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IXNTRODUCCION

El fundamento de la bioquimica moderna, reside en el
concento de la célula. Una caracteristica importante de todas
las células, procaridticas v eucaridticas, es una membrana -
externa lim{trofe. En las células eucaridticas, ests membrana
de la superficie de la célula, se llama membrana plasmdtica.
En afios recientes, ésta se ha convertido mds y mds en el obje
to de estudio intenso y conjeturas, desempefiando, como clara
mente lo hace, una narte critica en muchas de las actividzades
necesarias nara mantener la vida. Por ejemplo, la membrana -

\

vlasmitica, no solamente controla el "influjo" y "aflujo"
(entrzda y salida) de iones y nutriertes, sino cue, zdemis -
contiene una veriedad de sistemas de reconocimiento (recepto
res) para sefiales externas como : drogas, hormonas, antirsenos
v otras células., Aunque la membrana de diferentes tiwnos de -
células varfa resnecto a la nztursleza y las cantidades rela
tivas de estos receptores y moléculas oue controlan la per-
meabilidad de la membrana, la estructura de todas las membra
nas plasmaticas animales de explica vor el modelo del moszico
flufdo de Singer y Nicolson (1972). En este modelo, las pro-
teinas de la membrana no se encuentran fijas, sino libres -

pare moverse en el vlano de la bicava de 1linidos.

Sin embargo, una de las presuntas clave en biologia

actuzl, es explicar la resulzcidn de la exnreeidn £énica, cue

j\N)

b

sigue a la interaccidén de.los recentores de la suverficie ce
lular con los tinos de moléculas mencionados arriba. En la -
mzvoria de los casos, el evento critico es 1la combinacidn de

los efectores bioldgicamente activoe v las moléculas de recen
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2.

tores esvecificos en la membrana celular. Es nmor eso de su-

me importencia que dichas moléculas receptoras sean aisladas
e identificadas, siendo el propdsito a largo plazo, exnlicar
er térrinos moleculares, la alteracidn del fenotino c=lular,

oue sucede a las interacciones recentor-ligsndo.

Avncue los estudios que se esbhozardn enseguida se 1i
mitzn 2 las células de las series linfoides, la metodologfa

es de avrlicacién general. (Parkhouse y Abnev, 1‘9’,74"E ).

T:a membrana de los linfocitos contiene marcadores -
antigénicos bien definidos (p. el antigeno @ , Raff, 1971),
recentores vara inmunoglobulina asrecada (Basten et =1, 1972),
recentores para el comnonente C3 activado del complemento -
(Nuseenzveig ¥ Pincus, 1072), moléculas codificadas nor el
comnlejo mayor de histocomnatibilidad, v oue controla las -
interacciones celulares en la respuesta inmune (Munro vy Bright,

1976), v recepntores para antigenos extrafios (Parkhouse v Abney,

1976), vpara lectinas (Greaves et al, 1973), para insulina -
(Fadden et al., 1972), para hormonz del crecimiento (Lesnizk

et al., 1973) y para histamina (Melmon et al., 1973).

Asi vnues, los linfocitos no son solamente células que
estén relativamente bien caracterizadas, sino que también -
desemmnefian una funcidn definida : resmonden a los antigenos
extrafics. Por estes razones son una eleccidn atractive como
material inicial nara trabajar en la caracterizacidén biooui-

mica de las moléculas de la membrana plasmitica.

* Las referencias de mi nropia bibliografia se encuentran -
subrayadas pzara distineuirlas de las deméds.

h
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Como el ewento crucial en las respuestas inmunes es
el reconocimiento del antieseno mor los linfocitos, la mavor
nazrte del trabajo descrito agui, fué dirieido hacia la carac
terizacidn estructural v funcional de los recentores nara el

an?igeno;-

Sin embargo, un factor de commnlicacidn en el estudio
de los linfocitos es su heterogeneided, exnresada en su for-
ma mas bédsica en dos subnoblaciones mayores : Linfocitos-B y

linfocitos—T (Parkhouse v Abney, 1976, nara revisidn). Aunoue

ge tiene la certeza de cve ambos tipos de células pueden reco
nocer al zntigeno de una ﬁanera muy esvecifica, los sucesos -
que resultan de este evento de transduccidn (supuecstamente -
localizado en la membrana) son muy diferentes para los dos -
tivos celulares. Los linfocitos-B se desarrollen a células -
vlzsmétices, las cusles son células especializadas aue secre
tsm grandes cantidades de anticuerno esmecificamente dirigido
heciz los determinantes antigénicos del antigeno estimulznte
original. TLos linfocitos-T, vor el otro lado, nunca secretan
anticuernos, pero vueden matar a las células gue contienen a
los antigenos relevantes, a esto se debe, que sean factores -
tan importantes en el transplante de érganos y, se cree la -

vigilancia inmune v el rechazo de células tumorales que sur-

gen de manera espontédnea,

Al inicio del trabajo que se describird més adelante,
existia la idea generalizada de que el receptor para el anti
geno en los linfocitos-B y -T era exactamente el wmismo, es -

decir, inmwmoglobulina (farchalonis ¥ Cone, 1373).

e



4.

Més auin, para ambos tipos de células, la inmunoglobulina re-
ceptor, se pensaba que estaba restringida a la clase Igii. -
Como se demostrard mds adelante este no es el caso. Los. linfo
citos-B no solazmente poseen Igl; con frecuencia tienen ade-
més una molécula de inmunoglobulina que no se encuentira en -
el suero. Esta inmunoglobulina, a la que hemos llamado IgD,-
estd, por lo tanto, especializada para funcionar en el contex
to de la membrana linfocitaria y por consiguiente en el con-
trol de la estimulacidn por el antigeno. Se presentarédn los -

datos positivos y negativos para los linfocitos-T,

Un tropiezo para demostrar inmunoglobulina en la super
ficie de estas células séré informado, pero la aplicacidn ge
neral de nuestra metodologfa serd vdlida debido a la caracte
rizacidén bioquimica de otras moléculas localizadas en la su-

perficie de los linfocitos-T.

Mds ain, es posible que dos de las estructuras que se
rédn descritas pudieran haber sido identificadas erréneamen-
te como inmunoglobulina por otros (p.e. Marchalonis y Cone -
1973). La razén para decir ésto, es que, si bien no son inmu
noglobulina ciertamente, pueden ser confundidas como tal, si

no hay suficiente cuidado en la ejecucidén de los experimentos.



II, METODOLOGIA

La metodolog{a estd descrita en detalle en las publi
caciones relacionadas con el trabajo hecho y citadas en -
contexto, vor lo que me limitaré a dar los comentarios -

aclaratorios.

El reactivo crucial utilizado para la identificacién
y caracterizacién de moléculas de la superficie celular, -

fué anticuerpo.

La reactividad entre un anticuerpo dado y las membra
nas plasméticas se toma generalmente como evidencia de la
presencia del antigeno relevante en la superficie celular,
Cualquiera que sea el sistema usado para detectar la reac-
tividad, es obviamente crucial gque los anticuerpos emplea-
dos en la investigacidn sean caracterizados estrictamente.
En principio, los sueros deberdn ser verificados con res-
pecto a la presencia de especificidades indeseadas, por -
medio de técnicas por lo menos tan sensibles como la meto
dologia seguida en la investigacidén. Por ejemplo, la -ausen
cia de actividad de un anticuerpo contra cadenas ligeras,
juzgando por andlisis de difusién doble (Ouchterlony), no
puede garantizar que la muestra del anticuerpo no detecte
cadenas ligeras con procedimientos més sensibles, p.e. -

fluorescencia o radioinmuno-precipitacidn.

Bl procedimiento acostumbrado para hacer un suero -
anti-inmunoglobulina especifico para un isotipo (clase o
subclase), es pasarlo a través de inmunoabsorbentes en -

fase sb6lida, conteniendo todos los demds isotipos. Después

Seee



de dicho tratamiento, sin embargo, aidn hay posibilidades
de que el antisuero tenga especificidades no deseadas., -
Estas pueden ser contra componentes no buscados de mane-
ra rutinaria, como X-2-macroglobulina, que de hecho se
encuentra en la superficie de los linfocitos-B (McCormick
et al., 1973). Alternativamente, un suero anti-inmunoglo
bulina podria tener anticuerpos dirigidos contra los de-
terminantes de la regidn variable, compartidos por algu-
nas, pero no todas, las representantes de las clases de-
inmnoglobulina. Frecuentemente esas especificidades pue
den escapar a la deteccidén en muchos sistemas de prueba.
Surge la posibilidad de que haya anticuerpos contra inmu
noglobulina que reaccionen de forma cruzada con §~2-mi—
croglobulina debido 2 que se ha encontrado que hay homo-
log{a en la secuencia entre estas dos entidades (Peterson
et al., 1972). Como la P—2—microglobulina se encuentra-
asociada con los antigeros de histocompatibilidad en la-
mayoria de las células, la presencia de estos anticuerpos
crear{a problemas obvios pero tal vez no.previstos. lLa -
remocidn de las especificidades no deseadas se debe hacer
en inmunoabsorbentes con fase sélida para evadir artefactos
que surjan de la presencia de complejos antigeno-anticuerpo
en el suero. Un probleme meylsculo son los anticuerpos -
heterdfilos contra las superficies celulares. Mientras -
muchecs de estos se puedan. remover por absorcién con membrzs
nas de los érganos convenientes (p.e. higado y rifién para
anti-inmunoglobulina), en ocasiones no es posible llevar

a cabo la absorcidédn apropiada.

La dltima prueba de especificidad es, de hecho, -

Seee
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zigler la molécula en la membrana celular con la gue se -
combine el anticuerpo, ¥ 1levar s cabo la caracterizacidn
bioquimica. Esto es posible si se marca de antemano la su
perficie celular con iodo radiactivo, utilizando lz enzima
lactoperoxidasa (Philins y Forrison, 1970). Después puede
disolverse la célula en disolventes disociantes (MNarchalo
nis, Cone y Atwell, 1972) o detergentes (Vitetta, Baur y
Uhr, 1971). La mezcla totsl de las moléculas radiactivas
Ge la superficie celular se hacen reaccionar con el anti-
cuerpo de prueba y el precipitado resultante es caracteri
zaGo, generalmente por electroforesis en geles de poiiacri
lamida conteniendo reactivos disociantes (dodecil sulfato
de sodio, SDS). Al hacér esto, uno no solamente estd regis
\
trando el hecho de que un antisuero reacciona con una célu

la, sino tarbién se define con qué reacciona el antisuero.

En el sistema més simple, los anticuernos estdn uni
dos con moléculas fluorescentes o radiasctivas, mezclados
con linfocitos vives, que después son observados en su su
perficie por microscopia, p.e. la presencia de inmunoglo-
bulina en lz superficie de los linfocitos-E es demostrada
rdpidamente utilizando anti-inmunoglobulina conjugeda con

un fluorocromo.

Ia técnica menos ambigua para identificar proteinas
de la superficie celular con anticuerpos es el radiomarca
je de las células. En principio las células marcadas son
solubilivzedas y los componentes de la superficie celular
son purificados selectivamente vor lz &adicidn del articuer
po apropiado. El anticuerpo se combina con cualguiera de -
las estructuras por las que terga especificidad, y la pre

cipitacidn de sstos complejos se puede llevar a cabo con
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la adicidén de antigeno no radiactivo (precivitacidn direc—-

ta), o de anticuerpo contra el primer anticuerpo (precipi-

tacién indirecta). Por ejemplo, cuando es utilizado suero
de conejo anti-inmunoglobulina de ratén con linfocitos~-B

de ratdén marcados, la precipitacidn puede efectuarse agre

gendo inmunoglobulina de ratdn no marcada o suero de cabra

anti-inmunoglobulina de conejo. lLos precipitados son lava
dos y la cantidad de radiactividad que contienen se expre
sa como una fraccién de la radiactividad total que se pu-
so al inicio en forma de material macromolecular (determi
nado por precipitacidn con dcido tricloroacético). Como -
estos precipitados inmunolégicos especificos, tienen inva
rigblemente radiactividad atrepada o absorhida de menera

inespecifica, la radiactividad precipitada deberd siempre

ser caracterizada por ardlisis en geles disociantes.

Hey dos formas de marcar radiactivamente a las cé

lulas, externamente o internamente. En el primer procedi-

miento (Philips y Morrison, 1970; Marchalonis, Cone y Atwell -

1972; Vitetta, Baur y Uhr, 1971), las proteinas externszs
de la membrana celular, son marcadas con 1251, utilizando
lactoperoxidasa como catalizador. En consecuencia, las cé
Julas pueden ser solubilizadas simplemente y el extracto
anelizado por coprecipitacién con los anticuerpos apropia
dos, La desventaja es, que una identificacidn positiva no

garantiza necesariasmente sintesis enddgena por la célula.

En principio, el método estd sujeto a los mismos problemas

gue la inmunofluorescencia, pero ds la carescterizacién mo-

lecular cuando se lleva a cabo el andlisis en geles.

Para tener una pruebz directa de sintesis enddgena,

/o
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las células se deben marcar internamente "in vitro" con ami
noécidos (o azdcares) radiactivos. Aqui, el problems estri-
ba en que la mayorfs de la célula se marca, y que la membra
na plasmdtica, que tiene el receptor para el ant{geno, repre
senta un porcentaje muy pecuefio de la proteina celular total;
aproximadamente el 5% de los linfocitos de cerdo (Allan y -
Crumpton, 1971; Crumpton y Snary, 1974) o de ratén (Abney y
Parkhouse, datos sin publicar). Si asumimos gque el receptor
para el antf{geno no es superior al 5% de la membrana celular,
entonces el rendimiento tedrico para las células marcadas -

interiormente , debe ser muy bajo.

Sin embargo, es posible preparar la fraccidn de membra
na plasmidtica de las células, y utilizar esto como el mate-

rial inicial para la coprecipitacién (Parkhouse y Abnev, -

1974). La desventaja obvia de este procedimiento es gque to-
ma largo tiempo, aunque vale la pena llevarlo & cabo porque
quita gran cantidad de "ruido" antes de llevar a cabo la co

precipitacidn.

Un buen ejemplo de los problemas que se pueden presen
tar cuando se tifien células vivas con antisueros fluorescen
tes pobremente carzscterizados, estd dado en algo de nuestro
propio trabajo. Se habfa publicado (Santana et sl., 1974) -
cue un suero gnti-inmunoglobulina de ratén podia tefiir timo
citos de ratén. Los autores concluyeron, por lo tanto, cue
estes célulss tenian inmunoglobulina de superficie. Cuando
sometimos su antisuvero a las pruebas bioquimicas rigurosas
esbozsdas snteriormente, se aclard que el componente de los
timocitos que reaccionata con el antisuero, no era inmuno-

globulina (Santana et al., 1976). En lvgar de ello, surgid

que el antisuero contenia por lo menos dos anticuerpos : -

of eee
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uno que reaccionaba con inmurogiobulina de retdn (ausente
en los timocitos), y otro, responsable de la fluorescen-
ciz positive, que reaccionaba con un componente de la -
membrana de los timocitos, de naturaleza diferente a la
inmunoglobulina. KNosotros creemos que este materiecl cdebia
haber estado presente en el suero de ratén y fué copuri-
ficado subsecuentemente en la preparacién de inmunoglobu
lina usada para inmunizar al conejo que did el zntisuero

en cuestién.

La leccidén que se puede aprender de esto es gque-
en el estudio de las superficies celulares los procedi--
mientos inmunofluorescentes, solamente pueden ser total-
mente vdlidos cuando el antisuero estd bien caracterizado
y esto quiere decir, ceracterizacién bioquimica, de la -

discutida con anterioridad.

Un punto que vale la pena mencionar es que, el -
andlisis en geles del materizl aislado de las superficies
celulares, deberia hacerse siempre con reduccién cuimica
previa y sin ella; esto tiene el objeto de cetermirar la
rresencia o ausencia de subunidades unidas por disulfuros,
en la molécula que se estd estudiando.Otra vez, la impor-
tencia de esta precaucién, se puede ilustrar con nuestro
trabajo. Estd claro que los timocitos pueden tener en la
superficie una molécula que, en los geles con dodecil -
sulfato de sodio (SDS), co-emigra con inmunoglobulina no

reducida (Parkhouse y Abney, 1974). Lo que es méds, es -

precipitada por ciertos antisueros contra inmunoglobuli-

na de ratén (Santana et al., 1976). Sin embargo, estaria

mos muy equivocados al concluir que este nolécula es inmu

noglobulina. De hecho, no es reducible a cadenas pesadas

A
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() v ligeras (L), las cuales, por medio de puentes de di
sulfuro, dan como resultado la estructura H2L2, caracteris

ticamente de inimunoglobulina,

Asi pues, se encontré que esta molécula de los ti-
mocitos muestra el mismo peso molecular alto (eproximada-
mente 200,000) cuando es analizada con reduccidén quimica,
0o sin ella. Por tanto tiene una sola cadena polipeptidica

en su molécula y no una estructura con subunidades.



II. RESULTADOS

a) ILinfocitos-T

No hemos sido capaces de demostrar la presencia de inmuno-
globulina en la superficie de los timocitos o los linfoci-
tos+T periféricos (Julius et al., 1973), cuando las células
estaban marcadas externzmente con 125I. Los extractos de -
células se prepararon con Nonidete P-40 al 1% (p/v), § -
deoxicolato de sodio &l 1% (p/v) o con Urea 9 M-dcido acé
tico 1.5M. En todos los casos, se recuperd esencialmente
toda la radiactividad incorporada a las células, en forma
soluble, después de afiadir el agente extractor. La remocién
por didlisis, del mater&al de peso molecular bajo, did -
excelente rendimiento de material precipitable con £cico
tricloro acético (TCA) en los lisados con detergente, sin
embargo en los lisados con urea-dcido acétice hubo muchsa -
egregacidn, que csusé rendimientos variables (10-80%), al
ser dializados., La adicién de una gran variedad de reacti
vee anti-inmunoglobulina de ratédn (con las especificidades
para todas las clases conocidas de cadenas pesadas ¥y lige
ras) & los lisados diamlizados, fué incapaz de precipitar

cantidades detectables de inmunoglobulina de rztén.

También estuvo ausente cuando se afiadieron inhibi-
dores de enzimas proteolfticas (Trasylol, fluoruro de fe-
nilmetil-culforile, iodozcetsmids vy dcido- £-amino caproi
co) en el momento de hacer la lisis y durante los procesos
de aislamiento. Dstos resuitados contrastan con log que -
cbtuviros con linfecites esplénicos, donde la inmunoglobu
lina era rdpidamente detectable. El1 Nonidete P-40 did los
me jores resultados, el desoxicolato de 30dio los dif sa-

tisfactorios y la urea-4cido acético fué errdtica. Como ~

Saus



13,.
Farchalonis y Cone han dicho y yublicado enfdticamente rue -
la inmunoglobulina de timocitos no se solubiliza con Konidate
P-40, la perla obtenida después de centrifugar los extractos
de KP-40 de los timocitos marcados, se extrajo con urea-écido

acético, pero de nuevo, los resultados fueron negativos.

La controversia de que los timocitos tengan inmuncglo-
bulina de superficie o no, ha girado alrededdr de aspectos me-
todolégicos, en particular, la eleécidn del disolvente extreac
tor, eleccidén del anticuerpo usado para la purificacidédn de 1la
inmunoglobulina de superficie y 1la posibilidad de protedlisis
de la misma. Teniendo en cuénta que la inmunoglobulina de las
células T se ha caracterizado como una molécula }22L2 unida -
por disulfuros (Marchalonis y Cone, 1973), disefiamos un expe-
rimento en el cual todss estas variables metodoldgicas pudie-

ran ser ignoradas (Parkhouse y Abney, 1974), Las células mar-

cadas con 125I se extrajeron por 3 minutos a 100°C con dodecil
sulfato de sodio (SDS) al 4%-iodoacetamida 0.l0M-fosfato de -
sodio 0,05M, pH 7.0. El extracto se dializé por 2 horas (SDS-
2%-iodoacetamida 50 mM-fosfato de sodio 0.054, pH 7.0), se -
mezclé con 1311-IgM parcialmente reducida y asi, directamente
se aplicé a un gel de poliacrilamida-SDS. Se examinaron tres
poblaciones celulares : células de bazo normal, células de -
bazo "B" (provenientes de animales timectomizados a las dos
semanas, irradiados letalmente y reconstitufdos con higado -

131

fetal) y timocitos: Con el marcador internc de I como re-

ferencia, la regién correspondiente a /ung de cada gel fué
eluida con SDS al 2% ditiotreitol 2 mM-fosfato de sodio 50
mM, pH 7.0. El1 eluado se calenté (15 min. a 100°C) para ase-
gurar la reduccién completa, se alquilé (con iodoacetamida -
10 m¥) y se volvié a someter a electroforesis. As{ fué posi-

ble determinar, por lo tantoy si el material de la superficie

e
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. 3 125, - e .
celular marcado con ~ "1 con la movilidad ae/ksz, se podia

resolver en cadenas pesadas y ligeras.,

Cuando se enalizaron los segundos geles, estaba claro
que el marczdor interno (13lI~lg@L2) se habfa reducido a ca-
dénasdfty L. Una vorcién considerable de material de la su—-
perficie celular (1251) del "bazo B" que co-emigré con la -~
1311-/22L2 era sensible a la reduccidn, dando un pico en la
parte correspondiente a las cadenas/}é. La fraccién compara-
ble obtenida de los timocitos no fué sensible a la reduccién.
Por lo tanto los timocitos no tienen inmunoglobulina de su-
perficie, similar ayang‘unidas por disulfuros, que pueda -
ser revelada por marcaje;externo. El material presente en la
suverficie de los timocitos de ratén, que co-emigra con/ung,
¥y que se encuentra presente en cantidades relativamente eltas,
no tiene su contraparte en las células de bazo y por lo tanto
puede ser una protefna de superficie particular de los timo-

citos.

Si la inmunoglobulina estuviera presente en los timoci
tos, pero inaccesible a la iodacién, entonces esto se deberia
revelar con el marcaje interno. De acuerdo con esto, los ti-~
mocitos fueron marcados "in vitro" con SH-Leucina de 4 a 24
horas y se prepararon sus membranas. Sin embargo, fuimos --
incapaces de detectar inmunoglobulina en esas muestras de -
menbranas plasmdticas (Limite de deteccidn : 0.1% de la ra-
disctividad total), aunque las membranas de células ce bazo
preparadas de igual manera, contenfan inmunoglobulina fécil-
mente demostrable (3% de la radiactividad total). Cuando se
agregaron células de bazo internamente marcadas a un gren -
exceso de células de bazo o timocitos no marcados, las mem-

branas plasmiéticas preparadas en ambos casos, rindieron can

of ees
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tidades semejantes de inmunoglobulina. Por lo tanto tenemos
confianza de que nuestros datos negativos para los timocitos

no se deben a protedlisis (Parkhouse v Abney, 1974).

Log experimentos arriba descritos, arguyen en contra
de la presencia de inmunoglobulina en la superficie de los
timocitos., Para complementar nuestro estudio, cambiamos al

sistema de "liberacién metabdlica" (metabolic release)  —-

(Abnev v Parkhouse, 1976).

1251, son incubados

Aquf, los timocitos marcados con
"in vitro" por 2 a 4 horas y el medio es usado como una -
fuente de proteinas de la superficie celular. Se ha dicho -
cue, utilizando este sistema (Cone et al., 1974), la inmuno
globulina es libereda de los timocites ¥ es citofflica para
los macréfagos. La inmunoglobulina fué caracterizada como -
un polipévtido con la movilidad de cedena 7/4 en geles de -
SDS. En nuestros experimentos, los timocitos mercados en la
superficie se cultivaron "in vitro" por 4 horas. El medio de
cultivo se dializé contra solucién de fosfatos (0,05 M, -—-
pH 7.0)- Na C1 0.15M (PBS) frfa y se dividid en tres porcio
nes : (a) Control, no recibié ningdn tratamiento, (b) Preci
pitacidn no-especifica, IgG normal de conejo con suero Ge -
cabra anti-JIgG de conejo, (c) Precipitacidn con anti-innuno
globulina, conejo anti- (Igh (1), Igh (Ao), Ig6 (X), -
16y, (X) y cadenas K libres, todas de ratdén; més suerc de
czbre anti-IgG de conejo. Los precipitados se removieron y
los sobrenadantes se incubaron con macréfagos (células del
exhudazdo peritonesl de ratones inyectados con 1 ml de pro-
teosa peptona al 2%, por via intraperitoneal 4 dias antes -
de szcrificerlos), por S0 minutos a 0° . Las condiciones de
incubacién fueron tales gue, 2.5 X 107 macréfagos se mezcla

ron con el material liberado de 2 X 106 timocitos,
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I.as células se centrifugaron y lavaron con PBS, se -
disolvieron con SDS y se aplicaron en geles de poliascrilami-

da con reduccidn (con ditiotreitol) o sin ella.

Cuando las tres muestras fueron probades, se observd
que hebian absorbido cantidades muy semejantes de radiactivi
dad (aproximadamente 4% de la cantidad inicial). Pn el andli
£is en gel de las muestras reducidas, la mayorfa del mate
rial absorbido se encontrd que migraba en la misma posicidn
cue le cadena.f/k; sin embargo, este componente se encontré
cuando las células fueron %ncubadas con las tres diferentes
Tventes ce materisl de supérficie. Como una de las muestras
fué absorbida con suero poliespecifico anti-inmunoglobulina
de retén, el material radiactivo en la posicidn de la czdena
/4 no puede ser inmunoglobulina., Més ain, cuando las muestras
rno fueron reducidas antes del andlisis en gel, el pico en la
posicién de la cadena-M{ persistié, en ausencia de un compo-
nente radiactivo en la posicién de IgM monomérice (/lng). -
Es posible, auncue no es una prueba concluyente, que esta mo
1lécula haya sido confundida anteriormente y considerada inmu

noglobulins.,

Otra causa posible de identificacidn positiva de inmu
noglobulina en los linfocitos-T es el antigeno de peso mole-
cular alto (200,000) que se detectd en esas células por impu
reza de los antisuveros anti-inmunoglcbuiine ée ratdén (Santana

et al., 1976; ya discutido en la seccién II). Como esta molé

cula era estable a la accidn de los agentes reductores y no
reaccionaba con anticuerpos anti-inmunoglobulina de ratén, -

cuidadosamente preparados (Parkhouse y Abney, 1974: Atney y

Parkhouse, 1976: Santana et al., 1976), no era inmunoglobu-

lina, sin embargo, en vista de que pudimos demostrar la pre-
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senclz de ecte proteina, los aspectos técnicos del trabajo
no eran responsables de la incapacided perz demostrar innu
noglobulina. ¥n otras palabras, fufmos capaces de demostrar
un componente de la superficie de las células-T, a pesar -
ce cue este no era inmunoglobulina. Este punto fué enfati-
zado posteriormente con la caracterizacidn exitosa de la -

nucledtido pirofosfatasa de la superficie de ambos tipos -

celulares : linfocitos-B y ~-T del retén (Abney et al. 1976).

En trabajo previo se mostré que la nucledtido piro
fosfatasa era una eéto-enzimg de los hepatocitos del ratén
(Evans et al., 1974). Después del aislamiento de la enzima,
se prepard un antisuero en conejos y se usé como reactivo
para uvna molécula semejante en la superficie de los linfo-

citos,

Los linfocitos aislados de bazo de retdn, hidroli-

-~

zaron UDP-gazlactosa afiadida al medio. Ta fraccidn de membra
nas plasmdticas de linfocitos, se encontrd enriquecida de
la actividad de nucledtido nirofosfatasa (responsable de
esta hidrélisis) y en forma semejsnte, la fosfodiesterasa
alcalina y la 5' nucleotidasa. Las superficies celulares -
de los linfocitos de bazo y del timo de ratén se radiomarca
ron con 1251 utilizando el método catalizendo con lactopero
xidasa. Los extractos de detergéntes de las células se mez
claron con suero anti-nucledtido pirofosfatasa de membrana
plasmdtica de hepatocitos de ratén, purificada,y los inmuno
precipitados se anzlizaron por electroforesis en geles de
poliacrilamida. Solamente se observé un componente radiac-
tivo predominante, de tamafio similar a la enzima del higado
(P.M. aparente 110,000 - 130,000). La electroforesis de -~
una fraccidén de membrana plasmdtica de bazo marcada con -

1257 mostré varios picos. Cusndo se pasaron extractos de
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deterzentes de linfocitos de bazo por columnas de sefarosa

conteniendo antisuero contra nucledtido pisofosfatasa uni-

do convalentemente, la actividad quedd retenida en las esfe
ras, mientras que se eluyeron otras protefnas y la activi-

dad de leucina-naftilamidasa., Los resultados indican que -

las actividades de nucledtido pirofosfatasa y la fosfodies

terasa alcalina, se deben a la localizacidn de las mismas

o enzimas similares en la cara externa de la membrana plas

mitica de los linfocitos.

No se comprende totalmente la funcién de una nucleg
tido pirofosfatasa que se encuentra en la superficie de los
linfocitos y otras céluaas de mamf{fero. La enzima puede ser
vir para restringir la entrada de algunos nucledtidos a la
célula, p.e. productos de degradacidén de RNA, o puede servir
para conservar los nucledtidos celulares, asegurando su hi
drélisis a nucedsidos en la membrana plasmética, en conjun
cidén con las nucledtido fosfohidrolasas (p.e. 5' nucleoti-
dasa). Existen mecanismos espec{ficos para el transporte -
de los nucledsidos hacia el interior de las células (Berlin
y Oliver, 1975); la liberacidn de adendsina por los linfo-
citos al suero, puede causar vaso-dilatacién (Dobson et alw,
1971), asegurando asf el movimiento de estas células a tra
vés de vasos sanguineos muy estrechos. Es claro que el co-
nocimiento de la topografia de las enzimas de la membrana
plasmética es el primer paso dirigido hacia la determina--—
cidn de sus posibles implicaciones en el transporte y en el

metabolismo de los nucledtidos en las células de mamifero.

De cualquier manera, la presencia de esta actividad

en2imética en la superficie de los linfocitos, ciertamente

Seee
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hace que la idea de intercambio de informacidn entre linfo
citos a través de moléculas de RNA, sea muy poco probable
yea que la actividad enzimdtica descrita, se esperaria que

degradara a las moléculas de RNA.

En resumen, en una serie de experimentos muy riguro
sos, hubo falla total en demostrar inmunoglobulina en la -
superficie de los linfocitos-T, en condiciones en que la
presencia de inmunoglobulina de superficie era f4cilmente
demostrable en los linfocitos-B (ver seccidn III-b, adelan
te).

Se presentaron dos posibles cendidatos que errdnes
mente pudieran haber sido identificados como inmunogiobu-
lire, Esto, unido & la identificzcidn positiva de la nucled
tido virafosfatasa en la superficie de las céluwlas-7 (y -
células-B) arguye en contra de "problemas metodoldgicos"

corno causa de los datos negatives.

Fxperimentos recientes (Binz y Wigzell, 1977) confir
man nusstras conclusiones, ya que~identifican como el recep
tor para el aentigeno de las célules-T, & una molécula de
peso molecular 150,000, compuesta de dos cadenas polipep-
t{dicas de peso molecular semejente, unidas por puentes éi
sulfuro. Asi pues, esta molécula no tiene cadenas ligeras-
como la inmunoglobulinz. ¥és avn, los antisueros contrs -
todas las clases conocidas de cacdena pesada, no reaccionan

con preparaciones de receptor ¢de céiulas-T purificedo.

Recsultados semejantes han sido publicados por Kra-
winkel y Rajewski (1976).

Soee



b) Tiniccitoe-B

La mayoria del trebzjo en las células+B ha sido pu-

blicado (ver referenciss) y revisado también (Parkhouse et

al., 1976). Esta seccidn serd breve y solamente haciendo -

resaltar algunos puntos importsntes.,

Jos resultados que obtuvimos en el ratén (Abney y -

ParkhouseL,1974)'estuvieron‘estrictamente coincidentes con
el trebajo de otros (Vitetta et al., 1975; Melcher et al.,
1974) y se puede resurir como sigue : los linfocitos de ba
zo o de nédulos linfédticos se marcaron externamente con —-
icdo radiactivo, usando lactoperoxidasa, la inmunoglobuli-
na marcada se removid selectivamente por precipitacidén con
anticuerpo especifico anti-inmunoglobulina de ratdn. Al ser
caracterizados por eletroforesis en geles disociantes, la
inmunoglobulina de superficie ers predceminentemente de —-
estructura Hylo, unidas con puentes disulfuro; aunque se -
encontraron presentes zlgunas subunidades HL, o se encontrd
inmunoglobulina 19S5, Utilizando antisueros especi{ficos para
las cadenas pesadas del ratén, no pudimos detecter IgG 6 -
IgA. La precipitacidén con antifjl removid parte, .pero no -
toda la inmunoglobulina de superficie, La inmurnoglobulina
remanente, después de precipitar con anti cadena-/& (y re-
rmover el precipitado), se gigld con la sdicidn de anti-cade
na K, y después de haber sido sometida a reduccidn, rindid
caGenas pesadas con tamaro inteimeaio entre/u,y K1, y también

cadenas ligeras.

Podemos concluir que hay dcs clases de cadenas pesa
das, expresadas en la superficie de los linfocitos de ratdn,
Unc es IgM, y la otra, como no reacciona con anti-« , arti-of

é anti-zﬁ parece ser wn homdlogo de IgD. Este candidato pa

Soee
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ra IgD en el ratdn, semeja e su contraparte humana, en el
temafio de la cadena pesada, en la susceptibilidad tan mar
cada a la protedlisis y en su presencia en la superficie
de los linfocitos. Es demasiado pequefia para cer Igl. No
consideramos -ni como la posibilidad que la presencia de -
les células-T sea la causante de esta heterogeneidad, va
cue obtenemos los nismos resultados con células de bazo -
de ratones desnudos (atimicos congénitos). Ademds las célu
las~T periféricas, purificadas vpor paso a través de colum-—
nes de nylén (Julivs et al., 1973), no contenfan inmuno-

globulina, usando la misme metodologia.

]
{

Utilizando células de bazo de ratones CBA de seis
semanas cde edzd, o ratones desnudos, encontramos gue el -
60% de la inmunoglobulina de superficie es Igli; el resto
IgD, Por lo tanto, lez expresibén de IgD en la superficie -
celular, no depende de la presencia de los linfocitos-T,
Sin embargo, en el higado fetal, y en higado o bazo de ra
tén neonato, solamente se detecta IgM, indicando que en -
el ratdn la expresidn de Igli antecede a la de IgD en el -
desarrollo embrionario. Este hallazgo estd de acuerdo con
resultados en el humano {(Vossen y Hijmans, 1976). Anterior
mente se hebia pensado que la IgD antecedfa a la IgH en -
el humano, y los resultados estaban basados en comparacio
nes hechas entre sangre periférica de adulto y de cordén
umbilical (Knapp et al., 1973; Rowe et al., 1973), sin -~
embargo, estos resultedos sl perecer son incorrectos, Es
interesante sefialar que la secuencia de aminodcidos en la
IgD humana es mds homéloga con la IgE que con la IgG & IgH,
(Spiegelberg, 1975), lo que sugiere que la IgD evoluciond

algin tiempo deswués de la formacidén del gene para cadenas/i .

o/ oes
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is! pues, la IgD aparece de manera subsecuente z la Igl en

evolucidn y en ontogenia.

Une observacién curiosa fué 1la diferencia marcada
entre los linfocitos~B del bazo y les de los nédulos linfé
ticos, ya que, aunque solo se encontraron IgM e IgD en =
ambas poblaciones, la relacidén Igl/IgD fué de 1.5 en el ba
zo ¥ 0.3 en log nédulos. Considerando esto paralelamente -
al hecho de que la IgD aparece después de la IgM en la onto
genia, se sugiere que la poblacidén de linfocitos-B en los
nédulos linfdticos sea méds madura gue la poblacidn presen-
te en el bazo. Podemos’hacer notar que las células de bazo
responden & la estimulbcién con lipopolisacdrido de E.coli,
mientras que las de nddulos linféticos, no (G. Janossy y -
R.M.E. Parkhouse, sin publicar) y que las células de bazo
secretan bidsicamente Igl, mientras que el mayor producto -

de las células de los nédulos linfédticos es IgG (Parkhouse
1973).

El procedimiento de marcaje externo puede dar la -
cantided tectal de Igl e IgD, pero no su distribucién en cé
lulas individuales. Basados en la rareza de gue se presen—

ten otras inmunoglobulinas en la superficie de Jos JinfTcc

I 1=t

tos-B, aparte de IgM e IgD, se utilizé tincidn inmunofluo-~
rescente para indicsr que en el ratér, como en el humano,-
kay célulzes de bazo con Ig' e JgD en la superficie y otras

=

cue tienen ambas (Parkhouse y Abney, 1975, Parkhouse et sl.,

1976). En esos experimentos, la IgM fué la primerz en ser
cubierta con anti—cadena/ﬂ. mercacda con rodamina (formzcidn
de casquete), y despuds una segunda tincidén con anti Fab-K
marcado con fluorescefna, en presencia de azida de codio,_
para obtener una tincién en forma de anillo (inhibir ia forxr

./...



racidn del casquete), que se tomd como evidencia de la pre

sencia de IgD,

Recientemente se ha obtenido un antisuero especifi
co para la IgD de ratébn, que ha confirmado el resultado -

anterior (Atney et al., 1976b), Utilizando este antisuero

se pudo mostrar que la mayorf{a de los linfocitos-B en los
nédulos linféticos y en las placas de Peyer expresan sola
mente IgD, aunque algunos expresan a amhas (Igh e IgD) y

se vieron ocasionslmente células con Tgl sclamente. Sin -
embargo, en el bazo, las tres clases de células estuvieron
presentes en proporcio#es seme jantes. Al observar con nés
etencidn a las células con tincién doble, se noté una varia
cidn considerable en las intensidades relativas de ambos -
fiuorocromos, lo que sugiere una variacidn en la relacidén
de IgM e IgD de célula a célula, es decir hay toda una ga-
rma de céiulas, que ven, desde las gue tienen mucha Ig¥ y po
ce IgD, hesta las que tienen 1l relacidn contraria : poca
Ig y mucha IgD. Esto, junto con la observacidédn de los tres
tipos de células (i.e. Igh, IgD e Igl-IgD), v el hecho de
gue la expresién de la IgM antecedé a la expresidén de la -
IgD en la ontogenia, sugiere fuertemente una secuencia en
el deszrrollo de la expresién de la inmunoglobulina en los
linfocitos-B; que va de IgM a IgD con el paso a través de
células intermedias con ambos isotipos. Asf pues, los lin-
fecitos-B de los nédulos linféticos y de las plecas de Pe-
yer estarfan constitufdas por células mds meduras. Es inte
resante mencionar dentro de este contexto, el hallazgo de -
gue, los esplenocitos (células de bazo) grandes e inmaduvros

en el ratdn, estdn enriguecidos con Igh, mientras que los

S e
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més pequefios se pilensa, mds maduros, estdn enriquecidos
q y P s ’ q

de IgD (Goodman et al., 1975).

Estas consideraciones nos llevaron & examinar la po
sibilidad de que estuviera especializade a actuar como re-
ceptor para el antigeno en las células de memoria (Abnez -

et al,, 1976¢). Sin embargo, encontramos gue las células -

de memoria de dos clonas de células formedoras de anticuer
po, tenian receplores de la clase Igl, a pesar de que las
clonas heblan estado produciendo anticuerpos anti-DNP de -
igGy 6 Igls,s & lo largo de 9 & 15 meses, con estimulacién
entigénica. Asi pues, haﬁ evidencia de que hubo un cambio
fenotipico en la regidn constente de la cadena pesada, --
después de re-exponer al antigeno a estas células de memo-
ria. Se 1llegb a estas conclusiones porgue lz remocidn de
la Igl de la poblacidén de células de memoria inhitié el re
conocimiento del antigeno y la diferencizcidn subsiguiente
a células secretoras de IgG; sin embargo esto no sucedid -
al remover IgG § IgD de la superficie celular. Asi pues, -
la IgM de superficie no puede ser responsable solamente de
la induccién de tolerancia inmune, asi como tampoco se puede
pensar que la IgD sea el uUnico receptor para el antigeno =
para disparo de respuesta en las células B de memoria. En
lugar de ello, puede haber heterogeneidad en los receptores
de inmunoglobulina en los linfocitos-B de memoria(o de otro
tipol), que refleja la presencia de subpoblaciones que van
surgiendo en la presencia de la seleccidn antigénica,,o en
su ausencia, Tenemos cierta evidencia wreliminaxr (Cooper -
et al.,, 1976), que sugiere que los precursores inmediztos
de las células con IgG en la superficie, pusden expresar,
Ig¥ 6 IgD. Asi pues, la expresidén de 1lgG puede llevarse a

cabo de manera independiente de IgD, lo que estarfe de --
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acuerdo, con nuestros datos, de que, por lo menos algunas
células-B de memoria reconccen al ant{gzeno a través de -

IgH.

Los detalles en cuanto 2zl control v la evolucidn -
de la expresién de inmunoglobulina, quedan aidn pendientes
de aclarar, as{ como el papel que desempefia la IgD, de una
manera definida, Las células que lievan IgD, ciertamente
derivan de linfocitos precursores Igll positivos y la alta
frecuencia de linfocitos que expresan dos clases de inmuno
globulina tienen implicaciones profundas para el mecanis-
ro de integracién génica V-C.

7

}
Es un hecho extraordinario que la IgD no se hubiera

detectado antes en los linfocitos-B; sin embargo no se puede
detectar en el suero normal de ratdén (4Abney et al., 1976b),
por lo que su abunddncia en las células-B debe implicar un
papel como receptor para el antfgeno. Esto, tan fiécil de -
decir, no es particularmente explicito; de momento podemos
pensar en posibles funciones para IgD. Como se discutid -
antes, puede haber una secuencia de desarrollo, y de acuerdo
con esto los linfoeitos inmaduros con IgM se desarrollan a
linfocitos maduros con IgD pasando por un estado intermedio
en que tiene a ambos isotipos. ¢Serd posible que cada uno

de estos tipos celulares desempefie funciones inmunolégicas
diferentes? gSerd gue todos los linfocitos-B pasan por estos
tres diferentes y bien distinguibles estadios, o serd gue
algunos son diversificados en otras direcciones (p.e. IgG)
en cualquier estadio de la ruta de diferenciacidn? Ia res-
muesta serd dada probablemente de una forma definitiva con
tiémpo y experimentaciédn utilizando la "sorteadora de célu

las activadas por fluorescencia'. Una pregunta de lo més

Soee
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intrigante es, si Igl e IgD dan diferentes sefiales al -~
estar simultédneamente en un linfocito. En cierta manera
se podria pensar que no, ya que ambas comparten la mis-
ma regidn variable. Sin embarge, una pregunta clave, Po
dria ser la forma exacta de insercidén de estas dos inumu
noglobulinas en la memhréna, p.e. (Estarén unidas o -~
asociadas al mismo componente de la superficie celular

0 a diferentes? Otro aspecto importante, es ;cuando surgié
IgD exactamente en la evolucién? Si este isotipo no se
encuentra p.e. en peces elasmobranquios, pueden tenerse
algunas pistas sobre su funcidn. Ia susceptibilidad tan
marcade de la IgD a la proteélisis, se puede concebir.
como una pista; de hecho, se ha sugerido un modelo para
la estimulacién del linfocito-B, que considera crucial

la ruptura de IgD, siguiendo un estudio sistemdtico en el
efecto de la tripsina sobre la inmunoglobulina de superfi

cie (Bourgois et al., 1977).

Las dos ihmunoglobulinas de superficie (IgM e IgD),
fueron dirigidas por tripsina individualmente, y sus pro
ductos fueron caracterizados por andlisis en geles. Su -
susceptibilidad a la tripsina, y los productos gque libe-
raron, son muy semejantes a 1los correspondientes en el -
humano. As{ pues hay evidencia de homologia estructural
entre la IgD humana y de ratén, dado que los perfiles de
los fragmentos resuliantes de la digestidn fueron notable
mente semejantes. La susceptibilidad extrema a la proted
lisis, de la IgD de superficie, contrastd con la resisten
cia de la Igl de superficie. A temperatura ambiente y a
tiemnos ton largos ccms cinco horas de incubacidén con -
tripsina hey muy poca conversidn de Igh a los fragmentos

Fc¢ y Fab., Por otro lado, la IgD de superficie fué marca-

S
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darente susceptible. Hubo una conversidén de 80% a Fab y
Fc en 10 minutos a 0%C, Es razonsble pues, sugerir que
las propiededes bioguimicas de las inmunoglobulinas M
vy D de superficie estédn relacionadss con sus funciones
respectivas. Se ha propuesto (Vitetta y Uhr, 1975) que
la protedlisis de IgD en la célula, se lleva a cebo -
después de que ha habido interaccidn con el antfgeno,
lo que produce un cambio en la moléculsa, la cual exro
ne el sitio para: ruptura (en la regidn de la bisagra)
por enzimas proteoliticas, cue hace que en el Fc se -
exponge un sitio necesario pere el éieparo de lz céiula,
Ura hipétesis alternativa ser{a que el complejo antige
no-Fab (anticuerpo) es liberado de la célula por lo -
gue la ruptura jugarfa un parel fundamental. Asl pues,
ruestra pronosicidn es que, el papel fundamentzl de la
IgD de superficie, es el liberar un fragmento (Fab 57)
después de exponerse al antigeno, con la protedlisis
subsiguiente. Este fragmento, que por supuesto tiene

& las porciones variables (esto es, determinantes -
idiotipicos), sirve para permitir una respuesta regulg
dora anti-idiotipo, que actda a través del reconocimien
to del idiotipo de IgM; resistente 2 la proteass, ¥y que
persiste en ls surerficie de la célula. Esta proposi-
cién, que es enteramente hipotética, se apoya en el he
cho de gue muchas células-E sensibles al antigeno, --
tienen Ighl e IgD en la superficie. Cuando esto sucede,
ambas clases de inmunoglobulina ce dirigen al mismo de
terminante antigénico, ya que comparten lss mismas re-
giones variables (v por lo tento idiotinos) (Farkhouse
y Arney, 1976, revisidn). Aungue le sugerencia estd be

szda en datos puede resultar correcta o incorrecita, pe

S oas
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ro tiere la ventaja de que se puede probar experimentzl-

mente.

En resumen, la caracterizacidn de la inmunoglobu~
iina e la superficie Qe los iinfocitos-D, nosiré que -
edemds de IgM, habfa una cantidad vasta de una inmunoglo
bulina que llamamos IgD, no detectable en el suero., Se -
piensa pues, que esta dltima clase de inmunoglobulina sir
ve para una funcién especializada, que atin estd por defi-
nirse. Se llevaron a cabo experimentos que excluyeron la
posibilidud e una funcidn exclusive en las células-B de
remoria perz esta molégula. In otros experimentos se en-
contrd que la IgD de Juperficie es extremadamente sensi-
ble a la proteblisis, 1o cue es contrario para la Igl de
superficie. Como consecuencia se propuso una funeién hipo
tética (pero probable) para la IgD, que promveva ung res-

rueste reguladora anti-idiotipo.

Fl trebsjc descrito que se 1llevd a cabo para defi-
nir el papel bioldgico de la IgD de la superficie de los
linfocitos, no se hebrfa podido hacer, sin haber disefie-
¢o los procedinientos para el aislamiento de la IgD de -

superficie {Abney et al., 1976b), asi como prepzrar un -

antisuero especifico para IgD, para utilizarlo como un -

auxilio metodoldgico.
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INTRODUCCTION

Los exnerimentos clédsicos de Gowans y sus colabora

. 7

eron cue el linfocitio era lz celiuvlia -

dores (1) estahlec

-4

clave cue al reaccionar con el antigeno, por contacto, se
transforma en la célule efectora de las resnuestas inmunes,
(humoral v celular) como resultado de una serie de eventos

diferenciativos complejos y poco entendidos.

Un asnecto de la reswmuesta inmune, es su esnecifi-
cidad, v se exvlica mor su selectividad hacia el antiseno,
como 1o predicen los autofes gue ancvan las hipdtesis se-
lectivas de la inmunidad (2-4). Asi nues, los recentores
nzra el antigeno en un linfocito individnal son de ura S0
la esnecificidad, nero la esnecificidad varia de célula a
céluls en la roblacidn total de linfecitos de un organis-
me. Fn consecuencia, cuando un determinante inmunosgénico
se introduce en un animal vertebrado, sdlo una pecuefia -
norcién de células con las estructures adecuadas en los -
recentores son capaces de interactuar cor el antigeno y -
nor lo tanto son seleccionadas. Enseguida de la interaccidn
con el antigeno dichas células se dividen y diferencian a
células efectoras. Durante este proceso, algunas células
se mantienen como una coleccién aparte, como células de -~
memoria, las cuales forman una mnoblacidn exvandida oue, -
cox uns exnosicidn subhsecusnte al mismo antiseno, n»rovoca

12 bien documentads resvuesta inmune secundaria.

