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Durarte la cisticercosis emp ariew ade por Teenie Crossionps, exiete un
fanémeano 9o susceplibilidad ascciads &l sano, Siendo (08 Machos mids resistentes qQue las
hemiras a la infeccitn aguds, aunque durante |8 ifecoion CrONIca. esls rESIseNCcIe
desaparecse. £! cbjstivo de esta tesis, fud determinar los Mecaniemos tanio fisioldgicos como
moleculares QUe delerminan que ia resistencia dal! macho desaperezcs. Nussira hipdles:s.

P que of jogra iguaiar e on ol que e encusnirs on los Mmachos
con ol de ias hembras, y, do eeta forma, 89 establece en un huéd nem o
inicialm alai . )

[} o qQue durente la ard los niveles de estradiol
o0 incremertan 200 vecss su valor normal. mientiras que los de syon 90%,
asi como ol peeo de vesiculas seminsies y testiculocs. Estce ]
CON UN MPOrtaNie SUMeNto on (a carga P ol periodo de infeccion.
Este os por los dos. ya que al gor ye
ratones macho, no se Y los nivel de Pr we repor y 8i los

son oon w o dih ., oe o88 P e
disminuyen en un S0%.

Una estrategia simpie del pardsito para producir este efecto, s activar a la enzims P-
450 arometasa, encargads de o a De tal, que se
hiciaron experimentos i wvo, administrando & los par un int de ia
sromatasa. €l uso det inhibidor ab ol v de femir . Al ]
oxpresion de esta enzima se i ta en of sio de los ratones machos créonicamente
par y una rWCion de la expr » de ia enzima Sx-red de
tipo N. ’

Para determinar que el cambio en los estercides sexusies era fisioldgicamente
trascendente para ol hudsped, 3¢ hicieron experimentos de conducta sexual en 08 Mismos.
Conforme avanza el periodo de infeccién, los machos perasitados pierden ia respuesta
eyaculatoria, luego la conducta de ir on, y, fir we, la conducts de monta. Esta
conducts sexusl queda totaiments restaurada al iny @ o Gih w. Eil
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parasitados estd compistaments strofiado por que una f ste inflamatorie.
Dato que eniate gran cantided do cdiuies dol sisteme InmuNiano inftirades en e
gbnads, ¥y que s e moidculas @al i 1o interneucine-8 (L.8)
S0lven en verios sistemas bicldgions 8 s aromatess, se os de N8,
asl COMo su Produccion ¥ Wivo por loe linfocitos de bazo en 0s animeiss perasitados. Existe
un img on 108 niveles de iL.-8, tanto en . on o oY 1 por los

linfooitos de los mechos parssiados.

in vivo, 8l deprimir ol sistema inwune (por madiecidn © tMeciomis). y despube
Parasiténdo a ios ratonss macho, No 60 Produce ia feminizacion, 10 que sstablece al sistema
inmune, ¥y en particular 8l timo, como dlaves pars producis este fantmeno. Ademds, estos
rOSUiiBos SUDISTENn QUS ol CINNOBIOD N0 68 CAPEE dB eslroger por oi o huéd
#in ia presencie del sistema inhune y is génade.

Oado que ol timo es dlave en este fandmenc, 6 estudié @ participecion de genas
IMponartes en I8 regulacion de su funcién , COMO SON (08 Prolo-oNCogeanes c-108, CHun, bci-2 y
ol gan suUPrescr de UMOres £-53, que iINterviensn en ¢l Nivel de PrOUYUCCION Yy MaKUracion de

las cbhuslas timicas. La expresion de c-Os estd on los
qQue I8 de C-jun |0 aSla 86i0 en @l tiMo. La expresion de p-53 esté toteiments abolide en todos
108 W0jitos de 108 ratONes que la én do boi-2 se abete sbioc en o
Mo de (08 rAIONSS PErasitados, juto con el nivel de chiulas CD3+, CD4+ y CDS..
En conjuto, todoe estos . [N " Que la femir J ia @8 un
0 wtilizado por el cistcierco de la Teenia para dir a (s

mmw*wme.nmw
P Y QUe ir e ora a e inf -




8- RUNMARY
Onsrieeg enparimernial murine oy od by 7o Croesicage cysticerci, exists
a sen Plibility. being maile mics more o acute infe than
mice. However, during chvonic infection, this resistance disappesrs, and the male mice
mice. The aim of this thesis, was 1o stablish

presents sirnilar number of g il as the

the phisyoiogicel and 2b thet that the initia! resistance of the
mele mice disapeers during chronic infection. The hyp , SUP that p ite was able
o equalize the ' male and female mice. and from this
manner, Teenis Y was able 0 stablish in an immunocompetent host. Our
resuits show that during chronic infection, thare is an i n chi of 200

foilds their normal valksee, th of are 90% decreased togsther with the
seminal vesicles and teeles waight.

All these er e chang
infection progress.This eNect ie
gonadectomized and parasitired,

with an impor n parssite loade as

medisted by the teetes, since when male Mice are
there are not
or

gonadeciomized MIice are rated with dy e, par loads are
decreased in 50%.

One simple strategy of the parssite %10 produce this effect, is to activete the P-450
arcmatase, wich is the key Y n the from to The
enpariments in wich an arometase inhibitor was used i Vivo in parasitized male mice, show
that the femini pr is dey At the same time, an ir n expresion
was . d in the of the parasitized mice, whilst the expression of the steroid Sa-
reductase type il (that i o to dyhi ) was diminished in the
reproductive tract of the parssitized maie mice, whilst there was no chenges in the mMRNA
contert for the side of cle Do enzy (P4S0SCC), wich is the initial step on the
steroidogenic pathway.

The impact of these endocrine changes upon sexual behevior was ed in & group of

d as infection progr and e decli L , totsl ) of the
sexusl behavior was cbeerved after one or dinyds e treatmert. Hystological

Famdgh LR as bk ke, et R B st e
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anslysis, reveals that the repr Y of the cally Nized mals mice. s
atrophied becsuss there is a high inlamatory reespones.

Since » high content of immune cells is found in the reproductive tract of the chronically
parasitised male mMice, and dus that & is well known that molscules of the immune sysiem as iL-
[ ] the oNZyme, we w© e in the ct ly itized male
mice the production of IL-8 in serum and by spleen cells 7 Wiro. Our results shows that axiets
an impor L n e e in the perssitized maie, s well as in the production
of e Same by SPeNOCYIes in Wiro.

In wyo, when immune system is depressed (by total body iTadiation or thymeciomy). and
afer male MIce were parssitized, the feminization Prooses is Not presentad. This results
SUGoest that the immune system is a key factor to produce this phenomenom, and, particulary.,

the thymus.

Sinoce thymus is 8 key factor in this feminization phenomens, mwhuudylho
role of mp s oo irwok in the reg v of thymic function, as are the proto-
mmwuzmuwwmmm-ommmn
production and maduration of thymic celie. The c-fos exp [} ly n all

P with mice, ofun expr was P
only in the thymus. pS3 exp wes ly reduced in the iy tissuss of the
pearssitived maile host, and 5c/-2 MRNA content was abolished only in the thymus. At the same
time CD3°, CD4* and CD8° coll . are ly declined.

The overall results, m“hmbﬂm is a novel mechanism
utilized by Teenie crassicepes cysticerci to grow better in an initislly ™, P w

hoet.



Las Yy P e eon 108 reguisdores primanos del deamsvrolio

s, il 6 onlul ch, 4n y comportamiento en los

Estos Neros mw—mm“mmm

enddorings © en cliulas acdy a rbs do [ y Muchos de
Sslon pr son ok 58 por la pr de pard tao en

(principaimente mamifercs) como en aigunos inverebrados (principaiments ineectos),

sugitiendo e posibilidad e modif -~ (Bockage, 1985 y 1900

Lewrence, 19885, Thompeon, 1983 y Hurd, 1880).
wmmmammumwnww

compietar su Ciclo dB vida Sin COUsEr 16 Muerte pramehusrs del hudep Y.

complistar su olo. F o ummmmm

ain de Qe Sirve de unitn entre ambos orgar (s d-

Y ou (D 1982). Muchos paré oy [ ]
del hubaped, © bien alteran significati - f oie del modificando ioe niveles
de la bicsintesis de hormonas endégenas opines y dos sexuales), ia

Par ) ¥

SO de as L, oum.mmmm
(Thompeon, 1900). Tales cambios pusden ser mediados por factores ssociados con, ©
producidos por P imtemoe. E! wl y le ion parcial o total de ios
Precursores requeridos pars las vies _ © degr - ]
or on la i i deol hudsped per €l éxito en el
establec y repr ' de un p frocy e %a por cambics en el
del hubep 0 que nos habla de la inricade relacion Que guarda ol
par con ol que o (& 1991).
un o de las den o ot
. ) on & sptibilided a ciertas ink oo -
sox0. Las ¢ sufren 9 we con

yor frecusncia de cierto tipo de infecciones y
enfarmedades autoinmunes que (os machos. A este hecho contribuyen multipies diferencias
relacionades con ¢! sexn, a és de h los Que tienen influencia




.Mdmmmyumﬂonm“ﬂahn“om

[ { ymu.)nmmm ool hudep taro
COMo Pr b ojon une Nk directa sobre ¢l proosec de
[, on del é Que uNe reep de wo ade &
o8 estimulos [, o
Se sabe qus & yoria de & J Jdos que son hommonaiments
aclivas y 99 unen 8 ificos sobwe las obluias deol hudsped. Este tipo de
mimstiono molecular 3@ demusetra, por sjempio, por ¢ hecho de que, Schisfosoma Mensoni
o8 capax 9o un pép $logo a a | - de wo de mamiferos (GH)
Esta doula por &l p e con ios recaptores para GH de mamiferos
¢ "y Yy pr ' SIOCInS A0 SODIS @l CTECIMIENo, COmo aobre ol sistems
ael hubap tal y como i fusran una > W endbger We producicda por ol

hudeped (Beckage, 1991).
mmammwmmmm

° PEIC 30 han COMENZAEo & enconirar we I’ on
mamifercs, que apuntan hecia una ' 9o |8 reap nmune por el pardsito que

MOdiNcE ol ambients end6cring (LIn ot al. 1982, Carvaino, ot i, 1994; lsrecl ot al, 1995;
Larraide ot oi., 1908).

Enir una My QuUe tiene diogia con las de 108 memiferce, es ia
hormons juvenil (JH). Ests hormona tiene 3 isoformes Que son producidas diferencisiments
durarnts 108 diversos det 90 108 insectos. Su funcitn principal es 18 de

o ael iento y diferenciacidn sexual, y aigunss o8 reepor

de la
metamorfosis. El a O an 108 niveles de JiH ccurre principaiments durarie e parasitismo de
o8 ae o8 ir Y sus larvas IO SON ir por C un p o que

™ rfosis (Hegazi et al., 1988).

Los ae 1P 8" sON algunNos de 108 SeMPios que Més han lamado
i . En ir par por A cuadndentata se ha cbservado que los
niveles de JH en la hemolinfa de las h ostén supri o cual quiere decir qus el
ourpora aiats no o8 produce durae la infeccion. Como cor ia, los ir no

de que ias chiuias foliculares se strofian (Hurd, 1990). Se sabe,



L A o b ik 2 e e gt o

qQue Ias hembras son &! Mejor vactor Para Que cumpla su Ciclo de vida dste parédsito. y gue
cuando A '

conduce a una femini

parasita machos, les provoca una atrofia testicular que
on de los mi (Read-Lersen and Brown, 1990). De la misma
forma, en ia especie de cangfejc comercial Portunus pelagicus e ha reponado que |8
ireccion por el gusano T f S Nna Qr produce una total feminizacion del
Macho. ya Que 8 examinar a 1os machos para dos 88 encontrd: 1) Un cambio de color en @l
caparazdn. del azul caracteristico del macho a un color café de las hembras 2) El tamafio de la

quela abdominal reducido, que iguala en tamafo al de las hembras 3) El abdomén y esterndn
reducidos, como ocurre en las hembras 4) N«

te o &N presenta sus sEgMentos
fusionados. perc en los mMachos parasitados estén separados como en las hembras 5)

q > ierto de mlﬂalammlmmo:wasim
presentaron atrofia gonadsl, aunado a un al de \as hembras

(Phillips y Cannon, 1978). Este no @3 un caso aislado en invmor.doc y8 Que éste fendtmeno

um-m-m.ﬂomnpoa.w.mmm.indcnr.edmm. ta infeccion por
ol esqn Tri wharzia

induce a su huésped Molusco intermedio a sintetizar

S3quUIstosOMiIng, |8 cusl 83 UN ANagONIsta de |a Calfuxing QUe 86 UNS & recepiores pars
hormonas gor on el

@80 iINduce UNA dramitica caida en le produccion de
huevos (De Jong-Brink ot al., 19688).8e sabe, por otra parte Que 108 csiodos, tremétodos y

NEMAMOUOos Producen ecdisterdides. vy @sios son detectados en ol fluida corporal de los
[

ver T v los helmintos producen hormona juvenil, que e ayuda a
En mamiferos. un de capecided e reg 6

hormonal sexusl por el parasito
se ocbserve en ratas infectadas con Taenia teeniormis. En eeta indeccion experimental, se

oncontrd que ias hembras parasitadas tienen el ciclo satral aliterado, vy que e éxitlo en
desarrollar embriones viables estd disminuido. En los machos. hay una caida de los niveles
SHriCos de 19OSerona, 10 QUS 3@ relaciona con una baje del Peso testicular (Lin et al

.. 1990).

En observacionss recientes. se ancontréd que en raas chagisicas crénicamente infectadas por

ol pr io Tryp cruxi. l1os niveles de —ummtm. 12
i uns de ias

Jas seminales y testicuios de la rata p Asi se
astectaron parésitos en el fluido seminal del macho (Carrara ot al, 1994; Carvaiho et ai, 1994)




Oro oo similar, 80 presenta on ol hameier dorado inectado arénicaments con 18 larva de
Sohisso on de se ¢ "t que une plr

awnedo & Uns baje IMmponente en oe do eetoster (loovalt ot ai, 1988). Sin embargo,
N AINGUND de SMOS TEPONSs 38 esludid & ToNdo qQue era 10 que fsioldgicamente sucsdia en of

eped ni la rel aus o0 cambios endd

dae e ey, seomal,

on & \a rowp
del hwbep o cusl pudiera o ostublecimiento exitosd del pardeito. En
ot 0uie, 50 Praserts ol primer reparts on mamiferoa en ol cusl fa infeccién por un p
Pro. - NESCION ol M ot y aste fend 98 relacione con el éxito on o

del pard on un hud L % we, de los
macaniemos PIco ¥ Jaree Que prod ' oot ok

Algunoe helrminios tales como Trachinela coelets, Taenia solum y Taenia crassiceps
tianen nervi y repr i bibn ap de responder a

bl b Wos det hud ¥ regular ast su on y rep on
mmmmmumum SON Cap de reguiar su
utibizar als a (CCK) b ol algeeti del v
(Sukhedo &t al., 1980). A los [ del sexo del hudeped scbre of éxito
ddmm*dmm‘ jar ia J de los sexusies del
ol pard (Backage, 1991).

8o sabe que sxisien formes de COMUNICACION cCoMunas entre diversos Phylls del reino
animel, ¥y la falte de ComuNICacion enddcring emre y hadep os al, 1o
qQue nos hadia de una conservacion de b de corm v Quil durants e
evolucion de diversos grupos de organi Los hubsp Producen hormoness qQue
influencian ol oo de par iCon. ¥ 8 Su VeZ 108 PEresitos tienen iuencie
directa scbre el sistema Neurcendécrino del huésp Ser i iger os
dae 2 v hor ]

on vensbrados e invertebrados, mmamm
sofisticades sstrategiae seguides por (0s para

AMbIer® NOMONA! Propio de un hudspad Metazoario.

y reproducirse en &l
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A.- Catisarsasis spring: un saadsie separiesantel
| deo los

Ls - rina inducide por Noc on intraperit
de ia Teenia crassiceps. mmmmmd

m de difereries aspectos de 8 y pera finss
O OQr [(¥ ot al, 1900; Sciutto ot al, 1901, m.td 1962, Bojelit et al,

1963; Terrazas ot al, 1994). Esta p is eos on muchos sspectos a a

cisticercosis caueads por los metecéetodos de 7 i ol Que invade al
hombre y at cerdo, ¥ reps un [ y de salud publica en peises
aub de Asia, Alrica y Amé Lating (Flisser y Larraide, 1988). Como en otras
ol ¢k de 7T una nf ion der , durante ls
ocusl ol pardeito se multiplica constantemants sin afectar s del hudep Por o
tanto, e on del p con e hudeped debe imp [, " CON divarsce sistemas
orgénicos que dé como Mado une oquilibrada entre ambos organismos.
Las semejanzas entre T. y T g Que noe hicieron empleario como

m_m;a)mwmwmm.m.wudrmmuh
anfermeded al ingerir los husvecilios pressntes en ol Medio ambiente corntaminado por heces
de camivoros pequefos (canidos y felidos) que alojan al pardsito sduito en el intestino, y el
ciclo se compieta cuando astos ratones son devorados por los carnivoros b) las

N Jones p " son 3 a que ol cisticerco de Teenis

oS pusde T oros we an jos ratones sin causar dafos importantes a ias
estructuras on osta aunque. on los ultimos estadios hay una ligera
L, Yde la inestinal, que e semejante a aquella causada por el cisticerco de |a
Tmmmmwmmdmcnoumnmﬂ.‘wunlodurmﬂ

o de do, como @ del aduito d) su parecid » son
igusies) y d) la similitud antigénica Que exi ontre T. Wi yT dt ya que antigenos

A0 (8 TEersa Crassiceops pusden Servir como una fusnts importante de antigenos (Riles para e}
INMUNOAIegNOstico en NeWro cisticercosis humana (Larraide y cols., 1980) e incluso para
vaoUNSCIOn, debido a que en ol modeic experimental 36 ha SNCONTAUO INMUNORIOtECcCIoN
cruzada entre T. y 7. sol (Sciutto y cols.. 1990).




Se conoce que |a infeccion esta

& 2 tipos de IacKores bIoKSY del s
(ratdn): gendticos y gonadeles (Sciutto et al, 1990).

| oo los f b e ha que la svaceptibilidad estd asociade e le
mammmw”onmm.u- an en dife

cepas Jde ratwdn, Sendo ia Mmés susceptibie la BALS/c. Asi miamo, I8 suscepidilidad eeté
asociade ol locus de! 9 de hi

watibilidad (H4-2), ya Que cepas con o miamo
fondo gendtico (BALSB), pero con diferencias en el locus H-2, presertan diferermes

suscaptibiidades. siendo ia ceps mis susceptibie la BALB/c AnN (H-2d). Sin smbargo. sin
mpontar (8 cepa de raton utilizada. ni o locus del H-2 presente, todes l8s hembras siemere
son més susceplibias que o8 Machos a ia infeccion aguda (Sciutto et sl. 1900;).

Otro imponante factor asociado al modeio, @8 la cepa de cistioarco wtilizeds, ya que la
ocspa 1G es de reproduccitn mas lenta que la cepa ORF. que 38 reproduce Mucho Més rdpido.
Sin embango, aun con la cepa IG. 38 siguen cbservando los Mismos fendmenocs que con ia

capa ORF en el ratén, 10 Que NOS sugiere que son factores del propio hudeped os que
Yol Wniento de ia i
De manera que, con estos ar

tes, 2 utitizer a ia cepa ORF para todos
ios experimentos. asi como a la cepa de raton BALB/c AnN, que es la més suceptible y on Is
que mée rdpidaments se obsarva ¢! fendmenc de s ptibilidad ol sexo.
INMeresantesments, en todos |0s CASOS, SiN IMPOrtar I8 COPa de raton, de H-2 y cepa do
cisticerco Wilizada, duwante ia infeccion cronica, ta susceptibilidad ssociade @ sexo
desaperace, y los machaos llegan a parasitarse en forma como ias
8.- Asapuesis inmune al pardsite
Los primeros en ar que el hué

fe s de Mmontar una respuesta INMUNe
humoral especifica en contra de 1os antigenos del cisticerco de la Taenia crassiceps fusron

Freeman en 19684 y Chemin en 1977. Poco después, Good y Miller en 1978 observaron in vitro
ol efecto dafiino det complemento sobre e! tegumento del pardsito sin afectar la viabilidad del

mismo. Sciutto y cols. (1990) demostraron que |a respuesta de tipo humoral es insuficients
pars la inmuNopr ion en esta par

is, y por el contrario, |a transferencia pasiva de
anticuerpos anti-cisticerco puede inciuso facilitar @1 crecimiento del parésitoc en el animat
receptor. Se conoce que a las 4 semanas de

ir ion, un & o en &



* wpersensibilidad de tipo retardada (en inglés. Delayed Type Hipersensivity. DTH).
correlacionada con una disminucion de |a carga parasitaria en ambos sexos (Bojalil y cols..

1993). Al ti i ani neonataimente. se ocbserva que {a respuests DTH disminuye
significativamente. mientras que ia susceptibilidad al parésito se incrementd en ambos sexos.
POro de Mmanera mucho mas notable en los machos. At e il pasiva de cédlulas
SUPHNICES INMUNes enriqueci on ur i T a ani b i 8 observd una
caide en ol NLMero de parasi con & los que no recibieron células (Bojalil y cols..
1903).

