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RESUMEN
::"ﬁCCIDHES v MECESMISHUS DE ACCION DE La TOXINA PERTUSSEISY.

La preéente tecis conesta fundamentalmente de cuatro trabsajos
‘en las.que se zborda =l estudioc de las acciones y los mecanismos
'dé”aﬁcidn de Ix toxnina pertussics.
“1.-  Previamente, e hakbia reportado gque taz wacura pertussis
produce czerias alteraciones en el metabolisme lipidico. En el
| pfesente estudic, demostramos que ! principal componente
résponsable de estas nlteraciones e la toxina pertussis, que
cauea hiperlipemia, cetecis e higado graso.
2.~ En el sequndo ectudio, demostramos que los ésteres de forbol
en tejido zdiposoe de hamster, no afectan el brazo inhibitorio de
la enzimz adenilzte ciclasa como se ha descrito para plaguetas.
Se rezlizd un estudic comparativeo con la torina pertussis.
3.- Posteriormente, gstudiamoz loe efectos de los écsteres de
forbol cobre la respuesta hormonxl en tejido adiposo de ratx. El
Py & capunz de estimular lIa lipogénesis de una manera
dependiente de la concentracidn, disminuye significativamente el
efecto antilipolitico de la inculina, bloquea la activacidn de 1a
respuesta alfa-t adrenérgica, e incrementa &l marcaje de la
fosfatidilcolins ¥ del &acido fosfatidico. Tampoco en este tejido
el PMAa Bloguez €l brazo inhibitorico de 1a enzima adenilato
ciciasa como lo hace lzx toxina pertussics.
4.~ Finalmente, emprl eandoe métodos =sencilleos obtuvwimos una
preparxcidn scelular con una  razonzble purificacidn  en el
componente de torinz pertussis, la cual! fue capaz de inducir
proteccidn el el ratdn. Esta vacuna acelular, est&d constituida

principalmente por tornina pertussis v hamaglutinina fibrosa.



ABSTRACT

*"ACTIONS AND MECHAMISMS OF ACTION OF THE PERTUSSIS TOXIM".

The precent thesic, includes four separate manuscripts,
aimed to study the actions and mechanisms of action of the
perfussig tonin.
t.- It was previocusly reported that ithe administration of
pertussis waccine to hamsters markedly dicsturbs their iipid
metabolism. In the present study we demostrated that
pertussis toxin induces fatty liver, hyperlipemia and ketosis.
2.~ In this study, we demostrated that the active phorbol
ester in hamster adipocyvtes does not impair the inhibitory
pathway of adenylate cyclase. The action of PHMa was compared to
the effect of pertussis toxirm.
3.~ Then, we studied effect of phorbol esteres on the
hormoral respongivenecse of isclated white fat cells, PMA was able
to stimulate lipogenesis in & doze-depend fashion, it significantly
disminished the antilipalitic effect of insulin and inhibited the
alpha-1 adrenergic activation of phasphatidyl inositol
turnicver. P& was without significant effect on the labeling of
phosphatidy! inositol and phosphatidyvlethanolamine but increased
the lubeling phosphatidylcholine and ite precursor phosphatidic
acid.
4. Finully, veing simple methods, we obtained an acellulsar
preparztion with a2 reasonzble purification of pertuesis toxin,
which waes ztrle to induce protection in the mice. This acellular
vaccine iz formed mazinly by pertussis toxin and filamentous

hemaglutinin,
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Adenligto

Ciclasa

_Abo_hl'stc'f—-." 2

MEMBRANA
PLASMATICA

FIGURA NMo. 1. SISTEMA DE LA ADENILATO CICLASA.

Los componentes del sistema estan designados como: Ra,
activatorio; RIi, receptor inhibitorio; Ns, proteina regquladora
dependiente de nucledtidos de guanina que participa en 1a
eatimulacidn de 1a adenilato ciclasas; Ni, preoteina reguladorz
dependiente de nucledgtidos de guanina oque participa en 1la
inhibicidn de la adenilato ciclasa.
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' Ns GDP.

© (D LA INHIBICION DE LA ACTIVIDAD ESPEC{FICA DE GTPASA PROLONGARIA
LA VIDA HMEDIA DEL COMPLEJO ACTIVO.

(2) LA LIBERACIGN ACELERADA DEL GDP FAVORECERfA LA UNIGH DEL GTP
¥ LA GENERACION DEL-COMPLEJO ACTIVO,

Figura No. 2. ACTIVACION DE La ENZEIMA ADEMILATO CICLASA POR LA
TOoXIMNn DEL COLERA. La defintcion para Ms v C ae muestra en 1la
figura No. 1. La repccidn No. 1t ocs la hidrdlisis del GTP unido
al complejo C—Ms p=ra producir C-Ns-CGDP. La reaccidn No. 2: es
1a liberacidn del GDP a partir del complejo C-Ns-GDP parz dar C-
Ns. Se cree que 1Ia toxina del cdlerz activa a WN=  porque
estabilizan v & la ver fevorece !z formacidn del compliejo Ns-GYP.
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‘Protomero A 130,000 : 01 fgomere B 89000

Agente |’ . |
Tiol | c ?ggntes |
Reductor |} aotropicos |
HS ——
G
HS -—
Protomero A 19,300} 126,0001 1255001
Activo
14,0001

Figura HNo. 3. REPRESENTACION ESAQUEHMATICA DE 148  SUBUMIDADES
ESTRUCTURARLES QUE CONFORrMONM i LA ToXINMA PERTUSSES. .

ta toxinz pertusasis en su forma nativa estd conformada por cuztro
0 iza cinco subunidades heterogéueas. El fratamients de la
toxina con anentes despnaturalizantes da por resul tado una
tomplieta disnciacidn de ecsta, pudiende opbsorvarse a sus
componetes que constitoysn al protorero & vy B,
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Ry, —=Ni——GDP— _\_:__,. HR,——N1——GDP HR

TP 4 6pp
N1 —— GTP
\/D{%_f_ﬂfﬁf@ﬁs}?_
.t‘lﬁLII\SJ'\ INﬂC%I'.lVA- ’ CICLASA nCTIVA.

Figura No. 4. REPRESENTACION ESOQUEMATICA DE LA ACCION DE LA
TOXING PERTUSSIS SOPRE LA ACTIVIEDAD DE 1A ENZIMA ADEMNILATO
cictasa. H, hormonas; Ni, proteina reguladora dependiente de
nucledtidos de guanina que participa en la inhibicidn de 1la
adenilato ciclawas R, receptorl Ra, confliguracidn de alta
afinidad parn mgonistasy Re, configuracisn de baja afinidad para
agommiata=s,
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Figura ho. 3. REPRESENTACICH ESaUrMaTICA DEL SISTEMA DE
TFTRAMSDUCCION CALCIO FOSFOIMOSITIEOS,

EL Receptor (R) activa a !a proteina transductora Mp,  @ésta a su
vBz activa a unRs fosfol ipasa C qun hidroliza al
fosfatidil inositol bifosfate <PIP.) de 1Ia membrana, para
convertirlo en o1 diactiglicerol (DG o inositol trifosfato
¥Ps>., E1 CIPxn) & zu wvez active la liberacidn de calcic del
reticulo endopléemice. Mientras que 21 diacilolicers? aetiva 2
una proteina cinasa-C.
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OBJETIUDS DE LA PRESEMTE TESIS
En el presente frabajﬁ Cge FYanted el siguzents
abjetive generzl @ Avanzar en el conocimiento a cerca de las
acc iones y.lbﬁ mecéniémqs dE'accidn_de la toxina pertussics.
Como &bJetIvss gspecificos eztin igs siguientec:
Eétudi#r ia accidn de 1a texinz pertussis purifizadsz
Héﬁﬁré la concentrzcidn de los= lipidos » logs cuerpos
cetdhicné en el higado v el =uerc comeo un reflejo  del

_.metabuliéno lipidico en general! en el animal integro.

2;-;Esiﬁdiar de mznera comparativa las acciones de 1z  toxina

. pgrtussie Yy de lo= &steres de fdrbhel =zctivos sobre 1
regulacidn hormoral de Iz adenilato ciclasz en adipocitos
de hamster.

2.~ EFetudiar ot efectos de los fsterse de fdrbol actives
sobre a respuestz hormonal =n =dipocitoes de rata.

4.~ Contribuir en =@ decszrrollo = nivel laborztiorio de una

wvacunz antitozforinz de tipo zcelular,
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CAPITULO I1. MATERIAL ¥ METODGS
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Lzxe mzaterislpe v
precsente tesis =& proportionzn &n cazda uno de losz trabz jos .
roecpectives. Zin embargo, se muestirx oenolaze siguientes lineas un

»»»»» R e

recumen de lzes princip=slsze mEtodslagias-empleadaé.

Pzrz 1z purificecidn de lz toxinz pertussis, se hizd de
rouerds x1  método descrito por Mact iner-Olmeds v Gareda~-5&inz
4E0a2NY o oy 2l mélods de Sobura 2l &l 0 IPE3).

. ) = cu=znlif trizcilgliceridos tanto
edricor ccmo hepdtico =] metiode de Gotifried
Rozsenberg € 1773). Lo libres g5 cuzntifizszron por
el métode de Mooeh cuerpes cetdnicos fueron

! métode de Hellanby Y
st ificadn P =1 mitodo
i g o el meé todos  de
e de [ipoproet

eushitificzdos enzimiat
Mi1lizmeeor, 119285, €
de Brrtlett C19250),

Mpeherga - Inkpern (17742 L =L Ly for =iMaE

slricne 7z renlizd de zouerds =} método de Less v Hztich L e
. £l zistzmiento de los zdipocilos e rexlizd de  acuerdo
! ‘mérode descrite por Martipnez-0Olmede v Gzreciz-%4inz, TEFE3y ¢
or = métods de Rodbell 19280y, e cuzntificeacidcdn del Pz iclico
& Ilswd =z efectoe de zcuerdo 321 método descrilo gpor Mariiner-
medo v Garciz-Sdins, iR « por 2] mébtode de CGilman 1270 .La
wirzacidn de lipidos e hizd por &l métode de Dole W 1Fsix,  El
arcaje de loz fosfolipidos es hind de zcuverdo a Garcia-Saina ot
I Scic A LN 1222y, Prrz mayeres deizlles wver el testo de oz
rzbx jos. :

o I pDaTn e



Los

CARPITULDO IIla. RESULTADOS.

resultados obtenidos en ¢l presente trabajo de besis so

muestran a continuacidn en oo siguicntes articulos:

1.—-

Garcia—-SAainz, g. AL, Juarez--fNyala, d. v VYalle=s, V.E.
(I987Y) . PERTUSS1S TOXIN INDUCES FATTY LIVER,
HYPERLIPEMIA AND KETOSIS IN HAMSTERS. Tonsicon 205:6,603-
&HO7F .

Juarez-—fyal a, J. y Barcia—-Sainz, J. . (1967 . PHORBOL
ESTERS DO NOT IMFPAIR THE INHIBITORY PATHWAY OF ADEMYLATE
CYCLASE IN HAMSTERS ADIPOCYTES. Archivos de
Investigacian  Méddica, IMSS--MEXTCO i8: 4, 2279-202.
Garcia-S4ainz, J. A, vy Judrgz-Ayala, J. (1983)EFFECT OF
PHORBOL ESTERS ON THE HORMOMNAL RESPONSIVINESS OF ISOLANATE

WHITE FAT CELLS. Ffur. J,. Fharmacoel, 14562 » 193199,

Garaia-—-SAinz, J.AL, Ruiz --Puaonte, J., Jufdrez-Ayala, J.,
diménesr-Faredec, J,., fhuiroga., I., Hoendndesz-Fuga, .y
Yillalwva -Fosaday 1. P30 . VACUNA ANTI-TOSFERINA

ACELULAR: AVANCES £EN SU DESARROLL.O. Simposio. Avancoes en
el uso  de vacunac 1690%-- 192050, Ed. Juan Garzo tamos v

Ouadalupe  Franco de GuzmaAn. p. 114, MEXICO.

