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also play a key role lp a complex network of

o
,1mmunoregulatory 1nteractlons whlch are both p051t1ve

‘characterf'These observations.raise OnefOf'the mOSt o

llmportant questlons in cellular 1mmunology. Namely. Does

vthe helper,;suppressdr and cytotoxic T cells.:f

y

‘Abstract -”ﬁ 5;/
¥ .
Thymugrderlved lymphocytes (T cells) part}c1pate 1n as

B

varlety of 1pmunoroglcal effector fhnctlons. They are }».'r

v . ‘ : . _U,',»w... TR |

ﬁrespon51ble for the' generatlon of the lytlc actlvaty in a«-
.mlxed lyvphocyte culture, the development of delayed type

.'“,hypersen51t1v1ty and the rejectlon of allografts. T. cells

-

(helper effect) and,negatrve (suppressor,effect) ln:

e

thlS glver51ty of functlonifeflect heterogenelty 1n,the‘T
cell populatlon° The present studles a1m to 1dent1fy thei

blqloglcal-propertles and;the_phy51cal character;stlcs,of

—
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7 . .CHAPTER I

[

CUE RS T T - TR e .
’-..Regulatoryzactiyity of’thymquderivedi(Ty'Cells‘

A Introductlon *jJ{”j' “fjg Q;'.;ﬁ”’ N

j Ev1dence to date suggests that T cells play ‘a cruc1al

regulatory role 1n the 1nductlon of both humo al and

r

Vfﬁcell medlated 1mmune responses. ThlS regulatory actlv;ty

could be v1ewed ‘in algebralc terms as be1ng elther p051t1ve -

or negatlve. P051t1ve regulatlon leads to 1nductlon and’vv'

=

-negatlve regulatlon results 1n unrespon51veness or

i mmunosu ppre SSlOl’l. o

funct%on attrlbuted to T cells (1). T cells that functlon 1n‘

:'thls manner came to be knovn as "helper" T cells. The.

The cooperatlve agt1v1ty (p051t1ve regulatlon) of T

"cells 1nvolved in the development of antlbody and

‘cell medlated 1mmune responses was the first regulatory

1

'iQilmportance of helper T cell act1v1ty 1n the productlon of

antlbody responses uas best dramatlzed ‘in the hapten—carrler

[

: ;cell transfer studles of Mltchlson (2 u). He. demonstrated

hthat the 1nteractlon of T cells Hlth antlgenlc determlnants

['on the carrler molecule led to the productlon of antl-hapten

\.

41ant1bod1es by B cells. ThlsigbserVatlon has been conflrmei

and extended by Paul (5) and 'Katz and Benacerraf (6).

;Slmllarly, helper act1v1tz is also requlred for the'

-

generatlon of cell medlated 1mmun1ty. Gentor et al.:(7);ﬁ'

demonstrated that tvo dlstlnct populatlon of T cells,'termed

DA

1-‘., S



L.eieffector and ampllfler T cells, 1nteracted synerglstlcally

o

[

*11n the developmemt of graft vs host reactlons 1n the mouSe.
fqulmllar observatlons were reported by Wagner (8), Cohen and‘

'H0ﬂe~?§), Pllarskl (10) and Bach et al (11).vMore recently

,\

Negatlve regulatory mechanlsms or 1mmunosuppre351on,
are part of a homeostatlc and self monrtorlng 1mmune system.

That 1s, ecognltlon of antlgen not only stlmulates the

-,prollferatlon and dlferentlatlon of: responder cells but also“”

-

””stlmulates the generatlon of SpelelC 1mmunosuppre551ve
;effects whlch appear to 1nh1b1t the 1nductlon of 1mmune"

"responses or to modlfy an ong01ng response. Thesef

e

»flmmunosuppre551ve effects coﬁldlbe medlated by clone
,-//f“\ Y,

; 1nact1vatlon or deletlon,'negative feedback by antlbody or

.-antlgen antlbody complexes,’actlve suppressron~by]cells, andjif

antl receptor antlbody.,Clonal deletlon was postulated by
'Burnet (13) as a worklng hypothe51s for the malntalnance of‘}
'_self—tolerance. He suggested that newly dlfferentlateq
1mmunocompetent cells vere destroyed or rendered 1ncapable
of multlpllcatlon, when they recognlzed and reacted Hlth
‘antlgenlc d@termlnants of self components. ThlS theory has,
recently become a. subject of debates and varlous cr1t1c1sms
d:by many 1mhunologlsts who favor a mechanlsm vhereby spe01f1c :

immune cells exist whqse sole functlon is to malntaln the.

anespons1ve state 'against self—components. Further_u




4

o .
C el

dlscuss1on of thls subject is- beyond the scope of this
(the51s and therefore wlll not be pressed here. Also,

arguments that antlbody, antlbody-antlgen complexes and
. A
'»antl receptor antlbody have: 1nh1b1tory effects has been

extensively reviewed by Uhr andfﬂoiler (1&), Playfair (15),

‘;.r‘\

Rajewsky and Eichmann (16) , and Dlener (17),

Evidence which's@égests thattlmmunosuppqéssive effects

could be attrlbuted to supressor T cells has. accuﬂulated
only recently. The concept of suppressor T cell act1v1ty in

immine responses was introduced, gnd v1gorously champlonei F

: by Gershon -and Kondo (¥8,19). They observedvthat'the

i

- . - . n 'a" Lo ; g
‘unresponsiveness ofi B cellsxfnwthymectomrzed, 1ethally§

. irradiated and bone marrow reconstituted adult CBA mice was -
.dépendent onuthe presence of T cells?«The pretreatment of

% 13 k]
.borne mar row reconstltuted mice with SRBC in the absence of f

k34

cells had no 51gn1flcant effect on the ablllty of thymocytes
3

3

FEN

to reconstltute the anti- SRBC antlbody reSponse. On the

g
S other hand, mice which had been reconstltuted with 'a small

' !
- number of thymocytes at the time of bone marrow

~!.‘
-

reconstltutlon (prlor to - the antlgen injections) were

w

markedly impaired in their ability to make anti-ﬁRBC'
antibodies. Following‘these studies, a number of suppressor

cell phenomena were described, In each case, a common:
B

property of - suppressor cells is that one cell populatlon

’

© yi11 1nhLb1t the responsef or functxon, of a second cell

Ly

'Jpopulatlon in an in vivo cell transfer or in 1;;

| e . — - e

experlment. The majorlty of the 1nh1b1tory cell populatlons



.

observed are anti-theta serum-sensitive, confirming the T

céllfdependence of Suppressor activity. Furthermore,

depending on the mode of action, the suppressive}effeCt'can
. e

be either antlgen specific or nonspec1f1c.

The fact that T lymphocytes functlon as effector cells

immune responses raises one of the most important questions

4

iﬁ cellular immunology; namely, are these functions mediated

by one subseti;br different subsets, of T cells? In other

words, %oes this diversity‘of function reflect heterog'neity
in"the_;pcell population?'h convenient model:for exp orihg
the nature of the dlvision of laborlin the T cell
compartment is the in vitro generatlon of cptotoxic T cells.
This system is very well characterlzed in the llterature |

(20~ 22). Furthermore,,T cells whlch can elther help or

'suppress the 1nduct10n of CytOtOch responses have also been

I
reported (23—30).'However, the nature and mechanism of the

regulatory interactions which lead to the induction of .
immune effector functions$ in .these systenms remain somewhat

obscure., The present studiesvaih to. characterize the

relatlonshlp between suppressor cells and helper cells andr i
- : ‘5_ "

the relatlonshlp between suppressor cells and cytotox1c T

A

cells. | - St

in cell-medlated immunity and can suppress, as well as help,

/=



B;fReview of the Litératnre

Thenoharacﬁerization of é,particular cell.type de penis
on the tools available for the\isolation.and the
1dent1flcat10n of thlS cell type as defined by 1ts function. -
The Ly alloantlsera are some of the most useful éﬁols which
allow separation and characterizatipn of distinct subclasses

-

of T cells, and pefﬁit definitive studies of the cellular
mechanisms underlying T cell'regulation. These alloantisera,
.originaLly developed by Boyse and colleagques (31,32), define
a panei of cell suerEB;markers,“called(Ly antigens, found
on lymphoid”ceilé. Several‘offtheée Ly antigens have been
identified. Some of these éntigené afe exclusively expressed
on T cells, some on B cells and others on B. and T cells.
This review will concentrate on thqsebantigens that are
_fo;%d on ‘T célls and I~shai; adheréito the current B
terminoloéy in describing them,

Originally, Ly 1, Ly 2 and Ly 3 specificities were
descriged. Genetiq studies gaGe’shown that each of thése
specificitfes is determined by a genetic locus and each
locus ié expressed as one of two alternative'alieles. The Ly
1 alleles are Ly 1.7 and Ly 1.2 which code for the Ly 1.1
and Ly 1.2 antiéens, respectively. Likenise, same |

terminology applies fof the Ly 2 and Ly13 loci. The Ly 1
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b AT

locus has been located on Chfomosome 19 and the Ly 2 and Ly -
3 loc1 are closely llnked on chromosome 6 (33). Most

4

recently,,new Ly det%rmlnants have been identified, Ly 5 -
(3“),.Ly 6 and Ly 7 (35-37). Ly 5 appears to be restricted

to T lymphocytes whereas LYy 6 and Ly .7 Squ.to be more

widely distributed (36,37). However, linkege studies thms- -
far have not yet identified thehghromosomal loci of;hhese
specificities.

Much excitement has developed recently in view of
accumulated ev1dence that the selectlve expre551on of Ly
antigens on T lymphocy*es is assoc1ated wlth the
immunological functlon of these lymphocytes. Using
alloantisera raised againsﬁ these spec1f1c1t1es, Cantor and
Boyse (38) suggested that on the basis of the distribution L 3
of hhe ty antigens, thy 1* cells can be further divided:into
three subclasses as followsﬁm(a) ly 1,2,3+, «(b) Ly 1+, and
(c) Ly 2 3+, Ontogenic ana1y51s revealed that while Ly 1%+
and Ly 2 3+ cells are resistant to the short- term effects of

dulﬁ‘thymectomy, Ly 1,2,3* cells are sensitive to hhese e
ffects. This suggests that Ly 1,2,3%cells. develop earlier: B ">
in ontogeny than Ly 1+ and Ly 2,3+ 'cells, or are
Y

short-.ived., Furthermore, the authors demonstrated that

depletion of Ly 1+ cells abollshed ‘the subsequent helper

~ oy

;»éChivi*y to SRBC in adoptive syngenelc 1rrad1ated hosts. on

the other hand, depletlon of Ly 2,3* cells abollshed the

generation of cytotoxic lymphocytes both in vivo, in : A
I ' '

irradiated F1 hosts, and in vitro in 5-day MLC. The

3

et T T e



v

vconclu51on from these studies and others (as Hlll be v
{

discussed. below) 1s/tbat the Ly dntlgens could serve to

1dent1fy different subclasses of T cells where each subclass

displaYs‘a unique set of blologlcal propertles and inmune : é

functions.

I
_—

4t

2. Evaluation of the Lxlslstgg "

The anti-Ly antisera currently most used are produced

Aln congenlc mlce. The B6 mouse 1is preferred to any other
A

‘straln because a larger number of congenic lines are based
“ L8 o .

on B6. This prov1des the 1nvest1gator Hlth a greater

selectlor oﬁ stringent serologlcal controls to he 1ncluded

v

for the evaluatlon and 1dent1flcatlon of tgg anti-Ly
1_‘ .
antiserum in questlon (39). The only disadvantade of thls ' fj* ’ o

system is that immunization between congenlc partner'

‘strains, le.e. strains which are~genetically jdentical to B6~
except for the Ly allele in question rails‘to give rise to _ é
Ly antlbody (39). This phenomenon, howeVer, is not uniqueéto

thelly series. Shen et al._(39) demonstrated that anti-TL

(thymus leukemla‘jntlgen) also cannot be produced under the

same circumstances. I+ is not yet known vhat mechanisn could

account for this observatlon; though a "carrler effect®

mechanism of the type described by Schlermann and McBride

has been rmpllcated (39). Alternatlvely, F1 bybrld

rec1p1ents were: used to produce the requlr;d antl-Ly

'Adspe01f101ty. FoD example, immunization of (BALB/cC X BG)F1

~
' 'rec1p1ents with thymocytes from B6 Ly 1.1 donors to produce



‘ thymocytes compatlble wlth the donor for a11 known

"'antlbodﬂes mlght 1nterfere at the level of " the

.

"antl Ly 1 A antlbodles vas sﬂperlor to 1mmunlzatlon of ‘B6- Ly'
r‘1 2 congenlc mlce wlth thymocytes from the same donor (39).
1Slnce, at 1east 1n the hands of these authors, Ly antlsera,

‘-are prepared by "noncongenlc" 1mmunlzatlon, the use- of f

~

stringent serologlcal controls 1s 1mperat1ve (see below).,w

Another characterlstlc feature of the Ly 1mmunlzatéons

- is’ the 1arge amount of 1rrelevant &ntlbodles whlch are often'

produced.}In one 1nstance,,re01p1ents of allogenelc

erologlcally demonstrable surface antlgens produced

“_Vlrtually nothlng but ant1 thymocyte autoantlbodles;_Thls

antiserum was cytotoxic for thymocytes of all mouse strains
tested and retained little or no activity after absorptlonlk

-

with syngenelc thymocytes (39). Other contamlnatlng

complement medlated, antlbody dependent cytotox1c1ty assay.
In this assay, detection o( surface antlgens depends on the
ablllty of the antibody recognlzlng the antlgen to bind and
fix complement. In this respect, antlbodles of the IgG2 and.
IgM classes are effective uhereas IgGlmantlbodles are not
(40%). Mathieson e _t gl reported‘that most of the presently

avallable, hlghly cytotox1c pools of antl-Ly antlsera

-~conta1n con51derable amounts of non-oytotox1c IgGl 5§£1 Ly

antlbodles (HO). The presence of such spec1g1c1t1es could
block effectlve complement-mediated cytotox1c1ty hence
skewing the sensitivity of the assay. Again, this -emphasizess

the need to include adequate controls for L;fspecificity.

. -——




,i,"' '

e

e

.rec1procal

One of the best serologlcal controls to 1nclude in”

'»experlments de51gned to test for spec1f1c effect ~of the Ly

13_antlsera Vas descrlbed byW§hen et als (39). Thls control

1ncludes the use of cells from relevant Ly congemhc'mlce._

For example, consider the hypothet1ca1 case of "L -x " where S

Canti- Ly X.2 has been produced in- B6 mices If only cells from

Ly Xe 2" anlmals are sen51t1Ve to. cytotoxlc treatment by

antl Ly X.2 but not cells from the congenlc llne B6 Ly X 1
i

then the cytotox1c effect is attrlbuted to the Ly X system.

'Ideally, paraﬂlel results should be obtalned u51ng ‘the

=~
est with ant1 Ly X.1 antlbodles.‘Thls protocol,

howe en, could not be always guaranteed to glve satlsfactory

_results. The authors attrlbuted thls fallure to the then

S .

_‘_insufflc1ent‘characterlzatlon and comprehen51on of the Ly

R

| system.' R ca p,»,':'p' xnf _ '//

One of the most dlfflcult problems that must be dealt
with 1n'the use. of.the Ly system is the one which " '. "

serologlsts~have been fa01ng for many Years. The»problem is

that the cytotox1c treatment of precursor cells ‘with anti-Ly

antisera, which subsequently leads to the 1oss of an

lmmunologlcal functlon,'nay not necessnrlly reflect the loss
of the’ cell type whlch medlates that partlcular function..

’
Thls becomes 1ncrea51ngly llkely,‘eSpec1ally 1n view ' of
recen+ flndlngs concernlng the complexlty of mutual

cooperatlvealhter' tlons among 1ymphocytes in immune

1

responses. Conside » for- example, the assay for the

genleratlon qf CTL. Cytowox1c treatment wlth the ap&oprlate

Q S e B .
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. Ly antl sera was carrled out on cells from normal. spleen.

“ad y

After treatment, thé- cells .were 1ncubated wlth stimulator

- ~

v cells for 5 days. The-results revealed_the absence of'CTL
" from cultures treated with anti-Ly 1 or anti-ly 2. a mlxture
of cells from both treated populations did not reconstitute
the cytotox1c response. Cells treated wlth NMS and
complement responded p051t1vely. However, one cannot
“conclude from these results that the preeursors of CTb are
Ly 1+, Ly 2,3+ (11,&1). Et 1s possible that'the cytotoxic,
treatmentvnas stronclyleffective'in the elimination of ‘an
.aCcessory cell, e.g. helper -cell, the presence of which is
required for thelinduction'of'CTL nrecnrsors, Helper cells
of the type Ly f*,:ry’2,3+ have been described by Swain and
Panfil\ (u2). Thls indicates that theianalYSis'of'such data
S extremely complex and the ev1dence is‘incomplete:‘ﬁore
conclusive results, however, could be obtained if treatment
- ‘was carried out on the effector level. At this stage the

B @

cells are fully differentiated and‘it seems likely that no

" further interactions are required. If killer.effector cells
wvere eliminated by either anti-Ly 1-or anti—Ly 2,3 antasera
and a mixture oficells from both treated popunlations does
not recon31tut= the klller effect it is reasonable.to ,
conclude that the klller effe| or cells are-Ly 1+, ?[;'2 3+,

The probable advantages Ofts system which analyzes effector.?l

cells rather than precursor cells Aare further empha51zed by

-‘rtheeresults 1ncluded in thls volume. 44’

Bl e o . - _ —~

- As . can be seen from the dlscu851on above Hlfferences‘ N ¥
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‘studles, the cytotoxic cells were characterlzed as Ly 1, Ly

o 1M

‘based on the Ly phenotype of various categories of T‘cells

couldﬁestablish evidence for further subgroupings of

\

.fqnctional T-lYmphocytes. The reality . of this -

classification, dépends of course, on the validity of the.ly

typiug'syStem. It is .not possible‘to provide definitive

A

. ol A
answvers, but it seems llkely that Ly cLa551f1cat10n will

g

' become increasingly 1mportant in the unravelllng and

understanding of the multlple and complex mechanisms off

immunoregulation.

/

3. Ih

ID

major I ¢

«Im

11 subclasses
Gz owlng ev1dence in the past decadc has shown tha o n

there are three major subclasses of T ce 1s-\the helper‘“

celly, the cytptox1c cell, and the suppressor cell.

-

Examination of the distribution of Ly antigens on T

.,1ymphocytes suggests that thlS functlonal heterogenelty 1s

- concordant with the diversity of expre351on of Ly surface

markers.  For example,’+he T helper cells are dlStngUlSheﬂ

by .the phenotype Ly 1*,‘Ly 2,3-'and the suppressor cells are
distinguished by the. phenotype hym1-, Ly 2,3; (u3)._In these

U

22} Current 1nformatlon, however,'suggests that these

phenotypes are not characteristic for all mice. On

,superficial.analysis, the emerging picture from these

studles seems to be in a confhsed state. Nevertheless,a
s -

critical analysis of the avallable ev1dence suggests that

each of these subclasses may be further d1v151b1e 1nto'“”

! ’

SRV ATk
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lesser subgroups. For simplicity of dlSCUSSlOD, I shall

~consider each subclass separately.

