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RESUMEN

La proteasa de cisteina 2 (EhCP2) se purificO mediante filtracion molecular y electroelucion, a
partir de extractos amibianos de Entamoeba histolytica cepa HM1-IMSS. En el higado de
hamsters, la EhCP2 incorporada en microesferas inertes de liberacién, causd inflamacion
moderada y necrosis minima de corta duracién. En cortes de higados de hamsters con absceso
hepéatico amibiano, el anticuerpo policlonal anti-EnCP2 obtenido de conejos, detecté a EhCP2
en la amiba y no fuera de ella, ni en las zonas de necrosis. Ademas, el bloqueo total de la
actividad de las proteasas de cisteina de E. histolytica con el inhibidor especifico e irreversible
E-64, no tuvo influencia en su sobrevida, resistencia a complemento, eritrofagocitosis y
citotoxicidad, en condiciones in vitro. Sin embargo, cuando estas amibas se inyectaron en
hamsters con E-64 en circulacion, no produjeron destruccion tisular y murieron en corto tiempo.
Por otra parte, en el higado de los hamsters leucopénicos (por radiacion gamma), E. histolytica
no causé destruccion tisular y murié en corto tiempo. La hipocomplementemia e isquemia en
estos animales no modificaron este efecto. Ademas de esto, se observaron numerosos
cumulos de amibas con escaso infiltrado inflamatorio y minima destruccion tisular, en los
higados de los hamsters inmunosuprimidos con ciclosporina A. Todo lo anterior sugiere que las
proteasas amibianas no participan de manera importante en la destruccion de tejidos en el
absceso hepatico amibiano en hamsters; sin embargo, son necesarias para la sobrevida del
parasito en este microambiente. Ademas, las células inflamatorias del hospedero son
indispensables para la sobrevida de E. histolytica y al mismo tiempo, son las principales

responsables de la destruccion tisular en este modelo experimental.



ABSTRACT

Amebic cystein protease 2 (EhCP2) was purified from ethyl ether extracts of axenically grown
trophozoites of E. histolytica strain HM1-IMSS. EhCP2 enclosed in inert microspheres of
superdex caused mild acute inflammation and minimal necrosis of short duration in hamster
liver., Policlonal antibody anti-EnCP2 obtained from rabbits detected EnCP2 inside amebas in
hamster liver sactions with amebic abscess, but not outside of the parasites or in the necrotic
structures. Despite total inhibition of ERCPs activity with E-64, a potent irreversible inhibitor of
CPs, in in vitro conditions the parasite preserved its viability, replication rate, resistance to
complement, eritrophagocytosis and cytotoxicity,. However, when these amebas were injected
into the portal vein of hamsters with circulating E-64, they failed to cause tissue destruction and
died in short time. This situation was also observed in the liver of hamsters made leukopenic by
whole-body gamma radiation and with hipocomplementemia plus ischemia. In livers of hamsters
immunosupressed with cyclosporine A, many clusters of well preserved amebas were observed
with poor inflammatory infiltrate and minimal tissue destruction. All of these findings suggest that
amebic cystein proteases do not play an important role in tissue damage in experimental acute
liver amebiasis. On the other hand, they are necessary for the parasite’s survival. Host
inflammatory cells are also necessary for E. histolytica’s survival and, in addition, are the

principal cause of tissue destruction in this experimental model.



INTRODUCCION

La amibiasis en humanos es una enfermedad parasitaria causada por el protozoario
Entamoeba histolytica (Fig. 1). Este padecimiento es de distribucion mundial, tiene alta

incidencia en paises pobres y es la causa de aproximadamente cien mil muertes por afio en el

mundo (Walish, 1986; WHO, 1997).

Figura 1. Trofozoitos axénicos virulentos de Enfamoeba
histolytica de la cepa HM-1 IMSS.

La infeccién se inicia cuando el hombre ingiere agua o alimentos contaminados con quistes del
parasito, algunos de éstos al llegar al intestino delgado, se desenquistan y adoptan la forma de
trofozoito. A nivel de colon proliferan, se enquistan nuevamente y al salir junto con las heces
estan listos para reiniciar el ciclo biologico (Fig. 2). Durante el paso de la amiba por el intestino
del ser humano pueden ocurrir tres situaciones: 1) E. hisfolytica no causa dafio en su
hospedero, lo que se conoce como colonizacién asintomatica; 2) el parasito puede causar dafio
a nivel intestinal y el mas frecuente de estos padecimientos es la colitis amibiana; y 3) en
algunas ocasiones esta amiba perfora la mucosa intestinal y se cree que a través de la
circulacion puede llegar al higado, en donde causa el absceso hepatico amibiano (Huston et
al., 1999); ademas, este parasito ocasionalmente puede causar destruccién en otros tejidos

como el cerebro, la piel y el pulmén (Fig. 3).
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Figura 2. Ciclo biolégico de Entamoeba histolytica y las manifestaciones clinicas de la infeccion en humanos
(Huston et al., 1999).

La amibiasis causada por Entamoeba histolytica se caracteriza por inflamacion aguda y
necrosis en el intestino grueso y en otros 6rganos (Pérez-Tamayo 1986; Pérez-Tamayo et al.,
1990; Espinosa-Cantellano y Martinez-Palomo 2000), y lo mismo sucede en varios modelos
experimentales de la enfermedad (Tsutsumi, 1988). La frecuencia y extension de la destruccion
de tejidos en humanos y en animales experimentales justifica el nombre histolytica del parasito.
Los mecanismos de dafio a tejidos en la amibiasis se atribuyen, en parte, a la actividad de
varias moléculas presentes en el parasito (Stanley y Reed 2001): 1) amiboporos (proteinas
formadoras de poros sin actividad enzimatica), 2) fosfolipasas, 3) colagenasa, 4) adhesinas

(alguna con actividad proteolitica) y (5) proteasas de cisteina (CP1-CP19;,CP112



Figura 3. Amibiasis invasiva en diferentes tejidos del ser humano.

A, Absceso hepatico amibiano. B, Megacolon téxico. C, Absceso
hepatico amibiano perforado a pulmén. D, Amibiasis cerebral. E,
amibiasis cutanea en cara anterior del abdomen.




(Bruchhaus et al. 2003)). Sin embargo los datos que apoyan el papel de cada una de estas
cinco diferentes moléculas en la destruccién de tejidos no son uniformes y para algunas de
ellas son indirectos. Es posible que las moléculas mas ampliamente estudiadas en su
capacidad para producir dafio de tejidos sean las proteasas de cisteina (CPs). Los datos que

se conocen hasta la fecha pueden resumirse como sigue

Experimentos in vitro

Las proteasas de cisteina purificadas tienen efecto citopatico sobre monocapas de células
HelLa (Lushbaugh et al., 1985), células BHK (Keene et al., 1986) y fibroblastos humanos, sin
efecto citotéxico. El efecto citolitico sobre hepatocitos muertos de rata y hamster, causado por
proteasas de cisteina de 30-kDa se bloquea con el inhibidor especifico de proteasas de
cisteina E-64 (Montfort ef al., 1993). La disminucion de la expresion de CPS5 inducida en E.
histolytica con ARNm antisentido se correlaciona con la disminucién de fagocitosis, pero el
efecto citopatico y la actividad hemolitica permanecen sin cambio (Ankri et al., 1998). La sobre-
expresion de CP2 en E. histolytica y E. dispar da como resultado el incremento del efecto
citopatico producido por ambas especies (Hellberg et al. 2001).

Experimentos in vivo

Los trofozoitos axénicos de E. histolytica crecidos en presencia de E-64 (Stanley ef al., 1995) o
laminina (Li et al., 1995), tienen disminuida la capacidad para producir abscesos hepéticos en
ratones inmunodeficientes (SCID). Los lisados de E. histolytica virulenta disminuyen la
resistencia eléctrica transepitelial en ciego de gerbos y este efecto es inhibido por E-64
(Navarro-Garcia et al., 1995). La disminucion de la expresion de CP5, inducida en E. histolytica
con ARNm antisentido, se correlaciona con la disminucion de la capacidad del parasito para

inducir abscesos hepaticos en hamster (Ankri ef al., 1999). La disminucion de la expresion de
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CP5 inducida en E. histolytica se correlaciona con la disminucién de la inflamacion, produccion
de IL-2 y capacidad de las amibas para convertir prolL-1 a IL-1, en intestino humano
transplantado a ratones SCID (Zhang et al., 2000).
A pesar de que la informacion resumida anteriormente sugiere un papel importante para las
EhCPs en el dafio celular y tisular en la amibiasis, no discrimina entre un efecto proteolitico
directo sobre proteinas de la matriz extracelular y un papel permisivo de tales enzimas, cuya
funcién primaria podria ser preservar la viabilidad del parasito para permitir a otros mecanismos
moleculares dafiar células y tejidos. Se sabe que las proteasas de cisteina son capaces de
disminuir la expresion de CD4 en linfocitos T (Molinari et al., 2000); ademas, las CPs son
capaces de degradar receptores de macréfagos, lo que podria explicar porqué los macréfagos
recuperados de abscesos hepaticos de gerbos no est&n activados ni son activables por
lipopolisacérido (LPS) y tienen disminuida su actividad amebicida, mientras que los macréfagos
peritoneales y de bazo obtenidos del mismo animal responden rapidamente a LPS (Denis y
Chadee, 1988). Por otro lado, en varios experimentos in vitro, la inhibicién de las CPs interfiere
con el crecimiento y sobrevida de la amiba (De Meester et al., 1990), excepto cuando se usa E-
64 (Stanley et al., 1995). Las CPs estan presentes en muchas especies de protozoarios (North
et al., 1990; Sajid y McKerrow, 2002) y cuando su actividad se bloquea con inhibidores, su ciclo
de vida y metabolismo nutritivo se dafian gravemente (Engel et al., 1998). Todo lo anterior
sugiere que probablemente las CPs desempefian papeles esenciales en la fisiologia del
parasito y por lo tanto se requieren para su sobrevida.
Por otra parte, se ha estudiado la participacion del hospedero en la patogenia de la amibiasis
experimental. Durante las etapas tempranas del absceso hepéatico amibiano experimental en
hamsters (AHAEH), los dos principales componentes celulares son los leucocitos
polimorfonucleares (PMNs) y los mononucleares (Fig. 4). Se cree que la rapida desintegracion
de los PMNs (con liberacion de sus enzimas lisosomales) y otras sustancias son responsables,

por lo menos en parte, del dafio al tejido hepatico (Tsutsumi et al., 1984). También es posible
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que la isquemia generada por la inflamacion (Pérez-Tamayo et al, 1992) y las lesiones
(causadas por el parasito, hospedero 0 ambos) permitan la sobrevida de la amiba, creandole
un microambiente favorable de baja tension de oxigeno y evitandole el contacto con el

complemento.

En el presente trabajo se describe un nuevo método de purificacién de la EhCP2 a partir de
trofozoltos virulentos de E. histolytica cepa HM1-IMSS cultivados en condiciones axénicas, y
también una serie de experimentos in vivo para determinar si la proteasa EhCP2 es
directamente responsable del dafio del tejido en la amibiasis hepatica experimental en
hamsters. Ademas, mostramos otra serie de experimentos in vivo e in vitro para explorar el
efecto de la inhibicibn de las proteasas de cisteina de E. histolytica sobre la viabilidad,
resistencia a complemento, citotoxicidad y virulencia. Por otra parte, exploramos la
participacion de la inflamacion, el complemento, la isquemia y las lesiones iniciales en la
sobrevida de la amiba en el AHAEH. Por Gltimo, mediante la inmunosupresién en hamsters con
ciclosporina A (CsA), determinamos la participacion del hospedero en la destruccion tisular
durante el desarrolio del AHAEH. Nuestros resultados sugieren que durante el desarrollo del
AHAEH, las CPs de E. histolytica no participan de manera importante en la destruccion del
tejido; en cambio, su funcién primaria parece ser el procesamiento de nutrientes, que permite la
sobrevida del parasito in vivo. Ademas, la reaccion inflamatoria del hospedero también es
indispensable para la sobrevida de este parasito en el tejido hepatico, ya que en su ausencia el
paréasito desaparece en corto tiempo. Finalmente, la respuesta inmune innata del hospedero es

la principal responsable de la destruccion tisular en el AHAEH.



Figura 4. A, Aspecto macroscoépico del higado de un hamster normal y de otro con absceso amibiano de 5 dias (B);
se observa hepatomegalia y necrosis en todo el higado. C, Corte histologico de un higado normal inyectado con
tinta china, nétese la tinta china (T) distribuida en todos los sinusoides. D, Corte histolégico del AHAEH de 24 h de
evolucion; se aprecian amibas (A) rodeadas por PMNs y necrosis, la isquemia se demuestra por la falta de
penetracion de tinta china (T) en esta zona.



HIPOTESIS

ABSCESO HEPATICO AMIBIANO AGUDO EXPERIMENTAL EN HAMSTER

l’
EhCPs ? : hospedero
? inflamacion
_ l 2 complemento
sobrevida ____ | |esiones — » Isquemia <3— Y altatension
amibiana de oxigeno
?

Se sabe que durante la evolucion del AHAEH, la sobrevida amibiana es esencial para el

desarrollo de lesiones, las cuales pueden ser causadas por las CPs del parasito, moléculas del

hospedero o ambas. También se sabe que estas lesiones y la inflamacién generan isquemia

focal y es posible que ésta sea favorable para la sobrevida del parasito al crearle un

microambiente de baja tensién de oxigeno y evitarle el contacto con el complemento sérico.

Finalmente, las CPs del parasito pueden ser esenciales en el procesamiento de nutrientes y de

esta manera también ser esenciales para su sobrevida.



OBJETIVOS

Determinar la participaciéon de la proteasa EhCP2 en la destruccion tisular durante
el desarrollo del absceso hepitico amibiano experimental en hamsters.

Evaluar sl las proteasas de cisteina de E. histolytica son esenciales para la
sobrevida de este parasito en la amibiasis hepatica experimental en hamsters.

Analizar la participacién de las células inflamatorias, la isquemia y el complemento
en la sobrevida de E. histolytica en la amibiasis hepatica experimental en
hamsters.

Explorar la participaciéon de la amiba y el hospedero en la destruccioén tisular en el
absceso hepéatico amibiano experimental en hamsters.
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MATERIALES Y METODOS

Parasitos

Trofozoitos de E. histolytica cepa HM1-IMSS se recuperaron de un absceso hepatico amibiano
experimental en hamster (7 dlas). El cultivo axénico se inici6 con una densidad de 7X10°
trofozoitos en 50 ml de medio TYI-S-33 (Diamond et al., 1978) en cajas de plastico. Después
de 72 h de incubaciéon a 37 °C, los trofozoitos se cosecharon y se lavaron dos veces con
amortiguador de fosfatos 15 mM pH 7.2, NaCl 0.15 M (PBS). En algunos experimentos los
trofozoitos amibianos se cultivaron por 72 h en medio TYI-S-33, pero en presencia de E-64

(500 uM). Al final del cultivo, las amibas se contaron con un hematocitbmetro y se les

determind la viabilidad por exclusion de azul de Trypan.

Extractos amibianos

Los trofozoitos amibianos (3X10%) se resuspendieron en 100 mi de amortiguador Tris-HCI 20
mM pH 7.4, NaCl 0.15 M, HgCl, 5 mM, y 250 ml de éter etilico frio. La mezcla se agitd
moderadamente por 24 h a 4°C y se centrifugd a 3000 rpm por 10 min; la fase acuosa se
colecté y la fase organica se extrajo nuevamente con 100 ml del mismo amortiguador Tris-HCI.
Ambos extractos se combinaron y el éter se elimind por evaporacién durante 12 h a
temperatura ambiente. Finalmente, la muestra se centrifugd a 18,000 rpm por 30 min y el
sobrenadante se almacend a 5°C. La fase organica residual se volvié a extraer con 100 ml del

mismo amortiguador, pero aumentando la fuerza iénica de NaCl a 2.5 M.

Furificacién de proteasas de cistelna
La purificacién se llevé a cabo en dos pasos:
1. Fracciones de 5 ml del extracto amibiano se pasaron por una columna de filtracion molecular

Ultrogel ACA-54, con dimensiones de 150.0 X 2.2 em, equilibrada con Tris-HCI 20 mM pH 7 4,
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NaCl 0.5M, 1 mM de HgCi2, con flujo de 0.4 mi/min. La proteina eluida se detecté a 280 nm y
la actividad proteolitica con azocaseina (Pérez-Montfort et al., 1987). Las fracciones con
actividad proteolitica se mezclaron, se concentraron a 3 ml (con una membrana de amicon con
corte de 3 kDa) y se dializaron con una membrana de 8 kDa de corte en solucién
amortiguadora Tris-HCI 10 mM pH 7.4, HgCl> 1 mM.
2. Se mezclaron 2.7 ml de la muestra dializada con 2.3 ml de amortiguador de muestra no
desnaturalizante (H20 5.4 ml, Tris-HCI 0.5 M pH 6.8 1 ml, glicerol 0.8 ml, azul de bromofenol al
0.5% 0.4 ml) y se electroeluyd en el sistema 491 Prep Cell (BIORAD), con tubo de gel de 37
mm, 7.2% de gel separador, 4% de gel concentrador, 12 Watts, flujo de 0.75 ml/min y
fracciones de 6 ml. Una de cada 10 fracciones se analiz6 en geles no desnaturalizantes de
acrilamida al 12%, tefiidos con solucion de plata. Ademas, también se les determiné actividad
proteolitica en zimogramas de geles de acrilamida con gelatina incorporada (Laemmli, 1970).
Finalmente, una de cada 3 fracciones de las dos zonas con actividad proteolitica se analizaron
de la misma manera.
Los extractos 0.5 M NaCl y 2.5 M NaCl fueron igualmente procesados, excepto que el extracto
0.5 M NaCl fue precipitado con 2 ml de ZnCl,2.5 M por 1 h a 37 °C, enseguida se centrifugd a

20,000 rpm y el sobrenadante se concentréd a 12 ml con una membrana YM-3.

Zimogramas

Duplicados de los geles de electroforesis arriba mencionados se sobrepusieron sobre geles de
sustrato (acrilamida al 10%, gelatina 0.2%, EDTA 5 mM y DTT § mM) y se incubaron por 12 h a
37 °C, se tifieron con solucion de azul de Coomassie 0.1%, metanol 20% y acido acético 10%,

y se destifieron con la misma solucién pero sin el colorante.
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Secuenciacion
Cuando la proteasa de cisteina parecia suficientemente pura (ver resultados), una muestra de
la fraccion Il del extracto NaCl 0.5 M fue enviada a “The HHMI Biopolymer/W.M. Keck
Foundation Biotechnology Resource Laboratory” en la Universidad de Yale en los EEUU, para

la secuenciacion de los 13 aminoacidos del extremo amino terminal de la enzima.

