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F1 trakzlo que equl =2 pi ce centrz en el estugio

involuzracdos zn el vesorocimientic 2 EnLIGENCS
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j fzz0) como T (o del timo) posesn en Sus superficies recepiores &5
M pecificos pare hgs (2-L). Mientras que el recepior pars hgs de
ios linTocitos B parels ST mosiosulineg muy similar e ios
0
Snticozonos hos, o cz encosntran =n e circuiecion LEnCUINES
2
5, 6y, e raturaleze bicouinmice del rzcentor de 10s linfocites T
Ty
; se zun incieria (4, 7, 8. Lz ‘cicac de la resccidn de oS
T cec-miores de tos b iics B ocon sus fes, se espEre ses My simi-
) . . !
lzr & squella que se presenta en la reaccidn Ag - Ac {¢). Sin em-
! L = = - 1 S s S oA /pffn(ﬁ]-
Lzrge, & reaccion de tos linfocites T con sus ligandos (generea
-J
~:nte oiras células) no es del todo tan sinole, ya que se ha chser-

d P . . - _ .. . .
un pepel determinante en Gicho reconocimi=nto (). Es decir, el
™ . . ;
linfocito T reconoce al Ag en contexto ce los productos del CMH
-4
ce expresan en la superficie de las células con les cusies in-

- L e T -
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1 Aparato Inmunocompétente, Los

Mm

Destruccidn de Tumocres por

s de su creci--

[

tumores malignos por lo general se caracterizan por acem
miento ¥y multiplicacidn incontroleblemente acelerados y su capacicad de
discminacidn (metistasis), por terner en su superficie celular estructu--

ras "altersdas" que el organismo recconoce Como extranas O antigenos (ros).

0

- . . - .
T4 raturaleza de estas estructuras en la superficie de las celulas tumo-

o)

rales o Egs tumorales es muy diversa: los tunores experimentales induci
dos por virus tienden a expresar Ags similares lcs cuales por lo ceneral

tumores inducidos por
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et
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T
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wn

son producto del genoma viral. Fo

[o]

mices expresan igs tumorales muy variados, algunos de ellcs -

probablemente de origen fetal y otros pesibles productos de mutaciones -

inducidas por las substancias guimicas tumorigénicas (1-3).

En condiciones experimentales se ha podido demostrar gque al-
guncs de los productes de la respuesta inmune a los Ags tumorales tales
como los anticuerpos (&cs) vy células -de diverscs tipos como lo son linfo
citos y los macrbfagos, son capaces de rechazar y destruir tumores trans

~
plantables (4-6). Dentro de las reacciones inmunes mediadas por celules
con actividad anti-tumoral, la mas importante parece ser la producida --
por los linfocitos citotdxicos derivades del timo. Estas células, los -
linfocitcs T citotdxicos (LTCs) son tarbién las encargadas de combatir -
algunas infecciones virales y de rechazar transplantes de tejidos. Aun-

gue el mecanismo de lisis de los LTCs todavia es desconocido, se sabe --
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- P -
ve para gue estas células reconozcan y rmaten a sus cZlulaes blanco (celu

Julas tumorales y

Y

o de ¢

w

génico mayor de histocompatibilidad. En el ca

c?dlulas infectadas por virus, es necesario tamhidn gue éstas eXPreseén en

.

u superficie al Ag correspondiente ya sea rumoral o viral para gue los

[0

El gran interés gue ha causado el comple]o génico mayor &
hictocompatibilidad dentro de la inmunolocia durante los Dltimcs anos es
en gran parte debido al nimero creciente ce funciones ligadas a la res—-

uidas a Zste (8-11). Este complejo -~

O
(o))
0]
Ko
1\
oo}
0]
n
|

ilamado H-2 en el ratdn y BLA en el humano es un conglomerad
. . - . A e e
determinan fendmencs inmunes tales como la regulacidn de respuestas

de nes a determinados Ags y la expresidn de moléculas de superficie celu

4r involucradas con interaccicnes celulares complejas entre ellas las

1t

de los LTCs con sus cglulas blanco. Los complejos H-2 y HLA codifican -
por lo menos cada uno, dos moléculas o aloantigenos gue se encuentran --

presentes en la mayoria de las células del organismo y que intervienen
en la reaccidn con los LTCs. Estas molZculas que han sido estudiadas --

con mucha intensidad, se encuentran codificadas por genes extremadamente

polimbrficos, es decir que existe un gran numero de formas alélicas den-—

(3

-2K y H-2D en el ra-

w

tro de una misma especie (8-10). Los alocantigenos 1
- 4 < . _ . . -~ .
tHén y HLA-A y HLA-B en el hombre han sido caracterizados Como glicopro--

- . A . -
teinas integrales de membrana de aproximadamente 45,000 daltons de peso



molecular (12,13).

Se desconoce si los LTCs poseen en su superficie dos recep--

- tores distintos, uno para el Rg de superficie celular "X" (tuwmoral, vi--

ral, 2gs mencres Ge histocompatibilidsd) y otro para los aloantigenos --

- H-2 o HLE, o si estes células citotdxicas tienen unicemente un solo re--

YJ ceptor gue reconoce y rezcciona con una zcociacidn de los dos Egs ("X" y
”i—w E-2 o HLR) en la superficie é

= v

es gue los LICs interasccionan

de los LTCs se encuentran diri

rales (15-17), RAgs menores de

[

* por medios quimicos (19,20).

Es claro gue el papel gue juegan los Ags

H-2 y BLA es esencial para el reconocimiento celular por los LICs, sin -

w.d

- los alcantigenos aungue se encuentre presente el Ag "X" en la superficie
- de la célula blanco, no hay funcidn del LTC. Por lo tanto, se antoja -—-
3
i

gue un posible papel de los aloantigencs H-2K y H-ZD (o0 BLZ~-A y HLA-B) -

-
3 es gue sean estructuras de "autoreconocimiento”; existe evidencia de gue
™M :

] los LTCs aprenden del timo durante su proceso de diferenciaci®n esta pro

£

iedad de autoreconocimiento (21,22). rdem2s, ya cue la funcidn de los

Le]

ula blaenco,

L
o
n

TCs supone la interaccidn directa con la superficie de la cél

la participacidn de los alecantigenos H-2 y HLA ayudaria a evitar gue AGS

!
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an ser yarticulas virales o Ag tuncrales —--—

bed

e B Nt A - 1 =
A en sOoliucion como 10 pour
gue han cido liberados al medio, compitan con 10S rgs en la superficie -

u fin, 1o gue suce-
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de las células blanco y 1os

der3a si los Ags nyt Fuesen reconocidos por si solos por

Como se menciond «con anteric-

ridad, las reacciones inmunes de tipo celular, principal

Bt 2 .
uwocion e turmo

[

TCs parecen ser las gue determinan el rechazo vy la destr

transplantables. Un ¢ran nhmero de estudios han Gemostrado gue rato

I

[p]

i
[oF

nes singénicos (de la misma cepa y con el mismo tipo

nimero de células rumorales si

den sobrevivir al transplante de un gran
2, C S S o= + - To) ~ 27 417 3 -2Rizca B s T
jamente inmunizedcs con Cceluias irradiadas O avenuases

<tcs han $140 prev

del mismo tumor (5y. Esta capacidad de rechazsr al tumor puede ser trans

ferida de un animal a oiro 3de la misma cepa poOr medio de linfocitos T -

(posiblemente LTCs) inmunes Yy ademas puede serx medida in vitro al cocul-~

9]

tivar células tumorales con células T inmunes, midiendo la inhibicidn --

3el crecimiento tumoral © la muerte de las cZlulas tumorales por la libe

€
racidn de radioisdtopos (4,5) Estas cobservaciones sefalan gue el apara

I

.

ser capaz de detectar ¥y destruir tumores
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en algtn determinado momento s

alghin tipo de agente oncogénico (substancias guimicas © virus). FEnrlich

en 1909 fué el primero en cefalar esta teoria de una "vigilancia inmuno-

16gica”

- .

Burnet (25) y otres (26,27). Surge automiticamente la pregunta de ¢

el organismo posee 3icha capacidad de reconocer y destruir a las

. 14 - - . ~
(23), 1la cuval ha sido més recientemente ostulada por Thomas (24),
' P
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tumorales, <{porgue €n un Cran rumero de cascs 10s tumores se

crecen y matan & sus huéspedes?.

Entre los pos
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160ica gue se pueden senalar se encuent

-

-

e s .
yresﬂon en gue el individuo puede llegar & encontrarse, facilitzndose asi

-~ - -~ < . ~ ) LA . g s T
el desarrollo del tumor (26); dichos estaqos Ge inmuncsupresidn puecen al

?

sarecer ser inducidos por el mismo tumor (28). 2) Los kgs twrorales pue-

7.4

nte fuertes para inducir upa respuesta inmune -

Jen no ser 1o suficien

celular répida y eficaz cue proteja y destruye al tumor antes de que éste

o]

mate a su huésped (1,29). 3) El tumor puede Crecer con tal rapidez gue

cie, y no es sino hasta mas rzvde cuando 1la masa tumoral se ha gesarrolla
do significativamente gue ¢stos pueden ser detectados, es decir cue los -
s ce

tumores pueden llegar a ser capsces de modular la expresidon de alguno
sus Ags en la superficie celular (30,31). 5) Los Ags de las células tu-

morales, no son accesibles a los LTCs por encontrarse blogueados por ACs

del tumor (49-5%). 6) Los tumores se vuelven

(4) o por proteina

resistentes a la destruccidn por LTCs por ser inmunes al mecanismo (hasta

zhora desconocido) gue utilizan estas células para destruir a sus céluleas
blanco.
2 continuacidn se presentan algunos ejemplos que han apareci-

30 recientemente en la literatura acerca de unos de estos mecanismos de

cape a la vigilancia y cestruc cidn inmunoldgica utilizados por tumores

0]
mn
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1I4UNCSUPRESION Y TUMORES

rangue el indice de tumores exponta

suprimidos no parece ser significativamente mayor al @

con funciones inmunes normales, si existe claramente una ¢ran éif

o al Gesarrollc de tumores inducides
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tratados con Suero antilinfocitico son mhs suscep-

- rumores inducidos por virus de polioma (32), virus

)
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tTo-
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) gue ¥

W
an
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micos |

o]

de leucemia murina (33) op =5 CU

o\

Tix

inmuenoldgicamente normales tratacos con 1os mismos agentes Onceg

CCS.

te Berendt y North (28) describen como un sarcc--

BALB/c induce la formacidn de cglu

1as con actividad supresora durante su crecimiento en ratones normales,

Los autores demuestran

g
O
rt
Q
2.
™
4
OJ
O
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.

pero no cuando crece €mn animales tim

T supresores gue son capaces de innhibir

(83

gue estas células son 1infocitos

a cdlulas inmunes con sctividad antitumoral (también linfocitos T), gue

logran desarrollarse en ljos animales t+imectomizados. La azctividad de --
dichos linfocitos T supresores parece ser bastante especifica ya gque no

interfiere con otras funciones inmune celulares tales como el rechazo ce

zlotransplantes.



