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"

" snd cftotoxic T cells are different cells.

P

Observstions showing thst thymus-derivéd lymphocytes (T cells)

can suppress the induction of verious cell-medisted iunune responses

have been reported only recently. T suppreesor cells csn

- an antigen-specific (50-52) or nbnspecific (53-57) fsshion the in vitro

generation of cytotoxic T lynphocytes (CTL) Most of the experimental

protocols employed in thesehstudies utilize the mixed lymphocyte cul-'
'S
ture . (MLC) technique for the generstion snd detectionvof suppressor

T cells. The MLC reection, however, also léads to—the«inducti “ofa v

high level of CTL.“"THis observstion has led to ‘the suggestion thst

) suppressor T cells are cytotoxic cells and ;hst they msy inhibit the

fiduction of CTL by attacking the etimulatory cells (52) On the

other hend other. investigstors (50 51, 54) have suggested that some i

models of suppression of’CTL induction cannot be ad!‘ustely;explained

a8 due to-. eliminetion of stimulator cells. _ 2 .ii ] o
. The present studies were undertsken to investigste the nature snd o

nechanism of action of suppressor T cells, obtained from p imary three-\v

: day MLC (first step culture), on the induction of. CTL in a secondery

R

HLC (second step culture) The results show that suppressor T cells B
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-

T, e



ACWMTS . |
dt is a hazardous world; it has always been a hazardous

world beset by the perils of harsh nature and the greater
perils of harsh men. mmbition and cunning and the ignorance

of multitudes have created rigid systems that have suppressed
# all liberties, and from these, men have broken away into

“‘freedom at timeés, have bécome confused In their councils,
'and have again succumbed. This timé there is haqpe, for free

men have at last created a democracy more effective, as long .
‘ds 1t retains its hallmark, than any dictatorship can ever

be in dealing with the intricacies of civilization.

-Vannevar Bush, Modern Arms and Free Men, Simon and Schuster, Inc..

The author wishes to express sincere appreciation to.
' \
Dr. Linda M. Pilarski for several careful readings that conbtibuted

to the clarity of presentation of this manuscript. Ber_excellent guidancev
and encouraging attitude were of great value.

R 0

Dr. Peter A. Bretscher for his helpful suggestions and thoughtful
interest. . - .t- | | ’~. -
| Dt. Anthony S. Rnssell for his ‘valuable advice..v
blns. Iris*Dyer for her kind.assistance in typing the manusgript. o

: e s



C o~ )

TABLEOFCONTENTS .o‘unol--ooln'oolo\‘uoco.

L

' TABLE OF CONTENTS

LIBRARY RELEASE ORM & v & v 4 4'v v o o o a o v o v &

\. TIII‘E PAGE ‘. ¢ ® e o 8 o o o o ’. L ] .. * o ¢ o o 8+ o

APPROVAL PAGE .+ « v oo v Ve e e v et o s

ABSTRACT\\ e o o o ¢ o o <o o o ‘0 - . * & & & o ¢ o ‘l o

ACKNOWLEDGEMENTS & « ¢ v o o v wi o o v o o o o o o o

‘ - - LISIAOFTABLES 04—0»—0v ¢ -2 -8 @ ®E e eUe ‘."’l e ‘. B R R

, LIST OF FIGURES e & ¢ o o o o o * o o. ¢ o 0‘ e e o .,'l

"Chapter 1

Chapter II

Introddction L] >. . .. L] L] *: o . e e L ] . * .‘." L ‘. .. . . L]

A.
. B,

=

A,

B'

C...

The jmune systm e o o o ¢ o o o o o e & o @

The immune response . '« « « ¢« o o o = o o o «

ReView Of ‘ the Literature * o @ & 0 e o o ¢ o .‘. ¢« o

P

Suppressor cells in humoral immunity . e e

1. Iow.zoﬁevparalysis e o o s @ .', . . . o .

2. Suppressor Ticells in genetic nonresponder
mice L] ® L] L ] L) L] L] L] L] * L ] . . . L] L L] L] L]

3. Suppression of immune responses to T-cell :

independent antigen ¢ o * o o s o o o o o
4. Chronic allotype suppression « . o » . . .

Suppressor cells in qellémedieted immunity . .

1. Suppression of DTH reaponses e e

\

-

2. Sﬁppressign df.cytotoiic T lymphocytes"

responses by enppressor-T cells ., . . ..

A unifying concept of the mechanism and nature '
of suppressor cell activity e e s o a o o o'

o

TN gy

T
Pttt

.,PAGE
.1

. A1
. 144
.« iv

. v

. vl
~;-tviii»
. ix
. 1

S | |
« 5

. 8 |
. 9
.9

N

. 13
. 14
. 17
. 17
. 19
.24



Chapter III.

v

Chapter IV.
_Chspter V.

» . /.'
/
|

! . g L -
The Natyre and Characteristics of an Antigen-

Specific Suppression of the Induction of
Cytotoxic ReSpPONSeS « '« w o o o o ¢ o o o s = o o §

A, Mq,tl'erials_..-.'..’.-.-’.'......‘.....j

1.
‘.2.

3.

. ‘;;
l’o -l‘k!t:ll‘)‘l!; . o o ‘. e & o o o o ‘e e ‘. ;. l‘ e & o e ‘e,

D Y5
O

-~ 3.

4,

' Cytotoxicity 8888 o v e 4 o v o e sTe o o

Animals......._.._.......".’.ol

Celllines.... o“o,o e o o 9 -‘o .'u .l.:

0
Tissue culture médium . .. o o ¢ o« o « o« &
‘ | R ,
Tissue culture vessels « « o« « & o o o o o

»

The in vitro gemeration and assay for .

SUpPressor cells . « . « ¢ ¢ ¢ o sa e 0 el

Treatment with hydrocortisone e o e s e o o @

Preparstion of anti-e serum and complement .

Co Results " o o o'o . - ° Ao .._..'.". e & e o s @ a.o'

1.

2.

3.

4.

5.

6.

7e

The effect'of'irradiated‘cells from. fitst
step cultures on the generation of cytotoxic
lemphocytes..’..............

PAGE

31

erenn

31;

31
33

36

The effect of suppressor cells on the kinetics

of the ‘cytotoxic response to Balb/c allo-
antigeno.-o.t(.-tbooooonoo-

Suppressor“cells are T cells . o« o R
lbsence of an allogeneic barrier to sup-

iKinetics gf developmeﬁt of suppressor eells .

‘The effect of in vivo treatherft with hydro-
-cortisone on the subsequent in ‘vitro genera-~
-tion of suppressor cells and cytotoxic

CellB o ¢ o o o o v o o o o o 0 o o s o 0 o .

--Mechanism of action of " suppressor cells ..o

———— . . e

.Discuasion *® L 4 L] ‘.'. .‘,‘v e L] L] . . L] . ‘e L e @ .',Q’

_Smfy. ‘e @ ..'g L e.. .' o. ;.- o o e o eo

’

vidd

36

39

39 .

o

43
47
51

55

e,




- Table

IT -

III

* LIST OF TABLES
Des"criptioﬁ e ) ‘ Page
Inhibitory cells as described by Bret:scher + 28
* y "‘A;:: %
Anti-e treatment of qel}s from f'irat: step '240}"‘-:"‘"
" culture ‘ A Lo o0
Stra:ln specificity of t:he suppressor cell ' . s
et
. . ,'..;.1‘;
ra
) .




[

Figure

2.

©oa

1.

3.

S\-‘”

6.

7.

8.

LIST OF FIGURES
‘ Description S ~

. ,' [ . -"‘ .
The relationship between the generation of helper
activity and the antigen concentration o

. The experimental protocol ‘t
. Generation of antigen specifié suppressor-cells'

The effect of suppresaor cells. on the kinetics of
the cytotoxic response

‘hRelstionship bétween time of culture incubation and

the development of" suppressor cells iﬁd .

Page

25

33

a7

8

42,

_Effect of - cortisone treatment on_the.generation.of‘

suppressor cells )
The effect of first step cultures. from cortisone-
treated mice on suppressive act{vity of first step
cuitures from normal Spleen N .

Suppressor cells and responder precursor ‘cells |

_,recognige physically linked determinants on the:
stinnlstor cell . _ Ty

s : -

SOy

&b

46

49



Chapter'l."Introduction"f .“f. T T e
e e . ¥
A. The iggune sxstem _-,;-.‘iéﬂﬁw_ﬂ, P

The immune system 18 a complex, integrated, qndqﬁelicately balanced

: multieellular system whose activation 18 determined by a variety of:

cellular interactions and sophisticated regulatory mechanisms. These
mechaniams form the basis of a remarkably versatile adaptive process

which constitutes the principal means of defense of the individual

W

against an immense variety of organic molecules, viruses, and patho-

\ . <A
)

genic microorganisms. SRR L ' . .

~

.

—~—

Ry

Adaptive immunological responses are only @ncOuntered in vertebrates. -
‘Lower forms of life do not possess “such a sophisticated system of defense.'
Nevertheless, nondspecific"’immune mechanisms of recognition and phago-
cytosis/exist in such species. ‘It is possible, however, that the immune

' !
.response evolved under selective pressures which could have‘%perated to a.

o

co\siderable extent to increase the efficiency of the non-specific immune

system. One way‘in which the immune response becomes efficient is to An-
. i . l

the immune system ‘must acquire the ability to discriminate between
foreign "nonself" sna elf" antigens. The induction of self—reactive

& .
lymphocytes could lead to the production of autqimmunity which is destruc-

v

tive to the individual '8 own components. In principle, this could prove

' to be highly embarrassing Therefore, a mechanism by which the expression L

| \

crease its library of recognition units.» Beﬁore this could happen, however,

of autoimmunity is prevented must exist. One theory suggests that the

individual does not have the genetic capacity to synthesize recognition ;,1-

molecules able to bind self—antigens. Another type of theory suggests.;.

that the individual has such a capacity but that differentiation of pre—"\-' "

I
cursor cells.which bear anti-self recognition units is prevented.. Ihis



K

dﬁBurnet (1) postilated that those circulating body components which were

able to reach t,f“deveIOpiné-lymp

o v o L7 ,
. s e .

implies a mechdnism in which selfqnonself discrimination ii learned. T

T /., S
. : -~ : -

\

hoid system in the perinatal period

-couid in some: wiy be learned as self and thcse cells bearing receptors«q(

- for self antigﬁns cOuld then be. eliminated. An immunological unrespon~"

19,

'siveness, self tolegance 1, would then be established 80 that when ,t

immunological\maturity wss reached there would be an inability to respond* "

.to self components..-

The theory that. self toleranc

accepted and 1ts predictionsihave been—amply_verified_hy_both experi-

5

mental evidence and theoretical -G

7(2) have demonstrated that, under

—_— . ’ -~

‘ ;can be induced which are able to

D

v

e is learned, not. inherited is widely.”-,.’

onsiderations., Experimental studies .
certain circumstances, autoantibodies

bind to and damage self components.

i

' On purely heoretical grounds, there ‘are two. arguments for having a

'learning mechanism of self-noﬁsel
B \“" .

Firstly, consider the homozygous
have the ability to- recognize and

: -fact that the Fl hybrid animal AB

f discrimination in, the immune system..

individuals AA- and BB. These~individuals':

fespond ‘to each other s antigens. Thew

exists in spite of the presence of'.}‘r}f"7

- genes that allow A to recognize B end B to tecognizeﬁA suggests thst'the

V

‘A_mechanism for maintaining the int

egrity of the Fl hybrids is a: learned 2

mechsnism. Secondly, genetically determined self-nonself discrimina—iw

tion mechanism would interfere with the evolution of many self components.-, .