NOTA: En el capitulo ITIIb, se presenta un resumen de lops

resultados obtenidos en cada uno de estos trabajos.
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CAPITULO IIIb. RESUMEM DE LOS RESULTADOS

TRABAJD Nn."1¥ El. ohietive de este trabajo fue estudiar laos
efectas de.la.tmxina pertuasis purificada cobre o! metabolismo
1ipi§icu eﬁeh§msters. Dhtenidndose los resultados siguientes:

.N;)‘Lé administracion de la toxina pertussis a hamsters,
los, prpd@jﬁ cambios muy marcados on ol color del higado eon un
lapED' de 2.3_3 déas, couo previamente se habia observado con la
QﬁcunaICEIQiar completa.

b} De acuerdo con la curva dogsis respuaesta para 1a
taxiﬁarzpcftuesis, Enéantramas que .con 1od ug/l00 g de poso
cnfpo?af  g2 precenta  un incremento de  12.5  veces on la
concentracidn de triacilglfcéridos hoepaticos cuando se compararon
contra ol control. A e=sta migma concentracidn do la Losina
-pertuésiﬁ, otros lipidos sc viaren afectados; por cijemplo, ol
Cﬁlesterﬁl se incrementd en un 3I0% v loc focfoliipidose totaoloes.
lo hicieron en un 20%.

(=) Con el {in de aobtencor mevor informact on csohre log
cambios o ol motaholismon lipidico inducido por 1a thoxina
pertuseie, se cuantificd en cuero la concentracion  de los
lipidos y de los cucrpos ciobdnicos, n tdwminos gonerales, Go
pucde deciry, que los cosbieos procentadeos on gl suero o =uci taron
on formia paralela a los ocwridos on ol higado. Sin embargo, cabe
mencionar gue e adainizbtro-cion rde tan sdlo 1 uwg de 1a tonina
portussis ey wuficimonte do incromontar signtficativamente ia
coencentreacidn da triccilalicdridos en el Suerao,

Tambidn o observaron incromentos on ol colesterol

{504y, ftosfolipidos (2 weocoe), acidios grasos libree (3 veces) vy



cuerpos ceotdnicos (20 veces)d. Ectos cambios en loe 1lipidos
stricos estuvieron aseciados con un patrdn e;ectruforéticu do
lipoproteinas alterado en forma csignificativa. Obeervandose
adamas, qua la caﬁtidad relativa ﬂa las bota-lipoprateoinas estaba

incrementada, mientras que la de las alfa, ectaba disminuida.

TRABAJO No. Z:  El abjotivo de este trabajo fue sstudiar de
mancra comparativq,' las acciones de la touina pertussis vy de los
tstores dé %ﬁrbol. acltivos sobre la regulacidn hormonatl de la
adeni{ata. cjclaéa cen adipo;itns dez hamster. Obteniéndosce los
siguiéntas resul tados:

7 a) La curva dosis respuesta para isoproterenol on
cilulac &mntrcl on prosencia y ausoncia de los destores do férbol
activos a una concentracidn de 10E—-6M, y &n célul as provenientes
de animales tratados previamente con 10 ug de la toxina pertussis
por cada 100 g de pecso corporal, oo observd un comportamicnto muay
similar salveo por wn disereta avumento @i 1a respuesta a
icoprolerenocl o cdlulas de animales trabtadeos con la  toxina
percbtucgic.

b} La adrenalina, la cual ticne l1a capacidoad do cctivar
tanto a los receploroes alfa--2 adrendrgicos vy bhebta-adirondrgicos,
produce une z2cunul acidn poguera del nucloedtido ciclico en cétlul as
control. En contrasto, el tratamionte con la tasina pertussis
pormite oheolwvar uns noatabloe vy camploba actiwvidad bota-
adrendrgleca coen un aumonto deo apraximadamonto wnas S5 veces con
respocto al control. Lo deteros do fdrhol activos o PMA, no

fuoron caparces de reproducir loz ofectos de la toxina portussis.
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) Con 1a finalidad de ebtener mavor informacidn, ce

estudid la accidn do otros roceptores acoplados inhibitoriamente
a la enzima adenilato ciclasa, por ejempla, log receptores  Ri
para 1aiadena$ina. En otros ecstudios la acumulacidn del AMPoc fue
estimul ado par isobroteronnl a una concentraci dn de 10E-4& M. En
:élql&ﬁ cﬁntrol, el andlogo no hidrolizable do la adenecsina como
.ib- @E. el Piﬁ y de una manera dependiente de la concentracidn
Vdiﬁm{nuyd notablemente 1a aéumulatidn del AMPc. Esto ofocto fue
_cé;?.qbat;dq_ch celulas pfqvenigntes do animales tratados con 1a
gé#ina pertussis. Una. vez @mds los dgbteres de  fdrbol  activos
.fuerun- incapaces .de roproducir 365 efectos producidos por la
toxina pertuscisg.
TRABRJD. No. 3: [2 objietiveo de este trabajo fue estudiar  las
efe:tns de los ésteres de fdrbol activos ceobre la recpuacsta
hormonal on adipocitos de rata. t.os resultados obteonidos  fucran
los siguicentes:

&} =1 PR no tiene ofccto cobre la acumiilacicon  basal
dol AMFc o la lipdlisis. De igual forma, fue tncapaz do modi ficar
la acumu) acion doel AaMtc inducido por el icoproterenol o por l1a
forscolina.

by E1 FPriin. no twwd cfeocto sobre la inhibicidn de la
acumul acidn del AbPC y 1a lipdlisis inducido por La
prostoglandina o o por le fenilicopropiladenosina.

) Bl FHMA fue copaz de cstiomwlor 1o lipogénesis de una
manora dopondicnte do 1a concenbracidn.,

[=§) [ 2] “rMfy no os capazx de hloquear el efecte de 1a

concenbraci dn mazrima cfectiva do In insulina sohro la



- lipogfnesis o ol marcaje al fosfatidilinositol. S5in embargo, el

FPHA dieminuye significativamente 2l efecto antilipolitico de le

insuling.,

:é}_ Ei,_factbr_db_ﬁrecimientn epidérmicn“'pfdGO¢e‘ ura

pcqué#éff?ésﬁ{h?igéidﬁ :deﬁ-lag lipogmneaiéﬁ.y'fdélifhhﬁ;aje. al
.¥oéfat£§§};Hﬁéiiﬁi; i5s Eua1es nu';e viqroﬁ é+eé£aﬁdsiﬁér_éi Erin.

EF); éi-'bﬂﬁ. énh;bm -de‘manéra notable ol marcaie del
fosfati+ilinqeifoi: generado pnéiia-activacian-de la rcspuéﬁta

alfa--1{ adrenérgica.' Esta inhibiciéﬁ s efectda de uwha manera

dopondiente de 1a contentrb:idn;

(<} El e 'pnr. s8i- mf;mq no presento eteccto
significativeo sobro el -marcaje dél fosfatidilinositotl y
{statidiletanolam£na, pero en  cambio logrd incrementar @l
marcajia a la fosfatidilcolina -y a s.  precursor ol acido

focfatidico.

TRABAJD No. 4: El1 phictivo de cete trabajo fue contribaicr en ol
desarrollo a nivel laboratorio de vha vacuna antitostorinae de
Lipo acelular. Obtenitndose los siguicontes resusltados:

a) La vacuna acelular obltonida por este procedimiento,
tuvo una purificacidn cn =l componente de toxina portussis  de
apro:zimadamente 200 vooces vy mueclira und potenci o que oecila en el
orden do 30 3y 200 voeocos mas, (doto en base a proteinal que 1a
vacuna pertucssis tomadae como reoefercncia del Instiivuto NMacional de
Higicne, do 1a Coearotar{a de Salebridad y Asisteoncia,.

13} N} cumparor @) efccto protector de dos copas de la

Bordetella pertussis, 1a cepa 509 y 1a 145 con miltiples lotes de



producci dn, s pbservd que la cepa 507 tienn propicdades
protqgturas_mejcrcs que la cepa 145,
| c) El patren do elusidn de la  vacuna acelul ar

'utilizgnda una columna cromatogrifica de Sephadex G-200,; prescntd
trgﬁlpiéﬁs f que para su descripcidn se denominarian camponentos.
'E(icémpuneﬁte i, tuve actividad de.héﬁaglutinina vy baja actividad
dé‘tagina pertussis; mirnkras que el componente 1 presontd aléa
éct;yidad de toﬁina pertunsis. Al compnnente I¥TI, no fue posible
dntect#rle alguna actividad bioldgica.

dy La eleclroferesis practicada sobre geles de
ppliacriiamida a un pl de 4;5, mastrd dos componentes, uno do los
éuaféﬁxbcofréépundc a la taxiéa poertussis v el otro pudiera
corrocopandor a.ia'ﬁnm:glutinina Filamentosa.

&) ta electrofoaresis practicada  sobre aclos de
poliacrilamida con lauril sulfato de soddio, proaontd antire 15 vy
20 bandac {(¢sto dependiendo de la preparacidnd ., En aoste gel (1=

pueden aprociar  claramonte a  las  subunidades de 1a toxina

periussic, asi cono olras baendas doe poso molecul ar mavor, l1as
cuaies pudioran corresponder por ana parte a 1a hemaglutinina
filamentosa Ve por olra a wun componentc  gue actuanlmente
dosSconoComss StS origen.

L) Los resul tados de enploraci dn obtonidos coan la
microscopia cgleochtrdnica, prescntaron particulas con geomoetbria
cefdrica vy los agregedor caractericticosn de la toninae pertucsesic,
a5t como ezcasns elomontos fibrosos que pudiecran correspondor  a

la hemaglutinina filamontosa.

AR



CAPITULDO 1V. DISCUSION ¥ CONMCLUSIOMES

Les recultados  obtenidos en el presente btrabajo de teeis,
demnuestran claramente que la toxina pertussis purificada es capaz
de  producirc aiteradionqs en . ©1 metabolicma de los lipidos.
Do tﬁl manera, que seg favorece la formacidn del higado graso,
la hiperlipemia y la cetosis. Fenomenologiae que yva habian sido
.nbservadas con la vacuna completa (%21), por lo que so concluye,
gque Ia toxina pertuseis es el principal componente responsable de
estas alteraciones.

En ‘la actualidad, s sabe que el mecanismo de accion de
qsta.. toxina, es - através du N modi ficacidn covalente,
se  trata cespecificamente, de uvna ADP-ribogsilacidn cobre la
proteina acopladora Mi del sistoma adenilato ciclasa (4365, 71,
147 vy 148). Esto acasiona que la lipélicic, bajoa eoctag
condiciones, seo voa actiwvada. De tal forma, que la mayoria de los
inhibidores enddgonoz de osta ruta metabdlica., como son la
adrenatina a  travids de 1los recoplores atfa-2  adrendrgicos, ia
adopeosine por- medio de loc recoptores iy las prostaglandinas,
astdn on Aran parte inhibidas (84, av, P?7e 14E& vy 147),. Miontras
que la accidn do log activadaores de 1a lipdlicis estd aumentada
(Q4, 87, ?7, 146 y 1477,

e posiblo, que el papel central on la génecice de estac
albracionez reocaign asnbhre ITa conpecenbtracion de los dcidos grasos
libroz producidos bajoa loe afeoctos de 132 toxing pertussisg
apoyamos fisto, o la evidencia de gque 1a captuwra de ostos
compuestos poa el higado co directamente proporcional a la

concentracidn a4 ta cual es oxpuesto. N=i, una concentracion alta



do dcidos grasos libres en el plasma pusde awnentar su captura vy
su metaboliemo por el higado. De tal manera, gue estos compuestos

purnden ser oxidados y/o cstoerificadas, ya gue ambos procesos

melabdlicos estdn notablemente favorccidose en 1ot animaleos
tratados con la toxina pertussis. Este fendmena so  puere ver
raeflejado en la concentracidn de los cuerpos ceotdnicos, los

tria:i;glicéridns y la mvidente induccicn de higado graso.