Sin embargo, a resar de cue los linfocitos se puedan
ver muv similasres bajo el microsconio de luz, son pobla-

ciones heterocsédneas de célulss.
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La divisidn mds simple y mds amplia que se puede -
hacer es : Linfocitos-B y linfocitos-T, sunoue es cierto -
ove hay una pronorcidn pecuefla de células que tienen las -
ceracteristicas morfoldégicas de los linfocitos y no vueden
entrar en ninguna de estas dos categorias. Estos posiblemen
te sean los precursores de las células-B o las células que
funcionan en las reacciones citotdxicas mediadas por anti-
cuerpos. El fundamento de esta divisién se apova en los -
exnerimentos hachos en nollos (5,6). Con la remocién del -
tino se encontrd el menos?abé de la resnuesta celular, mien
tras cue con la remocidn de la bhursa de Fabricio se denrime
nrofundamente el desarrollo de la resnuesta inmune humoral.
in los ratones, de una msnera similar, 12 remccidén del timo
conlleva unaz denresién de la respuesta inmune celular (7).
Hasta la fecha no ha sido nosible sefalar en el mamifero -
el eouivalente de la bursa en el nollo, v la evidencia re-
ciente sugisre cue es multifocal (8). Sin embargo, fué no-
sible mostrar que en el ratdén, los precursores de las célu
las secretoras de anticuernos son linfocitos-B y que su ma
duracidén demende frecventemente de la intferaccidn con linfo
citos-T (9). Este concento de una intgraccidn entre linfo-
citos-B y -T, tuvo origen en los evperimentos en ague 12 mez
cla de anbos tiros de células éran considerablemente més -
eficientes en transferir las resnuestas inmunes, ocue cual-
onier tivo celulsr sélo (10). Tanbién estaba claro ocue el-
linfocito-T, aunaoue nrolifera cuzando ce le nresenta el an-
tiseno, no se diferencia en célula serretora de antvicervos

(11-13).
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3.

El esguema se completd con el advenimiento de los
marcadores de la superficie celular nara los linfocitos-B

y =T (14) v la demostracidn de oue en muchas respuestas -

*.
)

inmunes, mie cs linfeocitos-B nueden sintetizer el -

n

res

P

enticuerpo, el linfocito-T es necesario para la induccién
("ayuda") (15). Los marcadores de superficie celular més
vovulares son : inmunoglobulina y Teta-1l para los linfoci
tos-B v -T resvectivamente. As{ oues, los linfocitecs-B 1le
van inmunoglobulina en su sunerficie v se diferencian en -
célnlas-B de memoriz v céluless secretoras de anticvermnos -
cuzndo son exnuestas al éntigeno, comunmente con la influeg
cia colaborzdera de los linfocitos-T. Lios linfocitos-T por
si mismos son responsables de los fendmenos variados de la
inmunidad mediada por células. Sobrevuestos a este esquema
va complejo, estdn : los posibles papeles desemnefizdos nor
los meerdfagos en la induccién inmune, v los efectos vosi-
tivos (avuda) v negativos (supresién) de los linfocitos-T

sobre las resnuestas de los linfocitos-T y -B (16,17).

Asi pues una pregunta clave en la Biologia moderna
es la regulacidén de la expresién génica ocue sigue a la inte
rzceidn de l2s células con hormonas, compuestas farmacolo-

gicamente activos, antigenos v otros tinos de células.

En la mavorie de los césos, el suceso critico es -
la combinacidn entre los efectores bioldégicamente activos
v les moléculas recentoras esnecificas localizadas en la -
membrana celular. Por lo tznto es de gran importancia que
dicras moléculas sean aisladas e identificadas, v el pro-
vecto a2 l2rgo nlazo serd exnlicar en términos moleculares,
las alteraciones del fenotipo celular cgue sigue a las inte

racciones del recevtor con el "ligando".
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Aunque en el presente trabajo se restringe el estu
dio a las células linfocéticas, la metodologfia es de apli-

cacidn general a otros sistemas.

En la actualidad hay evidencia exnerimental de oue
los linfocitos-B de una gran variedad de esvecies animales
tienen inmunoglobulina asociada con la membrana celular v

cue funciona como receptor para el antigeno (18).

La clase predominante en los conejos (19) y en los

ratones (20) es la IgM, ein embzrro la Igl zsociada 2 la -
\

membrana de los linfocitos, esté vresente, pero hasta cier

to nunto devende de la esnecie animagl, fuente de las célu-

las (tejido) v método de deteccidn (20,21,22).

n. los estudios hechos sobre la secrecidén de la IgM
de tejidos linfoides del ratén, se ha encontrado cue la po
limerizacidn de las subunidades 7S5 a la forma nentamérica-
195, se lleva a cabo a un tiempo muy ‘cercano a la secrecién
(22,24). En este momento algunos residuos de cisteina dejan
de estar blogueados (25), tal vez mor la accidn de una en-
zima "rearreglasa de disulfuros" (26) y cadena "J", se in-
cornoran la fucosa y la galactosa a la molécula (27,28). -
Asi nues, el proceso de polimerizzcidn requiere de la inte

gracidn de varios sucesos biogufmicos definidos.

De agui 1la idea de que los determinantes de IgM -
nresentes en la superficie de las células linfoides exista
como svbunidadés 7S deficientes en carbohidrato(29). Esta
nrediccidn ha estado avnoyada nor el aislamiento de Igh 75
de linfocitos marcados "in vitro" con 3H-Leucina (30) v -
nor el radiomarcaje de la snperficie de los linfocitos -

(31,32). ¥ientras hay acuerdo en que este es el caso nara
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los linfrcitos~B, 1a nresencia o ausencia de inmuroglobu-
1ina identificable en la suverficie de los linfocitos-T,-

’
P

est4 en controversia (31,32).

)

En vista de 1los naveles desempefizdos vor los linfp
citos-T en la inmunidad celular y tal vez en la vigilancia
inmune, es de importancia crucial que se demuestre la na-
turaleza del recevtor de la superficie celular de una ma-
nera satisfactoria, vy esta es la intencidn inmediata de -

este trabajo.



METODOS

5SBOZ0 DEL, ENFOGUE EYPERIMENTAL

Todos los exvnerimentos se llevaron a cabo en ra-

tones,

MARCAJE ENZINMATICO DE LA SUPERFICIE CELULAR :

Las susnensiones de células fueron marcadas uti-

12

N

lizando lactoperoxidasa .y I, Bl material radiactivo-

se localiza en la membrana vlesmdtica (31,32).

S

W)

La objecidn vnrincipal de este sistema, es que 1

proteinas del suero absorbidas de forma inesnecifica s

{e)

bre la sunerficie celular (v.e. anticuerpo citofilico)-
ca vueden marcar v dar resultados esnureos. De hecho ce
ha demostrado one los linfocitos-T tien=n gran capacidad

para absorber inmunoglobulina (33,35).

Otra objecidn, es que las nroteinas que estén muyv

enterradas en la memhrana no se marguen eficientemente.

Sin embargo estas objeciones se vueden subsanar
facilmente. En el orimer caso, es sabido que el anti--
cuervo citofilico se desnrende muy fécilmente de la su

nerficie celular, con solamente incubar las células a -

(WS}

7° nor 30 minutos 2 unz hora (34), de tal manera que se

veden nre-incubar las células antes de ma

»
2]
)

N
o]
(B
A
1)
<

|

comnarar los resultzdos con las células mercades sin -
dete vaso nrevio. Los resultados indicaron que no se -
observa diferencia. De hecho, es muy dificil marcar el

2mticuervo citofilico, ya ocue se nierde con las luvadas

e



de las células al orenarar las suspensiones.

En el caso de la segunda objecidén, tampoco es se
ria, va cue si una vroteina se encuentra furgiendo co-
me recertar, es diffeil nensar oue se encuentre "escon

dida" en el interior de la membrana.

ELECCION DE CELULAS

Timocitos como fuente de célules-T no activadas—
v aue llevan en la suvnerficie los antigenos TL y Testz

(14).

Timocitos de arimales tratados con cortisona, co
mo fuente de células oue tienen el antigeno teta, vero
hen verdido el antfigeno TL. Células de bazo v nddulcs

linféticocs, como fuente de células-B y -T neriférices,

D

Célulzss do bazo de animales timectomizados, letalment

(¢°]

{

=
2

irradiados v reconstituidos con células de h

t+
N
il

o
L}

€

de -

ot
®

tratadas con anti-teta y complemento, como Ffuen

1linfocitos-B.

Células de bazo de ratones atiImicos congénitos -

(nu/nv.), como fuente de células-B.

ATSTAMIENTO TEL, MATERIAT. RADIO-MARCADQO DE LA STTPERTICIE
CETULAR :
Como ls radiszctividad estéd limitedz a la sunerfi

cie celular, las susnensiones de células se extrajeron
con detergente no idnico (Nonidato-P40) cue no interfi
riere con la inmuno-precinitacidén , ya one los componen

tes nudieron ser nrecinitsados selectivamente con los -

/AN



8.

entisueros esnecificos adecuados y caracterizades en elec
troforesis en geles de pnoliacrilamida con detergente (do

decil sulfato de sodio).

USO DE PROTEINAS DE DIVERSOS WIFT.OQMAS :

La nurificacién de las diferentes clases y subcla

ses de inmunoglobulinas a nartir del suero de animales -

normales, es muy deficiente, ya cue hay proteinas como

la ferritina que permanece con las inmunoglobulinas, a

nesar de utilizar técnicas cromatogréficas con sesadex y

con resinas de intercembio idnico.

Ademds, cuando se separan eventualmente las vro-
teinas que no son inmunoglobulina, todavia cueda el pro-
blema de separar y opurificar las diferentes clases y sub

[

clases.,

Otro problema cue surge, son lzs cantidades rela-

tives de cada una de las diferentes inmunoglobulinas.

Por tales motivos, es mejor partir de nroteinas -
de mielomas, va gque noseen la gran ventaja de tener a una
sola clase o subclase de inmunoglobulina predominente, -
lo auve significa mavor pureza y mayor cantidad, sobreto-
do si se van a utilizar como inmundcenos y como patrones
de comparacidn en los geles de poliacrilamida o en el rz
dio-inmuno-ensavo, para la titulacidn de anticuerpos cla
se-especificos.

Cr e

21 el cbjeto de este trabajo es el aislar y c

Y

rac
terizar las inmunoglobulinas de sunerficie, es aconseje-
ble el uso de natrones de comparacidn en los geles, v na

ra evitar errores de interpretacidn, estos natrones se -

S
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e

vtilizaron marcados con un radioisétono diferente (1311)
Vv se mezclaron con las muestras nor analizar, vermitien-
do asf conccer la posicién exacta del patrdén y del proble

mes 3

Como la energia de emisidn del 131I tiene cierta
"derrama" en el canal de 1251, se contaron ambos radio-
isétopos, separados primero y mezclados después. Para ha
cer los cdlculos de la derrama del 131I en el canal de -
1?51, se encontrd oue ésta egquivalid al 25,9%, asi cue -

este vorcentaje se tuvo gue sustraer para tener las liec-

turas reales. ,
!

Otro de los mogivos por los cuales se utilizzron
nroteinzs de mieloma rurificadas, como inmundgenos, fué
el tener la segurided de gue solamente la nroteina desea
da produjera anticuermos, y no tener otro tino de conta-
min=nte desconocido (o conocido). EZsto es particularmen-
te immortante cuando se utilizan técnicas de inmunofluo-
rescencia, va gue si los antisuveros no estdn perfectamen
te caracterizados, pueden llevar a conclusiones totalmen
te errdneas (p.e. se estariz observando la reaccidn del

antisuero con algin otro comnonente de la membrana celu-

lar, v se inferirfa que es inmunoglobulina).

ANIMATES :

a) Reztcnes : Hembras I.PE (libres de patdgenos -
espec{ficos : SPF) de las cepas ingénitas Balb/c,

-~

CBA v C3E/E, de 3 a 6 semanas de edad
>

=h
ct

e

0]

0

~

3
v ratones neonztos Balb/c; ratonas gdultas de

3 a 13 meses de eded, de las mismss cepas.

S
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Conejos : Animales crecidos en el bioterio,

de 1,5 a 2 Kg. de peso, hembras y machos.

Cabhras : Animales adultos mentenidos en la

granja.

e



IN+“UNOGT.OBULINAS Din RATON

Jumunoglobulina

1. IgM (4, K)

2. IeM (i, Xy)

3. IgA (ol ,A2)

4. Ighq (Y, K)
5. Igbps (Y '2a, K)
6. IgGoy (X'gb, K)
7. Igt3 (Y3, K)
8. K

9. A

10. Fab Yo, (K)

Tumor

TEPC 183

MOPC 104E

MOPC 315

MOPC 21

Adj PCs

MOPC 195

FLOPC 21
MOPC 47A
MOPC 104E(0)

Adj PC5

Ffuente

sSuero

Suero

Suero
Sugro
Suero
Suero
Suero
Orina
Qrina

sSuero

L,
Prepar:icidn

Gradiente de sacarosa, ge-
les de acrilamida prepara-
tivos (1)

Gradiente de sacarosa,ge-
les de acrilamida prenara-—
tivos (1)

-DNP-Iisil-Sefarosa (2)

Sulfato de Amonio, DEAE (3)

Sulfato

Sulfato

Sulfato

Sulfato

Sulfato

Sulfato

deAmonio, DEAE (3)

de

de

de

de

de

Amonio,
Amonio,
Amonio,
Amonio,

Amor:io,

DEAE (3)
DEAR (3)
DEAE (3)
DRAT (3)

DEAg (4)

+ . . X . . _
Sxplicacidn de la prenaracidn de Inmunoglobulinas de plasmacitomas.

*TT



(4)

r2.

Un mililitro de suero anlicado a un gradiente 1i
neal de sacarosa (25 ml.) de 10-30% (n/v) en TRIS-
glicing pH 8.7. Centrifusado 16 h. a 100,000 g. -
E1l vico recogido, formado por IsM yoXo macroglo-
bulina, fué sometido & electroforesis preparati-
va en acrilamida al 3%. Desvués de algunas imou-

rezas menores se colectd el primer pico de Xp -

mzcroglobulina, seguido de la IgM (30),

Sefarosa coniugada con D¥P-lisina vor el método-

de bromuro de, cianégeno, en una columna. Se apli
1

ca el svero, v la proteina se eluve con DNP-gli-

cina (26).

Un volumen de suero, diluido con tres volumenes-
de amortiguador de fosfatos-salina v vrecinit-=do
con cuatro volumenes de solucidn szturzda de sul
fato de amonio. Dializado contra amortiguador de
fosfatos de votasio 10 mM, nH 8 y aplicado a una
coclumna de DEAE-celulosca, ecuilibrada con amerti
gvador de fosfatos de potasio 10 mM, pH 8&; des-—

nués de anlicada la oroteina y lavada con la mis
ma solucidn heeta cue la lectura de D.0. 280 sea

de cero, fué elulda con diez volumenes ée colum-

S - P Kl L N4 ~ 3
no fe un graziiernte Aa Facfatoes e netaed

R}

)
s
)
n
y)
15}
(@ N
£
-
>

T2 30 mM, oH 8. E1 nico eluido, fué precivita-

do con sulfato de aronio al 50% de saturacidén.

Tz murificacidn se lleva a cebo como en (2), v -

nosteriormente se vnrenzra el Fab nor digestién -

e



13.

con nanzina de acuerdo con el métndo de Knoof, -

Parkhouse vy Lennox (36).

Antisueros de conejo ¢ 1 mg. de protefna de ra-

tén en adyuvante completo de Freund en tres inyec
ciones .a lo largo de seis semanas. los animales-

fueron sangrados de siete a catorce dias después

Antisneros de cabra : Se obtuvieron de la misma -

Intisueros moliespecificos ¢ i.e. Anti-Fab :

Probado como anticuerpo nrecinitante contra todos
los isotinos de la variedad K, utilizando placas
de doble difusidn en agarosa (Ouchterlony). So-

lamente se usaron los anticuerpos gue precipita-

PREPARACION DE ANTISULROS.
1.

de la dltima inveccidn.
2.

manera oue los de conejo.
ESPECITICIDAD DE T.0S AMTISUEROS
a)

ron todas las clases,
b)

Antisueros monoesnecificos.

Hechos esnecificos nor vpaso en columnas apronia-

dan de inmumoglotmlire coniuradz con sefzroce. Im
esnecificidad se probd nor conrecinitacidn en ra-
dio—inmuno enseyo, utilizando oroteina radiactiva

de tcdas las clases.

Rzdio-inmuno ensayo : Antisuero de nrueba }ﬁ)jLJW
proteina de mieloma radiactiva (avroximadamente -

.

._/-'-
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10 ng con 10% c.p.m. de 231I), a temveraturs zcbien
te 30 minutos. Agregar la cantidad adecuads de -
suero de cabra anti-gama globulina de conejo., Is-
nerazy 2 cve ce Torme el vrecipitzdo, centrifussr -

v contar el sobrenadante y el nrecinritado. Se estan
dariza con referencia a controles positivos (anti-
Fab) y negativos (inmunoglobulina normal de conejo).

1311 usando

Las proteinas de mieloma se marcan con
la técnica de 1a cloramina-T, descrita vor Hunter-

v Greenwond (37).

Antisueros fluyorescentes de cabra snti-gzmme globu-

linz de coneio

Se utilizd el método de Goldstein v Cebra (1965) -
(38) v aue esencialmente consiste en hecer unz pu—
rificacidén narcial de las inmunoglobulinas del sug
T0 vor precivitacidén con sulfato de amonio; selec-
cionar grupos de inmunoglobulinas con punto isoeléc
trico restringido usando cromatografia en DEAE-ce-
lulosa equilibrada con soluccidn amortiguadora de
fosfatos de sodio 0.01 M, pH 7.5 y eluyendo ccn -
gradiente escalonado de concentracidn de sales -
(N2C1 0, 0.05, 0.1, 0.2 ¥).Concentracién de los -
nicos de nroteina a 10-20 mg/ml, vy didlisis contra
NaCl 0.15 M. Ias fraccicnes obtenidas indivicueal-

mente se conjugan con isotiocianato de tetrametil-

e

rodamina o bien con isoticciansto de flucresce

(30}4.,;{ de TRITC 6 12.5 pg de FITC/mg de proteinz).

na—

. . ° 3
La conjugacidn se 1lleva a2 czbo & 0°C mor dos roras

a pH 9. 0-9.5, mantenido por 1la adicidén de KNz OH -

o/ een
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dilufda (0.1 - 0.01 N) se deja a 4° C curante 12 no
che nara que el vH decrezca esvonténeamente, &justar
lo a 7.6. Remover el fluorocromo no unido en sepha-
dex - G-50 eruilibrado con fosfetos 0.01 M oH 7.5 v
fraccionar la inmunoglobulina conjusada en DEAE-ce-
lulosa, con el gradiente escalonado descrito arriba.
A'medida-que aumenta la conjugacidén, disminuve el -
nunto isoeléctrico de la vroteina conjugada. Asi -
vues si se emnieza con fracciones de inmuncglotuli
nz cne tengar un nunto isoeléctrice homoséneo, 1z -
columna de DEAF-celulosa permite seleccionar a las-
moléculas de inmunoglobulina que tengan unidas can-
tidades similares de fluorocromo ror molécula, Fsto
nermite excluir al anticuerno vnoco conjugzdo, que -
se une a los sitios antirédnicos v cue no se puede -
detectsr, v también al anticuerno conjurado en exce
so, aue nuede estar inactive o bien cue se nuecde -
adherir en forma inesnecifica a las membranas celu

lares.

Las inmunoglobulinas ogue tienen una relacidén de den

. , - D.0.280M™ D.0.2807"

gon las utilizadas.

PRUEBA CON CELULAS VIVAS :

Se utiliza el anticuerve fluorocromo a varias dilu-
ciones, notando dos asnectos fundamentales z) Brillantez
v b) Nimero de células tefiidas: se utiliza a la dilucién
neceszria en gue se tenca el mivimo de ambas, ya cue sigue

una curva semejente a2 la de Gauss.

S e



b)

Tincidn de c4lulas vivas :

Se h=ace sisniendo el método descrito ‘por Raff (39;.
Zs fundamental oue las células estén realmente vi
vas (es decir, oue no se ercuentren células muer-
tas), para evitar la absorcidn inespecifica del —
anticuerno, 6 el paso inespecifico del mismo al -

interior de 1las células muertas.

2-4x107 células/ml. 20421, se dejan a temperatura
ambiente con el anticuervo 30 minutos, se lavan 2
veces v se incuban otros 30 minutos con el anticuer
no de cabra anti-conejo conjugado con el fluorocro
mos nara que se forme el casquete se lavan 2 veces
v se montan en un vortaobjetos con cubreobjetos, -
sellado con varafina l{quida (a 5Cf C). Se ven al
microscopio ‘de fluorescencia, obteniendo el norcen
taje de células tefiidas con respecto a las no te-
#idas, utilizando filtro de interferencia de 510 -

nm vara fluoresceina § de 570 nm para rodamina.

Tincidn doble de cdlulas vivas @

Se promueve la formacidn de casquete con el primer
anticuerno de conejo y cabra anti-conejo conjuga~
do con un fluorocromo (p.e. rodamina); despuéds se
ponen las células en bafio de hielo y se tratan con
el sz2aundo anticnerno de conejo seguido de csbra-
anti-conejo conjiugado con el otro fluorocromo -

(n.e. fluoresceina), en presencia de azida de so-

dio al 0.03% vara evitar 1la formacidn de casquete.

5
d

2ot y -1} A - 9.9 3
Asl se vuede opservar 21 nunero da cgluias c¢on -

tincidn sencilla (uno w otro fluorocromo; cascue—

S
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te o anillo) y las células con tincidn doble (ambos

fluorocromos; casquete v znillo) y calcular el por

centaje, respecto a las no tefiidas.

MARCAJE DE TAS MEMBRANAS CELULARES CON 1251.

Se utilizd el método descrito por Phillins y Iorri
son (40) donde la reaccidén de incorworacién del yodo a -

las nroteinas de la membrans celular se lleva a cabo por

lz cetdlisis de la enzime peroxidasa scbre el nerdxido

Vv

régeno, siendo éste un tratamiento muy suave, cue no -

ou

€

e
-
o
.—s

medifica la viabilidad celular, y oue nermite el mercaje-
externo solamente., Se 1llevd a cabo en cuatro vasos imnor-

tantes

[\

Suspensiones de células en solucidén de fosfatos-sa
lina (en ausencia de proteina, por razones obvizs),
con viabilidad superior al 95% (medida por exclusidn
del colorante azul tripano); en forma muy répids:-
llevendc a cabo el proceso en condiciones éntimas

de ranidez y temperatura, para evitar la degradacién

de las proteinas y la obtencidn de artefactos.

b) Prenaracidn de los extractos celulares : Desnués del

D

Ié
eln

=

. r'é
2e gse resusvendieron en volumenes

e lzs

d

=

merc

N
T4
)

o)
1)

gran

e

()

fosfato-salina vpara lavarlas por centri
fugacidén en frio v se lisaron en solucidén de fosfa
toc-szlina conteniendo el 1% de Nonidato P-40 {deter
gente no idnico) fluoruro de fenilmetil sulfonilo -

10 mM (para inhibir la protedlisis, fundamentalmen

S
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te aguella provocazda vor la serinz-esterasa) y con
Todoacetamida 100 mM (para inhibir el re-ensamble
esnonténeo de macromoléculas a través de los -SH).
Degmiés de dejar las muestras 5 a 10 minutos en -~
hielo vara permitir la disolucién de las membranas,
se centrifugaron a 15,000 x g durante 15 minutos. —
El sobrenadante se nasé por Sephadex G-25 para eli
minar el material de bajo peso molecular, conservan

do solamente a las nroteinas.

In estas ccndiciores esencialmente tocdo el material
preciritable con #4cido triclorcacético es solubili

I
zado por el detlergente NPLO v recuperado del Sevha

dex G-25, treinta2 minutos desvués del mercaje celu

lar.

1]

Aislamiento de la inmunoslohulirna @ Ta inmunoslobu
lina fué aislada de los lisados nor inmunoconreci-
nitscidn. Se utilizd el sistema de coprecipitacidn
indirecta, i.e. orimero suero de conejo enti-inmu-
noglobulina de ratdén y enseguida suero de cabra -
anti-gama globulina de conejo, en hielo y seleccio
nzndo el suero de cabra gue en estas condiciones -
nrecipitara mds rdvidamente (vale la pena mencionar

otra vez que se utilizaron las condiciones en Tue-

On

se oudiera evitar la protedlisis y la desradecidn-
en general de mznera més eficiente). Unz vez cue -

se huko form=do el »nrecivitado, se centrifusd v se

1avé con fosfatos-salina~ 1% NP4O-PFSF 10 mF en

frio, hasta ocue el ndmero de cuentas vor minuto del
nrecinitado no disninuvdé més del 10%. E1 dltimo la
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vado fué hecho con fosfato-salina para guitar el
detergente, v los precipitados fueron contados -

en un contador de radiaciones Y (TKB 2000),

AnZlisis y caracterizacidén de la inmunoglobulina
de suvnerficie en electroforesis en Geles de polia
crilamida con dodecil sulfato de sodio (SDS). En
vista de que se utilizaron antisueros isotipo -
(clase)- especificos, el andlisis de las especies
mcleculares de inmunoglohulinag, se llevaron a c2
bo en geles disociantes de SDS, en los cue la se
paracidn se debe a la diferencia de nesos molecu
lares y no de carga. Se nuede elegir entre dos -
onciones : geles reducidos v no reducidos, ya que
las inmunoglobulinas son proteinas compuestas de
dos tipos de cadenas ¢ vesadas y ligeras, y nue-
den wnresentar diferentes grados de nolimerizacidn:
monomérica, dimérica, trimérica y nentamérica e

incluveron un mercador interno.

1. Geles no reducidos : Los coprecinitados fue
ron disociados con solucidén de SDS-iodoace-—
tamida-sacaros (1% - 50 mM .- 7%), hirviendo
a Bafio Maria 2 - 5 minutos, con el fin de. -
observar la clase y grado de polimerizacidn
de las inmunoglobuliness Los geles utilize-—

dos fueron al 4.25% de acrilamida,

2. Geles reducidos : Con el fin de analizar vno
sibles diferencias en los tamafios de las ca

denas pecadas, los conrecipitados fueron re
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ducidos con Ditio-treitol (DIT) 1 m¥ en fos-
fatos de sodio 20 mM oH 7.2 - SDS 2%, someti
dos a ebullicidn 15 minutos. Pera evitar rez
socciacidn las muestras fueron aleouiladas con
un exceso de iodoacetamida (10 mM) y someti-
das a electroforesis en geles con marcador -

interno.

Marcador interno : Los marcadores internos fueron

)

\.

nreparados, utilizeande inmunoglobulines purificsdes

de mieloma (IgV de WOPC 104E e I2G de Adj PC5), ma

Lo ]

cains con 1317 nor el método de Hunter vy Greenwood,

(37 éstas fueron :
(1) No tratadas : IgG

(II) Parcialmente reducidas : Igl, usando DTT 0.5
m¥ a temveratura ambiente 60 minutos, alcui
lando posteriormente con un exceso de iodo-
acetamida (50 mM). Esto permite tener las -

especies moleculares Holo y HL,

(III) Totalmente reducidas : IgG e IgM, utilizan-
do DIT 1-2 m!¥ en SDS 21 2%, hirviendo 15 mi

nutos y aleuilando con un exceso de iodozce

tamida (50 mM).

Se hizo nosteriormente una mezcla aprovniada, cue -

incluvd :

7S Igh (H2L2),/U.L (HL),/u. , ‘(,v L.

-,/-..
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ELECTROFORESIS EN GEL DE POLTACRILAMIDA - SDS

Tcdas las muestras fueron mezcladas con marczior
internc (mezcla artificial de inmunoglobulinas de =ielo-
ma de ratén en diferentes grados de reduccidn y marczdas
con 131I) antes de ser sometidas a electroforesis, y en-

una provorcidén de 3 a 5 veces de exceso de 1251 sopre -
1317,

Todas las muestras fueron corridas en geles de -
6 cm. de longitud y 0.5 cm. de didmetro. Para geles a2l -
7% fueron 4 horas a 15 mA/gel v para geles al 4.2% £ ho-

ras a 10 mA/gel, (41),

Posteriormente los geles fueron congelados, cor-
tados en rehanadas de 1 mm. de longitud y contadas en -

ambos canales (1291 v 1317y,

Las cuentas por minuto fueron corregidas npor el-
cruce de canales (26% de 131y se derrama en el canal de-

1251) v graficadas.

2a., ELECTROFORESIS DE MUESTRAS EXTRAIDAS DE LOS GELES,

En los cascs en aue se necesitd extraer muestres

de los reles, el mice fvé locelizado contando las rehan

AY]

fe

dzs de gel, reunidas y extraidas vor ebullicidn en fosfa

tos 0.02 ¥-SDS al 1%, Ditiotreitol 1 mlM, cQurante quince

{

minutos, el sobrenadante se trarnsfirid a otro tubo, des-
niés de haber sido blocueado con iodozcetamida 10-50 i,
se le adiciond la sacarosa y la urea y se corrid nueve-

mente 1a muestra en electroforesis.

O/QIQ
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PREPARACION DE MEWMBRANAS DE LINFOCITOS.

Se utilizd el método de Crumpton y Snary, que ccn
siste bédsicamente en hacer una susnensién de células (ba
z0) lavadas, romperlas y someterlas a centrifugaciones -
diferenciales para severar micleos y mitocondrias de ri-
bosomas y membranas y ésta 1Ultima fraccidén se somete a -
un grediente escalonado de sacarosa (36% y 26%). Bn la -

interfase se obtienen las membranas ourificadas (42,43).

Se hicieron controles en todas las fracciones, ha
ciendo determinaciones de nroteina (la membrena constitu
ve el 0.1 - 0.2% de la proteinz total de los linfocitos),
y 5' nucleotidasa (enzima caracteristica de la membrana

plasmdtica).

PREPARACION DE COLUMNAS DE SEFAROSA-4B CON ACTIVIDAD DE
ANTICUERPOS,

1. Gamma globulina normal de conejo : se prepard usan
do 6 mg., de gamma globulina normal de conejo puri

ficada y 3 ml. de sefarosa.

i . . - /g
2. Anticuerpo de conejo anti caaena/u:de ratén : se
prevard con 3.6 mg. de anticuerpos v 1.8 ml. de -

cefreroca,

E1l anticuerno anti~cadena/w-de ratdn se prevard nor
la aplicacidn de suero de conejo eswnecifico anti—/&
2 unz columna de sefarosa-Ighi (MOPC 104E§/*9>L1)’

y eluvendo el esnticuervo con Zcide acético 1 M.

S ees
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3. Anticuerno de conejo anti-Fab (X) de ratén : Se -
prevard utilizendo 5 mg. de anticuervo y 2.5 ml,

de sefarosa.

%1 snticuerno anti Fab (X) se nrerard de unc marne
ra seme jante , mezclando los siguientes eluados :
conejo anti-IgGy completa (K) (MPC 21) retenido -
vor Sefarosa~Igby, (K) (Adj PC5); conejo anti-TeG,
comvleta (K) retenida vor sefarosa-IgGy (K) (MPC21)
y conejo anti-Igl completa (K) (TEPC 183) retenida

nor sefarosa-Igho, (K) (43j PCR).

]

PREPARACION DEL ANTISU%RO ANTI-IgD,

La prevaracidn de membranas vlasméticas de células
de bazo de 1750 ratones Balb/c (160 g. de peso himedo) -
rindieron 130 mg. de proteina. Las membranas fueron di-
sueltas en 25 ml., de solucién de fosfatos-salina conte-
niendo 1% (v/v) de nonidato P-40 y fluoruro de fenil me-
til sulfonido 1 mM, centrifugadas a 105 x g durante tres
horas, y posteriormente el sobrenadante fué pasado por -
tres columnas sucesivas de sefarosa-4B : (I) conjugada -
con gamma globulina normal de conejo; con el fin de fijar
cualouier tino de moléculas cue se adhieran a estas nro-
teinas de una manera més o menos inespecifica v oudiera

cnrnetir cor loe articuernns en las colurnese gicgniertes -

e

(p.e. Teceptores de Fec)., (II) Anticuernos esvec{ficcs de
cone jo anticadehayu,de retén, con el fin de fijer 2 lz -
inrtunoglobulina M vy (III) Anticuervpos esvecificos de co-

nejo anti Tab de ratdén ., con el fin de fijar a2 1a IgD.

S
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rosa (44) dan una gran capacidad como inmunoabsorbentes.

o]

Desoés de nasada la muestra, las columnas fueron
l=vadae con solucidn de fosfatos—salina con 1% de NP-AQy
vosteriormente solamente con fosfatos-salina. Dada la la
bilidad de la IgD, la sefarosa-anticuerno-inmunoglobuli-
nz de ratén, fué emulsificada con igual volimen de adyu-
vante de Freund e inyectada en los conejos (45}, sin to-
m2r el riesgo de eluirla y avrovechendo nuevamente las -
ventajes del inmunoabsorbente cuve dariza una vide méds ler

|
ga al antigeno en el conejo,



RESULTADOS Y DISCUSION

Iias suspensiones de células esvlénicas con viabili-
ded mayor del 95% (por exclusién de zzul tripano) se mar-
caron externamente con 1291 por el método de catdlisis con
lactoperoxidasa (46), la inmunoglobulina de superficie fué
vrenarada por inmunoprecipitacidn con suero anti Fab-K y
agnalizada en geles de a2crilamida al 4% con dodecil sulfa-
to de sodio all%(SDS)(26) con 1a adicidén del marcedor in-
terno (IgM marcada con 1%1I (23) parcialmente reducida a
Holo y HL). Como va se ha descrito antes, encontramos ura
proporcién mzyor de radiactividad de ls inmunoglobﬁlin“ -

[

de la sunerficie celular en la parte del gel que corresvon
de 2 la subunidad Jglg (}LQLZ, mondmero) (¥ig.l), la cual
nor reduccidn did czdenas vesadas y ligeras (Fig.2); sin

bargo, tamhién se observd una cantidad significativa de

e

3

rzdiactividad, en una posicidén ligerzmente més avanzada -
(més pequefia) que la subunidad HL, gue por reduccidn también
dieron cadenas pesadas y ligeras (Pig.2) y vor lo tanto -

debieron ser subunidades HIL.

Desmués de la reduccidn y alauilacidén de ambas subu
nidades, HoL, y HL, en geles al 10%, mostraron dos esne-
cies diferentes de cadena nesada, una con la movilidad -
(v por 1o tantc nec=o molecular) igual &gl mercsdor inter-
no de czdena 1311}1—, y el otro (Fig.2) con una migracién
mevor (nor lo tznto de vneso molecular meror) gue JA, mero
menor (vnor lo tento de peso molecular mayor) que la cade
nefg: La provnorcidn de radizctividad enccntrada en la cz

dena nesada més nequefia (migracién més rédpida que M) fué

o/o‘o
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u
de bazo de ratdn.

Las susnensiones de célulzs de bazo de ratdn, -
CRi, de 4 2 € cemanns de edad, fueron marcadas cor 12571,
ror el método catalizado vor lactoperoxidasa (40), lava-
des con salina-fosfatos y lisades durante 10 minutos a -
0° C en Nonidato P-40 21 1% en PBS. Los lisados centrifu
gados (a 4,000 x g por 10 minutos), fueron dializados -
contra nonidato P-40 al 1% en PBS, en frio. Ia Ig de su-
verficie fué precinitada con lolul de suero conejio enti-

Ig¢ de ratén (voliesrecifico), seguido de 100 M1 suero -~

de cabra anti-IgG de conejo. Pl precipitado lavado (NP40
al 5% en PBS : 3 veces v dos veces mds en PBS, todos los

lzvados fueron hechos en frio), fué disvelto en dodecil -
sulfato de sodio al 4%-Iodoacetamidae 0.1 ¥-fosfatos de -
sodio 0.05 ¥ (pH 7.0), hirviendo durante 5 minutos 2 ba-
#o Warie. A la muestra asi tratada, se le 2fladid marcedor
interno (ver texto), IgM de mieloma MOPC 104E marcada -
1317 v reducida wnzrcialmente con ditiotreitol. Para-

el andlisis en gel, se depositd lz muesira en un gel de
noliacrilamida al 4.25% conteniendo dodecil sulfato de -
sodio al 1%. Desvuds de la electroforesis (4 horzs a 10mA/-
-/gel) se reband el gel en segmentos de 1 mm. y se deter
mind la rsdiactividad. Tos valores fueron corregidos vor

el cruce de canales v los datos ecstdn revresentzdos en -

le grédfica, con la parte superior del gel hacia la izcuier

a
1

da. -, representa la Ig de superficie marcada con -

\)
N
—

- - —, revresenta a2l marcador interno (1311).
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FIGURA 2 Heterogseneidad del tzm2%0 cde la cadena ness—

da de la inmunoglobulina de sumnerficie de los

Linfocitos.

lias secciones del gel mostrado en la Figura 1,-
conteniendo los comnonentes Hpols y HL fueron eluidos en -
condiciones reductoras (DTT 2 mH) (ver texto). El eluado
fué hervido 15 minutos para asegurar la reduccidn de todos
los puentes disulfuro, después fueron alquilados por la -

icidn de iodoacetamida (concentracidén final 10 m¥). El

N
(@7}

mzterial resultante se devositd en geles de noliacrilami-
da al 10%, conteniendo dodecil sulfato de sodio, mara re-
sclver los comvnonentes de la cadena pesada. Se observa cue
el mercador interno de 131I proveniente cel primer eel, -
se encuentra totalmente reducido, e indica 1as-posiciones
nzra la cadena/u.y la cadena ligera. Los geles fueron re-
benados v contédos de la misma mznera gue en la Figura 1.

La posicidn de la cadena ?{ fué determinada corriendo un

gel varalelo con una muestra de 131I-IgM (KOPC 104E) redu
cida y mezclada con Y31I-IgG,, (Adj PC5) reducida, a) -
HoLo de superficie, reducida, b) HL de superficie, redu-

cida. Iinea sélida 1221, 1inea punteada marcador interno
de 1317,



menor en lz muestra reducida de HQL? (Ffig.2a) que en le -

de la muesira reducida de HL (¥ig.2b).

Para eliminar la vosibilidad de gue la heterogenei
=G de le inmunocgitbuliivz ~udiers deberse a2 1la presercis
de los linfocitos-T (45, 47) de las susnensiones de las -
células de bazo, llevamos a cabo los mismos exnerimentos
con células de bazo de ratones desnudos (nu/nu, atimicos
congénitos) y con ratones "B" (timectomizados, irradiados,

tratados con cortisona y reconstituidos con células de -

.
jnz
'y
m
jA))
Qo
o
=,

etsl ); los resultedos obitenidos fueron 1os mismos.
Ademds, las célules-T obtenidas vor senaracidén de lzes ef

1
lulas de bszo en coluhnas de nylon (48}, no contienen -
cantidades detectables de inmunoglobulina de suverficie,

utilizando este tipo de metodologia.

Como control de degradacidén de material contenien
do cadena/ﬁ durante la preparzcidén de inmunoglobulinz -
marcada (Iz) se llevaron a cabo exverimentos de recons-
truccidn. Ambzs esvnecies 1251—H2L2 v 1251-HL, prenarzdas

nor reduccidn varcial de IgM de mieloma MOPC 104E, se v

s

dieron recumnerar sin cambio cuzndo se afiadieron a <

} )

sne

1=

[oF)
D

siones de células de bazo, sin marca, y vor medio inmu

log

3]

noprecipitacién y electroforesis en geles de SDS. Las su
bunid=des HL encontradas en la sunerficie de los linfoci
toe esnlénicos no es rues el resultado de una desvoli-e-
rizacidén reductiva de/LQLg durante el aislamiento. Tesnuds
de reducir las 1251—/12L2 Y 1?51—/ML dieren las cadenes -
nesadas con el mismo tamafio que la cadena/u.no trataeda;-
esto es, la hetercgeneidad de la Ig de suverficie de la-
célula no resulta de la degradacidn durante el procesd de

2islamiente,

s/ @ a
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Una exnlicacidn nosible wara la heterogeneidad -
¢e la Tg de sumnerficie, es cue wudiera existir une relacidn
“recursor-nroducto entre las diversas esnecies observadas.
Dicha relacidn rodriz reflejar una via bhiosintéticz ¢ un

recambio metabdlico de la inmunoglobulina gsociada a la -

membrana.

En el primer caso de subunidad HL podria ser el
intermediario en la biosintesis de Holo, v la cadena pesa

d

AV

necuefia seria/ﬁ.narcialmente glucosilada, gue regueri-
ria la zdicidn vosterior de mds residvos de azdcar nare -

su terminrnecidén.

cidn zltermativa se tendria oue la
{‘

- .

&
direccidén de la relzscién fuera inversa, es dec

-

r, hacis -

=]

&

dersradacidn de Holip a HL y nrotedlisis de la cadenrna ve

n

ada.

Para definir estas vosibilidedes, se marcaron a
las células de bazo con 1251 y se cultivaron "in vitro"
2 37°, de O a 12 horas. Pué evidente la ansencia de cual-
ouier formas de relacidén precursor-producto ya que las re-
laciones Hol, a HL y de cadena pesada grande (cadena/u.)
a pecuefia determinadas a tiempo cero, permaneciercn sin -
cambio en la Ig de superficie liberzéz al medio y recune-
r2da a diferentes tiemnns de incubszcidn. ¥ste exnerimento
demostrd también cue lss "vidas medias" de todas las esne
cies de inmunoglobulina nresentes en lz suvnerficie celuler

eon similsres y tienen un valor de 10 horas.

Posteriormente se exvlord la posibilided de cue
12 cadena nesada pequefa, fuera derivzda de otra clace de

inmunoglobulina, diferente de la Ighl, vor lo que se utili

S



aron entisueros clase-especificos definidos, paras el -

N
AV)

gislemiento de la inmunoglobulina de suverficie.

Los anticuerpos esnecificos para cadenas X?, \/éa,
X ops ¥V K no fueron capaces de precipitar inmunoglobuli
na de los linfocitos de bazo, marcados con 1251, y solu-
bilizados con detergente; sin embargo el antisuero espe-
cifico antijjk precinitd inmunoglobulina, cue en los ge-
les didé HoL, y HL, las cuales por reduccidn demostraron-
tener cedenas H v I, corresnondientes en tamafio 2 la ca-
dena fL de secrecidn (Fig.3a), vor lo aque a este meterial

se le identificd como cadena .

Una vez removida la Igh de este lisado, por inmu
noprecipitzcidén especifica, en el sobrenzdante se 1levé-
a cabo una segunda precipitacidn esta vez con el antisue
ro poliesmecifico, es decir, con anti Feb-K; en esta oca
sidn, las esnecies Holip y HL estuvieron compuestas preco
minantemente por la cadena pesada pequefia (Fig.3b), por-
lo ocuve pudimos concluir gue en la suverficie de los lin-
focitos esnlénicos estd presente una inmunoglobulina que
tiene 1z cadena pesada mds veouefia que/g,y més grande -
cue }(, cue no vrecinita con ningun antisuero contra las
diferentés subclases de K , 6 contra X d/t, pero si con
el antisuero poliesnécifico. Zn vista de ocue la cadena -
nesada necuefia no ovudo ser nrecinitzdaz cen anti—/lk, la-
vosibilidad de oue correspondiese a una cadena M, gluco

silada de mznera incomnleta, cueda eliminada (49).

De esta menera la unica conclusidn gue se puede -

considerar, es gue esta cadena peszda. cue representa el

S
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¥IGURA 3 Dos clases diferentes de cadena peszda nre-

sentes en 1la sunerficie de los linfocitos -

de ratén.

125
- )I, lavadas

Las células fueron marcadas, con
resusnendidas en medio de Eagle- conteniendo 10% de suero
de feto de res (2 x 107 células/ml de medio), e incubadas
a 37° C en atmésfera conteniendo 5% de COp en aire, duran
te seis horas. Al término de la incubacién, el 95% de las
células estaba viable (por exclusidn de azul de trirano).
E1 medio oue contenia a la inmunoglobulina de superficie,
¢ separado de las células vor centrifugacidn (400 x g, -

), v se.le 2%adid un noveno de volidmen de WP40-
2l 10%. Se dializé contra PBS-NPA0 al 1%. 4l material no
difusible se le sgreraron 10 }41 de suero especifico de -
conejo anti—cadena)u.de ratén, seguido de 100 41 de suero
de cabra anti ﬁ‘G de conejo.Desnués de remover el vrecini
tado resultante, nor centrifugscidn, el sobrenadante fué
tratado con SQ}ul de suero de conejo voliesnecifico anti
Ig de ratdén, seguido de 40 ME de Ig de ratén para asegu-
rar la nrecinitacidn commwleta. Ambos vrecinitados fueron
lavzdos y sometides a electroforesis en geles de acrilami
da 2l 4.2% (como en la Figura 1). La regidén 7S5 de ambos -

g fué eluida, reducida vy sometida a electroforesis en

eles
eles 2l 10% de acrilasmida (como en la Fisura 2). Siempre

con marcador interno. nivea coniinua e la sumneriicie

[is]
Q.

4y

(o]
: _ -
de los linfocitos marcada con +2°1

. Linea vpunteada, marca
dor interno con 1311, 2) Precinitzdo con antijjt . b) -

Precipitado con anti-Ig.
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L0k de laes cadenas pesadas aisladas de las células de ba
zo marcadas en la sunerficie, es una clase de inmunoglo-
bulina, hasta ahora nc descrita en el ratdn; la conjeitu-
ra mis obvia, es que corresvonde a la clase IgD humena.-

Par

a

anoyar esta sugerencila, nhey oue hacer notar, cue cn
los geles de poliacrilamida ~ SDS la cadena é humana (50)
tiene una movilidad muy semejente a la cadena vpesada ve-
cuefia de linfocitos de ratdén. Esta inmunoglobulina de ra
ton, oue ahora llamaremos IgD, también se parece a la IgD

humanz en su marcada susceptibilidad a la protedlisis.

En contra de lo esperado {52), encontramos que en
el higado fetal (feto# de 16 dias), la cacens estaba
nresente, pero no la cadena d ; la misma sitvacidn se -
rresentd en el higado y en el bazo del ratdn rieonato (me

nor de 16 horas). Sin embargo en el bazo del retdén de -

seils semancs v de seis meses, se encuentran cantidades
similares de cadenaJ v la r_.lfn.cién/a_:é' es de 3 2, -
Esto se nuede interpretar como oue la exnresidn de TgV -
sntecede 2 la exvresién de IgD en el ratdén, v de no sar
éste el caso, los linfocitos que tienen IgD en la suver-
.

ficie deben surgir de otros érgancs diferentes 21 bazo 0

al hisado fetal.

Vale la pena mencionar cue en los mddulos linféti

cos del ratdn, la IgD constituye 2 la clzse mds abundan-
f

te en la sunerficie, donde la relaciénv/L: d se encontré

$) i
ser 1 : 3.5 -1 ¢ 4,0.

articularmente intrigante el hecho de cue, las

célvlas de bzzo y las de los nddulos linféticos difieran



30,

en una manera tan marcada en cuwanto a las cantidades re-
l2tivas de cadenas/u-y ;S nresentes en su sunerficie. -
Resvnecto a este punto, hay cue hacer notar cue las célu-
l=¢ de b=zc resnoncden 2 la estimnlzcidn con linopolisacs
rido de E.coli, vero las células de nddulos linféticos -
no (G. Janossy y R.M.E. Parkhouse sin publicar), ya gue-.
mientras las células de bazo secretan fundamentalmente -

I-M, las de nédulos linfédticos bdsicamente secretan IgG,
(30,

(W8]
p—

-

1 camino obvio 2 seguir en estas investigaciones
fué la vrenaracidén y caracterizacidn del antisuero esne-
cifico »ara la inmunoglobulina-D del ratdn, utilizando -
un rezonamiento inmunonuimico v aprovechzndo las ventajss
cue representan el uso de inmunoshsorbentes especificos,

aitamente nmurificados v de gran censcidad.

Con este fin se purificaron las membranas de los
linfocitos de bazo de 1750 ratones Balb/c (130 mg de Yo
teinza), disuveltas en solucidn de fosfatos-salina-nonida-
to P-40 y con fluoruro de fenilmetil sulfonilo pares inhi
bir la accién de las proteasas dependientes de gruros-SH,
v centrifugadas a alta velocidad, para eliminar cualovier

mzterial particulado.