" a. "Helper T cells | .

0
1]
o

ls'of this subpopulatlon are capable of recognition
of antlgen and the dellvery of helper activity to other

- ;unctlonal cell types. They collaborate in the induction of
t

an antibody response by B cells (2- u f43), the generatlon of

- Cytotoxic T cells§110) and the development. or‘delayed—type

hypersensitivity (4uy, Ly ..plng showed that these cells

possess the.alloantfgen phenotype Ly 1+,2,3~ (43). A number
of>investigators, analy21ng helper act1v1ty in a varlety of'
-experfmental systems, have conflrmed this characterlzatlom
(QS/@G). However, .while géiper act1v1ty spec1f1c for a
variety of antlgens is well characterlzed a number of
complex questlons as to p0551b1e subd1v151ons, the nature of
H- 2_react1v1ty (restrlction) and the mechanism of action are
still unresolved. | |
Tha ablllty of Ly 1 cells to prov1de helper act1v1ty

has been demonstrated for the antibody response to a varlety‘
of antigens. Cantor and Boyse (43) showed that the removal
of Ly 1+ cell byytreatment with anti-Ly 1 antisera and
complement abollshed ‘the development of PFC activity to
SRBC. Helper gemory act1v1ty to KLH was also shown to re51de
almost’ entlrely in the Ly -1 populatlon-ﬁf cells obtalned

from KLH~- prlmed mice (Q6). Ly 1+ cells were also found to be ,

{
’the effectors for helper functlon to streptococcal group a

PRt
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-

vaCCine (u7). These authors concluded that Ly 1+ cells are
‘not only the effectors of helper actiVity, but are already_

I
v

programmed to generate helper function prior to

-

immunization. Whereas this claim might be correct for the‘
helper affector function, these series of observations
hcannot adeguately‘support the concluSion that helper
precursor cells are also-LJ91+. Again,vthis:isla caseiin
point uhere, given the nature of the assay employed, it is
difficult to distinguish between“the precursor and the
effector. The assay is a PFC assay in which the selected ‘T
cell population (i. e. T cells obtained after treatment w1th'
the appropriate anti-Ly antisera) are incubated ﬁithvthe
test antigen (usually SRBC or a certain carrier) for 5 days.:
Under these Circumstances it is pOSSible that, as a result -
of the cytotox1c treatment with the antiserum, a fully

differentiated helper or pOSSibly an "amplifier" function

~has been. eliminated and the helper precursors themselves

have not been touched. The presence of "amplifierﬁ cells, or

' helper cells which express the pheﬁotype Ly 1+, Ly 2+, have
.been.documented by Swain and Panfili (42) and Feldmann et al-
{u5) . In view of these studies, the analYSis of Ly phenotype
of the helper precursor cells becomes increaSingly critical.
Current information suggests that Ly 1+ cells also
contribute the major helper actiVity for the generation of
CTL. Cantor and Boyse (43) showed that although the Ly 1+

.Cells do.not_themselves directly contribute to the cytotoxic

ef fector cell population, they account for the major portion =



of the prollferatlve reactlon 1n mixed lymphocyte culture..
These‘studres also showed that durlng the mlxed lymphocyte
culture cells From the Ly 1+, subclass can enhance the

generation of cytotox1c cells from preklller cell

p0pulation;:31mllarly, the results descrlbed in thls volume-

'(see‘helow) demonstrate that the helper cells requlred for o

al, (u9) conflrmed these results and added that, unlike,Some_’

: the generatlon of cytotox1c T cells from thymus responder"

cells are Ly 1+, } ,

A lymphocyte wlth a 51m11ar’phenotype to the helper
cell but functloplng ln a-dlfferent experlmental design 1sf
the cell respon51ble Eor’ the development of DTH. Huber et

al. (44) prov1ded ev1dence that part1c1pat1ng cells in three

‘differant DTHpsystems, all involving SRBC as antlgens, were

¥

found to be Lyhd+'-Ly 2’3; ‘Ramshaw et al (48)‘and Vadas gt*.

;helper cells, T cells respon51ble for DTH are Ia—~. The

,relevance of these data to the whole plcture of

_which dlstlngulshes them from most other subsets of T cells.t

-recently, Swaln and Panf111 (uz) demonstrated thax whlle the,h

_ 1mmunoregulatlon wlll be expanded upon in later sectlons.,

¢ .

(see sectlon 4y,
- The general contention fromlthese-studies:seems_to-be'
that almost all investigators in this field'agree-thathw

helper cells possess a dlstlnctlve proflle of Ly antlgens

 This proflle is characterlzed as Ly. 1*, Ly 2 3-._More"” )

Jallohelper cells 1nduced by dlfferences at the whole H 2

: haplotype, I-reg;on or Mls uere-Ly 1*, the allohelper cells

.

=
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" mechanisnm of T cell—mediatedvcytotoxicity'comes\frOm in

‘Trelease of the 51Cr 1nto the supernate from target cells is
’flndlcatlve of the presence of cytotox1c celks 1n the

leffector populatlon.

cell and its homologouSatarget 'whereas the latter does not._:

-The term cell medlated cytoxoc1ty was thus proposed (20)._

- cell med;ated ly51s' (1) antlbody-dependent cell-medlated

"1nducea by dlfferenCes only at the H~2K and/or H 2D reglons -

were Ly 1+' Ly 2+ Further eV1dence suggests that there may

‘be helper cells whlch can only help a certaln category of B

cells of a partlcular allotyp or 1d10type (46 50), If thls

is the CaSe. further subd1v151on of thls subclass of cells RO

nto subgroups seems p0531ble.'

Much of our current understanding,of the,na&ure and
Y . ] l - v

~

'vitr tudles u51ng an assay flrst used exten31vely by

Brunner et al. (51). Lytlc act1v1ty 1s assayed by the .
ablllty of lymphoid cells to destroy target cells bearlng

surface antlgens to whlch these lymph01d cells vere

'orlglnally sensmtlzed. Usually the target cells are specific

‘tumor cell llnes and are labeled with 51Cr 1sotope. The

-———-—/

- : | \ .
T cell-medlated.cytOtoxicity is‘apparently'differs_from
, A ‘ ey [

lytic'reactions.brought'about‘by antibody‘and complement.

" The former requires 1nt1mate contact between the effector

i \

4

- va1dence to date suggests that there are three types of .

. ,.:

cytotox1c1ty (ADCC) (2) natural klllers' (3) cytotox1c1ty



medlated by sgfglfdcally sen51t1zed T cells.‘lnis review
Hlll concentrate on “the thlrd type of cytotox1c1ty, 1.e. .

~k111er cells generated in allogenelc systems..The former tyo

o_ftypes of cytotoxlclty have been descrlbed elsewhere (20).;n:“'7

pec1f1cally sen51tlzed T cells can be generated lnﬁ -

"t ' r ;n V1vo to allogenelc cells (8), vlrus-lnfected

_ cells (52) or cells chemlcally modlfled Hlth TNp (41 . T _ez_n

kllllng act1V1ty is spec1f1c 1n that the cytotox1c cells
destroy target cells sharlng antlgenlc determlnants
identical_to; or- cross-reactlng with, the sen51tlzlng _f”f”
yantigen.;@he ;n.V1g :eleVance of thls form of cell medlated
'cytotoxlcitydhas long been suspected in the rejectlon of
most grafts, t he.graft - versus - host reaction and pOSSLbly

plays an 1mpor+ant role 1n an 1mmune defense mechanlsm S

B

galnst tumor cells {for. references on. thls subject see
ﬁ"references 20,and 53)._~

. ‘The’ most commonly used method for the generatlon of
spec1flcally allosen51tlzed T cells is*» the one Hay mlxed

: lymphocyte culture reactlon.'Responder cells are obtalned,‘
from elther spleen, lymph nodes or thymus and mlxed ulth
irradiat ed, or m1tomyc1n C treated MHC—dlsparate stlmulator
cells.‘This mlxture is jncubated for flve days under optlmal
conddtions (see Materlals and Methods). Cells are then added
to the- approprlate 51Cr labeled target cells to measure the
level of cytolytlc act1v1ty._»_ S
Cytotoxlc cells are sensxtlve to treatment witb

. \
'_antl—theta serum and- complement and are Ig Early §£;§5
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indicate that cells from this subclass express the Ly

phenotype Ly 1-, Ly 2,3%* (7 5“-56). Recent evidence suggests

that +his Ly phenotype of the cytotox1c T cells is not

‘characterlstlc of €TL from all stralns of mlceﬂ Shlku et al.

(54) demonstrated that wpile anti-Ly 1.2 antisera has no
effect on CTL from C57Bl/6 mice (haplotype Ly 1.2, Ly 2.2)
anti;Ly 1. 1 antisera significantiy reduced the lytic

activity of cells from Bl/6 congenic mice (hi?lotype,Ly 1.1,

e

'r"Ly 2.17). Both types of klller cells were susceptlble to

treatment w1th anti-Ly 2 antlsera dlrected agalnst the

correspondlng allele. Beverly et al.-1976 (55), using cells

from‘CBA mice (haplotype H-2 Ly 1.1, Ly 2.1)5as responders
. B . .

for the generation of CTL,-fpund that the Ly‘phenotype of

o
N Y

the cytotoxic T cells was Ly 1%, Lﬁ/ajg:. Simiie;vresults
were obtained in our system using the sanme stnainboﬁ mice
(See'Results and Discussion below). These studies ifﬁicate
that the.strain of mice used in experimente deéigned)to

; : \
examine the distribution of Ly markers on the killer: cells
must be taken into oohsideration.

In an attempt to further characterize this subclass of

T cells, Shiku et 51: (57) -demonstrated that whep'an

isogenic tumor is the target of CTL (so that the effector is

) reéctiﬁg'agaihsf‘a non-MHC antigen) the Ly phenotype of the
~effectors is Ly 1+, Ly 2,3%*. In the sapme study, the effector
: T .,

cells .against an MHC allogeneic target were found to be Ly

1=, Ly 2,3*. Contrar'y results were found by Pang et g;; (58)
y y . e

They immunized mice by infection with ectromelia virus.

| : : , RTINS
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Killer cells from these m

Ly antisera and complamen

_ectromella 1nFected tarqe

They found that the predo
LY 2,3%, though the kille
reSponse shpyed some suscC
anti-Ly 1 ap;isera.

The evidence thus fa
two subgroups of CTL. dne
1+, Ly 2,3%* and the other
2,3+%*. While there is no k
groups and a particular t
that the Ly 1-, Ly 2,3* P
C57Bl}& mice (H-2b) and t
characteristic of CBA mic
this that the cTL populat
Ly 2,3% and‘the CTL popul
1+, Ly 2,3%. ﬁndoubtedly;
clearer when results of‘e

the Ly system become avai

After a decade of in

- characterizing the suppre

L oo

“conclu51ons hdve been adv

*depress the development a

and cell medlafed lmmuwe
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jece were treated with various anti
t and then added to

t+ cells to assay for cytotoxicity..
minant effector phenotype is Ly 1,
r cel}s fron Fhe priﬁary cytotoxic

i

eptibility to treatment with

T is ip faver‘OEJt&e presence of.
group expresses tﬁe phenotype Ly
expresses ‘the phenotype Ly 17 Ly

nown correlation between, these two

ype of target cell, it seems likely
henotype is qharacte;isfic of

he phenotype Ly 1%+, Ly 2,3+'is

e (H-2k). Can it be inferred from

ion from H-2b mice.is always Ly 1—,

ation from H-2k mice is always Ly
this issue will become much ‘

enetic and biochemical analysis of

lable,

tepsive research categorizing and
ssot cell phenomenon, reasonable

anced T suppressor cells can

5

nd the expre551on of bdth*humoralui

A

responses.,ln some 1nstances the T
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®
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cell-mediated suppression is antigen—specific, l.es only the
respons2 to the antigen against which the suppressor cells

were dctivated is inhibited. In other instances suppression

%

is antigen-nonspeCific. That is;_althoughﬁthe‘?uppressor

cells are activated by a specific antlgen, the response to

other test antigens are also suppressed Suppressor T cells

— "N

can also be”induced by polyclonal activators such as

Y T

concanavalin A. These suppressors can inhibit both

cell-mediated and humoral immune responses, as well .as

‘prolifesrative responses to other mitogens. Comprehensive

reviews on this subject have been published in a number of
text books and scientific journals (59-62)., The author, in
his thesis on the antigen-specific suppressioh of T cells

responses, has discussed a wide range of model systems in

which suppressor cells were elicited and assessed in both
A . 1 - ,

humoral and cellular immunity (59). In this ‘thesis I shall
attempt to discuss new aspects of immunoregulation by

examining the expre551on of the Ly. surface markers on

4 e w o e e e s D N T R

suppressor cells. ) - S T

.....

‘Most reports concerned .fth“Lf-typing'indicagedJthat

supbfessor cells'represeht a'heterogeneousfsubclass of T

'cells;jThree subtypes of suppressor-T cells-havejbeen“

identified, so far, each bearing -a diStincr'Ly;profile.
Firstly, a subtype which exclusively expresses the phenotype -

Lyp1-, LyA2,3+ was characterized by Cantor et al. (7). This e

’

'type of suppressor cell exerts a major antlgen—spec1f1c

suppressive - functlon in the antlbody response ‘to SRBC (7)



" and HRBC (48). These results weYe further extended to
1nclude _suppressor cells 1nvolv d in the reqgulation of the
antlbody response to KLH (,-, 3) and the production of

allotype Iglb(u6).
& \ K , ".. .
Secondly, & subtype of suppressor cells which was

generated in mice undergoing graft-versus-host reaction has
been characterized as Ly 1+, Ly 2, 3+ (6&). These suppressor

T cells were found to nonspec1f1cally inhibit the in vitro

|
‘antibody response té SRBC. In a slightly different systenm,

nonspecific suppressor T cells which express the samedhy 14,

Ly 2+ phenotype were also 1dent1f1ed by M051er et al (65), ‘ (/
Newborn mice infected at 18 hours of blrth w1th mouse thymlc o
virus develop, 10 to 16’days later, suppressor cells which'

inhibit antibody production by.mature B cells; The abllity

of Ly 1+, Ly 2,3+ T cells to exert a "feed back" inhibitory

effeet omn the antlbody response to SRBC was further
IS L v s e . e . T e & o
demonstrated by Eardly et al (661).-~However7 antlgen;,,‘." R

Lo T

Spec1f1c1ty was not studled in thls system. Suppressor cells

’
D

‘of ‘this phenotype canhalso suppress the induction of cTL R

I

r:(see‘resultsvbelow). TheseAsuppressorsfare_antiden specific,
‘cortisone sensitive and radiation resistant T cells (67).
?hirdly, a subtype of suppressor cells has been

characterized as Ly 1+, Ly 2,3~ Ramshaw et al. showed that

HRBC-specific T, cells from mlce expre551ng humoral . 1mmun1ty

ety w1 i e W [N

™Y e

were able to suppress the 1nduct10n of HRBC- SPECJflCa

G T e -

DTH(HB). Suppressor cells in. thlS system were shown to be Ly

»T+, Ly 2 3— A suppressor cell of thls type, but actlng in ‘a
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nonspeci fic fashion, vas also identified by Watanabe et
. : hJ

(68) « SJIL mice,‘"ﬁnder appropriate‘conditions of

?.
21.

imfunization combined with irradiation®, develop a high and

'persistent anti-DNP response., The transfer of spleen cells

T ——

from untreated (normal) SJL mice selectively suppressed the

_—— e ma=a

IgE response in vitro. Elimination of Ly .1 cells from spleen
cells before transfer abolished the suppressive effect, .

vhereas removal of Ly 2 cells had no effect, indicatiag that
the‘suppressor cells were Ly %*, Ly 2,3‘.'These suppressor

cells show no’antigen-specificity'forfcarrier, or hapten,

Further evidence showing that Ly 1f,'Ly 2,3-, cells can

B

"have an inhibitory effect on the generation of antibody

'l-days; Y- 1* cells from thlS culture were shown to

‘Tesponss was reported by Mcdougal et. al. (47). In this
syStem'ahtlgen4polsed macrophages were cultured with

cortlsone—reSLStant, nylon uool—purified, thymocytes for 4

e -

°‘?spec1f1cally 1nh1b1t the PFC response of normal spleen L

cells. The authors 1nd1cated that the Ly 1*‘cells are

probably not the effector suppressors. Instead, these cells

. 'CQuld'pIQVlde an anq;llary cell.that is requlred”for the

1

generation of suppressor cells from other T cell types.

Their evidence does not, however, distinguish between the

S While- the net regulatory effect of all of the above

alternative phenotypes Ly 1+, Ly 2,3* and Ly 1=, 'Ly 2,3% for

the suppressor effector cellﬁi

-
a T

described suppressor cells is 1nh1b1tory,.the1r mechanlsm of

B

. actlon could be- dlfferent. Herzenberg et al. (69)'postulated



22

that the target Qf suppressors bearlng Ly 1 ’ Ly 2,3t

markers is the Ly 1+ helper T cell. This conclu51on was

based on the observz};on that Ly 2,3+ suppressor cells from"
P

.'the Iglb-allotype~ pressed mice exert a cytotox1c effect
on thevLy 1+"helper T cells that are programmed to lnteract
selectively with lglbs.B lymphocytes. Further evidence
supgesting that.inhibitory T cells can inhibit tﬁé “

generationﬁ&f helper T cells has been reported'by Hamaoka et

Y

al. (70). T-T cell inhibitory interactions were also
demonstrated in the induction of CTL.'In this system several
_investigators have reported that the suppressor activity is
dlrected,against the responder cell population (71,72) . <°
This, of course, could be either the precursors for nelper
'“Cell‘activity or the precursors forfthe generation_of-CTL.
Fvidence for a T-B cell suppressdr interaction which

:involved tne suppressor cell acting directly‘on'the B'cell'
comes.fromithe work of ﬁaSten(gt.al. (73) who showed that
tfné.siteiot<suppression in the inhibition of the
'antl—DNP HGG response is the hapten*sen51t1ve precursor.cell
‘(B cells) These flndlngs do not, however indicate that the
”suppressor T cells are actlng on the B cells alone. The
"p0551b111ty -of - the 1nvolvement of macrophages or" helper
cells in this inhibitory 1nteractlon cannot be ruled out.

,  The idea that negatlve regulatory effects may involve-
pdlrect, or 1nd1rect,omacrophage -T or macrophage—B cell
1nteract10ns was Verlfled by several 1nvest1gators.‘P1erce

KN

et al (74) demonstrated that a Con- A—stlmulated 1nh1b1tory

N
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actiVity appeared to act on the splenic macrophages. Other .

eVidence in favor of this comes from the work of Asherson

and Zembala (75) and Basten.gt al. (73) on ‘the cells ‘ ‘h" ) 5
'mediating Fhe: suppressor effect. These . studies demonstrated

a requirement for adherent cells, probably macrophages. In s
this case, a macrophage could play either one of two roles.
Firstly, a macrophage may receive an . inhibitory Signal and
itself become inactivated._This would suggest that the
macrophages are the final targets for the inhibitory

~activity, and a logs in their function leads to a loss of - ; -
'theyimmune response. Secondly,va macrophage may act as a
mediator for suppressive'activity and deliver the inhibitory
signal to other responding parties, i.e, T cell precursors
or B cell precursors. On an-experimental basis, it is'vbry

difficult to distinguish vhich of these . pOSSibilities 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
imgortant one and demands further verification.