Punto isoeléctrico
Se determiné el punto isoeléctrico a la muestra EhCP2 purificada y secuenciada mediante
isoelectroenfoque en gel preparativo y resolutivo, con intervalos de pH 3.0-10.0 y 4.0-6.5

respectivamente (Pharmacia).

Anticuerpos policlonales anti-ERCP2

El procedimiento fue similar al descrito por Montfort et al., (1994). Se emuisificé 1 ml de EhCP2
hervida (200 ug) con 1 mi de adyuvante completo de Freund y esto se inyectd en un conejo por
via intramuscular y subcutanea. Después de un mes, 100 ug de la proteasa hervida se
administré de la misma manera y 7 dias después 100ug de la proteasa hervida se inyectd por
via intraperitoneal. Otro conejo se inmunizé de la misma manera pero con la proteasa inhibida
con E-64 10 puM y sin hervir. Ambos animales se sangraron una semana después del
tratamiento, se obtuvo el suero y se determind la presencia de anticuerpos mediante doble
inmunodifusién en agar, contra un extracto amibiano de éter y EhCP2 purificada. La IgG se
purificd por precipitacion con sulfato de amonio al 50% y mediante cromatografia de afinidad
(sepharosa-proteina A). La IgG nativa (control) se obtuvo de conejos normales mediante el

mismo procedimiento.
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Especificidad del anticuerpo anti-EhCP2
Debido a la posibilidad de que el anticuerpo anti-EnCP2 pudiera estar dirigido contra moléculas
de ubiquitina presentes en la EhCP2 purificada (ver resultados), o contra otras posibles EhCPs
presentes en cantidades minimas, realizamos inmunoelectrotransferencia a la muestra EhCP2
purificada, ufilizando como control EhCP5 recombinante proporcionada por la Dra. |I.
Bruchhaus.

Purificacién de EhCPs por afinidad a sepharosa-IgG anti-EhCP2

La IgG anti-EhCP2 (10 mg) se acopld a 1 gr de sepharosa activada con bromuro de cianégeno,
se empaco en una columna de 5 X 2 cm y se lavoé con amortiguador Tris-HCI 10 mM pH 7.4,
NaCl 0.15 M y HgCl; 1 mM. Se pasaron por la columna 3 mi del extracto amibiano éter NaCl
0.5 M y ésta se lav6 con 100 ml del mismo amortiguador. La proteina unida se eluyé con 2 ml
de amortiguador glicina-HCI 10 mM pH 2.0 e inmediatamente se neutralizé con unas gotas de
amortiguador Tris-HCI pH 8.8 y se concentr6 a 2 mi con una membrana YM-3. A esta muestra
se le determind concentracion de proteina (Bradford, 1976) y actividad proteolitica sobre
azocaseina; ademas, el patron proteico se examind mediante electroforesis no
desnaturalizante (sin SDS) en geles de acrilamida al 12% con sus correspondientes
zimogramas en geles de acrilamida con gelatina incorporada. Este procedimiento (con las
mismas cantidades) se realizé para la obtencion de sepharosa-lgG de conejo no inmune

(control).

Efecto de los anticuerpos IgG anti-EhCP2 sobre la actividad proteolitica de las CP purificadas y
sobre trofozoitos amibianos axénicos

Se determiné actividad proteolitica sobre azocaseina a 10 ug de proteasas de cisteina
purificadas por afinidad, en presencia de diferentes cantidades de IgG anti-EhCP2 (0.1, 0.5,

1.0, 2.0 mg) y EDTA 5§ mM, en tres experimentos independientes. Paralelamente, duplicados
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de estas muestras se almacenaron a 4°C por 24 h. Los inmunoprecipitados se centrifugaron a
10,000 rpm por 30 min, se lavaron dos veces con amortiguador Tris-HCI 10 mM pH 7.4, NaCl
0.15 M y se analizaron en electroforesis-SDS al 12%. Por otra parte, se incubaron 2.5x10°
trofozoltos de E. histolytica con 1 mg de IgG anti-EhCP2 durante 1 h, se les determiné actividad
proteolitica sobre azocaseina (1mg/0.6ml, 37°C, 3h) y viabilidad por exclusion de azul de
Trypan. En los experimentos control, se sustituy6 la IgG anti-EhCP2 por IgG de conejo no

inmune.

Inmunolocalizacion de EhCP2 en el absceso hepatico amibiano de hamsters

Se inyectaron 2.5X10° trofozoitos axénicos de E. histolytica por via intraportal a hamsters
anestesiados. Después de 1 y 5 dias los animales se sacrificaron con una sobredosis de éter,
los higados se extirparon, se fijaron con formol al 10% en PBS y mediante procesamiento
histolégico se incluyeron en parafina. Se hicieron cortes seriados de estos higados (4-6 um), se
incubaron con IgG anti-EhCP2 (0.04 mg/0.2 ml de Tris-HCI 10 mM pH 7.4, NaCl 0.15M pre-
absorbida con polvo cetonico de higado de hamster) y se tifieron mediante la técnica indirecta
0 “sandwich” usando como anticuerpo secundario IgG de cabra anti-lgG de conejo, marcado
con isotiocianato de fluoresceina o peroxidasa y diaminobenzidina como sustrato. Para
aumentar la sensibilidad de la reaccion, en algunos cortes de tejido el anticuerpo secundario
fue reemplazado por un anticuerpo anti-IgG de conejo marcado con oro y revelado con solucién

de plata (silver enhancement kit, Molecular Probes Inc.).

Liberacién de EhCP2 purificada en higado de hamster

En la bisqueda de un vehiculo para liberar la EhCP2 purificada en el higado de hamster, en
diferentes sitios y concentraciones; en un principio se prepararon microesferas de gelatina de
acuerdo a Yoshioka ef al (1981), pero experimentos preliminares revelaron que tales

microesferas no son vehiculos inertes. Sin embargo, cuando se inyectaron microesferas de la
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resina superdex 75 (Pharmacia 24-44 n de diametro) en hamsters por via intraportal, no se
observé reaccion inflamatoria ni dafio en el tejido. Debido a que tales microesferas tienen
tamafio semejante a trofozoitos amibianos, incorporan proteinas de peso molecular similar a
EhCP2, con minima interaccion quimica entre ellas y liberan las proteinas al medio con
agitacién moderada, se pasaron 5 veces 60 ul de EhCP2 purificada (5 mg/ml en PBS) a través
de una microcolumna con 3.5X10° microesferas de superdex 75. Posteriormente 5x10*
microesferas se inyectaron por via intraportal en hamsters y éstos se sacrificaron a 3, 24 y 96
h; al término de cada tiempo los higados se procesaron mediante histologla para examen
inmunohistoquimico.

La incorporacién de la proteina EhCP2 en las microesferas de superdex 75 se demostré
tiflendo una muestra de éstas con azul de Coomassie. La presencia de la proteina en el interior
de las microesferas y sus alrededores dentro del tejido hepatico, se determiné mediante la

técnica de inmunohistoquimica descrita arriba.

Resistencia a complemento

Las amibas crecidas por 72 h con E-64 se incubaron con suero fresco de hamster 100 %
(1X10%ml) en presencia de E-64 250 uM, a 37°C por 2 h y su viabilidad se determin6 por
exclusion de azul de Trypan. Estas pruebas se realizaron por duplicado en siete experimentos

independientes y los resultados se compararon con amibas no tratadas con el inhibidor.

Citotoxicidad

La actividad citotoxica de los trofozoitos crecidos en presencia de E-64 se determiné in vitro
con dos diferentes tipos de células blanco: Células Jurkat y PMNs obtenidos de la cavidad
peritoneal de hamsters, inyectados previamente (6h) con 1 ml de glucégeno al 1% en PBS. El
experimento se realizé incubando 1X10° amibas con 5X10° células Jurkat y 1X10° amibas con

2.5X10° PMNs en medio TYI-S-33 con E-84 250 uM por 3 h a 37 °C y determinando la
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viabilidad por exclusién de azul de Trypan. Las determinaciones se realizaron por duplicado en
tres experimentos independientes y los resultados se compararon con los controles (amibas

normales).

Enitrofagocitosis

Se incubaron 5x10° trofozoftos de E. histolytica virulenta crecida 72 h con E-64 (500 uM), con
5x107 eritrocitos frescos de hamster durante 15 min en presencia de 250 uM de E-64.
Enseguida esta suspensiéon se centrifugé a 3000 r.p.m., el precipitado se resuspendié en 0.2 mi
de agua destilada e inmediatamente se le adicion6é 1 ml de formaldehido al 4% en PBS. El
mismo procedimiento se hizo con las amibas virulentas pero en ausencia de E-684 (control).
Después de dos horas los trofozoitos se lavaron con PBS y se conté el nimero de eritrocitos
presente en cada amiba. Las determinaciones se hicieron en cien trofozoitos, por triplicado y
en seis experimentos diferentes. Se consider6 alta fagocitosis cuando los trofozoitos contenian
5 o mas eritrocitos. Ademas, en ambos grupos se evalud la eritrofagocitosis disolviendo los
precipitados (amibas y eritrocitos) con 1 ml de acido férmico al 50% y determinando las

absorbancias a 397 nm (Keller ef. al., 1988).

Actividad hemolitica de E. histolytica

Se incubaron eritrocitos frescos de hamster lavados con PBS con amibas cultivadas por 72 h
con E-64 y en presencia de 250 uM de E-64 o con amibas sin E-64, en 1 ml de PBS. Después
de la incubacioén por 1 h a 37°C (1:2000 eritrocito:amiba), los tubos se centrifugaron a 5000 rpm
durante 5 min y las absorbancias de los sobrenadantes se detectaron a 570 nm. Estas
observaciones se hicieron por duplicado en tres experimentos independientes (Ankri et al.,

1998).
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Actividad proteolitica inhibible por E-64
La actividad proteolitica de 5X10° trofozoitos amibianos congelados en PBS, se determin6
mediante la técnica de azocaseina (Pérez-Montfort et al., 1987), tanto en trofozoitos control

como en trofozolitos cultivados 72 h con E-64 y lavados 4 veces con PBS.

Zimogramas de trofozoitos amibianos crecidos en E-64

Amibas control y crecidas en E-64 se cosecharon, se lavaron con PBS en condiciones estériles
y se incubaron por diferentes tiempos (2.5 a 48 h) en medio TYI-S-33. Los extractos
congelados en PBS (2.6X10°) de cada tiempo se sometieron a electroforesis-SDS al 12% y los

zimogramas se hicieron como se sefiala arriba.

Deteccion de actividad protealitica intracelular en trofozoitos amibianos vivos

El péptido Arg-Arg-4-metoxi-2-naftilamida (AMNP) es un sustrato de proteasas de cisteina que
al ser degradado se combina con S5-nitro-2-salicilaldehido (NSA) y forma un precipitado
fluorescente. Cuando se adiciona a un cultivo de trofozoitos amibianos, AMNP y NSA entran
libremente a su citoplasma y la presencia de proteasas de cisteina se detecta como multiples
granulos fluorescentes (Scholze et al.,, 1994). Estas observaciones se hicieron a diferentes
tiempos (3 a 24 h) después de adicionar 5 mM de AMNP y 2.5 mM de NSA (en 0.1mi de PBS)

a 1X10° trofozoitos control y crecidos en E-64, lavados previamente 4 veces con PBS.

Resistencia eléctrica transepitelial

El dafioc a monocapas de células MDCK se evalué con una camara de “Ussing”, determinando
los cambios en la resistencia eléctrica transepitelial 30 min después de la adicién de amibas
cultivadas 72 h con E-64 y en presencia del mismo inhibidor (500 uM), con una relacién de 5:1

célula:amiba, como lo ha descrito Lopez-Vancell et al. (2000).



18

Absceso hepatico amibiano en hamsters

El absceso hepatico amibiano se indujo en cuatro diferentes grupos de hamsters de ambos
sexos de 100 g de peso (8 animales por grupo). Se inyectaron trofozoftos axénicos de E.
histolytica (5X10%0.2 m! PBS) en la vena porta de hamsters anestesiados con pentobarbital
(6.3 mg/100 g). Los animales se sacrificaron después de 5 dias con una sobredosis de éter, el
higado se fragment6 en pequefios trozos, se fijé por 48 h con formaldehido al 10% en PBS y se
procesé para histologia. Se hicieron cortes de 4-6 um de los bloques de parafina que contenian
todos los l6bulos del higado y se tifieron con hematoxilina y eosina (H y E), y mediante la
reaccion de Schiff (PAS). Ademas, dos de los grupos tratados se inyectaron cada 12 h
durante todo el experimento con 2 mg de E-64 por via intraperitoneal, ya que se ha establecido
que la vida media del E-64 activo inyectado en roedores es de 12 h (Katunuma y Kominami,
1995).

Cuatro grupos experimentales de absceso hepatico amibiano se prepararon como sigue: 1)
hamsters no tratados + trofozolitos de E. histolytica no tratados (controles); 2) hamsters no
tratados + trofozoitos de E. histolytica crecidos con E-64; 3) hamsters tratados con E-64 +
amibas no tratadas; 4) hamsters tratados con E-64 + amibas crecidas con E-64 (Tabla 2). Se
adicionaron 4 animales al grupo 4, dos de ellos se sacrificaron a las 8 h y los otros dos a las 20

h después de la inyeccién de las amibas.

Obtencién de hepatocitos

Los hepatocitos se obtuvieron mediante la perfusion portal del higado de un hamster normal y
otro del grupo 4 (tratado por 5 dias) con 50 ml de EDTA 0.5 mM en soluciéon de Hanks,
seguido de 100 ml de medio Williams E sin suero y con 100 mg de colagenasa bacteriana.
Después de la perfusién, el higado colapsado se filtr6 a través de una gasa, con medio

Williams E y los hepatocitos vivos se obtuvieron en un gradiente de Percoll (Meredith, 1988).
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Finalmente la actividad intracelular de proteasas de cisteina en los hepatocitos vivos se detecto

con el sustrato AMNP como se describe arriba.

inyeccién de E. histolytica en hamsters leucopénicos

Cuatro grupos de 4 hamsters c/u se expusieron a 800 rads de radiacion gamma en un
irradiador de ®Co, y se determin6 él nimero de leucocitos circulantes a las 6, 12,24 hy 2, 3y
7 dias. Para esto, la sangre obtenida por puncion cardiaca se diluy6é 10 veces con una solucion
de acido acético al 3% con violeta de genciana y los leucocitos (en azul) se contaron en un
hematocitébmetro. Después de 48 h, a cada uno de ellos se le inyecté 1 ml de glucégeno al 1%
en PBS por via intraperitoneal (para secuestrar a los leucocitos circulantes residuales), y 3 h
después recibieron 0.5X10° trofozoitos de E. histolytica por via intraportal. Posteriormente,
estos grupos se sacrificaron a 3, 6, 24 48 y 96 h, los higados se extirparon, se procesaron para
histologia como se menciona arriba y se tifieron con H y E y PAS. Paralelamente, otros
animales sin irradiar se trataron de la misma forma (controles). En ambos grupos (controles y
radiados) antes de ser sacrificados, se cuantifico el nivel de leucocitos en sangre periférica
como se menciona arriba. Para demostrar la isquemia en el higado, todos estos animales
recibieron 0.2 mi de tinta china (dializada previamente con PBS) por via intraportal antes de ser

sacrificados (Pérez-Tamayo et al., 1992).

Isquemia focal hepética inducida con microesferas de superdex

Se mezclaron 1x10° trofozoitos axénicos con 2x10° microesferas de superdex 75 (pharmacia) y
se inyectaron por via intraportal en cuatro grupos de hamsters leucopénicos (cuatro animales
por grupo). Cada grupo se sacrifico a 6, 24, 48 y 72 h inyectando previamente 0.2 ml de tinta
china por via intraportal. Los higados se fijaron, se procesaron por histologia como arriba se

menciona y se tifieron con PAS.
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Hipocomplementemia inducida con FHVC
El factor hipocomplementémico del veneno de cobra (FHVC) se purifico a partir del veneno
crudo de Naja haje (Sigma) de acuerdo al procedimiento de Sharma et al. (2001), que involucra
cromatografia de filtracién molecular e intercambio idnico. La eficiencia hipocomplementémica
del FHVC se determiné por su capacidad para reducir los niveles del complemento del suero
de hamster y por su actividad citolitica sobre las amibas in vitro (0.5x10%ml durante 2 h). El
suero de los animales se obtuvo 24, 48 y 72 h después de la inyeccién de 40 ug de FHVC por
via intraperitoneal (Van den Berg et al., 1991). El nivel de complemento se determiné en los
sueros de los hamsters normales y en los que recibieron FHVC mediante la hemolisis de
eritrocitos de carnero sensibilizados (UH50%) como lo describen Morrison y Kline, (1977). El
experimento se realiz6 inyectando 1x10° trofozoitos de E. histolytica virulenta por via intraportal
en doce grupos de hamsters (cuatro animales en c/u) normales, hipocomplementémicos y
leucopénicos + hipocomplementémicos. Cada grupo de animales se sacrificd a 6, 24, 48 y 72
h. Para localizar las zonas isquémicas en el higado, a todos los animales se les inyectd 0.2 mi
de tinta china por via intraportal 5 min antes del sacrificio. Los higados se fijaron con formol, se

procesaron para histologia y se tifieron con PAS como arriba se menciona.

Induccion de inmunosupresion quimica en hamsters

La inmunosupresion en cuatro hamsters se indujo inyectando ciclosporina A (1 mg/100 g)
diluida en aceite de olivo, por via intraperitoneal cada 24 h durante 3 dias (Carrero et al., 2000).
La inmunosupresion se verificd incubando las células de bazo en medio RPMI en placas de 96
pozos con 5x10° células y 0.1 pug de Concanavalina A en cada pozo. La placa se incub6 a 37
°C con 5% de CO. durante 48 h. Enseguida se adicion6 *H-Timidina (1uCi/pozo) y la placa se
incubd nuevamente por 18 h, Al final, las células se cosecharon y la incorporacién de *H-
Timidina se determiné en un contador de centelleo. Trofozoltos de E. histolytica virulenta

(1x10°) se inyectaron en un grupo de hamsters normales (cuatro) y en el grupo inyectado con
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CsA (3 dias antes y durante la infeccion). Todos los animales se sacrificaron 7 dias después de
la inyeccion de los parasitos, los higados se procesaron por histologia y los cortes se tifieron

con PAS.

RESULTADOS

La actividad especifica de las proteasas purificadas fue mayor en el extracto amibiano con éter,
preparado con 2.5 M de NaCl (Tabla 1). La fraccién proteica con actividad proteolitica eluida de
la columna de ultrogel ACA 54, se encontrd en una zona de aproximadamente 30 kDa. La
figura 5 muestra el patron electroforético y el correspondiente zimograma de las diferentes
fracciones electroeluidas del sistema Prep Cell. Debido a que las fracciones mostraron dos
intervalos bien definidos con actividad proteolitica, se separaron y se marcaron como I:
fracciones 56-68 y Il: fracciones 80-92 (Fig. 6). La actividad proteolitica de ambas fracciones se
inhibié completamente con E-64. Para evitar agregacion proteica durante la electroforesis-SDS,

las fracciones se hirvieron en presencia de EDTA y iodoacetamida (Fig. 7).

