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RESUMEN

El deido L-glutdmico (L-glw) v adgunos de sus anidlogos induceen la fagocitosis de los
discos de los seementos externos de los fotorreceptores por el epitelio pigmentario de la
retinag (EPR). probablemente o truvés de L interaceion con un receptor. En st lesis se
caracterizaron receptores para L-glu en las membranas de las células del epitelio
pigmentario de da retna de potlo en cultivo primario, en estado no contiuente (16 DIV) v
contluente (25 DIV La unidn espeeitica de L-glu-1 13 ¢s saturable, reversible ¢ insensible
a temperdura, pero parciadmente dependiente de Na™.

Asimismo, se identificaron receptores con caracteristicas sinuares en célufas del EPR
humano en cultivo, procedentes de donadores post-morrem de diferentes edades (6 v 29
dias, 4 meses. 15 v 33 widos). Las caracteristicas cinéticas fueron similares en todos Tos
casos (K de TINT w182 nM Bmax de 8.0 a0 1] pmol/me de oroeinao. B peniil
farmacoldgico de L inferaccion sugivre fa castencia de eceptrcs wmn de Upe
ionotrdpico (NMIDA), como metabotrdpico (sensible a ACPD).

Tunto en ¢l tejido macto como en fos cultivos celulares, ¢l EPR recibe L influencia Jde
atros anunodcidos, neurotransmisores potencides, como L taurina, of GABA v fa glicina,
Se demostrod que en todas fas preparaciones, ¢stos compuestos gumentan ki union del L-
qu-HA‘. electo gue dismnuye inversamente a Ly diterenciacion del wepdo, En ool EPR de
pollo, La trmna aumenta e namero de sitios espeetticos, mientras que en el EPR humano,
la ghicina en concentraciones micromaolares, aumenta L afinidad de los receptores a begla,
Liestnicmina no mbube ¢l efecto de fa glicini, pero st el 7 clorokimurenato, un antagonista
del sito adostdriea de L elicinan en el receptor e tpe NNMDAL BT estimule prodecnde por
L glicina, se observa mmbién en Tas membranas de fas célulus en estado proliferative,
comao fibroblustos de L esclerdtica v oda Hoea wmoral NB76, pero noen tejidos
diferenciados, nren celulas postmuoucas, comer el cerepro vl retma adultos, Loy
resultados apovan Lt parncipacion det L-gluoen Ja o regulacion de la tugocitosis /o L

ditferencncton celular del EPR.
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L ABREVIATURAS

a - Aminndcidos

AAE - Aminodcidos excitadores

ACPD - Acido trans-T-amino-ciclopentit-1 3-dicarhoxilico
AMPA - o-amino-3-hidroxi-3-metilizoxazol-4-propionito
AMPc - Adenosin monolostato ciclico

AP3 - Acido L-fosfonopropidnico

APB - Acido 2-amino-4-tostonobutirico
APV - Acido amino 7-fostonovalérico
A'lP - Adenosin trifostiuto

CNQX - O-ciano-7-nitroquinoxalin-2,3-diona
DG - Diucilglicerol

DGG - v-D-glutamil-glicing

DIV - Dias in vitro

IDNA - Acido desoxirribonueieico

DNQX - 0.7-dinitroquinoxalin-2.3-dionu
ECs - Constante de estimuoliacion

EDTA - Acdo ctiten fiinaectm-aecico
PR Eptciio piomeniaro de Lo rotia
GABA - Acido y-aminobutirico

GDEE - Glutamato dieul ester

are - Guanosin trifostato

1Py - Fostiatos de inositol

1%y - Tritostato de inosiioel

JSTX - Toxina de fa arana Nepliia clavaa
KA - Acido kainico

L.-Glu - Acido L-glutimico

L-Glu-HY - Acido L-glutimico mtiado
MGLUR 1-X - Receptores metabotrapicos parasicido glutdmico

NMDA - Acido N-metil-D-aspirucn

PBS - Solucton amortguadors de fostiatos

PIP - S5 dresnato rosiannds ool

PKC - Proteina cinasa ¢

QA - Acido quiscuidlico

RCS - Rata Resal College of Surgeons con distronia retimal hereditari
RKB - Ringer Krebs bicarbonato

ROS - Segmentos externos de fos hastones

RP - Retinitis pigmentosa

Ri’Ab - Rebniis prononto antosonticu Jonmante
pm - revoluciones por nunuto

SNC - sisteni nervioso central



I. INTRODUCCION
A, EPITELIO PIGMETARIO DE LA RETINA
1. MORFOLOGIA DEL EPR

El epitelio pigmenario de la retime (EPR) estd formado por una capa simple de células
cuboidales., situada entre ta retina neural v {a coroides, se halla en estrechu asociacion con
los fotorreceptores, que son las eélutus de Jareting sensibles a los fotones, De la superficie
de la membrana apical se extienden procesos. Hamados microvellosidades, hacta los
segmentos externos de los fotorreceptores.  La superficie basal. con sus numerosas
invaginaciones, esti funcionalmente relicionada con la membrana de Bruch de L coroides,
Existen pequenas diferencias en el timaio de estas cClulas entre Tas distintas - especies de
vertebrados, el grosor promuedio de estas céludas esde 10w 25 pmy altura de 7 a0 10
fnr eNguyen-tegros, J978).

Las células del EPR estin unidas cntre S8 por tlaenies cadocnas gue. junto con el
endotelio de los coriocapilares, impiden muy eficientemente ¢ intercambio de substancias
potencialmente oxicas entre L circulacion coroidal v L retma neural, de td torma que ol
EPR constituye ung parte importante estructural v funcional de la barrera hemato-
retintanmi, Las oftulas del EPR estén polarizadas no sélo mortolégica sino también
hioguimicamente. Por ciemplo, o ATPasa Na®-K* se localiza exclusivamente en la
superticte apeal, nuentras que los receptores para la proteini del suero que une retmol se
cncuenira ¢n las membranas phismaticas basal v Lateral enel EPR de rata voreting humiana
(Zinn y Marmor, 1979).

Las cdlulas et EPR contienen s oreannfos celulines caractensticos e ooda wClada
cucariolca:

El micleo se encuentrie en L porcidn busal, contiene la doble membrana tipica con
numerosos poros. En b cclula del organismo adutto es visthle un solbo gran nicieo,
mientras que en laoetapa profiferativa del estado de embniogénesis es frecuente la

extstencrt de niis deoun nticleo tHollenbere v Spica, 19720 Hav an embareo, en aleunos

th



organismos como L salumandra, Ta rata v el bovino, un aimero significativo de células
polinucleadas gue aumenta con lu edad (Berman y Schwell, 1974). Se ha considerado gue
estos ndcleos poliploides pueden ser el resultado de un blogueo espontdneo de la mitosis
(Nguyen-Legros, 1978),

Conticnen microperoxisomas, que son orgdnufos de pequeno tamaio (0,15 a 0.25 pm
de diimetro), tipicos de céiulas con grun actividad metabdlica, de transporte v almacén de
lipidos.  Este tactor va de acuerdo con la funcion del EPR como intermediario del
metabolismo del retinol.

Las mitocondrias estin localizadas principalmente en fa zona basal de lu célula. Son de
un tamadno promedio entre (L5 v 1.0 pm de longitud. Estos orgdnulos tienen las enzimas
necesarias para realizar el ciclo de Krebs v L cadena respiratoria para sintetizar ¢l ATP.

Los melanosomas son organulos muy abundantes en el ctoplasmia de da cdlulas el
0 gue ie contieren a ésta el color ahscuro caracteristico.

El reticulo endoplismico rugose esta presente en menor cantidad que ¢l liso y este
iltimo se encuentra acumulado en e zomi apical yoen las microvelosidades de ke cdlula
(Clarck, 1986,

El ¢itoesqueleto de Lis células ded epitelio prgmentario conticnie como componente s
abundanic o o actuna, aungue existen ambien macrotdbulos v Hlamentos miermedios

hechos de vimenuna tDocherty v col, TUNT ).

2 EMBRIOLOGIA DEL EPR

ELEPR v Looceting nenen un oprgen connin, ambos Jderivan de taomsma placa
cetodémica primitivi, La placa ectodérmica se invagina v formi un surco neural, después
se origing el tubo neural vy ensegoidi este e regronaliza en dos zonas, un seemento caudal
youne rostral que se o convertir en el encetalos Bl extremo cetidlico se divide en ties
protuberancias conocidas como vesiculas primanas, ¢l proencétalo, ef mesencétalo v el

rombocencétalo, En el desarrollo posterior. ef proencéfalo se subidivide en el welenedéfalo v



el diencéfulo. A cada tado del diencéfalo se proyecta una evaginacion que forma fus
vesfeulus dpticas, que se extienden v hacen contacto con la parte inferior del ectodermo
externo, después de establecido este contacto a pared de las vesiculas se invagina v forma
lu copu Gpticit, de doble pared. La pared externa de fa copa dptica se pliega v da origen a
dos capas: la mds externa se diferencia en el EPR y fa interna en la retina neural,

Las células del EPR se diferencian wempranamente en el desarrotlo; durante esta etapa
generaimente las células aumentan de amano v ose Heva a cabo el proceso de
metanogénesis  En el pollo ke mayorfa de das eélulas dejan de dividirse ded o, al 7o, dia de
incubacion, el cual se completa al décimo cuarto dia det desarrollo embrionario (Stroeva y
Mitashow, T983), aungue se i reportado a presencia de melanina a las 42 horas de
incubacion (Zinn y Marmor, 19791 En fa especie bumana se completa la proliferacion

celular, aditerencia de otris especies, despuds del nacimicnto,

3 CULTIVO DEL EPR

EL estudio farmacoldgico de fos receptores en tos tejidos de humanes se acilita
mediante el uso de cultivos celulares, ya que proporciona gran ndmero de poblaciones
puras de fos tipos celutares de interdés, Sin embargo, esto introduce Lactores Jde confusion
desconocidos, como ey que ol colocar célulay en cultivo puede adterar muchas
caracteristicas estructurales v runcronades, Ha sido demostrado que tas cdlulas del EPR
humano en cultivo retienen muchus de fas caracteristicas que expresan in vivo v se han
usado para estudiar gran vanedad de las tanctones del EPR O (Das v Gouras, TUSK:

Maverson v Halll TOSAHE v col 1991 Grecory vcol 1904,

4 SISTEMAS DE TRANSDUCCION EN EL EPR
PRODUCCION DL AMPe
Algunas investigaciones recientes no dejun duda de que ef EPR es un tejido blanco para

L accidén de un zran admero de bormonas voneurotransmisores.  Sin embrago, Lo




naturaleza precisa de  los sistemas  de transduccion  estimulados  por  receptores
membranales y los segundos mensajeros intracelulares generados por AAE no han sido
aun identificados.

El EPR de primates conticnen niveles bajos, pero detectables de AMPe (Newsome y
col, 1974 y niveles enddgenos similares estdn probablemente presenies en el EPR de otras
especies (Friedman v col, 1987). Los niveles de AMPe en el EPR pueden modularse por
una gran variedad de agonistas, lo que sugiere que estas eélulas contienen un sistema para
la adentlato ciclasa similar al encontrado en otros tipos celulares. La produccidn de AMPe
intracelular en el EPR cultivado de embriones de poilo, se estimula por catecolaminas con
el siguiente orden de potencia: Le-isoproterenot > epinelrina 2 norepinelrina > dopamina
tKoh v Chader, 1984m).  Esta respuesta es tpica para los agentes B-adrendrgicos que
interactdan con el receplor Bradrendrgico excitador. L senal se traduce o través de
interaecion con wna proteina G, oen este caso Gs, o cual tiene como resultado la
activacion de fa adenilato ciclasa v Lo produccion de AMPe. Las células del EPR de
humano contivnen una adenilato viciasa estimulada por agonistas B-adrendrgicos (Koh v
Chader. 1984b) v prosaglandinas (Fricdman v col. 1987 Fricdman v col en (989
demuestran que los agonistas de Lt adenosina estimulan la acumulacion de AMPe en las
cClulas ntactas del EPR v Lo uctividad de T adenilawo ciclasa en preparaciones de
membrang, 1o que sugiere L presencia de receplores tipo A para la adenosing vinculados
con la adenilato ciclasa en forma estimuladora.

»
HIDROLISIS DE F().\'i”;( WNOSITIDOS,

El mecanismo de hidralisis de fostoinositidos utiliza una combinacion de segundos
mensaieros: fostatos de inositol v diacilelicerol. voen una ctapa posterior jones Ca=*, lon
cuales s generan a partir Je la hidedlisis Je 4.S-difostato Tostatidil inositol de la membrana
plasmdtica  figura 1hy. Estas reacciones  forman  parte  de un osistema de

transduccion de senales gue intervienen ¢n otros teiidos para controlar una eran variedad



de procesos celulares que incluyen la seerecian, el metabolismo, la fototransduecion v la
profiferacion celular, El componente inicial, e moléeula receprora de la superticie de la
célula, transmite informacion a través de la membrana plasmdtica hacia el interior de fa
cdlula por medio de una proweina G: proteina de membrana que no puede activarse i
menos que se una al GTP (Plisier v col, 1993). La proteina G, activa a la fostolipasa C en
ta cara interna de ke membrana: a tostolipasa C a su vez corta el lipido de membrana
fosttidil inositol 4.5-difostaio en diacilglicerol y tritosfuto de inositol. EF 1P3 actia
predominanatemente liberando Ca2¥ del reticulo endopldsmico.  El DG activi a una
proteina cinasa umida a ko membrana. a fa que se e ha denominado cinasa C(PKCY, Ta cual
Yosforila protefnas de fa membrana plasmiitica (Berridge ¢ Irvine, 1989: Oshorne, T98X),

Oshorne y col 11991 demostraron fa presencia de reeeptares para acetiteolina de tipo
muscarinico ¢n el EPR de hunano, Bastos recepores dutectados en cultivo esnin asocdos
con fi produccion de tostatos de inositol. B carbacol it uni concciaacion Jo i (v
produce un aumento en Lt concentracion de Tostatos de inositol de 4 veces sobre el nivel
basad, v su EC5g o8 de 7O ML

Se ha demostrado quue diversas sustancias, entre estas los aminadcidos excitadores,
estimutan la produccion de fostatos de inositof en diversas regiones det SNC. que incluyen
b retinma nearat (Ghaei v Osborne. 1989, De esta tormin, los AALE pueden actuar por ¢l

disparo de fa cascada de segundos mensageros ademis de acuvar canales 10micos.,

SOPFUNCHONES DEL EPR

B EPR reabiva nna ametie canedad deactivadades, que sachinen L bagocitoss,
captacion v almacenamicnio de retinotdes, secrecion de los componentes de la membrana
hasal v el transporte selecttive de substancias entre fos fotorreceptores v los coriocapilares

