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RESUNEN:

Cambios en los leucocitos de la cavidad peritoneal ocurren inmediatamente
después de la infeccion con cisticercos de T. crassiceps. Los baséfilos,
neutrofilos, macréfagos y mondcitos fueron escasamente reclutados, y fueron las
primeras poblaciones en disminuir, seguidos por los linfocitos que descendieron
después de la sexta semana. Los eosindfilos fueron la principal poblacion
inflamatoria infiltrada, aumentaron ripidamente hasta la octava semana y después
descendieron sin desaparecer. En ia infeccion tardia cuando el volumen de
parasitos puede igualar el peso del ratdn, los cisticercos crecen acompafiados de

escasas células inflamatorias.

Conviviendo con el exudado inflamatorio encontramos una significante
poblacién de células de apariencia extrafia, que pueden ser de origen mesotelial u
originadas por el parasito. Estas células son a menudo multinucleadas, tienden a
formar agregados y cuando son mantenidas en cultivo in vitro formaron
estructuras quisticas, son autofluorescentes, hibrida ron con DNA del cisticerco de
T. crassiceps y fijaron anticuerpos dirigidos contra los cisticercos de T

crassiceps.

Cuando el exudado peritoneal es reinyectado en ratones sanos, las células
extrafias son capaces de sobrevivir por meses, induciendo una respuesta inmune
contra los antigenos de 7. crassiceps e inmunidad protectora a posteriores

desafios con cisticercos.




Los cisticercos de T. crassiceps mantenidos en cultivo in vitro, liberan células
al medio de cultivo, morfolégicamente similares a las células extrafias observadas

en la cavidad peritoneal de los ratones infectados.

Los hallazgos sugieren que los cisticercos . crassiceps liberan células a la
cavidad peritoneal de los ratones, nosotros encontramos unas células de apariencia
extrafias que podrian originarse del parasito, sin embargo morfoldgicamente no
las podemos diferenciar de las células mesoteliales del huésped, que pudieran
participar en el rechazo del parasito. Por sus propiedades inmunogénicas y
antigénicas estas células extrafias pudieran estar involucradas en la confrontacion

huésped-parasito, principalmente en la infeccion temprana.
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ABSTRACT

Changes in the leukocyte population of the peritoneal cavity ensue immediately
after infection with Taenia crassiceps metacestodes. Basophils and neutrophils
rapidly decrease whilst macrophages, monocytes and lymphocytes increase to
reach only modest levels by 6 weeks and then progressively diminish to nearly
dissappear by 15 weeks, when the parasite begin rapid reproduction. Eosinophils
also appear early in infection but then abate to lower levels that persist longer than
do the other leukocytes. Thus, in late massive infections, when the mass of
cysticerci may equal that of the mouse, the cysticerci grow amongst surprisingly
few inflammatory cells. However, mingling with the peritoneal inflammatory
cells a significant number of odd-looking cells are identified, that could
correspond to host’s metaplasic mesothelial cells or be of parasite origin. These
cells are often multinucleated and tend to aggregate in varigerated clusters and
form cystic structures in vitro, they also bind specific anti-T. crassiceps
antibodies onto their surface and specific T. crassiceps DNA-probes in their
nuclei. When the peritoneal cell exudate is reinjected intraperitoneally into naive
mice the odd-looking cells subsist for months, inducing in the host the synthesis
of specific anti-T. crassiceps antibodies as well as immune resistance to
challange, but do not reassemble into cysticerci even after six months of
inoculation as do other isolated cysticercus cells. The early appearance and the
immunogenic and antigenic properties of these odd-looking cells suggest they arc
important protagonists in the early host-parasite confrontation when the outcome

of infection is set,




INTRODUCCION:

La neurocisticercosis humana (NCC) es una enfermedad causada por la larva
de la Taeniag solium. en la que el parasito se aloja y causa lesiones al sistema
nervioso central (Nieto 1982). que se asocian con diferentes manifestaciones
patolégicas, debidas a la combinacion de la respuesta inflamatoria. la topografia
de la lesion. el nimero de parasitos y en muchos casos la secuela de infestaciones
previas. La sintomatologia de la NCC puede vanar desde una aiteracion
neurologica discreta, hasta la mas dramatica alteracion cerebral, causando hasta la

muerte a los enfermos (Madrazo 1989, y Shriqui 1992).

La NCC es una enfermedad prevalente en muchos paises (Roman et al., 2000),
es comin en toda Latinoamérica, (de Kaminsky RG 1991 Chequer ef al., 1990.
Schenone ef al., 1982) exceptuando Argentina. Se encuentra en Asia (Pathak KM
1989), Africa (Dumas ef af., 1990), Australia (Mc Dowell ¢f af., 1990), y en
algunos paises de Europa (Garcia-Albea 1989). En México es una enfermedad
importante, en la poblacion abierta la seropositividad va desde 1.2 % (Larralde ef
al., 1992) hasta 10.8 % (Sarti er o/, 1992; 1994), recientemente se encontrd un
12.2 % en un grupo de soldados de poblacion urbana (Garcia-Garcia ef al., 1999).
La presencia de anticuerpos en estas personas sugiere que han tenido contactos
con la 7. solium, por lo que se consideran estar en riesgo de contraer NCC. La
NNC en México es la causa principal de epilepsia tardia (Del Brutto et af., 1988),
de neurocirugia en instituciones especializadas (Zenteno 1965), y se ha

encontrado entre el 2 y 3 por ciento de las necropsias {Rabiela 1979, Albores-
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Saavedra. 1971).

EL MODELO DE CISTICERCOSIS POR Taenia crassiceps

Un modelo experimental de cisticercosis permite explorar hipotesis que
serian imposible probar en seres humanos, asi también el estudio de la relacion
huésped-parasito en estos modelos permite conocer fendmenos que posiblemente
pueden extrapolarse a la cisticercosis humana. La T. crassicpes tiene como
huésped definitivo a los zorros y otros caninos y como huésped intermediario a
roedores principalmente ratones (Freeman 1962) (informacién mas detallada
acerca del ciclo de vida de T. crassiceps se encuentran en la introduccion del
articulo de esta tesis). La eleccion y utilizacion del modelo de cisticercosis murina
causada por 7. crassiceps se debe principalmente a las siguientes caracteristicas:
Los cisticercos de 7. crassiceps tienen gran similitud antigénica con T. solitm.,
por lo que sus componentes antigénicos se han propuesto como un sustituto de los
antigenos de . solium en ¢l inmunodiagnostico de NCC (Larralde er al., 1990).
Se ha observado la capacidad de proteccion cruzada de las mezelas antigénicas de
T. solium, en la cisticercosis murina de 7. crassiceps, por lo que ahora se estudia
la proteccidn de la cisticercosis porcina causada por I. sofium con los antigenos
de T. crassiceps (Cruz-Revilla er al., 2000). Estos cisticercos han sido usados
exitosamente para el estudio de la cisticercesis ocular, inoculando estos parasitos
en uno de los globos oculares de conejos (Cardenas ef al., 1989). Los cisticercos
de T crassiceps pueden perpetuarse ficilmente a través de inoculaciones

sucesivas en ratones, que desarrollan grandes cargas parasitarias, el tamaiio
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macroscopico de los cisticercos permite contarlos y medirlos para hacer
evaluaciones mas precisas (Freeman 1962). Ademas, aunque no es frecuente, han
aparecido casos de personas infectadas por cisticercos de 7. crassiceps, en las que
ha causado principalmente cisticercosis muscular y ocular, estos pacientes se han
caracterizado por ser personas inmunocomprometidas o personas con SIDA, en
las que la cisticercosis por I. crassiceps aparece como un agente oportunista
(Freeman er al . 1973; Shea ¢r af , 1973; Klinker ef al., 1992; Arocker-Mettinger

et al., 1992: Francois ef al , 1998),

INMUNOLOGIA DE LA CISTICERCOSIS

La NCC es una enfermedad dindmica en la que se mezclan factores
socioecondmicos y bioldgicos del huésped como la heterogeneidad de la respuesta
inmune y la sintomatologia con factores del parasito como el nimero de
cisticercos desde uno hasta infecciones masivas o el cisticerco recemoso que se

presenta en un tercio de los casos de NCC (Flisser et al., 1997},

Respuesta inflamatoria;

En los pacientes de NCC la respuesta inflamatoria en contra de los cisticercos,
es pequefia cuando existe, pero generalmente esta ausente (Escobar 1983),
fenomenos inflamatorios semejantes se han observado en cerdos cisticercosos,

que se han infectado de manera natural y experimental {de Aluja et al., 1988).




En los cerdos infectados es frecuente observar cisticercos rodeados por
una capsuia de células gigantes, formadas al parecer por macrofagos del huésped.
Los neutrofilos y basofilos generalmente no se encuentran en las zonas cercanas
al parasito, los eosindfilos son el grupo de células que aparece constantemente (de
Aluja er al, 1988), estas caracteristicas de la respuesta inflamatoria también se
han observado en T. crassiceps, (Good et al., 1982) y T, raeniagformis (Mitchell

etal., 1982).