Como se menciond en la introduvecidn, la {g;tr%ggg§gwggfvﬁ:2

struya a su célula blanco,

dictamina que para gue un LIC interaccione y de

. . N . - - " -
esta Gltima necesita expresar en su superficie ademés de una molécula --

extrana o Ag {en el czso de células tumorales, un Ag

Znico mayor de histocompatibilidad. Una

ductos H-2K y H-2D cdel complejo ¢
- 3\ = z 3 - - . .
de las pruecbas mas contundentes Ce que 1os ale sntigencs H-2 juvegan un -~

papel esencial en la reaccidn de lisis de las células tumorales por LTCs

con los experimentos yealizados con el timoma murino TL. Una sublinea -
rumor 1lamada TL  no expresa en su cuperficie las moli-

culas BE-2K y H-2D, pero 3 a la mayoria de 1os otroes Lgs presentes en la
2lulas --

sublinea normal TL , gue tambien expresa a los Ags B-2. Las ¢C

TL son incapaces de estimular la produccidn de LTCs © de servir como —-
células blanco & LTCs inducidos por las células TL {37-39)

probablemente no sea un buen ejemplo de un mecanismo
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gilancia inmunoldgica ya que en la mayoria de los tumores gue S

c1 se encuentran presentes en la superficie celular los Ags B-2, si cons

\mportancia y necesidad de la eX
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tituye un cas

O

presidn de los Ags mayores de histocompatibilidad en la superficie de

&

1ulas tumorales, para gue éstas puedan interaccionar con los LICs.

ot
m\

as ¢

mencionan tumores gue al parecer no ex--

wisten otros trabajos donde s

3]
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s H-2 y otros mas dond las células tumorales --
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poseen una forma slterada de dstos. En un linfoma producido en un raton

heterozigoto gue deberia expresar dos forrmas 218licas de cada uno de 1os

) %
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Fal

s se expresan de un

\9)]

icantigenos H-2 (Jdos H-2K y dos H-2D) ya gue estos

csazparece de la --

ﬂ‘

o)
(

a jcas de H=2X

modo codominante, una de las formas alé

|~4

+

uperficie de estas céliulas si se les mantiene en cultivo. Por otro la-

0n

(')

vesifn del aloanticeno perdido si se crecen

umorales in vivo (40). Otro caso muy similar ocwre COn un

1infoma de una cepa pura de ratdn donde

icie celular si las células se cultivan y reaparece si s

n
o
r—h

Zydida estable de uno de los alocantigencs E-2, el B- 2K en una leucemia

o}

.

e - R S . . -
ontanea de la cepa RKR de ratdn, probablemente debida a una mutacion

0]
L

[t

~culaes de ~

m\

s ol

{if

Je 1a zusencia de una de 1

(42) constituye otro

wrnrecidn de la otra (H-2D). En lcs casos én el

E-2 sin gue se altere la expre
cue la desa aparicidn del zlcanticeno es reversible ‘bajo distintas con ndicio
nes de crecimiento, se podria pensar en un fenbmeno de modulacidn antigk-

nica descrito antericrmente para otros Ags de superficie celular (30,31).

Algunos tumores pueden también expresar formas alteradas de sus AgSS H-2,
ce han descrito varios tumores mMurincs gue exXpresan formas alélicas dis--

=

tintas de H-2 (43). OQueda la duda de gue tan importantes puedan ser es--

—

Gcica. Por

o]

. - . - P . .
+os TenOmencs COmoO mecanlismes ae escape a a \71g11an(51a 1 nmuno

un lado, se necesitaria gue todos los Ags H-2 dejaran de expresarse en la
superficie de los tumores para gue éstos sean inertes con los LTCs. En -
cepas puras o individuos homocigotes, situacidn poco comun en la naturale

e -~ . 3
5. oblo se trata de dos aloantigenos un E-2K y un H-2D, mlentras gue una

21 N N 3 e assoa .
célula tumoral en condiciones normales y en individuos silvestres debe eXx
formas alélicas distintas de B-2K y -

presary cuatro a cantigencs H-2, dos



res cdel individuwo,., FPere--
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las células tumorales pusdan eludir a los LTCs (44) .
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productos ce la respuesta inmune, ACS ¥ 1,TCs. El blogueo de Ags Tumora-
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vuelvan resistentes a la lisis por LTCs fu
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1ulas tumorales es aguel causado poOr productos de las células tumorales

mismas. Un ejemplo de ésto es el extenso trabajo realizado por varios
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células de mieloma presentan en su superficie grande

glicoproteina de 160,000 daltons (gp 160) gue es susceptible a la proted-

sas (56). La glicoproteina gpl60 se encuentra com
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lisis por dichas prote

puesta por una sola cadena polipeptidica sintetizada por las células tumo

rales y no se encuentra presente en la superficie de otros tumcres de la

e son altamente susceptibles a los LTCs y Acs anti-
H-2 (54,56). Estudics recientes parecen sefizlar que gpl60 interacciona
preferencialmente con H-2K y H-2D ya gue la accesibilidad de otros Ags ——

presentes en la superficie de los mielomas LPC-1 y MOPC~315-OPEC no se en

cuentre significativamente alterada {(57).

Una proteina similar a gpl60 ha sido descrita por un grupo Ge

trata de una clicoproteina de 120-160,000 dal
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En un trabajo con el mestocitoma P815 de la cepa DBA/2
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~ - . .
‘§ de ratdn se reporta gue las cdlulas tumorales se vuelven resistentes a -~
- 1a lisis por LTCs dirijidos en contra de los Rgs tumorales pero no a LTCs

dirijidos en contra 3de los Rgs B-2 Gniceamente
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En el presente trabajo se ha presentado una serie de ejemplos

de algunos de los posibles mecanismos gue pueden utilizar las células --

tumorales para evadir a la respuesta inmune. Queda claro gue los tumc--

res pueden escapar & la destruccidn por el aparato inmunoconpetente por

medio de dos caminos principales: Frimero, desarrolléndose en indivi--

duos inmunosuprimidos, causando e
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EFFECTS OF THE EXTENT OF DNP SUBSTITUTION
ON THE APPARENT AFFINITY CONSTANT AND
CCOPERATION BETWEEN SITES IN THE REACTIONS
OF DINITROPHENYLATED HUMAN SERUM ALBUMIN
WITH ANTI-DNP AND ANTI-HSA ANTIBODIES
COUPLED TO AGAROSE

ESTEBAN CELIS ROSALIA RIDAURA? and CARLOS LARRALDE?

"Departamente de Biologiz Experimental del Instituto de Biologra,
*Depanamenio de Biofisica de la Faculiad de Clencias.
*Departamento de Biotecnologia del Instituio de Investigaciones Biomédicas,
Universidad Nacional Avtonomez de México, Mexico 20 D.F.. Mexico

(First received | November 19767 in revised form 13 January 1977)

Abstract—Increments in the extent of dinitropheny! (DNPJ* substitution of human serum albumin
{HSA] increases the apparent affinity constant of ils reaction with ant-DNP antibodies coupled to

agarose and decreases that of its reaction with anu-HSA antiboe

s also fixed to the same solid phase.

An ezscending limb of the Scaichard plotin the low levels of bound ligand is described and is shown
1o be also dependent of the degree of DNP substiivtion of the antigen. Results are discussed as
indicative of a probabilistic efiect of the antigens’ valence on the epparent affinity constant for antibodies
coupled - to agarcse while the ascending limb of the Scatchard plots as compatible with cooperation

between antibody active sites.

IXTRODUCTION

Many cellular activities are injuated by the reaction
of cell membrane bound receptors with specific
bgands. The immune response is no exception: the
production of aniibody, the proliferation of immuno-
competent cells, the activation of T-lymphocytes to
reject tumors and transplants of foreign tissuve, ard
some states of hypersensitivity are perhaps triggered
by the reaction of antigen with cell surface receptors
(Feldman & Globerston, 1976; Warner, 1974)
Although some attempts have been made to closely
examing the reaction of cell bound receptors with
antigen {Davie er al, 1973; Karush & Hornick, 1969).
the low concentrations of specific cells and the resiric-
tions imposed on the instrumentation by whole live
cells limit the depth of such studies. In an effort to
idenufy the most important factors in the binding of
antigen by cell receptors, we have covalently coupied
purificd antibodies onto agarose beads and began a
systematic exploration of the receplor-antigen reac-
tion presumably occurring on the cells by way of this
model svsiem. In this paper special emphasis 18 made
in describing the effects of the anfigens’ valence or
number of identical binding sites per molecule on the
binding process.

Qur resulis certainly point to the importance of
the number of dinitrophenyl (DNP} defermmants
carried by human serum atbumin (HSA) on the
apparent affinity {avidity) of its reaction with anti-
DNP and anti-HSA antibodies fixed 10 a solid phase,
and on the height of an ascendmg imb found in the

* Ahbreviations used : DNP, dinitrophenyl: HSA, human
serum albumin: PBS. phosphate buflered saline.

Scatchard plots at low concentrations of bound
ligand. compatible with cooperation between anti-
body sites.

MATERIALS AND METHODS

The overall experimental design consisis of studying the
reaciion of anti-DNP or ant-HSA punfied antibodies
coupled onto agarose with tritium-labelied HSA dinitro-
phenyviated to different extents (a) DNP,HSA-*H).

Inumuncgens and inumunization pmcea'ures‘

To obizin anti-DNP antibadies, DNP.:BSA was pre-
pared by reacting 2g of bovine serum albumin (BSA,
Sigma Chern. Co.) with 350 mg of 1-chloro-2.4-diniiroben-
zene {DNCIB, Sigma} in a 2%, solution of K,CO; at a
pH of ¢ and room temperatuse for 4 hr. Free DNCIB was
eliminated by extensive dialysis against a phosphate-saline
bufier, PBS (0.15 M NaCl 0.01 M PO,. pH 7.4) Protein
concentration was determined by Nesslerisation (Camphbell
er al. 1970) afier total digestion of the comjugales with
H.S50, in a micro-Kjeldahl digestor. The DNP:protein
molar ratio was calculated from the conjugates’ Q.D. at
363 nm using 17530 as the molar extinetion coefficient for
DNP-lvsine {Eisen. 1964). Anti-HSA antibodies were
obtained using 999 pure-human serum albumin (Sigma)
as Irmmunogen. Two adult male sheep were immunized,
one with HSA and the other with DNP,;BSA; both ani-
mals received Smg of antigen every 15 dayvs intramuscu-
larly vsing Freund's complete adjuvant with the antigen
w only the first occasion. Sheep were bled one week after
each immunization by puncture of the jugular vein obtain-
ing 500m! of blood each time. Sera were evaluated for
antibody content by conventional agar double-diffusion
precipitation methods (Campbell er al. 1970). Precipitating
sera were used as sources of purified specific antibodies.

Antibody purification
Ani-DNP and anii-HSA gammeglobuhn fractions were
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REGULATION OF THE BINDING OF ANTIGEN TO
RECEPTORS BY SOLUBLE ANTIBODIES: IN-VITRO
COMPETITION AND SYNERGISM FOR
DINITROPHENYLATED HUMAN SERUM ALR UMIN AND
eDNP-LYSINE

ESTEBAN CELIS* and CARLOS LARRALDE

Departmento de Biotecnologia. Instituto de Investigaciones Biomédicas.
Universidad Nacional Auténoma de México. Apartado Postal 70228, Méaico 20, D.F.