/o . ; ‘ ’

1 In this thesis, use of the word

. o

.».v - !
-0

tolerance. will be restricted ‘to mean\the:f

";[natural process: by which an animal tolerates or fails to ‘react to its

own - genetically proper supstanc
~adult animals’ in which, by cert

e. For those experiments carried out in
ain. manipulations, .the animalsg fail to 3

' respond to some standard antigenic stimulus, the word” "unresponsiveness

.:‘swill ‘be used. It is a matter o
. the two conditions of natural t
i responsiveness separately (i)

3 convenience and. importance to consider

olerance snd experimentally produced un-"

L




v‘FOf example, newly arising ad;;ntageous mutants of body components would

oe recognized as foreign and consequently would be elimiqsted; Such a

system would be very dangerous to the survival of the species and in

evolutionaty terms, this.type of mechanism could not be allowed to

~happen. Therefore,~a learned mechanism for self-nonself discrimination -

"is favored over a genetic one becausé it does not interfere with the de-

velopment and generation of diversinoof vsrions Pody components which

is beneficial for the survival of the species.

“«i.' K-

_ The ability to. respond predominsntly against foreign as opposed to
self . antigens forms the basis of the specificity of the immune system.

To be effective the specificity of recognition should go even further.

‘The immune system must also recognize different forms of foreign antigens

_and ‘respond against each one independently,‘ For example, the response

agsinst one organism should not interfere with the’response against .

,snother unrelated organism. In fact, thelimnune gystem can specifically

- -and effectively discriminate between the two organisms.

Another way in which the immune'system became more efficient as a
means of defensd,was.to.develop a mechanism by which.the body is
effectively prepsred to repel strongly anyrrepested invasion by the same

kind of foreign antigen. This mechanism is manifested in the development

"ofvﬁmemory cells. The first contact with an antigen clearly imprints

some information, memory, so that'a second contact with.the same antigen

¢

. results in the generation of a brisk and strong immunological response.'

The first response elicited by an antigen is cslled the primary response

o ’

and the second response elicited by the same antigen is called the

gecondary or\ anamnestic response. In the secondary response, the anti-

bodx.level rises faster and higher (tenfold or more), and after reaching

-



its peak, it declines much more slowly‘than ;he primary response.
The generation of meﬁory cells is‘h remarkable feature of the immune

ggponse. On theoretieal grounds it is a necessary correlate of increased
specifi\ity. As the library of recognition units of the pfimitive system
is gteatly expanded, such thaF it is more similar to that of the immune
system, the frequency of recognition units specific for a certain Eype
‘of antigen decreases. This in turn allows for a reduction in the effi-
ciency'of'the {mmune system. In order to avoid such a dangerous pitfall,
ﬁpon stimulation with aneigen, a specific recognition unit must divide
and expand into a cldne of progeny cells repgfgenting the "memory" .of "the’
océurrence. This increases the frbquency of cells ablé to respond to
common pathogens. These progeny eells revert to a resting state and are

committed to respond strongly if the same antigen should reappear.

b.-
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A

\\ .

B. ThA immune response

Recognition of an antigen by an immunocompetent lymphocyte 1is the

first step in an immune tespoqsé. Following this step, a variety of .

_~
cellular interactions determine whether these cells will be induced or

paraly7éd. Paralysis may involve either specific "death and clonal de-

letion of antigen reactive cells or any other unknown mechanism. The

>

mechanism of clonal deletion was ,2stulated by Burnet (1) as a working

hypothesis for the maintenance of self-tolerance. He suggested that

newly differentiated immunocompetent cells were destroyed or rendered

incapable of multiplication when they recognized and reacted with anti-
' *

genic determinants of self coﬁponentsj This theory has recently become

a subject of debates and various criticisms By many'immunologisté who
-faﬁof a mechanism whereby specific immune célls exist whose éoie fuidction
is to maintain the Qnresponsive state against self components, Further
discussion of‘this subjecg is beyond the séope of this thesis and there-

.~

'fore:will not be pressed here.

-

Induction, on the other hand, leads to proliferation and differentiation

of antigen meactive cells to immune effector functions. There are two
types of immune respo;ses:\,hﬁmoial and cell-medtatéd. Humoral immunity

1s effective against bacterial infections and viral infections whereas
. . i .

cell-mediated immunity is most “effective in attacks against viral and

+
f

bacterial infected celis énd.becomes’é problem in its efficiency o
attack against foreign tissues, such as\trapsplantea organs.
The division of labor in the immune»sygqgm occurs through the dif-

ferentiation of two bopulations of cells native to lymphoid tissues but

also found in other parts of the body, particularly in the blood. Thése :

two types of lymphoid cells are morphologicak%y similar and both derive

from the same primitive precursors, the hemopoietic stem cells. Stem

L

O
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A .
\

\

cells that aevelop under the influence ofrﬁursa{bf Fabtic;us\in birds
or the bursa éﬁuivalent in mammals (e.g.'bone marrowB‘arercallsd B
lymphocytes. Thédse are ﬂhe cells :ﬁat give rise to the aﬁtibo&&\secre;
~ ting celis that effect humoral immunity. Cells that develop under the
1nfluenc€'of the tnymua are c#lled T lymphocytes. This is a largE\#nd
heterogeneous population of I?mphocytgs: ‘Some T, cells are the effeéﬁors
- of éell-mediated»immunity. ‘if'these cells are confronted with an ant&gen
they diffetentiate’into immunglogicaily active cells-capable’of speciff
killer actfvity or release of lymphokines that participate ¥n‘the elim--"KkV S
ination of the foreign material. The evidence to date suggests that T
cells also play a crucial regulatory role in the induction of both humoral

and cell—mediated immune reSponses.i This regulatory activity could be

o Q- o
viewed in algebraic terms as being either positive or negative, Positive

reghlation leads to.induction and qegative,reg@lation rgsurts in un-
responsiveness ";mmunosuppressién." ‘ |
Th; coopéraﬁive activity (positive regulationi of T cells inVo%ved
in the de?elopﬁent of antibody and cell-mediated iﬁmune r;sponses'Vas 
the fifst regulatory funétioﬁ attributed to T cells (3). T ;elis that
function in this manner came to be knqmn as "helper" T cells. The
importance.of helper T cell activity in the production of antibody reé=
sponses was best dramatized in the hapten—carrier cell transfer studies
of Mitchison (4-6). He demonstrated that thé in;éractiSn of.T cells
with antigenic determigant; on the carrier molecule led to the produc-
tion of anti-hapten antibodies by B cells. :fhis Qbsefvétion has been
‘confirmed and exteﬁded by Paul (7)_gﬁd,Katz and Benacerraf'(B).

Similarly, helper ac;iviﬁy is\nlso required for the’gegeratidn of cell-

mediated immunity (77).



Negative regulatory mecheniéms or immunosupptession,'on the othet

hand, are part of a homeostatic and self-monitdting'immung-s§stem;
that 1is, recognition of antigen not only’ stimulates the prolifer-
- ation and differentiation of responder precursor cells but also stimulatea
the generation of specific immunosupptessive effects which appear to,
inhibit the induction.of immune responses or to modify an ongoing response.
These immunosuppressive effects could'pe mediated by‘nntibooiea, anti-
body-antigen complexes, or suppressor cells. The concept of ‘antibody and
'antibody-antigen complexes having inhibitory effects has been extensively

eviewed by Uhr and Mﬁller 9, Playfair (10), ;hd Diener (11)\ and it
will not be discussed hete. Evidence which suggests that immunosuppres-~
siye effects‘could"oe_attributed to suppressor T cells has accumulated

only recently. The nature, characteristics, and mechanism of action of

suppressor T cells are the subject of the review which follows.

-

ot



bhapter Il. ‘Review of the Literature : . - o
The concept of suppressor cell activity inwimmune responses was N
introduced and vigorously championed by Gershon and Kondo (12 13)
™ They - observed that the unresponsiveness of B cells in. thymectomized

lethally irradiated and bone marrow reconstituted adult CBA mice was

dependent on the presence of T cells. The pretreatment of bone marrow
reconstituted mice with SRBC in the absence of T cells had no significant o
'effect on the ability of thymocytes to reconstitute the’ anti-SRBC anti- ' |

: 3

.e‘”‘body response. On the other hand, mice which had been reconstituted with"/':uklwmg

a small number of thymocytes at the time of bone marrow reconstitution

(prior to the'antigen injections) were‘markedly impaired'in their
ability to maké\anti-SRBC antibodies. ~Following these studies,~a number
"~ of suppressor cell phenomena were.described. In each caSe; a common
. property of suppressor cells is that one cell population will inhibit
the response or function of #'second . cell populaéﬁzn in a cell transfer
or in vitro experiment. The majority ofﬂthe inhibitory cell populations-
observed are anti-6 serum sensitive, confirming the T cell dependence
of suppressor activity. Furthermore, depending on the mode of actich,

the suppressive effect can be either antigen specific or nonspecific.

I will now turn to discuss various categories of suppressor T cells

-~

in both humoral and cellrmediated immune responses. The evidence

on suppression of antibody responses has been extensively reviewed by
Katz and Benacerraf (8), Droege (14),'and Gershon (15) and thereforeoj‘
only well characterized systems will be discussed here. This review

will concentrate on the discussion of available evidence on suppressor,

T cells in cellfmediated immune“responsesvand\the:discussion of a unifying
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A, Suppressor‘cells in'humoral immunityii
o 1) Low zone paralzsis L "

of B cell unresponsiveness to’ ‘a specific agtigen do’ n t fit into, Burnet 8
&

-suggested model of deletion of-snﬁigen-specifie reacti'e cqlld This

--followed from the observation that~T cells—obtained.fr,m‘animals made -
¢ af
unresponsive against one antigen can, upon transfer to
&
animals, specifically suppress the antibody pesponse of the hojt to

ormal syngeneic

the game antigen (12, 13, 16). The existerce of such a su?p?essive

mechanism, its stability and.infectious'character on adopt ve transfer

€7), and the evidence of its potential reversibility (18)lsuggest that
some forms of B cell paralysis can be mediated and. maintained by sup-
pressor T cells, | | L

. ‘Among the various experimental models of in vivo unresponsiveness
which have been studied in the past few years, the induced: immuno-
logical unresponsiveness obtained in mice to the antigen human gamms'

A
- gldbulin (HGG) has been the best characterized (19) There are diffi-

culties however, which overshadow the interpretstion and the conflicting

nature of experiments which had attempted to demonstrate active sup-

N
pressive capacity of lymphoid cells obtaf%ed from HGG nonresponsive
‘animals. Nevertheless, the critical question appears to be not whether
‘suppression provides. mechanistically the o ___x_means by which specific
unresponsiveness is‘induced,and maintained but whether suppression

S ."u-:;;_.