10 20 30 40 50 60 70 80 90 100

Figura 5. Electroforesis en condiciones no desnaturalizantes
de diferentes fracciones proteicas electroeluidas en Prep Cell.
Se analizé una fraccion de cada 10. A, zimograma en gel con
gelatina. B, migracion proteica en gel al 12%.
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Figura 6. Electroforesis en condiciones no desnaturalizantes de fracciones proteicas con alta actividad proteolitica.
Se analizé una fraccién de cada 3. A, zimograma en gel con gelatina y B, migracién proteica en gel al 12%. Se
observan dos zonas positivas (56-68 y 80-92), separadas por una zona intermedia (71-77) con menos actividad.
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Figura 7. Electroforesis al 12% con SDS del extracto amibiano
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La determinacién del punto isoeléctrico (pl) de la fraccion Il del extracto amibiano éter NaCl 0.5
M, revelé una banda proteica en la zona &cida del gel preparativo, que en el gel resolutivo
mostré un pl de 5.14 (Fig. 8A), que es cercano al pl teérico de EhCP2 (5.13), pero lejano del pl
de EhCP5 (8.41). El andlisis de la inmunoelectrotransferencia revel6 una banda de
aproximadamente 30 kDa en presencia de DTT, EDTA y iodoacetamida, y una banda
semejante a 26 kDa en las mismas condiciones, pero sin DTT (Fig. 8B). El control con la

EhCP5 recombinante fue negativo (no mostrado).
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Figura 8. A, Isoelectroenfoque en gel resolutivo de pH 4.0-6.5 de EhCP2 purificada. St = standars; 1 y 2 son
diferentes diluciones de la muestra EhCP2 y muestran un valor de 5.14. B, inmunoelectrotransferencia de EnCP2
purificada detectada con anticuerpos anti-EhCP2. 1, hervida en presencia de DTT, EDTA y iodoacetamida. 2,
hervida en presencia de EDTA y iodoacetamida sin DTT.
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Tabla 1.
Resumen del procedimiento de purificacién de las proteasas de cisteina de E. histolytica. Obsérvese en negritas
la gran cantidad y recuperacion de proteasas de cisteina.

Extracto éter Electroetucion Extracto éter Electroelucion

2.5M NaCl I It 0.5M NaCl I It
Proteina (mg) 29.10 0.347 0827 664.50 1625 3.834
Actividad total
(D.0.336 nm) 1608 91 216 6209 268 716
Actividad
especifica 55.25 26224  261.18 9.34 164.92 186.75
(U/mg/prot)
g,ff“m““"" 100 565 13.43 100 431 11.53

La secuenciacion NHz-terminal de la protelna de la fraccion 1l purificada a partir del extracto -
éter NaCl 0.5M, mostr6é que es una mezcla de dos moléculas; una es precursor de la CP2 de E
histolytica (aminoacidos 94-106: ALA-PRO-GLU-SER-VAL-ASP-X-ARG-LYS-GLU-GLY-X-VAL)
y la otra es ubiquitina(s) de E. histolytica (amino&cidos 1-13:MET-GLN(6 ASP)}LE(6 LYS)-
PHE(6 ALA)- VAL-(6 TYR)-LYS-THR(6 GLY)-LEU-THR-GLY(6 MET ¢ ILE)-X-THR-ILE). Los
aminoacidos en paréntesis indican posibles sustituciones.

El efecto de dos IgGs anti-EhCP2 obtenidas de diferentes conejos sobre la actividad
proteolitica de EhCPs purificadas por cromatografia de afinidad se muestra en la Figura 9. La
IgG control inhibi6 la actividad proteolitica de manera dependiente de la concentracion; por otro
lado, uno de los anticuerpos anti-EhCP2 inhibi® menos y el otro, por el contrario, mostré un
incremento de la actividad proteolitica por arriba de la actividad de la enzima control, de
manera dependiente de la concentracion. Resultados similares se obtuvieron cuando la
actividad proteolitica de trofozoitos axénicos vivos se determiné en presencia de IgG de conejo
normal y con los dos anticuerpos anti-EhCP2. Con la IgG normal la actividad proteolitica fue

58.16% respecto a los trofozoltos control, mientras que para los anticuerpos especificos ésta
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fue de 99.48% y 128.06% respectivamente. La viabilidad de los trofozoitos no se modificé por

la presencia de los anticuerpos anti-EhCP2.
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Figura 9. Efecto de dos diferentes anticuerpos anti-EhCP2 sobre la actividad proteolitica sobre azocaseina de
EhCPs. La actividad proteolitica se redujo en presencia de IgG normal, con uno de los anticuerpos se disminuyo y
con el otro esta actividad se incrementé de manera dependiente de la concentracion.
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Experimentos preliminares con microesferas de gelatina inyectadas en la vena porta de los
hamsters revelaron (en el higado), intensa reaccion inflamatoria en sus alrededores después
de 24 h y por esta razdn no se usaron. En cambio, las microesferas vacias de superdex 75 no
mostraron reaccion inflamatoria a su alrededor después de 3 y 24 h de la inyeccion intraportal
(Fig. 10A) y sdlo algunas de ellas se rodearon de pocas células mononucleares después de 96
h. Las microesferas de superdex 75 con la EhCP2 incorporada, tefiidas con azul de
Coomassie, mostraron que la incorporacion fue heterogénea (Fig. 10B). Después de
inyectadas en la vena porta de los hamsters, éstas presentaron una moderada infiltracion de
leucocitos polimorfonucleares a 3 h (Fig. 10C) y a 24 h algunas de ellas tuvieron un reducido e
irregular halo de células hepaticas necréticas y células inflamatorias (Fig. 10D). A las 96 h solo
se observaron algunas microesferas rodeadas de lesiones residuales. En los cortes de estos
higados, mediante inmunohistoquimica con IgG anti-EhCP2, la ERCP2 se observd dentro de
las microesferas de superdex 75, hasta 1 hr después de la inyeccién intraportal. No se observo
tincion positiva en los alrededores de las microesferas. Por otra parte, los cortes de higados de
hamster con abscesos amibianos de 1y 5 dias de desarrollo, que se incubaron con IgG anti-
EhCP2 y se revelaron con peroxidasa, mostraron trofozoitos amibianos positivos sin tincién en
la zona de necrosis ni en los bordes con el tejido sano (Fig. 11 B y C). La inyeccién local de la
proteasa EhCP2 purificada en el higado de hamster con absceso de 5 dias, permitié visualizar
a la enzima en la zona de necrosis y en los sinusoides del tejido sano (Fig. 11D). En la
inmunolocalizacion de EhCP2 revelando con un segundo anticuerpo marcado con oro y en
presencia de sales de plata encontramos la misma localizacion de la enzima que nos mostro la

inmunohistoquimica revelada con peroxidasa, solo que mas intensa (Fig. 11F).
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Figura 10. Inyeccion intraportal en hamsters de microesferas de superdex, con EhCP2 incorporada. A,
microesferas vacias (control) 24 h después de la inyeccion. No se observa reaccion inflamatoria. B, microesferas
con EhCP2 incorporada y tefiidas con azul de Coomassie. C, microesferas con EhCP2 incorporada 3 h después
de ser inyectadas. Se observa infiltrado inflamatorio (PMNs) alrededor de la microesfera sin destruccién celular. D,
microesferas con EhCP2 incorporada 24 h después de ser inyectadas. Ademés de inflamacion (PMNs) se observa
destruccion de algunas células hepaticas (N).
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Figura 11. Inmunolocalizacién de EhCP2 en cortes de AHAEH. A, AHAEH de 24 h incubado con IgG normal
(control). B, AHAEH de 24 h incubado con anti-EhCP2. C, AHAEH de 5 dias incubado con anti-EhCP2. D, AHAEH
de 5 dias, inyectado previamente con EhCP2 purificada e incubado con anti-EhCP2. E, AHAEH de 5 dias
incubado con IgG normal (control). F, AHAEH incubado con anti-EhCP2. Inmunohistoquimica revelada con
peroxidasa (A-D) y con oro-plata (E-F). En presencia de anti-EhCP2, los trofozoitos se tifien intensamente y no se
observa tincion en la zona de necrosis ni en |a periferia con el tejido sano, excepto cuando la ERCP2 purificada se
inyecta previamente (D).
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Los trofozoitos de E. histolytica tratados 72 h con E-64 500 uM, no mostraron diferencias en
crecimiento, viabilidad, resistencia a complemento y citotoxicidad, con respecto a los trofozoitos
control. En cambio, se inhibi6é su capacidad de disminuir la resistencia eléctrica transepitelial de
monocapas de células MDCK (Fig. 12). Por otra parte, la actividad proteolitica de los trofozoitos
crecidos en medio TYI-S-33 con E-64, se inhibi6 gradualmente durante las 72 h de cuitivo (Fig.
13). Resultados similares se obtuvieron con los zimogramas en gel de gelatina (Fig. 14), asi
como también con la actividad proteolitica de cisteina intra-citoplasmica, en trofozoitos
amibianos vivos, visualizada con el sustrato AMNP (Fig.15). Al incrementar las concentraciones
de E-64, se observd una disminucion general en el nimero de granulos citoplasmicos
fluorescentes y un incremento en el nimero de amibas completamente negativas. Cuando las
amibas crecidas por 72 h en E-64 se lavaron y se cultivaron nuevamente sin E-64, se recuper6
el 50% de la actividad de proteasas de cisteina en aproximadamente 24-48 h (detectada con

azocaseina, Fig.13).
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Figura 13. Actividad proteolitica sobre azocaseina de homogenados amibianos después de varios periodos de
incubacion en presencia de E-64. La actividad desaparece después de 4 h de incubacion con E-64 y reaparece
12 h despues de quitar el inhibidor.
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Figura 14. Zimogramas de homogenados amibianos control (A) y de los que recuperaron la actividad proteolitica
(B), correspondientes al experimento mostrado en la figura 13. La actividad proteolitica se visualiza (con esta
técnica) 6 h después de retirar el inhibidor
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Figura 15. Actividad infracelular de proteasas de cisteina en amibas vivas, detectada mediante la técnica de
AMNP. A, control 72 h de cultivo; B, 72 h de cultivo en presencia de E-64, lavadas e incubadas en medio sin E-64,
tiempo 0; C, igual que B pero 3 h después; D, igual que B.pero 6 h después; E, igual que B pero 24 h después. No
se detecta actividad a tiempo 0. Sin embargo, a 3 h comienza a reaparecer actividad irregular y a las 24 h la
recuperacion es total.
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En los experimentos in vivo con E-64, los abscesos hepaticos amibianos fueron iguales en los
grupos 1, 2y 3 (Tabla 2; Fig. 16). Un dia después de la inyeccion de los trofozoitos, todos los
higados de éstos animales mostraron multiples lesiones con poca necrosis, y a los 5 dias se
observaron areas extensas de necrosis con poco infiltrado inflamatorio y con algunos

trofozoitos viables.

Tabla 2.
Tratamiento de los 4 diferentes grupos de hamsters inyectados con amibas. Ninguno de los higados de los
animales del grupo 4 presento lesiones (0/8).

Grupos 1 2 3 4
: crecidas 72 h crecidas 72 h con
Amibas normales con E-64 normales E-64
con E-64 con E-64
Hamsters normales normales cada 12 h cada 12 h
AHAEH/hamster 8/8 8/8 8/8 0/8

Figura 16. Aspecto macroscopico de los higados de hamster inyectados con amibas. A, imagen representativa de

los grupos 1, 2 y 3 ; se aprecia hepatomegalia y multiples lesiones distribuidas en todos los I6bulos. B, Imagen del
grupo 4; se observan l6bulos de tamafio normal y sin lesiones.
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Por otra parte, no se observaron lesiones en ningin higado de los animales del grupo 4 al cabo
de 5 dias y los hepatocitos no mostraron actividad intracelular de proteasas de cisteina (Fig.

17). Ademas, no se detectaron amibas en los cortes de tejido tefidos con PAS.

Figura 17. Actividad de CPs en células hepaticas, detectada mediante la técnica de AMNP. A, hepatocitos de
hamster normal (control). B, hepatocitos de un hamster del grupo 4 (inyectado durante 5 dias con E-64). Se
observa inhibicién de la actividad de CPs en células hepaticas del animal tratado con E-64.

En los animales del grupo 4 (especialmente preparados para detectar lesiones y amibas a
tiempos cortos), 8 h después de la inyeccion de los trofozoitos, se observaron pequefios
grupos de PMNs con pocas amibas fragmentadas. Después de 20 h los parasitos
desaparecieron; solo estuvieron presentes restos de PMNs (polvo nuclear) y células gigantes

ocasionales, en las lesiones involutivas de este tiempo (Fig.18).
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Figura 18. Histologia de los higados de los animales del grupo 4 (inyectado continuamente con E-64 + amibas
crecidas en presencia de E-64). A. control 8 h, amibas bien conservadas (A) rodeadas de PMNs y con minima
destruccion tisular, B grupo 4 a 8h, restos amibianos (A) con inflamacién aguda; principalmentre PMNs y escasa
necrosis. C, control 20 h, multiples amibas con inflamacién y destruccién tisular (N). D grupo 4 a 20 h; minimo
dafio celular hepatico (N) con fragmentacién de PMNs y sin amibas.

La irradiacion de los hamsters caus6é disminucion de los leucocitos circulantes, de
10429+1512/mm? a 287+216/mm> en 48 h y permanecioé en este nivel hasta 7 dias después,
en que los animales mueren (Fig. 19). La inyeccioén del glucdégeno en la cavidad peritoneal
ocasiond el secuestro de los leucocitos periféricos residuales. Los animales controles
inyectados con amibas mostraron leucopenia periférica temporal a las 6 h, que evolucion6 a

leucocitosis a las 96 h; en cambio en los animales radiados la leucopenia se mantuvo durante
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la infeccién (Fig. 20). Por otra parte, en los cortes de los higados de los animales normales
inyectados con amibas, a las 3 y 6 h posteriores se observaron amibas bien conservadas,
rodeadas por PMNSs sin destruccion tisular y con isquemia; a Iés 24 h la necrosis se sumoé a
este proceso. En los animales leucopénicos 3 y 6 h después de la inyeccion, se observaron
amibas bien conservadas en ausencia de células inflamatorias, sin dafio celular y tisular en sus
alrededores y sin isquemia, ya que la tinta china se encontraba en todos los sinusoides, en
cambio a las 24 h se observé lo mismo, sbélo que con amibas fragmentadas que

desaparecieron en 48 h (Fig. 21)
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Figura 19. Leucocitos de sangre periférica de hamsters normales y expuestos a 800 rads de radiacion gamma
(¥Co). Se observa que 24 h después de la radiacién, permanece aproximadamente el 30% de los leucocitos y a
partir de las 48 h la leucopenia es casi total y se mantiene en este nivel hasta los siete dias.
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Fig. 20. Leucocitos en sangre periférica de hamsters normales y radiados inyectados con amibas. En los hamsters
normales con amibas se observd una leucopenia parcial a 24 h que evoluciond a leucocitosis a las 96 h. En
cambio, en los hamsters radiados con amibas, la leucopenia permanecié durante todo el experimento.



38

FPEIT T ST
. 250 o R
Iy

Figura 21. Histologia de los higados de los animales leucopénicos inyectados con amibas. A, control 6 h. B,
leucopénico 6 h. Amibas bien conservadas. C, control 24 h. D, leucopénico 24 h, se observan restos de amibas
(A). En los animales leucopénicos (B y D); notese la ausencia de isquemia (presencia de tinta china (T) en

sinusoides), células inflamatorias y destruccion tisular en la vecindad de las amibas (A).

Las microesferas de superdex mezcladas con amibas e inyectadas en el higado de hamster
leucopénico produjeron multiples sitios de isquemia focal y la tinta china inyectada por via
intraportal antes del sacrificio fue incapaz de penetrar en estas areas. Las amibas se
observaron bien conservadas dentro de las zonas isquémicas hasta las 6 h (Fig. 22) y después

de este tiempo desaparecieron.
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'F'rgura 22. Aspecto microscopico del higado de
hamster, inyectado con amibas (A) mezcladas con
microesferas de superdex (M). El area de isquemia
se demuestra por la decoloracién (en rosa) y por la
falta de penetracion de la tinta china (T) en esta
zona. Se observan amibas bien conservadas sin
células inflamatorias y sin necrosis (6 h).

Se purificaron 1.04 mg de FHVC a partir de 450 mg de extracto crudo de Naja haje (Fig. 23). La
administracion intraperitoneal del FHVC en hamsters indujo la baja del complemento en mas
del 95% y permanecié en este nivel durante por lo menos 72 h. El efecto citolitico amibiano del
suero de hamster se bloque6é con la inyeccion intraperitoneal del FHVC, este efecto
permanecio durante 72 h (Fig. 24). La inyeccion intraportal de amibas en higados de hamsters
leucopénicos + hipocomplementémicos permitié ahora la sobrevida de las amibas hasta por 24
h (Fig. 25), sin embargo, después de este tiempo los trofozoitos desaparecieron. Los higados
de los hamsters inyectados con amibas 2 h después de la radiacion, mostraron a las 24 h
lesiones similares a los controles, es decir; amibas bien conservadas, isquemia, leucocitos y
necrosis (Fig. 26). Después de este tiempo, que es cuando se observa leucopenia casi total,
las amibas desaparecen. El resumen de estos experimentos in vivo se puede observar en la

Tabla 3.
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Figura 24. Capacidad amebicida del suero de hamster normal y del inyectado con FHVC. El suero normal es
citotoxico para las amibas y el FHVC bloquea este efecto hasta por 72 h.
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Figura 25. Efecto combinado de la leucopenia + hipocomplementemia en el desarrollo del AHAEH. A, control
hipocomplementémico 24 h; se observan trofozoitos bien conservados (A) con infiltrado inflamatorio, necrosis e
isquemia (demostrada por la ausencia de tinta china (T) en esta zona). B, leucopénico e hipocomplementémico 24
h; se observa una amiba (A) bien conservada sin infiltrado inflamatorio, sin necrosis y sin isquemia (la tinta china
(T ) esta en los sinusoides).
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Figura 26. Histologia de los higados de los hamsters normales y de los inyectados con amibas, 2 h después de la
radiacion. A, control 24 h; muestra abundantes amibas (A), infiltrado inflamatorio, isquemia (sin tinta china (T)) y

necrosis. B, radiado 24 h; se observan amibas bien conservadas (A) rodeadas de minimo infiltrado inflamatorio y
necrosis, la isquemia se demuestra por la ausencia de tinta china (T) en esta area. C, control 7 dias; muestra
amibas (A) en zonas de isquemia (sin tinta china (T)) y de necrosis con escaso infiltrado inflamatorio. D, radiado 7
dias; se observan restos de amibas (A) inmersos en una malla de fibrina (F) y rodeadas por macréfagos.
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Tabla 3.