(Received 13 July 1977; in revised form 4 November 1977)

Abstract—=S8oluble anti-DNP antibodies compeied or collahorated in the binding of dinitraphenylated
human serum albumin 10 anti-DNP or anti-HSA antibodies attached to Sepharose depending, directly,
or the ratio of the concentrations of <oluble to insoluble antibodies znd, inversely, on that of the
antigen. Soluble antibodies competed or collaborated with the insoluble ones by polymerizing the
antigen and either meorporating or not incorporating the insoluble antibodies into the polymer,
Furthermore, a ¢lear advantage of insaluble antbodies over soluble onesin the pinding of antigen was
found, and is perhaps indicative of the importznce of the reactions” micro-environment and of the
secondary non-specific forces that may be participating. Thus, by znalogy, the role of circulating

anti-hapien and anti-carrier antibodies on the regulat

ion of the immune response may be either posilive

or negative depending on their concentration, on the number of cellular receptors availahle, on the
micro-environment of the cell surface and on the mzgnitude of the antigenic challenge. A simple rule
that relates some of these variables with the jmmune response is discussed,

INTRODUCTION

Of mzjor concern in any theory vwhere the occupa-
tion of & receptor by ligand acts as the trigger of
a biological response. is how ta explain the occur-
rence of ligand binding. particularly as the con-
centration of the reactants is usually extremely low
and also because there is often abundant ltgand
degradation and non-specific-binding systems co-
existing in the path of the ligands 10 the receplars.,
Compartmentalization and high afiinity of the
ligand-receptor reaction, as well as complex celtlular
interactions that favor the reaction or magnify the
very few successfui bindings of receplors, are
usvally proposed as the main factors participating
in such z mechanism ever accomplishing its trig-
gering function. The immune TESpONse seems 1o
depend on svch strategy (Feldmann & Globerston,
1976 Sercarz er al. 1974) but it presents a Very
special case in the multiplicity of receptors a ligand
as complex as antigen can bind to. Indeed, recepiors
of a given specificity should not only compete for
antigen with circulating antibodies of the same
specificity, but also with receptors and antibodies
direcied against the other specificities carried by the
antigen. Thus, the distribution of antigen on the tota]
set of receptors and antibodies capable of binding
it, is hard to predict and, therefore, the regularity

* Present address: Center for Cancer Research, Massa-
chusetts Institute of Technology. Cambridee. MA 02139,
U.S A,

" Diniiropheny! will be abbreviated by DNPand human
serum albumin by HSA. The subscript 2 in the aniigens
fefers 1o the haplen:carrier molar ratio.

<

of the immune response 1o a given antigenic deter-
minant is a somewhat amazing event; unless, of
course, the different parts of the binding sysiem
interact in some complex manner to direct the
antigen towards a given subsysiern. Circulating
antibodies could indeed play a significant role in the
regulation of the immune response (Uhr & Méller,
1968) via their influencing the distribution of anti-
gen. Some hints on how receptor and antibody
molecules could interact are already in the literat-
ure, mainly from studies on the effects of circulating
aniibodies on the immune response of whole ani-
mals or tissue cultures (Uhr & Moller, 1968; Graf
& Uhr, 1969; Bysiryn ef al., 1970; Haughion &
Mikeld, 1973; Diener & Feldmann, 1969; Abrahams
et al, 1973; Vann, 1969). Regulatory roles of
soluble anti-hapten and anti-carrier antibodies are
envisaged via precipitation of antigen, masking of
antigenic determinants, bridging between inieract-
ing cells, and cross-linking of receptors, 10 name but
a few, But due certainly to the experimental
restrictions imposed by ihe condition of life, the
hypotheses are in need of data that would rigorously
test and guantitate the participation of each one of
these mechanisms that are not mutally exclusive.
We set oul fo study the interactions between
receptors, antihodies and antigen in determining
the distribution of antigen in an ir-vitro system,
where receptors were modeled by anti-hapten and
anti-carrier antibodies immobilized in agarose
beads, circulating antibodies by soluble anti-hapten
antibodies, and where the antigen was radio-
active, dinitrophenylzied human serum albumin
(DNP_HSA-*H)* or dinitrophenyl-lysine (DNP-
lysine-"H). Qur results indicate that soluble anti-

588



[

. ] o
Fewrinted from

Proe. Nat! Aced
Vol T6 Ko 6. pp

Linmunology

9I17-20921 June 1974

Crawling movements of lymphoeytes on and beneath

fibroblasts in culture

{activated lymphoeytes/cell motility/T-cell leuhemias /surface antigens)
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ABSTRACT Sene homphocoytes become highly matile upon
immunalogical stimulation in vivo or in vitro. When introduced
into a culture of 373 or L cells and followed by live-cell mi-
croscopy., soine of these hvmphoeyles were _obs.cr\'(-d te crawl on
top of, zlong the edges of, and preferentially beneath the at-
tuched fibroblasts, The crawling could be as rzpid as 20
zm ‘min, easily delectable withoul a time-lapse device. The
striking ability of crawling lymphocyies to penctrate beneath
attached 3T3 cells provided 2 guantitative means lo compare
the crawling activity of different lymphocyte populations under
various conditions. Crawling was diminished by inhibitors of
encrgy wetabolism, by ageats that disrupt the evioskeleton, and
by absence of Mg wnd Ca®*, but not of Ca®* zlene. Crawling
Winphoeytes were virtuzlly absent in nornal thymus and spleen
celis. They increased greatly in S<lay mized hmphocyte cullures
and in peritoneal exudate Iymphoeytes taben aller mice had
been immunized with aflogeneic tumor cells. T cells accounted
for most of the crawlers, Of two T-cell leukemias tested, RIT
celle were crawlers whereas EL-4 eells were not. The 1.2 hap-
lotype of the 3T3 fibroblasts (i.e., whether syngeneic ar allo-
geneic) had no apparent effect on Irmphocyte crawling sctivity.
The crawling may relate to the exploration of cell surface anti-
gens by lvmiphoeytes immune surveillance), to the mode of ac-
tion ol eytotoxic T cells, ta the migration of lymphacyies across
blood vessel walls, or to the penetration of lymphocyles into
“solid” muasses of normal tissue or tumor cells,

The interactions of lymphocytes with ather celis are important
in the induction and regulation of immune responses and ip the
expression of immune {unctions, such as the destruction of

Narget cells bearing abnormal surface antigens. Very little is

known about the ways in which lymphacytes explore the sur-
face of other cells to hunt for appropriate surface antigens, or
penetrate into a "solid” mass of cells, or ¢ross endothelial or
mesothelial boundaries te make contact with extravascular cells.
The present paper describies an approach 1o the analysis of these
exploratory and migratory activities. In particulur, it deseribes
the crawling behavior of lvmphoeytes on and beneath attached
fibroblasts in culture and describes conditions for comparing
the crawling activity of lymphocyte populations that have been
activated in various Ways.

MATERIALS AND METHODS

Mice and Cells. In the following list of mouse strains, tumors,
and cell lines, the haplotypes of H-2, the major histocompati-
bility complex of the mouse, are given in parentheses. Mice of
the BALB/c AnN (d) and of the congenic BALB.B {b), and
BALB.K (k) strains weve produced at the Massachusetts Institule
of Technology. 3T3 fibroblasts derived from these mice were
developed by Hale et al. (1), A line of L cells ltransformed fi-
broblasts from the C3H /HeJ (k) strain) was obtained from H.
Green. The T-cell lvmphomas, R17* from C38/1 (k}2and EL-4

The publication costs of this article were defrayed in part by page
charge pavment. This article must therelore be hereby marked “ad-
vertizement” in accordance with 18 U, §. C, §1734 solely to indicate
this fact.

2017

from C57BL/6 (b} mice, were obtained from M. Bevan and H.
Winn, respectively. LPC-1, & myeloms of BALB/ ¢ AnN, was
adapted to grow in culture (23 L cells, R1* and FL-4. and
LPC-T were grown in minimal essential medium (Jow Ca2*),
REMI-1640, and L-15 (GIBCO), respectively, each supple-
mented with 10% heal-inactivated fetal call serum (Flow
Lahoratories, Rockville, MD).

Lymphocyte Stimulation. Spleen cells were cleared of
erythrocvtes with NI1,Cl and resuspended in culture medinm
(1, 2). In mired ymphoevte cultures, 7 X 106 “responder”
spleen cells were incubated with 3 X 108 vy-irradiated (1000 rad;
Trad = 1.00 X 1077 ] /ke) allogeneic “stirnulator” cells in 2 ml
of medium for 4-6 davs (1, 2). Lymphocytes at 1.0 X 107 cells
per ml were also stimulated with concarnavalin A {Worthinglon)
al 2 g mbor with lipopolvsaccharides (DifcoY at 10 pg/ml for
2davsto gencrate predominantly T- and B-cel blasts, respec-
tively, BALB/c AnN mice were immunized by an initial
(Cpriming”) intraperitoneal injection of 2 X 107 Fi-4 cellc and
a second {“hooster") intraperitoneal injection 4 weeks later of
2 X 107 cells. either EL-4 cells or BALB.B spleen cells (both have
the H-2% haplotype).

Separation of B and T Cells. To obtain B Iymphocytes, T
cells were eliminated by treating spleen cells or cells recovered
from mixed lymphoeyte cultures or peritoneal exudates with
anti-Thy-1 antibodies and complement (normal rabbit serum).
The anti-Thy-1 was a 1.2000 dilution of ascites fluid from mice
bearing a hybridoma that produces monoclonal anti-Thy 1.2
(3} dead cells were removed on 2 density gradient. To ¢btain
T lymphocytes, the same mixed cel] populations were passed
through a nylon wool column to remove B cells and macro-
phages (4). Peritoneal exvdale cells were incubated in a petri
dish at 37°C for 1 hr to allow macrophages to adhere ta the
plate; onlv the nonadberent cells (Ivimphacyvtes) were tested,

Live-Cell Microscopy. Chambers for visualizing cells by
microscopy were canstructed essentially as desceribed (51 L or
3T3 celis (2 X 10%) in 5 mi of Dulbecco’s modified Eagle's
medium (GIBCO)/10% serum were plated on a 75 X 25 mm
glass slide (Fisher) in a 100-mm petri dish (Falcon), After 4 hr
(377C in 10% CO./90% air) the cells were covered by a 22 X
22 mm glass cover slip (Corning) supported by bits of cover slip
(0.1-mm thick) at each corner to form a chamber. Lymphocytes
al 1.0 X 10° cells/ml in the same medium were introduced into
ihe chamber, which was then sealed along its edge with non-
toxic wax. While the chamber was observed under a Zeise mi-
croscope (Model 2432, equipped with a camera), it was main-
tained a1 37°C with an Air Curtain incubalor (Sage, Cam-
Liridge, MA). Cells remained viable and active for more than
)2 hr, but observations were generally completed in 3-4 hr,
Photographs were taken with Kadak PX panchromatic {ilm
(Eastman Kodak) at X160 or X400 magnifications.