Inmunidad celular:

Se ha observado que la inmunidad celular de los enfermos de NCC esta
disminuida, esto se ha determinado al medir la respuesta en piel a los antigenos de
Mycobacterium tuberculosis (PPD derivado de proteina purificada) y al estudiar
la proliferacién blastoide de linfocitos T estimulados con fitolaca americana,
fitohemaglutinina, y concanavalina A (Flisser er al, 1982). Los estudios de las
poblaciones celulares y citocinas en el liquido cefelorraquideo de los enfermos de
NCC, han encontrado una respuesta inmune mediada por una heterogeneidad de
poblaciones celulares y citocinas del tipo Thl y Th2 con predominancia de

respuesta Thl y la citocina 1L-12 incrementada (Restrepo ef al 1998).

Estudios con la cisticercosis de 7. crassiceps sefialan, que la respuesta inmune
celular se inhibe durante la infecciéon, al medir la disminucion de la
hipersensibilidad retardada en el cojinete plantar de los ratones, en respuesta a

antigenos del cisticerco (Bojalil ¢/ a/ 1993). Resultados similares se han




encontrado en T. taeniaformis (Williams ef al 1982), (para més informacion ver la

introduccion y la discusion del articulo de esta tesis).

Inmunidad humoral:

Muchos de los enfermos de NCC responden contra la presencia del pardsito
sintetizando anticuerpos en contra de los antigenos del cisticerco. Los anticuerpos
detectados son principalmente de tipo 1gG seguidos por IgM y en algunos casos se
detectan anticuerpos de tipo IgA e IgE (Flisser ef al., 1982; Ostrosky-Zeichner er
al, 1996). Sin embargo es también conocido que una fraccion importante de
enfermos de NCC no sintetiza anticuerpos en contra del cisticerco (Ramos-Kuri ef
al. 1992}, la falta de anticuerpos se ha relacionado principalmente con el nitmero
de parasitos y el estado del desarrollo o degeneracién de los parasitos (Sotelo
1985). Sin duda la inmunologia humoral de la cisticercosis es la mas conocida lo

que ha permitido su aplicacion al inmunodiagnéstico NCC (Flisser et al., 1988)

Estudios de inmunidad humora! en el modelo murino de 7. crassiceps, han
mostrado que existe una relacton directa entre el nimero de parasitos y el titulo de
anticuerpos circulantes. Se sospecha que la respuesta inmune humoral no esta
invelucrada directamente en la proteccion dal huésped contra el parasito (Sciutto

et al., 1990).

Complemento:




Las proteinas del complemento juegan un papel relevante en la eliminacion
temprana de los agentes infecciosos. Se conoce que el cisticerco ha de;arro!lado
mecanismos de evasidn a través de la paramiosina que interaccionan con la
proteina Clq inhibiendo la via clasica del complemento (Laclette et af., 1990).
También los antigenos del cisticerco podrian inhibir la via alterna del
complemento. a través de residuos eglucosidicos en sus proteinas. ya que los
residuos de édcido sidlico en las proteinas del cisticerco podrian inhibir la

activacion de C3b en la via aiterna del complemento (Williams ef af., 1980).

PLANTEAMIENTO DE LA INVESTIGACION

Investigamos la magnitud de la respuesta inflamatoria, y el desarrollo de los
metacéstodos en la cavidad peritoneal de los ratones infectados
experimentalmente con cisticercos de 7. crassiceps {mas informacidn acerca de
la biologia y la relacion huésped-parasito de 7. crassiceps se encuentra en la
introduccion del articulo de esta tesis). Pensamos que la participacion de la
respuesta inflamatoria temprana, es un importante protagonista para la proteccion
del huésped, que podria definir la eliminacién o la instalacion del parasito. Este es
el primer trabajo en este parasito, que explora los eventos muy iniciales en la
infeccién temprana del huésped y del parasito. Encontramos que el huésped fue
capaz de montar una respuesta inflamatoria tempranamente, que desvanece
conforme la infeccién avanza, Ademas presentamos evidencias de la existencia de
unas células de apariencia extraiia, que conviven con el exudado inflamatorio, que

aqui trataremos de definir y describir.




- OBJETIVO PRINCIPAL:
Investigar el tipo v frecuencia de las células de la respuesta inflamatoria y
fa evolucién de los metacéstodos en la cavidad peritoneal de los ratones

infectados intraperitonealmente con cisticercos de 7. crassiceps.

OBJETIVOS SECUNDARIOS:

Describir morfologicamente las poblaciones celulares de la cavidad
peritoneal de los ratones infectados participantes en la respuesta inflamatoria
temprana (desde 1 dia) y tardia (hasta & meses).

Investigar los eventos iniciales de la infeccion y la cinética de crecimiento,
de los cisticercos de T. crassiceps inoculados en la cavidad peritoneal de su
huésped murino.

Determinar que los cisticercos de 7T. crassiceps y las células
intraperitoneales de los ratones infectados son fluorescentes por su contenido de
porfirinas.

Estudiar el comportamiento de las CIP de ratones infectados en
condiciones de cultivo in vifro.

Determinar ¢l origen de las células del la cavidad peritoneal de los ratones
infectados, a través del uso de sondas de DNA de T. crassiceps y anticuerpos
dirigidos contra antigenos de los cisticercos de T. crassiceps.

Estudiar la evolucion de las CIP obtenidas de ratones infectados al

inocularlas intraperitonealmente en ratones sanos.




A continuacion se presentan copias del articulo que se desarrollo durante el
trabajo de tesis {aceptado para su publicacion en el Journal of Parasitology) y
resultados adicionales: visualizacion de la fluorescencia por porfirinas en los
cisticercos de 7. solium y el analisis de porfirinas en el fluidos vesicular de los
cisticercos de 7. crassiceps y en lisados de células intraperitoneales de ratones

infectados.




Gerald W. Esch, Editor
Department of Biology
Box 7629, Reynolda Station

PARASHT@L@GY W;:ake Forest Uni»::rsi:%
Founded b1 He‘l"}' Baldwin Ward Winston-Salem. NC 27109
Nav 23, 2000

The Journal of

Mr. Alejandro Padilla

Deparunent of Imumunclogy

Lusttuts de Tnvestigaciones Bivtedicas
Universidad Nacional Autiuoma de Mexico
Apartado Postad 70228

Mexico D.F., MEXICO

Dear Mr, Padilia,

This is 10 inform you shat vour ms., GE-2145, has been accepted for publication in the
Joumat of Paras:ivlogy, pending appropriate revision.

Ftrust this [2zter wall satisfy the balance of your requirements for your Ph.D. degree.

With kindes? regacds. | am

Si ly yours, —

Gerald W. Esch
Editor
Joummnal of Parasitology




RHPADILLA ET AL.- ODD-LOOKING CELLS IN TAENI4 CRASSICEPS

CYSTICERCOSIS

EVANESCENT INFLAMMATORY INFILTRATE AND ODD-LOOKING
CELLS IN MICE PERITONEAL CAVITY INFECTED WITH TAENIA

CRASSICEPS CYSTICERCI

Alejandro Padilla, Tzipe Govezensky, Edda Sciutto, Luis F. Jimenez-Garcia
® Maria E. Gonsebatt, Patricia Ramirez, and Carlos Larralde+
Instituto de Investigaciones Biomédicas, Universidad Nacional Auténoma de

Mexico; A.P. 70228, 04510 México D.F.; México

ABSTRACT: Changes in the leukocyte population of the peritoneal cavity ensue
immediately after infection with Taemia crassiceps metacestodes. Basophils and
neutrophils decrease, whereas macrophages, monocytes, and lymphocytes
increase to reach only modest levels by 6 wk and then diminish to nearly
dissappear by 15 wk when the parasite begins rapid reproduction. Eosinophils
also appear early in infection, but then abate to lower levels that persist. In late
infections, when the mass of cysticerci equals that of the mouse, the cysticerci
grow among surprisingly few inflammatory cells. Mingling with the peritoneal
inflammatory cells is a number of odd-looking cells which could correspond to
host’s metaplasic mesothelial cells or be of parasite origin. These cells are
multinucleated, to aggregate in vangerated clusters, and form cystic structures in

vitro, they also bind specific anti-T. crassiceps antibodies and specific T,
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crassiceps DNA-probes in their nuclei. When the peritoneal cell exudate is
reinjected intrapenitoneally into naive mice, the odd-looking cells subsist for
months, inducing in the host the synthesis of specific anti-7. crassiceps antibodies
and immune resistance to challenge, but do not reassemble into cysticerci even
after 6 mo of inoculation. The early appearance and the immunogenic and
antigenic properties of these odd-looking cells suggest they are important
protagonists in the early host-parasite confrontation when the outcome of

infection is set,

Tacnia crassiceps (Zeder 1800, Rudolphi, 1810) is a tapeworm whose adult
form is usually found in the intestine of European and North American red foxes.
In natural infections, larval stages, or cysticerci, develop subcutaneously near the
axillae, the rib cage, neck, and. less frequently, between the scapulae and in the
inguinal region. Infection of peritoneal or pleural cavities are usually
accompanied by infection at another site (Freeman, 1962). The cysticercus
reproduces asexually by budding. This has greatly facilitated the study of T.
crassiceps since the cysticercus can be maintained in the laboratory by serial
intraperitoneal (i.p.) inoculation of cysts into mice (Freeman, 1962; Dorais and
Esch, 1969; Culbreth et al,, 1972). The experimental i.p. murine infection with 7.
crassiceps is a plentiful source of cross-reacting antigens useful in
immunodiagnosis of human cestode diseases (Gottstein et al., 1986, Larralde et
al., 1990: Vaz et al, 1997) and is also practical for testing candidate vaccines
against porcine Taenia solium cysticercosis (Sciutto et al., 1995; Manoutcharian

et al, 1996). Murine cysticercosis is also a manageable experimental system to




explore the role of biological factors involved in host susceptibility (Chernin,
1975), to assess the role of genetic background in infections (Fragoso et al,
1998), to study the modulation of cellular and humoral immune mechanisms
(Hermanek and Prokopic, 1989; Seifert and Geyer, 1989, Bojalil et al.,, 1993) as
well the nature of inflammatory and immunocompetent cells (Toenjes et al,
1999), and to examine the endocrinological changes occurring in the host during
infection (Larralde et al, 1995). These notable features make experimental 7.
crassiceps murine cysticercosis an increasingly interesting laboratory model with

which to explore basic questions of cestode parasitic diseases.

