CANADIAN THESES ON MICROFICHE

THESES CANADIENNES SUR MICROFICHE

% i Library of Canada

Collections Development Branch

Canadian Theses on

Microfiche Service sur microfiche

Ottawa, Canada
K1A ON4

NOTICE _

The quality of this microfiche is heavily dependent
upon the quality of the original thesis submitted for
microfilming. Every effort has been made to ensure
the highest quality of reproduction possible.

If pages are missing, contact the umversny which
granted the degree.

Some pages may have indistinct print especially
if the original pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopy.

Previously copyrighted materials {journal articles,
published tests, etc.} are not filmed.

Reproduction in full or'in part of this film is gov-
erned by the Canadian Copyright Act, R.S.C. 1870,
c. C-30. Please read the authorization forms which
accompany this thesis.

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL=339 (r. 82/08)

W

1.S.B.N.

Bibliothéque mationale du Canada .
Direction du développement des collections

Service des théses canadiennes

" AVIS

La qualité de cette microfiche dépend grandement de
la qualité de la thése soumise au micsofilmage Nous
avons tout fait pour assurer une gualité supérieure
de reproduction.

Sl ‘mangue des pages, veuillez comrmuniguer
avec I'université qui a conféré le grade. .

La qualité d'impression de certaines pages peut
laisser @ désirer, surtout si les pages originales ont eté
dacty!ographiées a l'aide d’un ruban usé ou si I'univer-
sité nous a fait parvenir une photocople de mauvaise
qualité.

Les documents qui font déja !'objet d'un droit
d’auteur (articles de revie, examens publiés, etc.} ne
sont pas microfilmés.

‘La reproduction, méme partielle, de ce microfilm-

est soumise a la Loi canadienne sur le droit d‘auteur,
SRC 1970, c. C-30. Veuillez prendre connaissance des
formules d’autorisation qui accompagnent cette thése.

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS RECUE

Canadi



STIMULATION IR THE MURINE MIXED LEUKOCYTE REACTION

-«

LN

Chitra Roy

[

A thesis
submitted to the School of Graduate Studies and Research
in partial fulfillment of the
requirements for the degree of
Dector of Philosephy
in - .
the Department of Biology

’ .

Ottawa, Canada, 1984

&

(::) Chitra Roy, QOttawa, Canada, 1984.



B

UNIVERSITE DOTTAWA
UNIVERSITY OF OTTAWA



s

.
o

Lo

The Opniversity of Ottava requires the signatures cf all per-

aong using or photocopylng this thesis. Plaase sign below,
and give address and date.

i

op,






R

un

ACKNOVLEDGENMENTS

I thank Gord;n Raplan for 3iving @me zn oppcrtunity io
coma back to sclermtific research aad for guiding re through-
out tne course of_this stodve Hls 1lasviration and affec=-
ticoate encour:qeméat have made this work en enjcyable axpa-
Tlence.

I am grateful toc Dave Brova for making i1t pecsible for me
tc corntiaue zy research 1n his laboratory, i1a Ottawa, atter
Sorﬁ;n l2ft «h2 citye. His advi:r oz tha praesent Drojec£ aﬂd
o1 the Dreparation.o:?tpis thasis 1s greatly appreclatede.

I thank ¥ika Mc3urneéy for Eis sugqesticce 2ad encourzge-
sect, vhicn have bezn cf great a1alp, rpacticularly during =2y
"teethzag rcoricdn. The discussicos vith Harcld Rods of
wcelll Jnlversity bave been very valuable in formulating
caretalin parts of this rprociject. I thank Sruce Ellict of
Quean§ Upivsrsity, +Wayane lapo of McGill University, Trevor
dvess ¢f Upiversity Ccllege Londoa, Verns Pacwtkau cf Univer—
sity ot RAlrerta and Gecrge Setterfield of Carleton Universi-
ty for theo.r laterest JAr py vorx acd fer their gifts of
tzcanlical tacilities, The constaat suppcrt of the menmters
aﬁ thae biclegy Decartzexnt, partticulzrly that cf Jche Mcdelll

and Bzrinard Foilcqene, is gqratefully ackoovledged,

_iv-

—d

:L’ .



It would have beer difficult " tc accémpllsh thls work
vithout the goodvill and frieadship of my colleagues in this
department and that of Christine Sourak and wernda Greer in
Gordia's laporatcry in Edeontorne.

I thank Connie Graveline and Jady Little for eaintaining
thg general laboratory s3supplies and Nipc Cavacciuti and An-
ére Richer for looking after ay iice. -

I thani ¥icheline Paulin-lLavasseur for helpigg z@ ¥ith
tne French <cranmslaticr for the Resure 1n thls thesise. I
thaak also Jacgues Helile, George Ben-Tchavtchavadze and Fael
BrunonAgbr tao2ir expert belp wvwith the figures and plates.
The efficlent attentlonrn of tie consultants in the Conputer
Centre {relped ne vwith the typicy of this thesis,.

"I thabk tae Goversmrant of Ontaric feor avarding e the

)
zcholagships for this studye.



o

ABSTRACT

In order to eluciacate tha St{mulating rechanist ln'mi}ed
legkocyvte re&ction {5LE), scae ;f thg features ¢f the stimu-
latory population bave been characterized. ‘It hat been es=-
taDLisheq that a pcﬁulation of leukocytes can induce MLR op-
timally ocly when it 1is able +tc vnderqec activation in
respoase ¢ a 3tizulus, such as éon e Sinca the stimulators
Aare 4aable to uaderqo LCNA reolfication (by cveraticrnal degi-‘
nrtion), two 5f the relatively early eveats of ac%ivaticnk
vhich ﬁreceda DNR syntlbeslis, vere 2rarined. Cne cf tbése is
the lacrazse in potagsiut {(x*) ipflur that cccurs about 6-8
hours~ rost stliaulation in Furine lyupﬁocvteg {Ovens-aund Ka-
oiai, 1330) 231 the 3eccad 1s the forration cf blasts, char-

H

actarizad oy lncré;se in FN3 syéthesis and iz cell and no-
clear voluoe (Setterfield et ;1; 1983).‘ -

dn tTeatia3 the Ttazuleters vith sublytic deses cf a va-
ricty c¢f a2geats such as ouabain, ultra;rolet radiaticn (UV},
5=fluorouracil (5-~F0) and ccl:nlcipe, it was fcund tkhat cnly
thise tizatzents vhieh allcwed the cells.to cesonstrata the
inizial (rra=3) fespcnses of  activation emabled tke FTe-

tf2atec zeld

i

tc zaduce cptimal prolifaration in resporders.
It was alted that the preocess of activation has to proceed

4PTd . ¥hage vhera smell blasts start te aopear, wvhen new

- Y] =-
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RNA 1s kncvp to be transcribed (Mitchell, e 31.11978)- The
ccrrelation observed betveen stizulating ‘ability and Con A
responsiveness vés.found to apist also in spienocgtes ipzu-
nosuppressed LD ¥ivo 1n mice 4induced with GVH reaction; -
these cells di1d not show 1ncha3éd F*+ transport ia t res=

- ence of Cor B and +heir stizalating chpaci;y in MLIR was' o=
hibltede These resuits indicatad that a populaticn can stin-'
ulate 1in MI® optizally vhen <they therselves can uadergo

~

ZCtivatione °

That the stirulator cells do actuall? nndérqc aétivation
i3 respoase to alio;ntiqens >f the responders "wvas detected
moroboloqicaliy. Thils was shown by u3ing floorescein-la-
bellad moncclinal antibedy Ld2ntifying the T cells .ofq;hg
stiaulatiny pooulaticn (prizary target_ for the alloantigens
>t the respcaders) andé deaonstrating that .t?ese labelled
cells showed iluncrease i cell size angd in FHA synthesis (inp-
corpmeration st  3H-uridive). UTp to cna-thirgd of the total
blasts 1n taa 2i1x3d leukecyte culture (*LC) vere froq the
2itoaycia C-traated stiﬁﬁlétinq populaticn, when stisulator
to respczder ratio was at 2:1. :

It was <zthea shovn that tha praserce c¢f T cells in the
stianlators 1s necessary for 1iduc1uq optinal preclifefation
2 tha SLE. Depleticn c¢f T calls by treatmeant with mcno=-
clcnal aatibody and coeplement reduced the lavel cof incorpo-
ration of 3H#H-tnymidine iz the resqéndinq vopulaticn; the re=-

—ar’

actlon could ©De restorad by adding tc the culture " T cells

froa the stimulators but not from the respending population.

- vil -



Toe stimulater=-T cells have beer found t¢ reqgulate the
level cf inéerledkin 2 (11 25 21 the MLC. ¥itoayclc C-
treateq leukocytes thersgiives can produce IL 2-apd they can
affact the preoduction of IL 2 in the respcnding population;
The aocunt cf IL 2 detected vas reduced whea the stizulating
pcpulation vas depleted cf T cells or vhem 1ts -activation
vas prevanted _ by £raatmént witn UVe. .ihen the stizulating
population lacked T cells, the zulture supernatant contaiped
a qcouéh factor that bhad IL 2-like activity but whick ap-
pzared tc¢ requlre DN3 syptheslzing responder cells for 1its
i2tectapla prcduction; 3ipnpca IL 2 1s kncwn to 5e produced
by ceils it GT._this crowth factor nay oot be IL 2. :

" It gsas bean concluded that for crotizal prcliferatior ir
MLR the stimulating pcpulation rgcuires the presence of ac-
tivated T cells wvhich car produce IL 2 themselves and which
also regulate +the prcduaction of growth factors in the re-
socaders . Tnesa results ara2 ccasistent vith a model 1c
vhich the retaoolicaily actlve stinulators themselves under-
Jo z2ctivaticn, leading tc tha amplificatlice of the specific

1zzyn2 responsas induced by %ne transplantaticn actigjens.



RESUME
® | oo
: Afin d'expliquer le mécanisme de 1la stimulation a

cours de la réaction leucocytaire mixte (MLR), nous avons
caractérisé quelques unes des propriétés de la population
stimulatrice. Nous avons éﬁaﬁli qu'une population de leuco-
cytes ne peut induire une MLR de fagon optimale que lorsqu'-
elle peutdgtre activée sous l'action d'un.stimulus, tel .que
la bonA. Puisque la replication d'ADﬁ ne peut avoir lieu
dans les stimulaterus (par définttion opérationnelle), nous
avons &tudié deux des processus se produisant relativement
tdt durant 1l'activation, précédant -la synth2se d'ADN. Le
premier processus est la hausse de 1'influx du potassium (Kt)
qui survient environ 6 2 8 heures apréé la stimulation dans
les lymphocytes de souris‘(Oweus.et Kaplan, 1980) et le se-
cond est la formatio; de blastes, caractéris@e par une aug-
mentation de la synthese d'ARN ainsi que du volume cellulaire
et nucléaire (Setterfield et collab., 1983).

En traitant les stimulateurs avec des doses sublyti-
ques de différents agents ﬁels que la ouvabalne, les ra&ia-
tions wultra-violet (UV), le O5~fluorouracil (5-FU) et la
colchicine, nous avons trouvé ﬁue seuls les traitements lais-
sant les cellules manifester les réaétions initiales (pré-$s)
de 1'activation bermettaient aux cellules prétraitégs d'in-
duire une prolifératioﬁ optimale chez les répondants. Nous

avons noté que le procéssus d'activation doit se dérouler
_ P

Jusqu'au stade ol de petites balstes commeancent 3 apparaltre

r



alors que, comme on le sait, le nouvel ARN est transcrit
(Mit¢chell et collab., 1978); Nous avons &galement retrouvé
cette corrélation entre la capacité 3 stimupler et l'activa-

tion par la ConA dans des splénocytes immunosupprimé@s im vivo

de souris subissant ﬁne réaction GVH; ces cellules® ne mon-
traient pas de transport accru de K+ en présence de ConA et
leur capacité & stimuler lors d'une MLR &tait inhibée. Ces
résultatsﬁont non¥ré qu'une population ﬁeut‘stimuler de fagon
optimale dans une MLR' quand elle peut elle-méme &tre
activée..

Nous avoans morphologiquement observé que-” les cellules
stimulatrices sont en fait activées par les allozntigines des
répondants. Cela a &ttt réalisé en utilisant des anticorps
monoclonaux conjugués 3 la flurescé&ine, pour identifier les
cellules T de la population sfimulatrice (premi&re cible pour
les alloantigenes des répondants), et ean démontrant que ces
cellules marjuées ont des diﬁensions cellulaires et une syn-
th2se .d'ARN (incorporation de 3H-qridine) accrues. Jusqu'a
un tiers de toutes les blastes dans la culture: leucocytaire
miite (MLC) appartenaient 3 la population stimulatrice trai-
tée 3 1la mitomycine C, alors que le rappdrt stinulateur/

répondant &tait 2:1.

Nous avont ensuite démontré que la présence des cellu- °

les T parmi les Stimulateurs est nécessaire pour induire une
prolifération otpimale dans la MLR. L'&limination des cellu-
les T par traitement avec des anticorps monoclonaux et le

conplément réduisait le taux d'incorpération d*3-H thymidine



-

dans la population répondante; 11 &tait possible de rétablir
la réaction en ajoutant, 8 la  culture, des cellules T prove-
nant des stimulateurs mais non pas de la population répondan-
te.

Nous avons observé que les cellules‘T stimulatrices
countrdlent le niveau d'interleubine 2 (IL2) dans la MLC. Les
leucocytes traités 3 la mitomycine C peuvent- eux-md@mes pro-
duire IL2 et pe&vent'inflﬁencer la production d'IL2 dans 1la
population répondante. La quantité d'IL2 détectde &tait
réduite lorsque la population stimulatrice ne contenait pas
de cellules T ou lorque l'on en inhibait 1l'activation par
traitement dux'UVT En absence de cellules T dans la popula-
tion étimuiatrice, ie-Surnageant°de la culture contenait un
f#c:eur de éroissance possédant une activité semblable 3 IL2
mais qui semblait requérir les celluleé répondantes synthé-
ti;a 1'ADN pour une production &étectable; puisqu'il est
reconnu qu'IL2 es; produit par les cellules en G, ce facteur
de croissance peut ne pas étre IL2.

Nous avons conclu que, pour une prolifération optimale
dans une MLR, l; population stimulatrice requiert la présence

de cellules T activées qui peuvent elles-m8mes produire IL2

o

et qui, également, contrdlent la production de facteurs de

.

croissance chez les répondants. Ces résultats sont en accord
avec un mod2le od les stimulateurs métaboliquement actifs
sont eux-m@mes activés, menant 2 1'amplif1cation des réponses

immunitafres _spécifiques 1onduites _par les antigénes de 'la

transplantation.
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.Chapter I

ISTRODUCTION

The allogeneic response 1s the process by wvbich anlanimal
racognizes and rejects fcreiga cells suchk as tunoié§ 2nd
traisplants. -The invading cells wvhich stipulata the genera-
tioa of killer «cells in the nost are in +turn lysed. This
rgacticny vwhich 43 nunder the :cntroi ot lecci of the major
bistocompatibility complex (M3C), 1is zedlated by leukocytes
22d corstitutes cne of thel principa2l aspects of the impupe
CesSponse. t

The mechanis» of the ailogeneic respcn3e car be better

analyzea by stadying 1ts L5 vitrp correlate, tbe sized leu~
kocyte reactioa (MLk) (Bala at al, 1964). Interaction in i;-
tl¢ of tvo populaticns of leaskocytes bearing dffferent hist-—
comaafibility aatigers, or alloaﬁtidens, results iﬁ blast
traasformation and rro}iferatioi (¥LR), acccmpanled by the
Jezaratior ¢f ¢ytetoxric T cells fCTL) (Bayry and Defardi,
1970)e Tre 3Jenetic aspect of tae reacﬂign 1s wvell estab=-
1ieb2l ard has beexn reviewaed (XKla2in, at al, 1972: Kleirn,
1362:; Dausset, 1981}. Iz cae-vzy ¥LR, 'cne of the poptla-
-ticas,. the stipmulators, 1is prevented fror proliferating in

éuxture 8y ctre-treatsent with aitozycin <C (Bach 2nd Vcyncw,

1365) or X=-rays (Kasakura and Lovegstein, 1965). The cellu-—
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lar identity of +the responding population has heen clearl}
shown t¢ be thyeus derived (T) lymphecytes (Xosier aﬁd Can=~
tory 197%),  which specifically recoguize and respond to the
stisulatiang cellss

It is cozronly beld that the stisulators are B cells (hu=~
m2n) <©r macrophages and dendritic cells: the role of the T
calls ig ccntroversial (Rlein, 1952). Hovever, the cellular
:equirement‘of the stireulating pcpulatica acd the mechanism
by which 1t astlvates the cells in tke responders is still
15t uaderstccd, nor ir particular, whf livae cells are re-
quired, ratoar than retabolically 1nactlve\cells, o} 1301&#-

2d aembrades. Addressing these quedticns, 2n the rurine sys-

. teiy foros tne basis of this thasis.

'This Lntrcauctiocn will covar the subjects vwhich 2re es-
sertial t¢ the upderstaadiag of a2 study of zurine YLFe. It
wviil ccpsist of reviews cz (1) :ha_innuue SYsStem, whiéh la~
ciudes the g=aperal conooneﬁts'madiatinq'PLF: (?) the 1zzune
rasoonege, elasorating the péocass of ac+tivetior cf T cells
whica & tre cogSecuence of MLEF and which 15 1rplicated, 1in
thi3 thesis, to be invelved in  tre stimﬁlatcrv reckanisr as
vell, aad lastly (3) a corpostte picture of KIR.

eI



1.1  INHURE SYSTEN B
The immune systex 1s responsible for defending an anizal

against foreign elamentse. It 13 & compler network of 1inter-

acting cellutar and soluble elaeaaents,the leunkocytes and the

cytokipes, functicning under genetic controle.

17.1 Leykocyies

Leukocytas, the vhite tlcod cells, constlitute the cellu-
lar corpozert of the bedy defanca mechaaism, both immune and
nOD=ixTUNEC. Fanctionaliv diverse cell populaticns of mono-
cytaes, Jratulocytes aad lymphocytes ccmprise this grcup.
lymphocytes ara the actual effactors.'iﬁ the 1ierune syster
vhile the cther leukocytes, particuiarlv the racrophagas and
tte dendritic cells are essential 1o the underlying reac-
tioas leading o the espacific rTasponses.

All vartebrates shkcvw lapunologlce reactivity. Thev have
serum rzmuncjlobulirs, can immunclogically recognize and de-
stroy transplants of allcceneic tissuves and cap display some
tora of Zamuaolcgical pemory.

Qrigin and i;iigxgg;ig;iég: leukocytes are fouad 1n
large nuabers ia lynphold prgans and ia smaller numbers 1in
tae stroza cf zany orgaas and in the tloode The pluripotent
3ta1 celis of the bone marrcw differentiate into ;pé&iélized
or ®corritted® colcny-foreing uaits that are progenitors of
the lyecpholo and erythrold-myalold serPes -and these in tarn

give rise to the fully-differentiated circuiatind blood
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cells, of which lyaphocytes, zazrophkages and deadritic cells
are ¢f main latarest to studeats ¢f the mixed leukoc?te re=

acticne.

TaleTa? Lysphocytes

Suarcet (1569} bhas =aid that) tke rost irpcertapt function
of lyarnocytes 1s to gzaintian the geretic inteority of the
body: they ccastitute a part of the ®™imrunological surveil-
lanca® rachanis» the functicn of uhich is tc elirinate apti-
Jenicalily as3clnct clcnes of cells before thzy can aultiply
aad spread. The lyaphocyte is responsible for the prirary
recognition of antigen as wall 2s being as irmunclogically
svecifc eftdcter cell 1n tae elizinaticn of infectious
ajyeats, grafts and tuacurs (®urohy, 1926; Medawar,  1958).
Making ué 3C% of the total wnlt2 blocd cell ccunt, the lyom=-
phocytes are videly distributad ia the bedy; iz blocd, peri-
terzal fluid, lyaphatic gian;els, lyspbk nodas, castrcintes=-
t.zal lymphcid tis3ues, thyrus, splcen apd Dcpe WAErrove

Sorphology: All gulescent lysphtocytes are zorrhologicdl-
ly n;mc:anacus. These cells ar2 smaLi (7 to 8 um) arnd
rcaad, wita a large aucleus to cytcrlasz ratic. The cyto-~
plasrs 25 rich xr free ribecscuaes and ccataios alnumber cof mi-
tocacadria, a3 swmall Golgl zcao, few lysozores, a fe; sicro-

tiapulzs apd socrofilaments aad nas bwr 1ittle erdoplasmic

Taticuluws and other orcanellese.
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Specificfantiqens ard necp=-specific mitcgens cap stisulate
suca qulescent lymphocytes to proliferate And differentiate
toc large blast cells which can further differentiate into
affectcrs of calliular and humoral.inmunity.

Glassification: Lysphccytas are very hetercgencus 1in
their origin aad function. The =22in foocticral groups are
thyaus-da2rived lyephocytes (T calla) a2uod bone-marrov darived
lymphocytes (B cells).- This reviev will copcentrate .cn T
cells beccuze of their assential role‘in MLE.

I. T cells

I cells are a highly diverse group of cells that funcﬁion
in  the effactor aa§ regqulatory . phases of. the immune re- .
3PCl13cCe Ecpid progrees in thel uﬁderstandiuq of this grcup‘
of cells has DhHeen nade possible becauvse of +he development
of zhe ronccleial antibedy tecnoiques (Kokler and M¥ilsteln,
1975) and the development of the technology to propacate‘
lepgy-ters lines c¢f ceoo-transformed aptligen—-specific T cells
(Heagartaer ani Fathas, 157d; Baker et al, 1579; Glasebrook
and Fitch, 198J0}.

2rigig 202 13v¥alopment:

The qénerat:on cf T cells 1;.thynus depevdert. During
o2togeny the ezxrlliast T cell ovprecurscrs mlq:ate toc the thy=-
zas frca the fetal liver. Ino the adult <the coomritted stew
cells ¢f the bore=-marrcv prolifaerate in the thypus, rasclt-
1ag 1o tne prciuctiozn of typical szall lyzpoocytes which are

iMzi1a¢cenperant (Beller and_Unaaue,1975).$
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“hern the lmwunococupternt T-lyaphccytas froa the thymus are
reisased 1into the circulation, they are localizad 1in thynus:
depaadent areasz ¢f other iymphotiad organ; and they caun thern
react Jith antigens, mitogens or- other fé%tors and underqo 2
32cond stage of differentiatica and preliferaticn to form
the functional pecpulations of-T cells responsible for vari-
ous requlatery and effactor functicops (Sprent and Miller,
1971).

Syrfsce atruagturas:  Sipce ilarune Teacdticns are initiated
at tne cell surfaces of +the leukgoytes, the ccroesiticr of
c2llular nesmbrane has beep gquite ertensively studied. Using
?onoclcnal aatibodles, several surface 1olecules have been
tdeatlflea end their correspoading gepss have Leen discov-
ared (Ccllins and Xinnoco, 1984).

Tne T cells z2re characterized by & oumber of cell—surfaée'
rarkers vhich serve as identifying teatures ¢f the various
subpcn&laticAs shc;inq functional spesciarlitizse. Scwe.of the

20rs vidaly stidied rackers 1o ta2 surine syster have fheen

t

deszribed bherz.

e

(1) Theta zntigen: The thvzozvyte ane T cell phbenotype are
cheracterized Dy the Thy 1 {or thata) antligen vhich 1s a
surface cciron3nt 2f all subsets of T cells {as well as be=-
132G pres=Lt €2 3¢7e brain azd enidarxal'cells} but is cecm-
oletely aos2at frow tha B cell 1line. Thy 1 appears after
cre-lyrshocyt23. eacountar thyzooolatic during the differen-

tlazlon preczass in tbe thyruse Twg allelic Jenes contrcl-
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ling thls warker exist; ARE, BF and scae cther strains bear
TRy 1.7« C3H apd most of the other laboratory mouse straiss
used 1in research are Thy 1.2 (Reif and allen, 196&4; Raff,
1372). ore presgnce of Thy 1 dces rot assure issunocorpe-
tence of T calls (Seddik af als 198C).

(2) Tl: Izszatare thymocytes and some leukemlc cells but not
1atura periphberal T cells, carrcy a thyasus leunkaexia antigen
(TL) that markxa a transieat phase of differentiation (Boyse
aca 014, 1565).

(3) Lyt 3eries: Tha Lyt seriz2s, 25 idantified by alloan-
tisera, define furcticnal subsats ot the T cell components.
Al Lyt=-1,2,3* ohecotype, that 1lso expresses Thy-1 and re-
captors for specific aptigen, becozas "cormitted®™ to its
3pecific T c2ll functicn followling the loss cf elther Lyt-1
to beccez a cytotoxlec or supvpressor T ceil (Lyt=2,3*%*) or the
loss ¢cf Lyt=2 and Lyt=3 to bacoze a helper T cell {f#t-1*}
(C;ator arpd Boyse.l1978). It has, bcwever, been shovn ré-
gently that suppressor T c¢ells do .nct ferez a bemogeneous
group {Hodes, 1982). Okada and Henney {(1980) and Svain et
al (1%81) have proposed that 1Lyt phenctype nmay correlate
2or2 aiaractly vvith the antigep speciticity of the T cells
tktan witk tpelr class c¢f function. .

() Mitcgen Trecaptors: There i1s evidance tlhat separate
popalations of cells «zay respond to the aitogens Con A and
PAA (Stecbe ex 3al, 1972). O0aly Con & but not PHEA can acti-

vet2 splecic helper T cells dircectly, &s zhewn by anti-Lyt



sera and coaplement treatmentse Con A4 binds glucese, ren-
nosa, gluccsactipe apd c¢ther structurally related sugar resi-
dues of sewprane glycoproteins (lis aed Sharcn, 1973) whilst
othar lectins have different oindirg specificities. PHA
binding, fecr instance, 1s specific for N-acetylgalactcsa-

Il‘

2e

ts

{5) Aptig2n Teceptor: The zvystery cf tke T cell receptor

has at last yielded to experizeatal attack after rany incoan-

0

lusive 2ttempts tc characterlzs them. The gene for the T

0

@ll receptor has novw been discovered (Williaws, 1984; Yana-
gl =t al, 1933). T calls, fincticning either as helpers,
suppressors or killers, appear ¢ show clenal reccqgrition of
dveclfic arti32rs (Kleln, 1982)e T ceils respcad exglusive-
ly to an:iqaﬁs present c¢n the surface of cther cells, they

capict directiy bind scluble or particulate antigen that has

18t been rtrocessed by 1acroppages. Using tcnoclonal anti-
bzcies, 2t tes been fcocuzd that the anfiqen recepter coasists

af‘:}o polyrertldie chaics lioked together by cisulfide bends
{Fe.nherz 2%t al, 1333). Th3s amoleculzs vary frer clone t¢

clgaue and tn.os peotide vartablility 32y acccunt fcor the apti-

Jeric specliiclt¥Ye The recegniticn ¢f feoreilgr antigens by T
c21ls 1s vdC resiricted (Zinkerzagel and Dcherty, 1979); si-

2J1LTaZ€cus C3¢ogniticn of tha3 iatigern apd self MHC antigen
Jz the aatligen presenting cell 1s recuired (Zinkernagel and

Doherty 19735 %lein, 1632).



Eypngctizna:s T celles ate of crucial impcrtznce in the im-
1103 SYStela They serve not oaly as effectors aqainst for-
2lga cells, they réqulate the impone patwork. Three major
subclasses ¢f T cells are recoqni;ed.;each pregrasmed to ex-
Pre3s a characterlistic set cf iamunolcgical responsese.

(H} Belper T cells (BTL): Lyt 1% celis, comprising cne~
third.cf the peripheral T cell 5opulation are Qroqranmed to
helo or amplify functiorpal activities of cther cells after
stlzulatiorn £§ antlgens assoclated with class ITI ®EC apti-
geas (I=-regiloa 1in mouse) (Cantor and Boyse, 1978). Activated
Lyt 1+'cel;s tedlate theilr nelp through factors vhich they
hava peea shova toc ralease 1In tas MLC or on stizulation with
sitogens. Thelir azplifying effects have been demopnstrated in
relatzol tc £hree target cells: (1) B cells, fcr antibody
precductiong _(2)' cytotoxic T cells, for initiating DNA
3yzthasis (3} wacrophzges and manoc§tes. for 1nduc1nq acti~
vatlon (Larsson, 1982i.

(2) Cytctoxic T cells (CTL): They arlse during +the
course of cell-cddlated ilamune responses to allegrafts and
tc certeig virus—infected calls. Generaticr <¢f CTL wa=e

irst deacribed in vivg wherirmlce vere iarunized with allo-
J2c3ic tuacur cells or in graft-versus—-ancst (GVHE) reacticns
{Cecottin]l and Brunper, 1973). (GVH reacticon 13 induced
vhel lomuncceopetent ivmphgid calls are inoculated 4into a

aost 1ncapable ¢f reacting against tkem; the qrafted cells

prciliferat= aad prcduce CTLs 1z resfcnse to antigens ¢n the
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host's cells wnick they recogalze zs being forefgn). The
dttferentiaticn pathvay of CTLs has been elucidated mainly
freoea Lp ¥itro studies of sirxed Lleukccyte reactions (®LR)
(Thls has Deca described in secticr T3 éf| this Introduc-
tica). . l

STls are 23ffective Lin tumour and allograft rejection 13
7i¥2 (Cerottiul and Brumner, 1974%) acd it the 1vsis of ailo~-
Fenaic (fn3y2rs and MacConald, 1956) apd virus=- or bapten-
acdlified ;?nae:eic targat cells in ¥itro (Doherty and Ziok=-
arnigel,1375)a. ;

{3) Suppressor T cells: T}ev constitute cne c¢f the major
cellular cccopcaents of the {mauae netwcrCke They are induced
as a direct or iandirect ccaseguenc2 of antigenic stimulation
ané erxert taelr functions bv reduclnc the amplification sig-

23i previded by helper T cells or by acting directly on ef-

fector B cedls or CTls (Can+tor 3and Gershon, 1975). Tkese

4

SLEOCess0r c2lls are cemoesed o0f sudbpcpulaticns bearing dif-
fareat Lyt +¢©Ebacotypes wikich are fuactiopally distinct froz
SCe auctaer &1d which lnteract with ons anotbar fa Lbighly

awa2red ana cesprlex fashion (Hodes, 1502).

A
.

ZarLicesan gf

-3
e

ell fucgtioszs: All  MHEC re-

[

2L€zLC

[}

jtricteli reccticns are T celil dapeandeat respernses arnd cell

.
=]
(o
W
g

actions favclving functionalily cifferent T cell sub-
classes are restricted by variols elevents in +he MNAC. This
Tairs32: td=: DC3Sibillity t@dt T «cell ftupctions are mediated

via ¥HC products. Festr&ctions are ccntrolled by the I-re=-

JLCa geae rFreducts {(Rleine 1332). -
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Zinkernagqel and Doherty (1979) hava demonstrated the
importance of the thymus in conferring on T cells tha_abili-
ty to raéﬁgniza antigens in associatioh“11th particular MBC
productse. Thyelc selection 1s necessary -but not sufficient
for.full developrent of MBC racoqnition capabilities.
[‘I'I- 8 calls
3 cells are the effectors of humcral imwpunity: iediating
prctectica thrcugh antibody functiorse Characterized by
surfa&e immunoqlobulinsh(Iq) valchk can be readily detected
by iz2uncfluorescence {Greaves, 1970; Raff, 1970), they are
the precurscrs of iomuncglobulin-secreting plaspa cells.
Surface Ig Deatinq cells comprise 10 +to 20% of 1lyzph node
an& 25 43 35% of soleen: thera are peca in the thyruse They
devalop frow stem cells that originate 1in the fetal bone
@arzov cr tn2 livere. Ths site of B- cell differentiation may
be 1in fetal bone liver, tberqas:fointestinal'lvmpboid tissue
9T i1 perivacral lyepk acdes 1o bdirds it 4= tne bursa cf Fa-
bricius (Abney 2% al, 1978). B ceil Jatuaraticn 1s antigen=-
driven (Kisnizotc aad Iskizaka, 1972): +they recogrize apti=-
Jens tarouge the surface Ig 210lectlese. The particular
antibedy prcduced 4o raseeonsa to  the antigen reflescts the
22tlgenic blacding specificity of the original 5 cell recep-
tor {Paui, 1573). B cells hav2 been 1gpllcated in antigen=-
presentatlon functions (Chestnat gt al, 1582) and are
theught t2 act 2s stimulators 1a aa MLE, parglcularlv in the

auran systex (Klein, 1952),

\\.