OAlthough the use of the Ly antiSera'has‘been
instrumental in\theﬁidentification of the various categories
of suppreSsor cells,»difficult questions with regard to the
mechanism of action and the physiological role,Of.the T e -

suppressor cells. remain unsolved. Nost authors admit ~to the'py.

gfact that, for something as complex as the inhibitory 4fw¢“xnafun4;3
”fifunction of T cells in immune responses, multiple pathvays 1{4»551*;;-

. Several of these

- badbali ~--..e...

of activa*ion and interaction exis‘

1o
P e
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pathways are-.-now belng explored The moSt'important one, to

ar

my mlnd, 1s‘+he study of the relaflonshlp betueen the
’ .

1nh1b1tory cells and other well characterlzed and better

. deflned functlons of T cells.zl"shall~thus-con51der poss1ble

..effector functlons are radlo resrstant,ijp references see-ﬁf;;,f

'-theiother..

relatlonshlps betveen suppressor -and helper T cells on. the.

one hand, and between, suppressor ‘and’ CYtotox1c T cells on

PR . : . N - @ L ar e e
- 4 ¢ - B PN P B .

4, The.re l glonshlp between helper and_suppressgr-iﬂéellsfif;;*"a

‘] L 5
The interactlon between an immunocompetent lymphocyte.
and the appropriate helper cell, in the presence of antigen,

4

leads to induction; Conversely, the interaction betweén an
immuaocompetent lymphocyte and the appropriate suppressor‘
cell, in the presence of antigen, leads to shppression.

Although. suppressor and helper cells havevopposing

functions, striking similarities exist‘betiéen these tWwo

types of cells. Both cells bear theta antigen on thelr_
me mbranes and accordlngly are thymus derived cellis. By most

reports both cells are antigen specific('though

\

antigen-nonspecific suppression and help have been

~

described. The precursors of helper and suppressor T cells

are radiosensitive, whereas the helper and suppressor -
., -

sectloH 3 par*s a and c)._ S fkf’ffﬁjf jr“”evﬁfﬁFH{ﬂQ'ﬁlyT

- . . cee

“H“The anxlgen Spec1f1c suppressor and helper T cells may:-

- LRIt

be con31dered +o act via 11nked assoglatlve recognltlon

c. -

(76 78). Ihat 1s, both helper and suppressor regulathy



effects ‘require recognition of at least two determinants on

the same antigen. " One determinant'is recognized by a’

=_->precursor_cell, and the other is recognized by a regulatory

cell (helper or suppressor) or its. product. This apparent

"requirement for an -antigen bridge‘allows regulatory»signals

s

' to be delivered at short ‘r‘ange, for example via cell.to.cell"

N

contact on#by short—lived soluble factors, So that only

TrE precursor cells»bindlng the apprbpriate antigen are eitheg

-

. ,,_(_‘-"-._ ) PRI

SpeCifically induced ‘oT suppreSsed., f; R

Antigen SpElelC soluble medlators that affect both

humoral and CMI responses have been obtained from both

‘ helper and suppressor T cells..Educated helper T cells

/
elaborate a factor that replaces the requirements ror'helper‘

T cells (79-81). Similarly, antigen-activated suppreSSOr\T

cells can also elaborate biologically,active and antigen -
specific suppressor factors-_Tada et al. (82) showed that

the factor obtained by sonication of thymi and or spleens

from KLH primed donors was capable of inhibiting primary and

This factor was‘shown te be antigen Specific and does not
react with anti-Ig reagents. Further work indicated that
this factor is at least partially a product of a gene

' located “in &a- newly described I- subregion, termed IJ (83).

Suppressor and helper factors are. remarkably 51m11ar in-

their phy51cochemical and immunochemical properties._Pierce

B

and Kapp summarized tﬁese properties ‘as- follows (61) ( )J~~_‘

'“".;'*'w_"..-" ] » _a.‘. rv’»‘ o",’?.,~ 0\.. . ",.a

Both helper and suppressor factors are ahtigen spec1f1c and

S
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‘Ccan be absorbed by immunoabsorbents of the inducing antigen.
_(2) The molecular welghts of these factors are estimated to
be in the range of 30, OOO to 60,000 daltons. (3) Both .
factors show H~2 ‘restriction ana can be removed by
-alloantlsera agalnst products of the I region of the H-2
'complex. (4) Nelther the ‘helper nor th suppressor factori
:'bas any demonstratable react1v1ty to’ antl-Ig ant1bod1es.~‘

3t v
§: ; Although certaln 51m11ar1t1es between suppressor and-'

K

A”m helper T"cells ‘have been- descrlbed bas;c d;fferencesvalso>

~ exist beiween these two subpopulatlons.of T cells.. Helper T
’ Jcells can be dlstlngulshed from suppressor cells om the
_basis of runctlonal and phy51ca1 grounds. Suppressor T cells
are clearly dlfferent from helper T cells by v1rtue of the |
ultlmate blologlcal effect they exert.»Thls fact does not a
priori dlstlngu1sh the cells medlatlng these opp051te

regulatory functlons 51nce, under varlable condltlons, hhe h“‘fﬁ

same‘cell could act dlfferently. These condltlons afe f'f“'ﬁff\7”;'

manifest 1n.the nature of antigen and the method‘of
sensitization most apt to stlmulate the development of
suppressor cells or helper cells‘\g

Examination of the expression offcell—surface
diferentiation marhers contributed additional\\videnge'inﬁvv
support of the dlssoc1at10n of suppressor T cells from
helper T cells. As mentloued above helper cells ‘eXpress
exclu51vely theAphenotype Ly 1*; Ly 2 3. In contrast

.suppressor cells, dependlng on the assay system, exhibit any

'!vonetorathree;Ly phenotypés:_Ly.1+,rLy¢2,3—,'Iijr7f£yf@L31\;



“and Ly 1+ *Ly 2,3+, é'if‘-?fff :i ﬂfi_i ' _.ﬂ‘ "ffff—';-___ L -

The detectlon of 1nh1b1tory cells whlch beac- the .

\'Tfphenotype_by,1f, Ly 2J3<r1ndlcate,tkat-at.least,thrs,sqbtype
"of sdppressor’cells.isvhot:differentffrom helper T cells.
fThis has been interpreted to suggest that excess help could

exert an. 1nh1b1tory effect (BU). Recently thlS concept has

L *" J e e v e e - T X

'met a great deal of‘bpp051tlon espec1ally after a number of
|
observatlons on the phys1cal and morphologlcal propertles of -

@ T, cell‘s have been descrlbed.,The subject 1s cnrrently in. a |

rather confused state. The followlng dlscu5510n offers

attractive poSSibilities in an attempt at resolving this

~ e

"conflict; T —

The concept that some suppressorreffects,could'be due

.
3
3

to "too much" help has been advanced in an hypothesis on

1mmune "1ass regulatlon postulated by Bretscher (85).

.. . e o m'S

Brlele, thlS theory states. that dpfférent clasSes ‘o f- o"" J'"V ‘h,t Ep
N;‘“:a.d?T precursor cells. requlre drfferent }evels of . helper cells for | :
- ‘ hllnductlon. Precursor cells for CMI\requlre low 1evels of

| f}helper Activity and precursor*cells for humoral immunlty VL: _ ~?"

require higher levels of helper activity.! The theory also - ‘

states that hlgh levels of helper activity suppress the

¥

tion of CMI.. The amount.of helper act1v1ty induced 1s

‘ce\tratlon and the ant1gen1c1ty (or
\

;"forelgness") of the antlgen.\fhérpreg\rsors for helper T

dependent on the

. cell etfectors are 1nduced at all but the\;ost\EYtreme\\osos

of antlgen. Low and high concentratlons of antlgen result ln\\\\\\‘\“

vthe generation of low helper activity and thereforemonly CMI ;
i ¥
— o A :
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"ulsrlnduced. As the antlgen concentratlon-nncreases (1.e.‘atf

\

”,a medlum dose or antlgen), maxxmum helper act1v1ty 1s‘“’

"“’generated and*huméral lmmunlty lS 1nduced whereas CMI S R

PR

stuppressed. Slmllarly, an antlgen w1th few forelgn 51tes
‘1nduces low levels of helper act1V1ty and only generates |

CMI,’whlle an antlgen wlth many forelgn 51tes 1nduces hlgh

levels of helper act1v1ty whlch results 1n**he 1nduct10n of

humoral 1mmun1ty and suppression of CHI. Slnce a Shlft to a

hlgh level of. helper act1V1ty, suff1c1ent to 1nduce a

humoral response, can suppress the induction of CMI, and

since a phy51ologlcally effectlve ipmune response must have

“the potentlal to malntaln stable CMI, a regulatory mechanlsm
R

must be avallable for 1nh1b1t1ng the 1nductlon of helper

act1v1ty.‘Accord1ng to the. theory (85), thls mechanlsm could

” a

be medlated by a cell-medlated effector "antlbody "or an

antlgen spec1f1c molecule co- ordlnately expressed with CMI

roeoe s \.._‘_,

,vhach acts.on. the helper cell precursors; ThlS 1nh1b1tlonsls.f

referred to as repre551on, and is malntalned as long as a -~

PR

cell medlated immuine response is’ requlred o .a~+-;,,¢

) The above dlscu551on on 1mmunoregulat10n as, proposed by
<

Bretscher could be summerized as follows (Table,I).
¢
4

Repressors are generated concomltantly with. the induction of

CMI, carry the Ly 2. marker, and can 1nh1b1t the * de?elopnenr.

of humoral 1mmun1ty by actlng on the precursors Pf,helper‘T

x

"Cell effectors,_Suppressors are 1nduced with the\humoral

response,‘carry the Ly 1 marksr, and 1nh1b1t the development;

of CMI by actlng on the CMI precursors.;
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“immunity "concomitantly
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'Ihhibitory~¢ells-aétdesCribed~byuBre£$ChEt.:' 

Predicted -

mode of
‘action

”f:?317t’ﬁpﬁébféééoié"f_fi§”2¥”‘ :ﬁﬁuﬁéfél~h;%g,;CM$ ;u@;gv,ln5ibitS:;4‘Q,
o : SRR . . .  generat1on .
fof help :
Suppressors Ly 1+ CMI _ humoral inhiblts
‘ s " : induaction
of CMI
: pPL ecursors
~ .
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The flndlng by most workers that suppressor cells

' capable of suppre551ng antlbody responses are Ly 17, Ly 2,3%

and that the helpel cells are Ly 1* 'Ly 2,3™ is con51stent

Hlth the’ above predlctlons of lmmune class regulatlon. That

is,, under condltlons where humoral responses are belng

regulated, the suppressor T cells are dlfferent from the

helper cells. The theory further postulates that too'much

help could suppress the 1nduct10n of CMI, i.e. a rise in
o

,helper activity in an on901ng humoral response could inhbit

CMI responses. Under these condltlons, the theory predicts’

that helper cells are not dlfferent from Suppressor cells.

PO R S

Support for this concept has been reported by Ramshau et al

~

who demons rated that HRBC spec1flc T cells from mice

expresslng humoral lmmunlty were able to suppress the

: inductionﬁof HRBC spec1f1c DTH (ue){.Suppressor cells 1nr

this: system were shown’ ‘to be Ly 1+ cells. Slnce helper T
cells are alse Ly 1+ the mechanlsm of thls suppre531ve
act1v1ty has\been postulgted +o be due to ‘the presence of
high levels of spec1f1c helper T cells._%

The questlon whether or not suppre551on of CMI
responses could be du= -to "too much" help remains®a matter

of controversy. Much of thlS controversy stems from the fact

that the nature and mechanlsm 'of the cellular 1nteract10n

»

" that takes place at the suppressor -\garget cell level has

not been characterlzed. The theory does not rule out the
pOSSlbllltY, however, that a series of interactlons,vhlch

could 1nvolve cell types other than the'helper cells. could

0

- o e e
A A e . LR .
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exisﬁ prior to the final'step,of the suppressor < target
cell interaction. In the presence of a high level of helper
_cellfactiﬁity inhibitory cell§ of the tfpe‘Ly 1+, Ly 2,3% or
Ly 1- Ly 2,3;ﬁcould be. induced. These iﬁhibitory éells qodid'
in qurn act to suppresé'the inductién of CMI in two WaySe.
Ei;stly, these célls cou;d act on the helper cell érecursor,
preventing furfﬁer dif?ereﬁti;tibn to helper effeckor
fupc;;g%'and conseqﬁently inhibiting the induction of CMI.

Consistent with this 1s thé observatisdn that the induction

. of CTL'fequire§ the presence of fully differentiated helper

e
N
/

T cells (10). Secondly, the' inhibitory cells could directly

suppress'the precursors of CMI from further differentiation

ir+o cell-mediated effector functions.,

un

« The relationship between cytot

ells

iQ

At present the eviaence on the separation of suppressor
ceils from cytotoxic cells is less clear. The observation
}that; in so;e systems, sﬁpp'ﬁﬂsor cells and cytotoxic cgzls

share the same Ly phenotyps ¢('v 1,- Ly 2,3*) has. lead to tbhe
inference that suppresscecr cells énd cytotoxic rells belong
to the same subclass of T cells (86). Further evidence in

_ y
support of this hypothesis was reported by Fitqh ot al.
(24). Thesé workers obsetvved that cells from five-day
primary MLC, the optimum time for generating peak CTL,

"completely inhibifed the generation of CTL in vitro. The

inhibitory activity’'was antigen specific and was directed

N
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toward the alloawtigen'fqr ﬁhich the cells from primary MLC
were cytotoxic. They showed that the piij;nce of pfimary MLC
cells having cytotoxic activity toward one alloantigen
abol;éhed Fhe response to another non-cross-reacting
alloa?tigen only when both antigens were present on the same
F1 hybrid stimulating cells, whereas the response. to the
éensitizing alloantigen only, was inhibited in cultures
where a mixture of cells e?pressing the two
noONn-cros s-reacting alloaﬁfﬁhens wvere used as stimulator
cells. In view of these observations, the authors cdnéiuded
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 cytothic activity of the'pfimag&JhLC cells.

The foregoing-hypothesis has much to commend it in that A
it assigns a role to suppressor cells cqnsistent with a
known T cell function, cytotoxicity. If suppressor cells
were cytotoxic cells one could envisage a number of
alternative modes by which suppression is achieved.
suppressor cells could specifically eliminate: (1)
stimulator cells, i.e. the source of antigen, (2)
antigen-reactive T h-lper or B cells; (3) antigen—bearing

macrophages. In view »f recent evidence, however, certain. - '

P GAPL Ty

&
models of suppressor cell activity cannot be adequately %@9‘ N
, . LR vt
expla%ned via a cytotoxic mechanism, The data suggest, on '
the basis of several criteri%ﬂsﬁch as size (87), cortisonga -
- L) : g g
. L « ot o . w ." .
sensi+ivity (26) and the elaboration of suppressor factor
o S \ CLT ¥
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< - :ff
s -
L ¢ : ki 0' -f o ::3,}/
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(82) that suppressor T cells are functionally, and phy51cally

ﬁdlstlnct from cytotox1c T cells. These observations have

o

been dlscussed else&here (59). Further evidence on. the

ReL ey v W B o o

e dlssoc%atlon of suppressor T cells from cytotoxic T cells is

con51dered later (see Chapter IV).
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(,\J - CHAPTER II

. Materials and Methods

ey, w P P . . o= -

A. Materials

ler Animals ‘ _ : o ;
Male ahd'female adu}ts of the inbred strains BALB)C

(H-24) , cjﬁ-sﬁsn (H—éb),vCBA/CaJ (H-2k) .mice (5 to 12 weeks

.0ld) were used throughout.

2s°Cell lines.
‘P815 pastocytoma (H-2d, derived from DBA/2 mice) and

EL4 leukemia (H-2b, derived from C57B1l/6 mice) were

¢

(Dulbecco's modified) + 10% fetal calf serum culture medium
and the ELY4 cells were grown in F-15 (Eagle's minimal
essential) culture medium + 10% fetal calf serum. Cells were
transferred every two days into tissue culture flasks
(Corning 75 cﬁz/tissue culture flask) and grown.at 37°C in
10% CC2 air_atmosphere. At the time of tfan%fér, P815 cells
were set at 5x104 cells/cc and EL 4 cellé were set at 1x105
‘célls/éci As a Safegua;d, gentamicin was included at 50-75
ug)mi ginéi Concentratioq:vBoth'cells lines were a gift from

]

Dr.'E._Sabbadini, University'of Manitoba, Canada.

34
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Eagles' Minimal Essential (Ff15f, Dulbecco's Modified
(H-16) and Léibovitz media were obtained in powder form‘fFoQ
.Gféﬁd\fSiaHd"ﬁidlddfcél”cddpanyu(Gibcoya Al;vqulﬁureéuwegg‘ \\‘“,
grown in F—1515upplemen£ed with 10% F.C.S. (Gibco) and 50 .
Pg/ml gentamicip, Microﬁiblogical Associates. %-15 contained
a finél cOncentfation éf }6—;M mércdptbethanolf 20 ug/ml

'éenicilliﬁ streptomycin (Gibco) and 0.8 mM of L. Glutamine

{(Gibco).

. , ' :

22ROl meme——- —— o o —

a. Midrotiter trays: v?bottom trays, 96 wells/tray-
(Cooke Laboratofy Products) were obtained from
Miqroﬁibldgical Associates, Bethesda, Marylarnd.
b. Polyacrylamide rafts: Magbrook polyac:ylamide tissue
culture vessels (rafts) were prepared according to
'£he méthod described by Marbrook and Haskill (88)
and Pilarski and Borshevsky (895. Thé méter&als and
steps involved im making;theéé rafts arévasnfolloﬁs:
1)y Acrylamide (Eastern Kodak Co.) Fisher
Scientific. )

2) N, N! Meihylene Bisécrylamide H. P. (Ames
“Company, Ip£erné{ional scientific.

3) Ammoniumupersulfate (Baker Chemicay,Co.), '
Canlab. ‘

u) N, N,:N', N'-Tetramethylethylene Diamiﬁe,(99%,

TEMED (Aldrich Chemical Co.).

PR B
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5) . Molds and glass ‘covers: The molds are designed ’i

“in’ such a’ way that the bottom half of the ‘inner ?

... _’chanmber, of the raft is subd1v1ded 1nto 36 . ;';t _ 2
e u—:,_h-‘.'a 'ta RS S T I - Au “', .. ol ‘#ia,a ,:.:,p.- A I :,~ ”w::'
1nd1v1dual V- bottom wells. This allows a o B

continuous flow of medlum over all the 36 wells /i> o

in a raft. Each'raft holds a total volume of one i

ml. There are nine chambers per mold ata each B

chamber'hoids one'raff. These molds are

I‘ . . 2 . te .
constructed from two-layers of  lucite.