(Zinn v Marmor, 197907 cierce mbluencis rdlica sobre otros epdos ¢ mduee

diferenciacidn de facoroides v de los foterreceplores de la retin, Asimismo, el EPR
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FIGURA 1. Mecanismos de transduccidn: a) cascada del AMPc; el dcido glutdmico
interactda con su receptor (R) y activa a una proteina que une GTP (G), la cual en
presencia de Ca+ estimula a la ciclsa det AMP, generando AMPe a partir de ATP. El
AMPc puede degradarse a8 AMP mediante Ia accion de una fostodiesterasa (PDE), o bien
participar en la activacitn de cinasas, las que a su vez lostorilan a diversas protefnas de
membrana(S). b) Activacidn de 1a hidrolisis de tostoinosiidos descrita en el wexto.
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desempenia muitiples actividades relacionadas con la fisiologfa de la retina, entre las que se
encuentra ol transporte de diferentes compuestos desde 1os coriocapilares hacia el espacio
subretiniano v viceversa. Algunos estudios hechos en e EPR de rana indican que en fa
membrana apical se localiza una ATPasy Nat-K*, asi como un transporte de cloro en
direecitn opuesti al fujo del sodio (retina a coroides), ademds de un transporte de calcio
con una direceidn de coroides aretina (Miller v Steinberg, 1977a). Y transportadores
especiticos para aminedeidos y bicarbonato (Miller ¥ Steinberg, 1979). En 1977(h) Miller
v Steinberg, demostraron que tanto o membrana apical como la basal tienen una alta
conductancia para ol potasto. La oreuna de algunos vertebrados como el pollo s
avascular, en dicho cuso el papel del EPR como ung barrera selectiva hematorretiniana es
aun mds aparente. Lnoel EPR el retinol constituyente del pigmento fowsensible de las
colulias Totorrecentoris, se metiboiizt, transportie ¥ regenera por medio de daactividad de
divesus aoshitdregcinsus v seoalmacena en forma esterilicada principalmente como
palmitato ¥ estearato. Asinismo existen en el EPR vartas protefnus que unen retinol y que
I transportan hacta Lorenna y fuera de ellas con lo gue se impide suetecto onico (Zinn y

Marmor, 1979),

FAGOCITOSIES

Ui de las tunciones miis sobresaliente del EPR es su participacion en el proceso de
renoviacion de Tas celulias totorreceptoris, actividad conocida como fagocitosis,

Para la renovacion de las membranas de los segmentos externos de [os bastones {ROS),
sn bk Totorreceptores Ao s ventebados e simtenzan voensamblin cuevos Beos en ol
extremo basal del segmento ¢ intermitentemente se despenden los discos apicales viejos
Noung v Bok. 19690 Youne, 19700 Bl desprendimiento de los discos mcluve i
separacion de grapos de ellos, fos cuales son tagocitndos por ¢l EPR adyacente (Young v
Bok. 1909} v degradados ¢n fagolisosomas dshikawa v Yamada, 19700 Marshall v Anseldl,

1971, La fagocitosis de fos discos Jde los ROS ¢ considera eeneralmente como un

11 H
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proceso de pasos multiples, que comprenden ta union de [os discos al EPR. fu ingestién de
¢stos v las Tases de degradacion (Young v Bok, 1969; Clarck, 1986). Mucho del trabajo
reciente se ha enfocado al estudio del control del desprendimiento de los discos por
estimulos fistoldgices frevisian de Besharse, 1982). Por ¢jemplo, el desprendimiento y
fagocitosts ocurren normatmente come uni respuesta diurna que anto in vivo como in
vitro estd regulada por el pateon de luz-oscuridad, asi como por influencias circidicas
tLaVail, 1976: Basinger y col, 1976; Flannery y Fisher, 1979; Besharse y col. 1980). Sin
embargo, o tratamiento de las copas apticas de Xenopus en cultivo, con los candidatos a
neurotransmisores  L-uspartato v Leglutamiato - produce o incremento en el
desprendimiento de los discos, independientemente de la luz (Greenberger v Besharse,
1985) v un aumento en la adhesividad reting-EPR (Defoe v ocole T989), Ciertos
aminodcidos no excatadores, tdes come b oaring v ke glicine, wmbien aumentan el
desprendimiento de los discos v i consecucie Tagocntosis de éstos por parte Jdel EPR.
Producen  adenuis  adhesividad  aparente (Sweatt v Besharse,  TYN8) sin causar
nearotoxteidad significativie, como Lque st causan los AAL,

Se ha observado que el desprendimiento de los discos provocado por Juz en las copas
apticas, requicre de Ca™t extracelular (Greenberger y Besharse, 1983) v se bloguea por

antagonistas de fos camales de Ca®+ cB3esharse v col, TUNG).

6. PATOLOGEA DEL EPR
RETINITIS PIGMENTOSA

FTEPR v el simonde Toesidin priinana oo L adsiselia retnrad hereditanm de L rata Rosal
College of Surgeons (RCS), modeto animal de retinitis pigmentosy. La RP se caracteriza
por una deticiencia en L fagocttosis e los paguetes de discos de los segmientos externos
de fos fotorrece prares por parte del EPR.

La reonitis pigmentosa enoun grupe de o retmopatins hereditanias gue afecta

aproximadamente 1 de cada L0000 individuos,  Se ha establecido una clasiticacidn con

]‘5



hase en las caracteristicas genéticas: dominante, recesivo v formas refacionadas con el
cromosoma X, Los genes de o laoretinitis pigmentosa autosdomica dominante estdn
lacalizados en el cromosoma 3¢ que codifica para una proteina de los fotorreceptores, La
Rodopsina: el cromosoma 6. con una defecion en el codén TI8/019 del gen que codifica
afa Perifering, estd asociado con lu retinitis pigmentosa. No se conoce el electo directo
del cromosoma 8, que también participa en esta familia de alteraciones. La RPAD
progresa lentamente en las primeras décadas de vidi, pero causa dafos visuales severos
hasta alcanzar la ceguera completa,

Mids de 40 mutaciones géneticas en la opsina Jde humano estin refucionadas con
algunas formas de esta enfermedad tn heterogénea, Los fotorreceptores de los pacientes
con RPAD y mutaciones en el gen de Ta opsina sintetizan la rodopsing normal junto con la
rodopsina mutadi v oesta causi, por un mecamsmeo cdn desconocida Bedeoeneracion lenta
de Tas eélulas fotorreceploras,

Los ratones heterocigdticos con el gen mutado de la opsing generan Totorreceptores
cust normales durante ¢l desarrollo postnatal temprano. Estos ticnen segmentos externos
de menor longitud que Ja normal, Conforme avanza la edad, tanto los conos como los
hastones  se reducen en ndmero v hay un decremento en fao respuesta del
clectrorretinograni w los estimulos {oticos,  Estos ratones con mutaciones visuiles son
utilizados comao modelos para correlacionar esta entermedad en humanos,

Se ha sugerido que ef EPR de fas ratas distrdficas es deticiente en la produceion de
tactores roficos importantes para la sobrevivencry de los tolorreceptores. De acuerdo al
trabajo de Malecaze v cob 9930 st e el FPROGAC ratas distrericas sode ol 2997 4def
niimero de receptores pariy el factor Je crecimiento fibroblistico, comparado con las

cllulas de rtas normales.




B.  LOSAMINOACIDOS EXCITADORES
Los aminodcidos exciladores (AAE) L-glutamato en panticular, pero tambidén L-
aspartato v homocisteato, parecen ser fos neurotransmisores excitadores mds abundantes
en el SNC de fos vertebrados ¢ revisiones de Watking y Evans, 19810 Fage v col, 1983;
Fonnum y col, 1981: Cotman y col. 1987). Sus acciones se realizan por medio de por o
menos cinco clases de receptores, de los cuales eb receptor de N-metil-D-aspartato es ¢l

mejor caracterizado (Monaghan v col. 19891 Wroblewski y Danysz, 1989).

L RECEPTORES PARA AAE DE TIPO NMDA

El estudio farmacoldgico de tos receptores de tipo N-metl-D-aspartato tNMDAY es of
mds desarrotlado actualmente. Existen por o menos 5 sitios Siirmacoldgicamente distintos
por medio de los cuades diversos compuestos oneden alterar Ja actividad de este recepror
tMeDonald y Johnson, 19900 Monaghan v con, 189
Estos inctuyven:

4 un site de union para el iransmisor b cual se une ef -glutamato,

by un sitio alostérico positivo al cual se une fa glicina,

Chun sitio en el canad gue une tencicliding y oros anestésicos disociativos

$yun siio de uniin en el canal para el .\11_'3*- dependiente de voltage

¢ un sitio para cationes divalentes con aceion inhibitoria il cual puede unirse el Zntt,
tocalizado fuera det canad v

0 i sio de regulacion al cual se unen las poliaminas,

Mumdo et cE apdlisis deunion e figandos indica que has 2oatios de enion
distimos (o estados distintos) asocrados con el sitio de reconocimiento del sransmyisor, uno
QUE PICTCTERIEMUNIC UNe aLomistis v olro aue une antagonistas. Bl cnad de este reeeptor
es permeable al Cam™ Ny v R Monaghan v col, 1S9

Jobnson y Ascher (1987) descubricron que fa ghicina aumenta considerablemente tos

clectos de los aeonistus del NMDAL pero que esta no tene ctecto per sf mismia. En
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concentraciones tan bajas como 0.1 uM. L glicing incrementa considerablemente la
respuesta del receptor de NMDA sin ser bloqueada por estricnina, Los andlisis de canales
unitarios por medio del "patch-clamp™ indican que Ja glicing aumenta la frecuencia de
apertura del canal, pero no la amplind de la corriente v disminuyve ol perfodo de

desensibilizacion (figura 2).

2. RECEPTORES PARA AAE DE TIPO NO-NMDA

Los dcidos kafnico y quiscuidlico fueron inicialmente aislados durente fa puriticacion de
Ja actividad antihelmintica encontrada en el wga Diosgenes simplex (kainato) y en semillas
de L planta Quiscuglis fructus (quiscuatatoy (Barnes v Henley, 1992).

Ei GDEE inhibe la respuesty inducida por quiscualato, pero no afecta ki respuesta det
kaimato (Hiddeman v Mcelenan, 19720 Melenan v Line TOS2) 0 Lo desnalinzacion
mducida por el agonista selectiveo del QAL el ANMPAL son cininen biogucados
selectivamente por GDEE (Krogsgaard-Larsen v col., 1980),

Los compuestos gque inhiben el etecto del KA, pero no el del QA sons el Z-amino---
lostonobutirato (APB) (Davies v Watkins, 1979), y-D-glutamil-glicina (DGGY (Teichbery
v eol, 1989 Davies v Watkins, 1981 v ef deido kinurénico (Ganong v col, 1983). Los
antigonistas nuis comunes de oy reeeptores de KAy QA son os denvados de s
guinoxabing: ke o-crano-7-pitroquinoxalin-2.3-diona (CNQX) vl o-7-dinitroquinaxalin-
2A-diona (DNOQX)L reportados por Honord v Drejer (19S8), Las  concentraciones
micromolares bajas de estos compuestos bloguean fas respuestas del KA v QA, pero
rmbidn tenen cfecto sobre fas respiestos snducshe por NMDA Honoae © Paegers 19NN
Blake v coly TINKD Drejer v Honord, 1988, Enoaltas concentraciones o DNQX
antagoniza L respuesti evocada por ¢l NMDA en una forma no competttiva (Birch v col,
TOS8). L antagomista deido o7-dictoro-3-hidrox- 2-quinoxalinecarboxiieo ha sido
reportado coma bloqueador selecuvo del reeeptor KA con respuesta relativa sobre QA

iFrev v ol TURN).



La estructura pentamérica de los receptores de tipo no-NMDA seria consislente con
lus estructuras reportadas pura otros canales ionicos controlados por ligandos, incluyendo
el del deido y-aminobutirico tipo A (GABA 4). la glicina y los receptores pari acetileoling

de tipo nicotfnico.

3. RECEPTORES PARA AAE DE TIPO METABOTROPICO

Ademids de sus clectos en receptores ionotrapicos, el glutamato ejerce acciones por
medio de receptores metabotrdpicos (ligura 2). En el aio 1991, Nakanishi v col., clonaron
un DNA complemetario para un receptor de glutanuto metabotrdpico (mGIUR1DY y
recientemente aistaron clonas de DNA complemetanrio para 4 mGluRs de rata adicionales
tmGluR2 a mGluRe) (Tanabe v ocol, 1992), Mientras que ¢l mGluR D vy el mGRS
estimular By hidedlisis de tostolipidos de inositol, los receptores metabotrapicos restantes
parecet esiai acoplados o sistemas de transduccion diferentes. Por cjemplo, con el
mGIUR2 v ol mGIUR 3 expresados en ovocitos de hamster chino se encontrd gue inhiben Ta
estimulacion de a adentlato aiclasa por torskoling v por consiguiente ©a acumulbacidn de
AMPe: v el mGluRS parece corresponder o un receptor para APB, localizado en Ia
presindpsis, que regula la Hiberacion del deido elutdmico (Schoepp vy Conn, 1993).
Nukajina v ocol £1993), caractenizaron un nueve receptor. e mGhiR6. con una alta
atinidad por ¢l APB v acoplado inhibitoriamente con [a adenilato ciclasa.  Asimismao
Saugstad v col. reportaron en 1994 01 mGIUR7 v Duvoisin v cob (1993 4l mGIuRS,
homaologos al receptor mGluR4,

EL recoptor metabotropioe s activado por ostutasiaio, thotenato, gisiscuadato
ACPD § no ¢s blogueado por antagonistas de KA/QA como la CNOQX o L toxina de Ta
arafia Nephila clavata (JSTN).

Siobien se desconoce L tuncion ded receptor activido por el ACPDL que resulta en a

formaciin de fostatos de inositol, via una proteing G sensible o la toxing pertusis
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mGIluR

NMDA-R

Convulsiones

v
Excitotoxicidad

FIGURA 2.  Representacion esquemitica de un receptor jonotrdpico (NMDAR) y uno
metabotrépico (mGIuR) para L-Glu, asi como su posible interrelacion. N, extremo amino
terminal de la proteinad C, extremo carhoxilo terminal; Prot. G, proteina que une GTP;
PLC, fosfolipasa C: DAG, diacilglicerol; [P, trifosfato de inositol; RE, reticulo
endopldsnico; PKC, protefna cinasa C; PLP, potenciacidn a largo plazo. La estimulacién
del mGluR activa la hidrélisis de fosfoinositidos y subsecuentemente a la PKC. Esta
enzima fosforila al NMDAR, cuya estimulacitn produce la elevacidn del calcio citosalico.
La elevacion del Cat¥ se relaciona con numerosos procesos normales v patol6gicos.
Modificado de Schoepp y Conn, 1993,



(Monaghan v col. 1989), hay razon para cespecular que este receptor juega un papel
importante en la estabilizacion  sindptica. En comin con muchos factores de
crecimivnto, este receptor regula fa Tormacion de IPs. Ademds. la actividad de este
recepror disminuye rapidamente despuds de la sinaptogenesis (Nicoletti y col. 1986) y
reaparece despuds de la desdilerenciacion (Nicoletti v col, 1987).