En axperimentos hechos recientements en Nuestro {aboratorio, se ha encontrado Qque
conforme avanza ia parasitosis |0s titulos de anticuerpos también se esievan. mientras que Ia
inmunided de tipo celular disminuye. sin llegar a recuperarse.Estos datos en CONUINMO. NOS
sugieren qQue |a inrmunided mediada por células (Th) es la principsl encargads de s
proteccién contra el cisticerco. De cusiquier . los pr de ia
inmunided protectora & Taenia crassiceps no han sido aclarados del todo, si bien se ha
mer & partic ON de eventos de inmunidad tanto celular como humoral.




Provios estudios Nevados & CEDO en NUSSIro laboralorio, daMmuesiran qQue 08 ratones
hembra son mdés susceptibles a la infeccion experimental por el cistioerco de ia Taenie
CrEssionps QUS (08 ratones macho. y Que esta susceptibilidad asociade al sexo dessparecs
curarde 8 infeccidn crénica (Larraide ot al, 1995). Al mismo tiempo., se ssbe que al

GONBdecioMizar 8 ia diferencia de susceptidilided asocieda al sexo.
&l reducirss ol promedio de |a carga parasitaria de las hembras y trip 80 @l pr io de los
. IR, e, e ind que e de la gor s6l0 se manifiesta en
presencis del sistema INMUNEe iINegro, ya Que ratones de ir y después
o e or ' @ mi numero de pardsitos (Larraide et al, 1992). Si ambos
son gor i y se les sdministra amente 178 ia carga
[ o0 ir wan al triple (Terrazas ot al, 1994). Por el cor la admir on de
e O dihi @ inhibe el niUmero de parasitos a las ocho semanas de
infeccion. (Larreide et al, 1995). En otros estudios. 56 ha demostrado que i vifro las hormonas
SOXUSINS COMO SON Prog 8. ons y estradiol no ak s repr v, Ni ol
de los i de la Taenia crassiceps imactos (Huerta et al, 1992). Todoe

S0ios datos, NOe habdlan de un fuerie control de la ir iOn por Qor

En 1990, Sciutto y colaboradores demostraron que a vecunacion es més efective en
machos Que 8N hembdras. ¥y Que |a transferencia de suero y anticuerpos de ratones infectedos
Previaments, & ratones sancs, qQue despuds se infectaron, s inocua, @ inciueo facilite s
nfeccion. Asi pues, a inmunidad humoral (TH;) NO tienen un pape! relevante en |a proteccidn
A9 ios ratones contra ia parasitosis.

Por otra parte, ol timo si afecta de manera importante 1s suceptibilidad a is infeccion, ya
Que ratones de NeOr e y posterionments parasitados a
las 6 semanas de edad, triplican el promedio de sus Cargas parasitarias. Sin embargo, ia
raneferencia pasiva de células T a los ratones timectomizados y que posteriorments se
pargsitaron, disminuye lmpofumomomo I carga parasitaria en smbos sexos, llegando a estar
&l nivel de los cor no i (Bojalil ot a), 1994).

Experimentos recientes de nuestro laboratorio, demuestran que corforme avenza la
infeccion, ia respuesta de linfocitos T de bazo a Concanavalina-A también disminuye, y




[ de obiul T a los W Yy Qe [

par e cargs parasitaria en ambos Sencs, Hegando a eetar
dnud“la.mm W(Mdd 1994).

Ep de nusswro labor derm

que s
a respuseta de T de bazo & Conoanavaline-A también disminuye, y
adomds, 108 nivales de -2, IFN-y & IL-4 astén dieminuidos en 108 animales crénicaments
parasitados, mientras que (08 niveles de IL-8 @ L.-10 estin (T ot al, 1997).
Estos detos, SuQieren que 18 infm or gada de la defenes del hudeped

s aaper “hmum‘.)y“hWW(Tﬂa)u
isvelovarts @ inchuso faciita e la irecoion.

Asl pubs, 88 Proponse un ] e goir nmune en ol cusl los

J o8 evenitoe inmunitarios calulares que participan en ol
ataque al , ¥ 108 seres (andrd ) los estimulan.

La raztn fundemental para abordar este P e eutd # 28 basa en que existe

ovarte Dre I8 inth wmuwmumuw.
parasitarias, y se w5 we on la ach

wmmmu Y hud o 8in
las de este

como un
bergo, la investigacion de
de suscaptibilidad asocieds al sex0 NO se han levado & cadbo en
nIngUN Modelo experimental. Por otre parte, se dispons de un MOodelo adecuado pars o
estudio de este problema. como io es la cisticercosis experimental murine producide por ol
matacéetodo de la Taena que ofn facitidad de manejc en los organismos

infectados y control de las tanto del p ito como del huésped, permitiendo ia

2 de los f; involy on ia determinacion de la susceptibilided.

Como ya & manciono, la cisticercosis experimantal murina producida por Taena
crassiceps, muestra muchas similitudes, tanto, sstructurailes, mor Qi ® INMUNOCISYH con
ia cisticsrcosis humana y porcina, producida por Tsenwa sodum, 0 que hace al moédeio
SXPOT para tratar de entender 'a enfer tol y
cerdos y humanos, en los cuales a i muy pleje:

mm.y-muuwa las i ws huédsp

pardsito N0 8@ han estudiado en tods su complejidad. De esta forma, los resultados

29 manifiesta en




enconirados an este rabejo serdn de wilidad pars desastollar Oiros astudios en cislicsroneis,

como por ejemplo. ol desarrolio de une no soio ™ sino

“mmnMOnm.ﬁm ys que e primer
Peso para ol desarrolio de éeta, e ol - pard e ia e
complets, y e los irwoh on ol sstablacimiento del pardsic en un

et Mwnmm De forme tal, que el
modelo e6 excelents pers estudiar las hudeped-pard Qque se presentan o
una infeccion orénica.




Vi- HPOTEMS

Si durarte la infeccion cronica @} cisticerco logra igusiar 108 microambientes hormonaies
oNn aMDOS S8X0S, POr UNA INMEraccion INMUNO-eNdOCrina. de ManerTa Que este cCambio determina
a deaaparicion a |argo plazo de is resistencia inicial de! ratdn macho a ser colonizado por el
pardsito, ertonces éste disminuirs |0 Que es restrictivo Para su crecimeno (sndrégenos) y
[ un ir to del v hacia la produccion de permisi para su
crecimiento (estradiol). De tal forma que si existe un cambio en et ambiente endocrinolégico
del hudsped. é#ste se producird como consecusncia de un dafio a nivel celular y molecular
tanto en @l sistema reproductivo (testiculos), como en el sistema inmunitario (timo). o que
ol locimieno del parasito en un (L LV we o ini we
alair on. Ademds. este o de estercides saxuales redundaré en la
ateracion de funciones fisioldgicas importantes del huésped macho. como son |a
reproduccion. Entonces. e éxito del imiento del par 9 derivard de un Manejo

i docri gico del huésped macho.

19




A- QEIETIVD GENERAL

1)K ar jos rwm, o por los cusies el cisticerco de
ia Tasnis logra la i del ratén macho a la parasitosis durante
la infeccién orénice.
A-QRETIVOE ERFSCIFICOS

1.-) nvestigar ai exi un on la prod y de sexusies en of raton
mMmacho durant® of Paso de INfecCion agude a cronica.

2.-) Estudiar si del de - sexusies en o ratén

dafo y iCO & Nivel det sistema reproductivo.
jos del huésped,

i-)&“mmmbm*
i qQue producen este cambio en e ratdén machco

ios
crénicaments con el de la Taenia crassiceps.
3.-) Escl [ ] de los sexusies &, dihidr ona y
178 o obre el y ®o del perk duramnte la cisticercosis
SXPOriMental murnina
4.-) Estudiar ol efecto del 178 ons y dibi a sobre a
[} la infeccion crdnica con @l cisticerco

respusets inmune de los machos y las h
de ia Taenia craesionps.



S.-) Eshudiar ol comportamianto sexusl del rattn mecho dras 8 cieticercosis
SRPENMental muringe.

C.-)Wd“wmmumdm
VAL are dol de I8 Teenie cressicaps durants (8 INfeccion aronica.

7-) E ol " - por ol de la Teenia crassiceps

on ol retén on Ia expresion de ger estrégeno-regulados como los
Protc-ONCoganes c-08 y C-juwn, adembe de bol-2, y e gen supresor de tumores p-33, que a su

vaz reguien ia expresidn de OWoe QENeS iIMmportantes en la funcidn del sistema inmune y
enadsCninG.

®.-) D ar si 18 expresion de estos ganes QONO-reguiad: de maners
mporants te funcion y maduracion de odluies timicas.

9.-) Establacer si ol cisticerco de (8 Teenia cressiceps es capaz de utitizer ol mismo
i de o ' d9 |8 respussta INMuNe en ol Macho Cror
CBpe de ratin mdés resistents a ia infeccitn, como es |a cepa BALBA.
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Sex Hormone Changes Induced by the
Parasite Lead to Feminization of the
Male Host in Murine Taenia crassiceps

Cysticercosis
C. Larralde,' J. Morales,” 1. Terr ! T. Gov ky! and
M. C. Romano**
* D de I B i Uns i Naci A de México, AP
m Mlx-co, D.F. 04510, Alhwc dnl 'Dcm——lc Bic N L
Endescrinologia, Centro de I ‘¢l IPN, A'b Poﬂal 14-740 Miéxico, D.F. 07000,
Midxico

Female mice are ...‘-.n to Taswia (TC) than m.‘ Hewever, after
a oA
The of n the infe mice was levels were
sssayed after diffsrent periede of a the ity were
calioctsd ond gonads, wierus and L ighed. In male mice, serums estradiel
increnced to levels 300 tisnes their neormal valuws whilet thees d 90,

e The of & mice ales
chowed s slight iacrense in estrogen bised levels after 8 weohs of aad the ight of the
was L) were

afver o C such o 1L.-6 are
activicy and we fouad thas o'll.-cu.h.rlln
contrel 2 sasssured by ELISA. Ia T. Lo [y >
in the infected hosts. The are for the high
1L-6 could be inthe ol L uoo‘ by the parasite to maintain » highly
P for its rapid grewth.

J. Stevoid Biochems. Molsc. Biol.. Vol. 52, No. 6, pp. $75-580, 1995

INTRODUCTION telated behavioral dnn.n have been obeerved in crabs
when mech-
The sexual dimorphism that exists in the normal  onisms that are .u“ and m{" h
nmune response .:.‘?-"‘ many the in the of the host. Sex preferences in
several i 1) ino'n |
and the reproductive endocrine system exists {1, 2). ebicer L ‘b;lrm
host and m-le arc receiving incressed sttention 88 (aceors has mux o Plare the ?-rd fmm.
(3). For i Tarmia  guch as (major
m-qron-: is known to slter reproduction in rets by gng status inations; affect h
with the ’ o1 of sex (1 16). ibility o 7. i
steroids (4). The P gfb‘:'ww ?.s';’ i in mice is i with sex: in early infec-
tions females carry larger parssite loads than males
Sexual changes in body morphology as well as sex- although, later on. mn.ln also become mnvcly para-
sitized [15). The of male
-C to M. C. R. mice by 7. e d a sex change
Received 3 Nov. 1994; accepeed 31 Jan. 199S. in the host ind by the i i 1

575



576

C. Laeralde ¢ al.

in am i i to the i

To st

in chronically pessiitised male and female mice.
and were

of Toledo, OH). After
snother 7 dsys mice were inoculated with parasites as
described above. The effects of the androgens upon
perasite loads were messured 8 weeks after infection.

the organs and
d in lhc L 1L-6 was
—~ o 3i hoe-

also
mml”lhmm(ll

MATERIALS AND METHODS
Mice
Male snd female Balb;c inbred mice were bred in our

]ﬂ-—l&uul-z M-entcd?unnnleSOIS
@ Mbivsoms.

Bilood for diol and
was collected im vive by
hmummwsmmlm-

performed
huionfotllhulClehodclotwe‘nmfu’d
and serum was

tracted and il buﬁt used for
radio kn-nmoauy (RIA) (20, 2ll “The concentrations
of i and by RIA,
each in duplh ‘cn -l by

with 17: and the
- N N . N cross-reacts 18.8°, with Sx-dihydrotestosterone
ond (DHT) and 3°, with Ss -3x-17f-diok.
The fan-growing ORF strein of 7. o Tei 1,2.6,7( and
h-‘n?r—-hlﬂuﬂ.-uundfot-ﬁa by New E
- al) and was by Dre B. (Bostan, MS). RIA dets were by
| (I' (= ) 1988, {20, 21).
Simoe then the have boom in formale
ulc mice by ip.
m m ll’l l..ln- for m {221
from female domor were performed by ELISA using a kit of
wmumm Ten-nll(.'m- Phormingen (San Diago, CA). me-unob—
ldncd (rom the -pl-m
and their

‘u—-‘n = Oaml PBS (o:su N.cn oM
Phosphete Buler, pH 7.2) and iniected i.p. into
ﬁwww“:‘u”m& Mice

of 4 and 32 weeke

parssitized
Cﬂu were cul-

tured in the
ummorc.umu.-.-wm

A, following the kits®

mn‘mmwm“mm m.
cavity were A
mw;mmmmmmw RESULTS
in the pe envi!y .
afeer i with Parasise load
*MO.ISM,NQ,P0.0ZM NQHP0.0IM\- Ammn«mmmmmm
and uterus’ or by in one of the poles of
—Uu Organs were Moblonquknmun [l’i@ 1(b,). Aﬁwmomln
placed in 10% ligh iater they count in the
m.ln&hmdmmnmmdnm( masses that may equal wnu ol' the hoet [Fig.
to the host. cthe siae
sitizsed mice show but the di mouse and its wtued litter-mats after 6
doss not seTm to alter other aoe body of

of
may sctually equal that of the host, approx. 25 g).
Tronsmunt procedures
G

were under
ather anesthesia on 4-week-old mice of both sexes.
Mice were then allowed a 1 week recovery period

before i with in

was admini 7 days after
gonadectomy with cither testosterone or s--dnhy-
drotestosterone (0.5mg in 3 weeks reicase pellets,

by
losds (Tabdbls 1). Heulm of \h! mmassively p‘nuthtd
mice is not
nor are there of signs of
serious iliness or malnurrition.
Te and diol sevvems levels

Figure 2 shows the results obwained measuring serum
levels of testosterone and estradiol in male and female
mice during the course of cysticercus infection. The



(8) This figure iltlustrates the differcnces in
of

[
rcproduexlon of parasites begins a couple of wesks -ner injection into the peritoneal cevity of mice.

Fig. 1. Main of expe

size mouse and its
Fs h of the ite in the ab. i cavity of males
is 11 d by an i in blood estradiol that

increases to levels 200 times their normal values whilst
that of testosteronc decreases 90°, relative to control
Fig. 2). Infected females also show increased blood
s of estradiol at 8 and 16 weeks after infection

[Fig. 2].

Weights of uteruus and seminal vesicles
The weight of the uterus in infected femlles is
P2

igni Iy r d in par: males after 3 wecks
of infection and differences continued being cvident at
8 and 16 weeks post infection (Fig. 3, top).

Effects of gonadecromy
The origin of the increment in blood estradiol was
by ly studying parasite loads
and levels of sex steroids 4 and 8 wecks after exper-
imenzal infection in both control and gonadectomized
male and femalc mice, a time of infection when major
endocri were clearly detectable in

increased relative to controls after 4 weeks o
and remains hypertrophied at 16 week: of mfex:uon

the previous experiments with intact mice. .-\t'rer go-

(Fig. 3, bottom). The wecight of the les is

y serum diol and ne

Table |, Time -cowurse of infection in male and female mice. Initially T. Crassiceps cysticerci grows faster in females than in males
dut, in_late infections, males are also burdenend by huge parasite loads

Infection time (days)

1 2 3 5 8 15 20 30 60 150
Female 0.8 x 0.4 IH:IO J l‘-OS 06+03 592035 108%10 257435 131.8x353 582.1 =303 2642.9 = 1718
n=9 nomld n =53 n w20 =27 ” =371 =34 " w18
Male 0.4+02 0. 5 E3 o 2 z l : D S 00%00 22x03 63+08 7.6 = 1.4 30.0% 1.9 23752499 11433 1303
” -9 -19 n =14 ” =53 n - 20 n =28 ” = 329 w28 n =19
Data represent mean = SE of individual parasite loads of a total of 573 rzmule and $25 male infected, and otherwise untreated mice, registered

performed ac

in the database, over a Aumber of
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Lol - o 124 8 1. ° T . ry .
rie. 2 o Weeks u':l.ello. o Weeks of infection
. 3. lempars systicoreasis lovele Fig. 3. of SOrget organs.
- counts sad ia Wes SD: m =3 for cosh time) of sen
and sremn of male and female cereids’ Waia target vegans of mice in the soursw of in-
mise after weeks of Rash T The
symbel in she graph ropreconts the mesn +1 SD of the  weight of -

- froem ot 1000t 3 mice in 0060  mice after ¢ woeks of (P <0.08), the weight
ume of infestion, end by duplicats in sach mouse for ez of aftsr §
tereld wee asecond  weeks of (P < 0.05). were »y
time in the same conditions with sssentially the same results. dosign with gender,

wesks of and o net, 88

ond weight of ergans e and
to almost undetectable levels in both male and female (™e®) =3 in eoch mean 5 1 8D, Dazs the
mice (not shown). However, 8 weeks after infection,
the parasite loads in gonadectomized males were
greater than those of intact controls and smaller in DISCUSSION
gonadectomized female mice than those of controis of sex ids in male
(Table 2). and i that T 2

EfYects of androgen reconstitution

T'o test the androgen's parasite restrictive activities,
testosterone and DHT were administered to gonad-
ectomized male and female mice a8 descnbed Both

HT

a feminization process in both genders. Feminization

values, roughly similar to those of normal females,
whiist those of 90°, to
‘The weight changes in target organs sex hor-

ioad,

mones (seminal vesicles and uterus) support that the
in the i t are p !

significant (Table 2). T
load by 329, in females (P < 0.01) and by 32°;, in males
(P < 0.01), while DHT decreases 34%, parasite load in
females (P < 0.01) and 27°; in males (P < 0.01).

cally relevant.

Table 2. Parasite load 8 weeks after infection with T. Crassi-

ceps in imtact (P) and gonadectomized (Gx) male and female

mice. Some amwimals were implanted with testosetevone (T) or
dehydrostestostevone (DHT) reiease pellets

IL -6 assays
‘Table 3 and Fig. 4 show the relulu d in this
set of experiments as in intact | and

pmnuzed mnle and l'emlle mlce Serum levels of IL-6
are male and fe-
mlle mice und so is IL-6 producuon ln the cultured
tes from ized mice 4 and 32

of ly
weeks after lnfectlon

” Female Male
10 P 998.90 3 519.22 188.90 = 93.32
10 GaP 276.80 + 50.98 302.30 + 103.39

10 GxP +T 205.40 = 28.64
10 GxP + DHT 221.67 + 81.06

Data reprezent mean number of parasitesimouse + SD.
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Sex Hormone Chenges in T crassiceps Pasasitosis

Table 3. Serum IL -8 comcentration in male and female

579

qQuired for the pmute 10 induce high eltradml syn-

mice afier 4 and 8 cveks of infection thesis in both sexes. | >
Female Maie does not the h of in both
T weeks o iol favors
Conerol 0.984 2 0.556 T. crassiceps development [24-26] it is not indispens-
. F 45.98 = 20.52 abie for tm"e mw!.h Other gonad-associated fac-
woeks tors in ¢t [ and a more
m usﬁff;u in r-he s activ has to be
Perhaps the low androgen levels are the
u.-. (.l-l, wos desermimed by ELISA in asch serum by mmw feature in this intriguing puzzie. sc the
loads of males i upon even
Deta seprerent meen = 3D. P e ob o diol, we suspected that
arc inhibitory, a hypothesis that was confirmed v\hen
How does and and DHT decrcased perasite loeds in
de!n-culue ln hnu? m the :yuicerc\n f.von its gonadectomized male and femslc mice.
(as Spr At this point we L that sexual diff
= ol when loads in intact mice favor females because
hﬁain. rodents [23] and mnn; other pro- and the & of
(3, or the host's T crassiceps cysticerci. We further d:duce cthat the
system eyn- <y in male as in
thesis. Serum diol and to female hosts b it i oo and
alemost Sevels in d P in lht male host by dis-
mice, thus indicating thet the host’'s goneds are re-  sbling the normal hormonal function of the testis.
of the (23 these

=

lnwrisukin-4 (pp/ml)

I NEEEEFEEREERE
Bl

Femates

Gaterionkio-6 (py/ml)

the for the
-h- of testosterone to m [27]. ‘This possibility

would also be of the
inl.he hosts, in which
ugh an active high levels of

io} are o

Sp.cul-dm‘ abour an
requires revision of thc factors involved in its modu-
lation. For instence, 11.-6 has been shown to stimulate
sromatase activity in bresst cancer cells (17] and to be
deeply altered in a variety of infections [ll] 1'hu:. we

the p of this

mice. The results uhown in this peper damauu-u an

PO IL-6 of blood
and i uf from
mice, that could be a factor in the

that ps in i mice.