B

Dimensions in cm:

. - “ -
T o
Length' x Width x Depth.
' . i \ .
s ?
Molds B 14,5 X iﬂ.S" x- i.1
, Chambers 3.4 x 3.4 X 0.6
s Glass covers - 20 ‘ x 20 X 0.3
5. Antisera | :
Alloantisera directed against the Ly, Ia and IJ , g
antige;s vere prepared_by Dr. I.F.C. McKenzie, téested for
spec1f1c1ty and cytotox;c1ty on the approprlate strains of’ o "’2:
mice and shipped frozen in dry ice. These antlsera wvere used
| — |
at a concentration giving optimum 1y51s, €. g.v1§§P/471b and . : gé
1/20. A summary onp the informahion about these—antisera is' o

Cxaianind e A

shown in Table II.

A S,
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- -~ . antisera utilized in this study.

specificity Donor

a =S - 'Table II. Summary of the codes, titer and method of preparation of the

{

‘Recipient Titer Target

'

SRR % of
e o - Antisérum
M . Pirst.Batch
S 458
L . T

. 6,78
S o 754
_\ : o . . . . a0

BT [

¥

IS

Second Batch

-~

Ly 1.1 B6.Ly-1a (B10.AKM x 129) F1 >1/256 Thymus

1/64 LN

>17256 T™Paus

CS7BR/cd
A 1/32 . LN

Ly 2.1 CE
CXBK - (B6.C-H-2d x CXBG)F1 1,64 Spleen
(A.TH x B10.S)F|

Tak  A.TL A.TH. >1/2000 -Spleen

Iak A.TL >1/2000 Spleen’

R umm 1Jk .mAOPMAGmVMkm+o.mea,x BALB/c) F1 1,128  “Spleen
- ; wmm nw-a.gm .,mmrmwuém Mﬁdmmnx B10.C-H-3c)F1 >1/256 Thymus
h_w . ywrc Ly-2.1, CE " B10.BR | 1/64  Thymus
w ‘ w,.fm Ly-5«1° . ».mm qao»“x SJL) P 1 ‘nkﬁ\dmm ' Thymus
m . wwww _wwum.q N C3H ﬁnum.mm x B6)F1 1732 mWﬁom=A
. ... . : g
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The steps involved in making‘ihe rafts are described’

T

below: 2
1. Preparatlén_of ammonium. persulfate solutlon. S. 25 gmm | A
were dissolved in a llter of double dlStllled water. The_;

_solutlon does not keep well for longer than one month.
1f thlS volume 415 too much to be used in a period of one
month, smaller amounts shoulg'be ﬁrepared. This solutlon .
was stored é£ 4oc at all times.
vé. Preparation of aépylamide'solution:
a. 157.5 gm.bf acrylamide and 3.75 gm of Bisacrylamide
were dissolved in one liter of double distilled’

water in a glass beaker. Using a stirring bar the

solution was allowed to mix on a magnetic stirrer

‘for 10-15 mins.

b, Using Whatman H4 filter papgr; the. solution ﬁas
filtered into glass bottles*and the bottles were
wrapped with aluminum foil.

c. The bottles were stored in a dark place at room

temperature.

gloves when preparing these solqﬁions,'and a
face mask when‘weighing out the ac;ylamide is a
manditory procedure.

3, . Preparation of polyacrylamide gel rafts:

LEY



b.

. 1In a glass beaker, the followingwmeferials'vere

mlxed as’ 1nd1cated and in the following order:
144 ml . acrylamlde solutlon

36 ml ammonlum persulfate

/o
3 ml double dls*llled uater
0.15 ml TEMED

The miltpre_pas stirred and quickly poured to ﬁill

each chamber of the ﬁold rlth“to th
patch of this size, one should 3 e to fill u‘
polds.z .

A glass cover was pleced'orer‘ehCh nold” by sliding
the glass covaI, starting from one edge, across the
mold while maintaining a slight pressure in order to
keep the glass cover and the mold in(air.tight
contact} In this process one should try to avoid
making air bubbles. The iolds then are let to stand
for 20 min.

Fach mold was separated frem the glass cover by
insertin§ a- spatula between, them and exerting gentle
pressure. The rafts should appear on the sur face of
the glass covere. 051ng a wet spatula, the rafts were
removed and collected in a beaker. Autoclavable

nalgene plastic containers with 1lids are ideal for

this'purpose._ifter collecting the rafts from all

eaker) was filled with sallne and

\
t

The rafts received 4 changes of saline at 12-24 hr.
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//(( - : - intervals. ‘ : ’

f. ‘After the fourth‘ehahge of salime, the rafts were
o . .M
autoclaved in .saline.
ge-

\ . -
vere equilibrated with 2 changes of medium (F 15
A} : : .

without fetal'calf serum) «

4-ml of tissue culture medium. Oneé ml of the

appropriate cell suspension is pipetted inte each
raft.

In vitro generation of cytotoxic

T lymphocytes (CTL)
; & .
ThlS system utilizes the one way mixed lymph

ocyte
culture method.

The method 1nvolves 1ncubat1ng a given
number of cells,

Ll

whlch are referred to as responders, with
anot héer glven number of cells, which are referred to as,

stimulators. Stimulator cells are either pretreated with

-

m1tomyc1n or 1rrad1ated with a lethal dose of 1rtad1atlon.

Cells treated in this'manner are llmlted in their capac1ty

to divide and dlfferentlate.'Usually, responders and
stimulators are chosen from histoincompatible strains of
mice. After a given period of incubation, cultures are

assayed for a particular response; for example, thymidine

incorporation or generation of cfL.

The steps involved in the generation of . CTL are described
below: '

b
a.

Preparation of stimulator cells: Using sterile

technique, spleens' are‘removed from the animals and

Two days prior to their use in culture, the rafts

These rafts float in 15x60 mnm petri dish containing

aaita)

e

K]




‘Settigg;;klthe cultures: . . ’ : o

minced in Leiboviti>mediumfand iO% F.C.S. Stimdiatofi
'ceilslare“ptéﬁafba:éédbrding to~EB£¢Eéthod*ofwLafferty
et al. (90) in which stimulator spleen cells are |
preincubated ﬁd'QO'mins, iﬁ a 37°C uater bath.
immediately before culture, cells ate irradiated; washed
aﬁd resuépended in tissue .culture mediﬁm.

Prepérgtibn of responder éells:1Requnder cells are
prepared from either spleéns or'mesenferic'lymph nqdes.
Using sterile feéhniqué, the proper tissue is minced in
Léiboviti and 10%‘FCS.’¢eiis are Carefdilyiiasﬁeé and
resuspended in ihe proper vélume of tisgue cultﬁrevs

medium.-

Viability counts are determined using dye exclusion

method.

1« In rafts:. The appropriate number of responder and

stimulator cells are mixed toéether and, one ml of
this cell mixture is pipetted into each raft.'TQe‘
usual protocol is to use of 5-50x10% responder cells
~and 8-16x106 stimhlator ceils per raft. |
R : » .
<2« In microtiter trays: These gene:ally contain .
1-10x105S respondershand 1Oxﬁ05 stimulatqrs preéaréd
as de§cribed above. At least four reglicate cultures
(wells)_aré set up per gtoup.‘Culturés aré_incubated
at '379C.in 10% CO2 air atmosphere. After a giyen

. period of incubation, cultures were assayed. for the.




'do'

tube. Cells are then centrlfuged and re

.‘\A : . ‘ f': ..‘~ . . ,ué PR

presence of CTL. Optlmum levels of cytotox1c1ty are -

con51sten+ly observed after five days of 1ncubat10n.

'Labelllng of target cells’ The requlred number of cells

.from the approprlate tumor: cells llne were centrlfuged

and resuspended in the proper medlum at a concentratlon

o

of 5x106 cells/ml. Radloactlve Nas1iCroy was added to a.

final concentratlon of 100 ucl/ml and the cells were

allowed to 1ncorporate label for 60 mins. at 37°C. They

were then washed in- P15 and 10% PCS 4 tlmes and
resuspended 1in tlssue culture medlum at a concentratlon
o

of 1x106/ml. ﬁhese cells were then added to the’

cytotoxic lymphocytes at 0.1 ml/well (1x105 targets).

‘Assay of cultures from rafts* Rafts are harvested by

resuspendlng eac&h of the 36 pellets/raft 1nto a common

_pool and plpettlng the cell mixture into a centrlfuge

3

ended in 1

ml/raft of fresh”™ culture m/d;

/ '
Oxicity of the whole population of

« In order’tofaccurately

dqtermlne the C

cells everal dilutions of those cells are alvays
assayed. In general, the_Cflls,are assayed'at 1/10 of a
culture/assay well, 1/30 of a culture/assay well and
1/60 of a culture/assay well Each vas assayed in
triplicate., This range insures that.at least one of. the
dilutions will fall in the linear ‘portion of the % lysis
vs cell dose curve’ where the amount of killing is
directly proportlonal to the number of lymphocytes

added. The cytotoxicity assay 1sﬂdone in microtiter
: y ko -

>
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4y,

trays. ﬁach assay uell contalns 0. 1 ml (105y5fér labeled

target cells and 0. 1 ml of cells from each dilution or‘W”“”'"“‘*'

cultured lymphocytes. Mlcrotlter trays w1th V= shaped
wells, allow maxlmal target cell lysis. . The assays are ,!
lncubated at 37°C i "10% C02 air for four hours. The top’
0.1 ml is removed and counted for supernatant 5lCr Spm&‘;g

Assay of cultures in mlcrotlter trays: The medlum in

' each well is %emoved by suction and the cells are

resuspended in 0.1 ml of fresh culture medulm per uell.

i o] eachﬁyell;.0g1dml of 51Cr labelled target cells

(1x1b5 targets) 1is added. ' ' ' - |

)

" In order to. determlne the total releasable 51Crg

0.1 ml of 0.05% Trlton-x-100 detergent 1s added to 0.1

ml (105 cells) 51Cr—1abelled targets. Spontaneous ly51s

is determlned by 1ncubat1ng C. 1 ml- of targets w1th 0 1
nl of medium. T These are done in'six repllcate wells.‘All
assays are incubated at 3&“ in 10% Cco02-air mixture for
4-6 hours.'The top 0. 1 ml of supernatant from- each uell

is then collected in a glass tube and counted in a gamma

counter. Per cent specific,lysis'is calculated as

follows:
\ '
: - sample'cmp-spontaneous cpn
% specific lysis = — - . x 100
' detergent lysis cpm &'
The ip vitro gene rawion of suppressor and helper ells

[~

Suppressor and helper cells are generated in a mlxed

lymphocyte culture in whlch 3- 5x106 responder cells’ and

\r
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‘ . ;v us.
5-8x 106 irrqdiated)stimulator cells are_co—cultgng in
Marbrook acrylamide rafts. Usualiy; £ﬁé respdﬁgg} cells are
preparod fronm adulF CBA spleens and the stimulator cells are
prepared from BALB/C spleens. Three days later, the cells
from these first sigp cultures are washed, irradiated, and
divided infk two parts: one part is assayed for suppressive
activity J#nd the second is assayed for heiper activity. In
order to assay fér Help or.suppressjon, cells from first
step cultures were addod to - a fresh MLC, referred to as the

second step culture. The preparatlon of second step cultuteqf

for each assay is described bplow.

6. Suppressor cell assay

Suppressor cell activity was determined by adding
irradéated first step cells to sécond step culture.
Responder cells for the second step culfures were obtained
from either CBA/CaJ adult spleen or 5- week/gid thymus,
Spleen cells vere used at 1-5x%10S cell/culture and thymus
cells were used at 106 cells/culture. TheSe‘cultures were
stimulated by 3x105 irrvradiated BALB/c spleen'cells. Tkese
,cell numbers were found oﬁtimum for the generation of -a
p051t1ve cytotox1r rpsponqa.,To this mixture, graded numbers
of 1rrad1ated cells from fivst qtep cultures vere addod to
assess ighibitory activity. Second step cultures vere
prepared in V-hottom 96 well microtiter plates (Cooke
Laboratories). Each experimental group included four to

eight replicate cultures. After five days of incubation at




370 and in 10% CO2 air atmosphere, cultures were assayed for

cytotoxic~activity as described above.

For this assay, second step culturesqwere prepared from- .
the same pool of 5-week- old CBA/Cal th&mus cells used in the o o

SuUppressor -assaye. The number of responder cells in thls

~ i,

assay was 1-3x10% cells. These cultures consistently prov1de

a negdtlve, or veak, cytotoxic response which is es% ential

for the evaluafien of the helper effect on the generatlon of

.CTL. To this mixture, graded”nu@berS'of eells from the same - *
pool of first step cultures ﬁsethn_the s%@pressor assay

were.added to assess helper activitye. These second step.

cultures were also set up inMV botfom microtiter trays; each %

group consisting of 4-8 replicate culture vells. After five

days of 1ncubat10n at 379C and in 10% CO02 air atmosphere,

cultures were acsayed for cytotoxic act1v1ty as described

.above.

8. Complement (C)-dependent cytotoxicity
- cells at 107 - 2x107/ml were incubated with the
appropriate antisera in pnlystyrene culture tubes (Corning,
15 ml) .for 30 min. in a 37° water bath. Cells were spun down
(1000‘fpm) and ~bsorbed rabbit complement was added at a
fFinal dilution of 1/5-1/8. After 1ncubation in a 379C wat‘rT

bath, for 45 min., cells wvere washed once and the vxabl

count was determined by an eosin dye exclusion method. Cells

4
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were also treated with normal'mduse serum (NMS) as a control
for'nonspecific effects of théjtreatment. Aftetvtreétment
Cells were resuspended in volumes equal to that of the NMS
control and used as such. No enrichment was méde for any
group of éells~after treatmgnt. Whepever'possible, the

ekperiments were designed in such a vay that the anti-Ly

sera were used as 'controls for each other.



CHAPTER TII
, .
surface markers on the T cells that regulate C}totoxic T

cells responses

A, Introdﬁction

Thymus-derived lymphocytes (T cells) participate in a
complex netwcrk of immunoreg%}gtory interactions which are
both positive (helper effects) and negative (suppressive
effects) in chafacter. There is increasing evidence that
each of these two functions is ﬁediated by distinct
subclasses of T cells (38,u43-49). These subclasses were
defined by utilizing alloantisera raised éga%nst a panel of
T lymphocyte differentiation antigens'(Ly:antigens),
‘originally developed by Boyse and colleagues (32). This work
revealed that T helper cells bear Ly 1 but not Ly-2 antigen
(Ly-1%) and suppressor T cells bear Ly 2 but not Ly-1
antigen (Ly-2%*). A third subclass of T cells Hhich1bear both
Ly 1 and Ly 2 (Ly 1*2+) antigens has also been deseribed.
The differentiation pathways and the biological pfoperties
of these subclasses of T cells ﬂave«been reviewed above (See
Chapter 1) .

The regulafory interactions of T helper and T
suppressor cells have been extensively studied, qostly in )
terms of their ability to regulate antibody responses to .=
variety of antigens. The T-T cell inte;actions which occar

L
in cell-mediated immune responses are less well"

48 - =t
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characterized. Ap in g;ggg system-in.whiCh helper T cells
and suppr§SSor T cells were generated and assayed for theirl
ability to regulate the cytotoxic T cell response to
alloantigens has been'developed (12,67). The most important
advantage of this systea ls that it allows critical
evaluatlon of ‘both the relationship between helper T cells
.and suppressor T cells and the relationship between
suppressor T cells and cytotoxic T cel&s in one experiment.
In the work to be described (Chapter IIT, section B) the
distribution of Ly and I-region antigens on the helper and
suppressor effector cells have been examined. The surface
phenotype of the cytotoxic~T cells‘generated in this system
is also discussed. The results show that the allo-antigen:
’spec1r1c effector helper cells, suppressor cells and ‘killer
cells all represent physically'distinct T cell subclasses.
Furthermore, the Ly phenotype of the suppressor cell changes
as a functlon of the time of incubation of the culture in

which it is generated.

e g . . e e e
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B. Results

uppression "too much" help?

f—
l.
]
10}

s
“The theory on iﬁsunejslgss :egulation postuiétes that
thsre is an inverse relatioﬁship between the level of help
and tge an}igen dose (8&).'That is, in the presence of low
dose of anfigen alhigh level of helper activity is required
,to trigger the reésponse ﬁhereas in-the presence of
relatively high dose of_antiéen~a low level of heiper
activity is sqfficient to trigger the response. in.ofder to
examine whether or not such a relationship exists in the
régulation of CTL an éxperiment wasidesignéd wvhere ths
"effect~of varying the number of ssimulator sells on the
activityvof inhibitory cells was tested. CBA anti-BALB/c
celis, harvested on day 3 from a mixed lymphocyte culture
(first step cells) were -washed, irradiated and added, in the
numbefs indicated (Table III), to a second MLC to assay for
their suppressive ability in the presence of varying numbers
of stimulator cells. Ths second MLC wasAprepafsd with CB2A
spleen responder cells and jrradiated BALB/C stimulator
cells. The number of stimulator célls included a
comprehensive range from 3x10¢ - to 5x106 cells., The results
from two independent experiments are shown in Table III. One
experimént ;as prepared using 1x10% responder-cells and the

other was prepared using 3x105 responder'cells. Peak !

cytotoxicity was observed at a medium dose of antigen (lines




Table III. The reiationship between the number of
stimulator cells and the effect of first-step cells

in second step cﬁltures a). K : "A
r % Specific lysis'b)
Number of respander

cells
) Stimulator First-step & ‘ o
Linds cells x10-5 cells x10-5 1x108s 3x105
;O g - 44.55000 . 49.423.6
2 3 3.910.1 3.410.4
3 1 6.8+0.7 14,.41£1.6
4 0.3 11.6£1.6 38.813.2
5 3 - 83.1%2.7 76.2+1.7
6 3 4.9£0. 1 14,382, 7
7 1 11.641.4 29.2+5.8
8 0.3 29.4+3.6 43.9+7.8
9 1 - T4 74,3 88.0% 1. 6
' 1
10 3 5.7£1.6 22. 43,4
12 | 0.3 28.3£2.0 45,63, 4
13 0.3 ' - 5.1$0.6 17.4£2. 4
14 3 3.1£0.2 18.0£2.7
15 1 26.7+1.6 44,945.8
| 4

16 0.3 28.334.1 41.6£4.1
17 3 ¢c) 3

3.4t0.9




Table IIT cont'd.

a) Irradiated'first¥step cells (CBA anti-BALB/c) were added

to second step culture prepared with the indicated number of

CBAespleen‘respdhder cells and varyinginumbers of irradiated
‘BALB/cC spleeﬁ stimulator eells; Cells were cﬁltured in
mlcrotlter trays for 5 days. ™/ .

b) Mean values of 6 replicate cultures =S. E;. spontaneous
s1Cr release 613+61; detergent SCr releast 3540+248.

c) No responder «cells addgd, 1rrad1ated first-step celie
'were cultured Hlth st;mulator cells only.

e A ofe o e o A o ok K .