La transcripeion de cada uno de los mGIuRs muestra distintos patrones de expresion ¢n
¢l cerebro,

La transmision  excitadora parece  incluir acciones mediadias por uno o mds
combiniaciones de estos receptores, ionotrdpicos v metabotrdpicos, hasta en lus sinapsis

simples.

4. RELACION DE LOS AAE CON LA FAGOCITOSIS

Los AAE estimuian el despicndiniiesnts de wiscos de los fotorreceptores (Greenberger v
Besharse, 1985) en torma independiente det Ca™ (Besharse v col, 1986) to gue sugicre la
posibilidad de gque los AAL puedan anmetizar los clectos de un agente enddgeno.,

Defoe v col (1989), mostraron que o) desprendimiento de discos inducido por L
elutamato va acompatado  de un incremento aparente en o adhesividad - EPR-
Totorreceptor, Bl lugar del electo del L-glutamato, asi como de otros i, sobre ol
incremento de fa adhesividad o ¢l desprendimiento de los discos no se conoce, pero se
considera que puede intervenir un receptor membranad porque ¢l efecto de o este

aminadcido se bloquea por el antagomsia espectlico Kinurenito (Besharse y Spradt, 1988).

5. LOS AAE EN EL DESARROLLO DEL SNC
Los estudios recientes han revelado que las diversas formas moleculares de Jos
receplores parie AAE muestran especilicidad celular v patrones wemporales de expresion

(Somohano vy col. TONK). AsiL los canales de receptores para AMPA - expresados



tempranamente ¢n ¢l desarrollo dificren en estructura v propiedades funcionales de los
canales expresados en ¢l cerebro adulto (Sommer y Seeburg, 1992).

Los receptores para aminodeidos excitadores parecen no solo intervenir en la
transmision sindpoca normal en las vias excitadoras, sino @mbién participar en la
madificacién de las conexiones sindpticas duranie ol desarrollo (Wroblewski v Danysz,
1989} v los cambios en [a eficiencia de la wansmisidn sindptica a lo largo de la vida
(Watanabe v col. 1992; Riuzicha y Jhamandas, [993; Palmer v col, 1990), Irdnicamente,
I sobreactivacion de receptores seiectivos también puzden causar i degeneracion
neuronal y hasta Lt muoerte cefular eWatkins v Evans, 19812 Schoepp v Conn, 1993),

Muchos de los trapajos sobre e regulacion de los receptores para AAE durante el
desarrollo, se ha basudo en los experimentos de unidn de ligandos especificos v tales
estudios han proporcionado evidencias de tos cambios en o eantidad de receptores de
glutamato en fas primeras semanas de vida postnatal (Stuer v col, 12925 Recientenente
varios estudios de hibridizgeion in situ han proporcionado nueva informacion sobre como
se regula faexpresion del gen del reeeptor AMPA-Kunato durante ¢l desarrollo (Sommer

v Seehurg, 1992).

C. TAURINA
La taunina ticido B-amino-ctanosultonicoy es un aminedcido ampliamente distribuido -
enelorganismo (RKendler, 1989, con tas concentraciones tis allas en el miisculo estriado

v ocardiaco (Huxtable, 19800 1989), glindutas pincal v plwitarie (Vellan v col, 1970),

pliquetas tAhree s cob 0T b et tareblintordes Wngh 1osan, Bieade hccbsen s
Smith, 1968) v la retina (Pasantes-Muorales v col, 197230 Se ha caracterizady como un
nutriente esencial condicionado «Chipponi v col. 19820 v participa ¢n una eran cantidad
de tuncrones que inclusen L osmorregulacion CTharston v col. 19RO, proliferacion celular

(Gabriclian vy col, 19920 Gaull v col. 1983, medulacidn del Nujo de calcio (Sebring v

Huxtable, 9SS, eaimutaciin Joeo L slicdlisis v eluconeoadnesis (K afakowski v Maturo.
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1984), modulacion de la excitabilidad  neuronal (Bernardj,  [985),  destoxificacion
(Emudianughe v col, 1983) v estabilizaciin membranal (Pasantes-Morales y col. T985).

La taurina es el uminodeido més abundante en la retina. su concentracion es de 10 a 40
mM en la reting de los vertebrados (Pasantes-Morales v col, 19720 Cohen v col, 1973:
Starr v Voaden, 1972), v se concenira en los fotorreceptores mds que en las capas internas
de la retina (Cohen v col, 1973), Ademids de los towrreceptores v las células gliales, ol
EPR v algunas células amacrinas acumulan taurina (Ehinger, 1973; Lake v col, 1977 Lake
v eol, 197X Pourcho, 198 1), La captacidn de Lo cual es por procesos de alta v baja alinidad
tKennedy y Voaden, 1976; Saleeda v col, 1979; Dawson y Neal, 984,

Existe un sistema de tansporte para turina en ¢l EPR (Saleeda y Saldana, 1993),
Sivakami y col (19923 aislaron vesiculas de membranas apicales de células del EPR de
bavino v encontraron dos sistemas de transporte: el tansportador especitico para tauring v
< tanspodiaaor paca auring y GABAL Este dltimo sistema de transporte esti presenic en
fas células normades del EPRL pero no en las células de ratas distrdficas. Eb sistema de
transporte para auring es dependiente de dos jones C1y Nad, que son necesarios para su
Optima funcion, gue se realiza en contra del gradiente de concentracion del aminodicido,
los B-uminodcidos v ¢l GABA pueden ineractuar con este sistenxn, pero no los o-
amnodendos: tene una afta atindad por aworing ¢ hipotaaring voes un sistema simple,
satirable v segin los estudios realizados utihzando vesiculas msladas de membrianas
apicales de EPR de bovine, este sistema tiene una Vimax = 106K pmnl/mm./x-ng: de proteina
vauna Ky =90 L

E transporte detanras o ha estudinede atifizando caltivos primarios e Bversos tipos
cetulares v lineas celulares. Edwards (1981 estudio las propiedades de la captacion de
tunna en oculivos prmanoes el EPROde ity mostrd que Ly cudas acumutan
ACHVAMEIIE g v oeste es un procese dependiente de Nam,otemperatura vosensible o

venenos methdlicos Bl sistema es simple conuna Ky de 1o pd L
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La pérdida de la captacion de taurina por el sistema de alt afinidad en fa retina de ratas
RCS estd relacionada con la degeneracion de los fotorreceptores (Schmidt v Berson,
1978).

La laurina ¢s sintetizada en ¢l hivado v ol EPR Ta transporta desde el flujo sanguineo
cornidal hacia a retina, debido i que fa sintesis de este aminodeido en fa retina no cubre la
concentracion milimolar que existe cn este wejido. Los niveles de wurina en los
fotorreceptores podrian mantenerse por el transporte desde los coriocapilares via el EPR,
mientras la reting interna puede sintetizar taaring de novo (Salceda y col, 1979). Se ha
sugerido que la Fagocitosis de los segmentos externos de los fotorreceptores por el EPR es
regulada por la relacion melatoning-tauring en el espacio del interfotorrecepior (0gino y

col, 1983),

Do alibg ¢aAMINO BUTIRICO

El dcido gammu-aminobutirico (GABA) estid virtualmente presente en cada area del
cerehro (Velan v col. 1970) v es active en aproximadamente d1 20 al 40450 de las sinapsis
deb mismo (Bloom ¢ Iverson, 1971, El GABA se une a dos subtipos diferentes de
receptores ¥ oparticipa en una gran varicdad de respuestas fisioldgicas.

A pesar de que ambos subtipos de receptores participan en la inhibicion nearonal, son
diferentes en su pertil Lirmacolagico, distribucion ¢ interaceion con iones v nucleotidos,
Lstos sitios se espeaitican como GABA y v GABAp.

Eb receptor GABA 4 s el receptor clisico de GABA. Ex un complejo proteico con
multiples sitos e reconocimiente BV oecepn r GABN y conbene por D aienos, an siie
de unidn al GABA acoplado al canal de CI7o Este receptor icluye sitios de unian para
henvzodiazepinas v barbituratos (Bowery v col. 19871 Los dos antazonistas niis comunes
en el complera det receptor GABAL bicuculing v prerotoxinie, disminuven ki permeabilidad

de la membrana para el CI7 Silviloni v Nistre, 1991,



Los receptores del subtipo GABAg tienen un pertil farmacoldgico distinto al receptor
GABAA.  Los receptores GABAR son insensibles a bicuculina, harbituratos vy
benzodiazepinas.  Estos receptores son estercoespecificamente activados por buclofen v
no estdn asociado con un jondtoro de CI7 mas bien parecen estar acoplados a canales de
CAl+ y K+, El buclofen actiia sobre este receptor disminuyendo ta amplitud de da

. ‘.+ . . -
corriente de Ca=* ¢ incrementando la conductancia al K+,

E. GLICINA

Varios estudios han demostrado la presencia de un receptor para el aminoiicido glicina
en ¢l cerebro anterior de los mamiteros que es distin del receptor de glicinag cldsico
cncontrado en médata espinal y tallo cerebrad (Kishimoto vy col. 19810 Johnson v Ascher,
TUR7). Bl receptor de glicing en el cerehro antenor ex insensible o Ja estricning y muestra
una selectividad diferente para los anunodeidos, os reiabvaiticate msensible a la B-alanina y
taurina v mds sensible a la D-serina (Kishimoto v col, 1981). Este efecto o ejerce la
alicina por medio de sunteraccion con un sitto modulador del recepior de upo NMDA de
los AALE.

Con ¢l descubrimiento de que Ta glicing aumenta considerablemente ta activacion del
receptor de NMDAL ¢l pupel potencial de la glicing en la transmision de mensajes en el
SNC se ha expandido enormemente, se considera que actua como modulador de la
excitabilidad ¢n ¢l SNC por medio de st accivn como potenciador sobre el receptor de
NMDA dohnsen v Ascher, 19870 Mientras que faaccidn Jde la glicing como un
serrotransmiisor iihidor serestimee s esenes cerebralos infenores cKemp v Leeson,

1993y,
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II. OBJETIVO

Una de las funciones mds importantes del EPR es la de tagocitar paquetes de discos de
los segmentos externos de los fotorreeeptores.  Para llevar o cabo esta funcion es
necesario que existe un mecanismo de comunicacion y se propusd L hipatesis de que esta
comunicacidn pudicra Hevarse @ cabo por medio de mensajeros quimicos como el dcido
glutdmico y/o fa taurina.

Ya se ha demostrato la presencia de receptores para taurina en membranas de células
cultivadas del EPR de embriones de pollo (Lépez-Colomé v col. 1991), los cuales tienen
caracteristicas simglares a las que presentan los receptores de upo postsinptico en otras
regiones del SNC (Kantro v Oja, [98Y),

Por otra parte se conoce L intluencia que ejercen ciertos aminadcidos como L glicina
(Reynalds v cal, TONT; Snell y ool FOSTY vel GABA (Walden v col, T989) en potenaiar I
iapticaia we s AALE, el dcido glutimico v sas andlogos,

Se considerd Tactible Ta posibitidad de gue tanto Ta tauring, como o GABA v la glicina
amnentaran o unon Je acido glutimico o lis membranas aisladas del EPRCEL objetive
Tue caracterizar L intluenci de estos aminadeidos sobre Ta union de glu-i 13 4 dos edades
de cultivo de s cétulas del EPR de pollo: en un estado no diferenciado (16 DIV)Y v en un
estado diterenciado (25 DIV, Para comprobar que fa condicidn de cuftivo no altera ol
sistent de receptores o estudiar, se proba el aislamiento de membranas de embriones de
pollo a diterentes edades pari comparar con 1o gue se encontrd en cultive,

ASHIHSIO se busco caractenzar este sisieiia de rece ptores para acido slutaniuco en ks

membranas deocetalas colivadas 0 FPR e humuno, e conadent
estos receptores estuvieran preservados tilogendticamente. B estudio de los receptores de

humanos se realizd con células cultivadas de donadores post-mortem de diterentes edades.
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L. MATERIALES Y METODOS
A. CULTIVO DE EPR DE POLLO

Se utilizaron embriones de pollo de 7 dfas de desarrollo a los cuales se les extrajé la
copa Gplica en condiciones estériles, a ésta se le hizo un corte ecuatarial, se desechd la
parte anterior y de la posterior se extrajo ¢l EPR. Se Javo el tejido con RKB. compuesto
por: NaCl 118 mM. KCl 4.7 mM., KHaPOy 1.2 mdl, CaCla 2.5 mM. MaSOy 117 mM.
elucosa 1.6 mM vy NaHCO 35 mM: se cenwrifugd 5 minutos a4 300 rpm a temperatura
ambicnte, la pastilla gue se obutvo se resuspendio en solucion Ringer fresca v ose
centrifugd en lay mismas condiciones. Se repitio L operacion 3 veces nuis. La disociacion
de las células se hizo por incubacion con wipsing O.13% en PBS durante 5 minutos &
emperatura ambicnte. Las eélulas se sembriron en cajas Faleon de 20 em2 con medio de
cultivo Diteo TC-199 con 104 de suero de bovino fetal inactivado, 2 mM de glutamina,
164 Ulml de prnaading y 106G figined de estreptomicini, a una densidad de 25,000 células
por em< VoS¢ mantuvieron a una temperiatura constante de 37 YC durante 10 o 25 dias. El
cambio de medio se realizo s mtervados de S dias voel aspecto de estos cultivos i los 16

DIV es fibrobldstica v a los 25 DIV epitelial.

B. CULTIVO DE EPR DE HUMANO

Los ojos de los donadotes post-mortem se obtuvieron de The National Disease
Research Interchanee, Philadelphia, Pennsvlivania USAL Tos cultivos Jde célolas del
cpitelio prgmentario de foreona obtentdos provinieron de donadores de dierentes edades:
cov I dase oesess P50 30 o Nainenne e D donadores pesentabu entermedades
crinicas, niose habfa sometido auna medicacion prolongada: la muerte se debio a un
rauney severo, Los ojos tueron extriidos vose mantuvieron en medio ostérid durmie 4
horas, ¥ enviados en hielo al laboratorio enoan ipso de 30 horas, Las cClulas del EPR se

ansfaron usando una moediticucon de Stramm v col, (198300 Las ¢Clulis se disociaron con

una selucidn de pancreating con 0,197 de EDTAL se centrifuvaron o4 40 o durante 10

24 AR



minutos v se lavaron dos veees con medio RPMU 1640 complementado con 169 de suero
de bovine fewad, glutaming (3 mM), 100 Und de peniciling y 100 pg/ml de estreptomicing,
Las céiulus se sembraron a una densidad de 3 X 104 ¢élulas por ml en placas de cultivo de
30 mm insertadas en fifros millicel-Ha (Millipore, Bedford, Ma). Dspuds de alcanzar la
confluencia, las célulus se transtiricron a frascos de plistico de 75 em= (Beeton Dickinson
Co, Oxnard, Ca USA) Las céulas en cultivos mantuvieron su morfologia cuboidal sin

apariencia fibrobldstica hasta los pasijes 5 o 6 en los cuales perdicron ta pigmentaciin.

