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Abstract
»

Leukocytes part1c1pat1ng 1n 1mmunologtcal responses to ‘
ant1gen1c st1mu11 are funct1ona]]y d1v1s1ble into effector
cells (productng ant1body, or mediating Killing), and ‘

. .regulatory cells whtch triggeru~amp1ify,’or suppress the
vdeve]opment of effector funct1ons Regulatory and effector

| 115 can communicate through soluble factors, termed
lymphoKines, wh1ch are re]eased by ant1gen-st1mUlated~
-teukocytes and act on target receptors on other stinulated
ceTls The study of one such lymphok1ne, "costimplator", is‘
the subject of th]S the51s

Production of cost1mu1ator (a Con A-induced ]ymphoktnet
’,requ1res participation of two ce]JKtypes: a T cell, and an-
adherent cell. The T cells bear the lymphocyte
different}ation antigens Ly 1.1, Ly 5.1, and LyB7.2, but -not
Ly 2.1 or Ly 6.1. T cells whtch:are “helpers"vin the CTL
response'have the same [y phenotype. The adherent cell is

probably a macrophage since its'function can be supplied

© macrophages cultured from bone-marrow, or a soluble
macrophage-derived factor.

Costimulator appears to act as a second signal in
immune tnduction of T cell precorsors, the first signal
being provided by antigens or mitogens} It allows the f_’é’_§;_///
proliferation of thymocytes cultured‘at low cell density in
response to Con A, It stimUlates the generation of ¢yt0t°*i¢

T lymphocytes (CTL) from thymocyte precursors, -and restores

iv



~ the response of'splenlc preCUrsors which have been depleteo
of helper cells by treatment W1th ant1-Ly 7.% serum. .
Costimulator appears to replace helper cells in the ant1body
: response of B cells to sheep erythrocytes in this way
resembling "T cell replac1ng factor . It also restores the
CTL response of lymph node lymphocytes Wthh have been |
'vdepleted of adherent cells. Thus, cost1mulator is a product
- of 1nteract1on between éﬁherent cells (macrophages) andvT ?,
helper cells, and it replaces both of these in prol1ferat1ve
or immune responses by T cells. | . B 22///
Costlmulator act1v1ty res1des in a highly ac1d1c (pI_,”//
3.7-4.5) protein or glycoprote1n of 30, 500 daltons and |
sedimentation'coefficient‘2.635. It hasla StoKes radius of
29:6, which ls»typica]'of a globolar protein of 44,000 MW,
'p0531bly the result of an asymmetrlc shape. It does not,bear
Ia antigens, and is not H- 2 restrlcted in any of 1ts
act1v1t1es These prOpert1es distinguish it from

\

antigen- spe01fic T cell h;ctors macrophage der ived

:'eneic effect factor

Tymphokines, and,ﬂ
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A cell:.
AEF :-
AFC:

ant}gen:_

B cell:

carrier:

complement:

~ Con A:

congenic:

C region:

CTL:
DNP ;-
dThd;
FBS:

hapteh:

H-2:

H chain:

Ia:
IEF:

Ig:

Itt, IL2:

1 region:

o

S.

_by.leukocytes

~ Abbreviations and Definitions

cells adherent to hylonvwool:‘macrodhagef_'
a]]ogeneic-effect féctorf 7“‘ S |
antibody forming cell |

protein or carbohydrate moieties which are
immunogenic :

N

‘bone marrow- der1ved or "bursa- equ1va1ent

lymphocyte

portlon of an ant1gen wh1ch is recognized by

' helper T cells

a complex series of serum proteins wh1ch cause

lysis of cells wh1ch have ant1body bound to them

{

concanava11n A, a T cell mgtogen‘

mice which are identical at all but a very
limited number of genetic loci :

conétant region of an immunoglobulin
cyfotoxic T lymphocytes’
dinitrophenyl; a hapten:

thymidine

fetal bovine serum

'an antigenic determinant which is recognized by
B lymphocytes

mouse major histoéompatibility genes
immUnoglobulin heavy chain
I reg}on associated
isoelectric focusing
immunoglobulin ’

interleukin 1 and 2; soluble mediators sécretedv\

-

region of the H-2 locus

Vi o
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~ LAF:

L Chéin:

Lps:'

Ly antigen:.

lymphékines.

2-Me:
MHC:

mitogen:
MLC :

MLR:

Mph:
MW :

NMS:

NRS:
NSF:
NSM:
nu/nu:
PFC:-
PHA:
pI:‘
PPD:

,S.D.:
SRBC:

T cells:

o »
Keyhole Timpet hemocyamn an @mtigen
lymphocyte act1vat1ng factor; same as-IL2
immunoglobulin Tight chain

bacterial lipopolysaccharide - v

lymphocyte differentiation marker; ‘used to
d1st1ngu1sh subsets of T and B 1ymphocytes

soluble med1ators secreted by 1eukocytes wh1ch
exert the1r effects upon 1ymphocytes

2- mercaptoethanol

'm@jor histocompatibility complex -

substance whichvcauseg a large proportionhof
1ymphocytes to undergo proliferation

{
hV e

- mixed 1euKocyte reactgEbn - :
mi xed 1eukocyte reaction; refers to the

proliferative respohse when allogeneic cells are
cultured together 7

macrophage; adherent cel?l
molecular‘weightfv |
norma] mqusé‘serum
normal.rabbit serum

non-specific factor .

. A
non-specific mediator

congenitally éthymic mice

p]aqﬁe forming cells.in an antibodyhresponse
phytohemagglutinin; ﬁ_T'cell'mitogen’
isoelectric point

purified protein derivativé of tuberculin

standard deviation

sheep red blood cells

thymus-derived Tymphocytes'

viii
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TCGF : T cell growth factor; same as IL2 ’
~Thy 1: surface marker carried by all T cells
L thymus leukemia antigen S v C
TMF . ~ " thymocyte mitogenic factor; same as IL¢ .
: N N ; ‘ oo |
© TNP: trinitrophenyl, a hapten
TRF: T cell replacing factor; same as IL2
TSF: thymocyte stimulating factor; same as IL2
V region: variable regién_of‘én immundglobulin. _ S
’ . & :
, v
, ‘
. f/.
t a,
\\\
\
P
: N\
~. LA
\» v
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I. Introductioﬁ
A. An Overview of the Immune System
Many diseasés afise from aberrations of fmmune
'responsjpeness. Either there ié too little immunity, as is
the case in the immunodeficiency stétes‘Qherevcommon'
pathogens become life-threaten}ng,:dr}there'is too much
Jmmunity as happens in autohmmune conditions such as
multiple sclerosis and sysfemic'1upus erythematosis.
Inefficient Qr“injurioué'immune resansés can be related to
faf]ures of _immune regulation -z the ;apacity-of the immune
 system to modulate its own activity through amplification
- and reéuction of effector'systems. Khowledge'bf the waysliﬁ
which this regulation is effected is éruéia] fofsuccessful
pharmacéutica1 and immunological intervention in these -
diseases. The work described in fhis fhesiggis directed
toward an uhderéténdﬁng of the meChanisms govefning immune
responsivé&ess to foreign éht%gens.& | |
Immunej?fector mechanisms are closely inteﬁrelated,.

 but have beeh historically divided into humoré]‘and cellular
responses. Humoral responses are medfatedithrough antibody
.secrefed by.B (bone-marrow derjved) Wymphoéytes upon
ahtigenic stimulation. Antibodiés bind tb pathogens; and
their producfs, and aid in theif removal either qg direcf'
- toxicity through activation of,serum complemeat, or by

activation of phagocytic effector cells with receptors for

anfibody. Cellular responses are mediated by two'major
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classes of T (thymus-derived) cells. Cytotoxic T Tymphocytes
(CTL) act to Kill somatic cells which express forgign ’
antigens, such as'Viral proteins, on thetr membranes. 2
Another olass of T cell, responsible ?or delayed
hypersens1t1v1ty (DTH), releases chemotactic factors in an
area of foreign antigen 1nf11tratlon so that. phagocyt1c, :
(antlgen nonspecwflc) cells -are recruited to the area
| Dur1ng the 1ast decade 1t has been demonstrated that
these effector systems are under the contro] of. regulatory
cells, which are usually T cells. T he lper ce]]s promote the
proliferation and further djfferent1at1on of effector cell
precursors whereas T suppressor"cells inhibit them. The
mechanism of~communtcation between regulatory cells and i
effector cells is still a matter for-specu]ation._lt may
OCcur through membnane to membrane contactl or
alternativelyfvthrough,the release of soiuble mediators by
the regulatory cells. -Many soluble factorsphave‘been
’reported'whioh,are1candidates for effector molecules in'
immune regulation (seehsectfon J). The physical: and
biological characterization of one such factor,
costimutator, fs the subject of this‘thesis;

fhe adaptive immune system seen in its most intricate
and. deve loped form in vertebrates, performs the d1ff1cult ./
task of aggressively ‘and select1ve1y destroy1ng pathogens

such as bacteria and viruses, while avoiding damage: to the

host. Essential'for_its'efficiencyvin-deaiing with pathogens _:_

are'several features which make the immune system perhaps



lonal restriction of

unique_émong ogical systeme;
eeil-surface antigen receptors; diversity of receptor
speCificities, ability to d1scr1m1nate between self and ™
non;self;,and ‘memory"” for ant1gens encountered prev1ous1y
A consideretion of these propert1e§ of the immune sgégem
helps_to-eXplain why immuhe regulation is necessary and how
it might act.
B. Clona] Restriction ef Antigen Receptohs % |
One of the basic tenets upon which modern 1mmuno]ogy
hests is the C]ona],SelectIOn Iheory formulated by Burnet
(1959). Stated simply, it predicts that a-single lymphocyte -
(or clonefderived‘froﬁ‘it) expresses only one-of'the many,
poss1ble receptors for ant1gen that exist in the organ1sm
Forewgn ant1gens with blndlng affinity for a part1cu1ar
receptor ;ould stimulate the lymphocyte bear1ng the receptor
to bro]iferatei Lymphocytes bearﬁng’receptbhs k
nonchmplementahy to the antigen wbu]d not be aFfectedikln
_ the case of ant ibody-secreting lymphocytes, the effector
molecule Would.have the same specificity as the receptor.
Thus.antigen speeifieity of an immune responsé ie a‘result
of clonality. o |
i Much exper1menta1 evidence now supports the Clona]
Select10n Theory. It was shown that only a. small proport1on
"(about 1/5000) of spleen cells b1nd 12s] labe led antigens