Bl sobrenadante se nasd nor las tres columnzs 4«

\

0n

efaroca conjugada con articuerpos, en sucesiédn ‘r‘norﬂal
de conejo, anticuerno nurificado de coneio esnecifico -

auti/ﬂ de ratén vy finalmente anticuerno vurificado de -

conejo, esnecifico anti Pab-K de ratdn.

n/'o.



tn 12 tercera columna se fijé la IgD y dada su

l12bilidad, sin eluir, se usd como inmundgeno en conejos

~p A

L

(44) emulsificando el comvlejo sefarosa-IgD con adyuvan

=3

te comvleto de Freund

El suero obtenido se pasd vor una columna de -~
TaGs, (K) (Adj ‘PC5)-Sefarosa y desnués vor otra de Ig¥
(X) (THPC 183)-Sefarosa. El suero absorbido se probd por

radioinmunoensayo (56) v se encontré incavnaz de reaccio

Igh (K) (T=PC 183), IgM (Al) (MOPC 104E),Iga ( Ao )(MOPC315)
IgGy (K) (MPC 21), IeGo, (K) (433 PC5), IgGoy (K) (MCPC 195)
IgGy (K) (FLOPC 21), cadenas A (RPC 20), cadena X (¥0°C 41)

v c(,g macroglobulina de ratdn. Todas las proteinas men
cionadas fueron marcadas con 1251, v la nrueba és capaz
de detectar cantidades menores ail/ﬁhg. de anticuervec -

en 1 ml., de suero.

Al utilizar el antisuero en conjuncidn con suero
de cabra anti-conejo marcado con rodamina (38), fué canaz
de tefiir anroximadamente el 20% de células de bago de ra
tén CBA, pero no tifi6 timocitos de ratdén de las cepas -
CBA, C57/BL, DBA/2, CyH, AKR § Balb/c, baijo estas condi-
ciones tambiédn fué incansz de tefir células-T neriféricas
de lzs mismes cepas, nrenaradas en columnas de fibra de

nyldén.

9

Posteriormente se 1levd a czbo la evaluacidn del .

antisvero, nrobsndolo con células de bazo marcadss con -

AR



32'

125 . . : X
I, siguiendo el método descrito anteriormente, v se -

encontrd aue la dnica inmunoglohulinz aue nrecinitd fué
1a IegD (Fig.4a) (Ref.53, 54, 55), ademés se encontrd el
mismo nerfil en los geles cuzndo 10_}L1 del antisuero -
fueron incubados con 100‘/¢1 de suero normal de conejo a
temperatura ambiente por treinta minutos, 1o gue guiere
decir cue si hay IgD circulante en el ratdén debe ser en

czntidades muy pequefias,

Ta recuneracidén de IsM fué posible, con sbélo adi
cionar anti-/k 21l sobrenadante ocue quedd desvués de remo
ver IgD (Pig.4b). En ambzs figuras se observa meterial
radizctivo cue corre antes y desmués de las cadenas/43r5;
este material estd presente también cuzndo se lleva a cabo
une precipitacidn no especifica utilizando suero normel
de conejo en lugar de cnalouiera de los sueros esnecifi-
cos. Mds ain, el material de mavor vneso molecular wnrécti
camente desaparece. cuando :se utilizan geles. de poliacri-
lamida a menor concentracién (4.2%) (Fig.dc y 44d),
cue vermite considerar a dicho material como un artefac-
to debido tal vez a agregacidén. Ta desventaja que revre-

senta el uso de geles de concentracién bzaja, es la baja-

resolucidn, oue imvide la separacidn entre las cadenss -

v q.

Al eometer 2 electrofeoresis lacs muestres ¢in re-
ducir, en geles 4.2%, el material ccincidid con la IgM -
monomérica (7S) unida vor ruentes disulfuro del marcador

Fal
]

interno. Cusndo las muestras fueron reducidas con znieriori
dad, indicaron laz nresencia de ambos tinos ée cadena : -
esada v ligera

S
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de bazo de ratdn.

Suspensiones de células de bszo, de ratcnas de
€24 (8P?, lihres 2o patdrenss eesmeci®icos) de 2 a 6 meses
de edad, marcadas con 1257 (ver métodos). Los lisados de
las células fueron precipitados con 10,ul del suero de -
conejo anti-IgD, seguido de lOOJul de suero de cabra anti

EQG de conejo. El precipitado fué removido por centrifu-
gecidn. E1 sobrenadante fué sometido a una segunda vreci-
vitecidén con 10/u1 suero ée Conejo antrjb de ratén segui-

do de 100 u1 de suero de cabra anti X’G de coneio.

Amhos vprecinitados fueren lsvados v reducicos -

con ditiotreitnl (ver texto) v la mitzd de ambos fué some

—

Y

tida a electroforesis en geles al 7.5% de poliacrilamida
(a v b), con marcador interno (ver levenda de la fiecura 1).
Ta otra mitad se corrid en geles al 4,2% (c y d).
a v ¢ corresnonden al vorecivitado con anti IgD.
b v 4 corresnonden al precivitado subsiguiente

con anti/ﬂ .

Tinea continua 1251, l11nea punteada, marcezdor -

. 2
interno con 1J11.
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In bese a estos resultados ouimicos, tuvimos la-
confianza de que el antisuero es esvecifico para la IgD
de ratdén, vor lo cue pudo ser utilizado nara estudios de
inmuncflvorescencia, utilizando reactivos fluorescentes-
vrevarados por cromatografia en DEAE-celulosa (38), para

tefir células vivas (39).

Con células de bazo de ratén CBA de una a dos se
menas de edad, no se encontrd un ndmero significante de -
células nositivas (cue reaccionaran con anti-IgD), mien-
tras oue el mimero de célules positivas con anti—/ﬂ.de -
ratén fué de 8 - 14%. Sin embargo fué aparente la diferen
cia a2l utilizar células de bazo de retones de seis semznas
de edad, ya gque el némero de células vositivas fué més o

menos del 20% de los linfocitos totales.

10
La 2bsorcidén 1 ml. del antisuero con 3.6 x 107 -

células de higado fetal no removid su capacidad de reac-
cionar con las células de bazo o precipitar la IgD de es
tas células marcadas con 1251; mientras cue estas propie
dades se perdiercn al zbsorber 1 ml. del antisuero con -
1.9 x 1010 células de bazo de ratén adulto. Esto confir-
ma nuestra proposicidn de que la exwresidén de IgM antece

de a la de IgD en la ontogenia.

Posteriormerte doterminzmos la distribucidn de -
IgM e IgD en los linfocitos de diversos dreanos linfcides

(Tabla 1), llevando a cabo la tincidn de dos maneras :
a2) Tincidn sencilla como método indirecto.

b)  Tincidm doble, como métido Girecto, tifiendo

TgD con los anticuernos marcados con fluo-

Sae
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Tincidn sencilla

Anti- J

Anti-Ig Antijpt
Nddulos periféricos 15.25 3,10 9.80
Nédulos mesentéricos 14.55 3.85 11.55
Placas de Peyer 23.15 8.95 24.65
Bazo 33.90 19.45 24.85

Tincidn doble

' J

M M+ é
Nédulos periféricos 0.60 2.10 9.60
Ndédulos mesentéricos 0.95 2.30 9.40
Placas de Peyer 1.20 8,35 16.65
Bazo 10.40 12.85 13.45

Las suspensiones celulares fueron preparzdas a
partir de drganos de ratonas CBA (SPF : libres de naté-
genos especificos) de 7 meses de edad, en solucién amor
tiguadora de veronal-salina conteniendo 100 mg. de albi
mina @e bovino (Traccidén V) nor cada 100 ml (VBS-3S4) y

ulec vivas se tififeron de acuerdo con el méitodo -

1=
Y]
n
(@]
O~
Pl

de Raff (39) (ver texto). Tos ndédulos neriférices colec
tados fueron los cervicales, axilares, brancuiales e -
inguinales. In el caso de la doble tincidn, se utilizé-
el suero de conejo anti IgD seguido de anticuerno de ca

brza anti.KG‘de conejo marcado con fluoresceina, para ase

YR



(sigue de la TABTA 1)

gurar la formacidn de cascuete en las células IgD positi
vas, Desnués de lavadas las células, se resuspendieron —
en anticuermo de conejo anti—)% de ratén marcado con ro-
damina, en bafio de hielo y en presencia de azida de sodio.
Ias células fueron lavadas nuevamente montsdas en porta-
objetos (ver texto) y examinadas en un microscopio Leitz
Orthonlan con iluminacidén de Ploem. Por lo menos se con
taron 500 células cada vez y en la tabla se da el resul

tzdo en vorcentaje de células tefiidas,
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resceina y en condiciones de formacidn de -
casouete , seguido de anti-Igll marcada con-
rodamina v en condiciones de inhibicidn de-
la formacidn del cascuete, es decir en rre-
sencia de azida de sodio y haciendo la incu

bacidn en frio.

Por medio de la tincidn sencilla, se ve claramen
te ocue la IgD constituye a la inmunoglobulina de suver-
ficie més abundante en los nédulos linfédticos vy en las-

[

nlecas de Peyer, como lo sugirieron las pruebas cguimicas

(53, 54, 55, 56.

La tincidn dcble mostrd cue de las células con -

inmunoglobulina positiva, una meveoria tienen solamente
- b 2

bt

gD, auncue hay aleunas dobles (IgM + IgD) y menos con

]

olamente IgM.

Sin embargo en el caso del bazo los tres tipos de

células se encuentran en provnorciones méds semejantes.

Nuestros hallazgos en el ratdén, son por lo tanto
diferentes de los de otros investigadores, utilizendo -

células humanas (51, 57).

En el ratén hay menos células con ambes inmunoglo

-

plinne (Te¥ + IgD) con un rndmero mavor de célulze cve

a3

tengan solamente JgM 6 IgD.

5in embargo, estos resultados en el humero se han
obtenido con linfocitos de sangre periférica por 1lo cue
la comparacidn puede no ser valida, va oue se estd vien

do a otras wmoblaciones celulares.
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La significacidn hioldgica de estas submoblaciones
de células-B deben abrirse ahora a la investisacién. -
Como la IghM antecede a la IgD en la ontogenia, se nuede
considerar gue en la maduracidn del lirfocito-T hev di
ferenciacidn de las células cue solamente expresan IgW
en la superficie, a las oue expresan solamente IgD (52),
con un estado. intermedio en oue la cédlula exnrese a ambas

inmunoglobulinas.,

Por lc tanto, Jos linfocitos-B de los nédnlos lin
fdticos v de 1as placds de Peyer constituirian una no-

blacidn mds madura v vosiblemente mfs rica en células

D

de memoria y vnrecursoras de cédlulas oue vaysn a secre-

tar IsG e TIgA,

E1 hallazgo de cve los nrecursores de célules de
IgA en las nlacas de Peyer de conejo son Igh negatives
e IgA negativas, nero que tienen inmunoglobulinz en la
sunerficie (58), sugiere que estas células tengan el -

eouivalente de IgD en el conejo.

Ta exnresidén simulténez de dos clases de inmuno-
globulina en la superficie de una sola célula tiene -
implicaciones de un cambio (switch) v mecanismos de -
inteagracidn génica V-C; esto es, los dos genes gue codi
fican la rersidn constante nﬂra/l v A‘, e sabe cue com
varten la regidén variasble (59)., v ésto refleja la nre-
sencia simultdnea de dos genes intersrados, es decir -
VH‘Q/“ v VH-C<£ , Yor lo gue se sugiere un mecanismo-
de conia v eleccidn (covy-choice) pera la intesracidén

zénica (60, 61).



CONCLUSIONES

Por andlisis radiccuimico de la inmunoglobuli-
na de sumnerficie de los linfocitos de ratén, las -

células-B tienen :

a) Dos subunidades : HpLp y HL : Estos resultados
se obtuvieron en electroforesis en geles diso
ciantes (con SDS), en condiciones no reducto-
ras (ausencia de ditiotreitol) vy dlocueardo -
los sulfhidrilos libres (con iodoacetamida) -
nara evigér reducciones durante el manejo de-

las muestras.

Ambos tipos de subunidades rindieron cadenas-
nesadas v ligeras al ser sometidas a electro-
foresis en geles disocientes desnués de haber
sido sometidos a reduccidén (ditiotreitol) y -

alguilacidén (iodoacetamida).

b) JDos tivos de inmunoglobulina : Igi e IgD. La-

identificacidn de la IgD se 1levd a cazbo nor:

1. Dspecificidad antigénica (no es Igl, IgG

é Igh).

2 Tsmz=¥0 de 12 cadens meceda (nn sg T § T~

3. Commnaracidn con la IgD humana, es decir,-
tiene el tamafio oredicho, ce degrada muyv-
facilmente, se encuentra precsente en la -~

sunerficie de log linfocitos (51).
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B o - S
CJ La I2G se encuevtra en cariidzdes no deitst-

tables mnor técnicas radiocuimicas.

Analizardo a los linfocitos de menera irdi-
vicual por técnices de inmunoflucrescencia v cuser
vacidn al microscovio, las células B se pueden -

clasificar en :

a) Las que solamente tienen IgM en la suverfi-

cie.
5)  Tes aue contienen Te¥ s Ieh.

c) TLias cue presentan solamente IgD,
{
!

T2 inmunoglobulina total renresentz el 2 - 4%

JO)

de la proteina total de la membrana linfocitearia,

Tanto la evoresién de la Ig¥ de superficis -
como la IgD en las células-B, es incependiente de
las células-T, ya cue se encuentran los mismos re
sultados en las células de animales normales, ra-
tones desnudos (nu/nu : atimicos congénitos) y re
tones "B" (timectomizados, irradiados y reconsti-

tuidos con células de higado fetal).

’

En los linfocitos cue tienen mes

1

o

n
o)

e une ¢

se de inmunecglobulina en la superficie, se nresen
ta el mismo idiotino (residn wv=rishle) (61) eszo

sisnifica cue en la sintesis de inmuncglobulineas,

debe existir integrzcidn egénica =z nivel del TN:,

S



VII,

tal vez nor un mecanismo de comia v eleccidn,

tn lo oue respecta a los timocitos v las célu
lae-T, no se les detecta inmunosglobuline en lz su-
nerficie, ni vpor técnicas radiocuimices ni por inm
nofluorescencia. La cantidad que puedan tener, serd
ror lo menos un orden de magnitud menor cue la cue

se encuentra en las célulzs-B.

— /—
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1. INTRODUCTION

The classical experiments of Gowans and his collc,seu‘ s’ established that the lymphocyte
was the key cell that reacts upon contact with antigen and beromies, asaresuitef acomplex
and ill-understood series of differentiative events, the effecior ceil of immune FesPOISCS,
both humoral and cellular. A feature of the immuae TESpOnse is its specificity and inis is
explained t by selectivity of antigen, as predlcted by proponents of selective theories of
immunity.”~ Thus receptors forantigenonan mcmdua‘ Jymphocyte are of one spec aficny
enly. but the specificity veries from cell to cell within the totzi vmphocyte pon"}au ncfan.
organism. Co1seq"°nt]\ when an immunogenic determinant is introduced into avert e~
rate animal only the very few cells with appropriate receptor structures are able to
interact with the antigen, and they are therefore selected. Following interaction with the
“antigen those cells divide and differentiate into effector cells. During this process some
cells are set aside as memory cells, thereby forming an expanded population so that
subsequent exposure to the same antigen provokes the well documented secoadary
immune response. . “
" Lymphocytes, however, although they may all lock guite similar when viewed under the
light microscore, are @ heterogeneous pepulation of cells. The simplest and broadest
divisicn is into B Iymphocytes and T lymphocytes, 2lihough it is true that a small
prepor tvon of cells with the morphological charusteristics of lymphocytes caniict he
assigned 1o either category. The latter may possibly be precursors to B lymphocytes or cells
which funcuon in antbody-mediated cytotoxicity reactions. The {oundation for this

211
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!!‘.]"" Feoituiar l'i'.T'.l‘ i

: .-lh.u Saties u.n)

ar E.'nrm:r*ity? To this day it Las not been pu.\:sml;‘ o pi
=-._-‘!="t of the chicken uursa, and recent evidence sur '
er, 1t .‘.ac pn\mo e to st ow t‘mn the mouse t‘m

9 .
_m *mocvtes This (unc-pt o[ an mterachon betw°en T and B 1} shocytes
riginally stemmed from axperxmems in which mixtures of both cell types v

&
)

v mere efficient in transferring immune responses than either celil tys
clear was that the T lymp nocw., zlthoungh it proliferates when present

- . 1-13 — .
docs noi dificrentiate into an antibody-scereting cell.!' ™ Th

dventolcelisurface markersfor Boand Tl

. [,
VLIRS OO Ll sLr el

VI "}'Of" res T

immuue responses whilst the B .m*phoc te rmay jueke the aniis
eressary foring txonl\‘l.v:lp) *Themost popaler cell surfecs markersare

S Tig
halin and T - 1! o Bouand T lvmehocytes rospectively, ']'*u< 5 1ymphoovis

T
w

rince iamunozibbulin and diffierentinte into B mem ory and antivods
celis wien exposed to ntiy
cytes nhone wre responsible for the various henom
MUy o;!;'.“"::'lii‘;p\'t.%&"" uron this zlready complex scheme eare:
maerophages in immund induction and positive (help) and regative (supp:
T Jvmphocytes on T and B lymphooyte respouses (RL erences 16 ent
Reesiants, herein).

, and usually with the coliahorative infinence ¢f T bvmphe-
of celi-imeciated

LTS R B

-

N

I this arncle, recent exciting and unexpected findings pertzining to tecsptors f
: ‘,1 o iviuphony s will be cons .u-rcd in d""uh. For a thoroughly 2
vizdge up to 1974 the treatise of Warner'™ is enthusiastically re en-:’-m.
I

2. METHODOLOGY

pr’\"' dures which attempt to defire receptors for antigens on lymphoid cells uitimately
depznd on using an antiserum. For B lymphocytes antisera raised against the variad bﬁavy
*". fit chain isotypes are the reagents, whilst for T lymphocytes a recenr development
as been the use of sera \"1th anti-idiotype specificity.
Re 'c' it) betweena civen antibody and plasma membranesis usuvally taken asevidence
~z presence of the relevant antigen on the cell surface. Whatever the system used ro
activi f}, it is obvivusly crucial that the antibodies used in the investigation be
haracterized. In principle, sera should be monitered for \vm‘=d spacificities by
t as sensiiive as the methodology followed in the investigztion. For
h‘."\' dy 'xctmt) 1o light cn dins oy judned by Quebterh oy z i
the wiiibody sample witl not detect

o
'IU

PR
fanna g ll..u.l‘; [

> halnsin
, .0 i'.uur..kr‘ or radio-immune precipitation
CLAtOILLY prn i SREE VNI pLnserus

it 1' X] (! P}‘-’i\'\"‘ i’i" H ul.)n)“ vhonts ‘."gnn & H
treatment, however, it s still possible for the antserum ™ contalin enwad
5. These may be against components not o'm:!!} routinely tested fo

af.’—n'uzcra)g!r.shu.m. Rich is in fect found on the suylace of rost B 1
vanely, an anti-imsrmoglobulin serum counld contoin - ribadies 6

. : b PO Tioe Goyoms ~
Do resion detorminanis shared by <ome, but not
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‘11“o ey 1o immunegiottlin cross readt ng with

linis .Alm raised h) the hndmn of seguunice homology betve-n (hese two
‘=[," sicropfobuiings found i associalion with histocompatibility entigens
on the surfaces of most cd!c, antthodies of this type would create obvious, but perhaps
unicreseen, probliems. Removal of unwanted sp ecificities must be done w:(5 soiid phase
immunozab 350 Tbents to avoid artefacts arising from the presence of antx‘\ody~amigen
complexes insera. A major preblem is heterophile antibodies to cell sarfaces. Whilst many
of these can'be 'emoxed by absorption with membranes fyom zppropriate organs (e.g. liver
and kidney for anti-immunoglobulin), on occasions it is not feasible 1o carry out the
approp.xaze abcorpaon.

‘The ultimate test for specificity is actuaily to isolate the molecule on the we)l membrane
that the aniiserum combines with, anc then to carry out bxoc‘\em)cal characterization. This
15 possidie i the cell surface is first labelled with radiozcii- e iodine using the cnzyme
laciopzroxidase.™ Then the cell can be dissolved in dlssocza.mg solvents™ or detergent.”
The total muxture of radiozctive cell surface moleculesisrescicd with the tes: antibody and
_ the resulting precipiiate is characterized, usually by electroploresis inpolyacryiamice gels
containing cissociating (sodiy urh dodecyl suiphate) reagents. By doing this one is not only
recording the fact that an antiserum reacts with a cell but a'so defining wha! the antiserum
reacts with. {

In the simplest system the antibOdies are tagoed with fluorescent o5 radioactive
melecuies, mixed with living lymphocytes and mc visuaiizes on the swijace by niicres-
copy. Thus I;-.e~prescnce of immuncgiobulin on the suifzce of B Ivmphocytes is readily

52-microz
l C \.

cliilics.

demonstrated using fluorochrome-coupled anti-immunoglobulin.™**® It s imporrant- to
emphasize. however, that this type of zagproach can only identify molecules, and identifica-
tion is not rigorous proof of a functional role. When whole IgG antibodies or divalent
(Fab)a fragments are used, the surface components usually apgregate and then ‘cap” zt one
end of the cell (References 26-29, and F. Loor, herein). The process of cap formationisan
energy dependent phenomenon, probably involving ‘microfilament activity, but does
‘depend on cross-linking of the membrane located [nolecu]es since monovalent (Fab)
antibody coes not result in capping. Thus capping does not occur in the cold or in the
presence of such metabolic inhibitors as sodium azide. In dddmon capping is selective, E
only molecules recognized by the antiserum or strongly associating with the target of the
antiserum are cc.pped. This finding is in agreement with the fuid mosaic model of the cell
membrane, where the membrane proteins are not fixed, but are free to move within the.
piane of the lipid hilayer.’®*' Of great practical importance is the fact that cells can be
screened for two surfece 2ntigens by using the two 2pproprizte 2ntisera sequentsily; the
firstis xagavu for exzmple, with 2 green fluorochrome and aliowed to cap and the second,
tazged with ared ‘h.orochrome, is reacted under conditions where capping cannot occur.”
The observer can then record cells with green caps, red peripheral staining, or both. Also
usefulisithat once 2 membrane component is capped by an antiserum it is lost from the cell
surface, either by internalization through pinocytosis or by shedding of .aggregates to the
exterior milieu. This process, often termed modulation, is follewed by reinse =
synthesized units in the membrane but does give a finite period of time when t“\r, cell
surface is denuded of a given membrane component. From the rate at which a mocu!zted
malecule rezppears on the ccl! surface, estimates of synthetic and turnover times can be
gathered.

Unforiunately, although the identification of cell surface components by reaciing I' vin

“celis with specific antisera is undoubtedly a powerful tool, there are major pitfalls tha:

:3 (IQ
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be couwtered particularly with lymphocvta even when the antisera are undousiedly

I and proes abtan s . 5 i e
w. The first, and roost ebvious, by whether identificetion by this type of spproach

ut [ASrS i

(;

(312
St

necessa ]y maans thJ the surface component \'ISUn]lZ(’"’ is actualiy “an cndokr.no.is

product of the cells in q,wsnon. Both B.and T lymphocytes can have receptors on their

surfaces for the Fc'portion of immunoglobulins™* ™" and it is therefore quite f2asinle for
lymphocytes to- passively absorb - autologous immuncglobulin in vive or the anti-

'.1mmun0010buhn reagents used for studying the cells in virro. These probizras can be dzalt

with by first treating the cells in such a way that the cell surface componeru undst study is
lost. This may occur simply by incubating the cells in vitro, but can ziso be done by

‘medulation with the antibody or by enzyme treatment. Having allowed suf fcentdime for
“resynthesis, the cells are then reacted. with the chosen antibody, but in it (k zi3}- of Fab.

form in order to avoid pessive uptzke mediated by Feo receptors. identls) the eel!

population used should be homogeneous. For example, in a mixture of Lei}s it is pessible

that caly one cell ype resynihesizes a certain membrané componend, but i

POl R il - -
s 3sererad oF

shed into the surrounding medium and subsequently taken up by other cell types. Iris only

very rarely {hat such stringesit experimental conditions are foiluwed end, as 2 vesult the
literature abounds with conflicting claims. A

An alternative approach o identifying greceptors for antigen hias been toirhibit functon
of the lymphgcytes with and-immunoglobulin.” “! This approach has the advanince that it
does have a functional correlate, but is clearly subject to ali the probles discussed above.
Basically, anti-immunoglobulin has been added 1o almost all systerrs possible: from
injecting whole animals to zttempts to inhitit the binding of an l: ren by omshe

The izast ambiguous technique for identifying cell surfzce proicins wit
radiclabelling cells. In principle, the labelied cells are solutilized-and cell suriace
nents are coprecipitated by addition of appropriste antitody. The antibody wifl combine
with whatever structures it has specificity for, and precipitation of thase tomplexes can be
effected by adding non-radioactive antigen (direct precipitation) or ar antibody tc the first
antibody (indirect precipitation). For example, when rabbit anti-mouse immunoglobulin s
used with labelled mouse B lymphocytes, precipitation can result from the addition of
non-radioactive mouse immuroglobulin or goat anti-rabbit immunoglobulin. The precipi-
tates are- then washed and the amount of radioactivity they contain is expressed as a
fraction of the total input radioactivity in macromolecular matefial (€itimated by pracipi-
tation with trichloracetic acid). Since these specific immunological precipitates invariably
contain non-specifically entrapped or adsorbed radioactivity, it-is essential to do-a
non-specific control, with a parallel sample. This simply entails the formztion of an
immunological precipitate vsing an antibody lacking specificity for any of the radioactive
components of the solubilized radioactive cells. For obvious reasons, the mass of precipi-
tate formed in the specific and non-specific systems should be comparable. Althousi:itis
common practice to take :he difference between the amounts of radioactivity foundin the
specific and non-specific precipitates, this does not necessarily give an acenrete sstimate of
specific membrane molel: :‘Es Once again we must consider the specificity of the zndsera
employed. Two other importunt factors @re: the total yield of radioactivity in € ~e speafic
precipitate, and the cb ‘.** of reactants for ihe non-upzcific connell M fcst mcirbrane
p‘roteim individuaily account for a small perce ntare of the toial-membrane. Immuno-
globulin, for example, constitutes about 2% of splenic lymphocvte membranes arnd this

fraction is accordingly ihe maximum rucr)\ﬂr- nossible in the oo sific precipitate, Jiis not
2 Piedig
uncommon to find 1% of the input radioactivity in non- s::c.tu:'vcm s1ates, an Hu oneis

placed in the position of izking the difference between two numbers ¢l fairly simijar value.

Jdf

This is cbviousty a source of error. Far mo:e serious, however, is the vanieh le preczncein
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codhmmune sera of heterophile anidbodies to ecll surfzee compaonenis, St tppuse an
aniiszrum to immuunoglobulin has a high titre of such annbud ies and suppose it is reacied
\\izh extracts of radioactive cells which do not have verfzee mmunogiobulin, but whichdo
have antigensrecognized by the heierophile antibodies. New sappose that the non-specific
rrecipiistion systemisone avithiittle or no heterophile antibody content. Thcseculi wili be
a higher .uov‘r) of radioactivity in the specific (anti-immunoglobulin) precipitate thanin
_the non-specific precipitate. In this case, however, the higher recovery is nct-due 1o the
presence of immuncglobulin on the surfaces of the cells examined. Itisinfact an artefact of
the coprecipitation system. Such artefacts are more likely when direct precipitation is
done, and in particular in this case when the non- specific control system is chosen because
“"of its low yield of radioactivity. There is in fact no truly satisfactory control for direct
precipitation systems that yield relatively small amounts of radioactivity, ¢.g. 2% total
redioactivity in macromolecular material. Clearly-a precipitate formed between a rabbit
aniibody and mouse immunoglobulin will not necessarily collect the same quantity of
non-specific radioactivity (i.e. not mouse immunoglobulin) as one formed between fow]
1mmunoglobulin arid a rabbit anubody. This will depend nporrthe presence or absence of
contaminating or unsuspecied heterophile type antibodies in the reagents. I this respect,
the indirect precipitation systen: has a major advantage, the non-specific control can be
imilar to the specific system simply bvﬁsinc normal rzbbit immunoglobulin with the same
econd reagent, e.g. goat anti-rabbit immunoglobulin. Even this, however, is not perfect
since the unsuspected specificities in the rabbit antibody and normal immunoglobulin
samples can be different. Indeed 1he vield of radioactivity from lsbeiled spieen cells using
rormal rabbit immunogiobulin and goat anti-rabbit immunoglobuim does vary from one
T2bbit serum to dnother (Abney and Parhhouse, unpublished werk). The best controlis to
'use exactly the same reagents added in the specific system, hut with the addition of
suficient purified antigen to block all the combining sites of the rabbit antibody. Finally,
nd as aresultof all the above consicerations, the radioactivity precipitated by the specific
“svstem should aiwa)s be characterized by analysis in dissociating gels.

There are two ways to radiolabel cells, externally or internally. In the first.

procedure™ ** the external proteins of the cell membrane are labelled with ' using

Jactopéroxidase as the catalyst. A major advantage c‘f this procedure is that the Jabel is . © -

confined to the cell mémbrane. Consequently the cel]s can simply be solubilized and the- -

exiract analysed by coprecipitation with appropriate antibodies. The drawback is that a
positive identification does not necessarily guarantee endogenous synthesis by the cell.

The method is in principle subject to the same problems as immunofluorescence, but does.

gve the molecular characterizaticn when gel analysis is performed.

For direct proof of endogerious synthesis cells must be labelled internally i riro with -

radioactive amino acids (or sugars). The problem here is that most of the cellisJabelled and
that the plasma membrane, which carries receptor for anngen comprises a small percen-

tage ‘of the total cell protein, about 5% of pig lymphocytes**** or mouse lymphocytes
(Abney and Parkhouse, unpublished work). If we assume the receptor for antigen accounts
for 5% at most of the cell membrane, then the theoretical yield from internally labelled

cells must be very low. In this situation it would appear futile to solubilize lapelled cells and.

diractly look for receptors by coprecipitation. Nevertheless, this has been anen*pzeo'fnd
with some success.”** in order 1o distinguish between that fraction of total celivlar
2belled immunoglobulin ~n the membrane as opposed to that contained within the ce'l,
ihe following strategy was adopted. Labelled spleen cells were incubated with or without

zn -m"amoalobulm lysed with detergent, centrifuged and then immunoglobulin was
esiimated by coprecipitation. The basis for this is that surface immunoglobulin will be

[y
\V)
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cross-linked on the cells treated with anti-imnunoglobulin and in consequence will
sediment when the lysate is centrifuged. This will not occur in the control cel! sample and
so in principle the difizience between the two determinations )1L:1L';~ ihe fraction of
radioactive immunoglobulin which is surface associated. The remazining intraceliuiar pool
of immunoglobulin wili be composed of material destincd for the cell sizibrane and that
which will be actively secreted—most lymphocyte suspensions contain somie high-rate
secreting cells=Apart from the fact thatnon- -specific precipitation is par .z\,man) hlgh inthis
system, rigorous attention to controls is essential. A particular source of error is that the
anti-immunoglobulin bound to the cell surface is rarely saturated znd, unless’ special
precautions are fohowed will therefore combine with intracellular immunoglobulin once
the cell is lysed.” The failure to saturate both combining sites of ant- \mrmmoglobuhn
absorbed to the cell suspension is not only possible as a result of only ¢sie of the two Fab
portions interacting with surface immunoglobulin. It is also possubip for added anti-*
immunoglobulin to interact with lymphocytes and macrophages via Fe reveptors, in which
case both combining sites of the antibody would be totally iree tointeract with intraceliular
immunoglobulin released by lysis. In view of these problems, the cizim that witogen-,
activated B ly mphocwtes display 10°-10" times miore surface immu:o;isbulin than the
unstimulated cell,** should be considered as an ex Iggerdted stateme i, As an alternative
to using whole lysates of internally labelled celis, it is possible to pizpaze the plasma
membrane fraction from the cells and then use this as the starting material for coprecipita-
tion.*® The obvious disadvantage of this procedure is that it takes a leng time, 2lthoughits
merit is that 2 great deat of the ‘noise’ is thrown away prior to the copivi

.,nu' onoste p-

3. ISOTYPES, ALLOTYPES AND IDIOTYPES

The structural basis of antibody heterogeneityis at the broadest level. the conseguence of
different heavy and light chain isotypes (classes and subclasses), each of which is specified
by a structural gene for the constant region of the polypeptide chain. In many cases there
are allelic alternatives (allotypes) at these constant gene.loci but.in an allotypically
heterozygous animal, although both allotypes arelfound in the serum, mdmdual plasma
cells synthesize only one of the allelic alternatives (allefic exclusion).

Isotype and allotype heterogeneity do not, however, explain the enormous repertoxre of
antibody combining site specificities that can be expressed by an animal. The antibody -
combining site is formed by the juxtaposition of the variable regions of heavy and light
chains, and therefore the uniqueness of a homogeneous antibody isthe consequence of its -
variable region amino acid sequences. It is these unique variable region sequences that
define the idiotype. The clonal theory predicts that a precursor lymphocyte will bear
‘receptors of one idiotype, and that its clonal progeny, derived by antigenic selection, will
secrete ‘antibodies of the same idiotype. Normally, when an anime! *esponds to an
immunogen an enormous number of idiotypes with specificity to the 2r:.pen appear in the
serum, i.e. many precursor lymphocytes bearing a range ofiidiotypes are selected by
antigen. If specific antibodies could be made to each idiotypic variant, then thev could be
vsed 25 tools to study-the genetics of the immune response. For exzampie, what is the
pattern of idiotype inheritance. It is possible to raise antibodies specific for the idiotypic
determinants of a.homogencous antibody like the phosphorylcholing hinding mouse
myeloma protein, and in this case the ant-idiotype has proved extremely useful since the
normal immune response to phosphorylcholing in Balb/c mice is remarkably homogezne-

us. Similarlv, when immune responses are pauciclonal and the serum =nt1‘"\_\ is
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resiricted in its number of idiotypes, preparation of specific anti-idiotype antibodies is
possible. The major exampic here is the anti-idiotype antibody with specificity for the
antibody formed by nuice injecied with s eptecoccal Group A carbahvdrate. Very exciting
results have come from this svstem which, with others. will be discussed in detail in later
sections.

4. B LYMPHOCYTES

The characteristic property of B lymphocytes in all species examined is their possession of
easily detectable surface immunogiobulin. Each Iymphocyte presents about 10° immuno-
globulin molecules on its surface.’® Questions of interest, therefore, are: what is the
evidence that the surface immunoglobulin serves as a receptor for antigen and which
classes of immunoglobulin are expressed on B lymphocytes?

That the immunoglobulin on the surface of B lvmphocyvies acts as receptor for anticen,
there is absolutely no doubt. The most direct evidence comés from studies on antigen
binding cells (reviewed in Reference 18). In most of these experiments an antigen is usually
labelicd with "**1, mixed with lymphocytes and following a period of incubation to allow
interaction between antigen and cell, the cells are washed and then examined for labelled
cells by autoradiography. With certain excepiions, in unimmunized animals the number of
antigen-binding cells range about a mean of about 0-05% of cells examined. Very few
lymphocytes will bind two unrelated antigens, as would be expected from the clonal
selection theory, and the {requency of antigen binding cells increases when animais are
immunized. The frequency of G:05% may seem rather high for one antigen, but this does
not represent the number of cells specific for one antigenic determinant, nor the number of
cells bearing exactly the same variable region pair for creation of a unique combining site
(idiotype). Apart from the fact that most of the antigens used in antigen binding studies
have multiple antigenic sites (e.g. bovine serum albumin}, the repertoire of antibodies
produced in response to a simple hapten is vast. By transferring limiting numbers of hapten
(NIP)-primed cells from primed mice and then analysing the isoelectric heterogeneity of
antibodies formed-in recipients, it is possible to estimate that CBA strain mice can
synthesize 3000-16 000 difierent antibodies to the one hapten.*” The frequency of cells
with one defined idiotypic specificity will therefore fall by 2-3 orders of magnitude,
becoming somewhere between 50 and 500 cells per mouse spleen. In fact, the frequency of
mouse lymphocytes binding phosphorylcholine, an antigen which elicits an immune
response of restricted clonality, is in this range, being about 1 in 100 000.“® The potential
of the system is further expanded by the possibility of one antibody combining site having
specificity for more than one antigen.*® This consideration derives from the description of
clona! antibodies which can bind two/@'nrelated determinants (e.g. dinitrophenol and
menadione), and there is evidence for the occurrence of similar double specificities in the
course of a normal immune response.

Having shown that there are small numbers of cells which will bind antigens in a specific
way two questions arise. What structure on the cell membranes is binding the antigen, and
are the antigen-binding cells precursors of those cells which eventually synthesize and
secrete the relevant antibody? ' b

The suspicion that the rcceptor was immunoglobulin was clearly demonstrated by the
failure to find antigen-binding cells when the lymphocyties were pretreated with anti-
immunoglobulin.®® The most elegant experiments of this type are with the phosphoryl-
choline system.** Here it was possible to examine individual antigen-binding cells and 10
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show that they all possessed surface immunoglobulin, 1gM in fact. In addition, the
immunoglobulin receptors for phosphorylcholine on B iymphocytcs of Bulb/c mice
possessed the same idiotype as 2 phosphorylcholine-binding myeloine protein, thcreby
demonstrating identicai specificity of surface and secreted immunoglobulin as weil as the
restricted nature of this response i Balb/c¢ mice. Further, when an anti-idiotype (znii-
(anti-pkosphosyicholine}) was used in conjunction with externally radiolabelied iympho-
- cytes it was found to be reacting with IgM by the stringent criteria of isolation and gel
analysis.’' One note of caution relatesto the last experiment, and that is the high yield of
" immunoglobulin precipitated by the anti-idiotype (about 10% of total).

Additional evidence for identification of the receptor as immunoglobulin came from
experiments based on the antibody induced capping of surface immunoglobulin.?
Using red blood cells it was shown that caps of red blood cells and surface immunoglobulin
were coniiguous.*” Along similar lines, but with flagellin as the antiger, it was shown that
at least 93% of the surface immunoglobulin of antigen- hmomo celis i< drawn into 8 cap
when antigen is bound.™ To some extent the latier experiment shows that all of the
immunoglobulin receptor molecules on the surface of a lymphoryle hzve the same
specificity for-antigen. A similar conclusion has becn reached riwre re crti) using
anti-idiotype antisera and chrenic lymphatic teukaeria (CLL) celis.™*® Here, 2nti-
idiotype raised against a monoclonal IgM from the patient’s serum was found to cap all of
the immunoglobulin on the CLL cell surface. .

Having demonstrated that B lymphocytes can bind antigen via cell surface immuno-
clobulin, we must now ask whether the anﬁe—'n-bir’ding cells demonstinted in titro are
functional. In other words, are they the precursors of higli-rate antipody secreting cells to
the antigen they bind? One immediate problem is that the frequency of anngen-bindiﬁg
cells to a given antigen is higher than the frequency of precursor cells, as determined by
measuring the num% o1 of antibody-secreting clones developed upon exposure of a mouse
spleen to antizen.*® Of course, it is possible that the difierence is entiiely the result of
methodological limitations, but since there is a difference it is comforting to find that there
is evidence to suggest that some, at least, of the antigen-binding cells are in fact precursors.
The earliest experiments. which bear on this isfue have been termed ‘suicide’ experi-
ments,”’*® although Michasl Sela is terminologi¢ally correct to say that they should more.
properly be described as ‘murdeér’ experiments. In these expériments.the antigen-binding *
cells are formed using a '**I-labelled antigén of very high specific activity. The cells are
washed, transferred into an X-irradiated host, chalienged with antigens and an antibody
response to the relevant and to control, irrelevant, antigens is measured. If the specific

- activity of the original radiolabelled antigen is sufficiently high, then the antibody response
is specifically abolished, the antigen-binding cell having received a letha! radiation dose
from the bound radioactive antigen. Further evidence for the immunccompetence of
antigen-binding cells comes from selective depletion or enrichment of precursor cells by
passing lymphocytes through columns of antigen bound to inert supports, %4 or by
separation in a ﬁuorﬂcencu acnvated cell sorter foHowmo treatment of the cells with
fluorescent labelled antigen.®

Some beautifully conceived work with anti- 1dtot\pe annbodnes is apposite at thxs oomt
Smce anu-idioiypes specifically react dvith the vanable region of anthodies, frequentiv at
“or close to the combining site, could they not mimic the action of antigen? The zaswer is
that they do. What is more, depending on the experimental svstem they can either inhibit
induction of an immune rccporse ((Mtolerance),***® or stimulate production of the
appropriate idiotypic ant ibodv.*”** Using the streptococcal Group A carbohydrate sys-
ram, 2nt-idiotypic aniisera werz raised (in euinza pxc\. \mn meu seity for the antt-Group

........
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A carbohydrate antibody synthesized by A/J mice.**” The “Uiﬂc‘ﬂ pig anti-idiotype wes

separated o t‘: 1 two mizjor subclasses, 1eG, and I“G.. found n fuxmu pig SETUM
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Whereas the I¢G- fraction inhibited incuction of the idiotype by the antig the IeG.

fraciion was abic to prime B hmphw\'cs so that tiiey would respond vr \muw_\' to the
streptacoccal Group A carbohvdrate when tested in @ cell transfer systen.” In A/J mice
re~pondmo to the Group A carbohydrate antigen about 25% of the antibodies react with
the anti-idiotype, i.e. the response is highly restricted. Nevertheless, upon priming with the
anti-idiotype essentially all of the antibody subsequently synthesized is of the idiotype in
question. There'is therefore a selective expression’of the one idiotype when stinulztionis.
provoked by the relevant anti-idiotype. Even more impressive was when the same
experiment was done with C57L mice, a strain in whick this_particular idiotype is
xundetectable. Upon priming with the anti-idiotype, however, there was production of a
cross-reacting idiotype, now in easily detectable guantities. Eichmann and Raiewskym
draw three important conclusions from this work. That their and similar dxia® ‘Jeave
hardly any doubt that the precursors of idiotype-secreting B lymphocytes expiess the
idiotype as functionzl receptor molecules. This is close to formally proving the basic
aSSmehon ot selective 1heox’es of antibody formation’. The next point comes from the
anti-idiotype provoked expansion of preuously undetectable clone in C57L mice. They
point out that the idiotype produced hére is cross-reactive with the A /J mouse product (i.e.
itis not exactiy the same) and that similar experiments with, for exzmiple, C2 A mice fziied
to cause the expression of cither a completely or incompletely cross-reacting Jc'\'vz\pu
These observations ‘support the view that the potential receptor répertoire of the immune
svstem s strictly germ line controiled’. The inclusion of the word ‘potential’ in the sentence
ofiers two alternative interpretations: that somatic diversification is preprogrammed or
that antibedy diversity 1s carried in the germ line. Many proponents of the eermiine theory
will aimost certainly take satisiaction from the second interpretation and pay scant -
attention to the first. Meanwhile those favouring the somatic generaton of antibody
diversity will point out that there is no final conclusion possible. Nevertheless, what is
- obvious is that further experimentation of this-naturg will certainly contribute evidence,
perhaps decisive evidence, to aliow a final decision on whether antibody diversity is
encoded in the germ line or somatically generated. The third conc!usron is 8 practical one:
‘in certain instances anti- 1dxot}p1c antibody may thus serve as a new type of vaccine’.
At this point it might seem churlish to ask the question whether immunoglobulin is.-
actually synthesized by the B lymphocytes. It is, nevertheless, a question which hes beer -
posed 2nd which has been 2nswered in the affirmative. The simplest method has becn to
remove immunoglobulin by rmodulation with anti-immunoglobulin and then to record its
reappearance after tissue culture (e.g. References 69 and 70). Additional evidence hzsalso
been presented which is based on internally labelling lymph‘ocytes in vitro with radioactive
protein and carbohydrate precursors. Surface mmunonk»buhn is then either defined by
treatment of the cells with anti-immunoglobulin,“** or by isolation from a purified plasma
membrane fraction of the labelled cells. “S The underlying methodology was described in
an earlier section. The finding of radiolabelled immunoglobulin in these experiments
constitutes uneqm\ ocal proof of synthesis by thé cells under investigation. These and other
studies” 7 using cells externally labelled with '*I also provide information on the
turnover of membrane associated immunoglobulin. Most immunoglobulin releesed {rom
the surface is found in the medium in association with fragments of phsmq memuorane,
which is why the processhas been termed shedding rather than secretion.”” The analvsis of
surface immunoglnobulin wrnever is complicated by heterogeneity of surfece immiino-
globulin classes, for exampie the simultaneous presence of IeM and IgD or the same



220 R.M. E. Purkhouse ur:d E. R. Abney

cell.®** In addition there is a heterogeneity of B lymphocytes. Thus one subpopuiation
consisting of relatively large ceiis, releases cell surlace immuroglobulin wiih @ neii-life of
1-3 hours. Another subpopulation, consisting of smalier ceils, releases immunogliobulin at
an anprecicbly slower rute, the hzlf-iife being 20-28 Lours.”™

The lvymphocyte, unlike the plasma cell, does not contain the well developed membran-
ous elements that characterize sccreting cells. Tn plasma cells it is now clear that
immunoglobulin destined for secretion is translated on membrane bourd polyribo-
somes.”™ The hascent polypeptidz chains are vectorialiy released from the polyribosomzs
into the cysternal spaces of the rough endoplasmic reticulom. From there, after their
‘assembly into disulphide linaked H,L; structures, they pass to the exterior milieu via the
Golgi apparatus. Some biosynthesis data obtained with. B lymphocytes™® are consistent
with a similar transport route for membrane immunoglobulis, but the evidence is by no
means conclusive. In the same series of experiments it was also possible to biosvatbetically
radiolabe! cell surface immunoglobulin with labelied fucose and galactcse. in contradic-
tion to saime earlier work which indicated that surface immunoglobulin wis dev ol of these
sugars.™

There is therefore nc doubt that the receptor fo¥ antigen on iminunotomsetent B
lymphocytes is endogerous imununoglobulin, .an¢ that a eiven lymphiocyie beass
immunoglobulin of only one idiotype. Upon stimulation its cional product then secreies
antibodies of the same iciotype. Before passing to the vexed question of consiant region
expression on lymphocytes, it is worth mentioning the current argument over whether the
receptor immunogiobulin acts as a signal to the cell when it binds antigen. At firs: sight this
might appear to be a very silly question indeed. On the basis of experiments with the
polyclonal B lymphocyte activator, lipopolysaccharide, Coutinko arnd Mditer™ have
argued that the signalling site, is not immunoglobulin. The immunoglobuiin merely serves
to focus the antigen on the ceil surface where it then interacts with another membrane
protzin, which is postulated and for which no concrete evidence exists..This membrane
protein then provides the signal which directs the cell into a state of tolerance or immune -
induction, depending on the number of interacting sites: just right for induction 2nd too
much for tolerance. The major arguments against this ‘one-signal’ model are presented by
Cohn and Blomberg in an article which also very Iair_ly summarizes the:Coutinho-Malier
point of viey ’® The major point is that the one-sjgnal model was designed to account for
observations with lipopolysaccharide which is a very specialized system in that it deals with
a polyclonal B cell activator, unlike most situations of B lymphocyte induction. There are
therefore a number of observations which cannot be acco_dnted for by the Couitinho-
Moller model, e.g. maintenance of B cell paralysis to self; breaking of tolerance with
material that cross-reacts with the tolerogen. Challenging and thought-provoking though.
the one-signal hypothesis may be, it more underlines our ignorance of basic mechanisms of
immune induction than it explains them. The real truth is that we realiv do not undarstand
the dual mystery of antigen recognition, the rendering of the target ce!l to a nor-rasponsive
or differsntiative event. ’ ' '

Having s2id that, it is time to consider the expression of constant regions on
immunocompetent cells. From a number of observations, and bearing in mind seme
znnarent exceptions,'™ it is now clear that allelic exclusion occurs. Tiz mos: conclusive

exoeriments which demonstrate this are those of Jones, Cebra and Herzenhers, These
experimznts are particularly instructive since they foilow what is certain o bz 2 medel
protocol which sidesteps probizms due to cytophilic antibody. They took lvmphocyies
fram allotpiea!’y heterozygous rabbits, stripped off endogenous and non-endozerous

VIS

immunngiabulin by treaiment with proteolviicenzymas fo vitro and thicn piuced the celisin
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VPR WOt On i inake i, nnci noT NG atternative alotype. This evidence 1zken
welh~r withihaireviewed by Warner,"" makes a periuasive case for alicty picexclusion at
the ievel of constant genes on the lymphocyie surface.