"exists as a suppl

parameter of .the state offunresponsiveness.
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Evidence showing that suppressive activity exists in the HG§ unresponsive

system has been extremely convincing. Basten et al (1974) %gmonstrated
that spleen. cells from HGG unresponsive mice abrogated the adoptive

usecondary response to DNP-HGG of heavily irradiated syngeneic recipients
) ; . , p

reconstituted with equal numbers of DNP-primed and HGG—primed splee -
) b

‘cells. The suppress}ve effect was demonstrated. to' be T cell-dependent

and the state of nonresponsiveness ‘could be tpansferred to normal

syngeneic animals. This 1s consistent with the observation that non-

_responsiveness to "T cell—dependent"zlantigens may be "infectious

(13 20)., The relationship between the induction of tbe nonresponsive
state and. suppression was further investigated in three different ways
HGG ‘was deaggregated by (a)-. ultracentrifugatioh on an angle-head rotor;
(b) ultracentrifugation in a swing-out rotor, and (c) biological filtra-’
tion (2 5 mg HGG was injected intraperitoneally into normal mice and
serum collected from them 24 hours later). 1In the standard adoptive
system.\gignificant suppressiON\was obtained with cells Qrom animalsr

pretreated with HGG deaggregated in the angle-head rotor or. biological

filtration. In contrast, cells from mice- given HGG deaggreghted in the

. swing-out buckets, although were unresponsive on their own, exhibited

[y

much less effective suppression, The reason for this discrepancy be-
tween preparations has not been resolved Nevertheless, these results
confirm the existence of suppressor cells in the HGG induced state of

nonresponsiveness. A

r2 .

2 "r cell-dependent" or "T-dependent" antigens refer to antigens which
under standard conditions,. require the helper function.of T cells to'
Produce a normal IgG antibody response to that. antigen (13)

- - : . L
(4 ) . .
. * - .
K
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Similar results were obtained‘by Kolch and ﬁeber (21). They observed
v : a .
that pretreatment of adult CBA mice with low doses of phage fd led to a
specific suppression of the anti-phage fd IgG antibody response. The
. IgM antibody response was not affected. Injection of‘nornal spleen
cells did notvrestore thevimmune activity of the unresponsive mice.

Further analysis of the cellular basis of this unresponsiveness involved

experiments in which thymus cells were educated with antigen (phage £d) .

-,

in thymectomized, lethally irradiated mice reconstituted with fetal
" 1iver and normal syngeneic thymus cells. They found that educated . ~

thymocytes, upon transfer into normal syngeneic mice,\inhibited the

v

ability of these mice to respond to immunogenic doses of antigen. The

inhibition was antigen specific and dependent on the presence of viable

- T e——

suppressor T cells, since treatment with anti-6 serum and complement

\
i

abolished transferrable.suppressive‘activity;

2) éuppressor T cells inlgenetic nonresponder mice

Early studies (22) demonstrated that ‘the, antibody response by in-
bred strains of mice to the random terpolymer of L~glutamic acid-L—
alanine-L—tyrosine (GAT) was controlled by an Ir gene which maps in
the I region of the H—2 complex. Stme strains behave as reéponder ‘
Imiceh,synthesizing specific anti-GAT antibodies‘and(others behave'as :
ﬂhonérespondér mice synthesizing"noVdetectable antibodies after;infection"
of GAT (23). Both responder’and non—responder mice, honever, produced
GAT—specific antibodies when immunized with GAT complexed to the immuno;
‘genic carrier methylated bovine serum albumin (GAT-MBSA). This indicates
,that non—responder mice, like responder mice, could synthesize GAT-

-specific antibodies if the appropriate T .cell helper function is pro—

vided. Gershon et al. 624) were the first to. show that non—responder

o
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mice were not completely deficient of T cells specific for GAT on the R
grounds that GAT stimulated the incorporation of thymidine by non-
responder spleen cells. They further suggegted that genetic non-

responders unable to form detectable immune responses to GAT might

nevertheless be able to generate suppressor T cells upon immunization

with sych an antigen. -Strikingly enough Kapp et al. (25, 26) showed I
that CZi presence of spleen cells from non-responder mice that have ‘
been previously immunized with GAT, inhibited the antibody response of
normal non-responder spleen cellsutoithe,GAT'conjugate_(GATrMBSA)._' ',;:“”,,h”_u lr_;
They further demonstrated'that this inhibition was due to the presence
- of GAT—specific suppressor T cells. Extracts prepared from spleen cells \
and thymocytes of GATeprimed miceiwere also suppressive. lhe suppression

wasvantigen specific in that spleen cells from GAT-primed.animals did

not inhibit the anti-SRBC PFC tesponse by normal non-responder spleen

&
%

cells. even when incubated with.SRBC plus GAT-MBSA."

The inability to develop immune response to an antigen,,honever,
cannot in all cases be attributed to the generation of suppressor cells
as originally suggested by Gershon et al, .(24) Debré et al. (27) '.ﬁih
demonstrated that the co-polymer of L-glutamic acid and L—tyrosine (GT) )

did not stimulate the production of suppressor ‘T cells in all the non—
.responder strains tested.n A/J (H-2‘) mice were not suppressed by the
injection with'GT, whereas SJL (H-Zagpmice were suppressed by the same
Iimmunization. The coisogenic strain A.SW which bears the same H—2 :
haplotype of SJL. on the A/J background waslsuppressed by GT immunization..
This observation is in accord with the'hypothesis that the control of

the generation of suppressor cells 1is linked to the H—2 complex in a

. . manner - analogous to the control of immune responses by H-linked Ir

\ . .
. -
-~ . . /\

v}
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-genes (28, 29). This view is greatly strengthened by the striking simi-

\

larity between the antigen specific suppressor factor extracted from

suppressor T cells by Tada et al. (30) and the antigen specific inhibi-
tory T cell factor recently described by Benhcerraf (29). Both factors

have specificity and'affinity for antigen and contain'gene products
coded for in the I region of the H-2 tomplex where lr gene unctions <
has Been mapped. = . o ) |
3). Suppression of immune responses to i)cell-independent angiggn

&

In the examples so far, the activities suppressed were B cell’

responses to T cell-dependent antigens. Suppressor T cell activity for T

aT cell-independent antibody response_against Type III pneumococcal

polysaccharide (SSS-1II) has been reported by- Baker gt;gl. (31, 32).

Althougthelper T cells are thought to be not required for a normal
antibody.response to_é%S—III, the response is greatly influenced by
the activities of other types of T cells. These cells‘were given the

term amplifier T cells since their\role appears to be to. regulate,

‘rather than to initiate, antibody formation (33). The response to SéS—III

is predominantly IgM antibodies and treatment with anti-lymphocyte (ALS)
‘or anti—thymocyte (ATS) serum at the time of immunization resulted in aj
significant increase in the magnitude of the antibody response.  Further
analysis on the effect of’treatment with various amounts of ALS on theﬁ\
magnitude of the IgM response to SSS-III was assessed in both athymic A
nude and thymus—bearing littermate control mice. After treatment,
thymus-bearing'mice,showed a_significant_enhancement in the magnitude,of
Igﬁ plaque-forming cell to SSS-III. In contrast, no.enhancement was |

demonstrable in athymic nude mice given the same test doses of ALS.

The authors concluded (a) that ALS induced enhancement is dependent on

¢
AEY
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the. presence of T cells and (b) thst enhancement is not the result of a

o

stimulatory effect of ALS upon B cells.

The foregoing observation is especially important from the viewpoint

that low zone paralysis to SSS-III is mediated,by activated ‘suppressor T

N :

cells which may have developed as a natural coasequence of immunization.'
This possibility was greatly strengthened by/the recent findings (33,

- 34) that treatment with a marginally immunogenic dose of SSS-III specific-“ ‘ i
' Jally reduced the capacity” of mice to respond to subsequent immunization

' with an optimally immunogenic dosenof this antigen.mmhoreowerlmtreatmentt;wp
with either ALS or lactic dehydtogenase‘virus‘(LDV) enhanced‘the-response' _
to SSS-III antigen. -(Infection with LDV has-been reported to result in’
the cytotoxic degeneration of lymphocytes in the thymus-dependent area’

in the lymph node and spleen (35) In addition, the ability of ALS" or

’

SocBN. S TR

RS

'ATS to enhance the antibody response to SSS-III-can be removed by ab—
' sor{{zon with mouse thymocytes but not with nonlymphoid cells.

4) Chronic allotype.suppression . : ] : ' .

Allotppe-suppression is defined as a phenomenon'in which exposure'
of the fetus or the neonate to antibody against its own immunoglobulins :
vsuppresses production of those immunoglobulins (36) Originally, this
phenomenon was described in»the rabbit (37) . A few years later the
Herzenbergs reported that allotype suppreSsion could be demonstrated in
the mouse. The strains usually used in their stndies were Balb/c as
maternal or anti-allotype donor which carries Ig—la and Ig-4a allotypes’
and CS7BI/10 and SJL/J as paternal strains which carry Ig-1b ‘and Ig-4b |
allotypes. The corresponding notations ;or the gene clusters are Ig

snd Igb respectively. Jacobson and Herzenberg (38) showed that progenyr

' produced by mating SJL/J (Ig ) males to Balb/c (Ig ) females which had




been ' mmunized by Ig-1b allotypes exhibited chronic'longéterm suppression
which more than bne-halﬁ of the progeny at six months of age had no

detectable Ig—lb in circulatibn. A key experiment proving ‘that chronic-

"ally suppressed mice contain an active suppressor cell utilized the

mixture-transfer assay. In this experiment, lO7 spleen cells from .\ .; o

[

suppressed Fl hybrids were mixed in vitro with 107 spleen cells from - h \

syngeneic normal Fl hybrids and then injected into irradiated Balb/c

‘ hosts. Levels of Ig—lb in recipients of cell mixtures were indisting—

uishable from recipients of 107 suppreased cells alone, and significantly

below the levels seen in recipients of 107 normal Fl hybrid cells.

" Cells from thymus and lymph nodes were as suppressive as spleen cells

2//yhereas bone marrow cells were roughly two-fold better in suppressive

- activity. . Suppression was shown to be due to a thymus—derived cell by

a :)’ ~

various criteria () neonatal thymectomy prevents development of chronic

suppression, (2) suppressor cells‘, e killed by treatment with anti—thy—l

cells are not retained on|nylon wool
\

and complement, and (3) suppress
columns which retain B-cells but allow T—cells to pass (39) T Furthermore,
the suppression is specific for Ig—lb produotion in an.lg /Ig hetero-

zygote. These observations strongly support the’ existence of a regulatory

' suppressor T ce11 function as a mechanism for chronic allotype suppression.

The mechaniSm of suppressor cells in chronic allotype 9uppression is'

—_—

not- yet established  One approach to this issue however, is to focus on

the inherent regulatory role of T cells in the. differentistion of B cells.

—
-

—Suppressed mice have been shown to have normal levels of Ig—lb memory cells_ N

indicating that these mice have reasonably mature precursors of Ig—lb- |

~

'producing cells" (40, 41). The locus f ‘the suppressor cell. attack

~

therefore, ‘is narrowedﬂto.the'latter,partlof the”B cell diffe entiation.

/‘“
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ﬁ‘earlx shift could result in the establishment of an overdeveloped popu-
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pathway at a stage very close to the point where cooperator cells inter-"

v

act to facilitate memory cell differentiation. Under normal conditions, R

,cooperators and supptessors Exist in a state of a finely. tuned bdlance.

K]

The presence of anti-allotype serum in the young animals, howpver, could

shift this balance in favor of overregulstion of Ig-lb synthesis. This

. lation of regulator (suppressors)»T cells which specificslly suppress'
) '
‘aIS‘lb precursors from diffe:entiating to producers. -In fact; the Herzen-

berg experiments show a stochiometric relationship between helper T ceIts//MA .”

o 0

5]

"and suppregsor T cells spggesting that suppressors act by sntagonizing

* helper T cells thereby preventing B cell interaction.