The besed by
T. to ish an mass of
tissue in an i

malc mouse may be of nmem: for consideration in
and

other
Host the

by itic di

of sexual

o sa
Normal

Weeks of infection
Fig. 4. Preduction of IL-6 by lymphocytes. IL-6 production
was messured in the culturs of
-t-.d- (_) snd female (bocla!n) mice after being cultured
for a8 Data
mean t 1 ID of an

at 4 and

rmade by
32 weshs of infection.

in to i i
ing the i system and, by endangering the
reproductive capacity of the host, poses novel forms of
affecting the evolution of both host and parasite other
than the prey/predstor approsch.
Achkmnowlede rments —This pant of the PR thems of Sorge
orates M. who fs 8 CONAC\’T Feliow. This work wes suppored

M,
in part by Grant @ 209393 of the Direccion General de Asuntos Jel
Personsl Académico. UNAM, and by the Grant & 1276-N9204 of
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was r asswad duriag
large as thoes of | The lee in
in males is with an i im their setuen
levels and » decrenms in westosierone (Larraide ot al.,

1993). On the other hand, immuaciegical eaperiments ha'
7-8- .-

1

paresiss (Dodeon and Owen, 1978; Chamigs st al., 1981; Bua- productioa ia hosts of both »y
dy. 1988; Sciutto st al., 1991). Some with the th: colluler et
O parasites could siem fromn seausl in parssite growth (TH 1) and enhaacing thoss thet facil-
with the cellulnr i iwate it (TH2) (Torrazas ot al., 1994). Thus, the striking differ-
thea in males, of the ences in ity o fermale and male
of and 1988). In mice may iavolve the joint actioa of the immune sysiem sad
rocal host snd the gomads, both influrnced by & parasite that finds the female
are bwi as ite success more for i
1991). There are sexus! changss in morphology as well as and the male when it hap-
ssn-reiated brhaviors) changes in crabs when parassitized with peas to infect males.

and Can if the m the male host by the

in the
satiern of the hoet. Tarnia rarnianformis is also known to aker
i i by il - (Linn_-l..

immunological system is also of inlerest in the wide biological
scnse of hosti-parssite coevolution and in the more restricted
but martter of the ifying the

1990): the ion of Brugia and i~
mitis is modulated by ecdysteroids (Rarker ot al., 1991). The
ibility of i i i o in

sociated behavior of the host. Thus, we ssseased the seaual
infoction

b h is 0
In eapsrimental acute murine cysticercosis caused by 7arnie
(Froeman, 1962, 1964; Culbreth ct al., 1972) there is

a in all strains of mice
studied, with femais mice being more suscepeibic than males as
measured by parasise loads 30 days afier infection (Dorais and
Esch, 1969; Sciutto et al., 1991; Rojalil et al., 1993). However,

in
tend 1o diminish, with parasite loads in males eventually be-
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of male mice during 13 wk of intragenitonsal
and

with 7. the pattern of sexual
with ity and in the

host.

MATERIALS AND METHODS

Baitvc inbred mice of both seacs were bredt in our snimal facilities

byl.“wllm&-lium"ommmﬂo-.mm
inal stock from Jackson ories im 1982. Mice were fed

Diet 5013 and sterile waler 8d libdtum. They were mainsained

reversad light-dark cycle (14 h lLight: 10 .

subjects (n = 11) were sslocted on the basis of their normal display o

he paticrn of sesual bebavior, including e tion in gt least | of 2

-ets.
Semith et al., 1972)
in all expers.

ORF mrain of 7.

toneal cavity. Larvae for i i were

female donos mice infected for 3—6 mo. Ten unall (apgronimetely 2
mm in diameter), nosbudding 7. crasticeps were suspended in
0.3 mi phosphate-buffered saline (PBS: 0.13 M NaCl, 0.01 M sadium



% SUBJECTS WITH SEXUAL BEHAVIOR

o 5 10

[ 4
]
4
%
t
$
’

of
eontank Siand for - vivo
By UECUlr YIROus PURCNS of MIos UndSr Sther Afer
incuhstios far S he 82 ar ot 4 C, the Mend
it wus cratrifAged and Srums was obitined. Swruids weve Sther-as-
--‘—l-:_—lll—! W buafior uetd for Vivdicimnasunettusy (R1A).

i

il

I
§

!

;

Masen-
chuaptes). The RIA date wors anad.
yuit (Rodhard ot ol., 1969). Afor sther anesthosis and Aiabo-
cotben. all the cysss fund imaide the calbsctad
veuicies were removed sad

The grogmrtions
Istion Sebavier
oups. s well
manns of AN} FEREIERSS PO W00,
as woll a5 the Wwhavioral were Sstuusn
Sroupe by am ANOVA waights and
harmonal levels wers compared Wrtwers grougs by the Brudent's ;-teet.
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As shown in Figure 1, the percenages of parasitized male
mice mount, § if and i

trol groups from 5 wk of i 6 wk afler
nose of the parasitized mice showed an ejsculsiion response,
The number of parasitized mice that showed a diminishing

Thus. the number of mice
the and

3

e

3 : Wes ot al.,
196 are mounts by the
dieplay of a puariod of repesiad. slow,. derp privic thrusting during in-

ad b ina
wcy valuss of >30 min (30.01 min for
A wraual W was in-
fection (st 0). Testing continued theresfer ot weaekly intervals up to

the 15th wh of infection.
To setess if changss in wrxual Belgvior wisied MOre 10 LeHOSETORE
Wvels than 10 & general dedilitation dus to disesas, T levels were
y restored in iafcted mice expacting to resiare their sexual

from that of the con-
1rol group from $§ wk of infection to 1he end of the study, and
at 8 wk the infected mice did not display intromissions. Mount-
ing continued for a longer period. until wk 13. at which time
parasitized animals ccased 10 exhibit any sexual behaviorsl re-
sponse. All control mice continued showing the normal pattern
of sexual i i
servation period.

Mount latency started to increasc in the parasitized group st
S wk compared 10 previous values and 10 the control group (Fig.

and the diffcrences were sighificant on wk 6 onward. Intro-

ion latency was also longer in the parasitized group from
S up to 7 wk compared 1o previous values and to the control
group. Thercafer. intromissions were no longer displayed. Ejac-
ulation latency of infected mice retained similar values 10 those
of control mice until the response ceased to be displayed. The
number of mountis per test shown by the parasitized males (Fig.
3) was significanily reduced (P < 0.05) on wk 6 up to 12 and
mounts tolally disappeared by wk 3. Likewise, the number of
intromission responses of this group decreased from wk S to 7
(Fig. 3) and by wk 8 intromissions were no longer displayed.

At 15 wk of infection, the mean = SD of the number of

2,
mi;

from the cavity of
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mmice (Alled ‘bt 0 valuse and
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erences
W(ls-k)miwmmm‘l‘-lthl parasitiom signifi-
cantly the serum tevel in males
soﬁ—n)wu—-lmmnunl mice of the same age, whereas
levels were diminished by 95.3% at this time of i

oeg

© CGNTROL
® PARASITIZED

NUMBER OF MOUNTS

s
WEEKS OF INFECTION
Mean sumbers of IOURts and intromissions per we: dis-

[
and 5 control mice in sach week

DIBCUSSION
Tnﬂuu crassiceps cysticercosis is known 10 irigger & feminj-
mmnumﬂkmuﬂuhmw
- .ndud in serum levels,
200 times their aormal values,
0%

inlé‘rk.

Testes weight decresend by 22% o comtrol males of

sexusl bebavior of B-wk-parasitized mice that later v-:e-ved oit,
TP, or DHTP is shown in Tabile II. The TP and 10 & leser
exwnt DHTP, fully restored the display of male seaual

those of
10 (Larralde et al., 1993). Pnuctu results
found in that study in mice after

the
15 wk ofi and that they are
relevant to the host, being mnniklwd as a progressive dimi-
nution in the sexual behavior of male mice as infaction pro-
gresses. A close was found the
of sexual and the of the

in infocted animals (Table IT). whereas treatment with comn oil
had no effect.

Thus, there was a decrease in the sexual behavioral parameters
of the parasitized mice thal became more pronounced between
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Tams L. Efbrt of cheonic infsction with Tareis crassiceps Cystioseci
on the fevel of aen steTOids and OR Wt and srminal vesiciss weight ®

arP, l@“y) iRy

po—— or corm of (30 ui/dey).®
@ = 3) n=6
T <27 — Lid
2621 = V328 ——S0ors_Ater Butors Afer  Befem Af
3908 = 300 = Mount 1000 €67 1000 1000 1000 1000
3590 + 386 2816 = 1411 00 ©0 00  100.0¢ 00 e3¢
Eieculstion 00 00 00 833 00 333
7 <0018 P < 0.03 cumguons su 1he contrel group, Srudont’s 1ot r e -
' ' E3 o 01 Piahor's sugct prohateiliey

whk 4 and 8 of infection, 8 period in which the changss in ssrum
and T jevels also becoms move svident (Larralde et
ol.. 1993).

The dechine in srxuel respoasi veness is unlikaty 1o resuht from
debilinntion caussd by the
mice were similer so im relation 10 fur
other signe of health, n-nimywumuli.--ll-luﬂn.‘
water intahe. Bosides. they were as active in every way as the
& similar level of locomotor
mﬁﬁw-—lwhuo—w“wumﬂlzn
which time they showed a slight decresss in general activity
-hnu-duunkr“—
ios of cwr and not st 15 wk, showed s
w-.nk—-.m-nummumwwm; in -llmoa.

nmmhuw-uu—n-«m"”m-m

ontont with DHTP 1hat the of smaual
observed in mice was dus to the decresss in
the levels of T and nt 08 effoct with

Webater mice respoad in a similar fashion to T and DHT
cn—-uﬁ.l.. I“J-WMM 1973). Estragen appears
to by an imponant T metabolite related 10 the facilitatioa of
male sezusl behavior in different species (ln-req.l. 1976;
Morali et al., 1977; Lutige, 1979; Sodersten, 1979). This pos-
sibility has been explored in some sirains of mice. In fact. cas-
trated s‘iu-wm lnale micedh.lcy- w Icvcl onnounlin.

but

estradiol m (Ed'ud- and Iu' 1971) Eln“iol l'.cll-
ilswes the disglay of i CD-1

(Datwerio e al., 1979; Wallis and Lulge, 1975) Hybrid males
ol‘ he B6D2F, strain tha) ceased to copulate afier castration
display full senual behavior including ejaculation when treatwd
with estradiol henzoate (Wee ¢t al.. 1988). Thus. one would
expect that the sexual behavior of parasitizsed mice were main-
'.llned by the high estradiot levels. However, there being strain

the presence of passsites or illness.
The course of the behavioral changes obeerved in

-t is that Baid/c mice pooriy 10
i of senusl behavior in

by the i
the highly wbcd parssitized mice.

1he parasitizsed mice is similar 10 the decline of sexual
that has been described for this strain of mice following castra-
tion (McGill and Manning., 1976). The males of many mammals
retain arzsual 1o an extent
that vasics greatly between and within species. mhﬂld‘m
but, for mice in

Thus, M:Gll.l
and Manniag (1976) nuuned & more rapid decline in sexual

by which cysticercosis af-
fects the Iml- and mivme- of the host sex hormones and
behavior sfe not yet k-o-m -nlh pndnoa. there is no Question

the at: i impact of the
perasite upon the host. We have -w elsewhere (Larralde
etal., 1995) |h.ll it could involve the activation of the aromatase
from T by way of a high
murleulm-6 response, as described for breas: cancer cells (Reed
etal., 1993). but more -rc i to i the

precise

Hoat feminization by cyluaﬂ:o:u nnd other parasites. e.g.,
et al., 1989), should not be re-
ll'“ as biologicsl curiosities but more as strong evlde-el of

of the sexual 10 i

-mmhmm

Uy_ . by he repro-

novel

resulting ffom cymicercosi
‘kl“lo"llmm(w

tively, in l& present study may represeat (he direct ‘k‘!ol‘lhe
decline in T jevel.
mmm-i-mmwmmm-orumy
off
m“udnhl—mmﬂ Themhliwe.c
iol for main-
“umuwmyﬁwnnnwhnvium
mice afier castration varies among the sirains. CD-1 and Ralb/
< male mice ssem 10 be very dependent on T, wheross Swiss-

of the holl

in ways
other uun me pny/wad-m interactions (Hart, 1994).
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ABSTRACT: Chronic infection with Taenie crassiceps cysticerci in mele mice
exibit an Increese N serum esradiol levels, whilst those of tesiocsterone are

behavior. This study wee © the tissuler damage in the
reproductive system of male mice, and whether this alteration affects the normel
stercidogenesis Of the reproductive sy ¢ ' tysis, and
g of enzymes were by Northerm biot technique
in the reproductive tissuss of the perasitized mate mice. At 16 wk of infection,

and semi or righ y ifinrate. The tissue

lesions observed included dilatation and peripheral fibrosis. The expression of
Sareductasse in the tissuss of the reproductive tract in male mice was

" sromatese wes expressed at & higher level in the tesies
of parasitized mice. and there were no ges in the n for
P4SOscc. These findings suggest that the aNeration specifically acts at the
testosterone metabolism and Not on all sterocidogenic pattwway. The overall
results suggest that the feminization process produced by the chronic infection
h‘_m.m.bmieo. is because the male reproductive system is atrophied.
presumably by the lack of testosterone and the high inflammatory response in

the same.



n experimental acule mMurine Cysticercosis caused by Taenis crassiceps
(Freeman, 1962, 1984; Cultreth ot al, 1972) there is a remarkable sex-

isted su ibility in all strains of mice studied, femnale mice being more
susceptibie than mele as wod by joads 30 days after infection
(MO“E“’. 1989, Sciutto et al, 1980 ). However, during chronic infection,
this sex-associated susceptibility dissapeers and male mice pressnts a number
of -paresites similar 10 that of female mics. At the same time & feminizetion
Process ocours in the male mice, which is charsclerized by & 200 fold increase
of serum sstradiol level, 90% in lovel , and a diminution of
S0% in the and weight (Larrside et al, 1995).
Fm.mnmm.mmmwmmdr
normal sexusl behavior pattern by loosing ejeculstion response, ister the
intromission response and finally, at 16 wk of irfection, the mourt reaponae is

also abolished (Morales et al, 1998).

Reciprocal er o i L] Y hosts and perasites
have been recognized as enhance parasite success (Becksge, 1990). For
instance, during ctwonic infection, Tasnia tasniesformis is also known to aiter
reproduction in rats by d ing o CONCHr v (Lin ot &,
1990). The reproduction of Brugie pshangi and ODirofifaria immitis is aiso
Mw-mmMuMW(wuu 1991). & has
besn reported that during acute ir Y with Try cruti in ale mice,
siructural aiterations of the yas defarans exists. and that the perasite is present

3




clos® to the lumen of epididymal duct (Carvaiho st al, 1901). Furtheswnore, sfter
acute infection the relative weight of the epididymis, yas daferans and seminal
vesicles were significantly incressed and rats were unabile to reproduce (Carraro
o al, 1992). interestengly. during chronic ion with & Bolivian sirain of

Trpenosoma cruzi in Wistar male rats, a significant decreass was cbeesrved in
the abeciute weight and in the fructose content of the seminal vesicle and ventrai

prostate of chagasic rats. A ¢ n w & was also
reported (Tavarse ot al, 1984).
[, . the preci Jar and physiological mechanisms by which

PErasites Produce theess steroki Changes in their hosts have not been expioned,
athough they could be related with changes in the euxpr
the gonadal steroidogenic pathway.

* of key y n

Cholestercl side-chain cleavege enzyme (8CC) is expressed in al
SIeroidogenic tissues and catalyzes the first and rate limiting step in steroid
L, @ bioey the conversion of cholesteral to pregneionone ( Rice et
al, 1990). A large number of agents affect ihe lavels of SCC MRNA in the
different steroidogenic tissues, including products of the immune system such as
y-imerferon (Orava ot al, 1989).

Y wome P-450 (P450arom) is an enzyme required for the

Y of one (T) to (E) in the ovary and testss of maeny
mammalian. its activity has been extensively studied, and it is well known that
factors that incresss sromatase activity include gonadotropine as follicle
stimuisting hormone (FSH) (Richards et al, 1987;). forakolin (Fitzpetrick and



Ri ., 1991), & CAMP (Price and O Brien. 1993) and interieukin-6 (iL-
8) (Read ot al. 1992, 1993). In the mammalian male this enzymatic aclivity is
very low and the ievels of estradiol are not detectable. presumably due to a

or from T to dihydrotestosterone (DMT) by steroid Sa-
red ly".ll' yme (| . 1989).

Since during chronic infection of p i mice there is an
o n and @ in e, cor tant with an

inhibition of the typical sexual behavior which correistes with sex steroid
changes and parssite loads in the peritoneal cavity. the aim of this study wes to
investigate whether as a conssquence of chvonic infection, the reproductive
organs of the male MICe Were damaged at macr and micr ic level
and 10 sesess whether st the moleculsr level there were changes in
SIroIdogenic key genNes SXpreesion levels, wich could explain the change in sex

CONCH 18 observed during chronic experimental male murine

Teonia Y



MATERIALS AND METHODS

Maile BALB/c inbred mice were bred in our animal facilities by the “single-
line breeding system” over 20 genarstions, starting with an original stock from
Jackson Laboratories obtained in 1982. They were fed Purina Diet 5015 and
water ad kbitum.

The fast growing ORF strain of Taenis crassiceps (Smith et al., 1972),
isolated by Freeman in 1982 , was used for mice infection In all experiments.
Larvae for experimental ir Y were from donor mice infected
3-8 months before. Ten Non W Taenia

larvae (approximately
2mm ) were s ded in 0.3 mi phosphate-buffered saline (P8S:0.15M
NaCl, 0.01M sadium phosphate buffer, pH 7.2) and injected intraperitonaally into
sach of 10 42-day-old male Mmice using a 0.25 gauge needie. Ten subjects of the
same age, remained a8 non-parasitized controls. Mice were sacrificed by
wmwunwuwmamwmm

cysts found inaide the peritonesl cavity were collected sfer rinsing it with P8BS
and visually counted. Reproductive LSsues were surgically extracted, and fixed
in bulfersd formakin 10%, paraffin-embedded and cut N & MYCIOOMe (4-8im).
Al slides were stained with hematoxyiin-eosin and observed in a 100x light
(Olympus Opti Japan).

Total RNA was isclated from the testes, saminal veaicies, epidydimis,
prostate, and spleen of control and 18 wk parasitized males, together with the
ovary of a female NONMEl MICe, using the single step Method based on guanidine

isothiocy phenol/ct using TRizol reagent (Gibco-BRL.,




NY, USA). In brief, sach tissue was ed and

disrupted in

TRizol reagent (1 mW 0.1g tissue). 0.2mi of cr were por mi of

TRizol. The agquecus phase was recavered after a 10 minutes centrifugation at

1“!0. RNA was p i with isopropy washed with 75%
. and in Rnase-free water. RNA ation was

by absorbance st 200nm. Aliquots of total RNA containing 20 ug from sach
tissue were denatured and electrophoresed in a 1.0% of yk

Y BORr

90 as previously described (Sambrock et al, 1909). The integrity of the RNA
was ascertained by UV visuslitation of the ethidium bromide-stained gels. The

RNA in the gei was blotted ovamigit t0 a nylon w (Gene S
DUPONT, Boston) and was sortty v

) plus,
yors with specific probes of P-
450scc, P-450 Sa-rect or cyciophitin. The probes were “P-
ab 0 sy (Giboo BRL, NY) according to
manufecturer's ir . Afler hytridization to 42°C during 24 h membranes

by the o

DrTee

were washed twice with 2X SSC at room tempersture for 30 min, followed by
0.1X 88C-0.1 % SDS at 55° C for 40 min. The membranes were then exposed
to_w XAR-5 X-ray film (Eastman Kodak Co. Rochester, USA) for 48-72 h at
-76'(:. Hybridization signals were quantified by densitometric scanmning of
Multiple autoradiograms of various exposurs times, and were represented as the
ratio of the signal of each studied gene reilstive 1o the cyciophylin gene
expression wich is a constitutive pene used as an iMemal comtrol. AN
experiments wers performad in triplicate, and the data were snalyzed using one-
way analysis of variance (ANOVA) foliowed by Student's t-test of individual



differences between means. The Epistat statistica program (Epistat 8 ) ).

was used for calouiating probablity valuss. Differences were considersd
significent when P values were <0.05.



Results

The histologic changes cbesrved in the and of
he parseitized maie mice are shown in Figure 1. & is evident that clwonic
infection produced severe atrophy of the reproductive tract. presumably dus to
the high perasites icadin the perionesl cavilty (2548 + 464). interestingly
PErasiies were naver found outside the peritonesl cavity.

Figure 2 shows the histologic structure of the reproductive organs of
parssitized and conirol maile mics. The tissus damage produced by chronic
infection is cbeerved. In the normal MIce, the 18etes show thin tunica albugines
and the seminiferous tubules depict r il et v of the germinal epithelium
(A). In parasitized mice, albupginea is thicker due o fibrosis and chronic
inflammatory infiirate. Tubules are larger and show minimal espermalogenseis
(®). in C (control mice) the pr & thin fibromuscular iayer
het surrounds the papillary projsctions of the epitheslium. The vesiculer lumen is
filed with & oer » wophitic materiel. Figure 2 D (seminal vesicies of
parasitized mice) atn, nfar y infiltirate with fibrinoid

P nthe and the ioss of the honeycomb structure is cbeerved. The
" presence of wophilic intravesicular is pr is granular and
nmmen *a ' of p is and defferent ducts
of control mics. The glands and luminel siructures of prostate and epididymis are
surroundsd by a thin fibrous capeuwle. in e p tized or (F)
ehow ath ir y inflitrate, fibrosis and focal n the
Glands and tubular structures are diletated and filled with garm celis ‘debries.




