti-
cercosis is endemic and nonendemic. The ability
to detect infection serologically is not limited by
the inherent sensitivity of the assay, but oniy by
the higher bascline of detectable antibody in nor-

mal samples from areas where cysticercosis is
endemic. This difference presumably arises from
previous exposure 1o parasites which share an-
1igens with thosc of the assay.'®

Both ELISA and hemagglutination assays de-
tected antibodies in samples from infected in-
dividuals with approximately 95% sensitivity in
a nonendemic area, and 80%—~%0% in an ¢endemic
area. Thesc percentages were estimated by taking
results from individuals who were known to be,
or who were very likely to be, infected, and com-
paring with threshold values drawn from the ap-
propriate panel of uninfected controls.

The performance of the hemagglutination as-
say may be panticularly helpful in the epidemi-
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ological surveillance of taeniasis/cysticercosis
since that technique is well suited for numerous
samples at modest cost per sample. Likewise, it
may well be the method of choice in medical
institutions lacking access 1o the most sophisti-
cated diagnostic procedures. Differences between
hemagglutination and ELISA were minimal, al-
though we noted that the former supported the
diagnosis of neurocysticercosis in 70% of the sus-
picious sample group while ELISA supported it
in only 50%. Evaluation of the significance of
this finding must await the collection of more
clinical, surgical or anatomical data from this
group with which to compare these resulis,

We attribute the reproducibility of resulis to
the use of vesicular fluid as a source of siable
antigen instead of the usual homogenates of cys-
ticercal tissues. It is in marked contrast with pre-
vious work using homogenates or partially puri-
fied homogenaws of whole parasite in doubie
immunodiffusion. immunoelecirophoresis,
complement fixation and ELISA assays '*-1n 142
Possible explanations for the stability of vesic-
ular fluid antigens over those from homogenates
include the presence of intracellular enzymes in
homogenates and the nawural tendency of ma-
1erials exiracted by acid and or strong salt so-
lutions to aggregate when placed in neutral iso-
tonic media. Even purified or partially purified
molecules. like antigen 13, from the solid parns of
the parasite have been quite unsiable in solution,
tending to gelatinize or precipitate forming fi-
brils.'*

Immunoblots of vesicular fluid SDS-PAGE
patierns confirmed the heterogeneity of the im-
mune response by humans to this parasite, as
detected with less sensitive technigques.'# '3 30 One
antigen in particular. P103, was strongly favored.
Since P103 did not share antigenic determinants
with antigen B from crude extracts, it is antici-
pated that the effectiveness of immunoassays can
be further improved if a controlled and stable
mixture of P103 and antigen B can be devised.
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DECIPHERING WESTERN BLOTS OF TAPEWORM ANTIGENS
(TAENIA SOLIUM, ECHINOCOCCUS GRANULOSUS, AND
TAENIA CRASSICEPS) REACTING WITH SERA FROM
NEUROCYSTICERCOSIS AND HYDATID
DISEASE PATIENTS

C. LARRALDE. R. M. MONTOYA, E. SCIUTTO, M. L. DIAZ,
T. GOVEZENSKY, anxp E. COLTORTI1
Departamento de Immunologia. Instituto de Investigaciones Biomedicas, Universidad
Nacional Autonoma de Mexico, and Centro Panamericano de Zoonosis.
e Bucenos Aires, Argentina

Abstract. Complex antigen mixtures displayed in Western blots may be immediately
and quantitatively categorized with respect to specificity and immunogenicity by immu-
noplotting. This involves plotting the frequency with which each antigen band reacts with
a set of immune sera against the frequency of the same band when reacted with another

set of immune sera. Immunoplotting has proven 10 be a powerful method of analyzing
Western blots of reactions between vesicular fluids from the metacestodes of Taenia solium,
E. granulosus. and T. crassiceps. and scra from human cases of neurocysticercosis and
hydatid disease. Immunoplotting readily sorts out those antigens useful for discriminative
immunodiagnosis from the multitude of bands in the sera of sick and healthy people. It
aids in assessing the antigenic similarity between the human parasites and the murine

parasite 7. crassiceps. validating the latter as an aliernative source of antigens for immu-
nodiagnosis of cysticercosis and hydatid disecasc.

Western blotting is of great value in the anal-
ysis of antigen mixtures because it combines the
fine resolution of polyacrylamide gel electropho-

disease requires a thorough analysis of antigen
composition of involved parasites. Antigen iden-

tification would certainly help immunodiagnosis
. resis with the high sensitivity of antibodies cou- in places where CT and NMR imaging are
B pled to tracers. enzymes, or radionuclides.! How- unavailable®* and aid in recognizing risk arcas
o ever, in cases of complex antigen mixuures, and factors involved in transmission. Further-
especially when contrasts with other cqually more, careful antigen discrimination could ad-
bl complex mixtures are performed. unaided visual vance our understanding of the parasites causing
g inspection of the blots usually misses the details chronic disease. and why some produce severe
: of the antigen profile. Thus, to fully realize its and even fatal damage while other progress be-
potential, Western blotling requires a systematic nignly or go unnoticed.®* 7. crassiceps was in-
f‘ # yet operative procedurt of analysis commensur- cluded because it was hoped extensive antigen
v ate with it’s biochemical virtues. similarity in this murine parasitc would provide
To this end, we have developed the immu- a less variable source of antigen than usual the
. noplot. This simple graphic procedure of con- sources, which are 7. solium antigens from cys-
%’J trasting blots was developed while studying the ticercotic pigs’ and E. granulosus antigens from
b3 antigen composition of some cestodes causing parasitized ovines, bovines, humans, and cam-

serious human disecase, Tacnia solium and ecls.®

1z

Echinococcus granulosus, and a related murine
parasite, Taecnia crassiceps.

We expected these parasites would pose achal-
lenge to antigen analysis because of the varicty
of specific and shared antigens,? and because of
Western blotting’s great sensitivity. Immunolog-
ical diagnosis of neurocysticercosis and hydatid

MATERIAL AND METHODS

1. mmunoplo.t

The simplest immunoplot is the plot of the
frequency with which each individual antigen
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A) MIMUNOPLOT OF SIMPLE FREQUENCIES
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FiGure 1. Plotting the frequency of reaction of cach antigen band in the set of sera from a given discase
condition (/Bi) against that found in normal sera (A) or against that found in the sera of a different discase
condition after subtracting background reactivity ( B) places cach antigen band in regions of the plot with distinct

immunological meaning.

band in a Western blot reacts with a set of sera
collected from patients of a certain diseasc against
the frequency of that same antigen band when
reacted with scra from normal donors. This im-
munoplot of simple frequencies (Fig. 1A) allows
immediate identification of troublesome anti-
gens reacting with normal sera because they plot
in the ptanc between the axes. while those re-
actling only with patients’ sera plot on the cor-
responding axis at levels related with the fre-
quency of reaction.

A more ¢laborate but most informative im-
munoplot results from increasing contrast with
background by subtracting the frequency of each
band obtained with normal sera from that in
infected sera. Thus, plotting these freque: oy dif-
ferences in sera from paticnts with a certain dis-
ease against those in sera from patients with a
contrasting discase defines a plane wherein the
position of each antigen band has an immediate
immunological meaning (Fig. 1B). Any band
having zero or negative frequency values is of
doubtful interest for the immunology of the dis-
cases involved. Any band having a low frequency
value in 1 axis but a high frequency value in the
other is a candidate for discriminating immu-
nodiagnosis. Any band having high frequency
values in both axes is favorable for nondiscri-
minating diagnosis and is of tentative interest in

cross-reacting immunity. The spread in the clus-
ter indicates heterogeneity in immunogenicity
among the antigens in the mixwre. Linearity of
the cluster points 1o antigens of rclated immu-
nogenicity in both antigen extracts. their order-
ing from low to high frequency values reflecting
their increasing immunogenicity. The lincar slope
of the plot. if any, would point 1o the overall
tendency of the antigen mixture to favor specific
reaction with | or the other category of sera (slope
near unity meaning equal tendencies).

Collecting the frequency values for cach band
is done by first constructing a Western blot mas-
ter pattern that includes all different bands in the
antigen mixture (that is, all bands appearing at
least once in the blots when reacted with all sera)
ordered by molecular weight. and then scoring
for cach band’s presence or absence in each se-
rum. The frequency value of each individual band
is the sum of all sera in the category that reacted
with that band divided by the total number of
sera in the catcgory.

The decision of whether a given serum reacts
or not with a certain band is crucial. Scoring is
not a major problem when the blots are excep-
tionally clean, but this is secldom the case with
whole parasite extracts reacting with many dif-
ferent sera in a single session. Furthermore, as
there is quite a range in reactions, scoring may
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be uncertain in the case of tenuous bands located
in blurred sectors of the blots. We have found
that band detection by +visual inspection per-
formed by an experienced technician is as reli-
able as the currently available computer tech-
nology in decisions on peak detection in
densitograms. There is no question as to the need
to improve this phase of the procedure. Mean-
while, it is safe to work only with clearly visible
bands, or 10 categorize them according to con-
spicuousness before attaching much meaning to
conclusions derived from their observed posi-
tions in the immunoplot.

Antigens and antisera

The antigens of all parasites were those in so-
lution in the vesicular fluid of the respective me-
tacestodes. These antigens were selected because
they provide the most rcliable serological re-
sults.® 10 T soliunt cysticerci were dissected from
skeletal muscle of natwurally infected pigs slaugh-
tered in Mexico City's abbatoire Ferreria. The
vesicular fluid was collected by slicing the cyst
walls and letting the fluid drain into sterile ves-
sels immersed in crushed ice. Metacestodes of 77
crassiceps were collected from the peritoneal cav-
ity of BALB/c mice infected experimentally with
strain ORF of 7. crassiceps as described by
Kuhn.'t and their vesicular fluid obtained after
rupturing the cysts by centrifugation (35.000 =
£) and collecting the supernatant. Immediately
after collection. the vesicular fluids were treated
toremovecalcium by adding 50 4l ofammonium
oxalate (0.3 M) and 25 ul of ammonia (1:3 v.v
in water) to cach ml of vesicular fluid. This was
then centrifuged at 100,000 x g for 60 min at
4°C to discard particulated material. The super-
natant was then divided into 100 u} aliquots and
stored in liquid nitrogen until use. Final protein
concentrations in the processed fluids varied
somewhat between parasitized pigs and mice (3—
6 mg/ml). but their qualitative protein compo-
sitions were quite constant. Vesicular fluid was
collected from hydatid cysts found in the liver
of infected sheep and then lyophilized: later. just
before use, it was resuspended in PBS and its
concentration adjusted 10 3 mg'ml touwal protein
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(PBS donated by Centro Panamericano de Zoo-
nosis, Buenos Aires, Argentina).

Sera were obtained through conventional pro-
cedures from donors with different parasitic con-
ditions: 30 sera came from asymptomatic adult
patients living in Mexico; 21 cystlicercotic sera
were collected from patients with confirmed neu-
rocysticercosis hospitalized in different health in-
stitutions in Mexico (Instituto Mexicano del Se-
guro Social, Instituto de Salubridad y Seguridad
Social de Trabajadores del Estado and Instituto
Nacional de Neurologia y Neurocirugia): and 27
sera from patients with hydatid discase were do-
nated by E. Ziegelmeyer (Behringwerke, Mar-
burg. FRG), P. Schanwz (Communicable Discase
Center. Atlanta, GA) and by Centro Panameri-
cano de Zoonosis. Buenos Aires. Argentina.