’
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B. .Suppressor cells in cell-mediated immunity

Observations ‘showing that T cells can suppress the induction of
various cell-mediated immune responses have been redﬁited only recently.
Suppressor T cells have been shown to Suppress such responses as the
induction of delayed- type hypersensitivity (42~ 46), T cell proliferation
(15, 47- 49), and the development of cytotoxic T lymphocytes (50-54).

Con, A—induced suppressive activity ias been also reported (55-57).
Furthermore, suppressor T cells have been implicated in prolongation

of allografts in mice (58-60) and in chickens (61). However, the sub- )
pressor activities in most of these systems are not sufficiently -
charactgrized and, therefore,‘for the purposes of this thesis, I shall
concentrate on a review of suppressor T cells in the regulation of the
devei‘pment of delayed-type hypersensitivity (DTH) and toe generation

of cygotoxic T lymphocytes (CTL). ‘

. l) Suppreseion of DTH responses

‘Suppressor‘T cells have been sho;n to specifically inhibit the
development of DTH responses to such antigens as picryl chloride. (43) .
‘and dinitroflorobenzene (44,62). Asherson et al. (42) showed that
, s;ppte;;iomrof'contact sensitivity can be specifically induced by in-
jection/of-oicry1301fonic acid prior,to painting the ear with a dilute
solution of the contactant picryl chloride. Claman et al., usingv ]
dinitroflorbenzene (DNFB) as a- sensitizer, reproduced and extended the
’ work of Asherson and his colleagues. Mice,’sensitized by tw0\paintings
gith'O.SZ'DNFB.on the abdomen, were challenged after 5 ddy34by painting
the ears with 0.5% DNFB. .2& hours later ear swelling was measured with

a micrometer. Mice previously trehted with DNBSO3Na failed to show ear

_ swelling as compared to nonftreated mice. Unresponsiveness induced by

o
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this method was shown to be specific and can be tr#ﬁsferred, using un-
responsive spleen or lymph node ;ells, to normagl mige} Serum from
suppfessgd mice~failed to induce unresponsiveness upon transfer Eo
normal,ﬁice. Depletion of B cells by passing over an anti-1g column
did not abrogafe the ability of cells from untespon;ive mice to inhibit
‘-the>induction of DTH in normal micé. Cells treated with anti-eyserum
and complemeﬁt failed to traﬁsfer suppression of DTH to normal hice
ﬁhich iﬁdicateé that the inhibitioﬁ of contact sensitivity is mediakéd
by suppressor T cells, |
In a diffefent system, si&ilar results were obtained by Ramshaw

et al. (46). They observed that the transfer of spleen cells or Ig
negative (Ig-) spleen cglls from mice immuﬁized to produce a hﬁmoral
response completely suppressed the developmeht of DTH in micerwhich

had been treated with cyclophoéphamiae prior to cell transfer. .(Mice
treated with cyclophosphamide, before an optimum sensitizing- dose of
antigen, exh1bit an enhancediDTH reaction.) DTH was measured as foétpad
'sweiling. After two days of treatment with cyélophosphgmide, mice.in-
jectgd intravenously’with HRBC producéd a strong DTH reaction to HRBC
.injected into the footpad. The development of DTH idgsﬁch mice

‘was suppressed bf adopéivély transferiiug Ig negative spleen cells from

normal mice which had been injected intravenously with 109-HRBC; admin-

istration of such a dose oizéhtigen prqduced high levels of humoral .

’

immunity‘but no detectable DTH. Immune serum, hyperimmune serum or

¢

. serum from mice whose DTH was suppressed by the transfer of i@mune
7 .
spleen cells had no effect on the induction of DTH. This indicates that

antibodies do not play‘any_;tgniglcant role in the suppression of DTH.

. - R / - . .
Furthermore, the suppression was shown to be antigen specific and dependent



on the presence of T cells. ) o
The observation that the establishment of one type of immunity

actively suppresses theidevelopment of other forms of immunity bears

a great deal of significance with regard to the nature and\mechaoism“

of suppressor cells. Bretscher (63) has predicted that the inverse

relationship between humoral snd cell-mediated immunity forms the basis

of regulation of the immune response. This model will be expanded upon

in the discussion of a unifying concept of the nature and mechanism of

M;'.} .

regulstory activity. N

2) Suppression of cytotoxic T‘lymphocytes.responses by suppressor

T cells

A number‘of workers have shown that suppressor T cells can suppress .
in an antigen specific‘(Sl,‘SZ)oor nonspecific (53, 54) fashion both
in vitro (49, 51-54) and in vivo (50) gemeration of cytotoxic T lympho;
cytes (CTL) lhese studies have been concerned with (1) the method of
sensitization most apt to stimulate suppressor T cells and their distri-
bution in lymphoid tissues, (2) the specificity of suppressor cells;
(3) the target of suppressor activity, (4) the mechanism of action of
suppressor cells. Most experimental systems utilized the mixed lympho-
cyte culture reaction (MLC) for the generation and detection of
suppressor cells; The one way MLC reaction employed for .the generation
of suppressor cells, usually referred to as primary ﬂlC, consists of
two allogeneic cell populatﬁsus: respongers and stimulators. The
stimulator cells are inactivated by trestment with either mitomycin
C or x—irradiation. At theﬂend of‘a giveu'period of incubation, the

cells are harvested, washed, irradiated and added to>a fresh one way

MLC which is referred to as secondary MLC. The time of incubation and
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the dose of frradiation depend on the investigator. The secondary MLC ®

is employed for the detection of inhibitory activity that may have been
generated in the primary MLC on the devélopment of CTL. The secondary
culture, therefore, consists of three cell populations: responder,
stimulator, and regulator (cells from primary MLC). Usually;‘tbe
regulatory cells are syngeneic to'the.responder cells and the stimulstor
cells bear the same H-2 haplotype in both primaty and secondary cultures.
The fact that the MLC reaction is utilized to generate high levels
of CTL haswled to contradictory interpretations of the nature and
mechanism of tbe rehulatory cells induced in the ptimar& MLC; A cell-
mediated cytotoxic interaction between suppressor cellstand stimulator
cells nas been postulated as the underlying mechanism for the suppression
~of ‘both proliferative (48) and cytotoxic respogses.in MLC (52); On the
other hand, several investigators have suggested that some models of
suppression of CTL induction (51, 54,‘64)band proliferation in MLC (49)
cannot be adequately'explained.as due to elimination of stinulator Cells;
Investigators ascribing suppressor activity' to cytotoxic'mechanisms
employed experimental conditions under. which high cytotoxic activities
are generated. For example, Fitch et al. (52) observed that cells
obtained from five—dsy primary MLC, the optimum time,for'generating peak
; CTL, qpnmleteiy inhibited the generation of Cfb in vitro. The inhibitory
‘activity was antigen specitic‘and was directed toward the.alioantigen
against which .the cells.from primary MLC were cytotokic. .They showed
- that the presence of ptimary MLC celis having thotoxic sctivity tovsrd
one alloantigen abolished the response to anothei'non-cross-reacting

alloantigen only when both antigens were pfesent on the same F1 hybrid

stimulating cells. - Only the response to the sensitizing alloantigen was

[ PR



inhibited in cultures where a mixture of the two non-crossFreacting‘
alloantigens were used as stimulator cells. 1In view of these observa-
tions, the authors concluded that the suppression of generation of CTL
by irradiated cells from primary MLC involves inactivation of the allo-
antigen—bearing stimulating cells as a result of residual cytotoxic
activity orothe primary MLC cells. " |

The foregoing hypothesis has much to recommend it in that it assigns

a role to suppressor cells consistent with a known T cell function,

o

[
P

cytotoxicity. If suppressor cells were cytotoxic cells and therefore
suppression of generation of CTL were due to elimination of stimulator
cells, then one would predict that: (1) pre-incuhation of stimulators
‘and suppressors prior to initiation of secondary cultures should'increase
. the degree of suppression' (gl increasing the numbers of stimulator

cells at initiation of secondary cultures should competitively reduce

. suppressor cells activity. ‘The data however, does not support these
predictions. Sinclair et al. (65) have shown that pfe-incubation of
cells.from five-day primary MLC cultures with stimulator cells prior to
the addition of responder cells gave less suppression ofithe generation
of CTL in the secondary MLC than pre-incubation of primary MLC cells with
responder . cells. In fact, the latter gave the m.st profound suppression.

Furthermore, altering the number of stimulator cells in the secondary
culture did not influence the degree of suppression (Sl), whereas
varying the concentration of responder cells hag the greatest effect
on the degree of suppression. strong suppression_at low numbers of
responders and)weak suppression at high numbers of responder cells.
;"Similar results were reported by Truitt et al. (64). In these

studies, in vivo stimulated spleen cells were used as the source of

2
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regulatorv;population. Balb/c mice were immunf¥ed with C57B1/6 spleen
cells via footpad injection. Irradiated‘spleen cells, obtained from
these mice four days after»immunization, suppressed the generation of
CTL by MLC prepared with Balb/c responder cells and C57Bl1/6 stimulator
(irradiated) cells. The ;psults from further experiments indicated
that increasing stimulator cell concentration in MLC ‘did not compet— \

itivelytdiminish the suppressor activity; rather, the magnitude of

A : . S .
suppression increased as the stimulator cell concentration was increased.

Further evidence showing that suppressor\cells are separable from
cytotoxic cells comes'from’studies in vivo. “Cells from‘allosensitized
mice exhihited weak cytotoiic activity when tested immediately after
removal from the animal (50). Yet, after a short (48;72}h)pperiod of
incubation in vitro, they generated strong cytotoxicﬂactivity. Treat-
ment of these cells with_mitomycin‘C blocked their’ability‘to develop . -
into cytotoxic cells. In view of these findings, an attempt was nade
to separate the cells responsible.for the suppressive‘effect from those
having the potential to differentiate in vitro into CTL. Regulatory
cell populations from alloimmunized mice were subjected to velocity

sedimentation at lxg. The individual fractions were then tested for

" prekiller activity'and for suppressor activity% The results indicated

that, on the basis of cell size, suppressor cell precursors were_clearly

o

-

separable from cytotoxic precursor cells (50).

Another approach to the problem of dissbciating suppressor activityA

. from cytotoniC=activity was investigated by Hirano and. Nordin (54).

Their system is slightly different from the others insofar that un-

°

irradiated cells from two—day MLC were used as source of suppressor cells.