Tissuse damage cbeerved in the diferent tiesuss studied was quantified
and representad in the Tables (. ) and IIl. The mejor alteration presentad in the
parasitized male Mios was a severs inflammatory iNfiirale and iachemic Necrosis
in the organs above mentionad. The most affected structures were the testes

(Table 1), which pressnted a diminuti in e esis, and
[ culer ir . in table 11, the principal alterations in the seminal
vesicies of the parasitized male mice were ded. The o® was from a

simple dilatstion to penpherst fibrosis. The prostate was the less alifected of the
reproductive tissuss analyzed. it only show inflammation.

n order to any Ware p % in the ster geni
matabolism at the molecular level, P-450-sromatase epression level was
d by biot in and paerseitized ar A ropr
reault is depicted n figure 3 (upper panel). The eupr level of the
conetihutive gene cyciophyilin (Cph) wes constant in all examined tissuss (lower
m)(Fm:.).Th. analysis of the autoradiogram showed that

e of p ized et presemed an 8-f0id increase in MRINA coment for
P-dsom(r«o.onnmmm The exp

level of P-450 inthe of the p i maeile mice was 1.5-fold
higher (P<0.01), than that in the ovary of v ie. In

there was no abie exp y of n the muscie of the normal
male mice (Figure D). Figure 3c depicts the snalysis of the RNA sample used
for e Northem biot analysis by der ng ager ol ot and




aame amount in ail sampies. In contrast, Northam biot anslisys of Sa-reducitase

onpr ovel a clear dé Y in RNA % for this enzyme in the
wproductive ti from 18-wh-p itized 4 6 8 and 10)
P with non-p itized (lanes 3, 5, 7 and 9). In the epididymis of
e perasitized male mioe, NO diMinNution in the MIRINA cartent for this enzyme
was cbesrved as L with the ' is from male mice. n
©° the o0r and prostate presernted a clear

Mhmmhmmh“mm.
compared to that of control mice (Figure 4a). The reiative expression level was
plotied in Figure 4b. A i of appr ly 75% was cbeerved in
he total expression feve! of Sa-reductase type i in perasitized male compared
with control male mice. In figure 4c the integrity of the RNA used for the Northem
biat anelysie ia shown. No degradation and the same amount of total RMNA for el
samples was cbeerved.
in ordar 0 establieh wheiher the alerstions aobesrved in the
Qour of the p itized male mice only affected the sromatase and
redh onzy Y or was a gneral pb J -3
messuwre the P4S0scc espression level. This is the initiael enzyme in the
dogenic pr Figure Sa o repr Northem biot for 8CC
mRNA datection.k is clear that, in all the tiem lyzed,
parasitiasd male mics and conirol Mice dyapiay the sams MRNA content for this

enzyme. Ak the same time, the expr of cyclophilyn used as a constihtive
gene control did not change. However, it is clear (00, that there is a diferential

T ¥ N R LIPS SRR AU IFIP



Sup of the Y dep "0 of the snalyzed tissus (Figure Sb). Figure
same amount of undegraded RNA.



We have previously shouwn that intraperitoneal infection with Teenie craseioeps
cysticarci wiggers a feminizstion procees in the maile hoet. Thise procees is

characterized by a 200 foid of while e
decreases by 90%. B ] jes and or % & reduction of
S0% in wat weighn (Larraide et al, 1905), and the clwvonicelly perasitized male
mice theis b sl behavior (Morales et ol 1968).AI hese

disturbencee have been relsied with the iow tesliosterone levels, becauee the

pony

is by W or oy )

o Rized male mice (Moraies ot al. 1908). Furthermore. other

eupariments heve that i positively reguleies parasite

number in he hoet, either or e, pr anably, by @ 3 with
he thy depandert oslular imm hat [

growth (TH1) and enhencing thoes that faciite (TH2) this procses (Terrazes ot

al, 1997).

Our present results show that not only the lack of normael hormonat
supply to the reproductive system, but aiso the high immune infiltrate found in
all the reproductive tissues produce the damage. Theese results are in
agresment with those of Tevares et al, 1994, who found that in chronic
[~ male rats, the p w o are
significantty reduced, as well as the and pr weigit. AL the
same time, there is inflammation of theee organs. Furthermore, Lyn ot al, 1991,

described that one | s are o in male rats parasitized with

13




T tasnie: arvas. * , in the rep above he

authors did not he is and they aWribuled the low
®0 an in the hepetic function.

Wich mechanisms induces or uses the cysticerci to drive the hormona!
environment of the host that are for its (o ) to
some ses p L{ for his gr ?. A si gy of the

o sl [ ] of secusl oould @ ive the

stimutation of aromaetase activity, the key enzyms in conversion of testosterons
um.mmmmwomwmmam
4S0wrom in this feminization process since we found a elevated level of

XD Y in the of the 16-wk parasitized male mics. in
contrast, the cbesrved n S ciuct: oNpr y lovel probably is &
consequence of the iow tesiosterons level, since the production of this enzyme
hwwmﬁ (! ts , 1909). M . the fact that SCC
Supression was not altered in all the tissues vod of the p itized male
mice, suggests that the ivation of may be & key factor in the

y pr i mentioned, and is Not due to & general disfunction in

oo oBNesis.

One of the main questions during the feminization prooses induced by

Taonia crasssiceps is the mechanism by which is i d in the
tostes of perasitizad male mice. An important factor to ar
activation is inerieukin-8, & multifur Y ine involved in various

endocrine pathways. apart from its role in imm pr  during



parasitic infections. For instance, it is well kNown that in ovarian cancer celle
and in breast cancer cells, 1L.-8 reguiates activity. (| ot o, 1902,
1993, Spangeio et al, 1980; Gorospe et al. 1982 Yamaguchi et af, 1990) and
sugments estradiol production, wich in tum, Mmaintain celiular growth and
reproduction. in addition, IL-8 is produced by many endocrine cells and tissuss
(Spangeic ot al, 1990a; 19800). We had previously shown, that serum level of

this cytokine is wedly i n y P itized maie mice with
Teonis J Y i (L ot at, 1995).This high cytokine lewel couid
be 1o the ir in Clivity reported in this study.
Further studies are required to determine whether IL-8 is the key factor, or
whather other t from the p or the host induce feminizstion
process during experimental male murine Taenis . Thus.
the striking differences in susceptibility %o cy - T male and

female mice may involve the joint action of the iImmune system and the gonads,

both influasnced by a parasite which changes the male hormonal Milieu during
chronic irfection.

Host femini » by p itic ik the y of sexusi
phenotype in response to infections. This pr could ir e immune

system, and sndangers the reproductive capecity of the host. This sets novel
forms of affecting the evolution of both host and parasite other than the

prey/p ir (Hart, 1984). Finally, the cunning haormanaily based
strategy empioyed by Teena cr

ps to od an ur mass of



foreign tissue in an initisily resistart mele mouse may be of ierest for
consideration in other chronic massive host-parasite confrontations.

16
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Main histological sherations in the testes of BALEIC mice chwanically
parasitized with Teenia Crassicops.
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¢ pical of p from chronicaily perasitized mice with Tasnie

Craciesps Cysticerci.
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Table M. » picel lysis was perk n pr i fined with

10% formaidehyde-PBS and stained with hematoxilin ecsin. Results represent
the p tage of ahter 's recorded in 100 stides of 10 affected animails.




Figure 1.- Macroscopic aspect of the reproductive system of a male mice

chronically infected with 7aenia crassiceps cysticerci.
Representative aspect of the seminal vesicles, testes and epididymis
surgically extracted from a 16 wk infected male mouse. which clearly shows

atrophy. The picture is a representative case of 10 infected and 10 normal

BALB/c mice.
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Figure 2.- Microscopic slides of the entire reproductive tract of the male mice
chronically infected with Taenia crassiceps cysticerci.

A) Section of testes of normal mice. B) Section of testes of parasitized mice. C)
Section of seminal vesicles of a normal mice. D) Section of seminal vesicles of a
parasitized mice. E) Section of prostate, epididymis and deferent ducts of normal
mice. F) Section of prostate of parasitized mice.

All the organs were surgically extracted and immediately fixed in 10% formaiin and
stained as descrcibed in Methods. The Figure shows a representative set of
pictures of 30 slides of 10 normal and 30 slides of 10 infected analyzed male mice.
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Figure 3.- Increased mRNA content for A-450 aromatase gene in the testes of
parasitized male mice infected with Taenia crassiceps cysticerci.

(a) A representative Northern biot as described in Materials and Methods from
various tissues of normal and parasitized mice. Lane 1 Ovary from a normal female
mice, Lane 2 Parasitized testes, Lane 3 Normal testes and Lane 4 Muscle from a
mate normal mice, used as a negative expression control. Data represents poois of
5 mice. and each experiment was made in triplicate. In (b) results of gene
expression are reported as densitometric data obtained from the autoradiogram
signal. The relative expression was obtained by dividing the expression of the
studied gene by that of cyclophilin (Cph), used as a constitutively expressed gene,
in order to obtain the relative expression. Values are mean = S.E.M. *P< 0.01.
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Figure 4.- Steroid Sa-reductase type li gene expression is abolished in the male
mice during chronic infection with Taenia crassiceps cysticerci.

(&) A representative Northern biot prepared from total RNA as described in Materiais
and Methods from reproductive tissues. Lane 1 Rat Prostate, Lane 2 Mouse Ovary,
Lane 3 Normal Epidydimis, Lane 4 Parasitized Epidydimis, Lane 5 Normal Testos
Lane 6 Parasitized Testes, Lane 7 Normal Seminal vesicl Lane 6 Par
Seminal vesicles, Lane 9 Normal Prostate, Lane 10 Parasit Data
represents pools of 5 mice, and each experiment was made by tnpllcalo In (b)
rasults of gene expression are reported as densitometric data obtained from the
autoradiogram signal. The relative expression was obtained in the same way as for
aromatase.Values are mean = S.E.M. *P< 0.01.
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Figure 8.- SCC mMRNA content in the reproductive system of the male mice during
chronic infection with Taenia crassiceps cysticerci.

(@) A representative Northern blot prepared from total RNA from reproductive
tissues as described in Materials and Methods. Lane 1 Ovary froma normal mouse,
Lane 2 Normal Testes, Lane 3 Parasitized Testes, Lane 4 Normal Epididymis, Lane
5 Parasitized Epididymis, Lane 6 Normal Seminal vesicles, Lane 7 Parasitized
Seminal vesicles, Lane 8 Normal Prostate and Lane 9 Parasitized Prostate. Data
reprasent pools of 5 mice, and each experiment was made in triplicate. in (b) results
of gene expression are reported as densitometric data obtained from the
autoradiogram signal.Relative expression was obtained in the same way that for
aromatase and reductase. Values are mean = S.E.M. "P< 0.01.
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ABSTRACT:. Estradiol reguistes the expression of various genes invoived in
NDOr [, celiuiar pr Chronic infection with Teenis crassiceps

Cysticerci, produces a [ in serum & is in male mice.
N this study, we investigated whether in the maile mice infected with Tasena

Y Ci an aiterstion in the expr on p y of
reguiated genes, c-f0s, C-jun, and in the cortent of dc/-2 and pSJ, two genes that
part in the iC pr n the inf d male. c-fos MRNA contert

was i n Y and thymus, whereas cjun was only increased

in the thymus. in contrast. oS53 mMRNA 1t was diy reduced. whilst the
axpression of Hci-2 was totally abolished in the thymus. The thymic cell analysis,
showed a diminution in the content of CD3°, CD4* and CD8’ subpopulations in
the perssitized male mice. The changes in the normat hormonal millieu of the
host, could induce an increase N the rate of apoptosis n the thymus.
Furthermore. exists a tissue-specific regulation in the expr ion of these genes
in the chvonically infected male mice.




INTRODUCTION

Experimental murine cysticercosis caused by Taenia crassiceps (Freeman
ot al, 19682, 1964: Culbreth et al, 1972) has been wel!

vod as a of
cross-rescting antigens useful in immunodiagnosis of human cestode diseases
(Gotistein et al, 1986, Schamz. 1988; Larralde ot al, 1990) ss weil as a practical
model for testing vaccines against porcine Taenia sokum cysticercosis (Veidéz
ot al, 1994). It is also a manageables experimental system to explore the role of

factors involved in host susceptibility (Larralde ot al, 1995. Morales et
al, 1996).

During experimental mwine Taenia c

P y St is. there is @

ibility in all strains of mice studied. being
female mice more susceptible than as

wod by par loads 30
days after infection (Dorais and Esch. 1989; Sciutto et al, 1991). However,
auring cfwonic infection, this difference in sex-associated susceptibility
disappears, and the Mmale mice present similar number of p:

as the
mice (Sciutto et al, 1991; Lavrralde et al. 1995). At the same time, a feminization

pProcess occurs in the male mice, which is characterized by an increase in serum

estradiol lavels to 200 fold their normai values. on the contrary those of
testosterone are 90% o d. In aditti

Y. a diminution of 50% in seminal
vesicies and testes weight has been detected (Larraide et al. 1995).
Furthermore, during irfection process, maile mice sequentially loose their normal
sexus! beshavior pattern. by loosing ejacuistion rasponse. later the intromission

response and finaily. at 18wk of infection. the mount response is also abolished.



All these sexual behavior is compietely restored aftar testosterons or

dihydrotestosterone restitution of the parasitized male mice (Morales et al
1908). In addition, it has been demonstrated that ol itivel v

parasite growth in hosts of both sexes. presumably by interfering with the
thymus-dependent cellular immune mechanisms that obstruct parasite growth
(TH,) and enhancing thosse that facititating (TH.) this process ( Bojalil et al, 1993;
Terrazas ot al, 1954). All reproductive and immunological disturbences

previously described in male parssitized .-nimnls have been relsted to the high

estradiol and low one | ! d in these animals (Lavrraide et ai,

1995 Morates et al 1998).

In mammals estradiol participate in a large number of physiological
processes such as sexusl behavior ( Edwards and Burge, 1971), reproduction
(Marcus, 1974) and development (Kaye et al, 1972). Estradiol reguistes these
processes inducing ONA replication, cellular proliferation and growth, through
changes in the expression of several proto-oncogens such as ¢-f08. (Loose-
Mitchel, 19688, Bigsby et al, 1994 ) and a variety of genas from jun families
(Rensone and Vernma, 1991; Nephew et al. 1993) The expression of these
proto-oncogenes is regulated by other hormones. serum proteins and the tumor
suppressor p53 protein (Ginsberg et at, 1991).

Several studies indicate that p53 induces apoptosis in different normal

tissues (Clarke et a!, 1993; Caelles ot al. 1934), however, transcriptional

reguistion by steroid hormones in apoptosis and in other physiological

conditions has not been completely siucidated.




The bcoi-2 proto-oncogena is a uNIqUe ONCOGaNe WNICh eXPression results
n proionging cells viability, independent of p ing cell division, by overriding
programmed cell death mechanisms ( Mc. Done!l ot al, 1989 ).

Hormonal changes observed in the pl.rai(izod male mice may affect
several physiological proceses of the host, besides the immunological function.

This study was performed to evaluate c-fos and c-jun, two estrogen
reguiated genes, and p53 and bCI-2 gene expr ion in

¥ ' and
thymus. in the male mouse. which are the mainly affected tissues during chronic

infection with Taenia crassiceps cysticerci.



MATERIALS AND METHODS

is and infectt

Male BALB/c inbred mice were bred in our animal facilities by the “single-line
breading system” over 20 generations. starting with the original stock from
Jackson Lsboratories obtsined in 1982. They were fed.Purina Diet 5015 and

water ad fibitum. The fast growing ORF strain of Taenia crassiceps ( Smith et al,
1972) i by R F

v N 1962, was used for mice infection in all
experiments and was supplied by Dr. B. Enders in 1986 (Betwingwerke,
Margburg Germany). Since then. the parasites have been maintained in female

BALS/c mice by intraperitonea! sequential inacy ion of

in their
peritoneal cavity. Larvae for experimantal infection were obtained from female
donor mice infected 3-8 months before. Ten non-budding T. crassiceps 18rves
(approx 2mm o ) were s

ded in 0.3 mi PBS (0.15M NsCi, 0.01M
sodium phosphate buffer, pH 7.2) and injected intraperitonsally imo each 42
day-oid male mouse using a 0.25 gauge needie. Mice were sacrificed by cervical
disliocation after deep ether anesthesia at 16 wk of infection, and parasites ware

coliected of peritonea) cavity after thorough rinsing with PBS. Testes. spiesn and

thymus were removed and weighed wet.

Hormone Measurements

Blood for steroids determination was coliected in vivo by retrocular venous
puncture of mice under ether anesthesia. After incubation for 5 h at room
temperature and 18 h at 4°C, the blood clot was centrifugated and serum was

obtained. Steroids were ether extracted and solubilized in the buffer used for



radicimmunoassay (RIA). Estradiol and T oNe CONCET 1S were
determined by RIA as previously described (Larralide, ot al 1995; Morailes et al,
1908). RIA data were calculated by the logit-log regresion analysis (Rodbard et
», 1969). '
Total RNA extraction and Northern Blot Analysis

Total RNA was isolated from the testes, thymus and spieen of normal and
16 wk parasitized males with the single step method based on guanidine
isothiocyanate/phenoi/chioroform extraction using TRIizol reagem (Gibco-BRL,

NY. USA). in brief. each tissue was and i disrupted in
TRIizol reagent (1 mi/ 0.1g tissue). 0.2ml of chioroform were added per ml of
TRizol. The aquecus phase was recovered after a 10 minute centrifugation at
14000 x g. RNA was precipitated with isopropylic alicohol. washed with 75%
sthanol and rediscived in RNAse-free water. RNA concentration was determined
by absorbance at 260 nm and its purity and integrity was verified after
electrophoresis on 1.0% denaturating agarose gel in the presence of 22 M
formaldehyde. Aliquots of tota! RNA containing 20 ug from each tissue were
denatured and electrophoresed on a 1.0% of formaldehyde-agarose gel as
previously described. RNA integrity was ascertained by UV visualization of the
ethidium bromide-satined geis, and was blotted overnight to nylon membranes.
(Gene Screen plus. DUPONT, Boston) Then, RNA was subsequently hybridized
with ?P-labeled specific cDNA fragments for c-fos, c-jun, p-53, bcl-2 or
cyclophylin preparecd by a random-primer labeling system (Gibco BRL, NY)

according to manufacturers instructions. Hybridization membranes werse washed

[



e

twice with 2X SSC at room temperature for 30 min, followed by 0.1X SSC-0.1 %
SDS at S0° C for 30 min. The membranes were then exposed to Kodak XAR-5 X-
ray film ( Esstman Kodak Co. Rochester) for 2448 h at -70°C. The
autoradiographies were analyzed by densitometry.
Densitometric Analysis

Hybridization signals were quantified by densitometric sﬁnnim of
multiple autoradiograms of various exposwes, and were oxpfosood as the ratio
of the signal of each studied gene reiative to the expression of cyclophylin gene,
a constitutive gene used as an internal control.

Analysis of thymic and spieen cell subpopulations

The proportions of various cell subpopulstions in the thymus and spleen

of normal and infected mice were ined by indi immunofiuorescence
and flow cytometry. Spisen and thymus were surgically extracted in sterile
conditions and the cells were obtained by perfusion of each organ, washed and
stained in HBSS suppiemented with 1% BSA and 0.1% sodium azide. Cells were
preincubsted with rat mAb 2.4G2 directed against murine FcR to block FcR
binding. Cells were incubated with the indicated mAb (0.01u9/10° celis) for 30

min at 4°C and washed twice. For indirect labelling, cells were subsequently

incubated with FITC- second anti y for an additional 2 h period at
4°C. Relative fluorascence intensities were measured by using FACScan

(Beckton Dickinson.San Jose, CA).

o



Statistical Analysis

Al sxperiments were parformed in triplicate. and the data were analyzed using
one-way analysis of variance (ANOVA) followed by Student's t-test of individual
differences between means. The Epistats statistics program was used for
calculating probability values.




RESULTS

At 18-wk of infection. the number of parasites found in peritoneal cavity

was of 2450 = 321. We never found parasites outside of peritonea) cavity.
After this time of inf

P 1 and thymus were surgicslly extracted
from normal and parasitized male mice. The wet weight of testes was markedly
decreased (50%) in the parasitized

ani t . the weight of thymus and

splesn. was 3-fold incr d in parasiti U

od tO control mice.
Serum estradiol ieve! was augmented 150 imes, whareas testosterone ievel was
decreased 80% (Table W).

c-fos expression the organs mentioned above was assassed by Northem
Diot. As shown in Figure 1a. at 16 wk of infection there was @ clear increase in
MRNA content in testes (lane 2). spleen (lane 4) and thymus (lane 6) of
parasitized mice compared to control animals (lanes 1,3 and 5) . The increase in
©-f08 expression level cbserved in each tissue was as foliows: thymus S.7-fold
(p< 0.01), testes 4.3-fold ( p<0.01) and spleen 3.5-fold (p<0.01) in reiation to
c-fas expression in control mice tissues (Fig 1b).

c-fun expression was markedly increased in the thymus of these animals
(lane 8), while in the Y and

of the parasitized ani (lane 2 and 4)
there were no changes in c-jun MRNA content compared to control maie mice

(lsnes 1 and 3) (Fig 2a). Densitometric analysis of Northem blot from figure 2a is
depicted in Figure 2b. We can observe that c-jun mMRNA content in the thymus
of the parasitized animals was 5.4-fold increased (p<0.05). In contrast, in testes

and spleen we did not find changes in c-jun expression in parasitized snimails.