C.  OBTENCION DE MEMBANAS

Las célulus del EPR de pollo se cosecharon a los dius de cultivo indicados para cada
experimento (16 y 25 DIV Despuds de eliminar ef medio de cultivo s Tvar con RKB. las
célulus se desprendieron con una espidtnfa v ose resuspendieron en 5 mb de RKB. La
resSUSpensiin se centrifugo o 360 pit aulwite 5 ounutos, se desecha el sobrenadante vy la
pastilla de células se homogentzo a 40C, en 20 voldmenes (p/v) de agua hidestilada: ta
suspension semantave 1S nonaatos e hielo con objeto deindocir Y rupiori total de tas
célulus por chogue osmatico.  Se centritugd o 45,000 e durante 20 minutos para
sedimentar fas membranas v ose luvd 2 veces resuspendiendo por homogenizacion.
Finalmente, las membranas se congelaron durante un mimimo de 48 horas o -700C,

Las células de EPR de homano reaibicron un tratamiento de favado para e obtencidn

de membranas idéntico af hecho en eélutas de potlo.

Do CUANTIFICACION DE RECEPTORES
POR LA TECNICA DE UNION DE UN LIGANDO RADIACTIVO)
Los receptores se nudicron por Ly unidn especitica deon rdiolieando titiado (.-
glulum;un-ll-‘) a fas membranas de s celofus cuttvadas de las diferenies cdades. Los
ensayos se realizaron por el método de tiltracion con filtros de fibra de vidrio Whatman

ttipo GF/BY Las membranas s¢ homoegencizaron en amoertiguador Tris-HCT 001 Mg oun

[
(.



pH de 7.4 con o sin NaCl TS mM v a temperatura de 37 6 49C, ElLuminoicido marcado
se afadia a una concentracidn de S0 nM con variaciones segun el experimento. La unién
inespecffica se tomd como a radiactividad que permaneee unida a fis membranas en
presencia de T mA de Tos compuestos rios, agonistas o antugonistas,

Los filros se disolvieron en 10 mi de titosol (Fricke. 1975) v la radiactividad se midid

en un contador de centelleo figuido.

. CUANTIFICACION DE PROTEINA
En todos los experimentos se determing fa cantidad de proteina por el método de

Lowry y col (1951, atilizando aihonuna sérica de bovino (Sigma) como standard.

F.o REACTIVOS
El dcido Le-glutdmico-H3 Actividad especilica. +3-39 Cvinmot) se obtuvo de
Amersham [nternationul PLC tAmersham, UKD Los filtros de fibra de vidrio tipo GF/B
se obtuvieron de Whaiman, EL medio de coluvo TC-199 v ¢l suero de bovina letal se
adyuirieron de Difco (Detrort, Michiga, PSAY. Los agonistas dJel deido glugimico se
obtuvicron de Tocris Neuranun Charlotte St Bristo, BST SPP, Englund). Los demds

reactivos fueron de Sigma Chemical Co (St Lows, Mo, USA).
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IV, RESULTADOS
A PRIMERA PARTE (ARTICULOS T v 20,
DATOS CORRESPONDIENTES AL EPR DE POLLO

Por ser el objetivo de esta tesis el estudio de los receptores para deido glutimico v su
interaceion con otros aminoacidos considerados inhibidores (taurina, GABA y glicina), ¢l
artfculo ndmero 1 (Lapes Colomé y col. 1993) muestra que estos tres aminodeidos
aumentan la unidn especitica del deido glutdmico en mids de 10 veces en cultivos de 16
DIV, se observd una disminuciion considerable deb efecto en cultivos de 25 DIV (figura 3).
Este efecto parece ser especitico para ol EPRC vique no se presenta en Lt retina de pollo
de un dia post-eclosion nien Ly de 7 dias de desarrollo embrionario, tampoco exisie en fa
corteza cerebral de L rata adulta como lo muestra el articulo ndmero 2 thgura 3) (Lopes-
Colomé y col en prensin. En fas membranas aishadas del EPR de pollo de un dia de edad
cpsnled Shoaaditl, e titestr un electo equivalente al encontrado en el casayvo hedhio o
cultivos de 25 DIV articulo 2, Tigura 1.

Con ¢t objeto de climinar Lo posthilidad de que este efectn s produiena como
consecuenct de las condiciones de coltivo, se realizaron experimentos equividentes en
EPR de embriones de pollo en diterentes estados de desarrollo embrionano, En la ligura
f- articuio 20 se muestra que hay un aumento en L umon de glutanico inducido por
taorina, GABA v glicinz, L taurini es eb compuesto mads potente en productr el etecto. El
aumento es mads evidente durante los primeros dias del desarrollo embrionario v se pierde
pauhilinanicnte hacne e uempo de ccioston,

L tieura 2-arveulo 2 muestra ol andlisis cindtico det sistema estudiado en ausencia v
presencia de urmna v ehema oo unag concentracian de T mMe Las curvas de saturacion v
anitlisis de Scatchard comparativos muestran que existe un aumento en los sittios Je union
para acido glutmmco, smocambio en Lo atindad del neuroransmisor por suaecepen
cuando el ensayo se realiza en presencia de trurina, vaparece un sitio de mener atimdad v

aumenta el nimero de sitios cuando el ensave se hace en presencia de glicina,
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Se estudia ademds las caracteristicas farmacolagicas del sistema por medio del uso de
agonistas y antagonistas especiticos de los receptores para L-glutamato sobre la unidn
especifica de glulumum-H-‘: Ly D-glutamato, L. v D-aspartato, como agonistas generales,
el dietil ester del glutamato (GDEEY, antagonista de los receptores lipo quiscualator ¢l
quiscualato ((QA), agonista de los receptores tipo QA el N-metil-D-aspartato (NMDA),
agonsita de Tos receptores tpo NMDA, el kainato (KA, agonista del receptor tipo kainato
y el L-glutamato-4-monohidroxamato, asi como ¢l DL-aspartato-f-hidroxamato como
inhibideres de Ta captacion del glutamato. El estudio tarmacoldgico se hizo con cultivos
Jde 16 DIV bl T-articulo Ty v 25 DIV qabla 2-articulo2), v los resultados muestran que
i la primera edad probublemente existan mis de un tpo de receptor para L-glutamato, y o
comparar con los datos de Ta segunda edad se observd un cambio en las propiedades
farmacaoldgicas, aparicion de nuevos sitios (KA v desaparicidn de otros (.- AP 1),

Coit ohjeto de picbar o se fogiecic i presencia de tauring para gue se produzea ol
clecto, lus membranas se preincubaron con este compuesto durante 10y 20 minutos.
Posteriormente se elimind ¢l medio Jde mcabacion, al centritugar Lus membranas, s con la
pastilha se procedio a realizar el ensavo. La preincubacion con taurina (1 mMy no atectd la
unidn de glu-H3, o que comprabd gue efectivimente s¢requiere para que reatice su

Clecto,

B. SEGUNDA PARTE (ARTICULO 3.
DATOS CORRESPONDIENTIES AL BV DE HU MANO,

Elarticulo 3 (Ldapez-Colomé v col, 1990 muestra que con el obieto de estandarizar el
tempo de reaccion del sistema de receptores para AAE, seorealizd ¢l experimento
probando diferentes tiempos de incohacion con of agonista marcado radincus amente. De
tos resultados ortemidos Co L curva de tempo se considero en o sucesivo aealizar fos
CRsayos conoun tiempe deoincubacion de Toominutos debido aogue enoeste fapso de

Acanzaba pricticamente la unidn mixima.
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Se muestra la presencia en membramas de células cultivadas de EPR de humano de
sitios de unidn para el deido glutdmico, T interaceion es reversible y de alta afinidad. En
lus fguras 4 v 5 se muestran fas curvas de saturacidn en las membranas de diferentes
donadores, Ta concentracion ded ligando radiactivo varia en fos niveles de 25 nM a2 uM y
en presencia de glicina para el caso del donador miis joven.  E@ andlisis de Scatchard
(Iiguras 4 v 5) mostrd una sola poblaciin de receptores en cada uno de las grdficas
realizadas,  En la cinética comparativa en fas membranas del donador de 29 dias se
muestriv gue en presencia de glicing hay un atmento en a alinidad de los receptores para
t-glu

Seestudio ef efecto de varios agonistas ¥ antagonistas especiticos de los receptores de
Leglomato: Ly D-gluaamato. Ly D-aspartito, GDEE, QAL NMDA, APV, KA. L-
glutamato-J-monohidroxamato v LD-aspartato-B-hidrovamato @ una concentracion del
ugnn‘i.slu marcado radiactivamente Giewo giutinneo-1-Y ae 20 oM. EL orden en la
potencia desplazamiente de estos compuestos wilizados a una concentracion de | mM
wve algunas vartactones en refacion a L edad del donador gabia D,

Ln fas figura 1 se muestra que Ta estimulacion con ghicina, GABA v urina presenta
una relacidn inversa respecto tanto a la edad det donador como al ndmero de pasajes in
vitre en os cultivos procedenies del masmo tegido. Ebetecto de Ta glicina se detecta en
conceentractones nucromolires de este compuesto (figura 3) que provoca un aumento en ki
unidn especifica del L-giu por un cambio en fa afinidad de los sitios de union (figura 4).
Lsle electo no se nithe en presencta de estrenimt,

Se estudion L umon det fieando en presencra de aunna, GABA v sicing on otros
coltivos  celulares obtenidos  de donadores humanos  post-mortem:  linfoblastos
provenientes de o una inea celular v eélutas de esclerdnica. provenientes del donador de 29
dias. Como o mdican fas graticas correspondientes dablas HE v 1V), existe un electo

positive de los AAL sobre ef sumento en Ta unidn de dcido elutdmico.
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ARTICULO 1

Journat of Neuroscience Research 34:454--161 (1993)

Specific Interaction of Glutamate With
Membranes From Cultured Retinal

Pigment Epithelium

AML Lopez-Colomé. R, Salceda. and G, Fragoso
frstitto de Fistabogs Condur, 178 VM Mexico, D

Excitatory amino acids (EAAY bave been shown to
induce phagocyiosis in retinal piginent cepithelial
{RPE) cells. In order to explore if this action is re-
ceptor-mediated, we have identified and character-
ized receptors for L-glutamate through the binding of
{ '"HiL-glutamate to membranes from chick RPE cells
in primary cuiture. Specific binding was found satu-
rable, with K, =33aM and B, = 3.2 pimolmg pro-
tein in frozensthawed membranes, Na "-independent
binding was present in cultures ot 16 and 25 days in
vitro, and was not atfected by temperature. Pharma-
cological profite of analogues of EAX at different
recoptor troes sugpests the presence of a metabotro-
i e ccceptor (L-glutamate - S-2-umino-3-phos-
phonopropionate 2-amino-4-phosphonobutyrate
=trans-L18.3R)- Laminoeyclopentane-1,3-dicarboxy-
late > quisqualate). Excitutory amino acid anatogues
acting at the NMDA-receptor adso displaced bound
L-ptutamate, and 2 noticeable stimulition of specific
hinding of this ligand by alycine was shown: this ef-
fect was mimicked by D-serine and 1-hydroxy-3-
aminopyrrolidone-2 (HA-906) but not by 7-chio-
rokynurenate, and was not inhibited by strychnine.
Since taurine and GABA also increased specitic bind-
ing, it is likely that modulation of EAAN receptors in
RPE differs from that in geurons,
LOUN Wiles-Lass, Inc.

Key words: excitatory amino acids. imetabotropic re-
ceptors, phagocytovis, NP A ceceptors

INTRODUCTION

Aclose relationstip exists berween the reting and
the retinal prgment epithelum (RPES trom the anatonu-
b and functionad pomnt or view since s ceilomono.
AWV OT sDres e sane CIMNNologIcal cTrein syt he et
ma an sertebrate species oMund and Rodrigues, 1979
and 1 capable of transdifterentiaiion i cariy deveiop-
mentad stages (Prtack et ab L T D oy werd sy i some
cases of retnal dumage Detwider and van Dake, [9E3,

193 ev-Tass, o,

Mevee

Coulombre and Coulombre, 1963, Additionally. the
presence of RPE 18 required tor the correct stratification
ot retmad cells during deselopment t Vollmer etal ., 1984
Wolburg et ab.. 1991, Among the funcuons subserved
by RPE. which are related to reninal physiologs, are the
wransport ol molectdes trom blood vessels to the retna,
sStempery and Miffer, 19790 Lake eval., 19750, the reg-
dlation of 1onic concentrations i the subretnal space
clmmel and Stemberg, 19860, as well as the phagocy tosis
ot the disks duning photoreceptor outer segmem shedding
Young and Bok, 19091 Revarding this fast function, t
has been proven that some vlotaeye winedd exetatory
srisnte aetde CEAA Such Ay hciie cno Ve e W sen
eration of retmal cells when adnunistercd systemicatly to
newbarn rats (Saleedi ot all 19T or alternatvely,
when apphed mtravitreally to mature animals (Lopez-
Colome and Somohano, 19K20 1986) or to neurons n
primars tssue culture CZambrano and Hyadman, f983),
Fhese tdimgs suggest than the concentration ol gluta-
mate tL-elur m the subretinal space shouid be low and
fnety rerulated in order o avord retnal oxeity (Olney,
19X2y,

On the other hand, reearding ROS sheddma, 1t has
been proposed that the signal trom the retina to the RPE
tor activating phagocytosis coudd be o ditfusible sub-
stance releised by the reuna m conditons in which shed-
dine s nereased. 1 e L leht simulation (Holls tield et al
76, Young, 1977y

L-Glo Uospartate Loasoo KL and o g minor
CACIL Juisgidate QA flave been shown tooinduce
phaocvtasis m o beht- «Greenberger and Besharse,
xS and Ca” 7 andependent Tastuon cBesharse and
Spratt, 19ans Besnarse etat L [9son This induction, s
acllas behtangeered phagocstosis, shich s Ca ™ 7 de-
pendent (Greenbereer and Besharse, 19830, s blocked

e Mo v e v Senemper 920 accepted So-

sembet n Pl

Wndress MM DopesChtome. institulo Je
Braclog Caunan, o N VAL Anantado Bovtal Tieson, (3910 Meuco
DB S Mewoo

epnal reguests o i



by the specific EAL recepror antagonists hyvnurenate and
D-O-phosphoserine 1Besharse et al.. TYSN) winch sug-
sests that EAA-induced shedding 1s g receptor-medrated
process.