Resumen de los experimentos que examinan el papel de la inflamacién, complemento e isquemia en el AHAEH.
*(amibas inyectadas 2 h después de la radiacion), nd (no determinado), + (presencia de amibas bien conservadas),
- (ausencia de amibas).

Tiempode Control Radiados Radiadoscon Hipocomple- Hipocomple- Radiados*

sacrificio microesferas mentémicos mentémicos
y radiados
30 min
amibas + + nd nd nd nd
lesiones - - nd nd nd nd
3h
amibas + + nd nd nd nd
lesiones - - nd nd nd nd
6h
amibas + + + + + nd
lesiones - - - - . nd
1dia
amibas + - - + + +
lesiones + - - + - +
2 dias
amibas + - - + - nd
lesiones + - - + - nd
3 dias
amibas + - - + - nd
lesiones + - - + - nd
6 dias
amibas + nd nd nd nd -
lesiones o nd nd nd nd -

La administracion intraperitoneal de CsA en los hamsters inyectados con amibas causé una

inmunosupresién que se mantuvo hasta el sacrificio de los animales (Tabla 4).

Tabla 4.
Proliferacion de células T de bazo (estimuladas con Con-A) de animales normales e inmunosuprimidos,
inyectados con amibas (7 dias).

Incorporacién de *H-timidina
en células T (proliferacién)

Hamster normal 76,0941+19,468

Hamster con CsA 8001173
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El aspecto macroscépico de los higados de los hamsters inyectados con CsA mostré minimas
lesiones, con respecto al control (sin CsA). En la histologia de los higados control se
observaron algunas amibas bien conservadas dentro de zonas con necrosis extensa e infiltrado
inflamatorio. En cambio en los higados de los animales tratados con CsA se observaron
multiples cimulos de amibas bien conservadas, rodeadas de minimo infiltrado inflamatorio y sin

necrosis (Fig. 27)

Figura 27. Efecto de la inmunosupresion con CsA sobre el desarrolio del AHAEH (7 dias). A, higado de hamster
control; se observa necrosis extensa (N) y a mayor aumento B, se aprecian algunas amibas (A) bien conservadas,
polvo nuclear y escaso infiltrado inflamatorio. C, higado de hamster inmunosuprimido con CsA; se observan dos
cimulos de amibas (A) y a mayor aumento D, se aprecian abundantes amibas (A) bien conservadas, con escaso

infiltrado inflamatorio y sin necrosis.
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DISCUSION

EhCP2

La purificacion de EhCP2 en dos etapas, descrita en este trabajo, tuvo un rendimiento
satisfactorio (Tabla1), mucho méas alto del descrito previamente para una proteasa de 30 kDa
con un protocolo diferente (Montfort ef al., 1994). Durante la extraccion se evitaron los
detergentes y en su lugar se usé éter, que es facil de eliminar. La adicién de ZnCl; al extracto
amibiano y la primera etapa de purificacion por filtracién molecular éliminé muchas proteinas y
la segunda etapa por electroelucién en Prep-Cell completé la purificacién. La secuenciaciéon de
la fraccion 1l de la proteina purificada mostré que el producto final es una mezcla de EhCP2 y
Eh-Ubiquitina(s), que puede ser una de las formas en que tales moléculas existen normalmente
en el parasito. La mayor parte de la proteina purificada en nuestra preparacion es EhCP2 y
la(s) Eh-ubiquitina(s) estan presentes en cantidades minimas, debido a que nunca se observé
alguna banda cercana a 8.5 kDa en electroforesis-SDS (Wostmann ef al,, 1992), a pesar de
tefiir el gel con solucion de plata.

Durante todo el procedimiento de purificacion, la actividad proteolitica inhibible con E-64 se
mantuvo y se asoci6 con proteinas de masa molecular de 30 kDa. Cuando la proteina
purificada se examiné en electroforesis-SDS, se observaron bandas de diferente masa
molecular con actividad proteolitica, que regresaron a una banda proteica de aproximadamente
30 kDa cuando la muestra fue hervida en presencia de EDTA, DTT y iodoacetamida. Debido a
que casi todos los genes clonados hasta la fecha codifican para proteinas con masa molecular
de aproximadamente 30kDa (Bruchhaus et al., 1996), la existencia de CPs provenientes del
mismo parasito con masas moleculares de 16-96 kDa (Avila y Calderon, 1993; Keene et al.,
1986; Luaces y Barrett, 1988; Lushbaugh et al., 1985; McLaughlin y Faubert, 1976; Montfort et
al., 1994; Navarro-Garcia ef al., 1995) debe tener una explicacién post-traduccional. Se ha
sugerido que durante la electroforesis-SDS las EhCPs de bajo peso molecular provienen de

sus precursores por autoprotedlisis (Lopez-Revilla et al., 1993). Por otra parte, Hellberg ef al.
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(2000) cortaron del gel de electroforesis-SDS las bandas proteicas de 35 y 48 kDa con
actividad proteolitica, y las secuenciaron; éstas resultaron ser EhCP2 y EhCP1
respectivamente, que son codificadas por genes con productos de 30kDa. Lo anterior sugiere
un fenébmeno de oligomerizacién/agregacion, con el que estamos de acuerdo.
El efecto estabilizante de las IgG anti-EhCP2 sobre la actividad proteolitica de los trofozoitos
vivos y las EhCPs purificadas por afinidad, fue un resultado interesante. Aunque no tenemos
explicacion para este fendbmeno, éste ya ha sido observado con otros anticuerpos anti-enzima
(Jafri et al., 1993; Khan e Igbal, 2000) y frecuentemente se atribuye a cambios en la
conformacién de la enzima causados por el anticuerpo, sin alteracién del sitio catalitico. Con el
objeto de estimular la produccién de anticuerpos protectores a la amibiasis experimental,
algunas moléculas amibianas han sido utilizadas como inmunogenos (Cheng et al., 1999;
Marinets et al, 1997; Zhang et al., 1994). Ciertas CPs de 56-66 kDa secretadas por E.
histolytica y purificadas parcialmente, se usaron para tal proposito por Gupta ef al. (1999) y no
observaron correlacion alguna entre titulos de anticuerpos y proteccion. En 83% de los
pacientes humanos con amibiasis invasiva se detectaron anticuerpos anti-proteasas, mientras
que en los infectados con E. dispar éstos estuvieron ausentes (Reed ef al. 1989). La clase de
Ig puede ser importante ya que anticuerpos IgA anti-EhCPs inhiben eficientemente la actividad
proteolitica in vitro (Guerrero-Manriquez et al. 1998). La frecuencia y el efecto de los
anticuerpos anti-EhCPs estabilizantes producidos por el hospedero durante el desarrollo de
lesiones amibianas experimentales, todavia no han sido estudiados.
La inyeccion intraportal en hamsters con proteasa EhCP2 incorporada en microesferas de
liberacion lenta (de tamafio semejante a los trofozoitos de E. histolytica) y el estudio
inmunohistoquimico e histoldégico del higado a 3, 24 y 96 h después de la inyeccion, mostré
que EhCP2 es capaz de inducir una reacciéon inflamatoria moderada, acompafiada
ocasionalmente de necrosis en los alrededores de algunas microesferas, que desaparecen a

las 96 h. Admitimos que esta “amiba sintética” es un modelo muy crudo del parasito real, sin
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embargo representa el primer intento de examinar la participacion de un solo componente
molecular de E. histolytica en el dafio del tejido, en un modelo de amibiasis in vivo en ausencia
de otros posibles elementos amibianos participantes. Dos de los principales problemas en esta
situacion experimental, son el desconocimiento de la cantidad de enzima liberada, tanto de las
microesferas inertes como de los trofozoitos en las lesiones in vivo, y el hecho que una sola
dosis de la enzima debe tener un efecto bioquimico muy breve. Sin embargo, se saben dos
cosas: primero, que la cantidad de enzima incorporada y liberada por cada microesfera es
variable (semejante a los trofozoitos amibianos) y segundo, que cualquier cantidad que ésta
sea, la mayor parte es proteina con actividad proteolitica. A pesar de estas limitaciones, los
resultados sugieren que EhCP2 es capaz de inducir una moderada reaccion inflamatoria y
minima necrosis en el tejido hepatico. Se ha demostrado que las EhCPs activan C3 (Reed y
Gigli 1990) con la consecuente liberacion de péptidos quimiotacticos (C3a y C5a) y rapida
llegada de PMNs, que en lesiones experimentales agudas se desintegran, liberan enzimas
lisosomales y dafian células vecinas y elementos intercelulares (Tsutsumi y Martinez-Palomo
1988; Tsutsumi et al. 1984). Es probable que los cambios morfolégicos observados alrededor
de las microesferas con EhCP2 incorporada, después de llegar al tejido hepatico, pueda
explicarse por este mecanismo, a pesar de que las amibas pueden causar dafio en tejidos de
animales leucopénicos (Velazquez et al.,1998).

La correlacion del nivel de actividad proteolitica en E. histolytica con la virulencia es
controversial (Gadasi y Kobiler 1983; Ankri et al. 1998; Hellberg et al., 2001; Montfort et al.,
1992). Experimentos in vitro han mostrado que las amibas secretan proteasas al medio de
cultivo (Reed y Gigli 1990; Leippe ef al., 1995; Serrano et al., 1996) y se ha sugerido que tales
proteasas son responsables, por lo menos en parte, de la extensa destruccion de tejidos que
caracteriza a esta enfermedad. Ventura-Judrez et al. (1997) tifieron lesiones amibianas
experimentales iniciales mediante inmunohistoquimica con anticuerpos policlonales anti-

extractos amibianos totales y mostraron que ademas de la tincion positiva de los trofozoitos
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amibianos, habia difusiébn de material positivo alrededor de éstos. Por otra parte, Stanley et al.
(1995) tifieron los trofozoitos amibianos en cortes de higados de ratones SCID con abscesos
amibianos, utilizando un anticuerpo policlonal anti-EhCP1 y afirman haber detectado tincién
positiva fuera de los parasitos. En nuestros estudios inmunohistoquimicos en abscesos
hepaticos amibianos experimentales, frecuentemente detectamos EhCP2 en la amibas y nunca
hemos observado tincién positiva de EhCP2 fuera de la amiba. Tal resultado negativo podria
explicarse por la no secrecion de EhCP2 6 por muy baja concentracion de la enzima en el
espacio extra-amibiano, por debajo del limite de deteccion de las técnicas utilizadas. Hellberg
ef al. (2001) inyectaron en higados de gerbos, trofozoitos de E. histolytica y E. dispar que por
transfeccion fueron disefiados para sobre-expresar 2.8 veces mas EhCP2; siete dias después,
no observaron diferencias con respecto a los controles (E. histolytica y E. dispar sin
transfectar), i.e., la virulencia de E. histolytica no aumenté y E. dispar permaneci6 no patégeno.
Estos resultados podrian explicarse si la sobre expresion no se acompanara de secrecion de la
enzima. El anticuerpo anti-EhCP2 no presenté reaccién cruzada con EhCPS5, sin embargo no
ha sido probado con las otras EhCPs, pero resulta poco probable que éstas contribuyan al
desarrollo de la extensa y rapida destruccion del tejido alrededor del parasito, ya q'ue las
lesiones amibianas no disminuyeron en los hamsters del grupo 3 (hamsters tratados con E-64 +
amibas virulentas) en los que el inhibidor de EhCPs estuvo activo y en circulaciéon durante todo
el experimento. Esto ultimo se demostrd por la ausencia casi completa de actividad de
proteasas de cisteina en los hepatocitos de los animales de este grupo (Fig. 17). El trabajo de
Hellberg ef al. (2001) y estos resultados comparten la sugerencia que EhCP2 no es secretada y
no esta directamente involucrada en la destruccion del tejido en la amibiasis hepatica

experimental en hamsters.
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Inhibicién de EhCPs con E-64
Los resultados de los experimentos in vitro con amibas crecidas por 72 h en E-64 mostraron
que la inhibicion total de sus proteasas de cisteina (demostrada por tres técnicas diferentes),
no tuvo efecto sobre su crecimiento, viabilidad, resistencia a complemento, capacidad
hemolitica y efectos citotoxicos. En cambio, la eritrofagocitosis y resistencia electrica
transepitelial sobre monocapas de células MDCK si se redujeron. La conservacién de la
viabilidad y otras propiedades de las amibas in vitro a pesar de la completa y prolongada
ausencia de actividad de proteasa de cisteina, sugiere que el medio debe contener todos los
elementos requeridos para su metabolismo. Por otra parte, la actividad de CPs parece ser un
requerimiento esencial de las amibas para su sobrevida en condiciones in vivo, por !o menos
en el modelo experimental AHAEH. La causa de la desaparicion de las amibas se desconoce,
pero se puede sospechar que ocurre pocas horas después de la inyeccion. Los animales del
grupo 2 (hamsters normales + amibas crecidas en E-64), desarrollaron lesiones iguales al
grupo1 (control). En esta situacion, la inyeccion de las amibas en la vena porta es equivalente a
la eliminacién del inhibidor del medio de cultivo, con la recuperacion progresiva de la actividad
de proteasa de cisteina por las amibas en las siguientes 3-24 h. Tal como fue observado in
vitro, cuando las amibas crecieron en E-64 y posteriormente se incubaron en medio sin el
inhibidor (actividad detectada con el sustrato AMNP (Fig. 15)).
El grupo 3 (hamsters tratados continuamente con E-64 + amibas no tratadas) desarrollo
lesiones similares a las del grupo 1 (control). Este resultado requiere una explicaciéon has
elaborada que debe incluir por lo menos dos elementos: 1) la incapacidad del E-64 para afectar
la capacidad citotoxica de las amibas cuando se adiciona al cultivo a tiempo 0 ¢ durante las 72
h del cultivo, demostrado en los experimentos in vitro de coincubacidon con células blanco; 2) el
rapido desarrollo de isquemia en pequefias lesiones hepaticas amibianas experimentales

podria prevenir el contacto de las amibas con el inhibidor de proteasas de cisteina presente en
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la sangre. Es probable que el efecto combinado de estos dos elementos pueda explicar la
sobrevida de los parasitos y el desarrollo del dafio tisular en el grupo 3.

Los trofozoitos amibianos que crecieron en presencia de E-64 y se inyectaron en la vena porta
de los hamsters tratados continuamente con el mismo inhibidor (grupo 4), produjeron pequefias
lesiones hepaticas de rapida involucién que desaparecieron en aproximadamente 20 h. La
ausencia de amibas y lesiones en el tejido hepatico del grupo 4, puede sugerir que la actividad
de proteasa de cisteina esta relacionada directamente con el inicio de la inflamacion y dafio del
tejido, ya que en ausencia de ésta no se desarrollan lesiones. Pero este punto de vista ignora
el hecho de que la total inhibicién de la actividad de proteasas de cisteina no influye en la
citotoxicidad amibiana in vifro ni en la inflamacién inicial in vivo, y ademéas no explica la rapida
desaparicion de las amibas cuando no hay destruccion celular ni tisular. Una explicacién
alterna podria ser que al inicio de la infeccién, la actividad de proteasas de cisteina del parasito
sea indispensable para su sobrevida y que ésta a su vez sea necesaria para el desarrollo de
las lesiones del tejido, causadas por moléculas amiblanas diferentes a EnCPs, o por moléculas
del hospedero hasta ahora desconocidas, o ambas. Por otra parte, la inflamacién puede
favorecer la sobrevida de la amiba en el tejido hepatico, ya que debido a la rapida isquemia
generada por ésta, los abscesos hepaticos crean las condiciones anaerdbicas que los
trofozoitos requieren para crecer in vitro y simultaneamente aislan al parasito de componentes

séricos peligrosos, como el complemento.

Amibas en higados de hamster leucopénico

Los dos principales resultados de los experimentos con hamsters leucopénicos son: 1) En
ausencia de células inflamatorias, los trofozoitos de E. histolytica virulenta no causan dafio en
el higado de hamster. Esta propuesta fue sugerida por primera vez por Tsutsumi ef al. (1984) y
por Tsutsumi y Martinez-Palomo (1988) a partir de estudios con el microscopio electrénico del

AHAEH. Sin embargo, estudios mas recientes han mostrado que en otras condiciones
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experimentales, las amibas causan destruccion tisular en ausencia de PMNs (Rivero-Nava et
al., 2002; Velazquez et al., 1998). Lo anterior sugiere que los factores que contribuyen al dafio
celular y tisular en distintas especies y 6rganos, pueden ser diferentes. 2) E. histolytica
desaparece del higado de hamster en ausencia de una respuesta inflamatoria. Las amibas
permanecieron bien conservadas en el higado por 6 h; alas 24 h dismim:tyemn en namero y
después de este tiempo se observaron destruidas. La sugerencia de que en estas condiciones,
el complemento elimindé a las amibas debido a la ausencia de isquerr;ia que la inflamacion
normalmente crea, no es apoyada por nuestros experimentos con el FHVC, ya que las amibas
desaparecieron del higado de hamsters leucopénicos + hipocomplementémicos, al mismo
tiempo que de los animales leucopénicos que tienen niveles normales de complemento sérico.
Capin et al. (1980) informaron que las lesiones amibianas hepaticas (20 dias) fueron mas
grandes en hamsters hechos hipocomplementémicos con el FHVC, pero estos animales no
eran leucopénicos. Ellos interpretaron sus resultados como la consecuencia del incremento en
la sobrevida de las amibas. En un trabajo previo de nuestro laboratorio, hecho para explorar el
mecanismo(s) de resistencia natural de la rata a la infeccién con la misma E. histolytica
virulenta utilizada en el presente trabajo, se descartaron las células inflamatorias y el
complemento pero no se analizé la causa de la rapida desaparicion de las amibas de los
higados de los animales leucopénicos e hipocomplementémicos. El posible papel de la
isquemia (generada por inflamacion durante el AHAEH en los animales normales) como
creadora de un microambiente anaerébico local que debiera ser favorable para el parasito no
es compatible con nuestros resultados de isquemia focal hepatica inducida por la inyeccion
intraportal de trofozoitos virulentos mezclados con microesferas de superdex. En ausencia de
inflamacion, la isquemia no preserva a las amibas mas alla del tiempo en que los paréasitos
desaparecen del higado de los animales leucopénicos o hipocomplementémicos +
leucopénicos. Los dos puntos anteriormente discutidos pueden resumirse como sigue: en el

AHAEH la inflamacién es necesaria tanto para el dafio del tejido como para la sobrevida
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amibiana. No es claro por qué las amibas son incapaces de sobrevivir en ausencia de células
inflamatorias. La idea actual acerca de que las amibas sobreviven debido a que resisten y
modulan los mecanismos citotoxicos de PMNs y macrofagos (Campbell y Chadee, 1997) es
inadecuada para explicar nuestros resultados. En cambio, por contradictorio que pueda
parecer, es posible que las células inflamatorias proporcionen a las amibas nutrientes o algin
tipo de estimulo necesario para sobrevivir y multiplicarse en el higado. Es claro que el AHAEH
es un proceso bioldgico complejo en el que hospedero y parasito desempefian funciones
cambiantes pero antes de abordar este dificil tema debemos centrarnos en los problemas
aparentemente simples presentados en el AHAEH como son, “los requerimientos basicos para

la sobrevida de los trofozoitos una vez que entran en la vena porta”.