Tele1a2 Bacropbhages

Szrugure: The @racrophage 1s the largest cell amongs€

the letkocytes, rangling froa 12 tc 20 um in cdlazeter. The
nucleus 1s centrally located and has a bllobed kidney shape
vith conslderable reripheral coaniensatiopr ¢f nuclear chroma-
tin. The cytoplasé coateins a graat variéty ¢f organelles,
lncluding endeoolasmic raticulua, a Geclgl coaplex, sitochend-
ris, cibcscmes acd phagocytic vacuoles.

Qziilg zag dlfferertiotioa: & specific colory-stinulat-
ing factor induces myelecpciesis froo Eone marrov ctem cells;
73 d1istinct pretein changes oscur during the segqueunce of
d1ffereatiaticn (BEume asdé weildeman, 1930).

Functioas The ovprizary fuacticc c¢f the <cacrophages is
phajocytosise. Sowever, +tbey have ar essential role in the
Zmeinas respecasy (Moller, 13978)e The following immunolcdical
fuucticns have beer recognized:

(7) Antiger Dreventation: Tae uptixe of antigen by the pa-
cropaase 1s th2? usual first step 11 th2 chain of 1raune re=
AstLlcose. The ezntigen Is thea orocessed metabelically (Ger-
3211, 1981} «2d presepted to a sp2cific anticgen recognizing
Tella - |

(2) Feguletior of the lzzunoregjulatory circults: Tols 1s
ackbieved th:oush t2e release of over €0 different substances
(Acam3 2azd rxz2tnan, 1953)e Tanese prcducts parforr a variety
of Dloloqlcal funCtions. Ca2 of priasary 1eﬁortance 13 intervr=-

L2ukita 71 (cve 3ubsactica Te2e1)s
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1.1?2.3 Pendritic cells
They are irreqularly shaped cells that adhere to glass
z2ad plastic aad found In splaens and various organs 1in
aouse, rat ani zan so far (Steinman and NYussenzwveiq, 1580:
Van Vocrbis gz als 1982)e They ere Ia*, Ig~, Thy 1= bone
Jarrov derived elements that 3hov little endocytic activitye.
Thkey coccur }n low fraquency accounting for less than 1% of
the cells in all organs studied. Effective 1p very spall
auzs2rs, thay stisunlate alloqenai: andlsvnqeneic BLR and
Serve as accas3’lory cells for the development of in ¥iicrec im=-
tuna responses; Steinsan and Hussenzwvelg (1980) <fourd that
their removal by.ncnoclonal aatilbody from siimulators in NMLC
. reducad toe stimulating capac}ty by 75 +to 0% and the func-
tica c¢culd Dbe restored by 9gdinq then back (0.5% of tectal

cells).’

1.1.2 ~ Cytokiaes )
Cytckines are a grecup of regulatcry and effector sub--
3taic2s, usuzlly glycoprotelns, whkich exbibit a varliaty of
biological activities at low concentrations, in the  10=1° t¢
1025 range (Jppenkeir et al, 1981). They are precduced by a
vid2 variety of 2ll types including lymphocytes.'macropbaq-
e3¢ platalets, fibroblasts and keratinocytes. They are bor-
ron2=-like. Ta2 blolegical activities of these factors are

l1ainologically crponspecific and gedetically unrestrictede.

They act ¢z leukocytes, osta2ozlasts and endocthelial cellse.
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The facters aost.extensively encounteredi iz izmugze resporses

are laterleukias 1 and 2.

Tela2.1 Interleukin 1

dacrephages cas prcduce a factor koowa as fnterleukln 9
(IL 1) (Aarden g£ als 1979) whea activated by a vide variety
of stipulactse. The biological role c¢f thils ponokine, cyto=-
Kine releasq@ by zonocytes, consists cf: {1) enbapcement of
proliferaticn and differentiation of T lyepbocytes {includ-
"ing inaucticon of receptors): (2) predaction of antibody by
B lyaphocytas and (3) vproduction of lymphokines, sé&luble
orcducts released by lyzplocytes. There are additicnai rcles
cf iL ) a55oc;ited vith fever cectres. It is a rolyreptide
of Mewa 12.006'vﬁich'has bioloqlcal_activit? at 10711yx (wiz-

2l a2d 42zol, 1981).\

TeTe2e2 Inaterleukin 2

Interleukias 2 (IL 2) (Aarden et al, 1975) 1s a genetical-
1y uarestr:cted,\ soluble immunoenhénéinq factor vhich 1is
nrdiuced bv heirer T cells folloving stimulation with T cell
111237225 (beotxkau et al, 1976:; Wwatser 2t al, 1979) allcge-
021z cells (Gllls et zl, 1973; Shav zt al, 1978; W#aguer et
3de 1¥8U), turour cells (EBaker 2% 1L, 1973) ard ir synqgepeic
MLE (Lattize 2t 3l, 1981)e It has not yet beer shewn 1f TIL 2
13 oroguced and secretel fcllowiay srecitic anticen stimﬁlar

ticae.
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The generally accepted biolcjyical assay fer IL 2 measures
the factor's abllity to maintaia the growih of factor-depen-
dent cytotcxic cell lines (Gillis and Saith, 1977). Several
othar bilolegical activities hava been ascribed to IL 2 {Fri-
®1 2% al, 1979; Watson g% al, 1979). It has beenfreported to
{7) 1induce tﬁvnocyte proliferation either in the preseance
(Chea and DiSabato, 1976:; Paetkan é; al, 1976) or abseﬁce
(Farrar 2%t als, 1973) of a éﬁboptinal councentration of T Cell
mitogan; (2) aagment the proli%eraticn and generatiocn of cy-
totoxlc cells by alloan;iqen-stimnlated T cell- population
(¥ajner apd Pollinghoff, 1978; Farrar et al, 1978) aad in
the process, induce the synthesis of garma interfero:r
(IFN=¥) Dy the alloantigep-stinmulated T cells (Farrar et al.,
19813;_ (3) act as a second 3igpal ir the activation of an~-
fiqan-specific helper T cells and caintals these cells in
lonj-terz cericure (¥atson 2t al. 1575); () aucment the pla-
que-formlng cell responses 52 nude mcuse spleer cells to
sbeép erytarocytes (Parrar et al, 1975: ﬂatscn.gg al, 1979).
IL 2 15 2 gqglycopeptide of M#.¥. of 15,000 in nman and
30.000 i3 rpicay (Shav gt z2l, 1973; Wwatson et al, 1979); the
az3zential ccmpoﬁent of aurize IL 2, hecwaver, 1s & pentide of
MeWe 16,000 (Caplan et al, 1981},
i study c¢f the mechanisz cf IL 2 production shows that IL
2 13 produced througX®an 1i1ateraction of sensitized T-helper'
c2ils with activated nacreshagas (Larsson et al, 1980; Shavw

2%t al, 198C; ralacics, 1982) cr with.I1 1 (Parrar et al,
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- 1980). Activated helper T cells produce IL 2 wvhen they are
in late G1, reaching a peak at 30 to 50 hours cf mitogen
stizulastion in buman cultures (Stadler et al, 1980; 1981).
Palaclics (1982) :noted its productior at 6 hours vher husan
leukocytas vera stimulated vith Con 2.

IL 2 is absorbed acd used mot by resting ‘cells but cnly
by activated T cells in late G1,-v1th maximpal utilization in
S phasé (Benaard et al, 1979; Stadler et gl,i1981).

Additonal lymphokines which are bioéhenically and func-
tiozally distinct frem IL 2 but wvhich perform similar icmu-
doenhaqg}ug actlvities have been described (Fafrar et 21,
1382). Aﬁong tais qroup of related lvyephokinas are 1ntérleu-
kin 1, coleay gtimulatinq factor, qagna interferon, B éell

towth facrtor asd T cell replacing facter (Farrar o% al,
1982; Prystewskl et al, 1932).

1.7.3  Gepetic gonirol

The iemune ;?stam functions unéer the guidance cf various
Jarcatic factors, particularly +the rejor histéccmpatibilitv
corplexr (MAC), a multigene coaplex {Bénacerraf ard McDevitt,
1972; ¥lein, 1982; Thcrsby, 1983).

Miogcr tLtistocompatibility antigens evoke ccorparatively
va3x transplantaticn reactions (Kleir, 1982), They can stim=-
ulate %tha rrodaction cf cytotoxic T cells and serve as theilr

taryets, corovided the rezpoadicg .3 cells cad targets are

syrcJyeaelc in’ ‘?‘IDI'QSSIOD of Class I MEC antigerns.

: ‘
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1e1e301 Classification of NHC

| The tvo aost extenslvelé 3tudied NHCs are—that of maz,
called HLA and that of the laboratory mouse, called H-2. 1In
mice,.the §=2 complex 1s located on chromosome 17 and in pan
1t Ls cn chromosone 6.

There are three brcad classes of genes and poleculese.
Class I prcduacts, expressed on the membranes of all pucleat-
ed cells, are 3jlycoproteins that serve as the principal tar-
gets of rejectlion and mediate ;ne reccqaition and destruétion
of transplants, virus infected or tecplastic cells. They are
the gepne products of K, D and 1 loci in zice. Class II
'orcducts are e;ﬁtessed principally ¢n 'the mezbranes of lyz-
phoreticular c2lls. To some extent they appear tc determine
vhether auc ertarnal stimulus is "sglf® or ncte They zre en=-
coﬁed ky Fne I-reqion and the products are Ia aptigense. Ia
solacules mediate cellular fntaracticns amoné T and B lyp-
phoCytes acd macrorbhages by disvlaving the property o: al=-
lalic restriction, tkat 15 oaly «cells identical at the MEHC
ianteract sﬁccessfullv. Class III genes deterwmine the struc-
tures of =zt flaast three discrets cocponents of the comple-
ment syster (@ serles of interacting serum factors instru-
2artal 1n destroving 2and eliainatipg bacteria and other
foreign cells).

In mouse; a nusber c¢f additional qénes, called Qa and Tla
have been founde. These are related in basic structure tc

Class I genes, and ccde for antigens ¢f unknown functione.
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Te1e302 Products of REHC
The Class I qene products of manm are nembr;ne'igteqratqd
jJlycoproteins of about 45000 moleacular veight (M%) existing
ip 31tp in noncovalent association with the 12000 MW non=~NHC
encoded B2~-microglobulin. They have been sequenced. In
Class.II antigens tvo types of Ia s®olecules are fouad on
cells c¢f mcet acuse strairse. Th2y consist of three polypep-
tide chains encoded by I-A and I-E subregqlons., The proteins
eaacoded by the' Class III artlgans are C;, Cah and Bf, the
early comporents of the coaplensnt system, which prorote the

uptake cf forelgn material by macrophages.

1.2  IXMUNE RESEONSE: T CELL ACTIVATIOQN

The lxouce 3ystem responds to virtually any foreign me-
lacular configaration in one or zore of a serles of specific
LER Ditferazt stimul! =ctivata differant classes ¢f lyn-
PLccytes, actlivating only T- or only #- cells or poth. The
Taspo1263 t¢ the stimull cften require interactiors of dif-
ferent subsets of lyephocyiese. Activatico leads to clonal
arpansica ¢f T arvd or B cells, followsd by differentiative
orccesses walca generate effector cells, the aptibody se-

cret:

ts

G 8 zeills and the cytotoric T cells. It 1s possible

that ®cst of the T cell functicns can be carried out by

1]

@ills which have updergone the early stazqe:z of activation, a

W

hift from 60 to €1, =aad that the 3ycthesls ¢f DNA leads to

I -~ 3
amplificatice J2f these respecases. ThLis hasz beer shown vith
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suppressor cells (Shacd et a2l, 1980)s ™T=helper cells in G1
Jrodace aﬁqmentinq factore (Stadler. et al, 1981; ralacios,
1982; pPrystovski et al, 1982). MacDonald (1982) bypoth=~
€sizes that the CTL wmay be produced by activaticn of its
precursor by a process independent of DNXA synthesis. ®aking
a distinction betveen early activation and DEA synthesis is
‘important in the context of the work presented in this the=
3ls, vhere the tef; "activatlioa' will be used fer eafiy ac-
tivatlioca (GO - GI shifé) and the tera 'proliferation' for
DNA syrptheeis (G1 - S shift). Kaplan (1983) has described
the parameters characterizing these different stages of the
ceil cycle.

This introduction wvwill discuss the processes of activa-
tica and proliferation of T cells; zn understanding of these

- preccesses 1s essentlal o a discussicn of MLR,.

Ta2e1 compononts
Te2alel T cells

111 suﬂpcpulaiions 0f T cells are reguired to urdergo ac—
tivagicn for pirticipating in iaxune fﬁnctions. :hev.respond
to 3pecific-stimull, lacre=asas in cell size, remodel their
chroxgtin, synthesize DNA and undergo cell divisicn. Eack
clcie, constitutiag initially less than 0.13% of total lyn=-

phozytes, zay be ralsed to 1-3% thrcugh cell prolife:ation

(dcloarel, 1973).
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Te2.%42 Stimulus

T cells are activated by antlgens, allcantigens or acdi-
fied syngeneic cells and polyclonﬁl activatcrse. They re=
spend speclficilly te anthﬁFs anad the antigen-specific re-
Ceptors are cisnally distributed (Hltcﬁison, 197C: FHRelnberz
et al. 1983). Wheﬁ T cells are activated by allogenpelic
calls, the nrgfess 15 called the amired leukocyte reaction:
this ie described in a later sectilon (section 1.3). The pro=-
cess cf activation by the modified syngenelc cells 13 the
sape as that by allogeneic cells.

Poiyclonal activateors are videly qéed for I vltro stud-
les of leukccyte culture which forz & crucial aspect of im-
gupnoleogical studiles (gaolan, 19791}, Even though the acti-
vation produced by polyclcaal activaters i1s ncn~specific anad
the Teccysltica i3 Lndependent 2f Ia restriction, the acti=-
vation process constitutes tha szia series of e?ents that
leadsz ¢ clonél expapsior in ¥1vp (Falaclos, 1382). Saveral
clozez ¢f T cells, 7C to 80% of all ly=arhccytes, Arrespec—
tiva of their antigen specificty can te activatgd (Ling amnd
Kaye 1575)s & large variety of aqénts is kaovs tc cause =i-
togsaic activaticr irn vitro (%oller, 1972): the rcst common-
1y 1sea attcgens fer T ceil gctivaticn are the lectins Ccn 2
126~ PHA. In the murine systes Con 1 1s ©Ecst extensively
used. It 15 a plant lectin is50lated fros jack bean. It 1s a

tztraceric proteln with & bindiag sitess It binds to B and T

cells but trlgjers only the T cells 1ato activaticn (Greaves

=

| Depa—;
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and Janessy, 1972): B cells way be secondarily activated

(Owv23s aad Kaplan, 1982).

1.2.2  Gemetic contrel of T cell activation

" The geces in tte X3C guide the functions o¢f T celis.
vhich caa recoqnize antigers and respond to them by undergo-
1ng activaticon or +they can interact with targets and exert
effactcr fuaction by siaultanscus recoganition of the antigen
and I-r2qicn  Jeterminaats cn the saee calls vhich present
tne 2antlgen (kKosenthal -ané Stevach, 1973: Katz apd Benacer-
taf, 1975: Zipkernagel and Dcherty, 1979).

1.2.3  changes associated with cell activation

The lyaphccytes which respcad to sitcgenic cr astigenic
stinulus are 1in the guiescent or 60 stage of the cell CyYcle.
Tney are characterized by small azocunts cf cytoplasn, a com-
pact crucleus ccetalning mostly heterochromatin and a loi
leval of zetabolic activity. Activation 1nduces a train of
aveats leadirg +o perphclogical and_'bicéhemical changes
vhich culsinat? in cellular proliferatican Pnd exrpression of
ditférentizted propertiese.
‘1.2.3.1' Norpholecgical changes

Sore of tha easily recognized changes are the fcllowing:

(1) Ceil size: The cell dlameter increases ccnsiderably

#i<nin 24 bhcurs; this may lead uotc a2 three=fcld increase

duriag *he gaxlrum grcwth period.
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{2) Yuclear changes: Setterfield ot al (1983) have
classifled nuclel of resting and Con & stimulated_hunan and
surine cells 1iatc three mcrphotyvypes: I, uastimulated; 1II,
partlally=-stimulated and 1III, fully stimulated . 'Between
“oronotyres I and III, +the nuclear volume increases uptq 6
t513, laterchromatinic vclume rising 10~fold and the chroma-
tini¢ voluze only TS5 folde The chrcratin becomes disaggre=~
Jatad :ngo emall cluzrs froas maabrane associlated aggregates.
The change ftrer rorphectype I tc¢ TIII is dependent on RN
3yncthasis thrﬁuqh the 2arly part of the =stinmulation pericd
(0-15 hour) and proteiln svnthééis 15 alsc required. Morpho-
'tvpa IT =cuclei appear at arcund 13 hour whaer Tely A(+)
traascripts arz2 first detected (*itckell et al, 1978: Schaf-
ar 1ud Mitchall, 1979)e The Corn A stimulated chapge in nu-
clear structura precedes the onset ¢f DNA reoplication ané 1is
“naz2oezdenat ¢f  the effects of +the drugs that “ohibit G1/S
trdnsltion (Setterfield et 3l, 1583).

(3) Cvyteplaseic changes: 1A consideratle lzcrease in vol-
Qae 15 seen s¢ that {;creased fatia cf cvyteolaseric to nucle-
4z volure 13 a3 distiaguishiag featur=a. . The cytcplasn 1;
Ticaer In orqanel;es. cerparad to the resting cells. There
13 a2 1z¢rcase In aicrctubular compernents c¢f the cytoskele-
tcn (Brewa et al, 19835 waterhouse €t al, 1533).

(1) Surface zarkers: .During lvm;hocvte altogenesis sur=~

faca receptecr ceperteirs is eltared reaically. Ffochemical
n,

2nzlysis ¢f tne c2l]l surface artigens cf imcune T lvrrho-
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cvtes.has revaaled that several new proteins appear after
activation of T lymphocytes in iLC 6r by stimulation with
lectins such as Con A (for reviev see Bonavida et 21, 1982).
A role fo} any of éhese proteins has not bean clearly demcn=-
3trated. 2 change that might. be of particular sigaificance
in i1zecune " functions %s the chaage in Ia antigens; Letarte et
8l (1980) bave reported an jincraase cf this antigen in Cen A
3tisulated nouse lyamaphocytes aad there are several reports
0f iacreased Ia 2xpressilon ¢n activated huzap T lyophocytes

{Iniiveri et al, 1980; Schuurman et al, 1980; Wollman et al,

1940 ; Forre.ﬁi ale 1982).

Te2e43a2 Blochemical changes

They can be broadly classifield intoc (A) membrane events,‘
{B) intracellular changes, (C) initiation of DNA synthesis,.

A. HMapbrausz evanis:

{1) Tranaport of fon3s : 41t i3 oce of the earliest detec-
table changes after stimulation.

(a) Divalant caticops: Calciur plays a ccnirclling role
fu the activatlon of lysohocytes {Bard, 1578; Fhitfield et
al, 1532). Influr ¢f Ca*+* inctd lynrhocytas has been noted
witpin-én bour cf the additlon of sitogen (Allvccd ot al,
1971; Besketh, 1979),. A small, oroloaged rise ip the Cat++*
leval cf the cvytoplasro apoear§ to be reguiraed for initiation
and "sustenance of lysphocyte activaticn (Hesketh, 1979). In-

veivencnt cf calcicalwcdulin has bsen indicated by an early
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doudnling or tripiinq cf the calmodulin lavel 1in the stimu-
latad lyvzpbccytes (Velqhl et al, 1982). There 1is ;oue evi-
dence that calciuw is naeded as a ccfacter fcr scme critical
enzyies 1o the cell mewmbrane (Whitfleld et al, 1982). It has
been d1fficult tc defina the role of calcium in the activa-
ti¢ca preocesa because the changes L2 the cytcplasuic frae

calciuz are transient, due to its rapid sequestration by or=-

ganalles, Dbecause of the sultiplicity of Ca** bipding sites

on the call sarface a2pd because ' of the Cat* €exchangeable

pcols,vithiz the cell (Buce "a2a1 veldeman, 19380). Fetero-
Jeneity of the «cells studied adds tc the difficulty in the
iatarprectatica {whitfield et al, 1982).

{b) ¥cnovalert cations: The Tcle of moncvalert cat*cns

oz ¢all activation has beer reviewed by Kaplan {1978) . One

of the 2arilest signals cf lyasphccyte activatiocn is the

tTaigpcrt ¢f moncvalent Ccatlons - acrocs the membrane. FAR,
‘at m1itcgenic coancentraticns, cause K* chanunels tc cpen more
Ticxdiy, wlinln one =zipnute 5f 13irtiecn of <the ritogea (De
Zoucsey 2t als 1584) . It buzas lysphocytes a 2=feld in-

¢crzase in K% jaflur Eas beenlcoaclusivelv cercnatrated with-

-, .

A

in 30 rinutes (Quas+tel and Raplan, 15703;: Averdunk and Lauf,
1575 Mattesor aand Deutsch, 1933). Irn Cor A stinulated mcuse
splznccytes a 1.75-fcld increase htas heen detected in €

hcurs (Ovaes 2ad FKFaplan, 1980). This 1lncrease, which i=

saiantainad through the oreccess of activaticn, 1is character-

~zed rCy zn ipcreased Viax with oo chznge 11 Em. The flux
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activation 13 3ensitive naither td actinosycic D por to cy-
clohexinmide (Quastel 2nd Kaplan,1970k). Potassiun efflux
has also been fourd to be éoublgd {Segal dnd Lichtmarn,1976;
Jazilten acd Kaplan,1977)e To 2aintiar the same intracella-
lar g+ concentéation. in tha anlarged lymphoblasts, wvhich
are seen at 16=-20 hours post stimulaticn, and in the unsti-
mulated lyaphocytes, an increase in R* influx compared to
the efflux should occur; hovever that has not beea founde
This peradcr has beern, discussed by Kaplan (1978:7979B).

I'ba sodlez purp, the enzyee that transports K*, is a rage-
nasiup-doperdeat Na*R*aTPase (Skcu, 171975), located 1n the
plasma weabrane. Its function 1s d4inkibited by the cardio-
tOn;c ctercid, ocuabair. It tramnslccates across the plasaz
zeasdbrape 3 %Na* leons from 4ipside to outside anéd 2 K* ioms
frsa outside to inside, against alectfcchemical gradients at

the expenss of one molecuala 5f ATF (Glync and Karlish,

1975).
-

(2) Traasport of éther metabolites: Increases in trans-
pert of sujars, urldice and amiano acids have been notaed in
the first 6 rtours (O'Brier et al, 1978). Prcteln synthesis
is not raquired for the transport ¢f ions, sugars c¢r uri-
dire; the already existing sites are activated by the mito-

-
jers (Maadelzohn et 24, 1971).
(3) pPoecspholipid tabdlism: dltered iirid ccrpozitien

ana altered wmenbrane fluidity ars awcng the early changes

detacted in tke activa*iorn procsss (Fernser ané Resch, 1977).
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Activation c¢f the enzyte lysolecithin acyltransferase is as-
soclated vith ephanced turncver of resbrane vhespholipids
(Ray, 1568; Resch et al, 1976).

(8) Polarizatiorn: There i3 an early (vithir 2-% hours of
sltoger addition) drov ir cesbrane potential, which 1s fol-
lcvad by repolarizatior ard aycerpclarizaticn over the next
43 nours.The depclarizaticn 1s due +tc¢ binding c¢f ritogene.
The repolarrzaticn seems tc¢ be ccrrelated vwith a secondary
activation azd possibly due to IL 2 action (Kiefer 2ot al,
19831, '

Be {ysoplaismic chapges

{1} Prcteir and RN; ;Efabcliam: Frcteir synthesis 13 ac-
tivated withlo 4 hours amdicoatlaues tc lucrease until 48 to
72 noars (Kaye 1968)es It results from the translatiorn of
preexisticg 2FNAs (Jaqus—-Saith 2a1d Kav, 1976). Itbhibitors of
traasiation, oDpresent in tte raesting cells, aTre themselves
itazctivated Llrzedlately after altcger tindiage Ircrease 1in
3122 5f the activated lywmphocytas, the blast, 4is dependant
DT tnIZs ezTly protein 3ymthesia (Schafér znd Mitchell,
19739). ﬁlthouqn nge new RNA 135 forred nntil atout 11 hours,
there 12 porecessing cf preforaed mﬁwae ir the first 10 heurs
and trey are exported to the cytorlasz (Mitctell et al,
1973).Transcrioticn of nev RYA starts at 12-14 kcurse. Conce-
mitiat wvizz tnis 135 the foracticn c¢f blasts whick display
;he acronclic3yical features characteristic of activated cells

{Setterfi2la =2t al, 1983).

r]
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(2) Intracsllular second messernger: A second hessenqer—is
required to trasnait tha signal qenera;ed at the plama rea-
braae to the cvtopiasn: €yclic AMP (cANP), 1in conjunction
vith Ca** uptake has baen cdnsidared for tiis role=(ihit-
tleld et 31, 13976). There 13 a trapsient rise in CAMP con-
cent:&tioa in the the first 30 minutes, returniag ?f control
levals by 2 hours (0'Brier et al, 1978). Another ipcrease 1in
level Fccurs 12 late G apd persists patil nid-S bhase {%ang
at 31, 1978; Foker et al, 1979). CAMP is thcught to act as
both negative and positive regulator of activaticn (Buwe and
Feidemaa, 1980). -

(3) Other changez:” These include enhanced serebic glyco~-
lysis and accuaulation cof ﬁolyamines and of biclogically ac-
tive products suck as the cytokines. |

The cytcrlasmic changes described above lead to the for-
ration of blasts and cénstitute tbe preriod of grcvths This
process Jdiffaractiates the cell sc thet 1t can respond to a
'319aal(s) 1alzlating proliferatica. Blast foruatioﬁ ray be
uncoupl=d fream prcliferation althougt the forrzer is a pre=-
Tegquisite cfltae latter; 1nhibitors cf TNA svnthe;is do not
affacet the _ntagrity of the blast (Settarfield et al, 1983).
Ce DNp zymTheszls . ‘ |

{1} ©ONA replication: D¥A syntiesls corwrences apprcri-
rataly 30 rours after stigulation as tha cells esnter S-
Phase. Maxiaus Increrroration of JIF-thyridire cccurs after

48-6Q kours and falls ravidly thereafter. The 1increase in



28

+

DN3 13 praceded by 1ncreased_act1y1ty‘of DNA replicatiqg eé_
Zyoas3 éﬁch as DNA polyrerase, tayridine kinase. -thvaidilaté
kKicasa (Loeb et al, 1970; O'Brian 2% al, 1978). .

(2) DNA repailr: This 13 an eaflv nsuclear event thkat bas
baen recantly repo;&ed” Activation cf lyvapkocytes induces
revalr of straad breaks that.are pregent in the TDNA Of rest-
ing ceil3s. This-occurs vithia 2 hcurs of Con 2 stimulation
1p nice (Gra2er and Kaplat, 1983) ané 8 bours in huran {(Jchn-
stcae atd willtams, 1983). It 1s not yet known bov this
event 1s causally relatad to the zechanisy of prcliferative
razpounses 1t is a uecessarv‘stap; it=s 1ohibition =supprasses

oroliferaticne.

1.2.3  mechanism of T cell activatiop

Thz patbvay ¢f T cell activatior Las been illustrated ip
Figde T Iniclation of activatior takes place a2t the gew-
druae. Jci A, wbich- 1z pnct ra2qiaired te enter the éells (Be=
t2i anad vwvas dap Berqg, 1972), can trigger stimuglation by
piadice 1irectly to the membrana, L:Eesendentlv cft.Ia pcsi-
tlvz2 cells (fFzs3ch and Geasa, 1975: larsscn- and Coutirho,

197337 ralaclos, 1932). The a2tijens can laltiate this step

caly 1p assoctiatica withk TIa Dbearing synqeneic . ACCessOory -

cellse Allcarcigeas can ditectly trigg2r respending T cells
{dlata, 1582). ALl these stizulants arous2 tvo pcoulaticas
2€ T cells, TL 2 accavters aad TL 2 ctroducerss Poth the reo—-

ulaticos fcilcw two disctinct sejuenctial chairs of even}s;

T
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growth cycle (step 1), initiated -by siqnal 1 °and DNA=divi-
slca cycle (3tap 2), initiated d>y signal 2. |

;62 1: It 1s 1n1tiated by a recoqunition esent that 1is
clcaally distrlbuted and provldes tke basis forAiwmunolcgi-
cal specificity (lLarsson et al, 1980); It lnvolves a skift
from G0 tc G1,. accompanied by syathesis cf RNA {Eetteﬁs et
1l 19;2:- Stailer et Qi; 1981) 41n.IL 2 accepting and IL 2
prodﬁciﬁq cells. ‘ A .o~

Ae IL 2 acceptors: The} are 1a§glv CIL3, Lyt 2% 11 nice and
0KT8* 1n busaa (Larssor gi nl; 1982; Palacios, 1982). The
activatad T cells acuuire res ponsiveness to IL 2 (Baker gi
*;L, 19785 Bcanard et al, 1979), bearirq 1000 to 2000 more II
2 recerptors thnam the reating ceils (Rebb et al, 1581; %oret-
ta =2t z1, 1982: Falek.g; als 1983). Garsa interferon olays
21 lapecrtast rcle im the expr ton ¢f IL 2 receptors {Jchn-
soz and Farrar, 1983). - N

Be I1 2 precduacers: _Thef are Eainlv ATLls, Iyt 1% 41 7wice
{Larsscao,19¢2; Palacics, 1982) and OKT4* 1u humap (Reinkerz
2% ils 1981).urh§ trigqgered cells ccve ffom 2ezrly G to late

G1 2fter irteractieg with Ia Dpearicd cells, {SBav ex gl,-

1380 Oppu heir a3d Gery, 1932), regriring cell-cell inter=-

-’ [

action (Akiyzza ex zl, 1963)[ IL 1 2ay substitute for the Ia

Do3ltive cells (?a*rar gt als 198C; 6Giills a3d '17el, 1981;
¢

Palacics, 1582). IL 2 receptors have nct beern fcund iz ac-

tivated-IL 2 producerse.

-
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Ster 2: It ipitiates the proliferativa or S—-phase in the

cell cycle  through an interaction betwveen a grovth factor
and its raceptor (Stadlar et al, 1981).

A. Il 2 acceptoru: Using radiolabelled IL 2 Rebb et al,
{1931} h;}e shown that IL 2 binds tc the IL 2 receptor of
CTL3: this happens_r&pidly (15 rin at 37°C). IL 2 bipding
1s specific for activated T cells. This 1s fclloved by a
receptor- and'lyscsome-dependaﬁt d;gradation of IL 2 culsi-
natiné iz DNA svnthesis;' the actual steps 1nvolved are not
kgov:. | )

Be IL 2 producers: fha'steo 2 for IL 2 producer T cells is
not clear. Th2y can proliferata vithout the additlion cf ex= -
ogencus factors such %s IL 2, 1IL 1 cr 1n£erferon (Palaciocs,
1982). The Il 2 producer cloaes :etai: thelr resocnsiyenesa
to T cell ﬁitoqeds. IL 3 ipduce; differentiation of oprecur-
sor sells into II 2 producer asture ; cells {Itle at al,
1982 )« JIL 3 1s a IVmphpkina +hose blological activity 1is
rgazured by Lte capacity to 19duce the axpressior of
20 ~hydroxystaroid debkydrogenase in lyzphocytes cf nude angd

normal mice., It is prcduced constitutively by Lyt1* mouse T

cellse.
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1e2.5 Regulatlon of T gell activatien
Raegulation of activatipon, which 1s genetically deterained

and ¢optrelled by, the immuncrequlatorv' netvork, may be in-

ducad as vell, 1n ¥i1¥o and ip vitro.