There is, however, not much information regarding the very early period after
experimental infection of the murine peritoneal cavity with 7. crassiceps
metacestodes, when important interactions belween_ host and parasite probably
take place. Previous studies report slow parasite development during the first 10
days or so of experimental infection, but thereafter the parasites quickly reproduce
to reach huge masses equaling the weight of the host in about 6 mo (Freeman,
1962; Dorais and Esch, 1969; Culbreth et al., 1972; Chemin, 1975, Kroeze and
Freeman, 1982; Larralde et al., 1995). Recent studies of the infected peritoneal
cavity 10 days after infection, identified several subsets of B and T cells
(B220°CDS", B220°CD5,, afTCR'CD4" and CD8") that dynamically change
during the course of a successful infection in relation to changes in IL-10, INF- vy,
and IL-4 (Toenjes et al, 1999), supnorting the idea of a decline in Thl/Th2

modulation involved in this host-parasite relationship (Terrazas et al., 1998).




However, in vaccination experiments, it was noted that immunity either restrains
parasite reproduction during early infection (first 10 days or so) or not at ali, as if
a single or a few cysts capable of evading destruction during early infection would
suffice to eventually colonize the host massively (Sciutto et al., 1991). Based on a
description of the cellular composition present in the challenged ip.
compartment, when the outcome of infection is still undecided. we undertook a
study of the cell numbers and composition inside the infected peritoneal cavity
beginning on the very first day of infection; we expected the cells would be
numerous and essentially leukocytic in nature. We were, however, surprised at
what we observed. Initially, inflammation is rather scant and transient:
evsinophils predominaie. Moreover, there was a prominent population of odd-
looking cells of obscure host or parasite origin that is immunologically functional
and potentially decisive for the outcome of infection. Here, we describe these
cells and attempt to define their origin and possible function/role in the early

infection by larval T. crassiceps in mice.

MATERIAL AND METHODS

Mice

Adult, 4-6 wk old, inbred BALB/cAnN mice of both sexes were used. They were
originally purchased from Jackson Laboratories (Bar Harbor, Maine) in 1982, and
have been raised and kept in controlled conditions at our animal facilities for

more than 20 generations,
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Experimental infections

T. crassiceps metacestodes. ORF strain, were used in all experiments. They were
maintained by serial i.p. inoculation in donor BALB/c female mice. Larvae for
experimental infections were obtained from donor BALB/c female mice after 4-6
months of infection; motile, small (2 mm), complete cysticerci without visible
buds were always selected for use. Two procedures were used to inoculate
parasites into groups of three male and three female mice: a) Injection: this
procedure consists in percutaneous i.p. inoculation of each mouse with 10
parasites suspended in PBS (0.15 M NaCl, 0.01 M sodium phosphate-buffer, pH
7.2) through a syringe equipped with a 25x16 mm needle, a procedure which
usually disrupts most parasites; ip. metacestodes were then recovered by
peritoneal washes with PBS and counted after 0, 1,4 daysand 1, 2, 3, 4, 8,16 y 24
wk of infection; b) Implantation: this procedure consists in the i.p. inoculation of
1 parasite (5 mm) through a syringe equipped with a number 16 needle of 3 mm
in diameter in the anesthetized mouse (with 25 mg/Kg sodium pentobarbital
{Smith Kline, Mexico)), a procedure that does not disrupt the parasite. Lp.
metacestodes were recovered and counted after 0, 1, 4 days and 1, 2, 3, 4 wk of

infection.

Differential counts of intraperitoneal cells

Three male and three female mice per group were infected by the injection




procedure. After 0, 1, 4 days and 1, 2, 3, 4, 5, 6, 8, 16, 24 wk of infection, i.p.
cells were extracted from mice after euthanasia with ether. The abdomen was
surgically opened and the peritoneal walls were elevated with forceps to facilitate
manipulation, The peritoneal cavity and all its organs were washed 3 times with 4
ml of PBS and the liquid washings were collected in 15 ml tubes. All cysticerci
and visible debris were carefully removed Immediatelv afterwards. the tubes
were centrifiged at 1,200 rpm for 10 min, at 4°C and the cell pellet was
resuspended in 1 ml PBS. Lp. cells were stained and counted with trypan blue
{Gibco, Chagrin Falls, Ohic). Giemsa stained smears were prepared for all mice
and differential counts were done in randomly chosen fields in 300 to 400 ceils
per triplicate in each slide. The morphologic identification of inflammatory t.p.

cells was done as described by Kapff and Jandl, 1984.

Parasite antigens

Total antigens were collected form cysticerci that were harvested from the
peritoneal cavity of infected mice by aspiration with a syringe and exhaustively
washed with PBS. Excess PBS was eliminated and samples were centrifuged at
20,000 rpm at 4°C for 1 hr to obtain the clear and cell free supernatant vesicular
fluid. The supernatant fraction was collected and its protein concentration
measured by Lowry’s method (Lowry et al,, 1951) and frozen at -70°C until used

(Larralde et al., 1990).

Polyclonal anti-serum




Polyclonal serum was obtained from a rabbit immunized 5 times, at intervals of
two wk, with | mg of total protein/kg of 1. crassiceps cysticerci’s vesicular fluid.
The first two immunizations were done intramuscularly using Freund’s Complete
Adjuvant (v/v) (Sigma, St. Louis, MO), and the last three times with Freund's
Incomplete Adjuvant (v/v) (Sigma, St. Louis. MO} as described in detail

elsewhere (Dominguez et al., 1998).

Immunofluorescence studies

An indirect immunofluorescence assay was pertormed on 1. p. cells obtained from

control as well as parasitized mice. Smears were prepared in slides with drops

containing 10* i.p. cells. They were fixed in a mixture of 50% methanol /50%
acetone for 2 minutes and rinsed once with PBS. (Spector et al, 1993).
Preparations were incubated independently with 50 1 of normal rabbit serum or
polyclonal rabbit antiserum against T. crassiceps vesicular fluid (diluted 1:20 in
PBS containing 3% bovine serum albumin BSA (Sigma, St. Louis, MO)). Cell
preparations were incubated at room temperature in a humid chamber for 30 min
and were subsequently washed 5 times with PBS. Antibodies attached to the i. p.
cells were identified by adding a second antibody coupled to fluorescein
isothiocyanate directed against rabbit IgG (Sigma, St. Louis, MO) diluted 1:100 in
3% BSA/PBS and incubated as done for antiserum. Subsequently, slides were

washed 3 times with PBS and were analyzed in an Olympus fluorescence
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microscope with a blue filter (Olympus U-MNB; excitation wavelength at 470~
490 nm}. Antibody specificity was tested by inhibition of the immunoreaction by
pre-incubating 100 pi of polyclonal rabbit antiserum with 100 pl of 1. crassiceps

cysticercus vesicular fluid (200 pg/ml) for 30 min at room temperature.

In situ DNA hybridization

This method is based on the specific identification of DNA sequences by a
fluorescence-labeled DNA sequence (Ramirez et al, 1997). Lp. cells were
obtained by peritoneal washing using 3 ml of PBS-heparin (10 u/ml) from mice
after 4 wk of infection, and trom healthy mice. Cells were centrifuged at 1,200
rpm for 10 min at 4 °C and fixed by resuspending them in 5 ml cold methanol-
acetic acid (3:1v/v). Subsequently, one drop from each group of i.p. cells were
placed on a slide, left to dry and kept in liquid nitrogen until used. KETc7
sequence was used as a probe to specifically detect cysticercal cells. KETc¢7 is a
gene segment of 485 bp, isolated from a complementary DNA library prepared
from T. crassiceps cysticerci (Manoutcharian et al., 1996) that specifically reacts
with cysticercal cells but not with cells from different mouse tissues (Uribe, 1998)
and induce some degree of protection to experimental challenge (Rosas et al.,
1998). The cDNA probe was labeled with 14dATP-biotin by nick translation at
our laboratory (BioNick Labeling System, Gibco BRL, Gaithersburg, MD).
Hybridization was performed following the procedure by Ramirez et al. (1997)

which consists in submerging the prepared slides in a denaturing solution (70%
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formamide, 2x SSC: 0.3M NaCl, 0.03M sodium citrate, pH=7) for 3 min at 70°C.
The slides were then dehydrated by 2 min serial submersions in methanp] 70, 85
and 100%, and then prepared for hybridization, pre-incubating them at 37°C.
Hybridization cocktail (20 ng DNA probe, 1 mg sonicated salmon sperm DNA,
55% formamide, 1x SSC and 10% dextran sulfate in a 10 ul volume) was heated
at 70°C for 3 min to denature the probe and then placed on the hybridization slides
overnight at 37°C in a humid chamber. Subsequent washings were done with 60%
formamide, 2 x SSC, three times for 5 min each and placed once in 2x SSC, at
45°C for 5 min. Slides were washed with PN buffer (0.1 M phosphate buffer,
pH=8, containing 0.5% Nonidet-P40) at room temperature. The hybridization
signal was detected using fluorescein-conjugated avidin (2.5 pg/ml in PNM; PN
buffer containing 5% milk supernatant), followed by a fluoresceinated and
biotynilated monoclonal antibody directed against avidin (3 pg/ml in PNM). This
reaction was magnified by the final addition of fluorescein-conjugated avidin. To
contrast the fluorescent signal 1% propidium iodide was used. Hybridizations
were analyzed in a Olympus fluorescence microscope with a blue filter (Olympus

U-MNB; excitation wavelength at 470-490 nm).