such. as BSA (Naor fnd Sul1tzeanu, 1967) héemocyan1n, or

'polymer1zed.f1agell1n from Salmonella Adelaide (Byrt and
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Ada, 1967). A flgure of about 20/106 antigen- b1nd1ng ce]]s
was obta1ned for polymer1zed f]agel]1n us1ng 3H- 1abe11ed '
_ant1gen (D1ener and Paetkau, 1972), More compe111ng eylgence
vforiclonal'selection”came}from ”antigen—suioide" experiments-
1n‘whtch tymphocytes reactive to antigen-(Salmonella type‘
1338 flagellin) could be specifioalty'deleted from a
. population of spleenséefls by exposing them to the antigen
.1abet1ed‘to high specitic activity wtth 1251, The cells lost
‘the ab111ty to make antibody against Type 1338, but .
responded hormal]y to a closely-related flage]lwn from
Salmone11a~871-(Ada and‘Byrt, 1969).. The}1nterpretatwonuwas
thattthe’ce11s bearihg receptors-speoiftc for‘stratn'133g”
were selecttyer inacttvated through radiattoh damage caused -
by the '25], W1gzell and colleagues demonstrated that
pass1ng a populatwon of immunized cells over antlgen coated '
g]ass bead columns spec1f1ca11y removed antibody form1ng
ce]ls (AFC), precursors of AFC, and memory cells for that
antigen, but not forfother_anbigens (Wigzell, 1970). The.
'bindihg to the antigen-coated beadS[was inhibitediby |
‘pretreatment'of.the cells with ahti-immunoglobutin (1g).
sera, suggesting‘that the specific tnterabtion was medtated
by Ig molecules on the membrane. o | | o

; Because B 1ymphocytes appear to have a 100 fold greater'
capac1ty for. b1nd1ng ant1gen than T lymphocytes (Roelants
and Askonas, 1971) it is likely that these demonstratqons of

c}onal restr1ct1on detected only B cell receptors HoWever;‘--A

clonal restr1ct10n of T cell receptors is supported by other

N -
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evidence from antigen suicide and binding experiments:
(reviewed in Goodman, 1977), |

The antibody sﬁecificity of B cells and their progeny
in stimulated clones_genera]{y remains constant (Aékohas et
al, 1972; Askonas and North, 1976; Klinman, 1972).
Exceptions fo this fule have bekn reported by Cunningham and
Pilarski (reviewed in Cunn1ngham 1976 . Changes in murine

receptor specificities d1rected against heterologous

erythrocyte antigens during the course of clonal

| proliferation were observed, and.were thought to arise

through somatic mutation.

C. Diversity of Antiéen Receptors

B Cell Reéeptors

Given that receptors are specifif for_ahtigenic
determinants, there must be many receptor specificities to
account for the variety of antigens tﬁat can be reacted
against with apparent specificity. Using 1soe1gg?:7;
focus1ng gels to enumerate the Igs g@oduced by CBA mice
aga1nst a small ant1gen1c determ1nant Kreth and W1111amson
(1973),obta1ned evidence‘for 8000 or more distinct types.

The total repertoire of Ig produced by an individual has

been estimated to be 2x107 for CBA mice (Kreth and

'Wil]iamson; 1873) and 1-5x107 for BALB/c mice (Klinman and

Press, 1975; Kohler, 1376).
The .structure of immunoglobulin (the B cell recepfor)

while outside the scope’of this discussion, has been



determined in detaif (reviewéd in Secher, 1979). The basié
7-8 S Ig molecule consists of 2 iaentical heavy (H) chains
of 40,000-70,006_Mw, and 2 ideritical light (L) chains of

- 23,000 MW. Both H and L chains‘are Combrised of a C-terminal
constant {C) region and an N—te}minal variable (V) region.
The V regions of both H and L chains consist of about 110
amino acids; The'Cﬂ}egion is éboUt.11O amino acids iqtthe L
Qhains, and 360 or more in the H chain, depending on the
~.class. The V region provides‘the antigen binding site and is "
the only portion of the Ig molecule to come into contact
with antigen (Hochman et al., 1973). The C region performs
such functions as}binding to coﬁp]ement and to cell surfaces
by Fc receptors. Ig molecules have been divided into 8 major
c]aéses baséd on the amino acid sequences, disulfide bond
positions, and sizes of their H chains. In mice, the
different H chain types give rise to IgG1, IgG2A, 1gG2B,
1g63, IgA, IgM, IgE and IgD. Most of mouse light chains
(95%) are of a single type, called Kappa, but 2 additioné1'
types of chains, both called lambda (1 and*2) are also
expresséd.rw ,

THe genes coding for H, lambda and Kappa chains are
arrangéd in 3.ininked clusters in the genome. It is now
known that the genes for C regions of both H and L chains
are éresent in the genome in only f or.a few copies
(reviewed in Paetkau,_19755. The question as to how many V'

region genes exist 'has been under intensive investigation.

The lambda 1 and 2 V genes appear to be only a few



(Tonegawa, 1976: Honjo et al., 1976), but the kappa V genes,
which are responsible for most of the light chain |
variability in the mouse, have been estimated to be around
100-300 in number, (Seidman et al., 1978; Valbuena et al.,
1978)¢‘It is still a matter of controversy whether there are
enough V genes present to account for tﬁe observed
repertoire of Igs (}eviéwed in Rabbits, 1979); Somé
investigators believe.that somatic mutation may act on a
germ 1ipe gene pool to create new reéeptor specificities.
The first data to support such a view"camé from experiments
by TohegaWa (1976)! Amfno acid sequeﬁpe data based oh the
known lambda 1light chainfbeéring 1gs predict that.more than
25 differeht lambda V reéions exist. However experiments
'us{ng nucleic acid hybridization Kinetics, with severai
lambda ligHt chain mRNAs .as probes, showed that‘on]y f—3
Tambda génes are prgsent in éenbmic DNA which could account
for the 25 or so different amino acid‘sequencés. Hence the
~number. of germlliné v genés is too small to account for the
observed amino acid sequence divérsity. |
| ) No‘matter what the actual number of V genes is,Athere
muét be a mechanism for the selective association of any one
of a pool of V genes with é'single C gene. Dryér éhd Bennet .
(1965) first proposed that a C gene could become fused to
any oné of the V genes during 1ymphogyté differentiation by
a process of DNA transliocation. Direct evidence that
segments 6f DNA coding for V and C are Qidely separated in

embhyonic DNA, but exist in close proximity to each other in

¢



AN

mature B 1ymphocytes has now been‘dbtained (Hozumi and
,Tonegawa,'1976; Brack et ?7., 1978). The gene, rearrangement
thought to arise by somatic recombination does not result
in the contiguous fusion of V and C coding regions as |
expeeted. In d1fferentlated (mye]oma) DNA, there is an
insertion sequence between V and C of 1200 bases for lambda
(Brack et al., 1978) and 2800 bases for kappa b
(Lenhard-Schuller et al., 1978). The inserted sequence is
thought to be removed at the RNA level,

A recent discoVery has suggestediaAmecnanism other than
somatic mutation by which antibody diversity might be
generated. The C terninaliportion of the V region is encdded
by a DNA sequence of 39 nucleotides called tne~d {joining)
region, which ]Teg near ‘the C lambda gene in embryonic DNA
(Brack et al., 1978) but is directly linked with the V
coding sequence in myelema DNA (Bernard et al., 1978). One J
segment hae been'found in the'regien of tne lambda C gene
(Bernard et ‘al., 1978), and 5 such sequences near thekappa
C gene (Sekano et al., 1979; Mex et al., 1979). Thus the J
regions actually code for the 1astv1é amino acids of the
variable portion of 1ight chains, while the N- term1na1 85
am1no acids are coded for by what was or1g1na11y referred to
“as the V gene. The J sequence in }ambda becomes joined to
‘the 3’end of a V gene during somatic recombination in which
~the DNA between V and J 'is excised (Sakano et al., 1979). A
schematic representation of the currenf~concept of Kappa

light chain gene arrangement is given in Figure 1. It has



been suggested that by varying the exact point of.V/d
reéombination over a 3 nucleotide region, many of the Known
Kappa}sequence variations occurring at amino acid 96 could
be accounted for (Sakano et al., 1979; Max et al., 1979).
Thus the V/J recombinational event'may be an ddditional
mechanism for generétion of receptor diversity. It is
interegting that amino acid:96 of the light chain Has beeh
found to be at of near thg antigen binJingAsité in a Kappa :
light chain-bearihg Ig whoée 3 dimensional structure is
known (Padlan, 1976]. |

It should perhaps be pofﬁted out that even w{thin-'
so-called genes, there are often a number of inserted,
untranslated seduencesf which may separate domains or
| functional genetic elements. Examp]es‘of this are an
N-terTina] leader sequence in‘lighf chain genes, énd'regions.
of DNA separating the hinge region and the three C region
domains of mouse gamma'1 H chain DNA (Sakano et al., 1979b).

B Another interesting aspect of -1g gene ekpression is the-
phenomenon of "class sWitching". A single clone of antibody
pboduc?hé.ce]ls appears to maintain its receptor specificity
throughout differentiation, but changes the class of
ant1body produced (reviewed in Hood, 1975) This implies
that the originally selected VL and VH genes are 1nvar1ant1y
‘expressed, but that the CH gene changes. Thus the clone
would express the antigen-binding portion of the 1g in
COﬂJUﬂCt]Oh with the var1ous heavy chain classes IgM, IgD,'