1«2.5.1% Natural immune requlation . . o
11) Genetic ccontrol: &nitiatipn acd ertent of immune re-
sponse 1s contf§lled qeneticallv { tenacerraf and Germain,
1973). i-reqlon genac within.HaC are raspcnsible for thise.
(2) Ixtunorequlatory natwork: T call proliferation does
20t cagtinue taéeffnttely, c2ll 61visioﬁ ceases after a fev
rounds and the quliescent stata reéurns. This 1s coeantrolled
by <he iLlapnuasragulatory getwork. rrirgarily through the regu-
latica ¢f IL 2 availability (Palacics,1%82). Suppresscr T
ceils, b=2ar:zag Il 2'rebepfcrs, ibégrb tka factor (Sasportes
et al, 1381, They also‘ 2xert tieir inhibitcry effect
througtk the@ﬁsunpressor factor they release which centalns
I-J aclecuies. ¥acrophagas produce ar ezhancing effect vben
a:esént_;n iow co:cenﬁra:ions anq ar Zabibditory effnct vhen

they var= 1o bijher concentratlioase. Freostaglarcdlins bhave been

showa =95 Lghibdit thé orcduction ct JIL 2 (walker et al,

€

1903). ' Certain serur factors in rice and humen 12y alse

shevw inhibitory effactse. . .
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Te265.2 Induced iamunosuppressioc:n
(1} In gljg: The graft-versus—-hest (GVH) reactigni in-
@uced by injecticon of qarental gtrair lysphoid cells 1ﬁtc F1
mice causes a state cof permapnent Aismunosuppression, both
cell sediated and humoral (lapp and Moller, 1969)« The sup~
pression fcuad in the early paericd of the GVH reaction 1is
médiqted by aéherent cells which suopreqixhelper T- and B-
cell fuaction (Flie and Lapps,. 1977). It bas been sﬁqqested

that suppressor T cells are genarated during the course of a

GVH reacticer (3yfield et 21 1373) but it has znot been con-

firzed (Partheanals and Lapp, 1378). I+ has been found by

" passive transfer erperimernts that GVE 1aduced imauncsuppres-

sicn 1s caused, at least in nart, by the fnnctipnal‘dep;e-

tion of 2 tnymic mediator {Lapp et 2k, 1974). Ip mice, in

the late phase cf GV reactioa (days 719 or zore vest GVR in-
duction) imzunosudpressicn is not due to;the rresence of

suppressor cells but tc the inablility of the T cells to shov
4 M .

‘omuzocompetence (Seddik et zl, 1980).Thay faill tc shov re-

3pona3iveness to PHA or Ccn A {lLapp.ard Kirschkoer, 1979).

(2) Ip vitro regulation: The' agents t‘hat {nhibit or
stinulzte m;theaééfs ray directly Zntarfere wvith the pro-
tiferative capacity cf t{e responding cell or their effects
23y be e{grted cn cell-interacticns that =make up the regula=-

tOTY TetvoIkKe

Some of the physical and cheerical agents that have been

shevn to saterefere with +ha zell zactivaticn Frecass are.

' /
4 v

nt
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ionizicg radi:tioﬁ, ultraviolet radiation, coelchicine,
S=-fluorcuracil (5=-PO0), nitonvcin C apnd ounatain. The follov=-
iaé‘:speCts aras koovn regardizg the rode cf acticn of these
ageats: |

Pl

Ionizing raiiation: Treato2at 9f -IL 2 orcducing T cells

vita 2000 rads of ¥-ray, a3 decse vhich inbhibits DN3 synthe=-

»

3lgs dces pot modify their capacity to synthesize growth-

factofs {Kasakura, 197%:; Gordon et al, 1679; ©Palacios,

[ g

1982). Ceils 1rradiatad witn ¥-rays (150C rads) bhave Leen
shovn to be capable of delivaring helper factors (Pilareki,
1977)s Presuvably thesa treatﬁents de not inkibit the early
gtages of activatiocr, vwhich ls a prerequiéite for IL 2 frro=-
ductien. FEigroar doses of f-ray, hqvevet, significantly in-
bibpit IL 2 prclucticn (Gordon et al, 1979: Palacics, 1982).
dltravidlet radlatica: It causes Jilmerization cf pyrisl-

dipes vithic the cuclear CNA. ' This lesion 1s reccanized and

ravarsed Dy photcoreactive enzyeesz (Bzoavalt ¢t 21, 1979) .

Castellarncs @t al (1982) showad severe inhibiticn of the
. . -
sroliferaticn of buraz lympaocytes’™ in vitro oparticularly

.

when resting zells vere “rraitated diomediately prier te

stinulatice with Cen Ae. Princlpazl effects of UV vere shoﬁn
tC De ¢u early';vents cf the activaticn sequence apd some Of
:heae.effacts appeared +c Jbe 1ndeoesdent cf whatever damage
the radiant enargy caused tﬁ auclear DNi.

- Coichicine: -.This rlaﬁt alkaloid that specifically binds

t0 the micrctunu;e precteia tibdlia and results 1o cicrotu-
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bule disasseably (Margulls, ‘ 1973), bas been.a subject of
controversy réqafdinq ites effect on ivnphoc§te activation.
The abillity of colchicine to 1inhibit mitogen stivulated DN}
synpthesis has been repcrted By several wvorkers (Greene et -
31, 1976; Resch et al, 17977 and Rudd et zl. 1979); there
nave been soma neqafzve repogts toc (Eetel and Martidine,
1976; Staen and Lidmo, 1978). Thera ara conflicting reﬁorts
vith respect to the early eveats of lvnphqute activatlion
also. Sherliae and Xundy, (1977) apd Resch ¢t al, (1977)
found nc inhibition of FP¥A and protein synthesie. Iz con-
trast, inhibition wvas cbserved by Hauser et a3l 1976: Greene
et al (1976) and Rudd et al (1979). Studles vitk cclchicine
and with +taxol, the microtubule'stabiiizinq drug, suggest
that zncrmal aizroctubule function-1is recessary onl% for:cell
diviscn ana that drug effeééé ot mitogen=-induoced blast
traasformation and 1rcitial DNA synthesis are uarelated to
aicrotebules (Brova et al, 1963:'Cuthbeft and Shay, 1583}).

>-Fluorcuracil (5-FU): It 13 a pyrizidine analogue which

1s ati1lized for nucleotide synthesis Dy the same pathwai as

-

-uracil but 1= 1nect convarted to cytosine or thyrine nucleo-

tides {Held21barq,. 1964). Bouzai et al (198%) found that
vhen S5=-F0 wvas addgq&as a pulse early after aitogen stisula-
tica, 2 very sevare zad irrevarsible inhibitior of subtse-

quent DNA syntaesis occurred without. affecting tbte earlier

sbases of activation such as R* transport aad blast forsa- '

tion. The e¢xtant cof inkibition ©f REPR synthesis depanded on
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vhen dgring the activation process the drug vas presente
greateet iphibiticn of RNR synthasis (87%) was obtained with
treatrent io the first 6 hours of aéiivatlon and the rinimue
inhibition (30%) wi;h the erposure 1n S-phase. S=-FU inhibits
thée processing cf ribosomal BN2 }iilkinsqn et al, 1975). The
1ot funderental effect _of 5-FU0 has recently been reported

by Sreer and Xaplar (1583); this drug has been found tc

-~ cause irreraraple strard breaks in the DNA of mcuse lyarpho-

cytes aﬁd tals vas the basls of the irreversible inhibiticn
aotadity Beumah et al (1684). -

“Itomycic ¢! Bach a2d VOYn;V (1366) aescribed the use ¢f
thls drug tfer the study of one=-vay ®LF, It preven%s replica-
tlca of DNA by cress~linking 1¢s coaplesentary strands (Szy-
batskl z2nd Iver, 1968). Mitonmycin C-treated Ivrﬁhccvte§~are“
capable of proiuciaq.iL.Z ﬁnder tte .stizulaticn cf Pé} {Fal-
acids, 1932).

Quabain: cuabaip, a carvdiotonlc steroid.'gis a 3pecific
laplioiter ¢t Ne* and K* traazsoort ecting via thne membrane
Na*X*ATrazd (Fort et zl, 19603 Skcu,1975). Its effect op

lyephocyte activation has Lbeen revieved {(Kaplan, 1978). It

Z3kliblts reversibly all rarameters of stimulaticr of lvyorho-

€yt2s no zatter bow the stizulation is oerforred, _in huzan
. -

. .

{Quascel and Kz2rlaan, 1968) ani i1 pice (Ovens and Raplan,

"198J; Kaplaa, aad Cwens, 1530). Ia. zic2, the effect of this

ircy was Lirrever3aible whel a conceantraticn of 1x10-3x or

70re vas used (Ovens, 1581). kodent cells are abcig 4 cr=-
N _

o

¢ | L
AY; .
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ders of anmagroiltude less sensitive to0 cuabain than are husan
cells (Quastel and Vogelfanger, 19?1) although the sodiux
asuap l1solated from weasbranes of most specles are essentially
blcchemzicaliy 1dentical (Skoui 1975). There are certain
paristent effects of ocuabala on auszan lyzphocytes (Wright
and Kaplan, 1976)e Prolenged inactivation of cation trams-
port, for eracple, incubation of hurar lyephocytes with ocna-
baia fcr 45 heurs caused certaln 2ffects vhich persisted af-
ter removal of the druq. These effects vera exerted on the
3tizuletling celis in 23 MLF aad on the proliferative ra-
'sponse to antijens, but pot to tltogense.

Thus T ceil activatioa, vwhich I5 a 2ulti-step process, .
may be affected bvivaribus elevents althougk the undetlvf;g

processed cay 1ot be obvious.

1«3  MIXED LEUEOCYTE REACIION

Yedevar (1958) demgnstrated that the allogenelc or allo-
graft respcose, the process iaveclvad io rejecticr ¢f tumours
a2d trenaplaats, 1§ an ﬁmmune fupecticn; raccgaition of fhe
"pcn-self antiga2n 1anduces proliferaticno of lymphocytes " and
2qenaration of killer «cells 1in the Lost to lyse the foreign
cells. Norzal tissuas that carry allcqéneic histocompatiblil-
ity antigens arce attacked orobably because tbkey are zistaken
‘far tumcur calls by +the imaunz survaillance system (Bur~
n2t,19€69) <here Tecells are particularly well eguipped %o
{ecéqniza 223 respcrd tolaiterei s2lf or allogeneic antigerns

{Dcharty and Zinkernagel, 1975).
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Yizxed leukocyte reacticn (MLR), an ip zlgzg apdel of
alloqraft reaction, expresses 1mzﬁne I2sponse reaction
1galast geaaticzlly determinad inccipatibilities. It vas
first cbserved by Ba%n et al (1963) vhen ttey pixed two
p;pulations of leukocytaes baaring different alloantigense
(Alioantiae;s are straiaz speciflc antigens, representing al-
teraate forms of alleles #lthip a sinqle spz2cles.) MLR re-
silts ia a blastcgenic responée and rroliferaticn (Bailp et
iL-.19b4: Bach 22d Hirschhern 13968}, folleoved by differenti-
ation iato cytotoxic lyesphocytes whbich specifically lyse
c2ils beariaj the alloart?gens 23ainst whicn the response 1is
diracted (Eayry and lefendi, 157J). During tke ccurse cf ;LR
2 saries of ovapte takes placa, '1nc1ud1nq_the productiorn of
2 nuaper of cytokines (Rocklia 2t ai, 1980) and suppressor
c2lls wbilch plzy a vide varlety 'of rcles in the immgnocregu=-
latory circulte. MLF 13 thus vefy useful to ap 1amunclogist

25 an Jjp vitro zodel for studving the 1rruze respcnse. AN

L

lzportaat clinfcal applicaticn ¢f this reactiocn is +that 1t
reflacts an 1ndividual®s capaclty ¢ 1deatify fcreign cells
a1d tc lnltiate a3pecific loemunclegical raIacticns  against

them (E2acn aal AzosS, 1967}

1«31 Y¥arigus klpds of MLR
1.3.%.1 Ope-vay HLR
Onefday MLF _wa3s devised to 2n2ble one to study the re-=

socase 2 Cue allgsentic c21li pcpulaticn to the 3tirulus -

-t

-
ot
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giwed by the other set of leukocytes. Tachnigques vere devel-
oned\ic abolish prolifération vithout dasaging thke stisulat-
iag capacity; treatment of the stipulating-.pcvulation vith
ritosycin C (Bach and Voynov,1966) ~or X=rays (Kasakura and
Lovansteln, 1965) could achieva this; such agents cross-link
or damage the DN2A and prevent 1ts replication. When the
stlaulators ani ﬁhe responderz Jiffer im their HHC_loci, un=-
treated responder lysphocytes proliferate; +this is detected”
0y laccrporatlion cf tritiated tkymi@ine iato tyf. DY¥F syn=-
thesizing cells. This is the one=vay mi;ed leukocyte reac=
tioca or 4L¥%. The cytotox!t «cz2lls gernerated in the culture_
areg assessed by cell-rediated 1lyerpholysis (CM1) assav,
uhére ¢na peasares thelr abilfty to lyse radioactive sodium
chromate (°1Cr) labelled targat cells bearing the same anptie

dJ2n3 2¢

ot

he gstimulatcr inp ML (:erottid; and SBrurnper,1974).

Te3el1e2 Brimary and secondary MLR

In tane priaarv MLC, when two populktions ¢f freshly iso=-
latad cells ara aizxed, prelifaraticn rTeacnes peak activity
arounc day 3 ~4, 11 unice and_dav 5> 1n puran cells, and then
daclizes, <tha cells revertiag to small pon—dividinq cells
(Aniersson and Fayrv,1973). A secondary £;socnse. geccndary
LR, 22y thel be aliclted ulfh an accelerated rate and in-
cre§sed CTL response, suggesting tbe presence cf igcreased
aumrers of a2zery.cells derivaed frow CTL~praecUricrseThis mafﬁi

be 1aduced ¢1th fresh or metabolically inactive stimulator
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cells (Pilatski,1977) or by taa adition of T-cell grovth
tactor (Uotila ef al, 1978)s 1In the murine systew, leuko-
Cytas 1zmunized Jp ¥ive nmay be induced to prodyce secondary

NLR 13 vitre.

<
Te3e143 Autologous NLR ’

Autoclogous MLR was first reported 4n zice (Bcve, 1973)
2nd then iz human (Opelz et al, 1975) ard quires pig (Ya-.
1ashite aad Shavach, 1980). It 1= gefiped az 2 T=call pro-
lifarativa resoonse th?t cccurs uped ig ¥viire stimulation by
synjeneic ncn T-cells. BAlthough the physiclogicel rcle of
sucn T-c2lls ravains unclear, this svsteﬁ has been useful in

‘dissecting the nature of the s izulator cell tyope and other

"™ aspacts of “LR, The respecnder calle are Lyt 1* apd the

stinrnlator cells are Ia+"mactbphaqé—b ke adnerent cells {(Ya-

2z

tn

alte 2% 2l, 1982) or derndritic cells (Stetozar azd Fit-
ter, 157d}e Dos Fels and Shevack (1581) suGggest that auto=-

1lag ocus MLF reprasents antigezg-irdapendeant rolyclonal

activation of 2ntigen-svecific T cells through their recep-
N P .

o3 &t :elf-IiZ It 3axbiIbits Dboth memory ard specificity
(Yaraskita 23d Shavach, 1980) and 1s under the ceatrol of

the azotige=ns eaccaed by the MdC (Hauspan 234 Stobo, 1979},

N
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1.3.2 Ipaunogenetics of ALR

The role of the MHC ip gqraft rejection wvas discovered by
Gorar, Spell, Dausset and Banacerraf (Snell et al, 1976)e
T=-cells recognize conventional antiqéns orly in asaociation
wvith ®seldf® M49C gens products (Zinkerpagel and Doherty,
1979; <&leiln, 1982). Ap exception tc this restriction 1s the
racosgniticn of alloantigans, wahilck ara tecoqniieé directlye.
Thera 1s a high fréquenév of T-éelis vith clcnally distrib-
utel specific receotors for these antiqeng ~{Pach at a2}l,
1977)e The antigens, coded by M3C activ:té allogepelc T lym=-
phoccytes very 3fficientl?tfnatzgnqer and Bevan, 1977), Low-
ever, they are functlcnally competent only when presented-on
m2tapolically active. stinulator cells (Lafféttf-ahd- Vcool-
nough,1977). - ‘

A :ca-ﬁ-z lilaked minor lymohocyvte-stimulating (Mls) lecas.
enca;as allocantlgens +that provoke a strong wrisary T-ée}l
oroliferative resccnse (Féstenéteiu;1973}. These Mle aptil-
Jens are reccgalzed in assoclatlion with "self® B-2? deterni-
naﬂts (Gr?ss'g; ale 1981)s Vira2l antigsers, hapters Cor mino;
histocc;patibilitv antlqgens are alsc recognized by allcge-

n2ic cells o asgociztion wita self H«2 K or D antigens -

{Zinkernagel and Doherty, 1973). i

L/

e o
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1e3.3 Compopents -
" T¢3+3.1 Responders
.It.has Qaen established unequivocally tkat <he responéing
c21ls i3 MLE are T cells (woslar and Cazter,1971). B cells
\hava been reported +to _divide in a secc¢ndary uav‘jp;quet ang
Vazsall, 1972: Perkinstg;\:ll, 1§75).Hatura; killaer cells
(drtalde anz adnnafﬁ, 1377 Za:lind'gg al, f981] and anoma=
lous killer lﬁj) celié (Karra 2% ;l, 1983) have alsc been
'reported tc de ageperated. Duriaj the paricd cf the response
an array of cvibkines %59 produged (éccklln er al, 198C).

& large fraction .oé T lywohocytes respcaé vigcerously te
allsantigens, ﬂsﬁcciallv to the antigens ancoded by the NAC.
Jze to 12% of T lyrphecytes oroliferate 1a Tespcnse to al-
lozatiqens of a a3ingle XBC hzaolcotype (PRach et al, 1377).
Differcent alloantﬁqérs of ¥HC appear to 3tizulete preferep-
tially fuuctlicnally distinct 3ubsets cf T lynrkocytes, name-
‘l? the T=h=zlozrc, T-sup:resscr.and cytctoxlc T cellse.

'-aelper zells (ETL): In manp, HLA=D/DF antigers irduces
tne prcdactiza ¢f nelper cells iz the allejegnelc Tespender.

. 7
iTise vhea largqe curbers c¢cf T

W

be

[

hy

Iz acuse, th Der ocell

lyaohocytes ©p2aring t;e Lyt 1* <ckenctype preliferate buot
Jen2rate o cytotcxlc acdtivity in resporse tc  8=2, I-A/F,
ard o oCu=H=2 Pl; allcantigeas (Scherdel and BdCb,i975: angd
Fastenpstain, 1373, Benacerraf and Gervaico, 1578). _K/D ¢if-

feT2ace 22y 2lic induce the proiuctier of balpar activity 2np

Lyt 2% cells (Jkada anc gSenney, 198C: Svain er al, 19&1).
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Approximately 1 in 330 3plenic T 1ynphoé§%es davelop helper
activity.in ra2sponse to alloantigen of a, single haplotype
{Lutz et als, 1987). Most HTL appear to cooperate nonspecifi-
cally wvith sena;tized cytolytic cells (Lutz et gl,‘i981)A\tc
vield-functlonailv active CTLs (Larsscn et al, 1980; Faatkanu
'gg als, 1980). The activatele calls release an arra;‘cf_lya-
phokines {Rocklin 2%t al, 1986: Prvstch§1 gﬁ 2l, 1982) wbick
gerve a3 esseatlal growth_factors fcrrlvmohocype prelifera-
tion acd diffz2rentiatior and 2s requlators of the imrune
netvorke Allosensitizatlon produces two types of BTLs; one
induyces the nacrcpheges tc produca IL 1 and the other bne
)

receives tke IL1 and produces IL 2 (larsson, 1582).

T-suppressor cells: Tﬁev arise Iin resvecnse tc 1-J re-

310as of ta2 stisulator in sice (Okumura et al., 157653 Kit~

L]

chi30n,198%) and in huzan to tne D-region of the ¥EC (Mit-

¢hison,1981)« The suppressive factc;(s) released by ther
selactivaly acts ©ox T cells aad ttey are involved 1in the

requlation of che i1zxmune raSpi;;ijgx\modulatiﬁq early events

"in T-cell activation (Gode ot p 1975:‘Kramer and Koszipowe
3k1,19821); suppresgicn of.'activation of CTL-rrecursors
(pCTL} (Susskizcd =t gl, 1981)_ aod ¢ T cel& grovth facto;
oroducizg gell (Gul}befq acd ‘Larsad 1982) -hag been sbovroe
‘'In the nurire systen suppréssc: 5;223 arise thrcugh an'inf
teracticn betw2en Iyt 27 apd Lyt 2* cells (Chacuat =t al,

19621,

<2

-
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Cytotoric T=-cells:  The pre-killer cells (Lyt 2% pheno-

typ2 ian the mouse) are stiamolated by Class I (K ané D subre-

- qlons) of MHC (Cantor and Eoyse, 1978; Wagy et al, 1976). ID:

ran BLA=-2/B 2licit cyvtotoxic . callse The sensitized cells,
yhich have  been shevn to bind vasicles couataining allogeneic

K aad D antigans (Elliot et al,.1980), are further activated

by IL 2. (Paetkau et al, 1580) resulting in effective killer

" cells vhicb spacifically recojnize target cells bearing the

sasa K ang D'antiqens as the stimylators (Ziokernmagel and
" # . o
Doharty, 1979). Yarious qroups have estimated the pracusor

. . . - s
freguescles of alloreac_ti‘e CTls (¥iller ex al, 1977: Ryser, @

a2d BacDomald, 1979).  Miller at al- (1977) ‘tave-shovn ‘that

pCTL are h;pﬁ{; specifi¢c and are precontitted tc resﬁond tc

particulax allcantigers but gader’ certain ccuditicns upte

20% of the entire ovool ¢f ©pCTL can respend and gererate CTL

specific for :the same allcantigaze.

1¢3.3.2  stisulators _ . ’

Ceilular rezuvirzsept
}hére is 0o coaclusive kaovledge regardihé the celld%;r
aatire of tha 3t1pulator cells. Cell fractiocnaticn studigs

» indicatel the E lysphcéytes to be the

. 20st efffactlive sticulating cells (Flate and - -McKenzile, 1673;

v#L Bcehm®r, 1374)s More recaat literature hes assigned the

'stiwulatery zcle tc macrophages “(Fede and Gordom, 1974: Ah-,

a3 et z1, 1979: Suashipe at al, 198%Z), the dendritic cells

e
™

oF
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(Steinran and witnér,1978: shnsqine'gg';;;'1982:"Sté;:{an at

il 1983), and a radio-resis;ant Ia=-bearing, non=T and pon-

adherept cell gﬁeme et ;1, ‘1981). -Sunaﬁine et al (1982)

:fboued'neteroqaneity in tha in yina{ﬁap ‘1ty cf the vat-‘
icus ceid—~ typas; dendritic aad adherth uafrofhagqs being

-wost effectiya. Very littlé pogaﬁtial vas found in T or B
cells alone. A number.of vorkars ;n‘ppféa MLE have fourd a

strong sticulatory activity in activated Ia=-bearing T=cells

(Indiveri ¢t al, 1980;: Schuurman et 21, 1980; wWollman et al,

19805 Forre et al, 1982). . RN
ﬂhat9?ér tha pature - of the cell, fhe stimd}uzgr‘is re-~

'quited ta Pe Ia beariag '(Accolla at gl; 1981: Sunshine et
al, 79&51. Treatment with ﬁonocloual! anti-Ia zantibody and
coaplerent totally abro;;ted the ‘siimulatinq cgﬂa;ity “1n
thelr studies; even K/D diffarance vas effective énlv.uheﬁ
borae on Ia bearing cells. . SN : . . - =
| All tbe&e;findinqs are bazed %a ybe atﬁmﬁlatcrv fnnctid@f
/of fractionated cell nopulations.; It 1s not knovno 3h1ch
AcelLa'in the 3pleﬁo¢ytes participate cr collaborate 4in de=-
liéerinq the stimglus wher they are present in the unfrac-
\\\}Lonaied ropulaticne | S
Cells other thban leukocytes can alsoc stimolate alldgeneic
raacticas. fa—bearinq endothalial ¢=211s and Lanqerhaﬁs
cells are -.capable dt stinulating alicgerelc célls (éirsch-'~

-

nary et al, 1932).
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Some pez=-I2 hearing cells ars- vary affective in ipducing
CTL production {Davidscn, 1977). XNecplastic cell lines. such

as P815, EL=-4 or L=cells ara potant stimglators {Lafferty

and Woclaoouagh, 1971).

-

BY seperating subropulations of  the resporders nusing
anti-Lyt=2 apntibodvy and flow microflucrosetry, Czitrom et al
(1933) nave shown heterogenelity 1£'tbe requirement of stimy-~
1a£;r cells . £or eliciting raspﬁnse in the different sub-
.. greaps of the responderse. Them bave shovn that either =macro=-
phages cr* dapdritic éells~ ire required .to stimulate
proliferating Lyt 2~ cells, On the other hand,-,tﬁe Lyt 2+
popa;at¢on, dn-ch‘ahoved l*ttle proliferation and which ccn-

v

ta&%ﬂd all the precursors of CTLs, differentiateé into al-

logpecific cytotoxic cells 1la rceepcrze tc any alloaptigen-

- ~dearing stisulator cell provided IL 2 was tresent. Davidscn

(1977} has alsc fqund:that Ia rermoval reduces prcliferative
T2SDOLIe bgt‘not CTL activity. She found tﬁat exransiosr of
Lyt 1% cells, in -response to Ia difference, 1s necessary
¢heg Lyt 23% c2lls are in liciting -cusberse | _

defabelic acrivity |

Unlike zitogens or specific antiq;ns, allrantlééns can
;pduce lyephocyte 2ctivation only vhen borne™on metabolical-
lv active cells (Bardy and Liag, 1969). Leukocytes wculd
10t furctict &3 stimulaters if they were k1lled or disrupted
(Hardv aad Lia3,1963) or inactivated by heeting ér icdcacet-

\ <
lc acelc ac.d (Schallekans ard Eijsvcogel, 19790) or by UV

wl

P
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'(Liadahlfxiesslinq and Safwenbery 1971). “It has baep.fouﬂa
that UV. irradiatlon does not affect alloantigens cun the sutﬁ
faca, as determined by serological !ethods (1indahl-Kiess~
ling apnd Safwenberg, 1971; Lafferty et al, 1978); such
tr;qted cells could function as ftimulators if a thi;p party
o€ ¥ -irradiated cells vere added to the MLC (Lafferty et al,
1974)e Pilarski (1979) found that the same was true vith
qlutaraldehﬁde-fixed stimulators. Lafferty and Cunplinghare
{1575} suqqestéd that in addition to the transplantaéicﬁ an~-
tlgans the stlaulators are raguired to rrcvide an ®alloge=-
neic stirulus®™ wvhich required =zetabolic activitye When the
natabclic activity of the astimulatores is compr&mised,.‘$heir
izgunogenicity can be restorad'bf’scluble rediators. This
‘was sheva whe:.the stimolators were %oluble ERC antiqens
(Octila 2t al, 1978}, or vhen they vera 1naéti§a ed by UY
(Faatkau et ai, 1976: Okada =2t ;1, 1979; Wagner. et al,
1980); or heat (Scott et al, 1980) or glutaraldebyde (Wagner

er 31, 1980).

‘. N & .
Te3.8 ;gg,h;r_zls.-_- 9f CTL prodyctlon -

Three zaicr steps can be distinquished in the production

6f CTLs: (1) iznduction, (21 proliferation,
{(3)3iffereptiation. -
-
— .
v
. N
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Te3elas1 Iﬁduction . AN
| In the mugine_ MLR, 1ir vhich the strains éiffef‘at B=2,
activation 23 2Induced- vhen spagcific pCTLS bearing Lyt 2+
cells in the respcnding population recoqnize H-éK and\cr‘n
molaculés (Sihgal 1) on the cells of tke stimulater; af .tc
)

12 hour expcsure of pCTL to dlloantigens 15 sufficient

d9tipun sigzal 1 delivery (Lalande et al, 1980; 1larssorn et

» . .
21, 1980; Berzaan et 3l, 1982). Thils process dcee not need
Id dearing cells (Davidson, 1977; -Sctragl and Bcvle. 19@1:

Welabergar st al, 1982; Czitrom et als 1983). Lafferty et al

(1930) . have sugqested that inlucticr of activatican in all,

resbondinq T cells invclves a sicultanegus reccqnition of
¥HC artigeas and a soluble product released by the stirpulat-
129 c=lls. Activatior by allointigers lezds tc the induc~
. *ica ¢of receptors for qrcwgh fac@ors on the PCTls (Robb et

al, 19&1; dcretta et 2], 1982; Malek et al., 1983).

Tedele2 Broliferation

DNA syatbesis 13 1nitiatesd uhén a second sigpal, Il 2,

iateracts with 1té receptor on the activated 3=CTI (}cbb et

——ale 1581). For cotinzal effect, IL 2 mustibe pres2nt at 12 to

28 nours after _ipteracticn cf pCTL with ali%bqeic stioula~-
. S

tors {Waguer o3 al, 1980; Hervaan et 2al, 1582). The bicchem-

'
-

ical pathwey o0f IL 2 driven T cell rroliferation hag nct

D2ea Cceorupletaly 2lucidatad.
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The source of the secord signal :1s a patter of debate. 1
second subset wiEhin the reéponder cell populaticn, nusually
corsigting cf T-helper cells, has baen videly implicated as
the source cf the second signal (Back g%t al., 19?7; Okadi at
als 1979} Pllarskili, 1977). Altarnatively, the séccnd_signal.
may be provlided by all cells or sore sultset cf cells witkin
thé'stimulator population (lLafferty and Woolnough, 1977)e.

Helper activity 1z gereratad vhan precursocrs of helper T
lynphocytes {paTL) witbin;£he respoﬁder récognize allcanti-
gan3: ihis 13 achieved cnly vhen these antigens are pro-
cessed and presented by Ia* splenic adherent cells (Welnbet=-
.ger gx als, 1931) vwhich aay be syngerneisxc to the pBTL {Sch;agl
aed Soyle, 1330), or allogemelc (Czitrcm et al, 1983) or
bota kieiﬂberqer Q;-gl, 1952). Elllot e al {(1980) shoved
that pHETL can bind vesclcles contalning both self and allce
- Ia. ETL sensitized te alloantigezs can produce IL 2 after
interacting vith IL 1 (Farrar ot 2l, 1980; Oppenhair and
Gary, 1982). The T~heloer cells that 1uducé the macrophages
‘to oroduce IL 1, have been 1d2ntified as distinct from the
IL 2 producingy cell {larason, 1982). \

- That the activated pCTL.interacts vith activated BTl or
1ts 30lubie grovth preduct, to be able tc pfoliferate ac=-
tively, has'ﬁeanlsﬂovn by Lalande et ai (1330}, Teb and Teb
{1980), Faqnser ég a2l (1980) ;nd<ﬂer1ann at al (1982). They
.uere'g;;e to dissect ir tiwe tb?‘tva éveqfs; (51 aét;vaticn

i

of- the pCTL by the first signal (alicantigens} apd (2) 1n-

) | .
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. A .
teraction‘of these activated <ells vith tke’seccnd signal,
delivered gv the activated HTL. A -direct proof for a tvo-
siqnal_machgnisé cf cytotoric T—lymphccvte“prcliferation has
coma froa the development of Tecell clcning technclogy which
has allo#ed tha Iisolatior of allcreactive‘clcnéd helper-and
cytotoxic T-cells and the study of_the callgbcration beﬁuéen
thes {(Glasebrcok 2nd Fitéh, 1979; 1980). Applification of
S ZTL dctivitv could be échieved vhen the twvo types of clcnes
vare pnyasically sevarated, showinq that +the signai 2 funcrffgp

ticn lies in a soluble factor.