Assay for Lymphocyles That Craw! underneath 3T3 Cells.
3T3 cells (1.3 X 10% in 5 ml of medium were plated on a 60-mm
petri dish, and after 4 hr 2.0 X 106 v mphocytes, whase crawling

e 1
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QOne of six transplantable ascites tumors of BALB/c
mice was found to become periodically resistant to ey-
totoxic T lymphocytes (CTL). About 12 days after LPC-1,
a mycloma fumor, was transplanted it became resisiant
to lysis by allogenic CTL {anti-H-2%) and by CTL directed
to trinjtrophenyl groups or miner histocompatibility an-
tigens. Susceptibility to lysis by all of these CTL was
regained within 2 (o 4 days after transfer of the resistant
cells to a fresh BALB /¢ host, These changes were recur-
rent: in each transplantation eycle the early LPC-1 cells
were susceptible and the Jate cells were resistant to C€TL.
Analvees with antisera (B10 anti-B10.D2} showed that
the serologically recognized products of the H-2¢ haplo-
fype were reduced about 10-fold on the LPC-1 cells that
were resistant to CTL.

Lysis of tumeor cells by cytotoxic thymus-derived lympho-
cytes (CTL)® probably constitutes the rmajor host immune
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defense against many proliferating tumors. In generzl, the spec-
ificity of CTL is restricted by producte of the major histocom-
patibility comples (MHC): i.e, for lvsis to occur, the target cell
must. present on ite surface both the antigen and the MRC -
products that were present on the stimulator cells that origi-
nally elicited the development of the CTL (1).

Besides surface antigens and MHC products, additional prop-
erties of the target cell surface are probably necessary for lysis
by attacking CTL. This possibility is in accord with previous
studies where it wae chown thal when MOPC-315EL, e BALB/
¢ myeloma tumor, proliferates In vive in BALB/c mice as a
transplanted ascites tumor the tumor cells undergo late in cach
transpleniation cycle a loss in ability to react with CTL, fol-
lowed by prompt restoration of reactivity when the “late”
tumor celle are transplanted into a fresh host (2). Thizreversible
change, recurrent in each transplantation cycle, was evident
with CTL having two kinds of aciivities. First, where CTL and
tumor cellzs differed in MHC (H-2) haplotype and the CTL were
directed against H-2 products on the tumor target cells; second,
where the CTL and tumor cells had the same H-2 haplotype
and the CTL were directed to non-H-2 antigens (trinitrophenyl
groups or minor histocompatibility antigens) (3-5). Although
thelate MOPC-315EL cells were defective as targets in a variety
of assays for CTL activities, the serologically defined H-2 prod-
uets (H-2%) were no different, qualitatively or quantitatively, on
the Jate, CTL-resistant and the earlyv, CTL-sensitive tumor cells
(2). Hence, other target cell properties, in addition to surface
antigens and H-2 preducts, are probably necessary for lysis by
CTL.

The present study was undertaken initially to determine how
frequently periodic resistance to CTL occurs among other trans-
planted tumors of BALB/c mice. We show here that of six
tumors examined (five myelome tumors and Meth A, a fibro-
sarcomal one myeloma tumnor, LPC-1, also undergoes late in its
transplantation cycle through BALB/c mice a loss in reactivity
with various CTL (anti-H-2%, anti-Tnp, anti-minor histocom-
patibility antigens), and recovery of reactivity upon transfer
into fresh BALB/c hosts. However, analysis with anti-H-2¢
antisera showed that, unlike MOPC-315EL, a periodic loss of
the serclogically recognized H-29 products zlso occurred with
LPC-1 and coincided roughly in time with this tumor’s loss of
reactivity with CTL.

MATERIALS AND METHODS

Animals, BALB/c AnN and congerue BALB.X mice (H-2
haplotypes are H-2° and H-2% respectively) were produced at
the Massachusetts Institute of Technology from breeders pro-
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Cells of the LPC-1 myelomea tumor {of BALB/c origin)
were tested periecically for susceptibility to lysis by
anti-H-2 cxtotoxic T Iymphocytes (CTL) and by comple-
ment-dependent anti-H-2 antibodies (Ab), and for ability
to adsorb these Ab, as the cells grew in culture and in
zscites form in nude (BALB/c-nu) and in normal BALB/
e mice. Cells barvested from 2 to 8 days after inoculation
into the peritoneal cavity had the “early” phenotype:
they were extensively lysed by the CTL and Ab and
effectively adsorbed the Ab. Cells harvested on day 8
and afierward had the "late” phenotype: they were not
Ivsed by CTL, required more Ab for Iysis, and had about
g-fold less ability (per cell} to adsorb the Ab. Al of these
activities were completely reversed 2 (o 4 davs after
transferring late cells into fresh BALB /e hosts. LPC-1
cells growing in nude BALB/c mice also changed from
the early, CTL-susceptible to the late CTL-resistant phe-
potype. With repeated ceil counts and measurements of
¥l.jododeoyiuridine incorporation to estimale growth,
it wes found that exponentially growicg cells had the
early phenotype and that cells in stationary phase had
the late phenotype. When placed in culture, the early
ceils retained their phenotype indefinitely {up to 40
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days). However, the late cells switched phenotype: ini-
tially resistant to CTL and ADb, after 1 to 4 daysin culiure
they became fully susceptible to €TL and highly reactive
with the Ab, and these features persisted in culture
thereafter. This transition occurred even when the late,
resistant cells were prevented from dividing in culture
by prior irradiation (210,600 R) or by tnmtrophenyldhon
with 2,4,6-trinitrobenzenesuifonic acid. The findings in
both nude mice and in culture indicate that the reversi-
ble, early-late phenotypic changes are due to changes in
individual cells, rather than to immunoselection of pre-
existing variant cells.

The accompanying paper describes changes in immunologic
reactivity of a BALB/c plasmacytoma, LPC-1, during growth
as an ascites fumor i evngeneic BALB/e hosts (1), Four davs
after transfer-to a BALB/c mouse the harvested tumor cells
vere readily lysed by eytotoxic thymus-derived lvmphocytes
(CTLY® and by complement- {C} dependent cytotoxic antisera
directed to producte of the major histocompatibility comples
{(anti-H-2° CTL and antibodies). However, 10 to 14 days later
the harvested tumor cells were highly resistant to these CTL
and somewhat resistant to the antisera. The resisiance also
extended to CTL that had the same H-2 haplotype as the tamor
and were directed against either trinitrophenyl (Tnp} groups
(2) or minor histocompeatibility antigens {minor H) (3) on the
LPC-1 target cells. On being transferred to a fresh BALB/c
host the resistant LPC-1 cells regzined their susceptibility to
Ivsis by the CTL and antiserum (1).

To explore these periodic changes further, we heve here
characterized them more cosely during growth of LPCI cells
in both normal and nude mice and in culiure. The results show
that the changes in reactivity with CTL and anti-H-2° antihod-
ies coincide in time, that the changes oceur cyclically during
growth in nude as well as in npormal BALB/c mice, and that
soime of the changes zlso occur when LPC-1 cells are maintained
in culture, even when cell division is blocked by y-irradiation or
by trinitrophenylation with 2.4.6-trinitrobenzenezulfonic acid.

MATERIALS aND METHODS

Mice and cytotoxicity assavs. The C57BLIOE10), B10.D2,

® Abbreviations used in this paper, CTL, cytotexic thyinus-derived
Iymphocytes; Top, 2,4,6-innitrophenvl; TUdR, jododecxvuridine; PBS,
phosphate-bufiered saline (015 M NaCl-0.0IM K phosphste, pH 7.41
TXNES. 2,4,6-trinitrobenzenesulfonic acid; minor H, minor histocompat-
ibility antigens; C, complement.
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Previous studies showed that when LPC-1 myeloma
cells were grown as ascites tumor cells in syngeneic
(BALB/c) mice, the cells harvested after 2 to 4 days of
growth (Tearly” cells) were susceptible to Iysis by eyto-
toxie T lymphoeytes (CTL) and highly reactive with anti-
H-2¢ aptisera. Cells harvested afier 12 to 14 days of
growth (“late” cells) were resistant to lysis by CTL and
poorly reactive with anti-H-2° antisera. The present
study shows that exposure to trypsin er chymotrypsin
or subtilisin (but not to thrombin or Staphylococcus A
protease) promptly converts LPC-1 eells with the late
phenotype into cells with the early phenotype. Compar-
jeon of radiclabeled cell surface proteins by gel electro-
phoresis showed that {the late cells possess a prominent
trypsin-sensgitive, high m.w. (160,000 daltons) surface
glycoprotein that ig present in smaller amounis on the
carly LPC-1 cells. This glyeoprotein (gpl6C) was not
Jetectable in four other BALB/c tumors that do not
undergo the early-late trapsition of LPC-1. That gpl60
was produced by LPC-1 cells, rather than adsorbed by
these cells as they grow in vivo, was evident from the
presence of an indistinguishable metabolically labeled
glhyveoprotein on cultured LPC-1 cells.

When the transplantzble plasmacytoma LPC-1 ie grown &S
an zscites tumor in syngeneic BALB/C mice, the tumor cells
undergo cyclical changes in susceptibility to lysis by eviotoxic
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thymus-derived lymphocytes (CTL)* (1, 2). During the first
week of a 2- to 3-week transplantation cycle, the LPC-1 cells
are readily lvsed by allogeneic (anti-H-2%) CTL or by S\TIgEneic
CTL with H-2-restricted specificity for nen-H-2 antigens {Ag),
either naturally occurring minor histocompatibility Ag or arti-
ficially introduced trinitrophenyl (Tnp) groups on these cells.
Beginning with about day 10, however, the LPC-1 cells become
progressively more resistant to all of these CTL. The late,
resistant cells again hecorne susceptible to lvsis when they are
a) transferred to a fresh BALB/¢ host, and harvested within a
week, or b) maintaived in culture for more than 4 davs (1, 21
Asthe LPC-1 cells grow in rivo and lose spsceptibility to lyvsis
by CTL, they also become less resctive with znsibodies (Ab) to
products of the H-2 complex: the Yate cells are less readily Ivsed
than early cells by anti-H-2° Ab and complement (C) and they
become 6 to 10 times less effective, per cell, than the early celis
in adsorbing these Ab (1, 2}, Al of these changes in the LPC-1
cells, as they progress throogh the growth cycle, can be ex-
plained by either a decrease in svnthesis of H-2-specified surface
slycoproteins, or a progressive decrease in the surface display
of these Ag due, for instance, to increasing production of other
susface mecromolecules that cover or mask the H-2 Ag.