Receptors tor EAA Rave been extensively studred
i nervous bsste tMonaghan e all, F9SY Counan and
Monaghun, 19870 lonotropie EAA receptors have been
classified as N-Methy-Daaspartate (NMDAY and non-
NMDA types. the Latest mcludieie the KA QAL and pos-
sibiv the 2-amumo-<-phosphonobutvrate tAPD ivpe tFos-
e and Fagg, 19840 Watkns and Evans, 19510 More
recently, o metabotropic cluss ot AN receptor wiveh s
A-sensitive but c-amimo-S-mcthyvlisovazole -3 propion-
ate CAMP A nsensive has been charactentzed o oneu-
rops Sugivaima et ab TUST Shadeesek ot alo 1URS;
schoepp and Joknson, 1YSS) and chal celis oNMilanr e
ab L 1989 which mediate the aenvation ot the imosiol
pnosphiate cascade. However, not muet ts known regard-
ing the properties of EAA receptors or therr participation
m the phvsinlogy ot RPE.

Severdl tindings support the possibility o) faurine
participanon m the mggermye of phagocytosis. Taunae
and glyemne have been shown to induce sheddig (Cireen-
berger and Besharse, 1985 Swearr and Hesharse, TOS8),
i e oalvo capable o Swuoanhabiion of
phagocytosts inaucea by Cyvaiie AMP and mefatonin (Oy-
mo et al 19N Taurae o~ readily avindable o RPE,
since it s inghly concentrated in retinal ROS (O et al..
F970, Pusantes-Mordes et al.. 1972) and s released
trom these structures by hight Safeeda et al, 1977
which as also the natural trieger tor phagocytosts o a-
Vol B976)0 Additonally, we have previously demon-
sirated the presence ot specitie high-attiniy, Nao inde-
pendent binding sites tor this compound, which ceuld
medinte s action e RPE dlopez-Colome et al., 1avn

Since it s concervable that o glutamate-related ex-
cratory amino acrd could partteipate inthe mdoncuon of
phagocytosis, we have now mnvestgated the presence ot
specitic receptors tor this compound, using Hl.-glu
hnding 1o membranes trom chiek RPE cells i primary
culure We have charactenized these stes trom the bros
SOCTHIAL alid PRArimyacometcat POt of view, dnd we
here demonstrate that taunne and glycine ereatly snmu-
Cav clutamate specttic bimaing saecesting the posabyl
oL oIt action of hese compounds in the reguialion
af phagocstosis

Ter e

MATFRIADS
Cenl Culture

AN AMETHODS

Cultures were set usirg RPE from seven-das -old
ek emprvos trom alocal strin. as desenibed Lopes-
Colome ¢t ai, 19911 Eves were enucteated. treed from
sureous and retmd. placed in o sotonie KreboRineer -

Glutamate Binding to RPE 458
: .r‘mn ite butter t KRB contaming an mM: NaClLHES:
CLo4 70 Call,, 25 \!"S(),. 1170 KH.PO,. 2.4
NaHCO, 25 :_'Illx.lku. SoopH T 4 and rinsed four times
with the same ringer. RPE was dlh\l‘L‘I‘dlcd i TC-199
mediim atter meubanng for 8 onunutes with 0.13%
typsin in prosphiate buttered saline. pH 7 4, Cells were
seeded at a densiy or 107 cedls per Faleon Flask of 25
cim” growth area. and icubared at 37°C in TC-199 me-
diwn suppicmented with 107 heat-macnvated fetal caif
sereen, 2.0 mM giutanune, 100 units ml of penicitlin und
0 e ml steptormsem, Cultares torm a confluent
monelaser at bo days i oviro (DEVE an this time, cells
acduire typreal cubordal shape and imitate metanine svn-
thesis. The purity of the calture o mdicated by the epr-
thehord formyand presence of pigment m every cell (Sal-
ceda et al, 1992

Membrane Preparation

Atter 16 DIV the medium was remosved and cells
were washed onee with KRB Cells were detached trom
the dish usang a rubber pohiceman, pooled in KRB and
sedimented by centriifugation at 300 rpm for 3 mun. The
supermtant was removed, and the cell-peflet was ho-
moevenized m 20 vol ow v of distifled water on ce. m
nrder to usmotically shock the celin Sembrunes were
then obtined by centnfugation at 43000 - ¢ for (0 nun
ats O After three sashes, membranes were trozen tor 2
to 7 davs prior o the binding assay. The troeen pellets
were thaswed and wushed once more with butter prior to
the assay (Lopez-Colome and Somonano, TONT Protem
was meisured by the method of Lowry et al, (1951,
Binding Assay

Membrane pelicts were resuspended in TRIS-HC
hutter (0 05 M. pH 7 4 wirh or without 1Y mM NaCl as
i sted
deseribed (Lopez-Colome.,

Binding assay was pertormed s previousiy
1981, Briefly, membrane
suspension 30 S0 g protemn per assay i was mcubated
i ahie presence of 30 oM THIL el i a tinad volume ot
175wt tor the indicated pertod of time. T mM cold L-gla
was used for dlemL non- ~pu|lu binding. In pharma-

Y U SKIRIIN et ot

RHEYR HERY

added m\(cad ol cold \'Iuldnl.llc at the concentration
idicated in each case. The reaction was stopped by di-
Dattem sl ok ot cedd butter, and cnembranes were
recovered by pdtration e elass tibre tilters «GE.B) and
washied tace waith 5 il of coid butter. Filters were
added 10 mi o Titosof dFricke, 975 and counted tor
cndioactv ey g Beckhman Dannd - comndiaton counter
UOrTea oNs W ere miade Tor Guetc iy and count.ng eti-

were

NS
Muaterials

HI-Glutamate ospecact. 335539 Commol) wais
abtained trome Sew Focnndg Neaciear Boston, MA)
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FABLE L Disptacement of F'HIL-Glutamate by Anulogues

Spevitic
displacement

\nafogue pmol mye protem

L. Cilutamiate 9450 2 00t
b-Glutamarte 0 Ids = ol 4
i Aspartate (RIS R R RN )
D-Aspanate IR (TEEI R TR AR
Ehisgualate 0 M = O8] 15
AMPA U I A TRT T B
Kainate 1l

R IREERY N
SRR A us
AP RTMY it

ans ACED
S-2-Ame- phosphonopropionate
R-2-Amino-3 phaspnonopropionate

RS-2-Ammuno-L-phosphonoeputsy rate SN a9
NoMethy D aspartae Hns i
NeAethvi-Deaspantate Me ™ ° 2 s ooy 4L
RS-2 Anuno-S-phospaonopentanoate IR TN is
RS- 2-Anme-3-phosphonopentaneate My ™ 7 0 338 - 00ty ]
I Glutmnaie -~ -monchydrovamate VUSn iegy i

DL Aspastate - d-hydrovamate HOSH = G ols 1
L Adamne ot
-Alanne “

Voadvy were pertormed i the absence of Na o HIGlatamate con-
centralion was SO oaML Apaloctes were added D in\ coneentration
Mo 7 owhen present, was 1M MeCl Results e expressed oy e
mean % S Boor 3o 18 expenuments pettornied in Gipheate Totad
Baahing was NS0 L G pinad g protein

whibitors - glotamate-v-monohvdrovamate  and  DIL.-
asparrtate-B-hyvdrovamate (Roberts and Watkins, 1975
did not displace glutamate. and the same was true for
f-alamine and B-alamine,

The mbibitory amino acids taurne, ghane and
GABAL when added at 1 mM concentration., increased
clutignate binding by 3 to [ ames i cultures ot 10 DEV
thie. M This ancrease was restricted to specitically
bound [oaig, sinee 1t was displiceable hy 1omM eold
L-glu, while nen-speettic bmding remauned unchanged,
tanine was the most potent stmulator of binding at {6
DIV When the same experiment was pertormed with old
cultures 123 DIV), although these anuno acids continued
to enhance specitic binding, the etfect was much lower
than i soung contluent cultures: the order of etficiences
anthe latter case was phyamne - GABA - wnne e,
3. As cun be seenan Table T the enhancement ot spe-
e binding by efvane. woas not imbubted by sivehmine
up o HHY p M oconeentration, Sumtlar enhancement w gy
obtuined W the presence of Deserine. an agomst at the
shveme modulitory site of the NMDA receptor, and by
Ha-uao, partial aconist at this samie site vrestesed in
Faoimson, (9901 Taaniorony nurendte . constdered as ant
antagomist at this site (Kleckner and Dingledine, 19849,
did not enhance plutamate bindiny

Fhe dose-dependence ot taunne etfect was deter-
mined using 100 nM | HIL-glutamate as o bzand w16
DIV cultures. Specitic bindine was increased trom o 7ex

Glutamate Binding to RPE 457
25 Qv
T
.
—~ ¢ ,
- !
' | i
R .
~ Wr-; ’ Qi ! T
= = —t= : . —
E e o 1 ; |
v ] : e ! i
~ . i ;’ i l
O R LR TR 1N
L. :" 2 . “( 1
z ! ’E“s"fl';:!i’s(-”s .2
1 T E . a3 Ti2 e
e R oY 32|18 {13
[ 3o & ;e —|!.¢l Coriex
z 1 RIS S Rt LA S LY
8 N
) e 6 DIV
@™ send
" ‘ .
< JCG-! —— .
= 31— 3
< o ! , £ e
— ...‘O-" ' [
= i 3 b2
= | S ]
O agcH 3 R B
! 3 t X 1.
4 ] FE L R
! P 2 1yl ¥
I 400 L3 A S
- ] . _ Ly
B el Rl

Frg 3 Enhancement ot slutsmate binding by inhibitory anitno
acids Lapeniments were pertormed 1o N ree butfer,an the
presence of T0 M P Higlutamate The ordingte axis represents
total binding. Data are the mean © S Do oof 10 expeniments
pettormed nonpheate B adl casess speciic binding i the
presence of ghyame or GABA was sienificanuy different be-
tween them o - 000 and trom control ¢/~ GO0 gt 1s
DIV S 0005 00 25 DIV L faunne erledt s sigmticant oniy
at 1o DIV P 0 0a1) Student's U7 test was applied.

Mol me protem waithout taunne, o 13 7 2 0 10, 1H 9
SOSN8 20 2and 216 = 0 S3an the presence of
o100 W) and SO0 M taunne respecthively, the latest
il e o gt sirown
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Saturation Curse of [*H)L-Glutamate Binding
Varang | 'HIL-glu concentration within the range
of IS to 2000 nM ogenerated ot osaturaton curve with
singte slope by Scatchard analysis oy v This sue-
et e celeptors with
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[H-L-Glu] nm

Fre b Sattranon curse and Sarchard anadysis o el
tundte hinding. Speciic biddme was measured an trozen
tawed membranes trom o DIV cultures at 37°C, an the

absence of sodiom. Datt were analyzed usine the INPLOT

i, as s heen sho

ol m ro e
2-carboxypiperazin-d-vij-propys- |-phosphonate 1CPP)
tLopez-Colomd and Somohano, 1992, Addinonally glv.
ane, which ucts as an altostenie modulator at the NMDA
receptor complex tJohnson and Ascher, 19771, ehly
increises specitic glu tagonist binding and this increase
i mtmicked by the glveine agonist Deserme and the par-
tal agomst HA-966, but not by as antagomst 7

T-chlo-
rokynurenate, as hay been seen in nervous tissue for
review see Thomson, 19901 The wite through which ply-
ane eaetts s effect s nor blocked by strvehnine «Table
th. suggesting that 1t s not an injubitory giyeine recep-
tor On the other hand. we cannot discard the possibility
of an allosternie teraction through taunne  ceceprons
ance these sites show high witinity for glyeine (Lopes-
Colome et al. 1991,

Recarding the possible tanenon of these receptors,
o ot the mean problems for proposing glu as the mes-
senper inducing shedding and phagoces tosis have been: 1
oheh concentration o s sgined o s
duction would generate retnal tovaty . and 2 the ap-
parent lackh ot speciticity of the etfect. since taunine.
shvare and glutanune can also induce sheddineg. On the
Baasts ot the data obtned o dus stadv, 1 s empting o
AU INE possitany it tu

Seung trom neurst retna
noveny low concentrattons, cowld drttuse tonicaily to the
subretinal space. Upon ight sumsubation, taunne released
trom the photoreceptor outer segments would increase
2ty bading o ats receptors  RPE tpresent resultsg, thus

SOV TN Ohgeocytost s Nnce e achive hioh (ARSI S

o

Q 200 : 1000
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- '1 g J Kg =333 oM

< o 4 Bmax = 3.2 pmol /mq
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Versian 31 program trom GraphPAD Sottware, San Diego,
CAHll coutticient = 86, Datiare the mean = S E.M ot
tive sndependent experiments pecformed an triphicate.

take svstem tor aurine has been derensiisicd o RPE
tLake et al.. 1975), the removal of the anuno acid tn the
absence ot lignt would atlow a return to basal conditions.
Expeniments 1 order to further test this hypothesis are
now under wav.
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ABSTRACT

The =affect of glycine .3iy) and taurine (Tau) con the bio-
~hemical and rharmacolegical preperties of ['H]L-aluramare {['H]-

ve membrane

trom primary cultures corf chick retinal

ithelium (RPE), a3 well as from incact ~is3ue during

development was  studied. and Tau increase 2., of ['H]-Glu

f

inding ro o a

(20

o3

sita2 (K, ~ 300 nM) in menbranes from 1

vimmarture) sultures; addicionallyw, Siyv cliscloses a

SRR A S0 RO stage.  In

membranas rom CArro imatures)  santures,  whe high

Gite Lo oo Longer presens and Taw hoes oo oerfecs oon Glu-

candinegg S ostridostimuloc oo o ling o rthe low arfinivy cite by
Iour an
specitic ry

taagonints S
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INTRODUCTION

(RPE) shares the same embrvological

ir
ir
5
e
—
o
=

Pecinal prgment epl
1y H P e -~} = R R ]
1 oand iz in <lose anatomical and

fon with uthls uissue (2). In acddition to

1@ from chot:ic damage, RPE

the ragualation of loni¢ =nvironment in the

transport from the
parrier

ciare into

L)L e of tha most

SrUiration o ratvinal

I’!ZI{.‘()L‘('.JI'I?Z DUt ing

Communlcatics o

P

this

-initis

salved in raetinopathies such as

pigmentosa or

. m

ght srrmnlates phaac md also releases Tau and Gly

TOr oty oaqent 0 e el crom resr acentoral

bean  show v srinmulate

promotes Uhee prolitoration

DN Tes

* [ [N Laa i . [/ Y B H
and parcicipate 1n rhaacryrosia and oy cell ddivirion,
Although Lhe normal acziviny o FPE 18 a requicine for retinal
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rhenomenon. rhe other hand, BRPE undsrgoes

phenotypic and metabolic changas relatzed to de-differentiation and

subsequent return to act:ive proiiferavicon in culture (14) and also
in wive, during "he regena2vavioen or oo aged senscry retina (13).