La proaduccion de higado graszo, oo un fendmono bhioldgico muy
complejo, =3 (=31 qud ia sintosis acolerada fd]a) los
triacilglicéridos excede o la capacidad de secroci on.
Curigosamente,  se - pudn_nbéervér guo la toxina pertussis no tieno
efgcﬁd  szEe la Eintésis'ae las proteinas ocn ecte tejido. En
cuanto al aspecto Histuldgico, se observd que la distribucidn de
los 1lipidos es periportals ello noe recuerda a4 otros  agentec
hepatotdnicos, como ol tetracloruwro de carbonao (149). Tada meha
cerie de alteraciones metabdlicas, tambidn tuvicron repercucsi cnes
sobro el patron de las lipoproteocinoas sdricas, causando cambios en
s movilidad electrofordtica, decconociondo on la actualidad lac
posiblocs causas do cllo.

Otro grupo de lipidos comt ©1 colestorol vy los fosfolipidos,
tambi e e vioron soriamoente afcecltados. Las incroementos
aobcorvados o pudicran explicor indirectanconle, pot i avmento
on la dispontbilidad de los procursores sntabolicos, caomo san la
ACil-Coft v ta hidrodimetil olataril-Cof: annque ecto. deberd sor
dotermitnade directamentoe en ol fdtuaco.

Estd clara que para producir estos cfectos en el hamster, se

nocrsitd do dosig atltas de tonina pertacesiog y ©35 poco probabloe

&



quo un ser hunano reciba tal dosis al ser vacunado. Sin emBargo,
ez  bucno tener presénte que la toxina pertussis e un componante
potencialmente tdxico y que las condiciones peorsonales (camo
susceptibilidad, medicacion, ete) o la potenci aci dn pnf atros
campenentes que esﬁan presentes en la vacuna, pusden desencadenar

alteraciones motabhdlicas similarcs a las gue se precenten en esta

Dada 1o impcrtanciﬁ que ha tenido la vacunacion masiva en gl
control de la tosferina y al hecho de qgue, la wvacuna actual
prosanta élgunaa reacciones  colaterales  indecscablec, se  ha
tratade de obtener on todeo ol munde  uwna vacuna con iguatl
aficacia, pere con moior direccidn inmunogdnica, oo decir, que

contengan principalmente a los antidenos iaporbanles para la

inducci an de protecocion vy que provoque Liladelula roecci onee
indeseabloes. Bajo procedimientos tecnoldgqicamente  sencillos,
logramos  obltoncrr un vacuna acelular con un a2lte grado de

purificacidn on cl companente de toxina pertussis, zicendo osta
purt ficacidn @mas potente gue ol der la wvacuna tomada como
reforencia dol Instituteo plogcional de Higiono. So pude  aohsorvar

adomds, e el cicclo protector o= varicohle de cepa a copa  de

Les caractericticas {fisicoguimicoac precontadas por eoste
mateorial purificadao, concucrdan conormomento a las mostradas
principalmente  por ta toexima poeritucsis v laa honmaglabinina

filamontosa; lo cual nos  habia do una similitoad on lo gque
respetta o lon elementoy fandamentaeles de que consta a  vacuna
acerlisgd ag japoncsa. E= convonionte anrocionar, que el qrada de

avance basla la fecie vs ccepiablo, P O gons e uterdan varios

rd



chietivos por  cumplir, como son la dectoxificacidn y el
aescal amiontao industrial. -

ntorioraente, se hizd alusion a 1a imbnrtandia de la tmaina
pertussis cnmn.herramienta'imﬁbrtaﬁtiéima en ta investigacien que
comprende a los= mccanismos de regulaﬁidn dé 1a§ aeﬁales a nivel
die 1a membrana plasmdtica. Al respecto, se compararon los ofectos
de loe ésteres de fdrbol activos. Encontréndose que en el tejido
adiposo, tos efeoctos de la toxina pertussis son complotamente
diferentes o los obhtenidos con los ésterce de fdrhol activas en
plaquetas (144}-. En este altimu sigtema, se proscontan ovideoncs as
claras en cl écntian do que 105 deteres de fdrbol son capaces de
afﬁct;r ol brazo inhibitériu dn la gnzima adenilatoe ciclaga, par
medio aé una fostortlacion cobre la protcocina Mi, cataolizada por
la onzima proteina cinasa-C (1435). Hasta =21 momento, no tencomos
una  explicacidn  raztonable de esta marcada di{feorencia. Sin
ombargo, s evaluaroen algunas pecsibitidades como las siguiontces:
al es poco probable, que cete cfccto se debo o una avsencia de la
proteina  cinasa C, debido a qui osha onzima esta oaspliamento
distribuide ontre loe tcojidos. Ndemds eoxricsten eovidencieco dE"quo
los dsteres doe Farbol activan a 1a enzima on bojido adiposo (150,
151). b) obkra pocibilidad, s que las acciones  de loe dotores
do farbol sean tan hotoroginmeac doe tejido a  teojidog como to
demusstran los roecwullados proviamente obtenidos (1652). Feto nos
habla, do gue lous dcteres de fdarbol pueden altorare La acocidn
regulatoria de las horoonas sobre la encioma adenilato ciclasa en
variag foirma; Lomando on consideoracidn 1a posibilidad de que

pucden emiskir variliatciocncs  de tojidn 2 tejidom en tipas  de
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proteina c;nésanc o en loo sustratos vy a La ver poseer maltiples
sitios de accidn.

.Est:_; £ituacidn fue wno de los principales motivos que nos
l;evo a estudiar los efectos do los dsteres de forbol sobro 1la
;fespuesta. hofmonal en adipocitos aislados de rata. En ecstos
éétudibs Qﬁccntramos diforencias v similitudes con respecto a los
r&éultaqoa obtenidos en obtroe modelos. For eojemplo, se zabia que
:idé- dsteres de fdrbeol favorecen la fosforilacidn del receptor
beta—-adrendrgico con 1 concomi tante el Smeno de
.descn:;bilizacidn do 1a adenilato cielasa (L5353, Por otro 1ado, vy
en-cmntra de lo anterior, hay cvidencias deo que existe un aumento

‘du ‘la respuesta beta adrendrgica en varios sistemas do estudio

ﬁﬁ.la;pfgsépte_ﬁ?;is, _nd_observamog rni desenceibilizacidn ni
auméntn ;Dn:.la _respgmﬁta,beta”aﬁrnnérgica. Reiterando quer ia
'pr{hgra;. éé nCQhEECUDana de la Afosmforilacidn del reoceptors
miéﬁﬁras yue ia sngunda, s pupde presentar on un sitio lejano a
-éste;f Hecho-que nos deda sin posihbilidodos de ontender 1a accion
do’ Ié"pratéina cinasa~L£ sobro la actividad de 1a adenilato
Eiclasa comp un medele universal.

.ﬂunquu existen evidencias on el sentido de quo, los dtores
de {fdirbol pucden alterar el brazo inhibitorio de la adeniloto
ciclasa (144, 1453}, tambidn l1as hay o 2l sentido cpuesto (155
1575 ; donde ectos aliimos dalos, cobtdn de acuerdo con  nuestros
resultados obtenidmns gl estudio do acuumilacidn del AMPe v deo 1a
lipdlieica.

fren- otra  1ado, nucstros resultados contirman hellargos

provios due olrou geoposs, e 2l sentido de quo | tos vstreres do
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forbol pueden estimelar la lipogdmnesis (1St, 158) . Chserviandosae
édcm&ﬁ, ﬁqe lcs.éstérég de fdrbol no dismiﬁuycn e} ofecto de Ja
'ccncenfraﬁidn midxima efectiva de la insulina para estimular 1a
'libagénésisly-El'marcaje al fosfatidilinaositol, pero en camhio si
Valﬁéran éignificatiQamentQ la accidn aﬁtilipnlitica fafad 1a
"insu]ina. Existen algunos péptidos que presentan algunas accionec
en coman cop la insulina, como lo ser{a @l factor oo crecimiento
eﬁidérﬁ}éﬁ. .Fara esto compttesto, se ocbeorvd que los édsteres de
fForbol ﬁn’t;enen_efactﬁ sobrn la capacidad limitoda que presontan
éﬁfa'rieétiguldr _:é' 715. lipogenesis y & ©l marcaie chel
“fosfatidilinositol. '

l.a modificacidn de la respuesta alio~1 adreonérgica por  lac
éétcras derfdrbul en tejido adiposo, e3 obtra de la similitudoes
observadas entre el presente trabio con otros sistemas de estudio
(159, 1407 . Para esto se dispone de evidenciaz, gue apoyan  la
hipttesic do gque la inhibicidn de la respuesta alfa-t adrencdrgica
por les dstores do fdrbol o debo a ana faogforilacicdn del
receplor alfa—3 adronédroico (1613 .

Tambidn ze obscervg, gue 1oz mstores de Fdrbol favorecon ol
marcaje de la {fostfatidileolina v de st procursor mebabdlicoa, cl
doido  fosfatidico; camparktiecndo ©mste heocho, similitudos con
hallazgos previos co otros cistemas celulares (162-184),

En ogumeon, 1o resultados obtenidos on [ prosente hoois
nes conducen & las Siguicontos conclueioneo:

a) ia toxina portuagssis s of principal comnponento  de 1la
vacuna portucclo, capaz de prodoecir alterociones on grado

cansidoratblon =obre 21 amtaboliomo ffm oo lipidaos.



b} Nuestra preparacidn de vacuna pertussis acelular, rosultd
ser made polente que la vacuna pertussis tomeda como referencia, y
@s un candidato promisorio para la produccidn  industrial de
vacuna aée}ular;_ Entre los principales componentes que confarman
a "astg ‘vacuna acclular, san la toxina pertussis v 1a
.homaélutiniﬁa Ttilamontosa.

<) En el tejido adiposo, los ecfectos producides  por o
'tnxiﬁﬁ pértugsié san completamente difercentes a los abtenidos por
1957 éstercs de fdrbol. Estos resultados seon diferontes a  los
abmervados on plaguetas.

d} Los esteres de forbol estimidan la lipogénesic v bhloguean
lé accien alfa-1 adrengrgica en sl tejido adiposo. Mo alteran la
regulécidn harmonal de la acumul acidn del AMP ciclico, ni la
lipolisis. Hsto dltimo esti en marcado contraste con los efectos

debidos a la toxina portussis,
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J. ADOLFO GARCIA-SAINZ, JosE JUAREZ-AYALA and VicTonrta E. VALLES, Pertussis toxin induces
fauy liver, hyperlipemia and ketosis in hamsters. Toxicon 25, 603 — 609, 1987.—Periussis toxin
markedly affects lipid metabolism in hamsters, The toxin induces a time-dependent snd dose-
dependent accumulation of triacylglycerols in the tiver (faty liver) and moderate increases in
chotesterol and phospholipids. Thes toxin prnduccd dramatic increases in the amounts of
triacylglycerols, free fatty acids and ketone bodies in the serum and small increases in cholesterol
and phospholipids. It is suggested that an enhanced and unregulated lipolysis may play a key role
in the induction of these alterations by the toxin.