In the present study we show that exposure to tripsin and
certain other proteases promplly converts LPC-1 cells with the
“late phenotype” {(resistant to CTL and poorly reactive with
anti-B-2 Ab) into cells with the “early phenotype” (susceptible
{o CTL and highly reactive with anti-H-2 Ab). In sddition,
comparison of radiolabeled cell surface glvcoproteins by polv-
acrylamide gel electrophoresis revesled that the late, resisiant
cells possess & prominent trypsin-sensitive, high m.w. surface
glycoprotein that is present in only small amounte on the early
LPC-1 eells. This glveoprotein (“gpl607) was not detectable in
four other BALB/¢ tumors that do not undergo the early-late
transition of LPC-1. All of these observations suggest that
ac LPC-1 cells cease to proliferate near the end of each trans-
plantation cycle, they produce a glycoprotein that accumulates
on the cell surface, masks H-2 swrface Ag, and renders the cells
resistant to host immune defenses (CTL and Ab plus C); on
resuming growth in a fresh host, the surface glveoprotein is
reduced and the cells regain susceptibility to immune lvsis until

4 Ahbrevistions used in this paper: CTL, cytotoxic thvmus-derived
Ivmphoeyies; minors, minor hisiocompatibility antigen. PBS, phos-
phate-buffered saline (013 M NaCi-0.61 M K phosphate, pH 741, SD&-
PAGE, sodium dodecy! sulfate-polyacrylamide gel electrophorests.
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previous studies showed that when a subline of plasmacytoma LPC-1 is

the tumor cells harvested after 10-12 days {'late"

e grown in ascites form t ce
fe cells) are resistant to lysis by cytotoxnic T lymphocytes (CTL), apparently
E
L
wecause the cell surface H-2 encoded molecules are blecked by a trypsin-

censitive glycoprotein of approximately 160,000 daltons: the glycoprotein

(gpl60) is produced, and accumulztés on the cell surface, as the growing

cells enter stationary phase. 1In contrast, 1PC-1 cells harvested from the

H%‘ peritoneal cavity early in the transplantation cycle (ca 4 days), while in
[ :
exponential growth ("early" cells), have far less gplé0 and are susceptible

to lysis by CTL. We show here that, compared with early cells, the late
1pC-1 cells ere far less effective in adsorbing antibodies (Abs) to prodﬁcts
1 ? d d LR .
of the B-ZK~ and H-2D alleles, but only slightly less effective in acdsorbing
+bs to Iz antigen, and fully eifective in adsorbing Abs to several antigens

not related to H-2 (e.g., PC.1, gp/0, gplO0, %220). 'The differences suggest

that gpl60 might preferentially block H-2 encoded molecules {especially K and D).

Gp 160 was also defected on another myeloma, MOPC-315-0PEC, a subline
of MOPC-315, where it also appeared to block E-2 molecules but not PC.1.
Additional evidence for an interaction between gpl60 and H-Z
molecules was obtained when sonicated membrane fragments were used to elicit
secondary CTL responses fo H-Z in cultuvre: the rTesponse could be elicited
by fragments from early LPC-1 cells but not from léte LPC-1 cells, unless

the late cells were treated with subtilisin (to remocve gpl60) before soni-

cation. \
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1. INTRODUCTION

The cell surface glycoproteins encoded by the genes of the mzjor histo-
compatibility gene complex (MHC) exert a major influence on 2 wide variety
of cellular Smmune reactions (1-4). Other cell surface molecules that inter-—
act with the products of the MIC are thus of porentizl interest. The obser-

described in this paper suggest that they may be a selective inter—

vations

action between the cell surface molecules encoded by the H-2R and B-2D loci
and another cell surface glycoprotein (gpl60) that is ewpressed on some

ryeloma cells.

The glyeoprotein called gpl60 was identified in previous studies on the
resistance of myeloma tumors to lysis by cytotoxic T lymphocytes (CTLs).
When cells of one of the resistant tumors, LPC-1, were grown in ascites form
2nd harvested after 4 days (“early cells") they were readily lysed by CTLs
that were specific for either H-2 or non-H-2 antigens {igs) on these cells
[é.g.,trinitrophenyl (Tnp) or minor histocompatibility Ags ("minors")l. “With
continued growth, howe¥er, the cells became progressively less reactive,
and when harvested on day 12 (”iate ceils“) they were completely resistant
to lysis by CTLs (anti-H-2, anti-Tnp, anti-minors). The capacity to adsorb
anti-H-2 antibodies (Abs) changed in parallel: the late cells were 5-10
{imes less effective than early LPC-1 cells in adscrbing these Abs. The
lzte-resistant LPC—1 cells again becawe reactive with CILs and anti-H-2 Abs

4 days after they were transferred into new hosts orT rlaced in tissue

culture (5,6).

R
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The development of resistance by the late cells was correlated with
the accumulaticen, on the cell surfsce, of a trypsin-sensitive glyccprotein
of approwimately 160,000 daltons §8P16O) (7). Thus treatment of the ;ate
LfC—l cells with trypsin, chymotrypsin, or subtilisin {(but not with certain

other proteases) promptly rendered them as rezctive with CTL and anti-B-2

Lbs as the early LPC-1 cells. The key glycoprotein was compesed of a single

polypeptide chain, and was synthesized by the LPC-1 cells (i.e., it was not

sdsorbed from the seruvm or ascites fluid of the host). Oversll, these findings

suggested that when gplé0 is present in large amounts on the surface of late

LPC-1 cells it blocks access of both CIL and Abs to the cell's B-2 Ags.

Prompted by these observations we have now asked whether the presence

;‘% of gplé0 zlso blocks access of ibs to other, norn-H-2, Ags on the suyface of
- the late LPC-1 cells. The results show that, unlike the H-2 Ags, the four
fﬂg norn-E-2 surface Ags tested appéar to be just as accessible on the late LPC-1
'”g cells as on the early cells, sugpesting that gplé0 might interazct preferen-
tizlly with H-2 encodéd molecules on the cell surface. Another myeloma tumor
'ﬂg that is reported here to alSo express gpl60 on its surface (MOPC-315-OFEC),
. .
P also behaves in adsorption tests with anti-H-2 and anti-PC.1 Abs as though
_3 gpl60 interacts selectively with the H-2 encoded melecules. However, when
(£§ mezsured by immunoprecipitation znd electrophoresis, the amounts (per cell)

of the H-2 Ags and a non-H-2 Ag (PC.1) varied in diverse cells in such a
E way as to supgest that differences in Ab-adsorbing ability of various cells

could reflect differences in either amount or in accessibility of surface

" Ags. The results also show that the interaction between gpl60 and H-Z
ng seexrs to be preserved in sonicated membrane frzgments from the late LPC-1

cells: the fragments from early LPC-1 cells were able to elicit a specific
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secondary anti-H-2 CTL response in vitro, whereas the corresponding membrane

fragments from the late LPC-1 cells were unable to do so, unless gpl6l was

removed from the late cells, prior to sonicaticn, by

I3
‘

9. MATERIALS AWD METHODS

; d
2.1 Mice. BALB/cAnN (H-2 ), BALB.K {H~2k), B10.D2 (H—Zd) and DBA/2 (H—Ed)
mice were produced at the Viassachusetts Institute of Technology. RIB (H—Zd)

mice were purchased from the Jackson Laboratories, Bar Barbor, ME. Animals

of the same SeX and age (6-10 weeks) werée used in each ewperiment.

2.2 EEEEEE} BALB/c plasmacyiomas LPC-1, MOUPC 315 and MOPC-167, originally
obtained from Michsel Potter, National Cencer Institute, wWere transferred

7 .
cach week as 1%10° ascites tumor cells (per BALB/c AnNK mouse). ELarly and

1ate LPC-1 cells were ohtained after 4 oand 12-1

by flushing the peritcneal cavity with phosphate buffered saline (FPBS)

red blood cells were eliminated by several cycles of centrifugation at 50 % G

for 7 min in PBS. The DBA/2 tumor FP815 was maintain
. 51 ) . 6 . . . 51 .
lzbeled with Cr by incubating 5510~ cells with 250 »Ca of N32 CrOQ (New

England Kuclear) im 0.5 ml of RFMI-1640, with 10% fetal calf serum, for 1.5

o0
hrs at 37 .

. . . , 4
2.3 Sera. The following antisera to products of the B-2 complex WeIe

1) B1O anti-B10.D2, directed against the entire H-2 complex;

B10.DZ (anti—HMQKd and presumably specific for H-2.31); and 3) (BLO.AXMx129)

mti—BlD.A(anti—H—?Dd, and presumably specific for E-2.4). These antisera

were produced in this 1aboratory by biweekly intraperitoneal injections of

7
1x10° spleen cells. The specificity of these antil

treatment with subtilisfn.

4 days of growth, respectively,

ed in culture. Cells were

used:

2} (BlOxA) enti-

ceraz was tested in two ways:



[

1) 1In cytotoxic assays, uSing cells of the B—Zd, 12" and p-2% haplotypes.

. s . d
The anti-BE-2K° and anti-B-2D" sera were found to lyse only targets of the

d . .
p-2% haplotype. The antisera directed to the entire H—Zd region (BlO anti-

d
E10.D2) lysed the H-2 cells and cross reacted as expected with the H-2

cells. 23 ImmunoPTecipitations of NP—-40 ewtracts of surface labeled cells

125
with i (see below) showed that all three antisere precipitated a profein

of approximately 45,000 daltons and that two of the antisera (B10 anti-

A d
£10.D2 and antl H-2K ) also precipitated 2 peak of 70,000 daltomns, presumably

s were irrelevant for the present studies because

gp?0. The anti-gp/0 Ab

they had no cytotoxic activity on gp7C-positive cells with different H-2

haplotype. An anti-Ia serum (A.TH anti-A.TL serum) was kindly provided by

Dr. David Sachs, National Cancer Institute. This serum was found to immuno-

. 5 . .
precipitate {rom I-labeled LPC-1 cells & lebeled protein that migrated

in SDS-PAGE as a broad peak of approximately 30,000 daltons.

NZB, DBA/2, and 810.D2 mice weTe injected intraperitoneally on day 0 with

lle7 viable LPC-1 cells. The tumor grevw at first but was usually rejected

by day 21; the apimals were boosted with 1x107 viable LPC-1 cells on day 28

and every 15 days thereafter, and were bled 7 days siter each injection.

Serum from the B10.D2 mice were zdsorbed 8§ times, each time with an eaqual

. o) - N . .
volume of MOPC 167 cells, for 30 wmin at 4 ; siter the adsorptions these

cera had no cytotoxicity activity against lCr—labeled MOPC-167 cells but

were still =zctive agelnst LPC-1 cells.

Goat anti—tween—SO—solubilized Maloney virus was kindly provided by

Tr. David BaltimoTe. Rzbbit anti-mouse thymocyte cerum was purchased from

Cappel labs, Cochranville, PA.



’ 5.4 Immunoprecipitstion end rmalysis of Radiolabeled Surface Proteins.
. . 125 .
chﬂl,HOFC~31S—OPEC and MOPC-167 cells were isbeled with Na I (Xew Englend

wuclear) By the lactopercoxidase zethod (7). To colubilize the membrane pro-
hea teins the radiolabeled cells were “meubated for 30 min om ice with 0.5% BP-40 5
J in PBS (200 ul per lx107 cells); debris was removed by centrifugation at

-, ; . -
: 6000 x G for 20 wmim. 100 pl of the NP-40 extract were mixed with 20 pl of

100 pl of suspension of

e e e o
antiserun and, sfter 15 min incubation at 257,

i |
A
o formaldehyde—fixed and heat-killed stapylococcus A cowan strazim I (8)
A . . o4 Caa . .