Western blorting

Electrophoresis and immunoblotting of the
vesicular fluid of all parasites was performed as
described elsewhere. 2

RESULTS

Western blots

Hlustrative Western blots of the 3 parasite an-~
tigens reacting with sera from neurocysticercosis
and hydatid disease patients as well as with sera
from normal donors are shown in Figure 2. Al-
though the photographs show less detail than the
original paper strips. several things are imme-
diately apparent. To begin with. there are nu-
merous antigen bands in the 3 different antigen
extracts with molecular weights of =>300-~20
kDa. Also. the sera of neurocysticercosis pa-~
tients. as well as those of hydatid discase patients.
react with antigens from 7. solivm. E. granulo-
sus, and 7°. crassiceps. Funthermore, normal scra
have less intense reactions than infected sera. but
they do react with several antigens in all 3 ex-
tracts. The use of 7. crassiceps antigens result in
more well-defined reaction patterns than those
with the other parasites” vesicular fluids. Finally,
in spite of the great similarity between patients’
blots. there are also differences. some outstand-

FiGURE 2.

Ilustrative Western blots of sera from neurocysticercotic and hvdatid diseasc patients and normal

—

donors reacting with vesicular fluid antigens of 7. solium, E. granulosus, and 7. crassiceps. The Wesiern blot
master pattern of each antigen preparation is shown on the left margin of cach panel of blots.
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TAsBLE 1 .

Listing of all different antigen bands found in the icular fluid of T. i E. and T. i
b; I lar weight ranking order (inner col ). b l lar weight i (left col ). and by
average kDa used in i plots (righ ! }

%D interval Band idcntibcation
of band iocation T. solium E. granulosus T. crassiceps by mean kD
311-315 1 313
306-310 1 308
301-305 2 303
296-300
291-295
286-290 2 288
281-285 283
276-280 3 1 278
271-275
266-270 4 268
261-265 s 263
256-260 6 2 258
251-255 7 253
246—-250 8 3 248
241-245 3 4 243
236-240 9 a 235
10 5 233
5 6 228
| 91 6 7 223
12 7 218
8 8 213
13 9 208
9 10 203
4 10 11 198
193
15.16 11 12 188, 188"
17 13 178
12 14 173
18 13,14 168, 168’
19 i5 15 63
20 16 58
21 17,18 16 153, 153"
17 148
22 19 18 143 -
23 20 19 138
24 21 133
a5 22 20 128
26 . 21 123,123
27 23, 24 22 118, 118"
28 23 113
29 25 108
30 26 103
27 24,25 98, 98°
31, 32 28 26,27 93.93
33 29 28, 29 88, 88
33 30. 31 83,83
35 30. 31 78, 78°
36,37 32,33 32 73,73
38 34 ) 68, 68"
39 35 33 63
40, 41 36 34, 35 58, 58°
42 37,38 36, 37, 38 53,53, 537
43, 44 39 39, 40 48, 48"
40 41 43
41 42,43 38, 38
45 42,43 44, 45 33,33
46 44, 45 46, 47 28, 28"
47,48 46, 47,48 48, 49, 50 23, 23, 237
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ing and others subtle, which shall be dealt with
later on in the text,

Figure 2 also shows, on the left margin of each
panel of blots, the Western blot master pattern
of each antigen extract: that is, the collection of
all bands in a mixture that were developed by at
least 1 serum. and the molecular weight of the
mostl conspicuous or interesting bands (vide in-
fra). Intended tor scoring. the master patterns
were drawn without attempling to reproduce the
intensity or width of the bands. Foriy-cight bands
were found in 7. solium. 49 in E. granulosus.
and 51 in T. crassiceps. A compilete list of all
bands found. as well as the precise molecular
weight of each band. are given in Table 1. For
further data handling. bands were labeled with
the mean kDa of the molecular weight interval
in which they occurred. as shown in the right-
most column of Table 1. Because molecular
weight assessments had a 2.5 kDa suandard de-
viation between blots (data not shown). bands
differing by <5 kDa were not deemed as truly
different bands unless they occurred in the same
antigen extract in the same blot. in which case
they were additionally labeled with quotation
marks. After this correction for variation among
blots. the total number of different bands de-
tected by all sera on all antigen preparations were
only 76, instead of the 120 that would result from
asimple summation of all bands differing in mo-
lecular weight. however negligibly.

Imrmunoplors

Figure 3 shows all immunoplots. simple. and
frequency differences plots with the 3 sources of
antigen (7. solium, E. granulosus, and T. cras-
siceps) reacting with the 3 types of sera (cysti-
cercotic, hydatud. and normal. Simple Immu-
noplots immediately identified troublesome
bands frequently reacting with normal sera. By
arbitrarily selecting threshold values in both axes,
one may define antigens of interest at precise
levels of specificity (background reactivity with
normal sera) and sensitivity (reactivity with pa-
tients® sera). For example. if threshold values were
X > 0.70 and Y < 0.1. then onc would select in
T. solium extracts bands kDa 23, 23°, 93, 128,
188, and 208 as capable of discriminating cys-
ticercotic from normal sera and band kDa 208
for hydatid disease (Fig. 3A). When employing
antigens from E. granulosus, none scemed uscful
in detecting cysticercosis; however, bands kDa

287

83, 118", and 143 were best for discriminating
between hydatid disease and background (Fig.
3B). T. crassiceps had 1 antigen, kDa 78, with
very low reactivity with normal sera and very
high reactivity with sera from both cysticercotic
and hydatid patients (Fig. 3O).

Immunoplots using frequency differences best
organized the data in ecach antigen extract. 7.
soliunt’s band kDa 208 scored highest for both
diseases. while kDa 108 was the most specific
for cysticercosis. Many more bands seemed to
be specific of hydatid discasc in E. granulosus.
but bands kDa 143 and 118’ were best. Band
kDa 88 of 7. crassiceps was highly specific for
cyvsticercosis. while bands kIDa 23°, 38, 148, 198,
203, and others favored hyvdatid disease. Bands
kDa 118. 113, 88'. 78. and 28 of T. crassiceps
reacted frequently with sera from both discases
and rarcly with normal sera.

Linear correlation of the frequency differences
immunoplots revealed highly significant corre-
lation coceflicients in all 3 plots. All slopes were
smaller than unity and only the intercept of the
plot using E. granudosus was significantty >0 (sce
legend of Fig. 3 for numerical values). Regression
cocfficients of the plots did not differ significantly
from cach other. thus pointing to essentially sim-
ilar dispersion of the data about the regression
lines in the 3 antigen preparations.

DISCUSSION

Simple inspection of Western blots revealed

any cross-reacting antigens in 7. solium and
E. granulosus. which affect humans, and in 7.
crassteeps, which affects mice. This is an impor-
want. and not totally unexpected, finding. Earlier
reports point in this direction;'™'* here we doc-
ument the great cross-reactivity an.ong these
parasites, including the fraction of antigens lo-
calized to the vesicular fluid. We have found vast
cross-reactivity. which hints that it may extend
to other cestodes frequently affecting humans,
livestock. and domestic animals.!’™-'® Such ex-
tensive antigen sharing is ominous for immu-
nodiagnostic technology based on whole or par-
tially purified parasite extracts?-? ' 14 especially
if oriented towards seroepidemiology.

The sera of healthy individuals contains an-
tibodies to many different bands in all antigen
preparations. This may explain the higheroverall
reactivity in ELISA of pcople living in endemic
areas® and may reflect higher levels of endemia
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FiGURe 3. Simple and frcqu:n:v dlfTchnccs lmmunoplols ofncurocysuccrcosns and hydatid disease sera as
they reacted with the fAuid of T. and T crassiceps. ‘Correlation Statistics

for frequency differences immunoplots were: for 7. so[:um.‘ r = 0.571, df = 46, slopc = 0.470 and intercept =
0.141; for E. granulosus. r = 0.461, df = 37, slope = 0.605 and intcrcept = 0.304; for T crassiceps, r = 0.664,

df = 49, slope = 0.717 and intercept = 0.151

or closer contact with tapeworms than usually
conceded. The ostensive presence of many an-
tigens of human parasites in the murine parasite
supports 7. crassiceps as an aliernative source of
antigens for immunodiagnosis and. possibly. for
the design of cross-reacting vaccines.
Immunoplotting, in particular that of frequen-
cy differences, greatly simplifies the task of sort-
ing out pertinent antigens from complex antigen
mixtures. Because the plot shows frequencies of
reaction, one may arbitrarily set the limits of
discrimination (sensitivity and specificity) to fit
different problems. As a first approximation to-

wards identification of likely candidates for spe-
cific immunodiagnosis of cysticercosis and hy-
datid discase. scnsitivity and specificity were set
at X > 0.5 and Y < 0.5 for ¢ysticercosis and X
< 0.5 and Y > 0.5 for hydatid discase in all 3
frequency differences immunoplots (Fig. 3A=-C).
Within these limits, 7. solium contains 8. £.
granulosus none, and 7. crassiceps 4 different
promissory antigens for specific immunodi-
agnosis of cysticercosis. Of those. only 7. so-
liurt’s kDa 108 and 7. crassiceps® kIDa 88 seem
capable of more stringent demands on sensitivity
and specificity. Searching for these 2 antigens in
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their respective Western blots finds 7. soliunt’s
kDa 108 1o be rather inconspicuous, while 7.
crassiceps® kIDa 88 is clearer, running very near
kDa 88’. a band that cross-reacts with hydatid
sera and kDa 93 and 93', bands that show high
reactivity with normal sera.

We found 1 7-. soliurm antigen favoring cysti-
cercosis. kDa 23’, inside the interval kDDa = 25
= 5. where others'* have found reactivity highly
specific for cysticercosis. However. if we arc deal-
ing with the same antigen. we found a higher
level of cross-reactivity with hydatid sera than
previously reported. 7. soliurm’s kKDa 103 band.
which we had previously identified as potentially
useful in immunodiagnosis.® was rendered
worthless by immunoplot because of it’s high
reactivity with normal sera collected from the
endemic arca.

Specific diagnosis of hydatid discase looks a
little more promising. as there are Many more
bands in that region of the immunoplots: 16 in
E. granulosus. 5 in 7. soliwrn. and 10 in 7. cras-
siceps. Of these. none are very conspicuous or
i1solated in E. granulosus' nor in 77 soliunt’s ve-
sicular fluids. However. 7. crassiceps”™ kDa 1938,
38. and 23’ are casily identifiable in the corre-
sponding Western blot and are not crowded by
conlaminants, We are not certain which £ grarn-
ulosus antigens in our Western blots correspond
to arc 5. which is the antigen of choice in the
immunodiagnosis of hydatid discase with reac-
tions involving precipitating antigen-anubody
complexes.? 7 2 Tojudge from the reported mo-
lecular weight in reduced conditions™ %% and it's
alleged high specificity, it could correspond o /7
granulosus® kDa 38 and 7. crassiceps”™ KDa 38,
which score in the gquadrant specific for hydatid
disease. although not at the highest level of spec-
ificity.