They found that cells from two-day primary MLC preparedeith responder

[
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cells from normal mice can develop a high level of cytotoxicity and can

nonspecifically suppress the generation of CTL in secondary MLC. 1In

- contrast, cells from two-day primary MLC prepared with responder cells
from cortisone—treated animals can deVelop a high level of cytotoxicity
but failed to suppress. the~generation of CTL in secondary MLC Although
these results are not conclusive, they are suggestive ofs the possibility
that suppressor c lls (cortisone sensitive) are/different from cytotoxic
cells (cortisone. resistant) N ,}/ . |

" The interpretation that the observed ‘Suppression is a result of

‘cytotoxic_interaction between stimulators and-suppressors does‘not
account for all the experimental results previously described A more
likely interpretation of data showing ?ltered responses induced by a
regulstor cell population is to consider the possible interactions of
all three cell populatioﬁs”in vitro: responders, stimulators, and

} suppressors: The suppressor cells may either interact with stimulator

a

cells, with responder cell precursors, or with both sinultaneously.-
This interaction could be a direct cell to cell interaction or it

could be mediated either by a factor elaborated by the suppressor or
other cells activated by the suppressor.- A noncytotoxic, H~2 restridted
interaction between suppressor and responder cells nediated by soluble
factor which suppresses proliferation in MLC has ‘been described (49)
Results from the experiments described above also reflected on inter—‘,
action between the alloantigen-activated suppressor cells and syngeneic
responder cells. This suggests that the observed suppression of the

' generation of CTL in secondary cultures could be due to a regulatory

_ interaction different from cytotoxicity. This view 1is strongly favored

by the evidence presented in this thesis.
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C. A unifying concept of the mechanism and nature of suppressor cell

activity . ,L
' '(

There is not much data at present as to what‘exactly happens at the -
level of the cellular mechanisms involvedvin immunosuppression,. however,
a symposium on suppressor. cells.in immunity held in hondon, Ontario,
took on the task of bringing together som useful tools by which sup-
pressor cells and their targets cquld/Be/iefined- ., One of these tools
‘was presented by Cantor et al. (66) who showed that peripheral thy-l+
:cells cad be divided into three subclasses Ly-l » Ly=2, 3 » and
Ly-1, 2 3 While Ly-l and Ly—2 3 cells are resistant to the short-
term effects of adult thymectomy, Ly-1,2, 3 are sensitive to these
effects. ' This suggests that Ly-l 2 3 develop ‘earlier in ontogeny than
Ly—l and Ly-2, 3 Furthermore, the authors demonstrated that'depletion
of Ly—l cells abolished the subseduent helper activity to SRBC in
adoptive syngeneic irradiated hosts. \On the othér hand, depletion of
Ly-2,3+ abolished the generation of cytotoxic lymphocytes both ig_gixg,
in irradiated F1 hosts, and in vitro(in 5 days MLC). fhis suggests that
the Ly—l 2,3 antigSis ‘could serve to distinguish different T cell func-
tions, Based on these results, ¢he'authors raised-the following question:
‘Is suppressor cell activity confined to a differentiated subline of T~
'cells, distinct from or the same as other subclasses of T-cell?
Separation .and characterization of this subclass of’ cells and its \
products would then permit definitive studies of the cellular mechanisms
.underlying T—cell suppreSsion. With respect to the Ly markers, evidence
to date suggests that there ‘are two types of suppressor T cells. ‘The
suppressor T cells of cell-mediated immunity (DTH) are Ly-l and Ly~2~
(46), whereas the suppressor cells of humoral immunity are Ly-l and

a6

Ly-2 (72) This observation would be best explained within’ the concept

\



- 2
of the immnne class regulation theory (63). This theory is based on
the self—ncnself discrimination theory nhich has been discussed else-
vwhere (67, 68); Briefiy, the theery‘states that different classes o;

‘ precyrsor cells require different levels of helper cells to be induced.
,Precursor cells for CMI require low levels of helper. activity and pre~
.cursor cells for humoral immunity require higher levels of helper
activity. The theory also states that high 1evels of helper activity
suppress the .induction of CMI. The amount of helper activity induced

is dependent on the concentration and the antigenicity or "foreignness

LY

of the antigen. This relationship is expressed in Figure 1. The

HUMORAL
IMMUNITY

S

CM
IMMUNITY

LEVEL OF T CELL HELPER EFFECTORS

i
i
7

ng

oW . . wmIOM HIGH

 DOSES DOSES DOSES
' ANTIGEN CONCENTRATION

Figure 1. The reletionship between the generation>of helper activity

and the antigen concentration., °~ Reproduced from the original figure by

permission from Dr. P. Bretscher (63).
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precursors forhhelper T cell effectors are induced at all buthmost
extreme values of antigen. Low and high{concentrations of antigen"
result in the generation of lowxhelper.attivity and therefore only

CMI is induced. As the antigen concentration increases (i.e, at a
medium dose of antigen), maximum helper activity is generated and ¢
“humoral immunity is induced whereas CMI is suppressed. Similarly, an
antigen with few foreign sites induces low levels of helper activity

.and only generates CMI while an antige with many foreign sites§ induces
high'!evels of helper activity which r:Lglts in the induction of humoral

immunity and suppression of CMI. Since a shift to a high levgi of
\. rns

" helperx activity, sufficient to induce a humoral response, can suppress ~
the induction of CMI, and since a physiologically effective immune

- response must have the potential to maintain stable CMI, a regulatory
mechanism must be expressed to inhibit-the'induction ofihelper activity.
According to the theory, this_mechanism could be mediated by a cell-
mediated effector "antibody," or an antigen‘specific molecule co- '
ordinately expressed with CMI which acts on the helper cell precursors.

| This inhibition is referred to as repression and is.maintained as-long
as a cell-mediated immune response is required. The concept that too
much help can suppress the induction of CMI predicts that cells from
animals which‘e;bibit an ongoidg'humoral response should suppress the
induction of CMI‘to the same antigen in a normal syngeneic animal 1 This
prediction has been verified by Ramshaw et al (46) who demonstrated
that HRBC—specific T cells from mice expressing humoral immunity were
able to suppress the.induction of HRBC-specific DTH. Suppressor cells
“in this system were shown to be Ly-l _cells (69) Since helper T cells

are also Ly-l s the mechanism of this suppressive activity has been




postulated to be'due to the presence of‘high levels of specifie;helper
T cells. : ". |
The regulatory mechanisms propmsed by‘thiS'theory are more attractive
in the sense that it can account for the mechanism of inhibition of an
“antibod§ response in some systems. Thus the discrepancy in the results
between preparations of human'gamma globulin‘(HGG)'deaggrégeted in a
swing-out head eentrifuge and‘HGG'deaggregated in an sngle-head rotor
could be explained asafellows. Deaggregated HOG (dHGG) in a swing-out
bucket results in paralysis only (19). Mixing studiesphave shown thstv
dHGG-treated mice have a deficiency of botth cells and precursors of
helper cell effectors‘specific for HGG (70). .The unresponsive state of

_ thgse mice could be due to clonal #eletion of'precursors for all clasges
of immunity and is analogous, ag:ording to the theory, to the normal
state of therimmune system to self components (63). On the other hand
mice treated with dHGG prepared*inran angle~head rotor results in "re-
pression" (19). The angle—head preparatiéns could be\slightly immuno—
genic and therefore capable of inducing CMI which results in the»re-
pression of the antibody response tOGdHGG Early studies- demonstrated
that the unresponsiveness in such mice is similar to that of "low zone
paralysis." Another example of '"low zone paralysis" is the unresponsive-
ness to phage £d antigens (21). In most of these systems, the inhibitory
cells are'thetaEbearing.cells. 'Aecording to the theory,-this inhibitory |
effect could be due to the development‘of CMI and the theory”predicts'
. that such mice snould heve CMI to the sntigen.

Similarlconclusions can be drewn for the nonresponsiveness to GAT

(26). Non—responder mice, primed with GAT, should exhibit cell-mediated

immunity to,GAT.‘ Consequently, the induction of cell-mediated immunity

will tend to regress the induction of any helper T cell precursors specific .



for GAT or any epitope on or linked to GAT '(63). Thus, in the presence
of GAT-primed non~responder cells (repressors), the GXl—carrier conjugate-
is less able to induce specific helper T cell effectors and hence the

presence of these cells inhibits the humoral response. ‘ N ‘ -

. & The above discussion of immunoregulation as proposed by Bretscher s
: \

concept of imnune class regulation is summarized in Table-I. Repres—
sors'are generated concomitantly with the inductiom of CMI; carry the
Ly 2 marker, and can inhibit the development of ‘humoral immunity by

acting on the precursors of helper T cell effectors. Suppressors are

induced with the humoral response, carry the Ly 1 ‘marker, and inhibit

% ]

the developnent of CMI by acting on the CMIIprecursors. A P
Table I. Inhibitory cells as described by Bretscher.
S . - Class of Induced : .
% Type of ‘ immunity  concomitantly Predicted
inhibitor Ly marker inhibited —with —- mode of action

Repressors Ly 2+ humoral . CMI inhibits generation

. : of help A
Suppressors Ly l+ ‘ CMI humoral ~ inhibits induction

o . of CMI precursors

~
Another approach to the search for the mechanism of innnunoregul_ation
iis, to define the target of the inhibitory activity< -As postulated above,

- U N PP s
helper T cell precursors are good candidates as targets for repressors
=

. and precursors of CMI are good candidates as targets for suppressors.
/7

Evidence suggesting that inhibitory T cells can inhibit the generation

'~
\s

of helper T cell activity has been reported by Hamaoka et al. (78).

Further evidence indicates that the suppressor activity, which inhibits
’ A

" the induction of CTL, is directed against the responder cell population

(51). This, of course, could be the precursors for helper cell activity ;5



&

or the precursors for the generation of CTL. Whichever might be the case,

this indicates that T cell inhibitory interacé?bns are quite possible.)

N
i

/ 'Evidence for a T-B cel%ﬁguppressor interaction which involved, the
/ ‘ sdppressor cell acting.directly on the B cell arose from the observation
" that suppressor cells can ‘inhibit the response to thymus—independent
antigens (33). This argument, of course, is difficultcto circumvent
’ because a thymus—independent antigen may -be one in which only B cells
are required or one in which a very small numbef(of T cells are also
‘-required Direct evidence in support of T-B cell inhibitory interaction
comes from the work of Basten gt_al. (19) who"showed'that the site of
suppression in the inhibition of the anti;DNP-HGG'response is the hapten—
%ensitive precursor cell (B cells) ‘These findings, hoyever, do not
indicate that the suppressor T cells are acting on the B cells alone.
The possibility of the involvement of macrophages in this inhibitory
interaction cannot be ruled out, ‘ , /
Macrophages are also good candida!es as targets for the inhibitory
'activity. Macrophages are known to be involved in "almost every sort of
immunological'response. The possibility that negative regulatory
effects may involve direct or indirect macrophage-T or macrgfhage—
cell interactions was verified by several investigators. fierce et al.
(73) demonstrated that a CénA-stimulated inhibitory activity appeared
‘to act on the splenic macrophages. Another evidence in favor of this
comes from the_gork of Asherson and Zembala (79) and Basten et al
(19) on the cells mediating the suppreSsor effect which demonstrated a
requirement for adherent cells, probably macrophages.v In this case,‘a

macrophage could play either one of two roles. Firstly, a macrophage

may receive an inhibitory signal and itself becomes inactivated This

—_— o i o " o \

'.‘.\
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.suggests that the macrophages are the final targets for the inhibitory . ‘AL‘
activity and a loss in their functioa leads to a 1058 of the immume
response. Secondly, a macrophage’ may act as a mediatbr for the sup-
pressive activity and deliver the inhibitory signal to other responding
parties, i.e. T cell Precursors or B cell precursors. VOn an'experimentaifj
basis, it is very difficult to distinguish which of.these‘possibilitiee

is taking place. Nevertheless;'the'conCept that the actual mechanism
of the regulatory events which take place in the immune response could
_involve the macrophages is .an important-one and demands further;veri—

fication. _ | p
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Chapter III. The Nature and Characteristics of an Antigen-specific

Suppfession of the Induction of Cytotoxic Response

A. Materials“

1) Animals.

Male and female adults of the inbred étrainslgalb/c-(H-Zd),
C3H;San (H—Zb), C§A/CaJ (H-Zk) mice.(é to 12 weeks 0ld) were obtained
from the bfegd}ng Colbny_ét'the UﬁiVersity of Aibe;ca. (Balb/c x
C3H-SanpFl hybrids wére bred from Balb/c females and C3H-SwSn males.