Flow cytometry studies

Unlabeled i. p. cells were analyzed by flow cytometry. 1. p. cells were obtained

from 3 male and 3 female mice per group afier 0, 2, 4, 8 16 and 24 wk of

infection with cysticerci and studied individually. Contro! . p. cells were obtained



from intact mice and from mice stimulated with 100 pg FCA two wk earlier. L. p.
cells were washed 5 times with cold PBS and fixed with 1% para-formalhedyde in
PBS. Alli. p. cells were analyzed by flow cytometry (Becton Dickinson, equipped
with a laser beam (15 mW argon ion), excitation wavelength at 488 nm and
emission filter at 585 + 26 nm). A total of 10,000 cells per sample were analyzed

with the FACscan software (Becton Dickinson).

Effect of i.p. cell transplantation

Lp. cells were extracted from mice after 1 to 6 months of infection. These cells
were then filtered through a 250p mesh, and their viability assessed by trypan
blue exclusion. 15 x 10° viable cells in 400 ! of PBS were then inoculated i. p. to
groups of 10 BALB/c female mice, 4 wk old. After 1 and 6 months, the recipient
mice were bled under ether anesthesia and serum levels of anti-T. crassiceps
antibodies measured by ELISA (Larralde et al, 1990). Later on, mice were
sacrificed by cervical dislocation to search for cysticerci in the peritoneal cavity
and to obtain i.p. cells. Morphologic and flow cytometry studies were carried on
recovered i. p. cells. To asses the i. p. cells’ immunological activity they were
injected i. p. into normal female mice previous to a standard challenge infection
(10 cysticerci per mouse injected i. p. as described above). Three groups each of
six BALB/c female mice 4 wk old were tested in protection studies. A control
group received 15 x 10° ip. cells obtained from infected mice and was not

challenged. Another control group was inoculated with PBS and was challenged




10 days later. The experimental group received 15 x 10° i.p. cells from infected
mice and was challenged 10 days later. Four wk after challenge, all mice were
sacrificed bv cervical dislocation under ether anesthesia, and the number of

parasites in their peritoneal cavities was counted.

Ln vitro studies

Cell aggregation and vesicle formation by i.p. cells from infected mice were
studied under tissue culture conditions. L p. cells collected from peritoneal cavity
of mice after 4 wk of infection were centrifuged at 1,200 rpm. 15 x 10° i. p.cells
were placed in sterile tubes with 10 ml of RPMI medium (Gibco BRL, Grand
Island, New York) supplemented with amino acids and 10% bovine fetal serum
(BFS) (all Gibco, BRL), and incubated at 37°C in a 5% CO, atmosphere. 1. p.
cells sedimented at the bottom of the tubes in a few minutes but were collected
after 2 and 12 hrs of incubation, when smears were prepared for microscopic
observation by fixation with absolute methanol for 2 min and staining with
Giemsa (Stevens, 1992). Cell-sheding by cultured cysticerci were studied as
follows: T. crassiceps cysticerci were extracted from BALB/c female mice after 4
wk of infection and were thoroughly washed with sterile PBS (6 times with 40 ml
each washing) to minimize the number of host’s cells possibly adhering to the
surface of metacestodes. Subsequently, 100 washed parasites were placed in
culture tubes and supplemented with RPMI medium to reach a 10 ml volume.
Tubes were then incubated at 37°C and 5% CO,. After 2, 4, 5 and 24 hrs, tubes

were gently shaken and cysticerci allowed to sediment before 5 ml of the




supernatants were taken and centrifuged at 1,500 rpm for 10 min at 4°C to recover
shed cells and analyze them without labeling, by flow cytometry and by optical
microscopy after smearing and staining {(Giemsa) the cell suspensions on glass

slides.

Statistical analysis

Statistical significance was analyzed by f-test or analysis of variance and the
post-hoc Tukey's test as required by each experimental design (Milliken and

Johnson, 1984).

RESULTS

Dynamics of cellular infiltrate in the peritoneal cavity

Differential counts of 7. crassiceps infected mouse i.p. cells were made to
identify the type of inflammatory cells infiltrating the peritoneal cavity at different
times after infection (Fig. 1). Total leukocytes fluctuate through time of infection
in both male and female mice; they iscrease from normal levels (2.7 x 10%) to
reach a maximum (10.9 x 10%) 4-8 wk after infection and then progressively
decrease, reaching close to their initial levels at 16 wk. Eosinophils (the most
abundant leukocytes in this infection) increase rapidly (in the first couple of days)
from close to zero to about 7.1 x 10° cells by the 4™ wk, and then decrease to

about half of the maximum levels (3.1 x 10° cells at 24™ wk). Monocytes and




macrophages behave similarly in both genders, increasing slightly after 2 wk
{from 0.4 to 0.9 x 10°) of infection and then declining again to initial levels by 4
wk. Lymphocyte kinetics are the same for male and female mice, but cell numbers
are slightly greater in females than in males, reaching a maximum (5.1 x 10°) 6-8
wk after infection and then returning to normal levels (1.7 x 10°) 16 wk after
infection. Basophils and neutrophils are very scarce in normal mice (0.5 x 10%),
but they decrease notably and remain low during infection (Fig. 1). In contrast,
the counts of i.p. inflammatory cells stimulated with 100 pg of FCA reach 125 x
10° and 99.7 x 10° i.p. cells in female and male mice, respectively, 1 wk after

tnjection.

Microscopic inspection of i.p. cell-smears from infected mice readily allowed
the identification of a population of odd-looking cells mingling with the
leukocytes. These odd-looking cells are round, large (10-20 micron), and
basophilic, with abundant cytoplasm, few vacuoles, and non-lobulated single, or
multiple, nuclei (Fig. 3). Many are single cells, but they are frequently found
forming small aggregates as pallisades or quasi-tubular structures around a
centrally-located larger cell. The odd-looking cells were found regardless of the
inoculation method, e.g, injection or implantation of cysticerci, and they
increased progressively in number until the 5th wk, when their number began to
decrease, but without totally disappeaning (Fig. 1). After 4 wk of infection, the
odd-looking cells became the main population inside the peritoneum (40%-50%

of the total cell counts).




Figure 1. Differential counts of inflammatory ceils, odd-looking cells and parasites
recovered from the peritoneal cavity of female (o) and male (0) mice injected with 7.
crassiceps in i.p. exudate samples collected at different times in the first six months
after infection; ajtotal number of leukocytes, b) basophils; ¢} neutrophils; d)
eosinophils, &) monocytes and macrophages; f) lymphocytes, g) counts of odd-iooking
cells increased in the six first wk after infection in both male and female mice, and
subsequently decreased, without disappearing. h) number of parasites. Observe that 4
and 7 days of infection there are no cysticerci in non of the mice analyzed, the
cysticerci progressively increased from the second wk after infection to reach
thousands of metacestodes per mouse after six months. Values plotted are cell mean

counts + SE in 3 mice at each time. * P<0.05 with respect to normal values (0 wk).
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Parasite counts

Two different forms of parasite inoculation were tested in an attempt to
minimize physical damage to the innoculated cysticerci during collection and
implantation procedures. The inoculation of cysticerci by syringe injection tore
the metacestodes, and parasite fragments were easily visible to the naked-eye.
One day after infection, the analysis of the penitoneal content showed a decrease
in number and size of the parasite fragments. which revealed attached cell clusters
apparently separating from the fragments (Fig. 2). During the first wk of infection,
the macroscopic parasite fragments completely disappeared and the first parasites
were macroscopically evident at the end of the second wk in females (6.3
cysticerci + 5.5 §.D), whereas in male nuce the cysticerci were evident at the end
of third wk of infection (5.3 cysticerci + 1.5 $.D). Thereafter , the cysticerci
reproduced massively by budding (Fig. 1). Likewise, 1 day after implantation of a
single complete cysticercus, parasites could not be found in 5 (3 male and 2
female) of the 6 mice observed, whereas the cysticercus in the remaining female
mouse had decreased in size. Four days later, the infecting metacestode was not
visible to the naked-eye and the microscopic analysis of the peritoneal exudate
revealed small fragments of the cysticercus, with abundant attached, apparently
shed, cells (Fig. 2). The complete metacestodes were evident to the naked-eye by
the end of the second wk in female mice (7.3 + 4.2 8$.D cysticerci per mouse} and

at the end of the third wk in male mice (1.7 £ 2.1 S.D cysticerci per mouse}; then

20




AN

Figure 2. a) Lp. fragment from cysticercus stained with Giemsa stain, collected one
day after infection. Notice the numerous adjacent and separating cells, which are
round, large (20 micron), eosinophilic, with abundant cytoplasm, few vacuoles, and

non-lobulated single or multiple nuclei,
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Figure 3. Light micrograph of various odd-looking celis found in the peritoneal cavity
of mice infected with 7. crassiceps: a-b) characteristic morphology of the odd-looking
cells; c-d) odd-looking cells forming small aggregates; e-g) mononuclated, binuclated

and trinuclated odd-looking cells forming different sorts of aggregates, h) the arrow

indicates to a basophil adhered to an aggregate of odd-looking cells (scale bar =5p).




the metacestodes reproduced massively by budding (data not shown).