It would seem that nondiscriminating immu-
nodiagnosis of either cysticercosis or hyvdatid dis-
ease can be tried with a number of antigens pres-
ent in the vesicular fluids of 7 soliws and 7.
crassiceps. This is not true of E. granulosus, which
has only 2 antigens in this sector of the immu-
noplot. and they are not very conspicuous in
Western blot. However, almost any of those in
T. soliurm and crassiceps are prominent and fairly
free of other antigens of similar molecular weight.
especially 7. soliurm’s kDa 238 and kDa 23, as
well as 7. crassiceps’ kDa 118,113, and 78. An-
tigen B, a prominent antigen in the diagnosis of
cysticercosis® known 10 cross-react with antibod-
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TaAsBLE 2
Antigen bands most likely useful in the immunodi-
agnosis of hydatid disease and cysticercosis as sorted
by immunoplot from antigens found in Western blots
of vesicular fluids of related parasites

KD's of Anugens 10 use in scrology of
@ sticcrcoss and hrdand disease (ADa)

Discnminatng of

Saurce af Nondsenm- Crsucer
anugens naung ¢ Hrdaudoss
T. solium 238,23 108, 23"

E. granulosus

143, 148", 38
T. crassiceps

118,113.78 88 198, 38, 23"

ics against other tapeworms,®® is probably not
present in the vesicular fluid of these parasites
since no band of similar molecular weight (kDa
95)7* was found in the quadrani of high frequency
cross-reacting antigens.

In short, afier checking the antigens sorted by
immunoplotl for conspicuocusness and necarby
contaminanis in Western blots, it appears that
T. soliurmt's kDA 238 and 23, and 7. crassiceps”
kDa 118. 113, and 78 would be best for im-
munodiagnosis not discriminating between cys-
ticercosis and hydatid discase. For specific di-
agnosis of hydatid disease. only 7. crassiceps’
kDa 198, 38, and 23’ mcet the stringent condi-
tions of conspicucusness and high sensitivity and
specificity. We found no antigen promissory of
specific immunodiagnosis of cysticercosis in the
vesicular fluid of neither 7. safiurm. T. crassiceps.
or E. granulosies. the closest ones being 77 so-
ltiern™s kDa 108 and 23’ and 7. crassiceps” kDa
88 (Table 2y

Because of similar dispersion of the points in
the frequency differences immunoplots, it would
scem that immune responses of humans to 7.
soltum and E. granulosus are ecqually hetercge-
ncous. Variation is too large to give credence to
the slope oblained with 7. crassiceps’ antigens;
its being smaller than unity would indicate the
murine parasite’s greater similanty with 7. so-
lium than with E. granulosus. However, because
all 3 slopes were smaller than unity, we believe
that sera of neurocysticercotic patients react more
frequently with all bands. or show smaller back-

ground reactivity, than sera from hydatid disease
patients.
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Abstract

Antigens from T. crassiceps performed as well as ahtigeﬁé‘frpm T.
solium in ELISA detection of anticysticercus antibodies in 96  CSF
samples from neurocysticercotic patients and 96 CSF from other yéried
neurological ailments. Likewise, both sources of cysticercus antigens'

gave essentially similar results with control positive and negative

human sera in both ELISA and hemagglutination tests. Thus, the very
manageable murine model of experimental cysticercosis alleviates the
problem of

antigen inaccesibility in performing immunodiagnosis of

cysticercosis for both clinical and epidemiological applications, and
hints to effective means of industrial production for world

distribution and standarization of diagnostic reagents for

cysticercosis and possibly of other cestode human diseases.



Introduction

Increased awareness of human neurocysticercosis as a severe,

often fatal disease, frequently seen in developing countries and their

migrating workers, has prompted many requests of T. solium’'s antigens
from research and diagnostic laboratories from all over the world. 51—
3/ Unfortunately, most petitions must go unrequited because the

procurement of cysticercotic pigs, the usual source of T. solium's

antigens, is being increasingly difficult in the endemic areas by the
very same disease—awareness that rather than help to curd transmission
has instead furthered clandestine slaughtering and marketing of
parasitized pigs. World distribution of antigens is also hampered by
sanitary regulations in customs. The recent documentation of extensive
sharing of antigens among T. crassiceps. T.

$4/

solium and E. granulosus

incited a thorough evaluvation of the possibility of substituting
T. solium's antigens with those from the laboratory adapted murine
cestode, T. crassiceps ORF strain $5-6/ in immunodiagnosis of
neurocysticercosis in cerebrospinal fluid (CSF) and in

seroepidemiclogical surveys.

Material And Methods

We studied the correlation in anticysticercus antibody reactivity
of antigens obtained from T. solium with those obtained ffom T.
crassiceps in samples — CSF or serum — from cysticercotic patients and
controls. Immunological tests were performed blindly in two different
but experienced laboratories (INNN and IIBM), each following their
standard procedures upon each sample. $7,8/ Afterwards, the code was

revealed and the results subjected to correlation analysis; namely,

that between antigen source within each laboratory and that between

3



K

i

laboratories within each antigen source.

192 CSF samples were chosen from the CSF bank of the Instituto

Nacional de Neurologia y Neurocirugia de Mexico (INNN). 96 CSF

belonged to confirmed cases of neurocystiecercosis - as diagnosed by
clinical picture, positive ELISA and complement fixation tests in CSF,
and CAT scans, and in some cases by surgery. CSF was collected upon
the patients' first visits for consultation, prior to extensive

treatment. In addition, 96 control CSF belonged to roughly

contemporaneous cases of other neurological patients in whom the

diagnosis of cysticercosis had been discarded.

Sera were chosen from the Sera Bank of the Instituto de

Investigaciones Biomedicas, UNAM (IIBM), assembled over several vears
by serum donations from diverse neurological and sanitary
institutions. 24 positive sera —persistently and repeatedly positive

over several months — and 12 negative sera were employed in the study.

CST samples were processed by

ELISA in the two laboratories, each

following their own established technical variants previously
published elsewhere. $7,8/ The main divergence between laboratories

being that one — INNN — utilizes an antigen extract from the solid
portions of the cysticerci, runs their tests in duplicate and detects
both IgG and IgM antibodies,

while the other - IIBM - prefers the

antigens in solution in the vesicular fluid, detects only IgG

antibodies and assays each sample in triplicate. The major technical
features of the ELISA protocols followed by the two laboratories on
the CSF samples are: a)

INNN used carbonated buffer (.1M, pH 9.6) in

the sensitization of plaques by T. solium and T. crassiceps antigens,

4



at a total protein concentration of .74 ug/well, 1:100 goat anti human
IgG and IgM coupled to alkaline phosphatase (Sigma) as second
antibody, and 1:30 dilution of CSF in PBS—-Tween .1% ; b) IIBM dealt
with T. so0liupm and T. crassiceps antigen sensitization of plaques in

different buffers, Tris—-HC1 (.01M, pH 7.5) and phospate (.01M, pH 7.5)

respectively, .1 uf of total sensitizing protein per well,

it use a

second antibody was 1:1000 goat anti human IgG coupled to phosphatase
alkaline (Boheringer), and CSF dilution was 1:10 in PBS-Tween

.05%.
Serum samples were analyzed by IIBM only following procedures
previously published S8/ but with some changes in ELISA and none in
hemagglutination. namely:

sensitization antigen concentration were

.1
ug/well and 1 ug/well,

for T. soljum and T. crassiceps respectively:
second antibody was goat antihuman IgG coupled to alkaline phosphatase

(Boehringer) diluted 1:4000 in PRBS-Tween

.05%; and serum dilution was
1:1000 in PBS-Tween .05%.

Results

In CSF samples the ELISA values obtained using antigens from T.

solium and frem T. crassiceps showed a high positive correlation
(Figure 1). Correlations were essentially similar in both
laboratories; if anything, the one from INNN (Figure 1A) was tighter
than that £rom IIBM (Figure 1B), which showed greater variation with
T. crassiceps at the high OD values of T. solium. In both laboratories
the slopes of the fitted linear regressions were consistently,

and
significantly,

smaller than unity; thus pointing to higher OD values

when using antigens from T. solium than those obtained with T.

crassiceps. Correlations of results between both laboratories were

strikingly high with both antigens (Figure 2A and 2B).

5



Table 1 shows the degree of diagnostic concordance of results
from the two laboratories with the definitive medical diagnosis, each
laboratory using slightly different immunological procedures and cut—

off ELISA values to score the samples as positive or negative.
However, in spite of differences in procedure, degrees of concordance
were very high (93-97 £) for both antigen preparations and for both

laboratory techniques, although,

IIBM.

again, INNN did somewhat better than

The correlations between ELISA and hemagglutination results

obtained in sera with antigens from T. solium and from T. crassiceps
were also very high.

(Figure 3A and 3B). The degree of concordance of

serological results with the original serum category (control positive
or control negative) was 100%, for both tests and both antigen sources
(Table 1).

Discussion

Results establish that antigens from T. crassiceps may

confidently substitute those from T. solium in immunodiagnosis of

neurocysticercosis, as currently performed in CSF $7/ with minor

modifications, as well as in serological analysis. $8/ Correlations

between antigens and between laboratories were consistingly

significant in both CSF and control positive and negative sera.

Likewise, the degree of concordance between immunodiagnosis and

definitive clinical diagnosis was very high in CSF and 100% in the
case of immunological discrimination of control positive and negative
sera. The rare inconsistencies encountered in CSF may result from

degradation of the sample after prolongued storage and/or following



repeated freezing and thawing. The consistently higher ELISA values
associated to T. solium antigens is probably only a question of

technique standardization since these cestodes share tens of antigen

bands in their vesicular fluids, and perhaps more in the solid parts

of the parasite. $4/ In fact, the results reported here point to

crossreactivity between the two species of taenia extending further

into the parasite's tissues than just their vesicular fluids, since

INNN laboratory uses solid parts of the parasite to extract antigens

while ITIBM uses vesicular fluid, and vyet both labs obtained

essentially similar results.

Substitution of T. solium antigens with those from T. crassiceps

in immunodiagnosis of neurocysticercosis alleviates the problem of

antigen access to many laboratories., particularly those situated

outside the endemic areas. Experimental infection of mice is easily

accomplished by injecting a few live metacestodes in the peritoneal

grams of antigens in a few

cavity of recipient mice 55,6/, and vields =
weeks, from which tens of mg of protein antigens are easily obtained

by standard and uncomplicated procedures. $8 Even if antigens

specific for different cestode diseases were deemed necessary, the

murine parasite offers several of them in quantitites amenable for

purification. $9,10,4/ Whether T. crassiceps also contains the

glycoproteins of T. solium, recently reported to produce 98% sensitive

and 100%Z specific serological results for neurocysticercosis, remains
to be elucidated. $11/ In any case, itself an ingtriguing parasitic

disease, deeply influenced by immunological, histocompatibility and

sexual factors $12,13/, experimental murine cysticercosis is also a

manageable source of cysticercal antigens for experimental and



industrial applications in immunodiagnosis of T. solium cysticercosis

.and possibly,qu_vaccination.
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Legends Of Figures And Tables

Figure 1
Correlation in average ELISA readings between different antigen
sources in detecting anticysticercus antibodies in 184 CSF
samples, as performed in two different laboratories: INN (A) and
IIBM (B). Regression analysis results: for (A), r$2/ = .90,
intercept = .006, slope (std error of slope) = .87 (.02), df =
184; and for (B), r$2/ = .78, intercept = .016, slope (std error
of slope) = .78(.02), df = 184. Note the very significant
positive correlation betweer immunodiagnostic results obrtained
with the different parasites. The slopes consistently smaller
than unity indicate to higher OD readings with T. solium
antigens: and the larger variation of OD readings obtained with
T. crassiceps at the high T. solium OD readings in IIBM could
result from excessive sensitivity of this laboratory's technical

variant (B).