2) /Cell lines _

_ P815 mastocytoma (H-Zd;‘dgrivéd from DBA/2) énd Elé leukemia (H—éb;
udérivgi from C57B1/6) were maintained in in vitro culture conditioms.

P815 cells were grown in H-16 (Dulbecco's modified) and EL4 cells were

grown in F-15 medium.(Eagles' Minimal Essential Medium).

'3) Tissue culture medium
Eagles" Minimal Essential (F-15), Delbecco's Modified (H-16) " and
Leibov?tz Media were obtained in powderfform ftéﬁ Grand IslanJ Biological
Coépany (Gibco). All cultures were grown in F-15 supplemented with 10%
-y : .
F.C.S. (Gibco) and 50 ugm/ml Gentamycin, Hicrobi&logical Associates. F-15
contained a final coﬁcentration of 10-4M mercaptoethanol, 20 ug/ml of

penicillin streptomycin, ‘€ibco and 0.8 mM/ml of L. Glﬁtamine, Gibco.

4) +Tissue culture vessels

A

Marbrook polyécrylémidéktissue culture vessels (rafts) were prepared

according to the method described by Marbrook and Haskill (74) and Pilarski
B : S o
and Borshevsky (77). The bottom half'oﬁ%tﬁe inner chamber of the raft is

subdivided into 36 individual V-bottom wells and holds a total volume of

one ml. This allows for a continuous flow of the supernate medium for all

31
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36 wells in a raft. After they are prepared, the rafts were washed with
four overnight changes of saline, autoclaved and then stored at 4°C. The
rafts were equilibrated with two overnight changes of medium two days

before their use in culture. These rafts float in a 15 X 60 mm petri

dish containing four mls of medfhm and FCS.
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B. Methods

1) The in vitro generation and assay of suppressor cells

Suppressor cells were generated in a mixed lymphocyte culture in
which 3—Sx106 responder cells and 5- 8x10 irtadiated stimulator cells
were co—cultured ;n Marbrook acrylamide rafts (Figure 2). Three‘days
later, the cells from these first step cultures were washed, irradiated,
and’divided into two parts: one part“was_assayed for oytotoxic activity
and the second was added to a fresh MLC, referred to as the seéond.step
- - .

culture, to determine its suppressive. activity. Second step cultures
were prepared either in acrylamide ranS or v-bottom microtiter plates
(96 wells) 5x105 CBA lymph node responder cells were mixed with

'l6x106 irradiated stimulator cells per raft. One-tenth.of these cell
preparations, unless otherwise specified, were added per well to the
microtiter plate. After five days in culture at 37°C and in 102 CO2 .

air atmosphere, cytotoxicity was assayed according to the method de-

scribed belo;.'

I. GENERATION OF SUPPRESSOR CELLS CBA/BALB/C (irrad.)
) (FIRST STEP CULTURES) , J, 3 DAYS .= *

WASH |
IRRADIATE (1000-1500 R) B

4

II. DETECTION OF SUPPRESSOR CELLS
ks (SECOND STEP CULTURE)

ASSAY FOR CYTOTOXOCITY

CYTOTOXIC
RESPONSE

a) CBA/B.ALB/C (irrad.) (+) SD&) (=) x
(B) CBA/BALB/C (irrad.) (- )—SDL) (+)

Figure 2.  This diagram represents the experimental protocol for the

generation and detection of suppressor cells.
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2) Cytotoxicity assay

* The microtiter ﬁlatés were assayed as follbws: the medium in each

well was removed and the cells were resuspended in 0.1 ml of fresh cul-

ture medium. To each well, 0 ml of 5]‘Cr—labelle‘d P815 (106/ml) target - ’

.

cells were added. In.the rafts the cells were harvested by resuspending
each of the 36 pelléts/raft into and pipetting the cell suspension into - < .
a centrifuge tube. Cells were then washed once -and resuspended in one

ml of fresh medium and FCS. Several dilutions of those cells were

-always assayed and all assays were set up in triplicate at each dilution.

5 51

Each assay consisted of .0.1 ml containing 10 Cr-labelled target cells

, ’
and 0.1 ml of cells ftrom each dilution of cultured lymphocytes per well

in v-bottom microtiter trays.

! r

In order to determine the total releasable slCr, 0.1 ml of 0.05%

;, Triton-x-100 detergent was added to 0.1 m1.(105 cells) 51;r—labe led i;fh
targets. Spontaneoﬁs lyéis was determined by inqubgting 0.1 ml of targets i
with 0.1 ml of medium. These were done in six repficate culturés; _Trays - é';
for all assays were incubated at 37° 16-102 Cbz—air mixtgre for 4-6 hours.
The top 0.1 ml 6f supernatant from each well was collected in a glaés tube’

and counted in a gamma counter. Per cent specific lysis was calculated

as follows: ¢

sample cpm—spontaneous cpm 106
'~ detergent lysis cpm

Z specific lysis

3) Treatment with hydrocortisone

Hydrocortisonérin aéetate suspension (Cortone, Merck Sharp apd
Dohme),;at a dose of 5 mg per animal, was injected“subcutaneously.,
Three déys after a single injection of cortisone, the animals ﬁefe

" killed and their spleeﬁ cells were used in first step culture.
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4) Preparation of anti-theta serum and killing of theta-bearing cells

AKR anti-CBA theta serum was prepared by the method of I. Ramshaw
(pereonal communication) AKR mice (2-3 months 0ld) were injected intra-
venously with 20x106 CBA thymocytes per animal. The thymocytgs Qere
obtained ftom 5-week-old CBA/CaJ mice. A week. later, animals were bled '
and the serum was collec;ed, filtered and stored in 6ne ml aliquots aﬁ

—7b°C. The serum was testeg at final dilutionssgf 1/3? 1/6,'and 1/8.

The treé;ment involygs incubating cells B; 2:5107 per ml.wi;hithe anti-9
serum for 30 minutes in a 37° water bath. Then rabbit complement pre-
absorbed with mouse tissues‘was added to a final dilution of 1/15 and'
"the mixture was incubated a£.37°C for 45 min. This procedure yieided
efficient killing of T cells and no effects on antibody‘forming cells or
B cells (Pilarski, unpublished) At a final dilution of 1/8 the killing
was 83.87 of lymph node T cells, 52 6% of splenic T cells, and IOOZ of

thymus cells.

®i
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C. Results’

1) The effect of irradiated cells from first step cultures on the

L

generation of CTL

Cells from MLC prepared with 5x10S normal CBA lymph node cells and
16x106 drradiated Balb/c spleen cells showed optimum levels of CTL
q i -
.specific for Balb/c (H-2 ) antigens after five days in culture.. This

response could be'inhibited‘by the addition of 106 irradiated cells

"

z:, from first step cultures of normal CBA lymph node or spleen cells

:activated against Balb/c antigens. The suppressive effect of first
step cultures on the development of CTL is antigen specific, as shown
in Figure 3. Irradiated cells from CBA anti-Balb/c first'ste; cultures
completely.inhibited the cytotoxic response tO‘Balb)c antigens whereds
the response -to C3H-SWSn (H—Zb) antigens was not\affected. Lower num-
bers of irradiated cells (10 ) from -first step cultures reproducibly
enhanced the cytotoxic response to both H—Z and H—Zp antigens. This
enhancement is likely to be due to crosswreactive activity at the helper
cell level, which has been_previously observed in this laboratory

b(Baum andbPilarski; unpublished data). Further evidence for the speci-

. )\ ' .
ficity of the inhibitory activity of -first step cells will be described

below.

2) The effect of suppressor cells on the kinetics‘of the cytotoxic

response to Balb/c alloantigens,

}t was possible that irradiated cells from first step cultures may

have changed the time required for the generation of optimum level of

cytotoxicity in the second culture. Since low numbers of irradiated

cells from first step cultures enhanced the cytotoxic response (Figure B

-
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3), it could be arguedaéhat suppression of the cytptoxie responsegat
dsy five pf culture was actually due to a‘shift.ih,time course‘wich'
peak cytotexicitp eccurring at an earlier rime. \We therefore examined
the kinetics of the development of CTL 1n the prese¥ce -of suppressor
cells. Irradiated CBA anti-Balb/c first step cells were added to a
second MLC and after a given‘peried of incubation (1,2,3,4,5,7 days)
.the cultures were assayed for the presence of cytotoxic sctivity. Figure
4 shows that the peak of the cytotoxic response occurred at day five
and that the addition of 106 irraﬂiared cells from firse step cultures
completely suppressed the,response at all times tested. 'This‘indicstes

that the»suppression we observe 1is not due to a.shift'in the kinetics

of the cytd&oxic‘response.

: Anti-Balbk Cytotoxic Anti-C3H-SwSn (H-2")
l ' ' _Respomse " Cytotoxic Response

PERCENT SPECIFIC LYSIS

R l |
% ‘0% *_ :
FRACTION OF THE CULTURE ASSAYED _ S 3
R ‘

Figure 3. Generation of antigen—specific suppressor cells./ After tﬂree-

days in culture, CBA (H-2 ) anti—Balb/c first &tep cells were irradiated
L3
and added, as 1ndicated to second step culture prepared wa; 5x105 CBA
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Figure 3 cont'd.

: Lé responder cells and l6x106 irradiated Balb/c (H—Zd) spleen stimulator
cells or 16x106 irradiated C3H+SwSn (H-2 ) spleen stimulator cells.
After five days in ‘culture, the cytotoxic response was assayed on the
corresponding 51Cr-labelled target cell: Anti-(H-Z ). response was
assayed on P815 targets, spontaneous release = 829 * 116 cpm, detergent

_ release = 8253 t 478 cpm; and anti\h—Z ) response was assayed on El4

- targets, spontaneous release = 1547 + 95 cpm, detergent release = 12269

t 639 cpm.  @—@ No first step cells .added; QO——O 106 first step

cells added;’ EJ-_CJ 104 first step cells added

40—
\ [
m : “—'1- ‘ \
3 - 30
>
U 3
@ 20— _
) ‘ .
W
a
% 10—
’e.

T T
b2 3 4 s e 7
| DAYS OF CULTURE

1

3 Figure 4. The effect of suppressor cells on.th kinetics of the cyto- :
toxic response. Second step cultures were incubated with ( []L—{J ) or
without (C)_..() ) irradiated CBA anti-Balb/c¢ suppressor cells. After

the indicated period of incubation, the cultures were assayed for the
presence of cytotoxic activity. Second step cultures were prepared'in
microtiter trays where 5x105 CBA responder cells, lxlO6 irradiated ' )
Balb/c stimulator, and lxlO6 first step cells were added per well. The
results are expressed as the mean cpm standard deviation of six repli- '

P

cate cultures.

s

Nl
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3) Suppressor cells are T cells

CBA anti Balb/c cells, harvested on day 3 from a first step cultnre,
were treated with either anti-6 serum and complement or NMS and compile-.
ment. The cells were washed, resuspended in culture medium and ‘added
spleen cells. The suppressive effect of- the cells from first step
cultures is abolished_by treatment with anti-6 serum and complement,
as shown in Table II. In contrast untreated and NMS treated first
step cells significantly suppress the generation of CTL.