Immunofluorescence studies

Inside the peritoneal cavity of T. crassiceps-infected mice, i.p. cells (Fig. 4b)
and cellular aggregates (Fig. 4a) reacted strongly with rabbit-polyclonal
antibodies against total 7. crassiceps antigens. This reactivity was observed from
the first day of infection until 4 wk after injection. The specificity of the reaction
was demonstrated by inhibition of a positive reaction when the polyclonal serum
was pre-incubated with 7. crassiceps antigens (Fig. 4c) and negative control cells

isolated from normal mice (Fig. 4d).

Immunological studies

The immunogenicity of ip. cells was tested by inoculating i.p. viable cells (the
cell viability of cells was determined immediately after their collection, and
nearly 100% were alive by trypan blue assay) from parasitized mice into naive
normal female mice. High levels of circulating antibodies against 7. crassiceps
antigens were found in recipient mice. Antibody titers increased progressively and
substantially along the 6 mo of the study (data not shown). Moreover, these
transplanted mice were subsequently challenged with 10 metacestodes, and
developed 23 + 14.53 cysticerci 1 mo after challenge, a significantly lower

parasite number when compared to the control naive female mice which
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Figure 4. Indirect immunofluorescence of i.p. cells and cellular aggregates using rabbit
polyclonal serum against T’ crassiceps cysticerci, Peritoneal cells obtained from
infected mice: a} illustrates a fluorescence cellular fragment with separating cells
(magnification 10X), b) shows free fluoresecent mixed with non fluorescent cells
{magnification 20X), c¢) fluorescence inhibition pre-incubated the rabbit polyclonal
antibodies against 7. crassiceps with total antigens of 7. crassiceps cysticerci; d) No

fluorescent i.p. cells obtained from healthy mice (magnification 20X).




developed 73 + 48.55 cysticerci per mouse when challenged with 10 metacestodes
(P<0.05, n=12 ). The cell transplantation experiments also showed that none (0 of
20) of the healthy mice inoculated with suspensions of i.p. cells (98% viability)
obtained from infected mice developed cysticercosis during the 6 mo of the study.
However, morphologic and flow cytometry sudies of the peritoneal celis of these
transplanted mice showed abundant odd-looking cells surviving in the peritoneal
cavity up to 6 mo after inoculation (24.3% at 1 mo and 18.2% at 6 mo of

infection).

In situ DNA hybridization

Many (about 25%), but not all, nuclei of i.p. cells of infected mice showed
positive in situ DNA hybridization using the KETc7 cDNA fragment a 7.
crassiceps cysticercus' probe. The positive nuclei were initially observed 1 wk
after infection, when no metacestodes were found in peritoneal cavity, and 4 wk
after infection, when there were many metacestodes inside the peritoneal cavity.
Positive nuclet showed a fluorescence pattern with multiple hybridization sites
(Fig. 5a). The cysticercus cDNA probe did not hybridize with the DNA of nuclei
obtained from heaithy mice (Fig. 5b) or with inflammatory i.p. cells collected in

peritoneal cavities of mice previously injected with Freund's Complete Adjuvant,

Flow cytometry (autofluorescence)

28




‘(avuxosalong
pox) apipor mrniprdoxd YA pIUTEISISUNOD AIom BTN V3] UNAM PaoTa §1193 d'T 10U 251w Ayieay IOy panEIqo
$[j20 "d'133yHRu JO YN Tesjonu yiim szipuqAy 1ou pip 3qoxd VNGO sy (9-q syutod uonezipugAy sjdnmuw s “eons

Po103JUL sdaorsspao 1 30 sfjao “d 1 Jo 19[onu AURT Yl UONEZIPUGAY (9ouadsalony usard) aatsod pemoys aqoid WND

oYL (& 121301540 Sda01ssD42 ] WOLJ PAIR[OS NP LOLAN Juisn ‘syja0 'd'1 o nonezipughy VNG mis 1y s amBig




Flow cytometry analysis (excitation wavelength at 488 nm and emission
wavelength at 585 nm) detected 2 main populations of autofluorescent cells
among the ip. cells from infected mice. The first was a population of low
intensity, which comprised 52% of the cells. The second possessed a greater
fluorescence intensity (the remaining 48%), and varied in size and granularity
(Fig. 6¢). The i.p. cells from healthy mice and those stimulated with FCA showed
a single population of low-intensity fluorescent cells, which comprised almost
100% of the celis (Figs. 6a, b, respectively). The highly fluorescent ip. cell
population from the infected mice was found during all mo of infection, but it

reached its maximum (60% of cell population) at 8 wk of infection (Figs. 7a-f).

In vitro cell behavior

Cell aggregation and vesicle formation of i.p. cells from infected mice was
studied under tissue culture conditions. After 2 hr of incubation, some of the t.p.
cells obtained from 7. crassiceps cysticercus-infected mice formed cell
aggregates, with the appearance of syncitia and, by 12 hr, cystic structures of
variable size (0.5-10 mm) were visible to the naked eye, floating free in the
culture medium (Figs. 8b, ¢). In vitro culture of cysticerci revealed that
metacestodes can also spontaneously shed odd-looking cells, morphologically
similar to those found in vivo in the peritoneal cavity (Fig. 8d), and also with
autofluorescent properties similar to those collected in the i.p. exudate (Figs. 9 b-

d).
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Figure 6. Lp. cells analyzed by flow cytomety (emission wavelength 585 £ 26 nm)- a)
i.p. cells from a normal mouse, 92% of the cells clustered in M1 region;, M1 region
was previously determined with the histograms of 3 female and 3 male normal mice;
b)i.p. cells elicited with FCA, 98% of the cells were clustered in the low fluorescence
intensity region; c} 1.p. cells from 7. crassiceps infected mice showed several celiular
populations, the first clustered in the M1 region and comprised 52% of the cells,
whilst the second population with high fluorescence intensity clustered in the M2

region and comprised the remaining 48%,
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Figure 7. Peritoneal cells of infected mice analyzed at different times of infection by
flow cytometry: a-f) 1.p. cells recovered after one day, 2, 4, 8, 16 and 24 wk of
infection, respectively. Note the progressive appearance of the population of high

fluorescence intensity and a shift of the low intensity population to a higher intensity

level.




Figure 8. In vitro cell aggregation and vesicle assembly: a) tube containing i.p. cells
immediately after extraction from an infected mouse; b) the same tube after 12 hr
incubation, vesicles resembling cysiticerci are visible; ¢) in vitro formed vesicle as
viewed in stereoscope microscope (scale bar = 250 p); d) i. p. cells after two hours in

vitro incubation form large scincitial-like aggregates (scale bar = 500 ).
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Figure 9. Flow cytometry analysis of odd-looking cells shed in vitro by live cysticerci:
a} culture medium; b) shed cells after two, six and sixteen hours incubation period.
Note that shed cells increase in aumber and in fluorescence intensity along the

incubation period. Tn each graph the percent of high fluorescent (more than 10) cells

is shown.



DISCUSSION

The host's intraperitoneal inflammatory exudate and the development of
intraperitoneal experimental T. crassiceps murine cysticercosis were studied
concomitantly from the very first day of infection to 24-wk later. We observed 2
prominent phenomena. First, the inflammatory process starts within the first day,
but then falls to almost insignificant levels during late infections, the decline
coinciding with a notabie increase of the parasite's reproduction rate and numbers
at 6 wk of infection. Second, the intraperitoneal inflammatory cell infiltrate is
contaminated with a set of odd-looking cells that persist throughout the infection
pericd (6 mo), these cells are endowed with antigenic and immunogenic
capacities that could enable them to decisively participate in the early host-

parasite interactions and the eventual cutcome of infection.