Figure 2
Correlation between laboratories in average ELISA readings for
anticysticercus antibodies in 184 CSF samples when using antigens
from T. solium (A) and from T. crassiceps (B). Regression
analysis results: for (A), r$2/ = .89, intercept = .100, slope
(std error of slope) = 1.21(.03), df 184; and for (B), r$2/ =

.96, intercept = 0, slope (std error of slope) = 1.21(.01), df =

10



184. Note the very significant correlation of results between

laboratories with both antigens, more so with T. crassiéegs than

with T. solium.

Figure 3

Correlation in average ELISA readings (A) and heﬁaglu;iﬁation
titers (B) between different antigen sources in dgtéétiﬁg
anticysticercus antibodies in 24 control positivekénd 12 negative
sera. Regression analyvsis results: for (A), r$2/ % .76, intercept

= —.,01, slope (std error of slope) = .69(.04). df = 34; and for
(B), r$2/ = .87, intercept = .03, slope (std error of slope) =
.78(.05). Note the very significant positive correlation of

serological results obtained with the different parasites.

Table 1

Very high degrees of concordance were noted between the
immunodiagnostic results in CSF and sera with respect to the
original clinical diagnosis or serological category of sera with
either socurce of parasite antigens. {(Concordance is simply a
measurement of agreement in diagnosis between two assessments of

each case; in this instance it was calculated as the sum of

agreenents divided by the total number of cases in each cell of

the table).
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MOROGRARA

El Complejo Mayor de Histocompatibilidad
del Ratén y Ia Respuesta Inmune

Edda Sciutto. Facultad de Medicina

El complejo Mayvor de Histocompatibilidad (CMH) es
un conjunto de genes ubicados en serie. que codifican
proteinas de superficies celulares y plasmaticas las que
tiencn capacidad de interactuar a distintos niveles con el
sistema inmunec.

En 1936, Peter Gorer publico las bases de 10 que es hoy
el CMH. Usando unsucro de conejo anti-ratdn demostro
en ratones de una cepa A la presencia de un antigeno de
superficic de eritrocitos que no estaba presente en otra
cepa de ratones C37B1. Al afia siguiente publicd otro
articuloen el que demostro Que ellocus que determina ese
antigeno de superficic tambien determina la susceptibili-
dad ¥ la resistencia 4 transplantes en la cepa A. Los
estudios de Gorer no produieron respucesta enelambiente
cientifico sino hasta unu decada mas tarde conlos prime-
ros intentos de transplantes de tejidos v lu asociacion de
es10s antipenos con el rechazo rapido de transplantes. El
progresivo descubrnimiento de lu participacion del CMH
enla respuesta inmune contra muchos antigenos intensifi-
¢ su estudio. Asi, husta la fect 1 se continlia explorando
el CMH en muchosvertebrados{conejo. hombre, caballo.
rata. pollo., ¥ otros) v ¢vn especial en ¢l raton donde la
posibilidad de utilizar cepas estables de endocria permitio
identificar casi todos los loci v establecer sus posiciones,
asocidandolos con sus productos fenotipicos,

1. Organizacion Genética

Elcomplejo H-2 del ratdn se localiza en el cromosoma
17. donde ocupa de 0.3 a 1.5 centimorgans® de longitud
dependiendo de queé locise consideren dentro del H-2. El
criterio mas reciente, considera el limite el extremo cen-
trométrico marcado por la regidén Ky el limite del extremo

“1 cenuimosgan es una unidad de
entrecTuzamiento entre dos genes.

d¢ Mmapa eq 1% de de
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telomérico a 1.5. centimorgans del Tla (Fig. 1).

Experimentos de recombinacion del cromosoma 17, pro-
veniente de padres heterocigotos, permitieron conocer la
posiciéndelos locidel H-2. Podemos observar(Fig. 1)la
representacion esquematica del complejo H-2, que hasta
ia fecha estd constituido por las regiones: K, 1.5, D.1..Q v
T. La region 1 esta formada por dos subregiones: Ay E.
Cada regidon consiste en un segmento cromosdmico ocu-
pado al menos por unlocusy separado de otrossegmentos
por unentrecruzamiento de cadalado. Los locidel CMH
son extraordinariamente polimérficos. y se identificaron
mas de 50 formas posibles de un mismo gen. A la combi-
nacion particular de alelos en loci H-2 individuales se les
designa como haplotipo: asi la cepa de ratones singénica
C57B/10 (B1O) es de haplotipo b y todos sus alelos se
designanconla mismaletra K h.1b.Sb. Db, Lb, Qb, Tb).

Losloci H-2 se agrupanen tresclases segin la homologia
probada o presunta entre sus productos fenotipicos. Las
ESTA TESIS M@ ODEBE ™
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clases se designaron arbitrariamente con nimeros roma-
nos del 1 al 111 -

I1. Clasificacién de los loci H-2 segin su expresién feno-
. tipica. .

A.a. LOCI CLASE 1
1.1. Organizacion Genética.

Existen tres laciclase | bien caracterizados: K. Dy L. los
cuales estan localizados en los extremos opuestos del
mapa del H-2. Estos locison funcionalmente indistingui-
bles. El locus Lse localiza en la vecindad delaregidn D,y
se considera que deben ostar muy cerca uno del otro,
quizas adyacentes. porgue no se encuentra Ninguna re-
combinante entre ¢llos. Dentro de los loci de clase | se
incluyentambién los loci Qa v Tla. Estos loci se localizan
enelextremo trlomerico del cromosoma 17y ocupanuna
regiéon dos o tres v

s mas larga que ¢l intervalo K-D.
Los datos de gendtica molecular indican que la mayor
parte de los genes de clase | se localizan en la region
Qa-Tla ¥y comparativamente pocos ¢n la region K-D-L.
Asi.en BALB cJ(huplotipo H-2d)de aproximadamente
35 genes de clase 1. 30 ~e¢ localizan en Qa-Tla: en BIO
(haplotipo H-2b). de un total de 26 genes de clase 1L 23 se
localizan en Qa-Tla. LLos genes Qu-Tla se incluyeron
dentro de los genes de clase 1 porque torman complejos
hibridos con fragmentos de DN A complementarios a la
region K.y la D:sin embarpo. existen tendencias a incluir-
los en una cuarta clase. debido a que sus productos
fenotipicos presentandiferencias en polimortismo expre-
sion. ¥ funcionalidad respecto a los productos K. DL L.

2. Productos fenotipicos

Loslociclase 1 (K-D-1.)codifican para glicoproteinasde
membrana de un peso molecularaprosaimado de 45 kDa.
En la figura 2 observumos un esquema de antigeno de
clase 1 (Mallissen B. 19%6), constituido por una cadena
polipeptidica de tres dominiostcadena pesada). cadauno
de los cuales ticne asociado covalentemente un resto
hidrocarbonado (Coligan ¢r ¢f. 19758). Los primeros dos
dominios &1 y 2 pareccen estar involucrados en ol
reconocimicnto de los lintocitos Ty el tercer dominio es
muy conservado y presenta gran homologia coneldomi-
nio constante CH3 de inmunoglobulinas. A esta cadena
pesada se asocia, por interacciones no covalentes, un
polipéptido mas corto (PM 12 kDa). 1a B 2 microglobu-
lina, que constituye la cadena liviana del antigeno de
a0

HC

Cadena
Pesada

HC
e @ TRiSna
Liviana

Dominios Extraceiulares

Dominio Transmembranal

Dominio Intracelular
COOH

Fig 2 Estuema de antigeno de clase ¢

clase | ¥ gque se codifica fuera del complejo H-2 (cromo-
soma 2) (Ploegh er uf, 1979). La antigenicidad v las fun-
ciones biologicas de la molécula residen en su cadena
pesada. la cual se extiende desde el compartimiento extra-
celular hasta ¢l citoplasmico. La inserciéon en la mem-
brana no depende de la B 2 microglobulina. la cual se
asocia despuéds de la glicosilacion de la cadena pesada.
Los estudios realizados por Ploegh e al.. (1981 indican
quela B2 microglobuling juegs un papel importante en la
eficacia det transporte de lu cadena pesada desde el sitio
de ghicosilacion (reticulo endoplasmatico) hasta fa mem-
brana plasmatica.

Sibien.las regiones Qay Tha contienen la mavoria de los
genesde clase encontrados en el genoma del ratdn, solo
unos pocos de los productos de estos genes se han identi-
ficado. Algunos autores atirman que muchos de estos
presuntos genes sonen realidad pscudogenes, otros, que
sus productos son seroléogicamente no detectables. o bien
gque podria tratarse de productos de ditferenciacion con
una expresion tisular limitada. Las moléculas Tla v Qa
descritas ostdn tormadias por dos cadenas de peso mole-
cular de apronimadamente 10 KDa. asociadas de manera
no covalente @ una cadena de 12 KDa que se parece a la

pl microglobulina.

3. Deteccion Serologica e Histogenética de los Productos

Las moléculas de clase 1 pueden ser identificadas por
medio de anticuerpos capaces de reaccionar especifica-
mente contra estos antigenos. Actualmente se identifican
mas de cien determinantes antigénicos clase I (K-D-L).
En las moléculas mejor caracterizadas se detectan hasta




30 determinantes antigénicos distintos. Estos determinan-
tes individuales tienen frecuencias caracteristicas para los
alelos K o D. que pueden variar desde determinantes
restringidos a4 un solo alelo (determinantes privados) o
compartidos por huasta el 750 de 1o~ alelos probados
(determinantes publicos). Pucden ademas estimular la
inmunidad celular. v se identifican por ensay os de citoto-
xicidad lintocitaria.

4. Polimorfismo

Los antigenos de Clase 1 ({K-D-L) presentan un elevado
polimorfismo que reside en la cadena pesada. Se encuen-
tran 12 alelos en el locus K v 10 alelos en el locus DL La

# 2 microglobulina. en cambio. ex muy conservada entre
especies. Las moléculus de los loci Qa y Tlu. s1 bien muy
similares estructuralmente a las K-D-L. son muchos me-
nos polimarficas,

=

Distribucion Celular e Interaccion con el Sistema

Los antigenos de clase LK -D-L) estin presentes en casi
todos los tipos celulures. Abundan en macrdétagos v lin-
focitos. escascan en la mavoria de las células somaticas
({células musculares, tibroblastos. células de tejido ner-
Vioso) v pucden detectarse algunas veces en células ger-
minales. trotablasticas v células cebadas

Los antigenos de clase 1 (K-D-L) son los antigenos

clasicos imvolucrados en el rechazo rapido de transplan-
tes de tejidos, Porsu extensa distribucion celular. sirven
como marcadores celulares de lo propio. Estos antigenos
purmitenclreconocimiento de células proplas cura super-
ficie se encuentra alterada. Asi, ¢vando una cclula nor-
mal modifica su fenotipo porunainteccionviral, quimica
o de otra etiologia, ¢l individuo reconoce el tenotipo
modificado como no propio » se activan las célutas T
citotoxicas eliminando la célula normal modificada. En
este fenomeno de reconocimicnto. la célula Tidentificaa
la célula propia modificadua a través de los antigenos de
clase I {Zinkernagel, R., 1978). Las reacciones a través de
las células T estimulan preferencial pero no exclusiva-
mente alinfocitos L¥123+ v respecto a su participacionen
1a respuesta humoral, estimulan y controlan la produc-
cion de anticuerpos.

l.os antigenos Qa-Tla estdn distribuidos en células hema-
topoyéticas y en ciertas poblaciones linfocitarias y aun-
que no se conoce su papel fisiolégico no parecen funcio-

nar como mediadores de respuestas citotoxicas como los
antigenos K y D.