P (107 suspenslon in PBS-KP-40) were added. After amn sdditional incubation

Lo

for 15 minutes, the bacteria were packed znd washed 5 times, ezch time by

R

1

: centrifugation (300 % G, 10 min) in PRS-NP-40. The vound radiolabeled com—

L

A poments were then eluted by incubating the becteria in S0 ¥l of 5% SDS in

e 0.14 tris, pH 6.8, 4% g-mercaptoethanol in a boiling water bath for 2 min.
4‘% : 1 ol .

e The samples were centrifuged at £000 x G for 10 min fo remove the staph A

' J - .
o 2nd the supernatant was subjected tO SDS—polyaCIylamlde gel electrophoresis
B

‘ in tube gels (SDS-PAGE) as described (9). Gels were frozen znd sliced on

vd )

4 gry ice (1 or 2 mm per slice), and the radiosctivity of each slice was

b measured in a Packard gamma counter.

i %ﬁ

. 2.5 éggiégﬁy_éégggg;}pn Tests. Quantitative adsorpticn tests were performed
i by incubating different numbers of tumor cells on ice for 30 win with 75 pl i

j ' ;
%‘ of diluted antiserum. (The dilution used gave, in separate tests with f
N : : . 1

complement (C), approximately 60% lysis of the appropriate Cr-labeled
] .
diluted in RPMI-1640 con-

tumor cells). The cells, antiserum, and C wetre 211
f

taining 0.0ZM BEPES buffer and 0.1% Gelatin (Difco). The adsorbing cells were:

adsorbed antiserum, 25 ul |
i

b
§

removed by centrifugation and two aligquors of the
each, were placed in sepzarate wells of a 96-well microtiter plate (Limbro)

51

Sy

cells

T
("~

and tested for residual cvrotoxic activity by adding 5x10 Cr-labele

e et e

i in 25 1 containing normal rabbit serum, dilured 1:10, ss a sOurce of C. Aftel

T



i

o

) .0 . , . ‘s
incubation at 37 for one hr, 100 pl of dee-cold wediuvm was added to each w.l

and the plates were centrifuged at 100 x G for 10 min; radicactivity in 75 )

of the supermatant from each well was messured in a Packard gamma counter.

Specific lysis was calculated as 100 (ER-SR/100-8R), where ER {experimental

51
release) is the % 7 Cr relessed in ihe presence of serum and C, and SR

51 . v
(spontaneous relesse) is the %7 Cr released in the préasence of € alone.

. _ 6
2.6 Stimulation of Secondary CTL Responses. 710 spleen cells from BALB.K

mice, primed 4 to 6 weeks previcusly by an intraperitoneal injection of

lxlﬂ? BALB/c spleen cells, were incubated with either 1.7x107 irradiated

(10,000 Rads) LPC-1 cells or different amounts of membranes obtained by

conicating LPC-1 cells (see below). After incubating the cultures in supple-

. - c . [y o s . .
mented RPMI-1640 medium (7) 2t 37 in 2 10% COZ—QOA sir mixture for 5 days,

the remaining cells (effectors) were tested for cytotoxic activity against

d
51Cr—1abe1ed H-2 target cells (P815, below). Crude membranes from LPC-1 cel

were obtained under sterile conditions as previously described {(10-12) by

8 .
first sonicating 1x10 cells in 10 ml of PBS, on ice (six times, 30 sec

ezch time). Whole cells and debris were removed by centrifugation at 100 x

G for 10 min. The supernatants were centrifuged at 200,000 x G for 60 min

and the pelleted membranes were resuspended in 1 ml of R HMI-1640 without seruy

Protein content was determined by the Lowry method (13).

2.7 CTL-YMediated Cytotexicity Assays. Different numbers of effector cells

were incubated with lxloé 51Cralabeled P815 target cells in a final volume

of 200 pl of supplemented RPHI-1640. After 4 hrs at 37° under 10% CO,, 1.2 ®
of ice-cold PBS was added to each tube and the cells were centrifuged (L00xG,

3

=l

S min). Cytotoxicity was mezsured by determining the radioact ty released



into the supernztant. Specific lysis was calculated as 100 (ER-SR/100-SR),

where ER (experimental reileazse) and SR {spontanedus release)} are percentages

3 . .
of 3 Cr released frow tarvget celis in the presence and absence of immune

cells respectively.

3, RESULTS

To. determine whether gpl60 has different effects on cell surface E-2

and non-1-2 Ags we compared the adsorption of Abs to these verious cell

surfzce Ags by myeloma tumor cells that ¢iffer in amounts cof surface gplb0:’

1} early vs. late 1PC-1 cells, 2) late LPC-1 and MOPC-315-0PEC vs. MOPC-167.

The non-H-2 Ags examined were identified by the following antisera:

1) E§§i3m§2§i~LPC“1. Fignre 14 shows the 5DS ~PLGE pattern of the

1QSI-lebeled Ag bound by this antiserum in the NP-40 extract of lzslﬂlabeled

1PC-1 cells. A single peak of approximately 110,000 daltons was evident.

The antiserum and the position of this peak indicate that the Ag COrresponas

to the plasma cell Ag, PC.1, described by Takagashi et al. (14) and Tung
et al. (15).

2) B10.D2 anti-LPC-1. The SDS~PAGE profile, shown in Figure 12, indi-

cates that this antiserum contzined both Abs to PC.1 and Abs to some Ags of

lower molecular weight. Aftfer exhaustive adsorption with MOPC~167 cells,

most of the anti-PC.1 activity was removed, leaving Abs to the other Ags

(Fig. 1B).

3) Rebbit snti-pouse thymocyte serum. This antiserum, obtained from a

commercial source, has been shown to react with a molecule of 200,000 daltons

on the surface of murine thywmocytes (T-200), and with a simiiar antigen of

220,000 daltons en B cells (16). Figure 1C shows that this antiserum binds

T Y AR Ak



125 . .
s cell surface I-lzbeled component of high molecular weight in NP-40

eytracts of LPC-1 cells. Ve tentatively designate this Ag as B-220,

£) Goat anti-Maloney virus. This antiserum bound two proteins, approxi-

rpately 70,000 and 100,000 daltons, from LPC-1 cells (Fig. 1D). This is in
zccord with the known expression of leukemia virus antigens {gp70, gpl00)

on many mouse myeloma cells (17).

previously reported that late LPC-1 cells adsorbed 6-10 times less asnti-H-2
Abs than early LPC-1 cells (5,6). The anti-H-2 Abs tested previously were

. . d . . . . .
razised against the entire H-2  region by immunizing B1O mice with spleen cells

from B10DZ mice. It is shown in Figure 2, with antisera hzving more restricted
e s - . . 4.4 s . . d , )
speciiicities, that Abs agzinst H-2K and Abs zgaiunst H-2D° Ags were zlso

zdsorbed markedly less (10-15 fold) by the late LPC-1 cells than by the early

ones. There appeared alsb to be a small difference (about two-fold) in the

zdsorption of anti<Ia Abs by late and early LPC-1 cells, but whether this dif-

ference, observed in two different experiments, is significant, is mot vet clea

' 3.2 Accessibility of the Non-H-2 Antigens om Intact LPC-1 Cells. Figure 3

chows that intact late and early cells did pot differ significantly in their

capacity to adsorb cytotoxic activity from the antisera to zany of the four
| non-H-2 Ags tested.
[

L : '
3.3 Comparison of Three Myeloma Tumors. To determine whether the preferential

b_j blocking of the H-2 Ags by gpl6e0 could be observed in additional tumors. we
a3 compared two other myelomas with LPC-1, One of them, & subline of MOPC-315
o (called MOPC-315-0PEC) evidently expresses gplb0 on its cell surface, whereas
o the cther cone, MOPC-167, does not. Thus, as shown in Figure &4, when the

[

"



LPC~1 and

125

i-labeled surface components were analysed by SDS-PAGE, both

MOPC—-315-0PEC contained a prominent pezk of approximately 160,000 caltons

(srrows); this peak apparently was absent on MOPC-167 cells (panels A,B, and

LPC-1 cells (see Materials and

c)., Vhen Abs from NZB mice immunized with
.3 § . . ) - s 125
Methods) were used O immuncprecipitate the NP-40 solubilized, I-labeled

surface components from these three myelomas, gpl60 was precipitated (along

with & few other Ags) from both LPC-1 and MOPC—315-OPEC (Fig. 4, panels D

nd E) but not from MOPC-167 {panel F}.

a

In Figure 5, the ability of LPC-1, MOPC-315-0PEC, =znd MGPC~167 cells

to adsorb anti-H-2 and anti-PC.1 Abs is compared. These results show that

to reduce the cytotoxic titer of the anti-B-2 Abs (B10O snti—-B10.D2), 10 times

pore MOPC-315-0PEC and 50 times more LPC-1 cells were needed than MOPC-167

cells (panel A). In cocntrast, the three myeloma tumor cells ware ecually

cffective in adsorbing the Abs to PC.1 (DBA/2 anti-LPC-1, panel B).

3.4 Quantity of H-2 Encoded Antigens on Three Myeloma TumoTs. To determine

if the H-2 Ags were present omn the surface of LPC-1 and MOPC-315-0PEC cells,

the emounts of B-2 in NP-40 extracts of

.
ce-lzabeled ("251 znd

but simply not accessible to Abs,
the myeloma cells were meazsured. The cells were surfa

lactoperoxidase), extracted with WP-40, after precipitating the solubilized

. . d . . ” .
H-2 Ags with anti-H-2  antisera B10 anti-B10.D2Z), the precipitares were sub-

jected to SDS~PAGE. Table I shows that the total number of cpm migrating in

the region of the E-2K and R-2D encoded heavy cﬁains (45,000 c¢alton) was

approximately the same in tumors that have gpl60 (LPC-1 and MOPC~315-0PEC)

and adsorb anti-H-2 Abs poorly and in the one that lacks gpl60 and absorbs

anti-H-2 Abs well. Also, the relative amount of H-2 of these cells (cpm B~2/to

cpm) was approximately the same in MOPC-167 ané MOPLC-315-0PEC; in LPC-1 cells

(Table I) the relative amount was somewhat less (Table 1).
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4 preliminary similar experiment with anti-PC.1 Abs suggested that
jate LPC-1 cells may have two times more PC.1 than esrly LPC-1 cells and

four times more than MOPC-167 cells (data not shown).

3'57 Stimulation of §§coﬁd§53 CTL Response to H-2 Antigens by Subcellular

rragments of LPC-1 Cells. It is known that cell membrane fragments can elicit

a secondary anti-H-2 CTL response in cultures of spleen cells from wice that wer
primed by a previous injection of the corresponding intact allogeneic cells
(10-12). Accordingly, to detersine whether the apparent selective interaction
betrween gpl60 and H-2K zand H-ZD Ags occurs only on intact cells, we conpared
fregrented mewbranes from early and late LPC-1 cells for their ability to

s . ., Ad - ;o
elicit secondary anti-H-2° CTLs. Spleen cells from BALB.K mice that were

. . . , 7 . . .
primed 30 days previously with 1%10" BALB/c spleen cells were stimulated with
intact early or late LPC-1 cells and with different amounts of sonicated mem-

branes from these cells.