INTRODRUCTICN

ADMINISTRATION of pertussis vaccine to hamsters markedly disturbs their lipid
metabolism inducing Fatty liver, hyperlipemia and kelosis (VILLALOBOS-MOLINA and
GARCIA-SAINZ, 1981). It was suggested that this effect could be due to pertussis toxin
(VILLALOBOS-MOLINA and GARCIAa-SAINZ, 1981). Pertussis vaccine is not a purified
preparation; it consists of a suspension of died Borderefla pertussis and obviously
contains multiple components (ROBINSON ef alf., 1985). Furthermore, Bordeteila pertussis
produces several toxins some of which have not yet been fully characterized (WARDLAW
and PARTON, 1983). Therefore, the role of pertussis toxin has 1o be experimentally
demonstrated.

Pertussis toxin, is an exotoxin produced by Bordearelia perrussis, which blocks the
action of agents whose receptors are coupled in an inhibitery fashion to adenylate cyclase
{for reviews see UL, 1984; GARCIA-SAINZ, 19835). It has been observed that administration
of pertussis vaccine (GARCJA-SAINZ, 1981) or purified pertussis toxin (MARTINEZ-
OLMEDPO and GARCIA-SAINZ, 1983) to animals, markedly alters the hormonal
responsiveness of their fat cells. The toxin stimulates basal lipolysis which possibly results
in the above mentioned alterations of adenylate cyclase activity (GARCIA-SAINZ, 1981;
MORERQG ef al., 1983; MURAYAMA and Ul, 1983; OLANSKY et af., 1983; GARCIA-SAINZ
and TORNER, 1985),

We studied the effect of purified pertussis toxin on the lipid metabolism of hamsters.
Our results are consistent with what we observed using the whole pertussis vaccine and
indicate a causative role of pertussis toxin in these alterations.

MATERIALS AND METHODS

Pertussis toxin was purified from vaccine concentrates as previously deseribed (MARTINEZ-OQLMEDO and
GaRCIA-SAINZ, 1983) or by the method of Sexura ef gl. (1983). Both methods resulted in preparations with

603
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Identical activities and potencics, but the second was simpler and laster, Beta-hydroxybutyrate dehydrogenase,
ca-cnzymes and |-nitroso 2-napthol were obtained from Sigma Chemical Company. Other chemicals used were
analyiical reagents.

Male golden hamsters fed aef fibitum were administered pertussis toxin i.p. in a volume of 0.25-0.50 ml.
Cantrol animals were injected with the same amount of the vehicle in which the toxin was disselved, Hepatic and
serum triacylglycerols were quantified by the method of Gortrrien and ROSENBERG (1973) free fatty acids
aecoiding to the method of Novaxk (1965). Blood kerone bodies were quantified enzymaticatly (MELLANBY and
WILLIAMSON, 1965; WILL1AMSON and MELLANEY, 1965), Cholesterot and total phospholipids were quantified by
standard methods (BARTLETT, 1959, Wynenoa and INkPEN, 1974).

Electrophoresis of serum lipoproteins was performed according to the procedure of Ltes and HatcH (1963).
[n order to visualize the acenmulation of lipids in the liver, scctions of the orgon were processed for optical
microscopy using the oil red O staining method. Statistical significance between comparable groups was
determined by the Student’s #-test.

RESULTS

Administration of Pertussis toxin to hamsters produced marked color changes in the liver
in 213 days, as previously observed with the whoele cell vaccine (ViLLALOBOS-MOLINA
and GARCIA-SAINZ, 1981). This change in color is mainly due to an accumulation of lipids
in the hepatocytes (fatty liver). Figure 1 presents the dose — response curve for this effect;
it can be observed that administratioin of | - 10 g of pertussis toxin/ |00 g body weight
produced only small increases in the amount of triacylglycerols in the liver, i.e. a 25%
increase with | g/ 100 g (statistically insignificant) and a 32% increase with 10 ug/100 g
(P<0.001 as compared to the controls). However, higher doscs produced a much more
dramatic accumulation of triacylglycerols in the liver: a 7-fold increase in liver
triacylglycerols with 30 pg/100 g and a 12.5-fold increase with 100 pg/100 g (Fig. 1). The
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Fla. 1, EFFECT OF PERTUSSIS TOXIN ON HEPATIC TRIACYLGLYCEROLS,
Left: Hamsters were injected with different doses of pertussis toxin and sacrificed 72 hr afier its
administration. Plotted are the means = 5.E.M. (3-10 animals).
Right: Hamsters were injected with 100 ug of pertussis toxin/100 g body weight and sacrificed ot
the times indicated. Plotted are the means = S.E.M. (5-10 znimals),
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TanLE 1. EFFECT OF PERTUSSIS TOXIN ON HEPATIC LIMDS

Lipid Control Pertussis
Triacylglycerols 2.05x0.13 263"
{mgsg wet weighi) %) (6)
Cholesterol 194=1 253x%)*
{ug/g wet weight) (10 2m
Phospholipids 0.65+0.03 0. 780,041
{mg P/g wet weight) {20)

Hamsters were sacrificed two days after they were injected
with pertussis toxin (100 /100 g). Resulis are the means =
S.E.M. with the number of animals in parenthesis,

*P < 0.001 compared (o the control group.

P < 001 compared to the contral group.

effect of higher doses is not presented since only a few experiments were performed due to
the expenses involved and the high mortality observed.

The results described above were obtained in animals treated with the toxin 3 days
before the determinations. The time-course of the effect is also presented in Fig. 1. It can
be observed that even 2 days after the administration of the toxin the animals have a
maximal accumulation of triacylglycerols. The amount of other lipids was also increased
in the liver of hamsters treated with pertussis toxin. Thus, cholesterol increased =30% and
total phospholipids =20% (Table 1). Staining with oil red of thin sections of the liver
showed clearly the toxin-induced accumulation of lipids in the liver; most of the lipids

accumulated in the periportal zone {not shown).
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FiG. 2, EFFECT OF PERTUSSIS TOXIN ON SERUM TRIACYLGLYCERDLS
Indications as in Fig. }. Conditions as in Fig. 1.
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TapBLE 2. EFFECT OF PERTUSSIS TOXIN ON SERUM LIPIDS AND KETONE

. HODIES
Parameter Control Periussis
Triacylglycerols 1.24+0.07 5.29+0.48%
_ (s/l) (3 (6)
Free farty acids 1.04+0.2] 3.30+0.31*
{mEq/L) {10) {200
Chalesterol 5214 B9t
(mg/ 100 ml) {1%) (18)
Phospholipids 31,3420.16 6.67+0.36"
(mg PZ100 mD) {20) [K14)]
Accloacetate 277 4324:22%
{(umal /100 ml) &3 (5)
Hydroxybulyrate 2944 T4~
(xmol/ 100 ml) (10 um

Hamsters were sacrificed two days after ghey were injected with
periussis toxin (100 ug/100 k). Results are the means = S.E.M. with
the number of animals in parenthesis.

*P < 0.001 compared to the control group.

' < 0,05 compared to the contrel group.

In order to obtain more information on the changes in the lipid metabolism induced by
pertussis toxin, the amount of lipids and ketone bodies in serum were quantified. Figurc 2
presents the responscs to the toxin and the time-course of the effect on the amount of
triacyiglycerols in serum. In general, the changes observed in serum paraliel those in the
fliver. However, it should be mentioned that with as little as 1 ug of toxin per 100 g body
weight a significant {P<0.02) increase in serum triacylglycerols was observed.

The administration of the toxin also increases serutn cholesterol (=50%) phospholipids
(=2-fold) free fatty acids (=3-foid) and ketone bodies (=20-fold) (Table 2). Thesc changes
in serum lipids were associated with a significantly altered electropharetic pattern of
lipoproteins (Fig. 3). It was observed that administration of the toxin increased the
relative amount of beta lipoproteins whereas it decreased that of alpha lipoproteins (Fig.

3).

DISCUSSION

The present results clearly indicate that adminisiration of pertussis toxin induces
marked alterations in the lipid metabolism. The alterations were similar to those described
previously with the whole vaccine (VILLALOBOS-MOLINA and GARCIA-SAINZ, 198])
which suggest that pertussis toxin is the component of the vaccine responsible for these
effects.

In vivo, lipolysis is regulated through a balance between activation and inhibition of
lipolysis. The action of most of the endogenous inhibitors of lipolysis, such as adrenaline
through alphaj-adrenoceptors, adenosine through Ri-receptors and prostaglandins is
inhibited (GARCIA-SAINZ, 1981; MARTINEZ-OLMEDO and GARCIA-SAINZ, 1983; MORENO
et al., 1983; MURAYAMA and Ui, 1983; QLANSKY ef al., 1983; GARCIA-SAINZ and
TORNER, 1985) and the action of activators of lipolysis is enhanced by the toxin (GARC(A-
SAINZ, 19817 MARTINEZ-OLMEDO and GARCIA-SAINZ, 1983; MORENO ef al., 1983;
MuURAYAMA and Ui, 1983; OLANSKY er al., 1983; GARCIA-SAINZ and TORNER, 1985). It is
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Frq. 3. ELECTROPHORETIC PATTERN OF SERUM LIPOPHOTEINS OF CONTROL AND I'CRTUSSIS TOXIN
TREATED HAMSTERS,
Pertussis toxin 100 ug/100 g body weight was administered 48 hr before sacrifice, Representative
of 5 dererminations wirth identical resulis,

possible that the enhanced lipolysis (evidenced by the increased ievel of free fatty acids in
serum) may play a key rofe in the genesis of the alterations. It is known, that the uptake of
fatty acids by the liver is proportional to the concentration to which it is exposed. Thus,
the increased level of free fatty acids in serum might increase their uptake and metabolism
by the liver. Fatty acids can be either oxidized or esterified; both processes scem to be
markedly activated in pertussis toxin-treated hamsters as reflected by the serum level of
ketone bodies and triacylglycerois and the induction of fatty liver.

The accumulation of triacylglycerols in the liver suggests that the synthesis of these
lipids exceeded the liver capacity of sceretion. No ellect of pertussis toxin-treatment was
abserved on the synthesis of proteins as reflected by the incorporation of {*H]-leucine into
acid-precipitable material (results not shown). The histologic aspect of the lipid
accumulation, i.e. the periportal distribution, resembles that produced by other agents
which induce liver cell damage such as carbon tetrachloride (GROOTHUIS et af,, 1975). The
reason [or the alteration in the serum lipoprotein pattern is presently unknown but
suggests significant changes in their compaosition, The increased levels of cholesterol and
phosphoiipids could also be a secondary result of the metabolic alterations mentioned
above, i.e. increased availability of metabolic products such as acyl-CoA and
hydroxymethyl glutaryl-CoA.
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The amount of toxin required to produce these effects is large. We have previously
observed that in hamsters 3 — 10 ug of toxin/100 g of body weight is enough to block the
action of agents that inhibit adenylate cyclase in adipocytes (MARTINEZ-QLMEDO and
GARCIA-SAINZ, 1983), However, in these studies adipocytes were mainly obtained from
epidydimal and perirenal fat pads and no information is available about the effect on
adipocytes in other regions. It is possible that a large amount of the adipocytes needs to be
alfected by the toxin in order to produce these effects. Tt is also possible that direct effects
of the toxin on the liver and other organs (such as endocrine glands) may participate in
producing the cffects. In addition the possibility that other components of the whole
vaccine may magnify the effect of pertussis toxin can not be ruled out,

Pertussis toxin is one of the components of the pertussis vaccines currently available; as
mentioned in methods, we purified the toxin from vaccine concentrates. It is clear that the
amount of toxin tequired to produce the effects here described is very large and it is very
unlikely that a human being would ever receive such a dose of toxin, However, it should
be kept in mind that it is a potentially toxic component and that the conditions of the
individual {susceptibility, medication, ctc.} or potentiation by other components of the
vaccine may lead to melabolic disturbances such as those here described. New acellular
vaccines are being developed (SATO ef al., 1984; GARCIA-SAINZ ef al., 1985). The study of
metabolic alterations should be considered in the development of safer periussis vaccines.
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el forbol miristrato acetato
no altera la.rama inhibitoria
de la adenilato-ciclasa en
adipocitos de hamster.

phorbol myristate acetate
does not impair the inhibitory
branch of adenylate cyclase
in hamster adipocytes

Resumen

Absiract

La activacion de alfa,-adrenoreceptores o Ri -adenosinroeep-

tores en ctlulas adipotas disnuisiy6 considerablemenie la nog-

mulncion de AMP clclico jinfucido por ol agonittan beta
adrentrgico oprenalina. Esta accion casi fue abolida en célu.

las de hamster tratadas con toxina e la tosferina. El ester for.

hol-activey,- forbol 12-miristrato 13 acktale, fue incapaz de
reproducir ¢f elecla de La 1oxing en este modelu, [.os datos indi-
<in que la activacidn de L proteinoquinasa C en este modelo
cehular no uhtm 13 rama inl-ubllnm de Lt adenil ciclasa.