Since M-methyl-I invoivad in

v 17), we have

s cn Uid 15 13 ¢
croposaed rhae in  phagocyvtosis  and/or
osroliferation, ¥ in Larernal calcium

classiiled 10
PIMIN, mAalratae

propionate !

4 tnacreage P intaernal

Systems. >terminad

in chick and human RPE /12, 121, are similar
Leatiial o, L lacly, TileEe

LZ NMEA

3
IR Re! Tag Yraaar S eh - [ I o ~ - 14,
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increases ['H]L-3lu i et “hi : .3 age-related and

mimicked by Tau

sontribute inforn raceptors in RPE

kinet

and
pharmacologically the sffact of 4ly and Tau on [ H]L-3lu binding at

YOuUng Aand mature ~f RRE In culiure as well as in rhe intact

@

tissua. We here damonstrate nhat 3lu-binding cites as well as their

nodulation vy Gly and

rgo changes during filfferentlation,

whiich could be v

in tne functoions subkseveed by EAA

tarinag clevelopment,

EXPERIMENTAL PROCEDURE

Cell Culture

eviously (12).

11 strain); the

SIREeONs 21D v aning weare

I R R A AT Uit union SUaniny (1n
MY s ladl,  tid; ceel o Al o, DUT; MaSod, DLLT; o Furn,, 2.0
LaHCS.,, L8y vroopHO TLd. alter a8 min incubation in
PRSIl it d Dol Lt alniiny Moicsooronyypoin it .4, RPE
cells were ‘lissodiatad ad Sesded v oa ddensivy of L0 nlls per
Falcon Flask of 1% o growth avea. Jultures were mantainc-t in TC-
N R TR T P et FRGTSIURIANE SRR Lertia.oLoevine
cerum, S0 omM oalutanine, 1.0 Unitsomi 11 lin and ') mg/ml
* e . L [
subiibiving fibvobiasy Ll suboidal and




melanine svnthesis are achieaved at 2% DIV (mature ca2ils). The

the epichelioid form and

2 Of pigment in

Membrane Preparation
RPE cellsg were harvested a2t 1t cr 25 DIV, pooled in KRB and

rarnatant

pocennrisugation at S00 rpm for 5 min. The

homoaenited in 20 vel {w/v) of

Lo induce complete comotis shock.

once more with bueffer pricy o the

vothe method ot

b

Membranes from ointact FPE, adult and embryoenic vatina,

ware obtained following the

[HlL-nla minding was med Poas rreviously desoribe i (D4).
resuspandad o pubfer 0.05% M, pH 7.4 to a
HI L TR RN PR Pl v tesnin oay L0 WL fina.

Cronaentrys

volume) .

and non-specific bind: el ined the pre

. Lot e Geart
H el SN W e

poxrorlu vaxdd e flininion and
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counting efficiency. Data wera analyced using the INPLCT (version

was3 purchagsed £rom New

Tngland Nuclear (Beston, MAY. Microfibre glass Iilters (GF/B) were

ditn were from

bLooAall o emoiratery amino  aciids and related

and  tertiliced

Chiduen oaagent o

RESULTS

Developmental profile of [’H]L-Glu binding to membranes from intact

RPE: Effect of Gly, Tau, and GABA.

post-haraohiing, As can e seen in Fig, L, with the

M A ! SO .l RN TLIDT LAl wWad  JSlgniilllantly
higher (00477 ¢ d.ols ponlima provreint, ralues remainoed ointlar to

those in the mature aye (0,268 =« 0.007 pmol/mg ¢ V.
. . L : Ly R 2 TLonoIniing oin
eR AR SEAIN ioan =L f tnor by macure

crom o vhat of

Stimulation ftol
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31y and Tau, becoming RYeY: ry day L4 ED IZor which its

action was not followed id not vary

rmol/mg
procein) .

Effect of Gly, Tau, and GABA on [’H]L-Glu binding to membranes from

retina and brain.

I mM concentraticon or oly, Tau, or affect ['H]L-

3lu binding o membranes ortained fre SO : L ororten (Table

. In rhe same shiowad 4 small

JCnsistent mulats

spfect on binding te membranes from

shiick o maturs vetina, whisch was more .evident in ambryenic (ED7)

Kinetics of [‘H]L-Glu %iuding

Saturation  turves Yor dln binding were parformed in the
hesence ‘conrtooall oand ooy b DomM Gly oor Tau in arder to

TSIt 1L il Sntoased L0 membranes trem Lo DIV
silrures L R HENNEH S D raepraors or
ravher in the hinding sinaes.

As can ba ogeen In Filo. 0, tu the presence of Tau, the B, was

'
e
13
=
19

wsence of the amino ol which was .0 pmol g protein; no

significant change in affinity was seen: Ko= 320 nM and 282 aM in

. [ P TS B T S P I Loudls o also
PSR % - N LR 3=~ - -
ncreased B, vo Ll pmol roteln, 115yt 1259
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emol/mg protain. When Gl and Tan were added simultanesusly ac 1 mM

soncentration, affacy was AR
Since we had pravicusly emonstrated that rthe stimulatory
z2ffect of Tau was no  lonagey in membranes tSrom 25 DIV

cultures (12), caturalion curwes were pertormed in this preaparation
dly. Fig. 4 shows that a

nM) was present, binding to

rmol/mg

Bffect of Gly and Tau on the pharmacological properties of [’H]L-~

Glu binding.

Membrancs obtalned tvom 1o DTV onlrures wers proincubated for

Witk L mi Vi : Taun rerl leted,

e binding of 3lu measured. In rhis condirion, no

tindding was  observed when compared to  controls

amino acids (et shown). This

T R ncdioaredd vhae ¢oopermaneentomatinlocar lon o menmbrane
structurae i, aotivation of rosqueleron isarading ennyemes ) by

tiler v oalu-binding was derermined at
LERODIY reTontor popuiation 1o praegent, and

romparaed with that in membranes from lo 21V cultures, ige in which

JUPN i R N ] Lol .. Talae

sty Ll the

Aagonists and antagonists ol S tor
. - - v . M . . ‘e v . . N A M
. . gt " [

< VDB ARG L MOPGS THPG, with AP naving no effect




{Table II!. This order of efficacy differs from the pharmacological

ol ade in which a&CrD, apP! and APY are

"

ACPDS MCPGS

of rhe two

sariments

Glu recepToy populanions presene oan Lo U0, rhe same
were performed 1n the rresencs of LomM Gly arx Tau. The order of

a2fficacy 1id nev change wivh iy cempavad v control;

fL=2lu» QA

vaesult with

Connrol pnotile v DT v the Tan, nnaaesto that Glu
i T Cristropte tuooTnuveas iy

Additionaiy, i binds with hilgh affinity ro another pepuilarion of

receptors, possibily of rhe

to srimaloation byoGiy enel Tau, oyl oare absent o omenpranes Srom
alcder culrerag il T I STEIE N Doy ot Do chuowed o

Le dose-depaendenr 1noa concsntrarion range from Lo to 0w, with

an KC = D20 ud oo membranes Srom o oouylvures of 05D
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mature epit . This 2ffect was mirmicked b Tau, only in

Tl voung

n this astudy we have , and
;e hawve demenatrat.ad rhe presence of two discinct Glu-binding sites
in RFE showing high and iow affinicy, with different

chamsacoloaical

Lo DIV cultu and Tau borh increase

rae lnovoase in B 7. LY. Zince this

rhirough an

p2tion av ciirfsrant sit. ninding to

a gecond, loway andliniuy o rharmacological profile at
LOoand 05 I are cromparend, LV OUDRY U IS0 mpetinis Known to
LOUCract owith o, R (O £ VoOomper O vt agoniar oY PT

yedrolveis and ARG presvnaptic receoptors) andd DHED (agonist of t-

fioplacers,

ACPDY, as owell o AP el APd are rhe most =£01

3. HN [N R 4 . - -
s tnoolbder cultures. Pharmacology of
T iptearact ion o cnoob S . o . TUE i 1 ),

shows thar componnds which  interacs with bori, Lonoryorisoand
msluks ola, &

71 itoplace bound  L-sin,  howsveyr the attact of

lonorroplc-intaracring irugs Decomss morse Loraent, suggestisg that

theso are rhe sives aoom

nresent data also chat in otultures op 2% 2IV, rhe high-
. R . . : . . A P S Lo Tau
promares ban Iol-tlu oo onhe low o atfiinirty Jite T, Table
2 . B - 1 \ - - -
rSUeptoy sy, sunoes indding, and
[N .
Vi b Vo vt



are active in

(ACED) do not

16 DIV membranes.

o thovounh

serformed, althouahn S ooommen emprvenic origain of RPE,

res

SMDA

PRI R

CHS neursns 2w, Singe iy 15 nor
Taurine seems o act on a4 different slite
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scimulation was also ohaserved (Fig,i) . wWe hawve also demonstrated

1 human B0E culnaves, which decreasas inversely

Coorhes s AT e L Soodevselopment o Lyerlation Lo oalso
thy Lo 1oerrfaecrt o cilvyoand Tau oo e from
witls brain and rer 1 omenbranes from B ret g, these

it s
L Clgmsited
. RN - ‘s e g s
2 L% “ Lrlzien
N B . ' . R B .
My el gD NeliDEG! . 1
= TRy v e . eae e o .
L2 i Uldngsg REGLE S MEARRES I Dol . nonandy
'



ags  well as  in

vation  of  PIP

shrough rthe acsk

intiibicicon of ad as2 (19},

‘tesls, rhrough
since cAMP has been shown to also inhibit phagocytosiz (32). On the

have been shown to induce

~ther hand,

nydrolysic thrioudh the entry c¢f calcium in some

vhosphoinositi

in turn, could be
supports functions

aaqularion.  EAA

CEEDLOYS 1N v i in neurons (18)
ind glra Sl and o thely o acriiuy could e uiated iy the

coucontration of ilyoand Tau oot e cxrracolluiar compartment, This

oioTalluar o of Gly

in rat brain {3%), and also with the
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fact that oly and Tau are releaged by the rerina upon light
stamulation o0, whitoly otnootrn, i i wivo.
Fupe ey orand e [ T T S B B Tt P T Rkt PO AN SR SR A OR OF ¥
roceptors will be of help in the andersrandin: £ osome retinal

pathologies 1nvolving retina - RPE oconmunicat ion.
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Legends to the Figures.

Effect of Gly, Tau and SABA on [ H!L-Glu bhinding zo

P

r

embryonis RPE.
RPE was obtalned from chick embryos at the indicated age,

a5 described in Methods. ['H)

and membranes were pregar:
Zlu binding (50 nM) was derermined in the absence
{control) or pressnca of L M Gly, Tau or GARA., | mM
unlabeled Glu was usaed {cor iefining non-specifics binding.

the mean of 3 independent e2mnperiments which

g2f fect of Sly and Tauw on the Rinetic parametsrs of Glu-
Dioding
DowWers A8 ddesoribed L. or

Saruratieon curve and Scatchard analysis were studied in

membranes from L& DRIV cultured RPE cells. [HIL-3lu

from 25 to 2000 nM; I mM

concentration was

3

71

pindina.

Sxpreriment
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e iy LN el e R T S SRS P AR0 PE D AN

sctrtware, San DI CAL HiLL enefficients were 0.%0 in

ail cases.
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“¥)L~ulu concentration was S0 nM, and glycine, taurine or

Data are % over

roth, were added at L md

ctal contrel binding in the akbsence of taurine or glycine

ressed as ths mean « SEM

or five experiments from different cuitures, performed in

Scazchard analysis of Slu binding to membranes from

aralysis and statistics were

M. of 3

a2 oars cthe mean = 3.

siy-wnduced increase in

=

Conoentrat o

e bimding.

Glue binding to membranes from 25 DIV ocultures was

uM oo 10 mM. The concentraticn of [DHIL-Glu was 50 nM;
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“he mean of G eriments in o rriplicatae o ZOELM,
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Specific *H-Glu binding
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Ba and lycine on [{'H)L-Glu binding
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Table II isplacement ¢f ['H]L-Glu binding by relatsd compounds in
v el VE MNT i} ey -

membranes Trem 18 i
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Table III.

Kinetic

congtants of

I'H)L-31lu o .nding to cultured RPE

Age
in culture i HIGlu + Tau {"HIGiu + Gly
nM K.= 283 nM F..= 259 nM
L6 DIV z Emax= 19.8 Emam= L1.d
360 nM
Bmax= 22
.= 58 nM K.= 987 nM
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Table IV. Effect of 7-chlorokvnurenate and strychnine on stimulated

Total binding (pmol/mg protein)

16 DIV

|
|
|

L0306 } 0.669 = 0,012

Siyeine [P S Y
i |
g i 9.330 = 0.009 ; 0,312 = 0.015

[
ine « TCOLlFvn i 0.73% =
1

008 0.700 = 0.9042

Taurine ; LoI0 = .047 i
!
Taurine + 7 {1Kyn ! 1.075 = 0.020
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Excitatory amino acid receptors in membranes from cultured

human retinal pigment epithelium
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Abstract

The presence of specitic, saturable receptor sites for excittory
amino acids (EAA) in membranes from cultured human retinal
pigment epithetium (RPE) was established through the binding
of [*H]L-glutamate (L-Glu). The age of the donors ranged {rom
6 days to 33 vears.

The affinity of the binding (K} sites was between 1.2 and 1.5
M, and did not change with the age of the donor. whereus the
By, was slightly increased (8.6 w0 13.0 pmol/mg) in mem-
branes from the 33 year-old compared to the 29 day-old donor.
The etficacy profile of agonists und antagonists acting at EAA
receptors tor displucing [PHJL-Glu was L-Glu = L-Aspartate
> 2-amino~d-phosphonovalerate (APS) > N-methyl-D-Aspartate
(NMDA) > l-aminocyelopentane = 1.3 dicarboxviate ttrans-
ACPD) > 2 -amino-3-phosphonopropionate (AP3}. These data
suggest the presence of either an NMDA-receptor sensitive to
the metabotropic agonist . trans-ACPD or alternatively. the
presence of two different populations of receptors with similar
atfinity for the agonist: NMDA and metabotropic.