As is shown in Table 11, intact late LPC-1 cells were &% effective as
intact early cells in stimularing anti«B—?d CTL responses by primed BALB.K
spleen cells. This result is not surprising since, as Qe reported earlisex
(6), late LPC-1 cells revert to the early phenotype when placed in culture.
However, crude membrane fragments from the late LPC-1 cells were distinctly
less effecrive than membrane fregments from the early cells in eliciting

.y ad \ . R
anti-BE-2° (TLs. But, when the late LPC-1 cells were treated with subtilisin
(to remove gpl60) and then sonicated rhe resulting wembrane fragpents were

just as effective as those from the early cells, suggesting that in sonicated



| mexbrane fragments from late LPC-1 cells, the H-?K and D Ags are blocked
ﬁﬁ7 by gpl60.
hl,J -
1% 4. DISCUSSION
;j The results of the present study indicate that Abs to H-ZK and H-2D

Agé sre bound much less by late than by early LPC-1 cells (Fig. 2). 1In comn-

crast, there is no difference between the early and late cells in ability to

-

| bind Abs to four non-H-2 Ags on these cells (Fig. 3). Additional evidence

that suggests preferential blocking of the B-2 4gs by gpl&@ was obtained

ii

i when three different myelomas, two that express gplb0 on their surface (LPC-1

and MOPC-315-0PEC) and ope that does not (MOPC-167, Fig. 4) were compared

{or their capacity Lo react with anti-H-2 and anti-PC.1 Abs. While these

e
[ d
: cells differed greatly in capacity to adsorb the anti-F-2 Abs (Fig. S4),

[

no difference was observed with the anti-PC.1 4&hs (Fig. 58). Teken together,

] 211 of these results indicate that on the surface of late LPC-1 cells gpl60

interacts selectively with Ags encoded by the H-2K and B-2D loci.

[E—

fﬁ\ 7 An zlternative possibility is that late LPC-1 cells make much less H-ZK
- and B-2D Ags than early LFC-1 or other mveloma cells. However, earlier

3 ) . ] : .

o studies showed that protease treatment of late LPC-1 cells removed gplb0 and
— . I a
- incressed the cells! ability to react with anti-E~-2 Abs (and CTLs), indicating
e )

. that in the late LPC-1 cells the H-Z Ags are insccessible, not absent (7). To
E@ eveluate this issue faurther, advantage was teken of the fact that derergent

.| solubilization of plasma membranes can uncover antigenic determinants {epitope

of membrane molecules that are not accessible to Abs on the intact cell (20);

hence quantitative immunoprecipitation can be used to measure the amounts of

labeled surface Ag on cells, When late and early LPC-1, MOPC-315-CFEC
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and MOPC-167 cells were 1 Sl—surface labeled and solubilized with KP-40,
spproximately the sawe amount of surface, radiciodinatable E-2 Ag were de—
tec;ed oﬁ 211 of them (Table 1). Thus, the H-2 Ags are not reduced in amount
on the surface of LPC-1 and MDPC—élS—OPEC; instead, they are blocked on the

intact cells.

The samne quantitative icsue must be reised for the other, non-E-2 Ags.
A preliminary measurement by imzunoprecipitation with anti-PC.1 Abs, suggests
that the late LPC-1 cells have approximately two times mwore PC.1 than the
early LPC-1 cells and four times more than MOPC-167. 1f these results are
cubstantiated, then the ability of late LPC~1 cells to adsorb anti-PC.1 Abs
only as well as early LPC-1 and MOPC-167 cells would mean thet PC.1 is somewhaté
Jess accessible on the surface of cells that have large amounts of gpibl (late
1LPC-1) than on gplol-negative cells (MOPC-167). Wonetheless, the biocking
effect of gpl60 secems to be clearly more preonounced on B-ZK and B-2D Ags

+han on the other cell surface Ags tested.

From the capacity of fragmented membranes from sonicated early, but not
from sonicated late, LPC~1 cells to elicit secondary anti-H-2 CTL in culture,
it is likely that gpl60 blocks H-ZK and H~ZD Ags on isolated membrane fragments
from the late cells {Table I1}. Thus, there is probaﬁly no need for complex f
structures in the intact cell (such as cvtoskeleton) to maintain the gpl6C-H-

ZK,D interactiom.

In results that are roughly similar to ovrs,Tokuyama and Migita.(ES) re-
ported that a trypsin-sensitive glycoprotein of 120-160,000 daltons, present
on the BALB/c myeloma fumor F58-8, Dblocks access of Abs to H-2 Ags on these tum
cells. It is possible that gpl60 and the blocking glycoprotein on P33-8 cells

re the same; however, the same group reported earlier that some undefined

[
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non-Y-2 Ags recognized by a rabbit anti-PS58-8 serum {zdscorbed to remove
anti-1-2 £bs) were also blocked on P58-8 cells with the surface glycoprotedn
{19).

Different approaches have been followed to study the interaction of the

B-2 Ags with various cell surfece molecules. Some Ags of viral origin scem

to migrate with H-Z Ags on the cell surface in copatching and cocapping ex-

e
=]

perimerts with fluorescent Abs (21,22). Also, 2 200,000 dalton glycoprote
Lnown as T-200 has been reported to cocap with H-2 on the surface of a thymomsz
tumor (23). In a different zpproach, proximity between. two different cell
surfzce Ags has been measured by the capacity of Abs to one of the Ags to~
block access of the second Ag to its ocwn 4Abs, Using this technique, B-2
molecules were shown to Ee near neighbors of Thy-1 and Lyt-2 Ags (24,25).

In our case, copatching end cocspping of H-2 with gpl60 probably is not feazs—
ible since the interacting B-?7 Ags hardly reasct with anti-H-2 Abs, and the

Klockine of H-2 is observed without the need of anti-gplt0 Abs.
« [apu

By adsorption tests with anti-gpl60 Abs, obtained in NIB mice immunized
with LPC~1 cells, ‘we have so far not been zble to detect gpl&0 on normal
spleen, thymus, or liver célls (E. Celis, unpublished results). It is pos-
sible, however, that a small proportion of these ﬁormal cells coﬁld exXpress

pl60 on their surface and not be detected by the adsorption assay.

n

The greater effect of gpl60 in blocking access of Abs to the H-2K and
H-2D 4Ags tﬁan Abs to some other, non-H-2 Ags, suggests that gplé0 and the
H~-2 Ags interact closely on the cell surface. If gplél0 and the H-2 molecules
are bound toéether on the cell membrane, the association is probebly due to
weak non-covalent bonds, because in NP-40 the molecules are individually pre-—
cipiteted with their respective Abs. Experiments with crOSSulinﬁiug'agents
are now under way to link covalently any gpl60-H-2 complexes that may be

present on intact cells.



A4 cell surface structure that interacts pteferentially with the major

histocompatibility hgs, blocking sccess to CTLS, could have sprvival value

for both tumorl and normal cells. Tor instance, the expression of gplb6l0 or

similar molecules on the curface of tumor cells could provide & pechanism

for tumor cells to escape immune destruction’by p-2 restricted CTLs. In
addition, during their differentiation SOmE normal cells way express newv
surface molecules for which the host is not yet tolerant (e.g. idiotlYypes of
surface 1g on developing B cell clones). CTL responses to such self neo~
antigens could be avoided if the cell were tO mask its major histocompatibil-
ity Ags. Regvlation of the expression of 1-2 Ags, through interaction with
epl60, aiso has the potential zdvantage that while the antigenic Jeterminants
recognized by CcTLs (and Abs) &ve vlocked, other parts of the B-Z molecules

may still be capable of serving some other function.
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Figure 1.

Figure 2.

ot

Tigure 3

Figure and Table Legends

lzsl—labeled cell surface proteins

12
51_

SDS-PAGE of immunoprecipitated
from LPC-1 cells. An NP-40 extract of lactopercoxidase-
1abeled cells was reacted with diverse antisera to non-H-2 Ags.
A, DE4/2 anti-LPC-1; B, B10O.DZ anti-LPC-1; C, rabbit anti-mouse
thymocytes; D, goat anti-Maloney virus. Panel B shows inmnuno—
precipitates obtzined with both non-acdscrbed serum (O) and

serum adsorbed with ﬁOPC—l67 cells to remove the enti-PC.1 Abs

(¢&). The position of heavy and light chains from immunoglobulins,

21y, are molecular weight markers.

5]

indicated by H and L respectiv

7
The LPC-1 cells were harvested 7 days after transplanting 1»10

cells ip.

Comparison of the adsorption of anti-E-2 Abs by early and late
1.PC-1 cells. Different sumbers of early (@) and late (&) LPC-1
cells were tested for their capacity to =dsorb C-dapendent <yto-

. . d
toxic activity from sera directed zgainst Ags encocad by the E-2Z

d .
complex. A, apti-n-2X  (B-2.31); B, anti—H—ZDd (5-2.4); C, anti-Ja
(A.TH anti-A.TL). The C-dependent cytotoxic sctivity remaining

. . X 51 . :

in the adsorbed serum was measured o©n Cr-lazbeled MOPC-~167 cells.
. 3 £ , b .

Controls: A, unadscrbed sera; & FL-4 {(H-2"). 3Broken lines show

the area of 50% reduction of cytotoxic titer.

Comparison of the adsorption of different zntisera to non-H-2 AgS
by early and iate LPC-1 cells. Different numbers of early ()

and late (&) LPC-1 cells were tested for thelr cepacity to adsorb

g0

C-dependent cytotoxic activity from the followin



LEA/2 anti-LPC~1 {(enti-PC.1); B, R10.D2Z antl-LPC-1 adsorbed with

MOPC-167 cells; C, rabbit anti-mouse thymocytes (anti-B220); B,

The C-dependent cyto-
51

toxicity remaining in the adsorbed serz was measured on Cr—-

goat anti-Maloney virvs (anti gp?0, gpl00).

1zbeled LPC-1 (X) cells (& cultured cell line of LPC-1). Controls;
[}1gwdsorbed sera; A P815; gTEOPC~315. Eroken line shows tbhe

' A
zrea of 50% reduction of cytotoxic titer.

Figure 4. SDS PAGE of 1251~1abe1ed cell surfzce proteins from LPC-1, MOPC-
315-0PEC,and MOPC-167 cells. Total radiclabel surface protein
colubilized inm 0.5% RP.40 from LPC-1 (A), MOPC-315-0FEC (B) and

MOPC-167 (C) cells. Surface proteins immunoprecipitzted with

NZB anti-LPC-1 sera (&nd Staph A) from LPC-1 (D) HOPC-315-CrEC (E)

snd MOPC-167 (F). The position of heavy (H) and light (L} immuno-

globulin chains and gpl60 are indicated by the arrows.