N

Activation of alphi,-adrenoeeplors of Ri-adenosine reveptors
in far cells markzdly decreased the accumubation of cyclic.
AMP induced by the beia-mlrencrgiv agonist, fsopremaline,
This action was nearly abolished in cells [rom pertussis toxin.
treated  hamslers. The active phorbol ester, Photbul 12.
iy distale J3-ieetale, was unabie to reproduce the eflects of the
1ovuin inthis modet, The data indicate that activaton of protein’
kinase 'C in this cellulur mode) does not Impmr the’ Inhmnnry
branch of udenylate L'yclnw




280 |

The activity of adenylate cyclase is modulated by activa-

tory and inhibitory receptors coupled to adenylate cy-
clase through the guanine nucleotide-binding regulatory
proteins (Ns and Nij. During the lasy, five years,, the ac-
tion and the mcchamsm of action, of permms taxin, an
exttoxin ‘peodiced by ‘Bordefella pertussls, have been

extensively studied.) This.toxin calalyzes the ADP- -

ribosylation of the alpha subunit of Ni and thus,. blocks
the actions of inhibitory receptors' on adenylaie cycelase,
In some cells an enluincement by pertussis toaintreal-
ment of the acrions of activatory receptors bas been ob-
served.!

Photbol esters are a serics of tumor promaters that act
through the activation of protein Lmasc C.2 The aglivity

of this protein kinase ploys a key rnlc in modulating the )

cell tesponsiveness to u vuricty of hormones,
newrotransmitters and autacoids.! Recently, Jakobs and
cowerkers® reported that phorbol esters impair the
hormone-semsitive  inhibitory pathway of plitelet
adenylate cyclase. This effect seems 1o be due to protein
kinase C.catalyzed phosphorylation of Ni2

Hamister adipocyies are one of the most widely uiel
models for studying adenylate cyclase; these cells have
receptors coupled to adenylate in both activatery and
inhibitory fashions {see®) and the guanine nucleatidehin-
ding repufarory proteins s, Ni and No.” Wre studied
comparatively the actions of permuassis roxin and the acti-
ve phorbol weiter, phorbol [2-myristate 13-acetale
{PMA]) on the hormonal regulation of adsnylate cycla-
sev our results indicare that PMA is unable to mimick
the acions of pertussis toxin in hamster adipocytes.

Materipgls and methods

(-—)Adrcnaﬁm: {—) isoprenaline, theaphylline, adenn.
sine desminase (150-.41) uelits per mg protein) and PMA
were obtained’ from Sigrma Chemical Co. Ne-Phenyl-
fsopropyl adenosine was from Bochringer, Buvine se-
tun atbumin (frction V) and collagenase (type {1 were
obtained from Reheis and Cooper Biomedical respecti-
vely. PI3] Adenosine 3's' cyclic phosphate was from
New England Nuclear. Pertussis toxin was puritied
from pertussis vaccine concentrates {generously provis
ded by the National Instilute of Hygicne of Mexico) us
described s

Male hamsters (= 100 g body weight), fed od Sibitum
were usad, Pertussis toxin (10 ug/100 g) was administe-
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red i.p. 3 days before sacrifice.® Adipocyles were isola-
ted from pieces of adipose tissue by the use of collage-
nase as described? the cells were incubated in Krebs
Ringer phosphate buffer of the following compaosifion:
120 mM NaCl, 5 mM KCi, 1.2 mM Mg50,, 1.2 mM
CaCl, 10 mM NaH, PO, supplemented with 3 per cent
bovinc sertm atbumin. The buffer was prepared freshly
cach day and adjusted 1o pH 7.4 with NaOH. The cells
(approx. 10¢ celis) were incubated ot 37°C with 0,5 pg of
adenosine deaminase, 100 oh theophylline ina rotal vo-
lume of T ml. After 10 min the incubation was termina-
1z by the addition of 2 mM HCl and cyclic AMP deter.
mined as described 8

Results

In fat cells activation of bew-adrenoceptors resules in
4 marked increase in the concentration of cyclic
AMP. [t tan be observed in Fig. 1, (panel A) that
isoprenaline, a pure beta- adrcncrg:c agonist, induces
o1 dose-dependent increase in cyclic AMP levels in
adipocytes. Neither PMA  nor periussis  toxin-
treayment alter significantly the response to the beta-
adrencrgic agonist (Fig. !, panel A).
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the actions of isoprenaline (pancd A} Adrenaline (Panc] Bj ana
phenylisapiopyl adenusine {Panel B) on cvelic amp levels in
hamiseer adipogytes.

Adipocyies from pertyssis roxinsireaied hamsters (closed
sguare) of cells from control anials in the absence (closed
circley or presence of 1% A1 PMA (npen clrel es) were incu-
bated in the presence of Jdifferent concenteations of isopre-
nafine {1SY) {paziz] A), adrenahine (ADR) (panel B) or with
1% M isoprencline plus diffeient concentrations of
phenylisnpropyl adenosine (PIA) {(penel C). Plotted are the
meanst and vertical lines repiegsent the S E M, of 6-8 diffe-
rent cell preparatioons,
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Hamster fal ¢ally! as human fat cells' have boih
alpha, and beta-udrenergic receptors. Aplha;-
adrenocepiors inhibit adenylate cyclave® ! and there-
fore oppose the beta-adrenergic action, It can be ob-
served that adrenatine, which has both alpha, and
beta-adrenergic activity, induces a small accumula-
tion of cyvelic AMP in fat cells (Fig. 1, vanel B). 1n
contrast, the full beta-adrcaergic of adrenaline can
be obtsenved when the aphag-adrenergic action is bloc.
ked by inducing the ADP.rihosylation of Ni with
penwssis toxin (Fip. 1, pancl B). It can also be obser-
ved in this figere that PPALA was compleely unable o
reproduce the action of pertussis toxin,

In order to further document the findings, the ac-
tons of an activaror of Ricadenosine  receptors
gphenvlisopropyladeno~ine), which alio  inhibil
adenylute cyclase activity, was studied. In these siu-
dies the acenmulition of cyclic AMP was stimulated
with 10% M iseprenaline; it can be observed that in
conirol cells phenyl-isopropyl-adeisosine markediy
and in a concentration dependent manner decreased
the accumulation of eyclic AMP (Fig. 1, panel C) as
expected, this clftfect was nearly abolished in cells
from hamsiers treaicd with pertussis toxin (Fig. 1,
pancl C). PMA was again unasble to reproduce the el
fect of pertussis toxin (Fig, |, panct C). Pretreatment
of the adipocytes Tor 10-6{F min with PAA (before
the nddition of PIA andsor the adrenergic agenls)
wis also anable to munick the actions of pertussis to-
xin (data not showny,

Diseussion

The preserat readts psine adipocyres differ from tho-
se of Jakobs amd cononkers with platelers. Theee
authors have presenred clear evidence of mpairment
aof the inhibitory parho v of adenylate cyclace by
PMA (hlockade of the inhibitory action of GTP and

JUAREZ-AYALA ET AL.: PHORBOL MYRISTATE ACETATE

the alphag-adrenergic effect of adrenalineg). Further-
more, Katada ¢ gl have shown that purificd protein
kinase C induces the phosphorylation of a Mr = 41
KDa protein and suggested that the aipha subunit of
NI may be a physiological substrale of protein kinase
C. The reason for the difference between our results
and those of Jakohs er ul. 4 is presently unknown,
Absence of this protein kinase in adipocy1es seems to
be an unlikely explanation; protein kinase C is widely
distributed among tissuest? and effects of phorbol es-
ters, likely dae to protein kinase C activation, have
been ceporied in adipocytes, !4

Ths actions of photbol esters scem to vary signifi-
cantly among tissues. Thus, it has been reported that
phorbol esters block alpha, -adrenergic actions in he-
patucytes, simeoil muscle and hippocampal slices but
not in rabhir goria, '8

similaily, the actions of phorbol esters on adenylate
cvulase vary markedly, In platelets these agents im-
pair the honnone-sensitive inhibitory pathway*?
Pherbol esters can also magnify the action ol agents
that stimulate adenylale cyclase activity!¥3% througha
mechanism diff erent 1o that of perwussis toxind! In
cunseast, in other systems the tumor promoters dimi-
nish hormone-stimulaicd adenylale cyclase
activity 142227 As shawn here, in fat cells no action of
these (umor promoters on adenylate cyclase was ob-
uerved.

Protein kinase C activity seems 1o modulate the res-
ponsiveness of the cells 10 many external stimuli?
The variability in the 1type of responses observed is
intriguing. Recently, the isolation of several forms of
[us protein kinise wias reported.™ It is possible that
these Torms of the enzyme might subserve different
fuictions in the cells and than they could be differen.
tialiv dictributed nmong tissues,
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Effect of phorbol esters on the hormonal responsiveness
' of isolated white at cells
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Phorbol 12-myristale 13-acetate (PMA) did not alter the basal cyclic AMP accumulation or lipolysis in isolated rat
fan cells. Similarly, PMA was unable 10 modily the cyelic AMP accumulation induced by isoprenaline and forskolin or
the inhibition of cyelic AMP accumulation and lipolysis induced by prostaglandin E; and phenylisopropiladenosine,
PMA inhibited the ep-adrenergic increase in the labeiing of phosphatidylinositol in ¢ dose-dependent fashion. By
itself, PMA was without significant effect on the labeling of phosphatidylinositol and phosphatidylethunolamine but
increased the labeling of phosphatidyicholine and its precursor phosphatidic acid,

Phorbol esters; a-Adrenoceprors; cAMP; Adipocyles

L. Intruduction

Phorbol esters form a series of tumor promo-
ters which induce a great variety of effects in
many different cells and tissues. Tt is currently
accepted that most of their actions are produced
through the activation of protein kinase C
(Castagna et al., 1982). It has been obscerved that
activation of this protein kinuse alters hormonal
responsivenass in many tissues and that this effect
is usually associated with phosphorylation of
haormone receptors and wransducing proteins. Thus,
it has been observed that activation of protein
kinase C increases the phosphorylation of the
insulin receptor {Takayama ct al., 1984). the EGF
receptor (Cochet et al., 1984: Davis and Cazech,
1984; [washila and Fox, 1984), the S-udrenoceptor

* To whom all correspondence should be addressed: IFC-
UNAMS, Apartado Postal 70-248, 04510 Mexico, D.F.,
Muxico,

{Kelleher et al., 1984; Sibley et al, 1984) and the
a;-adrenoceptor (Leeb-Lundberg et al., 1985).