Glyeine highly stimuluted Glu-binding: this effect was inversely
related to the age of the donor. Taurine and to a lesser extent
GABA, mimicked this effect. Stimulation by glveine wis dose-
dependent. insensitive to strychnine and 0<% inhibited by
7-chiorokynurenate. This effect was also present in human RPE-
derived fibroblasts. human scleral fibroblasts and the human
Iymphoblastoid cell line NB76. all continuously dividing celis.
The results further support the possibility of the participation of
EAA receptors in the regulation of phagocytosis in RPE. Curr.
Eve Res. 13: 533560, 1994, o

Key words: excitators amino acid receptors: cell culture: human
retimal pigment epithelium

Correspendence: Dr Johr A Starman, Depanment of Developmentad
Biovhemisry . Institute tor Basie Research 1 Deselopmental Disatilities.
1030 Forest Hill Road. Statens Land. NY 1034, USA

Introduction

The normal function of’ RPE is u necessary requisite tor visual
function, since, among other things. in addition to its participation
in the metabolism of visual pigment (1), this cell Jayer is involved
in the renewal of photoreceptor outer segments in the retina (2).

Although it has been known for some time that phagocytosis
of the photoreceptor outer segment disks from the retina is a light-
triggered phenomenon, the nature of the message between the
retina and the RPE is still unknown. Previous work has suggested
the involvement of excitatory amino acids (EAA) in the induction
of this process (3 —-6).

According to their transduction mechanism, EAA receptors
have been classitied as jonutropic and metabotropic. The first
cluss includes N-methyl-D- aspartate (NMDA). a-amino-5-
methylisoxazole-4-propionate/quisqualate (AMPA/QA), kainate
(KA and possibly the presynaptic 2-amino-4-phosphonobutyric
acid (A PS) subtypes: several subunits of these receptors have been
cloned and expressed (7. 8). As for metabotropic glutamate (Glu)
receptors, six different subunits have been cloned: Ry and Ry
hive been found linked to the stimulation of phosphoinositide
(P hydralysis, whereas the other receptor subunits are negively
coupled to adenylate cyclase (9).

L-Glu, L-uspartate tL-Asp) and some other EAA analogues,
as well as taurine and glutamine have been shown to induce
phagoestosis of the retinal outer segments by the RPE in a
light = independent fashion (3. 3). and also to increase retina—
RPFE adhesiveness in an isolated system (10).

Phagocytosis induced by EAA could be receptor-mediated.
sinee it is blocked by general antagonists of EAN receptors (4),
and also, specitic receptors for L-Glu have been chiracterized
in membranes from cultured chick RPE. Binding to these sites
was fuund to be semsitive to analogues which interact with both
notropic NMDA receptors and metabotropic receptors sensitive
to trans-ACPD (1D If EAA are involved in shedding and
phagocytosis. the presence of EAA receptors in human RPE could
he meaningtul for the maintenance of o normal relationship of
RPE with the retina. Inturn, o disruption of communication at
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this level may be involved in disease processes such as retinitis
pigmentosa (12).

The aim of this study was to demonstrate. using [*H]L-Glu
as a ligand, the presence of specific binding sites for EAA in
membranes from cultured human RPE, and (o establish their
characteristics.

Materials and methods
Cell culture

Puost mortem posterior poles of eyes with the anterior segments
surgically removed were obtained from the National Discase
Research Interchange, Philadelphia, Pennsylvania. These poles
were the result of corneal transplantation. Eyes were enucleated
in a sterile field within four hours. and shipped to the laboratary
within 36 hours on wet ice. Individuals had no history of chronic
disease, were not on any prolonged medication and died rapidly
of severe trauma in vehicular accidents. None received any life
support. Retinal pigment epithelial (RPE) cell cultures were
estublished froiin donors of different ages from 6 days to 33 years.,
as indicated in each case. The RPE cells were isolated using a
maodification of a previously described technique (13). After
careful removal of the vitreous and neural retina, the eyecup was
rinsed with serum-free RPMI 1640 medium. and filled with a
10% (v/v) solution of pancreutin in Dulbecco’s modified Eagle's
medium (DMEM) containing 0.1% EDTA. After 10 min at
25°C, RPE cells were removed and the evecup was washed three
times with medium containing 16% fetal bovine serum (FBS).
Cells were pelleted by centrifugation at J0x g for 10 min and
washed twice with medium containing 16% FBS. 5§ mM
elutamine, 100 U/m! penicillin and 100 mg/ml streptomycin, and
subsequently seeded at a density of X 10 per ml onto 30 mm
Millicell-HA culture plate inserts (Millipore, Bedford, MA) and
incubated at 37°C in a humidified incubator, in an atmosphere
of air/CO; 95:5%.

Table 1. Displacement of [‘H]L-glutamate by amino acid
analogues

Specitic binding (pmol/mg protein)

Age of donor )
Analogue 29 days 33 years
L-Asp 0450 + 0.0 0.325 £ 0.05
L-Glu 0421 = 0.07 0.393 = 0.05
NMDA 0.198 = 0.07 0.283 = 0.05
APS 0.028 = 0.01 0.234 = 0.09
Trans-ACDP n.d 0.227 = 0.07
AP3 n.d. 0.218 = 0.03
D-Glu No displacement 0.121 = 0.0005
D-Asp 0.081 = 0.03 0.122 = 0.05

Expenments aere pertormed 2t 37°C i sediunt-free butter. usng S0 aM CHIL-
Glu as 4 figand. Al smalogues were added st 1 mM concemraten Data are
expressed as the pean = S E ol the meams of 3 avpenments cach po
intnplicate nd. = ot detennined

ned
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At confluency cells were removed from the filter using
pancreatin + 0.1% EDTA and transferred to 75 cmt® plastic
tlasks. Cells were passed at confluency at a ratio of 1:4. Cultures
maintained cuboidal morphology. but started losing pigmentation
by passage 6 at later passages these cells acquired a fibroblastic
appearance. as described previously (11—14). Except where
noted (experiments reported in Tuble IIT) all membranes were
prepared from RPE cells with cuboidal morphology.

Human lymphoblastoid cell line NB76 (obtained from Dr.
Nichotas Beratis) was cultured as previously described (15) in
RPMI 1640 —~16% FBS medium and subcultured 1:3 when cell
numbers reached { % 10° viable cells per mi.

10 29 Days

O Total
8 @ Specific
6
4
2

[',’H] L-Glutamate Binding { pmol/mg protein)

c Gly Tou Gapa

Figure 1. Effect of glycine. aunne and GABA on [ 'H]L.-Glu binding
1o RPE membranes from donors of Jifferent age. Experiments were
performed as desenbed m methods, in the presence of 1| mM glycine,
taurine or GABA. For control values, experiments were performed
without additions. 1 mM L-Glu was added tor defimng non-specific
binding. Resuits are the mean of 3 experiments, each performed in
tnplivate, = N E M. orthe 3 imeans. Membranes from cells in passage
S wers used



Excitatory amino acid receptors in human RPE 555

Membrane preparation

Membrane fractions were prepared from cultured RPE cells in
passage number 5: some experiments were performed on cells
from passages 8 (0 14. Medium was removed and the cultures
were washed once with Krebs Ringer-bicarbonate and then
harvested in this same buffer. After pelleting at 1000xg for 5
min cells were homogenized in 20 ml water and placed on ice
for 10 min for complete osmotic shock. Membranes were
pelleted. washed twice at 45.000 X g for 20 min and frozen until
used for the binding assay.

The frozen pellets were thawed and washed once more with
buffer prior o the assay (16). Protein was determined by the
method of Lowry ¢r al. (17).

Binding assay

Membrane pelicts were resuspended in TRIS—HCI buffer 0.05
M. pH 7.4 and binding wus measured as previously described
(16). Membrane protein (3050 ug per assay) was incubated
in the presence of 50 nM [*HJL-Glu in a final volume of 175
ul for the indicated periads of time. Non-specitic binding was
defined by the addition of 1 mM L-Glu. The reaction was stopped
by dilution with 3 mi of cold buffer followed by filtration on
glass microfiber filters and washed twice with the same buffer.
After the addition of 10 ml of scintillation mixture (18). filters
were counted for radioactivity. Corrections were made for
quenching and counting efficiency.

Materials

["H]L-glmummc (spec. act. 45—39 Ci‘mmol) was obtained
from Dupont-NEN (Boston. MA). Culture media were from
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Figure 2. Decrease in glycine-stimulation of {*H]L-Glu binding with
the age of donor. The concentration of ['H]L-Glu was 30 nM; | mM
L-Glu was added for defining non-specitic binding. Results are the mean
% S.E.M. of'the means of three experiments each perturmed in trplicate.

GIBCO/BRL., Grand Island. NY'; glass microfiber filters (GF/B)
were from Whatman Internationat Ld., Maidstone, England, and
Millicell-HA Culture Plate Inserts from Millipore, Bedford, MA.
Excitatory amino acid analogues were from Tocris-Neuramin,
Bristol, England. All other reagents and chemicals were from
Sigmai, St Louis. MO.

Results

Binding of 50 nM [*H]L-G!u to RPE membranes was measurcd
at different protein concentrations from 10 pg to 100 ug per assay.
As previously determined in the chick (11), 30—50 pg was found
to be optimal. The time for the reaction to reach equilibrium was
determined to be 10 = 3 min. Using these assay conditions.
specific binding was between 30 and 50% of total binding in most

200 + <

Specific 3H-L- Glu binding
(%)

100+ &
!
..._§.{

0 6 5 4 3
- Log [Glycine] M

Figure 3. Dose-dependence of glyeine stimulation of [*H]L-Glu was
determined as described in Methods. Membranes were tfrom a 33 year-
old donor, [*H]L-Glu concentrution was 50 nM. Results are expressed
in pmol/mg protein and represent the mean £ S,.D. of the means of
3 independent experiments cach performed in triplicate. Binding in the
absenve of Gly was taken as 10059,

Table If.  Effect of glycine and related compounds on [*HJL-
glutamate binding

Compound Glutamate displuceable
binding
tpmol/mg protein)
Control 0.299 + 0.06

Glycine (ImM)
3-Alanine (ImM)
Strychnine (1mAI) No displacement
7-Chiorokynurenate (10xM) No displucement
Glycine (ImM) < Strychnine (ImM)5.250 = 0.31
Glycine (ImMy <~
7-Chiorokynurenate (10xMD)

5420 = 0.34
2970 = 0.22

0.312 = 0.07

Expenments were performed as described in Methods  Membranes were from
4 donor 3 months old. HIL-Glu concentration was 50 aM In controls, TmAd
L-Glu only was ased as displacer. Results are the mean = S E M. of the means
af expeninents each performed in tnphcate
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Tuble 11 Specitic [*H]L-glutamare binding to membranes from RPE-derived fibroblustic cells (pmol/mg protein)

Age of donor

4 Moaths 9 Months

17 Months 5 Years

0.170 = 0.09
4.916 + 0.08
2.551 % 0.10
3.738 & 0.07

Control

Taurine (1 mM)
Glycine {1 mM)
GABA (1 mM)

0.245 + 0,02
+.790 = 0.06
2422 = 030
4152 = 0.17

0.270 = 0.06 0.231 % 0.02
5.120 = 0.23 4.610 2 0.09
1.780 = 0.42 1,722 = 0.24
348 = 0.22 3769 + 011

Membranes were obtined from RPE culiures wiich had become fibroblastic. fost pigment and were actively Jividing. In control experunents, 30 aM P H)L-Glu
was displaced by 1 mM L-Glu. In experiments in the presence of turne, glicine or GABAL pon-specitic binding win abso defined with | mM L-Glu. Results wre
the mean = S.E.ML of the means of four experiments vach performed in triphicaw

cases. Binding t these sites was sodium-independent. uniike
binding to uptake sites which requires the presence of sodium.

Pharmacotogical properties of {*H]L-Glu binding to RPE
membranes

[*HIL-Glu binding was meusured in membranes of cultures
trom donors of different ages (29 days. 15 and 33 years).
Displacement of *H]L-Glu by agonists and antagonists acting
at EAA receptor subtypes at [ mM concentration was measured
in an attempt to establish a correlation with those previousiy
characterized in nerve cells (19,

Results in Table I show mainly quantitative changes in the
pharmacological profile of binding o membranes trom donors
of two difterent uges. The general agonists L-Glu and L-Asp were
the most efficient displacers. NMDA and its competitive
antagonist, 2-ainino-S-phosphonovalerate (APS). were also active.
Displacement by these compounds was higher in membranes of
cultures from the older donor,

The metabotropic Glu-receptor agonist trans-ACPD and the
antagonists 2-amino-3-phosphonopropionate (AP3) and AP4 were
also potent displacers of bound FHIL-Glu. Agonists at the non-
NMDA ionotropic receptors were also tried: 8A was without
ettect, and AMPA showed negligible activity (data not shown).
D-Isomers of Glu and Asp showed much lower activity thun the
L-isomers, suggesting a stereospecific interaction. The hydrox-
amates of L-Glu and L-Asp, competitive inhibitors of Glu uptake
(20) were entirely without eftect.

i
Effect of glycine, GABA and wurine on ['H]L-Glu binding
a) Membranes from RPE

In membranes from a 29 duy-old donor, ghine, taurine and
GABA at 1 mM concentration, stimulated the glutamate
displaceable (specific) binding of {'H)L-Glu. without altering the
non-specific binding (Figure 12 the effect of glyeine decreased
with the age of the donor (Figure 2), whereas taurine and GABA
were eftective only in membranes of cultures from the younger
129 days oldy donor (Figure 1. The dose-dependence of the
glycine eftect ina range of 1= 100 10 was tested imembranes
from the 33 year-old donor. Figure 3 shows that gh cine reaches
maximum stimualating effect at about 100 2N concentration. with
an approximate ECq, of 5 4M. The pharmicologicdl

Tuble V. Effect of wurine, GABA and glyeine on {*H]L-
glutamate binding to membranes from proliterating cells

Specific displacement (pmol/mg protein)

Scleral fibroblasts  Cell line NB76

Control 0.521 = 0.01 0.391 = 0.04
Taurine 3.608 = 0.03 3.053 = 0.0
GABA G684 = 0.01 0.609 = 0.03
Glyeine lall = 0.04 6.232 + 0.0

Ihe concentraton of Tau, GABA and Gly was T mM. Inall cases, non specific
bindmg was detined in the presence of T mM cold L-Glu. Cell line NB76 is 4
Ivmphoblstoid ine (Tallan e o/, 19830 Realts are eapressed as the mean
SENML ehe means of expermients each performed sntriplicate in membranes
from the ~susne batch of cebls

characteristics of the ghycine-induced effect were studied, since
this wis the most powertul compound in increasing Glu binding.
As can be seen in Table 11 the eftect of glyeine is mimicked
by Z-alanine. u structuridd anadogue of glyeine, and by turine
at younger ages (Figure 1) the stimulatory effect wis not affected
by concentrations of strychnine up to | mM, but was 0%
inhibited by 10 4N 7-chlorokynurenate. an antagonist of the
ghveine modulutory site at the NMDA nedronal recepror (21).

by Membranes from cells different from RPE

As u control for cell-type speciticity, ["HIL-Glu binding to
membranes from cultures of other cells of human origin was
measured.