Our results show thatl st  infection time poin (16 wk), 253 MIRINA cortent
was markedly reduced in all the tissuss analyzed from the parasitized male mios

(Figure 3, lanes 2. 4 and 8) as w tor mice ( 1, 3 and 5). The
densi ic analysis of m Qraphic sigr showe that thymus wes he
tissus withy the major inhibition in P53 expr on (3.2-fold, p<0.01), while spiean

has an inhibition of 2.3-fold (p<0.01) and testes 1.9-foid (p<0.01).
As depicted in Figure 48. bc/-2 expression wae nat changed in testes and
spisen of 16 wk parasitized maile mice (lanes 2 and 4), with respect to normal

mice (lanes 1 and 3); however, in the thymus of parasitized animals. bci-2

Supr was i (lane 6) with respect to normal thymus
(tone S). This diminuwtion in Doi-2 expression was 10.8-fold, (p<0.01) as abesrved
n Figure 4b.

Wa analyzed the coment of CD3°, CD4" and CD8* celis in the iymphoid
tissues of normal and 16-wk parasitized Mics. As can be seen in Figure 5, there
was no changs in the reiative number of these celis h of v

and perssitized animais. However. we cbesrved a marked reduction in the

reistive number of these cells in the thymus of parasitized mice, as compared to
normat ones (Figure 8).



OIBCUSIION
w.mmvmslyw,m.jmaionmrmm
cysticarci triggers a feminizstion process in the male mice during infection
progress, being male mice at 32-wk of infection y Q0r ., having
k N to normal female mice in proestrus day (Larraide et al,

1998). In this study, we undertake our experiments at 16 wk of parasitation of

male mice. because at this time of infection the ank are Y
eetrogenized and the parasite loads become simiiar to those observed in
perasitized female mice with the same infection time (Lar ot al, 1985).

Furthermore., during this period of infection, male mice Present the major

molecular and structural changes in reproductive tissues (Morales-Montor ot al,
submited).

In these study we found that thymus weight augmented in animails which

low one ieveis. This result is similar to that observed during

[

castration in other animal models, in which the lack of testosterone inhibits the
normal m-i&m of the thymus observed in aduit animals (Chiodi, 1940, Rebar,
1971). Similarly, the weight of the spieen was sugmented, presumably by the
high levels of lymphocytes produced by the host against the parasite.

in addition, we the expr ion of c-fos and c-jun, two highty

regulated genes by estradiol in parasitized and normal male mice. We also
the exp: ion of p&3 and bc/-2 genes, wich have been reported 8s

koy sles in the pr of proliferation and programed cell death, and also

could be regulated by estradiol ( Travers and Knowler. 1987; Hurd et a!, 1995 ).



We have demonsirated that c-fos was overexpressed in testes, thymus,
and Y in par

anil in C-jun was ohly overexpressed in
e thymus. Previous studies have indicated that 17p-estradiol aclivates C-jn
and c-fos gens transcription in rodents (Loose-Michae! st al, 1968; Weizz and
Bresciani, 1988, Bigaby and Li, 1984). In this study, the highest reistive c-fos

expression in ail the mice tissues analy2ed. was similar to those cbserved in the
tissues of other animail is after ot

admini ' (Bigsby and L.,
1994, Méndoza-Rodriguez et al, 1997) and suggests that the high estradio!

tevels found in our experimental animals Mmay parti

ipate in the oxpression
of this gene during chronic infection. Recently, it has been demonstirated that
the high sxpression of c-fos in mouse tissues is able to iInduce apoMmosis
(Praston et al, 1996).

However, since c-jun is only overexpressed in the thymus of the parasitized

male mice. & differential tissy P istion of the expr

v Of this gene
could exist, and suggest that other biclogical factors, besides of estradiol, are
nvolved in c-jun expression in the thymus of parasitized male mice. Therefore,
these proto-oncogenes may be directly invol

in tisst ifi

responses to
estradiol action in the male mice. The funclions of these Proto-oncogenses are

medisted via the formation of AP-1 complexes, which are constitvted by
heterodimers of c-Jun and c-Fos proteins, c-Jun homodimers and different
homodimers and heterodimers of Jun and Fas proto-oncogene families. The fact
that c-jun MRNA content doss not change in spleen and testes suUGEests that
c-Fos can either interact with other members of the Jun and Fos families to form




AP-1 compiexes ( Savourat et al, 1994) or that low | s of C-jun expr

enough to produce AP-1 functional complexes ( Nephew et al, 1993 ).

Several studies indicate that p53induces apoptosis in different normal
tissues. Mowever, its regulation Dy steroid hornmones (mainly estradiol) in
apoptosis and in other physiciogical conditions has not besn elucideted. In
contrast with c-f08 and c-jun MRNA content, we found that o53 expression was
maerkedly diminished. To our knowisdge, this is one of the first evidences
ndicating that in an animal modet which present high concentrations of estradiol,
P53 was diminished. This finding could suggest that during crhonic infection p53
expression is reguiasted by other factors of the host or parasite. and that
apoptotic process could be mediated by others genes. such as c-fos of c-myc
(Muphy et al, 1987).

The expression of genes that are required for ongoing cell proliferation,
such as c-fos, are transcriptionally inhibited by p53 in in vitro studies ( Ginsberg
ot al, 1991 ). This finding is on line with our observation that c-fos s
overaxpressed in concordance with the detection of p53 low levels. The
diminution in p53 gene expression observed in tissues from parasitized mice
suggests that other hormones and growth factors, apart from estradiol, are
involved in p53 regulation.

bci-2 proto-oncaogene is a strong inhibitor of apoptosis, and since the
initial profiles of c-fos and c-jun genes indicated possible induction of apoptosis
in the thymus of the parasitized animals, we decided to determine bc/-2 mMRNA

R . The dimished exp

1 profile of this gene. as well as the decrease in




thymic cell subpopulation content. suggests that during chronic Murine
cysticercosis in male mice. exists an incresse in the rate of thymic apopiosis
which is bcl-2 permissive (Clarke et al, 1993), and benefits parasite

satablishwment.

Apart from the effects that could be i by iol, other hor
factors of the host that could partici are gl iCOk Since chwonic
ir ion is a str ful stimuli in the host. glucocorticoid k s could be alt

in the parasitized animal. These hormones have been mainly implicated in the
induction of apoptosis and immunosupression in many disseases ( Alexander
and Stimpeon, 1988; Grossman et al, 1991) and in this infection could not be the

v. Additional ir i v is required in order to clarify this point.
.Finally, 10 our kNowledge this is one of the first reports which exp
changes in proto. snd snti-oncogenss during & chronic cestode
vl The H resuits could indicate that there are many biologicel

in the of reproduction, behavior and immunological

sspects in the parasitized male host. The chenge in the expression of the
studied genes in the thymus of the chronically infected male mice coulkd be
implicated in the maturation of specific thymic cells against parasite antigens,
snd this in turn, may affect the T-cell response, wich is the main immune
response invoived in parasite elimination (Bojalii et a!, 1993; Terrazas et al,
1994; Clarke ot al, 1993).
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Table .- Nucieotide sequences of the primers used for cCONA probes synthesis.

The primers set flanked the rat c-fos cONA (Curran et al, 1987) sequence from

+258 to +505, the rat p53 cODNA sequence from +718 to +1107 (Soussi et al,

1968), the human cycloplhylin cONA from +51 to +622 (Haendler et al, 1987),

and mouse bcl-2 cDNA from +8 to +230 considering the start site of transcription

as nuclectide number 1(Kitabayashi et al, 1990)..

Sense Primer

c-fos

$-CCCCTGTCAACACACAGGAC-3

._Antisense primer .

5°-CCGATGCTCTGCGCTCTGC-3"

cjun

$3'-CAGATCCCGGTGCAGCACCCG-Y

$°-GTTGGCACCCACTGTTACGTGG-3"

p8s3

$-GCATGGGGGGCATGAACCGCCG-Y

S$-GGTCTTCGGGTAGCTGGAGTGAGC-3'

beck-2

$-ACGACTTCTCCCGCCGCTACC -3°

5°-TCTCCCGGTTGACGCTCTCCA -3°

cyclopihylin

5-CCGCGTCTCCTTTGAGCTGTTT-3°

23

5-ACCCAAAGGGAACTGCAGCGAGAG-3




Table H. Effect of ctwonic infection with Teenis crassiceps Cysticerci upon the

loveis of sex steroids and on testes. spleen and thymus weight. ©

Control mice Parsciived mice

(ne8) ("8
Serum estradiol (pg/mi) 987225 956.7 = 172.81
Serum Testosterone (pQ /mi) 321.5+958 50.5 + 10.9¢
Testes weight (mg) 348.9:385 200.4 + 14.11
Spilesen weight (mg) 359.8+ 59.4 758.6 +65.48%
Thymus weight (mg) 150.6 = 42.1 450.9+ 11.7¢

“OData are presented as mean = SD.

TP < 0.01; $F < 0.05 compared to the control group, Student’s /-test.
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Figure 1.- c-fos mRNA content during experimental male murine 7Taenia crassiceps
cysticercosis.

(a) A representative Northern biot as described in Materials and Methods fromr
testes. spieen and thymus of control and parasitized male mice. Upper panel, c-fos
gene expression, and lower panel, cyclophylin expression (Cph). Lane 1 Normal
Testes. Lane 2 Parasitized Testes, Lane 3 Normal Spleen. Lane 4 Parasitized
Spleen. Lane 5 Normal Thymus. Lane 6 Parasitized Thymus. Data represent pools
of 5§ mice. and each experiment was performed in triplicate. In (k) results of gene
expression are reponed as densitometric data of the autoradiographic signal. The
relative expression was cobtained by dividing the expression of the studied gene by
that of cyclophyiin (Cp). used as a constitutively expressed gene. Values are mean

=S.EM. "P< 0.01.
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Figure 2.- c-un expression during chronic infection with Taenia crassiceps
cysticerci.

(8) A representative Northern blot prepared from total RNA from reproductive and
lymphoid tissues as described in Materials and Methods. Upper panel, c-jun gene
expression, and lower panel, cyclophylin expression (Cph). La 1 Norma! Testes,
Lane 2 Parasitized Testes, Lane 3 Nornal Spleen, Lane 4 Parasitized Spiesn, Lane
5 Normal Thymus, Lane & Parasitized Thymus. Data represent pools of 5 mice, and
each experiment was made in triplicate. In (b) results of gene expression are
reported as densitometric data of the autoradiographic signal. The relative
expression was obtained as described in Figure 1.Values are mean = S EM. *P<

0.01.
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Figure 3.- p53 gene expression during chronic infection with Taenia crassiceps
cysticerci in the BALB/c male mice.

(@) A representative Northern blot prepared from total RNA from reproductive and
lymphoid tissues as described in Materials and Methods. Upper panei, p53 gene
expression, and lower panel, cyclophylin expression (Cph). Lane 1 Normal Testes,
Lane 2 Parasitized Testes, Lane 3 Normal Spleen. Lane 4 Parasitized Spleen, Lane
S Normal Thymus, Lane 6 Parasitized Thymus. Data represent poois of 5 mice, and
sach experiment was made by triplicate. In (b) resuits of gene expression are
reported as densitometric data of the autoradiographic signal. The relative
axpression was cbtained in the same way as for ¢-fos gene. Values are mean =

S.E.M. *P< 0.01.
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Figure 4.- bcl-2 expression during experimental male murine Taenia crassiceps
cisticercosis.

(@) A representative Northem biot prepared from total RNA as described in Materials
and Methods from reproductive and lymphoid tissues. Upper panel, bc/-2 gene
expression, and lower panel, cyclophylin expression (Cph). Lane 1 Normal Testes,
Lane 2 Parasitized Testes, Lane 3 Nornal Spieen, Lane 4 Parasitized Spleen, Lans
5 Normal Thymus, Lane € Parasitized Thymus. Data represent pools of 5 mice, and
each experiment was made in triplicate. In (b) resulits of gene expression are
reported as densitometric data of the autoradiographic signal. The reiative
expression was obtained in the same way that for the other measured genes.

Values are mean = S.EM. "P< 0.01.
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Figure S.- Celiular sub ions in the sp

male mice.
Cells were stained by indirect immunofiuorescence with anti-CD3, anti-CD4, and

anti-CD8 antibodies and anaiyzed by Fluow cytometry. in order to define the
treshoid level (M,-M;) celis were only incubated with the labeled secondary
antibody. Profiles are representative of 15,000 collected events.

Figure is a representative piot of S experiments carriaed out in triplicate.



THYMUS
NORMAL PARASITIZED

coy

PERCENT OF CELLS

FLUORESCENCE INTENSITY

Figure 8.- Celiular subpopuiations in the thymus of normal and 16-wk-parasitized
male mice.
Celis were stained by indirect immunofiuorescence with anti-CD3, anti-CD4, anda

anti-CD8 antibodies and analyzed by Filuow cytometry. In order to define the
with the labeled secondary antibody

treshold level (M:-M:) the cells were inct
only. Profiles are representative of 15,000 collected events.
Figure is a representative plot of 5 experiments carried out in triplicate.
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5 e oo of the male . characterized by
an n fovels, whilst those of fesiosierone are
o d A is the ey enzyme in the metebolemn om
o o/, and is dated by meny feciors. Since the levels
of estradiol nse as those of feeslosterone diminish, we suspected a direct
participation of this enzyme in the chenge of sex found in the
perasitized male host . We have the particy of this
onZyme Dy two main approaches: in vivo, by g an
, and by blot. A ’ of an of
maz-:m.mogmupdaummmmm
2 and A /s d fo
A furth in thesse animais, the weight of seminal vesicies and
loslos were not significently ped Py
which pr he fo iZati P O The n of
per d from cavity and the leveils of serum anti-
Cysticerci antibodies were 30% reduced O with siized
and thers was & Y in the ceder i LT n the group of
in wWas used. The mRNA content for aromatsse
in the lesies of the perasitired meie mice is as high as the ovary of 8 normal
mice. in 8 - SRDrOSSION is Mmarkedly dirminiahed in
ol the 6 in the parasilired male mice. Thees reeults strongly

SUDgeet that eelicular aromatase has a central role during the ferminization
in the fy iired maele rmice.
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them after rinsing it with PBS. Parssites never were
found outside of peritoneal cavity.
Total RNA extraction
Total RNA was d from the seminal epidydimis
and spleen of normal and 10 wk parasitized males mice, and ovary from
females of the same with the single step method based

normal age, on
Quenidine isothiocyanste / phenol / chioroform extraction using TRizot
reagent (Gibco-BRL., NY. USA). In brief. essch tissue was removed and
My disrupted in TRizol resgent (1 mlV O.1g tissue). 0.2ml of

ded per mi of TRizol. The aqueocus phase was recoversd

-n-r.mmnw-muuoot)xg RNA was precipitated with
isopropylic alcohol, washed with 75% ethanol and rediscived in Rnaee-free
water. RNA concentration was vod by ce at 200nm and its

mmmoﬂmrm-mi 5% densturating agaroee gel in
the presence of 2.2 M formaidehyde.




Total RNA from variot of Mele MIos Was reverse
wanecribed followed by specific PCR ampiification of P-450eromatase and
ciclophylin ger double cDNA in order 0 obtain

units of M-MLV n of ]

SOmM of each INTP and 0.06 ug oligo (dt) primers (Gibco-BRL, NV, USA)

Ten u! of the cONA ' PCR in order to ampiify a
of the mouse P-450ar onr

sequences of the ol i used for sach

aromatase min, . 09
15 seg. 55°C 15n¢m7z-caommzomum1mucya.wu~c
18 seg, 55°C 18 seg and 72°C 10 min.

Specific cONA's puriﬂca
Ymvﬁvoulolmo RT-PCR reaction products of each sample

100 bp as a P eigh (Gibco, BRL, NY) . A single
band was detected in all the cases, and the size of the product as expected
for P was a fragmemt of S87 pb. The band was excised




oF by RIA, each in duplicate.
™e were all supplied 1IN inc. (Costas Mesa, CA).
The estradiol antisernum cross-reacts 2.5% with estrone and 1.3% with 17x-
N the antiserum cross-reacts with 18.8% with 5a-
3% with Sa-androsterons-3a-17p-diol
Tritisted | 1.2,68, 7-'H testosterone and 1.2.4,8- were
supplied by New Engiand Nuciear (Boston. MS). RIA data were analyzed by
the logit/log regr ion analysis as described ( 24 ). The testes and seminal
were out and weighed wet in an analytical
Antibodies levels
Levels of antibodk

anticysti i in serum were performed by Enzyme-
linked-immunosorbent-assay (ELISA). Briefly, the pistes were sensitized
with 100ug of a Taenia Crassiceps Cysticarci total extract in carbonste
Duffer. After overnight incubation to 4°C, the piates were washed tree times
with PBS-tween 0.3% and biocked with BSA 0.1% (Sigma Chemical Co.,
St. Louis MO) for 1h to 37°C. The serum samples were added at a final




Spleen L.

The spieen of mice wes surgically extracied, afer the were sacrificed
the mice, in sterile conditions as previously described (27). The cells were
axtracted ..\.mwm

0.25 gauge needie. The were obtained

cells were lysed by incubating 3 minutes to 4° C in a lysis buffer ( NM, CI
0.1, Triz 2.05%). Lymphocytes were incubated in 98 well culture pistes
(Costar, CA. , USA) adusied to 10° celis by mi. They were then

10 ugimi and incubeted for 54 h in an stmoephere of 5% CO; at 37° C. After
time of incubetion, a pulse of 11Ci of ® H-Thimidine per weil was added,
the celils were left for other 18 h. Then, the ceils were harvested in an
automatic csil harvester ( Sketron instrumants, Mod. 11028) and counted in
a Dotapiate system (W . Mod. 12086).
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( the
u\zymovzs-lom(lkoonmm the normal testes (Lane 3), and
he of P-4S0arom in the of the p male mice is
M(P(o.ontomdo'mov-ydammm(m1).lnmo
other hand, thers were no in the muscle
ovmomdomne.uoodanmwama) With respect to the
rof & tutive gene as is cyclophylin (cr) its expression is
in all the tissues examined (Figuwre 1b). Inﬁgu"lcmmmo

M\omuot“yuo. it shows no

male
fold (P< 0.01). The relative expression against cyclophilin gene is
ploted in Figure 2b, and, ia clear & decreament of approximately 2.3-foids
P<0.01) in the testes of the parasitized male, compared against the control
mice. The expression of Sa-reductase in the seminal vesicles is decreased
in 3.1-folds (P<0.01) in the parasitized mice, whiist for prostate, the
diminution in the MRNA corntent is 2.6-foid (P<0.01), compared with normal
male mice. Finally, we were able to a grest ion of the enzyme
mmomymuaonh.mmm and it is clear. MmomRNAeomoﬂtmmo
mice is by 7.8-foid (P<0.01) compered with normal
rme. In Figure 2c there is the integrity of the RNA used for the Northern biat
nn-ly-il which also were similar in content .mong all tissues analyzed.

-~

The serum steroids | J and control mice
are shown in Figure 3. At the 10 wk of m'od-on parasitized and vehicle
njected mice augQ s the 1 in serum by 100 times,

compared with normal controis, in wmch there are not detectable levels of

e B e b 4 et e




wet-weighed in all mice used in this study. in Figure 4 are plotted the values
obtained from the [ and Both ogen
organs did not change in weight in control and  trested
, whilst parasitized controis and vehicle mice had a reduction i weight
of S0% in mmmm
hFiounsuo from the different

d 10 the control and vehicle parssitized
from i




aromatase, while in mn-m--n.aymummmmw.mm
10 detect aromatase (deta not shown).

as glucocorti axperimentsl
systems (28, 29). Wmmmmmwwmimm
parasiti

ized mocohnv. m
which in tum may pr an inm.v.\ocﬂptmolm.
festicular aromatase. mwm--wnmw-m




n a multitude effacts,

o v of parasitic ink — W8 has bsen demostrated 0
be produced by constieuti cancer oels and %o influence

ivity in the ao) For instance, IL-8 is a cytokine
involved on the regulation response type Th2 N reepoOnNse
P i (29). & cihwonic
there is hyperactivetion of and for this reasson there is & high
production of antibodies, it may be this cytokine

1983 (30). In this report, the authors were able
stimulatory effects on aromatase and that conocsntrations of IL-8 are higher
in type Il (sstrogen-dependent) compared with type | fluide of cancerous
cysts. Perhape this

system of the This Y is resporeible for producing
dihydrotestosterone (DHT), which is the nomal pathwey of metabolizing
tostosterone. E fan [ or and inhibits caliular
rosponses (Th1). Furthermore, a shift from Tht to Th2 ocurs, and
cytokines Th2 are inhibitory of 1 immune responses,
producing in this way the v pr and pr ing
parassite reproduction (Figure 7)

Our presem ”mm the idea that androgens

are restrictive for asite st gen pr
reproduction (Fig 6). Alithough, it is "well established that wre
for celiular immune response, stimulatory for humoral immune

outradiol produced, maintaining
testosterone in normal levels. At the same time there is a recovery in




may be of iverest for
coneideration in other host-p
The famir Ll n the male host mey be more &
Sequence provoked by hyper Amtion of Th2
Cytokines, principally IL-8, of the host, which in tum alter other important

and when there is an

of one of tham this P cor in sl the

organism. Finally, host fermini itic [rope he

e o e in respones 10 infections, involving the
endengering h "
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mice ir 7 Y
(a) A reprasentative Northem bDiot as deecribed in Malterials and Methods
t Oata poois of S mics, and each experiment
wee e n n (b) its of gene expr . -e rep d as
mmum u._v- cd signel. The reistive
' of the studiad gene

are mean + S.EM. 'P<

Lane 1

to the v of anmdomiu. Lans 2

Testes of parasitized mailes mice . Lana 3 Testes of normal male mice. and

Lane 4 Muscle of normal male mice.
Figure 2.- Sa-redcutase gene chronic infection with
y is ab in the male

i from e :‘1
e vy e ws s

S mice, and eech experiment was made by tripl n (b) sts of gene

reported a8 denailometric of the
The relative expr was b by - ) oupr jon of

normal and parasitized Lanes 7 and 8 from Seminal vesicles of normal
and perssitized maies and Lanes 9 and 10 from Thymus of normel and
pearasitized meles mice




carried by Quintupl
Figure 8.- N of p d from peritoneal cavity of Balb/c
male mice cdhwonically infected with Taenie crassiceps cysticerci and

- Produces an IMmmune reeponee which
mu.'m. m-wmmu.-omymenmm

stimulating [ » by _gPASO-m This

ma.-m ignat for p " e i
that des is nhibi toouy'mz Mi-apoomv.

mmmmm Testosterone will be inhibitory for

vment, and from this manner, m.pmnu&htom
“anmo'm.hou using the endocrine system of the same,
to change the microesnviroment from one restrictive to one parmisive for his

H




Table L.- Nuclectide sequences of the primers used for cDNA probe
synthesis. The primers set flanked the mouse P-4S50aromatase cDNA
(Tershima ot al, 1991) sequence from +258 to +505, the human cyclophilin

l' -

mm +51 to +622 (Haendier et al, 1987).