There are some CTL clénes vhich car préll erate inderen-
deﬁtlv'of_r-balper cells, 1{ust by respondiJi to_alloaeneic
etiaulation (%idzar-and Bachk, 1981:Glasebrook et gl; 1933)..

They can ovroduce growth factors therselvea.

5.3.4.3 -Differentiation

There 1s:%oné evidence that CTL prcliferatidn and differ-
ena}dticn are controlled by separate factorse | xannel g£ 2;‘
(1933)— 2z2ve 530vn that tbhree Jdifferen® factors are séquén;
tially requirTed 4in distinct vpoasas ¢f CYtotoOTicC response.
Ope of ther 15 I 2 ani cf'ﬁle_cther tvo, one l1s reguired
for the tirst 43 bcurs ard has nagn‘c;iled cytetcxicity in-
ducing factcr 1 (TC§1) 2nd the other cne, TCFi, is required
ia the last 43 heurse. TCFT 13 3iazllar t5 the differentiating
" factor -3escrioad.by Raulet and Bavan (1382; anéd Wagner et gi

(1932). TCFZ 15 provided by irradiazed TI-regicn incecwmpatible
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stiaulatingrpopaiation (Reddehase et 3l, 1982).Finke et al
(1983) nave found -that IL 2 1s not a sufficlent signal to
Janarate CTL from splenic T cells stimulated vith heat or UV

treated cells; CTL could develop in response to a factor

-.gererazted by amacrophages vhen they-irteract with activated

T-cells. Since the requirement of this crophage=-derived
factor baccaes apparent‘vhen tha étinulato:§ are ietabcli-
cally 1nactivated; 1t 13 gquite probabye that norsally 1ts‘
_fuactior is carried cut - by 3ome prcduct gensrated . by the

1

stizulators; thils factof may be the same as TCP2 of ®annel
et al (1983)e /‘)

It kas baan suoggested by . macDonalé (1982) <that the pro=

g

ce33 of d;ffergntfztion nay praced; the stage of prolifera-
tioca. It is Dossible that the actual differentiaﬁion step
frca pCTL to‘:TL dces cot depend upen goluble factors and
®.that the rcle of such factors-ia zerely to increase the num=-

bar of CTLs tc Qetectablé levels,

1«3.5  Modylatlon of MLR
The MLPR may be wmodulated bvv:reatlnq elther the responder
- or the stigulatcr c¢r the ;eaction ziIture.
Several laboratorles Lave treated the gzlnulators vith
varicus phyzical and chamical agantse. Hosﬁ of these treat-
. 22nts-do mot affect’'the antrgenicity, that is the antigens
are gercloc;cally datectabl3;: thair-;mmuncqenecitm,'houcver

is loste ) _ ‘ *
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:hristeﬁ 2t 21 (1975) reported dopal effects produced by
ouabain, a spa2cific 1pbibitor of NatR*ATPase; a 48 hour Fre=
treatoent ¥ith 2x7107%M totally inhibited the stirulating ca=-
pacity of hugan lymphocytgs but 1x10-7x enhanced 1t 2-fcld.
S51inilar effe§t3 vere seen 1n th? rkesus systez (Kcller, cit-
ad ia Kaplan and Owens, 1982). .

Dual 2ffects on the IR Dby oretreatment of the stizulat-
13q pepulaticsn have been “nggffgd by ‘cthar wvcrkers also.
Colchicipe bhas been repcrted both to suppress (FRanney and
Plzcus, 1576) or augment (Stenzal 2t al, 1978) the reaction.
Sutnaatﬂiran e: al (198G) noticagd 1n tuzar X1C cpposite ef=-
fects dependiag upon the colchicine treatment protocol;
th;re va3 &1 2rnhancerect when the =tixzulatcrs c¢r +the re-
sponders were pretreaed vith 1x10~%»r for a br;ef pericd (30
rinates) obut total Iphibitica sccurred when eithgf of tlkese
popnlaticcs wis ptretreated #1th 1024 cr 1x10-°x vas added
to the MLC. T22y suggest that the state pf the microtubular

E

o

532bliles rey ncdulate izouna resrerses ipvelvirtg call-cell

intarcactiocne.

~ -

Suprress.ca ¢f “LR and of g=2aeraticn of CTL ‘Fas peen cb=-
servaa wneX the ceil surface of the respondlog cr stipulat-
129 cella was ncdified by orxiidiziag agernts such asz tapdem
treatmént wita neuraﬁinidase ané Jaiactose oxidase or with
scaLuL 5aricd::e: this effect cculd be reverzad by reduction
2f the cell surfaca vitos sodium borchydride {Suthanthirar et

al, 1%62).
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Suppression of stimulating capacity up to 25 fold vh; ob-
" served by wagner (1973) vhen the stinoulators uére pretreated
vith éctinomvcin.n or aatisycin, 1nh1b1tors of RN¥A and pro-
tein gsyntheels réspgctivelv. Ba suggested that the suppres-

sioa cculd be due to diminutioa of surface transrlantation

antigens ¢r dua tc a possible reductica of turncver of sur-

face_proteins. Hovever, Ootlila et al (1978) found that. the
presence of soluble antigens, up to any concentration, cculd
not initiate MLR unless growth factors vere added.
Eahaccement of MLR 2ad resulting cytctexic activity bave
been reported vhen the stinmulators vere treated Gith inkib~
ltors ¢f prcteln svnthesié. suchk as cycloherimide (Folch and
Waksmap, 1974) cr oactamycin {XNetzler at al, 197€); lncrease
of 2 to 3 ﬁold‘was recorded. In both cases the authors srec-
ulated that suopressive factors wvere .inbibited, Pfetreat-
12nt of the stimnlaters witn loterferozn has been found to
causa euhancemant‘(Finhcrn and 2lomgren, 1980). Expression
of 8=-2 and HlA-determined antigens 1s lacreased by interfer-
o35 though I-ragion detarmined antiéans. as assessed serclce-
gically, has not beer found tc change (Lonail 'and Stein-
28,1977 ) Nakapura et al (Tﬁsn).. however; have reported

that IFN=Y cause’ a 10-fold laocrease ip. the level of RNA

correspoadiry to the I=reglon eRcoded 5urface‘ nolecules ir

macropbages. betila et al (1978) could increase the péak

1N

ard duraticon of the prolifzrative respeasa i3 ¥LT Dby tte

daily addition of growth factorse.

\:
/
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- All 1nlall it would appear that an agent can requlate.the
HLR respcnse if 1t can affect eLthef the surface antigens cr
the metabollic activity of the stinulatofs anéd the responders

2T L1f 1t can Iaflueace the augm2nting or suppressing factecrs

denarated duriag the process of KLR.

-

.. 1e&  THE THESIS PROJECT
1s8.1  The guestion

I'he project c¢f this tbesls wvas ucdertaken tc eldcicdate
the stimulatory mechanise ia the 2llggenelc response, 1in
paréicular to characterize the functicos of +he stiaulating

Cells 1o az LR azd specify if +he stiaulaters preoduce a

second signal, IL 2.

1e8.2 1&&3&2;1% %\- "

The stinulatizg perpulatlon ircUses -reaction 4n the re-
specadicy pepulaticn by virtue cf its traﬁsnlantation (Class
1) 1nt13ens §n{ éy erc;essina ascther fotction trat recuires
1atibcliczlly active callse. Lafferty and his colleagges

13977) suggested tpnat the <cetabclic activity of the

pitcrs vravlides an “dlloqédeig stimulus™ cr a seccnd
signal for tks tnductioa cf rroliferation 1an tracsplantatiorn
an 1,qen-§'§.qae:ed rasocnding zella. Since IL 2 acts as the
secord sigual aoa since 1ts projuctiecr can satisfy the pet-
anoliﬁ requirerent of the stizulaters ii aa MLF 1t car be

postilatua that the =stijrulators thezselves rreduce IL 2 or

=
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" that they induce the respcnders tc prcduce 1te S:nCQ-iL 2 1s
produced by activated T cells, it vas considered reasonable
to assane that the stipalators thénselves vould undeéqo ac-

tivation 1f thay vare ¢t5 produce IL 2 themselvese.

1.83.3  Approach -

I approached +this probler by examining the stlmulatérs
for their abi;ity to reécond to ar  igzmunclogical stisulus,
ldaraly Con Al untfler the effects of a varlety of agents that
hava bee; repoTted to inhibit stimulatiag capacity of leuko=-
cytaes 1in an MLR. Slpce tke stimulators, by operaticnal defi-
altion, are iacapabla of synthesizing buut their response tc
" FoD A was asse3dsed by meésurinq the rarameters characteris=- -
tlc of 'pre-S phase activation, opamely, increases in K+ ip-
flux and cell size. On tegfinq the effects of ouvabain, UV,
5-F0 and <c¢olchicine, :a corra2lation was found betwveen the

ability of leukocytes to respond to Con A and their ability

to 3timulate allogereilc cells in an LR, .

-

.48  Hypothasis <
- The bhypcthezie férmulated from tbhe above observatipﬁfwas
that the stimulators thesselves are reguired to ﬁndergo an
allogenelc activation (pre=S) 1n order to -induce cptiral

prcliferatica ia MLR.The T cells ir the stimulating popula=-

tion would then be actirvated.
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1.8.5 - Experizents
Exéeriments vere corducted to see 1f cultures shoving op-
<%imal;prolifération d1d actur&tff:oﬁtain and redquire -acti-
vated T cells in the stimulating pcpulation ard 1f so,  vhat
tneir;role wase . P | . ‘
1;§.$.1 Activation of T cells in the stimulators
Jsirg a2 sonoclonal antibody 1dentifying the stimulater=T
cells, it was shown thet thesa':ells updervent pre=S activa-
tioa, sacving 1pcrease I1n R* 1influr and ic ENA synthesis
(izcorporation of 3B-urid:ne?.g
1.4,5.2 Bequlirement of T cells ia stimulators
Depleting the‘stimélators of T cells caused a significant

-

reducticn %n ¥LRe OJptizal porcliferaticn cculé be restorad by
. , )

addlnq to the culture T=enriched cells from the stizulators

but not the reapoaderse.

7¢3.5.3 Role of the stimulator T cells

The stirulating oo;ulaticn itselt was capable cf produc=-
f1zg¢ IL 2 and 1t péﬁﬁlateé,nbe anount c¢f IL 2 produced by tkhe
resocuders. Dépletlcn ¢t T cells from the stirulators re-
daced the le%el of IL 2 1in tnagculture ard involved the par-

tlcipatica c¢f D¥A sycthesiziag cells 4n the (esponders teo

orcduce 1t.
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T.8.6 Copnclugion
The experirental results-supported ey hypothesis that op~

timal vproliferation requires the presence of activated T

cells aaong the stimulating population. The stimulator T

cells can produce IL 2_thepmselves and requlate the level'of_

IL'2 1in the cﬁlture. Grovth factors, howvever, say be pro-
duced independeptly of stimulator T cePls as vell. It 15
3uggested that activatieg of T .cells in the stimulators
raises the the  stisaulating poteatial and constitutes a coa-

sonent of the netvork vhich snhances the specific response

ipduced by the traasplantaticn antigens.

M -

+?

/i
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anﬂgg;:Ls-AID‘aBraons
“-\

. O \‘-
2.1 . BICE . o

Male C578L/63, CBR/J, Balb/cByJ ani AKR/J aice (8 to 10
v2exs3 old) were cbtzined from the Jackson Lahcratorie;. Bar.
Barbor, %E. sore of tie earlier experiments vere conducéed

vith smice bcught from Cherles River bBreeding Ccibnies, Fll-

A . : /A
miogton, MA. The strains a/J apd.(cah‘x A)F1, used for

- graft-veraus-host reacticns, vere bred in the labcratorf'cf -

.azeptically vera dZsrupted ez’ a“w;re resk scrsen and the

C varsity, chtreél. Scpe of the .genetic characteristics of

'D:. WeSelarp, 1in the Deparimant of théi%ioqv, FcGlY¥l Upi-
. ‘ : . -

-

these elce are described 1in Table 1. %

2.2 188 seiedocrTEs N - /

5 - / .

All experinents vere conduéted vltt touse splenocytes .
o - . - J—. .

) - }
. woich- were either usfrectionated, or fracticrated or treated

7 ' .
vith various ianbkiblrory agents. -~

-

e

1

. a

2.2{7 Pprepazation of legkocvtes
' 4 ’

-1ice vere k1lled by cervical dislcocatiore. Spleens renxcved

f

’

¢2lls suspepnded in RPXI (Flow). . ' * o~

I . . T
SEE LT L -
TR ' Lo :
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C = Table 1.

. e

-

Genetic markers of the mice strains®.

Stratn H-2° M1sC Tyt
YA ‘a c - ) .
>wm\u‘ k a
"Balb/c By J a b
C57B1/6J . F b : b |
CBA/J | k , d 1.2 e
me3m.m¢dm»:mAWmd»ma in genetic markers relevar® in MLR. The wzwowsmdwa: was’ amuw<mWL
ﬂwos.wmmam:mdmws hwoﬂzm and Klein Aﬁmwwv - . y _ )
u:mﬁwoazwm Azmmwu :wmdoooswm&mcwupd% ooaﬁwmxv. oo \ : -7
oaw:Od Hwawroo%am.méwacwﬁmw:m locus (M locus). -
drny differéntiation marker. S

»
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After centrifugation. the cell pellat vas treated with ammo-
niu; chloride (0. 85% in distilled wvater) for 5-7 minuotes at
rcca temperature to lysa ervthrccvtec. The resultant cells
-{95% 1ynphocytas) vere vashed vith RPMI once befcre use. On-
less ctheru¢se stated, the cells vere then resuspended in
ccaplete zadiuaz vﬁich consisted of KPMI (Flov) fortified
vith2md L—&ldtumine (Sigma), 6% fetal calf serum (Flow),
_Dentcillin (100 G/ml) - 5t;eptoiy§1n {100 ug/=zl} (Difto)!and
S ¥ 10~5K é—ﬁercaptcethancl (Siyma) =2n0d buffered with ﬁEPES

(20 aM) (pH 7e2)

2¢242 E:utigntien nnsl shn;;;;guzangn of lymphocytes -

T=jepleted and T-=enriched leukocvtes uere prepared fror

unfractictarad call copulation. After remcvizrg the T or the’

'Iafbearinq calls, the remaininq.cells vere suspended‘in com=
plete 2@dius, it the same voluze as th? cocrrespending uc-
fra;ticnated culture; tkat is, the vclurze required to ohtal:
a c211 deazity ¢f 3 ¢r 10% cellssnl cf unfracticrated cells.
This way taoe daapsity of all the cellg.‘ other than those re-

Ly

10ved, rTemaina2d the saze Lo unfracticnated and fracticnated

leukocyte'susnansipns, Thﬁ ciltures with €fractiorated cell

Dcpulatlcné ccntaiaad ecporcxisately balf the npunker of lym-

nhoc?teshas th2 vhole populations.

¥
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2420201 r-depn&on

Spleen-leukocytes (1 x 10® cells in 1 xl of serun-tree nedi-

@) vere 1nCubated vith amonocleonal anti-Thv 12 (¥ew England _

Nuclear, AKF antl-C3H) -at a final titer of 1(800 cn ice for'-

1 hour. The cells vere washed once, then incubated vith

quinea=~piq c&&glenent (kindly sapplied by DPre. J. Llaing, Aq-

ricultura Cagada), at a dilution of 1/20 fer 1 hour at 3796;

-After two ashes, tHe entira process wvas repeated. This

.,

fractlbn ntained 2o fluorescent c2lls wvken tested by
fluorescein 1scthlocyanqte (FITC)=conjugated anti-Thy' 1.2

{¥av England tuclear)e.-

2.2+.2.2 . T-enrichment

'. Leukocytes vere Sngiziiszfqr T cells on anti-Iq coated-
- Y .
dishes as described by % tkl and Sato, 1975. These dish-

a3, -which codl@ ba stcrea In tha freezer, uerefpreﬁareﬁ by
. - _ .

pouring into aich plate 100_ui 6f adti=zouse is2unocglcbulins

(raobit) (Cedazlage) diliuted in 0 mi 0+05% Tris, pH 9.5 2nd

leaving tae olates for 40 pinutes|at rooz temperature, fol-

lovaed by 4 vasnes wlth FBS. 2 -\Q\i,yd7 splenic leukocytes
3uaoended it 5 rl phosphate bafferad baline (PBS) containing
5% FCS, vwvere 1ncubated ir anti-Ig ccated 100 ¥ 15 =mm polysd
tyreana petrir dishes’ (F*sher tat..JMc. 8-757-12) at‘n ¢ for

110 minbtes, switbinq oace aftec 70\\}QEE§S-\\The ncy=- adher-

3ut cells which ccnta‘ned the T-an"ichod ce%;a vere collect—

of bv decaznting uhe supernatant. - Fewar than 3% Ig=bearing

- -

-
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cells remailced after tHe treataent as assessed Dby fluores-

ceia labelled goat-antimouse anti~Ig {Cappel).

«
.

®

2.2.3° Izeatsent of Jeukocytes vith :.nhm;;ing' agepts
A. Ultraviclet 1ligbt , S -
3 ml_ ot lenkocytes suspendel La PBS at 5 ¥ 10%/el vere
oléted in siliconized glass petri: dishes (60 tw) ~ and the

apea diebés v2re exposed fcr‘varyinq leagths of tize to 2

. 15-# ultraviclat light source wiose calibraticn las been de~

scribad by Castellanos atlgl (1982): .the final dcse ranged

frea 120 te 360 erqs)qu. P '

3. Chepical aqents?' _ ,

Th2 cherical aqgepts used w=ra colchicine, 5-flucrouracil
(5=-F0), 224 cuabala, gll cbtain2d fror Sigoa. Thef vere dis=-
solved 1t RPMI 1640, | sterile fi;tered aad stcred 1n tthe
freszar in zligucts cof 200 to 500 ule - Thev vere added at
various concan:ratioﬁs, in voluzes 2f_ 100 to 300 ul,to cul=-
turas cf =zrlsziccytes i1 corplate mediur 1in 75 c3® flasks
(Cornirg).The cultures wvere ilnocobated at 37°C for varilous
leagthes of tize. Ouzbairt vas adéwd at 2 x 16-%M or 1 x
10=3w tc acuse laukecytes at 5 x 10®%/2) and cultu?e@ for &8
acurs. The r2st of tha ctenical agernys wvere added to cul~

turas at 10 x 1b° cells/rle 5=70 was ai®ac at 33 2nd €6 x

15=5d+for & hoars, cclchiciza at 1 ¢ 1075% ajcd x 10=*M for

4 EoursSe. - J
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After each of ;Eése treataents with the:phygical and
cheyical aqenti. the celia vere further treated vith mitosy-
cin C (Siqna; (30 ug/xl), vashed tvice ia mediur and, themn
tvo cultures ware‘sat up: (1) cells cocultured witg alloge-

nelc responder cells and (2) cells incubated with Con A.

/

2.2.4 Gluytaraldebyde-fized cells

Thase cells were usag.

where non<functiocnal 1lymphkocytes
‘vera required; for a;amplai for replenishing tkhe nuzber of
deficient l?mphocE}es in cultures contairing fractionaﬁed‘
oell pqpﬁiatio:s.‘ Unfractionated leukocytes vere incubated
vitn 0.1% qlutaraldehyde (J.B.EM Services) at 37°C fer-3
minutes and tha cells vare than vashed 3 tinmes in EPMI ccn=-

tainiag 10% calf serua (Flow).

Al

2.2.5 Legkocytes fros.aice underdolndg GVH reactlon

QVH ré;ctions vere 1nﬂuééd by indecting 7 to. § week c¢ld
(CBAXA)§1 Eice with. 5C to 75 ¥ 10® A cstsrain splesn and lympk
‘noda cells as described by Elié and laop (1977). The sple-
nccytes in thz3e mice ware fouhd to b2 1mmunosupbressed (Ta-
ble 2), usiry ar asga; for plaﬁue forring caells (lapp ot al,
1974). This vork vas done 1p the laboratory c¢f Tr.WeS.lapp,
McGL1ll Universltye. Tha g solaens‘frop ihese pice wers pro=-

ces3ed for cbtalping leukocytes, as Qgsazzbed aktove in sec-

3, -

1

?:103 2.201;
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. Table 2
) \ Ability of’sglenccytes from GVH-mouse to form plagques to sheep ~
erythrocytes®. N

- . ]

* Culture ' Number of plaquesb
v : .
. Control 187950 + 10656
GVH - % 200 & 100 }

Normal CBA x AF, and GVH (CBA'k'AFi injecfed with parental A
strain mice were immunized with SRBC on day 7 post GVH and
their splendcytes tested for their ability to form plaques to
SRBC. For each culture{5 Cunningham ch@mbe?% were used for

detecting the plagues. I
bThe number of plaques Were counted macro - ahd.microscopically.
Absolute numbers are given. é‘i
[ 9 ? ‘
< » +
//’ /\\-—/
\\

<~/
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2.3- CELL CULTURE

Cells vere cultured in complsate medium, usually at a den-

sity of 2 = 4 ¥ 10® cells/xl 1n.e1ther ricroplates (Linobrol,

at 200 ul/vell (flat- or round~bottomed) or im 25 ca2 flasks

{Corning}, at 10 el/flask, vbkich vere secaled apd incubated
in an uprigtt positicn at 37°C 1in 'a'huiidified ateosphere.

Por better call survival, the cultpres vere suppdemerted

vith coeplet2 aediuve, 10% of the total volume, every daye
' A"

2301  Nigzed i;nsgsztg reactlon

Leukocytes orepared fror two sets of eice differing in
thézr baplotypos (3ee Table 1) vare used as the responding
and stiaglating ﬁopulatioas respectively. The responders
(R} were adjusted to & ¥ 10% per rle _ The stirulators (S)
vera prepared by treating the laukocytes with &0 ud/al nito~-
aycin C (@) for 45 zirutes at 37°C ani vashed three tizes.
With tpls treatzent with »itomyein C, iﬁccrporaéion of

33-tbymidine was effactively rsduced in the stimulatorse 1In
N .

. . N 4
control culturas vhere betn ‘the allcgeneic populations werel

_treatad with 2itomveir G, incorpcration'of 3g-thynidine

peaked ¢n day 2 aud was reduced by 385 to SC® compared tg¢
.\ N <

that ip the calturae vhere the responders vere uninht¢bited

and whers the peak wvas on day 3. The responders -wvere ipcu=-

"batad with stinulators af 1:2 and T:%.ratioc ip a total vwol-

Jaae of 8§ el 12 25 c»? flasks (Cerring)e. 2roliferative re-

-

- *3ponse 1a MLF vas measfured ovar a S-day period in "a flat

- B . '

k\
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?. . '
bottos microtulture plate; 1ncagporation cf 3B-thymidine,

P

2xpressed as counts per minuta {cpe), vas taken to represgent

-—

this response. kbt _the initiation of culture, 200 ul of

cells vers piaced pers vell, and:eagh davy, cells 1# tkree
vells wvere pulsed vith 3@~thyniiine fer 6 hours ané harvest=—
3d with Titertek eell harvester. . The cell culture 1in the
flask vas uzed for zicroscoplc studies.

Inp cultures vhere fraction§ted leukocvte popdiﬁtl%ns (T=-
depleted ard T-enriched) wvare usad, th total' number of
cells (6 r 10° cells/ml) was kept ccrnstant By adding the re-
guired numb?r ct qlutafaldahvda fixed calls frcr the re-

spcndilag - pecpulatione.

2.2.2 Cou A culture

Zon A (Calhbiockaem) vas made u:-et 10 mg/ml ir s=saline and
kept frozen i1a 200 ul aliqgots. It vas tbaved.out 1méediate—
ly orier tc us2. Leukecytes, 2 - 3 x 10%/rl, were incubated
vitn Coa A (Calbilocher) {3 u3s/21} ir flasks at 37°C. 2li-

quots were readved at varicus tipas for assessizg dilffereat

- parameters c¢f cell activation.

2.8  ASSESSMENT OF COE A RESPONSE

e

Three paraws2ters of lyesphocyte éctivation ¥ere reasured:.
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2.8%.1. Ppotagslum laflux
Activaticn of potzssius 1aflux wasg weagured acccréinq te
the procedure described byiowens and Kaplaﬁ (1980),vho es-
tablished that ®®Rb 1s transportéd identically to *2K, B&egp
vas substituted f£or XK+ 4n all erperiments due .to a very
zhort half-l1fa2 oﬁ the lattef. ﬁrlefly, 2t 8 = 1C hours af-
ter Con A stimulagion,anproxin;tely 40uC1 (in 25 nl) of
86E5CL (Nev E:qlénd Nuclear) vas added tc each ml culture is
Falcor tubes. After 2 30 wminute incubaticn at 3i5é,r200 ul
aliguots vere certrifuged through 100 ul of silicer -o0il (Dow
Coraolng 550 and 560 at 12+13 ratio), using a Becknran eicro-
fuge 152. The tips of the tubes vere cut.cff and the radio-
activity in tae pellet was detarzined zji\ﬁsinq a- gammpa
couater. <C{ounts due te trappad mediui, vhich invariably re- .
maized assoc;ateq vith the calls, wéra acccocunted for ty a
zero.time uftane at.u°c. Ttig\igfolved adding 2%2b to 0.6 ml
cells cooled t> 4°C arnd Bamplind 250 ul cf 41t for radicac-
tivity counts wéthln 30.second§. Counts vere ccnverted to
poctassiut urtake waasurement according t§ équatlcns {1} and
.(2). T ‘ .

(1) SEx “(Ccunts/fmcl K*) = (couats/ml)/(z (frol/pl) ),

,whare-SRH vas the specific radioactivitf of the sediun and‘

-

z the copcentration cf K+ in the supernatant (5.3 x 109

frl1/31)e ' .

(2) R* urtax2 (fmol/cell) = {( eounts/pellet) =~ (trapped
counts)) / {SRY X (viable cells/pellet}). ‘
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2.%.2 Blasiforpation p

After 28 hours of addirg Cén A t5 a ‘leukiocyte culture, cells

7ere aliqucte& ioptc 1.5 pl dicroltest tubes (Bic-rad) and
adjusted tc.TG‘- 15 r 10%/al, 25 ul ¢f vhich vere layered on )

pely~L—-lysize-ccated ccver-slips and fired in 3% paraforpal-

dehyde. ‘Atter three wvasbes ia. phosphate buffered- saline

(#BS}) (pd 7.2}, they veréffixed again 1z cold (=5°C) etha-

nole Tvwo flrations vere used in order to be coasistent witk

certa;ﬁ merheds usad 4ip relatad exreriments describsd 1

52Ct10n 245, Tke coverslips vare mounted on slides, vieved

aﬁd Dhcthraph;d, usicg & Zaiss!Unlveréal photenicrescepe.

. The cell sizs vés deterained vith arc ocular »icrceeter. Tke

1923 diaz2tar of resting cells vas 6.25%0.87 um: these_uere

y - classified as type 1. , Actlivited cells or Ftlasts vere

| jroupad idtd types 2 apd 3, the fecrmar b2123 8 to 1C unm

(wean dlareter being 8.87:1.04) .and the latter reasuring 10

un ar‘mcré. Tarsce FE@&F croﬁps cf cells corresvond to ror-

. = _
photypes 1, 2 and 3, 12 Ccn A-stizulated lvepbocyte cateqo-
rLes, describiﬁq the sizes of nuclel acd the assoclated

state cf ~agqregation ‘of tbelr zhrormatin {Setterfield of al,

/j ' o _
/{ ‘ -

. ' N '9 -
‘))-/2--4-3 DNA synthesis .

At 42 hours aftez the initifation cf Con 3 culttre, cells

vera aligqucred inxc’' 3 vells of a rlcrecytotoxicity olate,

200 ul/ﬁe;l {flat or rcund bottdaed) . *B=tbyridine, at 2
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uCi/nl,{ vas added ipte each vell and the plates incubated
for G.hours. The cells vere then harvested oﬁto glags=fiber

filters angd raldicactivity deterrined by scintillation count-’
: ~r
iage. 3§-thymidine incorporation, . exvressad as counts per

2inute, (cpm) wvas correlated vith the drxtent of DFA synthe-

<

-Slse.

2.5 DEEQE&IELIIQ! QF ACTIYATION LF SIINULATOR-T CBLLD

MLR cultures vere set up using léukocvtes of C57B1/6 (Thy
12) a3 3ticulators and AKR (Thy 1+1) a3z respcnders at stip-
alator (S) tc responder (R) ratlo cof 2:1. FITgiééniquted

mernoclcaal aatl-Thy 1.2 vas usad for idantifying the T cells .

—

of the stirulatirqg population of C57Bl/6\end pre-s_phasé ac=
e ’ ’ , .
tivatica of thask cells was as32s53ed by measuring increases

ia :eil size and 1n-HNA syptheslise.

B

2.5.1 gcell size

.Cells froa a 24 hour MLR zultdre (C57B1l/6(®) & AEXR)

-~

(n=m1;%iyc;n',-treated) vera preocasrad - for izpunoflucres-

-

qenée. .FITC-conjuqated 2antl=Thy 1.2 (New Enéﬂand Nuclear)

‘ 7 :

“vas diultqg in PBS ccntalniag 5% boving serur a&pumin (BSA) '
- . !

at 1/1¢ drluticr and S ul of it vas then added to 25 anl

x - .

icells (20 r 13°/ml1) 2n 2 milicrofuge tube s0 tiat the final

diluticn of toa antibody was 1/50. Thishcell S{spensiou vas

then layvarad ontc a troly-L=lysine ccated 2reax op a slide

(using a a;aSS parking pencil, a rectangle of about 1 x 0.5

.\
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c®?2 wvas marked cut ¢p the %lide. cr the side opposita to the
one vhere cells vere tc be placed). After 10 minﬁtes, the
slide vas vashbad once In PBS (30 secc®ds) and then dipped in°

p=foraaldehyda fof 20 minutese. After three washes 1in PBS, 1t

vas immarsed i1 cold (~5°C) ataanol for 15 minutes and then

atr-dried. 10 ul of zcunting aediur {0.2% p=phenylene dia-
pipa in 50% qlvceroi—PBs {(v/v), pH 7.0)- vire placeg ¢a the
cells co the 51108) vhich vere then coveéed'vitg a coverslip
and sealed wit ail vciishe The cellé vere vieved under a
:1c:63cope edQLoped with epifluorescence anﬁ@phase ccutraﬂ&}
optics. The staiced cells vare naaéured u3.ng ‘a calibrated
eye-pieca aad those larqer thaa 8 ur were ccpsidered tc be

S
blastse. They ware ther photographed.

"\ .