4) Absence of an allogeneic barrier to suppressive activity

Further studies demonstrated that the suppressor activity 1s not
allogeueically restricted. ' The results in Table III show that CBA(H—Zk)
.anti-Balb/c first step cells suppressed the anti-Balb/c cytotoxic re-
spoanse of allpgeneic'C3H{San (H—Zb),lymph_hode‘responder cells as
effectively as they suppressed the response of Syngeneic CBA responder
cells to Balb/c alloantigens. This indicates'that the suppressive o
_ractivity of first step cultures does not require H-2 compatibility be-
tween responder cells and suppressor cells. } | ‘ ‘

5) Kinetics of development of'suppressor cells

During in vitro generation, CTL reach a peak level after five days
‘rof culture (Figure 5). In view of this, it is possible that the sup- -
pressive effect of irradiated cells from 3 day flrsf‘step cultures could
be due to the appearance eﬁ cytotoxic cells in these cultures. An experi-
ment was designed to determine whether‘Fuppressor T cells and cytotbxic
T cells are always geuerated,under the @ame conditions.v First step cul—

- A.'.:_f’ ‘ ’/ /
f'nsecutive days 'and the cells from these cultures

: ttures were set up on

were then was » lrradiated and tested in two ways: (a) to assay for

4



Table II. Anti-@ treatment of cells from first step culture

g | /

Cytotoxic response

‘ Experiment 1 Experiment 2
Irradiated . Culture dilutions ’
first step culture 1/10 1/30 ] 1/60 ’

1. - 4260 + 1432 2545 ¥ 44 2006 +-9.4 7203 t+ 389
(33.4)b (15.2) ©(9.4) (64.8)

2. untreated ¢ 1250 £ 9 1219 + 52 N.D. 2262 t 588
: (1.3) _ . (1.0) ‘ (12.1)

3. anti-6-treated 3409 ¥ 174 2033 + 60 1545 * 89 7432 ¥ 393
(24.4) 9.7) ‘ . (5.6) (67.4)

4.  NMS-treated . 1332 ¥ 2.2 1295+ 1.8 1058 * 63 2598 * 220
(2.2) (1.8) ‘ (0) (15.7)

5. . untreated® = 1117 + 34 1162 + 19 1218 t 17 1300 + 425
. (1.9) (1.0) - (0.6) (1.0) .

CBAvanti—Balb/c‘first step cells were treated ﬁith either anti-6 serum and
hcomplement or NMS and complement and the equivalent to 10?/raft or 3x105/we11
untreated cells were added to second step cultures. In Experiment 1, second
step cultures were prepared in acrylamide rafts in tripiicates. In Experiment
2, second step cultures were preparéd with 3x105 CBA lymph node cells and
1.6x106 irradiated Balb/c spleen cells in microtiter trays. Cell recovery
was 6x106‘cells/ml untreated, 5.4x106 cells/ml NMS trea;ed, i.leO6 célls/ml

anti-0 treated, \

8 mean cpm t S.D. of six replicate cultures
b .
X specific lysis

spontaneous release: 1124 % 140 cpm

detergent release: 9876 * 845 cpm

€ no responder cells added, irradiated first step cells were cultured with -

irradiated Balb/c stimulator cells only
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velops at day three and persists through days four and five. A’high level
of cytotoxic activity was also detected as early as day three (Figure 5b).
These observations were consistent with the interpretation;that-suppressor
cells are cytotoxic cells. We decided to teét this hypothesis further by

examining whether or not ‘suppressor activity could be dissociated from

cytotoxic activitv by other methods. - S

100 ) i 100_[ (b) S
4 - . |
ﬁoa 80—- Q
2 2 .
£ =
A 9
e =
z &
cLz) v
g_-' b4
‘ o5 1 . 3
DAYS OF CULTURE VIABLE CELLS x 107

Figure 5. Relationship between time of culture incubation and the de-
velopment of supps;asbr cells. ‘First’ step cultures were. prepared w(fﬁ
3x106 CBA lymph node cells and 5x106 irradiated Balb/c spleen cells
After a given period of incubation, the cells were irradiated and divided
~into twa parts: onme part was assayed for suppressor activity, Figure S5a,
vand the second was assayed immediately for cytotoxicity, Figure 5b:
O—0O 2-day first step culture, &—4A 3-day first step culture?

E}-—{] 4~ day first step culture,cj___{j S5-day first step culture.
spontaneous release = 710 54 cpm, detergent release = 8305 * 523 cpm.
N

(a) % suppression is calchated as:

Z specific lysis of experimental group
b4 specific 1ysis of positive control = (65.4 + 2,5%)

100 =

5 TR NSRRI

FeR)
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6) The effect of in vivo treatment with hydrocortisone on the sub-

5\ .

sequent in vitro generation of suppressor cells and cytotoxic cells

treated responder cells. In general, cultured normal spleen cells had

o

First step cultures were epared with spleen cells from cortisoné—~

treated and normal CBA mice, After three days, the cells were harvested

washed irradiated and divid d into two parts. One part was added to a

\
second MLC to assay suppressor activity,and,the'second was tested for the

presence of CTL. Figure'6(a) shows the cytotoxic aCtivity of cells, from

three—day first step cultures set up with either.mormal or cortisone- “;m

-

8-10 times more cytotoxicity than did cultured cortisone—treated spleen

~

cells. The suppressive effect of these two cell populations was measured

-

and the results are shown in Figure 6(b) Irradiated first step cells, in )

the numbers indicated derived from cultures of normal spleen cells were

«

able to’ completely abrogate the response in the second step cultures. In

..

contrast, the first step cells derived from cultures of cortisone-treated
spleen were unable to suppress the response at any cell nimber tested 1~ 20
xlO per culture) /It is reasonable to' compare for Suppressive activity of

those cell numbers from the two kinds of first step cultureSxthat have

cOmparable levels of cytotoxicity. For example, lxlO6 cells from cultures

of cortisone~treated mice and 1x105 cells from cultures'of normal spleen

i

each exhibited 32-35% cytotoxicity and yet had very different efft:fs on
the generation ofeCTL in the second MLC.- Whereas lxlO5 first step cells

of normal mice completely suppressed the cytotoxic response, 1x106 cells

- from cultures of cortisone—treated spleen slightly enhanced the response.u

.This observation suggests that suppressipn is not due to the cytotoxic

~

activity of the tells from first step cultures.

»
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(a) _FIRST STEP CULTURE (b) SECOND STEP CULTURE

-
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a Figure 6. Effect of cortisone treatment on the generation of suppressor
Al .
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~
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cklls. First step cultures were prepared with CBA respondet spleedbcells

/

from cortisone-treated mice (three days after treatment with cortisone)

ra ¥

and irradiated Balb/c stimulator spleen cells. Similarly, éirst step
1
cultures were prepared with CBA responder spleen cells fromxnormal mice

and irradiated Balb/c spleen cells. After three days invculture; cells.
: : AR :

~>

wereiirradiated and divided into'two parts: one part was a§sayed for ‘ -

-

cytotoxic activity (a) and the setond was assayed for Suppressor activity

on the generation of CTL (b). | ] _ '% ¢

(@) .I———{] normal spleen,.C}——{j cortisone—treated spleen.

(b) Second step cultures were’ prepared with 5x105 CBA lymph node responder

cells and 16x10 irradiated Balb/c spleen stimulator: cells in poly-
- ‘acrylamide rafts. These were cultured with first step cells either
from normal spleen, closed symbols, or cortisone treated spleen, open
" symbols; (epy B 2x10° ;O , @ 1xw05; AN .=A.,5x10v6 0. .
1x107). Second step cultures were also prepared without first step
cells, ()——-FC) + .Spontaneous release = 518 t 67 cpnhfdetergent
release = 5109 * 226 cpm. ‘ s

Bl
-~




One could argue thet'cortisone treatmeht Increases the ability of
spleen‘cells to generate helper cells which then overcome the activity
of the ouppressor cells generatéh in the same cultures. This‘Lnterpreﬂ
tation is supported by the fact that cells fromycortisone—treated gpleen
whenicultured generate helper cells whlch are most‘effective at the |
lowest cell number added (lxlO5 per culture, Figure: 6) Such an inter-

F

pretation allows us to predict that cells from first step cultures which

L

were prepared from cortisone treated mice, upon mixing with cells from
first step cultures of normal spleen; should reverse the_ability of the
\latter to suppress the generatiou of CTL. This possibility was tested
in the following way. First step cultures were prepared with CBA cells
from either cortisone-treated or normal spleen and irradiated Balb/c
spleen cells. Cells from each klnd;of first step culture were tested
for (a) the presence of CTL and (b) suppressor cell activity. Different
uuubers of cells from those cultures of spleen cells derived from corti-
sone4treeted mice were added to a eecond.step MLC, -either alone or'mixed
with a varying number of cells from first step cultures of normal spleen..
The results from e representative experiment are shown in Figure 7.
Firet step cells from cultures of cortisone treated spleen, which had cyte-
&( toxic activity, failed to suppress the generation of CTL in the second
culture (groupn.l.b, c, d). In contrast'.a similar number of cells from
fitat step cultures of spleen from normal mice.inhibited the generation
of the cytotoxic response.“Cell numbers of lxlO6 and 3:105 from normal
first step cultures stronglyosuppresoed the cytoﬂoxic‘response (groups
. 2.a, 3.a);-vhereas'cell numbers of 1:105 and 3x104 werefweakly suppressive

(groups 4.a, 5.a). A lower cell number of lxlOa had no effect on the

generation of CTL (data not shown). The addition of first step cells from

o«



cortisone-treated mice, in thék numbers;indicated; failed to reverse the
inhibitory effect, however weak, of normal first step cultures on the

generation of CTL (Figure 7, groupsi2-5.b, c, d).
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Figufe 7. The effect of first sceb cultures“from cortisone-treated mice
on suppressive activity of first step cultures from normal spleen. Three
day .CBA anti-Balb/c first step cells from cortisonertreaCed mice were ,
added to second step cultures, either alone or mixed with various numbers
of CBA anti Balb/c first step cells from normal spleen. Second step cul-
tures were prepared with 3x10S CBA spleen responder cells and 1x10
irradiated Balb/c stimulator cells in microtiter trays. The values repre-
sent the mean % siandard deviation of six replicate cuLtures.\ sp&ntaugOQS‘
release = 537 1 60 cpm, deter‘sgt release = 4427 % 179 cpm. . i

I. cortisone-treated spleen x 10~



Figdre 7 cont'd,

II.‘ normal spleen x 10_5. Irradiated controls, cultures withuirrsdiated
first step cells and irradiated stimulator cetls only, were always
negative. | v

Cytotoxicity of three day first step cultures:

4 specificflxsis

-~ normal cortisone-treated
" 3x10° 75.1 37.0
1x10° 46.7 14.5
5x10° 23.8 7.3

spontaneous release = 733 t 39 cpm, detergent release - 7207 + 179 cpm.

7) Mechanism ot action of suppressor cells

In the analysis of the specificity of recognition and the nature of
interection of suppressor cells, two broad possibilities can be disting-
uished. Efther (1) physical 1linkage oﬁ.determinants recoénized by the
suppressor cellqand the killer precursor cell 1s required for suppression

or (2) physical. linkage of determinants is not required The first pos-

sibility predicts that suppression of the generation of cytotoxic cells

w}ll ‘be effective only if the determinants recognized by suppremsor cells

are linked on one physical entity to the determinants recognized by re-
sponder cell precursor. ‘The second ﬁredicts tnat suppression will'occur‘
if the determinants recognized by the snppressor cells are on a different
cell from those recognized by the killer precursors (third party effect)

In order to test which of these possibilities is correctz the following

El

-experiment was performed CBA anti-Balb/c suppressor cells from a first

step culture were added to second ‘step cultures prepared'witn’CBA spleen

‘resnonder cells and either Balb/c (H—Zﬁ), C3H. SwSn, orb(Balb/c xAC3H-SwSﬁ)J‘A'

L 3

F1 hybrid spleen stimulator cells. These cultures were assayed for cyto- _
toxic activity against target cells bearing either H—Zd or H-Zb'antigens.
If the first possibility is correct, anti-Balb/c suppressor cells will

inhibit the anti—H—Zb response only in the‘presence of Fl cells bearing
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both the H—Zb amd H—2d antigens. Igyﬂhe second 1is correét, then the anti—H-2b
response will be suppressed in both cultures containing a mixture of
C3H:SwSn and Balb/c and cultures-cbntaining‘the Fl stimulator cells.