1gG, IgA, IgD and IgE, wh1ch are capable of d1fferent
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Figure 1. The arrangement of kappa light chain genes in
embryonic: DNA, MOPC 41 myeloma DNA, and mature MOPC 41 mRNA.
Boxes represent coding sequences. Approx1mate distances are
given in numbers of nucleotides. The arrangement of V genes
with respect to each other and the C gene is hypothetical.
The mRNA has non-coding regions at the 3’ and 5 ends. V:
variable region; Ck: constant region; J: 301n1ng segment
(Adapted from Seidman et-al., 1879).
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~effector functions. IgM is highly,effective in bjnding
complement and agglutination of bacteria. IgG a]so-binds to
complement and.certain phagocytic effector cells, and can
cross the p]acenta;;igA is secreted across mucous membfanes,
and IgEk causes the degranﬁlation of mast cells during
_ai]ebgic reactiohs. Igb is thought to function mainly as a
surface receptor and is probably not'secreted
The ev1dence that ce]ls producing Igs of d1fferent

classes actually have the same V regions comes in part from
analysis of human mye]oma prote1ns Mos t mye]omas are |
fhought to be monoclonal in origin but some: gave rise to
Igs w1th different constant reg1ons IgM and IgG (Lev1n et
al., 1971), IgM and IgA (Seon et al ., 1973) or IgG and IgA
(Wp]fensfein Todel et al., 1974). It was found by peptide
mapping that the tight chain V and C regions were identical -
between the pairs of Igs, ahd peptides from the N terminals
ef the heavyfchaiﬁs were also similar,;suggesting identical
V regions (Wolfenstein~Tode1 et al. 1974 Seon et al
1973). Antibodies against antigen- b1nd1ng V region
determ1nants also showed s;m1lar1t1es between an IgM and IgG -
pa1r of myeloma prote1ns (Levin et al., 1971)

| By cloning mouse spleen.ce}ls'in soff agar, it has
‘vrecently‘been demonstrated thét-a single B cell prchrsor
”'g1ves rise to progeny which secrete both IgM and IgG (Wabl
vet al., 1978). This is taken as d1rect ev1dence that class
sw1tch1ngAtaKeslplace within a clone, rather than different

clones having similar or identical V regions being committed
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. to IgM or ;gG syntheste.‘The molecular mechanism by.-which
cells produce Ig from a single V gene and 2 CH genes, both
simultaneously and sequenttally, has not been elucidated.
T Ce]] Receptors~

Compared to the detailed genet1c and structural
“informat1on available about B cell receptors, there is .
1itt1e definitive work on T ce]] receptors There is
evidence that ant1gen spec1f1c receptors exist on T cel]
‘surfaces that they are actually T cell products and that
they b1nd a wide spectrum of antwgens (rev1ewed in Lindahl
and_RaJewsKy, 1979) » The ﬁ1ne specificity of the T cell
receptor -;its:ability‘to discriminate between antigens.
which are cTosely.related structdrally - appears to be
similar to that of B cells (Lindahl and Rajewsky, 1979).
However, the‘repertoire of T céTJs,vand'the types of
determinants recognized may be different (Benacerraf and.
. Paul, 1977). AtKins and Ford (1975) found that about 10% of
rat T lympnocytes reepond in vivb to MHC antigens. Us1ng ln
- vitro techniques, others have arrived at figures rangihg
from 0.05-3% (Wilson et al., 1968, Bach et al., 1969). It o
has recently been demonstrated that about 1/1000 murtne |
Tymph node cells are precdrsors for cytotoxic T lymphocytes
(CTL) aga1nst a g1ven set of foreign MHC ant1gens (Teh et
al., 1977). The significance. of “high numbers of MHC - |
react1ve T cells may . relate to a requ1rement to recogn1ze’

ant1gens in conJunct1on with se]f MHC ant1gens This will be:

discussed 1n section F.
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Attempts have been made to characterize and isolate T
ce]T receptors, and to determine what, if any, similarities
‘they shaﬁe with B cell Ig recebtors. In an»elegant series‘of
experiments (reviewed 1977a,b}), Binz and»Wigzell ‘“
demonstrated that rat and mouse antibodies tolallogeneic MHC
antigens, and T cell receptors which bind. the alloantigens,
share idiofypic determinants. An idiotype fs a determinaht
on an immunoglobulin which is unique to antibodies[‘
expressing q:partichar V gene. An‘énti-idiotypfc antibody,
then, detects V region determinants that‘may be part of an
ahtjgen binding site. Binz and Wigzel! produced
anti;idiotypic antibodieé‘by injecting parental tYpe (A) T
lymphocytes into an F1 (AxB) animal. The resultant |
-anti—idiotypic:éntibodieé are a]most,entirely restricted to
 those reacting with the‘cdmbining_site of Igs directed
~against B antigens (or related antigens). The (AxB) F1, due
to self-tolerance constraints, does not have such a .
.combinfng SHte, but hés'a11 otherfantigens preéent on A
| ce]]s. The~anti-idiotypic antiboéies réiséd in such a manneh
reacted with A anti-B antibodies and T cells directed
against B antigens, using radioimmunoassay ahd affinity
chromatography techniquéé (Binz and Wigzell 1975b). Thus it
Would abbeaflthat T and B‘cellsvdirected agaihst the same
éhtigens share a V region determinant. It was fQund,
.however, that fhere were idiotybic determinants on)B cells
‘which were not prese&t:oq T cells. Work by Ramseier and |

Lindenménn (f72) also indicated-idiotypic cross reactions

s
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between antibodies and receptors on T cells mediating
cytotoxic responses to alloantigens. |
| A somewhat different approach to the analysis of T cell
receptors was taken by Eichmann and~Rdjewsky (rev1ewed in
1977), who took advantage of the restricted numbers of Igs
which are produced against some antigens. A single Ig, which
is called the A5A idiotype, accaunts for about 25% of all
antibodies ﬁaised in A/d‘mice against Group A'streptococcal
carbohydrate (A-CHO)}. It can be identified by iscelectric
focusing. Anti:idiotype antibodies raised against A5A, when
injected into mice,.stimulated both T and B cells reactive
against A-CHQO. Furthermore, ai] of the anti A-CHO Ig found
in the serum of such mice was of the A5A 1diotype other
'chlones of lymphocytes reactive to A-CHO were not stimuiated
(Eichmann and Rajewsky, i975) ~Anti-idiotype antibody of tbe
IgGi class stimulated heiper T ceiis while antibody of the‘
 1gG2 class stimulated suppressor T cells (Eichmann, 1875). b
(See Section H for functionai T cell subsets). |
Another series of experiments employed an idiotype

calied S117, which is carried by an Ig secreted by a mouse
myeloma. This Ig also binds to A-CHO. The ability of inbred
mouse strains to produce‘both the A5A apdv51i7 idiotypes is
Kknown to be 1inked to theylg-i compiexy“which also controls
the production of Ig‘H chains. Using a panel of 13 inbred
mouse strains, Hamme;iing et al. (1976) demonstrsted'that |
strains which produced the A5A but not the S117 Ig also bad* |

helper T cells bearing the A5A_idiotype, andvhot»the S117

~

RS

e
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{diotype. Those strains which produce Sf17 but not A5A, hadr
$117- but not ASA- bearing T cells. Thus there was a direct
corré]ation between the production of a given idiotype}By B;
cells and by he]perbT ce]TsivTheée genetic studies led to
the conclusion that helper T/ée11s responsive to stimulation
with anfi—idibtype must express the gene encoding VH of the
1g to which the anti-idiotype was raised.

In other experiments, anti—idiotygié antjbodies were
~ separated ébdording to reactivity wfth VH aﬁd,VL.
Stimulation of idiotype-bearing T cells in vivo could only’ .
"be ‘achieved with the anti-VH; anii:vL reactive antibody had
no effeqt‘(RajewsKy and Eichmann, ﬁ977). This_éﬁggests that
the helper T cell recepﬁof does not have VL determinénts; or
that,they'gre fnaccessib]e fo antibody ?f breseﬁt,fA recent
study in which anti-VH and anti-VL bindinngapaCity of T
cell subsefs was compared showed that ce]ls:of the helpeEVﬁ
class reacted with anti-VH, é'conc1usion simi1ar't6 Ra jewsKy
and Eiéhmann’é. However cells of other subclasses, bearing
the Ly 2 cell SUfface antigen,'reactéd with anti-VL but nof'_
'anti-VH ahti-idiotypic antibodyx(Lohai et al., 1978): Thus
the V.regions éxpressed by.T ceTié may not be 1imfted to the
VH groUp, but may ihc]dde VL products. Y

Attembts have been made to:iso]atevthe receptor’itself.
Binz and Wigzell (i977a,b) have isolated idiotype-bearing,
aleantigén-bfnding'molecules from medium in which purified

T cells were cultured. The molecular weight was determined

to be 150,000 on SDS gets, and the material gave a single
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band of 75,000 after reduction. The putative T receptors did
not ‘bear detectable markers of any'Ig constant region type,
when antisera of appropriate specificity were employed. In
anOthérasystem, matefta] removed from T cell surfaces by
antigen-coatedAnylon fibers was found to share a major

- idiotype with serum Ig against the hapten
l'3 nttro 4- hydroxyphenylacetate (NP) produced by C57BL/6
mice. This "receptor" material also lacked serolog1cal]y
detectable determinants of Ig C reg1ons_(L1ndah1 and
Rajewsky, 1879). | |

N Results from these e§periments hsingmiSolated receptors
must be interpréted wtth cautjon;'since tnére is'néidfnedt

“ev1dence that T cel]s ~and not contam1nat1ng B cells, were

é)f the mater1a] . However, 1tx1§ cons1dered likely
fi C reg1on-for the T cell recebtor exists in. the
frhaps in the same c]uster as the IgC reg1on genes

(Birk

] W1gze11 1977a) S | ’ -

; o« _—
D. Sd :fnon~self¥Discrimination and Imp]ibation for Immune
Regu Jift ion ” | | |

dtverse and large reperto1re of receptor

spec1§gcw ies is c]ear]y of evolut1onary advantage in
eltmtnattng pathogens from an organism. However 1tqu

- almost 1nconce1yable that such diversity codld‘arise without
the‘génetation_of specificities that react with self
antigans; These are potentialty very harmfu]; autoimmunity

can be lethal, as evidented by such diséases as systemic

- v
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lupus erythemat051s and mutt1p]e sclerosis. The‘mechanism by
which tolerance to se]f ant1gens is ach1eved is st111 a
matter of controversy It is agreed however .that
se]f react1ve clones of cel]s arise in an 1nd1v1dua] and
that  their. e11m1nat1on involves a 1earn1ng process. This
1dea was put forward by Jerne (1971) who postu]ated that
'self reacttve 1ymphocytes are removed by the thymus Strongi
arguments, both theoret1ca1 and exper1menta1 that
self- non- se]f d1scr1m1nat1on is 1earned,‘and not encoded in
thevgerm~line have been discussed'by Bretscher (1977) and'
w111 not be reproduced here It w1]1 suff1ce to ‘say that if .
the genes for self- ant1gens are not 11nked tot and are
_ se]ected for 1ndependently from, genes for 1ymphocyte
receptors, it seems 1oglcal that the forbtdden spec1f1c1t1es
cannot be "known" a priori. 0Of course any
- somatically-generated specificities must be dealt with viava
learning process. | | |
" Seen in this ‘light, it‘seems likely that evolution of a
library of diverse receptors was dependent upon a mechanlsm
for contro]11ng self- react1v1ty Consequently there is a
need'for.the controt of respon51veness by a means other than
‘the presence or absence of antigen. |
It s dtfficult'to'design a mode in which
F;«seIf-reactive'lymphocytes are renderedhinactivet not,onty
during ontogeny‘of the.organism but also as they arise from
stem ce]ls 1n the bone- marrow throughout the l1fet1me of the"

individual, wh1te respons1veness to foreign ant1gens is -

1
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,“maintained‘ Two major schooTs~of‘thought exist as to how
seTf tolerance is effected One maintains that seTf react1ve
clones are eT1m1nat23 dur1ng an early stage of the1r — |
d1fferent1at1on by contact w1th (seTf) ant1gens under |
“certain. conditions (Bretscher and Cohn 1970 Bretscher,
1975; Nossal and Schrader,_1975) “The other supports the
vView that seTf react1ve cTones are controlled by act1ve
suppressor mechan1sms which are: ant1gen spec1flc
Suppress1on coqu take the form of suppressor ceTTs ‘
. ant1gen ant ibody complexes, or a network of ant1-1d1otyp1c
‘1ant1bod1es (rev1ewed irf Howard, 1979) . |
A comprehen51ve theory to expTa1n seTf/non seTf

d1scr1m1nat1on wh1ch is consistent w1t//many exper1menta]

observat1ons was put forward by Bretscher and Cohn (1970).