Amibas en higado de hamster inmunosuprimido con CsA

La ciclosporina A es un compuesto que tiene accion inmunosupresora en el hombre y en
algunos roedores, ya que se une a la ciclofilina de los linfocitos T, este complejo interrumpe la
transcripcion de algunos genes, como el de IL-2, involucrados en procesos como sefializacion
y replicacion celular (Clipstone y Crabtree, 1992). En los higados de los hamsters inyectados
con CsA, la presencia del gran cumulo de amibas viables rodeadas por minimo infiltrado
inflamatorio, apoya la idea de que las células inflamatorias son necesarias para la sobrevida de
la amiba, ya que a diferencia de lo que ocurre con los hamsters leucopénicos, en los que las
amibas mueren y desaparecen, esa cantidad de células inflamatorias son suficientes para
proporcionar (directa o indirectamente) algin estimulo o nutriente que las amibas necesitan
para sobrevivir. Ademas, la escasa destruccion tisular en presencia de grandes cimulos de
amibas viables observada en los animales tratados con CsA, apoya la idea de que la respuesta
inmune del hospedero sea la principal responsable del dafio al tejido en el AHAEH. El dafio
tisular ocasionado por el hospedero se observa durante el desarrollo de la tuberculosis, la

leishmaniasis y la tripanosomiasis (Soares et al. 1999; Engwerda et al. 2004, Eruslanov ef al.
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2005). Es probable que en el AHAEH las colagenasas, proteasas, citocinas, especies reactivas
de oxigeno y nitrégeno, participen en el proceso de destruccién tisular y ademas favorezcan la
sobrevida amibiana. Por otra parte, se ha demostrado que la inhibicién de algunas funciones
amibianas como eritrofagocitosis y actividad proteolitica, causan la disminucion de los
abscesos durante la amibiasis hepatica experimental (Tsutsumi et al. 1992; Ankri et al. 1999).
Sin embargo, al final del experimento con CsA, las amibas fueron viables, cultivables, y su
actividad proteolitica y de eritrofagocitosis no se modificaron, por lo que la interferencia de la

CsA en estas funciones queda descartada.
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CONCLUSION

ABSCESO HEPATICO AMIBIANO AGUDO EXPERIMENTAL EN HAMSTER

complemento
EhCPs hospedero —» Y alta tension
de oxigeno

sobrevida

b lesiones <«—inflamacibn — 5 isquemia
amibiana Sq ‘*‘

Durante el desarrollo del absceso hepatico amibiano agudo experimental en hamsters,
las proteasas de cisteina de E. histolytica son indispensables para su sobrevida. Por otra
parte, las células inflamatorias del hospedero son las principales responsables de la
destruccion tisular y al mismo tiempo son indispensables para la supervivencia del

parasito y progresion de las lesiones.
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Abstract Amebic cysteine protease 2 (EhCP2) was pu-
rified from ethyl ether extracts of axenically grown
trophozoites of Entamoeba histolytica strain HMI-
IMSS. The purification procedure involved molecular
filtration and electroelution. Sequence analysis of the
purified product revealed EhCP2 and ubiquitin(s).
Electrophoretic migration patterns, isoelectric point de-
termination and Western blot studies failed to reveal
other EhCP molecules. Polyclonal antibodies against the
purified EhCP2 prepared in rabbits either stabilized or
enhanced the enzyme activity in a dose-response man-
ner. Purified EhCP2 was enclosed within inert resin
microspheres (22-44 ym in diameter) and injected into
the portal vein of normal hamsters. In the liver, the
microspheres caused mild acute inflammation and oc-
casional minimal necrosis of short duration. Sections of
the liver were immunohistochemically stained with the
anti-EhCP2 antibody and the microspheres were posi-
tive for only a very short period (1 h) after injection.
Sections of experimental acute (1 day, 5 days) amebic
liver abscess produced in hamsters were also stained
with the anti-EhCP2 antibody; and amebas were in-
tensely positive but no staining was observed at any time
in the surrounding necrotic structures. It is suggested
that EnCP2 plays either a minor or no role in the cau-
sation of tissue damage in experimental acute liver
amebiasis.
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Introduction

The human disease caused by Entamoeba histolytica is
characterized by acute inflammatory and rapidly
necrotizing lesions in the large intestine and other organs
(Espinosa-Cantellano and Martinez-Palomo 2000; Pérez
Tamayo 1986; Pérez Tamayo et al. 1990); and the same
is true of various experimental models of the disease
(Tsutsumi 1988). The constancy and extension of tissue
destruction in both human and experimental amebic
lesions easily justifies the name histolytica for the para-
site. The mechanisms of tissue damage in amebiasis are
currently attributed in part to the activity of various
molecules present in the parasite (Stanley and Reed
2001): (1) the amebopore (the only non-enzymatic, pore-
forming protein), (2) phospholipases, (3) collagenase, (4)
adhesins (some have enzymatic activity) and (5) cysteine
proteinases (CP1-CP7, CP112). The evidence support-
ing the role of each of these five different types of mol-
ecule in tissue destruction in amebic lesions is not
uniform and, for several of them, it is indirect. Perhaps
the amebic molecules more extensively studied in their
capacity to cause tissue damage are the CPs. The data
currently available may be summarized as follows.

In vitro experiments

Purified amebic CPs have a cytopathic effect on mono-
layers of HelLa cells (Lushbaugh et al. 1985), BHK cells
(Keene et al. 1986) and human fibroblasts (Luaces and
Barrett 1988), without cytotoxic effect.

The cytolytic effects of purified 30-kDa amebic CPs
on dead rat and hamster liver hepatocytes are inhibitable
with E-64 (Montfort et al. 1993).

The decreased expression of CPS5 induced in E. his-
tolytica by antisense mRNA correlates with decreased
phagocytosis but the cytopathic effect and hemolytic
activity remain unchanged (Ankri et al. 1998).



Enhanced expression of CP2 by transfection in both
E. histolytica and E. dispar increases the cytopathic effect
produced by both parasite species (Hellberg et al. 2001).

In vivo experiments

E. histolytica axenic trophozoites grown in the presence
of E-64 (Stanley et al. 1995) or laminin (Li et al. 1995)
show decreased ability to produce liver abscess in severe
combined immunodeficient (SCID) mice.

Lysates of virulent E. histolytica decrease transepi-
thelial electric resistance in gerbil cecum; and this effect
is inhibited by E-64 (Navarro-Garcia et al. 1995).

Decreased expression of CP5 induced in E. histolytica
by antisense mRNA correlates with decreased ability to
induce experimental amebic liver abscess in hamsters
(Ankri et al. 1999).

Decreased expression of CPS5 induced in E. histolytica
by antisense mRNA correlates with decreased inflam-
mation, decreased production of IL-2 and IL-8 and de-
creased ability of amebas to convert prolL-1 to IL-1, in
human intestine transplanted to SCID mice (Zhang et al.
2000).

Although direct damage of tissue protein structures by
amebic CPs is suggested by the evidence summarized
above, other indirect mechanisms are not excluded. It is
known that CPs decrease the expression of CD4 in T
lymphocytes (Molinari et al. 2000). CPs are also capable
of degrading macrophage receptors, which would explain
why macrophages recovered from gerbil livers with ame-
bic abscess are not activated, fail to activate in the pres-
ence of lipopolysaccharide (LPS) and reveal decreased
amebicidal capacity, whereas spleen and peritoneal mac-
rophages derived from the same animal respond readily to
LPS (Denis and Chadee 1988). In many in vitro experi-
ments with inhibition of amebic CP activity, there is si-
multaneous interference with amebic growth and viability
(De Meester et al. 1990), except when E-64is used (Stanley
etal. 1995). CPs are present in many species of protozoons
(North et al. 1990) and, when their activity is blocked by
inhibitors, their life cycle and nutrition metabolism are
severely damaged (Engel et al. 1998), suggesting that
normal CPs probably play essential roles in the parasite’s
physiology and are therefore required for their survival.

In the present work, we report an improved purifi-
cation method of CP2 from axenically grown troph-
ozoites of E. histolytica and a series of in vivo
experiments aimed at answering the question: is amebic
CP2 directly responsible for at least some tissue damage
in acute experimental amebic liver disease in hamsters?
So far, we believe the answer is no.

Materials and methods

Parasites

Entamoeba histolytica trophozoites strain HM1-IMSS were recov-
ered from experimentally induced acute amebic liver abscesses in

213

hamsters (7 daysl. The initial axenic culture was started with a
density of 7x10° trophozoites in 50 ml of TYI-S-33 medium
(Diamond et al. 1978) in plastic bottles. After 72 h of incubation at
36.5 °C, the trophozoites were harvested, washed twice in 15 mM
phosphate buffer with 0.15M NaCl (PBS, pH 7.2) and their
viability determined by trypan blue exclusion (> 95%).

Preparation of amebic extracts

Chilled amebic trophozoites (3x10%) were suspended in 100 ml of
20 mM Tris-HCl1 buffer, pH 7.4, supplemented with 0.5 M NaCl
and 5 mM HgCl, and extracted with 250 ml of cold ethyl ether,
first for 8 h with mild agitation and then for 24 h at 4 °C. The
mixture was centrifuged for 10 min at 3,000 rpm, the clarified
aqueous phase removed and the organic phase reextracted with
100 ml of the same Tris-HCl buffer. Both extracts were combined,
the ether removed by evaporation for 12 h at room temperature,
the preparation centrifuged for 30 min at 18,000 rpm and the su-
pernatant stored at 5 °C. The organic phase was again extracted
with 100 ml of the same buffer, but this time the ionic strength of
NaCl was increased to 2.5 M.

Purification of cysteine proteases

Purification was achieved with two different and successive steps:

1. Molecular filtration of a 5.0-ml sample of amebic extract on a
150.0>2.2 cm column packed with Ultrogel ACA-54 in 20 mM
Tris-HCl, pH 7.4, with 0.5 M NaCl and | mM HgCl,. The
sample was eluted with the same buffer and the eluate was
monitored at 280 nm. Proteolytic activity was determined by the
azocasein technique (Pérez-Montfort et al. 1987) and the posi-
tive fractions were pooled and concentrated to 3.0 ml (with a
YM-3 membrane with a molecular mass cut-off at 3,000 Da)
and then dialyzed wih a 8,000-Da cut-off membrane against
10 mM Tris-HCI buffer, pH 7.4, with 1 mM HgCl..

2. Electroelution of 2.7 ml of the dialyzed sample mixed with
23 ml of non-denaturing sample buffer. A 491 Prep Cell
(BIORAD) was used, with a 37-mm gel tube, 7.2% separating
gel and 4% concentrating gel, at 12 W and a flow of 0.75 ml/
min; and 6.0-ml fractions were collected for 28 h. One out of
every ten fractions was visualized in 12% gels by non-denaturing
PAGE and stained with silver. After visualizing proteolytic ac-
tivity on zymograms (Laemmli 1970), one out of every third
fraction of the two zones with high activity was examined under
the same conditions.

Both the 0.5 M NaCl extract and the 2.5 M NaCl extract were
equally processed, except that the 0.5 M NaCl extract was first
cleared with 2 ml of 2.5 M ZnCl, in H,0 for 1 h at 37 °C, centri-
fuged for 15 min at 20,000 rpm the supernatant concentrated to
12 ml with a YM-3 membrane, prior to molecular filtration in
Ultrogel ACA-54.

Zymograms on gelatin gels

Duplicates of the PAGE gels mentioned above were laid on top of
other gels containing 10% acrylamide and 2% gelatin, incubated
for 12 h, fixed and stained overnight at room temperature with
0.1% Coomassie brilliant blue R-250 in 20% methanol and 10%
acetic acid and destained using the same mixture without the dye.

Sequencing of the purified cysteine proteinase

When the cysteine proteinase appeared sufficiently pure (see
Results), a sample of fraction II of the 0.5 M NaCl extract
was sent for sequencing of I3 amino acid residues from the
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N-terminus to The HHMI Biopolymer/W.M. Keck Foundation
Biotechnology Resource Laboratory, at Yale University, New
Haven, Conn.

Analysis of isoelectric point by electrofocusing

Electrofocusing of the purified and sequenced EhCP2 preparation
was performed first on a preparative gel with a 3.0-10.0 pH range
and after that on a resolutive gel with a 4.0-6.5 pH range.

Preparation of polyclonal anti-CP antibodies

The protocol was smilar to one described by Montfort et al.
(1994). Rabbits were injected intramuscularly and subcutancously
with 200 ug of purified boiled CP2 in 1 ml of PBS emulsified in
1 ml of complete Freund’s adjuvant. After 1 month, 100 ug of the
purified boiled protein were equally injected and, 7 days later,
100 pug of the boiled protease were injected intraperitoneally. Other
rabbits were equally immunized with the protease inhibited by
10 uM E-64 but not boiled. All animals were bled 1 week later and
the whole serum was tested for the presence of antibodies by double
immunodiffusion in agar against amebic ether extract and the pu-
rified CP2. IgG was purified from the positive sera by standard
saturated ammonium sulfate precipitation and affinity chroma-
tography on sepharose-protein A. Non-antibody rabbit IgG was
obtained by the same procedure.

Specificity of the anti-CP antibody

Because of the possibility that the anti-CP2 antibody could also be
directed against the ubiquitin molecule(s) present in the purified
EhCP2 preparation (see Results), or against other possible EhCPs
present in minute amounts, Western blot analysis was performed
with the purified ERCP2, using as control a recombinant prepara-
tion of EhCPS5 kindly provided by Dr. M. Bruchhaus.

Affinity chromatography of amebic ether extract
on sepharose-IgG anti-CP2 antibody

IgG anti-CP2 antibody was coupled to cyanogen bromide-acti-
vated sepharose, packed in a 5.0x2.0 cm column and washed with
10 mM Tris-HC] buffer, pH 7.4, with 0.15M NaCl and | mM
HgCl,. After applying 3.0 ml of 0.5 M NaCl amebic cther extract
to the column and washing with 100 ml of the same buffer, the
protcin was cluted with 2 ml of glycinc-HCl buffer (0.01 M,
pH 2.0) and the eluate was immediately neutralized with a few
drops of 1.5 M Tris-HCl buffer (pH 8.8) and concentrated to
2.0 ml with a YM-3 membrane. Protein concentration was deter-
mined according to Bradford (1976), proteolytic activity was as-
sessed with the azocasein procedure mentioned above and the
PAGE pattern was examined on 12% gels under non-denaturing
conditions, with their corresponding zymograms on gelatin gels.
Parallei controls were run on a column similarly prepared with
non-antibody rabbit IgG.

Effect of the IgG anti-CP2 antibody on the proteolytic
activity of purified CP and of axenic trophozoites
of E. histolytica strain HM1-IMSS

The prolcolyﬂc activity of 10 ug of affinity- punﬂed CP on azoca-
sein in the presence of different concentrations (0.1, 0.5, 1.0,
2.0 mg) of IgG anti-CP2 antibody and 5 mM EDTA was deter-
mined in three different experiments. In addition, other samples
with the same concentrations of purified CP and IgG anti-CP2
antibody were kept at 4 °C for 24 h. The immunoprecipitates were

centrifuged for 30 min at 10,000 rpm, washed with 10 mM Tris-
HCI buffer (pH 7.4) with 0.15 M NaCl and analyzed by SDS-
PAGE (12% gel). Parallel controls were run with non-antibody
rabbit IgG.

The proteolytic activity of axenic trophozoites of E. histolytica
on azocasein and their viability in the trypan blue exclusion test
were determined after incubation of 2.5x10” trophozoites for 1.5 h
with 1 mg of IgG anti-CP2 antibody. Parallel controls were run
with non-antibody rabbit IgG.

Immunchistochemical staining of amebic CP2
in experimental acute amebic liver abscess in hamsters

Experimental acute amebic liver abscess were produced in 100-g
hamsters, following a techmquc described by Pérez-Tamayo et al.
(1992). Briefly, 2.5x10° axenic trophozoites of E. histolytica were
injected into the portal vein of anesthesized hamsters. After 24 h
and 5 days, the animals were sacrificed by an ether overdose and
the liver was removed and fixed for 48 h in buffered 10% formal-
dehyde, pH 7.0. After blocking and paraffin embedding, 4-6 pym
thick serial sections were cut from tissue blocks with identified le-
sions and stained with the IgG anti-CP2 antibody by the indirect or
“sandwich” technique, using a goat antirabbit-IgG antibody
labeled with isothiocyanate of fluorescein or peroxidase as the
secondary antibody and diaminobenzidine as the substrate. In
some tissue sections, the antirabbit-IgG antibody was labeled with
Au and developed with silver solution, to enhance the sensitivity of
the reaction.

Purified CP2 release from inert microvehicles in hamster liver

Looking for a reliable method to deliver purified amebic CP2 to the
liver in multiple microfocal concentrations, we first prepared
gelatin microspheres according to Yoshioka et al. (1981), but
preliminary experiments in vivo revealed that such microspheres
were not inert carriers (see Results). We then used Superdex 75
(Pharmacia) resin microspheres (24-44 ym in diameter) which,
when injected intraportally in hamsters, caused little or no damage
or inflammatory reaction in the liver. Since such microspheres are
close in size to amebic trophozoites, incorporate proteins of mo-
lecular weight similar to CPs with minimal or no chemical inter-
actions with them and, with mild shaklng, release those proteins
into the surrounding medlum, 3.5x10° Superdex 75 microspheres
were cxpowd five times to 60 ul of purified CP2 (5 mg/ml) in PBS.
Then, 5x10° microspheres were injected intraportally into ham-
sters, which were then sacrificed 3, 24 and 96 h after the injection
and their livers were removed and processed for histologic and
immunohistochemical examination.

The incorporation of CP2 protein within the Superdex 75
microspheres was monitored by staining a sample with Coomassie
blue. The presence of CP2 protein in both the microspheres and in
their surrounding tissue structures in the liver was examined by the
immunohistochemical technique described above.

Results

The proteolytic activity:protein ratio was higher in the
ethyl ether amebic extract prepared with 2.5 M NaCl.
Proteinase activity eluted from the Ultrogel ACA 54
column in a zone of approximately 30 kDa molecular
mass. Figure 1 shows the PAGE pattern and the corre-
sponding zymogram of the various fractions electroe-
luted from the 491 Prep Cell. Because fractions with
proteolytic activity revealed two different migration
patterns, they were pooled separately and labeled 1
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Fig. 1A, B PAGE under non-denaturing conditions for different
protein fractions electroeluted in Prep Cell. One fraction out of
every ten were tested. A Zymogram in gelatincontaining gel. B
Corresponding migration in 12% gel

(fractions 56-68) and II (fractions 80-92; Fig. 2). Pro-
teolytic activity of the two fractions was completely in-
hibited by E-64. In order to avoid protein aggregation
during SDS-PAGE, the fractions were previously boiled
in the presence of EDTA and iodoacetamide (Fig. 3).