E. Sciutto

B. LOCI CLASE 11
1. Organizacion Genética

Murphy ¢r gl (1980) obtuvicron las primeras prucbas
sobre la region 1. & propusicron. con basc en analisis
seroldgicos, la existencia de S loeci: AL B, J. E. C. Sin
embargo. los primeros estudios de ¢lonacion molecular
(Steinmetz er gl 1982) identificaron ~olo dos de estas
regiones 1-A ¢ 1-E. Estos resultados dicron lugar a gran-
des controversias que no Hlegaron a su tin sino hasta 1985,
en que se confirmao que la region [ estaba constituida sdlo
porlas regiones A v E. Conrespecto a las otras subregio-
nes Haves ¢f al 1983 encontraron que las determinantes
delal-0 parecen ser productos de genes tuera del H-2_los
genes 1-C o sus productos no se identificaron v los 1-8
parccencelresultadode unclectotenotipico de los loci I-A
e I-E.

Actualmente s¢ sabe gue existen ochos genes clase Il en
laregion Ay Ecenelraton, ABI AR AR I . A EBIL,
EB2.Ed yEB 3(Larhummer cral (1983 E1AB3cs
el mas proximo al extremo centromeérico vy el EB 3 el mas
alejado vy suexistenciasolose hancontirmadoen BALB ¢
(Moller, G.. 19851, De estos penes sdlo se conocen como
tuncionales A I.A _E I E

2. Productos Fenotipicos

Las moléculas de clase L Ay E| estidn compuestas por
dos cadenas polipeptidicas asociadas por interacciones
no covalentes, S(33-35 kDu) » P (206-29 KDa). Estas
cadenas polipeptidicas presentan 2 dominios globulares
extracelulares polimorficos. A1y 81, undominio extra-
celular muy conservado X 2.y B2 que es homologoalos
dominios constanies de inmunoglobulinas, un dominio

transmembranal, y un carboxiio terminal en la porcidon
citoplasmatica (Fig. 3).

3. Deteccion Serologica e Histogénica de los productos

Hasta la fecha sc han identificado mas de 40 determi-
nantes de clase 1, agrupados en dos series, una de cercade
30 determinantes controlados por los loci I-A y otraserie

mas pequeiia controlados por los 1-E.

4. Polimorfismo

Ellocus A es tan polimérfico como los locideclase |, se
han estimado alrededor de 50 alelos entre los ratones

81
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silvestres (Bonoist er al.. 1983). La variabilidad entre
estos alelos reside fundamentalmente en ¢l dominio glo-
bular mas alejado de la membrana plasmatica. ¥y se obser-
van en este dominio tres zonas de hipervariabilidad (Be-
noist er al.. 1983). Los determinantes de locus E son
menos polimérficos y se estiman en ratos silvestres apro-
ximadamente 10 alelos (Mengle-Gae y McDevitt, 1983,

5. Distribucion Celular e Interaccion con el Sistema
Inmune

Las moléculas de clase 11 (1la) estan expresadas selecti-
vamente en la superficie de células del sistema inmune.,
linfocitos B, células presentadoras de antigeno como los
muacrofagos, células de Kupfer en el higado. v células de
Langerhans en la piel (Moller, 1985); ademais, ¢s induci-
ble su produccion y expresidnen superficic de otros tipos
celulares no inmunes (Barclay and Mason. 1984), como
en células cpiteliales.

Respecto a suparticipacion en la respuesta inmune, los
linfocitos T ayudadores reconocen a un antigeno en ¢l
contexto delos productos de los genes clase 11,y permiten
que 1os linfocitos B se activen vy produscan anticuerpos
contra ose antigeno.

Si bien, estas moldculas ~on pohmorticas en una especie,
soninvariables enunindividuo y serequieren celulas Ty
moléculasdeclase Il del mismo individuo para inducir ta
respucsid contra un antigeno extrafio (Weis er al.. 1983,
Pease et al.. 1983). Este complejo ternario: célula T (re-
ceptor), moléculas clase 11 en superficie de célula presen-
tadora de antigenos y de antigeno. es de naturaleza des-

conocida; sin embargo, se propone a 1a célula T como
82

estabilizadora de las interacciones entre las moléculas Ia
yelantigeno. Elinterfon(  1FN) puedeinducirlaexpre-
sidn de los antigenos 1a (Steeg er al) en macréfagos asi
como en otros tipos celulares. Esta expresion inducida
presenta distinta sensibilidad, dependiendo deltipo celu-
lar, lo que indica que posiblemente participen multiples

mecanismos de regulacién en la expresiéon de genes de
clase 1l

C. LOCI1 CLASE 111
1. Organizacidén Genética

Los genes de clase 111 incluyen una regién (S), que
codifica los ¢componentes del sistema de complemento
C2,.C4 y factor Bylos genesde una enzima esteroidea (21
hidroxilasa) que no se encuentra involucrada con el sis-
tema inmune. Esta regidonse localiza entre la regionlyla
D. Una segunda regién intercalada entre laregion Dy Qa
codifica para una proteina reguladora de C34 (Rodriguez
de Cérdoba er al., 1985) y una tercera region codifica
para C3. la consideraciéon de esta tercera region como
parte del H-2 es atn muy discutida. En ¢l raton, la region
que codifica para C3 estda localizada a una distancia
aproximada de {1 unidades mapa H-2, en el extremo
telomérico a la derecha de D (Da Silva ¢z af.. 1978) ¥ por
esto se debate si debe ser o no incluido dentro del H-2.

2. Productos Fenotipicos

Los productos de clase 111 codificados por la region §
son: los componentes de complemento C4. C2. ¢l factor
B.y una proteina no hemolitica similara C3 llamada Slp.

Screffler y Owen describiecron en 1963 la existencia de
una regién S que contiene un locus que determina la
cantidad de una protcina sérica (Ss). Estudios posteriores
encontraron que se trataba de dos proteinas diferentes
(Curman er al., 1975); una era el componente C3 del
complemento (Meo er agf.. 19735). para ¢l que se han
identificado dos alelos, ta otra una proteina limitada al
sexo Slp. que muestra gran homologia con Ca pero no
tiene actividad hemolitica y su tuncion es aun desconocida.

La molécula de C2 (18 a 20 K Da)consiste ¢n tres cade-
nas polipeptidicas unidas covalentemente. oL (90 kDa),

B (70kDa)y Y (30 kDa). El locus Ss codifica para un
precursor de una sola cadena de 185 kDa, el cual es
dividido después de la transcripcion en las cadenas &

P ¥y Y .EllocusSipparece serdistintode Ss aunque no
se han encontrado recombinantes que separen a los dos

kg

S




loci. el locus Slp codifica para una proteina que se parece
a Ta molécula de Ss pero difiere decllaencltamafiodelas
cadenas individuales: la cadena alfa es ligeramente mas
grande y las cadenas Y mas pequefias. El compo-
nente de complemento C2 ¢s una glicoproteina de una
sola cadena (100 kDa), quimica y funcionalmente seme-
jante al factor B de la via alierna. Ambas circulan en
plasma como zimodgenos v tienen actividad de proteasa
cuando sonactivadas. Elcomponente C3 (185 kDa)con-
siste en dos cadenas eslabonadas covalentemente:

(11,000d) v (75.000 d).
a o
Nrip cooH NH, oo
‘Ca cs
Fig. 4. Repr aelos de cayca

.3. Polimorfismo

El polimorfismo en los genes de clase 1 v 11 es notable
también para C3 es excepcionalmente grande. Se han
identificado dos loci para el componente C4; el C4A y el
C4B. Con base en diferencias de antigenicidad y carga
pueden identificarse 35 alelos (Mauff er al., 1983): sin
embargo. estudios serologicos y de secuencia nucleoti-
dica sugieren un nimero mucho mayor (Belt ¢f al.. 1985,
Whitehead er al., 1984). En C2 existe un alelo comin y
muy raramente dos; en ¢l factor B dos alelos comunes y
muy raramente 4 (Alper, 1976); para el locus C3 se han
identificado cuatro alelos. Para la proteina Slp no se ha
identificado polimorfismo serolégicamente detectable.

4. Distribucién Celular e Interaccién con el Sistema
Inmune

Entre las ¢élulas productoras de componentes de clase
111 se ha reportado que hepatocitos y macréfagos produ-

E. Sdutto

cen C4 (Newell er al., 1983) y el factor B es producido por
linfocitos y macréfagos.

Las proteinas del sistema de complemento regulan una
gran variedad de eventos biologicos y tienen un papel
central en el proceso de inmunidad humoral. La activa-
cion del complemento en cascada. tanto por la via clasica
como por la alterna, resulia de interacciones especificas
entre varios componentes individuales. El proceso de
activacion de complemento por via clasica se inicia por la
reacciéon antigeno anticuerpo que induce cambios con-
formacionalesenelfragmento Fede la inmunoglobulina
favoreciendo la fijacién de Fc y a Clq. una de las tres
proteinas que forman el complejo Cl: esto induce la acti-
vacién de Cl que degrada a C4 ¥y C2 en C2a C2b. C4aa,
C4b. Las moléculas de C4b v C2a. que se unen a la
superficie celular, forman la C3 convertasa que actia
sobre C3. fragmentindolo en C3a y C3b. E1 C3b se une
junto con C4b y C2a formando la CS convertasa. Esta
altima actia sobre C5. produciendo un fragmento de
C5b que inicia la formacion del complejo CAM (Com-
plejo de Ataque a l1a Membrana).

La reaccidn antigeno anticuerpo (1gE. 1gA . 1gG H). asi
como lipopolisaciridos y veneno de cobra activan la via
alterna de complemento. se inicia conla uniénde C3 con
el factor B (FB), formando un complejo reversible que
puede ser activado por elfactor D en presenciade Mg ++,
liberando un fragmento Ba. con la generacion del com-
plejo C3bFB con aciividad de C3 convertasa. Las molé-
culas de C3 producidas por-esta convertasa son capaces
de unirse a mas factores By D, originando un mecanismo
de amplificacion. Esta C3 converiasa con mayor numero
de moléculas de C3 modifica su especificidad. adquiriendo
capacidad de escindir a C5 en C5a y C5b continuando el
mismo camino que la via c¢lasica. En el H-2 son codifica-
dos algunos componentes criticos en la activacion y am-
plificacién de ambas vias. En la figura 5 se muestra la
relacion entre C2, C3, C4 y factor B, en la via clasica y
alterna.