‘In considzering the constant regions expressed on B l\mp! ocytes it weuld be as well to
first define the quesnom that will be discussed. For'example, does a given lymphocyte and
its clona! progeny always symncs z¢ one and the same constant recion or ¢an there bea”
switch from one constant region to another, eithér in ontogeny. or upon an immunogenic
challenge? In the first case, stem ceils would give rise directly 1o lymphocytes bearing
>urface immunoglobulin of only one of the known classes. either IghforIgGorigA and so

n. These, upon immurogenic induction, would eventuaily give rise to celis secreting
e\dctlv the same isotype represented on the original precussor cell sorface . Thus, Jgni-and
IgG-secreting cells would derive from lymphocyies bearing IgM and IoG respectively. For
this type of situation ornly one V-C gene integration event would be necessary. However, it~
is now almost certain that a modgl of this nature j¢ untenable. Somewherc in the
development of many mdmdual B l\ mphocytes a change of Cyy gene expression occurs.
The major arguments therefore concern the sequence of heavy chain expression in
lymphocyres and their progeny, and whether this ‘switching’ of Cy, genes is antige s driven

or not. Further, if expasure to antigenis responsibie for switching of Cyy ge ne 5, thien atwhat
level of differéntiation does it cconr? In an antigen independent model,” stem cells first
develop into lymphocytes bearing surface IeM. Some of tiiese cells are posiuiaied to give
rise to Ivmphocyvtes bearing 1gA via a population with 1¢G on their membrenes. This
developmental prc»r‘*'mon -it is argued, occurs without the necessitv {or antizenc
intervenuion. and involves twe Cyy gene switching steps, i.€. from Cp. to Cy and from Cy o
Ca. When antigen does interact with the cells, they differentiate into high-rate antibody
secreting celis expressing the same isotype as the original precursor lymphocvte, e.g. ceils
with IgG receptors develop into JgG-secreting cells. The model was originaily proposed by
Cooper Kincade and Lawfon to explam a series of pmneenng experiments with chic-
kens.™ By judicious timing of bursectomy and administration of anti-g chain serum in rivo
tney were able to render the animals completely agammaglobulinaemic. A suitzble delay.
in these manoeuvres could cither cause appearance of IgM, but not IgG or 1eA (burs- _
. ctomy at 16-17 duys), or selective sappression of IgA only (neonatal bursect cmyj. An-
important point is that once cells are seeded from the bursa to the penphery suppression of
IgG and JgA requires a very prolonged regimen of anti-u chaininjections. Jt s therefore
easier 10 inhibit the development of JgG expression with anti-u when bursal B lympho- -
cytes, rather than peripheral celis, are the target of the anti-u chain reagent. Nonetheiess,
chronic administration of anti-u chain in tivo can prevent the appearance of all 2ntibedy,
both in mice.and chickens,”®’® and is strong evidence for the occurrence of Cy; gene
switching in lymphocyte differentiation. Other frequently quoted evidence for switching is
the presence within ene individual of myeloma protein, which is heterogeneous with
respect 1o isotype, but homogeneous for the variable regions.**"! For example. in one case
the r-we!oma nratein was shown to consist of TgM, 1oG uand IgA, but all three isetypes
shared the same idiotypic determinants,”
Taking the Cooper-Kircade-lawton model as the starting point for discussion, we shall
now pose seme questions. Ju doing this, it should be pointed out that their medel, first
published in 1971,** has probably stimulated more alternative forms than any other
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attempted description of B cell dnvelopment (cf. Reference 18). There are no serious
objections to the idea of a switchin C,; expression during differentiatior: and cevelopmant
of Iymphocytes. The major- alternatives centie on whether the C,; switch is antigen
independent or not, and whether the sequence of IghM - 126 — 1gA oceurs entirely onthe
lymphocyte surface o that the receptor and eventuzl secreted product are of the same
1sotype. '
The ong]nal postulaté of antigen independent switching ‘was bused or: the bursa-
dependence of the switch in chicken, and also the fact that deliberate adminisiration of
antigens to chicken embryos failed to influence the development of 1gM- and IgG-
containing cells in the bursa. On the other hand, unprimed mouse spleen cells, which
respond to sheep red blood cells in vivo by synthesizing IgM, IgG and 1gA antibody, fail to:
do so if treatéd with anti-..*>™ Furthermore, exposure of normal splezn celis to anti-x
chain caused a marked suppression of IeG production by the cells when rested inan incivo
transfer system. ™ If the appropriate precurior zelly were ge neratedin wnantivenindzpan-
dentway it is difficult to see how responses to 13G and 1zA could beinhibited by anu-p. An
alternative explanation, and ore that will be discussed below, is thet ihe precursers of the
IgG and IgA secreting cells rarely bave 12G and TgA on their suifaces. )
Having said that, this 15 as goed as any time to suy that the situstion regarding Cy
representation on the surface of B lymphocytes is thoroughly confused, as perusal of the
review by Warner'™ will indicate. There are three very clear reasons ior the confusion.
First, muc‘n of the data comes from immunofiuorescent stainiﬁg_:md, as pointed outinan
earlier sectivn, there are many problems assoctated vath materi=t banduie through Fe
recapiors, of perhaps even being non-specificaiiy ehiorbed. Whatis vk oo Rivwsver, is that
the number of B lymphoeytzs recorded positive for JgG and JgA steidily decieasetoavery
Jow number (1%-3%) as the experimenter takes more care 5 avoid ihese preblems.y ™"
Second, und in particuiar in the mouse, when surfzce immunoglobulinis characterized by
externzl labeliing and immunochemical procedures there is hitile, i any, JgG or TgA
detected.”*™* Third, is the problem of distinguishing betwzeen a precursor ivmphocyte
that has not been in contact with antigen and one that has, and, as a result, has embarked
upon an irreversible differentiation pathway leading to the high-rate antibody sacreting
cell. To pose an example: supposé 2 'lvmp?hocytc with surface JgM interacts with
antigen and its clonal progeny secrete 1gG, as could be iriferred from data discussed-
above.” ¥ At some stage of the differentiation process the cells will begin to express
IgG, possibly on their surfaces. If so, are these surface JgG molecules to be regarded as
receptors for antigen? For the purposes of this article, the answer wiil be in the negative.
Nonetheless, this type of cell would be vp.ositivély recognized in an immunofuorescence
procedure. Itis also possible that a cell at this stage of differentiation conld be stimelated
into an abnormally extensive clonal expansion under certain experimental eonditions, for
example, transfer into an irradiated host together with antigen, and this wouid create
obvious problems in the design and interpretation of experimanis. In this context itis aiso
impertant to pointout thai many IgG-secreting mouse plasmacyioma cellscan b2 shownto
have surface immunoglobulin,”® but here the distinction is clear. The surfoce associated
Jimmunoglobulin meleculzs are not functional receptors for antigenic stimulztion, leonc»
again an immunotiuorescence assay would record a positive resuin Not all ¢ B celis

»
stimulated by aniigen go on to become high-rate antibody-secreting czlls. Some will ba s2t
aside ssmemory cells and the nature of theirreceptor immunoglohulinis more a man *:.‘o'
coniecture than informed discussion. There is one beautiful series of experiments which

do2s sneeest that the isetype of memory celt surface immunoglobulin corra<nen d~ 10 the
3 .
evenrual secretod product N Memory cells and bizh-rate antihodv-co coreiing ool H: from
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mice primed 1-6 mozihs prior to sacrifice were retained on antigen-cozted coiumns. Assay
for memory was dune by uaisfer of the celis 1o Ict‘.-\.;)ii_\' irradinied recinient mace,
Pretreztment of the cells with cither anti-]2G, or enti-JeG. before passeye down the
insoluble aniigen column caused a seiective “sneaking m]mwh of presuimed precursor

cells {or T G- "and 12G, synthesis respectively. Impressive @ the experiments are, they
were donc well in advance of our current appreciation df the problems arising from
cytophilic antibody and Fc receptors. Thev cannot therefore be regarded as in any way
conclusive,

At present we are therefore faced with the embarrassment of a total lack of cerrelsation
bezween isotypes expressed systemically and on lymphocytes. Since the number of igG
and IgA bearing lymphocytes is low, it is reasonable to ask whether this minor population
of cells has biolcgical significance. It is also a matter of urgency to define the immuno-
globulin on the vast majority of B lvmphocytes.

In answer 1o the first question we can say that it is entirely possibie that a smail
population of, for example, 1¢G hearing cells could be rapidly exparded by cell divisionin
‘'such a way as 10 account for ali of the serum IgG. Indeed, and as meniioned above, there
are experiments suggesting that 1[G is presenton the surfzce of some, but not necessarily
all, precursors of 1eG secreting cells™™** With the prevailing paucity of informaticn.
however, itis fair to ask if this is the exception rather than the rule. The situation with IzA
secrcling cell precursors is more confused. These are reported to have oy rot 10 have

surface IgA, depending on the antiserum veed to make the identificotion. ™ A pisitive
identification was made with an anti-IgA allotype antiserum (directed towa: dis the Fd part”
of the heavy chain), whereas J¢A could not be detected when a conventional inii-isotvpe
antiserum was used. For reasons given below, we find the resulis with the enti-isotype
antiserum more comincng, énd thercfore predict that IgA will not he on the wurface of
piecunsor lymphocytes destined to secrete JgA.

If most immunoglobulin on B ly mphoc;tes is not absorbed, then what is it? For some
time IgM has been recognized as a major component of B lymphocyte ‘membranes.
_External radiolabelling procedures showed that surface IgM differs from the secreted

variety by be.na the monomeric, H :L2, subunit rather than the fully assembled (H,L,)5
pentamer.”™* In these and other®* sm:lar studnes neither IgG nor IgA were detected
(lower limit of detection about 5% of total cell surface 1mmunoglobu’m) A major
breakthrough came with the discovery that IgD was, in addition, present on many human-’
_peripheral B Iymphocytes.””** This was quickly followed by the demonstration of its
endogenous synthesis™7? and occurrence on many human chronic lymphatic leukaemia
cells. Althouch some cells expressed either IgM ‘or IgD, on many both jsotypes were
simulianeousiy present.”’" Using chronic lymphatic leukaemia celis and an :mti-idiotype
raised against their IgM product it was possible to show that where the two isotypes
co-cxist on the same cell, they sharc the same idiotype,™>* and hence presumably V
regions. The simultaneous expression by one cell of two isotypes sharinig the same V region
has imzlications for the mechanism of V-C gene integration. Because of the very long life
of chroric lymphatic leukaemia cells, it ceems probable that in those cells gxprossing hoth
TeM and IgD the geniome contains integrated genes for both heavy chains. To (\p‘am this,
reiteration of the V genc or a copy-choice 1o mechanism for V-C gene intecratian-is
required. These speculations are based on the long life of chronic lvmphatic leukaemia
ceils, and conclusive evidence (e.g. simultancous transcriptions of mRNA for § and u
cheins) is lacking. Having raised thu. possible existence of two integrated heavy chain genes
in the chronic lymphatic leukzemia cell, hewever, it does suggest the following hypothet-
cal scheme. At some time in the deveiopment of a B-lymphocyte there isintegration of a

.3
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unigque V gene, with the constant region genes of ali heavy chain isotypzs. Provision of

muktiple copies’of the same V gene could be germ fine detenmined or somatically
generated by making a serics of copies (i.e - Copy- choxcc; ot the time of intcgration. The
adhantage of simulianeous intepretion of all Cy genes early 1 :ho omwgzny ¢f B

lymphocytes is that questions relating to isotvpe expression would iien revolve entirely
around differential gene activation and repression; the requirement {0 account for V-C
gene integration events at later stages of differentiation would 1o longer exist.

The paucity of serum IgD contrasts with its high frequency on B Ivnmnocxt sandifa
special rolé for this class of membrane immunoglobulin is to be entertained, then the

“importance of establishing the existence of a similar molecule in 46 snimal species is
obvious. - To date, there have been ‘claims for a similar lmanovlobuhn in the
mouse""'"*'* and suspicions of one in the rabbit.'™

In the mouse, the candidate for IgD is a disulphide-linked H,L. molecule which can be
prempnalcd from lvsates of xtemallvlabelled nude or normal mouse B Jympi o"yteswnh
anti-licht chairs, but not antisera to any of the known mousé heaswv chaln isatvpes, It is
theretore clearly an 1sorx'p~ huherm undzscribed in the mouse. This candidate for IgD
resembles the human counterpartin heavy chain size, marked suscertibilioy v proteolysis,
and i its odcurrence od lymphiocyte surfaces. In tiwe absence of sequriice Guia this new
immunoglobulin class in the mouse cannot be formally identified s J¢gD. However, {or
ease in preientation and because of the similarities noted above, we shall henceforward
referto this molecule as IgD. Inaddition, the probdb]hl\ that sequence siudics will confirm
this assignment appedr\ to be very high.

In hoth humans'"® and mice”' '™ IgM precedes Jgb) in ontogeny, 1oi 2ppeziing abn-"
two wezeks after birth in mice and at some time between 3 and 4 monins of gestation in th
human. Eariier assumptions thet IgD precedes JgM in'the human were baszd on compari-

- sons between cord and adult bicod™ ™" and appear to be incorrect. imerestingly, what
‘little we know of the amiro acid sequence of human IgD would sucgest that it evolved
some time after.the gene for w-chains.'™ Thus IgD appears subsequent to IgM in both
evolution and ontogeny. '

There is a marked difference between the relative amounts of IgM and IgD in murine
spleen lymph nodes and Pever’s patches.”''%*!%*!"7 By external labelling techniques IgM
and IgD were found in apprommately equal am unts in the spleen in Iymph nodes and

-. Peyer’s patches, IgD acrounted for 70% and 90%, respectively, of the total immuno-
globulin. It is important to emphasize that in these studies IONI and IoD are the only
‘immunoglobulins recovered.

The external labelling procedure can only give the tota) vield of Ip\” nd TgD, and not
their distribution or individual czlls. Based on the rarity of immunoglonilins other than
IgM and IgD on the surface of mouse B lymphocytes, fluorescent staining was uszd to
indicate that in the mouse, as in the human, there are splenocytes bezrinz Ia\i or IgD, or
both 1M and IgD.'"™ In those experiments IgM was first capped with rhodamine-labell=d
anti-g chain, and then <vHsequen: ring staining with fluorescein-labeiiad anti-Fab in the
presence of sodium azice was taren as ¢vidence for the presence o!f jglJ. Recently, an
antiserum specific for mouse IgD has been developed,'™ and the ahove result has been
confirmad. Using this antiserum it could be shown that ihe majority of 2 lvmphocytes in
lymph nodes and Peyer's patchas were expressing only 12D, althougi: some doubies (IgM
and IgD and an occasinnal IgVi-hearing cell were seen. In the spleen, however, 2l thres
categories of cells were presznt in similar proportions. Inspection of the ccils Joubly
stained for leMand T2D sugy cested a considerable variation in the reladive intensitios of the

two Buorescent markers, sursesting a variation in the IeM and gD razio tom ceil 1o celt
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This, together with the observation of the three coit types (i.e. Teal ipD and IeM-JaD) ard
the {act that 107\’1 precedes [pD in ontogenv. sugeesis @ developmemal sequence of
inmwnngichaiin exrGson fn i Femmbiogs g i fehi o 1D o

tyne with both isctvpes, Thus the B 1

& an e g e Lot
siphecyies of lvmpi nodes and Peyer's eichos
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thy finding that large, immatare spi SrOcy e froms mce are enriched for izM: whereas the
smailer splenic lymphocyies, thought W be more “icked tor [pD.

irisan pxlraordmary fact that j; D wasnotdetectedon B ]ymp:;« seytes earlier. However,
it is present in very low amounts in normal serum,''’ and thus its very exiensive
representation on I colle must imply @ specialized role as recepror for antigen. Thisis easy
to say butis noi particularly illuminating. At present, we canonly guess at possible roics for
IgD. As discussed above, there may be a deveiopmental sequence. According to this,
immature lymphocytes bearing IgM will develop into cells with surface IgD via an
intermediate cell type with both isotypes expressed. Do each of these three cell types
exercise diffzroat immunoloaical functions? De all B lvmphocvtes pass throuch these
thice distinguishable stages, or are some arrested or diverted in ¢ther girections ie. . Ivus
at aay stage of the diiferentiation pathway? Time, and c.\'perimem\‘ with the flucrescence
activeted cedl sorter will aimost certiinly provide an answer. A most intriguing guestion is.

Jwture, are

~ . IR AT Vv YT N o N -
w huhu L_\x an 1"{_: gfve un?cum ST L:'\ "L.. .\’mu".ar‘cous!_\- PRCsSnt 0N e iyingho-

:cf;?:on. hm\ c\u, a nL)f qucstaun cmnd Lns the exact mede nf nsertion of these wo
i:';'nu:mwlob"hn:: in the munb;enc. e.gowhether they are siniches to and/or assicias
the swine or dithe

ili lsurface componenis, Ap inporsant Guestion isexact’s whizn
gl) rose in evoluiicn. : th <isetype 18 not found in, for exzmple elasinchranch T
hen some chics as to the function of Izl) might be suggesied. The marked suscepuibiiin
D 10 [\10'( on" is' T could conceivablv be a clue. In faet, @ model for B lvmphacyvte
muiation which incorporaies proteoivtic ceavage of 1D o
Su ggcsted." .

An intcresting observation has recently been made with a line of CBA mice (CBA/N
which have an X-linked defect and associated failure to respond to thymus-independent
antigens. It appears that these mice have reduced but detcctable levels of IgD,"'" and
consequently it'is possible that IgD plays a critical role as a receptor for thymus-
independent responses. In the experiments reported the immune responses measured
were of the IgM variety, and so there is some conceptual difficulty in interpretation. In
addition, there are reduced numbers of B lymphocytes in CRA/N mice and so the failure
to respond to thymus-independent antigens could be the result of defects other than at the
IeD level.

Experiments in the rabhit provide circumstantial evidence for IgD bearing lvmnhocvtes
as 1ne precursois ol 1gA secreting celis. Pever's paten celis were Stnpped with 4 pioteoiytiv
enzyme and then cell surface immunogiobulin was aliowed to regenerate in virro. The celis
were then sorted in the fluorescence cell sorter usino fluorescent-labelled anti-x chain to
give ju-negative and 1 -positive subpopulations.” Upon transfer or stimulation with
pokeweed mitogen in ritro, the u-posiiive cclls developed primarily into an JgM secreting

is

population. The g-negative cells. which contuined lymphocytes stained with anii-light
chain but not heterolognus anti-a chain. contzined precursors of TgA secrerng celis; itis
reasenable 10 assume that the precursers «.r¢ the light chain bearing coiis. In another
pubiication,” it was claimed that surface g\ 1egenerated wpon cuiture of the cofls in i
after enzymic striipping. Fm identification ¢f l2A an ant-ailotype antiserum thoucht to be
specific for the TgA class was used. No functionai studies were done with the Te -positive

i crucial event hos been
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population. Nevertheless, the authors concluded that precursors of 1gA secreting cells
have TgA on their surfaces. However, when untreated rabbit Peyer's patch c»d: were
(:M.."L..» iaeiied with l::.l, the m:Ih.nO"x(“Uum recovered resalven ol thice coms 2o
nents after reduction and alkyistion. "™ The major components corrzsponc2d to u and &
chain, and in addition there was a minor fraction which appeared to be « chain.
Unfortunately, the presumptive § chain was not taken into consideration in these
experiments. Furthermore, the radiolabeiling was conducted on untrezted Peyer's patch
cells and these are known to bear cytophilic IgA. Two controls are suggested. First the
specificity of the anti-allotype antiserum should be checked by the stringznt criieria of
external labelling and subsequent immunochemical analysis; the cells {or labelhnﬁ should
-0f course be first stripped ‘with 2nzywe and then allewed to rzgencraiz celi-surface
components in vitro. Second, the same population of cells should be fractionated with
appropniate anti-immunoglobuiin reagents and the subpopulations sebmited 1 func-
tional testing. We predict that when this is doae the majority of igA precersor celis will be
found to express IgD on their surfaces. '

Finally, any model of B l)mﬂhocyte differentiation must be superimposed upon the
major two surface immufogiobalins, IgM and 1gDD. Whether or ot iG se rzung cells
denve from a small population of IgG bearing lymphocytes, the 1ronowssamc\zcsrtam!y

a cell with IgM, IgD or i)O"’T Furthermore, expression of surface 1202 iz independent of

thymic’"'" or antigenic'™ infiuence.

Is there anything that distinguishes membrane-bound from secreied immunogiobulin?
At first sight there are two clear differences. First, surface JoM is assemb:led 25 fur as the
H-L- monomer, whereas secreted IgM is polymeric, consisting of five d:.»u.,,nide iinked
monomer subunits. Second, a large proportion of lvmphocyte assacizied ~rlobulin

is IgD, an isotype which is a very minor component of serum. These dnhr"eu\_r:\ do not,
however, immediately afford an understanding of the mode of membrane insertion. Thus
monomeric IgM can be secreted in certain situati ons' "5 and 50 this particular subuait
structurz does not necessarily guarantee inSCI’IiOI] into the membrane. In addition, and

- althiough the comparison cannot be made for IgD, the known sequence of IgM''® does not
suggest a C-terminal region of marked hydrophobicity. As noted above, there is confusion
over whether surface-associated and secreted IgM differ in their relative amounts of
carbohydrate.*“* However, while small carbohydrate differences cannot be ruled out, it
does seem that surface immunoglobulin does possess some, if not all, of the fucose-and
galactose incorporated into secreted IgM. Similarly, other small structural differences
between surface-associated and s;cret«.d. immunoglobulin-cannot be dismissed. Ore
possibie line of enquiry svould be to ask whether membrane bound immunoziobulin heavy
chains do or do not have the extra N-termina! sequence of about twenty amino acids found
in the intracellular precursors of secreted immunoglobulins.’'” It is not inconceivable that
this sequence, normally cleaved from immunoglobulin polypeptide chains prior to secre-
tion, could be a feature of surface immunoglobulins. The actua!l integration of immunca-
Iobuiins into the membrane structure is another intriguing unkrown, the solution of which
could weli have implications for the mechanism of anticenic stimulation.

5. T LYMPHOCYTES
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aniiserz, There is thercfore no useful purpose in a detailed review o past errors and
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cesses in this pxiraordinarily muorky area. Insicad, this section will e briv! wnd. asa
result. incomplete. For aycluminous accouni of the many 'mpvnmms by which citempts
Bave heen made—sonie apparent!y successivl and giherny soaatradictony-- Semonsrale
immunoglobulin on T eelis, the reader is referred to Warner's cxccllcn rcvi-'w - At the
auisel we should like to draw attention to the fact that for vears Simonses har miaintained
‘consisient scep tmsm towards the jdea that conventional immunoglobulis is -h T-cell
antigen receptor.''™!” There is now increasing evidence 10 justify his scepticism.

To siart with the least contentious points: it can be asserted that T lymphocytes do not
eenerally express high density immunogiobulin determinants on their membranes: they do
not stain when treated with fluorochrome coupled anti-immunoglobulin. Furthermore, in
most systems where immunoglobulin has been demonéirated on the suiface of T cells,
when appropriate experiments have been carried out the immuroglobulin can be shown to
be exogenously derived. For exampl, chickens deprived of B lymphocytes bv bursectomy
and anti-p chain treatmeni do not form rosettes with sheep red blocc cel'- unless
preuousn u*;ected with an anti- <ﬂccp red biood cell serum obtained from & normal,
immunized bird."*” Simila tly, the low density labelling of chicken 1 celis chservad wsing
radiolabelled anti- c}nc:\enhq.,tcha,no,sapﬁe.:rs\ahen {he source ofsexur..ar\u -0dy, the B
cells, is removed by bursectosny.'** Therefore in chickens there is excellent evidence for an
absence of endogenous.immunog!o‘wéi3n onthe suriace of 7 lymphocyici. In mzmimals too
there is good evidence for T cells with exogenously derived immunoglotu'in, Trus using
auot\m': markcrsnhm been convincingly demonsirated that T cells in the thoraag ductof
mice' ™ and rats'™ passively acquire immunoglobuliii. Ficm these exper inie nts it zppears

that activated T cells acquire more surface immunogiobulin than resting T cells, 2ithough
in both situations it seems likely that the umake is due te Fereceptors 0

{ the many reports that anti-immunogiobulin can inhibit various manifcctazions of
cell-mechated immunity, there are certainly an equivalent number of corirzdictory
findings.'™''"* We have discussed at length in an earlier section the sorts of unwanted.
specificities that can occur in poorly characterized anti-immunoglobulin antisera and agree
with an explanation offered by Simonsen:'** namely that positive findings are the resuit of
contaminating antibodies to cell surface structures other than xmmunoglobuhn constant
rsgions.

An enormous amount of work has been dcx oted to antigen-binding T iy mphocvtes,’®
and in many cases it has been inferred (through the use of anti-immunogiobukin) that
antigen is bound to T lymphocytes via immunoglobulin. However, as Simonsen points
out,’'® control absorptinns of the test antiserum with T lymphacytes are rever done: More
recer:t studies using the synthertic capolvmer (T, G)-A-L indicate major differencesin the
spemﬁmv and nature of antigen-binding by T and B lymphocytes.’ 126 The differences
are in temperature requirements, metabolic state, susceptibility to anti-histocompatibility
antisera and specificity. Antigen-binding to T cells occurs more efficiently 2t 37°C thanat
4°C, so that more antigen-binding cells are observed at the higher tempzraiure. Conse-
guently more or less antigen-binding T cells can be obtamed smply by shilting the
temperature up or down. The reversible nature of this phenomenon mu"“ beirnibited by
adc“mnnfarreta‘oﬁhcmhlh't("f.m iumazide). Thusif T ecellswere incubzic o 2037  2n
then shified-to 4°Cin the presence of zzide, the frequency of antigen-binding celis was the
same as that observed at 37°C. With B cells, on the other hand, equal numbers of
antizzn-hinding cells are found at either temperature. Another difierence was tha
preireatment with antisera against the Kor D locus of H-2b abolished the formazion of T,
but not B. antigen-birdinz cells. Finally, the specificity of -antizen-binding was guite,
difierent for T and B cells. Whereas bmdmo of (T, G)-A-L 10 B3 cells wa: inhibited by an
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xcess of (H, G)-A-L or (Phe, G)-A-L, this was not the case for T et The simplest
conclusion from this series of experiments demonsirating marked d"‘crenc—‘s in the
charac eristics of antigen biiding by B and T lyniphocytes is that the vaw celi iines bear
nts tructures fora aniigenrecognition. Thisisihe same assann"lu._t.. Gmensgiobulin
is not_the antigen receptor on T cells. Those who wish to quarre] with the conciasion can
assert that there is immunoglobulin, and argue that the observed diffzrences in antigzn-
binding characteristics are a consequence of diflerences in membrane organization
between B and T cells. '

The most elegant experiments desiggied to demonstrate the immunoglebulin rgture of
the receptor on antigen-binding T cells are those of Roelants and his cci Heagues. 271
Basically they showed that pretreatment of T lymphocytes with ann—rnmunoolobulin-
caused capping of the radiolabelled antigen subsequéntly bound 19 T cz!ls Tobe sure tha:
they were not dealing with ao artefact resulting {rom cytophiiic antibody they used
unimmunized mice, and incubated the cells in vine alier the trevtmznt with anti-

-1mmuno:,loou!m. Under- these conditions the rece ptor for antigen wouid pe lost by
internaiization and, or, shec}d.ng as 2 result of the anti-immunoglobulin-induced capnino
After a suitable time in vitro endogenous receptors would be synthesizes and reinnerted
into the cell membrane. The prediction then is that at short times (1 hows ) aiter treaiment
with anti-immunoglobulin there would be no antigen-binding T cells. and 2t ionz times
(6-18 hours) there would be. In fact, the observations were jn zuis
prediction but the experiineats are nonetheless suliject 10 the eniiciy
concerning the specificity and use of antisera. Jt 1§ exactly this tvpe «f sftyztion that
demands biochemical characterization of the material on the cell surfecs -waciing with the
antiserum. Furthermore, the experiments were with unfr?ctionaf% O m‘ tar< of lvm-
phocytes (i.e. containing B celis) and so an artefact due to the contami:
cytes cannot be strictly ruted out.

By far and away the most compelling evidence for immunoglobulins on T cells appears
to come from external Jabelling studies. Using the,lactoperoxidase-catalysed p.—ocedure
for radiolab‘.llino cell surfaces, immunoglobulin hgs been recovered in similar™ or eve
greater ¥ yields from thymocytes as B lympHocvtcs The former group®” has extended
their observation to other sources of T cells*>*'** with similar findings, but others have
‘failed to confirm their observation with thymocyte or peripheral T lymphocytes.'**"*! We
shall not discuss here the presence or absence of immunoglobuiin on T cell lym- -
phomas'***'** since this type of ceil is malignant and therefore not necessarily. a precise
mode! for an immunocompetent T lvmphocyte.

This situation is disterbing and almost without precedent. Here we are dealing with
precise biochemical techniques including gel analysis of the labelled ccli suriace materiai
reacting with anti-immuncglobulin. On the one hand, it is claimed that thvmacvresand T
cells have immunoglobutin which is a disulphide-linked 78 “TgM-like” me-locule. What is

more, in thesz studies the yield of 7S “IgM-like’ molecule is comparable when either

" normal thymocytes or splenceytes from nude mice are labelled.”™ On the ott2r hand,
however. using similer techniques this observation cannot be rmrodv o by a nunherof
difierent investivators. The oniy possible conclusion that can be dr:.\\n N khﬁt one of the
two aroups of protagonists in thie controversy is wrong. We take the view thnt the e tanera
disuiphide-tinked 78 I_\L -ihe molecule” on thymecytes and T l\'xﬂmwczicx T‘zaé_\;
view has been arrived at {or a number of ressons, other than the ireproducthitizv o

el
WK,

s2 B lvmpho-

Ir tme Seepplace,in rope O o oaponineiiiviere 7S Ty GERS I,

tzen inlared from radiotubelicd T lvmphocvies have threc crucial eonirh
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The first is to see if the anti-immunoglobulin does or does not precipiiate the putative Teell
receptor wien cold immunoglobulin is added to block the combining sites of the first
antibody esed inanindircct coprecipiiation test. As discussed in detuilin 2n carlier section,
this is the most exact coatrol for nen-specific precipitation. The sccondws 1o absorb 1ne
anui-Imimanogloduiin with thymocvics prior 10 the coprecipitaiicn siep. The wLir irpoi-
tant control is to analyse the radioaciive immune copiccipitates on dis&oczat'ng gels
without 2 prior chemical reduction. Any radioactive material ther: appearing in the 75
. region of the gel should then be eluted, reduced and submitted {or a further gel 2nalysis to
show that the radioactivi ity now migrates in the predicted positions of heavy and h_,hL
chains. \Ve predict that the 7S *IgM-like molecule’ on T Iymphocytes will not stand up to
examination by these controls. Of particular relevance here, is the finding that anti-mouse
immunoglobulins antisera can contain artibodies reactive with 2 componem of the
thymocyte surface which co- electropnoreses with 7S IgM in gel e:cchophorcux * This
high molecular weight material, however, is certainly not immunoglobulinsince it dces not
dissociate inie heavy and light chains upon chemical reduction. Furthermore, it is not
recognized by specific ann—xrmmnomlihulm reagents, .

Arnother reason for doubting that mmunorrlobuhn lS the receptor for antme*‘ onT
fymphocyte comes from recent work on T cell helper'™ and quwm ssor’ ™ factors. Both
types of molecules have heen Shown 1o be biologically active and antiger: sneciic. They
react with anti-la antiscra but not with anti-immunogiobuliir reagerits.

The final pértinent point is that the molecules on T lymphocytes recognized by
anti-idioiypic reagents {see below) have been characterized anc are clcarly not 7S
ToM-like . Instezd, and without chemical reduction, the n.,x]o, maicrial e wars Lo hizy
a molecuiar weight of 3bom 35000, although a 30 000 molecular weight componeni was
also present.

Now we come to the recent excitement generated by the use of anti-idiotypé antisera for
the characterization of antigen receptors. The conclusion that will be drawn s thai T 2nd B
Iymphocytes with specificity towards the same antigen have recognition structures that
share the same idiotypic determinants. However, such indicationsas there.ar re,suggest that
on T cells these idiotypic determtnants are not associated with conventional imniinog-
lobulin molecules. These conclusions come from two independent lines of study. One-
using classical anti- 1d10tvpe anusera in the mouse®’ and the other with an anti- idiotype
svstem provided by the rat.” :

The simplest system to descnbe is in the mouse, and this has been considered earlier in'
relation to stimulation of B lymphocytes with anti-idiotypic antibodies. In these expeni-
ments the crucial reagent was the IgG, fraction of a guinea pig anti-idiotype directed
towards a monoclonal anti-streptococcal Group A carbohydrate antibody formed in the
A/J strain of mice. The critical observation was that mice injected with small amounts of .
this reagent were subsequently found to have generated *helper’ T cells with specificity for
the Group A carbohydrate. Since B cells were also sensitized to Group A carbchydrate
with the anti-idiotype, the cbvious conclusion is that in this restricted system bothBand T
lymphocytes recognize the streptococcal antigen via structures displaying the an ;tigenic
determinants defined by the anti-idiotype.

In the rat sysizm the anti-idiotypic antibodies were raiscd against antibodies to the

2jor I‘..s'ncorfm.u biiity A 1-B determinants. The principle was based on earlier observa-
t.ons in mice™” and rats,’*" ard this will be presented in a ge neral, rather thun 2 specific,
way. Assume an F, hybrid is derived from the two parental strains A and B. Within the F,
hybrid there will be mutual tolerance to histocompatibility antigens of hoth parertal
sirains. Cr, 1o say it the other way round. celis of either parenta! tvpe with imnvenalogical

I?
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directly visualize those T and B lymphocytes
-immunofiuorescence. In all of the studies appropriatz specificity controls were included.
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reactivity towards the other half represented in the Fy hybrid will be deleted. Thus, for
examp'e, A strain cells capable of recognizing B strain cells will be absent. If we now mzke
the rezsonable assumption that recognition takes place through surface located receptors,
then receptor molecules of this specificity must also be absent. Therefore, shoe!d such
receprors be introduced into the Fy hybrid, they should be immedizte!v recognized as
fore .g? and. d.(Ox\.“tg,.'\v'. an imrmune Yeypinse lO\sor(‘xL. them shouid resall, Howoever, e
foreign antigenic determinants in this situation can ouly be related (o that part of the
molecule w .mh combines with the antigen (i.e. the idiotypic determinznts). and thus the
humoral immune response musi be the production of anti-idiotype antibogy. To pose a

‘simple example: the general structure of B Iymphocyte antigen receptors is the same, itis

immunoglobulin. Thus the major structural disparity between the various receplor
immunoglobulins of different clones is in the idiotypic determinants. Jn principle, therz-
fore, it should be possible to use F, hybrid animais to make anti-idiotype reagents with
specificity for recognition structures expressed in either parental strain, but not the Fy
hybrid. i.e. anti-(receptor of those strain<A lymphocytes which recognize B strain
Trmphacvtes); anti-(récepror of those strain B lymphocvtes which recognize siraiz A
ivmphocytes). It shouid aiso bc possible 10 design the immumzation schedules so that the
anti-idiotypes are Girected either tewards the immunoglobulin receptor of the r;uopnate
B lvmphocytes or the lcug ition unit expressedt by T lymphocyies of the chosen
spacificity. Havinga c‘ne\cd this, then the anti-idiotypic reagents car.‘. used as probes for

antigen receptors of B and T lymphocytes.
Anu-idiotype directed towards the T cell receptor was niade by injecting pareatal
eriphzral T lymphocytes (A) into F, hvbrid animals (A.R). The uwhm;-: antiserum
{which shouid be anti-(A enti- B}y pound to the surfuce of Thvnrhocoytes of the snpropriate
paremiaistrain (A, but not o ceilsfrom the other haif ol the (i arapproprizicly chosen
third party conirols. Moreover, the anti-idiotype would also specifically bnd 10 irnmuno-
globuiin carrying the relevant idictype: made, for example, by injecting B sirzin cells into
A sirain znimals and purifying the alloantibody, i.e. A anti-B. Tmm recepinrs towards the
same anticenic determinants, whather expressed by T or B cells, share the: same idiotypes.
Using this type of anti-idiotype it was possible o inhibit grafl versus host reactions or
mixed lymphocyte responses, it an appropriately specific way, and thereby to deduce a
functional receptor role for the idiotype-bearing ;' lymphocytes. It was also possible ta
Ptéearing the idiotypic determinants by

When used in conjunction with radiolabelled T lymphocytes the anti-idiotype appeared 1o
recognize a single chain molecuije with a molecular weight of 35 000; some material witha-
molecular weight of 50 000 was also recovered. With radioactive B lymphocytes the
indications were that immunoglobulin was selected by the anti-idiotype.

There are therefore two different lines of evidence to suzgest that bosh B and T

&o

“lymphocytes sharc the same idiotypic determinants when they are directed towards the

samc antigen. In one case the anti-idiotype was prepared against serum a'\tibody, andin
the other it was raised aczinst the T cell receptor for antigen. Preliminary characterization
of the materizion T lymphocytes suggests that it is not conveutional immunoziotulin, A
common interpretation of the data is that the T cell antigen receptor may consist of an
immunoglobulin variable region gene integrated with a poivpeptide cnded for by a gene
for genes) in the major histocompatihility locus. The probiem here is that there is no
knowrn jinkagce between genes SDLCH‘!’W immunoglobulin and the histocompatiniiiny
locus. This could mean a subset of V genes cxclusively for T ceils. However, any
specuiziion on this point is of very little value singe it is quite clear that most of (hase
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INTRODUCTION

A key question in biology is regulation of gene expression following inter-
scticre of cells with heoumoner, drugs, entigens and other cells. In mosc
cases the critical event is combination between the biologically active
effecrors end specific receptor molecules in the cell membrane. It is
therefcre cf utmost importance that such receptor mclecules be isolated and
identified, the long term aim being to explain in molecular terms the
alterstion of cell phengtype following recepter-ligand interactions. Altaough
the studies outlined below ere confined to cells of the lymphoid series,
the methodology is of general application.

The division of lymphocytes into thymus-derived (T) cells and bursa-
equivalent-derived (B) cells is well established. In the mcuse, the majior
Ig present on B-lymphocytes has been thought to be IgM (Lisowska-Bernstein
al, 1973; Marchalcnis & Core 1973; Vitetta & Unr 1973) but, as will e
demonstrated below, this is not entirely correct. The presence or absence
of Ig on thymocytes is controversial. TUsing the lactopercxidase-catalysed
procedure for radio-labelling cell surfaces, some workers have prepared
comparzble amounts of radioactive Ig from thymocytes and B-lymprocytes,
(Marchelonis and Cone, 1973). Others, (Grey et al, 1972;lisowska-Rernscei: et
1973; vitetta and Uhr, 1973), as well as ourselves, have failed to repeat
this work. 1In view of the role of T-lymphocytes in cellular immunity and

immune surveillance, it is crucially important that this controversy be
resolved.

n
rr

METHODS

Spleen and thymus cell suspension were labelled internally by culturing in
the presence of 3H-leucine (Parkhouse and Askonas, 1969), or externally with
1251 using lactcperoxidase (Marchaloniset al, 1971)., From the leucine-labelle
cells a plasma membcane fraction was isolated (Crumpton and Smary, 1974),
which was solubilized in 1% (w/v) sodium deoxycholate. 125I-labelled ceils
were directly solubilized by a variety of procedures. 1In all cases, Ig was
purified from the scluhle extract by precipitation with rabbitr anti-(mucuse
1g} (Parkhouse end Askonas, 1969), and then characterized by electrophoresis
in sodium dodecyl sulphate-polyacrylamide gels (SDS gels) (Summers et al,
1965) with addition of an internal 131I-labelled Ig marker.

Purified mouse IgM (myeloma MOPC 104E) and IgG (myeloma Adj PCS5) were
labelled with 1311 (Hunter and Greenwood, 1962) and totally reduced to heavy
and light chains (2mM dithiothreitol -2% (w/v) SDS-0.05M sodium phosphate,
PH 7.0; 15min, 100°). The JgX was partially reduced to contain cisulphide-
linked p21.2 and pL subunits (I=M dithiothreitol -0.05M sodium phosphate,
pPH 7.0; 1 hour at rgom temp.). Reduced samples were alkylated by the
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lition of a three fold mclar excess of iodoacztamide. 1In all of the 3DS
gzl profiles presznted, the top of the gel is to the left, che profile of
5

RESULTS

T-lymphocytes. We have been unable to demonstrate Ig on the surface of
thymocytes or peripheral T-lymphocytes (Julius et al, 1973) when the cells
were labelled externally with 125I. The cells were extracted with 1% (w/v)
Nonidet P40, 17 (/v) sodium deoxycholate or 9M urea -1.5H acetic acid. In
all cases, essencially all of che radivactivicy incorporated ianto che cells
was recovered in soluble form afcer adding the extractant. Removal of low
molecular weight material by dialysis resulted in excellent recovery of TCA-
precipitable material in detergent lysates, but aggregation caused highly
variable yields (10-80%)when acid-urea lysates were dialysed. Addition cf
of a variety of anti-(mouse Ig) reagents (with specificities to all known
classes of heavy and light chains) to dialysed lysates failed to precipitate
detectable amounts of mouse Ig. Ig was also absent when inhibitors of
proteolysis (Trasylol, phenylmethylsulphonyl fluoride, iodacetamide and

€ -aminocaproic acid) were added at the moment of cell lysis and during

the isolation procedures. These results contrast with those we obtained
with splenic lymphocytes, where Ig was readily detectable; Nonidet P40
gave best results, sodium deoxycholate was satisfactory and acid-urea was
erratic. Because Marchalonis and Cone have emphasised that thymocyte Ig
is not solubilised by Nonidet P40, the pellet obtained after centrifuging
Nonidet P40 extracts of labelled thymocytes was extracted with acid-urea,
but results were again negative.

The controversy of whether thymocytes do, or do not, possess surface Ig
has resolved around methodological issues, in particular, choice of extract-
ing solvent, choice of antibody used for purification of surface Ig and the
possibility of proteolysis of surface Ig. Bearing in mind that T cell
surface Jg has been characterized as a disulphide-linked ;212 molecule
(Marchalonis and Cone, 1973), we designed an experiment where these method-
ological variables could be ignored. Cells labelled with 1251 were extrac-
ted for 3 min at 100° with 4% &/v) SDS -0.1M iodoacetanide - 0.05M sodium
rhosphate, pH 7.0. The extract was dialysed for two hr (2% (w/v) SDS -
50mM indoacetamide - 0.05M sodium phosphate, iH 7), mixed with some partially
reduced 1311-IgM and then divectly applied to'an SDS gel. Three cell
populations were examined: normal spleen cells (Fig.la), "B spleen" cells
(thymectomized at 2 weeks of age, lethally irradiated at 2 months of age
(859r) and reconstituted with foetal liver cells) (Fig.lb) and thymocvtes
(Fig.lc). Witn the 13lI-internai marker as a reference, tie 212 region of
each gel was eluted with 2% (w/v) SDS -2mM dithiothreitol -0.05M sodium i
phosphate, pH 7.0. The eluate was heated (15 min, 100°) to ensure complete |
reduction, alkylated (10mM iodoacetamide) and electrophoresed once more. It
was therefore possible to determine whether 125I-labelled cell surface
material with the expected mobility of p2L2 could be resolved into heavy and
light chains.

When the second gels were analysed, it was clear that the internal marker]
(1311-4212) had been reduced to iz and L chains. A considerable portion of
the 1251 cell surface material from normal and "B spleed' cells co-migrating
with 131I-4212 was also sensitive to reduction, yielding a distinct peak
cerresponding to y chains (Fig.2a, 2b). The comparable fraction obtained
from cthymocytes was not sensitive cto reduction (Fig.2c). Thymocytes there-
fnve do m01 possess sarface Tz, similar to disulphide-linked 2272, which
can be revealed by external labelling. The material present of che surface
of mouse thymocytes which co-migrates with p21.2, and which is preset in
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and applied to 4.2% gels.

relatively high amounts (Fig.lc), does not have a counterpart in spleen cells
and may therefore be s surface protein unique to thymocytes

1f Ig was present on thymocytes, but inaccessible to iodination, then
this should be revealed by internal labelling. Accordingly, thymocytes were
labelled in vitro with 3H-leucine for 4-24 hr and their plasme membranes vere
prepared. However, we were unable to detect Ig in these plasma membrane
samples (detection limit, 0.1% of total radioactivity), although similarly
prepared plasma membranes from spleen cells contained easily demonstrable Ig
(3% of total radioactivity). When internally labelled spleen cells were
added either to a gross excess of unlabelled spleen cells or thymocytes, the
plasma membranes prepared in both cases contained similar amounts of Ig. We
are therefore confident that our negative data for thymocytes is not due to

proteolysis.

The experiments described above argue against the presence of Ig on the
surface of T-lymphocytes, and we suggest that an explanation for previous
positive findings be sought in 1) Selective purification and, or, labelling
of contaminating B-lymphocytes in thymocyte suspensions. 2) The presence cf
material in thymocyte membranes with mobility similar to y chain on poly-
acrylamide gels. Such material, alchough not Ig, would he fortuitousliy pre-
cipitared by the antibody used for purification. 3) The Ig on T-lymphocytes
is hitherto undescribed class composed of unique heavy and light cheins znd
which is not covalently assembled to the H2L2 form.

Should T-lymphocytes be conclusively demonstrated to lack any form of Ig
subunit, polypeptide chain or fragment, then a new system of receptor mole-
cules must be present in order to explain the specificity of T-cells. One
possibility is the Tr gere product (McDevitt, 1972).

B-lymphocytes. Althcunh the original discovery of human IgD is 2lmost ten
years old (Rowe and Fahey, 1965), it is only recently that a possible functicn
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for this class has been suggested. Present in normal human serum in very
small amounts (Spizgelberg, 1972), IgD is found on the surface of relatively
large numbers of human peripheral lymphocytes, in particular thoseobtained
from cord blood and cases of chronic lymphatic leukaemia (Van Boxel et al,
1972; Rowe et al, 1973a and 1973b; Fu et al, 1974; Kubo et al, 1974).
Interestingly, IgD is frequently associated with IgM on the same cell (Rowe
et al, 1973b; Fu et al, 1974; Kubo et al, 1974). These findings suggest a
fundamental role for IgD, perhaps as a primitive recognition unit or for
regulation of the immune response. Were this to be so then IgD would be
expected in species other than Man. We now present identification of a mole-
cule similar to IgD. on the surface of mouse B-lymphocytes.

Radioactive surface Ig prepared from Nonidet P40 extracts of externaily
labelled spleen cells was analysed on 4.27% SDS gels. As has been previously
described (Marchalonis and Cone, 1973; Vitetta and Uhr, 1973), we found a
major portion of the radioactivity in that part of the gel corresponding to
the p2L2 subunit of IgM (Fig.3). 1In addition, however, there was a signific-
ant component running very slightly in advance of the pL subunit, but which
contained heavy and light chains (see Fig.4b) and must therefore be an HL
subunit. Following reduction and alkylation, both the H2L2 and HL subunits
were shown to contain two distinct species of heavy chain. Appropriate
sections of the gel shown in Fig. 3 were eluted and reduced and alkylated as
described above, and then applied to 10% gels in order to resolve the heavy
chain components. Under these conditions the 131I markers in the first gel
are also extracted and reduced, thereby providing internal markers for u and
L chains in the second electrophoretic separation. Upon fractionation of the
1C0% gels it became obvious that the heavy chair was hetercogenaous, there
being one component with the mcbility (and therefore size) of the internal
1311~y chain marker, and another which migrated faster than p chaia, but
siower than y chain. The proportion of radioactivity found in the smaller
(faster migrating) heavy chain was lower in H2L2 (Fig. 4a) than HL (Fig. 4b).
Surface Ig of murine splenic lymphocytes is therefora not homogeneous but
consists of two species of heavy chains, one the size of y chain and the
other significantly smaller. We discount the possibility that the hetercgen-
eity results from the presence of T-lymphocytes since similar results were
obtained when spleen cells from nude mice were analysed by the same techniques
In addition peripheral T-lymphocytes purified by passage of spleen cells
through nylon wool columns (Julus et al, 1973) did not contain detectable
amounts of surface immunoglobulin using tie methods descrived above.