o The theory postuTates that all ant1gen react1ve cells

require two s1gnals to be 1nduced one (S1gnal 1) prov1ded
" by . the binding of antlgen to a ceTT surface receptor and
another (S1gnaTv2) g1ven by an aux111ary ceTT which also
'recogn1zes the ant1gen but not necessar11y the same
determwnant Even the s1gnaT 2 produc1ng ceTTs requ1re

.

s1gnaT 2 for 1nduct1on However , precursor ceTTs wh1ch o
.receive onTy signal 1, and not signal 2, are 1rrevers1bly
1nact1vated The theory predicts. that durlhg ontogeny, th

- development of s1gna1 2 production lags beh1nd'thatwof
receptors on antigen- react1ve~cells Thus antiﬁself o

Tymphocytes are presented w1th seTf antlgens in the absence

of 31gnaT 2 and are destroyed Eventually,_enough 51gnal 2

~ . {
v c .
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v

is produced (constitutively! to begin the process of
induction to a few foreign antigen§; By‘this time, the
signal 2 producing cells specific for self antigens have
been destroyed, so that when new self-reactive precursors
arise, lacking a source of signal 2, they are also

destggyed. The fheory, which cannot be considered in any

more detail here, also accounts for situations in which self

tolerance is broken, and autoimmunity occurs (Bretscher,

AN

1972). |

Whether or not this mechanism operates .in self

» tolerance, perhaps‘with other suppressor mechanisms acting

as a backup system, remains to 'be proven. However, one of

the main predictions of ‘the theory - that cells require a

second signal in addition to antigen fof induction - has
been supported by experimental evidence from many sources,
{gbhé of which is re;}éwed in section G. The two signal model
has been challenged by proporients of a one signal model, who

sugges t that signal 2 is the only signal exper1enced by the

- lymphocyte precursors, antigen binding (Bretscher s Signal

g

1) acting_only to focus the source of signal 2 to the

appropriate place (Coutinho, 1975). However there is no

‘evidencé that virgin precursor cells can be triggered in the

absence of antigen binding to specific receptors (this

excludes tr1gger1ng by m1togens), even when signal 2 is

_ present in saturat1ng amounts in the form of soluble

- factors. : : e

/1
It has recent]y been suggested that the antigen b1nd1ng

&
o
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sid%al may induce the appearance of signal 2 receptors on
cell surfaces (Smith et al., 1979b). It could be postulated
that if the cell does not receive signal 2 within a certain

length of “time thereafter, it becomes inactivated.

E. The Ontogeny and Physical Characteristics of T Cells, B
Cells and Macrophages
Origin of Hematopoietic Stem Cells

'kll 6f,the differentiated cell types which compbise the
adult hemafo]ymphoid'system are derived from hémétopoietic
stem cells which develop in the yolk-sac blood islands of
" the embryo. This was first suggested by Moore and Metcﬁlf;
(1970) and has recently received direct éxperimenta] support
from Wéissmanfet a7.1(1978). Blood island cells from 8-10
day old mouse embryos were- injected into embryos which
dif;eged from the donors in either a chromosomal marker or é
celliular antigen.'Ihelmé¢Ked donor cells were detected in
the recipients as p]uﬁﬂpotent stem ce1ls after birth.

A single type of pluripotent stem cell giveg rise to
the Tymphoid cell series (T and B cells), as well as the .
myel&id ser.ies: macrophages, monocytes, granuloéytes,
erythrocytes and megakaryocytes (Abramsoh et al., ﬁ977).~
These pluripotent stem cells are thought to migrate from the
- yolk sac blood islands to the fetal liver, which“is the site
of embryonic hematopdiesis, and then to the bone marrow,

where they persist in adults (Metcalf and Moore, 1971). A

type of stem cell restricted to the myeloid pathway of
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differentiation has been found in the bone marrow. Such.stem

cellé,'when transferred to ﬁecipients in which they can

later be detected, repopulate the myeloid, but not the

lymphoid, compartment (Abrams et al., 1977, Wu et al.,
1967).‘Some less conclusive evidence points to a restricted
stem cell for T lymphocyte differentﬁafion. So far none has
been found for B}]ymphocytes. A stem cell, whether
pluripoterit or restricted in its potential, is defined by
its abi]it§ to self-perpetuate; as well as to give rise to

progeny which differentfate further. A schemat1c draw1ng of

. hematopoietic d1fferent1at1ve pathways from pluripotent stem

cells is shown in Figure 2. -

- The Macrophage

The macrophége is derived from the myeloid restricted
stem cell as shown in Figure 2, which is a Simp]ified scheme
omitting;the vanidus intermediates between the stem cell and
the hacrophage. Promonocytes, which are non-adherent and
non-phagocytic (Domizig and Lohmann-Matthes,‘1979)-ére
produced- in the bone marrow, and give rise to blood-borne
monocytes, which aEe adherent, phagocytic, and the immediate
p:;cursors of macrophages. Promonocyteé are capable of
division, but the d1fferent1at1on .step from monocyte to-the
3 fold larger macrophage can apparently occur without cell
division, after lodging of a monocyte in tissue such.as‘1ung

or lymphoid organs (Cline, 1975). The mature macrophages are

adherent to glass (Cline,‘1975) and nylon wob] (Schwartz and

- Paul, 1%75), and will phagocytose particulate matter such as
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BONE MARROW ’ PERlPHERAL LYMPHOID ORGANS
surface 1g © precursors of :
PRE B). oM
CELL {:i
AL secreting cells

/" cytoplasmic | gM
' granulocytes

Q O D monocytu

- macrophages
——————> ) megakaryocytes
orythrécytos »

THY 1*  precursors of :
‘T helper

-TDTH .
HYMU T suppressor :
T CTL

F1gure 2. Schemat1c representation of the differentiation of '
lymphoid (T and B) and myeloid (granulocytes, monocytes and
macr0phages) leukocytes from a pluripotent stem cell (stem
cell p). Stem cells restricted to the T and myeloid, but not
to the B cell, d1fferent1at1ve pathways have been found in

mouse bone marrow.
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polystyrene beads. They can be physically distinguished from
“lymphocytes on the basis of lysosomal enzymes such as
esterases and beta-glucuronidase (Cline, 1975). Macrophages
have surface receptors for IgG'(called FC receptbrs), and
receptors for certain compé%ents_offcomplement. These
surface markers can be induced within 3 days if macréphages
are groWn in»vitPO under appropriate.conditioné from bone
marrow precprsors,:presumab]y prdmohdcytes (Rabellino et
al., 1978). Ié antigens (see section F) are present on some
macrophages, mainly the smaller, ahd,presumably less mature
‘of the heterogenous group of cells which are co]]eétively
réfe?red to as macrophages (reviewed by Lee, 1980).

| The diffefentiation of macrophages and granulocytes
from boné’ﬁahrow precubsbfs”is promoted by a soiubie_
factor(s), “co]Qny stimulating factorf'(CSF{»stanley et al..,
1976; Stan]ey'and‘Heard, 1977., Burgess.et al., 1978).
Macbbphages_can be grown‘in culture from stem cells if CSF‘
is présenf (Rabe11ind et al, 1978). Its mode of action is
not understood. CSF has been partia]ly_pUrified from several
serces including human ufine, mouse Tung conditionéd ‘
medium,’and mouse L-cell conditioned medium (réviewed in
Burgess et al., 1978). .CSF.from the latter éource is 70,000
daltons (consisting of 2 disulfide‘linked 35,000 dalton
polypeptides), and of somewhat heterogeneous pl: 3.7-4.9
(Stanley and Heard,‘19§7). There may be multiple CSF species
Which are'specifié for different progenitdr cells, eg.

grahulocyte and monocyte procursors'(gurgess et al., 1978).
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Phagecytosis of foreign matter was, until recently, the.
only function ascribed to macrophages. It is now established
that macrophages play a central role in regulation of immune

responses. Macrophage functions have recently been reviewed

(Lee, 1980; Immunological. Rev., Vol. 40, 1978). Macrophages

appear to be a requirement for virtually all in vitro immune
responses: antibody responses to T cell dependent end o)
calfed T - independent antigens (Lee et'al.,'1976);
genefation of cTL responses (Wagner etaal., 1972);
proljferative secondary respOnee§ of T ceils to soluble
antigens (Lee, 1980), and‘pro]iferationjof'IymphOCYtes in
response to Con A (Mills et al., 1976). Macrophages also
secfete faetors which influence immune Eesponses (see
Secfion'q). Macrephages'can "present" antigens to T and B
eelis’(Treves,-1978; Lee 1980). The antideh may be bound to
the macrophage'sUrface'Without alteration, however, it is

L )

more likely that the macrophage infernaliZes the antigen,

-processes it (perhaps by proteolytic cleavage into

fragments) and then re-expresses it on its cell surface,

- possibly in conjunction with H-2 I region antigens (reviewed

in Waldmann and Howard, 1979). )
‘ Macrophages taken from murine lymphoid orgahs are a
heteregeneods group of cells ih_terms‘3¥ both eize and

function. The heterogeneity may represent var ious stages
along a single differentiative pathway, or subpdpujations of

cells of different lineages. The lack of known cell surface

antigens unique to macrophages has hampered the study'o?
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" macrophage éubsets,ﬁgoweverqa honoolonal antibody specific
for macrophages has recently been produced, and will no
doubt be of value in macrophage enalysis (Springer et al.,
1979).