As for the kinetics of inflammation in the intraperitoneal cavity of infected
mice, all types of leukocytes eventually decrease in numbers, with the exception
of eostnophils. These cell numbers do not fall to low values, but rather linger for
mo at significantly higher than normal levels, although not quite as high as in the
first 2 wk. Local i.p. eosinophilia could be of significance either against, or in
favor, of the parasite, since eosinophils have been related with the number of
parasites (Riley and Cherny, 1994), and have been implicated in
immunosupression by their production of transforming growth factor beta
(Weller, 1994). They are, however, also classically suspected of having ‘cysticidal’

effects (Freeman, 1964, Good et al, 1982), especially if associated with




antibodies and complement (White et al., 1992). What is new and impressive in
the peritoneal cell exudate is not only the scant number of intraperitoneal cellular
dwellers in such a heavily parasitized compartment, but their trafficking during
infection, eg., their quick entrance and hurried exit in the challenged
compartment while the cysticerci grow apparently undisturbed. This suggests that
the cysticercus has developed a way of calling for, and allowing for, only a rather
small and transient inflammatory response. Thus, it would seem that the
cysticercus first resists the meager early inflammatory attack and then blocks
stronger inflammatory events through unknown mechanisms with potent effects
that influence all leukocytes. A number of possible molecular and cellular
mechanisms involving inflammation, pathogenesis, and immunologically relevant
molecules, like TL-6 (Lucey et al., 1996) or chemokines (Hall and Perlman, 1999),
are possibly involved here. Toenjes et al. (1999) have recently studied the
iymphocyte cell types and cytokine response of mice infected with cysticerci and
found that in the peritoneal cavity there is an early expansion of B220" CD5",
B220°CD5, and ofTCR'CD4" and CD8" cells coincident with a transient
increase in TL-10 production. After the initial increase, the percentage of
B220'CDS™ and helper T cells decreased concomitant to a decrease in IL-10
production, whereas CD8" T cells continued to increase throughout infection and
¥STCR" increased after 10 days of infection. Their data strengthens the idea that
IL-10 acts to suppress THIl-type anii-larval immune response. These findings
could account for larval survival and for TH1-TH2 shift in cysticercosis (Terrazas

et al, 1998), but do not provide an insight as to the reasons behind the slight
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inflammatory process in the infected peritoneal cavity and the quick trafficking of
inflammatory cells. Some very potent anti-inflammatory events or cells or

molecules are possibly involved here that merit a closer look and efucidation.

Our studies also show that inside the peritoneal cavity of mice infected with T.
crassiceps cysticerci, there are large numbers of odd-locking cells which do not
resemble normal inflammatory cells. These odd-looking cells could be of parasite
or host origin (Rausch et al., 1987,1999). Morphologically, mesothelial celis most
closely resemble the odd-looking cells and it is possible that they could adsorb
parasite antigen components onto their surface which would account for specific
immunofluorescence. If so, mesothelial cefls could be of consequence to
cysticercosis as they possess the molecules required for immune recognition and
can behave as antigen-presenting cells, i.e., they have [ICAM-1, MEHCII-DR, B7-1
and B7-2, all of which increase following pre-activation with interferon-gamma
(INF-y). Further, mesothelia! cells can induce lymphocyte proliferation after a
pulse with antigen and can present antigen to CD4" lymphocytes (Mutti et
al.,1998). Thus, the mesothelium could mediate the immune response against
peritoneal cysticercosis, behaving as antigen-presenting cells, which recruit and
activate the immune cells, or they could act to inhibit the host’s inflammatory and

immunological attacks upon the parasite.

On the other hand, if the odd-looking cells are from the parasite as the DNA

hybridization experiments suggest, this would amount to there being a cellular




level of cestode infection accompanying or devoid of more organized complex
parasite structures. Metacestodes having a ceflular escort of their own, capable of
mingling and dealing with the inflanumatory cells coming from the host and
perhaps influencing the outcome of inflammation and infection, is quite an
unheard-of proposal in murine and other forms of cysticercosis. If true, the
detachment of active cells by b;)th host and parasite to the peritoneal cavity would
appear as a clever strategy of both parts to avoid the potentially harmful after-
effects of their confrontations. Lastly, the presence of escort cells among
peritoneal cell collections in T. crassiceps would complicate the interpretation of
functional data of the collected i.p. cells, so far presumed to be only of host origin,
and would provide an additional approach to vaccine design using cells rather

than molecules.

Based on the data available, we can not be certain of the origin of the odd-
looking cells. We favor their parasite origin because of their bizarre appearance,
because of the cell-shedding by cysticercus in vitro and during the early infection
in vivo, and because they possess so many features of the parasite, i.e., DNA
homology, antigenic content, immunogenic capacities, and curious fluorescent
properties when compared with inflammatcry cells present in normal and FCA

stimulated mice.
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MATERIAL Y METODOS:

Observacion de la fluorescencia en los cisticercos de T. solium

Se utilizo un cerdo infectado naturalmente, al que se le extirpo el cerebro por
cirugia cortando el craneo manualmente. Con la finalidad de observar la
fluorescencia por porfirinas en los cisticercos de T. solium de la superficie del

cerebro, se luminaron con una lampara de luz ultravioleta de onda larga.

Identificacion de porfirinas

Para conocer si los cisticercos de T. crassiceps contienen porfirinas, se realizo
un espectro de fluorescencia en 3 ml de fluido vesicular, extraido por
centrifugacion (Larralde er al, 1990), para conocer las longitudes de onda de
excitacion y emision se uso un espectrofotometro de fluorescencia Perkin Elmer
LS-5. También se investigaron la presencia de porfirinas en las CIP obtenidas de
ratones infectados. Se usaron como controt CIP de ratones sanos y CIP obtenidas
dos semanas después de haberse estimulado con 100 pg de adyuvante completo
de Freund's (ACF) (Sigma St. Louis MO). Se usaron 2 x 10° CIP se
resuspendieron en 3 ml de agua desionizada para lisarlas, posteriormente se
sonicaron por 5 minutos a 60 Hz en un bafio de ultrasonido, posteriormente se
centrifugaron a 10000 r.p.m. durante 10 minutos a 4°C y el sobrenadante se uso

para realizar el espectro de flucrescencia.
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Visaalizacidon de Ias células nuto-fluorescentes

Una gota de las suspensiones de CIP de ratones infectados, control sanos y
estimuladas por ACF (usadas en los experimentos de analisis de porfirinas) sin
ningin marcaje fluorescente, fueron analizadas por microscopia confocal con la
finalidad de observar la fluorescencia por porfirinas (Nikhon, con un rayo laser,

que excita a una longitud de onda de 488 NM y emite a 520 y 576 NM).




RESULTADOS

Visualizacion de los cisticercos de T. solium

A simple vista se observan facilmente varios cisticercos en la corteza del
cerebro del cerdo (Fig. 10a), estos cisticercos son mas facilmente visibles cuando
son iluminados por luz ultravioleta, observe como los cisticercos fluorescen con

diferente intensidad y con el caracteristico color rojo de las porfirinas (Fig. 10b).

Identificaciéon de porfirinas

En trabajos previos se demostrod que los cisticercos de T. solium contienen
grandes cantidades de porfirinas (Larralde ef ai., 1986, 1987). Aqui investigamos
si los cisticercos de T. crassiceps y las CIP de la cavidad peritoneal de ratones
infectados contienen porfirinas. El espectro de fluorescencia del fluido vesicular
de cisticercos de . crassiceps mostro un pico de excitacién a 402 nm y emisién

a 575 y 624 nm, indicativo de porfirinas (Fig. 11 a-b).

El espectro de fluorescencia de los lisados de las CIP de los ratones infectados
mostrd un pico de excitacion a 403 nm y emision 548, 575, 600 y 635 nm (Fig.
11 ¢), documentando que estas células contienen porfirinas. Las CIP de los
ratones sanos y el control de inflamacion con ACF no coatienen apreciables
cantidades de porfirinas ya que no hubo pico de excitacion en el rango analizado

{340-430 nm), y el espectro de emision (excitando a 403 nm) solo muestra un
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Figura 10. a) Cerebro extirpado de un cerdo infectado naturalmente con cisticercos

de 7. sofium. b) luminacion del cerebro de cerdo con luz ultravioleta de onda
larga, observe que los cisticercos fluorescen de color rojo por el gran contenido de

porfirinas en su interior.
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Figura 11. Analisis de porfirinas en el fluido vesicular de cisticercos de 7.
crassiceps a) Espectro de excitacion (emision 582 nm), observe el pico de
excitacion esta 402 nm. b) Espectro de emision (excitacion 402 nm), emite a 575 y
624 nm. Analisis de porfirinas en las células peritaneales, (0) ratones sanos, (x)
ratones tratados con ACF, (—) ratones infectados con cisticercos de T.
crassiceps. c) Espectro de excitacion (emisién 582 nm), el principal pico de
excitacion se encontrd a 402 nm, en ratones infectados. d) Espectro de emision
(excitacidn 403 am), la principal emision ocurrié en 575 nm en células de ratones

infectados.



pequefio pico de emision a 575 nm (Fig. 11 d).

Ensayos de microscopia confocal

Las CIP de ratones infectados fueron estudiadas por microscopia confocal
(excitacion 488 nm y emision a 520 y 576 am), se encontrd que los ratones
infectados con cisticercos de T, crassiceps tienen en la cavidad peritoneal un
grupo de células autofluorescentes, que fluorescen principalmente en rojo, y
presentan algunos puntos verdes. Las células de ratones sanos y las de los

controles de inflamacion por ACF no mostraron fluorescencia (Fig. 12 a-b).
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Figura 12. Analisis por microscopia confocal de células peritoneales sin marcar,
para apreciar la fluorescencia natural. a) ratén sane. b) células inflamatorias
estimuladas con adyuvante completo de Freund's. ¢)células de ratén infectado con

cisticercos de T, crassiceps, obsérvese la gran fluorescencia roja.