Table | summarizes the quantitative results of the
purification procedure. Purification of CP from the ethyl
ether amebic extract with 0.5 M NaCl was very similar
after clearing with ZnCl; . Repeated runs of the proce-
dure resulted in an enrichment in specific activity,
varying between 4.7-fold and 20.0-fold.

Isoelectric point determination revealed an acidic
band in the preparative gel, which in the resolutive gel
showed an isoelectric point of 5.14 (Fig. 4), which is
close to the theoretical value of 5.13 reported for EnCP2
and is also close to EhCPIl and EhCP6, but is quite

Fig. 2A, B PAGE under non- 4 47 50 33 6 59 62

denaturing conditions for
protein fractions with high
proteolytic activity. One out of
every three fractions were
tested. A Zymogram in gelatin-
containing gel. Notice two
positive zones (56-68, 80-92),
separated by an intermediate
zone (71-77) with less activity.
In addition, the second positive
zone (80-92) shows less
migration
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different to the theoretical value of 8.41 reported for
EhCP5. Western blot analysis revealed a single band
near 30 kDa in the presence of dithiothreitol (DTT),
EDTA and iodoacetamide, and a band at 26 kDa under
the same conditions but without DTT (Fig. 5). The
control with recombinant EhCP5 was negative

The N-terminal sequence of fraction II of the purified
protein revealed that it is a mixture of two molecules:
one is the precursor of Entamoeba histolytica CP2
(amino acid residues 94-106: ALA-PRO-GLU-SER-
VAL-ASP-X-ARG-LYS-GLU-GLY-X-VAL) and the
other is E. histolytica ubiquitin(s) (amino acid resi-
dues 1-13: MET-GLN (or ASP)-ILE (or LYS)-PHE (or
ALA)-VAL (or TYR)-LYS-THR (or GLY)-LEU-THR-
GLY (or MET or ILE)-X-THR-ILE). Amino acids in
parentheses indicate possible substitutions.

The effect of two IgG anti-CP2 antibodies, raised in
different rabbits, on the proteolytic activity of EhCP
purified by affinity chromatography is shown in Fig. 6.
Control IgG inhibits proteolytic activity in a concen-
tration-dependent fashion, whereas one of the IgG
antibodies shows less pronounced inhibition and the
other results in a concentration-dependent increase in
proteolytic activity above the control enzyme level.
Similar results were obtained when the proteolytic
activity of axenic trophozoites of E. histolytica was
measured in the presence of control rabbit IgG and the
two IgG anti-CP2 antibodies: with the control IgG, the
proteolytic activity was 58.16% of that in the control
trophozoites, whereas it was 99.48% with one anti-
EhCP2 antibody and was 128.06% with the other. The
viability of the trophozoites was not affected by the
anti-CP2 antibodies.

Preliminary experiments with empty gelatin micro-
spheres injected into the portal vein of normal hamsters
revealed intense inflammation in their immediate vicinity
after 24 h; and for that reason they were not used. In
contrast, empty Superdex 75 microspheres at 3 h and
24 h after intraportal injection stimulated no reaction
(Fig. 7A) and some of them were surrounded by
few mononuclear cells after 92 h. When Superdex 75
microspheres were filled with protein and stained with
Coomassie blue, it was appreciated that the incorporation

95 93 100
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Fig. 3 PAGE in 12% gel with SDS of ethyl ether amebic extract
eluted with 0.5 M NaCl. Lane [ Molecular weights, lane 2 ethyl
ether amebic extract, lane 3 fraction 1 of Prep Cell electrocluate,
lane 4 fraction II of Prep Cell clectrocluate. Fractions I and I1 had
proteolytic activity inhibitable with E-64. KDa kiloDaltons

was heterogeneous (Fig. 7B). Superdex 75 microspheres
filled with purified amebic CP2 and injected into the portal
vein of normal hamsters were often surrounded by a
moderate infiltration of polymorphonuclear leukocytes
3 h after injection (Fig. 7C) and a few of them had a
narrow and irregular halo of necrotic liver cells and
inflammatory cells 24 h after injection (Fig. 7D). Very
few microspheres were surrounded by residual lesions
92 hafter the injection. Amebic CP2 was visualized within
the Superdex 75 microspheres soon after intraportal
injection in sections of the liver immunochemically
stained with IgG anti-CP2 antibody, but the positive
reaction disappeared after 1 h. No positive staining was
detected in the structures close to the microspheres.
Amebic trophozoites are positively stained with IgG
anti-CP2 antibody in tissue sections of liver abscesses
throughout the evolution of the lesions (Fig. 8A, B) and
again no staining of the necrotic structures surrounding
the amebas was detected at any time.

Discussion

The two-step purification technique of amebic CP2 re-
ported herein has a satisfying yield (Table 1), much

Table 1 Summary of purification procedures

2 1 s p
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585
520

- ‘:,.
- 455
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Fig. 4 Isoelectric focusing of purified ERCP2 in a resolutive gel with
a pH range of 4.0-6.5. St Standards, lanes I and 2 different
dilutions of sample EhCP2 show a pH 5.14 value

higher than that previously reported from our labora-
tory for a 30-kDa CP and a different protocol (Montfort
et al. 1994). Detergents are avoided and instead the
amebic extract is obtained with ethyl ether, which is
easier to eliminate. The first purification step (molecular
filtration) eliminates many non-proteolytic enzymes and
the second purification step (electroelution in 491 Prep
Cell) completes the purification down to near-homoge-
neity for PAGE. Sequencing of fraction II of the purified
protein revealed that the final product is a mixture of
amebic CP2 and ubiquitin(s), which may be one of the
forms in which such molecules normally exist in the
parasite. We believe that most of the protein in our
purified preparation is EhCP2 and that ubiquitin(s) is
present in trace amounts, since in SDS-PAGE ubiquitin
migrates as an 8.5-kDa band (Wostmann et al. 1992),
which we never observed despite conducting many runs
and even staining with silver.

Throughout the procedure, proteolytic activity inhi-
bitable with E-64 was preserved, associated with protein
bands of approximately 30 kDa molecular mass.
Nevertheless, when such bands were examined with
SDS-PAGE, they revealed several bands with different
molecular masses and proteolytic activities, which re-
verted to a single protein band of apparent 30 kDa when
the sample was boiled in the presence of EDTA, DTT
and iodoacetamide and reexamined by SDS-PAGE.
Since all genes so far cloned that encode proteases of

Ether extraction Electroclution Ether extraction Electroelution
(2.5 M NaCl) —— (0.5 M NacCl)
1 I I 1|
Protein (mg/ml) 29.10 0.347 0.827 664.50 1.625 3.834
Total activity (optical density at 336 nm) 1,608 91 216 6209 268 716
Specific activity (units of activity/mg protein) 55.25 262.24 261.18 9.34 164.92 186.75
Recovery (%) 100 5.65 13.43 100 4.31 11.53
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Fig. 5 Western blot of purified EhCP2 using anti-CP2 antibody.
Lane 1 Electrophoresed product boiled in the presence of dith-
iothreitol, EDTA and iodoacetamide. Lane 2 Electrophoresed
product boiled in the presence of EDTA and iodoacetamide,
without dithiothreitol

Entamoeba histolytica have been found to encode pro-
teins of approximately 30 kDa (Bruchhaus et al. 1996),
the existence of CPs derived from the same parasite with
molecular masses varying over 16-96 kDa (Avila and
Calderon 1993; Keene et al. 1986; Luaces and Barrett
1988; Lushbaugh et al. 1985; McLaughlin and Faubert
1976; Montfort et al. 1994; Navarro-Garcia et al. 1995)
should have a posttranslational explanation. It was
suggested (Lopez-Revilla et al. 1993) that, during SDS-
PAGE, the lower molecular mass CPs are derived from a
higher molecular mass precursor of CPs by autoprote-
olysis. Hellberg et al. (2000) cut the SDS-PAGE bands
of 35 kDa and 48 kDa with proteolytic activity and
sequenced them; and they turned out to be EhCP2 and
EhCP1 respectively, both of which are encoded by genes
with 30 kDa products. This suggests oligomerization/
aggregation phenomena, with which we agree.

The stabilizing or enhancing effects of the I1gG anti-
CP antibodies on the proteolytic activity of both live
axenic trophozoites of E. histolytica and affinity-purified
CP was an interesting result. Although we have no ex-
planation for it, this phenomenon is observed with other
anti-enzyme antibodies (Jafri et al. 1993; Khan and
Igbal 2000) and is usually attributed to changes in the
enzyme molecule caused by the antibody, which is not
combining with the active site of the enzyme. Several
amebic molecules have been used as immunogens, in the
hope of stimulating the production of antibodies pro-
tecting against experimental amebiasis (Cheng et al.
1999; Marinets et al. 1997; Zhang et al. 1994). Partially
purified 56-66 kDa proteases secreted by E. histolytica
were used for that purpose by Gupta et al. (1999), but
those authors failed to observe any correlation between
antibody titers and protection. In human patients with
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Fig. 6 Effect of incubation of affinity-purified EhCP with normal
rabbit IgG and with two dilferent anti-EhCP2 rabbit antibodies, on
proteolytic activity measured with azocasein. Note that with
normal rabbit IgG proteolytic activity is reduced, whereas with
the anti EhCP2-antibodies this reduction is reverted or the activity
is enhanced and that there is a dose-response effect

invasive amebiasis, 83% have anti-protease antibodies,
whereas patients with E. dispar show none (Reed et al.
1989). Ig class may be important, since human salivary
IgA anti-protease antibodies have been shown to effi-
ciently inhibit protease activity in vitro (Guerrero-
Manriquez et al. 1998). The effect of stabilizing or
enhancing antibodies produced by the host against
amebic CPs on the development of experimental amebic
lesions has yet to be studied.

The injection into the portal vein of normal hamsters
of purified amebic EhCP2 enclosed within slowly-re-
leasing microvehicles (with the same size range as E.
histolytica trophozoites) and the histologic and immu-
nohistochemical study of the liver at 3, 24 and 92 h after
injection revealed that EhCP2 is capable by itself of
directly stimulating a mild acute inflammatory reaction,
rarely accompanied by discrete areas of liver cell ne-
crosis in the close neighborhood of the microvehicles,
which are mostly healed after 92 h. This “synthetic
amoeba” is admittedly a very crude model of the real
parasite, but it represents the first attempt to examine
the role of a single molecular component of E. histolytica
in the causation of tissue damage in an in vivo model of
amebiasis, in the absence of all other possibly partici-
pating amebic elements. Two of the major problems
with this experimental situation are our ignorance of the
actual amount of the enzyme that is released, both from
inert microspheres and from amebic trophozoites in the
in vivo lesions, and the obvious fact that the former,
being a single dose of the enzyme, must have a very short
biochemical effect. However, we do know two things:
first, that the amount of protein carried and delivered by
each microsphere is variable (in which they resemble



Fig. 7 Effect of injection of inert plastic microspheres with
enclosed purified EhCP2. A control microsphere 24 h after
injection. There is no cellular reaction around it. B microspheres
after 6x exposure to purified EnCP2 stained with Coomassie Blue.
The distribution of the enclosed protein is heterogeneous. C
microsphere with enclosed EhCP2 3 h after injection into the portal
vein. There is an infiltrate of inflammatory cells around the
microsphere but no liver cell damage. D microsphere with enclosed
EhCP2 24 h after injection into the portal vein. In addition to
inflammation there is also necrosis of some liver cells

Fig. 8A, B Acute experimental liver abscess (5 days), stained
immunohistochemically with one anti-EhCP2 rabbit antibody
and developed with the Au-silver technique. A Trophozoites are
intensely stained but no positive reaction is detected in the
surrounding inflammatory and necrotic structures. B Control slide
in which the anti-EHCP2 antibody was replaced with normal
rabbit IgG

amebic trophozoites) and, second, that whatever this
amount may be, most of it is enzyme protein. With these
limitations, however, our results suggest that amebic
EhCP2 is directly capable of stimulating a mild acute
inflammatory reaction and probably causes minimal
tissue necrosis. It was demonstrated that amebic cysteine
proteinases activate C3 (Reed and Gigli 1990) with
the consequent release of chemotactic peptides C3a and
C5a and the rapid confluence of polymorphonuclear
leukocytes, which in acute experimental lesions disinte-
grate, release lysosomal enzymes and injure the neigh-
boring cells and intercellular elements (Tsutsumi and



Martinez-Palomo 1988; Tsutsumi et al. 1984). Perhaps
the morphologic sequence of events observed sur-
rounding the inert microspheres containing purified
EhCP2 soon after they reach the liver may be explained
according to such a mechanism, although there is some
evidence that amebas can also cause tissue damage in
acute experimental lesions developing in leukopenic
animals (Velazquez et al. 1998).

Attempts to correlate the level of proteolytic activity
in E. histolytica with virulence are at best controversial
(Ankri et al. 1998; Gadasi and Kobiler 1983; Hellberg
et al. 2001; Montfort et al. 1992). In vitro experiments
show that amebas secrete proteases into the culture
medium (Leippe et al. 1995; Reed and Gigli 1990;
Serrano et al. 1996) and it is suggested that such prote-
ases are responsible, at least in part, for the extensive
tissue destruction characteristic of the disease. Using a
polyclonal antibody raised against whole amebic ex-
tracts, Ventura-Juarez et al. (1997) stained immunohis-
tochemically early experimental amebic lesions and
showed that not only were trophozoites positive but also
that there was diffusion of positive material in the vi-
cinity of amebas. Using a polyclonal antibody anti-
EhCP1, Stanley et al. (1995) were able to stain amebic
trophozoites in acute experimental liver abscesses pro-
duced in SCID mice; and they claim to have detected
positive staining in the tissues near the parasites. In our
own immunohistochemical studies of experimental acute
(1 day, § days) amebic liver abscess, we routinely detect
(using immunofluorescence, peroxidase or Au-silver
techniques) EhCP2 within amebas, but we have never
observed positive staining of amebic EhCP2 in the extra-
amebic space, not even in their immediate vicinity. Such
negative results could be explained by either no EhCP2
secretion or by a very low concentration of the enzyme
in the extra-amebic spaces, below the sensitivity of the
techniques used to detect it. Hellberg et al. (2001) in-
jected into gerbil livers trophozoites of both E. histoly-
tica and E. dispar that by transfection were made to
overexpress EhCP2 by 2.8-fold and, 7 days later, those
authors observed no differences between the resuits of
control experiments with wild E. histolytica and E. dis-
par, 1.e., the former parasitic strain did not increase in
virulence and the latter remained nonpathogenic. These
results could be explained if overexpression of EnCP2 is
not accompanied by secretion of the enzyme. We are
satisfied that our antibody anti-EhCP2 does not cross-
react with EhCP5, but we have not tested it with the
remaining EhCPs. Thus it remains possible that EhCPs
other than EhCP2 are secreted and contribute to the
extensive tissue destruction that rapidly develops sur-
rounding the parasites. The work of Hellberg et al.
(2001) and our results are compatible with the sugges-
tion that EhCP2 is not secreted and is not directly in-
volved in tissue damage and that other amebic
molecules, either other EhCPs or other different amebic
components (and possibly some host factors), are re-
sponsible for tissue lesions during in vivo amebiasis.
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Cysteine proteinase activity is required for survival of
the parasite in experimental acute amoebic liver

abscesses in hamsters
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SUMMARY

Axenic trophozoites of Entamoeba histolytica strain HM1-IMSS grown in vitro in the presence of E-64, a potent irre-
versible inhibitor of cysteine proteinases, preserved their viability, their rate of replication, their resistance to complement,
their haemolytic capacity and their ability to destroy target cells, despite complete inhibition of total cysteine proteinase
activity. On the other hand, their erythrophagocytic capacity and their ability to decrease TER of MDCK cells was partially
decreased. The same trophozoites injected into the portal vein of hamsters receiving a maintaining dose of E-64 failed to
cause tissue damage and were rapidly eliminated. Qur results suggest that amoebic cysteine proteinase activity is not
required for amoebic functions in in vitro conditions, but that it becomes necessary for survival of trophozoites in in vive
conditions, whatever other role (if any) it may play in the parasite’s virulence.

Key words: cysteine proteinases, E. histolytica survival in vive, pathogenicity, hamster, E-64.

INTRODUCTION

Currently Entamoeba histolytica cysteine proteinases
(EhCP1-19; EhCP112) are considered some of the
major molecules responsible for the extensive cell
and tissue damage produced by the parasite in both
human and experimental infections (Que & Reed,
2000; Stanley & Reed, 2001 ; Bruchhaus, Loftus &
Hall, 2003). The evidence supporting this view may
be summarized as follows. (1) In in vitro experiments,
(a) purified amoebic EhCPs cause a cytopathic effect
on monolayers of HeLa cells (Lushbaugh, Hofbauer
& Pittman, 1985), of BHK cells (Keene et al. 1986),
and of human fibroblasts (Luaces & Barrett, 1988);
(b) purified amoebic 30 kDa EhCP shows a cytolytic
effect on dead rat and hamster hepatocvtes, in-
hibitable with E-64 (Montfort, Pérez-Tamayo &
Gonzalez, 1993); (c) decreased expression of ERCP3
induced in E. histolytica by antisense mRNA corre-
lates with decreased phagocytosis although the
cvtopathic effect and haemolytic activity remain
unchanged (Ankri, Stolarsky & Mirelman, 1998) and
(d) enhanced expression of EhCP2 by transfection in
both E. histolytica and E. dispar increase the E-64
inhibitable cytopathic effect produced by both
parasite species on CHO cells, but does not augment
amoebic liver abscess formation in gerbils (Hellberg

* Corresponding author: Departamento de Medicina
Experimental, Facultad de Medicina UNAM, Apartado
Postal 06540, México, D.F., CP 10200, México. Tel:
+525557610256. Fax: +525557610249. E-mail:
ruypt@hotmail.com

et al. 2001). (2) In in vive experiments: (a) E. histo-
lytica axenic trophozoites grown in the presence of
E-64 (Stanley, Zhang & Rubin, 1995), or laminin (Li
et al. 1995) show decreased ability to produce liver
abscesses in SCID mice; (b) lysates of virulent E.
histolytica decrease transepithelial electrical resist-
ance (TER) in the gerbil's caecum, and this effect 1s
inhibited by E-64 (Navarro-Garciaetal. 1995) and (c)
decreased expression of EnCP5 induced in E. histo-
Iytica by antisense mRNA correlates with decreased
ability to induce experimental amoebic liver ab-
scesses in hamsters (Ankri et al. 1999), and with de-
creased inflammation, decreased production of 1L-2
and IL.-8, and decreased ability of amoebae to con-
vert prolL.-1 to IL.-1 in human intestine transplanted
to SCID mice (Zhang et al. 2000). Although this is
impressive evidence suggesting an important role
of EhCPs in cell and tissue damage in amoebiasis, it
fails to discriminate between a direct proteolytic ef-
fect on extracellular matrix proteins, several of which
are known substrates of EnCPs, and a permussive role
of such enzymes whose primary function would be to
preserve the viability of the parasite, allowing EnCPs
and perhaps other molecular mechanisms to damage
cells and tissues. In our laboratory, we have purified
EhCP2 from axenically grown trophozoites of E.
histolytica strain HM1-IMSS and raised an anti-
EhCP2 polyclonal antibody, which allowed immuno-
histochemical staining of amoebae in sections of
5-day-old experimental amoebic liver abscesses, but
no enzyme protein was detected in the surrounding
necrotic tissue (Olivos-Garcia et al. 2003).
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Using an EhCPIl-antibody, Stanley et al. (1995)
did find extra-amoebic enzyme in early liver lesions.
In addition, purified EhCP2 enclosed within slow-
releasing microspheres injected into the portal vein
of normal hamsters stimulated a minor inflammatory
reaction with little or no tissue damage. In many
in vitro experiments inhibition of EhCP activity oc-
curs simultaneously with decreased amoebic growth
and viability (De Meester et al. 1990), except when
E-64 is used (Stanley et al. 1995). Cysteine protei-
nases (CPs) are present in many species of protozoa
(North, Mottram & Coombs, 1990; Sajid & Mec-
Kerrow, 2002) and when their activity is blocked by
inhibitors, their respective life-cycles and metabolism
are severely altered (Engel et al. 1998), suggesting
that CP activities play essential roles in the proto-
zon'’s physiology and are required for their survival.