Aromatase | 5 -GAGAGTCTGGATCAGTGGAGAG-3"

$-GAAGCACAGAGTGACCGACATG-3"

é’ $-CCACATCTCCTTTGAGCTATTT.Y

20

$-ACCCAAAGGGAACGCAGCGAGA-3”
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Figure 1.- Effect of chronic infection with Taenis crassiceps cysticerci and
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Figure 2.- Effect of 40H-androstenedione administration on parasite load and
immune response. In this plate are shown the number of parasites recovered from
peritoneal cavity of 10 male BALB/c mice with 10 wk of infection. Also is shown the
fevels of antibodies (IgG) anti-cysticerci obtained by ELISA and the Con-A response
from the splenocytes of the same animals.

Each serum sample and cell culture were tested two times by triplicate. For
antibodies determination, the plott was obtained by the average of the optical
densities obtained to 490nm. Splenocyte response represeants ’H-tymidine
incorporation (in cpm) of the celis after Concanavalin-A stimulation (10.g/ml).

All data represeants the mean + SD of two experiments performed by triplicate.
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Figure 3.. Increased MRNA content for P-450 aromatase gene in the testes of
parasitized mate mice infected with Taenia crassiceps cysticerci.

(a) A representative Northern blot as described in Materials and Methods from
various tissues of normal and parasitized mice. Lane 1 Ovary from a normal female
mice, Lane 2 Parasitized testes, Lane 3 Normai testes and Lane 4 Muscle from a
male normat mice, used as a negative expression control. Data represents pools of
5 mice, and each experiment was made in triplicate. in (b) results of gene
expression are reported as densitometric data obtained from the autoradiogram
signal. The relative expression was obtained by dividing the expression of the
studied gene by that of cyciophilin (Cph), used as a constitutively expressed genea,
in order to obtain the relative expression. Values are mean + S.E.M. *P< 0.01.




123 4667 89 1
8 a-reductase el -

Cphamp == — - =— ----...

RELATIVE EXPRESSION

1 5 K
Rat Mouse N P N P N P N P

“Te Ov,
et Y e pididymis Testes Seminal Prostate

esicles

Figure 4.- Steroid Sa-reductase type !l gene expression is abolished in the male
mice during chronic infection with Taenia crassiceps cysticerci.

(@) A representative Northern blot prepared from total RNA as described in Materials
and Methods from reproductive tissues. Lane 1 Rat Prostate, Lane 2 Mouse Ovary,
Lane 3 Norma! Epidydimis, Lane 4 Parasitized Epidydimis, Lane 5 Normal Testes,
Lane 6 Parasitized Testes, Lane 7 Normal Seminal vesicles, Lane 8 Parasitized
Seminal vesicles. Lane 9 Normal Prostate, Lane 10 Parasitized Prostate.Data
represents pools of 5 mice, and each experiment was made by triplicate. In (b)
results of gene expression are reported as densitometric data obtained from the
autoradiogram signal. The relative expression was obtained in the same way as for
aromatase.Values are mean = S.E.M. *P< 0.01.
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The parasie actively produces an immune response which preferentially is TH,. This provoques that IL-6 actively acts on the
{ostis stimuisting the esradiol production by ackvating P450 sromatase. Esiadiol would be a posiéve signal for parasite
reproduction. The decressed testosierons production and high esiradiol levels, in tum inhibits the celiuiar respones. in summery
the parasite ia able 1o drive the immune reepones of the host, using its endocrine sysiem. The consequence qilt be a chenge in
the microenviromental from one resirictive 10 One permissive for the cysiicercus growih.
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Para pock o ol e - on P ia ocbeervado, se debia a
une ion ool obre la gor . hSOSr @XPEriMentos in vilro e in
WO para tratar de eeciarecar este puto. Por un lado, se midid ia dad del cisti

(Tuido vesicular y extracto total) pera siterar en un bicensayoc de chiulas testiculares de raton
ia estercidogénesis gonadal y por otro se irradiaron ratones con las gonadas protegidas y se
mpammmuumuﬁaamm

N os ™ ' QUe in vitro, al incuber céiulas dispersas totales de
testicuio de raton normal durante S horas en presencia del fluido vesicular o extracto total del
Cisticerco, NO MUDO UN CAMDIO BN 18 Produccion de testosterons, y NO hubo niveles detectables
de sstradiol por RIA en @l medio de cultivo (Fig. 1). Por otra parte, se abtuvieron testiculos de
animaies de 18 semanae de parasitados que tenian ya cisramente desarroliado el fenémeno
) o0, y 99 inca on DMEM durante S horas pars cbeervar si existia una
produccidn difer } oo 12 ol por ol Ao. En ia Fig. 2, se muestra que
hubo muy poca prodh on de tamo basal como estimulade con NCG, mientras que
la de testosterona diaminuyd en 10%, comparada contra ia produccion de testosterona de
testiculos de ar [ . Estos rem S que o so e
NOCHSS tener un estimuio constante por parte del o del pard para aumentsr ia
produccién de estradiol.

Para determinar si ¢ efecto de estrogenizacion i por et inmune,
© @8 producido in vivo por electo dirécto del parasito, se hicieron experimentos de irradiacion y
timectomia neonatal. La irradiacion se hizo en ar dge S 'as de edad, con una dosis
sub-letal de 800 rads, QuUe #8 CONOCIdA COMO S te para deprimir al sistema inmune. Las
gonadas se protegieron con cinturones de plomo para No daflarias con s radiacion y se
procedio a dividir en 2 grupos a los animales. Un grupo se parasito y otro se utilizé como grupo

conwol. Lo mismo s® hizo con los animal i Posteriorments, & todos tos
s y ti i 30 ies midierdn verios p-r&mcs hematolSgicos para
Que v we la i ' y la ian sido efecti

comparéndolos contra 1os p de (os ar cor Estos rem S0 muestran
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Figurs 1.- Efecto del fuido [ y det tot8l (20 mg/mw) del
cisticerco de la Teenie Crussicsps sobre ia produccion de y
POr Cbl de testicuiode raton BALB/c. Les células se obluvieron como
previaments lo describieron Romano et al, 1989, y se incubaron durame S h en una
atmostera de 5% CO, ¥y 95% aire 8 35°C. La [T ] + ia DS de

os dae 2 por
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Figura 3.- Produccion de testosterons y estradiol por testiculos de ratones BALB/c
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Los testi se te

durare 5 h en medio DMEM

suplementado, sin NCG (8) o 10 ng/mi de hCG (E) a 35°C an una stmoésfera de 5%

CO». Se grafica lamedia + ia DS de 2

08 por




on la Table 1. Como pusde cOSEIVares ambos Fatamiento fuaron Sfeciivos, ya U aniste une
disminucion del 0% en los m

.y las diferenciaies d8 Monoocios,

Nt y segm - dieminuides saignificativaments (°<0.01),

ades os enios r cor . A estos ani *0 los

dministrd antibidtico en ol agua ad Abitum, para evitar owas infecciones duranids las 8

o8 per DOeapués de este periodo, ¢l nu doe on

tos i © timect fue 3 yor ( 980 + 235) que el encontrado en
fos an el mi wo de ir

on ( 268 + @7) (Figurs 3), 10 que refusrza ta
ma“dmmum.ymmummmu
P 0. En jos ar tarto

no
mmmummama(<szepwm) mientras Que en los animales

[ i o0 pr un aumento significativo (P<0.01) en los niveles de estradiot
Sirico QuUe Hegaron & estar en 825 + 67 pgimi. En o que respecta & 08 niveles de
wstosterona, N hubo cambio significative en los velores encontradoa entre 08 animales

o par (1340 + 98 pg/mil) y on los (1260 + 250
po/mil), L tos cor L, sin p (12&: 198 pg/mi) , mientras

que en ios controles parasitados esté disminuids en 90% (Figura 4). En o que reapecta al
peso de varios [ para

"

B, COMO 0N 08 testicuios, vesiculas saminales
y epididimo, es claro qus |a iradiacion no los af con los comroles

normales. Sin embargo, mmmwnm-lumnlodmamm
108 Srgancse reps cti Pr & reportada. En 10 que resp & los ar
y ademés parasitados, NO se observa
comparéndolos contra los or cor
timectomia neonatal por si mi afect:

unae disminucion en e peso de los dargancs,

P (Tabia W). Por otra parte, Ia
al reproductivo, ya que los conroles
timectomizados presentan una disminucion en el peso de todos los organce. Finalimente, el
orup y parasi no o
Grgencs encontrada en el Grupo control

na ol fandémeno de disminucion del peso de los
' L hay diferencias entre el grupo

¥ ti [-1
Ewntos resultados refusrzan 18 Nocion de que o

we No af -l
weticulo en ia produccion de estercides, v si sugiaren, qQue algunos factores del sistema
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(PTx). Todoe 08 aniMales recibieron agua con
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amibiclico ad &b
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ia DS de iss cargas parasitarias de 10 snimaies para ios
P y3
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Testtosterona (pg/mi)

Estradiol (pg/mi)

C PC IC 1P TxC TxP

Figura 4.- > de y on BALB/C
- it [~ (C). Paraaitados controles
(PC). irradiados conwoles (IC), P, Ti .
(TxC) y Ti (TxP). Los ¢ de los

20 midiaron por RIA (Larraide ot al, 199S).

Se grafice ia media + la DS del promedio obtenido de 10 suerce de raln por
pars jos 2 [ ] de raton por duplicade pers

los si 2,y3 por ch para los URIMOS 2 Wratamientos.
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Tablo L Famuds foucociierie dismncial sheciutn. Las ciiuiss fusron tafides con Giemes y vieusicades on Ln micreacopio dpico
B U SUmenio @9 00X Daspuss do sor tmactomizades (3 dias do adad), s animales 00 perasitere 8 las § Samenas €0 0ded,
pave sor sacrificados daspuls do § sements do infccién. Los raiones imadiades & las 4 somenss do eded, fusren Yatedos 1
S0Mng nins oon aacicing fmpig ¢ pass) o ol ague, y doapuls 99 iImadieren en uns fusnts 69 rayes GANRS, 0O ung $oois
9000 rads. Doapubs do 2 0amenss és rcipencién, ias animaios oa parasiiarern y ¢ sacrificaron & ins § semenes ds infecoidn.

Los dates reprasentan is modie ¢ it DS de 1 aperinenic per quinkpicads pans lse aningies iradiades, y 1 augriments por
igikcade pave los animaios Smoctomisndus. L.os Mtanes contrais nemmaing (e 10} y contraios parsailagos n=10) 00 mankasron

50j0 100 Mismas condicionss us 109 Gupes parimenisios, y o8 Manejeren o It misms meners.




Costnl  Cotnl  Pamslete
Pnink  indibs  indsts
ey ey @ ey
Tosticdos | 381379 216:26  ¥09:2H7 MNM:1E3 M21:202 2581132

Contel  Pumaled
Tinechmineds  Timectonieds
oy

i
wii

Vesiules | 3581174 194311720 367.04:48 26567:112 20522143 W N1 UL

Epididmo  |16030+11  0556:10  15076:16 15076:09 1000:1248 12023:2

Tabla ) - Etecio de ls maciomia neontel, de ia imadiacion, de ls parasitosis con Cisliorco de le Tasnis Cessioags, y
do iratamienios combinados, sobre ol Peso de (08 feslicuice, vesicules semingies y ol apididimo de ralones macho
BALBIc. Deapuis de ser timetomizados (0 ios 3 dies de nacidos) , 108 ratonss 59 perasileron & ies  semangs do eded.
Los ralones 9 irradiaron con una dosis de 600 rads @ ies 4 semenas do eciad. Estos animaies fusron irsiedos | semens
anies con teiraciciing (1 mgg 9o peso) en ol agus, y despuls 89 iradieron con une fusnis de ray0s QMR ¥ 90
Gejeron recuperar por 2 semanas, y iusgo s parasiteron. Los animales de ambos irslemienios se sacrificaron 8 igs §
semanes de infeccidn.
mmmummmmmanummnm
por ¥iphicado para ios timectomizados. Los retones controies nomales ( 1=10) y coniroles parseiledos (n=10) o9
maniuvieron bajo las mismas condiciones que los grupos experimentales.



inmune del hué son r o8 para llevar a cabo este fendémenc de feminizaciéon. En
conjunto, estos hallazgos refuerzen & NOCION de que éste fendmeno. NO s un efecto directo
del pardeito. Sin0 QUe 88 da COMO CONSECUANCIa de (a propia respuesta inmune del! hudsped

contra ¢ pardsito, que en oi af in ivi endocrina del macho. De esta manera,
c de a propi i del para i & & respuesta inmune del huésped.
' 80 suma o of [ del iol, y entonces el p ito puede igual en los
machos qQue en las ! Fi e, para si este fendémenc de feminizacion
mum:ﬂoml-mmmﬁéﬂmeoumm-nzaronv.nu
> [-4 los mi parémetros en una cepa de ratén més resistents, como io

es ia cepa BALB/A&. Nuestros resuitados (Tabla Iil) demuestran que también en esta ceps
resistents se produce e Mismo fendmenc Que en ia cepa susceptiblie. auUNQUSe NC de MaNera

tan i Estos res. sugi " Que los o8 gendticos e inmunitarios del
huésp i & Is infeccion cor de manera importants los eventos mediados por el
pardsito para produc el fendmeno de feminizacion, y que los niveles de a8 pueden

ser un factor importante, ya que gendticamente, ia cepa BALB/X presenta un nivel mayor de
testosterona que |a cepa BALB/Cc,. De cusiquier maners, es bién claro que este fenomeno tiene
una eticlogia muitifactorial, y Que, al parecer, |a iteraccion inmunoendocrina juega un papel

principal.
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‘ ) Peso de Vesicules
Sm_l de | No.de Pardeios | Eslradiol (pg'm) Tostostercre Peso de Testicubs Semingles
Infeccién ‘ (o) (m) {mg)
N P IN [ 4 ] [ 4 N 4
0 0t0 0:0 (62123 8216 [315:58 305:73|0000:005 0089:0.100811001 00724008
1 00  0:0 621131 6215|042 3801 78(0.402:002 0.090:001|0082:001 0076002
4 0:0 10123 | 79152 82116 1000:07  0098:+125/0381:01 03571008 | 0.0376:0.08 0.3674004
" 010 NTLAT(747H9  42N.3:76 | 5208 19037: 1001 0.I70:002 0.237:0.07 | 00000008 0.200:000

Tabla W.- Efecto de ta infeccidon con el cislicerco de 1a Taenia crassiveps sobre diferenies parimelros endocrinos del rakin

BALB/ macho. Los parisitos se contaron directamente de la cavided peritonesi del raiin, y los niveles Séricos de esiradiol y

testosterona se midieron por RIA como se describid previemente (Larraide eta al, 1995). Los testicuios y vesiculas seminaies se
extrajeron quirirgicamente y 58 obluvo el peso himedo de cada Grgano.
Se muestra la media ¢ la DS de 1 experimento evado a cabo por quinkuplicado.




XL PERSPECTIVAD Y DISCUMION
Le "castrecitn parasitaria™ Que 88 Produce por e infeccion de un hudeped

© ‘g0 en rwertsbrados, que los pardeitos usen & las del hudsped pare pr -
Propic Crecimiento, y aun Mée, INCiusd Iograr su propia difer on - (I 1968).
Do et os p ol ambients on su hep para que ol
200 fan Para su Sstabiacimiemnto y reps (Beckage, 1990). Sin

90, en superiorss como son los mamiferce, este fo de J
parssitaria no ha 8ido Muy estudiado. Se sabe que en ratas Mmacho infectades con Teenia
tasniormis y i con Schisiosoma i una ICION en

a8 concentraciones sdéricas de estostierons, que redundan en un mejor eetablecimianto del
pardsito ( lsesrcf, 1909, Lin, 1900). Sin argo, todos eslos estudios han apuntado & un

dao las ¥ s SObre ol per sin p & oor ol of Que e
tiene sobre e fisiclogia O det h ¥y Que estos on ol we
del hudep ch & su funcion i Pars cor , eota @s la
MMMh”QMQMMMMMMd
establecimiento de un par on un hudep nmur We. QUS OngINBIMante o8 Mmés
resisteonte & la ir . POro of pr logra vencer eeta resistencia iniciel, y tévtnina por

invadic fy e al

[T P pre—

R que en el ratdn macho ia carga parssitaria aumenta
conaiderablements después del paso de eccitn aguds a crénica, y que hay una clera

cOr i6n con el O de 108 niveles sdricos de esterocides sexuales (Larraide et al, 1995),
QUS & U YEZ PUSTe DY & reprod 6n del par ¥ su mMejor establecimiento. Cusl es
ia estrategia que Wtiliza @l cisticerco para lograr este #fecto?. Al estudiar la participacion del
sistema inmunitano, pud que el fi 0 de femir iGN NO @8 debido a un

ofecto directo del parésito, sino que requisrs la participacion de componentes del sistema
inmunitario.

Por otra parte, Y, QUS ol fer e estroger Y involucra a
la enzima P-450sromatasa, nmdmlu-mmmnmm.mnwmanlm
atos niveles de estradio! on of cho cror we infe A ée, (08 Nivek
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@9 MRNA para 8 enzima esiin sumantados en ol Westiculo del macho perasitedo 10 vecss
mis, comparado conira un mecho normal, y legan a ser iguaies & 108 niveles de Presitn en
ol ovario d8 una hembra. Al miemo HeMPo, 108 Nivelss Jo Srpresién de ia entima Sa-reductass
de estercides tpo H, que es s encargads del Mmetaboliemo normal de 1a testosterona en ol
ok xchivo del ostén sidos en el rattn mecho
orénicaments per De taol, qus o ftesticulc empieza a metabolizar
pr e la a Este aumanto importarie en los niveles de
ostradiol redunderia en una J0ION de e respuseta iInmune csluler tipo THT, que e e
principel encargada de eliminar al pardeito (ya que al wan la carge
parasitarie al triple. y al reconstituic con cbhdes T y lusgo parasitar, hay une disminucion de &
carga perssitaria sl nivel de un Parsstado conrol) una poter 6n de ia eets tipo TH2,
que es inocua pers ie 6n del p (Por que el inyectar o susro de un animal
[ par @ un animel que despuds se parasita, las carges parasitarias no se
modifican. ¥y & - ). Al e establece un ciclo, an ot cual al haber
alos niveles de citocinas del tipo TH2, como NL-10 @ -8 se iNhibe de maners natural la
inmunidad tipo TH1, y aei. of p ogra e Yy tan WS COMO ON un
ambients de hembra.

LCOmo @8 QuUe se prodh onta * de la P ok de una
m(PM)quhM“hm(M)?.Enhlm oaté bien
docs, ol “uﬂmmmmmndlmmuuwwa
apéndios | do esta tesis) en los mamiferos. Sin emdbargo. en un hudsped Que presenta aitos
niveles de citocinas de forma permanents debido a las cargas parasitarias, este sistema de

fi r pudiers 0, ¥ Q Que r we NO estén activados
PUHOran pPrencderss y viceversa.