DISCUSION ADICIONAL

A continuacién se amplia la discusién del articulo y de los resultados
adicionales.

Durante la infeccion temprana, los cisticercos inyectados o implantados en la
cavidad peritoneal tendieron a disgregarse, liberando las células hasta desaparecer
a la inspeccion visual (Fig. 1), alrededor de la segunda semana de infeccion
surgieron nuevos cisticercos, que se reprodujeron rapidamente por gemacion
exogena hasta alcanzar masas que igualan el peso del raton (Fig. !). La novedad
de estos resultados es la disgregacion de los cisticercos en la infeccion temprana
(Figs. 1-2) este fenomeno puede ser un mecanismo de! parasito para instalarse en
el huésped, pasando por una fase celular en la que puede reproducirse
rapidamente antecediendo la forma macroscopica de la cisticercosis. Sin embargo
esta disgregacion temprana, también puede ser el resultado de los mecanismos de
defensa del huésped, que combate a los parasitos destruyendo ia membrana y
tegumento liberando célutas de origen parasitario que son capaces de resistir los
embates del huésped antes de formar los metacéstodos o bien podrian distraer los
mecanismos de defensas de! huésped, para permitir €l desarrollo de pequefias

gemas que forman los cisticercos.

Los ratones sanos que se transplantaron con CIP de raton infectado no
formaron cisticercos, sin embargo las células extrafias permanecieron en la
cavidad peritoneal durante los siguientes 6 meses (Fig. 9), indujeron la sintesis de
anticuerpos en contra de los antigenos de 1. crassiceps, y resistencia parcial a

posteriores desafios. La presencia de anticuerpos circulantes en estos ratones,




podria explicar algunos casos de serologia positiva en poblacion abierta y en
pacientes con enfermedades neuroldgicas (Ramos-Kuri ef al., 1992) que no tienen
NCC, en los que se atribuye la presencia de anticuerpos a contactos resueltos con

T. solium, con ciertas posibilidades de reaccion cruzada con otros céstodos.

Observamos que una suspension de CIP obtenidas de ratones infectados y
mantenida en condiciones de cultivo de tejidos, se agregaron formando sincitios y
finalmente formaron vesiculas macroscopicas de diferentes tamafios, parecidas a
cisticercos (Fig. 8). La agregacion celular sugiere otro posible origen del
cisticerco racemoso {una membrana llena de liquido, algunas veces con vestigios
de escolex, alcanza un gran tamafio 10 cm., se ha hipotetizado que es una forma
mutante del cisticerco de T. sofium (Escobar 1983; Rabiela ef al., 1989)), siempre
y cuando los parasitos de humanos, estuvieran también, acompaiiados por células
capaces de formar estructuras quisticas, como las formadas in vitro por las CIP de

ratones infectados.

La caracteristica fluorescencia roja de las porfirinas de los cisticercos de T.
solium fue claramente visible al iluminarlos con luz ultravioleta. Algunos
cisticercos fluorescieron mas intensamente y otros no fluorescieron, mostrando
que hay una heterogeneidad del metabolismo de las porfirinas en los parasitos,
que podria utilizarse como un marcador del estado metabdlico de los mismos (Fig.

10).

La caracterizacion de las porfirinas que contienen los cisticercos de 7. sofium,
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ha sido bien documentada en los trabajos de Larralde ef al., (1986, 1987), estas
moléculas se excitan a una longitud de onda de 400-410 nm y emiten de 575-585
y 630 nm. El espectro de fluorescencia realizado al fluido vesicular de
cisticercos de 7. crassiceps mostro un pico de excitacion a 402 nm y emision a
575 y 624 nm (Fig. 11 a-b) que son indicativos de porfirinas (Larralde et al.,
1986). Este hallazgo apoya el uso de porfirinas como un marcador para identificar
células producidas y liberadas por los cisticercos de T. crassiceps en la cavidad

peritoneal,

El espectro de fluorescencia realizado a los lisados celulares de las CIP de
ratones infectados, mostré un pico de excitacidn a 403 nm, excitando a esta
longitud de onda se emitié principalmente a 575 nm, ademas mostré otros picos
menos importantes a 548, 600 y 635 nm. Las CIP de los controles sanos e
inflamacion con ACF no tuvieron apreciables cantidades de porfirinas ya que no
hubo pico de excitacién en el rango analizado (340-430 nm), y el espectro de
emision (excitando a 403 nm) mostrd un pequeiio pico de emision a 575 nm (Fig,
11 d). Los resultados de estos espectros sugieren que en las CIP de los ratones

infectados hay un grupo de célutas que contienen porfirinas (Fig. 11 c).

La fluorescencia roja también fue apreciada en {as células peritoneales al
observarlas por microscopia confocal La fluorescencia fue distribuida en
pequeiios compartimentos en e! citoplasma, que bien podrian corresponder a las

mitecondrias donde normalmente se encuentran las porfirinas (Fig. 12 c).
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El analisis por citometria, mostré que una fraccion importante de las CIP
fluorescieron intensamente en los ratones infectados, aparecieron después de 4
dias de infeccidén, llegd al maximo 8 semanas y después disminuyeron, sin

desaparecer de la cavidad peritoneal (Fig. 6-7).

La presencia de porfirinas en las CIP sugiere que las células fluorescentes se
originan del cisticerco (Fig. 6,7.11,12), descartamos que sean células fagociticas
del huésped (Park ef al., 1996}, porque los estudios en los cisticerco de 7. solium
revelaron que los cisticercos acumulan las porfirinas en su interior y no las liberan
(Larralde et al., 1987), por lo tanto no son facilmente accesibles a células
fagociticas, a meno que haya destruccion parasitaria. No creemos que sean células
del huésped fluoresciendo, ya que no existen registros en la literatura,
exceptuando a la porfira de humanos, de fluorescencia basal roja tan intensa
(Thadani et a/., 2000). Ademas el control de células inflamatorias estimuladas con
ACF, que contiene abundantes macrofagos activados y otras células peritoneales
también activadas, no mostrd aumento significativo de la fluorescencia basal

(Figs. 6,11,12).

El DNA del cisticerco de T. crassiceps (KETc7) que usamos como sonda, para
identificar células liberadas por el cisticerco, especificamente hibrido con el DNA
de muchos nicleos de las CIP de ratones infectados, y no hibrido con las CIP del
control sano, ni con las CIP inflamatoras estimuladas con ACF. La secuencia
deducida de aminoicidos, realizada a partir de la secuencia de DNA del

fragmento del gene KETc7 tiene homologia con las extensinas, que son una



familia de proteinas presentes Unicamente en plantas e invertebrados inferiores
(John er al, 1992). Se conoce que existen varias copias de este gene en los
genomas reportados (Kieliszewski ef al, 1994). Nosotros encontramos varios
puntos de hibridacién de KETc7, sugiriendo que los genes con los que hibrido en
las CIP de ratones infectados tienen miltiples copias similarmente a las extensinas
de otras especies. El patron de hibridacion mostrado por KETc¢7 apoya la
existencia de células del parasito en la cavidad peritoneal. La reaccion de KETc¢7
no fue inespecifica ya que no hibrido con las CIP de ratones sanos e inflamacion,
como era esperado ya que las células de mamiferos no contienen genes de

extensinas.

Otra insdlita explicacién acerca de las céiulas de la cavidad que fijaron DNA
del cisticerco de T. crassiceps en su nicleo, es que fueran células del huésped que
a consecuencia de la infeccién adquirieran la capacidad de incorporar DNA del

parasito a su niicleo causando la hibridacion de DNA.

Aunque tenemos suficientes evidencias para apoyar el origen parasitario de las
células extrafias, no podemos negar su gran parecido morfologico a las células
mesoteliales, que pudieran participar en el rechazo del parasito (para mas
informacion ver la discusion del articulo de esta tesis). Sin embargo pudiera darse
el caso de la participacion de ambos fenomenos en esta infeccion, células del

parésito y células mesoteliales.
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APENDICE I

ESTRUCTURA DEL CISTICERCO DE Taenia solium.

De los platelmintos los céstodos son el grupo mas especializado, todos son
endoparasitos, y el cisticerco de 7. sofium es el de mayor compiejidad, su longitud
varia desde 0.5 mm milimetros hasta 2 cm de diametro, estd formado por un
escolex y una membrana. A simple vista los cisticercos asemejan una bolsita
membranosa liena de liquido con un escolex en su interior, al igual que la Taenia
adulta el escolex del cisticerco posee 4 ventosas y un rostelo armado con 2 hileras
de ganchos. Cuando un cisticerco viable es ingerido por el ser humano, el
contenido del tubo digestivo activa al escolex para que evagine y se fije a la pared

intestinal, permiticndo el desarrollo de la larva hacia el estado adulto (Slais 1982).