T Cell Ontogeny

Stem ce]ls from the.yolk sac and‘fetal livér in fhevr

. embryo, and the bone marrow in the adu]t migrate to the

| - thymus, the site of T cell maturat1on “The stem cells,
tprothymocytes, are presumab]y comm1tted to become T cells
before they‘leave the bone marrow, Thymic’epithelium‘ce]1s
are thought'tolconfroT the further differentiation of
| prothymocytes into "immature T cells", at‘least pértTy .
through the 1nf1uence of factors (rev1ewed by Owen, 1979).
'Although severa] thym1c factors have been descr1bed
(reviewed by Goldste1n 1978), the only one wh1ch has been
shown to be spec1f1c for prothymocytes (as opposed to B
ceélls) is thymopoietin, which is secreted by thym1c .
epithelial cells. Thymopoietin acts on prothymocytes in
vitro to induce the appearance of cell surface markers
characteristic of immatqre T ce]]s:rthe TL (thymus leukemia)
antigen the Thy f antfgeh and the‘lymphocyte
d1fferent1at10n antigens Ly 1,2,3, and 5 (Storrie et al.
1976) These antigens are dlscussed below. The1r‘express1on
occurs wfthinVQ hours of exposure to thymopoietfn,_and
requires both RNA aqd prote1n synthes1s ‘but not DNA
repl1cat1on

Thymopo1et1n from bovine thymus, which consists of 49
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“amino acids (MW 5560) has been, purified and sequenced
(reviewed in Goldstein, 1978). A segment of 13 amino écids e
(29-41), as wéll as the entire 48 amino acids have beeni
eynthesized} ang,found to have the biologieal activity of
native thymopoietin. | |
%he agents which 1nduce further differentiation of
immature thymocytes'inte immunocempetant T cells are
. unknown. At'some‘petht durihng Cel] differentiation,
expression of the‘TL antigen ceases, the Thy 1 entigen
o dehs?ty decﬁeaseé, and_thedenSity\of-seme MHC antigens:"
incfeaées (Cantor'and Boyee,_1977)} Contact with the thymic
epithe]ia] cells may‘p]ay'a.ro1e in the maturation of -
antigeh-sensitive T cells from prothymocytes. Thymic
extracts (cell-free) have'heyer been as effective as thymus:'
‘grafts jnlreconstitutihg the immune responsiveness of
athymic (nu/nu) mice (Kindred, 1979).‘Reeent evidehee
suggests that contact with thym1c ep1thel1al ce]ls may be
crucial in elect1ng the receptor spec1f1c1t1es of the
‘maturing thymecytes that will be clonally amplified and
released'into,the peripheral T cell pooT (Zinkernage]_et
al. 1978) ‘The H-2 alleles (eee section F)’exbressed by the
'thym1c ep1the11al cells appear to determine, to some extent
- the repertomre of antigens against which a mouse qan deve]op
immunity,AThis‘aspect of ‘T cell fecognitioh is more fUlly
d1scussed in sectlon F.o .

T Ce11 Surface Antigens and Subsets

The antigens discussed in th1s section, and the



production and character1zat1on of antibody against them,
have recently been rev1ewed by McKenzie and Potter‘(1979)
The Thy 1 ant1genf(former1y called theta; Rief and

Allen, 13864) fs expreSsed od all T cells, and is tﬁe marker
most cdmmonly used to experimentally d1st1ngu1sh T cells
from other types of leuKoc;;es. T cells can be Spec1f1ca11y ’
,dde1eted from a population of cells by incubating them with

_an'antiserum dibected against Thy 1-folldwed by compledent.
‘vwh1ch ‘lyses the cells to which the antibody has bound.
| Immature thymocytes have a higher density of. Thy 1 on the1r
surfaces than peripheral T cells. The e51stence of'two
alleles of the antigeh in mice has allowed the prodUCtion‘of v
“anti-Thy 1 alloantisera, add mere,fecently a hybridoma
antibody (Marshak-Rothstein et al ., 1979).

- The TL‘(thymus leukemia antigeﬁ) is carried by some
strains of mice, and is found only on ﬁhe‘QO% of thymic
' lymphocytes wh1ch are 1mmature Peripheral T cells lack the -
ant1gen wh1ch may be re- eXpressed in leukemic cells.

A]loant1sera d1rected aga1nst alleles of ant1gens

_'present on subpopulations of murine thymocytes have been -
1mportant tools 1n the analys1s of post thym1c T cell.
d1fferent1at1on. The Tymphocyte d1fferent1at1on ant1gens (Ly
antigens),'fifst detected by Boyse et al. (1968) have been
used to dissect the T ce'll pool into functional subsets.
. Eight Ly antigens (Ly 1-8) havelbeeh described so far

(McKenzie and Potter, 1979): others may exist. Some appear

to be glycoproteins, but none are well characterized. The



28

productfon of antisera against these membrane antigens
involves multiple Tmﬁunization of mice with lymphoid cells
';from donor mice which differ at the Ly locus in question.

The - donor and rec1p1ent mice can be congenic (differing
‘ma1n1y at the spec1f1c Ly locus), or they may differ at
additional loci. The congen:c combination prodpces the mos t
:épecific antfbody. For some antigens, 'it is necessary totuseby
mouse strains differing at more loci to induce ant1sera of
reasonable titre, which are then absorbed with the
.appropr1ate mouse tissues td render them spec1ficu Two

a]Je\eé fdr.each of the Ly loci have been detected. Cantor

and Boyse (1977) have proposed that the TLY, Ly 14,0+ 3+
immature thymocytes\give rise to T ce]lglwhich-arerTL', Ly
1*.2°,3°, which in turn differentiaté into Ly 1*,27,3" or Ly
1-,2+,3* T ce]ls perhaps after antlgen1c st1mu1at1on The
per1pheral T cel] pool (d;n thym1c T ce]ls found 1n sp]een
and lymph nodes) consist of: 50-55% Ly‘1*,2*,3* cells,
.30-35%’Ly 1*’2‘ 3;'cellsy and 5-10%'Ly 1-2*3* cells.

Functional studwes using antlsera directed aga1nst

products of the Ly 1.2 and 2.2 alleles 1nd1cated that CTL
effector»ce]ls are Ly 17,2, that CTL- and AFC- helper T |
celle.are Ly.1*,2‘, and that suppreSSOr‘eellé,are generally
Ly 17,2* (Cantor and. Boyse, 1975a, b; 1976a). Some Ly 1°,2
suppressor cells have also been detected‘(Cantor.and Boyée'
,1976b' Al*Adra et al., 1980). Precursore of CTL effectors

(before ant1gen1c stimulation) are Ly 1+,2* for

mod1f1ed self antigens, and Ly 1*,2‘ for alloant1gens

TR
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(Cantor and Boyse, 1976b).dAdditional Ly antigens have
subsequentty been Found on some of these T cell subsets. The
Ly 5 antigen appears to be present on al] T. ce]]s, and
' redent1y has been detected on some B ce]]s (McKenz1e and
Potter). The Ly 6 ant1gen is assoc1ated w1th CTL effector
’tcells,vbut<hot their phecursorS‘(Woody et al., 1977);‘and
w1th suppressor cells for CTL responses (L. Pi]arski,,
personal commun1cat1on). The Ly 7 ant1gen is present on some
- B cells (McKenzie et al., 1977), but only recently has been
 detected on‘helper T cells for CTL responses against
" alloantigens (L. Pi]arsKi,ppersona1 commuhiCatton), The Ly 4
ahttgen}isvprobably an antigen unique to»B cells (MecKenzie
et al.,,19&§)t'A close association betWeen the Ly 2 and 3
~ahtigens'exists - they~are‘a1ways found together, but appear
to be on separate molecules. | | : “ |

The use of anttsera against some of these spec1f1c1t1es.
to def1ne the 1ymphocyte subpopu]at1on ‘responsible for
costimulator production will be described in Chapter 4,

It should be pointed out that antisera against the Ly
1.1 antigen (in the appropriate mouse straiﬁs carryihé the
vLy‘t.1, rather than the Ly 1.2 aljele)'rehoves;the cTL =
effector,.as well s most precorSOrs. Thus%the CTL effector
is Ly 1;1*,2.1f.‘1n this respect, the distributton of the
Ly 1.2 antigen appears to differ from the-Ly 1.1 anttgen
(McKenzie:and Potter, 1979). However, recent studies using a
f luorescence activated cell sorter-to detect the presence of

the Ly 1.2’and 2.2 antigens on T.celts,‘showed that there

1
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was no Ly t'qpopulatfon (reVieQedvin.McKenzie and Potter,-'

1979) . T R antigen may be present in']esser amounts

on CTL ‘? ;;Ly 1.1, or the ant1sera used to detect the
- yfay be more potent. Weak ant1sera agalnst Ly
aistently been a problem. v
N Qr1g1n and Properties

hctors which influence the generation of

' tmmun:‘ ﬁfetant (antigen-sensitive) B cells from pre-B cell

precur%‘: in the}boneymarrow are poorly understood. In

birds, Hkell differentiation probably takes place in a
organ, the Bursa of Fabr1c1us However, in
ho d1screte organ has been located. Maturation of B

cetlsfis thought to occur in the secondary lympho1d organs

1é nodes and Peyer s patches (smal] 1ympho1d

Jier wa]ls of intestines). Except for a

~ "bursa-poietin" in ch1ckens, which is a low molecular

~weight, but otherwiSe uncharacterized factor (Brand et al.

1876), no B ce11 d1fferent1at1ng hormones have been

Epescr1bed

It is fa1r1y we]l estab11shed that B ce]]s first
express IgM intracellularly, and then as a surface receptor
(rev1ewed in Owen, 1979) It has been postulated that cel]s
bear1ng only IgM as a surface receptor cannot be induced to
secrete antibody, and that contact with anttgen at that |
stage of_development results‘in‘trreversible inactivation-
(Uhr et al., 1978). The nekt step in differentiation is |
thought to be the‘appearance of IgD (in addition to IgM) as

ok

A
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" a surface recéptor, which allows the cell to secrete IgM if

induced by antigen Cells which-have fur ther differentiated
to secrete IgG have predom1nantly IgD or IgD and 1gG. on

their surfaces Memory cells which secrete IgG, IgA or IgE

_upon ‘appropriate stlmulatton have surface receptors of the

same 1g. class All are thought to arise from the IgM-

’ bearlng early B cell "since spec1f1c removal of IgM* cells

from neonatal m1ce by 1nJect1on of antl-IgM ant1serum

v ‘suppresses the subsequent secret1on of IgM IgG and lgA

i«
e

F..The H-2 Complex and Immune Responsiveness -

r

H-2 Gene Products ~ . C o S

The maJor h1stocompat1b1l1ty complex MHC); referré%'to}

%

as H-2 in mice. and HLA in humans is as 1mportant in.

immunology-as the Ig gene clusters It appears to control
the ability of 1nd1v1duals to respond to ant1gens, and is

also involved in lymph01d cell 1nteract1ons The MHC complex

- codes for at least 2 groups of polymorph1c cell membrane
' glycoprote1ns It was f1rst detected genettcally as a regton

- which caused rapid graft rejection between non- 1dentlcal

individuals. Other h1stocompat1b1l1ty loci (called minor H
loci) .cause: eventual but less rap1d graft reJect1on A
schematic d1agram of the H 2 complex is shown in F1gure 3.