5 énd 9) . In the presence of extreme doses of antigen the
ha . '
cytotoxic response varied significantly. At high dose of °

antigen the cytotoxic response 1is p051t1ve but still below

'optlmum {line 1) uhereas in the presence of low antlgen dose
the response is elther negatlve or relatlvely ueak (llne
4 ,

13). Under these condltlons the regulatory effect bf cells

from first step cultures was mosf intriguing. For simplicity

we Chgse to cpmparevthe results obtained from groups uSing
3%105 and 3x10+ stimulator cells. The cthtbxic response of
second step cultures stimtlated by_3x105'cells was
coméletely suppre@ged in)fhe'presence of“1£105.cellS'from
first step cultures, aithougﬁ.the.sdppressive effect was
less dramatic in the experiment where43x105 responder cells
wege used in second step cultures. In contrast, cultures

stiﬁulated by 3x104 cells (low antigen dose) res ponded
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positively 1in the presencé of 4he same number of first step

cells (1x105). Under these conditions the regulatory effect

3

. of cells fronm first step cultures shifts from suppression to e

help. This observation is consistent with t oncept that

"t oo much"‘help can suppress the inducti

). Is suppression due to elimination of

The above observation is also consistent with the

L
.

contention that_suppfeséor cells are not cytotoxic cells. If
suppression was due to elimiﬁatiﬁ% of stimulator cells
(antigen) as a result of'anﬁ%—stimulagor qgl}uglipgpx;gii¥1w“”
one would éxpect that suppression should be more efficient |

in the pfesence of relatively low numbers of stimulator

ceils.vln'cthef words,‘és the number of stimulatof cells
the second cﬁltuge decreases, this %ypothesié predictswthat
fewer cells'from‘first step cultures should be required to
suppress the responsf. In fact, the opposite of this
prediction is true. We observed that, in the presence of
3x10f”stimh1at6f‘cells, the,cytotoxic respon¥e is strongly
positivg Table JII.(QB% lysis, line 3). A tenfold reduction
of the number'of stimulator cells (3x10*?‘gives either ﬁoﬁ
response Or a very weak responsé (5% or 17% lysis Table 111,
1line 13). Addition of 1x10s cells from first step cultures
sﬁp;rgssed the response in the presence of a high dose of
antigenb(5x106, 3x10s, or 1x10S stimulator cells). In

contrast to this, the same number of first step cells

(12105) éctuallf helps the response in the presence‘of a low

) A i
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dose of . antigen; 2ulor ua§_1y51s by cells from culture .
Age .

.containing®3x104 st;mulator cells (Table III, line 15), This

experiment included. a comprehen51ve range of cell numbers

dﬁpenaent upon the nhmb‘r of strm31a€$¥&cells in the secondl@

T TR

culturc at all cell numbers tested. These“effegts were also
consistently observed at two different levels of CBA
responder cells'(Table III' columns 3 and 4). These '
obServations thus 1nd1cate that elimination of antlgeéliy

Ccytotoxic cells present in first step cultures cannot be the
. { . \

’ . L. ) }. .
mecharnism by which the suppressive effect is achieved.

T cell-mediated suppression of the induction of CTL vas
preﬁibusly assayed in a systen where‘spleen cells from.adqlt
CBA mice aere used as.responder cellsdin second-step
cultupes'(67). We extended this assay to a system where
thymocyges are used asjresponder cells. Responder cells for

second-step cultyre were prepared from either adult CBA

¢

spleen or S—Heek-old CBA thymus. The number of irradiated'
stimulator cells remained constant for all second-step
cultures, Graded numbers ‘of irradiated cells from first-step
cultures were added to these cultures which, after 5 days of
incubation, were assayed fé% cytotoxicity. The data from'a

representative experimeht is shown in Table IV. Cultures

=
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Table-IV. A comparisbn of the suppressive effect by

first-sffg cglls on spleen résponder cells and thymus =

L3

responder cellss.

Cells fronm

Resbonder 3-day first-step
. cells cultures ' % specific lysis
3x1O%JThymus o - 7+ 3
3x104 0
1x10% . 26 % 3
’1x106 Thynus ' - ‘ 45 + 5
3x10¢ . : 0
i - 1x104 9 % 5
i %@ ;
3x105 Spleen - o 64 + 2
o 3xt0e 16 & 4
S e A0 35 ¢+ 3

o

Requﬁder cells'for second—step cultures ﬁéféfﬁﬁepared from
eitha;,adult CBA spleen or 5-week-o0ld CBA thYm&s; Culiures
wére stimuilated with 3x10% cells from BALB)C sﬁleen and the
indicated numbers of first-step cells from 3-day cultures
were added. After 5 days of incubation, segond*stepnéultdres
we;ijassayed_for cyFotoxicity. Values reﬁresent the
ariéhmetic mean t S.E. of six rep%icate cultures. This

observation was repeated three times.and the results were

consistent. {

4
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containing 106 respondei thymocytes generatedA% positive
'thotoxi@'responSé?IineJresponse'was suppressed by the j
;presence of 1nh1b1tory cells from 3-day flrst—step culturef
‘Thls suppressive effect was comparable to +hat observed ini

r

E%Ultures where spleen cells were used as‘responder cells. It
was found that cells from first-step culture have the same -
suppressive effect on the generation @f cftotoxicity from
second stepfcdlrdresaprepared,vith either adult spleenvor
with 106 5—week-old ﬁhynus cells. In contrast, cultures

prepared with a low number (3x10§) of thymus responder cells

generated a:minimal cytotoxlc response. A positive response

is_obtained following the addirion of cells from 3-day °
first-step’cultures; This.observatlon is characteristic of

the helper asSay described previously byﬁ;aum and Pilarski

(12). They demonstrated that, under canditions Hhere'lou
numbers (1-5x105) of cells from 5—yeek—old thynus ;ere used

as responder cells in second-step cultures, helper cells are

requir~d for *hr“generation of cytotoxicity;jThese
obs€ivations indicate that rhe ability of irradiated T cells

from 3-day first-step cultures to exert a helper or a
suppressive effect on tite generation of cytotoxicity depends

on the conditions employed in the assay system. For example,

low numbers of +hymus cells from 5-week-o0ld thymus, which

alone are unable to ¢ nerate a strong cytot011c response,g

can proauce cytotoxic T ¥ells in the presence of low numbers

of.helper cells rrom 3-day first-step cultures. On the other

hand, a 3-fold, or more, increase in the number of thymus
A .

3
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cells fronm the same rice will’generate a'positiﬁe cytotoxic
response. In this case, the addltlon of graded numéé:s of
cells from the same 3-day flrst-step cultures inhibits the
response. |

"These observatlons were utilized in a systenm sultaole

for assaying for helper act1v1ty,"suppres51on and

cytotoggfity in oane experiment. The ma]or advantage of thlS

system is that it allows critical characterization of the
nature of the regulatory interactions in cytotoxic ®

responses.

2Lt T e EaesmS - LEll2 oo m=ss =™

__—.-—.—_—__

Inhibitory cells obtalned from 3-day cultures,of CBA
spleen cells stimulated -by BALB/C spleen cells vere treated
with various anti-Ly antisera “and complement. They were then
jrradiated and assayed for their ablllty to suppress the

. -
jnduction of CTL in a second MLC. We found that ‘the
inhibitory activitf gaS'reduced at leastAB—fold after
treatment uithlanti—Ly 21 (Fig. 1. Similarli;ﬁtreatment
with anti-Ly 1.1 also abrogated the 1nhibitory?effeCt by
approx1mately B'Fold. This 1nd1cates that" the 1nh1b1tlon of

the generatlo//of CTL is mediated by elther a 51ngle subset'

of cells which express both the LY M. 1 and the Ly 2 1
B

markers on thgf#r surface or by two subsets of cells, one of

which exprez3

qes the Ly 1.1 marker whlle the other expresses

-~

- the Ly 2.1 parker. In order to find out whlch one of these
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Figure 1. 'Ly Markers on ihii%itor& cells, Cells were
obtained from 3- -day first- step cultures of CBA spléen cells
_stlmulated by BALB/c 1rra§%e%§§ spleen cells and treated
with Nus, anti-Ly 1, and autl—Ly ggantlsera. Then they were
added: to second-step cultu:es/fg assay for their ablllty to
suppress the 1nductlon of C?L ‘Second-step cultures were _-
'prepared by mixing 1x106 thymus cells from S-Heek~oid CBA
uice and 1rrad1ated BALB/c spleen cells. Viable counts after
treatment.were as-follows: NMS,-7x10°; anti-Ly 1, 3x106-

anti-Ly 2, 3x106, Results are expressed in the arlthmetlc

mean - S.E. of 4 repllcate cultures.
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Figure 1 cont'd.

¢

a
~* = no first steb cells added

0 = NMé

& = anti-Ly 1.1

o = anti-Ly 2.1

a = Mixture of anti-Ly 1.1 ‘and anfi'Ly 2.1

separately—freated popnlations.

S R
possibilities is correct, % mixture of cells frbm.anti~Ly
1.1 and anti-Ly 2.,1-treated populations was as<ayed for
inhiﬁitory activi+y. ?he results indi~ate thgt 1x105 cellse
from this mixture have no inhibitory of fact, althéugh an
equivalent numbeft of‘the NMS-treated control ~rlls gave 100#
suppression. This indicates that ‘he inhihitbry cell
p0pﬁ1ationfprasent in three-day fi'st-step cells at high

freqgquency beans both Ly 1.1 and 7.y 2.1 anfiQenG.‘In4a;second

experiment of this typé, an inhibitory cell bearing both Ly

1.1 and ly Q‘H‘markers #as also nbhserved (Fig. 2, 3x10°*

]

first step cells added). However, the resvlts obtained f#r a

higher number of firsttstep rells (1x105) indicate A s~econd,
less'frequent,lpopu]ation of inhibitofy cells. At thi-
n;mber of fitst step cells, the inhibitory cells are
sensitive to tréatment,with)an€i~Ly 2.1 but not to anti-Ly é

1 1« . In additidn, the 'same <e@ll number from the pmixturé ) ;

.&dntrol exhibited a streng ivhibitory effect. This suggests F3

[ -

d
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,that a cell whlch bears Ly 2.7 but not Ly 1.1 is also

1nvolved in medlatlng an 1nh1b1tory effect on the generation
of CTL, but thls cell is present in three—fold lower numbers
in three-day flrst-step cells than is the inhibitory cell

which bears both Ly 1.1 and Ly 2.1 markers,
.
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PERCENT SPECIFIC LYSIS

Figure 2.

3 10 30 100 300 "
IRRADIATED FIRST STEP CELLS x 1073

Ly phenotype of suppressor cells. First-step
va - :

cells from the same cultures assayed for help in the

experiment of Figure 4 were assayed for inhkibitory activity.

.
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Various doses of first-step cells were added to second-step

cultures containing 10x10S CBA thymus cells responding to

3x10S irradiated BALB spleen cells. This patﬁérn of results

has been observed in several comparable experiments. Viable

cell recovery was: NMS 3.4x10¢/ml, anti-Ly 1.1x106/ml, and

| anti~Ly 2.1 1.8x10é/ml. ) J

0

It

1 -
no firsf-step cells
NMS-treated first-step celils
anti-Ly 1. 1-treated first-step cells'
santi-iy 2. 1~treated first-step cells.

mixture of anti-Ly 1.1 and 2.1-treated cells

”
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Figure 3. Suppressor cell phé;oﬁ&pe at day-5 of culture.
First—step cells were harvested from 5-day cultures, treated
;ith the appropriage sera and asééfed for suppressor
activity aé detailea in FiguréVZ.Qbarts (a) and (b)

‘ represent two independently.pérfbrmed experimen;s. Viable
cell x10"6 recovery was: NMS a)=6, b)=8; aﬁfi—Ly 1.1 a)=3,
b)=4; anti-Ly 2.1 ay 2, b)=5; anti-TIJ=8. \
e = no first-step cells, 0 = NHS—tfeated, ®# = anti-Ly

1. 1-treated cells, o =\anti—Ly 2.1-treated cells, a = 2

mixture of anti-Ly 1.1 anti-Ly 2.71-treated, =

11
anti-IJk-treated .

%
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Table'v._Antigen‘specificity of-5 déy suppressor cells.

Esplenic ‘ _JType of % specific lysis
Responder Stimulator . # o% first step cells added
Cellg x10—§ cells None 3x10S 1x105 3x10+ 1x}0‘
1%105 BALB/C . 3u17 240 543 16+7 1416
5%105. ~ BALC/c 33¢5 61  14x1  27x9. 2616
1x 105 C3H.SW/Sn 2146 2249 2648 39%12 313
5%x105 C3H. SW/Sn 38+§ 39%£15 385  51%7 . uiti

£ 2

The anti'gen specificity of the suppressor activity of cells
7
from a CBA anti-BALB/c five day first step culture was
assayed using second Step cultures prepared with CBA splenic
!

responder cells, in the numbers indicated, and two types of

stimulator cells: BALB/c (H-2d) irradiated spleen cells, the

~antigen against C3H.Sw/Sn (H-2b). Both stimulator cells were

used at 3x10S cells/culture. Values represent the :méan t
! .

T

S.D. of 4 replicate cultures.

’

o

4 3 e o o e ke e o el

The presence of two different subsets of inhibitory
cells in 3-day firs%-éfep culture prompted an invéstigation
to determine whether or not at a later period of'incub;tén
(for example, 5 days), the Ly phenotype of the inhibitory
cells remained mainly Ly 1+, Ly 2+ or shifted t; an Ly 1-,
Ly 2% phenotype. Cells from CBA anti-BALB first-step
cultures were harvested at day 5. They were treatéd with the
appropriate sera and assayed for suppressor activity in a
second~step culture. The results from a representative

~ ¥

»
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experiment are shown:th Fig; 3: Treatment with anti-Ly 2.1
eliminated the majority of the suppressor act1v1ty (3—10
fold) whereas treatment with anti- Ly 1.1 had no effect. A
mlxture of antl—Ly 1 and anti-Ly 2- treated cells exerted a
stroné 1nh1b1tory effect comparable to that of the
NiS-treated controls. These data demonstrate that inhjibitory
cells from 5-day cultures bear the Ly 2. 1 marker but ifjﬁ't
bear the Ly 1,1 marker.ﬂg

AResuIts from subsequent experiments showed that, like
¢

the 3-day supbressors, the'S—day suppressor cells are

antigen-specific (Table V).

2. Helper ee;le

The effects of treatment with various Ly sera on the 9,
activity of helper cells vaeéalso tested., Using a helper
cell assay, aliquots from the ‘same CBA antl-BALB/c first
step cells used in Figure 2 were treated ;1th various
anti-lLy sera, irradiated and added to a'second.step culture
to test for their helper activity. As shcwn in Figure 4, the
.shelper activity observed at the lowest cell number tested
(3x103) is virtually removeFufrom the anti-Ly 1., 1-treated
population. In contrast, ¢reatment with anti-iy 2.1 has no
effect. At higher cell numbers, 1x10+ and‘3x10‘, a
significant helper effect is still obserwed after treatment
with anti-Ly 1.1, indicating that helper activity is reducea

"bUt not eliminated by treatment. 'This helper effect is,

however, lower than and 51gn1ficant1y different from that of

rra—————
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the anti-Ly 2.1-treated population,‘especially at the cell$ , k-
dose thCh gives optlmal helper activity (1x{0*). The helper
effect from a mixture of ells from anti-Ly 1.1 and antl—Ly
2.1-treated;lots is parallel to the helper effect obtained
from anti-Ly 2.1;treated cells. This 1ndlcates that the
reductlon of helper activity seen 1n antl—Ly 1. 1= treated
populations is due to the ellmlnatlon of Ly 1.1-bearing
helper cells,. not to the presence of an inhibitory activity
pcedominant ln anti-Ly 1.1-treated’ cells.
‘Further examinatlon of the nature of ‘cytotoxic response

in thls curve (Fig. ®) confirms the presence of the
nhlbltory cell whlch bears Ly 1.1 and LY 2.1 markers (see
Figures 1 and 2). Ehls is ev1dent from the following.
observation. In the presencevof'TO—30x10? cell from ,ﬁ
NMS-treated first step cultures the cytotoxic responsée is
weak‘or completely'neqative. In contrast,'peak cytotoxicity
was obtained in the -.presence of a wide range of Ly
2.1—treated'cells. Positive,cytoxicity, although less than
optimal, was also obtained in the presence of anti-Ly

1 1= treated cells (10- 30x103) The mixture control behaved
exactly like the Ly 2. 1- treated cells. fhese results can bee
interpreted to sngéest that the presence LY 1.1*; Ly 2.1% of
inhibitory. cells in the NMs-treated first step cultures is
preventlng the expre551on of help in second-step'culture.
Consequently, a negatlve cytotox1c response is observed.
Hhen these inhibitory cells ade removed by treatment with

either anti-Ly 1.1 or anti-Ly 2.1 antisera, the cytotoxic
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0 3 0 30 100 300
IRRADIATED FIRST STEP CELLS x10°?

Figure 4. Helpér'T cells be&ﬁ@Ly 1.1 but not Ly 2;)
antigeﬁs. Helpef cells were génerated in 3-day first-step
cultures and then“treated with various anti—iy-séra plus
;ompleﬁent. Helper activitf was assayed as‘thé apility to
" help the response of 3x105 CBA thymus cells to 5x105
irradiafed-BALB spleen cells in second-step culiures.
Numbers of first-step cellsfused were eéuivalent to the
number of cells in NMS—treafed populations. The first-step
cells used here were aliquots of the popPlations assayed for
inhibitory activity in thé experiments repérted.iq Figure 2.
‘e = no first-step cells cells' -
0 = no first-step cells cells
& = anti-Ly 1.1-treated first-step cells
o= anti-Ly 2.1-treated first-step cells

e _
s = mixture of anti-Ly 1.7 and Ly 2. 1-treated cells
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‘risgonse becomes posit;ve. , \

6. Examination of.the Ly phenotype of the precursors of

suppressor cells -

Spleen cells from normal CBA mice were freatediuith i

NMS, anti-Ly 1.7 and anti-Ly 2.1 antisera and complemeﬁt.
"Viable cell counts.were determined and u;106 célls Were

stimulated by 8x106 BALB/c irradiated spleenJéells. Aftéf 3 .:*ﬂg¢3

dayé in gulture the cells. were hafvested, irradiated and
added'§s inéicated to second\step cultures to aséay for
their ability to suppress the ipduction of CTL. Second step
cultures were prepared'by mixing 3x105 CBA spleen responder
.cells and 3x10s irradfated BAfB/c Spleen.stimulator cglls.
The‘data from a typical ekperiment*is shown in Table VI.
Cells treated with anti-Ly 1.1 antiserum prior to setting up.
first step cultures were unable to generate effective
suppreésion. The suppréésive~effect'of thé§e cultures.;anes
at 1x1)% cells £eéted. InAcontrééf,‘célls trééted with NMS
exerted a strong suppressive effect; As few ;s 3x104 cells. /J\E
from these cultures were able to suppress the cytotoxic -
response. Treatment with anti-Ly 2.1 antiserum was also
effective in removing tge ability to generate suppressive
activity in first step cultures. This effect, however, is
less dramatic fhan that of treatﬁént with anti-Ly 1.1
antiserum. A 3—foldlreduction in the spppréssive activity

wvas observed after treatment with anti-1ly 2.1 whereas a

10-fold reduction was observed after treatment with anti-Ly

£

N
3
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Table VI. Ly phenotype of precursors of suppressor

and helper T cells.

i

.ggpe'of . ‘
eatment of % specific lysis
precursor cells(a) Number of first 'step cells added

None  3x105 1x105 3x10¢ 1x104  3x103

Suppressor assay(b)

NMS . 57211 11 32 1312 316 3018

.3 .
anti-Ly T.1 1143 41£12 3746 53+7 56+8"
anti-Ly 2.1 212 9+3 46+13 58t4 ‘5418
Mixtute (c) 6+3 41+5 49+ 8 55%5 58+12

- ﬁg}per_assax(d)

\ .