Estudios previos han logrado demostrar el efecto endicrino de s IL-6, citocina
invol, on la v de verios tipos de hormonas, @ inclusive, en la activacion de la
aromatesa. Se sabe que, Por SiEMPio, en algunos tipos de céncer estré6genc dependientes, |a
LGummmmmml&ddnﬂm.y.quoum que i
L] L vy ivided do esta enzi Y& que r P ar 1) que hay
UNS Mayor concantracion de -8 en ! suero de ios ani crér itanch 2)

we pear

28
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Que los linoci de esios ratones 6N producen in vilro mucho Y iones
de esta moldcula (Larvalde ot al, 1986). 3) que las génadas de os ar los par otén
infiltrades con muchas céiulas productoras de IL-8, ¥ 4) que al ol neme o
por o i no se produce o # o de femini

poestul a oota
wmmdmamuwm Enis

)cina como
lneratura, astd rep que machos con adenocarcinoma de bazo. y cuyss células
producen IL-8 de manera constintiva, hay dael P y son estériles
(Reed, ot al, 1998). Por anslogia entre este fendmenc y ol nuestro, ol elevado nivel de
L-Gn.wudul.mpotluwduh-y pr e repr ON en los

i oror (Mo ot al, 1998).
¢Esmw“wmn.“d {ogre parasi -
macho?. Esta pregunta fué contestada haciendo experimentos muy simples: se
QONSIeCcIoMizarin ralones de y o® p . Loe [ ' QUE BUN
sin la syude del ciol, @ ci logra e de importarte en ambos

hudeped Sin embergo, en los machos ia carga perasitaria aumenta al triple y en Ias

hembras disminuye, igusléndose las susceptibilidades (Huerta ot 81,1992). De estas manera, o8

claro que ef cisticerco tiene 2 2 de iGN de Ia respuesta inMuNe que NO son
Cluy y & ias entre ellas. Aunque NO tenNge estradiol circulante e huésped (por
Qor ) ol os e ir @ l& respuesta inmune encargada de eliminario,

peara esisblecerse, aunque el crecimientc sea més lento. Sin embargo. |a presencia de
testasterona detiens su crecimiento, y por o tanto, tiene que inducir ta feminizacion pera
poder crecer y astablecerse tan bién como on una hembra. Estos hallazgos clarifican un poco
@l par ya que i v Que finsiments, No &8 que o sear 0 para Que
ol ito 8@ rep SZCH, SN0 que e testosterona detiene su crecimiento y entonces ia
elimina. De forma tal. Que, con altas concentraciones de estradiol circulante, el pardsito se
wmﬁrm.”mlnmcdo andrégenocs, y llega a alcanzar cargas

ine o tiemp muy largos de la ifeccién. Por otra parte, en presencia de

testosterons, Que restrings directa o ind ne su creci o, el pardsito tarda mucho

maés ti on 3@ on @l huésp macho inmunocompetents.
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Ademds, dado que eete fandmMmeno también 89 abeervd N UNE SEgUNGA CBPa Jde radn,

nos fove 8 postular & Ia " par i COmo uNe Novedoes eseiraiegia del cisticerco
@0 o Tasnie Crasticsps para s dal macho 8 ie infeccion, y terminar
oolab on un hud d inem, >

En andn, on conjuWo nos Hevan 8 postular el siguients

®© omite poaitivas que san pr una

nmune tigo TH2 y posiblamente une sefal NECAtivE QUS NENINNge Ia INMmunidad cslular (TH1),
= cusl o8 & oada deo wr ol pard A su vez, ia hiperestimulacion de una
reapuseis tipo TH2 regula gt e a la respuseta ir iuler, por de

8 produccidn de citocinas especificas. El sstradgiol, es une seflal negativa hacis ia respuseta
INLINe cohuler, pero sumenta de Manera importants (8 respuseta humoral, ademds de que es
une sefiel positive para of WO Par mientras QuUe 08 aNdrogeNos (testosterona y
DONT) son une sefial negstiva para of %o del pard y que ademds estimulan
Areclimerte UNE MEJOr fespusets sluiar en Conire del Cisticarco. A su vez, a8 produccion
oupseive de IL-6 pusde activar @ la P-450 srometass. QUEe Provoce unN SUMeMO eon |a
Produccin de earadiol, MieNras que 88 Producs UNe dismMINUGIoN en I8 expresitn de s

Sca-roth, qQue pr que no haya dihidrotestostarons. De seta manera, el
olatiosros logra e on ol , of ol Mo era we @ la i v
haciendo un Manejo inmunoenddcrino (Figura S).

Fingimeme, desde ¢ punto de vista evoltivo, eete fandmeno tiense una gran relevancia,

Y8 QU 28 P Y OXp aigunos fend de infertilidad en algunas sepecies, buscando
NO CRUSES ONUOCTINES, SIN0 CaUSSS INMUNOSNJOCTINARS, COMO consacusncia de uns
enfermedad perasitaria cronica, Que no es visible en otros de a iologia del
hudeped.

Las persp son chas: seria ir setudiar a fondo el papel de 1a IL-6 en
ome fondmeno, inar su ef

la expresion de genes hormono-regulados, que
08 INMUNItarios como la apoptosis normal del timo. Ademas, 38 pusde
pensar en perspectiva, y cbeervar estos resultados como ia confinmacion, ya hace muchos
afos postulada, de QUe 1a respuests INMuUNe es regulada de forma Mmuitifactorial en un huésped
nmunocompetents, esto es, iMervienen importantemente factores nNoO inmunitarios, como tae
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posible trater do entander Mejor I Manera on is cusl acluen (88 VEoUNES, V8 QuUe 88 podris
U ofl i s® estos del hudap [ une vaao,
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Figura 5. Esquema en e! cual se muesiran fas principates inleracciones inmunoendocrinas en el ralon macho durane 1a cislicercosis experimenatal
murina producida por Taenia crassioeps.

Existe en &l huésped una interaccién bidireccional entre & sistema endécrin y el inmunokigico EI pardsito (P) produce sefiales negativas hacia [a inmunidad
celular (TH;), que s [a priacipat encargada de su eliminacion, y sefiales positivas a la inmunidad humoral (TH;), que es inocua , e incluso pemisiva para su
crecimiento. Esta a su vez, produce citocinas inhibitorias también para la inmunidad celular, como fa IL-6, que ademis es una inolécula que activa a la
enzima P-450aromatasa, que provoca un metabolismo preferencial de testosierona a estiadiol. E1 metabolismo nommal de la leslostesona hacia
dihidrotestosterona (DHT) este inhibido, ya que la expresidn de ta enzima Sa-reductasa esteroidea 1) se abate. Este slto nivel de estradiol en el huésped
macho, a Su vez es permisivo para el crecimiento def pardsito, ya que actia directamente Sobre &, y ademds intibe adn mas la inmunidad celuiar. Los
andrgenos a su vez, no son capaces de acluar estimulando la inmunidad celular, y por lo tanto, el pardsito logra vencer asi la resistencia inicial del ratdn
macho & la infeccidn, y borra entonces la diferencia en susceptibiidad asociada al sexo que se presenta en la infeccitn aguda. Do esta manera, el cislicerco
de la Teenia crassiceps logra cambiar un smbiente enddcring restrictivo (con andrdgenos) hacia uno permisivo (con esiradiol) para su establecimiento y
mejor crecimieno (Morafes-Montor et o, 1997).




1.- £l cistiosrco de la Taenis Creesiceps o8 capaz de modular ol ' que

jo rodes, de tal forma Que quita o Que o os pare su (andrégencs) y o

COnviare a aigo Que 9 808 PEIThisivo (estradiotl).

2.- Los machos ardnicament® parasitados pier 7] L sexual como

consecusncia de s baja do testosterona. Este P ol se restiuye

adminisirando andrégencs endger mer (» ‘v‘_ ).

3.- 8o ia pr de la gb ael twabd d pars lograr este sfecto de cambio en

ios eatercides semmsies.

4.- Eato efecio e Hove & cabo Por QuUe durante le infeocién e expr y

actividad de e P-480 testiculer y oo dieminuye o expresion de la enzims
sctor del hudeped

Saveduciess de estercides ipo N on varios tajidos del sisteme rep
macho.

S.- Le eswrcidoginesis testicular NO estd tWiaimenis afeciads, y o daflo se produce
especifcaments en ol metaboliermo normel de I8 ESIOSIroNs. Ya QUS NO Gxiele cambio on ia
eupresitn de i entima 20,22 deamociesa (Que ¢ ¢! peso limitents en is entrade del colestero!
@ io estarcidégenseis) curants la inveccidn ardnice.

6.- La testosterons y dihidrolsstosterona fre ol [ ‘ que o
estradio! io favorecs.

7.- S& necesite la perticipacion del sistems inMmuniterio, para Never & cabo este efecto de
fominizmcion d ia cisticer SPSrIMEntal Muring Producids Por TSVie craesicess.
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8.- Ef timo es un slemento clave para producic ssle ., Y8 que 8l quitario No existe
cambio en ia prod, an de semuales.

..-MMMMCWM(MM. vesicuias seminsies, epididino y
prostata) provocado por une infilirecion excesiva de chiulas del sistema inmunitario.

10.- De ios expenmentos in Wvo @ in Wiro concluimos qus el cisticerco de la Teenia crassiceps
NO @8 CAPAER OB SINSLZEr estercides sexuaies.

11.- & ol o ' POIO NO NBCESAro Para lOgrar cCarges P a
largo plazo, ya que al gonadeclomizer y quitar la mayor fuente do estercides sexuaiss ol
cisticarco crece de cusiquier manera.

12.- Como causa del cambié de il un de inmunidad de tipo
Thi a Th2, ya Que citocinas de este tipo de inmunidad humoral, como io e ia L8, son claves

para una hiparactivacion del P-4S0 gromatass.

13.- D& o ink O hay un on la expr de los proto- c-fos,
ojun, bok-2, y del gen SUPrescr de UMOores A53 que 38 PUSHe Producir COMO CoONBeCUSNCca de
los allos nivelas de cire

14.- Como CONBECUSNCIa Jd9 a GupPresitn aiterada de G908 Prolo-ONCOGENEs y anti-
ONCOgENSes, Gxists uNe dieMmINucion en las p e de oblhul CD3+, CO4+ y CD8+,
Que produce un posible perfil apopiitico del tima.

485.- Los resultados pr JOS aqui, NOS ntr Y UNA NUSva eetrategia pearasitaria original
no de Y dol e por o px ya Que este fenomeno

P

a8 pressnts en 2 copas distintas de ratones.
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REGULACION DE LA ESTEROIDOGENESIS
GONADAL POR LINFOCINAS
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especifico sobre el sistema enzimitico
esicroidogénico y no se debe a la toxicidad de la
molécula sobre las células (11). La forma en 1a cual
scdacesie e(eclo. podth ser impidiendo el reconoci-
PoT su ya
que la IL-2 puede lllodlﬁw cl sitio de uni6n de
Pot o!n parntc,

=nlosmm6k.o. uupazde

cusles no se producen con la s6la adicién de

enel lapso de P
Deesta forma los posibles bl i i de
ia IL-6 son las si i alaP-
4S50scc y 1a 3P-hid: i ide & g es-
imulad: r FSH, lacapacidadde 1aP-450

sion de
tando la actividad de I- enzuna Su-reductau 12).

INTERLEUCINA-3 (L-3)

(P-450 arom)sin conocerse exactamente
<ual es su mecanismo de accién (13).

INTERFERONES (a-IFN y y-IFN)

Enafos ha

dad lecid los
Es una i que parti ‘, en lai idad imu (lFNs) no solo sON un importante me-
! Tay del ped en contra de infec-
(Thl) Pmumeve la .lslnenclén ante una mvu-én cloncs virales y resulencu a tumores, smo que
ilos y I3 nor-
en el lugar de la i 6 T bié los malesyuenen has otras i biol
ay f por los 3 tipos de IFN que existen
dc estas etluln. Se sabe que dnrecumeme sohrc (Flguta l) Los IFNs han sido detectados en el fluido
una activid.
siva de las célul l-mnvndad
Je la 20a-hidroxi ide idrog Encélu-
las ovéri en cultivo, p un en la
produccién de prog: imulando la 3B-
el Ly < p Qa2).
INTERLEUCINA-6 (IL-®)
Estalmfocmaelunhclordc ionde las
por células T, e

sabe que puede ser producida por una gran variedad
dc célulls. lncluyendo flbroblaslos ¢lulas

élulas hi
hij i Sc.i enla .
aguda cs un faclot de imi
1a prolif; de las Yy ey e iy
1ul T(Th incrgista conlall-1y puede scr ORI aululer
di Sir dc al de las acci d g = -

esta dltima. Sc que ala tipos de Im:rferon (n ﬂy~) conacidos. m:mw‘cnnr.

entcjid ino y su union modifica tiencn ef un: amplia por
la re-pucsla de estas células . Sobre la o que 3¢ picnss son una cnla

is.lalL-6ticne {7 i o varias funciones fisiologicas. De cata maners, son un medn.do'

enlaproduccién de diol, ya que pucd P principal de la comunicacisn inmunoenddcring.
1a izacion dc la a estradiol.

aumcm-ndo la acuwdad de la en21ma P-450

las de io en cultivo.
Porotra plne, en cultivo de células de la granulosa,
ia adicion de 1L-6 y testosterona provocan la apari-
cién de altos niveles de estradiol en pocas horas, los
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viral o de
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1a madre. Se conoce que sobre el sistema endéerino

:c'bls)lFNsllenen"ﬂ- (Tabila S 5. 6l IS MO et Gl ro B SErLS s SR ST OO0
(GLamRAs BPOCTO SIOL.OWCO Ol Pl QU
Los IFNs tienen accién directa sobre la jresrmaa ™
1, ya que se ha encontrado i I~ 3. H
que el lraumnemn con a-IFN reduee las concentra- ! oty "_" o8 T4 0 €2 por . aim 3N
p diol, sin un : perd t
en los nivel del_ll FSH.Ela- e —— {wen
IFN inhibe 1a conversién esﬂmul.da por FSH dc ! orcas an T4
lesloslerona a estradiol por las células de Sertoli en N e .
de las célul de l.cydlg ; (1 hoiane v :
cona yv IFN suprime la pe de
testostcrona estimulada hCG en forma dosis- i g coneot -
dependicnte. En célulasP:e‘ Leydig de p el ! hinttunthodeich S —
lrlumuemo con a o y IFN dlsmlnuye ia {
iny sicl pri P e
cfectocs sum-lono En estos :lmmal se ha demos- T TN e —
trado que la inhil seda los IFN - o
up.eelde inhibir Iaacumulocléndc RNAlml:uel ra——— [t el T o
atera i

que
dela uden- de colesterol (P-JSOu:c) y la que rompe
enel carbono 17 (P‘So-cl 7) Tnmbnén sc ha demos-

T4 = Tomammens £3¢ Eranol ACTIe HOIMCS SO CONICOUSt 28 THite Mommong
Savsmus @5 10 WcGue TI= Tryegatranne

lrndoque P lafi )
ima sin modifi Es i nas de estrés. En el io, se ha do que

dugregndos en bioemyo. el u-lFN inhibe > en una i icjas dosis-dependi
forma dosis d y la pr en I sf dep y d di

basal lack rhCG de pero no de umsgenos. En células de Leydig pro-
y estradiol. El efcclo de mlubncuén por el a-IFN se mueve la converuén de testosterona a
debeaquei P ) dihid hacer notar que
porla i l‘m idroxi ide deshi <l TNF-a mlube 1a dnfcrenc‘;:clén dependiente de

y Illcumulacndn del RNAm del P-dSOuom.un(P-
450 atom) 1 y 2. Se ha demostrado que el y-lFN

-ul-du. l’or lo amenor. los blancos enziméticos de
esta son: a nivel de la P-450-scc y P-450

pucde ia
aumemlndo la lcnvndad de la I7ﬂ-h|droxleswro|dc
y de la Sa (11,12, 14).

FACTOR DE NECROSIS TUMORAL-ALFA
(TNF-a)

El TNF-a. es una molécula producida por los

<17 inhibe su actividad en ovario, mientras que en
lestk;l)o aumenta la actividad de la Sa-rcductasa.
(11,15).

En usumen. la regulncnén tanto ovirica como
de sus pringi
ulerondes depende no sélo de 1a compleja rcgula—
ion i

p a una

[ normal del gje hipotalamo-hipofisis-

lumongemca en el i Sep en

de sus efectos a la IL-1, pero no son homélogos, ya
que posee su propioreceptory no activa dlrccumen-
tcaiosl Lainy de ia
ficbre, h i P P
aguda, i icion de lip ylit i6n de

defa:e

ahorase ganotras células mss:
los linfocitos ( (ByT),los monocnlos, mutéfagos y
varios de la a que
son residentes normales del ovano y del lesl(culo y
que por medio de Ia de inter
regulan |a csteroidogénesis gonadal (Fig 2).
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MECANISMOS DE EVASION DE LA RESPUESTA
INMUNE POR PARASITOS -

Jorge - Awsbno-
e des Ménies. A P ﬂna-n-.ormwuu- .
KEY WORDS: parasi ion, develop
Duranate su ciclo de vida, :ucboo pardsitos stages, host, cheni
estadios, culminan con s aperi- INTRODUCCION
cidadels faas “v_“,. brevivireaun  Larespomasbiliced de la del hudoped duras
pod, émos han dessrrollado ds de ‘e tanto localss como
is resp gics del P que P> v
qus con el _ yis yosoedinades p Cagy L o agrlas ds
peoduccitn delp Bacets revisidn, ss discu- a8l Procescs No ficos es la respuesta
tan siguncs ds los - Que inflamatoris y los mecaniamos efsciores ds los
bpﬁmy-mhmw linfocitos T'.citotdaions y auxiliares
P & (TH1 apoyados por la reap de protsf-
4 u daails nas de fass agude y la cascads del complemento (1).
oflule y su fass b )
En el sitio da la infeccion hay una reactivided local
PALABRASCLAVE: osia- de qus al [ 1
dios det & P huteped, lnh_h-!-dh P - jichon
2) facilitan el acceso ds células inflemesorias a jos
infectadosy 3) une serle de
During their life ! many L and a ] b nu:znww
ar life 3
aau.-'n':'.:'.' -u.u.i" culminating il?l.I: uM«hM«m’ d'-!'
i wi ase
cstablishmem of the infective phass. In order to aguda por los h itos y la ivacio los
survive in an hostils & logical ! mecaniamos por los & como
inside the hoet, » ites have developed many hhmo% P y la produccioa de dxido
0 evade the it _:!ﬁ oy ) por jos macesfagos (2).
pre A ofthe L " dela - o an
sed by parasi de the resistance of the 6n de tales estin & Mmenudo regu-
host to the infection, and how they ars abiles 50 mask. tados en los partsilos en una forma qus
eotubiiening thekr — un..aazfm eevivie on wh Ered i icam
the dissase, are disct v s mﬁmtluw‘rdmhun‘mm
mis di de las inf P ..
Haers, adifferentiation is mads of the mecheniems cronicidad, que reflsja la que
y TOSPOnNeS - han lievado s cabo y qus les
o I 1] their entrance vivir de; de los ‘ ch
to the cell, and during their intraceilular phase. y evadir sus resp unoldgi La




estimulacion amtigénica Que resulta de la A) El i i
by llevaals, B) uvmmm

P i i ﬁ‘ﬂ-;l‘y-m C) Bl uﬂmb&omum
k ok P P que
est0s < i gul (! (s é Blmmmhmmmmh
;." o rifveg oot oo | d: i del ui U d"l

P Ppeop. Hd e to. Un ejem|
por oy pors . po! p‘ne par jemplo es

ds jos diferemes en su superficic a las del Com-
portaitos y sus Asbissts, los cuales en cambio, llevan jo Pri de Hi ilidad (MHC) dob
a distintas formas de amtigtnica y de Dedoqus enel genoma del
activacita ds células T. Bl admerc ds sscenesios nohay genes alos del MHC dsl hospedero,
diferemtes de presentacion s [ que estas molécul:
sbarce deads protoctistas intracsiulares que disusi- qQue parasita.
vea tejidos, como P ‘gﬂlpm .
de cfhul *TH1 y CD8", Onr i6n dsl i gt
hasta los lricsl dsl tracso i ol mimstiamo molecular. Dada is fusrs presitn
o qus pr £ CD4* TH2 (1). b qusej 1 i dsl
Los parfsitos intracsiulares en su fase extracelular sobre ol parssito, s rasoneble suponer que sl
"p y s ha do qus mm*lm yan
muchos de siios usan factores derivados del suerc sido ssleccionados parecerse & diversos compo-
pars facilitar su y on del hoaped: ). La rslevancis ds este
[ qus ia mecanismo no ha sido ditucidads
sslectivs ds Ia union de algunos compo- POTO 88 SUPONE QUE relacionado con siguncs
asnies africos a la 1 ! tipos i Y 1 Q
ol mecanismo de enirade s la oflula y pusds determi- b ol i fi = de
nar si ol mi b que las moléculas del ) tas del hos-
dichs smrada (1 y 2) " s0n muy > toque pode(a repre-
sentar un al # A
Asf{ pucs, los mecaniemcs empieados por los se explica lo ior diciend
pacaitos pars evadir In b del iéculas se conasrvan, pusa cumpien una funcion
o f s0n variad vital. Incluso se el p il P
El més ssncillo es la 6 que nosélo di
loj " alg O pass modificarla i de su hosped
sastdmica en donds 1a respussts inMune sea muy
débil. Otro medio, més eflectivo qus sl anterior, es ¢l Laveriacié igs induda, e! i
= pos i i jor diado. Se notan dife-
Encamonba histolytice y slguncs cémodos. Sin em- ronciss ssiructurales en los principales
bargo, mis anl en d# J Prime-
P han d lado dndk - entre di cepud-puisitoo(m
4 Aplejosds j6nds la resp lodoptolocnuu)-obcrvm vnhcionel umpot-
ta i igica, que se a i 36 wmntes en su Esta

cmpiean los parfsisos s el de modificacion consti-
tutiva & 1) upnﬁch que cvita las reapuestas

eli en corto tiempo.
lap-r&lmmndaamlladodeuu(m-ms
mecanismos:

Unode

mnp&mq&;m:swnwma

nes maltipies o prevenir el desarrollo de una inmu-
nidad especifica. Se ha estudiado Ia variabilidad
antigénica de los cisticetcos de Taenia crassiceps y
se -meomro una alta variscién en los epitopos com-

por los La i anll.émca s
més notaciaatnd e} &
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los parisitos. En varios casos se ha documentado la
de estadio. Por
los p

R4

l‘-.aivnldsud-lc:mmﬂhplu uelm-dn-
dotmmnn.lnbmmc la inflamacitn y

Pl di vivax y Trip cnﬂl,
S dife

antigenos superficiales alosq
cn ctapas posteriores de su desarrollo (4). Ea los  de célules,

b L La ¢ ds o del
pue-u-nnﬂ.emsupﬂﬁchl i sobee 1a parasi pusds
tan una variacitn comimnydeuufonnano promover la interaccion alta afiaidsd con los
sucumben nunca a Jos anti Que i 1a superficia de 1a cflula del hospede-

P e —Sil:"uu
Elmboonm.énm-uﬁae-hup-cm (ﬂlo@:u).(:!biymd
que g K. para mavmmmmmnw
uperficiales, Jode esta o, que i 1y i gANi: Joque facilitasu
forma ser losufici le por un ’ .
iempo para ser d do como i & del
Esto se ha o fibronectina (Fn) es una opacaina no relacio-

hospedero.

en los cuales lmmﬁmmmm{m

tiempwo de infoccion con Trypanasoma cruzi, no son
de ) bendas de un lissdo

Ls
n-ﬁancleonm qn;;-mhm

cionds
ryp g lun-

clulas fi i
muuud-wm-p- -m

P r phagry un solo periodo de
f én. Este " havisto ich ammmlmuun-aru:
pu‘lilo‘ellrlceuhmqueaun puede al el posencial
fromtacion inm con las célulss del hoepe- mmbhwmmb
dero. Elmmmdellrmhcmﬂccpyﬁh unlo.umiﬂnd-lpuhuo Fa pusds estimular
Taenin jemp d -mulmmwaum
mo ivo de la i ©con otras proteinas del susro o dela
-mizcxmlulu(.lamlauu-oh!’h)“l‘ua-
COMPONENTES DEL SUERO QUE bidn puods alserar funci de los P de la
AYUDAN A LA ENTRADA DEL PARASITO célula hospeders. .
A LA CELULA .
E! det Evasién de la lvis mediads por complements
El complemento (C) es un sistema biojogico com- ) .
plejo, presente cn todos ios mamiferos y Engs i, los i ds iOn de la lisis p
:’or 30 integrantes diferentes. ‘l'odo‘ ello- son [ Erup 3 I3
cop 3 20 se .
iolog ,' > 1. Fllhlenlnlenvlcmncblm
te en el pl u-lo son que 2. Fallasenla del p
pane integral de Ia b de di 3. Fnll-enlaluudelp‘m
células de la sangre.
La ia de Leish i P
EiCesun i dor de la ecstd lade por sus di dios de
w‘mywmivamon.queuw.(h,nm llo; que los pr i i son
de dos maneras: en la vis S Pt a la lisis I
plej g P y.-hvhm los infectivos no loson. Debido 8 estas diferencis
los activacd de ori ibilidad, todos los del desarrolloe de
Leishmania activan el fici

sos no requicren -nuampoo cqecl’ﬁcou. Ambas
vias ticnen caracterfsticas propiu 'y Comunes, por
ello al, de sus fu

yunena C3, pml-fomnyclmdcllunm
depaukdelaupeciedequenm( ).



Morales J
En Leishmania major, lipofasfoglicano de l esis glicoail
(LPG) activa d'l. ‘: pl P ypotlonnwuiuﬁcmwp-nanwn
mento y gansra C3b sobre la superficie L ¥ Los taquizoitos
con del C9. Sim embargo, 1a canti- den las ias ds la del com-
dad ds LPG es regulada segon ¢l astadio de desarro- pkmcuo.dhmmhmm&aymm-
oy “ inhibs s CSb-9 en la tirlo ripidamente en cshh.uﬂlwnmvo,
prhiioqu- mutmu inhi desde su
g (MAC) y por lo inicio (8). .
tanto, previ hlisnchl ().
Al no poder un animal una o
Mmcﬂuﬂi‘mm 33 bien inad; un i no
e qu.u fr, ioals eximte 1a i6n de células p de anti-
lisin siad pc P de cusrpos o bien los anti P ch
P is al p 3 tran el mi b expli-
dlfcmdm.umlmhanﬂdymlﬁon-
torios dif hand b o

por los i
c-do-ﬂnalo.wﬁ Domfoann.lo.puhnos
evitan la opesonizacion y por tanso, no activan al

Ea
muum--mmm.

por.uvhcll-ie‘. ademds de no ser
inn'gvmnlbl y fagocitados por 108 macréiagos

&y“mmuma.@

- Algunos ¥ han 4
d-l. poe So  tamto, bloguean 1a do moléculas qus impi ia de los
-ﬁei-alm(sn) inales del " (C7aC9)
mwmd. mwmnqueu(omn
bbl‘ln”mbhﬁmu- ition de ala ypotio
88y Ydeilos muolmn%wmvhmm
andlogs s 1a de s px gulnd by p
memo ds Jos mamiferos Llamada factor que K de la Neis & a In céiuia
ol decaimniento (DAF) y tiens de 40 s SO% de La da de los mi. a los fi
conel DAF eatd - ag cién de
dal b Results i Que una clons de desivados t6xi del oxige i pa-
Agtil una g\ del P a ganarel haciael lular, por lo
dade T iq unasonda tanto, son: usarun qf té iad
de DNA complementario para el DAF del 1a.d gA i i-,lencrun b donde
Uns secuencia percial de esta dos l boli Oxi oij oi
regiones con similitud al consenso repstido, com- tul de una &
las proteinas de unién a C3bH/C4abd de

mlnl(fct?:G yD.

:ll& Lculu-nnla sppmwloev-uhluumed-mpt

sino que bi€n utiliza l1os r
de los

que "
duylmvo de Tcnui. el am-ni.olo. puede sobre-
wé-viu:nnulum einiciarla mfoccian in vitro.

ecep-
tores del mumomsuenlndl als eeluh. IJ union

lo que le permi-
te evndnr este meum:mo lmpotume de defensa del
(9).T

:ﬂummmmahn-hﬂvandmplem

al unis gr igad chSy
CS0-9 establs, pero

impiden su insercitn en
MypotmhfmiondelMAC('l).
E - i Talar inf,
Toxopl, dii), exhibe en su superficic

IL’G L '.
.pﬁ:! lehlnidemmcadocomo Iipndosdel prhno
que i6

agos y su o .loo i
Aderts de la alss via la inact
citn de:los 1a Leish hib:

otros mecanismos para eviur ia descarga respirato-

¢ e e
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ria. Cuando se adiciona LIPG s b Trich Posss Pproteasas eapecifi-
cos purificados de humanos se observa que inhibe a qut'rmnavuw-m&lw
lap i Cyevitalainici - nemo.maumruum
.- i La Fn la infeccion por ——'llle-:queh-m-nm.h
cruzifunci b de esta forma evits
cl__éw A el luwu m hl-

se alojs i

quelaeilihhmﬁdnde mﬂo.mdlul-bumo
poe medio ds su unidn a la familia de delss
i El Taxoplasma gondii utiliza s la laminina

con ¢l mismo fin, pero su union es a la B-integrina,

y
hmhpothcmmof“y-qnmhvw
no hny mn?tu):non de células productoras de

lo que facilita su entrada a la célula hospe

E ba de las d > de Ila entrada » Elchlwoodefmmmm nes
Ia ctiule il.i“:;b
Uno&kn i en Leish i es la £ gosalosdelb & o
P 1as ctlul aqus
rfologi i en di espe- ummmmﬂm npa‘ibboll-
ciu.aon ial fagoli di que minaciéa por Ia i del
- Scidasy glicop de MHC: y sl hospedero lo acepta COmO p ,' (lS)
b T " ig baio 2 Ademse, Is g
chi b bolismo A M*olﬂﬁb,yaumhm
ja su i 10). o P
Leishmania l'oaovau i posee una Sup # cinth
dismutasa y una fosfatass Scida que pueden inhibiria curre ¢l tiempo de infeccidn, sin en
i ! del ox[gnopm- lacarge loque indicaqus k
dos o Ia i ef- son irvel P Porsotra parte, ol
mwmmmmap‘zdeae.ndu cisticerco es capez de pr f en
k bajo b i del hoag de wl
las 1 prevaleci en el forma Que ésie e sea i para su I’
f-phn.onu(ll) y icti ke i ol m
o8 capaz de los los ol de
Wcruxlenmahc‘lu_l‘c_ x dio de ¥ dik lond: seicess - we de o klo

Para que T cruzi salga de Ia vacuols al cuoplnum,
el medio debe estar acidificado. Este hecho esu

Que provoca
;sonalm . loque redund.cnhd_inucih&
ds

isdo con la de una p " pUse

de povo p ivadelp q b 2 (IL-2) y de mnnuh-»y (IFN-y) asf
imilsral p del b L -p (TH1) dsl haspedero
litico C9. Este p i tiliza a los P Fc mmhmhmﬂyww
paca Ia la p H Scids, que s S P i i qQue puedsen liegars
forra con anticuerpos que p i on s 20T 8 l.lpaodclnlé:'lamamﬁm
).

1a cflula a infectar (12).
= b Aistodvei o que

dhmhuchnnmabkenhw.p-hﬁn(%)y

-onupceldedeundulnllmmubnnldel
asf ev.a la respuesia inmune local y evita que 3¢

pry L

que la elimi- valinaA. Estos dat una
ne. Ademil. "se sabe que 1a .mnb- no activa nadelarespucsta mmumlé.icad-lnwna“upln
efi por- snousy L nu- alos lue-
que de.nd- los reeep(ores a Fc de los anti - i 1 ; e
aa. o 1 hosp por d que modifi

asl ser of



°
on ol sisterna inmunoidgico a su favor y evita ser
eliminado.

Moraies J
debido a todos los mecanismos evasivos

-.-e:a::uy.crnloswmm-
pusds regular s e expresiia G M cuade eliminacicn. Soicn -
para su
*DMM
Las filasias y oo que TABLA I
-y o e P U
s Qus lap Fc ds los "lt; muusouaou:A DE'E‘;I.ASION
P EMPLEADOS
qnmpaumm.b-mululuuyh
, Secreta una
5_ p sxpres deil- A i qus ol dabde a ls
ype saiia *"' T L Maodificacionss expacificas del eatadic del desarroilo.
mm-manmau © Cambio
my-i.nshdnlu.-.mm - O gpeicas. e
iva para slimi- dsla al dafto
inmuns. .
U—Iz(m*ul)‘rluma . _.-:-!'-th--'—n-*-ﬂ--
svasita une vandos por parfeitos se pr .
om la Tedis I. et p hos me- A @ los
canismos més sean descubiernos ea e! futuro como 3 o
g restigacicn te, delos datos o o :
I.‘N—“élcl, “ 1a resp 3.  Secussiro sasiémico.
L ¥ c. que pr a Nels deatre de las
i 2 1 A 2, '] 14 “
¥ metap 1a ! 1 que libeas.
s oo, 20 ™
o de [ i de tal mets se 3. - P -
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INTERACCIONES NEURMINMUNOENDOCRINAS

Jorge Morales Montor®

Le ineracciOn entre los sistemas
eNAOCTING @  iINMunItario  se
actusiments como uno de los
clave que intervienen para
& homedstasis de los

on general, y de los
mamiferos en particular. La d
del sistema inmunitario para discriminar
10 Propio y 10 no propio tiene sus
i

!E%

31

en  un .npho rango de

por las
cblulas nma una alta proporcion

Cusndo se producen alteraciones en
esta red. se patologias
Que involucran a los diferentes
componentes de |a misma.
Por otra parte se ha avenzado en
v on el cor no de las
funciones mumplos del sistema
inmunitario, l-smnmmmpm

del pr

tr.vﬁ de ia in@cion do p.tboonoo y
céhluias extrafias del organismo. Estas
funciones requieren, s su vez. sistemas
de contro! delicados Que permitan una
.d.cu.cuén a las dnfor.n!os situaciones

atraviesa 1040 ser b

como una respuesta homeostética esta,
por o tanto, baejc control fisiologico y

contribuye & mantenimiento de Ia
imegridad de ias células corporales y
tejidos. Las hormonas y neurctransmi

2Ores QUE estan presentes en e micro
ambiente de Ias células nmunitarias
pusden restrngic s autor

vida, y se hace entonces imprescindible
ia interaccion con oftros
organismo. Esta intersccion constante
hace posible &l funcionamiento armaonico
o8 estos tres sistemas., e imptica Ia
existencia de MeNSaiercs y receplores
cOmunes que participan al mismo tiempo
on sistemas complejos de retro-
alimentacion. La alteracion de Ia

comur i6n  entre estos
sistemas conduce ali desarrollo de

probablerments POr su accion sobre
receptores para estos agentes
neuroendocrinos (Berczi. 1986)
La COMUNICACcIGN oﬁcname de estos tres
Cia de vias
aferentes y d.r.m.s Qque constituyen un
der

AON.

L L
westgacienss BDiemddicas, U.N.AM. AP
TOZIN, Mbuice, D.F., 04810,

Q diferentes. Tal es @l caso de
algunas asiteraciones psiquicas que
causan inMmunosupresion, los trastormos
inmunitarios que causan problamas
enddcrinos  (como la tiroiditis  de
Hashimoto y la disbetes mellitus tipo |)
que componen un circulo que sjemplifica
la interaccion funcional entre el sistema
inmuni o Y -l NeUroendacrino
(Grossman, 1992).

3s




e areans

La contraparte de estos estudios.
demuestra que ol estudio de |a respuasta
inmMunitaris Siguiendo Ia administracion in
vvvo @ in witro de oc-sgonistas (por

escapan
mm.- ¥8 Que existen cbvios
niveles de control por hormonas vy

o8 y
....‘sion celular En efecto, a
respusets u'lnuml.fla. @8 tal vez |a unica
respuseta ﬁuologse- on ia cusl ta
amplif J on la
m.enon e.!ul.r y ia transformacion.

proceso

a). I8 cual no tiene
ofectos socbre el sistema nervioso
central, produce Ia inhibicion de Ia
misma. Le conclusiéon logice es que is
inervacion simpética media un
mecanismo de restriccion sobre Ia
activided de (as células inmunitarias
(Besedovsky y cols.. 1979; Miles y cols..
1981). En otros estudios en (08 cuales se

mide (s actividad simpdtica por los

requiere

Mieo. y factores de crecimiemo
qQue hacen a ots respuesta
mmom. mo de! control

de noradrenaling (NA) durante |a
respuesta inmunoidgica on L]
microambiente de ios organcs linfoides.
demuestran Que @slos niveies estén

cusiquier

creo que .I eomrol dol metabolismo y ia
proliferacion no son la Onica influencia
que s hormonas y newotransmisores
ejorcen sobre Ias e‘lula inmunitarias.
€3 sficiontes mencionar que se sadbe que
Ia produccion de varias linfocinas y
monocinas es afectada por ciernas

88 y Neurotrar i ( Gitlis. @t
. 1979 Snyder, et al. 1962; Kelso, et al
1984).

Las primeras interacciones entre
astos fueron i para
08 glucocorticoides (Fm 1979) (cuya
principal .ccoén es inhibir la respuesta

on el mlo del sistema inmunitario).
on is regulacion de los niveles de
hormonas sexuales y de fa reproduccion
(Rebar y cols., 1981; Grossman. 1985).

Somunicacion neurgiomuneldaics.

Se ha observado que los organos
linfoices estén inervados simpaticamente
y la desnervacion de los 6rganos resuita
on respusstas inmunitarias exacerbadas.

idos en organos lifoides de
ratas inmunizadas (Besedovsky y cols..
1963). Estos datos. tomados junto con
ios de desnervacion y el efecto de los
o-agonistas, constituyen dos evidencias
definitivas, de que un cambio
significativo en el sistema simpético
produce un efecto sobre Ia funcién
inmunitaria.

Los piod - oeNos
también tienen infiuencia sobre esta
respuesta. La p-endorfina, met-encefa-
lina y leu-encefalina son potentes
supresores de |a produccion de
anticuerpos; tal sSUpPresion puede
bioquearse por el antagonista opiscec
naloxona. Por otro iado, la respuesta
celular parece ser aumentada por las
endorfinas. ya que I|la BR-endorfina
ncrementa la respuesta proliferativa de
las células T a la concanavaline A y
fitohemaglutinina. aumenta |a generacion
de linfocitos T citotoxicos (Carr y Klimpel.
1986), incrementa ia aparicion de céluias
asesinas naturales (NK) y la produccion
de interferédn-y (Mandler y cols., 19086).
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Camunicacion anddcrine -4amunce
Heica.
La gléndula pituitaria controla
o ne ta iy e

como sobre e diferer ] -]
céluias T efectoras.

La LH @8 una hormona tiens
un efecto sobre las céluas del

& Lat lir de bazo (Rousbhia y cols.,
mporl-m.rhuclm1(ll.-1)y 1988a) y por otro, disminuye la 7
la interleucina 6 (DL-G). Prir ne de células NK (Rousbhia y

la secrecién ta bhormona

sobre

icotréfica (ACTH), Ia cual
suprime ia respuesta de anticuerpos a
antigence dependientes (eritrocitos de
camero) e ind.p.ndm
ONP) de chlulas (Johnson y cols.,
1982 .l.l_'gdt. m) Las

seflalizacion al cual el receptor esté
acopiado en diversos tipos celulares.

La prolactina es otro de los

ios. Se

w“mmamamm

L, ws. Las princip hormonas
producidaes por hipdfisis que tienen
o 8i o son:

hormona de o (GH), p 1
(PRL). hormona Iutonmz-mo (LH),
hormona 'oﬁeuloonnmul.m. (FSH).
Bilalock en 1909, qQue en una
cepa de ratones “enanos” deficientes en

estimuio de un mitbo‘no general pars
céluias T (concanavalina A) se astimula

[} o ia
produccin de anticuerpos ineepecificos
s mayor en un oon
or ds on cultivo mixto

{® produccion de prolactine (como o es
la bromocriptina) inhibe ia produccion de
anticuerpos (Nagy y cois.. 1983). Ei
mo de proiactina se sabe se da anivel
i T, ifi e o TH,,

yl qQue es capar de modular la
:v.m de inerieucina 4 y 6. A nivel
enfermedades

ausoinmunes




on ' a los
normales (Mc. Murray y cols.. 1991)
Como se menciono anteriorments,
& comunicacion entre los si
i [ inmuniterio oS

bidireccional, y 8 su vez sustancias del
sistema inmunitario afectan ot
funci wo del si endocrino.
Adomdbs tos conocidos efectos que
las linfocinas tienen sobre ia
esteroidogénesis (revisados en ei
apéndice

y ias hembras presentan fuertes
diferencias en cuanto a su respuesta
inmunitaria, y que generaimente, las
hembras son miés susceptibles que los
machos a las infecciones por diversos
agentes (Schuurs y Verheui, 1989).

Por ejemplo, estudios clinicos han
AeMmOostrado Que 18 distribucion Por sexos
de las [} onfer
asoinmunitarias, presenta predominio
franco en la mujer. Eil lupus eritomatoso
diseminado (LED) es nueve veces mas
frecusnts en Mmujeres que en hombres; la
ertritis  reumatoide presenta  cifras
parecidas. y en el caso de ia tiroiditis de
Hashimoto, |a susceptibilidad del sexo

s



de antica por
Ogenos en culti de linf

sangre periferica. tanto de hombres
como e 3 Uando e
fraccionaron (as céiuias. se demostrd
Qque o no el a
ias ctiuias B, sino que inhibe ef efecto

de un poblacion de linfocitos
SUPS Més tarde se demostrd ie
existencia de receptores on
chluias T periféricas CD8+ (supresorae/
citotoxicas). Por otra . loe
- sexusles No BON la unca
o J

- en ol son aitos,
recuperéandose al final de dicha on.
Greenstein y cois. (1985) han

que la orqe {f

i
g
i

i
i
|

I
|
8

corforman una red de
inMeracciones cuya arganizacion

A g et



umyﬁwammu
por @l p on o

(moudd ,1964), olm.ao
(rutricional © de
“)(Kou.hyrm 1988),. of tipo
de respussta inmunitaria desarrollada
(Mitchell, 1979). ol tamafo del indculo
del pardeto(Mitchel ot al., 1980). |=

:i‘

OOI ™
(Wakelin, 1985, Sciutto et ai., 1991). Ia
odad  det Gn.nﬁ.ld

3
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osrrando asi un circulo
retroalimentacion que involucra ol
sistema nernvioso, onddcrino [ ]
nrm Lair de estos tres
sislemes conducird a un belance
adecuado de Ia respuesta inMmur o
y @& or Ia del
Evidenciss clinicas y experimentiales
J s que ios

éculas del mayor de

para esta hormona en céiulas linfoides
(Cohen y cois, 1988), sb6lo han sido

S8 Para estrogencos
an difer células linfoid (T. 8, NK)

histocompatibilidad (H-2). o que dificulta
y eoliminacion de

efectos

directamente a eila, sino a su metabolito
Sa-reducido, la dihidrotestosterona. Es
POr ésto Que se piensa Que no se han
encontrado receptores especificos

ona, y 8i un - "a

androgenos (AR).
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