La proteina Sip se ¢encuentraenel plasma de solo ciertas
cepas de ratones y en algunas cepas se halla regulada por
los niveles de hormonas androgénicas, mientras en otras
son independientes. La proteina reguladora de C4 es el
cofactor proteico de la proteina inactivadora de C4 que
hidroliza a C4 a nivel de la cadena

Conclusiones y Perspectivas

Uno de los mas importantes eventos de la inmunologia
en las ultimas décadas fue establecer el concepto de que
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los productos del CMH influyen en la Respuesta Inmune.
1.os avances tecnoldgicos de la genética molecular estin
permitiendo conocer la estructura y organizacién gené-
ticadel H-2. Podemos observar en esta revisiénlo reciente
de los hallazgos en este tema y la falta aun de consolida-
cidn de los conocimientos adquiridos. Se ha profundi-
zado el estudio descriptivo del genoma y tratado de defi-
nir los productos fenotipicos; ese profundo nivel de explo-
racién no se extiende todavia al estudio de la regulacién
de la expresién genética, ni al papel fisiolégico que los
productos fenotipicos del H-2 tienen en la respuesta inmu-
ne. Queda asi mucho por conocer en esta irea y segura-
mente, en los proximos afios, el estudio del H-2 conti-
nuara siendo uno de los temas fundamentales a clucidar

tanto para los genetistas moleculares como paralc

sinmu-
ndlogos.
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En esta revisién se considerara el determinismo geneético

de 1las infeccioneS'“parasitarias en el ratén

concentrando T la

varlac1ones entre lnd1v1duos "de‘ una misma

especie mejor conoclda genéticamente e

Ly por lo tanto es>,1deal como modelo
‘parasitosis por

helmintos ¥ protozoarios.

singénicas, congénicas y recombinantes

se ha
podldo ldentlflcar agquellas gque son resistentes y susceptibles
eh';cada ;paras;tos;s (Tabla I). Un siguiente nivel de analisis‘
cons;ste en ' la identificacion de 1la cantidaad de genes

lnvolucrados en la determinacisen de la susceptibilidad. Las

comparaciones se dificultan por

criterios arbitrario de
susceptibilidad que van

desde asociar la  susceptibilidad al

indice de mortalidad hasta el nﬁmero de par&s;tos

recuperados

en fases no sintomatolégicas de la paras;tos;s y en consecuencia

siempre guedan dudas de la validez de las generalxzac;ones.



l.a Susceptibilidad innata del hospedero al parasito.

La diferencias

en la susceptibilidad
individuos de una '

misma especie a

un’i o parasito;

considerar segun si la region del-
relacionada con la respuesta - inmune
inmune, GRI) © no

Dentro de los GRI consideraremos aquéllos'ng
productos fenotipicos participantes de la respuesta

hospedero contra el parasito,

a traves de los cuales
crecimiento (ie, anticuerpos). Mientras 7que‘:1ds~

fenotipicos de los GNRI identificados, determinan lo ﬁréﬁiéisfdél
nicho ecolégico en el gue el parasito desarroila su ‘mediacién

inmunolégica (ie, hormonas) .



Susceptibilidad innata

asociada a genes relacionados con la

respuesta inmune.

Consideraremos. .. .como

enes ' relacionados con la respuesta

inmune a aquelloé‘qﬁe’codifican, para proteinas b4 factores
solubles asi como péfa,g oteinas de superficies celulares.

Dentro ':de

‘que. codifican para proteinas
solubles 2;  factores ‘sbiubles se encuentran los de

inmunoglobuiiﬁa 'e¢ulas'efectoras de la inmunidad humoral
los de interiéucings;“

——ﬁolipeptides gue modulan mecanismos de

defensa lbca; 2ad05~y sistémicos —-(43) v otros como moléculas
del ma’ .

complemento, interferdn,

protaglandinas vy
1infqthinas{]

Dentro de’ las proteinas de superficies celulares se

encuentran un grupo de glicoproteinas que pertenecen al
Compleijo Mayor de Histocompatibilidad (MHC),

a las gue se les ha
asociado entre otras funciones las de

presentacion de
antigenos a ceélulas

immunocompetentes (35,74) asl como la

alqunos de los factores gue intervienen
Sistema del Complemento.

codificacién de

en el

Otras moléculas de superficie, que
median fenémenos de activacién vy proliferacién, son los
receptores de antigenos (9) los receptores de moléculas

liberadas por las propias células linfoides

(interlieucinas)
presentes en linfocitos T,

B vy en macréfagos (79).




GRI.

Susceptibilidad- -asociada. a proteilnas solubles codificadas por

Anticuerpos:

La ‘resistencia. .o! susceptibilidad mediada

. por ;anticuerpos
puede estar

“relacionada . con la -especificidad, . afinidad,
de  inmunoglobulinas - asil como iiicon

anticuerpos totales.

isotipos la . cantidad de

La susceptibilidéd‘a‘di@eréas eﬁfé£medaaéé'péfaéiﬁarias esta
asociada a ia especificidad "y - al ;isotipé de algunos
inmunoglobulinas.‘ Asi, por ejemplo, en - la. triquinosis
experimental murina wun factor critico en el desarrollo de 1la

lo constituye la destruccién de larvas
citolisis mediada

infeccion tempranas por

por anticuerpos (19). Los complejos larva-—
anticuerpos se fijan a células responsables de la . destruccién
larvaria (macrofagos y/o eosinédfilos). Esta reéccién incluye la
asociacion antigeno-anticuerpo (afectada por la: especificidad vy
afinidad de los anticuerpos) y la asociacién de este complejo a
receptores celulares (determinada por el isotipo de las
inmunoglobulinas). asi, las cepas resistentes presentan altos
titulos de IgE e IgG especlficas, inmuncglobulinas para

los
que existen receptores celulares en las ceélulas efectoras
(61) - *

Respecto . ‘a uhé‘aSOCiéCién_ehtre susceptibilidad y cantidad
de anticuérpos ﬁpresentes, existén algunos reportes que la

documentan. En la trichuriasis experimental murina se ha



encontrado que las cepas mas susceptibles presentan mayores
titulos de anticueipos de clase IgM contra

antigenos de
secrecion -

excrecion,, (16); Otro ejemplo lo cons;itpy%

taeniaeformis para

Taenia

que se ha reportado mayores
anticuerpos

en la cepa resxstente gque en la cepa ‘susceptible
su fase critica de. accién parece residir ven;
aias de infeccién - ya--gue _son las

larvas '
susceptibles a anticuerpos.

(26,47,54) .

Respecto a la asociacioén entre

- 1S C - Y
repertorio de antigenos reconocidos, n, e o«

murina con Schistosoma japonicum,

129/3
reconoce un antigeno de 26 kbDha,

no reconoc;do
susceptible (49). :

po: la cepa

De las asociaciones encontradas entre anticuerpos

susceptibilidad, aun por dilucidar si estas

Y
queda

asociaciones
son responsables total o parcialmente de los diferentes patrones
de enfermedad. Cabe senélar»que en otras parasitosis no

encontrado asociacién

se ha
entfé’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:f'

El sistema del éomplemento es un conjunto

de proteinas cuya
activacién resulta en larliéis celular. Una de las . estrategias
utilizadas para estudiar su influencia en el determinismo
genético

de la susceptibilidad a parasitos ha

sido el empleo
de cepas singeénicas

de ratones deficientes en alguno de sus

6



mas relevantes.

componentes. Por ejemplo en c15t1cercosxs murina por T.
taeniaeformis se - ;ha;v encontrado; que "el conjunto de
cepas mas SUSCeptlbleS son deflcxentes en C4 y/o

C5 (C3H/He,
C3H, AKR/J,

’asociaciones éntfé  i6s Vhiveles de los
componentgs,{' 'coﬁplemento v la -susceptibilidad innata del
hospederp - ”ila parasltos;s, si bien existen muchos reportes
acerca‘?dk‘ la capac1dad del parasito para evitar o disminuir

el
danoquxﬁféomplemento (factores anti—-complementarios, enzimas
proteoliticas, enmascaramiento con antigenos del hospedero).
Factores solubles reguladores de la R.I.:

En la Tabla 2 se mencionan las principales moléculas

solubles reguladoras, descritas a la fecha asi como sus funciones

Aun hay mucho por explorar sobre la capacidad del

paradsito para modificar los niveles de protelnas regquladoras
producidas por el hospedero. Uno de los casos reportados lo
constituye la inmunosupresion inducida por Trypanosoma cruzi a

traves de la disminucion de los niveles de IL-2 (77). Otro caso
es el de la esquistosomiasis en la que estudios in vitro sugieren

que los antigenos de huevecillos de Schistosoma japonicum
disminuyen la actividad de la IL-2,

a traveées de un mecanismos

mediado por ceélulas T supresoras (73).



GRI se encuentran las

Susceptibilidad asociada a proteinas celulares codificadas p
GRI. : : .

Entre las proteinas ‘de superf;c;es celulares codlflcadas por

moleculas receptoras para antigenos,
lnterleuCLnas para moleculas c¢odificadas  por- el MHC‘
moleculas w56 ‘las medladoras de interacciones entre
entre . celula "yffactores solubles; asoc1aclones que t ene
consecuepcia,‘fenémenos de activacieéen y/o

prollferaClén‘;celuia:\
(Tabla 3). '

'Dentfé‘ de este conjunto de protelnas solo se han descrito
asociaciones entre la susceptibilidad a infecciones y 1los genes
que codifican para los antigenos de histocompatibilidad.

El efecto de los productos del MHC en 1la susceptlbllldad a
infecciones parasitarias se ha

muchos modelos

explorado extensamente en

experimentales. Sin embargo no son muchos

en los que se ha encontrado una asociacién.
mas estudiados son

los
casos

Los ejemplos

los modelos murinos de infeccioén con
nematodos: Trichinella spiralis vy

Nematosporxidius dubis.

En
ambas parasitosis las

£

s b [~}
cepas resistentes (H-2
2 ) presentan como

, B-2 , H-2 , H-

caracteristica coman ser I-E
+

Y las mas
susceptibles (H-2 ) 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 cdnpexté de i-A se induce una
respuesta proliferativa

lo que podria justificar las diferencias

de susceptibilidad en estas parasitésis (83). Tambieén en el
modelo experimental de paludismo a Plasmodium chabaudi se ha



) . b
identificado la resistencia asociadara la presencia de I-A

‘en la
superficie de celulas presentadoras delantigen 3(87)-;. SQIO en
estos casos se ha podido prcponer asoc;ac;On entie el 'éenoma Y
sus

productos fenotipicos;

a lnformacLOn se
limica a  reportar la

1 Ceptlbllldad—
esistencia con los haplotlpos de hlstocompatlbllldad Tabla l).

Susceptibilidad asociada a genes no relaciénados cdn'la’résguesta
inmune.

Los genes no relacionados con la respuesta

considerados asociados o no al cromosoma sexual.

inmune’ ‘seran

Siendo, inmediata las diferencias sexuales entre
una misma especie, la sexualidad ha sido una de las. prlmeras

1nd1v1duos
de

caracteristicas ‘que se ha intentado asociar a ‘diferencias en 1la
susceptibilidad a infecciones.