The complex compr1ses about 1/1500 of the mouse genone

~,(Barnstable, 1979)

The K, D and I regions. code for mur1ne cell surface
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glycoproteins which have recently been under intensive

o

Vinvestigétionf Considerable structural and protein sequence

aq

informétion is available for K, D and I region'products

.« {Cunningham et al., 1976; Uhr et él.,~1976; Silver et al.,

1976; Uhr et al;, 1978). The analggous human proteins,
called HLA - A, B and D, respectiVe1y, are even more well
characterized (Strominger et al., 1976; Orr et al., 1979;
Snary and Crumptoh, 1979) . Thé %equeqpe of the 271

N-terminal amino acids of.an allelic product of HLA-B,

»

~called B7, has been reported (Orr et al., 1979) as have

partial sequencés for HLA D and H-2 K, D and I proteins.

The murine K and D proteins, detectable on the

membranes of all somatic cells, are the only known products

of the K and D regions. which of cbursé are large enough to
code for many more proteins! A . heterozygous individual
expresses two K proteins and two D proteins. Two I region‘
products have been 1solated,7wﬁich map to the I-A and the
I-E/C subregions. Assuming that qnly the two I proteins
exist, a hetérozygous individual would cabny 4 different‘l‘
region proteins. Polymorphism at HLA-A and B is high: 19 and
26 serblogjcally’def%ned al]ele;, respectively, have been
detected. Esffmates based on spécificities found in wild
mice put the level of polymorphism for K and D proteins much
higher - probably over 100. An allele of an H-2K, D or I n
brotein is written as H-2K(k), D(K) or I(k); if the

| specificities designated "k" are carried by the mouse

strain..

L4
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The K and D glycoproteins (reviewed in Crumptbn and
Snary, 1979) are 46,000 MW, and span the lipid bilayer. The
serologically détectable antigenic portion of the molecules
are thought to reside in the protein, and not the
carbohydrate moieties. K and D (as well as the TL and Qa“
proteins, mentioned below and in Figure 3) exist in
noncova]gnt association with beta-2-microglobulin, a 12,000
>MW polybeptﬁde, which is non-polymdrphic and not a produét:
of the H-2 complex. It has regions of homology with domain 3
of the Ig H chain C regioh. The beta-2-microglobulin does
not‘penetrate the membrane and is not glycosylated.

Sequence studies have shown a great deal of homo 1ogy
between the K and D g]ycoprdteins, which are as similar as
the K or. D allelic products are to each other.}There also .
seems to be a high degree of homology. between HLA and H-2
molecules. Orr et al., (1979) have recently estimated that
there is 72 and 74% homology between the murine H-2K protein
and fhe HLA-A2 and the HLA-B7 proteins respecti@ely.kThe
differences between these molecules . appear to_be'

- concentrated in 2 clusters.

The inferesting observation that an 88 amino acid

_ fragment of the HLA-B7 protein contains several regions of
homology with Ig constant domains was_recently_made (Orr et
‘al, 1979b). The existence of an Ig-like region in an MHC
product suggests that the humoral and cellular aspecgs of
the immune response may be evolutionar{ly related.

Glycoproteins coded for by the I region, unlike the K

1
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" and D proteins, are maﬁnly expressed on leukocytes. The la

(I region-associated) cell surface antigens (reviewed by Uhr
et al., 1979) were first recognized as producfs of fhe I
region (Figure 3), which‘partially controls the capacity of
an individual to mount an immune bespénse against a ”
particular antigen. Five I subregions have been
distinguished throdgh‘fuhctiona], serological and

biochemical analyses. The la protginﬁmwére isolated using
aﬁtisera raised in congenic 5ice whiéh differed at the whole
! regjon or on]y'a subregion (Figure 3). Tﬁe murine la
proteins are composed of 2 polypeptides, alpha and beta, of
approximately 34,000 and 26,000 daltohs,'réSpective]y, which'
span the lipid bilayer. The alpha subunit of both the known
Ia antigens is coded for by the i-A éubregioﬁ, as is the
beta éubunit of the "A" antigen. The befa subunit of the
"E/C" antigén is coded for in the I-E or.I-C subregioh. The
murine la antigens‘are:homO]ogous to the_human HLA-D
antigens. Both are less polymorphic than the H-2K and D and -
HLA-A and B antigens. The "A" and "EC" ‘antigens do not
appear to have extensive regions of homology.

The H-2 complex also contains the § region, ‘which has_a

1ocus cbding for the 4th component of mouse complement, and
the G region, which is associated with with a red blood cell
‘antigen (Barnstable et al., 1979). Some aqther antigens of
interest ére linked to H-2. One is the TLA region (McKenzie
and Potter, 1979), which controls the expression of at least

2 TL antigens found on immaturé thymocytes and some  leukemia
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cells. Expression of TL seems‘to'bé inversely related to
ekppession of H-2: as T cells begin to maturet they gain H-2
antigens, and lose TL antigens. The Qa’regjon has 3 Known
1oci: coding for antigens Qa-1, Qa-2 and Qa-3. These are
expressed on.thymocytes and some lymph node T cells. The
Qa-1 antigen has been associated with suppressor cells, but
little is Known abbut Qa function, Both the Qa and TL
antigens are associated with beté-2-micfoglobuliﬁ?
Structural studies have shown that they have a size and
subunit structure similar to the H-2 K and D glycoproteins
(reviewed in McKenzie and Pbtter, 1979). It is considered
likely that the H-2 K, D and the Qa and TLA gehes arose from\
' a'sihgie ancestr?] gene. ‘ |
Involvement of K, D Proteins in Cygofoxic React ions

The bioldgiba] significancé of the H-Z K‘ahd D proteins
- their ;trong antigenicity, extreme polymorphism and
widespread tissue distribution - have long remained a
mystery It nOw appears that the D and K proteins are
, 1nvo]ved in a recognition system des1gned to protect
~ organisms against intracellular pathogens. Langman (1978)
and Lafferty and Woolnough (1977) have proposed that the ¥
and D proteins afose evolutionarily from a self-reéognition
system in primitive multicellular organisms, in which
recogn1t10n of a self ?arker prevented a rudimentary immune
mechanism from carry1ngkout its destructive role

Work by Doherty, Blanden and Z1nkernagel (1976), and

Shearer et al. (1976) (and others mentloned in fhese

L3NS
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references) provided a framework for understanding the
‘biological significanée of K and D antigens as being
involved in the recognition of modified-(abnormal) sohatic
cells by T lymphocytes. They found that CfL which recogﬁfze
and kill virally-(Doherty et al.) or chemicai]y-(Shearer et
al.) modified‘ce11§ do not do so unless the target cé1ls
share at least a K or a D allele with the modified cells
which wére used to induce the immunity. In other words, CTL
‘generated inﬂvivo when an H-2(n) mouse is infected with ‘
virus will not Kf]l'any vira]]y ihfected target cei] in
vitro unless it expresses an H 2K(n) or an H- QD( ) allele,
and of course, the correct viral antigens. ]P1s phenomenon
~is Known as H-é restriction of cytotoxic effector cells.

.In further experiments, which fdcused on the induction
- phase of anti-viral immunity, it was demonstfated that the
H-2 type of the Killer cell pér se was not the factor |
determining which modified H-2 specificities could stimulaté
.anti-viral CTL (ZinKernage] et al.; 1978). Rather'the\H-2 \
type of %ﬁe thymus retiédlum in which the T Cell | \
differentiated determined the H-2 type of Vira]]y 1hfected
'target against which the T cell could respond. A mouse of
H-2 type A chn be made chimeric by the 1n3ect1on of (AxB)
bone marrow cells after lethal irradiation. The
différentiated (AxB) T cells generated CTL against A + virus
but not B + virus, even if transferred to an (AxB)'F1 host
where B + virus antigens were also available to the

"precursors. However, if the (A+B) bone marrow cells
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differentiated in a type B mouse, they would generate CTL‘
able to lyse only B +,vtrus. (AxB) bone marrow cells which
differentiated in an (AxB) host could IYSe both A + virus
and B + virus targets. Thymus'graftihg experiments |

demonstrated that 1t is the H-2 type of the thymus ret1cu1um

ce]ls in which the thymocytes d1fferent1ate that d1ctates

*

-

” their preference for A + virus or B + virus. In another
system; it was shown tﬁat such H-2 restrictidh is not
absolute, and can-be overcome to some extent by pr1m1ng mice
with the “non- preferred" H- 2 type + antigen. (Matzinger and
Mirkwood, 1978). To summar1ze, the precursqor T cells learn‘

"self", probably in the thymus, and preferentially recogn1ze'
altered self., | y‘

CTL recognize the H-2 proteins and viral antlgens on
virally infected cells, dur ing both the induction and ‘
*'effector phases of the immune response. Two medels could
explain;such restriction (reViewed by Langman, 1978). One
~ proposes that viral products associate with Hz2 K and D on
cell membranes, creating new antigenic units. These artigens
‘are the determinants recognized by the T cell receptor, and
would not be present if different alleles of K and D
associated with the same virus. Atternatively, the

involvement of K and D proteins could be part of a self
recognition system which is necessary to activate a
"destructive signal”. In this mode1;.the viral antigens
could'be'recognized‘independently from the K and D by T cell

‘receptors. There is no definitive experimental evidence to
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distinguish between these models. Regardliess of which model
is correct, the central.involvement of K and D'proteins in
an immune mechanism for tBevdestruction of virally infected
cells suggests a reason for their existence on all somatic
’Cells._ | | |
'Ihvd1vemént of the I'Region in Immune Response