In addition, recent data indicate that the activ-
ity of tie guanine nucleotide binding regulutory
protein involved in the inhibition of adenylate
cyclase (Ni) is blocked by phorbol esters in the
same way as by pertussis toxin (Bauer and Jakobs,
1986; Jakobs et al,, 1985; Watanabe et al,, 1985).
This effect is associated with increased phosphory-
tation of the a subunit of Ni (Kawada et al., 1985).

FFat cells are sensitive to many hormones; they
have B-adrenoceprors, aj-adrenoceptors, insulin
receptors and receptors for EGF. Furthermore,
these cells have receptors for several hormones
coupled to adenylate cyclase in an inhibitory lash-
ion through Ni. Recently, it was reported that in
three cells, as in other models, phorbol esters
induce a prompt depletion of protein kinase C
activity in the eytosol and the appearance of activ-
ity in membrane extracts, i.e, ¢ytosol metnbrane
translocation (Glynn et al., 1986). We now report
on the effect of phorbol esters on the hormonal
responsiveness of rat adipocyles.

0013-29%9,/88 750350 © 1988 Elscvier Scicnce Publishers B.V. (Biomedical Division)
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2. Materinls and methads

{ = )-1soprenaline, (= )-adrenaline,  adenosine
deaminase, prostaglandin E,. theophylline, soy
bean trypsin inhibitor. phorbol 12-miyristate-13-
acetate (PMA) and epidermal growth factor (EGF)
were obtained from Sigma Chemical Company.
NO-Phenylisopropil adenosine (PIA) was obtained
from Bochringer Mannheim. Forskolin was from
Calbiochem, Collagenase and bovine serum al-
bumin {fraction V) were oblained from Cooper
Biomedical and Armour, respectively, [ H)Adeno-
sine 3.5 -cyclic phosphate (32 Ci/mmoly [UL-
HCjglucose (346 mCi/mmol) and  [YP]Pi
(earrier-free) were obtained from New England
Nugclear. Pertussis toxin was purified from vaccine
concentrites by the method of Sekura ¢t al, (1983}

Male Wistar rats (appraximalely 220-250 g)
fasted for 24 I were used. Adipocytes were iso-
lated by the method of Rodbell (31964, The cells
were isolated and incubated in Krebs-Ringer
phosphate buffer supplemented with 3% albumin:
the buffer was prepared daily and was adjusted to
pH 7.4 with NaOH. Usually, 1-2 3 107 cells were
incubated in a volume of 1 ml. Free fatty acid
release was used as an index of lipolysis since no
re-esterification takes place vnder the conditions
emplayed (fasted animals and absence of glucose).
Free fatty acids were guantified by the method of
Novak (1965). Cyclic AMP accumuelation was
quaniificd hy the method of Gilman (1970). Lipo-
genesis was estimated by measurement of the in-
corporialion of [UL-"Clglucose into lipids as fol-
lows: fat cells were incubated in bulfer supple-
mented with 10 mM glucose (containing 1uCi of
radioaclive glucose per ml) for 60 min; lipids were
extracted by the method of Dole and Meinertz
(1960) and an aliguot was counted. Phospholipid
labeling was studied as described before (Garcia-
Sding, 1983 Gaorcia-Sdinz and Fain, 1980}, In
brief, the cells were incubated in Krebs-Ringer tris
buffer containing 10 pCi of [**P)Pi per ml for 60
min; cell lipids were extracted with chlorofarm /
methanol (2:1) and phospholipids were separated
by one-dimensional thin-layer chromatography.
The radioactivity in silica gel scrapings of cach
phospholipid was counted.

3. Results

3.1 Activation and inhibition of cyclic AMP accu-
milarion

1t has been observed that, in some systems,
phorbol esters markedly enhance the accumula-
tion of cyclic AMP induced by hormones and
neurotransmitters (Bell et al, 1985; Cronin and
Canonico. 1985; Nabika et al., 1985; Sibley et al.,
1986; Sugden et al., 1985), We found that both
isoprenaline and  forskeolin produced marked
dase-dependent increases in cyclic AMP accumu-
lation in fat cells, Phorhol esters failed to alter the
response to any of these agents (results not shown).

The inhibition of adenvlate eyclase was studied.
Both prostaglandin E. and PIA inhibited dose
dependently the accumulation of cyelic AMP in-
duced by 1 pgM isoprenaline {fig. 1). PMA Tuiled
to alter the ability of these two agents (o decrease
cyelic AMP accumuliation (fig. 1). In contrast, the
effeet of PIA and prostaglandin B, was nearly
blocked in cells from rats treated willy pertussis
toxin (fig. 1 and Martinez-Olmedo and Garcla-
Sainz, 1983). A wide range of PMA concentrations
{1 nM-10 M) had ne effect on these parameters
(results not shown). In the experiments shown in
fig. I, PAMA and the agents tested were present
simultancously with the eelis for only 10 min. The
possibility was considered that a preincubation
with PMA could be required 1o obtitin an effect.
However, preincubation of the celis with 1 pM
PMA for as long as 60 min was withouot effect on
these parameters (results not shown).

3.2, Lipolvsis

The ability of prostuglandin . and PIA to
inhibit the release of free fatty acids induced by
0.5 mM theophyiline plus 0.5 pg/ml adenosine
deaminase was tested in control cells, cells in-
cubated with T pM PMA and cells f[rom pertussis
toxin-treated rats. Both prostaglandin E, and FIA
inhibited dose dependently the release of free fatty
acids in control cells und PMA was without any
effect {fig. 2). Prostaglandin E, was unable to alter
the release of free fatty acids in cells from pertus-
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Fig, 1. Effect PMA and pertussis toxin treatment on the
inhibition of isoprenaline-induced eyclic AMP accumulation
by prostaghindin By (PGE,) or pheaylisopropy] adeaosine
(PIA). Fat cells were incubated in the presence of 0.5 mM
theophiylline, 0.5 g /ml adenosie, deamingse 10™% M isopre-
naline and different concentrations of PGE, (lelt pancl) or
PIA (right panely for 10 min. Control cells (open circles); 107
M PMA (solid circles); cells from pertussis toxin-rreated rats
(sedidd iriangles), The basal eyelic AMEP wis ax follows: control
cells 90+ 16 pmol/10% cells; cells incubwted with T07% M
PAIA 904 12 pmol 210" cells; cefls from periussis toxinstreated
rats 100413 pmolZ10% cells. The means were plotted und
vertical lines represent the S.EM. of 6.8 detcrminants on
different cell peeparations,

sis toxin-treited rats whereas PIA significantly
(P < 0.005) enhanced lipolysis (fig. 2). This effect
of PIA is due to activation of Ra-adenosine recep-
tors in cells from pertussis  toxin-treated rats
{(Garcia-Sainz and Torner, 1985).

The antilipolytic cffect of insulin swas also
studied and the results are presented in fig. 3.
Insulin produced a marked inhibition of lipolysis
in contral cells and this effect of the peptide
hormene was not altered in cells from pertussis
toxin-treated rats in agreement with previous find-
ings (Kather et al., 1983; Moreno et al., 1983). In
contrast. 1 pM PMA signilicantly (P < 0.00]) re-
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Fig. 2. Effeer of PMA and perlussiy toxin treatment on the
inkihition of free fuy acid release by PGEy and PIA. Fat cells
were incabided in the presence of 0.5 mdd theophyiline, 0%
pg/ml adenosine deaminase and different concentrations of
I'GIEL (left panel) or PLA (right panel). Control cells {open
viceles); 1170 M OPALA (olid circlesh cells from pertussis
tonin=treated rats (solid triangles). The means weree plotied and
vertical lines represear the S.E.M. of 8-10 determinations on
different cell preparations.

duced the antilipolylie effect ol insulin and the
dose-response curve for insulin became rather flat.
PMA iself was without effect on cither basal
lipolysis or that stimulated by 0.5 mM theophvi-
line plus 0.5 pg/ml adenosine deaminase (resulls
not shown),

2.3, Lipogenesiy

It was consistent with results obtained by others
{(Cherqui et al., 1986; Van de Werve et al,, 1985)
that by itself, PMA produced a consistent stimula-
tion of lipogenesis of 49 £ 5% over basal with a
nraximal stimuliation ai a concentrution of 1 pM,
Insulin (10 nM) also stimulated lipogencsis dose
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Fig. 3. Effect of PMA and pertussis toxin treatment on the

inhibition of free futty acid release by insulin, Fat cells were

incubated in the presence of 0.5 mM theophylline, (0.5 pg/ml

adenosine deaminase and different concentrations of insulin.

Control cells Lopen circles): 10677 M PMA (solid circles): vells

from perfussis loxin-treated rats (solid trisngles). Other details
as inhig. 2.

dependently but was much more potent (188 +
15% over hasal) than PMA. The cffect of insulin
was not blocked by PMA and the action of PMA
plus insulin was slightly less than additive (216 %
18% over basal).

taystead and Hardie (1986) recently reported
that EGF stimulates lipogenesis in  isolated
adipocytes. We studied the effect of EGF on this
parameter and observed a very small but con-
sistent 17 + 2% increase over basal (P < 0.005).
Interestingly, the effect of maximal effective con-
cencriztions of PMA (1 pM) and EGF (10 aM) was
additive (64 + 5% over basal).

3.4, Phospholipid labeling

Incubation of fat cells with PMA resulied in a
dose-dependent increase in labeling with [ P]Pi
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Fig. 4, Elfect of PMA on the labeling with [2P[Pi of different
phospholipids. Fal cells were incubated in the absence or
presence of different concentrations of PMA, Basal labeling of
phospholipids was as follows: phosphatidic acid (closed trian-
glesy 3500 4250 cpm/10° cells; phosphatidylcholine (open iri-
sngles) 4510 + 450 cpm /10" cells; phosphatidylinositol {closed
circles) 2180 4 150 ¢pmA10° cells and phosphatidylethanola-
mine {open circles) B30 £ HO epm/10% ceils, The means were
plotted and vertical lines represent the S.EM. of 8.9 experi-
ments with different cell preparations,

of phosphatidic acid (= 50% increase PP < 0.005)
and phosphatidylcholine (= 80% increase, P <
0.001) (fig. 4). No signilicant effects of PMA werc
observed on the labeling of phosphatidylinositol
and phosphatidylethanotamine (fig. 4).

a-Adrenergic activation markedly stimulates
the labeling of phosphatidylinositol in fat cells
{Garcia-Sainz, 1983; Garcia-Siinz and Fain, 1980).
Figure 5 shows the effect of adrenaline on the
labeling of phasphatidylinositol and the ability of
PMA to block this effect; the inhibitory action of
PMA was dosc-dependent (fig. 5).

Insulin also stimulates the Jabeling of phos-
phatidylinositol in fat cells (De Torrengueli and
Berthet, 1966; Farese et al.,, 1982; 1985; 1986;
Gareta-Sdinz and Fain, 1980; Stein and Hales,
1974). This stimulation by insulin was not blocked
by PMA (resulls not shown). EGF also slightly
stimulated phosphatidylinositol labeling and again
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Fig. 5. Effect of adrenaline and PMA on phosphutidylinositol

labeling. (A) Cells were incubated in the absence (open circles)

ar presence of 107% M PMA (closed circles) and different

concentrations of adrenaline. (BY Cells were incubated with

107" M adrenaline in the absence (open circles) or presence

{closed circles) of different concentrations of PMA. Other
details as in fig, 4,

the effect was not blocked by PMA (results not
shown).