GNRI relacionados con el c¢romosoma sexual

En la Tabla 4 se senalan las enfermedades parasitarias

cuya
susceptibilidad se asocia al sexo. Como puede apreciarse en todos

murinos los

los modelos exXperimentales

machos son los mas

susceptibles, con excepcidn de la cisticercosis murina por Taenia

crassiceps vy la tricomoniasis por Trichomonas

vaginalis. Estas
diferencias pueden estar determinadas genéticamente en el
cromosoma "Y' o Dbien resultar de la influencia del sistema
neuroendécrino,

va sea modificando el

compartimiento en el gue el
parasito se desarrolla o modificando la respuesta inmunoldédgica
que el hospedero genera contra el parasito. La mayor



susceptibilidad de los machos parece ser independiente del fondo
genOmico, .ya’~ que el patrén de susceptibilidad se presenfa 'eﬁ
todas las :cepas de ratones singeénicos utilizadas, b’ coinéide con
1os,,,rep6rtes, de respuestas inmunes humorales | y. ”celﬁlares
disminuidés en‘los machos respecto a las hembras,’ 'aparéntemente

reguladas por el sistema neuroendécripo (2,25) g
GNRI no relacionados con el cromosoma sexual®:

un ejemplé tilpico de esta clase de éuscéptibilidad es el

paludismo humano para el cual la resistencié del hospedero esta

asociada a la clase . de hemoglobina de sus eritrocitos. . Asi los
individuos con anemia hemolitica congénica, (cuya hemogiobina
tiene una mutuacién puntual en la cadena de la hemoglobina)
tienen menor capacidad para acarrear oxigeno, lo cual los hace
mas resistentes a la infecc: : por Plasmodiun falciparum.
(18,59). En el paludismo por Pla: ntodium vivax y P. knowlesi, los
individuos Duffy (—) son mas resistentes a la enfermedad

debido a dgue su grupo sanguineo se encuentra asociado con la
incapacidad del parasito para penetrar la ceéelula del hospedero

(45) -

En el caso de Leishmania donovani (parasito intracelular

obligado) responsable de la leishmaniasis visceral en: el
ratén, se.  ha identificado que la resistencia innata  esta
determinada ‘por  uno o un grupo de genes localizados -en el

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

10



‘perm;tldo 1dent1flcar

la  enfermedad dependera-del haplotipo de histocompatibilidad de

la. cepa dé.ratéﬁ?ihféCtadatJ (5, 66). _ Estos genes Lsh parecen

determlnan : ~la

sexr

Susceptlbllldad

natu:alf’

salmonella typhlmurlum,

denomlnados Ity (63).

i.b

léﬁscgptlbllldad'innata‘del parasito al hogpedero;

el estudio de la genética de vertebr'dos‘u ha

regiones genédmicas que_f

la suscept;bllldad del hospedero al parasito,

determlnan

en elf~paras1toi no
se han estudiado regiones gendmicas equivaleﬁtgsi' Esto se
debe en parte, a gue es mas reciente la aplicacién de técnicas de

Biologla Molecular en parasitos. Los primeros reportes de
aislamiento de material geneético de parasitos,

1974 para Leishmania (11);

aparecieron en

1980 para Plasmodium (15) y en 1982
para Schistosoma mansoni (70).

Desde entonces se ha wvenido
intentando identificar regiones con fines diagnésticos,
filogeneéticos y taxonémicos fundamentalmente.

Para fines diagnésticos, como estrategia del estudio del

genoma, se han identificado zonas de DNA muy

repetidas en el
parasito. Esta

busqueda ha proporcionado informacién

colatexral que resulta de interés respecto a la influencia del
genoma del parasito en la susceptibilidad a la

infeccién.
Asi, en Plasmodium berghei, la

cepa NK65 productora de

gametocitos viables, presenta en la fase intraeritrocitaria

un
18% de secuencias altamente repetidas, mientras gque la cepa
ISTISAN, -gque ha perdido en pasajes de laboratorio la
capacidad de dar gametocitos ;iables, presenta solo un 3% de

11



secuencias repetidas (15). Estudios posterlores por Biragé, Cc.

et al., (4) conflrman estos resultados encontrando

Yuna‘’ clara

asociacién entre la pérdida de lnfectlvlda puras,‘de

parasitos NK65 y. la cantidad de pNA,repetld‘ ‘resultados

sugieren gque el DNA altamente repeﬁid sdtiado a

gametogénesis pof ejemplos de

diferencias de ‘s

para

Ootro aspecto considerarse en esta clase de

susceptibilidad son ‘ciones virales de los parasitos

reportadas desde 1960 para algunos protozoarios como Entamoeba

hisﬁolxtica. Es factible gue la busqueda de virus en parasitos

mas complejos resulte exitoso y sea un agente causante de

heterogeneidad en la poblacion. Asl podriamos encontrar formas

parasitarias no infectadas con virus extracromosomales de RNA o

DNA o integradas al cromosoma del hospedero.

Es razonable suponer gque la presencia de virus en estos

parasitos modifiquen diferencialmente su

expresiéon genetiéa
dependiendo del virus inﬁecténte Yy .por.-lo tanto su capacidad de
sobrevivir en - el hospedero, lo Que' implicaria diferencias

lntrinslcas de susceptlbllldad del paras;to al hospedero.

12



l.c Susceptibilidad innata asociada a interacciones. entre

parasito y hospedero a nivel genédmico.

Modificacién del genoma del hospedero por el parasito’

Es posible gque el genoma del par&s1to

resulten de  un proceso de selecc;én de 1a lnteracCLon -MAS - .épta

entre las espec;es paraSLtarlas Y las'hos ‘bAbién,que . se

‘Babesia

ae

vﬁstudios

rodhany “han revelado antigeénicas
comunes' entre el paras hospedero. Esta;~ hémologia

proteica podria ser el rksultado de 1la interacéién "entre ‘el

genoma del parasito “y,,del hospedero. (71).

Un ejemplo dé fgue los parasitos pueden modificar la
expresion genomica del hospedero se presenté:' en la
esguistosomiasis (producido por Schistosoma mansoni) en la cual
el parasito disminuye la traduccién de proteilnas - a travées de la
disminucién de los niveles de andrdédgenos (30). Este parasito

ademas induce cambios en la expresién del receptor de IL-2,
(27,77) asi como en los niveles de IL-2 (33), dando como
resultado el patrén de inmunosupresién caracteristico de esta
parasitosis. 'Cambios de este tipo podrian ser inducidos por el

pardsito "a fin de generar un ambiente mas apropiado para su

sobreviviencia.

13



Conclusiones

Definiendo un individuo como hospedero y otre como su
parAsitd, laT espec;e hospedera ofrece ambientes heterogéneos
respecto a lo'prop1c10 para

‘l ggeglmlento del parasito tambieén

el paraslto /‘potencialmente respecto

a su
patogenLCLdad ojasu capacidéd de reproduccidn en el

hospedero.
Una . vez en conta

1 conv;v;o de ambas especies puede generar

mod1f1cac10nes que cambien el destino de la
hospedero-parAslto

en ambas, relaciédn
modlflc&ndose la susceptibilidad inicial.

Segun  estos criterios las diferencias de susceptibilidad del

hospedero al parasito pueden ser directamente proporcionales a la

heterogeneidad inicial en la poblacién hospedera y parasita y la

heterogeneidad generada en ambas poblaciones como consecuencia de

esta interaccion. A la fecha se han identificado algunas regiones

gendmicas cuyas formas alternativas modifican los

patrones de
susceptibilidad, sin

embargo falta mucho por conocer acerca de
las heterogeneidades poblacionales relevantes para modifijicar la

susceptibilidad en la relacién hospedero-parasito.

Otro aspecto por explorar son las funciones de los productos

fenotipicos gue se han asociado a diferencias de susceptibilidad
a las parasitosis. Los avances en este aspecto permitiran conocer

la dinamica de la interaccion hospedero-parasito.

Es muy probable
gque el manejo de nuevas técnicas de Biologla Molecular como

la
creacidn

de ratones transgénicos sea de gran utilidad a fin de

dilucidar la relacién especie—especificidad de las prasitosis.

La
adaptacién de los modelos experimentales en condiciones
experimentales de infeccién permitira explorar la relevancia de

14



los factores

parasitosis.

geneticos

en la infeccidn y transmisién

15
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TABLA 2

PROTEINAS REGULADORAS SECRETADAS POR EL SISTEMA LINFOHEMATICO

Funciones principales Sitio de codificacidn
en Murinos

Accidn sinérgica con IL-2.
. Induccidn de produccidn de
IL-1 citocinas y 1linfocinas. 41 .
Promotor de diferenciacidn i
de células T. z

Factor de crecimiento de
IL-2 linfocitos 32

IL-3 Funciones hematopoyéticas. 69, 29 T P

Factor estimulatorio de
IL-4 linfocitos B. Induccidn
de MHC Clase II. . 34

Factor de crecimiento de '
IL-5 linfocitos B. 34

Factor de diferenciacién
de linfocitos B. Induc-—

IL-6 cidn del receptor de IL-2 Ch 5 (ratdn) 34,51
en células T.

Factor de crecimiento de 20
IL-7 células B.

Incrementa la expresidn .

moléculas Clase I del MHC Ch & (ratén) 10,39,62 H
IFN—<X en linfocitos. Modula res— i

puestas de Ac's. Incremen—
ta actividad de células NK.

Induce moléculas del MHC
clase I y clase II. Poten—

IFN—- Y te activador de la funcién Ch 10 (ratén) 39,62
de macréfagos.




PROTEINAS DE SUPERFICIE CELILAR (CODIFICADAS FOR GRI

Sitio de codificacidn

Funciones principales

en Murinos Ref
A & 12
ak Ch 16 Reconocindento de antdgeno
adlc 6 soluble o libre y en super—
1B ficies celulares de cdlulas
(Ig's) presentadoras de antigeno 55
Receptores
para
Antigenos
RCT ch 13
RCT Ch 6 Reconocimiento de antdgeno
RCT Ch 14 en superficies celulares
asociados a productos codi—
T ficados por genes del MHC. 9
-1
-2 Ch 10 Reconocirdento de 1la inter— 72
Receptores -3 lewcina especica vy parti—
para o cipacidn camw elementos di—
Interleuci II-S nlcos en 1a secuencia de
nas -6 eventos que llevan al efec—
-7 to final de la interleucina 39
K/D/L 17 Moléculas mediadoras de lin
Qa Tla focitolisis v rechazo de
transplantes. 35
Moléculas
del
MHC I-A/I-E Ch 17 Moléculas presentadoras de 36

antigeno, mediadoras de fun
ciones supresoras y coopera—
doras.



TAHLA 4

PATRONES DE SUSCEPTIBILIDAD A ENFERMEDADES PARASITARTAS MURINAS ASOCIADAS ‘A SEXO

PROTOZOARIOS

Parasito Susceptible Resistente Cepa - Ref,
Lesishmeni icans M DBA/2 1
Ledishrmania major M BALB/c 50
DBA/2N
DBA/2J
leisteania donovani M H 21
Trypanosoma rhodesiense M H C576B1/6J 24
CBA/N 28
Trypanoscra cruezi C3H
A
Plasmodium berghei M H DBA 22
Plasmodium chabaudi M H B10 87
Trichomonas vaginalis H 2
Brugua pahangi M H C57BL/6 &
HELMINTOS
Trichinella spiralis M H cD-18 65
wiss
Nematospiroides dubius M H C3H 14
Echinococcus granulosus M H NAMRU-3 17
Taenia crassiceps H M BALB/c 68
BALB/B
BALB/K
Taenia taenieaeformis M H C3H/He 47
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‘discutire separadamente:

L.a cisticercosis causada por T.

solium,es un serio problema = de
salud

cuando afecta el humano y economlco cuando afecta al cerdo.