24542 BNR synthesis

24 bour cultures contaicing :S7Bl/6(m).and AKF were exam-

"1ned. \—Io Lea3ure KNA synthesls ia the stizulator-T lyapho-

:%tes, Cells wvere dcpble-labelled wi+th flucrescelinated

-anti-Try Te2 a1@ 3d9-uridine (Nav Englasd Nuclear) based en

——

af

the procedure described by Landreth et als, 15¢7. Tc T #l al=-

Zqudts ¢f£ 2 20 bour MIR cultur:, 2?Beyuridipe was a2dded at 8
. = . -
ulis/amie Aft2r a 4 bhour dacubatlcn the cells were washed 3

~

tizaa apa oracessad fo{z inmunofluorescanca as described

-

above (Saction Z.7.1)s After the etharol firation the slides

¥eIa ¢rai3d avcd then rrocess3ad  for autoradiographve. The

[4 9

3lidas warz d1oped 1in ilfcrd L4 bulk erulsion for 2 seccnds,
PN ~
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drainéd ;nd placed 11 a élide box ccantaining tbe'desb;;ant..
Driarite. The box, protected frbl'liqht; vas stored in the
cold (5°C) for 36 hours.: The slides vere then developed 1in
Kodak Dektol/vater, 71/1.‘ for é‘ mirutes -and fired in Kedak
Bapid Fir for 3 minutes. After rinsing in vater .for 30 sin-
ute3, the 3lides vere jalr-driad aznd mounted‘ ;s described
aboye. Tha cells E}evgd_udder UV arnd by ph;se;ccntrast nf:
CTO3COPY ?era_ erazined for 1amunof1uoreécencé and for the
prgsence of silver qrains. Those showving acre than 1@ silver
jralns vare consiﬁered activatad. uThe mean'nunﬁef‘of graias
ia the resting Dopﬁlation.vas ‘Eﬂ’f ¥icrograpks of these

(e

cells wvere prepared.-

p)

- e 2 ) . ‘ &
2.6 ASSESSMENT QF IL 2 AGTIVITY b
2.6.1 Ipterleukin 2 \ o %

© IL 2 (Fre 3, G VIT.80): Tials vas a generous gift from
DrefeFacrkau (Un:versztf'of ilbarta, éhmcnicn,'iiberta).-er
procedure for Lts pre{ararion-bis~;beeh described by Bleéqk-
lay é; 3ls 1582+ This "IL 2 QQS usad for réstpn%ng. IL
2-daflc1ent :ulturés; as a standagd coptrol 1n IL 2 -blcas-

N , .
3273 znd _fer raintainiag tha IL 2-dependeat cell line MTL

(zee séctioP'2;6.2.1j.L G}_

Rat Cox A 3uperna£ant:‘in'latefﬁbxpen;mentg; the STL cell
lipa Gas 2aiantained vith 1L 2<contairing rat Con A superna-
tante Thls;eS‘a genercus qilft from Dre Be.E. Ellict (Queen;

. 3 -
Uaivarsity, Kingston). - ‘ R

-
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2.6.2 .. Bloassays for IL 2
264241 BTL assay
¥TL cell lime: The cell lime TL 2.8.2 vas a gift frcm
Dre.Ve.Paetkzu (Edmontomn)s It 13 an I1 2~dependent cvtetcric
T cell clone, tke qeneraiion and characterization of wbhbich

has been described (Bleackley et al., 1982). It vas maip-

tained in the laboratery, using tissue culture techniques.

Briafly, the cells grevn iz a tissue c¢ultura«flask vere re-

1oved vith 0.02 M EDTA 1in Hg**Ca**-free P8BS, About 10¢

cells ware susocended in 25 wl of complete madium ccataining:

IL 2 (1:25C dilutlon) 41n a 75 cx? flask (Corhinq). Théée
vere iscubated at 37°C, busidified atmosphare contalalng 5%
CO0 4 for 3 - 8 days, after which they were repassaqged.
i1icroassay: | Measuraeent of qrovth of the IL 2-dependent
Clon2 XTL Z.8.2 vas uysed as an assay for detecting IL 2 in
3uvpernatants of MLR cultﬁrés {Bleackley et al, 1981). 10
4

cells (100 ul) vper well wvere <cultured *un a flat betton mi=-

crecytctoxicity plate (Linbro) a2long with 100 ul of the test

satarial for 2% hourse Fach plate ccotained centrols ccn-

3.3ting 0of IL 2=fraz mediuz (aegative cocntrol). apd purified
IL 2 (Fre 3, G VII.40) (positive ccotrol) 4instead of the
test suparaataat. For tka final 6 Lours of incubation fhe
cells were nulsed with 2 uCi/azl of 3E=-thyaidine ccntained 1n
a labaliing piztura. At the aad of the labelling time, the
cultare suparnatant 1o each well was replaced wvitk 200 vl of

EDTAe  After 5 rizutes tha ce2lls wers harvestsd cnto glass

‘.‘_p‘ .
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fibar filterse. Incorpcration of radicactivity detersined by
sciﬁtillation counting vas expressed. as counts per ninq;e
(cp2) azd ﬁsed 2s &8 mezsure of ﬁﬁéxiteraticn acd thus of,the

intansity of IL 2 activitye.

¢y

2¢642.2 Tﬁynocyte bioassay

Thyrocytes: Thyruses vere tremoved fromx 3 to & weeks old
cBa miceland processed ;hﬁ saze wvay as the splenccytes (sec-
tica Ze2+1) for 6bta1ninq thymaocytecs .

¥lcroassay: Tha enhancément cf miltogen-stizulated thymo-
cyta proliferatior vas used for assessing II 2 activity (T.
Ovens, Oniversity Colleqe, London, E¥ngland,terscnal ccmreni-
cation)e 51105 thyaccytes/vall (150 ul) were seedad in ol-
croculture plates (flat tottoam)e. Purified FBA (Burrqughs
Hel;come,\jha 16) was eaadad at a fiael <ccncentratior of
Oelugrsrl (1/2500). After addiog S0 ul of tke test saaples
the trays were ipcubated for 48 bours at 37°C. Arprorriate

contrecls were included in eacn traye They cecpsisted of thy=-

nrocyhaes/ao FHR, thyacytes/PHA/DC supern2tant, and thyzo-

)

ytas/suparaatant/nc  PHR. The cells were ©pulsed with 2
alil/ml of 3d=-tnymidine fer the final 6 hours ard harvested
131135 a Titetta2k cell harvesﬁe:. Incorroraticn cf radicac-
tivity (cpm) vas uzad ée measure cf thymccyte prcliferation

and related directly te IL 2 activityve.

.-
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- " Chapter III

“ RESULTS *

In order to understand the stimulatory mechapism in an
LR, ap attespt wvas npade to chara;terize the functions of
the stizulatiag populatlon, spacificzlly tc find ouf'if in
additicn toc the transplantation antigens a second signal is
Qelivered by the stipulatcrs, as 3uggested by lafferty and

his éolleéques {1975:1977). I have hypothesizéd that irp or=-

qer tc producaz = sacond sigaal, the stiaulators vould bave

to anderjyo activation, a metabolically acti;e brccgss,' and
that 4t wculd be thghatimqlator-r calls'presumabiy, the pri-
rary target of the allcantigens of +the responders, that
vould be activated. Erxperiments vere conducted tc test this
aypothesis 1n jJereral and in particular +o find out (1) 1if
the 3t11ult1:q pepulation is able to umderqgo act*vation: (2)
1f lt is necassasg for stizulators to underqgo activation:

(3) 1f tha sti mula*cr-T c2lls d> actually underqc activation

during ®L® (4) 1f the rresenca of T cells in the stimulating

popalation 13 requirec and (5) vhat rcle the activated stim-
a1later-T cells play during MLRs T2is chapter describes these

2rparivents.

- 74 -



3.1 ACTIVATION IN STIMULATING GELLS
Accerding to. =y bypcthesis the aitoomycin C-treated stimu-
lating cells .should themselves be able tc uundergo activa-

tions To test the feasibility of this idea, 2atv experizent

vas 3et up to deteraire 1€ mitoi}cin C=traatment allowvad the
pretreatad cells to underge actlvaiien in-respcase to Con Re

-

3e1.1 Bffect of mitoryclin C o8 QD A respopse

Z57E1l/6 3planccytes vere incubated with 40 ug/rl of mito-
gyciz C for 45 sinutes, the minimal dose that inbiblted D¥A
replication i1 the presence of Zom A; +this 1s the standard
ae%nod ¢t proparicg the stipulatere tcr cne-vay KMIR. Ccn B
resoonse of mitomycin C-treated cells wvas détegg;ned by
meas3urisqg K; +a1flux, blast formatiorn &ad tritiatté;thymidine
incorpcration (Table 3). In botb ccotrol and treated cul-
turas £* icflux increz3ied za2bout 1.7 = 1.8 told.in Tespcnse
tc Con Ae. I2 tbe presenca of Con' Ay mitc:vc;n C=-treated
sultures zhovw2d <«he sare pattarn of blast fermation as 1z
the coptrcl; srall blasts (typa 2) 25d fully forred blasts
{(tyo2 3) veza 3een (Figure 2). {Fcr dafizitica of 'type'! soe
tMatertals aad Methods?!, 3@cCtion 2el4.2). Percentages of
nla3ts -2 “he tve cultures (50% 4z the ccatrol amd &47%7i:
the ailtozycia Ze~treated culiure) wvere not sigoificantly dif-

ferzate Thus z=2asurarerts of th2se parameters of rre-5 phase

J

r2l] activaticn show that mitijij}ﬁ C trea+rept d4id not ip=-

it
tn

ere voth +tha fnfttaticn cf~3ttiveticn altbhough 1t inkib-

el

1+c1 DMNA rTerlization (Takla 3). Y
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) . . B N Table 3

Effect of mitomycin C on the various stages of Con A activation®

+

Treatment | ‘ Early events in Con A responses DNA synthesis.
KF influx - Blast formation wzwqrws*aﬁsm

. maodmm\nmgdxsxa Ratio : stoﬁuo1m¢¢o= ﬁousva
Control - 3.32 £ 0.15 (100)¢ e 8 ©3022£ 190 . (100)
Control + Con A 5.80 t 0,4 (175)°" 50 148161 + 4180 (4902)
Mitomycin 3.41 £ 0.13 (103) | 68 6 340 £ 10 (17)
‘Mitomycin £ + Con 5.74 £ 0,12 (173) 47 18914 + 571  {625)

@

“.mn wqon. washed and then

nnmuma\m splenogytes were incubated with 40 ug/ml of mitomycin C for 45 min,
resuspende . medium containing Con A. K" influx was measured mm 8 hr, cell size at 12 hr and 3y-
thymidine 1ncorporation at am.:x. At least 5 experiments were dbne; the range of individual values
. did not differ from the mean by more than 10 %., - <wdcmm from one experiment are given.
bvatues woﬁhx+ influx and u:an:wamaﬁsm incorporation are means of tripiicates £S5 D.

Ceor estimating cell size over 300 cells were measuredfor each treatment; blasts were defined as those

Al

cells whose diameter was greater than 8 pa.

w

“dpercent of control values, g{ven within brackets, were ow‘ocdmwma on the basis of assuming that the

control value was 100%.
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FL3are 2. Li3at icrodrarhs showlag Con A resgcnse cf un=-
treated and mitcwyoin C-pretCaated lyocphccytace.

P

C573Ll/7€ splepccytes vers pretreated with 40 ugr/al ¢of ritoxvy-

rt

cin C for 45 wlnmutes, vashed and taar cocultured wvith Ceor A.
fapnal 2 shows s5:all lyrpkocytas, under 8 us, in art untreated.
o302latioz 32t Ltcubszted with T>»1 A, Ia pazel b, untreated,
Ccn A scirwalzavz:? colls shew a fi1ll ra2pge ¢f sizes frez uao-
stiauaiite? frwall ¢allz {(tvea 1} (1) te calls Rhcuans inter-
réglate 3=x3Ice of stirulatica (tyoe 2) (2) and large tlasts

{tyo= 3) {(3)s Mitooycia T tr2atiad cells, woen cultured with

Soe A (c2pel £) 3how a pattern siallar te that seer 1n paznel

-a. . ' )
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3.%.2 Effect QI\thlhlillQ agegtg op Geon X respopse
A‘varf%tv 2f physical and cnemical agents,vhich Ainhibit
cell?;etabcirsn. have béeu raported t9 suppress the stipu-
latinqggaﬁacltx of lyepkocytes in a sizxed leakccvte reac-
220ae Tc ucderstard vhat aspect of the 3tiaulatory macharisre
is aff€c£e1, toe effects ¢f thesa agerts vere studied on two
tamane fupcticas cf the lvmohocvgesz {1) <helr abllity tc
stiaulata allogjeneic cells and (2) their abillity to raspcpd
to 2 stiaulus, *uch as Zcn Al
As descrited iz "Materials anod Methods?', section Z.2.3,
zous2 splenic LeukoCytes vera +reated with guabalr, ultra-
violet ravs, S-fluorotracil and cOlchicline and the effects
of rhese ajenty ware tioen studlgs i2 erverirents measuring
stirulating abillitv andé Con A respon%é of'the treated cells.
FOT agg23s.73 Ccn A recpcmze, Dpota pre-%L and S-rhase events
of Aétlvatiépﬁdéte reasyrads The parameters studied vere in-
creass 1a K*Y 2aflux, tlast trazeforraticn (i1ncrease in size
o 3a% or 2ore) ard incorporatiosn of 3H-thysidine. Abllity
to sctiaulate dax rTzccqrizad Dy Cuiturinq the treated cells
wita artreet2d responéers and by =2xerining proliferation in

the MLF: iocerporatict of 38-thynidine vas measured. -

3e1e261% Cuabain -
I2 tuten (Catisten et al, 13753) and ;besus systens (Ka=-
plag 23 QOw=ns, 1982) 1t has neen skown that vwhken stimula-

tors ir ao %Ik ar=s pre=treated with cuanain, cual effects
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are prciuyced, depending oz the dose. Enhancerent 1s seen

«1th a lov dosa and fnhibition vith a ki¥db one. , To see if

. jbis vas true in the m»urine systee as well, splenccytes wvere

pre=treated with this glycoaide and used as stirulators in
nLEg.Tbev vere exarined alsoc for tnelr ability tc¢ respond to
Con A..

© $timulasing capacity it

Stigulators 1n MLE cultures vere pretreated with -ouabain

~as described »-in section Ze2e3. In the course of studies

with varicus doges cf ocuabala raogiasg- frcm 1C~5% to 51

10-3%, orposite effects of tals drug were obsgrved (FPigure -

3)} At 22107 ¥, thera ves &# erhapcement of*Prcliferation
compared to tna control. At Joses lover than that there vas
nc obvicuz 2ffect =ad at bggher doses there wes an fnhib-
ition, directly vpropertionzai to the concent;ﬁticn of the
iruge. With 2x1)~“% pretreatceat, th2are wvas az enkancement of
1.571*0422 £fcld 1ir 3 out of 13 exﬁeriments at the reak values
on days 3=4 cf ¥LF. This wvag gtatistically sagaificant (p =
0001 4irn s3evan cas2s and 0.02 12 cne)e In the rest of the S5
expacirants thr values vere avororlieataly the same. as the
ccotrole. Pt joses 1 to 5r 1073 there was ac 1inkibition cf
over S0% in 2il 8 exparirepts triad.Tiis Znhiblticn persist-
2d 2ven when tae nuther of stiaulatiag cells was increased &

timas (datea nct chown)s

-:.‘.' (‘ ';-_.
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Figure 3. nLg vith 3tirulators pretreatad with ouabaine
7
. ~
Curv& A represa2nts the MLR with.coantrel stimolators; . B that

vith stimulators pretreated with “2 x 10~*% ouabair and curve

~

C with stiwvlators oretreatad with 1 x 10=3M . Inccrpora-

tica of FH-tnymidice (cpm) duciag S days of culture has been

SNO¥¢Ne Results shown are froam one cf eiqﬁt aimilar experi-

mentse

Bars rerpresent stahdardé deviation.

B ’ . -
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Fiqure 4. MLB with stizulstecrs ccosisting of untreated con-—

trcl cells miied vith 1 x 19=3% puabain pretréated cells.

C5731/6 3plenocytes vpretreatad with 1 x 103N cuabain aznd
1ltogycla C wvare =zired vwith control =itomvyein C treates
c3lls ia -varlous prcpcrtigns. and cocultured vith Balb/c
splanocytese. Prak ¥LE values (Day 3) obtained ip the dif-
ferant cultur23 ara: expressed a3 perceatages of that in the
control (10C% antreated cells). Tre composition cf the dif-

feraoct cultures ara errressed la termcs of the rercentages of

antreated cohtrol cells thevy coataiced.

Bar3 reprazent standard deviatisose -

The loset scows 2 graph of 3H~-tnyzidine incorporaticn in MLR
-1

cuditures ct Balb/c respopders and CS78l/6 stipulators wvhere
2itozycin C-trzated leukocytzs vere diluted wvith qlutaral-’
debhyde flxecd calls of the sane ngpulatica in different pre-—

DOCticDns. @

Al
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2ffect c¢n the T-helper agd T-suppregser balance

Po find out if ouabaln affested the relative proportions
2f T=helper anil T-suppress;r ca2lls in the eplenocCyte pcpula-
tica, ouabailn pre-treated spleaocytes were rired wvith coco-
trcli cellss 1z10™2 % cgabata-pratreated C57é1/6 splenocytes
vara furtper rtreated with ritoxycin C and then mixed-vith
control mltcmycinfCQtreated ¢3lls 1o varlous ratics and 1in-
cubated wvitn raspcnder 3alb/c c¢olis. Thkere vas Do arparent
éuparasslve effect of the cuabalc-treztad calls c¢n the ccn-
trols (Fiquca +)e £ llnear relatioanshlp betvween tte level of
oroliferaticn and +the percentage c¢f control cells ic  the
stinnlators 1is seeu.fbe inset shews a sirilar curve when un-
treated stiiulator cells wers aired with gleteraldebyde-firx-
2d cells iz tha: sacze propcrtions. )

Respeaiz e Cer A

Oudbaln—:ra;reated {2x1C~*4 and 1x1073) splenocytes of
Baio/c aad <c5731/6 vere examinad for thelr Coen A respcase
{Taple &), -rhe first indicator .cf activaticr vas assecsed
by measnuring the iatlur cf potassium at 8-12 rours after the
a3diticn of Jc1 R. .FretreatTent vitt the lover 3cse sbowed

act.vatior ¢f the 3zme or hijhaer npagritude as the contrel.

Jo0wavel tCeati2nt with thke nijner decse atolistec the 1np=-

crey=ze Uvtake ¢f the cetions o respease tc J¢rn A. The

auzber of blascs forrmed after treatzect vith -the lever dose

v2s the sazc2 3T higher ccapared +o tha ccntrcle. No blast

LTI
18

forsation was abserved in tos cis2 of the bigher dcse.

)



Table U .

w k) Con A response of mUHmsoowmmw pre~treated with ouabain?. . ;

Treatment Kt influx b . Blast formation u:sa:%SMQMSm b
f moles/cell/hr Percent blasts® incorporation(cpm)
Control 3.35 + 0.1 7 1001+ 104
Control + Con A . 5.59 + 0,3 Ly Huﬂm0w 694
Control (m) + Con A 5,29 + 0.5 18 6641 + 838
2 x 107} 3,22 + 0.2 NmS 998 + 234
2 %X HOH M + Con A 5.63 + 0.3 L8 19041 + 1060
2 x 10 M {m)+ Con A 5,02+ 0,28 41, 7272 X 163
IpX 1073 M 2.4+ 0.5 M 152+ 21
_ X “_.o..u M + Con A 1.78 + 0,1 i 2913+ 665
: 1 x 1077 M (m) + Con A 1.80 + 0,21 0 £15/+ 91 .

..ﬁwu_mzonzmmw from C57B1/6 mice were pre-treated with ouabain for 48 hours and then
) further treated with mitomycin C (m) at 25 pg/mi, After washing, the cells _were
cultured with Con A, K* influx was measured at 8 h, cell size at 24 h and 3H-
thymidine incorporation at 48 h, Six experiments were done; the range of values
ada not differ from the mean by more than 10%. Values from one experiment are
given.

d<mwcom for K* influx and u:-a:MQMQHSQ incorporation are means of triplicates + 5D,

CFor estimating cell size, over 300 cells vere measured for each treatment; blasts
were defined as those cells whose diameter was greater than 8 um.

azz = not measured. .
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3e1:2.2 Oltraviolet rays _

Castellanos et al (1982) have showrt that ultraviolet‘(vv)'
affacts the initiation of activaticn at the memtrane lgvels
It has alsc been repcrt;d to inbibit the stipulating capaci-
ty of lauk¢ecytes in MLR (Lindahl-Kiessling apd Safvenberg,
1971, Okada et 21, 1538Q). Experizents wvere set up to see
how the effect cf OV ucu#d relate tc the hyrothesis that the
stliaulators ar2 required tc be activated.

$tarularill capacaty

Tone

5

tryulating capaclty of UOV-treated cells was exam-.
iged. In F13 5, Curve C shovs that vith 360 ergs/mc? there
wvas inbibiticz of ¥LR resvonse. Values cn Day 3 of MLR were
dova tc 172 cor compared tc 8201+850 ia the ccrtrol. F¥ith
120 ergs/mr< ezxpcsure o1 the other anand, (Curve F in Flgure
5) +he stirulating ability vas nct cnly unot 1inbibited but
2phanced as coapar=2d *c the control 4ia +vo out cf & exper;f
ments by 53 - A50%.

Rgsrpense Lo Cgn A

The uptake of R+ was measured by the tramspcrt of its
conjener %®°xp*, Tadle 5 srows the effects of two cf 'the var-
tcus dc3es troiad: 120 args/muo? persitted the activation of
%% Lafluor Lo raspcose to Con A {(over 80% of the ccpttol val-
a2} aza 350 e:qs)mgz plocked this sters. Tha lov dcse hacd oe
2ftact cn ti=2 1urber of blasts fcrsed but tke bilgbt-dose tc=-

z21ly Zahtostzl this PIOCESSe
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Pigure 5. LR vith stizulators pretrested with UV.

Mitomycin C trzated control C57Bl/6 splenocytés vere reacted
vith Balb/c responders, resulting in MLR (Curve 1), peaklng
ot lays 2 -3. Wwhen the stimulators wers pretreated vith 12C
aqu/auz, curve B vas produced? apd pretreatzent with 360
arg3/ao® gave curve Ce MLR is oxpressed by *H-tbtymildine in-

corvoration during S days of culture.

Jne of foqr expaerimants dcne 1s represented heree.

Bars represent standard deviation.
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Table 5 _
Con A response of splenocytes pre-treated with ultra-violet radiation?®,

* Treatment Kt influx b Blast formation uzaﬁswawnw:m

: . f moles/cell/hr Percent blastsC incorporation
(cpm)

Control ) 2,48+ 0.2 8 3282 + 351
Control + Con A 4,26 + 0,2 5l 111521 + 2800
Control (cm) + Con A . 4,13+ 0,5 48 26256 + 285
120 mnmm\asm 2.58 £ 0.1 N 2968 + 985
120 mwmm\asm + Con A - 3.7+ 0.3 49 : 61101 ¢+ 212.
120 ergs/mm“ {m) + Con A 3.57 + 1.38 42 22974 + 1161
360 mwmm\aaw 1.27 ¢+ 0.3 NM ///w - 831+ 38
360 mwmm\ssw + Con A 1.13+ 0.2 0 1309 + 18
360 ergs/mm“ (m) + Con A 0,93+ 0.3 0 1165 + 28

8gplenocytes from C57B1/6 mice were irradiated with 120 and 360 mwmm\ssm UV and then
further treated with mitomycin ¢ (m). After washing, the cells were cultured with.
Con A. K* influx was measured at 8 h, cell size at 24 h and JH-thymidine incorpo-
ration at 48 h. ‘Five experiments were done; the range of values did nov differ from
the mean by more than 10%.  Values from one experiment are given.

d<mwcmm for K* influx and umaﬁswawaw:m incorporation are means of triplicates t SD.

oﬂo% estimating cell size over 300 cells were measured for each treatment; blasts were
defined as thost cells whose diameter was greater than 8 wm. .

/ | . \
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3014243 5-}lqorour&c11

Like aitcuycic C, S-fluorouracil (5=-P0), whick i3 a pyri-
midine analcgue, inhibits DNA replication vithout affecting
the earlier é{éfts of cell activation {Boumah et 21, 196%).
Splanocytes fror (CS761/6 vere incubated vith <various dcses
9f 5-FU for 6 hours. After veshing the cells vera cocultured
vith allogenelc cells or Ccn A

‘3tarulating capacity

Figure € show3s that pre-tra2atmert ¢f <timulators with
6.6:16'5 S-FU-thibited MLR respounse by 44%. There was nc
change fror th2 ccntrol when the doese vas 3.3x107% M,

2esponse tQ Con 2

-Heasuremeats ¢f Con A respons2 of 5=FU {3.3 and 6.6r10-S
~) =rretreataq splenocytes are ltsted 1z ggble 6o
JR-thynidine iocerocreticros vece ipnhioitsd with béé; ‘the

dos2se. Iacreazse 1in K* influx wvis seen nct crly with thke low

3]

dcs2 but alsc the higher dosa whick Inbkibited the stimulate
ing capaclitye. Stirulation 1ndices of 1.71,%.73 and 1.55 were
20tii3ed 1o ccatrcl acd cultures treatad with 343271075 M and
546£107% ™ 5-7C respectively. Assessment ¢f tlast forra-
ti¢ay howvevsr, sh:veé @ ccrrelatior petve=a the ability to
fors blasts aci tc stirulate allogeneic cells. There was a
dttference revvoez the tve dose23s, with the lover dosa the

aupber of blaszts was 80% of £ha control and it vas 129 of

tbe ¢ontzzl wizh the higher dosa (Teble 6).

—{ ".
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P%?ure 6e LBA: vith stieulatcrs pretreated vith

S5=-flaorouracil.

Curve A represante the YLF of cootrcl stimulatcrs of CS7EL/6
wlth Balb/ce Data for curves B and C are from QLR vhere the
stiaulators vere pretreated vitn 3.3 and 6.6 r10~SH respec-
tivaly. Incorporation of JB=-thyridipe represented prolifera-

ticoa in MLlRe.

One of the three experiments done 1s depictad, each erperi-

senst being dcone in triplicate.

Bars represent standard deviation,
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Table 6

Con A response of splenocytes pre~treated with muwH:OdocwmoMHm.

]
Treatment .w Kt influx b Blast formation uxna:%3wmw:m b
: f moles/cell/hr Percent blasts® incorporation (cpm)

Contral~ Lo + 0.3 8 . 3123 + 490
Control + Con A 7.5L+ Q.3 50 151621 * 3349

3.3 x 1079 M h.65+ 0.7 © pd 2750 + 152
3.3'x 10-5 M + Con A 8.06 + 0.2 %) 22972 + 636

6.6 x Ho-w M §.29 ¢ 0.4 NM 895 : 238

6.6 x 1077 M + Con A 6.84 ¢+ 0.3 9 618 + 149

8gplenocytes from C57B1/6 mice were pre-treated with 3.3 and 6.6 x 1079 M 5-fluorouracil.
After washing, the cells were cultured with Con A. K* influx was measured at 8 h, cell
size at 24 h and JH-thymidine incorporation at 48 h. Three experiments were done; the
range of values did not differ from the mean by more than 10%.  Values from one experi-

ment are given. ) v

d<wpsmm for K* influx and uxnﬁrwawaH:m incorporation are means of triplicates : SD,
®For estimating cell size over 300 cells were .measured for each treatment; blasts were
defined as those cells whose diameter was greater than 8 um.

azz = not measured,
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Figure 7. Lijnt micro&ranhs 3h3;1ng Cor A respcuse of lyp-
phocytes Pretraated with S-fluotouraciii ‘
Papal a8 sacvs fhat io respounsa to Con A Jlymphocytes pre-
treated vith 3.3 x 10~5 ¥ 5=P0 foraed énnll blasts (type 2
¢alls) ana hardly any fully formed blasts (type 3) vare
Seelle Panel » deplcts only the tvype 1 cells (size of rest=
irg cella); taw blasts vere formed Zp a Con B culture vhere
the lyspnocyts3 wera pratreated vith the high dcse, .66.6';

E Y

10=5 ¥ 5-r@,

Bar i3 5 une.
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Although the zumber of blasts wvas ccoparable in the control
and the culture coﬁtaininq cells pretreated vitt the 1low
dose, oaly 3»3ll blasts (:;%e 2) (cea ;acticn 24842) vere
obsarved ip th3a latter, &aardly any fully formed blast vas
seen (Figqure 7).
3.1.2.4 Colchicine -

Celchicine nas been‘reported to inhiblt (Rudd apd FKa=-
plaan,l981; Raarey and Fincus,1976) or ephance {Stenzel et
al, 1978 and sSuthantbiran et al, 1980), lymphocvgeaactiva—
tica depending cr the stizulus and the cuylture écnd}tions.
Exrperirents vece set up to find out i1f the acticn of this
drug wculd follew tb% ganeral patterr noted with the varicus
igents studjied, aranely the treatment vhico suppresses tte
ability =zc re3ipcnd Coz A also intibits the stizulatory
capacity ¢f tta lyzpkocytes ta an MLE.

starylatng capacliy

.25781/6 splecccytes pretreatad :Lth colchicinre and mite-
iycla C vere cultured with Balb/c or CBA respondéers. BEotk
exbhancenent oT inklbiltler were noted, depending ot the

treitzentslc2oaT2tively 1longar pericds of incubatisn with

this drua ¢r treatrent witb 2 high dese, 1x10-* * (Figqure 8,
Zurv2 C) inhinsited th3 stimulatory capacitye 1x10-5 M or
lover doses ©1 the cthar band rad either nc ' effect (tkiree

Jxpermeats) >r czused zad enhauncezent of 3€ tc 56 % (twe

.

exrparirents) (Zerve B 4n Flgqure &) wken the.cells vere pre-

trexted for 2 2c 6 HOUTr3e
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Figure 8. MLR };tq stisulators pretreated with colchicine.

Curve A reprenserts proliferative response of KLC, vhere the

stinulating peooulation vas untraated controle Curves B and
C represent +the responses vhera the stisulators vere pre-
treated with 1 r 107 M and 1 x 107* ® cclchicine respec~

tively.

-

One of the three experiments dcoae 1s shown here, each exﬁer-

izent vas perforsed 1n triplicatee.

Bars ara 3teaadard deviatiocne.
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Table 7

“.Con A wmm@osmo of splenocytes pre-treated with colchicine?. .

Treatment _ . Blast formation _ IH-thymidine

Percent blasts incorporation (cpm)®
Control . 7 224 £ 800
Control + Con A L7 Humvmv + 3123
Control (m) + Con A L1 31824 + 848
1 x 1072 M + Con A . T 1417
1x107° N (m) + Con A L8 . mmww M Wwwm

-l | .

1 x 107, M+ Con A 36 151162 & 2908
procaﬁay+oo=> 6 mamﬁ”mmm o

mmudm=oowmmw from C57B1/6 mice were pre-treated with 1 x go-» M colchicine and then
further treated with mitomycin C (m). After washing, the cells were cultured with
Con A. Cell size was measured at 24 h and 3H-thymidine incorporation at 48 h,
Three experiments were done; the range of values did not differ from the mean by

more than 10%. Values from one experiment are given.
c<m~=mm for wzxﬁrwaﬂadsm *3001cc1mnﬁo= are means of triplicates * SD.

CFor estimating cell size over 300 cells were measured for each treatment; blasts
were defined as those cells whose diameter was greater than 8 jm.
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Table 7 shods that peither ¢f the fvo doses of colchicine
affected blast forzatiocne Hovever, when the cclchicine-
treatad cells vere further treated wvith mitomycin C, once
10ra a corralatlon vas seen between the stizulatirg caracity
59f the lilvspholytes and their ability to ucderge the early
stages c¢f activatlone. After treating the cells withb the lovw
dosa, T1r10™% 9 cclchicine plus opltcoycia C, the number of
blasts proauced vas the same as 1n tke nitornvcip C=treated
control cells. Fcvaver, afier trestment with 1r10~* & col-
zhicine plus 3i{tozyvycin T ,  the nuaber wvas reduced to 26% of
the ceoatrcl; 2 siplilar treatment reauced tha stipulating ca-
paclty of l=2ukocytes in ®LR. /
- Table 8 3umnarizes the effects of varicus agerts on the
functicos cof léukocvtes vltn respect to their «capacilty tc
3tinulate zp ¥LP and +apelr abll&iy t¢ respernd tc Con A arnd
shovs taat a rorulatior of leukocytes coﬁld irduce MLF opti-
uailv coly vh21r 1t cculd demanstrntelthp changes character-
isti¢c of earlv (pre=5 pha;e} activaticn, such as lInocrease fﬁ
F+ influxr and 23 cell 3ilze. Thus vwvithout excertior there
2xists a ccrralation Detwean these two iznUne functicns,h
aaz2ly, stiouletfizg ablility 21a MLR 21d Ccn_ M resronsiven-
8533, SuJgestlag & CCOEFOD Eéghanism betveen thez (Fecy et al.