In the present work we report a series of in vitro
and in vive experiments on the effect of EhCP inhibi-
tion with E-64 on the parasite viability, replication,
complement resistance, cytotoxicity, TER decrease,
erythrophagocytosis, haemolytic capacity, virulence
and survival. Qur results suggest that whatever the
role of EhCP activities in the production of tissue
damage in amoebic disease, their primary con-
tribution to the host—parasite relation is to allow the
survival of the parasite, which then is able to use
EhCPs and perhaps other more subtle mechanisms
to damage cells and extracellular structures.

MATERIALS AND METHODS
Parasites

E. histolytica trophozoites strain HM1-IMSS were
axenically cultured in plastic bottles at 36-5 °C in
50 ml of TYI-5-33 medium (Diamond et al. 1978).
In some experiments they were harvested after 72 h,
washed twice in 15 mMm phosphate buffer with 0-15 m
NaCl, pH 7-2 (PBS) and their viability determined
by Trypan blue exclusion. Rate of replication was
measured as the number of amoebae obtained after
72 h of culture.

Culture of E. histolytica trophozoites in
the presence of E-64

E-64 (L-trans-epoxysuccinyl-leucylamido(4-
guanidino)butane) was added initially at a final con-
centration of 500 um in culture medium of axenic
in vitro cultures of trophozoites from the time of
seeding.

Erythrophagocytosis

Phagocytic activity of control and E-64-axenically
grown trophozoites was compared in 72 h cultures by
incubating 5x10* washed amoebae with 5 x 107
hamster fresh red blood cells for 15 min in PBS in the
presence of 250 um E-64. Phagocytosis was stopped
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by addition first of 0-4 ml of distilled water and im-
mediately after of 1-0 ml of 0-4% formaldehyde in
PBS, and trophozoites were centrifuged at low speed
and suspended in PBS. The average number of tro-
phozoites with more than 5 cytoplasmic erythrocytes
(high phagocytosis) present in triplicate counts of 100
parasites in 6 separate experiments was determined
in both groups. In addition, erythrophagocytic ac-
tivity was measured by the technique described by
Keller et al. (1988), comparing the absorbances in
4 separate experiments.

Haemolytic activity of axenic trophozoites

Hamster blood cells were obtained in the presence of
heparin and rinsed with PBS before used. The assay
was performed as described by Ankri et al. (1998) in
the presence of 250 um E-64 comparing haemoglobin
absorbances, it was made in duplicate in 3 separate
experiments, with control and axenically grown
trophozoites with E-64.

Measurement of TER

Damage to the MDCK -cell monolayers was assessed
by the measurement of changes in TER 30 min after
the addition of E-64-axenically grown trophozoites
in the presence of 500 um E-64 at a 5: 1 cell:amoeba
ratio on an Ussing chamber as previously described
by Lépez-Vancell, Montfort & Pérez-Tamayo
(2000). It was measured in 8, 8, and 9 samples in 3 in-
dependent experiments and expressed as ohms.cm?.

Complement resistance

Amoebae grown for 72 h with E-64 were exposed to
100% fresh hamster serum (1 x 10%/ml) in the pres-
ence of 250 um E-64 and incubated at 37 °C for 2 h,
and their viability was determined by Trypan blue
exclusion. Survival of amoebae in the presence of
100% fresh hamster serum depended on the number
of parasites used in the test. Less than 1 x 10%/ml were
almost completely lysed, whereas 2 x 10%/ml survived
more than in the PBS control. At 1x10%ml the
average survival of amoebae was 64 %. Results were
compared with untreated amoebae and in duplicates
in 7 independent experiments.

Cytotoxicity

Cytotoxic activity of axenic trophozoites grown in
the presence of E-64 was tested in vitro with 2 dif-
ferent types of target cells: Jurkat cell line, and poly-
morphonuclear leukocytes (PMNs) freshly obtained
from the peritoneal cavity of hamsters previously
(6 h) injected with 1-0 ml of 1% glycogen in PBS.
The assay was performed by incubating 1x 10°
amoebae with 5 x 10° Jurkat cellsand 1 x 10® amoebae
with 2-:5x10®* PMNs in TYI-5-33 medium with
250 um E-64 for 3 h at 37 °C, and then counting
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Table 1. E-64 effect in experimental acute amoebic liver abscesses in

hamsters (5 days)

Group 1 Group 2 Group 3 Group 4
HM-1 HM-1 grown HM-1 HM-1 grown
with E-64 72 h with E-6472 h
Hamster Hamster Hamster with Hamster with
without E-64 without E-64 E-64 each 12 h E-64 each 12 h
Abscesses 8/8 Abscesses 8/8 Abscesses 8/8 Abscesses 0/8

viability of target cells by Trypan blue exclusion.
This assay was preferred to the cytopathic effect
described by Keene et al. (1986) because cysteine
proteases, although probably not directly involved
in cell killing (Luaces & Barrett, 1988), could be
required to activate or facilitate other molecular
mechanisms of cytotoxicity present in the living
parasite. Results were compared with controls run
with untreated amoebic trophozoites. The assay was
made in duplicate in 3 independent experiments.

E-64-inhibitable proteolytic activity assay

Freeze-thawed lysates (5 x 10%) of control and E-64-
axenically grown trophozoites were washed 4 times
with PBS and incubated with 04 ml of azocasein
(2:5 mg/ml), 5mm EDTA, 5mm DTT for 3h at
37 °C. The reaction was stopped, with 0-6 ml of cold
10% trichloroacetic acid, centrifuged for 10 min at
4500 g and the absorbance was determined at 366 nm
(Pérez-Montfort et al. 1987).

Zymograms

Control and E-64-grown amoebae were harvested,
washed with PBS in sterile conditions and incubated
for different periods (2.5 to 48 h) with TYI-S-33
medium. Whole amoebic (2:5 x 10°) homogenates
prepared in PBS were electrophoresed in 12% gels
by SDS-PAGE (Laemmli, 1970), and the gels were
laid on top of other gels containing 10% acrylamide,
0:2% gelatin, 5mm EDTA, 5mm DTT and incu-
bated at 37 °C for 12 h, fixed and stained overnight at
room temperature with 0-1% Coomassie brilliant
blue R-250 in 20% methanol and 10% acetic acid and
destained with the same solution without the dye.

Detection of intracellular CP activity in intact
amoebic trophozoites

Arg-Arg-4-methoxy-2-naphthylamide peptide
(AMNP), a substrate of CPs, yields a fluorescent
insoluble adduct with 5-nitro-2-salicylaldehyde
(NSA) after being enzymatically split. When added
to a culture of amoebic trophozoites, AMNP and
NSA freely enter their cytoplasm and the presence of
CP activity is detected as multiple fluorescent gran-
ules (Scholze & Tannich, 1994). The observations

were made at different periods (3 to 24 h) after adding
5 mMm AMNP and 2:5 mm NSA in 0:1 ml of PBS to
an axenic culture of 1 x 10® untreated or E-64-treated
amoebic trophozoites washed with PBS.

Acute amoebic liver abscesses in hamsters

Experimental acute amoebic liver abscesses were in-
duced in 4 separate groups, each of eight 100 g ham-
sters of either sex, following a technique previously
described (Pérez-Tamayo et al. 1992). Briefly, 5 x 10%
axenic E. histolytica trophozoites were injected in
0-2 ml of PBS into the portal vein of anaesthetized
hamsters. After 5 days the animals were sacrificed by
an ether overdose, the liver was removed and fixed
for 48 h in buffered 10% formaldehyde, pH 7-0.
After blocking and paraffin embedding, 4-6 um thick
sections were cut from random blocks, which in-
cluded all liver lobules, and were stained with H&E
and with Periodic-acid Schiff (PAS). Two groups
of hamsters thus treated were also injected intra-
peritoneally twice daily with 2 mg of E-64, since it
has been established (Katunuma & Kominami, 1995)
that the half-life of active E-64 injected into rodents
is12h.

Four experimental groups of acute amoebic liver
abscesses were prepared and studied (see Table 1). In
addition, 4 more animals were added to group 4, two
of which were sacrificed 8 h and the other two 20 h
after the injection of amoebae.

Isolation of hepatocytes

Fresh hepatocytes were obtained as described by
Montfort et al. (1993) from 1 normal hamster and
1 hamster from group 4 (treated for 5 days), and in-
tracellular CP activity was detected in living hepa-
tocytes with AMNP substrate, as described above.

RESULTS

Axenically grown amoebic trophozoites, either in the
absence or in the presence of 500 um E-64 showed
minor variations in viability, growth rate, comp-
lement resistance, haemolytic activity, erythrocyte-
phagocytic capacity with the absorbance method,
and cytotoxic activity after 72 h (Fig. 1). No decrease
of erythrocyte phagocytosis was observed when E-64
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Fig. 1. Effect of growing axenic Entamoeba histolytica trophozoites in the presence of E-64 for 72 h on various in vitro
functions. IFor techniques of the assays and units in which the results are expressed see Materials and Methods section.
Mean results and standard deviation are shown for all tests, except complement resistance and high erythrocyte
phagocytosis, in which experiments and controls were compared with the Student’s f-test.

was added to the assay with normal amoebae, but
amoebae grown in E-64 were less phagocytic (29%
by counting). In addition, the capacity of amoebae
to decrease TER in MDCK monolayers was also
diminished to almost half of the initial value, while
untreated amoebae caused the entire loss of TER. On
the other hand, total CP activity of whole amoebic
homogenates was variously inhibited at the end of
72 h of culture in the presence of E-64, in a time-
response curve. Such a quantitative result correlated
both with the detection of CP activity in the zymo-
grams, which was observed to be much decreased
(Fig. 2A, Bl and B2), as well as with the microscopic
detection of intracytoplasmic CP activity in indi-
vidual intact trophozoites. When visualized with the
AMNTP technique, with increasing concentrations
of E-64, there was a corresponding general decrease
in the number of cytoplasmic fluorescent granules,
and an increase in the number of completely negative
amoebae (data not shown). When aliquots of amoebic
cultures, in which total CP activity had been in-
hibited by incubation with E-64 for 72 h, were
washed and incubated in the absence of E-64, 50%
CP azocaseinase activity was recovered in approxi-
mately 2448 h (Fig. 2A).

Gross and microscopic development of exper-
imental acute amoebic liver abscesses were indis-
tinguishable in groups 1, 2 and 3: all animals in each
group showed multiple lesions detectable grossly
as early as 24 h after injection of trophozoites, and
after 5 days there were fully developed abscesses
with many well-preserved trophozoites. On the other
hand, no lesions were observed in any animal of
group 4 and their hepatocytes did not show intra-
cellular CP activity (Fig. 3A, B). Also, no amoebae
were detected microscopically on tissue sections
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Fig. 2. (A) CPactivity determined by azocasein in amoebic
homogenates after various periods of incubation in the
presence of E-64 and after washing and culturing in E-64-
free medium. CP activity disappears after 4 h incubation
with E-64, and begins to reappear 12 h after removal of the
inhibitor. Notice the discontinuity in the time-scale. (B1)
Zymogram of amoebic homogenates of control. (B2)
Recovery of amoebic proteolytic activity; faint proteolytic
activity is already visible with this technique 6 h after
washing the inhibitor.
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Fig. 3. CP activity in liver cells revealed by AMNP
technique. (A) Normal hepatocytes (control). (B)
hepatocytes from an animal from group 4 (5 days
continuous treatment with E-64). Complete absence of CP
activity in liver cells derived from the treated animal.

IFig. 4. Liver histology in animals of group 4 (continuous
treatment with E-64 4+ amoebae grown in the presence

of E-64). (A) 8 h control. (B) Acute inflammation with
PMNs and amoebic debris, (8 h). (C) 20 h control.

(D) Minimal liver cell damage and fragmentation of
PMNs; no amoebae are present (20 h). Arrows point to
amoebae. PAS stain.

prepared from random blocks. In the animals
specially prepared to detect lesions and amoebae at
earlier periods in group 4, there were small groups of
PMNs with few poorly preserved amoebae still pre-
sent 8 h after the injection. Furthermore, no amoebae
were seen at 20 h; only debris of PMNs (‘nuclear
dust’) and occasional giant cells were present in the
involuting lesions (Fig. 4B, D).

DISCUSSION

It is generally believed that E-64 fails to enter live
cells, but this seems to be true only during short
in vitro exposures (1 h), because after longer periods
the inhibitor does penetrate within cells, probably by
pinocytosis (Wilcox & Mason, 1992). In experiments
in vivo it has been shown that E-64 is incorporated
into the liver cytosol (Katunuma & Kominami, 1995).
Qur results may be summarized by stating that
complete inhibition of total CP activity of axenic
trophozoites of E. histolytica grown in vitro in the
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presence of E-64, and for as long as 72 h, as deter-
mined by 3 different techniques, has minor effects on
viability, growth curve (Stanley et al. 1995), cyto-
toxicity, haemolytic capacity (Ankri et al. 1998) and
complement resistance. On the other hand, eryth-
rocyte phagocytosis measured by cell counts and
absorbance, and TER of MDCK monolayers, were
somewhat decreased. Decrease of erythrocyte phago-
cytosis by amoebae treated with an antisense mRNA
that blocks CP synthesis has been observed by Ankri
et al. (1998) who used only the absorbance technique.
The exposure of axenic trophozoites to E-64 1h
prior to examining their effect on TER of MDCK
monolayers was found to have no influence on the
rapid decrease on TER caused by amoebae (Lépez-
Vancell et al. 2000). However, in those experiments
total CP activity was not determined, and we have
observed that after 1 h of exposure to E-64 approxi-
mately 25% total CP activity remains.

Preservation of viability and other properties of
amoebae in vitro despite the complete and prolonged
absence of CP activity, suggest that the culture me-
dium must contain all the elements required for their
normal metabolism. On the other hand, CP activity
appears to be an absolute requirement for survival of
amoebae in in vivo conditions, at least in the exper-
imental situation examined in this work, namely the
production of acute liver abscesses. We have no
data on the actual cause of amoebic disappearance.
However, it is suspected to occur very rapidly, within
a few hours after injection, on the basis of the results
in group 2 (untreated hamsters +amoebae grown in
E-64), which developed lesions similar to group 1
(control), suggesting rapid recovery of CP activity.
Injection of the parasites into the portal vein is
equivalent to removing the inhibitor present in the
culture medium, thus allowing the progressive re-
covery of CP activity by amoebae in the next 3-24 h
(detected by AMNP), as was observed in vitro when
amoebae grown in E-64 were placed in medium free
of the CP inhibitor.

Group 3 (hamsters continuously treated with E-
64 + untreated amoebae) also developed lesions very
similar to group 1 (control), and this result may
require a more elaborate explanation, which would
include at least 2 elements. (1) The inability of E-64
to affect the cytotoxic capacity of amocbac when
the inhibitor is added to the culture at time 0 or
throughout the 72 h of culture, demonstrated in
in vitro experiments of co-incubation with target
cells. (2) The early development of ischaemia in even
very small experimental amoebic liver lesions (Pérez-
Tamayo et al. 1992) which would prevent the contact
of amoebae with the CP inhibitor present in the
blood. It is suggested that the combined effect of
these two elements would explain the survival of
parasites and the development of tissue damage in
our group 3. The possible role of amoebic CPs on the
direct causation of liver lesions becomes less clear,
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since E-64 is present in the liver, as shown by the
almost complete absence of CP activity in intact liver
cells surrounding the edge of the growing abscess.

Amoebic trophozoites grown in the presence of
E-64 and injected into the portal vein of hamsters
treated continuously with the same CP inhibitor
(group 4) produce small and rapidly involuting liver
lesions that disappear from the tissue in about 20 h.
The absence of amoebae and of tissue lesions in
group 4 would suggest that CP activity is directly
related to the initiation of inflammation and of tissue
damage, since in its absence no lesions develop. But
this simple view ignores the fact that full inhibition of
CP activity has no influence on amoebic cytotoxicity
in vitro and on initial inflammation in vive, and also
fails to explain the rapid disappearance of amoebae
when there is no cell and tissue destruction. An
alternative explanation would be that CP activity is
primarily necessary for amoebic survival in in vive
conditions, and that amoebic survival is necessary for
the development of tissue damage caused by various
molecular mechanisms, which may very well include
CP activity.

Our results also suggest that the development of
amoebic lesions may be necessary for amoebic sur-
vival, since through the early ischaemia mentioned
above, liver abscesses rapidly create the anaerobic
conditions that trophozoites require to grow in vitro,
and simultaneously isolate the parasite from possibly
harmful serum components, such as complement.
This possibility is currently being pursued in our
laboratory.
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Abstract

We have examined the role of inflammatory cells, ischemia and serum complement on the development of acute experimental amoebic
liver abscess in hamsters (AEALAH). In hamsters made leukopenic by whole body radiation (800 rad) and daily intraperitoneal glycogen
injections, the absence of inflammatory cells and liver tissue damage surrounding the parasites resulted in their rapid (24 h) disappearance
from the liver, which showed no lesions. Focal liver ischemia, always present in control AEALAH with inflammation and tissue destruction,
was reproduced in radiated hamsters by injection of amoebas mixed with Superdex microspheres, but again in the absence of inflammation,
amoebas caused no liver damage and disappeared in 24 h. In hamsters made hypocomplementemic by injection of purified cobra venom
factor (CVF), amoebas caused AEALA indistinguishable from controls, but in leukopenic + hypocomplementemic hamsters, amoebas were
unable to produce lesions and disappeared from the liver in 48 h. We conclude that inflammation and tissue damage are required for the

survival of amoebas in AEALAH and for the progression of the experimental disease.