The heterogeneity of surface Ig does not result from precursor-product
relationships, degradation of y chain-containing material or variable glyco-
sylation of p chains. Instead, the small heavy chain appears to be a new
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4. Heavy chain heterogeneity of surface Ig. Segments of the gel shown
?ig.3 containing the p2L2 and uL components were extracted, reduced,
rlated and analysed on 107 SDS gels. (a) Reduced p2L2. (b) Reduced pL.

'y chain class, since it is not precipitated by anti-u, anti-y or anti-g

ents, but is precipitated by polyspecific anti-Ig.

The most obvious surmise is that it corresponds to the human IgD class.

upport of this suggestion we may note the similar mobility on sodium

cyl sulphate-polyacrylamide gels of human o chain (Spiegelberg, 1972),

the novel heavy chain of mouse lymphocytes described above. This newly

ribed mouse immunoglobulin, which we shall now refer to as IgD, is also

lar to human IgD in its marked susceptibility to proteolytic degradation

.A. and R.M,E.P., unpublished observations). A similar conclusion has
been drawn by others (Vitetta and Uhr, personal communication).

sontrary to our espectation, however, was the finding of u chain, but not
tin, in foetal liver (16 day embryos) and neonatal spleen and liver. 1In
:ion, splenic lymphocytes of 6 week and 6 month old mice contained a

ar amount of Schain, the ratio of u:5'being about 3:2. This could mean
the expression of IgD in the mouse is subsequent to the appearance of
If this is not the case, then IgD-bearing lymphocytes must arise in

s other than spleen or foetal liver. Perhaps relevant to this point is
inding that IgD constitutes the major immunoglobulin class present on

e lymph node cells, where the y:§ ratio was found to be 1:3.5-4.

t is certainly intriguing that spleen and lymph node cells differ mark-
in terms of the relative amounts of u and Schains present on their

tes. In this respect we may note that spleen cells, but not lymph node

., respond to lipopolysaccharide (Janossy and Parkhouse, unpublished work)
1at spleen cells secrete largely IgM, whereas the major product of lymph
:ells is IgG (Parkhouse, 1973). However, the presence or absence of a
onal relationship between these separate observations remains to be
ined. Whether the molecular heterogeneity of total cell surface Ig is
ted in a similar pattern on individual cells is not known. Nonetheless,
tionship between this observed heterogeneity and regulation of the
hocyte response to antigen is suggested.
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-x DETECTION OF IgD AND TgM ON MURINE B-LYWMPHOCYTES IN CCNDITIOHS

(%% 10, Tg CAN BE FOUND ON T-LYMPHCCYTES

Erika R.Abney and R.M.E.Parkhouse
Neticnel Institu zc for lMedical Researcn

Mill Hill, Londcﬁ NW7 1AA, Fngland

ren by lyrp Jtps. A massive ~udj of ev 1dcnce has stehlisked that
-i& mclecule responsible for antigen binding by B-lymgliccytes is
"mnoglobuli.. ‘Curiously, there is 1 cn e sur-

i

z2e of B lymzhocytes. Instead, the ma]
i end an Ig thought to be IgD (1,2,3).
juphocytes is not cenclusively proved. Using tnie lactcpercrzid-

catelysed procedure for radioclabelling cell surfaces, scme
‘wers have prepared similar (4) or even greater (&), amounic of
rziicactive Ig from thymocytes as B-lymphocytes. Others (6.7,8)
zz well as ourselves (9), have failed to repeat this work. We cean,
ncuever, demonstrate a component of thymocyvte membranes which beh-
2ves like u-chain on elcctrophoresis. but ‘h_cn is not immuncglcb-
ulin in nature.

METHCDS
Spleen end thymus cell suspensions were lavelled iE;grually
in the presence of “H-leucine (10), or externzlly with ~<°T usin
lzciopercxidese (11). From the leucine-labelled cells, 2 plasma
nezdbrane fraction was isolated (12), which was sgiubilised in 1%
{(%/7) sodium Geoxycholate. Cells labelled with “5~T wers solubilis

cre
€d by a variety of procedures. In &ll cases Ig was purified frem

the scluble extract by precipitaticn with reboit anti-(mouse Igj
and goat anti-(rabbit JgG) (10), and then cha srecterised by flqctro-
thoresis in SDS-gels (13) with the addition of an internsl ~771I-

izbelled marker consisting of Ig and Ig subunits (1).

‘Rabbits were immuniced with purified MOFC 104E Igh ()q) or
tte Fab portion of Adj IC5 (YgaK) (12). Afier passage throigh

373
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normzl mouse Ig coupled to Sepharose 43 (15), the an*i-Ig pre-
cipitated u)sl (MOPC 104E) and uK (TEPC 183), but was negative tou-
ards v,X (MOPC 21), v, K (Adj PC5), ngK (MOPC 195), r3§2£?LOPC 2l)
anéd ax, (MOPC 315)in"a sensitive radio-immuno-assay {7 “-I-myelomz
proteins (5-10 ng) mixed with test serum (10 pl) and *hen precipit-
ation of the rabbit Ig with goat anti-(reboit Ig). The anti-Feb
reagent precipitated all classes of immunoglobulin buti no other
serum protein. The IgG.fractions of both antisera were prepared,
coupled to fluorescein isothiocyanate, and conjugates with fluores-
cein-protein ratios of 2-3:1 were selected by chromatisgraphy on
Whatman DE 52 (16). A goat antiserum specific for rzboit IgG was
similarly treated to yield a rhodamine conjugate. Redbit antisera
specific for other mouse heavy chain classes were also prepared as
indicated above.

-

A A e

RESULTS

B-lymphocytes. Spleen cells labelled with 125I were lysed in
1% (w/v) Nonidet P40-0.1M icdoacetamide-lm¥ KI-1mM prenylmethyl-
sulphonyl fluoride-PBS, centrifuged and the supernatent, containing
at least 95% of the acid-precipitable material, was szssed over
Sephadex G:25 equilibrated with the solution used for cell lysis.
All operations, including precipitation of Ig, were cerried out in
the cold in order to minimise proteoclysis. Vhen radiocactive surface
Ig precipitated with polyspecific anti-(mouse Ig) was analysed on
SDS gels, the predominant component observed was a disulpride-link-
ed HE,L, structure, similar in size to monomeric IgM. Some Hl sub-
units vere also present but neither IgG nor 19S IgM were observed.
Furthermore, on using antisera specific for mouse hezvy chein
classes, we were unable to detect IgG or IgA. With aati-p chain,
however, some, but not all, of the surface Ig was precipitated,
and on reduction yielded a heavy chain the same size &s authentic
(secreted) p chain. The Ig remaining after precipitztion with anti-
u chain was isolated'byladdition of anti-K chain, but in this case
reduction revealed a heavy chain of size intermediate between p and
Y. Thus in addition to monomeric Igll, there exists cn the surface
of mouse B-lymphocytes an Ig class which does not rezct with anti-u,
anti-a or anti-y chain sera. Because of similarities in heavy chain
size, susceptibility to proteolysis, and location (i.e. fcund on
lymphocyte surfaces), we have concluded that this Ig class is the
murine homologue of IgD. The size of the heavy chain excludes the
possibility of it being IgE. '

This candidate for IgD is a major cell surface component, com-
prising 40% of surface Ig from splenic lymphocytes ard 707 of sur-
face Ig from lymph node cells. Remaining Ig is entirely zaccounted
for as Igh. The difference between spleen and lymph nodes may refliec
the presence of a more mature population of B-lymphocytes in the
latter location. Interestingly, the ratio of IgM:IgT was the same
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in spleen cells from rormzl, 6 vieek old, CBA mice and nude mice.
Expression of IgD cn the cell surface is therefore independent of
m.1ympnocytes., Furthermore, using the same methodology we never
recovered either IgM or IgD from thymocytes or peripheral T-lymp-
ocytes. In foelel liver or neonatel spleen anc liver, however,
only Igh was found. Thus Ig¥ precedes IgD in embryological devel-
oprent in the mouse, as would be expected if, as seems the case,
IgD eappears subseguent to IgM in evolution (17). Earlier assump-
tions that IgD precedes IgM in the human were based on comparisons

petween cord and adult blood (18,19), and appear to be incorrect (20).

The distribution of IgM end IgD on individual cells was studied
py steining live cells with fluorescent antibodies in an experiment-
el design based on the radiolabelling experiments described zbove.
The crucial assumption, which is supported by the labelling data
(1,2} is thet IgM and IsD are the major Ig classes present of lymrho-
cyte surfaces. The possibility of very low numbers of IgG-bearing
cells or the presence of ﬁery small amounts of surface IgG will not
influence the experimental approach. Since IgV and IgD cap indep-
endently on human lymphocytes (18,19), our protocol consisted of
first capping Igh using rabbit anti-(mouse u chain) and rhodamire-
labelled goat anti-(rzbbit IgG). The cells were then reacted with
a polyspecific fluorescein-coupled rabbit anti-(mouse v, K Fab)
under non-capping conditions (0.03¥ sodium azide, 0°). for reasons
ziven above, the green rings visualised by the second reagent musi
represent IgD. Using this double staining procedure, splenic lymp-
hocjtes from 6 week old, SPF, female CBA mice could be classified
into three groups. A large number (31-419% of total Ig-bearing
cells) which were capped with anti-u subsequently stained peripher-
elly with anti-Fab (i.e. surface IgM and IgD simultaneously present).
Tre remaining stained cells were divided between those showing only
caps (i.e.surface IgM only) (17-29% of Ig-bearing cells) and those
showing only green rings {i.e. surface IgD only)(37-45%-of total
Ig-bearing cells). In the doubly stained cell population there vas
considerable varialion in the relative intensities of the two fluo-
crochromes, suggesting a variation in the IgM to IgD ratio from cell
‘0 cell, Complete capping of IgM occurred in the first stage, since
Tlucrescein-labelled anti-u failed to reveal ring staining of cells
sreviously capped in the first staining step.

The biological significance of these subpopulations of B-lym-
shoeytes remains to be established. However, the fact that IgM pre-
teces TgD in ontogeny does suggest a developmental sequence. Thus
e B-lymphocytes, originally expressing only IgM, matures to a
2ell expressing only IgD via an intermediate cell type with both
2lzcses of Ig on its surface.

The simultaneous expression of two Ig classes on the cell sur-
tzce has implications for "switch" and V - C gene integration mech-
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anisms, While it is quite paus_UTC thzt en explznatizz be souzht
in tne half-life of mREA for u ard & crains, it is ir-riguling o
consider that there is simultaneous trenscription .of the geneg for
the two heavy chains. Were this to be so, then the pscssibility of
simultanecus integration of all Cy genes with Vj; genes is raised.
BRased on the probability that a given lymphocyte expresses only one
Vﬁ gene (21), then simultanecus integration of all C.. geres would .
require a copy-choice mechanism (22) for V - C gene “ntegrzsticn. v
The advantage of simultazneous integration of 21l Cy zenes earlv in i
the ontogeny of a B-lymphocyte is that questions relzzing o Ig

class expression.would then revolve entirely arcund c1ffer=nt1al

gene activation and repression; the requirement to zccounti for a

V - C gene integration event at this stage of differentiation

would no longer exist.

T-lymphocytes. We have been unable to demonstrzze Ig on the.
surface of thymocytes or perlphggal T-lymphocytes (23) when the cell
were labelled externally with I. The cells vere extracted with

% (w/v) Nonidet P40, 1% (w/v) scdium deoxycholate cr Qi urea -
1.5M acetic acid. In all cases, eosentlally all of ine rzdioastiviiy
incorporated into the cells was recovered in soluble form =Tter
adding the extractant. Removal of low molecular weiznt mzterizl
by dialysis resulted in excellent recovery of TCA-precipiizble mat-
erial in detergent lysates; but zggregation caused highly variasble
yields (10-80%)vhen acid-urea lysaies were dialysed. Addition of =z
variety of enti-(mouse Ig) reagents (with specificities to all
known classes of heavy and light chains) to dizlysed lysazties failed
to precipitate detectable amounts of mouse Ig. Ig was also absent
when inhibitors of proteolysis (Trasylol, chenylmetr;lsulshonyl

luoride, iodoacetzmide and E:—aManCupP01C acid} were adced &t thre
moment of cell lysis and during the isolation procecires. These
results contrast with those we odhtained with splenic lymphocyies,
where Ig was readlly detectable; Nenidet.P40 gave best results,
sodium deoxycholate was satisfactory and acid-urea wzs erratic.
Because Marchalonis and Cone have emrhzsised thzt tromocyte Ig is
not solubilised by Nonidet P40, the pellet obtzined zfter centri-
fuging Nonidet P40 exbracts,of labelled thymocytes wzs exiracied
with acid-urea, but re#ults,were again negztive.

If Ig was present on thymocytes, but inaccessikle to iodina-
tion, then this should be revealed by internal labelling. Accordins-
1y, thymocytes were labelled in vitro with 3H-leuci re focr 4-24 hr
and their plasma membranes were prepzred. However, we were unable
to detect Ig in these plasma membrane samples (detection Yimit:
0.1% of total radioactivity), although similarly prapared plasma
membranes from spleen cells contained easily demonszrable Ig (3%
of total radioactivity): When internally labelled spleen cells
were added either to a gross excess of unlebelled spleen cells or
thymocytes, the plasma membranes prepared in both czses contzined
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gizmilzr amcuanis of Ig. Ve are therefore confident that our nezztive
gz<z Ior ‘5;ocytes is rot due to proteolysis.
_nzoexparirents above ergue ageinst the presence of JIg 7n the
urlzce ¢f tnymocytes. In order to complete our study, ve turred
ES

metabolic release" (24).

.
Zere, L‘SI labelled thymocytes are incubated in vitro for 2-4
and t:e medium is used as a source of cell surface proteins
s :"sten it hes been claimed (24) that Ig is releassd from
is ecytophilic for macrophages. The Ig was charzcter-
eptide witn the mcbility of a p-chain on SDS-gels.
ts, surfzce labelled thymocytes wiere cultured in
+ ar. The culture medium was dialysed zgainst cold F33
i ‘kroe portions: (a) Conirol, no treatment, (b}
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1, Abscrotion of material relezsed from labelled thymocytes
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given 1 ml 2% protecse peptone intraperitonezlly L days previsus iz
sacrifice) for 90 min at 0°. The incubation condiiions were such K
that 2.5 x 10”2 macrophages were mixed with relezsed material ‘rom R
2 x JOO thymocytes. The cells were pelleted, wasred in PES znd §
applied to SUS gels with or without reduction in dithicthrei-cl.

Comparable amounts of radicactivity (about L% total inpuz) wz
absorbed to macrophages when all three samples were tested. On gs
analysis of reduced samples, most of the absorbed material wes found
to migrate in the same position as p-chain (Fig.l). However this
component was found when the cells were incubzted siith zll trree
sources of cell surface materizl. Since one of the samples v2s
abscrbed with polyspecific anti-(mouse Ig) (Fig.le), the radicactivs
material in the p chain position cannot be 1nmanog-obulil. rurther-
more, wnen the samples were not reduced prior to gel enzlysiz, the
mejor peek in the u-chain position persisied in the absence cf a
radioactive component in the position of monomeric IgM. It Is
possible, but not conclusively proved, that this mclecule has prew-
iously been mistaken for immunoglobulin.

| ol 2]
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Location of Nucléotide Pyrophosphatase and Alkaline Phosphodiesterase
Activities on the Lymphocyte Surface Viembrane

By ERIKA R. ABNEY, W. HOWARD EVANS* and R. MICHAEL E. PARKHOUSE

National Institute for Medical Research, Mill Hill, London NW714A, UK.
(Received 5 May 1976)

1. Isolated mouse spleen lymphocytes hydrolysed UDP-galactose added to the medium.
Nucleotide pyrophosphatase activity that accounted for this hydrolysis was eariched to
a similar extent as alkaline phosphodiesterase and 5’-nucleotidase in a lymphocyte
plasma-membrane fraction. 2. The cell surfaces of mouse spleen and thymus lymphocytes
were iodinated with 125I by using the lactoperoxidase-catalysis method. Detergent extracts
of the cells were mixed with a purified anti-(mouse liver plasma-membrane nucleotide
pyrophosphatase) antiserum and the immunoprecipitates analysed by polyacrylamide-gel
electrophoresis. Only one major radioactive component, similar in size (apparent
mol.wt. 110000-130000). to the liver enzyme, was observed. 3. Electrophoresis of an
iodinated spleen plasma-membrane fraction indicated peaks of radioactivity, including
one of apparent mol.wt, 110000-130000. 4. Wheén detergent extracts of spleen lympho-
cytes were passed through a Sepharose-bead column containing covalently attached anti-
(nucleotide pyrophosphatase) antiserum, the nucleotide pyrophosphatase activity was
retained by the beads, whereas protein and leucine naphthylamidase activity were eluted.
5. The results indicate that nucleotide pyrophosphatase and atkaline phosphodiesterase
activities are due to the location of the same or similar enzymes at the outer aspect of the
lymphocyte plasma membrane. Some possible functions of enzymes at this location are

discussed.

Jasma-membrane enzymes whose active sites
=g the external medium rather than the cytoplasm
e been designated ‘ectoenzymes’ (De Pierre &
rnovsky, 19744). It now appears that a number of
mmalian plasma-membrane marker enzymes can
classified as ectoenzymes (De Pierre & Karnovsky,
'4b; Trams & Lauter, 1974) and that these enzymes,
-en located in different tissues and organs may
;sess similar properties (Riemer & Widnell, 1975).
cleotide pyrophosphatase was shown to be an
oenzyme in hepatocytes (Evans, 1974; Bischoff
1l., 1976), and in various cultured cell lines (Sela
1l.,1972; Deppert et al., 1974). The present studies
»w that the enzyme activity present in lympho-
-e plasma membranes occupies a similar position.

mperimental

=imals
jpecific pathogen-free mice 8-12 weeks old of the
red strain CBA/Ca (equivalent to CBA/H) were
d as a source of normal spleen and thymus
1phocytes. Mice were deprived of thymus-derived
wphocytes (T-lymphocytes) by being thymecto-

—zed as young adults and subsequently irradiated
ireconstituted with syngeneic foetal liver (Miller &

To whom requests for reprints should be addressed.
—1.159

Mitchell, 1969). The lymph nodes and spleens of these
mice [(CBAxC57) F, hybrids] had 70 and 80%
immunoglobulin-bearing cells (B-lymphocytes) res-
pectively. Also, spleen lymphocytes from these mice
contained less than 5% of cells with the antigenic
determinant Thy-1 on their surface; this antigen
has been shown to be a marker for T-lymphocytes
(Reif & Allen, 1964). A lymphocyte plasma-
membrane fraction was prepared fron: male mice,
6 months old, of the CBA/Ca strain.

Preparation of antiserum

Nucleotide pyrophosphatase was purified from
a sarcosyl extract of mouse liver plasma membranes
by rate-zonal centrifugation ir sucrose/sarcosyl
gradients, followed by gel filtration (Evans et al.,
1973). Polyacrylamide-gel electrophoresis and chemi-
cal analyses indicated that the enzyme was a
sialoglycoprotein of apparent mol.wt. 120000-
130000. Antiserum, raised in rabbits against the
purified - enzyme suspended in Freund’s complete
adjuvant (Difco Labs., Detroit, MI, U.S.A.), was
purified as a y-globulin fraction by (NH,).SO4
precipitation and gel filtration on Sephadex G-200
columns (120cmx2.5c¢m) (Gurd e al., 1972).
Antiserum was concentrated by Diafio filtration
on UM 50 filters (Amicon, High Wycombe, Bucks.,
U.K.)to8mg/mland immunoelectrophorcticanalyses



indicated one coraponent. The antiserum was
covalently coupled to CNBr-activated Sepharose 4B
as recommended by the manufacturers (Pharmacia
Fme Chemxcals AB Ubppsala, Sweden)

Pr eparanon of Iymphocyte cell suspensxons
Lymphocytes were teased from mincced mouse

‘spleens into a phosphate-buffered saline medium .

"(124mM-NaCl / 4mM-KCl / 2mM-KH,PO, / §mM-
Na,HPO,), pH7.4, and were separated from

erythrocytes and damaged lymphocytes by layering

on to a cushion of Isopaque/Ficoll solution [14 % (w/v)
Fncoll (Pharmacia)/32.8% (w/v) metrizoate (Iso-

paque). solution "(Nyegaard - and- Co--A.S.; Oslo; = -

Norway) (12:5, v/v)] and centrifuging wnth rapid
acceleration in plastic tubes at 20°C for 15min at
2000g (Davidson & Parish, 1975). The lymphocytes
_present at the interface were collected, and resus-

*pended. in ‘phosphate-buffered  saline, pH7.4, con-"’

taining 10mMm-glucose. They were then divided into

-two equal portions, one-of which: was homogenized -

in a small tight-fitting homogenizer, and the break-
down of UDP-galactose determined immediately as
described below.

Preparation of plasma membranes

‘A plasma-membrane fraction was prepared from
washed spleen lymphocytes of 70 mice. Spleen cell

_suspensions were prepared by mincing the organs in

a Moulinex parsley mincer with Hanks gelatin
(Dresser & Greaves, 1973), that was adjusted to

._pH74 by addition of NaHCO;. Cells were washed -

twice in Hanks gelatin and once in 10mM-Tris/
0.14M-NaCl, adjusted to pH7.4 by addition of HCL.
Cells (approx. 7.4x10% were ruptured by a: single
. passage through a Stansted disruption- press (Stan-
sted Fluid Power, Bentfield Road, Stansted, Essex,
U.K.) opérating at a disrupting valve pressure of
138kPa (Crumpton & Snary, 1974). A low-speed
pellet was collected by centrifuging the cell
homogenate at 5000g for 15min. An intermediate-
speed pellet was collected by centrifuging the super-
natant at 31000g for 30min. This pellet was resus-
pended in 10mm-Tris/HCl, pH7.4, and re-centri-
fuged at 31000g for 30min before resuspension in
10ml of 37% (w/v) sucrose/10mm-Tris/HCl, pH7.4,
and overlayed with 25% (w/v) sucrose/10 mm-Tris/
HCl, pH7.4. After centrifuging overnight (18h) at
97000g (Beckman SW27 rotor) a plasma-membrane
fraction was collected at the 25-379% sucrose inter-
face; the pellet at the bottom consisted mainly of
endoplasmic reticular membranes (Crumpton &
Snary, 1974).

1251 labelling of membrane proteins

Lymphocyte cell suspensions were labelled with
125] by using lactoperoxidase (Marchalonis et al.,
1971), washed once in ice-cold phosphate-buffered
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saline  (130mM-NaCl/4 mm-KCl/10mm-Na,HPO,,
pH7.4) and then lysed for 10min at 4°C in 1%
Nonidet P40 (Shell Chemicals, London W.C.2, UK.)
in ‘phosphate-buffered saline containing 1mm-.

.phenylmethylsulphonyl fluoride. and 10mwm-iodo-
- -acetamide (recrystallized ;-addedto limit proteolysis).

The lysate, after centrifuging at 30000g for 15min,
was passed over. Sephadex G-25 -¢quilibrated in the
solution used for lysis of the cells. Uptake of 12°I by
the cells was 30-40% of added radioactivity, and at
least 959 of the trichloroacetic acid-precipitable
radioactivity was recovered in the supernatant after
centrifugation of the cell lysate. Radioactivity

- ‘determined “in -the  exeluded: peak from the G-2§ ----

column was 70-90 % trichloroacetic acid-precipitable
and accounted for 10-159% of the total radio-
activity applied. A non-speclﬁc immunological pre-
cipitate was first formed in the radioactive sample by
addition of normal rabbit serum (lOul) and a goat
anti(rabbit immunoglobulin G) serum (1004l).

The resulting precipitate was-removed by -centri-- -

fugation, and then further precipitation was effected
by addition of rabbit anti(mouse plasma-
membrane nucleotide pyrophosphatase) antiserum
(120 1g) and, after 30min, goat anti~(rabbit immuno-
globulin - G) -serum- (10041): The- immunological

precipitations were performed at 4°C, Specific.

precipitates were washed three times with ice-cold
0.5% Nonidet P40 in phosphate-buffered saline
(see above for composition), once with 50mM-sodium
phosphate, pH7, and then dissolved by heating at
100°C for 10min in 50mM-Na,HPO,/NaH,PO,,
pH7.0, contamng%(w/v) sodium dodecyl sulphate.
When the samples were reduced, the solvent also
included' -1mm-dithiothreitol - and - iodoacetamide
was added (final concn. 100mm) after the heating
step; fo non~reduced samples iodoacetamide was
present Jat 100my. Internal !¥-labelled markers
(Abney & Parkhouse, 1974) were added to the -
samples, which were then resolved by sodium
dodecyl sulphate/polyacrylam1de-gel electrophoresis
(Summers et al., 1965). After electrophoresis the gels
were sliced into 1 mm segments and radioactivity was
determined by using a gamma counter (Packard
model 5230).

Lymphocyte plasma membranes washed in 0.15m-
NaCl/5mm-Tris/HCl buffer, pH7.4, were iodinated
by using lactoperoxidase, and a glucose/glucose
oxidase enzymic system was used to generate H,0,
(Hubbard & Cohn, 1973; Evans, 1974). Approx.
1mg of lymphocyte plasma membranes was
iodinated with 0.5mCi of 12°I in 0.5ml of phosphate-
buffered saline/10mMm-glucose, containing 65ug of
lactoperoxidase (Sigma Chemical Co., Kingston-
upon-Thames, Surrey, U.K.) and 1004l of glucose
oxidase (from Aspergillus niger; approx. 100 units;
Sigma). The membranes were washed several times
in phosphate-buffered saline before dissolution

1976
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in 1%, sodium dodecyl sulphate/5mM-mercapto-
ethanol/10mm-Tris/HCl, pH7.4, by heating at 90°C

for 5min for polyacrylamide-gel electrophoresis
(Evans, 1974).

Enzymic determinations

“-Nucleotidase, alkaline phosphodiesterase, leu-
cine naphthylamidase activities and protein ‘were
determined as previously described (Evans et al.,
1973).

Nucleotide pyrophosphate was assayed with
UDP-galactose as substrate as described by Sela
et al. (1972) and Mookerjea & Yung (1975). Enzyme
activities of disrupted lymphocytes and plasma
membranes are determined at pH 8.6, since maximum
hydrolysis of sugar nucleotides occurred at alkaline
pH (Sela et al., 1972; Evans et al., 1973). However,
comparison of the enzyme activities of intact and
disrupted lymphocytes was made at pH7.6 when
cells remain viable and about 509 of the activity
is measured (Sela et al., 1972). The complete
incubation mixture contained in 10021: 10-80ug of
protein; 3umol of cacodylate buffer, pHS.6, or
Spmol of KH,PO,/Na,HPO,, pH7.6; 2nmol of
UDP-galactose (10°c.p.m.); 0.5umol of MnCl,;
5ul of 2109 solution of Triton X-100 (used in pH 8.6
incubations only). Enzymic activity was measured
at 37°C for 15min and stopped by adding 100ul
of ethanol and 50 ul of acetic acid. Particulate material
was removed by centrifuging the reaction mixture
at 3000rev./min for 5min, and applying a portion of
the supernatant to Whatman 3MM paper. Reaction
products were separated by descending chromato-
graphy for 18h in a solvent system containing
ethanol/ImM-sodium acetate buffer, pH3.8 (15:6,
v/v), and monitored by scanning in a Packard
radiochromatogram scanner model 7201 before cut-
ting out strips corresponding to the peak areas for

determination of radioactivity by scintillation count-
ing in a toluene-based scintillant [4g of 2,5-
diphenyloxazole and 0.1g of 1,4-bis-(4-methyl-5-
phenyloxazol-2-yl)benzene dissolved in 1 litre of
toluene]. By using the appropriate standards, it was
found the UDP-galactose was hydrolysed initially to
galactose 1-phosphate and then to galactose, the latter

reaction occurring especially with isolated plasma
membranes.

Results

Although 5’-nucleotidase is a well established
lymphocyte plasma-membrane marker (Crumpton
& Snary, 1974), there is little information available
on the subcellular location of nucleotide pyro-
phosphatase and alkaline phosphodiesterase acti-
vities. Table 1 shows that all enzymes were enriched
in a lymphocyte plasma-membrane fraction, relative
to the cell homogenate. The hydrolysis of UDP-
galactose to UMP and galactose 1-phosphate by
nucleotide pyrophosphatase is the first of a two-
step reaction that proceeds further, catalysed by a
monoester phosphohydrolysis activity, to yield free
sugar and nucleosides. This two-stage enzymic
hydrolysis of sugar nucleotides has been examined in
detail by Sela et al. (1972) and Deppert et al. (1974)
in cultured cell lines. Further details of the range of
substrates hydrolysed by the nucleotide pyrophos-
phatase of lymphocyte plasma membranes have yet
to be established, but a similar general specificity
towards the pyrophosphate bands of NAD, ATP.
etc. as in hepatocytes (Evans ef al., 1973) is to be
expected.

The most direct method of demonstrating a loca-
tion on the external face of the plasma membrane
of an enzymic activity. is to show that substrates
impermeable to cells are rapidly hydrolysed when

Table 1. Distribution of lymphocyte-membrane enzymes

The enzymic activities of spleen lymphocytes, cell homogenates and subcellular fractions were determined. The
preparation details and the incubation conditions are described in the Experimental section. Values in parentheses indicate

specific activity relative to that of cell homogenate.

Alkaline UDP-galactose pyrophosphatase
5’-Nucleo- phospho- ,— A <
tidase diesterase  Galactose 1-phosphate  Galactose 1-phosphate

Protein

(umol/hper (umol/h per and galactose produced and galactose produced

Fraction (mg) mgof protein) mg of protein) (c.p.m./hpermg of protein) (¢.p.m./unit cell number)
=Intact cells —_ - —_ —_ 23170
Cell homogenate 240 0.90 (1) 0.35(Q1) 6800 (1) 32658
75000g-min pellet 200 — 0.31 (0.97) — —_
900000g-min pellet 5 — 34 (9.9 — —
900000g-min supernatant 11 — 0 9 — -
Plasma membranes 2 16.3(18.1) 7.3 (20.7) 102700 (15.1) —_
ndoplasmic-reticulum 3 — 1.6 (4.6) — —_
membranes
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Fig. 1. Characterization of lymphocyte surface proteins immunoprecipitated after addition of a anti-(mouse liver plasma-
membrane nucleotide pyrophosphatase) antiserum

(a) Normal spleen lymphocytes, (b) lymphocytes from spleens from eight mice, (c) and (d) thymus cells. Lymphocytes were
isolated and labelled with !2I as described in the Experimental section, and specific immunoprecipitates were either
unreduced (a-c) or reduced and alkylated (d), and then resolved in 7% (w/v) polyacrylamide gels (——) that also contained
the following reduced and alkylated internal 3![-labelled markers (----): immunoglobulin Ms (IgMs) (x,L.),
p-chains (1), y-chains (y) and light chains (L). The anti-(mouse liver plasma-membrane nucleotide pyrophosphatase) anti-
serum immunoprecipitated 0.32, 0.26 and 0.52%} of the total 251 radioactivity precipitated by addition of trichloroacetic
acid to lysates of labelled normal spleea lymphocyte, spleen lymphocytes from B mice and thymocytes respectively.
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added to the merdium. Table 1 indicates that washed
spleen lymphocytes and disrupted lymphocytes
hydrolysed UDP-galactose. However, De Pierre &
Karnovsky (1974a) and Trams & Lauter (1974)
have shown that this approach to demonstrate
ectoenzymic activity on cell surfaces is fraught with
technical difficulties and can yield equivocal results.
In the present case, the difference between a pH
optimum of 8.5-9.0 of nucleotide pyrophosphatase/
alkaline phosphodiesterase activities (Evans et al.,
1973; Sela et al., 1972) and a pH of 7.4-7.6 necessary
to maintain lymphocyte viability and hence the
permeability of the cell membrane towards added
substrates, compounds these difficulties. To circum-
vent such problems, advantage was taken of com-
bining techniques for enzymically iodinating cell-
surface components with the availability of an anti-
serum raised against the purified mouse hepatocyte
enzyme to investigate whether the enzyme, if
iodinated on the lymphocyte surface membrane,
could be immunoprecipitated. In addition, this
technique yields information on the molecular size
of the enzyme. ’ ;
Lactoperoxidase-catalysed iodination of lympho-
cytes (Vitetta & Uhr, 1973) and erythrocytes
(Hubbard & Cohn, 1973) results mainly in the
labelling of tyrosine residues exposed to the medium.
The nature of the labelled molecules on the lympho-
cyte surface membrane was studied directly by
extraction of 12°I-labelled cells with the detergent
Nonidet P40, which, in the present experiments,

S
1

10-3 x 125] radioactivity (c.p.m.)
=

1L | 1 1 |

1 A
150 100 70 SO 30 20
10~3x Apparent molecular weight

%ig. 2. Polyacrylamide-gel electrophoresis *23I-radioactivity
wofile of enzymically iodinated lymphocyte plasma
membranes

The plasma-membrane fraction was prepared and
abelled with !2°I by using the lactoperoxidase/glucose
wxidase catalysis method described in the Experimental
ection. The apparent-molecular-weight scale was ob-
-ained by using a series of reoviral protein markers of
‘nown molecular weight.
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Table 2. Retention of alkaline phosphodiesterase activity

on a Sepharose 4B column containing covalently bound

liver anti-(plasma-membrane nucleotide pyrophosphatase)
antiserum

Approx. 2mg of anti-(mouse liver plasma-membrane
nucleotide pyrophosphatase) was attached to 2g of
CNBr-activated Sepharose 4B. Washed spleen lympho<
cytes (2.6x10° cells) were extracted with 2ml of 0.5%
Nonidet P40 in phosphate-buffered saline and added
to the column, followed by 10ml of a phosphate-buffered
saline, pH7.4. Approx. ten 1ml fractions were collected.
Protein and leucine aminopeptidase activity were present
in fractions 4-6. For other details, see the Experimental
section.
Leucine
Phospho- npaphthyl-
diesterase  amidase

Protein  activity activity
(mg) (umol/h)  (umol/h)
Addition to column 5.1 2.28 0.72
Recoveryfromcolumn 5.3 0.336 0.503
Recovery (%) 104 14.7 70

solubilized >909, of the radioactivity present in
washed lymphocytes. Addition of a mouse anti-(liver
plasma-membrane nucleotide pyrophosphatase)
antiserum to detergent extracts of lymphocytes
resulted in an immunoprecipitate, that, when
analysed by polyacrylamide-gel electrophoresis,
contained only one major peak of radioactivity of
apparent mol.wt. 110000-115000 in non-reducing
conditions (Figs. 1a—) and 130000 under reducing
conditions (Fig. 1d). The iodinated protein was
present on both B and T classes of lymphocytes
(see the Experimental. section). The extremely close
correspondence of the molecular weight of the
iodinated immunoprecipitated product to that
of the mouse liver plasma-membrane enzyme
strongly suggested that nucleotide pyrophosphatase
was iodinated, and thus located at the outer aspect
of the lymphocyte plasma membrane.

Iodination of isolated spleen lymphocyte plasma
membranes showed that one of the peaks of radio-
activity present was of apparent mol.wt. 130000
(Fig. 2), in agreement with other reports (Ladoulis
et al., 1974; Juliano & Behar-Bannelier, 1975;
Anderson et al., 1976). A component of similar
apparent molecular weight to the immunoprecipitated
peak is thus available for iodination in isolated
plasma membranes. Since isolated lymphocyte
plasma membranes consist mainly of closed vesicles
of a right-side out configuration (Allan & Crumpton,
1970; Misra et al., 1974), this result can also be
interpreted to suggest a location for nucleotide

pyrophosphatase on the outer aspect of the plasma
membrane.
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To demonstrate a direct combination of the
mouse liver plasma-membrane nucleotide pyro-
ohosphatase antiserum with the enzyme in lympho-
cytes attempts were made to demonstrate antigen—
antibody interaction. Passage of Nonidet P40
extracts of spleen lymphocytes through a Sepharose
column containing covalently attached antiserum
against mouse liver plasma-membrane nucleotide
pyrophosphatase indicated retention of enzyme acti-
vity, whereas protein and leucine naphthylamidase
activity wererecovered (Table2). This result suggested
a direct combination between the liver anti-
(nucleotide pyrophosphatase) antiserum and the
enzyme of lymphocytes.

L]
Discussion

Enzymically catalysed iodination of perfused liver
and isolated hepatocytes showed that nucleotide
pyrophosphatase is a sialoglycoprotein of apparent
mol.wt. 130000 located at the outer aspect of the
rat and mouse hepatocyte plasma membrane
(Evans et dl., 1973; Evans, 1974; Bischoff et al.,
1975, 1976). Previous observations (e.g. Bischoff
et al., 1970) showing that various nucleotides were
rapidly hydrolysed when added to the isolated
haemoglobin-free perfused liver were thus explained.
The purified nucleotide pyrophosphatase of mouse
liver (Evans et al., 1973) and rat liver (Bischoff ez al.,
1974) were shown to hydrolyse a range of substrates
containing a nucleotide pyrophosphate bond, and
also to behave as an alkaline phosphodiesterase,
hydrolysing the artificial substrate thymidine 5'-
monophosphate p-nitrophenyl ester. The predictions
of Touster et al. (1970), based on similarities in the
kinetics of hydrolysis of the physiological and artificial
substrates by the liver plasma-membrane enzyme,
were thus confirmed. However, although more
direct evidence for activity towards nucleotide
pyrophosphate and phosphodiester bonds in the
case of lymphocytes must await the purification
of the enzyme, the results strongly argue that the
present enzyme has a similar location and substrate
specificity in lymphocytes. Isolated lymphocytes
hydrolysed UDP-galactose, and this enzyme was
found to be increased in specific activity (relative to
the homogenate) in a plasma-membrane fraction to
an extent similar to that shown by alkaline phospho-
diesterase and 5-nucleotidase activities. An anti-
serum raised against the purified mouse hepatocyte
—plasma-membrane enzyme immunoprecipitated a
_single iodinated component that was of similar
—molecular size in extracts of lymphocytes that

were previously surface-labelled with 23], By studying
—the inhibitory properties of an antiserum raised
=against mouse liver plasma membranes towards the

‘-nucleotidase activity of mouse and rat liver and

pig lymphocyte plasma membranes, Gurd & Evans
(1974) showed that there are strong antigenic
similarities between plasma-membrane ectoenzymes
that cross not only tissue barriers, but also species
barriers. Riemer & Widnell (1975) showed that a

‘-nucleotidase partially purified from a number of
rat tissues showed similar properties. The present
results then add to the picture that there are classes of
glycoproteins with enzymic activity on mammalian
cell surfaces that show common antigenic and mole-
cular properties. Indeed, studies of cells of disparate
function, e.g. lymphocytes and platelets (Tanner
et al., 1974), seem also to indicate that polypeptides of
snmﬂar molecular-weight classes are xodmated by the
lactoperoxidase procedure.

The present demonstration of nucleotlde pyro~
phosphatase/alkaline phosphodiesterase activity on
the outer aspect of the lymphocyte plasma membrane
adds to the list of cells in which this activity has been
similarly located, e.g. hepatocytes (Bischoff et al.,
1970) and a variety of cultured cell lines (Deppert
et al., 1974; Sela et al., 1972). Monneron (1974)
also showed histochemically that UDP-galactose was
hydrolysed by thymocyte plasma membranes.
Since glycosyltransferases are also claimed to be
present on the lymphocyte cell surface (Cacan et al.,
1976), the presence of two categories of ectoenzymes
that may compete for the same substrate should be
borne in mind in devising models [see Shur & Roth
(1975) for a review] invoking cell-surface glycosyl-
transferases to explain cell recognition and adhesion.
Ectoenzymes hydrolysing ATP were shown to be
present on a variety of eukaryotic cell surfaces by
Trams & Lauter (1974) and De Pierre & Karnovsky
(1974a,b), and nucleotide pyrophosphatase activity
may accountforatleast part of this hydrolyticactivity.

The exact function of a nucleotide pyrophosphatase
residing on lymphocyte and other mammalian cell
surfaces is not fully understood. The enzyme may
function to exclude the entry of nucleotides into
cells e.g. RNA-degradation products, or may serve
to conserve cellular nucleotides, by ensuring, in
conjunction with nucleotide phosphohydrolases
(e.g. 5'-nucleotidase), their hydrolysis in the plasma
membrane to nucleosides. Specific mechanisms exist
for the transport of nucleosides into cells (Berlin &
Oliver, 1975). Liberation of adenosine into serum
by lymphocytes could cause vasodilation (Dobson et
al., 1971), thus ensuring movement of these cells
through narrow blood vessels. Clearly, knowledge
of the topography of plasma-membrane enzymes is
a first step towards determining their possible im-
plication in the transport and metabolism of
nucleotides by mammalian cells. .

E. R. A. thanks the Consejo Nacional de Ciencia ¥
Technologia de Medico, Mexico, for financial support-
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Identification of a high molecular weight protein on the
surface of murine thymus and thymus-dependent cells

Rabbit anti-mouse Ig reacted with mouse thymocytes resulting in the forma-
tion of caps which were shed into the medium and subsequently injected into
rabbits. The antiserum from these animals (AMTP) reacted strongly with thymo-
cytes and peripheral T cells and weakly with B cells. The antiserum did not react
via the Thy-1 antigen and could be made specific for T lymphocytes by absorp-
tion with B lymphocytes. By surface labeling of lymphocytes with *#°1, it could
be shown that the major T lymphocyte antigen recognized by AMTP was one,
or possibly two, large, single chain molecules with a molecular weight of approx-
imately 200 000. This molecule was not Ig and, furthermore, the AMTP did not
react with cell surface Ig of B lymphocytes. The implications of this finding for
previous reports on the existence of immunoglobulin on T lymphocytes are
discussed.

[11311]

pondence: Nina Wedderburn, Royal College of Surgeons, 3543
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1. Introduction

During a previous investigation into \he possible presence of

viations: AMBA-@: Anti-mouse brain-associated theta antigen an immunoglobulin-like protein on the surface of murine

: Anti-mouse thymus protein BM: Bone marrow FCA:
1’s complete adjuvant GAM-TRITC: Rhodamine-coupled goat

thymus cells the observation was ma.'e that certain polyvalent

ouse Ig  GAR-FITC: Fluorescein-coupled goat anti-rabbit Ig rabbit anti-mouse immunoglobulin (RAMIg) sera, exhaustively
nmunoelectrophoresis IF: Immunofluorescence RAMIg: absorbed and diluted, retained the ability to stain living thymo-

t anti-mouse [g TCA: Trichloroacetic acid

cytes by indirect immunofluorescence (IF). After incubation
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1s for 10 min at 37 °C, the stained molecules moved
ne of the membranes and formed small caps, thus

3 that they might be homogeneous in structure. Enzy-
atment of normal thymocytes prior to staining re-

ese molecules, which reappeared after 20 h of culture .

1.

:sent paper, further studies on the nature of the anti-
ecules stained by an RAMIg serum on the surface

s cells are described. It was observed that after in-

stained thymocytes for 2 h at 37 °C, these cells were
fluorescent, presumably because the caps had been
the medium. Therefore, cell supernatants containing
1s protein complexed to antibodies in the RAMIg

re used in the production of a specific antiserum in

-he activity of this antiserum against lymphoid cells
>us organs in mice, was then studied by indirect IF.
n, the nature of the protein molecules specifically

-ed by this antiserum was investigated by lactoperoxi-
yzed radioiodination of the lymphoid cell mem-

-ils and methods

nice, 4—6 weeks old, were used in most experiments.
1 mice (B mice) for absorptions were (CBA x C57)F,
“hese mice had been thymectomized, irradiated, re-
«d with fetal liver, and their lymph nodes and spleens
d 80 % B cells, respectively.

era

t anti-mouse Ig (RAMIg) serum was raised in rabbits
njections, given at weekly intervals, of 1 mg of par-
=fied whole mouse Ig. This Ig was prepared as follows:
duse serum was adjusted to contain 30 % saturated
n sulfate, and the precipitate was then dissolved in
buffered saline and reprecipitated a further four

he first injection the antigen was emulsified in
:omplete adjuvant (FCA) and given intramuscularly;
subsequent injections, the antigen was diluted in
injected intramuscularly and intravenously, respec-
: animals were bled 7 days after the last injection.

-ving for clot retraction, the serum was separated
1at 57 °C for 30 min. Absorptions to avoid non-

—ining were carried out as described previously [1].
e U-chain was raised in rabbits as previously de-

e thymus protein (AMTP) serum was raised in rab-
nmunogen was prepared as follows: 12 x 107 thy-
ireviously treated with the absorbed and appro-
luted RAMIg serum for 30 min at room tempera-
thoroughly washed with TC 199 medium until no
otein was found as estimated by absorbance at

the washing fluid. The cells were then incubated
for 2 h at 37 °C. After centrifugation, the super-
found to contain protein at a concentration which
« the different batches of cells hetween 0.14-0.2

s (1 cm, 280 nm) units. The supernatants were
»philized and stored at —30 °C until used. They
1sed as an immunogen. Rabbits were immunized

Eur. J. Immunol. 1976.6: 217-222

according 1o the following protocol: they received four
monthly intramuscular injections of the immunogen, each
containing 0.2 absorbance units in 1 ml. In the first injec-
tion, the immunogen was emulsified in Freund’s incomplete
adjuvant (F1A);in the others, the immunogen was in saline.
Saline alone or supernatants from untreated thymocytes
cultured at 37 °C in medium alone for the same length of
time (2 h) were injected into control animals. One week after
the last injection the animals were bled and their sera were
heated at 56 °C for 30 min. Both the anti-thymus protein
serum (AMTP) and the controls were examined by double
diffusion in agar gel and by immunoelectrophoresis (IEP)
against normal mouse serum. No precipitation lines were
seen.

Anti-mouse brain-associated theta serum (AMBA-O) was
produced in rabbits using the technique described by Golub

3]
2.3. Conjugates

Goat anti-rabbit Ig coupled to fluorescein or to rhodamine
(GAR-FITC or GAR-TRITC) were produced as previously
described [4]. Goat anti-mouse Ig coupled to fluorescein
(GAM-FITC) was batch no. 21-272, purchased from Nordic
Immunological Laboratories (Tilburg, The Netherlands); it
did not stain thymocytes or T lymphocytes.

2.4. Cell suspensions, indirect IF tests and microscope

These were as previously described [1]. The tissues examined
were thymus, lymph nodes, spleen and bone marrow. Bone
marrow cells were obtained from the femurs by flushing the
marrow cavities with cold buffer. Peripheral T lymphocytes
prepared by the nylon wool procedure [5] contained less
than 5 % of surface Ig positive lymphocytes.

2.5. Double-labeling immunofluorescent tests

Lymphoid cells from the thymus, lymph nodes or spleen
were first treated with the AMTP serum for 30 min, washed
three times and treated with the conjugate GAR-TRITC for
a further 30 min. The cells were again thoroughly washed
and counterstained with GAMIg-FITC, to identify B cells.
Finally, the cells were washed twice and prepared for exa-
mination.

2.6. Radioiodination of membrane proteins

Cell suspensions were labeled with 2I using lactoperoxidase
[6], washed once in ice-cold phosphate buffered saline (PBS)
and then lysed for 10 min at 0 °C in 1 % (w/v) Nonidet-P40
in PBS containing 1 mM phenylmethylsulphonyl fluoride
and 100 mM recrystallized iodoacetamide. The centrifuged
lysate (30 000 x g, 15 min) was passed over Sephadex G-25
equilibrated with the solution used for lysis of the cells. Up-
take of 1251 by the cells was 30—40 % of input, and at least
95 % of the trichloroacetic acid (TCA)-precipitable radioac-
tivity was recovered in the supernatant after centrifugation
of the cell lysate. Radioactivity in the exclusion peak from
G-25 was 70—90 % TCA-precipitable and accounted for
10—15 % of the total radioactivity applied. A “nonspecific”
immunological precipitate was first formed in the radioactive
sample by addition of normal rabbit serum (10 ul) and a goat
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Immunofluerescent staining of lymphoid cells of BALB/c
h an anti-mouse thymus protein serum?)

Tissue
red with Thymus Lymph node  Spleen
£ 100 93 87
1aITOW 100 92 88
100 93 88
100 63 42
s 0 0 0

-uspensions were prepared and stained by indirect IF with un-
d and absorbed AMTP, as described in Section 2.5. and in the
At least 200 cells were examined in each group, and the figures
1ted represent the percentage of cells which were positive. B -
sere spleen cell suspensions from T-deprived mice.

" cells which were stained by the first antiserum were
1ed by the second, i.e., cells which fluoresced strong-
‘he AMTP serum had no “easily detectable” surface
ever, a small proportion of lymphoid cells in the spleep
») was found to be strongly double-labeled. The signi-
>f this observation will remain obscure until appro- '
»ntrols to evaluate the role of cytophilic antibody and,
:ceptors are carried out.