7

1982A8) .
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Table 8

.. . Effects of various agents on the, early stages of Con A activation of mitomycin C treated cells and on
the capacity of these cells to stimulate an MLR.

qummnamzﬂw | Con A response (Percent of nosﬂﬂodua ﬂwwwmwmnﬂmmmwwﬂﬂwwﬂwnﬂw HLR
K+ influx * Blast formation w:-qrza*a*zm ‘incorporation
o:mcmﬁz . ‘ )
| 2 x 1074 M 100-1179 . 300-120 103-140
1x10°3 ¢ 29-38 | 0 22-40
- bV | | ,
120 ergs/mn2 176-83 " 87-100 92-160
360 ergs/mn2 27-31 0 - 30-32
5-FU | o : !
3.3x10% M . 106-108 77996 | 86-100
“ 6,6 x 1075 M . 89-94 6-18 50.53 |
Colchicine . | o .
s 1x 109 H e 7610 " 100-156 o
1x10%n Mo . 312 28-31




Table 8 (contd.) ‘.

IMouse splenocytes treated with varfous agents were further treated with mitomycin C and then either cultured

with Con A or cocultured with allogeneic responders, Con A response was assessed by measuring 86pp uptake

at 8 h after Con A addition and cell size at 24h, A cell was considered to be a blast when its diameter

"

was B8 um- or .more.
cbdd values mﬂm.mxc«mmmmg as percent of control; control is the culture treated with only mitomycin C.

Percent value was talculated as shown in Tahle 3.

CMLR .value obtained on Day 3-4 in cultures containing stimulators treated with only mitomycin € {is assumed

to be 100%. .
a>n least 6 mxum1*am=aw were done for each treatment; the range of values obtained in the different experi-

ments fs shown,

MM = not measured. ‘
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3.1.3 Effect of GVE reaction ou siipulating ablilty lp HLIR
Having seern above (Table.8) that ccaprorising respounsive-
nes3 tc Con A ip ¥itrc 1inhibits MLR stizulating ability of
leukocytes, it seezed desirable to find out if splenocytes
inmunosuppressed 1g vive vould be able to stimulate alloge-
ne.¢ cells. Splenocytes fror a2ice urdergoing late qraft-
versus-bost reacticn shov ilsmpaired T cell functicn (Seddik
at al, 1980). Irzunosuopreasad svlenccytes frca rice under-
3Jo0ilng 6v¥43 rsacticn (20-30- days post GVH) vere examired.
(Sea "Mater-als acd Methcds', secticn 2.2.5, for the incduc-
tica of GVE r2acticn and Table 2 in the sare sectior which
snovs tnat the srlepccytes from these alce vere impunosup-
pressed.) )
Pabla 3 shove that there vas aa lccrease of 1.70 to 1.7E

fcl1l fn K* influx whken splenocytes from ncrral CRR x AF1

ER

ware cultured ~ith Ccn A, but there vas po activation 1in tte
uptake of tkl3 cation vhen'theA Con A=treated splenocytes
v2re from pice vcdergcliag GVE  r2actici. Rs predicted fror
the observa+tions reccrded 1n Sectioﬁ 3.1.2,_H;he splenocytes
frca the 13zmucosuroressad icuse shoyed”iﬁgibiticn of etlinu-
lating capaclilty 1rc “1lE; thg}wp:odﬁced -only 47% c¢f the rro=-
lifarative rasncosy (7,&57#2&3 cpr) of thair ncreoel counter-
part (15,912%1266 <c¢pm) c¢n day 3 (rpeak resrcnse) of WKLE

(F.Lyure 2 ard Teable §).

Eres
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Piqure 9. Stiaulating capacity of splenccytes fren mice uc-

dergoing GVE reaction.

Jarve P reprasants KLE betvean mitcmycir € treated spleno-
cytes c¢f CPA x AF1 and Balb/c restcuders, peaking on days 3
2a2d 4. #Whea splencecytes from GVH wmice (induced by indjmcting
CBA x AF1 with rvarental 3 strain) vere used, a reduoced pro-
lifgrative resoonss was-cbtaiaed (Curve B) vwvhich peaked con

days 2 = 3.

Jne of the three szperiments dona 13 shown, eack experiment

vas done ir triplicate.

Bar3y revresant stazodard deviatione.
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Table 9

" Effect of GVH-induced immunosuppression on Con A activated Kkt transport and on the capacity to stimulate
an MLR3, ‘
Cuiture Response to Con A Ability to stimulate in MLR
3 - . .
) b H-Thymidine incorporation
Kt influx {Percent control) (Percent control).

Normal o 100 100
Normal + Con A 170, 178° NA
GVH _ - 1008 47, 39 . :
"GVH + Con A 105, 110 NA

Agplenocytes from normal CBA x >m~ and GVH mice (CBA x AFy with parental A cells) were cultured efthert

with Con A or with allogeneic responders (Ralb/c}. fon A response was assessed by measuring activation

of kKt influx at

which occurred on Nay 3-4, uz-ﬁzwa*a*sm incorporation was measured.

acmdcmm are percentages of control; for calculations see Table 1.

C» a:mnm from 2.experiments are included.

£In some cases, the .GVH control value was elevated over normal control value, : .

mz> = not applicable.

8 - 10 h. meﬁscdmﬁ;sm ahility in MLR was assessed by measuring peak proliferation
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32 ACTIVATION QOF T CELLS IN THE STIBULAZIORS IX HNIR

Results recorded above shov that cptimal MLF occurs when
stimulators can be activatede. Since the prirary candidate
in the stigulater to respopnd to alloanthené'cf the respong-
ars ig thae T ca2ll, exparimeats vere planned to determipe 1f
the stimuggtor-T cell 1s 1in fact activated during MLR.  As-
3aya.mea3ur;nq ircrease 1n siza and ENA sypthesis vere used.
In cultures ccntaining CS57Bl/6 (Thy %1.2) stisulaters and AKB

‘respenders (Thy 1+1), the stimulatcr=T cells vere i1dentified

b} FITC=zonjugatad mcnoclcnal anti=-Thy 1.2.

3024717 Ipcrease in slze

J3ing FITC courled anti-Thy T.2, (3ee secticn 2.5.1 for
the precedura) stipuleater-T cells freo cultures contalning
mitsaycin C=-tr3ated (C57B1/6 splenocytes and AKR respondlang
calls wers —dentifiad (Figure 10) {cells 4ia parels b and d
acd taesa Doin;ed by arrovs 1n panels a apd cle. After 28
hours ¢f cultuze, the cells (painels c and 4) stoved an in-
~rezse 11 size (cvar 8 ne) coiaparad to that at O rour (pan-
alz a azi.b) vher> tte rean diameter vas 6.25+C.8une. The
orcportion cf activated stiaulator-T cells at 0 and 28 hour
MIC t5 azpictel iz Table 10. At 0O hcocur 8% ¢f +the Thy 1.2
cells vere ovar 8 ure After 23 hours cf coptact vwith the ARR
celiz, 40% ¢f Thy l.2 bearing calls wer2 blasts, vbich rep-
resanted cne-taird of the total blasts in the culture.Onder
thesze cenditicas, ther, =2bout s1e ir three cf the blasts ip

MLk ware frcm the stigulating propulatlon.
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Figure 10. Tacrease 1a siza of tha stimulator-T cells cur-

ing Mlb.

<P

Ftgiges 30 z2ad 1 are - flucresceat aicroirachs pflthe‘fields
3phcwa Py vhasa-ccrtrast eicroscopy in Fiqureszgzyénd ?c re-
spectivaelye. . vwicroqgrepbs ¢f calls freom MLC centaining mito-
mvctnfcnpreatsi C57F1ls€ (Toy 1.5[ 'spienOEVtés and ARR (Thy
1.1) srleaic calls shev increass in cell siza frem C hour 1n
panzls a axc _B‘tc 24 rours in panels = and 4. Arrovs in
aaneL: A ehl = '1xdiéate the Z21l3 that ccrresrcsd  +9 the
callz tpat ar: fluorescart with FITC laballeé antl-Thy 1.2
in sicrc3raoh: b 22¥ 4 respectivalye. Cell:s larger than 6 ur
tn diareter weoa considrea 0 ne activataed (pointed with 2
1CI2¥3 13 pil=l C€)e Tha wmecr @Lameter sflcallslin the reét-

{3 paAas2 (zea2ls a ane b)) wva3d A.2520.4 0T

Iir L= 1) une ’ . h

o
i






Table 10

Proportion of stimulator-T cells showing increase in size in a 24 hour MLR."

Treatment Thy 1.2 blasts” “Yotal Thy 1.2 Total blasts Total cells
' . _ : nmAdw counted

0 hour

c . . . . .
a” 8 74 18 263
pd - 3 7 m 250
24 .hour '
a 0 84 9 - 322
b , 18/ 36 58 200 o

]

|

3ca1is from a culture containing €C5781/6 (Thy 1.2) and AKR (Thy 1.1}, at a ratio of 2:1, were stained

with F1T€-1abelled anti-Thy 1,2, fixed and scored at 0 and 24 hours after initfation of culture,

cq:m cells were examined for size; cells larger than 8 um were consfidered to be blasts,

a.,nmmmcgﬁm from two experiments are depicted in 1ines a'k b. The absolute numbers are given,

.
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3.2.2 lpcrease 1z RNA synthesis o
Caltures contalining =sitoaycin C=treated CS?BI/G splenc=
cytes and AKR responding cells wvare studied. The stimulator
T-cells were louble labelled vith fluorescein con1uq$ted
anti=-Tby 1.2 concclonal actibody agd ?g-uridine as described
in *Materials ard Hethods' (section 2.5.2). Filgure 11 1il--
lostrates that stimulator-T cellé iz 2 24 hcur ¥LR shov in~
creased incroporation of 3B-urid1né. The cells ;ﬁ Phase con=
trast micrcgranh (panel b) 4ndicated vith arrcvs ccrrespond

tc tne flucrescent Thy 142 baaring cells 1n panel ce. The
cells shduing dore thar 10 a3llver grains (pcinted _vith
double arrcvs) vere consldered to be activated. Ttke resting

cells depictad iz panel 2 shoved a mea:r punber of 7+3 silver

graliase. In SLC cultures pulsed fror 0 tc & hours, 12% of

'the fluorescen: stisulateor T c2lls ebcwed activation {(rmore

toan ter siiver grairs) (Table 11). In a culture where al=-

-loqaneic ceils had been cocultured fer 28 hours, wpore thap

three tines as mrapy cells showad 1ncreasad inccrporation of

IB=uridinze. The activated stisulator=T cells ¢

of the total activated cells 1n tie cultures
from  tbrea osxperiments were 'cohbfned fcr estizating the
cverall valaes.Thus 1t bas been demohstrated unegulivocally

that a ccaosidsrable fracticn of the stidulating cells upder-

-qo activatlon juring MIR (Roy ep al, 19323}).
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Figare 11. Inacreasze 1z RNA  3vathesir in stimuletcr-T cells

juring ¥Lb.

Mlctographs stovw ¢ells 1o a culture ¢ontalolng CSTEL/€E (Thy
1.2) stimuliztors 3:6 AK?® (Thy 1.7} respcnders at 0 bour
{paael .a) anl 24 Ekcurs (paaels ¥ and c)e The cells were
Sulaed with 3H-ur;é:ug angd examiiqd fcf FNA syntheslis by au-

toradicgrapave T 2ells 1o the 3tirvlating rcopulation were

~dear_ f412d wign FITC=ccojugat2d zoti-Thy T1e.2. ATrews 1o the

DLase-ccutrast ticreqreph, vanel b, 1oint +c +the cells that
czrresreald o nhe cells Lo th2 €lusreccent rmicrcgraph, peral
‘_‘,-, . !1-

Ze I2 tanoel o, ta the larger Thy 1.2 rearing cellq i1ndicated
DY w0 ACTCWH, +he deasltvy of siiver Jrailns was 2.4 *ises

tiag za2lls (razal 2): +the calcula-

THADATEQ tC otrnat -0 TEes

tlcas wére b23>? 22 thke surface area.

&






Table 11

Proportion of Stimulator-T Cells Showing Increased

_/

RNA Synthesis in a 24 hour :rmm

No. of silver mﬁmdzmc

No. of

Percent of

Culture 0-10 over 10 nmddm_nozzﬂma Activated Cells
4 hours  (a)© 100 16 116 14
(b)4 84 20 104 16
(c)® 84 9 93 .10
\ .
24 hours {a) 43 57 100 57
. (b) 77 43 120 36
{c) 77 39 105 37

@ Cultures containing Balb/c (Thy 1.2) stimulators and AKR (Thy 1.1) responders were

examined. Cells were double labelled with FITC conjugated anti-Thy 1.2 and

at 4 and 24 hour after initiation of culture.

b The fluorescent {stimulator-T)cells were examined for the number of mm~<mﬂ grains

contained in them; those zﬁn:_301m than 10 were considered activated.

c.d,e Results from 3 experiments are'depicted in lines a,b&c.. The absolute numbers are given.

M-uridine
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3.2.5.1 Effect of OV on the activation of stiaunlator-T
ry Cells -,

Balo/c laukocytes irradiated with lcvw and high doses of UV
{122 and 3¢€0 efﬁs/mnzj vere used as stisulators 4t an MLR
vitn AFRE responderse. After 24 hours of incubaticn, cells
froa 1 zl cf tanese cultures and those from the corresponding
coctrol culiure, vhich cecntaiped untreated stimnlators, were
processed fcr ismuncfluoresceac2 using FITC-labellied anti-
Thy 1.2 aod thar the cells vere eramired fcr size. Table 12
shows that aithouqh the higbh dose did nct reduce the total
crumrber cf Thy le.2 b2arlag c3lls it th2 stimvlating ropula-
tion, 1t prevented thex frox increasing in size when incuo-
hatad with zllogen2ic RXE splacocytess. The lcv Ccse alleovad
the forzation of blasts, o tha saae axtest as 1n the cen-
trcle Correzpcadinaly, irncorroratioa ¢f JH-thymidice i1 cul-
turas, ©a cay 3 LR, was sizilar 1o the contreol and in the

csulture cottaialrg s3tiaulators traated wvitk the lov dcse.
-3

vhea the hight dese vas used, the ievei of incerporation of
3q-chypidiie vas s;mll;r to tanat ¢f the rTesponders alcoes
Thus 2 defialcte ccrreiaticn vas seen netueen.tbe occurrence
of olarts 51 :te "3timulating populatior aad the level of

MLE.



Table 12

-

Effect of UV on the Activation of T-Cells in the Stimulators

o
Fluorescent Fluorescent vm1nm:ﬁ. : c
Treatment Cells Blastsb Blasts MLR peak™
Balb/c{m)+AKR 83 a4 53 15229 + 562
8alb/(120 ergs)(m)+AKR 114 64 56 16304 -+ 244
Balb/c(360 ergs)(m)+AKR 96 : 5 5 - 309 = 52

4 Balb/c (Thy 1.2) stimulators were cultured with AKR (Thy 1.1) responders at a ratio of
2:1. 24 hour culture was stained with FITC conjugated anti-Thy 1.2 and the cells were then

examined for sige.
b nmiﬂm larger than 8 um were considered to be blasts.

€ uLR peak was reached on Day 3; it was measured by incorporation of u:-ﬁzxaﬂg*:m and
expressed as counts per minute (cpm).

One of two experiments done is shown here.

Values are means of triplicates 1SD.
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3.3 REQUIREMENT QF T CELLS I¥ TBE STIMULATORS
Tne experivents described in secticns 3.7 and 3.2 led tc
the ccrclusicn that the spleaocytes eare regquired to undergo
the early stagas of ﬁctivgtion in order to be able to stiauy-
12ta alliogetrelc calls optimally and that the T cells ip the
stizulating population Ao actually underqo activaticn during
the ccurse of YLR. Tc fiand out if in fact T cells are re-
quired fer optiral prcliferatisn,the stisulator ropulation

vig depletes ¢f these calls aad then tesgsted 1w an NMLR.

3.3.1 MLR with T-depleted stimulators

HitcmVCLa C~treated C557B1/6 3plenccytes vere divided Intc
tar=2e egqual porticaos: (1) untrzated, (2) treated with scno-
clcaal anti-Tevyl1.2 and guinea-ply complement, (3) treated
vith ccmplenent zlon=. The cails fro® each grour were thar
resuaspendad lo the sa;é volume of mediua 3¢ that the density
5f the nca2=T c3lle vas the saz2 in all threz fractlons, eack
of vhich wes then used as a stizulatlog populaticn Im MLER
witn Balb ¢ or with CEBA. Incorﬁcration of 3H;fhvmidine
vbich vas fclilloved fcr five days and recorded in Pigure 12,

)

representea MLF prelifarativa response. The stizulatory

treatedé with coarplemsent alone betaved sinilarly to the un- .

tTeatad convrcls; hcwaver absanca cf T=cells rprovokad by
comolerent plus anti-Thy 1.2 causad a reduactlor of 50% or
n13r9 ir prolifaraticr. This vas statistically significant

{r= 0.007 tc C.0S5) in all 7 experisents tried.
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Figure l2e.34LR with T-=-devleted stinmulators o¢f CS57Bl/6 and

Bala/c raspondaré.

MLR with C57Bl/6 stlirulators and Balbsc respcnders vwhere the

atinulators were urnfractionated (Curva 1)
anti=Thy l.Zz and corrlemwent (Carve E) or

{(Curve Cla
ODne ¢f 7 excerirants dcne 15 3havn heree.

Bars represent atandard deviation.

or treated with

ccaplerent alone
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Figure 13. NMLR with T=-depletad Balb/c (Thy l.2) stiaulatcrs

rnd AKE {Thy l.l) respoadera.

Curve A rerresents MIF with unfractionated srlenocytes cof
Balp/c z2nd Curve B, the reacti>»n vhere the stipuvlators vere
T-gaficlent.Curve C represents 3*H=-+hyridine inccrpcration 1in

the respander alone.

One of tae three exverizents done is shown herece.

Bar3 arez stezdard deviaticne

(‘\
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To tule o2out the possibillity that the reducticn of KLR
noted above vas due t¢ the possible killing cf the respond-
er-T cells by a carry—-cover of anti-Thy 1.Z and complerent
frea the stisulatcrs, an ELC vas set up betveen T=depleted
578176 (Thy 1.2) stirulator and Akﬁ,responder. which 1is Thy
Tele Results observed in 3ectioﬁ-3.3.1 vere ncted o¢nce
again (Figure 13)e The 3FA-thynmldlae iacorvoratic¢n aftar T-

depletion wes 34% of tha ccantrole.

3.3.2 " Recomstitution of NILR

A population cf T=enriched cells vwas added tc T=depleted

3tiaulatcecrs t¢ scee Lif the MLR razccnse would be restorede.

w

-

3¢3e2.1 Syngeneic and allogepaelc T-enriched cells
T-enriched cells vere obtained. froa tﬁe splenocytes of
3alo/c (stirula+tcrs) z2nd CBA (raszponders) Dy panning on Ig*
coated plates, 25 deascribed in section 2+2+2¢2 Thése cells
verz tra2ated with mitcoycio-C and wlied vith T-depleteé and
mitosycia C-treated sylenocytes cf Falb/c in a 1:1 ratio.
Thke aized pcoulaticr vas then u32d as a stizulator 1o an MLR
+ita CRA. =~ Fizure 14 shews that the adcéitiosn of T-entiched
z2ll3 fror kF2ld/c Dut not CBA splenccytes restered the MLP
preoliferaticne. The céak LF value cr Day 3 vas 18,895%1393
com 5o “LC with unfracticzeated contrcl-s?imulatcrs:
3.626:132 -n PLC; céntpininq T-decleted stimulators acc

18,789%950 «hea T cells frcs th2 stisulator vere added.
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Piqure 13. Reconstitution of NLR by syageneic and allogereic

T-enriched cells. —

MLR wvas folloved 1in cultures contalning splenccytes of
3alp/c stisulators and CBA responderse. Stiasulators vere (1)
anfractlionated, (éﬁ T-depletad, (C) 2itomycin C treated T~
eariched cells of Balb/c sired vith B <n a 1:1 ratic, and
{D) éama as C axcept that the T-enriched cells vere from mis
tomycin'c trsated CBR splenocytas. E represenés respénders
aloage. ELR oroliferation‘ vaé detercsined by 12easuring

3H-thym1din=‘lnccrppration (cpm) over a four dey prerlod.
One of the three experliaents doae 1s shovn hare.

V¥2lues are maxns of triplicatastSD.

@
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The value remained at 9966+584 cper vhen T-enriched cells

froa the reavoader, CBA, vera added.

3e3e2.2 Various stiasulator to rospondef ratios '

Flgure 15 saovs the results gbtailned oh Day 3 ¢f MLR froer
cultursp/ééntaininq stimulatoégjfror Balb/c vikich Qere : (1)
anfractionatad, ;é]_T-deplete e (3) T-enriéned apd (&) T=de=-
életad spleadcytes =ized vith f;enriched cells at 1:1. T=de=- .
plgted splencgcytes caused about 50% of fhe orcliferaticn in-
jJuced by <tha uzfractionated populaticn vhern stinu;ator to
responder ratis wvas 2:71 or 1.5:7. The differences .Here
spaller vith =zat1os cf 1:1 and 0.5:1. ~ The orcliferation
causad by T~-desleted cells appearad to be at the same level
(aronad 10,300cpm) for 21l the ratios vhefeas the valu;s
vith unfractionated or T=-enrlched fractlions were directly
proportioral to thz nurber of cz2lls 1in the_stimulators: ap=
prorizately 20,000 cpr at stimulator to respcader ratic of
2:1 azd 1.5:17; 13,00C at 1:=1 and 10,C00 at D.5:1. . T=-en-
riched gopulaticns by the@selv;s gave the sare same valuoe a;
+he centrcl with all ratics of stiaulator to gesponder.
When the T-3zpleted and T=enriched <cells wvere =zixed, the
proliferative response was reétorad tc the vilue ;?ﬂghe ccn-

ttcl MLERs. -
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Fliqare 15. Fffact of T-anrlchned splenccytes.of -the stirulat-

lzg oc:d;at;en cc the stimulating abllity cf T-darleted

—

spleaccytes, with various stinulator tc responder ratlios.

Balo/c was usel as the sfimulatar ana cai as resyecdere. The

ordinate .reprasents values of JH~tbyridine inccrporaticns

°
-

(cpa) 1ip tae varicus cultures on day 3 NLF. and the abcissa

the iJifferent ratios of stirulators tc respbnders. The vari-

1A
Lg]

epresent the 62fffereat cell populaticrs used as

/

stimulators: infracticonated (a), T-Zepleteqa (B), T—=enriched
f2) aca (D) T-iepleted aré T-ancicheo frazctiers rized 2n 121
:atLo:'; #ezulcs from four exparlirects are conhbiredes Values

of paak preciifaeratisn (Ddy 3) are givele.

83ars revr=sent staardard deviation.

‘-\
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3.8  ROLE QF THE ACTIVATED STIMULATOR=T CELLS

The expeciments described above have sﬁcwu-that T cella

in the stimulators are activated durini MLR and that tlhelr
pre3sence is requlred fcr optizal proliferatiosne. It vas then
logical tc detarmine what ccatributicr they wade to the pro-

cess -of MLF. ' -

3-8.1 Ipductlop of _!ig by -B¥-irradiated Com A hlasts

Siace 1t wes shcwn 1a the praeceding sections +that actiya-
tica of T cpilszin the stipulating reoulaticn 1= necéésar{
fer 1ndgc1n; optical Drolifepat;on, ap experitent was set up
tc f£ind out 1f acrivated T cells vere sufficientjin faducing
‘HLR aaé alsc to tind cuat ifruétabclic astivity 1p the s£1mu-
lators vas rzquired evea whap tne 3tiwuiat::q ceoulaticr al-
ready contelned activated cells. 24 hour Con A blasts vere
vashad, ;rradl.égd with 360 arys/me2 cf UV, the dose which
vas. found eaclie; (Tabla 5) to inhibit the stizulatling ca=-
paclty of rs3ticg celly Zo MLR.  Thesa cmlls vnre'tﬁen'used

~

.és ;tl:ul;toés In 41lP. Tabla 13 shews that wheno the stirnu-
lators vere G¥=irradiated Con A* blasts, t?ern vas a reduc-
tién og o#er 33% 1a MLR res:onée.‘ ccmpared tc that prcducegd
by Zon A blasty fraated vith witomycin C ;lone._ Rcwever, 1in
the case ot th2 restinag cells, UV-tr;atment caused a reduc=
tica ¢t abcut 30% iz MIR raspoase.Thus *the stipuleting 2bil-
1ty of activated cells is wore’ cesistart thas that of the
qui #3cert cells afte; g pratrea?ment vhich_qrpatly.in£ibits

the lattor.



Table 13

o Stimulatory Potential of UV-Irradiated Con A Blasts Compared
to that of UV-Irradiated Freshly Isolated Splenocytes

b Peak MLR value (Days 3-4)P

a
Culture © Balb/c(m)+C5781/6° . C57B1/6(m)+Dalb/cd
Responder + Contfol (m) . 6500 t 1251 6054 * 1018
Responder + Contro) (wv) (m) 1486 * 290 (231)° 971 ¢+ 189 (16%)
Responder + Con A blast (m) © 14083 # 1715 5509 + 446
- Responder + Con A blast (uv) (m) 6684 + 234 (47%) 2203 + 226 (40%)
Control (m)' 105+ 19 428 t 57 .
Control (uv) 78 £ 28 9 |
Con A blast (m) 475 + 87~ - 478 + 31 :
M ] .

Con A blast {uv} ~ 290 39 NM . .

mmﬂmm:dzakmoamnma.wvdmsonzﬁmw (control) and 24 hr Con A blasts were washed and
irradiated with 360 erg/mm2UV. After mitomycin C-treatment {(m), they were culfured
with allogeneic responders,

b

c,d

Peak MLR Values recorded on Days 3-4 are mxuﬂmmmma‘mm cpm.

Results from two experiments are shown, .

®Figures in brackets are percentages of the values in the corresponding cultures
containing stimulators not exposed to UV.

mnozwﬂod values are shown for cultures whose fresh splenocytes or 24 h Con A blasts N
(washed) were treated with mitomycin C (m) or UV, : :

INot measured.
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3.8.2 -Regulation of IL 2 by activated astimulator=Y cells
Sioce primed T cells (Ezum aad Ptlarski, 1978) e¢r TL 2, a
product of activated T cells, {(Paetkauy et agl, 1980) can re-
stcre MLR 1in édltures'vhere tﬁe stisulatcry pctential has
been compremlisad, it appeared regsonable tc hvpdtbesike thaf
the activated T=-cells 1n the stizulating popuiation requlate
tbhe ilevel cof IL 2 1r tte nLC.u The following experiments

vers deslgoed tc test this hvpoﬁnesis.

384241 Absénce of T=cells 1in the stimulators

Baip/c stimulagers and CBA resapcnders vere cultured together
3t ratics of 2:71 and 1:%. IL 2.or grceth factor aéti;ity'was
measuged.in 72 hour supernatanfs cf MLCs centalining stimﬁia-
tors vgicb were (1) unfracticnated, (2) T-depleted, (3) mi;
tsTyCLL C-trea:ed.T—enriched cells froo the stimulators rpir-
3d.¢1th {2) ani (4) =eritomycin C-treated T=-enricted cells
fron the reapo:aefs 2iyed vith.(Z). 4 direct correlatiorn
vas 3aén betwain the presanée of T-cells in the stimulatogs

. k-1
azd one€ Lovel 9f IL 2 Zn +he MLZ with beth the assays of TL

2 r2asuratint, (sea secticn 2.6.2), the one reasuring growtb

af tha IL 2-4wpend 213+ ¢ell line *TL 2rd the cther cn2 assay-

155 tne =nnancerent cof proliferatior of CB4  thymccytes 1n

-

the oresence cf sudcotical dosesz.ct FRA (Table 1L).



Table 14

Presence of T Cells in the Stimulators Associated with IL 2 Activity and 3rw.

IL 2 Activity c.

Treatment MLR peak® L Thymocyte
BaTb/c(m) + CBA 18495 + 1393 44853 £ 1241 44337 £ 2721
T-deficient Balb/c(m)+ CBA 9262 + 182 8220 + 177 173 £ 170
T-deficient Balb/c(m)+ CBA+Balb/c-T 18789 + 950 47658 10598 43038 + 9075

. T-deficient Balb/c(m)-+CBA +CBA-T 9966 + 584 5824 + 2882 3689 : 131

t .

"

.

3 culture consisted of Balb/c and CBA at stimulator to responder ratio of 2:1, The stimulators were
(1) unfractionated splenocytes, ' .
(2) T-depleted, :
3} T-enriched cells from the stimulators (Balb/c-T) mixed with (2), and
_ 4) T-enriched cells from the responders (CBA-T) mixed with (2).

b rrz proliferative value on day 3 is given; it is expressed by wzxﬂrziﬁaﬂzm *znomcosmﬂﬁms ﬁnnavp

m IL 2 mnnm<*nk was measured in 72 hour supernatants, Both MTL and thymocyte assays were used.
Proliferation of MTL cells and thymocytes was measured by 3H-thymidine incorporation (cpm}.

.
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Depletion ¢f T cells caured the IL 2 leval t¢ be reducad te
abgat 175 of that seen ip the controlf this cculd be replen=-
13had by T cells of tha sti;ulatinq ropulation but not by
the reéponder T cells. The correspcnding reducticns in the
MLER reepolses vera nect 3¢ 3evers; apcdt 50% reducticns vere
Seele This wvould suggest that factors other tham IL 2 par-l
ticipate 1a th3a NLIP responsec. 'Very gsipilar levels of IL 2
vers chbtailned uit; the twe ratios, 2:7 apd 1:1, of stimunla-
tor t¢ respoadar; rTesults of tae forper ars shovn in Table
T4, iuré 15 in contrast to th2 results showp 1ln Figure 15,
vhere a b;qﬁer MLE ;alue vas odtained with =2 stimulator tc
reéponaer ratio of 2:1, ccepared to that of 1:1.
3.4.é.2' Absence of activation in the stimulatﬁr T-cells
[z ®LCs contalniag UV-lrfadiated {120 er3ys ané 360 erqgs/
;nz) "Balbsc stirulatcrTs a2pd AKR responders, 1t vas found
{Taalz 15) tbaﬁ with 120 ergs tbe nuzxber of activated stiru-
lator celis vis about tke saze (56%) as in_ tle untrezted
- ccatrol (53%)}). "Ecrresocnalnqlv; sirilar results wvere ob-
talzea for the IL é level, 23 n=asurad by the essay using
the grewth ass=23sprent of the IL Z Jerencdept c¢oll line MTL.
“itn 1 higher doeerof 360 ergs/r»1?, vhich iahibited ML® pro-
ixté:ation. coly 5% of the stlaulatoer T-cells vere over & ur
a;ggcdqn the t2tel’ Dumber cf T=calls ~as ~ compdrabla to tte

ot
Slas

Zertrol (se¢ s53acticn 342.43); nc 1L 2 activity vas detected,

<
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Table 15 .

0 L] s

Activation of T Cells in the meﬁsc_mwmqm is Associated with Hm’w Activity and MLR.