© 2004 Elsevier Inc. All rights reserved.
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Introduction

During the early stages of acute experimental amebic
liver abscesses in hamsters (AEALAH), the two major
components are cellular infiltration by polymorphonuclear
leukocytes (PMNs) and mononuclear cells (MO) (Tsusumi
and Martinez-Palomo, 1988; Tsutsumi et al., 1984) and
ischemia of the lesions (Pérez-Tamayo et al,, 1992). The
rapid disintegration of the inflammatory cells, with release
of their lysosomal enzymes and other substances, is believed
to be at least partially responsible for liver tissue damage,
although there is evidence for amoebas causing tissue
lesions in the absence of PMNs in other experimental
models (Rivero-Nava et al., 2002; Veldzquez et al., 1998).
Ischemia has been shown to be present in very early amebic
liver lesions, and it may not only contribute to tissue
damage, but would also result in decreased exposure of
the trophozoites to serum components (specially comple-
ment), and in addition could also create a relatively anaer-

* Corresponding author. Fax: +52-57-61-02-49.
E-mail address: raypt@hotmail.com (R. Pérez-Tamayo).

0014-4800/$ - sec front matter © 2004 Elsevier Inc. All rights reserved.
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obic microenvironment, favourable for the growth of the
parasite. Thus, it may be hypothesised that in early AEA-
LAH, tissue damage is required for the survival of amoebas,
which in turn is a necessary condition for the further
development of the lesions. In this work, we report a series
of experiments designed to test such hypothesis. Our results
support in part the hypothesis, since interfering by various
means with the development of inflammation in early
AEALAH invariably results in the rapid disappearance of
amoebas and the consequent absence of further tissue
damage.

Materials and methods
Parasites

Axenic cultures of E. histolytica strain HMI-IMSS grown
in TYI-S-33 medium (Diamond et al., 1978) were harvested
every 72 h and washed twice with 15 mM phosphate buffer
pH 7.2 with 0.15 M NaCl (PBS). Virulence was kept
constant by passing the axenic trophozoites through hamster
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Summary of experiments performed to examine the role of inflammation, complement and ischemia on the presence of E. histolytica and liver damage in

AEALAH

Radiated Radiated with

microspheres

Time of sacrifice after
injection of amocbas

Control

Hypocomplementemic Radiated”

and radiated

Hypocomplementemic

Thirty minutes
Amoebas + + nd
Lesions - — nd

Three hours
Amocbas + ¥
Lesions - =

ag

Six hours
Amoebas + -
Lesions — =

One day
Amoebas + - -
Lesions + - -

Two days
Amoebas + - =
Lesions

Three days
Amoebas + — -
Lesions + - -

Six days
Amoebas +
Lesions +

BER
BB

nd nd nd
nd nd nd

2R
-4
g

+
+
BB

2R
B2

nd = not done.
* Amoebas injected 2 h after radiation.

livers every other week and recovering the parasites from 7-
day-old liver abscesses into axenic cultures. Acceptable
virulence was when 1 X 10° axenic trophozoites injected
into the portal vein of hamsters yielded multiple liver
abscesses in all animals used (usually 5/5).

AEALAH

AEALAH were produced in 150-g animals of both sexes
by a technique previously described (Pérez-Tamayo et al.,
1992). Briefly, 1 x 10° axenic amoebic trophozoites sus-
pended in 0.2 ml of PBS were injected into the portal vein
through a laparotomy performed under light barbital anes-
thesia (6.3 mg/100 g body weight). Both control and
experimental animals were sacrificed at various intervals
after the injection of amoebas, ranging in different experi-
ments from 30 min to 6 days, the liver was removed,
weighed, cut into 0.1-cm-thick slices and fixed in 10%
formaldehyde in buffered PBS pH 7.0.

Histological studies
Tissue blocks of all liver lobules of all livers were

processed for histology by standard techniques, cut at 6
pum and stained with both haematoxylin and eosin (H&E)

and periodic acid Schiff (PAS). Control and experimental
slides were examined independently by two observers.

Liver ischemia detection

To determine ischemic areas in the liver in many
experimental animals, 0.2 ml of India ink-PBS were
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Fig. 1. Onset and development of leukopenia after whole body radiation
(800 rad) in hamsters. Peripheral blood PMNs decrease from a normal
average of 10000/mm’ to 4000 in 24 h and to <300 in 48 h, and remain at
this low count up to 7 days.
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Fig. 2. Peripheral blood PMNs in AEALAH in radiated and controls at
different time periods. Controls without AEALAH show profound
leukopenia in radiated animals. Six hours after injection of amoebas,
nonradiated animals reveal leukopenia of average 5000/mm’ PMNs
which is still down to average 6000/mm’® PMNs after 24 h, but that has
been replaced by leukocytosis of 15000/mm’ PMNs after 96 h.

injected into the portal vein of hamsters before sacrifice,
as previously described (Pérez-Tamayo et al.,, 1992).

Radiation experiments

After preliminary experiments designed to establish an
adequate dose of whole body radiation to achieve almost
complete peripheral leukopenia in hamsters (<300 leuco-
cytes/mm°), 800 rad of gamma radiation (cobalt 60) was
chosen (see Results) and used throughout the experiments.
Radiations were performed at the Radiobiological Unit of the

Institute for Nuclear Studies of the National Autonomous
University of Mexico.

Glycogen enhancement of leukopenia in radiated animals

To further reduce the affluence of the few remaining
peripheral PMNs and MO cells to the amoebas present in
AEALAH in radiated animals, 16 mg of glycogen in 1.0 ml
of PBS were injected intraperitoneally 3 h before the injec-
tion of amoebas and repeated every 24 h. In this experimental
group, four control and four radiated hamsters were sacri-
ficed 30 min, 3, 6, 24 and 48 h after the injection of amoebas.

Focal liver ischemia induced with Superdex 75
microspheres

To examine the effect of focal ischemia induced in
radiated animals which show no inflammation surrounding
the injected amoebas, and therefore develop no lesion-
related ischemia, 1 % 10° axenic trophozoites were mixed
with 2 x 10° Superdex 75 microspheres (Pharmacia) and
injected intraportally in hamsters 48 h after whole-body
radiation with 800 rad and 3 h after the first intraperitoneal
injection of 16 mg of glycogen in 1.0 ml of PBS, which was
repeated every 24 h. In these experiments, groups of four
control, four radiated and four radiated + Superdex 75
microspheres animals were sacrificed at 6, 24, 48 and 72
h after the intraportal injection of amoebas.

Fig. 3. Histology of AEALAH in control and radiated animals that were injected with amoebas 2 h after radiation. (A) Microscopic aspect of AEALAH in
control, 24 h after injection of amoebas, showing many well-preserved amoebas (A), dense inflammatory cellular infiltration (mostly PMNs) and tissue
necrosis. (B) Histology of AEALAH in radiated animal, 24 h after injection of amoebas, showing a smaller lesion with few well-preserved amoebas (A),
few inflammatory cells and little necrosis. (C) Edge of a large AEALAH developed in control 6 days after injection of amoebas, with many well-preserved
parasites (A), nuclear debris and few PMNs, and necrotic hepatocytes. (D) One of the few lesions found in radiated hamsters 6 days after injection of
amoebas, with one or two degenerated parasites (A) surrounded by mononuclear cells embedded in fibrin (F), and very little liver damage. PAS stain. Scale

bars represent 50 pm.



A. Olivos-Garcia et al. / Experimental and Molecular Pathology 77 (2004) 66-71 69

Role of complement (C) in AEALAH

To explore the role of C in the development of AEA-
LAH, the cobra venom factor (CVF) of Naja haje was used.
CVF was purified from crude commercial preparations
(Sigma) according to Sharma et al. (2001) and the efficiency
of the purified preparations to lower C serum activity was
tested by the capacity of serum to destroy amoebas in vitro
(0.5 x 10°/ml at 2 h). The serum was obtained from
hamsters 24, 48 and 72 h after being injected with 40 pg
CVF according to Van den Berg et al. (1991). In addition,
CHS50 units were determined in all sera of controls and
CVF-injected hamsters, according to Morrison and Kline
(1977). In the experiment, 1 x 10° axenic trophozoites were
intraportally injected in control and radiated hamsters 48
h after radiation and 3 h after the intraperitoneal injection of
16 mg of glycogen in 1.0 ml of PBS (which was repeated
every 24 h); in addition, some control and all radiated
hamsters were injected with 40 pg of CVF 24 h before
the administration of amoebas. Groups of four animals of
each of the three series (controls, controls + CVF and
radiated + CVF) were sacrificed 6, 24, 48 and 72 h after
the injection of trophozoites.

A summary of all experiments described appears in
Table 1.

Results

Leukopenia resulting from whole body radiation of
hamsters with 800 rad is illustrated in Fig. 1. It takes 48
h for the peripheral PMNs count to reach from slightly over
10000 to less than 300 cells'mm?, and it remains at this
level until the animal dies, usually after 7 days. An inter-
esting result observed in our controls injected with amoebas
was the transient peripheral leukopenia 6 h after the injec-
tion of the parasites, which was still present after 24 h and
was replaced by leukocytosis after 96 h (Fig. 2). Hamsters
injected intraportally with 1 x 10® axenic trophozoites 2
h after whole body radiation with 800 rad and sacrificed 24
h after the injection revealed liver lesions differing from
controls in size and degree of inflammation, but still
characterised by dense infiltration of PMNs and MOs
surrounding well-preserved amoebas and minimal hepato-
cyte damage, restricted to the immediately surrounding liver
tissue (Figs. 3A and B). On the other hand, control animals
sacrificed 6 days after the injection of amoebas showed
enlarged livers with more advanced lesions, with prominent
necrobiosis of PMNs and MOs, liver cell necrosis and many
well-preserved amoebas, whereas radiated hamsters also
sacrificed after 6 days showed normal-size livers with very
small or no lesions, and poorly preserved or no amoebas
(Figs. 3C and D). The same experiment performed 24 h after
radiation showed essentially the same results. On the other
hand, when the intraportal injection of 1 X 10° axenic
trophozoites was made 48 h after total body radiation, the

results were different to the previous experiments because in
radiated animals sacrificed only 6 h after the injection of
parasites, the liver revealed lesions and amoebas identical to
those present in control animals sacrificed at the same
period, in radiated animals sacrificed 24 h after the admin-
istration of axenic trophozoites there were very small lesions
with few necrobiotic inflammatory cells and few amoebas,
whereas in radiated animals sacrificed 96 h after the
injection of trophozoites there were neither lesions nor
amoebas. Thus, when virulent amebic trophozoites reach
the liver soon after radiation, they are still able to stimulate
inflammation and initiate an early lesion, which subsides
and disappears as leukopenia becomes more advanced.
Once leukopenia is established, little or no tissue damage

Fig. 4. Histology of AEALAH in control and radiated animals that were
injected with amoebas 48 h after radiation. (A) Microscopic aspect of
AEALAH in control 6 h after injection of amoebas, with the well-preserved
parasites (A) surrounded by inflammatory cells, mostly PMNs, and very
little liver damage. (B) Histology of the liver in a radiated hamster 6 h after
injection of amoebas, showing a well-preserved parasite (A) without any
inflammatory cells around it and no liver cell damage. India ink (1) is
present in many close sinusoids, indicating the absence of ischemia. (C)
Histology of the liver of a radiated hamster 24 h after injection of amoebas,
with very few and poorly preserved parasites (A), no inflammation and no
tissue damage. India ink (I) is present in many close sinusoids. PAS stain.
Scale bars represent 50 pm.
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Fig. 5. Microscopic aspect of the liver of a hamster 6 h after intraportal
injection of Superdex microspheres mixed with amoebas. The area of
ischemia is apparent by the sharply delineated zone of discolored liver cells
where India ink (I) fails to enter the sinusoids. Superdex microspheres (M)
and amoebas (A) are not surrounded by inflammatory cells and there is no
necrosis. PAS stain. Scale bar represent 100 pm.

is elicited by amoebas, which disappear in less than 24 h. In
the experiment with enhancement of radiation-induced leu-
kopenia by intraperitoneal glycogen injection every 24 h,
complete absence of PMNs and MO infiltration was
achieved near amoebas, which remained visible and well
preserved, lying blandly in the liver sinusoids and in contact
with undamaged hepatocytes for as long as 6 h; after 24 h,
there were only very few remnants of amoebas still without
any inflammation or liver cell damage in their vicinity, and
after 48 h no amoebas or lesions were observed (Figs. 4A—
C). The experiment to examine the influence of ischemia in
the survival of amoebas in early AEALAH in the absence of
inflammatory cells, performed with Superdex 75 micro-
spheres mixed with axenic trophozoites, showed in radiated
animals sacrificed 6 h after injection of trophozoites well-
preserved amoebas without surrounding inflammatory cells
lying in the midst of ischemic areas, which appear as sharply
outlined, irregular groups of lightly stained hepatocytes;
India ink failed to enter the sinusoids within the ischemic
areas (Fig. 5). After this period, no amoebas were visible,
although ischemic areas remained detectable for as long as
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Fig. 6. Effect of injection of CVF on hamsters, on the amoeba-killing
capacity of hamster serum in vitro. After 24 h, there is a 70% decrease in
the serum capacity to destroy amoebas, and after 48 h, the capacity is
completely lost, and remains the same after 72 h of injection.

Fig. 7. Combined effect of leukopenia and hypocomplementemia on the
development of AEALAH. (A) Histology of AEALAH in a hypocomple-
mentemic animal, 24 h after injection of amoebas, showing many well-
preserved parasites (A) and abundant inflammatory cells with incipient
tissue destruction. (B) Microscopic aspect of the liver in leukopenic +
hypocomplementemic hamster, showing no inflammation, no liver damage,
presence of India ink (I) in many close sinusoids and amoebas (A) blandly
lying in sinusoids. No amoebas were observed after 48 h. PAS stain. Scale
bars represent 50 pm.

72 h. Prolonged (7 days) and profound hypocomplemente-
mia secondary to administration of purified CVF to ham-
sters was achieved, as determined by average of 0.25 CH50
units (normal: >100 CH50 units) in the serum of the animals
given CVF, and by the complete loss of in vitro amebic-
killing capacity of undiluted serum obtained from hamsters
1, 2 and 3 days after injection of a single dose of CVF (Fig.
6). Radiated hamsters injected with CVF 24 h after radiation
and amebic trophozoites 48 h after radiation and receiving
16 mg of glycogen intraperitoneally every 24 h revealed
well-preserved amoebas without inflammatory reaction or
liver cell damage 6 and 24 h after injection; amoebas were
no longer present after 48 and 72 h (Figs. 7A and B). On the
other hand, control animals which were also injected with
CVF 24 h before receiving the same number of intraportal
trophozoites showed amoebas surrounded by little inflam-
mation after 6 h, but after 24, 48 and 72 h, the liver lesions
were similar in number and extension as in otherwise
untreated controls.

Discussion

Two major points may be derived from the results of the
experiments reported herein. (1) In the absence of inflamma-
tory cells, virulent E. histolytica trophozoites cause little or no
liver tissue damage in hamsters. This was first suggested by



A. Olivos-Garcia et al. / Experimental and Molecular Pathology 77 (2004) 6671 7

Tsutsumi et al. (1984) and Tsusumi and Martinez-Palomo
(1988) from morphologic studies of early AEALAH. More
recent studies, however, have shown that in other experimen-
tal situations, amoebas do cause tissue injury in the absence of
PMNs (Rivero-Nava et al.,, 2002; Velazquez et al., 1998),
suggesting that in different animal species and in tissues other
than the liver, the factors contributing to amoebic cell and
tissue damage may also be different. (2) The absence of an
inflammatory response to E. histolytica present in the hamster
liver invariably results in the early disappearance of the
parasite from the tissue. Amoebas remain well preserved in
the liver only for 6 h and are either absent or very diminished
in number and clearly undergoing destruction after 24 h. The
suggestion that amebic disappearance is due to lysis by seram
C, which in the absence of the ischemia created by the
inflammatory lesion is able to reach the trophozoites and
destroy them, is not supported by our experiments with CVF,
since amoebas still disappeared in leukopenic and deeply
hypocomplementemic hamsters, at the same time as in
leukopenic hamsters with normal serum C levels. Capin et
al. (1980) reported that in hamsters made hypocomplemen-
temic with CVF, amoebic liver lesions present 20 days after
injection of axenic trophozoites were larger than in control
animals, but their experimental animals were not leukopenic.
They interpreted their results as the consequence of increased
survival of amoebas. Previous work from our laboratory
(Pérez-Tamayo et al., 1990) aimed to examine the mecha-
nism(s) of resistance of rats to infection with the same
pathogenic strain of E. histolytica used in the present work
also ruled out inflammatory cells and C, but failed to disclose
the cause of the rapid amebic disappearance from the liver in
leukopenic and hypocomplementemic animals. The possible
role of the early ischemia that develops with the onset of
inflammation in AEALAH in control animals, with its
attending focal anaerobic microatmosphere which would be
favourable for parasite survival, is also not compatible with
our experimental results with focal ischemia produced in the
liver by intraportal injection of Superdex 75 microspheres
mixed with virulent amoebic trophozoites. In the absence of
inflammation, ischemia failed to preserve amoebas beyond
the time in which the parasites disappeared from the liver in
adequate control animals.

The two points mentioned above may be combined in
one statement: in early AEALAH, inflammation is necessary
Jor both tissue damage and amebic survival. It is not clear
why amoebas fail to survive in the absence of inflammatory
cells. The current notion that amoebas survive because they
resist the potent killing mechanisms of PMNs and MOs that
work so well with many other virulent microrganisms is
inadequate to explain the results of our experiments. Per-
haps the opposite may be true, that inflammatory cells
provide amoebas with some kind of stimulus necessary for
their survival in the liver. This sounds counterintuitive, but
nevertheless it may still be true, and we are currently
exploring such possibility. Analysis of the more complex
pathology of advanced experimental amebic liver abscess in

hamsters (EALAH), with extensive tissue necrosis, granu-
lomatous metaplasia of mononuclear cells, fibrous capsule
formation, massive proliferation of amoebas, coexisting
lesions of very different ages and conspicuous scarcity of
inflammatory cells, among many other elements not present
in AEALAH, suggests that EALAH is a more complex
biological process, in which both host and parasite probably
play different and changing roles. Before entering such
elaborate and difficult field, we should do well to concen-

trate on the (apparently) simpler problems presented by
AEALAH, namely, the basic requirements for amebic
trophozoites survival once they enter the portal vein.
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