4. Discussion

We now studied the effect of PMA, the most
active phorbel ester, on the harmonal responsive-
ness of isolated rat adipocytes. Significant dif-
ferences in the effects of phorbol esters have been
observed depending on the lissue. In some cells,
phorbol diesters promote B-adré¢noceptor phos-
phorylation and adenylate cyclase descasitization
(Kelleher et al, 1984; Sibley et al, 1984). In
contrast, enhancement of f#-adrenergic action has
been observed 1n other cells (Bell et al, 1985;
Nuabika ¢t al, 1985; Sugden et al., 1983). We
observed neither desensitization nor enhancement
of the B-adrenergic action in fat cells,

Jakobs and coworkers (Bauer and Jakobs, 1986;
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Jakobs et al.. 1985; Kaladn et al., 1985; Watanabe
et al,, 1985) have presented evidence indicating
that, in platelets, phorbol esters block the inhibi-
tion of adenylate cyclase, possibly through phos-
phoryiation of Ni. In contrast, several groups have
provided evidence that indicates that the Ni action
in other models is not blocked by phorbol ester
(Cronin et al.. 1986; Sibley et al., 1986). Our data
obtained with far cells indicate that neither the
activation nor the inhibition of the adenylate
cyclase complex is altered by the action of phor-
bol esters; both cyelic AMP accumulation and
lipolysis were studied. The report of Hall et al
(1985) that PMA did not alter either basal or
noradrenaline-stimulated lipolysis was consistent
with our findings. Recently Naghshineh et al.
(1986) reported that purified protein kinase C can
activale adipocyte adenylate cyclase. OQur data and
those of Hall et al, {(1985) suggest that the in vitro
changes reported by Naghshineh et al. (1986) do
not occur in intact cells.

We confirmed the ahility of PMA 10 stimulate
lipogenesis, that had been described by Van de
Werve et al. (1985} and Cherqui ¢t al. (1986). Van
de Werve ¢t al. (1985) reported that PMA in-
hibited the lipogenic action of submaximal but
not maximil concentrations of insulin. We ob-
served that PMA did not diminish the ability of
maximally effective concentrations of insulin 1o
stimulale lipogenesis or phosphatidylinositol label-
ing but that, in contrast, the antilipolyuic action of
insulin was significantly diminished by PMA. The
slight effect of EGF on lipogenesis and phos-
phatidylinositol labeling was not affecied by PMA.
It has been ohserved that EGF has insulin-like
actions in many cell types (Bosch et al., 1986;
Garcia-Siinz et al., 1986: Haystead and Hardie,
1986). Both similarities and differences in the ac-
tions of these peptides have been observed (Bosch
et al., 1986; Garcia-Sainz et al., 1986), We observed
that buth EGF wund insulin produce some stimula-
tion of phosphatidylinositol labelling in fat cells
but no stimulation in liver cells (Garcla-Sidinz el
al., 1986).

We initially described the ability of phorbol
ester to inhihit a-adrenergic action in hepatocytes
{Corvera and Garcia-Sainz, 1984), This finding
was confirmed and extended for many other cell
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ypes (see Garcia-Saing, 1985 for references). The
inhibition seems 10 be due to a,-adrenoceplor
phosphorylation (Leeb-Lundberg et al.. 1985). Re-
cently, Schimmel et al. (1986) reported that phor-
bol esters inhibit the a-adrenergic stimulation of
phosphoinositide turnover in brown fal cells. OQur
present findings extend the observation to white
fat celis.

PMA  increased the labeling of phosphati-
dylcholine and its metabolic precursor phos-
phatidic acid in fat cells; similar ohservations have
been made with isolated liver cells (Corvera et al.,
1986} in WREK-1 cells (Monaco and Mufson. 1986)
and in the MDCK cell line (Daniel et al.. 1986).
Interestingly, Daniel et al. (1986) observed that
PMA stimulited the incorporation of both [*2P)Pi
and {methyl-*H]cheline inta phosphatidyicholine.
These authors also observed that PMA enhanced
the release of radioactive choline from prelabeled
cells. Their data indicate that PMA stimulates the
cyclic hreakdown and resynthesis of phosphati-
dylcholine which constitutes a novel mechanism
for diacylglycero! formation.

It is puzzling that the actions of phorbo! esters
vary depending on the tissue studied. The ex-
istence of several isozymic forms of protein kinase
C has recently been reporied (Fluang et al,, 1986).
11 seems of importance 1o determine if these forms
have identical substrate specificities and tissue
distribution in order to better understand the
role(s} of protein kinase(s) C in the modulation of
cellular activity.
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VACUNA ANTITOSFERINA ACELLL AR:

AVANCES EN S5U DES

Intreduccién

Latosferina os una enfermedad infecto-conta-
ainsa causada por la Bordetella nertussis, Este
germen es un bacio pegqueio gram negativo,
aislade v caracterizado como agente causal de
la enfermedad por Bordet v Gengou en 1906,
E! germen no ¢s invasivo ¥ su infeccidn se
limita exclusivamente al epitelo ciliado d2l
tracto respiratorio. Lo enfermedad ¢s alta-
mente contagiosa {estimdndose que hasta un
90", de las susceptibles expuestos pueden ad-
quirir la enfer:nedad), ¥ se caracteriza por un
periodo de incubacion de una a dos semanas,
seguida por una fase catarral con signas y
sintomas inespecificos de un padecimiento del
fracto respiratorio superior. Después de estas
clapas se desarrolla el cuadro caracteristico
con los paroxistica cicnosante que puede
acompanarse de expulsion de material mucce-
so acumulado en las vias respiratorias v de
vomito. La gravedad de Iz eniermedad, sobre
tedo en nitios menores deun aiio, se debe alas
complicaciones v secue..s Gue s2 proscntan;
entre éstas encontramos: periodos de apnea,
pneumonia, sangrado inirzcerebral v altera-
clones neuroldgicas persistentes, bronguicc-
tasias, retardo mental, aiteraciones auditivas y
del lenguaje. La evolucion natural de la enfer-
medad lleva a la fase convaleciente caractert:

s nor disminucidn seanepaion do lne sne
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variable pera se estima entre ¢l 5y 15%.13

l.a lasa de morbilidad antes del inicio de la
vacunacidon masiva era en México de aproxi-
madamente 100130 por cada 100,000 hubitan-
tes 4 En la Unian Sgpvidtica la tasa reportada
era tan alta camo 350400 por cads 100,000
hatiatantes.” Can el advenimiento de la vacu-
nacidn masiva enla etapa deloscincuentasen
los paises desarrellados v de los sesentas en
paises subdesarrollados se ha logrado abatir
paulatinamente la incidencia delaenfermedad
(ver reflerencia 5). Para el pericdo de 1964 o
1966 la incidencia por 100,000 habitantes era
dela siguiente forma en América: A. del Norte
6.2, A, Central 64 y A. del Sur 1525, Ennuestro
pais en la etapa de los ochenta se ha manteni-
do con una tendencia a ladisminuciénentre el
5 y 2 por 100,000 habitantes. Es indiscutible
aue la vacunacian masiva ha jugado un papel
clave en es5105 logros. Aunada ala vacunacidn
masiva han ocurrido mejoras en los cundicio-
nes sociales v de salud de Ins pueblos, ello ha
llevado a diversos sutores o cuestionar > 1m-
portancia de la vacunacién.

Debemos mencionar, que en paises en los
que por diversas circunstancias {ver mds ade-
lante) se ha suspendido o disminuido la vacu.-
nacion se han producido en forma casi inme-
diata brotes epidémicos de tasferina.t 7 Ello

campaias de vacunacidn masiva.
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Lavacuna actualmente enusoenlamayoria
de los palses consiste @n una suspensiSn de
Bordetella pertussis muerta por calentamien-

. to. Estavacuna es generalmente asociadaalos
toxoides tetanico y diftérico para la produc-
cién de la vacunt triple o DPT. La vacuna
pertussis usada en nuestro pals es produzida
en forma casi exclusiva por el Instituto Nacio-
nal de Higiene de acuerdo alos criterios que la
Oraganizacién Mundial de Ja Salud ha estableci-
doy con tecnologia en gran parte desarrollada
en ¢l propio Instituto.

La vacuna antitos{erina actual se estima tie-
ne un indice de proteccidn de aproximada-
mente 90%.7% Es mias, se ha reportado que
cuando un nifio vacunade sufre la infeccidn,
¢sta es mucho mengs severa, de menor dura-
cién y con menos complicaciones y secuelas
en comparacién con la que sufren niRos no
vacunodos, 0

A pesar de la clara evidencia de la utilidad v
eficacia de la vacuna actual, existe en todo ¢l
mundo un claro interéds por desarrollar una
vacuna anti-tosferina mejorada. Ello se debe a
varios factores: En primer lugar, la vacuna
actual, no estd exenta de reacciones indesea-
bles. Estas reacciones son generaimente leves
{fiebre e irritabilidad 10-30%), pero se han re-
portado reacciones severas como Son: Crisis
de lanto, convulriones, taquicardia paro «isti-
ca v dafnio cerebral permanente, Estasreaccio-
nes ocurren ¢con muy baja frecuencia (entre 1
por 10,000 6°100,000 vacunados, dependiendo
del tipo de reaccidn adversa seria). Ello nos
habla claramente de que la bolanza riesgo-be-
neficio estad totalmente desplazada hacia ¢l be-
neficio. Sin embargo, la existencia de estas
reacciones aunada a campafias pPoOco €5CTu-
pulosas han causado verdaderos desastres al
desalentar la vacunacion. Tanto en Japon co-
mo en Inglaterra ha habido garandes epidemias
a! disminuir la vacunacién.#'?Ello hallevado a
las autoridades de salud de diversos paises a
buscar una vacuna mejorada. Como mencio-
namos antericrmente la vacuna consiste en
una suspension de agérmenes. Por lo tanio,
ostd formadn no s milesde compnnentes Algn.-

e Il

nos de estos componentes son antigenos im.

portantes en la induceidn de proteccidn con-
trala enfermedad, perolamayoriade elles son
innecesarios. El avance en la bioquirmica v la
inmunolagia ha permitido identificar algunos
de estos antigenos, importantes en la indue-
cion de unarespuestainmune proteclora, y en
el caso de los que tienen actividad bioldaica
térica, descubrir su mecanismo de accién y
disefiar métodos para su detoxificacion,

Ello ha permitido tratar de desarrollar una
nueva vacuna que sea atéxica, constitvida por
componentes conocidos, en cantidades cuan-
tificables y significatives desde el punto de
vista de inmunopreteccién,