>f some similarities in the staining pz‘xttern of the

=nd the AMBA-O sera, identical absorptions were also
ut on the latter for comparison. After absorptions on
sue, a striking difference became apparent: while the
of the AMBA-O serum had completely disappeared,
the AMTP remained unaltered. In addition, unabsorbed
-) serum gives a substantial degree of nonspecific stain-
J cells.

=unochemical characterization of the thymus cell
=ace protein

:rial on the cell surface reacting with the AMTP was
ized using lysates of 1251 surface-labeled cells. Rab-
:ra'were added to the radioactive samples, and sol-
plexes of antibody and radioactive antigen were
-ted by the addition of goat anti-rabbit 1gG, counted
characterized by electrophoresis in polyacrylamide

2 is presented the recovery of radioactivity using a
fic control (normal rabbit serum), anti-mouse y-

= AMTP. 1t is clear that radioactivity precipitated
ti-mouse u-chain from thymocytes and peripheral
scytes is at the level of the nonspecific control pre-
. With spleen cells, on the other hand, there is a

=11 difference, which is accounted for by the known
of IgM on the surface of B lymphocytes. With these
s, therefore, there is no evidence for IgM on thymo-
reripheral T lymphocytes. The AMTP precipitated
tly more radioactivity than normal rabbit serum
nocytes, but not from peripheral T lymphocytes
cells. However, in the case of peripheral T lympho-
re was a significant difference when the radioacti-

wpitated by anti-mouse pg-chain and AMTP was com-
is simply indicates that there is variability in non-
recipitating systems, some rabbit sera giving high

Eur. J. Immunol. 1976.6: 217-222

Table 2. Coprecipitation of radioactive cell surface molecules?)

Cells Antiserum Total radioactivity Radioactivity
x 1078 in precipitate
(cpm) (%)
Thymocytes Normal rabbit serum 1.70 0.16
Thymocytes Antimouse p-chain 1.70 0.12
Thymocytes AMTP 1.70 0.50
Periph.T.  Normal rabbit serum 1.87 0.17
Periph.T. Antimouse u-chain 1.87 0.08
Periph.T.  AMTP 1.87 0.23
Spleen Normal rabbit serum 1.41 0.29
Spleen Antimouse p-chain 141 1.55
. Spleen AMTP 141 0.36

a) Lymphocytes were labeled externally with 1251, lysed, and precipi-
tation with various rabbit sera was performed as described in Section
2.6. Total radioactivity in macromolecular material was given by pre-
cipitation with 10 % (w/v) TCA, and the radioactivity recovered in
the washed antibody-antigen precipitates is expressed as percentage
of the total radioactivity of the original sample.

values and others, low. It is consequently always essential
to define the molecular composition of these coprecipitates
by gel analysis.

Results obtained by gel analysis with the three different cell
populations are presented in Fig. 3. It is important to em-
phasize that these gel profiles, obtained from samples re-
duced with dithiothreitol, were unchanged when the samples
were not reduced prior to electrophoresis. Thus, for example,
the high molecular weight component present in thymocytes
(Fig. 3 A), which co-electrophoreses with the internal marker
of IgMs (7 S IgM), is a single chain molecule. It is certainly
not a disulfide-linked multichain molecule similar in struc-
ture to immunoglobulin, although it could be mistakenly
identified as such if the sample were analyzed without re-
duction.
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Figure 3. Characterization of surface proteins reacting with AMTP.
Thymocytes (A), peripheral T lymphocytes (B) and normal splecn
cells (C) were labeled externally with 125] and precipitations with
AMTP were performed as described in Section 2.6. The precipitates
were reduced, alkylated and applied to 4.2 % (w!v) polyacrylamide
gels with the addition of an internal marker of BIL)3beled proteins;
(—) 151 cell surface material, (- --) 3!1 internal marker. The com-
ponents of the 13!] internal marker are indicated by the arrows on
each gel profile.
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re are two immediate conclusions from the data presented.

t, in no sample is there radioactivity corresponding to a
1ain component, and thus the AMTP is without anti-IgM
vity. Second, in all samples there is a radioactive peak in
position of y-chains. However, since the component in
Y-chain position is also precipitated by control (e.g. nor-
rabbit IgG and goat anti-rabbit IgG) systems, it is not
;ifically recognized by AMTP and will be discussed no
-her.

s the majo1 components of the thymocyte surface re-
1ized by AMTP (Fig. 3 A) are single chains with apparent
2cular weights of about 200 000 and 60 000. These mole-
1 weight assignments are approximate, and based on the
that the larger molecule co-electrophoreses with IgMs
the smaller is intermediate in size between u and y<chains.
7 the larger of these two is found ori the surface of peri-
al T lymphocytes (Fig. 3 B) and in lower yield (40 % of
recovered from thymocytes). The profile of radioactivity
the spleen cell sample (Fig. 3 C) was similar to that given
the nonspecific, normal rabbit serum, control. Thus the
ence of the 200 000 molecular weight component, known
= present on splenic T lymphocytes (Fig. 3 B), is obscured
ackground “noise”, and we may conclude that this, as
as the 60 000 molecular weight molecule, must be absent
resent in very low amounts) from B lymphocytes. This
lusion was confirmed by direct analysis of spleen cells
1 a nude mouse. Finally, careful inspection of the 200 000
scular weight peak (Fig. 3 A) suggests the presence of at
two components. ‘

sscussion

1 earlier report we described how, using an indirect IF
1ique, we found that not only pure anti-light chain and
IgM antisera stained thymocytes, but also that some po-

ent RAMIg sera had the same effect. The molecules
ed by the latter were removed with pronase and were
shown to be resynthesized by the cells in culture.

major observation reported here is that the reaction be-
n a rabbit anti-mouse Ig and murine thymocyte surfaces
-rred via surface material which was not Ig in nature. This
slusion is based on the fact that following interaction be- -
n the rabbit anti-mouse Ig and thymocytes, complexes
ed on the cell surface were shed into the medium and
then immunogenic in rabbits to give an anti-mouse thy-
-protein (AMTP) reagent, which did not react with mouse
was not possible to raise sera with similar properties by
tion of supernatant from thymocytes which had been
>d with normal rabbit serum instead of RAMIg. The pro-
on of the specific antiserum AMTP could be related to
=ct that thymocytes, unlike B lymphocytes, largely form
over the pole of the cell distal to the Golgi region [9]. It
ssible that shedding, rather than pinocytosis, is a conse-
ce of this type of capping pattern.

“AMTP reacted with all thymocytes when tested by flnor-
ce. However, the basis of this reaction was not Ig on
ocytes. Thus lysates of surface-labeled thymocytes did
ontain IgM (or IgD; Abney and Parkhouse, manuscript
itted) under conditions where Ig was readily detectable
leen cells (see Table 2). Furthermore, when these radio-
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active lysates were recacted with the AMTP reagent, there was
no evidence for py or L<chains (see Fig. 3). Instead, the mejor
component reacting with the antiserum was a single chain
molecule with a mobility very similar to IgMs (7 S IgM) and
thus having a molecular weight of about 200 000. There was, in
addition, a component with a molecular weight of 60 000.

These findings raise two interesting questions: the first is to
explain the activity present in the AMTP, and the second has
implications for the sometimes claimed presence of Igon T
lymphocytes. The simplest explanation to the first question
is that the original anti-MIg contained antibodies to the thy-
mocyte surface proteins that we have characterized. Treat-
ment of thymocytes with the anti-MIg then caused shedding
of these thymocyte surface proteins which, on subsequent
injection into rabbits to raise the AMTP, elicited the forma-
tion of relevant antibodies. Presumably, therefore, these sur-
face protein(s) are shed in vivo and are consequently present
in the blood. We may then raise two points in relation to the
second question. These are: is it possible that anti-MIg rea-
gents used by other workers positively to identify Igon T
lymphocytes similarly contained antibodies to non-Ig mole-
cules, and could this high molecular weight protein have
been mistakenly identified as 7 S IgM? Unfortunately, it is
impossible to answer these questions, but we raise them be-
cause they do create doubt,.

There is now little doubt that Ig can be found on the mem-
branes of some T lymphocytes [10—13], but the critical
question is whether they are in fact synthesized by these
cells. Apart from two laboratories [14—18], who have con-
sistently maintained that Ig exists endogenously on thymo-
cytes and T lymphocytes, there are several others who have
convincingly failed to confirm this point of view using simi-
lar techniques [19—28]. In an elegantly designed series of
experiments which sought to prove synthesis of Ig by anti-
gen-binding T lymphocytes [29, 30}, the criticism still exists
that there was no biochemical characterization of the T cell
receptor. Instead, the effect of anti-mouse Ig on subsequent
binding of antigen was studied. Moreover, the experiments
were conducted in the presence of B lymphocytes, and thus
cytophilic antibody cannot strictly be ruled out. Further, the
finding in vitro that thymocytes and T cells bear recepiors for
IgG [31, 32] and also IgM (Santana, V., manuscript submitted
for publication) adds to the difficulties.

‘The high molecular weight (200 000) antigen(s) defined on
thymocyte membranes was present on peripheral T lympho-
cytes, but absent from B lymphocytes. Absorbtion with brain
tissue clearly indicates that this molecule does not correspond
to the Thy-1 antigen. However, it does seem quite possible
that the material we have described is similar, if not identical,
to the 200 000 molecular weight protein(s) noted as a char-
acteristic component of T, but not B, lymphocyte membranes
[33]. The 60 000 molecular weight component, present on
thymocytes and absent from peripheral T lymphocytes, could
conceivably be a thymus-specific antigen, but that remains to
be demonstrated.

Finally, it is worth drawing attention to the fact that the
weakly staining cells of spleen and lymph nodes disappear
when the AMTP is absorbed by B lymphocytes (Table 1).
Whatever the molecular basis of this weak staining, it is not
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/hen the results of surface labeling are examined.
sle explanation is therefore traces of antibodies to
= components, perhaps shared by B and T lympho-
1ese circumstances the cell surface labeling tech-
1d not be expected to detect the antigens involved.
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jate for immunoglobulin D
t on murine B lymphocytes

3H the original discovery of human IgD is almost ten
1 it is only very recently that a possible function for
; of immunoglobulin has been suggested. Present in
uman serum in very small amounts?, IgD is found on
ce membrane of relatively large numbers of human
i lymphocytes, in particular those ebtained from cord
d the circulation of patients with chronic lymphatic
437 IgD is frequently associated with IgM on the
*-7 and this, together with the fact that the frequency
-aring lymphocytes is higher in cord blood than adult
suggests a fundamental role for IgD, either as a
recognition unit or for regulation of the immune
Were this to be so, then clearly IgD would be expected
in species other than man. Here we present the
ion of an immunoglobulin present on the surface of
-enic lymphocytes which is not IgM, but which has the
characteristics of IgD.

2

1 epmx 10

Fraction no.

urface immunoglobulin of murine splenic lymphocytes.
211 suspensions of 4-6-week-old female CBA mice were
with %] by the lactoperoxidase catalysed procedure®,
nce in phosphate-buffered saline (PBS) and then lysed
nat0°Cin 1%, (w/v) Nonidet P40 in PBS. The centri-
sate (4,000g % 10 min), containing 95% of the total
cipitable radioactivity, was dialysed against 1%, (w/v)
P40-PBS in the cold. Surface-labelled immuneglobulin
ipitated by the addition of a polyspecific rabbit anti-
serum (10 pi) followed by goat anti-rabbit IgG (100 pl).
-ipitate was washed three times with ice cold 0.5 %, (w/v)
-P40 in PBS, twice with ice cold PBS, and then dissolved
~/v) sodium dodecyl sulphate (0.1 M iodoacetamide)
um phosphate, pH 7.0, by heating at 100° C for 5 min.
2 of mouse myeloma MOPC 104E IgM was labelled
‘ref. 16), partially reduced to p,L, and pL by treatment
nM dithiothreito]l for 60 min at room tempera-
ylated with 10 mM iodoacetamide, and then added
lated '*]cell surface Ig to serve as an internal marker
*} analysis (4.259 (w/v) polyacrylamide gel containing
v)sodium dodecyl sulphate)®. Following electrophoresis,
was sliced into 1 mm segments and radioactivity
»d. Values were corrected for cross channel spill, and
ith the top of the gel on the left hand side of the figure.
incorporated into cell surface Ig; — - —, '¥'I-labelled
internal marker.

«ll suspensions containing more than 95%; viable
=n blue exclusion) were labelled with '**I by the
idase-catalysed procedure®, and the surface immuno-
=15 prepared and analysed on scdium dodecy! sulphate
® with addition of an internal marker (**'I-labelled
ally reduced to p.L.and pL). As has been previously
12 we found a major portion of radioactive cell
nunoglobulin in that part of the gel corresponding
As (p.L,) subunit of IgM (Fig. 1). In addition,
jere was a significant radioactive peak running very
advance of the pL subunit, but which contained
light chains on reduction (see Fig. 2) and must

e an HL subunit.

Following reduction and alkylation both the H,L, and HL
subunits were shown to contain two distinct species of heavy
chain, there being one component with the mobility (and
thercfore size) of the internal !3!-u chain marker, and another
which migrated faster than yu chain, but slower than y chain
(Fig. 2). The proportion of radioactivity found in the smaller
{faster migrating) heavy chain was lower in the sample of
reduced '*i-surface H,L, (Fig. 2a) than the reduced '**l-surface
HL (Fig. 2b).

We discount the possibility that the heterogeneity of surface
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Fig. 2 Heavy chain heterogeneity of surface immunoglobulin
of murine spleric lymphocytes. Sections of the gel shown in
Fig. 1 containing the H,L, and HL components were eluted
with 2% (w/v) sodium dodecyl sulphate (2mM dithiothreitol)
0.05 M sodium phosphate, pH 7.0. The eluate was heated for
15 min at 100- C in order to ensure reduction of all disulphide
bridges, and then alkylated by addition of icdoacetamide to
10 mM. The resulting material was then applied to 10% (w/v)
polyacrylamide gels containing sodium dodecyl sulphate to
resolve the heavy chain components. In these conditions the
1311,L, and pL originally added as internal markers for the
first gel are also extracted and reduced, thereby providing
internal markers for p and L chains in the second separation
in the 10% acrylamide gels. The gels were fractionated, counted
and plotted as given in the legend to Fig. 2. The position of y
chains was assessed by running a mixture of totally reduced
131].Jabelled mouse 1gM (MOPC 104E) and IgG2a (Adj.PCS)
on a parallel gel. a, Reduced, surface labelled H,L,; b, reduced,
surface labelled HL. ——, **[ incorporated into cell-surface
Ig; - - -, ¥-labelled internal marker,

Ig results from the presence of T-lymphocytes in the spleen cell
suspension as similar results were obtained when spleen cells
from nude mice were anaiysed by the same techniques. In
addition, peripheral T-lymphocytes purified by passage of
spleen celis through nylon wocl columns'® did not contain
detectable amounts of surface immunoglobulin using the
methods described above.

Reconstruction experiments were performed to check for
degradation of p chain-containing material during the prepara-
tion of labelled surface Ig. Both '*]-labelled p.L, and pL,
prepared by partial reduction of MOPC 1G4E IgM, could be
recovered unchanged when added to spleen cells and then
carried through the procedures outlined above for isolation of
cell surface immunoglobulin. The HL subunits found on the
surface of splenic lymphocytes, therefore, do not result from
reductive depolymerisation of p,L, during isolation. Reduction
of the recovered *%I-u,L, and ¥**I-uL yielded heavy chains
entirely corresponding in size to untreated p chain. We are
therefore confident that the observed heavy chain size hetero-
geneity of cell surface immunoglobulin does not result from
degradation of it chain during the isolation procedure.



ssible explanation for the heterogeneity of surface
globulin is that there is a precursor-product relation-
ween the various species observed. Such a relationship
ither reflcce @ biosynthietic paihway or metabolic
- of membrane-associated immunoglobulin. In the first
HL subunit would be an intermediate in the bio-
5 of H,L.. and the small heavy chain would be a
glycosylated p chain requiring the addition of further
sidues for completion. In the alternative situation, the
1would be expected to be towards degradation of H,L,
nd proteolysis of the heavy chain. We have ruled out
ossibilitv by culturing surface-labelled spleen cells
for 0-12 h. The absence of any form of precursor-
relationship was clearly indicated by the fact that the
H.L, to HL and large heavy chain (that is, a p chain)
heavy chain determined at time zero remained the
cell surface and released immunoglobulin recovered at
< of incubation. This experiment demonstrated also
half lives of all the immunoglobulin-species present on
wurface are similar, a value of 10 h being determined.
en pursued the possibility that the small heavy chain
ved from a class other than IgM by using antisera of
‘lass specificity for isolation of surface immunoglobulin.
ies specific for v1. y2a and a chains did not precipitate
globulin from detergent-soiubilised, surface-labelled
ymphocytes. On the other hand, specific anti-p chain-
|
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‘wo different heavy chain classes present on the surface
ie splenic lymphocytes. Spleen cells were labelled with
lescribed in the legend to Fig. 1. They were washed
Eagle’s medium containing 10% foetal calf serum,
ded in the same medium at 2 < 107 cells ml~*, and then
d at 37° C in an atmosphere of 5%, CO, in air for 6 h.
nd of the incubation period, the cells were 95% viable
slue exclusion). The medium, containing released cell
immunoglobulin, was separated from the cells by
ation (400g. 10 min), adjusted to contain 1%, (w/v)
P40. and dialysed against 1%, (w/v) Nonidet P40 in
e buffered saline. To the non-diffusate was added a
rabbit anti-(mouse p chain) serum (10 pl) and goat
=bit IgG) serum (100 pl). The resulting precipitate was
by centrifugation, and the supernatant was further
with polvspecific rabbit anti-(mouse Ig) (50 pl)
by the appropriate amount of mouse Ig (40 pg) to
ymplete precipitation of mouse Ig. Both precipitates
hed and analysed in 4.2% (w/v) polyacrylamide gels
bed in the legend to Fig. I. The H,L, containing
f both gels were eluted. reduced and alkylated, and
on 10% (w/v) polyacrylamide gels as described in the
Fig. 2. a. Reduced cell surface H,L, precipitated with
wti-(mouse p chain); b. reduced cell surface H,L,
from the supcrnatant of the precipitation with rabbit
ise n chain) by addition of rabbit anti-(mouse Ig).
incorporated into cell-surface lg; — - —, *¥[-labelled
internal marker.

precipitated H,L, and HL containing heavy chain corres-
ponding only in size to authentic, secreted p chain (Fig. 3a).
This material may therefore be identified as p chain with
certainty. When the supcrnetant from the anti-p precipitation
was further reacted with polyspecific anti-(mouse Ig), however,
the H,L, and HI species precipitated were predominantly
composed of the small heavy chain (Fig. 3b). We may therefore
conclude that there is present on the surface of murine splenic
lymphocytes a heavy chain larger than the v chain, yet smaller
than the p chain, which is not precipitated with antisera to 7,
« or p chains, but which is reactive with a polyspecific antiserum
to mouse Ig. As the small heavy chain was not precipitated by
anti-(n chain), the possibility that it is an incompletely
glycosylated p chain' is ruled out.

The inescapable conclusion is that this heavy chain, which
accounts for about 40%; of heavy chain isolated from surface-
labelled spleen cells, represents a hitherto undescribed class of
immunoglobulin in the mouse; the most obvious surmise is
that it corresponds to the human IgD class. To support this
suggestion we note the similar mobility on SDS-poly-
acrylamide gels of human & chain? and the novel heavy chain
of mouse lymphocytes described above. This newly described
mouse immunoglobulin, which we shall now refer to as IgD,
is also similar to human IgD? in its marked susceptibility to
proteolytic degradation (E.R.A. and R.M.E.P., unpublished).
A similar conclusion has also been drawn by others (E. S.
Vitetta and J. W. Uhr, unpublished).

Contrary to our expectation, however, was the finding of
p chain, but not § chain, in foetal liver (16 d embryos) and
neonatal spleen and liver. In addition, splenic lymphocytes of
6 week and 6 month old mice contained similar amounts of
& chain, the ratio of p:3 being about 3:2. This could mean that
the expression of IgD in the mouse is subsequent to the appear-
ance of IgM. If this is not the case, then IgD-bearing lympho-
cytes must arise in organs other than spleen or foetal liver.
Perhaps relevant to this point is the fact that IgD constitutes
the major immunoglobulin class present on murine lymph
node cells, where the pu:8 ratio was found to be 1:3.5-4.0.

It is certainly intriguing that spleen and lymph node cells
differ markedly in terms of the relative amounts of p and &
chains present on their surfaces. In this respect we may note
that spleen cells, but not lymph node cells, respond to lipopoly-
saccharide (G. Janossy and R.M.E.P., unpublished), and
that spleen cells secrete largely IgM, whereas the major product
of lymph node cells is IgG*S. The presence or absence, however,
of a functional relationship between these separate observations
remains to be determined. Whether the molecular heterogeneity
of total cell surface Ig is reflected in a similar pattern on
individual cells is not known. Nonetheless, a relationship
between this observed heterogeneity and regulation of the
B-lymphocyte response to antigen is suggested.
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HETEROGENEITY OF SURFACE IMMUNOGLOBULIN ON MURINE
B-LYMPHOCYTES
R.M.E.Parkhouse and Erika R.Abney
National Institute for Medical Research, Mill Hill,
London NW7 1AA

1. Introduction

The distribution of IgD in Man has aroused considerable excitement recently.
Present in normal human serum in very small amountsl, IgD is found on the surface
membrane of relatively large numbers of human B-lymphocytesg’B’u’5’6’7. It is
therefore hardly surprising that a special (but a&s yet unknown) role for IgD has
oeen the subject of speculation. In these circumstances the imporience ¢f estzb-
lishing the existence of IgD in an animal system is obvious. To date, there have
been two independent reéorts of an IgD-like molecule in the mouse 8’9’10, and we
may confidently predict similar results in other memmalian species. An interest-
ing question will be whether'IgD occurs in vertebrates other than the mammals.

The results that we obtained in the mcuse were strictly in zgreement with
the work of others »10 and may be summarised as follows. Lymphocytes from spleen
or lymph nodes were externally labelled with radioactive iodine using lactoperox-
idase, and labelled immunoglobulin was selectively removed by precipitztion with

specific antibody to mouse Ig. When characterised by electrophoresis in diss-

ociating gels, the surface Ig was predominently a disulphide linked, HELE structure,

although some HL subunits were also present. There was no 19S Ig. Using anti-
sera specific for the mouse heavy chain classes we could not detect IgG or IgA.
Precipitation with anti-p chain accounted for some, but not all, of the cell
surface Ig. The Ig remaining after precipitation with anti-p chain was isolated
by addition of anti-K chain, and after reduction yielded a heavy chain of size
intermediate between p and y. We may therefore conclude that there are two
heavy chain classes expressed on the surface of mouse lymphocyte. One is IgM
and the other, since it does not react with anti-p, anti-a or anti-y, appears
to be a homologue of IgD. This candidate for IgD in the mouse resembles the
human counterpart in heavy chain size, marked susceptibility to proteolysis and
in its occurrence on lymphocyte surfaces. It is too small to be IgE. We dis-
count the possibility that the heterogeneity of surface Ig results from the
presence of T-lymphocytes in the cell suspensions since similar results were ob-
tzined with spleen cells from nude mice. 1In addition, peripherzl T-ljmprceytes
purified by passage of spleen cells through nylon wool columns11 did not contain
Ig using the same methodology.

In the absence of sequence data this new Ig class in the mouse carnot be
formally identified as IgD. However, for ease in presentation, and beczuse of
the similarities ncted above, we snall henceforward refer to this molecule as

IgD.
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g spleen cells from 6 week old CBA or nude mice, we found 60% of the
Iz as IgM; the remainder was IgD. Expression of IgD on the cell surface
fcre not dependent upon the presence of T-lymphocytes. In foetal liver,
tal spleen and foetal liver, however, only IgM was detectable, indicating
the mouse IgM precedes IgD in embryological development. This finding
reement with recent results in the humanle. Earlier assumptions that
2des IgM in the human were based on comparisons between cord and adult
, and appear to be incorrect. Interestingly, the amino acid sequence
IgD is more homologous to IgE and IgG th;n Ingj, which would suggest
evolved some time after formation of the gene for p chains. Thus IgD
subsequent to IgM in both evolution and ontogeny.
1triguing observation was the marked difference between B-lymphocytes
in spleen and lymph nodes. Although IgM and IgD were the only Ig classes
both populations, the ratio of IgM/IgD was 1.5 in the spleen and 0.3 in
1 nodes. This, taken together with the fact that IgD arises later than
1togeny, suggests that the B-lymphocyte population in the lymph nodes
more mature population than that present in the.spleen. In this respect
>te that spleen cells, but not lymph node cells, respond to lipopoly-
le (G.Jznossy and R.M.E.Parkhouse, unpublished), and that spleen cells
argely IgM, whereas the major product of lymph node cells is IgGlu.
xperiments described abcve indicate heterogeneity of total immunoglobulin
gD) found on the surfaces of murine B-lymphocyte populations. An obvious
is the distribution of these two immunoglobulin classes on individual
ytes. In order to answer the question in the absence of specific anti-
mrine IgD, we have based our strategy on the results of our 125I-labell-
‘iments. The crucial assumption, which is supported by the labelling.
urselves and othersg’lo, is that IgM and IgD are the major immunoglobulins
n lymphocyte surfaces. We are aware that claims have been made for the
of IgG on the surface of B-lymphocytes in the mouse, but these will be
d as artefacts due to-the specificity of the reagents used. As an
f one possible artefact we cite recent experiments in the humanls.
numoer of peripheral blood lymphocytes, which were positive for IgG
scent staining with whole antibodies to Ig was dramatically reduced
uorescent F(ab)2 antibody was used. The authors conclude that most
arently positive for IgG are in fact lacking in membrane Ig but do have
ors. We do not exclude the possibility of very low ndmbers of IgG
21ls, nor the presence of very small amounts of sufface IgG. These
ties, however, will not influence the experimental approach.
xperimental design depends on the known fact that IgM and IgD cap
1tly on human lymphocytesj’S. The protocol consisted of first capping

~

& rnodamine-coupled anti-p chain system and then reacting the cells with
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a poly-specific, fluorescein-coupled anti-mouse Ig under non-capping ccnditions.
Since we assume an absence of immunoglobulin other than IgM or IgD, the green
rings visualised by the second reagent must represent IgD moieties on the cell
surface. To control for capping of all IgM molecules in the first step, some
cells were treated with fluorescein-coupled anti-p chain instead of the poly-
specific reagent. The approach is therefore identical to that used in order to
identify IgD by radioactive labelling techniques.

2. Materials and Methods

Rabbits were immunised with purified MOPC 1O4E IgM (p\,) or the Fab portion
of myeloma protein Adj PC5 (YaaK) as previously described 16,17, me anti-IgM
was absorbed by passage through Sepharose 4B coupled to a 7S fractiocn of normal
mouse serumlB. On Oughterlony analysis, the ebsorbed anti-MOPC 104E precipitated
MOPC 104E (uA 1) and TEPC 183 (uK) IgM proteins, but not MOPC 25 (rlx), Adj PC5
(YéaK): MOPC 195 (ngK) or MOPC 315 QYAQ). In order to exclude traces of anti-
body activity towards immunoglobulin subunits other than u chains, the absorbed
anti-MOPC 104E was tested by a more sensitive radio-immuncprecipitation procedure.
Myeloma proteins were labelledlg.with cerrier free 1251 at about 1uCi/ug. The
radioacﬁive protein (5-10 ng) was mixed witn the test antiserum (10 ul) and after
30 min. at room temperature, sufficient goat anti-rabbit IgG was added to ensure
precipitation of the added rabbit Ig. When this was done, the abscrbed anti-MOPC
104E was found to be negative for reactivity towards IgGl, IgG2a, IgG2b and IgA
myeloma proteins. For brevity, this antiserum will henceforth be referred to as
anti-p chain. The anti-Fab reagent was polyspecific reacting against IgM, IgG,,
IgG2a’ IgG2b and IgA, but not other serum proteins, on Quchterlony analysis and
immunoelectrophoresis. The IgG fraction of both antisera was prepared, coupled
to fluorescein isothiocyanate, and conjugates with fluorescein: protein ratios
of 2-3:1 were selected by chromatography on Whatman DE 5220.

A goat antiserum specific for rabbit IgG 16 was similarly treated to yield
a rhodamine conjugate.

Spleen cell suspensions from six week old specific pathogen free, female CBA
mice were prepared in veronal-buffered saline (Oxoid Ltd.) containing 1 mg/ml
of bovine serum albumin {VBS-BSA) and the living cells were stained and prepared
for examination as described by Raff 21. Cells were incubated for 20 min. at
robm temperature with rabbit anti-u chain or rahbit anti-Fab, washed x3 in VBS-BSA,
and then suspended in purified, rhodamine-coupled goat anti-rebbit IgG (20 min.
room temperature). The two antibody layers were used in order to ensure maximum
capping. Samples were washed and then examined directly cr transferred to
VBS-BSA-0.03M sodium azide-20% (v/v) normal rabbit serum, for treatment with
purified, fluorescein-coupled-anti-u chain or znti-Fab (20 min., 0°). After
three washes with VBS-BSA-0.02M sodium azide, cells were mounted in VBS-BSA-0.03M

sodium azide, and examined under ultra-violet light with a Leitz Orthcplan research
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microscope fitted with Ploem illumiraticn. At least 60 stained lymphocytes wers
assessed for the presence of rhodamine and, or, fluorescein. All reagents were
centrifuged (50,000 xg, 60 min.) on the day of use.

3. Results and Discussion

TABLE 1

Heterogeneity of surface immunoglobulin on murine lymphocytes

Experiment Total Cells Cap Green Ring Red Cap-Green Ring
1 240 23 (22) » (3N 43 (81)
2 717 79 (29) 109 (40) 85 .(31)
3 135 11 (17) 30 (45) 25 (28)
4 318 38 (27) 52 (37) b9 (35)

Legend to the Table

CBA spleen cells were treated with rabbit anti-mouse u chain followed by
rhodamine-labelled goat anti-rabbit Ig under capping conditions. The cells were
then treated with fluorescein-labelled rabbit anti-mouse Fab in the cold and in
the presence of azide. The figures in parentheses expréss the numbéf of cells

observed as a percent of total stained cells.

Based on the double-staining protocol outlined above,; lymphocytes with surfzce
Ig could be classified into three groups (Table 1). A large number (31-41% of
total Ig-bearing cells), which were cappedﬁwith anti-u, subsequently.stained
peripherally with anti-Fab under the non-capping conditions (i.e.surfacs IgM
and IgD simultaneously present). The remaining stained cells were divided
between those showing only caps (i.e. surface IgM only) (17-29% of Ig-bearing
cells) and those showing only green rings (i.e. surface IgD only). (37-45% of
Ig-bearing cells). Inspection of the doubly stained cells suggested a consideradle
variation in the relative intensities of the two flﬁoreséent markers, suggesting
a variation in the IgM to IgD ratio from cell to cell. Our assumption that
peripheral staining with anti-Fab following capping of IgM is due to the presence
of IgD, and not IgG, determinants is reinforced by the high numbers of peripher-
ally stained lymphocytes observed. Also, the results agree with our general
finding that the numoers of cells staining with anti-p (25-%0% total splenic
lymphocytes) is always less than the numbers of cells staining with anti-Fab or
anti-K (35-45% total splenic lymphocytes. Further, complete capping of IgM
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in the first stage was evident since fluorescein-labelled anti-u failed to reveal
ring staining after the cells had bhecn trested with ire anii-u urder Tzpping
conpditiors. One possible objection, that ilhe doubled siaining iz dus 12 inter-
action of the fluorescein-coupled anti-Fab reagent with Fc receptors, is ruled
out by two ccntrols. First, addition of aggregated human IzG (5 mg/m>) failed to
inhibit the second staining step with fluorescein-labelled anti-Fzb. Second,
cells capped with anti-Fab and rhodamine-labelled goat anti-IgG were r.ot subseg-
uently stained with the fluorescein-coupled anti-Fab.

Our findings in the mouse therefore, mirror those in the human3’5. In the
mouse, there are fewer cells bearing both IgM and IgD, with corresponcingly
higher numbers of cells with exclusively IgM or IgD. The biclegicel significarnce
of these subpopulations of B-lymphocytes, although at present obscure, mzy now
ve revezled in the mouse system. Certainly IgM precedes IgD in ontcgeny 8,10
znd thus a develo%nental sequence is suggested. Thus, the B-lymphceyte, originally
expressing only Igw,lmatures to a cell expressing only IgD via an intergmediate
cell type with botﬁ classes of immunoglobulin on its surface. Cre migni there-a
fore expect to find memory cells in the more mature cell type. The s*multaneous'

expression in one cell of two heavy chain classes sharing the seme verizble regicns

(¥ 3
‘esuggests a copy-chcice model for V - C gene integration", end estzilishes a

orecedent for an Ig class switch by lymphoid cells.

If we accept that simultaneous expression of two heavy chain clazsses occurs
at the level of transcription, then there is no reascn not %o postulgte simultan-
eous integration of all heavy chain constant genes early in the cntogeny of a
B-lymphocyte or its precursor. Questions relating to Ig class expreséion would
then revolve entirely around differential gene activation and repressicn, and the
requirement to account for a V - C gene integration event at this stage cf diff-

erentiation would no longer exist.
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Theré is no doubt that immunoglobulin is the
receptor for antigen on B lymphocytes, but there
is certainly some confusion regarding C, gene
expression at the level of the lymphocyte surface.

There are three very clear reasons for this confu- _
sion: First, much of the data comes from immuno-*

fluorescence, a technique plagued with technical
problems, e.g., material binding ‘nonspecifically
or through Fc receptors. What is clear, however,
is that the number of B lymphocytes recorded posi-
tive for IgG and IgA steadily decrease to a very low
number (1-8%) as more cares taken to avoid these

problems (Jones et al: 1975; ‘Kurnick et al. .1‘975;\

Lobo et al. 1975; Winchester et al. 1975). Second,
particularly in the mouse, when surface immuno-
globulin is characterized by external labeling and
immunochemical procedures, there is little, if any,-
1gG or IgA detected (Vitetta et al. 1971; Marcha-
lonis et al. 1972; Abney and Parkhouse. 1974).
Third, there is the problem of distinguishing be-
tween a precursor lymphocyte that has not been in
contact with antigen with one that has, and, as a
result, has embarked upon an irreversible differ-
entiation pathway leading to the high-rate anti-
body-secreting cell. Indeed, there is evidence for a
class of "triggered” memory cells within a few-
days of boosting (North and Askonas. 1976), and it
is possible that a cell at this stage of differentiation
could be stimulated into an abnormally extensive
clonal expansion under certain experimental
conditions, for example, by transfer into an irradia-
ted host together with antigen.

At present, therefore, we are faced with the )

embarrassment of a total lack of correlation be-
tween isotypes expressed systemically and on
lymphocytes. Since the number of IgG- and IgA-
"bearing lymphocytes is low, it is reasonable to ask
whether this minor population of cells has biological

significance. It is also a matter of urgency to define

the immunoglobulin on the vast majority of B
lymphocytes. :

Iz answer to the first question we can say that
it is entirely possible that a small population of,.
for example, IgG-bearing cells could be rapidly
expanded by cell division in such a way as to account
for all of the serum IgG. Indeed, there are experi-
ments suggesting that IgG is present on the surface
of some, but not necessarily all, precursors of IgG-
secreting cells (Walters and Wigzell 1970; Herzen-

Y
uu\(\f\’\'wx ° CKJ::
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If most immunoglobulin on B lymphocytes is not
found in serum, then what is it? For some time IgM
has been recognized as a major component of B-
lymphocyte membranes. External radiolabeling
procedures showed that surface IgM differs from
the secreted variety by being the monomeric (H,L,)

_subunit rather than the fully assembled (H,L,);
pentamer (Vitetta et al. 1971; Marchalonis et al.
1972). In these and other (Abney and Parkhouse
1974) similar studies, neither IgG nor IgA was
detected (lower limit of detection about 5% of total
cell-surface immunoglobulin). A major break-
through came with the discovery that IgD was also
present on many. human peripheral B lymphocytes
(van Boxel et al. 1972; Rowe et al. {974")) This was

S Was
quickly followed by the demonstration of its en-
dogenous synthesis (Knapp et al. 1973; Rowe et
al. 1973?) and occurrence on many human chronic
lymphatic leukemia cells. Although some cells
expressed either IgM or IgD, on many, both isotypes
were simultaneously present (Knapp et al. 1973;
Rowe et al. 1973%; Fu et al. 1974; Kubo et al. 1974).
Using chronic lymphatic .leukemia cells and an
anti-idiotype raised against their IgM product,
it was possible to show that where the two isotypes
coexist on the same cell, they share the same idio-
type (Salsano et al. 1974; Fu et-al. 1975), and hence,
presumably, V regions. The 'simultaneous expres-.
sion by one cell of two isotypes sharing the same
V region has implications for the mechanism of
V-C gene integration. Because of the very long life
of chronic lymphatic leukemia cells, it seems prob-
able that in those cells expressing both IgM and
IgD, the genome contains integrated genes for
both heavy chains. To explain this, reiteration of -
the V gene or a copy-choice ‘mechanism for V-C
gene integration is required. These speculations
are based on the long life of chronic lymphatic
leukemia cells, and conclusive evidence (e.g.,
simultaneous transcription of mRNA for § and p
chains) is lacking. However, having raised the
possibility that two integrated heavy-chain; genes
exist in the chronic lymphatic leukemia cell/,it does
suggest the following hypothetical scheme. At some
time in the development of a B lymphocyte there
is integration of a unique V gene along with the
constant-region genes-of all heavy-chain isotypes.
Multiple copies of the same V gene could be deter-
mined by germ line or somatically generated by
making a series of copies (i.e., copy-choice) at the
time of integration. The advantage of simultaneous
integration of all Cy genes early in the ontogeny
of B lymphocytes is that questions relating to iso-
type expression would then revolve entirely around
differential gene activation and repression; the need
to account for V-C gene integration events at later
stages of differentiation would no longer exist.
paucity of information, however, it is fair to ask
if this is the exception rather than the rule. The
situation with IgA-secreting cell precursors is even
more confused. These are reported to have or not
have surface IgA, depending on the antiserum used
to make the identification (Jones et al. 1974; Jones
and Cebra 1974). .

PSR
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The paucity of serum IgD contrasts with its high
frequency on B lymphocytes, and if a special role
for this class of membrane immunoglobulin is to
be considered, then the importance of establishing
the existence of a similar molecule in an animal
species is obvious. To date, there have been claims
for a similar immunoglobulin in the mouse (Abney
and Parkhouse 1974; Melcher et al. 1974; Vitetta
et al. 1975b)\and suspicions of one in the rabbit
(Craig and Cebra 1975; Pernis et al. 1975).

In the mouse, the candidate for IgD is a disulfide-
linked H,L, molecule which can be precipitated .
from lysates of externally labeled nude or normal
mouse B-lymphocytes with anti-light chain but
not with antisera to any of the known mouse heavy-
-~ chain isotypes. It is therefore clearly an isotype
hitherto undescribed in the mouse. This candidate
for IgD resembles the human counterpart in heavy-
chain size, marked susceptibility to proteolysis,
and in its occurrence on lymphocyte surfaces. In
the absence of sequence data, this new immuno-
globulin' class in the mouse cannot be formally
identified as IgD. However, for ease in presentation,
and because of the similarities noted above, we
shall henceforth refer to this molecule as IgD. In
addition, the probability that sequence studies will
confirm this assignment appears to be very high.

Both in humans (Vossen and Hijmans 1975;
Cooper et al., this volume) and in mice (Abney and
Parkhouse, 1974; Vitetta et al. 1975b), IgM pre-
cedes IgD in ontogeny, IgD 'appearing about 2-
weeks after birth in mice.and sometime between 3
and 4 months of gestation in. humans. Earlier as-
sumptions that IgD precedes IgM in humans were
based on comparisons between cord and adult blood
and appear to be incorrect. Interestingly, what
little we do know of the amino acid sequence of
human IgD would suggest that it evolved some time
after the gene for p chains (Spiegelberg 1975).
Thus IgD appears subsequent to IgM both in evolu-
tion and in ontogeny. '

*" There is a marked difference between the relative
amounts of IgM and IgD in murine spleen, lymph
nodes, and Peyer’s patches (Abney and Parkhouse
1974; Melcher et al. 1974; Vitetta et al. 1975a,b).
By external labeling techniques, IgM and IgD
were found in approximately equal amounts in
the spleen; in lymph nodes and Peyer's patches,
IgD accounted for 70% and 90%, respectively, of
the total immunoglobulin. It is important to em-
phasize that, in these studies, IgM and IgD are
the only immunoglobulins recovered.
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The external labeling procedure can only give the
total yield of IgM and IgD, not their distribution
on individual cells. Based on the rarity of immuno-
globulins other than IgM and IgD on the surface
of mouse B-lymphocytes, fluorescent staining was
used to indicate that in the mouse, as in the human,
there are splenocytes bearing either IgM or IgD
or both IgM and IgD (Parkhouse et al. 1976). In
those experiments, IgM was first capped with rhoda-
mine-labeled anti-u chain, ‘and then subsequent
ring staining with fluorescein-labeled anti-Fab
in the presence of sodium azide was taken as evi-
dence for the presence of IgD. Recently, an anti-
serum specific for mouse IgD has been developed
(Abney et al. 19763),§nd the above result has been
confirmed. Using this antiserum, it could be shown
- that the majority of B lymphocytes in lymph nodes
and Peger’s patches were expressing mostly IgD,
although some obvious doubles (IgM and IgD) and
an occasional IgM-bearing cell were seen. In the
spleen, all three categories of cells were present,
and the considerable variation in relative intensi-
ties of the two fluorescent markers in doubles sug-
gested a variation in IgM and IgD ratio from cell
to cell. This, together with the observation of the
three cell types (i.e., IgM, IgD, and IgM-IgD) and the
fact that IgM precedes IgD in ontogeny, suggests a
developmental sequence of immunoglobulin ex-
pression on B lymphocytes from IgM to IgD via an
intermediate cell type with both isptypes. Thus the
B lymphocytes of lymph nodes and Peyer’s patches
would, for the most part, be a more mature popula-
tion of cells. Of interest in this context is the finding _
that large splenic lymphocytes, thought to be more

A P B e hdidiid

fg;nature, are enriched for IgD {Goodman et al.
78)

)"ﬁ%& availability of an antiserum specific for

mouse IgD has facilitated an enquiry into its bio-
logical role. In this paper we discuss the evidence for
a structural homology between mouse and human
IgD, our failure to demonstrate IgD on memory B
cells, and some preliminary data relating to'Ig
class expression by developing lymphocytes. The
last study is an ongoing collaboration betweeh M. D.
Cooper, J. F. Kearney and A. R. Lawton.
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MATERIALS AND E;E { EODS

Labeling and digestion of surface Ig. Cell
suspensions were prepared -and labeled externally
with '®] or fluorescent antibodies. Radioactive cell-
surface Ig was precipitated from Nonidet P-40
lysates with antibody and characterized by SDS gel
electrophoresis using an internal marker of 3'[-
labeled proleins. ' '

For the digestion experiments, trypsin was added
(final conc,, 40 pg/ml) to lysates of radiolabeled
cells for various times at room temperature or 37°C.
At the end of the incubation period, the sample was
adjusted to contain a fivefold excess of soybean
trypsin inhibitor, 1 mM phenylmethylsulfonyl
fluoride, and 10 mM iodoacetamide. The proteolytic
cleavage products of surface immunoglobulin were
isolated using goat anti-rabbit IgG and sequential
additions of rabbit antibodies to mouse X -chain,
u chain and & chain. Precipitates were then sub-
mitted to SDS gel analysis with or without a prior
reduction step. In some experiments, and in order
to reduce the complexity of gel patterns, radioactive
cells lysates were passed through Sepharose-linked
anti-px or anti-3 prior to treatment with trypsin.

These procedures have already been described
in detail elsewhere (Abney and Parkhouse 1974;
Abney et al. 1976a; Parkhouse et al. 1976).

Memory cells. We used an anti-DNP clone (clone
5A of Klaus and Willcox 1975) 9-15 months after
"its original isolation. The clone was raised in CBA
mice against DNP-ovalbumin by the procedure of
Askonas et al. (1970) and consisted of three main
spectrotypes, as determined by the method of
Phillips and Dresser (1973); the most acid was
IgG1, the adjacent one was IgG2a, and there was a
poorly resolved “"alkaline” collection which was
largely IgG2a. '



.

Transfer and inhibition of the clonal response.
Washed spleen-cell suspensions from clonal cell
donors (40 X 10° cells per ml) were incubated for
20 minutes at room temperature with rabbit anti-
mouse Ig antisera of various specificities in HEPES-
buffered Eagle’s mediumi containing 5% fetal calf

serum (FCS). They were washed twice and then ‘-

incubated for 2 hours at 37°C so as to give maximal

shedding or endocytosis of capped surface Ig. The

cells were then pelleted, washed once, cooled in an
ice bath, and counted. They were then adjusted to
the same cell concentration., Viabilities were also
checked and were always above 80%. Samples were
taken before and after the 37°C. incubation and
stained with rhodamine-conjugated goat anti-rabbit
IgG to confirm the absence of cell-surface Ig. All
class-specific rabbit antisera gave a strong pre-
cipitin line when tested against homologqus Ig at
1 mg/ml by Ouchterlony  analysis. They also
brilliantly stained relevant, but not irrelevant,
mouse plasma cell tumors. When incubated with
mouse lymphocytes, the antisera were diluted so
that the final concentration of antibody was 50-150
pg/ml, . .

The clonal cells (10-~15 X 10° cells per ml) were
next incubated with D_NP‘ tetanus toxoid (tet.tox.),
20 pg/ml, for 1 hour at 4°C in 10% FCS in 199
medium.. They were then washed twice, and 2.5 X
10* were mixed with 10 X 10® washed spleen cells
from mice immunized with tet.tox. and transferred
intraperitoneally (i.p.) to recipients that had been
irradiated (600 rad) 6 hours previously. The re-
sponse was measured by isoelectric focusing and

Farr methods. The carrier (tet.tox.)-primed mice ’

s

were immunized with 7 L.f, alum-precipitated tet.i);

tox., boosted 4 months later with 0.7 L.f, aqueous
tet.tox., and used 1-3 months later. All of these
procedures have been described in detail elsewhere
(Abney et al. 1976b). In previous work, the cell
type responsible for transferring responsiveness
after binding the antigen was shown %o be the B
cell, since it was depleted by neither anti-Thy-1
serum and complement, cotton wool columns, nor
carbonyl iron. The proportion of dead cells in the
suspension also made very little difference, al-
though much of the bound antigen is on dead cells.
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RESULTS

Enzyme Digestion of Surface Ig: Similarity
between Human IgD and Its Mouse Analog

These experiments were suggested by the unique
susceptibility of human IgD to trypsir. Although
unlike other Ig classes, human IgD is hydrolyzed
to Fc and Fab very rapidly, further incubation with
the enzyme results in degradation of Fab but not
Fc. Moreover, the Fab fragment is degraded to a
molecule consisting essentially of Vy and C,
which are disulfide-linked (Jefferis 1975).