Figure 5. Comparison of the adsorption of anti-E-2 and anti-PC.1 4Abs by LPC-1,
MOPC-315-0PEC, and MOPC-167 cells. Different number of LPC-1 (&),
MOPE-315-0PEC (4) and MOPC-167 (A) cells were tested for their
capacity to adsorb cytotoxic activity from anti—H~2d (B1D anti-
B10.D2, A) and a2nti-FC-1 (DBA/2 anti-LPC-1, B) antisera. The C-
dependent cytotoxic activity rewaining in the adsorbed sera Qas

measured on SlCr~18beled MOPC-167 cells. Broken lines show the

area of 507 reduction of cytotoxic titer.
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TABLE 1

Mezsurement of E-2 Lncoded Antigens on the Surface

Cell typea Total cpm B-2 chC B-2/total  Relative H—Zd
— I .
E;p@riﬁcpt 1
£arly LPC-1 1. 46570 4105 2.8 107" 0.40
Late LPC-1 1.38%10 3375 2.a5xao_4 0.35
}40PC-315-0PEC 1.82x10" 8379 4 610" 0.65
MOPC-167 3.92510° 2843 7.19107" 1
Experiment Z2:
Lete LPC-1 197510 5169 2.6x10"" 0.44
MOPC—-315-0PEC 1.36x10’ 6943 5.1%10 " 1 0.86
MOPC-167 5.98x10° 3558 5.9%10 " 1

a) Ascites tumor cells were harvested & days (early LPC-1) or 12 days {late

. 7 . o
LPC-1, MOPC-315-0FEC and MOPC-167) afrer the injection of 1%10 cellsfin f?if

BALE/c recipient.

125

labeled with I (and Eectoper@xidase)

7
b) 2x10° cells of each tumor were surface-lzab

under the same conditions. Cells were solubilized in 0.5% KP-40 and total
cpm incorporated into 10% trichloroacetic acid-precipitable material vere

estimated.

¢

¢) The zmounts of H-2 Ags were obtained by three sequential immunoprecipitations

) e yod . , : I .
with enti-H-2% sere (B10 znti-B10.D2) and Staph A. The Immunoprecipiiates
were subjected to SDS-PAGE and the number of cpm in the 45,000 dalton region

were calculated in each cese.

d) Thic nunber refers to the amount of surface H-2 4gs relative to MOPC-167

N

in each experiment.

IS



Srimslation of Secondary tnri-H-2 CTL by Intzct LPC-1 Cells

and their Soniceted Membrane Fragments

5
% Specific lCr Releas

Stimulator Cells and Membranes - IR -
E/T Retio
Ko. of Intact or
. ' L. b
.Sourcea ‘ Protein Sonicated Cells 100 50 75
. -6
(ugflO6 sonicated cells) (x10 )

o EXPT 1 E 0.17 83 86 88
”F% L 0.17 91 £8 87
o )

? 2.5 82 79 77
- M 3.2 5.0 81 75 67
=
S 7.5 80 82 76
i

% 2.5 18 9 5

M:% 13 10.1 - 5.0 11 7 2
i 7.5 20 11 4
J

A EXPT 2 E .17 82 90 91
. L 0.17 g6 85 B4
o 2.5 58 52 29
i EM 9.5 | 5.0 65 60 46

7.5 74 72 49
2.5 71 i5 10
M 12. .
> 5.0 30 25 15
- | 7.5 39 30 20

%J 2.5 55 46 29
i S-EM 7.5 :
o . 5.0 50 42 30
L

ey B I - I



[

=

.M 2.5 5.0 30 25 15
7.5 39 30 20
2.5 55 46 29
S-FM 7.5 5.0 50 42 30
7.5 . 55 56 37
2.5 ' 43 30 0 21
S-1M 8 5.0 61 51 37
7.5 72 69 57
—_— 0 7 5 4

. . . . 7
Spleen cells from primed BALB.¥ mice {ome injection of 1x10" BALB/c spleen

cells | 30 days earlier) were stimulated in a 5-day }Ekxi££9 culture with
irradiated (10,000 RADS) dntact early (E) or late (L) LPC-1 cells. .Soni-
cated membrgnes from early and late cells (EM and IM,respectively) were also
used. In some cases, the early and late LPC-1 cells were trested with sub-
tilisin (0.2 mg/wl, 30 min, room temperature) before sonication and paftial
purificetion cf the membrane fragwments (S-EM, S-1M).

£

Number of tumor cells used as intact cells, or for sonication to cbtain

. 6
membrane fragments for use as stimulators per 7x10 respornder (BALB.K) cells.

c .. . . .
The activity of the responder cell population was measured for its capacity

S
to lyse 'lCr-labeled F815 (HﬂQd) cells in a 4 hr assay, at 3 different

effector to target ratios (E/T).
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receptores de las c2lulas Jnmires con . sus :ligandos radica en - - -

que la funcidn efectores dz estas células

“ya s=a la produccidn.

de Lcs por los 14

13

c citolitica de

=como durante

el surgimiento de uns infeccidn o de un twnor-, el gesarrolio

T

ped cependzrd de gque

Il
It

ptores oe las cilulzs inmunes., De zeie hecho se derivae la
. ImRoriang

do madiTicar y recular

=

-1y

tc
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in

\ .
gciores han &1

[

o
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=

LAl

preséntzgos. A contimuacidn se inten-

tard llevar a caho una discusidn cernerzl tomando en cuenta lo

'ﬂml .
Que a nuestra maners de pensar nos parece de meyor relevancias Iy
i
L I
- de cada uno de los siete artfculos y traztando de integrar toda ?
A
» este informacion en un mismo cusdro tedrico gque de ninguna ma- i
! nzra se aterca o infenta ser una descripcidn detallads de la
e P . 1
reaccion ligando-receptor.
-
_

En primer lugar, en un mocelo bioguimico consisten-
te en Acs purificades acoplades 2 Sefarcsa capaces de resccio- |

nar con Ags solubles radicactivos, que simula la reaccién del : : ]

: Ag con los receptores de los linfocitos B se encontrd que la
pu—
- vaiencia del Ag juesge un pspel principal principal en la reac-
L ]
1
i ' +
J .




cibn ligendo-receptor {10). Estos resultados estdnide:sil

ao con alcunaes observeciones realizadas in vivo sobre lz res+

dgice que Ags con baja valenci

sultados fueron explicades por medio de |}

_‘
i

cue existe entre la valencia del ligsnde y la K3 propussta

por Klotz (21} gue supuestamentie se deberie.aplicar.a la reags

cidn de los fgs con los receplores celulzres. Loz resultados

obienidos con nuzstre moczlo bioaulimice sirven pore confirmar,

&

dicha supcsicion.

(AW

[k

nte se cbs

%
th
1

e
th
hil
i
h

VST on

Scatcharg (11) trazos ascendentes en la

centracicnes de ligendo gue tamblién parecen encontrarse re-

lacionzdos en su mzgnitud con la velencis del Ag {10). fstas

anomalTas en les grificas de Scetchard solo pudieron ser ex-

[

vicad) zntre los sitics zctives de leos reczpiores. La simula-

cidn de la reaccién de fijacidn ligando-receptor por medio de

{in

e estudiaroen gar

[Val

un modzlo matzmitice compuizcional donds

=

Tetros tales como la heterogeneidad de los sitios activos, Ti-

jecién Tnespecifica del licando e interacciones tanto positi~t

vas como negativas entre los sitios activos, reveld que Gnicai

mente cuando hay cooperatividad se producan estos Traszcs &8-

cendentes en lzs graficas de Scstchard (10).
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mosird cue el sinercisme chserveado preoablemantie se debe a la.°

o

cre=cibn de polimeros fourmzdes por Ags y Acs, los cue =zc6amis
‘evar la valerncia reai del ligando, hkzcen posible que un
recentor celular puecs ser olupedo por Mes de vna molécula de

tg {12). E) pepel regulastoric de los hos &n 'z respuests in

mufe -3 trevez de sinergismc O comperzncie de 1a reaccion 11-

w

czndo-receptor- se propong en gsie trzbzjo (12) simuiando el

o en uwn moceio compuiecional.
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W se observd cus en los inicics de lz rés-.

[l

Les actuan sinErgicamentey mas

de Sstos, Yo hacen com— - fooo

flcunos fenimnenos dascritos en la literstu-

embre los b oen le fijzoon gzl licamaoo,
* r 1 * - -
feb i vooFbienie cue OIOrgE 1B FENE 507 ; .
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126 clomas inmuncldgicas no son del todo indspsndientes

ot unes de otras sinc que ellas mismas O sus progucics pueden

¢ cuzndo los bos peceen mzs de un tipo de

regulerse egniye §
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AP Con el cbleto de estudiar la reaccidn de los recep-

tores de los linfocitos T con sus liczndes, se escogieron a

it
2
[
14
w
o
=
~
it
m
—
nl
1
o
o]
rF
14

los linfocitos T citotéxicos (LTCs) ¥

ficiles de obizner y su funcidn efeciora se mide direciamente’
sobre sus células blanco. La interzccidn ce estas células

17ticas con células tumorales {(como células blanco) tiene
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con lzs célultes tu-

Tniimzs, dinimices y poco especificas. El

-

etectrones,

ios oroceses citoplfsmicos dé las cEluies
tienosEn S fes LTLe entre 1»":“S ‘
el s 51 {40 cunde cracen Yy FE EN-
= (13}, £1 cran Zinanismo ce lae celules

chservar oom s recorresn locsa
las c2}ulas Slanco, uiilizendo movimizntos

elocidades & veces hesta de 20 um/min. For

surz snticinica ce 1z superficie de 125 C&-
stec Yzdeo, e=n los crros donds las cEluizs

an los Aos & ips que les LTCs se encontrzban

ce chaervaron en varies ocasiones ejemplos de i tO-

os producics del CMH, n-ZK
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Senzian
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gpib0 en célules de mieloms de

do & las

=

LIV

:ue haye infect

la czre BALB/c de retén (15-17). teos mizlc
315-0P1C se vuelven recsisientes 2 13 lisis
crecan 2n la cavidad peritonesl del ratdn,

CHr

.
i,

f

ge crecimiento escelerado v no
Nos interesa determinar zdemds,

molécuies H-ZK y H-2D nor medio de uns glicoproteins de 160,000
‘ catianes {¢pid0) oue les tumores mismes sintetizan {1h-16).
Fst2 resiztencia & lz lisis por LTCs desscarecid cuando se tre-
taron 3.138 cdlulas mizlomatosas con alguras protezsas gue
remusven @ opib0 de su superficie [18). Lz presencia dz gpi60
en le superficie de zligunas célules Tumcraiss ce ra1dn con su
efecto claramente protzcior & 1& destruccidn inmens, podria
tretarse de uno de ics mecenismos 2 cvesidn famuncidoics de

Alguncs estudios prelimi-

re alicoproteing corin en oiros
=] raidn.  Sin embarge, hz sido
wnes inducir le expresidbn dez

BAILB/c, seleccionando sublineas

producioras de inmunogicbulinas.

si gplHd se encuenira codifi-
2s un procucto e slgln virus no
¢élulas 6z mielamz.
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