These experiments show (Figure 8) that in the presence of irradiated CBA

. / . .
. anti-Balb/c suppressor cells the anti—H-Zd response was complete}y sup-

pr f (Figure 8.a, group 2), whereas thg anti-(H-Zb) response was not
affected (Figure"S.b, géoup 2). Furthermore, the cytotoxic response tz
both'H—Zd and H42b alloantigens was s&ppfesSed/iﬁ thé cultures to which
(Balb/évx C3H-SwSn) F1 hybrid stimulator cells were added (group 4, |
Figures 6a and 6b). On the other hand, only the ahti—H—ﬁ? cytotoxic re-
sponse was effidiently‘inhibited in°those cultures to which a m1§ture of’,
irradiated Balb[c énd C3H* SwSn éplqen stimulator cellﬁ was added, wherea;

the anti-H-Zb respohse was unéhanged (groﬁp.6, Figures 8a and 8b). These

» * '
results are in accord with the hypothesis that suppressor cells are highly

specific and are effective in suppressing a response only if the target

antigen, against which the induction of?the cytotoxic response is suppressed,

is physically linked to the targetlantigén for which the suppressor cells

»

are specific.
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Figure 8.- Suppressor cells and responder precursor cells recognize
physically linked determinants on the stimulator cells. CBA anti-Balb/c
first step cells were added to second step cultures prepared .with 3x105
CBA responder cells and 5x105 irradiated spleen stimulator cells of !
different ‘H-2 haplotypes as indicated After five days in culture, cyto-
toxicity was assayed on ‘P815 (H-Z ) target celis, Figure 8a, and EL4
(H—-Z ) target cells, Figure 8b. This’ experiment was repeated'twice in
microtiter trays and twice in polya:crylamide‘ rafts and similar results
were consistently obtained. D no first step cells added, mfirst \
step v“cells added. P815: spontaneous release = 1193 87 cpm, detergent
release = 6653 * 271 cpm.. EL4: spontaneous release = 1679 * 79 cpm, o

a

> detergent release = 7851 * 162 cpm.

v .
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| Chapter IV. Discussion

\The observations ¥resented here show that irradiated CBA anti-Balb/é
‘?ells frbm three days firsgvsteé cultures, upon transfer to a sec&nd MLC,
!have an immunologically spec;fic suppressive effect on the inducéion of
the anEiQBglb/c cytoto*ic respdnse, Treatment of these cells with anti-6
Qndrcomplement abrogates their suppressive effect,‘confirmihg the T qeil
‘de;endence of the inhibitbry cells. 1In addition, anti~Balb/c first step
cells can inhibit the induction of,CTL,by,cel;s bearing a different 542

' haplotype from that qf the suppressor cglls. |
The natureloﬁ-the suppressive effect of first step‘;ultures'oﬁ the
\/"\) 'gene?ation qf CTL demands a c;it;cal discussion. We have sﬁown that the.
( ' sﬁppression of £hé cytotoxic response which we observe at five days of
culturé is notfdue to a shift in the time required for the generation of
peak cytétoxicity in éecbnd step cultures. Fitch et al. (52) havé‘sug-
gested~th§t‘the suppression of the cytotoxic response’cou1§~be due to
_fgliminétion’of'stimﬁlator cells in the second éultur§ as a resylt.of
\anti—sgimulgtor cell cykotoxicity generated in first step cultures.
The observatioﬁ_that.fipst step éultures have high levels of'anti-éiimﬁ-
lator cell cytotoxicity (Figure.S) is consistent yith this hypothesis{ _.J
'fﬂowevér, studies by Hirano an@ Nordin (54) on the cortisone sensitivity
of suppressor cells led to Qur.obéervation whi;h indicateé thg;lfirst
step cells from cortisone-treated miéevand firstlstep cells from normal
Vsp}eeﬁ, at cell numbers efhibifing qomparable levels Of-cytothicity, .
differ.mafkediy:in their ability to suppress the.iﬁduction of CTL (Figure

, 6); This observation is, at face value, inconsistent with the hypothesis

. that suppressor cells are cytotoxic T cells. However, méintaining the

50
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assumption that suppressor cells are cytotoxic cells, a differenf*inter?
pretation of this observation is feasible. One could argue that suppressor
cells are invfact present in first step cultures from cortisone-treated
micefhut the expression of the suppressive activity'could_have been over-
come by other effects induced in the same cultures. For example, cortisone
treatment ig_!ivg could have altered the balance of lymphoid cell popula-
, f
tions within the animal by creating an environment with a high level of
helper cell‘precursors. As a result, the helper effects of cells from
first step culturesdof cqortisone-treated spleen may be doninant over the
suppressive effects. Ifwsuch a dominance nere possible in this system,
then we would predict that first step cells from cortisone-treated
animals should reverse the inhibitory activity of first step cells from.
'cultures of normal spleen. This prediction should apply particularly -
to situations where the suppressive effect of first step cells of normal.
spleen is very weak.. However, the results shown in Figure 5 indicate that
“ this is'not the case.” In fact, even in the face of weak suppression,
first step cells from c?rtisone-treated spleen did not influence, in any
way, the suppressive effect of first step cultures from ‘normal spleen.
.Thus we can conclude firstly that first step cultures from cortisone-
treated mice containfno elements capable of interfering with suppressor
cell activity. Therefore, the lack of suppressive activity in these cul-
tures is due to the absence of suppressor cell precursors in cortisone-
treated spleen. Secondly, first _step cells from cortisone-treated splee
'have a high level of cytotoxicity but no- suppressive activity on the
vgenerationvof.CTL. Taken together, these observations support-the con-
o \

clusion that suppressor cells and cytotoxic cells are different_cell'types, 3

Further evidence of the fact that suppressor cells and cytotoxic‘cells ‘
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are separate cells coﬁes from studies in vivo by Wagner et al. (50).

In their systenm, én the basis of cell size, supﬁressof cell precursors
Jwere clearly separable from,cytotoxié‘prepursor‘cglls. Furthetmore, pre-
killer cells did not have a suppressive effect upon the generation of CTL.

+ The experimental results show that suppressor cells act by linked

associative recognition. That 1s, suppressor T cell-precursor T cell

interactions occur by"a;Ebllébbrative’mechanism analogous to, T-B cell

-cooperatioﬁ involving linked recognition of‘thSically associated‘carrier

iénd haptéqic determinants on the stimulator cell. ' Evidence from a large
number of;éxperiméntal models of both humoral and cell-mediated immunity
indicates thét both positive (helper) and:neg#tive' (suppressor) ‘regu-
latory effects require recognitioh of ét least two determinants on the

same antigen (46, 75, 76). One determinant is recognized by a ﬁrecursor ’

“cell-and the other is recognizéd'byja regulatory celi or its product.
This reqﬁirement for an aﬁtigen-bridge allows regulatory signals to be
delivered at short range,‘for example via telllté cell contacf_or by
short—livedvsolgble factors} so_that ohly pfecursor célls binding the.

appropriate antigens are either specifically induced or suppreséed. The -

-

consequences of a long-range regulatory signal, on the other hand, are

\

‘best seen by<¢onéidering practical possibilities. In the case of positive

L)

-regulatibn, if induction were to occur via a long-range faétqr,‘then:its
acfionAwould no loﬁger.be gpecific. Under Ehese_conditians, one,would‘
expeét preéuzsorbcellsfwhich wonidinormally be paralyzed on binding to-
self compbnehté (68) to be activéted with the result ;ﬁat autpimmuﬁity
would be induced. Similarly, in tAe case of negatfve regulation, if a ..
long-range inh;bitory sigﬁal were to eiist, benefitial immune reSpoﬂses{

would be nonspecifically suppressed. If suﬁpressors act via a short-range
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inhibitor, then“sdppression of antigeneically irrelevant immune responses
would be avoided. Bretscher (68), in his theory en immune class regula-
tien, has predicted that suppressor cells must act by the asgoclative
recognition\of antigen and experimental evidence in suﬁport of this pre-
-diction has now been reported. Ramshaw et al. (46) and Buliock et al.
(76) demonstrated that antigen specific immune T cells were able to
suppress the delayed-type hypersensitivity reaponse to another unrelated
antigen, provided these antigens were physically linked Similarly, our
observations show that the suppressive effect of irradiated first step

\

cells‘on the geqeration of CTL was dependent on the manner in which the
two alLoaetigens were presentedl CBA anti-Balb/c first srep cells effec-
tively sdppressed the response only to Balb/c alloantigens in dultures‘
where mixtures of irradiated Balb/c spleen cells and irradiated C3H-SwSn
spleen cells were used as sti;uiator cells. The eytotoxic response to
both alloantigens was suppressed in cultures where irradiated (Balb/c X
‘C3H-San)‘Fl»hybrid spleen ceélls were used as stimulator cells. This -
suggeste that, to be effective, suppressor eells dust specifically |
recognize determinants that are physically linked tbLthose determinanrs
recognized by responder cell precursors. Theéeq;esults strohgly confirm

.the antigen specificity of -suppressor T cells. - A

-~ - '9‘7‘:. A | ‘ ‘.‘
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Chapter V. Summary

The main 'conclusion from these experiments is that the antigen
specific suppreesor T cell previously descrlbed by others which inhibits
the induction of cytotoxic T lymphocytes is not itself a cytotoxic T
cell. ‘Suppressor cells were generated by incubating lymph node or‘spleen
cells from normal CBA mice with x-irradiated Balb/c spleen cells in a
first step culture.‘ Three days later, the cells were harvested washed,

. x-irradiated, and added to a second mixed lymphocyte culture to measure
suppressive activity, A

Suppressor cells are not cytotoxic T Célle as cells'from first etep
c;ltures of cortisone-treated mice displayed high“cytotoxicity but had
no suppressive effect on the generation of killer cells. It was further"
deuonstrated that these cells failed to influence in any way the suppressive
effect, however weak, ot cells from first step cultures of normal spleen.
These observations are difficult to reconcile with the hypothesis that
suppression is due to the_&llling of the stimulator or the responder cells
in the second step culture by cytotOxic T cells. We therefore favor the
view that the suppression obsetved ln this system is due to a reguletory’
signal different from cytotoxicity..

The_suppreseor T celle described here act by linked.associative recog-
"nition of antigen.' lhat is, suppressor T cells only inhibit the induction
ofla precursor cytotoxic T cell in the presence of an antigen to which
both the precufsor cell and the suppreesor cell can bind. In this sense,
suppressors act in a manner analogous to helper T cells in f-ﬁ cell
cooperation; carrler‘specific helpet T cells only enhance an anti-hapten“_
Blcell resoonse in the presence of haoten-cafrier conjugate, - Similarly,

-

54
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ailoantigen a (carrier)-specific suppressor T cells only inhibit allo-
antigen b (hapten)-specific cytotoxic responses in the presence of (axb)
Fl stimulator cells (hapten—carrier conjugate), not in the presence of a

\

mixture of parental stimulator cells (§\+_E).
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