Culture® Stimulator-T cdmmec IL 2 mnn*<ﬂﬂ<o MLR ummxa
Balb/c(m) + AKR 53 6905 + 496 23586, + 232
Balb/c(120 ergs)(m)+ AKR 56 7227 + 385 23742 + 2109
Balb/c(360 ergs)(m) +AKR 5 86 + 14 6214 + 232
- AKR N/A 92 £+ 9 5691 + 974

o

m.zrnmsmxm_mmﬁ:wcmnzmmzmmda\nAq:d.mvm=a>xzﬁqsw_._v.q:mmﬁmazdmn01msm1m
splenocytes of Balb/c which were Adw untreated, (2) exposed to 120 ergs/mmZ and
(3) 360 ergs/mmé of UV. :

b 'In 24 hr MLC, the T-cells in the stimulating population, stained with FITC-labelled
anti-Thy 1.2 were examined for size. Cells larger than 8 m'were considered to be
blasts. Percentages of total Thy 1.2 bearing cells are shown,

€ 24 hour supernatants were tested for IL 2 activity, using the IL 2-dependent cell
Mﬁzmvzqr. Proliferation of the MTL cells are expressed by 3H-thymidinetincorporation
cpm). .

wz-ﬂ:ks*amzm incorporation is expressed as cpm.

[

d MLR proliferation measured on day 3 by

- € Not applicable™-
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IL 2 Restores MLR Values in Cultures Containing T-Deficient Stimulators

e

Treatments : HLR peak

Experiment 1 .

Balb/c(m) + CBA? | | 16965 + 275
T-deficient Balb/c(m) + cBA® 6014 & 29
T-deficient Balb/c{m) + CBA + IL 2° . 12954 +1280
con? | 657 + 83
can + 1L 2 | 2860 + 153

Experiment 2

C5781/6(m) + Balb/c® | 10470 + 968 .
T-deficient C5781/6(m) + Balb/c’ | . 31677 18
T-deficient C5781/6(m) + Balb/c + IL 28 7531 + 910
Balb/c : . 885 + 121

d

Balb/c + IL 2 2024 + 318

& culture contained responders and control stimulators, :
b Culture contained responder and q-amvdmﬁma stimulators,
¢ Culture nosﬁmimmg responder, T-depleted stimulator and IL 2 at 17400 dilution.
M Controls showing the effects of IL 2 on .responder alone.
Incorporation of 3H-thymidine measured on day 3 of MLR expressed as cpm.

[

" oh
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3.842.3 ‘Restoration of BLR by IL ? |

IL 2 added to a final cbncentratibn of 1/800 tc¢ /800 re-
3tored the prolifarative Tesponsa ir cultures ccntaliaing T+
deficlent stirulators (Table 16). Or depleting the-stimula-
sora of T cells, the lavel of MLR peak vas reduced to 30 -
36% of tha cocotrol. Op adding IL 2, <he value was restored
ts 72 = 76 % of the ccntrole This vas true 2In two sets of
cultures: Ealb/c stimulators ﬁith CBA responders ard C57Bi/¢€
3tizulators «od Balb/c respondarse. -

308.3 Ideptification gi the source of IL 2

Taple 17 shows that aitosycin C-tréated ¢ells vere capa-~
bie or :;oducinq Ii 2 (treatments a avd b). when both allo~-
jenelc populations vere treated witbk zitomycin C (treatreent
;n) the JupeTsatant ccllected ca day 3 of MLF sheved 75% of
. the IL 2 activity detected iz the ccotrol MLC (treatment a)
13 aeasured by the assay using the czali 11né MTL.

Ia a culture éontainiﬁq T-daficlent stimuiatcrs and un-
treatéa respoaiaré (treatunent ¢c), the suoerﬁataff centaliped
a tactor vﬁlch 3upportel thke grovth of MTL éells. when ;he
stizulaters were decleted of.T—cells and the respcoders vere
prevantad frot syntheaizing D&2 dde tc mitonmycin C treatrent
thera was ac detectabls I1 2 in the culture (treatsent d)
3ngyesting participatica of prollfarzting cells of the re- -
speaders in I1 2 productilon in treatsent c. SisilaT results

. ' y
vora gbtainad 1aipng the thyzocvra DICasSaVe Thus IL 2 or &
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similar grewth factor cculd ba Drodﬁéed by both the mitcumy-

cln C-traated ¢oalls and the -responding population.

&

\I



Table 17

Fas
Identification of .the Source of IL 2

Treatment . L2 activity® MLR ummxm.
Balb/c(m).+ CBA? 46,200 + 1976 17243 + 46 .
Balb/c(m) + CBA(m)P . 34,475 + 2100 1454 1 61
T-deficient Balb/c{m) + CBAS 12,675 + 1906 8045 + 481

-+

80 | 476 +114 : ' . WAJV.

[

T-deficient Balb/c(m) + CBA(mY = 340

.t

3 MLCs were set up betwee( Balb/c stimulators and CBA responders.
b Both unfractionated stimulators and responders were treated with mitomycin C(m}.
€ 1-depleted mﬁ*scdmnoxm_1mwnnma.zdn=_nm> responders, - )

t . i .
d T-depleted stimulators and responders treated with mi tomycin C{m).

€ IL 2 activity was measured in mcumq:mmm:nm of 72 hour cultures using the MLT
assay; proliferation was measured by :-ﬁswaﬁu*zm incorporation (cpm).

f Proliferative response of MLR was measured by w:-ﬁszs*a*:m Amoos@oﬁmﬁ*ozeos
day 3 (cpm). -



Chapter IV

DISCGSSION -

'The purrc3e of this thesis vas to Jain a better under-

staading cf tne stizuylatory mechanisc lm ac KLR, in particu-

v

lar to charactarize ike functlions of tge Stizulatcery poprla-

LY

T+C3, which zust b2 comprised of watabclically active cellse.

-

The /stimulétq:$ provid2 <the ficst signal 1In +the fera of

tralsplan’aticn’aﬁtilezs, uhyth c¢an trigger the respcnders
1atsc activation. A seconéd sigunal, which lafferty aad Wool-
acugh (1377} 3ucgasted is provided by the metabelically ac-
£1v3 cells cf the stirulators +nea induces troliferation in
the sigral 1-activated respondlicg lyrpbocytes. I byrcth-
ésized thdt.to qena:ate\a seconl slgnal for tre induction of
jevaccadle c:ol:feraticn ia !Lé,' the ctiauleticg pepulaticn
snoald costaic activated T cails. y experimectal resuvlts
supo0ort this hysccthesds (Foy a3t al, 19823\521 B) e

Jsipg a varlety of 2gernts :hat affect the stiiulatinq
abillity ¢f leuxccvtes 1a an MLR, 1t vas fcurd that svlenc-
cytes coulc stilrulate MLR &ptivally coly vher they could re-
;sc:ﬁ ;: varallel =2rperireats ﬁc Coz & as vwaile. This sug-
g2st2d taat ez effactive s+inulating rorualaticn should not
2T4i¥ Dbe metannlically activa Dut nmust cootein cctiveted

{cra=-S paas¢) cellse The T ¢21ls 1n the stirulating popula=-

- 138 -
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ticn vere indead found to deuonstrate.the qharactefisti e of
2arly activation despite their 1nab11it7‘}0_proliferat gdue
toc treatment vith mito®ycin Ce I have demonstrated this di-
rectlye. That the T cells 1n ihe stirulating Sopulation;gre
required fer cpfinallproliforation .vas shovn in experiments
vith T-depleted stirulators and reconstituton of these redc-

icas by addltion of T-enriched cells fror the stinulatc?s.

The Etiwulator-T calls were‘found tc regqulate IL 2 content

ia the MLCs A qrewvth factor reseabling IL 2 in scme of its

biclecgical activities at léast, 12y be produced vhen T cells
are abeelt frce the étimulatinq populaticn, Therefore, alf
thcugh activated T cel;s in the stimulatibq rorulation arte
requirea t¢ be presenf fcr optimai\proliferation1 there are
other patbways dy which signal 2 producticn and  NMLR zay be

induced.

3.1, QPTIMAL ALR REQUIRES ACTIVATED STINULATOR=T CELLS

%.1.1 ~ Nitomycin C=-treated cells can be actlvated

T'o tect the feaslbility of ay h;ﬁjﬁﬁ;&is that the stirc-
lating cells should be activated, 7 initlated ap erperiment

to find out wh2ther +treitment with“zitcayciun C, the protccol

asei ia preparing the stirulators, wculd allov the caells to

be activated; éitcmvcin c 1hibits DNEAR syp+thesls {(Szybalski
apd Iyer, 1363%). The results in Figqure 2 and Table 2 show

that lvyifphocytas pretreated witn mitosycin €, wvhen cultured

vita Con A, wer2 fully cezpable of damcustrating the features

[

Lr )
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characteristic of the early phases c¢f cell activation, al-

'thouqh DNA replicafion vas effecti%elv:lnhibited. ¥ltomycin

s therefore, 1s sipilar tc hydroryurea or cytosipe arabino-

"*side; +these ajents also inhibit DNA synthesis vithoat af-

kfectinq @he earlier phzses.of tne cell cyrlas (Settérfield et

alese 7383). ¥y fialdngs vwith the mitémycit C~treated cells,
therefcre, xeﬁd SUtPOoTt to 2y hypothesis in that the T cells
iﬁ the stizulatirg ﬁopulation are capable of underdo&gs ac-
t;vatzcﬁ." #

-

- g .

3e%42 Stimulators §hgnlg-nngg:qg'ngtlzgtlgn*

daving seen toat Sticunlatord, leukccytes tlocked at G1/S,

car und=

H

3 :h} ‘sarlier phasa2s of activ;tioa, I vanted to

<

see 1f <tae aptrance <¢f stimalators fpto the G1 phase vas
‘OeC2532C Ve It was fcund that =2 pcrulaticr c¢f leakecytes

ccould stizuiats ¥L% optirally oaly when 1t could demonstrate

«res feztures characteristic of tae early phagses cf Con 4 re-

spcase (Lacrease 1a K* Infiux and 1in cell size) .(Tablets).,

Thls.¢ccrteletidn vas.cbserved fror 2rperinments using a vari-
ety of agants walch have been =ceported to affect the stiru=-

latory potvrtial cf 'leukccytes or their ablility +tc restond

tc a2 stizuics. Tte agentg used were ousbaln, UV, S=FU0 and

:ox:hlczagu whzn mou3< - 3pleaocytves rpretreated 1n  vitre

{conseguerntly larunosuppressed) _with differect dcses cf

[4:]

variety ot zg:zats. ¥2re culturad withglecn A, 1ahibiticn oc-
curred at varicus stagces cf lysphocyte activatice (Flgure

15). ' .

-~
LY

°




Ouabain (HD)S . Mitomycin ¢
Agenis - UV (H.D) 5-FU (H.D.) s-FU{L.D)
: GVH condition * Colchicine (HD) uv (L.D)

Restmg _ ‘t 5 Activation of !ncreose in _DNA
Steps ‘ cells potossmm influx _ o synthesis
Porameier v N 86Rb upiake . 3H-.Thymiding
of measure ‘ incorporation

. /\‘4!"

n

Figure 16. Site of action of agents biQEking Con A induced
" activation of lymphocytes. All these agents, irrespective of s
: z ]

where they act,-were applied to resting, cells and then removed

prioi' to addition of thé mitogen.

34D high dose Lo |
b . - '
LD low dose -
N S | . S
By
—

&
»
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0nly tha treavrmerts vhick allowad the cells te be activeted
to a‘polnt vihere 3nall blasts (type 2) were forred, perzlt-
ted the splenocytas tc lnduce WLR optimally. The correla-
ticn betveer Con A respcasivaness and stiwvlating ability
vas found tc 3rist alspg Ln exparieents using stlanocytes

vhich were 1mzuncsuppressed -in vivo (in-GVH=alce),.
: ~

-40102‘:1 OQuabain

Juabain freduced tvo oppcsite effects in XLP and Con B

responses, wh2p toe stimulators vere rretreated vith 1xrf®-3n

-

ouabaing\fhey—éailed tc l1aduce oreliferation in the respond-
N

~

ing cefxi/AD an MIR apd_ these treatec cells 4149 rct shov any

‘rTafgponsa tc Cca A (Flgure 3, Tables 4)e when the stinulators

-

vere fPretreated vith a lover dose, 2 ¥ 107%™ ouabtaln, tteir
jtaaulating c;oaﬂftv ard thair respensivensss te Ccern .4 'vas

&

comparable te thatlof the contral uptreated sclenccﬁtes. In

‘mofe thaz hzlt cthe iastartces, hovever, +the treatrwent wlth
© the lovw dose caursed ar  enbarncewernt c¢f tha Drgliferafive're-
¢pcnse bath ::‘HLP and ir Coa A culturs3. Th2 2nhancement of
the MLF ra<croase, although blgnly vatiablé in terrs of re=-

—
producinility, vas ripilar t¢ the phercneaca ¢t Msuperstiou-
s

lation?® rercrzad by Raplan and his cclleaques. They found
thes =2 45 hour rpretrastment c¢f hewmap lywpheccoyt23  with
2x10~%¥ opadbain caused ar irrcaversible loss cf thelr "subse-

3
queat capacCaty to s>tiwmulate 17 the wLFe At a ccopcentraticn

.

of 1x10~7%, +1z tresated stimalator cells were far 20re ef-

&

>
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" _/fective than untreated comtrols, causlpg a 2-fcld enhance~
ment ¢t incovrporation of 3H-thymidine 4in MLFW (chfisten et
2l 19?5: Dornand amné Kaplan, 1976} '51milar reeults yere
_ obtained 1n the fhésus 3fstem using 2x1)~°k and Sr10-%M cua- .
bala; i1abibitior occurred with the high dcse and 3-fo0ld en~

. hanceaest with the lover dose (Koller, c¢ited in KRaolan and

* -

Ovens, 1982).

. Raplaa end Owens (1980; 1932) have put forvard a hy-
A
pothesls to exrplain the wéchaziss cf superstirzulaticn. They’

3hqgest that the pretreatmeat witk the low dose causes a

"svitching dowa" of the sodiuxz pumr which pmay prorpt a state

- ’ : ~
5t 1iffereacriactlon that might be necessary to catse super=

: o
stingulatiov.e Locw doses cf ouabaln Lave been shown tc cause =

. d1ffereatiacicr in tha Priend call (Eernstein .et al, 1976), RN

)
eatedat RS
Recently, Dornacd et al-(1584) have reported that treatmént

L

of leckocytes vith ouabain indaces the producticr of II T

Thois, ¢f cgursa, vill produca an augrenting affect cn iazmune
Tespoases These findings zre consistent witk Raplan and Ov-
F2s' nypctitesis cf cuabaic-2nduced differaptiaticne Another

r -

'ezplana%lon f¢r Isarerstimulation”™ pay lie in ap zltered ra-
tfc cf helper to suppreseer celle, due to selectiva iphib=-

it

o]

o ¢f suppressers by 2x10%N ouabain.

Ualika ths findiag cf’Raqﬁar'(1973) wg$re he found in-
creasad imrunc3enicicy g;kincreasiaq tha dcse of stipulatgﬁq\\
cells, vhoze 3tim§latcrv reteatlal was éuopressed vith meta- \

belic 1nhibltercs, I fatled to cobserve such an increase 12

-
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" the stiwoglating éapacity by raisipg tte nugber of stimulatoer
CeiLls pretreatad vith tﬁe inhibltory dose, 1xr10-3 ouabaine.

Thus the ocuabainp experilaents 1ndicate that the. stimulato=-

-

2city is dependent nct cp the arti-
. ]
gensilc dcse but co the f;ijtional ab1lity cf the leukocyvtes,

CY pQtertiai ¢ umpac
Yy 20 tia 2 pacq

po331ibly cr chalr abllityto ualarge activaticne.

4.1.2.2 Ultraviclet radiation

is wvitk ouabaiu, irradiatidn‘ cf stiesvlaters wvitk OV

.

cagsed a dual. affdcte When-lymphocytes vere irradiated with
4

120 args/2c%, eitner there vas no change frow the uvatreated
ccotrel or au  erkanclng etfect cccurred it the stivulating
zapaclty 1o “IR. A higher dose, 360 ergs/zz?, caused a lcss

in toe stosulatirg 2bility of tha svleaccytes. Agaic, as

wlitn cuabalsn oretreatrent, irradlation cf +he stinulators

s.tn  the lovwer dJdose precouced an enhaancing etfect on  the

stizulatizg oopulatior in abtout S0% of the exrerlzents (Fig-
dTe 9) e It is5 difficult zrplatn vty the echapcetwent cccur-

red; du3 tc Lts vocr raproductibility, furthber expariments

tble that 0¥ 2t lov deses

/]

zould pdt s vlaerede - Tt L3 - 0233
- ’ <

iccuace the xind ¢f difterentlation CL2 ascribes to S;Eyain—

L:ducau MLF =tfactse. Correspondingly, tha lover dese had no

eéfac: ci Cca A response; 1acrease 12 K*linflux and cell

siz=2 ver: it the range c¢f tha ﬁntreated coatrels (Table 5)

No iacrorase 11'?* tnfluxr wvas ncte¢ when cells irradiated

witn the hiJa 1ceg were culturel with Con A,
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Althcugh oo other labcratory ha3 reported results similar
tc the ones vito the low dcse of UV, oy findings cn the ef=-
.fact ¢f kigh dcse of UV 1rraéiation cn the stiﬁulatinq'ca-
pacity in MLR are consistent wvith the earlier reportse Using
comparatively aigh dcses c¢f 0V,  inkibltory effect of UV on
tﬁe stisulatin3 capacity bhas been ncted by several worke:s
{iiniaﬁl-kie3sLinq and Safweabarq, 1971; Lafferty et al.,
19743 Scherdel and Bach, 1675; Jkada ef als, 1979: Paetkau et
3l, 1980). 0V does pct affect the rccrzal levels of‘ciass Il
MBC antigeaos as detectedlsercloqically {Lipdahl=Kiessling
'and Safwenberg, 1971: Iafferty et .als, 1974), nor dces it af-
fect tealir 2ntliqenlc activity Lo the MLR, altbough their'
stiauiato:vscaaacltv,rthat fuocticn cf tte stimulators-uhich
‘Tequires rezabolic aétivity. 1s "loét. .ﬁv irradiated cells
can induce CTL produocticn in thetnlﬁ trovided the calturé is
:ortifiéi vith ¥-irradiated-third party stimulatcrs (laffer-
ty iﬁ 2l, 1974) cr in tbe presence of I-regicn-incoszpatible
;opulation (Schepael and Bach, 1975) or by erogenous aadi-
tica ot IL ; {2kacda et a3l, 1979; Paetkau 2t al, 1980; Wag-
. DAT %1’;;, 1230: Larssqn et 11, 1982). Kelsi\and £2y¥e

(19324}, howevar, have-shoun froz gquratitative studies that
» N F

not ocly 135 tzere loss ' ¢f inauncgenicity, there 1s 1m;;1r7
- \
ment of T ccll recogaiticn of .the X/D antigans as vell, alJJ
thouqh.qv-t:aaieq.cell;'fétained the K(Dﬁ;nd I-regicn deter-
'mihlnts, a2k \E;ccqni?ed by antibcéies. ~’I‘hev' measurgd the

-

':a:acityﬁof cell =mcnolayers to absorb CTi-procurscrs.

y . | .
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My Tesults on the Cecn A respoase c¢f lymphocytes irradiat-

ad with 360 ergys/mz? are in accord with the findicgs cf-Casg="

.:ellan63 et a1 (1982), althoujh there 1; a difference be-
tvean humar and wmurine systeas with respect to dose sepsi-
ii;ity. Toey found that 0V, in hu=wman lymphocvtés,‘inhibited
2n 3arly evernt at the memkbrans level; vith &8 érqs)mmz ttere
vas ngither any increasa 1n X* influy, ©nor any 2?E-thyvidine

tncorvoraticne. perhaps like ouabafin, the rcdert systen ;s

- -

atfected by a tblgher. dose of 0OV corparad tc the lPunm2r svs-

t3In.

3+%7+2.3 S-Pluorouracil
Like nitcaycin C, S5-flucrouracil tas beer shevn to inbhlb-
it ONA repilcat:icr vwithcut affacting tke pre-S phases of

c2l]l ac¢tivatlon process (Gouman ef 2] 1984). It was found

thet protreati=nt 1w1th 33210734 ot S=FU, whict preverted

*H-cbyrigc? luccrrpocaticr in respcese tc Con A but allewed

~

aciivation c:li+ 1aflux to¢ the sate degree as the uptreated.

-gells (Table ), stirulated alicaenelc Tells +c thte sane ex-

—

t2nf 42 the Clatrol mltcmvciﬁ\g:}ireated cellse Fretreatment

withn 6.EX10—%% 5-7Q7, the dose wilclt blocked PN} synthesis

3avarly (Bcuvmen o2t a2l, 1984), blccked the sticulating capac—
1ty (Fraure 6) put contrary ¢o5 cxpectztica, activation of K+
tzflur was Lo% prevented.s Th2r2 vas, hovever, ar lohlbiter

of tncrease in size, Therefore, 1t appears that optinally

aftacrove stiTtilaters fheould ne activated to a stage 1a the

.
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cell cycle uﬁich proceaeds beyciad the stage vwhere Con A-in=-
ducad increasa in cation fluzes vere measuréd (16 - 12 hours
oost stinulation)e Forzatior of small (type 2) trtlasts (see
Materials and !gthods), appeared to be adequate (Figure 7).

Iccce2ase ‘o PNA eynthesis precedes the appearance of blasts

(Setterfield 2t al, 1983). Traascripts of nev ENM} appear at

12 t(li{ﬂbuts pcst stizulation (Mitchell et al, 1978). Thus

1t may very vell pe tbat izmuaogenicity 43 related to the

v

apility of the stimulators to synthesize new iessenger R¥i.

LindaHl-Kiéslenq and Safuenﬁ%rq {1572) suggested that the
o

abildty to synthesize FNA pay be, a necaszary feature of the

stizelating population.

[l

cEla

.28 Cclchicline

4

5ince there are conflictiny reoorts rfegarding the effects

.

"of <=olchicine on early events of cell activationg 1t vas

csorsldered interesting to use this érug in tbe presenpt se-
ries of sxpfrinents. Tobibition of ENA synthesis by colchi=-
cip2 has been reported by Bauser et al, 19763 Greene‘gg al,
19765 Budd et 51, 1676). In conE&ast, no inhibitien has been
fouad by Sherlice and Mundy (1977), Resch et 2l (59?7) and
Cutipert and Shay, {1983j. The Tesults reﬁorted'°in tbis
thesils snow that there vas nd inbititico 1in bon " A respoan-
3ivaness wvaoen t?f cells vere bpretreated vith 1 x 10—? ¥ to 1
x 107“ 4 cclchicine fer & tec 6 hopTs. The uumbér‘of blasts

forted snd the incorporation of JB-thvmidihe vas the sasze as

=

R
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ir the uatreata2d coatrcl (Table 7?. Hovever, vhen spleno-
cytes pretreated wvith the bigh 3583 (1 x 10" ¥}  vere fur-

ther treatec with wmitomycin C, the cells failed to exrhibit

» . )
3tiagalating capacicy in MIR 2ad inphibiticn in Cor A respcnse

A~ “w

accurred. ldﬁ treating the calls with 1xr10-5%, either there
.was ro effact 2p the 3timulﬁt:nq capacity ¢r else anpn en=
hancereat (156%-~cf the'coﬁt:ol) occurred in the ™MIR (Flgure
.31. Uafortunateiv, thiz enhan;inq affect was reprecducible 1in
oaly S50% of tna exoerireﬂts. raking 1t d1fficutlt tc analyze
1te. Stoen 2% 21 (1978) and Suthanthiran ex al (1980) fcund
eckbaaced MNLR v;th orief pretreatazent of stiasulaters o©r Te-
spoaders vwith 1x10°% ¢o 1:16"! colchicine aad inhibitice
wita lcnger tr=atments and highar dosese. RPanpey anrd Fincue
{1976), wnc fourdé iakibition of the sticulatery caracity,
did nect ficd acy cuaptitative 1iifference in thevsurface‘an-
£1g920s5e. -T233 et al {(1977) —:rovide scra  suggestion which
nicn£ exclels the ohezcmenct 2f enharced MLE seen witk lewer
des2s ¢r shert rericds o9f +treatments with cclchicine. They
forvad 11 tneir veork usipng chick esoryc fidroplasts that with

lovar coacertriticns of coclchicine (V1 to 2x1G774) +thare wvas

an locrease 1n  th2 nurber of calls enteriny S thase, cor-

)

arzd +¢ +he acrmal. Im U 3yste:s entry ir+to § phase 1s
preveated oy altosmvein C treatz2at, therafore, orne 1i1gkt ax-
pa=Cct iR iacrez3ed juaber cf c2lis 1n G171, which aoreacs te be
endoged witp 3024 stirulatory capacity, including an abillity

tc orsduce IL 2 (Stadler 2% 3L, 139817). :

S



Consistect #1ith oy other exparimental results, the exper-
. - <
iveats vwith colchicine also shoved MLR stimulating capacity

dnl} in the call pooulation vhich could shov early phases of

Zon A respcase (Figure 8 and Table 7).

8e%1.3 Cells immuposuppressed ib vive are poor stisuglators

The use 9f lmruncsuppressed 3plenccytes froa mice unéer=-

going GVH rzaction gave mpe an opportunity to test and subse-
dquently scbstantiate nf hvpotgesis that to stimulate ¥LR op=-
timally, it Ls cc¢t enough for the leukocytes to be Just
1etabolically active:; they should bde able to dercnstrate an
abflity to resocud ®p aa 2ctivating stinulus.

Inductlen 2f GVZ ra2action causes lmrunosuprression 1n

iysphocytes (Lipp and Maller, 1969: mcller, 1971); they fail

to nroliferate 1ip response +o Con & {lapp and Rirschoer,
1979 ) In all my experiment3, describad in Sect}cﬁ 3, (Ta-
5le 3), the ¢211 :onﬁlations that fatled to éhou the pre=S
phese respecisas to Con Ry shoved iapalrzent of =stimulating
capacity 1a MLR. Splenocyvtes fros mice taduced vith GVHE re-
actl>za, wnich wera showp to ba ilaruncsuptressed in assavs
measwrlny placgue-=forming cells to sheepr evythreocyies, (Table
2) cculd cause c¢oly S50% of tha MLF re3ponsa producad by
their norsal counterrpart (Figure 9). ,AS pradicted fror the
stuiles rarcrtad above, +thesa cells rhowed ac activdtioﬁ 6f
<* 1npflux whea cultured vith Coa A (Table S)e Thus irnunos-

uporessed spleiccytes behaved similarly to the leukocytes

1489 .
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"h939 abllity tc'respond to Con A was DPleccked (Filgure 168) 1ip
the pre;s phasea,. ?Be nice used vére Ln.a late GV3 period,
day 20 to 27 vest GVH, vhara immunosunpreséion has Laen
shewn to be dua to 1arairvent of T-cell fyaction (Séédik et
il- 19380)s Thus varticication of 1mmunocoupetént T-cell 1s

lndicatgd ip tgf stigulatory mechanisre
i@ cap ¢gaclude fren thke 3serles cof experinments described

‘

abova that-a correlation exists betwveen the ability of leu-
kocvtes.to dénonstrate tbe.chanqes‘cbaracteristic of early’
blastoqealc*;eapcns? apd their 2b1lilty to stimulate allcqé-
nalc cell§ coctirally (Tacble 3). Ttis correlaticun betveen
Zon A rTesprasiverasss and ;timulatinq cavaclty 3suggested
that there 1is a cornmon techanilsz betwean the +we DTOCeSSeS.
Sycthasis ¢ ENB zav be tha comroa fgatura. Usiag actipcony-
¢ino D and aatimvcln Ag iakibiters of RNR2 aqﬁELctotein
3vactheas3, Wcyrer (1973) =sugqgasted that tha prcductiorn of
these tve substancas are necessary for the actien cf the
stlauiacsrs ln MLF. Liadahl-&iassll:q and Segfwenberg (1972].
assoclatad imtafoqanic§ty c¢f laukccyres witn their. abllity
te 5yuthev 3 lFw Esﬁ. Svyatnases ¢f proteins and RNA are
nec2%3arcy = ¢ for the mecnaals: Dby ;nfch cells dezonstrate

blast-f3rmzt.01, < feztura charactaristic of 61 cells; Fud

svotnesis musqufcut ir the first 0 to 16 hours cf cell ac=-
ttvatict (Sertarfialid at al, 1933), This lezacs to the con-
Siu3ign thet tae etinulater: loducing cotimal MLPF, althcugh

uaable to svathesize CLNaA, aevertheless undprc the pre-S

& -~
.
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phase cf activation, Fperhaps upto a peint vhere nev BNA 1is
trangcfibed (13 poars post=-stiaulation, Mitchell et al,

1973, Of conrse, tte key step may be another metabeclic
event cccurrizj at the saze tine, or slightly later, than
the increase ina FENA synthesls and dependent on the produc-

+lcan of nevly 3ynthasizad +*ranscriptse

%.1.3 . siisulator-T cells are activated dgring ELR
That the stimulator=-T cells are actually activated during
the.course of MLR vag Eemcnstrated moroholoqlcally; they
vera identified by 2 flucresceinmated moaocclonal artibody acéd
vags foerd t> desonstrate 1ipcrease 1in size and in REA
3ynthesis (Figures -10 2ad 11). Ttat tke mizoamycin C-trezted
or't-irfadiatei stimolator=T c2lls are actlivated vas sug-
/qested by exoériments cf Gordon g; al (1979) vhen thev ob-
servad ﬂbaék stirulation®™; anozalous proliferative respcnse
accurred 2z th2 prisrad lvompbocyte tyriag test due to grevth
) factof procuc=21 by the stimulating cells. Suck a fa&to; can
"be released only by activated <cells (Stadler a2t al, 1981}.
¥oyaers and Lroege (19&3) have shova that CTL pPrecursors seTe
‘nest activated 1f the stirulating cell po#ulaticn contained,
allaantigen activatéd-T ceils; tbis became avparent under
conditicns ¢t iimitina helper factcr.. Their etperiméntal
systecs 1ncluiecd 71 étimulators and parvertal responders.
The spservatica tiat the sfimulatinq population 2iuncludes T

cell nlasts {(or +ha+ back stimulation exists) is c¢f biloleqgi-



152

cal 1;por:anca. They axrcress new surface antigens (Letarte
2t al. 1950: Jonavida gg'al. 1982) and may elaborate IL 2
and i:;er:lvmonckines (Sfadler 2t als, 1981; Prystovski 2t
als 1982)e 21l tbkls would be expected to increase_the stigﬁ-
latory rotentlal ard avgment tha MLR gpesponse, prerpting the

sugyestlon that activaticr of stirulator cells ccnstituote an

-

Lntaqralfﬁa:t 2f-the s+tipulatory mechanisose

] e
3.2 QRTIBAL MLR REQUIRES T CBLLS IN.TBE STINULATORS

It has beea established ia the experitents described *p
— . . ,
"Results' that the stigulatiag ongl;tlcn snould c¢ontain T
éells ia orcer to 1induce obtimal_prclifethticﬂ ip ®IR. By
da2pletiny T c¢elle vith the appropriate rcsccloral antibédv
and corpler2at 1t vas shova (fiqures 12 apd 13)  tbat
38;tth1dlne izcorperaticec . 1a the MLE vas raduced 509 or
1CTLa. OthBrs na§e also noted the recguirerent ¢f stirulatcr=T
cedils fcr cotirel rearorse in ﬁLR 12 cultures ccntaifinq
stlauleting cells obtained froz nude wmice (#“cyers and Drege,
1932), - Th2y observad %a arcrocaltures *acd ip ¥ive that glx~
tu:éé cf_szlnuLat:nc c2ll3 fror allccened atbvyric aad eu-
"tayaic straigs cf diffbrent B=2-kaplctypes activate substan=-
tlcl-cvtogcxlc TesCoLSes cnlg‘a:ainst BE=2 aptliogens of the
-agTaymic s+ra;ﬁ. Uring guilaea-plg cytctoxic T ce€ll lines a§
ra§DAnd=rs, “alek and Skevact (1981) fcunl thats ¥IR ﬁssoqnse
. cculd ccour czly Lf the s:;nula:inq rcpulatiqn ccetained T

~cellse There 3re cther reports, kbovever, where absence of T
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calls did not reduce ¥IR response {(Lutz et al, 1Q§ﬁ:‘ vidmer
and Bach, 1931). These discrapauncies may be explaihed by

hétaroqeneity of Thy 1.2 antigen as detected by monoclornal

antibcdiss. Dal Guerico et sl (1982) bhave shkown that mcro-

zlonal antibody F7DS abolished all T cell functicrs studled

ip CS7Bl/6 spleen cells whereas it was tctally or partially

~

‘tpeffective on DBA/2. Sizilar di1fferential activity of =ono-

. b 3
clecaal a2nti-Thy 1 vas shown by Prystovskil et al (1982).