NMS - 11%8. NT 0.0 . 0.0 0.0 1214
anti-Ly 1.1 NT 1244  33+13 44x17 6818
anti-Ly 2.1 . NT 142 12£10  22£12 6312
Mixture (c) - : NT 64 30420 5412 6745

a) Cells frgm normal CBA spleen were treated'with the
appropriate anti-Ly antisera and'complement. Viable counts.
were determent and 4x106 cells were mixed with 8x106 BALB/C

irradiated spleen cells and cultured for 3 days.

L A
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Table VI cont'd.

-

b) Results of second step cultures prepared from, 3x105 CBA

spleen responder cells and 3k10§ irradiated BALB/Cc spleen

stimulator cells.,

- .
c) A mixture of anti-Ly 1.1-treated cells and anti-Ly

2. 1-treated cells.: j

epared with 3x10S

{

thymus responder cells frbm S-week-old'CBA mice and 3x10S

d) Results of second step cultures pr

irradiated BALB/c splfen stimulator cells, All values_
represent the mean + S.D. of U4-16 replicate cultures}.?f
LR L EEEL L -
1.1 antiserum. A mixturg‘of cells from anti-Ly 1.1 and
anti-Ly 2;1 populations, treated separately, was also
included. The suppressize effect obtained from these
_cultg?és was comparable tovthat of‘the'anti—Ly 1. 1-treated
:cells. At first,glance theée resul£s indicate that the\
precuréors of suppressor cells bear bbth Ly 1 apd‘Ly 2
markers. It is also possibl§ £hat;ce1ls uhichﬁéré Ly 1%, Ly
2+ are required for the induction of suppressof céllé. In
the absence of such cells differentiation of ;uppressd£4qell
precursors to effector suppressors does not take place and
therefore suppressor cells wvould not be iﬂﬁhced.
. Similarly, inconclusive results were also obtained with
. respect to the Ly identity of the helber precursor cells.@In

‘the helper assay shown in Table VI the results indicate

that, in spite of the cytotoxic treatment with the antisera,

IR

-
PR Ny

-




significant

except that

interpreted

bear any Ly

helper activity was observed'in<all groups

70 ;

of the NMS control. This data could be

that either the helper cell precursor does not

‘markers or the treatment with amti-Ly 1 and

anti-lLy 2 sera was effective in removing an inhibitory

component the presence of which is demonstrated in the 4

_suppressor assay of the‘samé'expetiment. This inhibitory

;1:dé11 could bear the Ly 7T+, 2+ mérkers. This is ﬁinied at by

. {he behavior of the cells from the mixture control in

comparison to the activity of the cells from the NMS

control._This“analysis further complicates the approach to
iéentif?/the Ly markers on regulatory cells, in partiéular
the helper éells, at the prééursor cell level. These.results

are sub%jct to further discussion in Chdpter V.

'ZL'Rqulation'gg'lou antigen dose
i . .

FST R

J ' K \ - ’ : ’
. Sod
. . S

" In the above experiments, the regulatory activity

gene;ate@iin first step cultures was characterized under

conditions where high numbers of stimulator ce;ls (3x10%

cells) were

used in secondvstep cultures. We then'decided to

v
.

examine the nature of this regulation in the presénée of low

-

numbers. of stimulator cells. The cells‘(respoﬁders,

@

stimulators and first step cells) used in this experiment

x

are aliquots of the same pool of cells used in the

experiments’
cultures were prepared by mixiﬁg 1x106 responder thymus

cells with 3x104 stimulator cells. A graded number of cells

reported in Figures 2 and 4. Second step

IVREPE
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/
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from first step cultures wefeiéd&sd to.test for their
‘ability to help cr Suppress fhé;djf&tg;ic respdnse. The
results a:e‘shoﬁn iﬁ Fiéure!g;ﬁUndéflfﬁése'conditions, the
cytotoxic response, in the absencé of cells from first‘step
culture, is completely negative. This response sduld ;bitbsa
helped by cells from first-Step culture treated with either
NES or anti-Ly 1.1 at any of bthe cell numbers tested. In
contrast, a positive cytothic'response was obtained in the
presence of a wide ranée of‘celisvffomvanti-Ly 2.1-treatéd?
1firs%»step‘cultures. A signifiCaﬁflj positive cytotoxic. '
response was also observed atfthé lowest dilution of first
s£ep cells (3x103) from the mixture contro;; When comparéd
to the results shown in Figure 4, these results indicate
that as the'number of,stiﬁd}a{or cells (antigen dose)
décreasés, the inhibitory,effect of cells from NMS—tréated

flrst step cultures becomes a stronger and does not shift to

help. ThlS 1nh1b1tory act1v1ty is medlated by cells whigh -

are Ly 1.1%, 2.1{“33ij98115 which are Ly 2.1+ confirmind the

0

observati@ﬁs shown in Fighres 2 and 4. Previously (67), we
o ' v
-have shown that as the number of stimulator célls decreases,

the net regulatory effect of cells from first step cul ture

shifts from suppression to help. The results shown in Figure

5 are not con51stent with thlS observatlon. This descrepancy
lles in the fact that in the earlier studles, spleen cells
from adult CBA mice were_used as responder'cells 1n'second
step culture whereas in, Fiqure 5, thymus sells were used as

responder cells in second step cultures. We decided to

LA‘.
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Figure 5. Reéulation_at lov antigen dose. The regulatory
cells used in fhis experiuent‘are aliquots.of th'e same
population of firs&-émep céils aSsa&ed for inhibitory ancl‘l~
helper activity in the experimeqts reported in Figures 2 and
4, Graded numbers of these,cell; we:e-éddéd to #ébond—step
cultures thch consist of ix106hthymus‘respondér cells and
3x 104 irradiated BALB/C’stimulatbr'éﬁleen cells. Results are
shown as the arithmetic mean. t SE; This experimeht has been‘

repeated three times with consistent results. .
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‘medium range of stimulator (1x105) cells were also included.

-13

further test this idea by examining the reproducibility of
the requlatory pattern on thymus responder cells in the‘

presence of varying numbers:of stimulator cells. Second step

%

cultures were prepared by mixing 3x10S5 thymus responder .

cells with stimulator cells in the numbers indicated (Fig.
F ‘ . - :

€). A wide range of cells from NMS-treated first step
cultures were tested. The same first step cells were also

treated with various anti-Ly sera, see legend.of Figure Ba.
In the paesence of high-antigentdose (5x105 stimulator

cells), the rinimum number reqhired to suppress the-

cytotoxic response is <1x105 cells from first step cultures.

At a lower antigeﬁ dose (2x104 cells), the minimum c
. . 4 ) e,‘..

~suppressive dose is 1x10¢ cells  from first step cultures., A

-~

Ir this case, the minimum nnmber required for suppression is .

R

3x10% cells. This number ‘= exactly in the middle of the
range of first step rells used to suppress the response at

high and ‘low antigen doses, In othér words, the suppressive

effect of first step cells is invirsely related to the .

number of stimulator cells in second step cultures.'This'
suggests that; in a system where thymus cells are used as
rGSponder cells in second step cultures, as the antigen dose
decreases the suppre531ve effect of cells from first step
cultures becomes more eff1c1ent and does not shift to help.

This observatlon is in accord vith daga shown in Flgure 5.

) —

FPurthermore, the Ly phenotype of the 1nh1b1tory cells is Ly

1.1*, 2. 1%, 5.1+, Thes< results are consistent with the

- . LA
PR T . o~
A

5
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v

observation shown in Figure 2.
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NUMBER OF FIRST'STEP CELLS X107

Figure 6. The effect of varylng the antlgen dosé on the
abiiity of cells from first step cultures to regulate the'
cytotoxic response by thymus respongfler cells. Second Step
Cultures were prepared by rxing 3x10% éBA thymus responder

cells with irradiated BALB/c stimulator spleen cells in the

numbers indicated 0=5x105, n=1x105;4=2x104). To assay for

. =
‘suppression, graded numbers from NMS-treated 3 day first,

f

step cultures were added to second step cultures. Treatment
gg}h varlous anti-Ly antisera‘was alsb carried on the same
first” step cells. The results vere as -follows:

’
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Figure 6'cont'd.

L -

‘ % specific Lysis
Type of - ' * Nuwberp/of
treatment Sstimulator

of first Viable cell

. cells
step cells ‘ counts x10-¢ 5 x 10 1 x 105 2 x 10¢
' -

. (42 £ 5) (56 £ 7)° (35 = 10)
NMS o 4,2 16 + 5 15% 6 5133
‘anti-Ly 1.1 2.0 3343 33+ 4 16 % 3
anti-Ly 2.1 . 1.4 29+ 4 56+ 7 40 + 10

. ) . \

Mixture a) 27 + 4 413+ 4 38 ¢ U
.cells
anti-Ly 5.1 0.5 51+ 3 49%5 314 10
(number of first ' . - e

step cells tested) . - (108) (3 x 104) (10%)

Values represent the arithmetic mean ¢ S.E.

(a) A mixture of cells from anti-Ly 7. 1 and anti—Lf 2.1~
) -

Separately treated populations. ' '
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n the suppressor and

CBA arti-BALB/c'cells from 3 day.first step cultures
were treated with the appropriate anti-Ly afitisera and
complemant and Nusiand'cdmplement. After treatment the cell§
were added to second step cultures prepared with CBA eeile
and BALB/c irradiated splegqn cells. The date in Table VII
show that the 1nh1b1tory cZle are sensitive to treatment
with anfl-Ly 6.1. The degree of sen31t1v1ty to treatment
with anti-Ly 6.1 varied depending on the type of tte

responder cell used in the second step culture. In the case

1
[

of-spieen responder cells the supgressive effeet'ef-anti—Lyi
6.1 treated cells was 3-fold less than that of the NMS
controi; whereas in the case of thmeS'reSPOnﬂer cells the
suppressive effect was only siightly affected. Thie could be
due to the fact that the overall suppre351ve effect in %hls
experiment is relatlvely weak., As high as 1x105 cellsawere
required to observe an 1nh1b1tory effect on splenlc )
responder cells. In both cases treatment with antl Ly 7.2
has no effects. In order to establish uhetper or not the
supbressor cells bear Ly-6.1 markers, tie@erperiment vas .
repeated with- the 1nclu51on of treatment w1th antl Ly 1. 1 '
antlsera. As shown above treatmeﬁt}glth antl-Ly 1.1 strongly
reduced the suppre551ve effect of first step cultures. .
(Figures 1 and 2). A comparison, therefore, of the effect of

>

anti-Ly 6.1 wlth the effect of antl-Ly 1 1 on the

. 7 ~
[N
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v

Table VII. Treatment of suppressor cells with ahtifﬂy
6.1 and with anti-Ly 7.2.

- % specific ly31s
¢ first sStep cells added x10-5

—

Treatment of

first step cells Nomne 30 10 3 1
Suppression of a response’by spleen cells: g

 NMS o 64t 3 7+1 7 438 6619
anti-iy 6.1 . . - 5¢2 336 S427 . . 6585
aﬁtiij 7.2 ‘ 5¢3 - 1044 qutslf'_5l£8 N

Suppression of a response’'by thumus cells:

NMS : 64+5 2719 48413

anti-Ly 6.1 341221 6746

anti-Ly 7.2 K 2 .1 4+2  23:23

3x105 CBA spleen cells or 10x165 CBAvthjmus cells were
cultured wlth stlmulator cells and the 1nd1cated number and
klnd of three day flrst step cells. Each group consisted of
4-12 replicate cultures: the values above ;epreeent the mean
+ SD of ?eplicate cultures. The large SD in the case of
thymic respoﬁders (lines 6 and 8) plus first step cells are
an iqdicafion thetlin these groups.some culturee ere
euppreseed‘while others are lese;affected.

kR R R
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»n

v .
r spleen or
. R .

suppressive activity ofifirst step cultures allows for a
.ctitical assessment of the expression of the Ly 6.1 marker
he

.by the snppressbr cells,\Again, cells from eif
thymus were used as respohder cells in second step cultures

(Taﬁie VIII). Tﬁé'resultséére similar to those reborted in
Table VII. Trea;mént uitﬁhéﬁti;L§-i.1 effedtive}y reduced
the suppressive?aétiQify, §pproximately'103fbld, on both
splenic and thymic‘seCond step cultufés‘(éompare'the yalues
S of NMS at 3x10+ ‘and ahti—Ly 1.1 at 3x105 first step cells
/ '~ added). When cOmpared'té.these‘resﬁlts, treétment with ~
anti-Ly 6.1 was only slfghtly ef fective in redhcingvfhe

-

‘suppriessive activity on splenic second step ciltures and has
Y

ﬁiktdre.bf cells from anti*Lyv1.1 and antifLy 6.1 Separafgly
treatednpopulations'ofbfiﬁst.step cells wvas also included.

The suppressive activity of ﬁhis mixture‘was cohpafablé to
‘that of the NMS cbptrdl;.Takénvtﬁgéfher these observations

show that while 3 day suppressor cells are rich in the

¢

expression of Ly 6.1 marker. Helper cells from simil#r
cultures express the phenotype,iy q.1? and Ly 7.2+ (97).

ype of cytotoxic T cells

Y phenot
_He'have‘demonstrated_that_the inhibitdry cells

w
-

o

expression of Ly 1.1 marker thgy are relativély poor in the
1 ’ ‘ )

-~

> N

9. Ihe L
2t ed in this system are different from the.ﬁi}ler cells
by several criteria (67). The next point to be Fianined is

whether or not we could draw'further support for this..

Gt bal i 2 S
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Table VIII. Comparison of the effects of ‘anti-Ly 1.1 'é
A
treatment with those of anti- Ly 6.1 treatment of 5
suppressor cé&ls.~ 1?
. . A 3
% specific lysis 5
# first step cells added x 10-5 Sz
. Treatment of first , L ﬁ;
- step cells: 30 10 3 1 0.3 3
splenic Responder cells | 'F.f
NMS §g€6212 , 2 - 5%#5 2336 39£3 5015 L
anti~Ly Te ) 1848 36413 5619 49+10 71x17 - T
anti-Ly 6.1 62 1845 3943 49+£10 5915 }%
Mixture 4 5gn 36s4 4915 5818
Thymic Responder Cells ' Lo (: g N
) NS R FAY: 0 0 a2 M3 1
anti-Ly 1.1 0 zez ex3 17s8 20820 g b
) o, . » . T . . " ' 4“"’;{?‘
anti-Ly 6.1 ’ -0 0 T 2%2 6£1  17+9 ) 3
v ‘ A b
) ~ E ) @ ‘ . %
Mixture L. o 0 ©0  3:2  10%£2 z
—— : 3
‘See legend to Table II for culture condlﬁﬁpns.lThree day K;*f 4
( j first sté%&Cell‘ were used. The mlxtures con31sted ot equal:’ h f
S parts of anti-Lljy ‘1. 1 and anti-Ly 6. 1 treated cells.' L i
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hypothesis on the basis'of typidg for Ly antigens.,After 5

days of ;ncubatlon, klller cells fronm cultures of CBA spleen

cells respondlng to BALB/C stlmulator cells were treated

' ylth‘varlous-antl—Ly sera and complement and assayed.for

;their cytotoxic activity on sice-labeled P815 target cells.

Figure 7 shows that the killer cells'are sensitive to

treatment with anti-Ly 2,1. The cytotoxic activity was

: s;gnificantlj feduced from that of the NMS control. In

dbntrast, treatment with anti-Ly 1.1V(#u58) has no effect on

the cytotoxic response. Newertheless, these results were not

-4

true of all the experiments which were done in this study.

Results obtained from expefiments where a different batch of
k-4 ' . ’

nt1 Ly, 1.$Jserum (#usé} was used gave different

concluslons. The results shoun in Table Ix 1nd1cat% that ™

N

" with this(batch of serum, killer cells were also sensitive

to treatmefpnt with antlfLy 1«1 A 3-fold reduction (from the

NMS control) in the killer activity was observed after

treatment wAth either anti-Ly 1 or anti-Ly 2. To deteérmine

whether the decrease in the killer activity was due to

N ' :

. L : o . . 4
depletlon of- one subset of killer cells which bear both Ly-1
‘and Ly-2 antigens or two subsets of klller cells, one

bearlpg Ly 1 antigen and the other bearing the Ly-

'antlgens, a mlxture control composed of ant1 Ly—1 treated

cells and anti- Ly-2 treated cells was thus 1ncluded in the

,,essay. ‘The results lndlcate that the lytic ac%1v1ty obtajined

from ¥he mixture control was not comparable to the NMS

control. This suggests that the killer cells are one subset
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Figure 7., Ly phenotype of killer cells. CBA responder
spleen cells were cultured with irradiated BALB/c stimulator

‘ A,
cells. After five days in .culture, effector cells were

treated with various anti-Ly éntisera and(£25ted for their
ability t; lyse S1Cr-labeled P815 target cells. The results
are plotted in per cent'specific iysis, mean * S.D. of three
replicates. Viable cell recovery waé: NM8=5.5x105/mi,
'aﬁti—Ly'1;1=1x106/ml, anti-Ly 2.1=1x106/ml. These resuits.
were obtained aftef tréatment wvith anti-Ly 1.1 #458,
Spontaneous release: 855 + 25 cpm; detergent release: 8704 1

916.

v
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. &= antiéLy Te1 : ‘ "
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of T calls which bear both ‘the Ly 1.1 and the Ly 2.1

markers. (This discrepancy in the Ly phenotype of the killer

o

CelleUill.be further analyzed'in the discussion.

In order to assess directly the relationship'betueen

7

cytotoxic cells and suppressor cells, we decided to ésséy
the cells from the same 5 day first §tep cultures for
cytotoxicity and suppréssion in one experiment. After
‘treatment wiEh the appropriate antiserunm (including anti-Ly
1.1 #ues), cells from CBA anti~§AiB/c first step cultures
:yere divided into two aliquots. One aliquot was assayed for
cytotoxicify on S1Cr-labeled P815 target cellsAandﬂgfaded
nuﬁbers'of cells from the second aliquot were added'to:
second step cultures to.assay‘for their ability_toléuppress

the generation of CTL, The results from both assays are

shown in Figuré 3. Figurés 3.a and 3.b represent data froam

A

o

two independent experiments. As indicated earlier, the
‘ . ‘ .
inhibito:y cells are Ly 1.1-, 2.1%*, In contrast, the

cytotoxic cells %&f Ly 1.1+, 2.1+ confirming the results
] . . } o4 . .

shown in Table IX. Furthérmofe, there is no corrélatioh‘
between the .level of cytotoxicity and the éxtent'bf
suppression. For example, although the Cytétoxic activity
was eitheri' nimal or virtually removed at 3x10¢ cells from
NMS, anti-Ly 1.1 and anfi-Ly 2;1—treated‘pépulétidns?adnly

the suppressive influence of cells from NMS and anti-Ly
8 ,

1.j-tréated population is completeg; effective, -

\

~
\

4
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Table IX. Ly phenotypes of cytotoxic T cells using ¢ ‘second

‘batch of Ly antisera.