Oné of the most fruitful‘observations {n immunogenetics
was that within a species; ihbred individuals with some
gengfypes neépohd to a partibularfantigen.byvSynthesizjng
:antﬁbddy,Athle others do not.” This phenomenon of genetic
restriction of immUne responsiveness was discovered by Gg}er
and Schutze (1938);.who found that resistance of inbred mice
to Salmonella infection borré]atéd}with their ability to
produce antibody against the bacteria. More:recently,

synthet1c polypept1de ant1gens of def1ned structure and

relatively few determ1nants were used to 1nvest1gate the <j\>

o

genetics of immune responses. Benacerraf et al., (reviewed
1967) were the first to show that responsiveness to the
synthetic antigens poly-L-lysine or po]ygTutamy]-lysine ih
guinea bigé was’ihhérited as a'sfngle autosomal dominant
gene, which they called the PLL gene. The ability to respond
to ‘another antigen; GAl(a copolymer.ofAL4glutamic acid and
Ltalanihe) was linked to the PLL gene, but shown to be
separated from it by recombination (reviewed in Barnstable
‘et al., 1979). o
Polypeptide antigehs of Simple structure}were

subsequently used in mice to define immune responsé (Ir)
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genes. One of the earliest examp]es of such exper1ments was
carried out using the ant1gens (T, G)-A--L, (H, G)-A--L and
tPhe, G)—A--L, which are copolymers of tyrosine (T),
histidine (H), or pheny]a]anine (Phe) and glutamic acid (G},
attached to a lysine backbone by alan1ne side cha1ns In a
series of papers (rev1ewed in Katz, 1977, Chapter 12)
McDevitt and co-workers demonstrated that responsiveness to.
these antigens in inbred mice was determined by their H-2
hap]otype,‘Using recombinant mice, the; mapped the genel(s)
to a region distinct from K and D, but between them, which
~was called the I region. Responeiveness to all of the‘above
ant1gens were not control]ed by a single gene. High
responders tQ (T, G)- A--L such as C57BL/10 (H-2b) were low
responders to (H, G)?A--L, and high responders to (Phe,
G)-A--L. In contrast, mice which carried the H-2(k)
haplotype were high responders to (H, G)-A--L_and (Phe,
G)-A--L, but‘tesponded poerly to (T, G)-A--L.
| -This aspect of immune'responsiveness is independent of
the Ig genee, and is manifest at the helper T cell tevel"
(Katz, 1877). Thus if a non- reSponder to an ant1gen such as
h‘DNP PLL is-given that antigen coupled to an 1mmunogen1c
carrier such as ovalbum1n the animal becomes a responder
and produces, antxbody against DNP-PLL.

Subsequently, reSpons1veness to many antigens has been
imapped to the I-:, B and C regions (Figure 3). For some

ant1gens, however, 2 complementing genes are required in a

responder mouse. In at least one case, they have been mapped
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, . R
to the I-A and I-C regions (reviewed in Katz, 1977, chapter

12) (The complementing genes required may be assoc1ated
with the Ia glycoprotein whose 2 ‘'subunits map in .the I-A
and 1-E/C subregions).

- The responder/non responder field was made even more_
complex by the discovery that noh—reSponsivengss can map to
the I-J region, and be associated with speCific suppressor
cells for an antigen. This has been particularly well -
documented for the synthetic antigen GAT by Kapp and
coworkers (reViewed-by Katz, 1977, chapter 12; Kapp et al.,
1974)". | . |

Clearly, the control of immune'responsiveness by genes
in the I region is far from understood, Houever, some
interesting possibilities exist as to why”the'presence ot'a
particular I region allele might be important for |
- stimulating an immune response. It will become eVident that
: the models to explain the role of I region genevproducts
follow some of the same lines of reasoning as those put
forward tovexplain the role of K and D proteins in"cytotoxic -
responses One pOSSibility is that la proteins themselves
associate with soluble antigens {or perhaps processed -
fragments of antigen) probably on a macrophage cell
membrane. The Ia glycoprotein antigen complex would display
the-antigen in a form which is immunogenic to T or B cells.
(This would_be analogous to ‘the postulated association of
viral products from within a cell with K or D proteins on a

-macrophage membrane.) If an individual’s set of la antigens
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failed to include an Ia protein specificity that would bind
to a particular antigen; it would be a non-responder to that
antigen (suggested‘by Miller -and Vadas, 1976; Paul et al.,
1976 and others). Although there has never been any direct
proof that an Iafantigen~(coded for by I A or '1-E/C
subregions) is the product of an 1mmune response (Ir) gene,
this theory maKesrsuch an assoc1at1on.

Another theory to\eXp1ain imﬁohe reeponse genes artses.
" from the idea that germ line gene-encoded T cell receptors
for antigen are actyally receptorsAfOr the H-2 gene products
of the species (Jerne, 1971). Von Boehmer et alr (1978) have
modified this 1dea In their hypothests, the T cell- h
receptors recognize not all the H-2 products of the species,
but only those of se]f. Accordtng to the von Boehmer mode 1,
511 T cell receptors would arise from éhti-self.l K'or‘o
lreceptors by somat1c mutat1on and se]ect1on in the thymus
Therefore the ab111ty to respond to an ant1gen would depend
~on the spec1f1c1ty of the anti-self receptor before it
mutated away from being anti- self Non responders Qould have
| an anti-self la receptor that could not eas11y mutqf?rto be
anti- (T, G)- --L for ‘example.

Genes in the I region also determine the abitity of
cells to 1nteract with each other dur1ng an immune response.
In general I reg1on identity is requ1red for helper cells
and suppressor ce]]s to commun1cate w1th their target cells
(reviewed in Katz, 1977 chapter 12). This I region |
restriction can be vilaed as ahalogous to the K/D



restriction found for cytotoXic cells and virally infected
target cells. The requ1rement ‘for 1 region 1dent1ty is not
difficult to reconcile if the ant1gen1c determinant '
recognized by_a T or B cell on a macrophage cell surface is
.a new determinant created by the association of antigen with
a particular Ia;proiein.fASSociatioh of the same antigen
.with a different Ia protefn may not create the same
determinant.‘ :

| It should be pointed out that I region heetricfion is
not absolute, but.appears to ref]ect‘anfigems seen during
priming. Rosenthal, Shéevach and co-workers werefhe‘first to
discover the effect of primimg on I restriction in T cell -
macrophage‘interactions (Paul et al., 1976).'If (A x B)
goinea pigs were firsteexposed'to‘antigen on A macrophages,.
they Would deyelop a secohdary respohse to the antigen
‘presented on A put hot B macrophaoes. However, if their
first exposure to the antigen was in aséociatiOn with B

_ macrophages, then a secondary response could be indUCed,wjth

antigen-pulsed B, but not A, macrophages.

G. Cellular intehactions in AFC Responses
T Cell-Macrophage Interactions -

It haS‘already been stated‘that macrophages are
required for most immune'responseS'(secfion E) in vitro. The
exper1menta1 ev1dence for th1s has largely been obta1ned by
“depleting macrophages from lymphocyte populat1ons so that an

In vitro immune response is 1mpa1red, and then adding back
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macrophages of various types (Lee, 1980). In general, the

~small Ia* macrophages are most efficient in presenting

antigen to T cells_(Lee, 1980). This Woutd’be expected if
antigen must be associated with I region products to be
effectively immunogenic. This idea is supported by -

experiments in which the stimulation of T cells by antigen -

"pulsed'macrophages was‘specifjcally bTocKed'by antibody.

against la ahtigens on the macrophages (Lyons et al., 1979) .
Macrophages are also known to secrete §b1ub1e factors which
have an 1mmunost1mulatory‘effect in VItro on T, and perhaps
B lymphocytes (sectioh I). o
T-B. ce}4>1nteractlons

The first indication that tnteraction‘between two types
of antigen- spe01f1c ce]ls is required dur1ng the 1nductton-

of an 1mmune response came from in vivo exper1ments us1ng

‘1etha11y 1rrad1ated mice (whose 1ymphocytes cou]d not

divide) as recipients for var1ous populat1ons of syngene1c

¢

l_]eukocytes\(Claman\et al., 1966). The irradiated m1ce served

essentjatly-as_"livino test tubes, into which bone marrow.
cells or thymus ceils, and SRBC, the antigen, were injected.
Bone‘harrow,or thymus cells injected alone did not enablev
the hosts to mount an AFC response-agatnst‘SRBC,'but wheh
injected together,-theylsynergized.to'gtve a good response.

It was subsequently established by other investigatorsvthat

the ant1body producing cells were conta1ned in the bone
| hfnent, and that the thymus cel]s served an

(reviewed in Katz, 1977, chapter 10).
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d Mitchell and Miller (1968 repopulated neonatally
bthymectom1zed mice W1th allogenelc T cel]s, and
demonstrated, us1ng antisera d1rected aga1nst ‘the donor or
hos't H 9 ant1gens, that the AFC were of host (B cell) |
or1g1n o _ B | | |
- The inability of nu/nu (athymtc) mice to produce~"
ant ibody against SRBC and v1rtually all other ant1gens
'(rev1ewed in K1ndred 1979) further substant1ated the role
of T 1ymphocytes in AFC generat1on Thymus grafted nude mice
are capable of AFC responses .
-The deve]opmentzof culture techniques for AFC ;
generation in vitro allowed the direct demonstratiOn'that\
cel1s bearing'the'Thy 1 marker were. required for AFC

responses aga1nst SRBC. A glass- or plast1c adherent ce]l
. f

- called an A cell (probably a macrophage) was also a

requ1rement (M051er and COppleson, 1968) .

The class1ca1 hapten-carrier exper1ments further
c1ar1f1ed the role of T cells in AFC responses as being
antigen spec1f1c Haptens are sma]] ant1gen1c mo1et1es suCh
“as DNP:(dinitro- pheno]) or NIP . | d
(4- hydroxy 5- 1odo 3 n1trophenacetyl) wh1ch cannot elicit an

AFC response in. vivo if adm1n1stered in free form However
.ant1body against them is read1]y obtained if they are
coupled to an immunogenic'fcarriert, a larger molecule such
as BSA or ovalbumin‘(Ova).'Mitchison (1971) ‘and co-workers
determined that the “carrter effect"'was duehto helper T

- cells which recognized the carrier portion of thechmplex.