Digestion of mouse IgD with trypsin follows a
similar course. After 10 minutes at room tempera-
ture, the IgD is almost entirely cleaved to Fc and .
- Fab. Surface IgM, on the other hand, is not degraded
by this and"even longer (1-hr) periods of digestion
at room temperature. After 5 hours at 37°C, how-
ever, IgM is converted to Fab,, Fab, and Fe. Under
similar prolonged digestion conditions, most of
the IgD Fcis undegraded. The IgD Fab, on the other
hand, is partly degraded. to give a heavy-chain
fragment of molecular weight 15,000, which, by
analogy with the data of Jefferis (1975), we assume
to be an extended §-chain V. These studies clearly
confirm the immunoglobulin nature of the molecule
tentatively identified as IgD in the mouse. In
addition, the striking similarity in susceptibility
to trypsin of human IgD and its murine counterpart
is circumstantial evidence for a structural ho-
mology. '

Receptors on Memory Cells

As discussed in the introduction, the paucity of
lymphocytes with surface IgG contrasts with the
high number of cells bearing IgD and IgM. This,
and the fact that IgM precedes IgD in ontogeny, has
led to speculation that the precursors of some. (or
all) of the IgG-producing cells may have IgD recep-
tors, although their ultimate origin is probably
from IgM-bearing cells. A convenient way to éx:
amine the heavy-chain class of memory B cells|is
the selected antibody-forming cell-cloning systém’
(Askonas et al. 1970). Such clones have the ad-.
vantage thay they produce the same antibody
species for many months (in response to antigen),
which contrasts sharply with the heterogeneity and
variability of conventional responses. We have
therefore measured the responses elicited by brief
expesure of the cells to antigen in vitro. Preincu-
bation with appropriate anti-Ig, followed by capping
and stripping, was done in order to selectively mod-
ulate a given Ig class with minimal, nonspecific
effects upon antigen-binding by a second class.
Following modulation with anti-Ig and exposure to
antigen in vitro, the czlls were transferred to ir-
radiated recipients. Although the clone was raised
against DNP-ovalbumin, in order to restrict anti-
gen-binding to DNP-reactive cells, the carrier for
presentation of DNP in vitro was tetanus toxoid.
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Exposure to antigen in vitro boosted the IgGl ~ ¥ . \
and the "alkaline” clones efficiently, whereas the V4 ,': . )
IgG2a clone responded less vigorously (Table 1, i § O:ZE !/C / i
Fig. 1). These respouses were not affected by pre- ,,.'-’" Y o } K4
treatment with ._"gnti-Hg‘&Tééiﬁfﬁ', ‘Whereas poly- \'\ S
specific anti-Fab sérum greatly suppressed the T
responses of all three clones, The effects of specific
anti-p serum were striking: there was an almost
complete suppression of the IgGl, and probably
also of the IgG2a, clones, but only a partial in-
hibition of the alkaline ones. ,,b
’/
Table 1. Blockade of Clonal Receptors with Anti-x and Anti-Fab Antisera i e o
Anti-DNP antibody responses
Antxgen SRR - .
Group Clonal cells” Pretreatment in vitro day 10 ABCD/ - day27 ABC® day 34 L.E
4 spleen - +- 39.2 (1.2) . 590 (L65) ~  4/4
1 spleen " anti-HSA + 63.7 (17) ‘473 (2.8) 3/4
2 spleen anti-p + 4.7 (1.35) 99.5 (1.5) 4/4
3 spleen " anti-Fab - “+ 0.8 (1.9) 466 (2.2) __ 4/4.
5 Bpleen - : - 0.141.7)~"" ™68 N5 8/5
6 L n. - ! + 7.9(2.6) 419 (39) 3/3
7 Ln = - 0.1 (1.0) 16.9.(2.1) 3/4

i

- B P () - 0
Protocol: Spleen or lymph-node cell suspensions from third transfer generation clonal donors wers preincubated with the appropri
antisera under capping conditions, washed, and then incubated at 37°C for 2 hr. They were then washed and incubated at 4°C with 20 pg
DNP, tet.tox. for 1 hr and washed again. They were then mixed with apleen cells from tet.tox-primed mice (10" per recipient) and tr:
, ferred i.p. to irradiated mice, which were bled on days 10 and 19. They were boosted with 1 ;g aqueous DNP tec.tox. an day 20 and!
* Clonal cells: 2.5 X 10% spleen; 2.6 X 10* 1. n. (lymph node). ’ -
» ABC (antigen-binding capacities) of recipients’ sera measured in Farr assay versus p-{'*1]-p-DNP-Lys. ABC (mm/ml X 10°%) expres
as geometric mean (3 standard deviation).
* (Number of mice)/(total in group) showing IgG1 and 1gG2a clones on isoelectric focusing (1.E.F.).

- ——— L ———




‘1ne wers oL anu-wINge anLipouy currejateu wess
with the isoelectric focusing (L.E.F.) patterns (Table
1). The overall suppression after treatment with
anti-u serum was about tenfold, but the effect on
the IgGl clone was still greater: if"we compare
undiluted sera in this group with sera of the posi-
tive control groups diluted 1.7, there is stiil a large
difference in hapten-binding intensity on LE.F.
“(see Fig. 1). Evidently there was a selective effect
of the anti-p serum on the IgG1 clone.

These antisera almost certainly acted by block-
"; ing or removing receptors and not by crudely
- killing B cells; when the recipients in this experi-
ment were boosted with antigen in vivo on day 20,
the enti-Ig and anti-u pretreated groups responded
even better than the controls initially given no
.‘antigen at all (group 5, Table 1). This confirms that
the antisera cannot have killed all the clonal cells.
It also suggests that the antigen in vitro may have
given a very limited stimulus even to the anti-Ig
pretreated cells, as these eventually responded more
‘strongly than group 5. In otherjwords, the blockade
may not have been complete, -

Finally, the strong IgGl clonal response of the
lymph node cells to the in vitro boost (Fig. 1, Table
1) makes it unlikely that macrophages were playing
an essential role in binding the antigen in vitro,
gince such cell suspensions contain low numbers of
macrophages.

In other experiments, cells were preincubated
with anti-y,, anti-y,,, and anti-§ antisera. In this
case, however, only the polyspecific anti-Fab and
the anti-u sera blocked; again, the effect of the
anti-p was selectively on the IgG1 and IgG2a clones,
-whereas thet of the polyspecific anti-Fab was non-
selective.

Seperate aliquots of the anti-x and anti-Fab
:pretreated cells were allowed to resynthesize their .
receptors in vivo before they were exposed to anti-
gen; antigen challenge was delayed until two days
after transfer in these groups, As expected, neither
the anti-p nor the anti-Fab had any effect in this
gituation, confirming that ‘the antisera were not
simply killing all the cells. As a further confirma-
tion of the specificity of action of the anti-u serum,
some of it was absorbed on an IgM-Sepharose
column; after that, it no longer hlocked the IgG1

clonal response significantly.

Immunoglobulin Class Distribution

In collaboretion with M. D. Cooper, J. F. Kearney
and A. R. Lawton, we have begun a systematic
study of heavy-chein class expression in the mouse.
Several major points worthy of comment have al-
. ready emerged. )
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First, and as might have been expected from the
already existing data, IgD-bearing lymphocytes
must arise from cells expressing surface IgM. This
conclusion is derived from the absence of IgD-
positive cells in mice treated from birth with anti-

pu-chain antibodies. In normal mice, however, lym-
phocytes with IgD, as well as those with IgG and
IgA, begin to appear in the first week after birth,
whereas IgM is detectable in the 16-17-day fetus.
Unlike all other Ig classes, plasma cells containing
IgD could not be found after an extensive search in
normal and lipopolysaccharide (LPS)-activated
mouse lymphoid tissue. This finding, while not de-
fining an exact role, emphasizes the unique associa-
tion of IgD with the lymphocyte membrane. Fur-
thermore, upon stimulation of B lymphocytes with
LPS, IgD disappears from. the membrane; mean-
while, for an individual cell, the Ig located in the
cytoplasm, be it IgM or IgG, is also displayed on
the cell membrane. )

Perhaps the most interesting results relate to
the many cells with at least two different classes
expressed in the membrane. It is by analysis of
these cell types that the ontogeny of surface Ig
will probably be defined and understood. At present,
it is clear than in addition to IgD, cells expressing

1gG and IgA are derived from precursors bearing
IgM (reviewed in Lawton et al. 1975). The question
to be consicered, therefore, is, the developmental
sequence among all these c1a55es at the level of
the l)mphocyte and its progeny One interesting:
point is that surface IgG is invariably associated
with IgM in young mice but can occur together with
IgD in older mice. Thus IgG- and IgA-bearing cells
may well develop directly from cells bearing IgM,
but, under certain conditions, there may be an
intervening cell type expressing IgD.

DISCUSSION

At the outset we should confess that the role of
IgD;in lymphocyte responses remains undefined.
Indeed, the very experiment designed to demon-
strate a role for IgD, far from achieving this, in-
stead implicated IgM as the functional receptor
for antigen on memory B -lymphocytes. Further-
more, in a series of experiments of the “try it and
see” variety, our antibody to IgD failed to influence
the fate of normal or antigen-stimulated spleen
cell cultures (R. Maizels, unpubl.).

An extremely crucial point was the observation
that, in young mice, IgG-bearing lymphocytes also
have surface IgM, but not IgD. Although lympho-
cytes of older mice can have IgG and IgD coexisting
on their membranes, it seems as if the switch from
IgM to JgG doss not necessarily proceed via a cell
that expresses IgD. At least this observation can
be reconciled with the fact that anti-p, but not
anti-8, inhibited the antigen-stimulated differentia-
tion of memory cells to IgG-secreting cells.

It is possible that the sequence of Cu-gene ex-
pression on lymphocyte surfaces is influenced by
antigen. For example, the switch to IgG is via IgD

when antigena-driven, but the necessity to express
T~-M i~ her narcod in antimonsindenendent Aifarentia.
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Let us now consider the experiments done in the
cloned memory-cell system in more detail. The basic
observation of inhibition with anti-u argues strongly
that receptors of the IgM class are maintained on at
least some memory cells committed to differentiate
into IgG1l and IgG2a secretion. The lack of effect
of anti-y,, anti-y,, and anti-§ is alsa striking and
points to the same conclusion. Our evidence cannot
rule out a minority population of IgG or IgD re-
ceptors in addition to the IgM, but the completeness
of the suppression by anti-u indicates that most
of the functional receptor was IgM. If the clones
we have studied are representative, we can rea-
sonably conclude either that memory B cells have
no receptor IgD at all, or that it does not mediate
their reactivation. Therefore, our results clearly
rule out any simplistic model in which IgD is
uniquely associated with antigenic triggering,
whereas tolerance is induced via IgM receptors
(Vitetta and Uhr 1975).

However, not every clone necessarily behaves
like the IgG1 and IgGa clones; since a fraction of
the alkaline clones clearly behaved differently.
They were apparently only partially suppressed
by anti-p pretreatment, whereas they were much
more completely and cansistently suppressed by the
anti-Fab serum. Hence some of their memory-cell
receptors cannot have been IgM. If they were in-
deed a mixture of several ‘clones, bearing Ig of
different classes and subclasses, an antiserum to
any one of these by itself would not have given a
significant suppression. To achieve that, one would
need a combination of anti-y or anti-5 antisera
_plus anti-p.” )

Heterogeneity among B cells may help to resolve
the apparent disagreement between other results
(Walters and Wigzell 1970; Herzenberg et al., this
volume) and our own. It is possible that, in these
other systems, a minority subpopulation could
have been overlooked or, conversely, constituted
the major subject of the study. For example, recent
priming can elicit a more terminally differentiated
memory B cell with class restricted receptgrs and a
short life-span (Pierce et al. 1972a,b; North and
Askonas 1976). This type of cell could have been
continually generated in the experiments of Walters
and Wigzell, where priming of memory cells was

" effected by giving antigen in a depot of adjuvant.

These considerations raise a major point that we
would like to stress: there is likely to be more than
one type of memory B cell, and the developmental
sequence between antigen-triggered cells and their
secreting progeny probably contains cells ex-
pressing a variety of Ig classes-on their membranes.
In the face of this, it seems absurd to be dogmatic
and insist on Ig class restriction for all antigen-
sengitive lymphocytes. More important is to define
the control and evolution of Ig expression in the
population, an objective which is feasible through
experimental manipulation of selected antibody-
forming cell clones.
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CONCLUSIONS

Evidence for a structural homology between
human IgD and its presumed mouse counterpart
has been provided by the remarkably similar pro-
files of fragments resulting from tryptic digestion
of the human and mouse proteins. More definitive
.homology awaits sequence determination.

The memory cells of two. antibody-forming cell
clones had receptors of the IgM class, even though
the clones had been producing IgGl or IzG2a
anti-DNP antibodies for 9-15 months previously
(on antigenic stimulation). Thus a phenotypic
switch in heavy-chain constant region evidently
occurred. after reexposure of these memory cells to
antigen. These conclusions were drawn because
removal of IgM, but not IgG or IgD, from the mem-
ory-cell population inhibited antigen recognition
and subsequent differentiation to IgG-secreting
cells. Thus surface IgM cannot be solely responsible
for tolerance induction; neither can IgD be the
unique triggering receptor for antigen on memory
B cells. Instead, there may be a heterogeneity of
Ig receptors on memory (and other) B lymphocytes
which reflects the presence of subpopulations
arising in the presence and absence of antigenic
selection. Preliminary evidence does suggest that
the immediate precursors of IgG-bearing cells may
express either IgM or IgD. Thus IgG expression
can occur independently of IgD, which would be in
accord with our finding that at least some memory
B cells recognize antigen via surface IgM. The
details of the control and evolution of Ig expression
remain to be elucidated, as does a defined role for
IgD. The cells which bear IgD, however, are cer-
tainly derived from IgM-positive precursor lympho-
cytes, and the high frequency of lymphocytes
expressing two Ig classes has profound implications -
for the mechanism of V-C gene integration.
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_gure 1. Blockade of clonal receptors with anti-u and anti-Fab antisera. Isoelectric focusing patterns of anti-DNP anti-
dizs of 18-day sera of recipients in the experiment summarized in Table 1. Individual sera were loaded, at the dilutions 4
own (urdiluted or 1/7}, on pH 4-8 gels, in the arrowed positions. After focusing, the gels were overlaid with p-[*]]-P- *
NP-Lys, washed, and autoradiographed, to reveal anti-DNP antibodies. Protocol and group numbers are the same as in

ible 1.

a-HSA, a-p, 2nd a-Fab refer to j)retréatmerit of clonal cells with anti-HSA, anti-, and anti-Fab sera, respectively.

Lymph node cells (L.n:) and spleen cells are both from clonal donors; marker serumn (M) i3 from third transfer generation

sne-bearing mouse.
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NTRODUCTICN

Studies of mouse B-lymphocyte receptors by isotopic labelling technigues
chowed 1little, if any, IgA or IgG. 1Instead, the surface izmunoglobulin
(Ig) consists of monomeric Igh (I “s), and an Ig which nes been described
as the mgrine equivalent of the humen IgD(l’e’j’u). In .order to confirnm
this assumption, wé compared, in the present paper, the susceptibility

to tryptic digestion, and the tryptic products of the surface Ig, to those
of human immuncglohulins., These experiments were suggested by the

]

unique susceptibility of humaﬁ IgD to trypsin(s). Unlike cther clzsses,
humnan IgD is hydrolysed tc Fe and Fab very repidly; further incubaticn
with the enzyre results in degradation of Febdb, but not Fc. TFurthermore
-{he Fab fragrent is degreded to a molecule censisting essentizlly of
VH and CL which are disulphide-linked. The striking similzarity in
susceptibility to trypsin of human IéD and its murine counterpzri that

vas observed is circumstantial evidence for a structurzl heomclogy. In
adéition, the extremely rapid enzyme hydrolysis ofthe murine IgD ecuivalent
("IgD") suggests a possible unigue role for cell surface IgD, namely

the elicitation of anti-idiotype responses wnich play a crucial contrclling

role in the genesis of the immune response.
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MATERIALS AND METIODS

Preparation of iodinated membrane lysate

Spleen cell suspensions of 4% - 6 week old CBA mice were labelled with

IS /
1351 by the lactopercxydase catulysed procedure\6), washed orice in
phosphate buffered saline (PBS) and then lysed for 10 minutes at 0°C in
1% (w/v) Nonidet P40 (Shell) in PBS. This lysate was passed over Sephadex

G25 equilibrated with the same solution and then centrifuged (12,000g x 1Cmin

Removezl of ItMs or "IzD" molecules

The "IgD" molecules were removed by specific precipitation with 2 purified

' (%) .

immnoglobulin fraction o% rzbbit anti mouse § chain follcwed by goat

. ) i
immunoglobulins (purified fraction) anti rabbit immroglobulins (the

respective final concentrations were .2 mg/ml and 2 ng/ml).

Alternatively, Igi molecules were removed prior to trypsin treziment by

passage of the radiocactive cell lysate through a column of purified

(7).

rabbit anti mouse p chain antibodies coupled to sepharose 4B

2.3 Trynsination anéd isolation of the tryvrotic fragments

To the IgD or IgM-depleted lysate was added TPCK (L-l-tosyl-azmido-2 phenyl-
ethyl chloromethyl ketone) treated Trypsin (Worthington) (final concentraticn
of .1 mg/ml). After the times and temperatures indicated, soy bean trypsin
inhibitor, phenylmethyl-sulfonyl fluoride and iodoacetamide were added

to final concentrations respectively of 1 mg/ml, 2 rM and 20 mM. The

sample was centrifuged (12,000g x 10 min) and tryptic productis were isolated
by precipitation with specific rabbit antisera (anti-p chain, anti-g chain
or anti-¥ chain) and goat anti-rabbit IgservnThe precipitates were washed thre
times with ice cold 0.5% (w/v) Nonidet P40 in PBS, once with P5S and then

dissolved in S50mM sodium phosphate, pH 7,- 2% (w/v) sodium dodecyl sulphate.



.4 Analysis of the tryptic fragments

Direc£ analysis was performed in 4.5% (w/v) polyacrylamide gel containing
0.1% (w/v) sodium dodecyl sulphate(B). Alterhatively samples

were reduced in 2 mM dithioerythritol - 50 mM sodium phosphate, pH 7 - 2%
(vi/v) sodium dodecyl sulphate (Sigma) at 100°C for 10 min, alkylated

by addition of M iodozcetamide to 100 mM and then resolved on 7.5% (w/v)

1311_

polyacrylemide gels cont;ining 0.1% (w/v) SDS. Various internal
1abe11ed(9) merkers were added: A = unreduced mouse Ig (150,000); B = reduced
transferrin (80,000); C = reduced bovine serum albumin (68,000); D = reduced
creatine phosphokinase (H0,000); E = reduced human myelcma A chein (2%,000);
F = reduced cytochrome C (12,000). After electr;phoresis the gels vere

sliced into 1 mm segmnents and radioactivity was deterzined. Values were
corrected for cross-channel spill and plotted witn the top of the gel on

the left hand side of the figure. The proteins used for molecular weigat
standards were reduced by treatment with 2 md dithiocerythritol in 50 mM
sodium phosphate, pH 7 - 2% (w/v) so?ium dodecyl sulphate (10 min, 100°) and

{
then alkylated by addition of M iodoécetamide to 1C0 i,
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RESULTS

3.1 Cleavage of surface IgM

3.2

At room temperature even 5 hr incubation with trypsin resulted
in 1ittle or no conversion of IgMs to Fec and Fab, and at 37°C
several hours (3 - 5 hr) were necessary to complete the tryptic
cleavage of IgMs. Digestion for 5 hr yielded three fragments,
v vl ° R
designated Ill, 112 and M}‘ Fragment Ml

by an anti L chain serum (figure la), and with M, by anti u chain serum

>
(figure 1b). Using the supernatant of the anti p chein precipitetion,

was precipitated with Me

it was possible to precipitaté M, alone by the anti L chain serun. The

2
reduction products cf th% isolated M2 were MR2 and IRL (figure le).
Similarly r-'.3 alone was prEcipitated by the anti p chain serum from
the anti L supernatant. Reduction of the isolated M} yielded fragment
MR3 (figure 1f). It was then possible to deduce that the reduction

products of M, are IRl and MRY (figure 1b and 1d). Determinaticn of

1
the molecular weight by using internal markers, and the specific
recognition by the anti L chain and anti p chain sera, allowed an
identification cf the fregments by comparison with the tryptic

broducts of hﬁﬁan IgM(lo) (Table I). Thus M. M,

Fabp and Fep respectively (nomenclature from ref. 22).

and.M3 vere F(ab')zu,

Cleavage of surface IgD

The surface IgD was, on the other hand, markedly susceptible to tryptiec
digestion. An 80% conversion to Fab and Fe. occurred in 20 min

at 0°, and 10 min at 25° was sufficient for complete digestion, producing
fragments D, (figure 2a) and D, (figure 2c¢), which were precipitated by

an anti-L chair. and an anti-H chain of IgD ("§ ") respectively. Thus
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Dl and D2 are Fab$ and Fc§ respeceetively. The reduction products of

Fab (Dl) were DR1 (Fd§ ) and DR3 (L chaip), but when cleavage was
continued for several hours at 25°C an additional Iragment (Dith) was
obtained (figure 2b). The reduction of D, produced fragment DR2 (figure
2d). 'These results, and an estimation of the molecular weight of the
fragments, clearl& showed a similarity with the results.obtained following
tryptic cleavage of human IgD(5) (Teble I). In addition, fragment DRY
hes a molecular weight (15,000) similar to that of a tryptic fragment

(5)

obtained from human IgD digested for several hours at room temperature'”’,
i

!



TABLE 1 : Analysis of the tryptic products of

mouse immunoglobulin receptors

(b) . (e)
Human Reduction Human
Tryptic fragments Preciplitated by( Molecular weight equivalent profiucts Molecular weight equivalent
a
a L chain| « H chain
(d)
_— MRL 44,000 Fd'u
Ml + + 125,000 (Fab )2u MR 23, 000 L
(d)
MR2 34,000 Fd p
M2 + - 50,000 . Fab u MR 23,000 L
. (a) : -
M3 - -+ e D0,000 Fc u - MR> 27,000 reduced Te u
(e) DR1 33,000 Fdg
Dl + . - 55,000 Fab § DR 22060 L
- (e)
po2) - + 55,000 Fe & DR2 28,000 ‘reduced Fef

An anti ¢ chzain is used for fragments M1, M2 and M3
end an anti £ chain for - {ragments Dl and D2. These

sera do not recognise the Vﬁ and CHl domains

Molecular weights determined in 4.5% SDS polyacrylamide
gels with a precision of 10%

¥olecular weights determined in T7.5% SDS polyacrylamide
gels with a precision of 5%

d) Human IgM tryptic fragments obtained at 37°C

Nomenclature
22

e) Human IgD tryptic fragments obtained at

refer.

room teriperature

for

(Fab')2u and Fabp froa



P g

page 6

T .
DISCUSSION ovse
Ve
Different fragments were released from‘IgM.and "IgD" molecules by
tryptic cleavage and a considerably higher proteolytic susceptibility
of the "IgD" was observed: in 10 minutes an 80% split at 0°C, and a

complete cleavage at 25°C were obtained, whereas to cleave Ing, digestion

for several hours at 37°C was necessary. The tryptic susceptibility of
(

10

~—r

the mouse Ing and "IgD" is comparable to that of human Igi ard

NC)

respectively and the fragments released have a similer molecular
weight in both species (except for the pentazmeric Fc relezsed from

the 19S human IgM, which has a propprtionally'higher molecular weight).

- Therefore, the tryptic digestion patterns obtazined are thcse expected

from IgMS and IgD molecules, and are different from those of Igli, IghA

(11,12,13)

and IgE molecules It is worth emphasising that under prolenged

digestion conditions the IgD Fab is partly degraied to give 2 heavy chain
\

fragment of molecular weight 15,060, vhich by analogy with the data of
. A

Jefferis for humen IgD(S), we assume tc be an extended §-chain Yﬁfragment.
remarkably similar profile of tryptic digestion fragments frcm huma
IgD and its presurmed human counterpart is, therefore, evidence for a

structural homology.

Our results emphasise the exceptional susceptibility of IgD molecules

to be cieaved into Fab and Fec fragments, and 1t is reasonable to propose
that the biochemical properties of the IgD and IgM immunoglobulins are
related to their respective roles. It has been proposed(lu) that
proteolysis of IgD on the cell occurs after interaction with the antigen
(Ag) and produces the exbosure on the Fc fragment, of a site necessary.

for cellular triggering. "An-alternative hypothesis 1s that the Fab-Ag
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‘complex liberated by the cleavage plays the main role. T-cells could
recognise not only the antiéen on this complex, but also the idiotypic
determinants carried by the Fab' fragment. Then the effector molecule
(activating or suppressing) eventually produced by the T-cells would
recognise the cells bearing those idlotypes. Tnis allows recognition
of a cell able to produce a specific antibody not only by its
antibody properties, but also by its anfigenic (id;otypic) determinants.
Such a system rust favour the synthesis of antibodies with cross-
reacting idiotypes, even if those.molecules are directed toward
different determinents of the same antigen, or are not specific for
the antigen. Cazenave and collezagues found such molecules in the

(15,16,17) (18) -(19,20,21)

serum and on lympnhocytes . It has been suggested
that IgD and IgM on the surface of one cell bear the same variable
regions. It is then conceivable that whlle the IgD allows the production
ofthe Fab-Ag complex, the IgM maihtains the presence on the cell surface
of the idiotypes recognised by thg T-cell fector. Tne major role of

IgD then would be the elicitation of a regulatory anti-idiotype

response.
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LEGEND TO FIGURE 1

Tryptic products o mouse surface IghM. Spleen cell suspensions were

labelled with 125

I by the lactoperoxidase procedure &nd the surface

IgD. was removed by precipitation with rabbit anti-mouse IgD and goat

anti-rabblt IgG. The remaining IgM was digested by trypsin (5 hr, 37°C).

Tryptic products were then isolated by specific precipitaticn using

anti-L or H-chein antisera and analysed by polyacrylamide gel electrophoresis.

Samples were anzlysed unreduced on 4.5% (w/v) gels (a2 and c) or reduced

on 7.5% (w/v) gels (b, d, e and f). Internal 131I-labelled markers

were included with the test sample and are indicated cn the figure by the

arrows (A, unreduced mouse IgG, mo;.wt. 150,000; B, reduced traznsferrin

mcl.wt. 80,000; C, reduced bovine serum albumin, mol.wt. €8,CCO;

'D, reduced creatine chosphokinase, mol.wt. 40,000; E, reduced humag

myeloma A.chain, rmol.wt. 24,000; F, reduced cytochro;e C, mol.wt. 12,CCO. )

Other details as in materials and methods.

a) des tryptic products prec%pitated at 0°C from 200 pl of lysate
(from lO7 cells), by addition of rabbit anti mouse L chain serum
(10 1) and goat anti rabbit Ig serum (100 ul).

b) Reduction of the precipitate described in (a).

c) Ing tryptic products precipitated at 0°C, from 200 pl of lysate,
by addition of rabbit anti mouse @ chain serum (10 pl) and goat
anti rabbit Ig serum (100 pl).

d) Reduction of the precipitate described in (c).

e) Reduction of the isolated M2 fragrent.

) Reduction of the isolated M3 fragment.
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LEGEND TO FIGURE 2

Tryptic products of surface "IgD". Procedure as described in Figure 1

:itﬁ the following modifications; the "IgD" molecules were not removed.

Instcad, the Igil molecules were removed prlor to trypsin treatment by

passage of the radioactive cell lysate through a column of purified

anti mouse p chain antibodies coupled to Sepharose 43(7). The tryptic

digestion was performed at 25°C for 5 hours. Samples were analysed

unreduced on 4.5% (w/v) gels (a and ¢) or reduced on 7.5% (w/v) gels

(b and d). Other details as in Materials and Methods and the.legend

to figure 1.

a) "IgD" tryptic products precipitated at 0°C, from 200 pl of lysate
by addition of rebbit anti mouse L chain serum (10 pl) and goat anti
rabbit Ig serum (100 pl).

b) Reduction of the precipitate described in (a).

c) "IgD" tryptic products precipitated at 0°C, from 200 w1 of
lysate by addition of vabbit %nti mouse " §n cnain serum(u)

(10 p1) and goat anti rabbit ig serum (100 pl).

4) Reduction of the precipitate described in (c).



SUMAARY

The two mouse immunoglobuiin receptors (IgM gnd IgD-like) vere individually
digested by trypsin. Thelir tryptic susceptibility, and the products
released, were similar to those of their human counterparts. Evidence for
a structural homology between human IgD and its presumed mouse counterpzart
has been provided by the pemarkably similar profile of fragments resulting
from digestion. More definitive homoiogy awalits sequence determination.
The extreme susceptibility of surface IgD to proteolysis contrasted with
the resistance of surface IgM. We therefore propose that the major role cf
IgD is to release a fragment (FabS ) following exposure to antigen and then
elicit a regulatory anti-idiotype response which acts through recogniticn

of the protease resistant IgiM idiotype remzaining on the cell surface,
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Summary. Surface IgM on murine splenic lympho-
cytes was capped using a rhodamine-goupled anti-x
chain system. The cells were then reacted with a
polyspecific, fluorescein-coupled anti-mouse im-
munoglobulin (Ig) under non-capping conditions.
A large number (31-41 per cent of total Ig-bearing
cells) which gave red caps with anti-u subsequently
stained green peripherally with anti-Fab under the
non-capping conditions. The remaining stained cells
were divided between those showing only red caps
(17-29 per cent of Ig-bearing cells) and those showing
only green rings (37-45 per cent of Ig-bearing cells).
These data are interpreted by assuming that most of
the staining with the second reagent (fluorescein-
coupled anti-mouse Ig) is due to the presence of
surface associated IgD.

INTRODUCTION

The majority of normal (Knapp, Bolhuis, Radl and
Hijmans, 1973; Rowe, Hug, Forni and Pernis, 1973)
and leukaemic human B lymphocytes (Fu, Winchester
and Kunkel, 1974; Kubo, Grey and Pirofsky, 1974)
simultaneously bear both IgM and IgD on their
surfaces. There are in addition some cells which
appear to be restricted to either IgM or IgD.
Recently, we (Abney and Parkhouse, 1974) and
others (Melcher, Vitetta, McWilliams, Lamm,
Philips-Quagliata and Uhr, 1974; Vitetta, Melcher,
McWilliams, Lamm, Philips-Quagliata and Uhr,

Correspondence: Dr R. M. E. Parkhouse, National
Institute for Medical Research, Mill Hill, London NW7 1AA.

1975) have provided evidence for the presence of an
immunoglobulin similar to IgD on the surface of
mouse B lymphocytes. By surface labelling of
splenic lymphocytes with radioactive iodine and
subsequent immunochemical procedures, this candi- :
date for IgD in the mouse was found to account
for 40 per cent of the total recoverable surface
immunoglobulin. The remainder was IgM, and
IgG was never found in detectable amounts (Abney
and Parkhouse, 1974; Melcher et al., 1974; Vitetta
et al., 1975). An obvious question is the distribution
of these two immunoglobulin classes on individual
B Iymphocytes. In order to answer the question, in
the absence of a specific antibody to murine IgD,
we have based our strategy on the documented
absence of immunoglobulins other than IgM and
IgD on the surface of murine B lvmphocytes
(Abney and Parkhouse, 1974; Melcher ef al., 1974;
Vitetta ez al., 1975). We are aware that claims have
been made for the presence of IgG on the surface of
B Iymphocytes in the mouse, but the frequency of
such cells is low. We do not exclude the possibility of
very low numbers of IgG-bearing cells, nor the
presence of very small amounts of surface IgG.
These possibilities, however, will not influence the
experimental approach.

MATERIALS AND METHODS

Preparation of antisera and fluorescent conjugates
Rabbits were immunized with purified MOPC
104E IgM (n4i1) (Parkhouse and Askonas, 1969)
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Fab portion of myeloma protein Adj PC5
(Knopf, Parkhouse and Lennox, 1967) as
isly described (Parkhouse and Askonas,
The anti-lgM was absorbed by passage
1 Sepharose 4B-coupled to a 7S fraction of
mouse serum (Axen. Porath and Ernback,
On OQuchterlony analysis, the absorbed anti-
104E precipitated MOPC 104E (x4,) and
183 (1K) IgM proteins, but not MOPC 25
Adj PC5 (y2aK), MOPC 195 (y2bK) or
315 (2/2). In order to exclude traces of
ly activity towards immunoglobulin subunits
1an x chains, the absorbed anti-MOPC 104E
sted by a more sensitive radio immuno-
ation procedure. Myeloma proteins were
I (Hunter and Greenwood, 1962) with
free 2% at about 1 uCi/ug. The radioactive
(5-10 ng) was mixed with the test antiserum
and after 30 min at room temperature,
at goat anti-rabbit [gG was added to ensure
ation of the added rabbit Ig. When this was
he absorbed anti-MOPC 104E was found to
ative for reactivity towards IgGl, IgG2a,
and IgA myeloma proteins. For brevity, this
im will henceforth be referred to as anti-u
The anti-Fab reagent was polyspecific,
3 against IgM, IgGl, IgG2a, IgG2b and
it not other serum proteins, on Ouchterlony
.. The IgG fraction of both antisera was
d, coupled to fluorescein isothiocyanate, and
tes with fluorescein: protein ratios of 2-3:1
lected by chromatography on Whatman DE
ra and Goldstein, 1965).
at antiserum specific for rabbit I1gG (Park-
ind Askonas, 1969) was similarly treated to
+ thodamine conjugate. Rabbit antisera
for 2, 71, y2a and y2b heavy chains were
d by injection of purified myeloma proteins,
1 by absorbtion with appropriate myeloma
3 coupled to Sepharose. The sera were
as monospecific by the criteria described

tion and staining of cell suspensions

cell suspensions from 6-week-old specific
n-free, female CBA mice were prepared in
-buffered saline (Oxoid Ltd) containing
1 of bovine serum albumin (VBS-BSA) and
ng cells were stained and prepared for
ition as described by Raff (1970). Cells were
ed for 20 min at room temperature with

rabbit anti-uz chain or rabbit anti-Fab, washed
three times in VBS-BSA, and then suspended in
purified, rhodamine-coupled goat anti-rabbit IgG
(20 min at room temperature). The two antibody
layers were used in order to ensure maximum
capping. Samples were washed and then examined
directly or transferred to YBS-BSA-0-03 m sodium
azide-20 per cent (v/v) normal rabbit serum, for
treatment with purified, fluorescein-coupled-anti-u
chain or anti-Fab (20 min at 0°). After three washes
with VBS-BSA-0-03 M sodium azide, cells were
mounted in VBS-BSA-0-03 M sodium azide, and
examined under ultraviolet light with a Leitz
Orthoplan research microscope fitted with Ploem
illumination. At least 60 stained lymphocytes were
assessed for the presence of rhodamine and a
fluorescein. All reagents were centrifuged 50,000
g for 60 min) on the day of use.

RESULTS AND DISCUSSION

The experimental design depends on the known fact
that IgM and IgD cap independently on human
lymphocytes (Knapp et al., 1973; Rowe et al., 1973).
The protocol consisted of first capping IgM using a
rhodamine-coupled anti-u chain system and then
reacting the cells with a polyspecific, fluorescein-

Table 1. Heterogeneity of surface immunoglobulin on
murine lymphocytes

|

J Red

cap-green
Green ring ring

Experiment Total cells  Cap

1 240 23 (2) 3907 43 (41)
2 717 79 (29) 109 (40) 85 (31)
3 135 11 (17) 30 (45) 25 (38)
4 318 38 27y 5237 49 (35)

CBA spleen cells were treated with rabbit anti-mouse
chain followed by rhodamine-labelled goat anti-rabbit Ig
under capping conditions. The cells were then treated with
fluorescein-labelled rabbit anti-mouse Fab in the cold and in
the presence of azide. Details in the text.

The figures in parentheses express the number of cells
observed as a percentage of total stained cells.

coupled anti-mouse Ig under non-capping conditions.
Since we assume an absence of immunoglobulin
other than IgM or IgD, the green rings visualized by
the second reagent must represent IgD moieties on
the cell surface. To control for capping of all JgM
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molecules in the first step, some cells were treated
with fluorescein-coupled anti-u chain instead of the
polyspecific reagent.

Based on the double-staining protocol outlined
above, lymphocytes with surface Ig could be classified
into three groups (Table 1). A large number (31-41
per cent of total Ig-bearing cells), which were capped
with anti-g, subsequently stained peripherally with
anti-Fab under the non-capping conditions, i.e.
surface JgM and IgD simultaneously present. The
remaining stained cells were divided between those
showing only caps, i.e. surface IgM only (17-29
per cent of Ig-bearing cells) and those showing only
green rings, i.e. surface IgD only (3745 per cent of
Ig-bearing cells). Inspection of the doubly stained
cells suggested a considerable variation in the
relative intensities of the two fluorescent markers,
suggesting a variation in the IgM to IgD ratio from
cell to cell. Our assumption that periph,eral staining
with anti-Fab following capping of Igl\@.is due to the
presence of IgD, and not IgG, determinants is
reinforced by the high numbers of ‘peripherally
stained lymphocytes observed. Also, the results agree
with our general finding that the numbers of cells
staining with anti-x (25-30 per cent total splenic
lymphocytes) is always less than the numbers of cells
staining with anti-Fab or anti-x (35-45 per cent
total splenic lymphocytes). Furthermore, staining
with specific rabbit antibodies to mouse 2, y1, y2a
and y2b heavy chains revealed very few positive cells
(0-5-1 per cent of splenic lymphocytes).

Complete capping of IgM in the first stage was
evident since fluorescein-labelled anti-x failed to
reveal ring staining after the cells had been treated
with the anti-x under capping conditions.

One possible objection, that the doubled staining
is due to interaction of the fluorescein-coupled
anti-Fab reagent with Fc receptors, is ruled out by
two controls. First, addition of aggregated human
1gG (5 mg/ml) failed to inhibit the second staining
-step with fluorescein-labelled anti-Fab. Secondly,
cells capped with anti-Fab and rhodamine-labelled
goat anti-IgG were not subsequently stained with
the fluorescein-coupled anti-Fab.

Our findings in the mouse therefore, mirror those
in the human (Knapp ez al., 1973; Rowe e7 al., 1973).
In the mouse, there are fewer cells bearing both
1gM and IgD, with correspondingly higher numbers
of cells with exclusively IgM or IgD. The biological
significance of these subpopulations of B lympho-
cytes, although at present obscure, may now be

revealed in the mouse system. Cerfainly in the
mouse IgM precedes IgD in ontogeny (Abney and
Parkhouse, 1974; Vitetta ef al., 1975), and thus a
developmental sequence is suggested. The simultan-
eous expression in one cell of two heavy chain
classes sharing the same variable regions (Salsano
et al., 1974) suggests a copy-choice model for V-C
gene integration (Williamson, 1971), and establishes
a precedent for an Ig class switch by lymphoid cells.
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1on and characterisation
iserum to the

ndidate for immunoglobulin D
»f mouse B-lymphocyte surface immunoglobulin
topic labelling techniques reveals little, if any,
5. Instead, the surface Ig consists of monomeric
in Ig similar in physicochemical properties to
)%, In the absence of sequence comparison
mman IgD and its assumed mouse counterpart,
1ent is tentative. With this proviso, however, and
:e of clarity in presentation, we refer to this
bulin as IgD. During development, 1gM-bearing
e first to arise and the ratio of 1gM-IgD deter-
labelled adult lymphocytes is higher in the spleen
1ph nodes or Peyer’s patches'™. These findings,
ve the total yield of the two Ig classes and not
ution on individual lymphocytes. On the basis of
of immunoglobulins other than IgM or IgD on
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the surface of B lymphocytes, we indicated the presence of
cells bearing 1gM or IgD, or IgM and gD in mouse spleen
cell suspensions®®. In these experiments, IgM was first
capped with rhodamine-labelled anti-z and subsequent ring
staining with fluorescein-labelled anti-Fab in the presence
of sodium azide was taken as evidence for the presence of
IgD. We report here the preparation of an antibody specific
for mouse IgD, and its use in the characterisation of mouse
B-lymphocyte surface Ig.

Plasma cell membranes were prepared from the spleens
of 1,750 BALB/c mice (wet weight 160 g) to yield 130 mg
of protein. The membranes were dissolved in 25ml of
phosphate-buffered saiine (PBS) containing 1% (w/v)
Nonidet P-40 and 1 mM phenylmethylsulphony! fluoride,
centrifuged at 10°%¢ for 3 h, and then passed successively
through three columns of Sepharose 4B: (1) normal rabbit
Ig (6.0 mg)-Sepharose (3.0 ml); (2) rabbit anti-mouse g
(3.6 mg)-Sepharose (1.8 ml); (3) rabbit anti-mouse Fab
(5 mg)-Sepharose (2.5 ml). The rabbit anti-mouse p was
prepared by applying a specific rabbit anti-z serum to IgM
(AY) (MOPC 104E)-Sepharose, and then eluting the anti-
body with molar acetic acid. Anti-Fab was prepared
similarly and was a mixture of the following acid eluates :
rabbit anti-whole IgG,(K)(MPC 21) retained by IgG:(K)
(Adj PC5)-Sepharose, rabbit anti-whole 1gG:(K)(Adj PC5)
retained by IgG(K)(MPC 21)-Sepharose and rabbit anti-
whele IgM(K)TEPC 183) retained by IgG.(K)(Adj PC5)-
Sepharose. Purified antibody was coupled to Sepharose® to
give high capacity immunoabsorbants. After passage of the
sample, the columns were washed with phosphate-buffered
saline (PBS), emulsified in complete Freund's adjuvant and
injected into rabbits®. Each column was divided between two
rabbits. Serum from a rabbit receiving the third column,
the anti-Fab, was passed over IgG:(K)(Adj PC5)-
Sepharose and then IgM(K)TEPC 183)-Sepharose. The
absorbed serum was tested by radioimmunoassay® and found
to be unreactive with I-labelled IgM(K)XTEPC 183),
IgM(\)MOPC 104E), IgA(A)YMOPC 315), IgGi(K)(MPC
21), 18G:a(K)(Adj PC5), 1gG:(K)YMOPC 195), 1gGs(FLOPC
21), Mjchains (RPC 20), K chain (MOPC 41) and mouse
a-magroglobulin. The radioimmunoassay will detect less
than 1 ug of antibody in 1 ml of serum.

When used in conjunction with rhodamine-labelled goat
anti-rabbit Ig (ref. 10), the absorbed antiserum stained™

Fig. 1 Surface immunoglobulin of murine splenic lymphocytes.
Spleen cell suspensions of 3-6-month-old, specific pathogen-
free, female CBA mice were labelled with 125[ by the lactoper-
oxidase-catalysed procedure!®, washed once in ice-cold PBS
and then lysed for 10 min at 0 °C in 1% (w/v) Nonidet P-40 in
PBS containing 1 mM phenylmethylsulphonyl fuoride and
100 mM recrystallised iodoacetamide. The centrifuged lysate
(30,000¢ x 15 min) was passed over Sephadex G-25 equilibrated
with the solution used for lysis of the cells. Labelled IgD was
precipitated at 0 °C by addition of rabbit antibody (10 ul) and a
goat anti-rabbit Ig (100 pl). The precipitate was removed by
precipitation and the supernatant was further reacied with
rabbit anti-mouse p chain (10 ul) and goat anti-rabbit IgG
(100 ul). Both precinitates were washed three times with ice
cold 0.57%; (w/v) Nonidet P-40 in PBS, once with 30 mM sodium
phosphate, pH 7.0, and then dissolved in 50 mM sodium phos-
phate, pH 7.0, containing 2% (w/v) sodium dodecy! sulphate
(SDS) and 1 mM dithiothrettol. The precipitates were heated
at 100 °C for 10 min, and then iodoacetamide was added to
100 mM. Internal '3'-labelled'® markers were added to the
labelled cell surface Ig samples, which were then resolved by
SDS-polyacrylamide gel electrophoresis!. After electrophoresis
the gels were sliced into 1-mm segments and radioactivity was
determined. Values were corrected for cross-channel spili and
plotted with the ton of the g=l on the left hand side of the Sgur.
Reduced cell surface Ig precipitated with the ant-l1gD (a and ¢)
and subsequently anti-u (b and d) were clectrophoresed on 7.5 %
(¢« and b) and 4.29; (c and d) polyacrylamide gels. ——-, '*]
incorporated into cell surface Ig: . . . ., !l-labelled internal
marker.



Table 1 Frequency of IgM and IgD-bearing cells in mouse lymphoid tissue

Single staining Double staining

Organ Anti-lg Anti-p Anti-§ M IR o
1 Peripheral nodes 149 31 10.5 0.7 1.5 8.1
Mesenteric nodes 14.4 4.1 10.5 1.1 1.8 72
Pever's patches 231 85 26.8 1.6 8.5 19.3
Spleen 35.6 19.1 238 21 13.8 12,6
2 Peripheral nodes 15.6 31 9.1 0.5 2.7 11.1
Mesenteric nodes 14.7 36 12.6 0.8 28 11.6
Peyer’s patches 232 9.4 225 0.3 8.2 14.0
Spleen 322 17.8 259 8.7 1.9 14.3

nsions were prepared from 7-month-old, specific pathogen-free, female CBA mice by teasing the organs with \eronal-buffered
1). containing bovine serum albumin (I mg mi~")(VBS-BSA). and the living cells were stained and prepared for examination as
Rait4. Paripheral nodes coliected were superficial cervicals, axitlary, brachial and inguinal. For sinule staining the cells were incu-
min at room temperature with rabbit antiserum, washed three times with VBS-BSA and then suspended in rhodamine-labeiied
it 12G (20 min, room temperature). Samples were washed, and then mounted in 509 (w,v) glycerol in (PBS)-0.03 M sodium
suble staining, cells were treated with anti-mouse [gD and fluorescein-labelled goat anti-rabbit IgG as described above. The two
ssential to ensure capping of all the gD positive cells. The cells were then incubated in the cold for 20 min with rhodamine-labelled
ouse 1 chain and with sodium azide at 0.03 M. After washing with cold VBS-BSA-0.03 M sodium azide the cells were mounted
d under ultraviolet light with a Leitz Orthoplan research microscope fitted with Ploem illumination. At least 300 lymphocytes
1 for staining and the results are given as percentages of total lymphoid cells observed. All reagents were centrifuged (50,000,
ne day of use. On the basis of the double staining protocol, lymphocytes could be classified into three groups, those with green
sitive), those with peripheral red staining (IgM positive) and those with green caps and red rings (IgM and IgD positive). The rabbit
1 was prepared by immunisation of rabbits with the Fab portion of myeloma protein Adj PC5 (7,,K) (ref. 20) as described before®
specific. reacting against 1gM, IgG,. [gG.,. 12G.. 18G and IgA (but not other serum proteins) on Ouchterlony analysis. Rabbit

chain was prepared by immunisation with myeloma protein MOPC 104E (p).,)* and absorbing the scrum with a 7S fraction of
& serum coupled to Sephurose 4-B. The resulting serum precipitated 1gM on Ouchterlony analysis. but did not react with any other
ss when tested by radioimmunoassay against '*I-labelled immunoglobulins (see the text and ref. 5). Preparation of rabbit anti-

described in the text. Fluorochrome conjugates were prepared using DEAE-purified Ig fractions, and conjugates with luorochrome:

3 of 1.5-2.5 were selected by chromatography on DEAE™.

of CBA strain spleen cells, but not thymocytes
C37BL. DBA ‘2. C3H, AKR and BALB: ¢ mice.
. the antiserum was also negative for peripheral
sared by the nylon wool method®.
eviluated the antiserum by testing with '*T-
Hed spleen cells as described before'. and found
precipitated corresponded to 1gD (Fig. 1a, refs
ilar profile resulted when 100 gl of normal mouse
incubated with 10 ¢l of the rabbit antiserum (30
temperature) before addition of the radioactive
as circulating IgD is likely to be present in very
nts in the mouse. Recovery of IgM was possible
ipernatant of the first precipitation by addition
*Fig. 1b). The radioactive material which runs
after the 2 and & chains also occurs in non-
scinitates.  Furthermore. the higher molecular
erial largely disappears when less concentrated
1ide gels are used (Fig. 1c and d), and thus may
n aggregation artefact. The disadvantage of the
trated polvacrylamide gels is that there is no
setween the # and & chains. When unreduced
cell surface Ig were electrophoresed on 4.2%
crylamide gels, the material then coincided with
a-linked 7S IgM internal marker'.
aisis of these results, we were therefore confident
itissrum was specific for mouse IgD, and thus
itudies using fluorescent reagents prepared by
>matography' to stain live cells'. With 1-2-
BA mouse splenocytes. we were unable to find
numbers of cells reacting with the anti-IgD,
i-mouse u chain revecaled 8-14% of the cells as
IIs bearing TgD were, however, readily apparent
15 of 6-week-old mice (~209% total lymphocytes).
of the antiserum with foetal liver cells
>lls per ml of serum) did not remove its capacity
th spleen cells, whereas absorption with adult
did (1.9 x 10" cells per ml of serum). The finding
weeedes 1gD in ontogeny'® is thercfore con-

determined the distribution of TgM and TgD on
i from various lymphoid organs (Table 1). Single

staining was done by the indirect procedure. Double stain-
ing was achieved by capping TgD with a fluorescein-labelled
syvstem followed by staining for TeM with a rhodamine-
labelled rabbit anti-mouse p chain under non-capping
conditions. From the single staining results it is immediately
clear that TgD constitutes the major cell surface immuno-
globulin of lymph nodes and Pever’s patches. as would be
suggested by biochemical investigations'™. Double staining
of Iymphocytes from these organs not surprisingly revealed
most .of the Tg-positive cells as having only IgD, although
some tdoubles (Igh and IgD) and occasional cells positive
for TgM alone were also present. In the spleen, however,
all three categories of cells were represented in similar
proportions.