83

. - Viability ) -
Type of N . after treatment % specific lysis
treatment - cells x 10-se 1x10S - Tx 104
k . -

NMS o 5.5 ' 67 + 2 112 0
anti-Ly 1.1 2.0 - 18 + 1 2+ 0
anti-Ly 2.1 1.8 19+ 0. 3¢0

Mixture of Ly-1 .
treated cells and 28+ 1 3+ 0

Ly=2'treated cells

CBA spleen responder cells weréicultured with irradiated
'BﬁyB/c spleen sti@ulator éells,fdr'five days. Cytotoxic
cells weré treath wi£h the appraopriate alloantisera and
complement and thé viab}e cells‘yere;pssay?d for

cytofoxicity. : =

e 33 ok e ok e o ok %k

4@
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killer cells , ' -
The Ly 5 locus has been 1dent1f1ed .only " recently (3&).
It appears to control antlgenlc spec1f1c1t1es whiich are
restrlcted to*T lymphocytes. He: 1nclude here 4 summary of
the results on the Ly S phenotype of killer cells
1nh1b1tory cells and helper cells (Tablg X). The killer,
helper and S5-day 1nh1b1tory cells were obt4ined from
cultures of CBA spleen responder cells and BALB/c irradiated
stlmulator spleen cells. Inhibitory cells from 3 day first
Step cultures are also 1ncluded ‘Cells uere treated ulth the
approprlate antlsera and complement and assayed for the
relevant function,. Hhen}%ompared to NMS- treated cells, only
re51dual cytotoxic act1v1ty vas observed from anti- Ly

/
S-treatad population, Thls indicates that the killer cells

are.Ly 5+. delper cells and inhibitory cells were added to
second srep cultures con51st1ng of CBA thymus responder
J‘;cells and BALB/c stimulator spleen cells, In the helper cell
- ﬁss;y, helper activity by cells from ng\treafmﬁ populatlon
was observed at the lowest cell number tested (3x103). In
. ¢ DO helper actlvlty was observed by cells from
anlt Ly 5- treated cultures. S;mllarly, the inhlbltory"i'/c.

att1v1ty obtamned from 3-day flrst step cultures was also

"?ighfgahovbd by treatment wlth anti- Ly 5 %iloantisera. These‘

V'resul ts 1nd1c&te that klller cells, 1nh1b1tory cells and

helper cells all bear the Ly 5 marker,

i

4
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) _ o .
@ Hmvwm X. erm rw 5 vrm50nwvm Om iller anHm. rmpvmﬂ cells and inhibitory cells T
~ . : : W\ cytotoxic nmmvo:mmAmv (% specific lysis) "
‘Number of cells o ~ Inhibitory cell mmmmw
from first-step Killer cell mmmmz “Helper cell assay . (b) : Anv
. : cultures .. 'NMS anti-Ly 5 - NMS anti-Ly 5 “ NMS anti-Ly 5 *NMS m:nunrm‘m
zo:.m : ’ - - N.u.. .l MNH N s T N.Nl...n
w_ . Ix10° s56(d) 15 " ND - . ND . 0 46.5 2 58
© 1w’ 27 a 2 0 1.8 . 70 16 51
Ix10" 8 4 2 0 47.1 64 27 43
. B2} )
No. . , . ) ) 4 - . ’ o
1x10 1 1 6 . mw 79 — . 76 33 <37
Ix103 ND ND 251 T s 82 /)

“viable cells _ . . B ' ) . _—
recovered after 6 1.5 : ! - 4.2 0.5
treatment x 10-6 . . : .

2

v

(a) The cytotoxic ﬂmvaSmm of second-step cultures nonmwmnwnm of CBA thymus responder cells .
(1x10%) and BALB/c mnwscwmnon splgen cells. CBA anti- BALB/c first- -step cells were treated
with .efther NMS or anti-Ly 5 and ‘added, in the numbers #aa%nmnmm. to second-step cultures to
assay for either help or suppression. © . - ¥ oL -

(b) The cells were “obtained. from.5- ~-day mwnmnlmnmv ncHn:nmm. . - L //ﬁr

(c) .

The cells were obtained from 3- ~day first- -step cultures., C ] oo

-(d) e:m results of the killer cell assay, helper cell assay m:a nowcan c of n:m w:r»vwnonw cell
assay were obtained from the" same mxcmnwam:n.4 Each number represents n=m anwnramnwn ‘méan om
four replicate cultures,

e
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- this system are Ia-negative.
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IJ typing of suppressor, helper and killer cells

&

[=F

11. Ia an ressor

First-step cells from 3-day culture weéere treated ﬁith
.

various dilutions of ant1 Ja sera and complement and. added

to a second MLC - to assay for their ablllty to 1nh1b1t the

generatron of CTL. The data show that the 1nh1b1tory

o

activity was not removed by treatment with anti-Ia at any of

the serum dilutions tested (Table XI). At no time did we
: v o
observe any significant difference in the lytic activity

-between the ant1 Ia-treated groups and the control groups._

Fe repeated this experlment six times and all the results

-

are conslstent with these flndlngs, that is,” the 1nh1b1tory
cells‘are_Ia4negathe. Similarly, in a helper cell assay, we
found that'the,helper activity"was COmpletely unaffepted by
treatment with anti-Ia (92). ‘ /

The killer activlty was alSO'unafgggLeF b};treatment

with anti-Ia sera.- Table XII shows that theelytic activity

obtained from anti-la-treated_oells which iave been cultured

for 5 days in vitro is not different from that of the dMSh,
. v o . P
control. This indicates that the killer c¢ells producey'in
ol S _ - '

/
o v

The IJ tYPihé vas neéative‘for the killer céltz/and the

5-day 1nh1b1tory cells (Flgure 3).. Three-day 1nh1b1 ory

cells were ‘also uﬁaffected by treatmént with antl-&J (Table

D
+
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Table. XI. The:Ia phenotype of suppressor cells generated

. -
D ~ a)

in 3 'day first-step culture. ~ -V O L

P N . * Viable
’ * Number of step-1 cells added cell
- ooy . - - .. - -
Type of 1106 - 85x105 - - 2.5x105 recovery
treatmen+ ‘ x 10-s/ml
NHS /4 s L 10 22- 5.4
1/16 11 ’ 17 32 - 4.8
Ia o4 7 18 . 25 1.8
178 7 18 21 1.8
y o ( A '
1/16 5 13 ‘ 19 2.5

Cells from 3-day first sfep cultures were treated with

various dilutions of anﬁl-la serum and C. After treatments,'
viable counts were determined and ‘the cells were added, in

the numbers indicated, to second step cultureb to assay for

'suppre551on. The response of second step cultures where no

cells from first-step culturei\were added was 37% ly51s.

~

P
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Table XII. Ia phenotype of cytotoxic T cells.
' “ % specific lysis
Fraction of . ———— —
a culture Untreated . NMS-treated - anti-Ia -treated
1/10 | 30, .23 33
LS ) : . )
1/30 16 213 , A 16
1/60 9 8 P

Y

\

Cytotoxdc cells were harvested from 5-day cultures .
containing CBA:éblegn cells plus irradiated BALB/c spleen
celis, Assay was on 1x10% sicr p815 target cells. Viability
after treatment was és foliows: éntreated = 10x106 ceilsf
NMS-treated = 8.2x10% cells, anti-Ia -treated = 5.6x108

cells.

P e e ek e o ok ok o o
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: cells 3- day fyrst-step cultures.

» Table XIIT. Effect of treatment wlth antl-IJ on regulatory

“:Eii _'_)l

o

%_speciiic lysis

Inhibitory activity - Helper activity
First step - : ' ’ :
cells x 0-3 . . 7 NmMs : anti-IJ NMS. anti-IJ
None = . %2542 s 52 ‘
00 . 3 %1 Y I0+2 943
‘ 100 o 10x2] +1 ws2 . 27% s
30 19°: 2 7 &2 28+4 ‘3942
10 26 t 3 1ul2 20 £ 4 - 39'xu
3 ‘2'5:{2.’_ W4 17%5 " 52 & 3

Cells from first step cultures were treated.with.either NMS

or anti- IJ(k)~and complement. Viabie cells recovered after

v'treatment were"NMS = 7.5x10§, anti-IJ = 6.5x106.’ The cells

then were added in the durbers indicated, to second step

cultures te assay for thelr suppressor or helper act1v1ty.

) The 1nh1b1tory assay consists of 3x10s CBA spleen responder"

cells and 3x105 1rrad1ated BALB/c stimulator spleen cells,

The helper assay consists of 1x10S GBA responder cells and

<5

. e
3x10S5 irradiated BALB/c stimulator spleen cells. Validés

‘represent the mean + SE of 8-40 replicate cultures.

e 3% 3 2 3k ek ok e



CHAPTER 1V

Helper,ﬂsuppressor‘and'cytotoxic'celleareTphisically.

o s N N ' '
o distinct suabclasses of T cells .\\ . T

"A. Discussiom . .. .°°
1. Is suppression due to antigen elimination?
- The data shown in Table III indicates that‘therelig'au

inverse relationship‘betﬁeen‘thefnumber of stimulator cells
used'in the second Step culture, and the effect of

1rrad1ated flrst—step cells en that culture. In the presence
of hlgh numbers of stlmulator cells a partlcular number of

flrst—step cells (1x105) isi suppre551ve, whereas in the
presence Of-a 50~fold lovwer number of stlmulator cells, the -
'same nunber of first-step cells actually helped the

response. THis orservation‘speaks strongly against antigen
elir}nationvas thevmajcr mechaﬁism’uthrlying‘tﬂe

. L m
-suppressive effect of:first"step culture on tqe}generaticn
I of cytotoxicity. f ' . /// | - -

e ,/

Alternatlvely, 1t,1% p0551ble that the cytotoxlc effect

~

is directed agalnst négponder cells which have stimulator
/

-

cell alloantigens bound to their surface; thus renderlng
;them susceptlble to the cytotox1c act1v1ty of first- step
cells. The data reported in Table III also sPeaks agalnst
this possibilityﬁ A thrée-fold reduction in the number of

responder cells aia not seem to 1nf1uence the suppress1ve

effect of flrst-stép cells. That 1s, the relatlonshlp

= s
90 '



between the antlgen dose and the-effect of flrst-step cells l'r

h

,;as malntalned regaréless of the decrease 1n thé number of
. . a’. . . _’r,
,_nresponder cells present 1n\secopd step culture. Our ,0 o

3t

1nterpretat19n of thlS data suggests that“the suppré531ve

e

'effect is not due to cytotox1c effect, but rather is a f]'f;“vjr
r@bulatory 51gnal whlch occurs as .a result of the ablllty of
1both responder cells and 1nh1b1tory cells to recognlze and

respond to determlnants expressed on the 51mulator cell

. surface. This 1nterpretatlon is also cons1stent wlth the

“experlments reported by Trultt et al (29),'who demonstrated
that 1ncrea51ng the number of stlmulator cells in second

- o
step cu‘tures did ‘not competltlvely dlmlnlsh the suppr‘.sor"v#

‘act1v1ty. "

Spec1f1c cytotoxlc 1nteract10ns 1nvolv1ng only
responder cells and f1rst-step cells whlch occur via <
alloantlgen bound to the surface of . elther cell type are‘ ‘
unllkely, due to competltve 1nteract10ns W h mustfoccur-in'.
the presence of large numbers of stlmulatéiiiells. ThlS 15
justlfled on the grounds that the number of responder cells.

fspec1f1c for BALB/c is at least 103-fold lower than the

number of BALB/c stimulator cells based on the results of

;‘?

others (92). Ant1-BALB/c—spec1f1c 1nteract10ns are most.

likely to occur between responder cells and stlmulator

[ IS

cells, and? betueen first- step cells and stlmulator cells,
thereby preventlng any direct cytotox1c 1nteract10ns betweentﬂ

. first- step cells and responder cells.‘ ’ 'T'r_w

In view of this dlscu551on, it 1s worth empha5121ng

B 3



g S I
: SR A N s

. that the level of cyig}ox101ty ;s“ﬁeflned by the 1y51s of

s .

s1Cr-1abeled 9815 target cills 1n a u-6h say. Slnce

)

1rrad1ated fresh BALB/c': leen cells are used as.

'stlmulators, and 1n genera v these are very PoOOL targets 1n

‘

the u 6h say for c&totoxlc T cells,_lt is someuhat

sPeculatlve to assume that the.suppre351ve ‘@ ct of flrst
o
step culture lS due to- ellmlnatlon of stlmulator cells in

-

the second culture. Hovever, 1f we accept the fact that we

o

are somewhat llmlted 1n the means by uhlch cytotoxlc

“act1v1ty 1s deflned (e g. the 51Cr release assay), one mlght

- argue that cytotoxmc act1v1ty whlch is undetectable ép
conventlonal methods 1s respon51ble for the 1nh1b1tory

-effects observed here. ThlS is unllkely for a number of

reasons.:Flrst, a 50 fold reductlon in the stlmulator cell
‘dnumber does not ellmlnate the cytot011c response of -
funlnhlblted second step*culture (Table III, 5x106 to 1x105
dstlmulator cells)‘ However, cells from flrst'step culture

tlll able to very efflcrently 1nh1b1t the cytotoxlc

’response to 5x105 st“mulator cells. Second, a 100 fold

”decrease 1n stlmulat,r cell number does in fact severely'

fre
o b

reduce the cytotoxx response, but ander these condltlons,

the flrst—step cells help rather than 1nh1b1t the cytotox1c

o *

response._Thus, 1t becomes very dlfflcult to support an
argd¥men’y whlch is based on undetectable cytotox1c effects by
~cells fromﬁéirst,step‘culturesyg

.- »
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2. Is §uppre551on "too much" help’

¢ ' _
The observatlon that°a certaln number of 1rradmated ’///”
flrst step cells can 1nh1b1t the generatlon of CTL in the.
‘“presence.of h1gh nuﬁber%vof stlmulator cells,;and that this -

ar

Asame*fgﬂbEI ofrfirsf-step.cells can help the cytotoxic

- response 1n the presence of a 5-fold lower dose oi

stlmulator cells, rethres further dlscu551on (Table III).

- These results could be 1nterpreted as reflectlng one of two
broad p0551b111t1es: elther suppressor cells cannot.functlon
properly-in»the'presence_of.lou doses of antigen, or

i

suppreSSOr-and‘helper.functions are mediatel by the samgs , !
type of T cell. Observatlons on the generatlon ;n vitro of
helper T cell act1v1ty for the 1nductron of CTL seéms tov
support the second posslblllty.lThese results show that

helper actlvity is‘geherated in first step culture harvested
‘at days 2 and 3. The helper activity of day 3 first step

culture (thch are equlvalent to the first step- culture

descrlbed here) is 10 to 20 foldelgher than the* helper

act1v1ty in ﬁlrst step culture harves ed at day 2. ThlS
correlates well "l?hhth? 1ncreased_1,hb1tory act1v1ty‘ e
describéd here which'is also seen‘in_Qay 3 first step
culture. However, the postulate that the inhibitory effect
of'first—step cells represents excess helper activity is
more difficult to reconcile with the observation that
vpretreatment of mice with cortisone seems to remove

'precursors of the inhibitory cells whlle apparently

enrlchlng for precursors of helper act1v1ty (67) « : »f\

-
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. fJ: . Another, approgch for a better understandlng of the
'~;:£élatlonshlp between helpe?'cells and suppressor cells and
the relatlonshlp between supp!bssor cells and cytotox1c

ewcells rsodescrlbed‘below; e | - o

. RN L S ‘
* The detection and the nature of'distribution of Ly

determlnants on.regdlatory cells prov1de new 1n51ght§-1nto
the role and mechanlsm of actlon of 1nh1b1tory and helper
cells in’ 1mmunoregulatlon. The serles of experlments
Idescrlbed 1n‘Chapter 3 have demonstrated ‘that T helper cells
are clearly dlfferent from T inhibitory cells, whereas the
helper cells bear Ly 1.1 but not the Ly 2. 1 marker, the
inhibitory cells bear both Ly 1.1 and 2.1 markers. A second
type of_lnhlbltory T~¢ell which bears the Ly 2.1, but not-
Ehé/Ly 1.1 marker can also be identified after five;days‘of
Cultqre, but is only sporadically detected in three-day -
. first-step cultures. Fdrthermore, the suppressor cells are
1d> physically dlstlnct from the cytotoxic T cells. These
nlexperlments were done using cell populatlons 1n whlch helper
cells, suppressor cells and killer cells coexist and can be
assayed 1ndependently. All of these studles refer to the
surface phenotype of the effector cells whose function is
radioresistant,
. The analysis of the Ly surface pheﬁptype'of effector

.cells is a much more straight forward experimental problem
than is the analysis of precursor cell phenotype. If a ’

radlore51stant regulatory cell function is being assayed,

" inductive events have occurred prior to treatment with
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various antisera. The probability that the cell type removed"
by treatment represents the actual ef{ector cell of a glven

v

L T functlon is hlgh. If precursor cells are treated it becomes

ydlfflcult'to ensuretthat all the elements necessary for

induction~of_th05e precufSors are unaffected by the

y ~
) 1

treatment. For example removal of a '‘Precursor function by -
antl Ly 1 tréatment mlght not Rean that the precursor itself
bears the Ly 1 marker.'".*]’ 5 -
i
To”iliuetrate thisgproblen the data presented in Table
VI offers a good example. The data falled to support the

g,

conclu51on»on the nature of the Ly phenotype of either the
suppressqr/er the helper.cell precursor. This uncertainty
stems from the fact that, 'given the nature and the method of
the assay sYstem, one can never achieve full isolation ahd
independant characterization of the precursors of°a certain
<‘~ subclass of Tvcells without the influencé of the other.
subclasses. For example, if one were to treat a population
of cells from normgl spleen with Ly-1 antisera and achieve - -
only a 3-fold;reduction in the number of helper cell |
precursor and a 10-fold reduction of the inhibitory cell
precursor, it is likel} that, under these conqitions, the
helper activity generated from anti-Ly treated spleen would
be better than the helperfactivity of the NMS control where
the preoursor of inhibitory cells were not affected.
Consequently, the helper activity obtained from these

first-step cultures would result in a strong cytotoxic

response in the second-step culture. These results are
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uimlsleadlng. The fact that we got hlgh level of helper
actLV1ty in the flrst-step cultures 1s ‘not because the.
helper cell precursors do ‘not bear Ly 1 but because in }he_
absence of 10- fold or hlgher of lnhlbltory cell precursors,
the helper cell:precursor are able to prollferate
uncontrolled. | |

<

The complex1ty of the 1nterpretatlon of such data could -
be extended to other systems as well [ Bach and Alter (11),
Swaln and Panf111 (uz) and - Cantor and Boyse (41)]

/

/ The presepce of two dlfferent subsets of 1nh1b1tor¥ T’

cells in 3-day first—step culture raises ‘the question of u
whether or not these cells represent“a;single
differentiation~pathuay. Cantor and Boyse postulated that.yy
1+2+ cells coul}d be the common precursors for the dther
subclasses of /T cells characterlzed as Ly 1=, Ly 2+ and Ly -
1+,2— (43). This could mean that the Ly 1+,2+¢ subclass of
inhibitory cells‘at 3 days of culture is trauSitional_andl‘
will further differentiate to yield Ly . 2+ progeuy althoughdA
it is 1mportant to realize that the 3-day Ly 1+ 2+
suppressor is a dlfferentlated cell capable of exertlng a
radioresistant inhibitory:function. This model predlcts that
the majority of inhibitory cells from firSt>Step cultures_of
longer\period of incubation (for example, 5 days) suould
predominantly express"the Lf 2 marker. This was_shoyn‘to be
the case (Figure52). A secondimodel vould predict that Ly

14,2+ and Ly 1-,2+ cells are separately differentiated

‘regulatory cells, each of which is capable.of exerting an



‘hplndependent 1nh1bltory effect. The studles,on precursor

:‘phenotype descrlbed in Chapter III were de51gned to test jt“"'

fthls model but,_as dlscussed have proven dlfflcult to

1nterpret.,'

. The mechanism%by which,theseflnhibitory cells act is an

' _interesting problem. Some of these data can be interpreted

" as suggesting that Ly 1-, 2*_inhibitory cell may-have a .