México se reporta una alt

.1nc1denc1a de esta; enfermedad asi como
de La 1noamer1ca,

varios ©palses-

ASLa ¥ Afrlca- La forma

cisticercosis_és 1 roc15t1cercos;s,

y su an;denc;a es .

segun - los repoértes.de

pals. : ?‘§ r, . )

En ‘cisticercosis porcina se ha intentado estimar

las perdidas

calcu;aﬂdo"iéé porcentajes de

econdmicas

gque genera esta enfermedad,

cerdos ‘cisticercosos reportados por ratros oficiales. Estos
resultados son probablemente muy bajos comparados con la frecuencia de

la' enfermedad en

varios estados,’ donde el numero de cerdos sin

‘por parte de las laS';nstltuc1ones oficiales alcanza hasta
el .50% o mas del total de cerdos sacrificados.

inspeccién

Siendo un problema de salud y econdmico en Meéxico, el estudio de
esta enfermedad resulta de grén intereés practico, adém&s del biolégico
implicito en 1la convivencia Aintima de dos .otganisﬁoﬁ’;huy bien
diferenciados bioldgicamente. : S

En esta tesis se incluyen un grupo de trabajbs que intentan
ahondar en el conocimiento de la cisticercosis. La

estrategia
utilizada ha sido el empleoc de otro céstodo:

Taenia crassiceps,
fase de cisticerco es capaz de reproducirse en ratones.
permitido contribuir

cuya
El modelo ha

en distintos aspectos de la cisticercosis que
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1. DIAGNOSTICO Y EPIDEMIOLOGIA
2. INMUNOPROFILAXIS :
3‘. SUSCEPTIBILIDAD A LA CISTICERCOSIS

Diagnastiéo;ngpidéhioiogia:,

El  cistiéerco ‘de, Taéﬁia crassiceps comparte gran ' cantidad de
antigenos con el clstlcerco de Taenla solium, y puede reemplazar a los
antigenos de T. sollum ‘sin ‘detrlmento en la  sensibilidad v
especificidad en la seroldgia'diégnGStica de cisticercosis, con la
gran ventaja de contaf cén uﬁa mezcla antigénica de heterogenidad
controlada. Este hallazgo,"éunado a la facilidad en la obtencién ae
antigenos a partir de los ratones infectados, constituye un avance
significativo en el diagnéstico de la cisticercosis. Del conjunto de

antlgenos de Taenia crassiceps hemos identificado aquellos reconocidos

con  alta frecuencia por individuos cisticercosos. Esta informacién
podria ser de utilidad en la seleccion de antigenos a ser clonados
para utilizarse con fines diagnésticos. A la fecha vya se han
comenzando a utilizar los antigenos de T. crassiceps en proyectos
epidemiologicos que incluyen tanto la determinacién de cantidad . de
anticuerpos (por hemaglutinacién y ELISA) como la determinacién del'
repertorio antigénico reconocido en el 1liguido vesicular del

cisticerco por inmunoelectrotransferencia.

Las discusiones sobre el inmunodiagnéstico de la cisticercosis no
han terminado; sobreviven gracias a la heterogeneidad. en los
procedimientos Yy a confusién conceptual. El uso de antigenos, de T.

crassiceps podria favorecer la uniformizacién de los antigenos
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utilizados en las pruebas diagnésticas reduciendo posibles

discrepancias-.

A‘pesar del avance y simplificacién del inmunodiagnostico cdn -el..

uso- de estos antlgenos, quedan-ain ‘aspectos lmportantes por resolver IR

como es la distincién entre los dlstlntos tlpos de conta'to con ‘elTWV

c;stlcerco. a) contacto sln 1nfecc16n, b) contacto iéoﬁ' 1nfecc1on?
resuelta; c) contacto con 1nfecc1¢n no. localizada al SNC, d) contactou
con infeccién localizada a; SNC, interpretando el valor predi¢tivo de ™
la serologla positiva. La resolucién de estos aspectos serila de_enofmé

valor en la interpretacién ‘de 1los resultados epidemiolégicos.

En este sentido! estamos estudiando la respuesta inmune en: los

distintos tipos de contacto'utlllzando lnmunoelectrotransferenc;as. La

senal obtenlda_:p‘ a tecnlca es muy rica en sus posibilidades

dlscrlmlnatlvas.r ! primer nivel descriptivo nos permite

identificar la: respuesta o no contra un conjunto de antilgenos, en un

siguiente nlvel es susceptlble de agregar una tercera dimensién al

fendmeno de reponocimiento: la intensidad de la respuesta. El analisis

integro de 1la senal obtenida nos permitira obtener perfiles de un
sujeto a maneéra de huellas dactilares con las que mejor discriminar

los maltiples facetas de la cisticercosis.

Otro. camino alternativo para avanzar en el inmunodiagnéstico es
la utilizécian de antigenos o peptidos preparados en Dbase a
procedimientos bioquimicos y/o técnicas de biologla molecular o de
sintesisM'quimica.' Serla demasiado optimista suponer que el uso de

antligenos purificados aislados pudiera satisfacer 1la interpretacion de
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la relacién tan heterogénea éntréjhospedero;y parasitoQ Es posible que

aun purificados . se. requiera la ‘mezcla .de.varios de _estos ' antigenos

para cubrir"ei~=amp116':éspeqtfo'~de~'formaé de ' ‘contacto. ‘en‘ esta

parasitosis.’

Inmunoprofilaxis

 Qt;b aépé¢;61déig:énzinteres en cist;cé?éésig.gé el control de. la
ffaﬁémi;idg'dé iaiéﬁfermedad”é traves déyﬁédid;éféféétivas, accesibles
a nuéstras tcapacidades cientificas y teﬁniéééi;“y adecuadas a las
circunstanciés, de la crianza rmstica de cerdos. En este sentido debe
considerarse éue la supervivencia de este parasito subyace en
problemas socioeconrtiomicos muy dificiles de modificar, que favorecen
las condiciones gue mantienen el cicleo bioldgico. Del hecho que 1la
respuesta inmune media en la relacién hospedero parasito de varias
teniasis - cisticercosis se desprende la esperanza de reducir el
riesgo o la intensidad de la infeccién en cerdos, en especial
considerando gque el tiempo de proteccioén efectiva se reduce a
aproximadamente un ano, tiempo despues del cual los cerdos entran al
consumo. Parece entonces una medida realista de control la posibilidad
de reducir parcial o totalmente la cisticercosis ,PorCina por

vacunacién interfiriendo en el ciclo de la teniasis/cisticercosis.
El modelo de cisticercosis murina ofrece un modelo - experimental

adecuado para obtener un primer estimado de’las posibilidades  reales

de una vacuna.
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Vlndlcaron que ambos antigenos resultan igualmente eficaces en

En ‘esta tesis se describe en detalle la evaluacién experimental
de una vacuna rcontfa .la-cisticercosis, utilizando

el modelo de

c15t1cercos;s murlna 84 antigeno‘

provenientes de cisticercos de Taenia

sollum asi como de c'st cercos: é Taenia crassiceps. Los resultados

inducir

proteccién: parc;al © /tota

ontra el desaflo experimental.

Esta fase éxperimental ha producido la suficiente informacién
proseguir con bases objetivas y optimistas la evaluac;bn de

vacuna

para una
en cerdos expuestos al desaflio natural utlllzando antigenos de

T. crassiceps. Cabe remarcar gue la produccién mas;va-de ia 'vacuna no

presenta dificultades considerando la capacidad de " crecimiento de

Taenia crassiceps. Sin embargo, es de considérar gque podrilamos
aumentar la eficiencia

de la vacunac;on y reduc1r el costo de la

vacuna a traves de la clonac1¢n de antigeno‘\ la sintes;s de peéptidos

y/o purificacién de antigenos. “En

este sentldo el analisis del

repertorio antigenico reconocldo por anlmale

acunados Y PpProtegidos

senalara a los mejores;candldatos a ser clonados ‘o secuenclados a

£in
de ser sintetizados.

Los estudios de la respuesta inmune  humoral realizados con
animales vacunados y no vacunados - senalan ‘algunos antlgenos que

mas frecuentemente reconocidos en los grupos de
protegidos por wvacunacioén.

parecen ser ratones

Sin embargo, ante las evidencias
recopiladas en este estudio de que los:anticuerpos no

desempenan un
papél protector

importante al menos de una manera sencilla, quiz&é
para la identificacién de antigenos relevantes asociados a protéccioh
deban agregarse estudios de la capacidad de antigenos para indﬁcir
inmunidad celular.
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Susceptibilidad'gkia cisticercosis

La c1$tlcerc051s experlmental en ratones ofrece la posibilidad de
conocer la Vlntlmldad Vde la relac;én hospedero parasito, y esta
relacién permite explorar los mecanlsmos moleculares gque el hospedero
genera en respuesta-al»par&s;to asl como la capacidad del parasito
para modificarlos. En’ia busgueda de este objetivo, se realizaron los
primeros disenos a fin de identificar los determinantes bioldédgicos que

afectan la susceptibilidad del hospedero al parasito.

Estos disenos permitieron identificar como variables bioldgicas
de la susceptibilidad al sexo, al complejo mayor de histocom-—
patibilidad, al estado inmunolégico y al compartimento en el gque se

desarrolla la infeccioén.

La asociacién de la susceptibilidad con el H-2 resulta de
especial interés considerando que las moléculas codificadas por el
Complejo Mayor de Histocompatibilidad (H-2) estan involucradas en los
mecanismos de prezentacién antigeénica, en los fendmenos inmunolégicos
resultantes de esta . presentacion, Yy en “el’ conjunto de eventos
inmunolédgicos gque determinan el destino'dejlaf:eléciOn hospedero vy

parasito.

El modelo de cisticercosis murina  podria ser una herramienta muy
1util para. estudiar estos eventos considerando: = la marcada asociacién

entre 'La susceptlbllldad a :la infecciOn Y el complejo mayor de

hlstocompatlbllldad,v la acce51bllldad del peritoneo, compartimento en

el qgque se desarrolla 6pt1mamente la 1nfecc1¢n, la disponibilidad de
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reactivos biolségicos (anticuerpos especificos contra marcadores

celularéskyrﬁroductos'de ﬁ—z; sondas para regiones gendmicas de H-2,

de inmunoglobulihas, de receptores de linfocitos T) asi rcomo ‘la
posibilidéa "de modificar el genoma murino introduciendolef'genesj'dé

resistencia o genes del propio parasito a traves de ‘techicas' de

- transfeccién. de genes.

dlferenCLa entre sexos este medlada» 1nmuno;ogicamente. Es

pqsiﬁléﬁJéue las wvariables sexo b H 2 »independientes,

considerando los reportes recientes de modulac;én de 1a expresion de

H-2 por hormonas sexuales.

Desde un punto de vista aplicativo este trabajo ‘establece las
bases necesarias para especular sobre posibles influenciés‘fgeneticas
en la susceptibilidad de cerdos a cisticercosis por T. éolium, En este
sentido y en el intento de disminuir la incidencia de la ciétiéercosis
porcina, podria considerarse la identificacioen o desarfolldrdé razas

de cerdos resistentes a la cisticercosis y favorecer su crianza.

Es mi esperanza que “la cisticercosis experimental de los ratones

senale camlnosﬁ de exploraclén mas probablemente fructlferos en la

identiflcac;én‘ de factores blolaglcos asociados a la  susceptibilidad

en cisticercqs;s por T. solium
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2 o

En
Areas de

vista de

el esquema que anexo ‘a cont1nuac16n 1ntento

fsintetizar

investigacioén que aparecen como especlalmente relevantes a

los resultados reportados ‘en’” este,trabajo de tesls.
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