Principales antigenos

Varios son los antigenas de Bordetella pertus-
sis que han sido caracterizados desde el punto
de vista rmolecular; las principales son: a) la
toxina pertussis, b) la hemaglutinina fibrosao
filamentosa, c) la ademlato ciclasa extracito-
rldsmica v 4} otros antigenos que incluyen a
las proteings de la membrana externa, a la
toxina dermonecrdtica y a algunos aglutindge-
nos. A continuacion discutird breverente al-
gunas caracteristicas de ellos:

a) Toxina pertussis: La toxing pertussis es
una exoloxina presente en el medio en que se
cultiva la Bordetella pertussis. Se trata de una
proteina oligomérica con peso melecular apro-
ximado de 117 KDaltenes.!! Esta toxina estad
compucsta de seis subunidades. Se ha pro-
puesto que la subunidad $1 es el protédmero
activo, es decir, con actividad enzimatica,
mientras que el resto de las subunidades, es
decir las subunidades 52, $3, 254, y S5 sirven
para la fijacian (Binding) a la superficie de las
cétulas. ) La toxing portuseis gjerce su accidn
en mtltipies sistemas celulares bajo una ac-
citn egneciiica Blogueando al compuonente re-
gulader inhibitoria {(Ni} de la enzima adenilato
ciclasa.’?1? Esta enzima es la transductora de
la seial de una gran cantidad de hormonas,
neurotransmisores vy autaceides. Ello explica
la multiplicidad d2 efectos de esta toxina. La
modificacién de Ni sz rezliza por la ADP-ribo-
cilacitn de la prntama us’mdo el NAD enddge-
no de 1a célula b 1 Las maltiples acciones de
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esta toxina ocasionaron que se le dieran una
gran cantidad de nombres que desciibian basi-
comente sus cfectos y asi fue llamada: factor
promotor de la linfocitosis (LPF), factor sensi-
bilizante a la histamina (HSF). Proteina activa.
dora de los Islotes de Langerhans (lAP)} v lac.
tor téxico de aparicidn tardia (LAT). Es acerca
de esta toxina v sus acciones que contamos
con mas informacion. Recientemente se han
publicade varias revisiones al respecto.’® Al
ser vista al microscopio electrénico esta toxi
na presenta un aspecto esférico.!” La toxina
pertussis parece ser responsabie de algunos
de los efectos indeseables de lavacunal’- By se
antojaria eliminarla de la misma. 5in embargo,
parece ser el principal antigeno presente en ia
vacuna. Varias lineas de evidencia sefalan es
te hecho: a) la administracion de toxina per-
tussis purificada es capaz de inducir protec-
Cion activa en € ratén, siempre y cuands cez
parcialmente detoxificada;??#? bj se ha demos-
trado la capacidad de los anticuerpos antitoxi-
na pertussis de producirinmunidad pasiva?® y
c) la administracidn de vacunas tradicional in-
duce la produccidn de anticuerpos anti-toxina
pertussis en =l humano.
b) Lahemagiutininafibrosa: Esta proteinade-
be su nombre al aspecto de fibra que presenta
al ser examinada al microscopio electronico.!?
El peso molecular de esta proteina ha sido
estimado en 130 KDa por ultracentrifuga-
cion.1? El analisis eleclroforético en geles de
poliacritamida con lauril sulfato de sadio (SDS)
mnuestra gue la proteina es5 heterogénea con
pesos desde 220 KDa hasta 58 KDa.?s

l.a hemaglutinina fibrosa carece de toxici-
dad v aungue no protege por si misma contra
el desafio con Bordetella pertussis, se ha ob.
servado gue incrementa In capacidad protec.
tora de la toxina pertussis.? 2
c) Adenilato Ciclasa Extracelular: Esta pro-
teina representa una adenilato ciclasa aparen-
temente no relacionada con la enzima de los
mamiferos. Se trata de una proteina de peso
molecular de 70 KDa aproximadamente? y
es capaz de alterar los niveles de AMP ciclico
al penetrar en aigunas celulas.?? 5¢ ha pro
pucsto que esta enzima juega un papel impor-

tante en la patogenia de la enfermedad v se ha
observado que mutantes de Bur detella pertus-
sis carentes de la enzima son pricticamente
avirulentas.?3

d) Otros antigenos: Se hanaislado seis protei-
nas de la superficic de la Bordetella pertussis
con pesos de 90, 86, 92, 33, 31 v 30 KDa.®?
Asimismo los aglutindgenos 2 v 3 aparente-
mente Lienen origen {imbrial,3° Dada que tanto
las proteinas de superficie como las de la fim-
bria juegan un papel muy importante en la
adhesidon de la bacteria al epitelo respiratorio
son potencialmente antigenos de imporlancia.
Por otro lado, |a loxina dermonecrdtica o toxi-
na termolabil es una proteina intracetular de la
cual tenemos poca informacién, Esta toxina
no parece tener un papel importante en la
induccién de proteccion. Sin embargo, se ha
mencionado que pudiera participar en la pro-
Jduesidnr de algunos electos indesaabless de la

vacuna.’

Vacunas acelulares

Desde hace 30 aiios se ha tratado de preparar
vacunas anti-pertussis de tipo acelular. Se han
intentado extractos obtenidos por sonicacidn,
extraccidn con detergentes, urea v alta salini-
dad. La mayoria de ellos no han sido llevados a
Jas pruebas de campo.

Lavacuna acelular actualmente enuso clini-
ce os la desarrollada en Japdn, la cual se esta
aplicando masivamente en ese pais desde
1931, La primera publicacién formal acercade
esta vacuna (aunque coninformacidn escasisi-
ma) aparece hasta 1984.¢ Consiste basicamen-
te en loxina pertussis (detoxificada con forma-
lina) y hemaaglutinina fibrosa. Los datos obteni-
das en las pruebas de campo v en laboratorio
muestran que la protececidn qie confiere es
satisfactoria v que su toxicidad es notablemen-
te baja.t Sin embargo, no esta carente de pro-
blemas: a) La metodologia ernpleada es costo-
sa para ser incorporada a nivel industrial pues
incluye centrifugacién en gradiente de sacaro-
sa;¢ b} La cantidad total v la proporcién de los
compaonentes varia considerablemente entre
iotes.” &5 importonte mencionar §ue a posar

de estos problemas es la mejor vacuna acelu-
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lar ‘en uso masiva. Una excelente revisidn
acerca de los Gltimos avances envacunas anti-
tosferina aparecid recientemente 3t

Vacuna acelular mexicana: estado actual
Durante los dos dltimos afios hemos desarro-
llado un procedimiento tecnolégicamente sen-
cillo capaz de producir un extracto acelular
que induce proteccién en el ratén contra el
desalflo intracerebral por Bordetella pertus.
sis.3? Este extracto se obtiene de la siguiente
forma: El germen es crecido en medio Stainer
liquido por aproximadamente 48 h. a 35°C
{hasta que el cultivo lega a un pH de 8.2). Ei
producte es concentrado por precipitacidn
con acido cltrico3? neutralizade v detoxificado
a 56°C por 30 minutos. Las bacterias son elimi-
nadas por centrifugacién v el sobrenadante se
ajusta a pH 3. Ei precipitado 4cido se resus-
pende y neutraliza.3? Este procedimiento sen-
cillo produce una purificacién significativa de
la toxina pertussis {aproximadamente 200 ve-
ces) y resulta en un extracto que es entre 50y
200 veces més potente {en base a prolcina)
que lavacuna de referencia del Instituto Na-
cional de Higiene; s decir, se requiere admij-
nistrar una cantidad mucho menor de proteina
para lograr una proteccién similar {ver figura
1).

Se han realizado experimentos con dos ce-
pas de Bordetelia pertussis, la 509 y la 165 y
con rnaltiples lotes de produccian. Hemos ab-
servado que el extracto acelular obtenido de la
cepa 509 produce consistentemente buena
proteccién con una EDgp de entre 0.5 v 5 pg
por ratdn (ver Figura 2). Por e] contrario, los
extractos de la cepa 163, la cual produce una
mayor cantidad de toxina pertussis,? inducen
proscccidn parcial a dosis bajes; pero al
aumentar la dosis la propia toxicidad de la
preparacién (evidenciada por pérdida de pe-
s0) nos evita lograr la proteccién total de los
animales. Ello nos habla de la necesidad de
detoxificar en una forma més enérgica los ex-
tractos obtenidos 2 partir de cultives de esta
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ligura ¢
INDUCCION DE PROTECCICN POR LA5 VACUNAS
FERTUSSIS CELULAR ¥ ACELULAR. 5o tratason
grupas do 146 ratones can las concentraciongs do
vacunga tradicional {(9) o del exhracto acelular (0}
14 digs antes do ser retados con Bordetella
pertussis (cepa 18323) a una dosis do 300-400
LD... S0 presenia el promedio de 3 axperimentosy
las banas indican ol enrcr esténdar,
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lular obtenida de la cepa 509 pasa las pruebas
rutinarias de toxicidad® pero que si se aumen-
ta la cantidad de proteina administroda a dosis
supra-protectoras logramos observar clara-
mente cierla toxicidad. Ello no es sorprenden-
te pues contiehe OXIng periussis acliva. Dada
la presencia de loxina perfussis activa_en el
exiraclo acciular la preparacidn causa una
rmarcada leucocitosis v sensibilizacién ala his-
tamina.?? La induccion de leucocitosis ha sido
considerada como unindice capaz de predecir
la potencia proteclora de una vacuna.’ Ac-
tualmente cstamos trabajando en proceds-
mientos sencillos que nos puedan permitir ob-
tzner UnD prapaTacidn tndnimente flaRrica qus
induzca una buena prntecmon. )
Hemos procedido a la caracterizacian qui-
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Figura 2
Induccidn da proteccidn por vacuno acelular
ocblanida do aos lotes do la copa 809 v une de
fa cepa 165. Copa 507 (Loto 29-170) (0). cepa
509 (Loto 29-3469) (@) y cepa 1553 (A). Oras
indicaclonas coma en la Figuwa 1.
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mica de la preparacidn. Se encuentra consti-
tuida basicamentg por proteinas, La filtracidn
molecular con Sephadex G200 mostré la pre-
sencia de 3 componentes (Figura 3). Los dos
companentes de mas alto peso molecular no
s¢ resclvieron totalmente. El componente |
tuvo actividad de hemazaglutinina v baja activi-
dad de toxina pertussis mientras que ¢l com-
ponente H tuvo alta actividad de toxina pertus.
sis, Al componente lll no se le pudo detectar
actividad bioldgica alguna.

La electroforesis en gel de poliacrilamida a
pH 4.5 (Fig. 4) mostrd dos componentes, uno
da los cuales corresponde a la toxina pertussis
y ef otro pudiera corresponder ala hemagluti-
nina fibrosa. La elertr~foresis on geles con

lauril sulfato de sqdio mosiré entre 15 v 20

Figura 3
Ferfil de elusién de Ia vacuna acelular usando
Sephadox G 200,
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Flgura 4
Patidn electroforétizo do la vacuna aceluler en
gel do poliacrlomido o pH4 5
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bandas {dependiendo de o preparacion) (Fig.
5), Se observaron las subunidades de latoxina
pertussis,’* 1? bandas de peso molecular alto
que pudieran corresponder a hemaglutinina
fibrosa'? y otras bandas cuyo origen descono-
cemos.

Flgura 5
Patidn alectoforético de lg vacuna acelular en
gel do pollacritamida con fauwll sulfato de sodio.
Las flechas indican ias subunidadss de la toxina
erussis.

El examen con iicroscopio electrénico
mostrd una preparacidén heterogénea en la
cual se aprecian las particulas esféricas y los
agregados caracteristicos de la toxina pertus-
sis,'? alementos {ibrosos que pudieran corres-
ponder a hemaglutinina fibrosa y aunque esca-
sas algunas estruciuras de mayor temano que
pudieran representar fragmentos celulares
(Fig. 6).

Nuestra preparacidn presenta los dos cle-
mentos basicos de la vacuna acelular japone-
sa. Presenta ademas otros compenentes en
proporcion menor cuya imporiancia ¢s impo-
sible valorar por el momento. Es capaz de
inducir proteccidn en el ratén. En principio,
nudidramoe dociy gue ce trata Ao una vacuna
acelular en faze de laboratorio, que puede pre-
pararse con tecnologla sencilla y a bajo costo.

) Flaura & .
Microscopia elactidénico do la preparacién
acaivlar
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Confiamos en optimizar la prepoaracion v en
poderia llevar a la fase de produccidn indus-
trial v a los estudios de campa en un futuro no
muy lejano.
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