~different mechanlﬁh actlon than does the Ly 1+ 2+
%ilnhlbltory cell. Thls 1s hlnted at in the data presented in
?Elgures 2 and 4, Both types of suppressor cells 1nh1b1t the
generation‘of CTL»at the hlghest antlgenrdose.tested, and
the Ly 1; 2+ inhibitor is-abouth3¥fold more‘frequent than
the Ly 1-,2+ inhibitor (Flgure 2). The suppressor act1v1ty B
of the same populatlon of cells when assayed at” low antlgen
dose (Flgure 5) seems to be medlated largely by Ly 1=, 2+
"1nh1b1tory cells. ‘This can be 1nterpreted as 1nd1cat1ng that

at low antlgen dose,blnductlon of CTL 1s much more dependent

on the generatlon of helper cells from ulthln the second

v

step culture than is~ the case at hlgher antlgen dose. Under-f'

these condltlons 1t is p0551ble that the Ly 1=, 2+ suppressor
is a more eff1c1ent 1nh1b1tor of +he 1nductlon of help than
is the Ly 1+, 2+ suppressor.\

it seenms clear that ln operatlonal terms, the Ly 1+,2+

SUPPEESSOT cell acts to negate the aCt1VltY of helper cells.

-In Figure 4, using the same populatlon of flrst step cells

. q
as in Flgures 2 and 5, it was: necessary to dllute the
)

flrst step cells to 3x103 cells before helper act1v1ty could
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.*be detected, suggestlng that at hlgher cell doses the ‘ -ntp:nv

”‘fact1v1+y of helper cells was obllterated by 1nh1b1tory

‘theffects.,Treatment of the flrst step cells wlth antl—Ly q«_

depleted the helpor act1v1ty approx1mately 3—fold and must
Zalso h;}é removed some of. the 1nh1b1tory component 51nce noultm
iphelp 1s seen at doses of flrst-step cells %hlch uere not
f:effectlve if untreated. Treatment. w1th antl Ly 2 1
tl‘dramatically 1ncreased the helper aCthltY and alsof
'broadened by 10 fold the range over thch helper act1v1ty
was. seen. ThlS 1nd1cates ‘that an 1nh1b1tor bearlnéhLy 2.
antlgens prevented the expre551on of helper act1v1ty. The'
mlxture of antl—Ly 1.1 and antl-Ly 2. 1- treated cells shows
that the lnhlbltor which acts under these c1rcumstances 1s a'

7/

Ly 1+,2+ cell. Thls part of the experlment shows no trace of

')s_the Ly 1-,2+ 1nh1b1tor which, from the data of Flgures 2'and;

U, we know was present in the flrst step cell populatlon. In

ad

o
.

terms of the lnhlbltlon of the 1nduct10n of CTL precursors,‘
the Ly 1%, 2+ 1nh1b1tor appears to be the major suppre551ve
actlvrty% These experlments make clear the compllcatlons qﬁ
1nterpret1ng data u51ng ant1 Ly sera even at the effector
cell level, and also 1nd1cate the 1mportance of testlng
:treated populatlons at multlple cell doses to assess the

'degree of effect- of any glven serum. iJ.ww

The results on the relatlonshlp betveen the regulatory
‘;effect'of cells from flrst step cultures ‘on the generatlonJS
‘of CTL and the number of stlmulator cells afe most ’

'1ntr£§u1hg. Flrstly, at 1ow antlgen dose, more help is

c \v.;



"requlred for the generatlon of a pos;tlve CytOtOXlC fjﬂf?i

: jresponse.'Thls 1s ewldent from the f cb that,,at hlgh

x”;iantlgen dose, the helper act1v1ty by as few as 3x10* cells

from antl—Ly 2 1**reated populatlon was effectlve 1n helplng”..
Tﬁthe cytotoxld response (Flgure u). In contrast, at low~ .
';antlgen dose, thls number was not effectlve-bln faCt's;fr”,?iéilﬁf'nﬂ‘ij
'3 fold hléher number (1x105) of cells from the antb—Ly | -:;ef"hl7hi1:?
*;2—treated flrst step cells was needed to prov1de effectlve
;help for the geheratlon of CTL (Flg.‘S) Secondly, as the
L ‘number of stlmulator cells decreases, the suppre551ve effect,o
- ,of cells £ rom first. step cultures becomes. stronger and does

not'shift to help. In the presence of 3x105 stlmulator

cells, the cytotox1c response is completely 1nh1b1ted by ,ff{,g;fj[;t

ok ot

,3x10* cells from NMS~treated populatlon (Flg.-23, A 10-fold
reductxon in’ the number of stlmulator cells the CthtOIlC'

';esponse is strongly suppressed by as lou as 3x103 cells‘

from-the same pool of Nms-treated cultures used in Flgure‘2
_.(Flg. 5) o Furthermore, the helper actlvlty by 3:1%3 cells
‘hifrom NMS.treated cultures observed at hlgh antlgen dose in .
Flgure 4 is completely absent at low antlgen dose (%19. 5).}
‘In other Hords, as the antlgen dose decreases, the |
suppre551ve effect of cells from flrst”step cultures becomesiﬁlxhi
more eff1c1ent. ‘The same results were also obtalned in-
another‘fndependently de51gned experlment (Flg. 6).,These : fﬂg:,h'x
results are 1n contrast to the data reported in Table III.; p".d

S ‘

Usrng splenlc responder dells, ve observed that as the’

antlgen dose decTeased, the net'regulatory effect of cells

- ¥
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from 3-daJ:;;%st-step cultures shifted from suppression to
Y “@ .o N
help. This discrepancy could be interpreted to suggest that
the nature of regulatlon for the generatlon of CTL 'from

spleen responder cells i's, dlfferent from that of thymus
- A .

responﬂer cells. Further rnvestlgatlon of ‘this phenomenon

will hopefully provida some 1n319ht 1nto the mechanism of

T=T cell 1nteracflons in the 1nductlon -of: cytotox1c1ty.

h

The dlscrepancy tn the results of the Ly phenotype of

the killer cells requires further discussion. TUOAdifferent

1

batches of anti-Ly 1.1 serunm wére used in most of these

-

experiments, Tt is relevant to. emphaslze here that uhen any

batch of the &y serum whs psed to typd a certaln populatlon
™

ot cells from first-step culture, the ‘same cells wver ewused

-

4

in three ways; in the helper és%ay, the suppressor assay and

- B ]
the klller assay -in one exper1ment Throughout all thesg
7]

y ‘

eXperlments, 931ng the two batches of anti-Ly 1.1 sera,
5 . s ﬁ . v

‘consistent results were-always obtained with reggrd to the

Ly phenotype.of the ragulatory cel?s. The helper cells vere

Ly 1+,2- and the 1nh1b1tory cells from 3~day first-step

cu]ture were Ly “,2+ ?able XTV provndes a summary of the

experiments done with varions batches of setum. Only the Ly

phenotype of the killer cells Aiffer frow one batch of sera

to the other., The results from the first batch of anti“HJ
1.1 (#urs's). Show that the killer cl]lg are Ly 1-2+%. In

contrest, ;he res&lls from the,second batch (#UGo) show that
the killer cells are Ly 1#,“2t. This differencefcould he a

1

result of either o~ both of. two factors: (1) an antibody
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-specificity present in anti-Ly 1.1 #466 but not in anti-Ly

1.1 #458, or (2) a change in the nature of the Ly antigens

expressed on the surface of the killer celi;; We cannot
substantiate with certainty either ef these possibilities.
At best, this discrepancy demonstrates some o6f the
difficulties which are frequently encountered when vorklng
with s=rologlcal reagents such as the Ly antlsera. However;
this observatlon does not disqualify our prev1ously made
conclusion (67) that, on the basis of several critera (for

p

example, cortisone sensitivity), the irhibitory cells

first-step culture are different from

cffefoXic_T cqll., In Afact, the results of the Ly typing

reported herefa n accord with this hypothesis, This is

evident from two main observations: N When the first batch

)

of serum was used the 1nh1b1tory cells from 3-day first

' step culture wére Ly 1+, 2+.and‘the klller cells from,S-dayJ

cultures were Ly 1=, 2%*; (2) when the second batch of serum
vas vsed, the inhibitory celfls fron 5-day culture wéfe Ly
1. 2%+ and the ‘killer cells from the same culture were Ly
1+, 2%, These experiments 1nd1cafe that on the basis of
cell surface phenotype, killer cells are physicaily distinct
ffom suppressor cells, | /

Thgs is not the only system in which Ly 142+ cytotoxic:
T cells have beee showh. Beverly et al. (55) showed that
killer cells obtained from CBA (H-2k, Ly 1.1, Ly 2:1) mice
ére~Lf‘f+2*L Shiku et alas (54) reported fﬁatfﬁhile'killer

cells from C57B1/6 (H=2b, Ly 1.2, Ly 2.2) mice are Ly 1-2¢,

[N
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Table XIV.. Summary of Ly markers on. effector cell types
1nvolved i'n cytotox1c responses.

Ly phenotype (# experiments) .

‘Serum batch #1 Serum batch #2

Cytotoxic T Ly 1.7 Ly 2.1+ (2) Ly 1.7 Ly 2.1+ (4)
cells at 5 days

Suppressor T LY 1.1% Ly 2.9+ () Ly 1,9+ Ly 2.1+ (2)
. cells at 3 days Ly 1.1 Ly 2.1+ (1) - :

Suppressor T _ —_— Lj 1.1 Ly 2.1+ (2)
cells at 5 days .

Helper T cells at Ly 1,1+ Ly 2.1- (2) Ly 1.1+ Ly 2.1- (1)
3 days and 5§ days o (a) Ly 1.12? Ly 2.1 (2)

4

5_‘Serum batch #1 included anti-setum #458° (anti-L'y 1.1) and
anti~serum #714 (anti- Ly 2 1)..

Serum batch #2 included anti-serum #466 (anti-Ly 1.1)
anti-serum #744 (anti-Ly 2.1), and anti-serun #5927 (apti-Ly
2. 1. .

All of the above cell types at both points in tlme were Ia—
and Ly 5.1+, o d

None of the cell functions assayed above were affected by
treatment with ant1 IJ.\

fa) Due to puzzling reéults with”the mixture controis, we
have two experiments in vﬁich'the Ly 1 phenotype of the
helper cell cannot be definitely shown to be Ly 1+, but
these same experiments Clearly show 1t to be Ly 2.1-.

e o S ok 3k o e ok ok
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the killer cells from C57B1 Ly 1 1 congenic mlce are Ly

1+2+, Results’ very-51m11ar to ours u51ng the same batches of

-

serum were obtained by Shaw et él. (93) in an analysis of

_
o

'fthe CTL precursor.
The expression of the Ly 5.1, the Ly 6.1 snd the iy 7.2
markers on the effector cells of spppression, help activity
and cytotoxicity has a&so been exémined. Although.all,of |
these effector cells express the Ly 5.1 alleievfhey'greatly
- differ in the expression of‘the Ly 6.1 and the Ly 7.2 |
$alleles. The helper cells eipress the phenotype Ly 6.1-, LY
7.2+, the suppressor cells expfess the phenotype Ly 6.1%72,
Ly 7.2- and only 50% of the cytotoxic cells efp;iss the
lphenotYpe iy 6.1f,'Ly 7.2 (91). The question mark indicatesg
the uncertainty df'fhe evidence. This uqcergeinty‘stemsfrom
~the following observation: The evidence on f£§>expression of.
the Ly 6, 1 allele by the suppressor cells varied dependlng
on the nature of the ‘responder cells employed in the second
\step cultures (see results: Tables VII and VIII). This
N pre;zgiy does not directly reflect on the prep%em whether or
not suppressor cells bear the Ly36.1 marker; This’fs‘true
lespecially‘in view of the fact that thymus’responder cells’
are more spsciptible tolthe suppressive effects of first

step cells than splenic responder cells. (Figure 5 and. €).

This observation, however, suggests that either there are

LS [

two populations of suppresser-cells one'population'éxpfeSSes'
the Ly 6.1 marker and the other does not or there is one s

population of suppressor cells which is relatively pberuia
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the expr9551on of the Ly 6 1.marker. The observatlon that
~the +reatment wlth anti- Ly 6.1 was only 30% effectlve in
removing the suppress1ve act1v1ty whereas treatment wlth
anti-Ly 1.1 was 90% effectlve is con51stent with the latter
explahation.

The possrhility that:there are two suppressor cells one
expressas the Ly 6.1 marker and the other does not‘is
consist ent with the data presented earlier in‘ thlS volume. ‘
Namely that cne suppressor cells expreSses the phenotype Ly
1.1+, Ly 2.1* and the other expresses the phenotype Ly T.1—,
L;'é.1+.,The_question is which one of these suppressor cells
expresSes the Ly 6.1 marker? The observation thatuthe helper'
cells uhlch expresses the phenotype Ly 1.1*,‘Ly 2. 1~ is also
Ly.6'1t{.h} 7,2+ hints at the-possibility that the
suppressor cells which express the Ly 1.1 marker could also
be Ly 6.1—. Although genetic studles have ruled out any
linkage relatlonshlp between the Ly 2.1 and Ly 6.1 alleles
(37), a functlonal relatlonshlp between these two alleles is
very llkely. |

In the next series of experlments, wefwiShed to\
determine whether or not 1nh1b1tory cells dlffer from helper
or killer cells in the expre551on of surface markers other
than the Ly markers. Two anti-TI reg{on sera were tested,
anti-Ia‘ahd anti-IJd. Our data show thét“all three subclasses
of T cells (i.e. T helpers, T iuhibitors and T killersl were
Ia- and IJ-. These sera were tested at -several dilutions. ) . <<

. ~N .
The cytotoxic titer of the anti-Ia serum vas 1:50 and we
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used 1t at a. dllutlon of 13 u. Even at this level we could ’

«

not detect any Ia determlnants on any of the T cell

1nh1b1tors, helpers or klllers.
The absence of I-reglon coded determlnants on the

1nh1b1tory cells 1n our system is ‘in contrast to reports

v

Rpubllshed prev1ously. Tadaaet ale showed that the

L4

suppre551ve T cell factor which regulates the antlbody
respopse to DNP~- KLH is a product of the Ig subreglon genes K
(82). rurthermore, Nurphy et al demonstrated that the

allotype specific suppressor cell 1s sen51t1ve to treatment

w1th anti-IJ antlsera (83). This could imply that SuUppressor

mechanisms which regulate humoral responses. are different
from those suppressor mechahisms whlch regulate the

1nductlon of CMI.'However, recent ‘evidence publlshed by

.Gneene'gt al. does report the presence of 13 determlnants on

a Suppressor factor which inhibits contact sensitivity (94) .
In conclusion, using specific alloantisera raised
against T cell dlfferentlatlon antlgens, we weére able to
dlssect the regulatory role of T cells in the induction of
. - .
CTL ;ﬁﬁ 1dent1fy 1tsucomponents.,It appears that the helper

activity is medlated by a subset of.T cells whlch

? .

‘&',)

selectlvely expresses Ly 1 determlnants @%y 1*; 2‘). ThlS 1s P

clearly different from the 1nh1b1tory T cells uhlch at threee

{
days of culture express Ly 1 and Ly 2 (Ly 1+, 2*)

determlnants and at five days of culture selectlvely exXpress
Ly 2 (Ly 1=, 2%) antlgens. Furthermore, cytotox1c cell

effectors generated in this system also belong to a

] -
3
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B. . Sunnary
Regulatory T cells can be obtained from primary mixed

lymphocyte cultures of CBA spleen cells responding to BALB/C

StlmUlatOISJyAt day three of culture, T cells are generated

AT

;“which can either help or suppress the’ generation of

“cytotox1c T cells 1n a second prlmmary 'MLC culture. The

' s
regulatory activity observed depends on the condltlons

employed in the assay system. Both the helper activity and
the suppressor activity are medlated by dlfferentlated
antigen—specific T cells-uhose functlon is radioresistant.
The Ly and Ia phenotype of these regulatory cells was '

tested. The phenotype of the helper cells 1s Ia~— Ly'1.14,

Ly 2.1 and Ly 5.1% whereas ‘the 1nh1b1tory cells are Ia—-, LY

1.1+, Ly 2.1%* and Ly 5, 1%, At day 5 of MLC culture, .

SUppPressor activity and helper act1v1ty are also observed.

However, at this point in the generatlon of suppressor

‘cells, an 1nh1b1tor whlch is Ia—-, Ly 1.1‘,'Ly 2. 1% and Ly

3

5. 1% represents the ma]or inhibitory activity. These tvo
types of suppressor cells may rtegulate the induction of

ytotox1c T cells via dlfferent mechanisms based on-

"experlments in which thelr act1v1ty is measured as a

g

.1%1;, Ly 2 1+ and Ly 5. 1* ~Using a.second batch of antr-Ly

functlon of . an*lgenﬁspse.

he"la/and the Ly phenotype of the cytotox1c cells was” S

PE v i .
also tested. Cytotoxlc T cells’ express the phenotype_La
O R 3 i

€ . 1t
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\ /
1.1 antlsera the klller cells express the phenotype Ly 1 1+
and Ly 2.1*. However the inhibitory cells from the same ;
. culture expressed the phenotype Ly 1.1— and Ly 2.1t Taken
together these observations show that the antigen-specific sff
suppressor cells, helper. Cells and cytotox1c cells represeﬁé

" physically dlstlnct subclasses of . T cells.
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