We tound that the redqction Zaused by T cell éepletion of
the stimulators coﬁld' be'teétOted by a mitomyc;ﬂ Cftreaied
T-eariched oopulatibnf-of ﬁhe stinulators but =nct the re-
spoaders (Figure 1%) ~ as notad by Mocyers and Droege (1582)
alsoe. This iniicated  that Ehe stienlater=T cells are aofe

thaa just meabars of the T cell (IL 2 producer) rccle. Stinu;

lator T cells are orchably effective vhap present 2long vith

other syagerzic cells of tha 3tisulating ocowlation. Such 2

conclﬁsion we3 reached by Moyers and -Droege (1982) vho fcund
that lyzok 2cd3 cells, peoT 12 Ia* cells, wvare ccnéistentiv
inferior tc spleen cells as s:lnulators and that rn:ified'T
cell pcpulatica ' was ;rferlor to unfracticnated rpcpualation.
All trhese obséqvaticns vculd sujgest that an interactios be-

t¥wean activat2d stirulator-T <cells =2and cother syngenelc

ceils, perheps the macrbohaqes, jenarate Lafferty's RPallcge-

nelec stizsulus®, that funétion of +tLke stiwulators which re=

-

quiras secadolic activityve o -

)
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//ﬁo3 EQLE QE TEE ACTIVATED STINSGLAIOR-T QELL
D // As suqqestei abova, the actlmatad T cells cf the stizula-
Qora can be ezxviezgaed to cornprigute to the stirulatery mech-

\:E sa by echaacing the repdgtoire of alloartigens anmd/or

Jepa3rating the seccad sigpal. ~.

5.3.1 Stimulatiop by mev aptigenic determinapis?
Activated T cells per se apoear t¢ have certalr stizula-

fogv capacity oven after UV exposure (Table 13). Once the T

cells a:g activated, the reqquement/ig retabolic activity .

123 cthe stimuletcrs does nct appzar tc be very stringent for

-

t:e st1mulatorv'mechanjsm. Ferration ¢f T cell blasts is ac-

’

companied DY tac.erpre=zsicn of a saries of a2av surfacearti- -
jgens (Eonavida eg al, 1982). Soze of these, Jike the tran-
§olantation z2atigens may be resistant to UV (lLafferty et al,

-

cnce 13 =s¢crTe

pe

187%) and be able toc arouse or:liﬁeratxiixrea

of the resccoding cells (Tabla 1334 8lacst3 .have Leen shovn

o He ﬁanable of _activating synqeneié- unstirulated cells,
n .

_ op=3idly thrcugh the Drcductgbn 5f ctecval antiqéns (Lindakhl-

Kiessiing and Safwanberg,1977: Xarlan et al, 197€; Ovens et
als 196&);_'*:outihﬁc et al (1531) have snown that there are
. P . ;J . -
artaln aoon—H-2"and’ron=%ls c2d2d ‘zntigens that are able to
3 : . A

effect %LRe. . vorecver, activated T cells lave beer shovr tc
’_axp:ezw trcracsed Ia, & 102311 “acrease cver the gquiescent
. ’

cel1ls (Letarte 2% 2l, 1483). Ia the buman bvwmeP Ia bearlnc

d \
T- ¢21 l *g; %¥ec baen shcwn tc, have 2 tilgh stiszulatory potential

v

"
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(Iniiveri ag él. 13803 Schhura&n'gg al, 1980; Wollman et al,
1960; Forra et al, 1582). Hovever, in UV-irradiated blasts
the action of 3uc£‘1a antigens aay be sup#reséeﬁ; Schendel

apd Bach {(1976) h=ve shown that.inhibition caused by OV ir-
. = o .

" radiation say be <testered by untrei}gg Ia bearing cells of

"+« The pregfenc= cf'activated T cefls :

the &ppropriate harlotype. It is‘unklkelv t,hat the 1inp-_

-

creféeq”-st;mulatianrctential of the Uv-itfédiatad Con A
- .

blasts is dua t¢ the lymphokines thevy 2lghkt rTelease." Kelso

a1d Boyle {19328) fcund that the prcductioﬁ and release of

IT 2 vas xnkiblted by UV. i

It weuld this apoear th;t'the stipulatory capacity arhib-
ited b; Uv-irradiatéd Corn A bli%ts zay lie in tﬁe nev sur-
faca- aptigens erxpressed during plast formatlon, scoe of

vhich rpay be UF resistant_ani tc whict soze responding

-
clcaes pay bz censitive. . ‘Glutaraldehyde-fired . LPS blasts

and tuzcur cells have bbern described to exhibit stizulating

ootantaal {(Lightboidy azd'Kcnq,' 1976)a _UOV=-irradiated cells

frcas a lymphosa cell lize ara axcepticnally potent activa-

r . Pl ! . R -
tors of perzal hupez lyaphkocytes (Fardy ey aLiye.1970). One
L} .
may 3educe froaz this that stiwalatecry cagacity ray be arso-
clated uith'cyclinc cells.

4

8.3.2 Regulatlop of IL 2‘11“5§; <

the stimsulators hase

- . . ] ;
pasn ccr¥alated with the de}ecE};ﬂ cf IL 2 in the cultures:

(1) tne apsenc2 cf T cells Zn e stirulatizg populzticn re-

.

—
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daced IL 2 activity (Table 14); (2) absencé éf?gztivaticﬂ 1£
the stimulatinqicells suppresseﬁ'IL 2 afailabilify. v ir-
radiation of stirulators °ore_vented the formation of T. cell

blasts in the stimulating rtopulatior and nc IL 2 vas detect=-

23 1z the ccfresdo:dinq Eultureé {T2ble 15): o¢f courae the

Aaccessorv cell=-incduced stizulaticn ccrvld be blocked as wvell
3 ' .
{Gervain, 193%) and (3) srcgencisly atded IL 2 cculd comren-

sata fecr the function of activated stisulator T cells (Table

16 ) Simiizar findings have o223en reported by Mcyers and

Droaga (1982:;1953) - alscs They na;eéshgyn that under erperi~

pental coaditisne vhere TIL 2 preductior is 1nhibited, crTL

production can-ba achleved by addlag growvta .factcrs (soper=-
catints fros Con B cultures of leukdcvtaa) tc the cﬁltures.

Ia their sxrerizents txe presence of T cells 4p the stisu-

l2tla3 copulaticn vazs found t> be npeces«ary fer ortimal ac-

Lo
3

ti'vaticn in MIR], responses agalinst atPyric stimulators cculd
oe 2bteiqed goly Za the presenc2 ¢f belper factorse Activa-

tioa of tne T ¢c2lls ip the stizulating populaticn_bas Feen

~

"shcw:'tc bé ¢ recuiremert for crptosal respcansas by, MoYers
22d Droeg2 (1933) alsc. ° Exp2riments 1a clcerocultures re=
. veajed tnat nortozygous CZ3H (5-2°) or CEA (H-Zk) responder

c32lls tailacE}:c rezct against serlallcgeneic or haptenated

sYynjeneic stizalator cells, uniess bhelper facter was acded
‘ o =T

to toe culture «¢r unless the stinmulatcrs were .activated by

ot

23posing trés te c2lls differiny frce thee irL tle I-regico.

Adclt;thﬁt irrediated spleen cz2lls cf b3q or A.TL (R‘I*Dd)

-

2

&
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d1d not restcre the reactici.  When the stipulating cells .
'could be activated, as by the addition of A.TR (K S1°0), L!LR
vas iaducei. Necnatal cells which express B2 antigens but
vhich fail to wunderqgo activation in the presené; of Con A,

-~ stimulats aliosgetelc cells poorly: thair 1nmuncqnec1£v vas

E:;nd to be 2 - 10 2d belov that of ajdult cells (Kelso and

A Boyvia, 19828). .Eackstimulatlon, therefore, 'mdﬁpears to

éonstitue an lotdgral part of the pechanisa for producing a
_-3e§3nd g2igpal, such 2e IL 2.

Moyers aad Drcege preasured CTL responses and.I have neas-

. ) ured tbe proliferative resppﬂsea in the H;R: _I added puri-'

fiel Il 2 arcd they-added the crude Cc:x A supernatant; still

comparable~results vere obtatned, in the . two laboratoriles,

“ z:: ) v ) . B " C; . .
- zmoufirrming that activated ;\gziigxin'the stlmulatinagpopula-_

tion oust bz present for cptizal .allogenelc resperses.

p-

ay
a “-“‘ SQURCE ‘0F A -SECOED SIGNAL 1K XLIR
An aualvsis cf the. experiaents 'desiqﬁed to deterzine

i*e her IL 213 produced Ev +he responding or the stiamulat-

h .
ing cnll; SuUgg3I3ts that beth tha allcgenaic rvopulaticns are
Q“ ] N . .
effactive (Table 17) and that there zust be 13cre than oune
pezthway of rrciuciag qrovtﬁ factcrs in ¥LC.

-

.. . SN ‘
The prirary source’cf IL 2 {is qeneraLiv ccnsidered to be

. N R

© the respecrdlag rvcpulation. It 1s ccurouly. acggcteﬁ that the
/‘_/¢--\ -

- aLloantiqbn—tquqeted ¢cvtectoxric precursor cells cf’ the re-

spoad-Ls receLve orol‘foratioa-*nducﬂ 3 3ignal 2 froro the

- -

-
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Lyt 1* T calls of the resﬁonalnq pcrulation, which produce =z
nou-specific. ralper factor during ¥LC (Wagper ei 2l, jQBU);
This grcvth fzcter, considerad to ge IL.2 (there -1s nc 91—
rect evidence) 1is nrcduced. by aptivéted.T cells 1n G1 phaig

f (Stadler gt ale. 1931). o o -
:\ ?econd soﬁrca of ?L 2 apoears tc be " the stimulatoré;
It has D2en  :n0o0wh that mitoayecin C=-treatad  cells, (fhefé-
forz, tre ;tinulators (Trgatmeﬁt b in Table 17)), can also
‘produce a grovth factcr, possioly II 2. which can suppert
the grcweh cf the IL 2-deneada;£ ceil ine MTL. This 1s 1n
"accord with tha findirqgs of Staller ex 21 (1981) +that IL.2

-

' <, .
1s precdaced 1a 61 cells and the finding that stisulator=-T

-~ ceils ere 2r G1 (Figureas 10 223d 11 Feleace of potentiat-

~

irg factors by irradiated_ o; altoaycino C-treateé leukccytes
hive been reoorted by sevéral vorké;s (Kasakura 1571;
Airsckrerq et al, 1974). 'Peddeh%se et al (1982) bave stowr
that a factor required-fof' CTC preduction is  derived frbm

Tl toe activatad stivolatcrs. The l1dep+tity ot the factors not-

y tpese laporatories has aot been establlzhed. Falacice

. (ﬁ982) ‘nas showa with IL 2 producing clofes that treaf@ent
vita clitorycic C or I-rav-did not affect thafr capacity to
syatheslzz IL 2 when they wera,cultured vithiPHA;  tTeatment

s ¥ita 3000 rais or aoré tphibized the productiens

4y experi’nzzuts3 point to yet 3acther scurca of growth, fac=-

t2r wher2 the facter gererated Lbas II/.2=likxe bilclogical ac-

ity, 'Ap +tnaz2¢ i+ ¢caz =uroort thke growth of tke call line

I

4
‘J-
L]

~
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MTL, but unlike I1 2 appears to be prcducad by cells capadle
of 3iynthesizing DNQ:-;Rhen thefa 1s po T cell in the stimu-
~\md,113;an population the IL 2-like growth factor iam the culture

. suparnatant mast be derived from the responding T cells

(Traatzeat ¢ %2 Table 17). ovaver,. 4if in such 2 culture,

‘the responders arpg blocked Jat 61/5 rhage with sitoazycin C

s .

treatient (T:eatmént d), no\grovth factof 1s detected, indi-

catiﬁq that 1n Treatrcment ¢ th facter 1s generated by re-=
sodudiiq T <calls whbich aﬁe_ablé.‘tc enter the S ©vhase. It
:q&éi be that DNA éfntﬁ%sls 13 required bacause ounly ome’
rohad of- ceil activaticn does aot provids with a sufficlent
nuwber of Fespondinq cells 1n 61 tc produce 2n adegunate
azcunt of IL 2.

Howevar, 1eré- presence of 3 large number <c¢f responder
cells 3ay nct De sufficient.eltnér: I+ vas zsheovo ip the ex~
serisent repcrted io the 'Resnlté' (Table 14) that .reductlon
in IL 2 caus3sd by depletlon of T éells from the stimulator
cculd beo restcred otly bv‘—addiag stirulator=T cells and not
resaoﬁdin:—r cz2lls.

. QGGe Eas te be cautious regarding the specificity of the

. biclogical assays for IL 2. It has been found that there are
sevaral lyzcacxines which are bl ochemically diqtinct from II

2.b3t say parfort sirldar 1nnuuoéuhancinq activities (Farrar

'iiAil- 19821 » growth - factor, vhich Ckirg’ and Miller

{1932) have fciaad pot tg be IL 2, ie regquired fer the grewth

 of some CTLse Werber et al (1983} repcrted that colony

%
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grevth of T «cells 1in 2 scft agar vas prosoted by a T-cell

bic ¢hromatography, 1t shoved tvp peaks cf activity, nelther
of vhich ccincided vith tbat of IL 2. Thorpe et al (1983)

have report2i the detection of a grewth factor which sup-
p :

‘Uorts bcol;feration ¢f Con A=-stivulated nurige T cell

‘blasts, a bioassay for.IL 2, but which c¢an be produced by

unrFtimulazed tnymeccytes 1p vitIrde Kasakura'(1971).had also

ao0t2d the release c¢f grovth factors by unstiazulzted leuke-
L

cytese. IL 2 aas-bgen shovay t5 o2 prcduced only by activated

T cells (Caplan2 ex 3al, 1981). think that only biéchemical

/

characterization anad npot " a loassay caz establish 1f a

groestn factcr is actually I1

-

It Is tevaotirg +0 scveculata that the qrcutqg{factor e=-

a

tectad 1a cultures witas T-depleted stlzulators (Table 17,

-
-

)

el

iyl

2t ¢)  is pot IL 2 and that it i3 act creducad by Lyt

1* lyrphocoytes. Fastkauy et al (1581} tave shewp Iyt 1* tc be

the srciucer of &i 2. I think that—thls growts factor with
Il 2=-iik2 Ziauncephanct:g provarties .3 produced ty Lyt 2*
cells of the responders. Okada agd tenney (1930) have shown
that @ grcved facter Zs preducad by Lyt 1% iz resoeose to
I-r271ca diffezence and Dby lye 2% when there2 is a R/D ¢1f-

ferazces Czilzrom o= Ll (1933) saowedl that Lyt I+ }vmphocvtes

a

uirc

2

"

e

e

e

)

2 tec D2 stlnmulated by Ia=-bearizg stinuliaters

s -

(Class II,QQﬁizens) vhereas Lyt 2* vculd respcad tc aog cell

dezsoustrating allcqgenelc differancess 1 think thzz/ihe adcti-
o A

3
.

leraved .factyr wvhich ves diffarsnt free IL'2; upco hydropho='
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vatlion of IL 2 preoducing Lyt 1% cellr requiref the presence

of T cells in the stimulating populatica, «hich exert their
effact 1n association vith synjaneic 1Ia baafinq calls and
that Lyt 2: calls proddce an Il 2=like growth factor -vhen
they proliferate in re;ponse_tq Class, I -aﬁtiqens. One of
the functiqns of the activated stisulator=T cells may lie 1in
enhﬁncinq the_stiﬁulatory capaclty Sf Ia beiginq cells, that
i35, 2t tha iladuction of Class II-irduced TrespcDses. All
thi3 conjectura 15, of écurae, pper t¢ quesaticn. It may be
~
that this growth factor i3 not produced by Lyt 2% cells but
by Lyt 1% c=ll3s wvhan they ara usirhibited by agents such as

ritozycin C. Thece are other_ alternative possibllities as

Jell. p

8.5  JAMRPLIFICATION OF RESPONSE IN ALLQOGENEIC REACTIONS

The work rc2pecrted in this thesis an3vers, pactly, Yy

questicnwreqardinq tite functlon of =tirulatircg "fopulation
and 3uggests an.-ansver t¢ the qeuer;l cuésiion as to vhy the
2llagepelc Tespcnse exceeds"oy'1@§ - 1000 times the magni-
tud2 of Lasune response ervected accerding te the -clonal se-

loction nypcthasis (¥#ilscr anl Fox, 15971},

~ . e
Ts answar the auasticr ragardisg the functien of thé

3t2nulators .t. can be said that the work reported 1n this
thesis nas socvn  that activation of the stiazulator=T cells
ras3as the stizulating potentlalj; they nay display nev sur-

Yo

f%ce ant1qena (Latarte -et ale ﬁ1980;Ecnavida et  al., 1982}
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vhkich may .activate previgsusly uirespcersive clonee 212 the re-

-

spoaders and ‘i3 tbe syngeneicrc2lls (Raplan &t 21, 19765 Ov-

ans at al, 1384). These nevw, activated cells »ay proauce’

jrovth factcrs and the stimdlator T cells themselves may‘

sroiuce lyrcheokines (Table 17). In either case, the result
vculd ba 2 cascade cf events, icvolving cell-cell and
cell=zedlates Lfateractions, eventually leading to optina%
prpoliferaticne. |

The lystnokipes released 1n LR ray act direftly as‘the
3econd sigcal for the alloantiger-triggered rescgyuders or
they =ay zct by exertiag a sécondarv effect by activatlirng
aypJanelc B ca2lls (Glasebrock 2t 2l, 1982) apd racrcphages
(Oppenteln et al, 1981). B ceil blasts are far supericr
stizulators tkaa the cerraspoadiag ‘cuiescent cells (Cﬁest-
aut 3% 2is 1332)e ®accecphages arca b;oléq:ctlly acre affi-
client iz predusing cvtckinas ﬁhen they are activated (Cvpen=-
_neim et -ale 1937).

Taoe cutalatlve effects cf tpoe srcducts c¢f activated T

h:ell

t

fror pcth re23pcnders and stioulaters, meyvy p2rtly be

\ras:cnﬁible fq: tks large numdes of ailoreactlve cells: c¢on~-
é:aerinq the =tizulus of the azior E:stoccrpatibility anti-
J32ns, _txe Duntar of célis respending in allcgenelc raactlons
exc222 Dy far the number estimated by tEe clcnel selecticno

hypstnesié (éutn@t, 19€9: wil3ioa and Fforx,1371; Matzinger and

3avan, 19%7T—

A~

-,
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The proportict of histocompatibility .antigen-reactive
cells 1n an individual vhich respond to the MHC alloantigens
on thg cells ¢f another meabsr of tke sage specles is gnusd-
ally large. Estimates derived from studies with GVE reaction
(Szanbérq et al, -1962) =and MILR are in aqreerent and place
this puaber at 2-8% of the calls of the circulatirg iympho-
cyte peool (¥llsco ind Novell, 1971). This finding 1s 1in com=-
flict wvitec Barnet's {(1569) clonal selection ﬁypothesis and
varlousz 3ugqgasticns have beea 2ade te account for this (¥il-
son acd Fox, 1971!. One\of the possibilities 1s that the
high tragueacy of glloantiqén-r?active cglls repre;ants ?hé
activity of a large nuorber !of subpopulaticans of antigen=re=-
agt.ve ca2lly szirulated by an 2qually large n;;;>§\of énti-

geR3se There 13 no direct supportive evidence fér this al=-

thoagbh Maxziagar aad Bevanm (1977) sevggast that the products

Q o
_of 483C ioflu=2nce the aotigenlcity of cther cell surface com=

.~

por2at:ze . hAZOther pcssible exrplanmaticno may be fcund in the
effacts of lyronhokines wvhich iav non=-specifically activate a
larj2 nunber af cloies. The' third ccssibiliity =stens froﬁ 2
coerdbitaticn of facters; (1j_ned an}iqensqdevelop during MLR

on | deth respoadiag and stlaalatin activated cells which

stizulat> new clones (syp= azad allo-ganaic) respcansglive to

ther (Table 13: Xaolan 2t al, 1976; Cvens, st al, 1988) and

(z2) =azd ax acray cof gpcvth-pcorctirg lysohckires are re-
i

leased f:cm.both allcgeneac populaticns (Table 7)., culpi—

natlng 132 2 ccrplex interrplavy anénq trten.
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Tne curreant ccncg%t assigns the stlzulatcry rcle rto Ia
bearing cells (Sunshine et 31, 1982; Steingan\et gi, 19863).
My results saphasizipg the importaace of actiyated T cells
1o the stlmqlatiné population ?o not necessarily contradict
thls.‘ The activeted T cells zay directly act as stimulators
ara/cr functicao syrergistically vith hthe syngeneic Ia bear;
fog cells. It 1s suqqasteé that the activation of T cells
ir the storulating pcpulatiol constitutes ac amplifying
force for tne allogeneic responie and that 1t may be co;sid—
ared tc forz aa inteqrel vpart of the stiﬁulatcrv rechanista
Tr=ane reccgeoition of foreign =antigens is bighly specific
put .the Maiicgyarelc stimuius". vhich probkably arlses frorp
activation of the stisulators, arpiifilies <the response of a”
ftaw Eesoead;nq cells'sc that +the :llcqeﬁeic resrcnse cac be

‘4z2tacted.

|“|'



Chapter V

COSCLUSIORS

5.1 CONCLOSIQNS AND INEEBEBCES

Tae conclusive point that has eaerﬁed from tte wvork done
for tbis thesis 1s-t£ét” for optimaliﬁrcllferaticn in MLE,
ﬁne stizulating populatior is rcequired to contain actlvated
T calis, +which themselves prcducé Ii 2 and vhich regulate

the geperation of Jrowth factors by resoponding cells. ,/'

h?} i35 1a2farraéd frem preliniaary evidence-that there is

- thaa one pathway fcr -indncing proliferation in BELR;
4/'\__)
there Tay be teCc Or mcrz nmechaalsms of producirng .the second

sigaal valch z1st synergise with ome amctber; IL .2 is not
the oaly seccad signal. - ™
Toa conclusion is bas priaarily cn the fcllicving exper-

izeatal cesultss I Pave shova that the ?timulatinq pooula-

ticn =rust 1nq}1&e'f cells, vhich undergo pre-=$ phkase activa-

lca curidqg YLR irn order to iaduce optipal proliferaticn.

s1. I have 3cscribed soze of the fupctions of the stistla-
. x

tcr-T'cells and suggested that, overall, - they ralse the

. stisulating capacity sc tktat the 1im2un2 respornse indpced in

i -

s

+he respondars by z2llcantigens ot tne stipulators is ampli-

-flgi;zp/; detactable level.

- 165 =

L4 : -
T-dapleta2c stizulators can induce ¥IE but to a redncdi lev=-

Wt
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A correiatior has  beea fouadl betveen the czpacity of
léuxocytes;to stisulate an QLE response and the abliity to
uadarqgec activaticn (pre-s phase), sdaqestinq that\;:e stisu=

lating cells ;hesselves nust , be allcantiqen-act; ted €for

w
iodicing optimal respornse in  the restondinug rcpulzticne It

arpaars likely that tbe abllity to syntheslilze pev FNA i3 as-

gcciatei vith iwruncgerfcity of thea :stimulatorse That the T

cells.1a the stioulating population do actually undergo ac="

ttvaticn (pra-S5 phase) wa= 3havn mcrpholcqicallv. Using a2

fluoresceiuilabelle@, rorcclonal aptibecdy the stisulator=-T

Cails I8 & 24 hecur MLP wvere i1dantified and it wase showr that.

™ 4
they iccorrcrated JBe-uridine to 2 greater extept than tke

resticg populaticoe TCc DY kuoaledqe,_this 1s the first d1i-

tect deroastraticn ;{?t tte stivulator T cells in an *LR un-

Sr3o  activaticD. Th2 curreat literaturs =s2yz +that +tthe

stlaulatcr cells must b2 cetapolically active bat I say that

tc De .retabollically active is oot encugh, thev.stculd be 1m=-
. \— L
v,

cne-vav_'IR mu3t avilva two-vay activaticnoe.

S

TQIoT

"w

tengnsd

7]

Tne T celis are not corroaly thouglt to have 2 stirulato-
ry fusctica 12 an ¥IF. Hewever, ia By =2xperirents, the pres-

2zca ¢t T cells 1n +be stisulaticg pcpulatico vas shevr te

o]

o

ne2Cce3sarly 10T the induction of ort1%3]1 proliferatior-in

MLte. Depletioa ¢f T cells oy tryeatpent vith anti-Thy 1 serur

70. cospi=vent reduced significantly the oroliferative re-

3DCa g2 13 taa MLS5 whbich cculd b2 restcred by +he addition c%
\ -

T calls frea the stimulatcrs »Hat act tha respepnderse. It

Yy -
AN

-~
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sees3 cbvious. that the T cells 1n the stiwiflators exart a-

. functicn other than the release of IL 2, othervise .the extra

| responder T ceils. should be affactiye. This function'noqt

_likely includes othef cells svﬁqeneic to the ~"stimulater. T
cells. o ; y |

_ The experisents perforked to characterize the fgﬁ;tions

of the'activatad_ atimulator'{ cells show that ‘thev can 1in-

- @uca LR even wvhen irr&¥diated by arp inkibitory dose of TV

el

ana that the T cells ia in the stimulat*ng porulation carc

- feqalaé? the lavel of grovth facters 1n the culture superna-
N
; tant. Tha 2a22hanisnss uzderlyiag +hesa funct;ons have not
N been resoclved. e

3enerally, .IL 2 produced b% ,Tjhelper cells inp the re=
. sooa%ars 1is consiﬂéggd to ba-the  second sigpal iz a»n
LRy vithclit any regaré@ te the prasercca of T cells in the

.43

stiaulaterse IR the present series of experinents, 1t has

beeix shown that thke stimulators theznsalves are capeble cf-

| "preducizg IL 2 azd that the T calls in the-stimuf%t;nq popa=~-

=1
-

3

latioa participate 2z the qene:aficn of qrowth factors ia

the'resoonders. I+ has been further quqqestnd that a qrow£$

factor or a second aiqagl mav be[nrocuced by a patbway vhere .

sarticipazicn of ;t*rulator T cells is @ft necessar(\\izd

veich cay lnvalve-DNA synthesizinq cells in-the responder

—

Thus there should be rore ,than coe pathvay 'for generating

—

the ncCGSbarY J..Oi'th factors.

el
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Thus MLR may be observed vhea a population of lyaphecytes

is expesed to alloantigens along vith an adequaée amount of
qrowth factors, vhich zay be produced by aocre than oﬁe aech=
aniém. Lafferty gnd hi3 co=-vorkers suggested th;t netabc%ic
activity of the stiamulators 1s required for that function of
the stimuletor3 vkich generataes a seccnd signal and I bave

found that the generation of the second signal involves the

action of stimulatcr-T cells vhich &are activated: the pro=

cess of activation vould require amsetabolic activiti.

5.2 IHE HODEL

Several laboratorlies and <+he exreriments déscribed in
thi3 thesls show that the stimulatirg cells éhonld be neta-
bolically active t¢ ipduce MLR. Xy experiazental results lead
to a propocesal that onmetebolic activity 1p the stimulating
Cells 1s recuired for asplifying the fesnoﬁse generated b#
alloantigens (Clasa I ;;c antigens); the Aixaupcenrhancing
foyces voula 1include the ability of the stizunlaters to be
LT1muloresponsivea and' to undergo activatico in response te¢
alloantiqens of the responderse. I hypctbesize that the stim-
ulator T celis vhich I have shova to urderge activation dur-
ing 8LB, intaract vith syngeneic Ia bearing wacrophages
vhcse Class II actigezs arovuse the Lyt 1* lymph;cytes in the
tesponders. Wnen the stinulators are depleted of T cells,

the stimulatizy Ia bearfrq cells functico in some other vay

or 1ip a lizited wvave.

Ity

~
%
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Figure 17. Schese shoving the proposed zodel for the mecha=-

nisa of %LE. -

Responses induced by satabolically 121pactivated stisulators
are sbcva ir (A) and that by the metabclically active stinmu-

lators 1a (B).

Intaraction of stiasulators (o} with respcnders (0) and the
5ites cf origin and of_acticn of siqnai‘1 (-—) and signal 2
(-— -} are depicted. Activa;ad cells are represented by en-
laryed size énd all tte amplifvlna forces are in dgshed

lirnas.

Abbreviations ased are: T, T c2lls; Ta, TIa bearing cells;

Lyt 1%, Lyt 1* beariang cells; Lyt 2%, lyt 2% bearing cells.

v/
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It 1s pcssible that slgnal 1 ‘or Class I;ﬁntiqens of the
stizulators iaoduce imsune responselin the 1yt 2% population.
of the resrponders by a nechaHism vbich 1s 1ipdevendent of
aetabollic activity of ‘the stiaulators or of the presence cof
stimulatcr T cells. At least some Lyt 2% cells can release
grovtn factors and proliferata autcnosously (widzer ard
Bach, 1981;. Slasebrock et,als 1983).The anplifying forces
can then erbance the resveases 2f the f}t 2* cells and bring
that to a detectable level.

The alterndtive_Fodel wvculd be that the metabclic activi-
ty 1s requirei.péfhonlé for the induction of Class IX-1n=-
duced resporses bu¥ for thkat of the éiass I<indtced respon-
zes a3 vall.' as ruggested bv_Laffeftv et als {1980).Kelso
and Boyle (1982R) fo&ﬁd that téé recconlitico c¢f K/T antigens
required metapolic activity 12 tbe cells capable of abscrb-

ing the precurscrs cf cytctoxlicec cellse.

5.3  FUTOURE DIRECTIONS.

During tha course cf the vork described in thkis thesis a2
few gquesticlbs bhave ccma up: thesr and the: moéel.prcpcsed
abgve a2y be ezpe;imeqtallv rasolved c¢r testeds. Score of the
;uqqastions éc:'future wCcrLk hava beén listed belcv:

(1) ~ 2xplalaing the pecsslible asscclation betveen swall
bl¢§ts ez2d stzaoulating capaclty. Ferhaps the uév RNA sYD~
+hneslzen duriny ceil activation Ls cerrelated wvith the emer-
gecce ¢f sev surface =rtigenms cr uﬁth the preducticn and re-

LI
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lease of lyzohokines. Exaaising the effacts of BEKA

1ahibitors cn_theée features aay lead to soae ansverse

(2) Elugildating thle mechanisw by vhidh UV-irradiated Con
R blasts induca MLR, wvhether by virtue of the antigens pe-
culiar tc the blasts or by Taleasiny pre-formed IL 2. |

(3) Tdentifying the I1 2-like qrowth factor detected in
cultures with P-depleted stiaulatorse. One has to first es-
tablish the tequiresant of proliferating cellé: that addi-
ticnal mitenycin C —-treated calls will 1not gererate nmore
grovth factcr. Its biochemical characterization will reveal
vhether or aot 1t is IL 2,

(53 To :a;olve 1f the action of alloantigens or signal 1
" requires metabolic activity. If the scle raguireasent of tbhe
1etabolic functicn 1is for generating IL 2 or a sisilar face
tor, théeén sigaal 1 ¢r alloantigens froa metabolically ipac-

tivated cells skculd be able to stimulate respcnders at

l2ast.¢p tc the pre-~S phase, a stage wvhere IL 2 acts.

A
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