Our findings in the mouse therefore mirror those in the
human'™. In the mouse. there are fewer cells bearing both
IgM and IgD, with correspondingly higher numbers of cells
with exclusively 1gM or 1gD. These studies in the human.
however, have been made with peripheral blood and so the
comparison is not necessarily valid. The biological
significance of these subpopulations of B cells should now
be open to investigation. Since IgM precedes IgD in
ontogeny, we favour the idea that in B-lymphocyte
maturation there is differentiation from cells expressing
only IgM to those expressing only IgD (ref. 5). An interven-
ing cell type expresses both Ig classes. Thus the B lympho-
cytes of lymph nodes and Peyer's patches would in the main
constitute a more mature population, possibly enriched
with memory cells and precursors of celis destined to
secrete 1gG and IgA. The finding that IgA precursor cells
of rabbit Peyer's patches are IgM and IgA negative, but
certainly do have surface immunoglobulin®, suggests that
these cells bear the rabbit equivalent of IgD.

The simultaneous expression of two Ig classes on the
cell surface has implications for “switch™ and V-C gene
integration mechanisms. For example. the two constant
region genes for # and & chains arc known to share the
same 17 oregion', and i this reflects the simuliancous
presence of two integrated genes (that is VH-Cu and VH-
(3). then a copy-choice mechanism for 1'-C gene integra-
tion' is suggested.
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Immunoglobulin M receptors on memory cells of
immunoglobulin G antibody-forming cell clones

The memory cells of two antibody-forming cell clones had receptors of the
IgM class, even though the clones had been producing IgG, or IgG,, anti-2 4-
dinitrophenyl antibodies for 9—15 months previously (on exposure to antigen).
Thus a phenotypic switch in heavy chain constant region evidently occurred
after re-exposure of these memory cells to antigen.

To show that, we first removed the clonal cells’ surface immunoglobulins by
“capping’’ and “stripping”, with class- or subclass-specific antisera. Then, to
assay their remaining receptor activity, the cells were incubated with antigen
in vitro, washed and transferred (together with carrier-primed cells) to irra-
diated recipients, and their antibody responses to this in vitro boost were
assayed by isoelectric focusing. Pretreatment with anti-u serum, as well as
with anti-Fab(k), prevented the responses of the IgG, and 1gG,, clones to
an in vitro boost, while anti-yy, and anti-y,, antisera had no effect. An anti-
serum to the putative mouse IgD also had no effect. The anti-u serum failed
to react with the IgG, and IgG,, clonal serum antibodies in the test tube.
Some other contaminating clones were suppressed completely only by the
anti-Fab serum.

This result strongly suggests that switching in class commitment may occur
during the differentiation of memory cells to antibody producers, and may

therefore be antigen-dependent. It also implies that some apparently naive
cells with surface IgM may, in reality, be B memory cells.

ion

y. ontogeny and in the development of single B
here is very frequently (or perhaps always) a
early production of IgM to the later production
s of other classes such as IgG or IgA ([1-7], re-
, 9]). However, in the vast majority of cases,
mly secrete antibodies of one class at any one
0]). Hence, though the precursors of these cells
r be uncommitted with respect to heavy chain

y must subsequently become restricted to the
immunoglobulin of a single class.

inding of a relatively high proportion of B cells
M and IgD on their surface strengthens this evi-
tching in the class, and therefore of the constant
e immunoglobulin product. Moreover, such cells

[11382]

ess: Unidad de Biologia Experimental, Facultad de
.A.M., C.U., Apdo. Postal 70343, Mexico 20, D.F.,

ze: Nicholas Willcox, Department of Anatomy, Medical
niversity, Newcastle upon Tyne NE1 7RU, GB

: ABC: Antigen-binding capacity B cell: Bone marrow-
ocyte BSA: Bovine serum albumin DIP-DNP-lys:
0-4-hydroxyphenacetyl)-€-N-(2,4-dinitrophenyl)-L-

: 2,4-Dinitrofluorobenzene  DNP: 2,4-Dinitrophenyl
ic mean HOP-DNP-lys: a-N-(4-Hydroxyphenacetyl)-€-
phenyD-L-lysine  HSA: Human serum albumin EF:
using i.p.: Intraperitoneally Ln.: Lymph node LPS:
aride OVA: Hen egg ovalbumin PBS: Phosphate

» SD: Standard deviation SRBC: Sheep red blood cell(s)
s-processed lymphocyte tet. tox.: Tetuanus toxoid

f serum

occur in the mouse* [11, 12] as well as in man (e.g. [13-15],
reviewed in [16]). However, there is probably no concomitant
switching in the variable region, since the IgM and IgD appear
to share the same idiotype [17] and combining specificity [18].
Earlier work on rabbit idiotypes [2] and on patients with
double myelomata [3] likewise showed that the same variable
regions might be shared between immunoglobulins of different
classesg
The Igb-bearing cells appear relatively late in development
{11, 19] and therefore do not seem to be primitive B czll
progenitors. Their high frequency contrasts sharply with the
low incidence of cells bearing surfuce 1gG and is grossly out
of proportion with the relative serum concentrations of IgG
and IgD. Furthermore, estimates of the frequency of surface
IgG-bearing cells have recently decreased to about 5 % or less
owing to technical refinements (e.2. [20, 21]). Most B cells
can, in fact, be assigned to one of three populations of rough-
ly equal size (in mouse spleen) which have either IgM, or

IgD, or both, on their surfaces [22, 23]. All these considera-
tions have led to speculation that the precursors of some (or
all) of the IgG-producing cells may have IgD receptors, and
may ultimately originate from IgM-bearing cells.

An obvious question, therefore, is the position of B memory
cells along these pathways of differentiation: in other words,
what is the heavy chain class of their receptors for antigen?

A convenient means of exploring that is the selected antibody-
forming cell cloning system of Askonas, Williamson and Wright

* The mouse candidate for IgD resemb!2s its human wouinterpart in
heavy chain molecular weight, marked susceptibility to protoolysis
and a selective location on B lymphocytes [11, 12] but, in the ab-
sence of sequence comparisons with human IgD, the assignment is
provisional. Nevertheless, for brevity, we shall refer to this mouse
immunoglobulin as IgD.
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such *“clones” can be propagated in vivo and can be iden-

9y the characteristic isoelectric spectia (“spectrotypes”™)
r antibody products. They have the advantage that they

ce the same antibody species over many months (in re-
to antigen) — which contrasts sharply with the hetero-

¢ and variability of conventional responses. Also, muta-
o vield variant products must be rare, if they occur at

- have studied the receptors of such cloned cell popula-
)y measuring the responses elicited by brief exposure
ccils to aniigen in vifrro — the in vitro boosting system

1 by Mitchison [25]. The cells make antibodies after

g and transfer to iradiated recipients. Preincubation

Ati-Ig antisera, either in the cold [25, 26] or under capping
ions{this paper), blocks this response, and we now report
of such experiments on clones using appropriate class-

> antisera. We_have used the “capping” and “stripping”
[27] because receptors of a given class can be selec-
-emoved with minimal nonspecific effects on antigen

2 by other receptors.

2rials and methods

rimals, immunization and irradiation

.CBA/Ca mice, bred under specific pathogen-free con-

, were used throughout at 4—6 months of age. Carrier-
donors were immunized with 7 Lf. alum-precipitated
toxoid (tet. tox.), boosted four weeks later with 0.7 Lf.
s tet. tox., and used 1—3 months later. Recipients were
ed with 600 r from a ®°Co source.

tigens, iodinations

-1 tet. tox. was kindly provided by P.A. Knight, Well-
aboratories, Beckenham, Kent, and was dinitrophenyl-
the method of Benacerraf and Levine [28], but using
‘trofluorobenzene (DNFB), to yield a preparation with

(2,4-dinitrophenyl) groups per 140 000 Daltons.
-Hydroxyphenacetyl)-e-N{2,4-dinitrophenyl)-L-lysine
INP-lys) was provided by Dr. P.C. Montgomery and
thesized as described in [29]. Iodinations were per-
by the method of Hunter and Greenwood [30).

ti-immunoglobulin antisera

paration of specific rabbit anti-mouse Ig, and goat

bit Ig antisera has been described previously [22]. In
1e anti-mouse y-chain serum was raised against purified
04 E IgM (A) myeloma protein [31], was absorbed
3 mouse Ig coupled to Sepharose 4B, and was found
mnreactive with 1gG, 18G,,, I18Gay, 18G5 and IgA mye-
oteins, in a sensitive radioimmunoassay. The anti-Fab
m (raised against an IgG,, (k) protein) precipitated
ese proteins including IgM. The subclass-specific anti-
e rajsed against mouse myeloma proteins, and absorbed
oluble myeloma proteins of different classes and sub-
=and their specificity was confirmed by radioimmuno-
=he prepiration and characterization of the specific

1ti-mouse §-chain antiserum has also been described in
3]

-human serum albumin (HSA) antiserum was kindly
=l by Dr. J.H. Humphrey, and had been raised by im-

Eur. J. Immunol. 1976. 6:443-450

munizing rabbits with three injections of 12.5 mg purified
HSA in Freund’s complete adjuvant. All antisera were thus
preparcd using the same adjuvant, and beforc use all were
absorbed thrice with 108 normal mouse thymocytes per ml
of serum.

Some of the anti-u antiserum was absorbed by passage over

a column of purified MOPC 104 E myeloma protein coupled
to Sepharose 4B. An IgG fraction of the goat anti-rabbit IgG
serum was coupled with tetramethylrhodamine isothiocyanatie,
and a conjugate with a rhodamine-to-protein ratio of 2:1 was
selected [32]. '

2.4. Antibody assays

Farr titrations were performed as described by Mitchison [33],
using the radiolabeled DNP hapten D'?]P-DNP-lys at 10~3 M.
Antigen-binding capacities were calculated as in [33]. Isoelec-
tric focusing (IEF) was done as described by Williamson [34],
using D'3'IP-DNP-lys to overlay the gels before they were
washed and autoradiographed.

For the indirect precipitation assays (Section 3.3.1.), 50 ul
125]abeled DNP,, BSA (bovine serum albumin) at 2 uCi/ug,
diluted to 0.5 ug/ml in 1 % (w/v) BSA in phosphate buffered
saline (PBS), was incubated with 2—5 pul of test clonal serum
at 37 °C for 30 min. Then enough class-specific rabbit anti-
mouse Ig serum was added to give maximal binding and in-
cubated at 37 °C for 30 min. Soluble immune complexes
were then precipitated with polyspecific goat anti-rabbit

Ig serum for 30 min at 37 °C followed by 1 h at 4 °C. The
precipitates and supernatants were counted afier centrifuga-
tion, and the percentage precipitation determined.

2.5. Cell transfer experiments

2.5.1. The 5A clones

The origin of this clonal cell line was described by Klaus and
Willcox [35]. In the present work, donors from the positive
control groups in the experiments described in Sections 3.4.
and 3.5. of [35] were used 9-15 months after the clone was
originally raised. They had been immunized exclusively with
DNP-hen egg ovalbumin (OVA) and were boosted 4—8 weeks
before use.

This ““clone” was not homogeneous. The subclasses of the
three main spectrotypes seen on IEF were determined by the
method of Phillips and Dresser [36]; IEF gels were overlayed
with DNP-sensitized SRBC and subclass-specific developing
anti-Ig sera (kindly provided by Dr. D.W. Dresser [37]) and
complement were subsequently added. It was clear (Fig. 1)
that the very acidic spectrotype was IgG, the adjacent one
was IgG,,, and the antibodies with high isoelectric points

were predominantly IgG,,. These will henceforward be called
the “IgG,”, “IgG,,” and “alkaline” spectrotypes, respectively.
The alkaline spéctrotypes focused poorly, even when the most
alkaline gradients were used, and were probably heterogeneous.
They appeared to represent large amounts of low-affinity
antibodies and only appeared in response to antigen: they
were therefore neither “background” antibodies nor artefacts
due to hapten binding by hemoglobin.
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anti- anti- antj- anti-
Fab 19Gy 119Gy IgG2b  [[Hazj

ermination of subclasses of 5A component clonal anti-
:tion by overlay of IEF gels with haptenated SRBC, fol-
class-specific developing antisera and complement.
¢ same clonal serum were focused in parallel on five

gels (pH 5-9), which were then overlaid with DNP-Fab-
BC, and developed by adding various subclass-specific
umented in [37]) and complement. On a control plate,
-leveloping serum, there was no lysis. The anti-Fab serum
11gG; and IgG,, antibodies. Antisera were kindly pro-
D.W. Dresser. The weak bands apparently developed by
¢ probably artefactual, as normal serum may yield similar

‘ng and stripping with anti-Ig sera [27]

en cell suspensions from clonal cell denors
:lls/ml) were incubated for 20 min at room tem-
h rabbit anti-mouse Ig antisera of various spevi-
*0—150 pug of antibody*/ml) in HEPES-buffered
‘um containing 5 % fetal calf serum (FCS). They
ashed twice and incubated for 2 h at 37 °C so as
mal shedding or endocytosis of capped surface
were then pelleted, washed once, cooled in an
counted. They were then adjusted to the same’
ration. Viabilities were also checked and were
2 90 %. Samples were taken before and after the
ation and stained with rhodamine-conjugated goat
y to rabbit IgG [38], to confirm the absence of

o
5.

ation with antigen

ells (10 x 106 — 50 x 105 cells/ml) were next in-

1 DNP-tet. tox. (20 pg/ml) for one h at 4 °C in
199 medium. They were then washed twice,

vashed spleen cells from mice immunized with

x 108/rzcipient), and transferred i.p. to recipients

ception was the anti-d antiserum which, for obvious
not be titrated in this way.

which had been irraciated with 600 r 6 h in advance. The
doses of clonal cells are given in the table or figure legends.

In previous work the cell type responsible for transferring
responsiveness after binding the antigen was shown to be the
B cell, since it was depleted neither by anti-© serum and com-
plement, nor by cotton wool columns, nor by carbonyl iron
[39]. The proportion of dead cells in the suspensions also
made very little difterence, although much of the bound
antigen is on dead cells [40].

3. Results

3.1. Experimental protocol: the in vitro boosting system

In all experiments, spleen cells from clone-bearing mice (pre-
viously immunized exclusively with DNP-OVA) were pre-
treated with class-specific anti-Ig sera under conditions pre-
viously found to give maximal capping and subsequent clear-
ing of surface Ig, and minimal secondary effects on antigen
binding. They were then washed and incubated in the cold
with DNP-tet. tox. and, after further washing, were mixed
with tet. tox.-primed spleen cells (not incubated with anti-
gen), and transferred i.p. to irradiated recipients, which were
bled subsequently. The clonal anti-DNP antibody responses
to the antigen bound in vitro were measured by IEF and Farr
methods (Section 2.4.). The carrier chosen was tet. tox. rather
than OVA, in order to restrict binding to DNP-specific cells
and minimize any potential attachment to OV A-reactive ones.

3.2.1. Effect of anti-u serum on clonal receptors

Exposure to antigen in vitro boosted the IgG; and the
“alkaline” clones efficiently, while the IgG,, clone responded
less vigorously (Table 1, Fig. 2). These responses were not
affected by pretreatment with anti-HSA serum, whereas poly-
specific anti-Fab serum greatly suppressed the responses of all
three clones. The effects of specific anti-u serum were striking:
there was an almost complete suppression of the IgG, and
probably also of the IgG,, clones, but only a partial inhibition
of the alkaline ones.

The titers of anti-DNP antibody correlated well with the IEF
patterns (Table 1). The overall suppression after treatment
with anti-u serum’was about ten-fold, but the effect on the
IgG, clone was still greater: if we compare undiluted sera in
this group with sera of the positive control groups diluted 1:7,
there is still a large difference in hapten-binding intensity on
IEF (see Fig. 2). Evidently there was a selective effect of the
anti-u serum on the IgG, clone.

These antisera almost certainly acted by blocking or removing
receptors, and not by crudely killing B cells; when the reci-
pients in this experiment were boosted with antigen in rivo
on day 20, the anti-Ig and anti-u pretreated groups responded
even better than the controls initially given no antigen at all
(group 5, Table 1). This confirms that the antisera cannot
have killed all the clonal cells. It also suggests that the antigen
in vicro may have given a very limited stimulus even to the
anti-Ig pretreated cells, as these eventually responded more
strongly than group 5. In other words, the blockade may not
have been complete.
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T —pliza

Figure 2. Blockade of clonal receptors with anti-2 and
anti-Fab antisera. 1EF patterns of anti-DNP antibodies

of 18-day sera of recipients in the experiment summa-
rized in Table 1. Individual sera were loaded, in the ar-
rowed positions, at the dilutions shown (undiluted or
1/7) on pH 4-8 gels. After focusing, the gels were over-
laid with D131JP-DNP-lys, washed, and autoradiographed,
to reveal anti-DNP antibadies. Protocol and group num-
bers same as in Table 1. aHSA, ay, etc. refers to pretreat-
ment of clonal cells with anti-HSA, anti-y sera, etc. 1.n.=
lymph node cells; spleen = spleen cells — both from clonal
donors; M = marker serum from 3rd transfer generation
clone-bearing mouse.

eatment
wumdil®

Group

nal cells
x 10%

{ockade of clonal receptors with anti-i and anti-Fab antisera2)

Clonal cells Pretreatment  Antigen 7’ Anti-DNP antibody responses

(2.5x 106) in vitro Day 10 ABCb) Day 27 ABCb)  Day 34 IEF¢)
GM (X SD) GM (X SD) no. positive/total
Spleen - + 39.2 (1.2) 590  (1.65) 4/4
Spleen anti-HSA + 63.7 (1.7) 473 (2.8) 3/4
Spleen anti-l + 4.7 (1.35) 99.5 (1.5) 4/4
Spleen anti-Fab + 0.8 (1.9) 46.6 (2.2) 4/4
Spleen - - 0.14 (1.7) 16.6 (1.75) 3/5
Lymph node - + 7.9 (2.6) 419 (3.9) 3/3
Lymph node - - 0.1 (1.0) 169 (2.1) 3/4

or lymph node ccl suspensions from third transfer generation clonal donors were preincubated with the appropriate
under capping conditions, washed, and then incubated at 37 °C for 2 h (see Section 2.). They were then washed and

ed at 4 °C with 20 pg/ml DNPatet.tox. for 1 h, and washed again. They were then mixed with spleen cells from tet.tox-
mice (107/recipient) and transferred i.p. to irradiated mice, which were bled on days 10 and 19. They were boosted with

1eous DNP-tet.tox. on day 20, and bled again, 4 mice/group. Same group numbess as in Fig. 2.

recipients’ sera measured in Farr assay vs. D!2SIP-DNP-1ys.ABC expressed as mM/ml x 10-8 GM (’é standard deviation).
" of mice/total in group showing IgGy and IgG,, clones on IEF.

- strong IgG | clonal response of the lymph node Separate aliquots of the anti-u and anti-Fab pretreated cells
e in vitro boost (Fig. 2, Table 1) makes it unlikely were allowed to resynthesize their receptors in vivo before
>phages were playing an essential role in binding they were exposed to antigen; antigen challenge was delayed
n in vitro, since such cell suspensions contain low until two days after transfer in these groups. As expected,
»f macrophages (see also Section 2.5.3.). neither the anti-u nor the anti-Fab had any effect in this situa-
tion (Fig. 3B), confirming that the antisera were not simply
=k of effect of subclass-specific antisera killing all the cells. As a further confirmation of the specificity
of action of the anti-u serum, some of it was absorbed on an
d experiment, additional batches of cells were pre- IgM Sepharose column; after that it no longer blocked the
with anti~y, and anti-y,, antisera. In this case, IgG clonal response significantly (Fig. 3A). This was also
nly the polyspecific anti-Fab and the anti-u sera confirmed in the next experiment.
chile the anti~y, and anti-y,, sera had no effect
ie 1gG, clone (Fig. 3A). Again, the effect of the 3.2.3. Repeat experiment
selectively on the IgG, and IgG,, clones, whereas
» polyspecific anti-Fab was unselective. In this ex- A third experiment confirmed the above findings, in that
the contribution of the “alkaline” clones to the anti-yt serum again selectively blocked the IgG,; and IgG,,
nse was so great that only the anti-Fab serum af- clonal responses to an in vitro boost, and the anti-Fab im-
Farr titers (data not shown). The anti-u serum re- partially inhibited all the clones. The subclass-specific anti-
1 only marginally — which confirms its selective sera, and tl:e anti-u serum absorbed with IgM, again had no

ihe IgG, and IgG,, clones. effect. Also, the anti-u and anti-Fab pretreatment had no ef-
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M U]
Fab  dp qHSA  dy, ay,, dnwsa dp  dFab
1 2 3 a 5 8 9 10
invitro invivo
(day 0) (day2)
(€Y ®)

ockade of clonal receptors with anti-Ig antisera. IEF patterns of anti-DNP antibodies of 25-day sera of recipients of
sent described in Section 3.2.2. Sera all loaded undiluted. Focusing and development as in Fig. 2. Protocol in prin-
"able 1: clonal spleen cell suspensions (5 x 106 cells/mouse) from third and fourth transfer generation donors were
vith the indicated anti-Ig antisera, They were then incubated with 20 gg/ml DNP-tet.tox. (part A) or with medium
B), washed, and transferred together with carrier-primed cells (107/recipient). The mice in groups 810 were boosted
aqueous DNP-tet.tox. on day 2 (to allow the treated cells to resynthesize their receptors). The cells for groups 1 and
,and 3 and 8, were each pretreated together as a single batch with antisera. Anti-# abs: anti-J serum absorbed with
na protein coupled to Sepharose 4B. N.B. The dark zones closest to the arrows represent binding of labeled hapten

“»

invivo
(day4)

(8)

ickade of clonal receptors with anti-Ig sera. IEF patterns of anti-DNP antibodies of 25-day sera of recipients in the
ummarized in Table 2. Sera all loaded undiluted. Focusing and development as in Figs. 2 and 3. Group numbers

able 2.

responses to an in vivo boost on day 4 (Fig. 4,
e clonal responses were somewhat variable in this
, as rather weak donors had to be used.

y, in this experiment, pretreatment with a putative
8-chain antiserum [23] had no cffect on responses
in vitro or an in viyo boost. This result has been

n one other experiment with these clones, in
nti-Fab (though exceptionally not the anti-u)
:cessfully in parallel groups (not shown).

1 experiments
—re of anti-u to bind to the clonal serum antibodies

seriments were done to test whether the anti-u
-reacts (e.g. via idiotypic determinants) with the

clonal serum antibodies in the test tube. Sera from selected
recipients showing predominantly either the IgG or the IgG,,
clonal antibodies were therefore chosen and were preincubated
with 125]-labeled DNP-BSA. The complexes these antibodies
formed with this antigen were then precipitated with appro-
priate (rabbit anti-mouse) class-specific anti-lg antisery, fol-
lowed by polyspecific goat anti-rabbit Ig serum.

The results (Table 3) show that the anti-u serum failed to pre-
cipitate a significant amount of antibody in the clonal sera,
whereas it did precipitate the IgM antibodics elicited by DNP-
Ficoll as efficiently as did the anti-Fab serum. The clonal
antibodies were instcad precipitated by the appropriate sub-
class-specific antisera. In a further experimeni, preincubation
with anti-u serum also failed to block the binding of antigen
by the IgG, clonal antibody, as subsequently detected by pre-
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'ct of class-specific antisera on responses to in vitro or

Ny nificantly affected the total amount of antigen bound by a
ng spleen cell suspension prepared from clonal donor mice
(Table 4).
retreatment Antigen Anti-DNP response
ABC day 10 Table 4. Lack of effect of anti-Ig sera on total amount of '=I-labeled
(GM X SD) DNP-tet.tox. bound by clonal spleen cell suspension?)
invitro Pretreatment Antigen bound ;
nti-HSA day 0 12.8 1.4) %)
nti-Fab day 0 0.6 (1.7n
nati-u day 0 3.3 (1.8) anti-HSA 0.63
nti- (abs.)b) day 0 9.6 (1.1) anti-u 0.54
nti-§ day 0 10.1 1.7 anti-Fab 0.71
ati-y day 0 1.7 a3
ntivyz, day 0 6.8 25 =
in vivo : a) Clonal spleen cells (107) were pretreated with anti-Ig sera as in
nti-HSA day 4 32 Q7 ¢ Section 2.5.2. and then incubated with 20 ug/ml 1J-labeled DNP-
Ati-Fab day 4 3.9 W7 tet.tox. (1.6 uCi/pg) as in Section 2.5.3. After standard washing,
At day 4 5.2 (1.8) »..,} the cells were counted in a Packard autogamma counter, and the
1tid day 4 4.8 (1:4) g counts were corrected for cell recovery.
-atiHSA ..‘-ﬁ'i.s';:';_";r; Non.e e 9-'—1- e."-:s«;-(.'} .0& §

4. Discussion
s in Table 1, (Footnote a) and Section 3.2.3., except that

1e from fourth transfer generation, and the clonal spleen The results we have presented argue strongly that receptors
«as 10 x 109/recipient. Also groups 1 and 8,2 and 9, 3

S of the IgM class are maintained on memory cells of some

=nd 11 were each pretreated as a single batch: they were ] 1 hs* after the diff tiated clonal
vided, half of each being incubated with antigen in vitro, clones, even severa morft s” atter the ditferentiate . ¢ or.la

alf only being given antigen in vivo 4 days after transfer cells have begun producing 1gG, or 1gG,, clonal antibodies.
P-tet. tox./mouse i.p.). Same group numbers 45 in Fig. 4. This argues that re-exposure to antigen causes a switch in

= anti-u serum absorbed with IgM myeloma protein heavy chain constant region. Before accepting this conclusion,
Sepharose 4B. we should briefly answer some possible objections to the

evidence.

th anti-y, antiserum, whereas the anti-t serum

We have alread esented control data (Section 3.2.) showin
+ IgM anti-DNP-Ficoll antibody (data not shown). G aireacy prese ! ( on ) &

that our anti-lg sera were not simply cytotoxic, and that the
. conclude that the very anti-u serum that blocked anti-u serum was acting specifically (Figs. 3 and 4). Also, the

of the IgG  clone memory cells did not bind the anti-u serum failed to bind a;-macroglobulin (which is present
duct of theirl progeny detectably and therefore on B cell membranes, [42]), when tested in a sensitive radio-
with idiotypic determinants immunoassay (not shown). Furthermore, cross-reactions be-

tween the anti-y and the IgG, or IgGy, clonal antibodies
-nti-Ig pretreatment affect total amount of antigen appear to be an unlikely explanation (Section 3.3.1.). We

N have aléo shown (Section 3.3.2.) that the anti-¢ and anti-Fab
antisera did not significantly decrease the gross amount of
‘ble that the anti-Ig acts by preventing antibody antigen bound by the donor cells, and thereby reduce the
ceils (e.g. macrophages or ciead cells) from bind- stimulus they might receive from antigen nonspecificaily
n, rather than by selectively blocking the me- adsorbed to macrophages or dead cells.

:ptors. The resulting decrease in the amount of

1 WOI:lld indirectly r edl{ce the b°.°5t to the clonal 4 glow turnover of surface IgM [41] is unlikely to be the sole expla-
1, a final control experiment, using '?51-labeled nation of its persistence on these clonal mermory cells, in view of
showed, in this case, that neither antiserum sig- this very long time lag.

of anti-{t to bind clonal serum antibodies in test tube

Test mouse anti-DNP antibodies®)  Anti-DNP % precipitation of DNP-BSA ZL-iabeled 4
ABCb) anti-d antiy; anti©yp, anti-Fab *

gG; + IgGa, clapal spectrotypes 5.8 26 194 107 31.2
IgG2, clonal spectrotypes 8.5 5.0 50 7117 80.0
>1l serum 0.2 303 138 129 286

\.

.ntisera were preincubated with !25-labeled DNP-BSA: soluble antigen-antibody com-
hen precipitated with the indicated rabbit anti-mouse class-specific antisera, followed

fic goat anti-rabbit Ig. Low-titer clonal sera (A) and (B) were chosen because they showed
ly the IgGy or 12G,, spectrotypes. A subtraction of 8 % has been made for bindirg by

€ Serunt:

ned by Farr assay vs. D125 IP-DNP-lys.
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ossibility is that some of the anti-u antibodies might
e helper cells and thereby prevent them from recog-
carrier. This seems extremely ualikely for many

g. because of the experimental design (see Section
use the anti-u serum had relatively little effect on

e clones, and because this anti-u serum failed to
M-like molecules in solubilized membranes of thy-
r peripheral T lymphocytes [11, 43].

1ard to escape the conclusion that the IgG,, and
y the IgG, clones had mostly or entirely IgM re-
their memory cells. The lack of effect of anti-y,,
d anti-§ antisera is also striking and points to the
lusion. Our evidence cannot rule out a minority
1 of 1gG or IgD receptors in addition to the IgM
but the completeness of the suppression by anti-u
ut of four experiments) — even of very strong.re-
indicates that the bulk of the functional receptors
" the clones we have studied are representative, we
ably conclude either that B memory cells have no
D at all, or that it does not mediate their reactiva-

t is possible that the IgG, and IgG,, clones were
lin this respect, especially as the alkaline clones
on thereof) clearly behaved differently. Apparent-
e only partially suppressed by anti-u pretreatment
2, Figs. 3 and 4), whereas they were much more

and consistently suppressed by the anti-Fab serum.

sulk of their memory cell receptors cannot have

f they were indeed a mixture of several clones,

f different classes and subclasses, an antiserum
of these, by itself, would nat have given a signi-
ression. To achieve that, one would need a combi-
1ti~y or anti-§ antisera plus anti-u.

y of B cell subpopulations is now becoming ob-

t is quite likely that the clones we have studied
-esentative of only one of these subsets: it will

1g to see how great is their heterogeneity and

. Different subpopulations are being defined

> their Fc or C3 receptors (e.g. [44]), and their
ponsiveness [43, 46] as well as their Ig product,
yet clear how these classifications are interrelated.
sne of the great advantages of the cloning system is
1 use it to isolate members of different subpopula-
udy their properties in a series of experiments over
ths.

ty among B cells may also help to resolve the
;agreement between previous results [47, 48] and
-lters and Wigzell [47] found that the primed pre-
‘G, or IgG,, antibody-forming cells could be se-
vented from binding to ahtigen columns by the
subclass-specific antisera; and Herzenberg et al.
that the 1 % of B cells bearing surface IgG in-
ally all of the IgG memory cells*. In either system
v receptors might have been present in addition
ty that was not tested — or, alternatively, a mi-
ypulation of, say, 20—30 % of IgG precursor,
v receptors might have cscaped detection. It is

son, D.W.,J. Exp. Med. 1976. 143:1122.
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also possible that these systems may have been assaying a
different cell type from ours. For example, Walters and Wigzell
used donors primed with antigen in Freund’s complete adju-
vant, after which there may continually be a high proportion
of recently activated and more terminal B cells present which
may differ from the memory cells we have studied. Indeed,
there is independent evidence for the appearance of such
“triggered” memory cells within a few days of boosting [49],
and it would therefore be interesting to study the class of
their receptors, which may more usually resemble the final
product in class.

These ideas might also expluin the somewhat sinilar results
of Pierce et al. [4, 5]. They showed that in vitro primary IgM,
IgG and IgA responses to SRBC could be blocked by the ad-
dition of -anti-u to the cultures, which they confirmed was
acting on the B cells. Early after priming there was a phase

in which the IgG, and IgG, a'responses could only be blocked
by anti~y; or anti-y,,, respectively, whereas later on anti-u
again blocked them. Finally, the IgA response, aithough
small, clearly remained suppressible by anti-u at all times
tested. Here again, the recent priming may have elicited a
more terminally differentiated B memory cell with class-
restricted receptors, and a short life span. It therefore ap-
pears entirely possible that many resting memory cells will
be proved to have IgM as their surface receptor for antigen,
and conversely that a proportion of the apparently naive B
cell population with membrane IgM mays, in fact, be quiescent
memory cells.

These results strongly reinforce the concept of an antigen-
dependent switch, as, indeed, do those of Kearney and
Lawton (e.g. [50]) who showed that LPS-induced IgG re-
sponses can be inhibited by anti-u antibody, although, as
Lawton et al. point out [8], antigen-independent switching
also remains plausible. Our results do nothing to solve the
challenging problem of the function of the cell surface IgD
The results with the anti-6 antiserum may have been negative
for technical reasons, or because the IgD is confined to dif-
ferent B cell subpopulations or stages of differentiation, or
'l\:onceivably because the memory cells have a mixture of IgD
and other classes. Whatever the reason, it is clear that a po-
sitive method of isolating the IgD-bearing cells is required

to identify their functions, and also that selected antibody-
forming cell clones will provide invaluable raw material.
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The carliest B cells to appear during development express only IgM.
The appearance of other Ig classes in thcir progeny involves sequential
expression (switching) of C, genes. There is no concomitant switching of
variahle region or light chain genes. Thus malignant clones of B cells
synthesizing more than one class of immunoglobulins may be restricted to
one unique V, and light chain, and a similar situalion is also observed
in clones of normal B cells [5, 12]. The clearest demonstration that all B
lymphocytes are ultimately derived from IgM-bearing cells is provided
by experiments involving blockade with anti-u antibodies [13, 14, 16].
The most useful approach to solving the problems of the responsible
genetic mechanism, regulatory factors and biologic significance of the
Ig-class switch is likely to come from detailed study of alterations in
expression of Ig class during the early stages of B-cell development.

SEQUENTIAL EXPRESSION OF IgM, IgG axp IgA

More is known ahout the orderly expression of p, y and « chains, and
we will briefly review this information hefore concentrating on the deve-
Jopmental acquisition of IgD. ‘

In mammals, IgM is initially expressed in the cytoplasm of large Iym-
phoid precursors of small B lymphocytes bearing membrane-associated
IeM, which appear later. The interval hetween the two levels of IgM
expression is 3-5 days for the mouse embryo [24] and appears to be around
two weeks for human foctuses [7]. Lymphocytes bearing surface(s) IgG or
sIgA are devcloped later than sIgM+ cells [7, 15, 29]. All of the sIgG+

Manuscrit re¢u le 15 juin 1976.
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and sIgA+ lymphocytes in young human and mouse foetuses also express
sIgM (unpublished observations).

In heterozy gous rabbits sIgdl has been found on the surface of plasina
blasts or plasina cells synthesizing cytoplasmic(c) IgG of the same V)
allotype [20]. Surface IgM may also be observed on mouse spleen cells
induced by lipopolysaccharide (LPS) to begin cIgG, synthesis [10]. These
observations indicate at a cellular level the direct conversion of synthesis
from sIgM to surface and then cytoplasmic synthesis of other Ig classes,
and are supported by evidence that anti-p antibodies can inhibit diffe-
rentiation of unprimed precursors of IgG- and IgA-secreting cells
in vifro [21]. Thus under normal circumstances switching of immuno-
globulin class synthesis occurs at the level of the B lvmphocyte rather than
in morc mature antibody-secreting cells. B cells which express more than
onc Ig class fall into iwo categories: small Iymphocytes bearing two ciasses
of sIg and more mature cells containing cytoplasmic Ig of one class and
slg of another. Mature plasma cells simultancously synthesizing two classes
of cIg are rare. J%efore expanding this concept, we w 1ll discuss the evidence
that expression”of non-u immunoglobulins on B Jymphocytes is relevant
in terms of reccptor activity.

Because sIgG and sIgA are found on smnall percentages of B lyvmpho-
cytes by immunolluorescence, and generally are not detected by immuno-
chemical analysis of radioiodinated membrane proteins, doubt has heen
raised as to whether or not these two classes of antibodies exist as functional
receptors on B lymphocytes [28]. The problems of cytophilic IgG and
unwanted antibcdy contaminations of anti-y and anti-« preparations have
been raised as possible sources of artifactual demonstration of sIgG and
sIgA [30]. However, several lines of evidence unambiguously demonstrate
that B lymphocytes can produce the surface IgG or IgA which they bear
and imply that these may serve as functional antibody receptors, at least
on primed B cells. (1) Treatment of chick embryos or of mice from bhirth
with anti-« antibodies or of mice with anti-y antibodies will suppress the
development of cells making the corresponding class of immunoglobu-
lins [13, 14, 16]. (2) IgG antibody responses of precursor lymphocytes from
the spleens of recently-primed mice are inhibitable by anti-y antibodies
but not by anti-p antibodies [21]. (3) In rabbit Peyer’s patches, the lym-
phocyte precursors of IgM-producing plasma cells bear sIgM, while lym-
phocyte precursors of IgA-producing plasma cells bear sIgA and not
sIgM [9]. (4) Memory cells selected on the basis of expression of an allo-
type, Ig-1b, of the IgG,, class of mouse immunoglobulin serve only as
precursors for antibody-forming cells of that class [8]. (5) Malignant clones
of B lIymphocytes from selected patients with chronic Iy mphocx tic leuke-
mia (CLL) have been shown to produce the sIgG which the\ bear; similarly,

C = cytoplasmic LPS = lipopolysaccharide
CLL = chronic lymphocytic leukemia s = surface
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rare patients with CLL have malignant clones of sIgA-producing lympho-
cvies [27]. Occasionally, IgG or IgA accumulates as crystals in the cyto-
plasm of CLL lymphocytes bearing the corresponding class of sIg ([27] and
unpublished observations).

The fact that Ig-class heterogeneity is generated initially at the B-Iym-
phocyte level and prior to further B-cell maturation is clearly illustrated
by observations in individuals with panhypogammaglobulinemia due to
an arrest in B-lymphocyte differentiation: despite their lack of mature B
cells, the B lymphocytes in such patients frequently display sIg of all
classes in percentages indistinguishable from normals [4, 27].

Clearly, antigens and helper T cells regulate the differentiation of
B lymphocytes to mature plasma cells. Since T-cell help is especially
important in antigen-induced responses of IgG- and IgA-producing plasma
cells, many have considered antigens and T cells to he essential regulators
for the switch from expression of IgM to IgG and IgA. Since the changes in
expression of G, genes are already apparent at the precursor B-lymphocyte
stage, it scems more peitinent to question the role of antigens and T cells
in the initial surface explression of non-Ig) classes. While a role for antigens
and T cells in development of Ig-class heterogeneity at the B-lymphocyte
level cannot be excluded, several observations mitigate against this possi-
bility. First, normal proportions of IgM-, IgG- and IgA-bearing B lympho-
cyles are developed very early in human foetal life [7, 15], and are present
in germ-free {13] and congenilally athymic mice [3] and humans [4].
Sceond, preeursors for cells synthesizing IgG and IgA develop in cultures
of mouse foetal liver established well hefore T cells could have been seeded
to this site [17, 18].

Next we turn to the expression of the various classes of Ig during the
terminal differentiation of sIg* lymphocytes to mature B cells producing
large amounts of cytoplasmic immunoglobulin for secretion. Using sensitive
immunofluorescence techniques to detect surface Ig most cells producing
cytoplasmic IgM can also be shown to bear sIgM. In malignant clones of
IgM-producing cells, as in paticnts with Waldenstrom’s macroglobulinemia
and in certain IgM-producing malignancies of mice, representatives of the
malignant clone show persistent differentiation from sIgM+ lymphoid
cells to mature cells simultancously expressing surface and cytoplasmic
IgM [23]. All of these observations are consonant with the anti-p-mediated
inhibition of both primed and unprimed normal precursors of IgM-producing
cells.

IgM may also be found on the surface of normal and abnormal clones of
IgG-secreting cells [20, 27]. This may reflect the fact that « virgin » pre-
cursors of IgG-plasma cells continue to express sIgM and are thus inhibitable
by anti-g antibodies. In newborn mouse splecns, a small proportion of
sIgM- cells also bear sIgG,, and all of the sIgG.+* cells also stain for sIgM [10].
When cultures of such cells are stimulated with LPS, the proportion of
sIgG.,*, sIgM+ doubles drops drastically over the first 3 days in culture
and the numbers of sTgG.* « singles » hegins to rise. Many of the later
cells also hegin to express cyvtoplasmic IgG.. This corresponds with the
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loss of inhibition of ¢cIgG., cells by anti-u treatment after the third day of
culture. The existence of a population of B lymphocytes expressing both u.
and v receplors at the initiation of culture suggests that in this svstem
swilching may involve the loss of IgM-synthetic capacity by cells aiready
precommitted to IgG synthesis rather than the development of IgG-syn-
thetic capacily by cells bearing only sIgM.

Two alternate pathways ha\c heen proposcd for the switch from IgM
precursors 1o cells expressing IgA: a direct switch from IgM to IgA and
an intermediate stage of IgG expression. The following ﬁndmos are compa-
tible with the first possibility. (1) In most experiments, anti—-( treatment
only inhibits development of IgG-producing cells [13, 16]. (2) All of the
sIgA+ cells in human foetuses and newborn mice also bear sIgM (unpu-
blished). (Unfortunately, so far sIgG has not heen sought on these cells).
(3) IgM» has heen observed on a malignant population of plasma cells
contammo IgAn[27]. (4) In a single patient IgM- and lgA-myeloma com-
ponents in the serum were shown to share light chains, idioty p1c deter-
minants and identical amino acid sequences for the first few N-terminal
amino acids [3ly Evidence compatible with an intermediate stage of IgG
expression includes the followlng (a) In one of several experiments, anti-v
trcatment of young mice caused profound suppression of IgG synthesis
in half of the recipients; those mice which were suppressed for 138G syn-
thesis were also suppressed for IgA. In other experiments it has not been
possible to achieve complete suppression of IgG synthesis [13]. (b) During
ontlogeny in humans, mice and chickens, IgG+ cells are developed before
IgA+ cells and, in the chicken, cells committed to the synthesis of [gG are
seeded from the bursa before cells capable of IgA synthesis [11]. (¢) In a
CLL patient, dual populations of lymphocytes bearing cither IgGx or IgAx
were associated with a single serum monoclonal IgG of the same idio-
type [26]. Surface IgG was found on cells with either cytoplasmic IgG or
IgA, whereas surface IgA was present on cells with cytoplasmic IgA but
not on those with cytoplasmic IgG, thus suggesting that the direction of
the switch was from IgG to IgA synthesis.

DEVELOPMENTAL RELATIONS OF IgD

Although poorly represented in serum, IgD is present on the surface
of a large proportion of B lymphocytes, where it has heen postulated to
play an importiant role in antigen triggering of B-cell maturation [2, 19,
25, 28]. So far sIgD, or its homologue, has heen demonstrated on I3 lIym-
phocytes only in man, monkey and the mouse; mature IgD-scereting
plasma cells have been found only in man. The vast majority of 1a) serum
proteins in man, but not of sIgD molecules, have 7 light chains. Several
years ago, it was shown that most sIgM+ lymphocytes bear sIgD and vice
versa, but the developmental, relationships between sIgD and other classes
of Ig have until recently remained unclear.

Since the monkey lacks serum IgD, and anti-human & reacts with sigh
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on monkey lymphocytles, Pernis and associatcs were able to test the
effects of anti-3 antiscrum on monkey lymphocyles [19]. Following the
injection of anti-human IgD), monkeys responded with an increase in serum
IgM which was followed about a weck later by a 5 to 10-fold increase in
serum JIgG. The increase in serum immunoglobulins was associated with
the presence of antibodies against the serum proteins of rabbits, the species
in which the anti-3 antibodies were made. The simplest interpretations of
these results are that (1) antigens and anti-3 antibodies synergistically
trigger the maturation of appropriate clones of B lymphocytes, and (2)
IgD is present on the precursors for hoth IgM and IgG responses.

Using differential immunofluorescence, we have hegun to examine
these relationships at a cellular level in humans [7] and mice (unpublished
observations). Such studics in mice have been made possible by the success-
ful isolation of sufficient sIgD to produce a specific anti-8 antiserun: in
rabbits [1]. These investigations are still in progress, but the preliminary
results appear to be of sufficient interest and potential importance to
recouni here. 1 Smface IgD first appears on a small proportion of sIgM-
Iymphocytes in 12-wedk human foeluses (i. e., more than 2 weeks after
sI.q.\I cells appear) and in newborn mice (i. e., apploumatel) 5 dayvs after
sIgM~ cclls appear). (2) B lymphocytes bealmﬁ either s1gG or sl A appear
at about the same time as those bearing sIOD In fact B l) mphocyts
bearing sIgG, and sIgG, in mice and sIgG in humans may precede the
appearance of sIgD+ cdls (3) Whereas all sIOG- and SIL, D A- bcarmq lymysho-
cytes in very young human foetuses and neonatal mice also bear slﬁ\I
very few of the sIgG+ cells in newborn mice bear detectable sIgD. (4) Later
in human and mousce development sIgD can be found in combination
with sIg of all other classes. (5) The percentage of p-, y- and e-hearing cells
that also express sIgD varies not only with age but with tissue distribution
of B cells. Even in adult mice and humans, a relatively small proportion
of sIgM+ hone marrow cells are sIgD+ (approximately 30-60 9,), while in
peripheral tissues usually more than 80 9, of the sIgM cells hear sIgD.
(6) No IgD-containing plasma cells were found in the mouse. (7) No sIgD~
cells were detectable in mice treated from birth with anti-u antibodies.
Other results indicate that stimulated B lvmphocytes and maturing B
cells containing cytoplasmic IgM, IgG or IgA cease to express sIgD in
significant amounts. For example, mouse spleen cells induced by LPS to
synthesize Jarge amounts of these cytoplasmic immunoglobulins no longer
bear sIgD. As another example, virtually all of the many sIgA+ cells in
the highly-stimulated Peyer’s patches bear neither sIgM nor sIgD in detect-
able amounts.

Complementary observations have heen made in monoclonal human
Ivmphoid malignancies (reviewed in |5]). CLL cells very often express both
sIgM and sIgD. In Waldenstrém’s macroglobulinemia, the lvmphoid
munbels of the clone bear hoth sIgM and sIgrD whercas the mature IgM-
secreling cell members continue to express sIgM in easily detectable
amoum‘s but little or no sIgD [19 A]. In examples of hoth types of mali-
gnancies the sIgD and s]ﬁ‘\’[ have been shown to bind the same anti-
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gens [19 A] or to have idiotypic identity [6]. In Lhe cases we studied, IgG-
and IgA-producing clones of CLL cells or of malignant cells resembling
thosc in patients with Waldenstrom’s macroglobulinemia lacked detectable
sIgD (]22] and unpublished observations). However the apparent combi-
nation of sIgA and sIgD has been observed on CLL cells from one patient
(S. Kanner and D. Bull, personal communication) and that of y and 3 chains
on cells from a patient with y chain disease (unpublished ohservation).

TENTATIVE MODEL OF B-CELL GENERATION
OF Ig-CLASS DIVERSITY

Taken together, these observations suggest a tentative model for the
development of Ig-class diversity within B-cell clones in mammals. The
first stage of B-cell development begins with expression of IgM at a cyto-
plasmic level to he followed later in development by surface expression of
IgM. (It seems ljkely that clonal diversity of V-region genes will prove to
be gencrated duZ‘ing the stage of cIgM expression only). The sIgM+ cells
give rise to cells committed to synthesis of IgM, IgG and IgA classes.
All of these cells express their commitment to their respective Ig classes
and subclasses by synthesis of the appropriate surface immunoglobulins
while continuing to express sIgM. Around this time, sIgD as an additional
antigen receptor hegins to be expressed on the surface of all subclasses of
B lymphocytes. When triggered by antigens, T-cell help andjor B-cell
milogens, the stimulated B cells are induced to become mature plasma
cells or to divide and give rise to memory cells. During these proliferative
and maturational processes, sIgD appears to be lost, sIgM synthesis
may or may not he continued, depending upon the number of -cell divi-
sions, and continued synthesis of surface and cytoplasmic immuno-
globulins will reflect the primary Ig commitment of the activated B
cell.

The role of sIgD-antibody receptors thus would appear to be exerted
primarily during the initial triggering of the unprimed B lymphocyte, and
to a lesser extent, if at all, at the memory cell stage.

A genetic model whereby multiple copies of the selected V-region
gene are made and inserted in front of each C, region and the switch in
Ig-class expression determined by a programmed regulatory mechanism
may be the simplest hypothesis to explain the intraclonal switches
in C, -genc expression. This is especially attractive in view of the instances
in which two or more Ig classes with the same specificity are expressed by
the same cell. As an aliernative, stahle mRNA could account for continued
synthesis of Cu or Cy after transcription may have switched to Cy or Cx
respectively. For all of these classes, a single copy of the V, gene could
suffice if sequential translocation occurred. This Jatter possibility invoking
the expression of a single V,, copy per chromosome does not casily 2xplain
the apparent simultaneous and continued synthesis of C3 in concert with Ce
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and perhaps Cy and Ca as well, unless the IgD is transcribed from the
-homologous chromosome.

KEy-worps: Immunoglobulin, IgD, B .lymphocytc, Immunogenetics;
Developmental relations, Ig-class diversity, Switching.
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