La membrana del cisticerco de 7. solium es un 6rgano complejo que cumple la
funcion de proteger y mantener la larva invaginada, esta estructura interacta con
el huésped y realiza funciones de relacidn con el medio como son la alimentacion,
eliminacion de excreciones y defensa del sistema inmunologico det huésped

(Cardenas-Ramirez et af., 1982),

La supertficie del cisticerco se incrementa cerca de 136 veces por la gran
cantidad de microtricos que poseen alrededor de la membrana. La superficie en
contacto con el huésped, es una membrana plasmatica que como tal debiera ser

susceptible al dafio por los diversos mecanismos defensivos del huésped, pero al
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parecer el sistema inmune de los pacientes no la afecta. Lz membrana
citoplasmica de las células externas del cisticerco esta protegida por una capa de
glicocdlix, secretado en vesiculas provenientes del tegumento. Por debajo del
tegumento se encuentran varias capas de tejido muscular liso, asi como las
Hamadas células subtegumentales. Estas células sintetizan activamente proteinas y
otros componentes, que son transportados hacia el tegumento a través de puentes
citoplasmicos. A mayor distancia de !a superficie se encuentra una serie de
conductos o canales aparentemente relacionados con células ciliadas, llamadas
células flama que constituyen un sistema protonefridial (Ramirez-Bon er al.,

1982).

La division del cuerpo de la larva en una membrana y en un escolex invaginado
es tipica del cisticerco de T. solizm. La estructura histologica de la pared del
escolex, difiere de la porcion parenquimatosa que lo contiene invaginado. El
parénquima estd compuesto de un complicado sistema de células, fibras y canales.
El escélex invaginado forma un canal espiral, las ventosas estan presentes en un
extremo en el que surgen un rostelo con ganchos, el parénquima es mas denso en
el extremo cercano a la membrana donde surge el canal espiral. El parénquima
consiste de fibras paralelas relativamente pequefias con conspicuas células en
forma de uso, y de un sistema de fibras musculares, que ayudan a la evaginacién
del escolex. La pared fuertemente doblada del canal espiral mantiene el escolex

tnvaginado con un tegumento grueso y plegado.

En los dobleces del parénquima se encuentran los corpusculos calcareos, en la



superficie de la region invaginada se encuentra la cavidad de la pared que es
bordeada por una capa bien organizada de tejido conectivo. Este tegumento es

contiguo con el sitio de abertura de] canal de invaginacién y con la membrana,

ESTRUCTURA DEL CISTICERCQ DE Taenia crassiceps.

El tegumento del cisticerco de T. crassiceps se compone de una capa externa
bordeada de microtricos y otra capa inferior que es un sincitio vesicular, Cada
microtrico es una estructura larga y delgada, que tiene dos porciones, una
proximal gruesa y una porcion distal delgada. En el centro de cada microtrico se
encuentra un cilindro de microfilamentos. Se ha observado una clara variacidn
morfologica en diferentes regiones del tegumento, sobre todo en la distribucién de
los microtricos (Threadgold ef al., 1983). A partir del tegumento surgen gemas
que se desarrollan en gradiente, la mayor cantidad de gemas se desarrolla en el
extremo posterior y el nomero disminuye gradualmente através del extremo
anterior {Bilgees 1968). En el tegumento encontramos células flama, que
constituyen el sistema excretor de tipo protonefridial. La contraccion muscular es
probablemente propiciada por movimientos de fluidos en los intersticios de las
fibras del parénquima (Baron 1968),

El escélex, se encuentra en el extremo anterior, se caracteriza por tener 4
ventosas, y un rostelo armado con 32 ganchos en dos circulos concéntricos, que le
sirven para fijarse a la pared intestinal del huésped definitivo. En el tegumento del
escélex se encuentran fibras nerviosas y células situadas profundamente, que son

similares a las vesiculas sindpticas de las neuronas de vertebrados (Bilgees 1967).
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REPRODUCCION DE HELMINTOS PARASITOS

La palabra helminto deriva del griegn elmis o helmis gusano, es una
denominacion genérica en la que se incluven basicamente tres fila de

invertebrados: platihelmintos o platelmintos, acantocéfalos, y nematodos.

Muchos helmintos parasitos dependen de la fertilizacién cruzada para mantener
la flexibilidad genética de su descendencia, necesaria para que los organismos se
adapten rapidamente a nuevas cepas de huéspedes. La autofertilizacion en
helmintos hermafroditas es probablemente muy rara. Nematodos y acantocéfalos
parasitos tienden a tener sexos separados, aunque hay algunas excepciones. Los
platelmintos incluyendo las formas de vida libre son fundamentalmente

hermafroditas, pero Schistosoma mansoni es la principal excepcién.

El hermafroditismo ofrece ventajas a los pardsitos, animales sedentarios y
animales sesiles aislados, que necesitan una alta tasa de reproduccion: Primero,
aumentan las posibilidades de aparearse, segundo aumenta la produccion de
huevos fertilizados, tercero existe Ja posibilidad de la autofertilizaciéon como una
medida segura y no depende de que otros organismos de la misma especie estén
presentes para aparearse y conservar la estabilidad genética. Se ha sugerido
también que el hermafroditismo pueda llevar a una ripida expresion de los

caracteres recesivos o mutados ya que las mutaciones que se desarrollan
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tempranamente en los ovarios y testiculos, al ocurrir la autofertilizacion, pueden
ser inmediatamente expresadas, ya que ambos gametos masculino o femenino
pueden llevar el caracter. Como una regla, la protandria, que es el desarrollo
temprano de los testiculos antes que el de los ovarios, favorece la fertilizacion
cruzada y reduce el riesgo de la autofertilizacion en algunos organismos
hermafroditos. va que los espermatozoides pueden permanecer en el receptaculo

seminal hasta que los huevos han madurado.

Encontrar un organismo del sexo opuesty para el apareamiento en el interior
del intestino delgado o en otro sitio puede ser un problema, existen evidencias de
que algunas especies producen feromonas sexuales para atraer el sexo opuesto.
Esquistosoma no se desarrolla completamente hasta que el apareamiento suceda,
en los que ocurre la copulacién permanente, asi también en Syngamus, el gusano

de las aves y en Diplozoon paradoxum un parasito de peces.

Los nematodos muestra grandes estrategias reproductivas. Algunos nematodos
parasitos de raices, por ejemplo Meloydoigine sp., son capaces de reproducirse
sexualmente y también por partenogénesis. Muchos nematodos parasitos de
insectos y de plantas (ademas algunas formas de vida libre del suelo) pueden
ajustar su relacion de hembras y machos al mantenimiento del mejor balance de la
economia biologica. Por ejemplo, en infecciones bajas por nematodos mermetidos
que parasitan insectos, todos se desarrollan en hembras, en infecciones moderadas
se producen mds machos, y en infecciones abundantes solo se producen machos.

Esto puede ser controlado por ia cantidad de alimento disponible. Las hembras
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son mas demandantes de una fuente de alimento para elaborar huevas, por lo que
probablemente un nimero optimo puede ser exitosamente soportado por una

cantidad determinada de alimento.

En nematodos parasitos de animales, opera un sistema de autocontencion sobre
la produccién de huevos, que puede ser reducido al nivel de los gusanos presentes
y también pera sobre los gusanos machos, que tienden a ser de vida mas corta que

fas hembras y pueden ser eliminados del huésped primeramente (Lyons 1978).

Muchos sino es que todos los parisitos tienden a ser muy prolificos, producen
unz gran cantidad de huevos. Ascaris y Fasciola producen cerca de 20000 huevos
diariamente. Dyphyliobotrium, parasito del hombre puede producir hasta dos
millones de huevos diariamente durante 15 afios. Esta vasta produccion de huevos
sirve para compensar las dificultades para encontrar un huésped apropiado y

perpetuar su ciclo de vida,

La produccion de descendientes puede aumentar por reproduccién asexual en el
estado larvario (poliembrionia). En pardsitos del caracol que funciona como
huésped intermediario, y que es notablemente tolerante al dafio infligido sobre
sus tejidos, una sola miracidia de Schistosoma mansoni, infectando un caracol
puede producir hasta 200000 cercarias. Sin embargo la infeccién con varias
miracidias no incrementa proporcionalmente el nimero de cercarias, debido a que
ocurre alguna regulacion de la poblacién dependiendo de los recursos dentro del

caracol. Las larvas de Echinococcus granulosus, E. multiclocularis, E.
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oligarthrus, y E. vogeli (Rausch R L. 1968), compensan su limitada reproduccion
en el perro que es el huésped definitivo (los gusanos solo tienen 3 proglotidos de
largo) por una vasta reproduccion asexual en el huésped intermediario. El quiste
hidatidico unilocular esta constituido por una vesicula madre, compuesta por dos
capas: una externa no nucleada, y una interna nucleada y germinal, de la que se
originan por gemacion capsulas primarias; las cdpsulas pueden permanecer
adheridas a esta capa por medio de un corto pedinculo, o bien, desprenderse y
caer a la cavidad del quiste. Los escélex, desarroltados a partir de la pared interna
de cada una de las capsulas primarias, presentan dos coronas de ganchos de
diferente tamafio que ain no alcanzan la longitud que tendran en el estadio adulto,
midiendo 0.027 mm de largo los mayores y de 6.022 a 0.025 los menores. Otros
céstodos que presentan reproduccion en el estado larvario son Mulficeps multiceps
que presenta gemacion enddgena muy parecida a £. granulosus, v 1. crassiceps

{ue presenta gemacion exdogena.

La tasa reproductiva promedio o potencial bidtico de cada parasita,
depende no solo del mimero de huevos depositados y de la reproduccién asexual,
sino también del tiempo de generacion. La estimacidn segura de la fecundidad de
un parasito es dificil de calcular porque cambia de acuerdo a diversos factores

como la estacion del afio, edad, sexo, y respuesta inmunoldgica del huésped.
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