Fibrohlustic cells derived from RPE cultures which have lost
pigment abo showed an increase in ['HL-Glu hinding by
ghyeine (Gl GABA and trine (Taw) «Table . The ander
of potency in these cells wis Tau = GABA > Gly, and as a
difference with RPEL snmulation did not vary with the age of
the donor.

In membranes rom human scleral fibroblasts and 1w the human
Iy mphoblastoid cell line NBT6. stimulation by Gly and Tau was
obsersed, but that of GABA was much lower than in RPE and
RPE-dernved tibroblasts 1 Table 1V,
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Figure 4. Saturation curve and Scatchard analysis of Glu binding 0 RPE membranes from a 29 day-old donor. Experiments were performed
as described in Methods, using [*H)L-Glu within & concentration range of 302000 nM, in the absence or presence of 1 mM Glycine. Results
are the mean = $.D. of the means of three experinments each performed in triplicate. Data were analyzed using the INPLOT ¢version 3.1) program
from Graph PAD software. San Dicgo. CA. Hill coefficients (ny) were > 0.8 for both curves.

Kinetics of [*H]L-Glu binding to RPE membranes
Saturation curves using [*H]L-Glu concentrations from 50 nM
10 2.0 M in membranes of cultures from 29 day-old, 15 and
33 vear-old donors showed that binding is saturable and reversible
(Figures 4 and 5). A slight. but significant, increase in the
number of binding sites was observed in membranes from 13
year-0ld compared 10 those from the 29 day-old (8.6 w0 13.0
pmol/mg protein, respectively) and remained unchanged in those
from 33 year-ald (13.1 pmol/mg protein). The Ky (1.2-1.5
M) remained constant at all ages studied (Figures 4 and 5).
Figure 4 shows that in the presence of 1 mM Gly, ths Ky'was
decreased threefold, to 565 nM, and the binding sites doubled.
to 26 pmol/myg protein (membranes from 29-day-old donor),
Discussion

In this study. we demonstrate the presence of specific Glu
receptors in membranes from cultured human RPE, showing
partial pharmacological resemblance with those previously
described in diverse areas of the CNS (1Y) and the retina (225,
although the affinity of the RPE receptors (K = 1.2-1.5 uMD
is much lower (Figures 4 and 3) than that reported in excitable
tissues (200~S500 nM). The fact that binding was not inhibited
by the hydroxamates of Glu and Asp. and did not require the
presence of sodium, rules out the possibility of an interaction
with ransport sites for the amino acid 12,

The pharmacological profile obtained using agonists und
antagonists at the main subtypes of EAA receptors suggests an
NMDA-receptor, since after the general agonists L-Glu and L-
Asp. NMDA and its specific antagonist, APS, were the most
efficient displacers of bound Glu. The metabotropic receptor
agonist trans-ACPD and its antagonists, AP3 (9) and AP (8).
were also potent displacers. raising the possibility of the presence
of two different receptor subtypes in RPE (Table 1). Since Kinetic
analysis of binding showed a single population of receptors, we
cannot discriminate at this level between the possibility of a single
population of receplor sites, with different pharmacological
properties and’or subunit compasition from those described up
to now in the CNS (7, 8. 19). und the presence of two separate
binding sites with very similar affinity for the agonist.
[*HlAntagonist binding will be of help in solving this problem
in the future. Our results also show that KA and ANPA. specific
agonists at non-NMDA receptors. displayed none or very low
potency for displacing L-Glu. which supports the suggestion of
an NMDA receptor (data not shown),

Due to the ditficulty in obtaining material from young donors,
especially. it was not possible to repeat experiments on material
from the same age. Experiments were performed with membranes
of cultures from Jonors of 6 and 29 days. 4 months, 13 and 33
vears ofage. Specitic Glu-binding was slightly higher in cultures
from alder donors, although the aftinity of the receptor wan the
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Figure 5. Saturation curve and Scatchard analysis of Glu binding to RPE membranes from a 13 vear old (A) and a 33 year-old (8) donors.
Experiments were as described in Methods, [*H]L-Glu concentration was increased from 50 o 2000 nM. and non-specific binding was defined
with I mM cold Glu. No glycine was added. Results are the mean = S.D. of the means of three experiments each performed in triplicate. Hill

coefficients (ny) were: A = 0.82; B = 0.89.

¢

same in all preparations (Figures 4 and 5); in spite of this fact,
significant pharmacological differences were observed.
Pharmacologically however, the capacity of NMDA and its
competitive antagonist AP5 for displacing bound L-Glu was 2
and B times higher, respectively. in membranes from the 33 year-
old cultures compared to those from the 29 day-old. Similar
changes in the properties of binding to NMDA sites have been
reported in the chick retina during matration (23). Such
coincidence is not unexpected since both tissues share the same
embryological origin (24) and RPE cells can transdifferentiate
into retinal cells under specific conditions (23).

As previously shown in RPE from the chick (11}, glycine,
taurine and GABA noticeably increase Glu-specific binding.
glycine being the most potent (Figure 1). The effect of glycine

on Glu binding was dose-dependent with an ECyy of 5 uM,
which is in the range of saturation of the allosteric glycine site
of the neuronal NMDA receptor (21). The tact that the glycine
coagonist-site antagonist, 7-chlorokynurenate, inhibited the effect
of glycine, whereas strychnine, a blocker of inhibitory receptors
for the amino acid did not (Table II), also suggests an action of
this compound at an NMDA-type receptor which shares
properties with those in neurons, but also shows differences, since
neither taurine nor GABA can substitute for glycine at NMDA-
receptors described in the CNS (21).

The stimulatory etfect of inhibitory amino acids on binding
was decreased (glycine) or completely lost (taurine and GABA)
with increasing age of the donor (Figures | and 2); differences
do not derive from culture conditions or number of passages,
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since these were kept constant (see materials and methods), and
also since the sume effect has been observed in intact RPE from
the chick (Ldpez-Colomé and Fragoso, submitted).

In some species. including humans, RPE cells i culture
undergo a de-differentiation following o number of passages.
becoming tibroblastic and regaining accelerated cell division (14),
The biochemical mechanisms responsible for these transforma-
tions are poorly understood. but could be related to the reception
and transduction of signals and hence, to the receptors involved.
Binding to membranes from cultures of RPE-derived tibroblastic
cells (Table 1D, scleral fibroblusts and human tymphoblastoid
line NB76 (Tuble IV). ull actively dividing cells, was also
increused by glycine, taurine and GABA. Differences in phar-
macological specificity between RPE-derived fibroblasts ( Tuble
I and fibroblasts derived from sclera (Table 1V) were observed,
which support the different origin of these cells,

NMDA receptors seem to be involved in both differentiation
(26) and proliteration (27), and also can modulate the activity
of metabotropic receptors (nGluRs) through the entry of Ca™~
and the subsequent activation of several enzyme svstems and jon
channels (9). On’this basis it seems possible that Ca™ ™ entry
through NMDA receptors is required for cell division in RPE.
This possibility is suggested by the fact that dividing cells, such
as Iymphoblasts, fibroblasts and young RPE show positive
modulation at this receptor, whereas mature RPE does not.
Transient  variations in the properties ot L-Glu receptor
modulation, such as those observed here in RPE. have been
reported for NMDA receptors in the cerebellum (28), and could
be expliined by differential expression of the receptor subunits
with age (7).

As for the involvement of EAA receptors in phagoey tosis,
previous studies have shown that L-Glu. but not NMDAL is
capable of inducing this phenomenon 4, 6). This is in fivor of
o populations of Glu receptors in RPE, one of them of the
metabotropic type. Activition of specitic subclasses of mGluRs
results in adenylate evclase inhibition (9), Since CAMP has been
shown to exert wan inhibitory effect on phagocytosis. which is
antagonized by taurine (29). the possibility exists that the
stimulation of mGIURs sensitive to trans-ACPD in RPE could
trigger phagocytosis by lowering the level of this compound.

Although very litle is known about the molecular mechanisms
which regulate the tunction of RPE and its relationship with the
retina. the present results suggest that EAA could be involved
in proliferation and phagocytosis in this tissue through the
activation of two different glutamate receptors: an NMDA-uated
receptor channel and a subtype of mGluR. Since impairment of
these processes is related to several retinopathies. further
understanding of the function of EAA receptors in RPE could
be of clinical relevance.
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V. DISCUSION Y CONCLUSIONES

Los resultados obtenidos demuestran que existen receptores especilicos de unidn para
el dcido glutﬁmi<.'n-H3 en membranas de células cultivadas de EPR de humuno y de pollo.
La unidn a estos sitios ¢s saturable, reversible, de alta afinidad ¢ independiente de Na*. En
el EPR de pollo se presenta una disminucidn de la contidad de receptores en la ctapa de
células diferenciadus (25 DIV) con respecto a la etapa no diferencaida (16 DIV) y en
ambos sistemas estos receptores cambian durante ¢l desarrollo.

Las deidos glutdmico, aspdrtico y kafnico estimulan el desprendimiento de los discos de
los segmentos externos de fos fotorreceptores vy L subsecuente fagocitosis de estos por ¢l
PR, independientemente de lu condicion de luz-oscuridad (Greenberger v Beshurse,
1985). Sc¢ ha propuesto gue estos compuestos actlien via un receptor, ya gque por medio
de antagonistas especilicos se blogueda ¢f efecto de estos aminoiicidos (Besharse v Spratt,
Sad). A este respecto los autores antes mencionados ulilizaron fas copas dpucas de Quna
papiens pary sus ensayos v encontraron que ¢l kinurenato, D-O-fostoserina y el deido cis-
2.3-pipenidfn dicarboxilico bloquean tanto ¢l efecto neurotdxico y desprendimiendo de
discos inducido por kainato. Eneste trabaio se utilizaron antagonistas para ¢l dcido
kafnico y el resto de los agonistas para aminodeidos excitadores  sin embuargo, no
cencoramos receptores para Kainico ¢n ctapas imeiades del desarrollo, sino hasta el tempo
de eclosion en el case del wejido wmishado v oen cultivos diferenciados 125 DIV)Y. Por do tunto,
pudemaos concluir que posiblemente los receptores que no involucran ol dcido kainico
uenen una funcon diterente al de o fagocitosis en etapit anicial de desarrollo, que en
antibios Ly fagncitosts prosenta un mecaninae e Bdouecidn Jiferente, o gue i vve, ol
acido Kafnico pueda inducir liberacion de otros mensiajeros que direciamente intervengan
en el procese fagocitico. A este respecto, ex necesario un estudio exhaustive de la
induccidn de fagocitosis por ol EPR inducida por los AAE en céiulas de polin v de

humaino.,



Otros  aminodcidos  como  fa L-glutamina,  L-glicina vy wurina estimulan ¢l
desprendimieno de los discos sin dafiar la capa interna de Ja retina como o hacen los
aminodcidos excitadores (Greenberger y Besharse, 1985).  En relacion a esto, la unidn
especilica de L-glu-H3 a sitios de Ta membrana en las células cultivadas y aistadas de EPR
de pollo y en membranas aisladas de célutas cultivadas de EPR de humano reciben la
influencia de otros aminodeidos no excitadores  (taurina, GABA vy glicinw).  Estos
aminodeidos, a una concentracion de 1 mM, aumentan la unidn especifica de L-glu-H3 en
membranas de célutas cultivadas de EPR de humano y de pollo y en membranas aisladas
Jde EPR de pollo. Este qumento en la unidn es espeeilica para el EPR. porque este
fendmeno no se presenta en membranas de otros tipos celulares, como por ejemplo la
reting de potlo o tas membranas aisladas de Tn corteza de rata, Existe ademds un efecto

aditivo parcial tauring-glicing que huce suponer que estos aminosicidos actidan sitios Je

recunoLinicnt ics, athiue puedieran interacluar entre si.

Lu tauring aumenta ki union del deido glutdmico e incrementa tos sitios de unidn y
atinidad de los receptores por su mensajero. Existe la posibifidad de que pudiese realizar
uni funcidn in vivo bl interactuar con os receptores del glutdmico, porque se ha
demostrado gue fa fagocitosis se inhibe por melatonina y AMPe v este electo se revierte
muy clicieniemente por tiurtma (Ogno y col, T983). Aunque la tuncion de faaurina en la
retina se desconoce, seosospecha que se trata de una funcidn importanie. vi que su
deficiencia cuusa la degeneracion de fos fotorreceptores en el gato (Hayes y col, 1975;
Schidty col, 19765, La taurina podria actuar modulando w receptor metahotropico del
clukimico acoplado o L ishibictan Je T ademibaro cickasa, e Logee dismrause L actividad
v concomitaniemente L del AMPe, Ssto permite fa actividad de fagociiosis, Este
aminodcido pudicra regutar G fugocitosis al presentasse en ol espacio subretmiano despuds
de biberarse de ios totorreceptores ciando se estimutan con tuz (Saleeda v col, 1977 ¢
ineractuande después con receptores espeefiicos en el EPR (Lapes.Colomé y col, {991).

La glicina por otra parte. pudicra actuar sobre ¢b sitio modulador siostérieo positivo el
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receptor para NMDA, reportado en el SNC (Kemp y Leeson, 1993), estimulando asf su
actividad y disparando un efecto similar al de fa orina.

Se conoce gue fos AAE pueden modular los sistema GABAGrgicos en el SNC,
modulando, por ejemplo, fa liberacion det GABA, pero poco se sabe de fa influencia que
vjerce el GABA sobre sitios para AAE, aungue existe evidencia de que ¢l GABA aumenta
los potenciales de campo corticales inducidas por NMDA, QA vy deido glutimico (Walden
y col, 1989). Seria necesario caracterizar sitios de unidn especiticos para GABA en estas
células con el prepdsito de dilucidar el mecanismo por ¢l cual modulit estos receptores
para AAE.

Serfa importarte continuar investigando ¢l papel que juegan estos receptores para
aminodcidos excitadores  en las Junciones fisiologicas del EPR, probablemente
fagocitosis de tos segmentos externos de fos Totorreceptores, ¢ control de L division
célutar de estas cclutus, difercncicion célnlia, bansditerenciacion del EPR o ncuronas
retinales, ete, Que a sivez serviria para explicar por comparacion lu causa de alteraciones
patoldgicas como o es la reunitis pigmentosa, Esta tesis por tanto hace una pequeia
aportacidn para explicar el mecanismo de comunicacion retina-EPR i través de receptores

para AAE.
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