-
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Spleen cells from mice which had been immunized:to NIP-Ova
were 1nJected into 1rrad1ated syngenelc rec1p1ents, wh1ch

N were then challenged with NIP- Dva or NIP-BSA. The NIP- Ova,
but not the NIP-BSA challenged mlce gave a secondary
antlbody response to the hapten NIP However, if spleen
cells from BSA - immunized donors were m1xed w1th the
‘NIP-Dva pr1med cells; then challenge with NIP- BSA gave a
positive response Th1s was 1nterpreted to mean that
speC1f1c recogn1t1on of the carrier (rn_th1s case BSA) was
_requ1red ) R S O EENTE
) Ina s1m1lar system Raff (1976) demonstrated“thatthe
~active carrier- pr1med cell was Thy 1- bear1ng It was
generally found t at the hapten and the carrier had to be
phys1callyrl1nked n the challenge ant1gen Presentat1on of
-NIP- BSA for example, together w1th free Ova in NIP- Ova
pr1med mice would not be as effect1ve as challenge w1th
NIP-Ova. The requ1remenb for Tinked determ1nants was thought

to reflect a necessify for B cells and primed T cells to’

A l

come 1nto ‘close contadt for the T cells ‘to del1ver an
1nduct1ve signal to thé Bicell (M1tch1son, 1971) |

' It has’ already bee po1nted out” that helper cells for
'ant1body responses are o the Ly 1+ 2' type (sect1on E) This
“has been shown for severaﬂ ant1gensl(rev1ewed in Cantor and
'Boyse.hl976b): SRBC,’KLH,\FSA and HGG (human gamma globulin}
toiname’a few.HThe Ly 1*2'\jdentity of the helper cells»was
established by treat1ng a p&pulat1on of lymphocytes with

,ant1 Ly 1 or anti- Ly 2 ant1serum and complement The
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| resultant decline in AFC response by antj~Ly 1 freated cells
could be reversed if anti-ly 2 treated cells were added to
cultures.

Congehic mice were employed in cell transfers
"experiments which dembnstrated that helper T cells and B
cells cooperating in.an AFC response reqdire common H;2
(possibly I region) determinqnts‘(Sprent, 1978a; 1978b},'1t /
is uncertain how muéh'of this requirement is expressed at
the level of'fhe‘macrophage (Shiozawa et al.; 1979), which
Lhas usually been of the same H-2 type as the B cell in
| expe;imental systems, and whether the H-2 restriction
reflects clonal expansion of helper T cells which."see"
vantigen associated with a particuiar I region product.

Again,(as'Was the cése.with H-2K and D restriction, the
possibility éxists that I - encoded proteins-fundtion in a
purely thSiolégica] role involving cell triggering, and do
not bind to-antigens. .

The T cell requirement for antibody production is not
absolute. A small amount of IgM is produced, even by nu/nu
fnice in the absence of T cells. The so-called
‘"T-independeht" antigens, which are usually pélymeré or have
repeating determinant§=(such5a$ polymerized flagellar
protein of Salmonella, levan, dextran, pneumococcal'
polySaccharide type III; Coutinhb, 1875), e]ic{t an IgM
response in the relative absence of T cells. However, thé'

switch to IgG secretion‘has always been found to be

T-dependent. It was recent ly demonstrated that several B
A |
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ce]l—derived human tumor lines which %ofmally secrete IgM,
but not IgG in vitro, could be induced to synthesize 1gG by
the addition to cultures of normal human T cells (Kishimoto
et al., 1978). Mécrophage factors enhanced the effect of the
T cells.
Antibody respdnsés are also under negative regulation.

T cells which supress AFC respdnses fo many !htigens are Ly
1-2*, although their bﬁegursors are probably Ly 1+2* before
antigenié stimulation (Cantor-and Boyse, 1976a). Gershon and
Kondo (1971) using an in vivo.édopiive transfer system, were
the first to obtain evidence for‘suppressor T cells. Spleen
cells froﬁ mice de]ibergtel; made unresponsiye to SRBC, when
;mixed with normal thymothes-and bone marrow cells,
suppressed'an‘anti-SRBC response in an adoptive host. In
vivo generation of suppréssor,cells was also noted by Tada
. and Takemor i (19745 Who édoptively transferred
éntigen-specific"suppréssor cells from DNP?KLH primed
donors. The suppressor cells Were shown to be T cells by
their sensitivity to treatment with anti-Thy 1 sérum and
complement before transfer . |

| The AFC response to KLH is controlled by suppressor T
cells which appear to act on helper T cells rather than
directly on B cel}s.(Tada and Taniguchi, 1976; Murphy et
al., 1976). Suppressor cells have also been found for GAT
(Kapp et al., 1978), SRBC, and TNP coupled to SRBC (Cantor
- and Boyse, 1976a). The GAT and KLH suppressor T cells carry
| H-2 I-J subregioh'determinants (Murphy et al., 1976), which
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is also true of several antigen—speciﬂig‘suppressor factors
to be discussed in section J. The fractionation of
regulatory T cells into helper and suppressor populations
using anti-Ly 1 and anti-Ly 2 anfisera favors the conc]usiop
thaf two separafe cell populations exist, pnd that
suppression is not merely a resu]t‘of too many helper cells

4

(Jandinski et al., 1976).
H. iytotoxic T Cell Responses
- .Generation and Assay of CTL

Cytotoxic T lymphocytes (CTL) were first observed in .
the allograft situation. Cerottini and Brunner (1970) were
the first to demonstrate that donor T cells found in the
sp]eenspof 1etha11y_irradiated allogeneic recipients were |
cytotoxic in vitro for target cei]s‘of the séme~Hf2 type'as
the host mice. CTL could also be found in the spleens of
normal mice which had been immunized witha]Tog‘qéic tissue,
for examp]é.oﬁgan, skin or lymphoid tissue gra tsp |

Cytotoxic.activity of CTL is meésured in

incubating them with an appropriate target cell w
been internally 1abeljed with ‘the isotopebs!Cr. The
mechanfsm of CTL inflicted Killing of target cells is not
understood, but involves alterations in membrane
permeability in a complement independent, diva]ent_cation
dependent, cell to cell interaction (Cerottini.and Brunner,
1977). The net gffect measured in the“assay is 51Cr-leakage

out of damaged}iarget cells during a 4-6 hr period.
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The biological significance of the CTL effector
mechanism remained a mystery.until fairly recent1y, because
its only manifestation seemed to be against allogeneic
ce]fs, which cannot be considered a selecti&e evolutionary
force. Studies by Doherty (reviewed in Doherty et al., 1976)
on the pathogenesis df_LCMV ( lymphocytic choriomeningitis
virus) infection led tS‘the,discerry that 1ymphocyte; from
LCMV infected mice were able to Kill LCMV infected syngeneic
target cells in vitro, in a manner analogous to the
allogeneic CTL system. The anti-viral CTL, which were found
not only in the spleens, but in the cerebro-spinal fluid df
LCMV infected mice, were indistinguishable from
anti—a]]ogeneic CTL in terms‘of physical properties.

Doherty s results led to other experiments in which CTL
were 1dent1f1ed in mice 1nfected with var1ous other v1ruses,
such as ectromelia, Sendai, and vaccinia (reviewed in
Doherty et af., 1976), and an intracellular bacterial
pathogen, Listeria monocytogenes (Blanden, 1974).
Furthermore, Shearer et al. (1976) found that CTL could be
generaéiﬂ against syngeneic lymphocytes which had been
haptenated with TNP to produce ' altered self” ce1ls CTL
responses were a]so detected in female mice immuriized w1th
the male H-Y antigen (Simpson and Gordon, 1977), and other
minor H antigens .(Bevan, 19876). The CTL to all of these
antigens were H-2 K and D restrictedvas discuésed in Seétion
F. These findings led ‘to the 1dea that the CTL mechanism had

evolved ‘to deal with 1ntrace11u]ar viruses and bacteria,
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whose products bécome‘associated with cell membrane
proteins. CTL might also be effective in removing cells
which display abnormal cell membrane antigens, such as tumor
cells.

Despite its biological role, the phenomenon of CTL

. generation and its control has been most extensive]y'studied

in the a]jograft situation, both in vivo and in vitro. A
great deal of the motivation for these studies came from the
“.obvious clinical benefits of be1ng able to prevent graft
re3ect1ons |

In practical terms, CTL are generated in vitro by
incubatingi“respbnder" cells of one genotype wifh :

"stimulator"” cells of another genotype (or chemically or

“virally modified syngeneic cells). The‘stimulator cell

populat1on is- usua]]y irradiated or treated with mitomycin C
to prevent cell d1v1s1on, so that a one-way react1on is
observed. Two types of responses can be measured in such
cultures. 1) a strong proliferative response (MLR response)
occurs~about 3 days after'initiation of cultufe. 2) at about
5 days, cytotoxic T cells detectable in an in vitro aséay
are at their peak. |

. € It is now well established that the bulk of the cells
proliférating in the MLR are Ly'1+2- (Cantor. and Boyse, ~
1975b) , and .that they are distinct from, and do hot give
rise to, the Ly 1-2- CTL effector cell. The MLR
proliferation is largely djrected against I region

differences (reviewed in Katz, 1977, Bach et al., 1872). Use
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of target cells from congen1c mice has allowed the
observation that most of the CTL generated aga1nst
- histoincompatible cells are directed against K.and D region
products. That CTL can, in lesser numbers, be generated
spec1f1ca1]y against I region products was demonstrated
us1ng stra1n combinations that differ only in the I region
(Teh et al., 1978). The most recent ev1denoe.suggests that
CTL precursors (H.-S5. Teh, personal communication) and
anti-viral CTL effectors (McKenzie et al., 1977) do not bear
Ia antigens | |

Properties of CTL St1mu}ator Cells

A]though it was initially proposed that stimulator

cells for CTL must be la* (reviewedlin Katz), this does not
now}appear to be an absoldte requirement_(Tatmagé et 37;'
1977). However, at least tw0-properttesjare essential for a
CTL etimulator cell: it mdst be of leukooyte origin, and it
must be viable and metabolicalty'active. Glutaraldehyde
‘fixation Qultrav1o]et (UV) 1rrad1atwon and actinomycin D
'treatment (which prevents RNA synthesis) all destroy the
’1mmunogen1c1ty of a st1mu1ator cell (Lafferty and Woo]nough,
1877). Fibroblasts, and non-leukocyte derived tumor cells,
likewise cannot promote a CTL response. Lafferty interpreted
these obserQations as evidence that two signals are required
| to generate an anti-allogeneic CTLtresponee the first
signal is prov1ded by alloantigens, and the second is an
inductive. s1gna1 of another type prov1ded by the stimulator

- cell. The ability to trafsmit the second signal is 1imited
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to ]ymbhécytes or monbcyte/macrophageé.

.’,Cthen experiments have shown actinomycin D treated
stimulator Célis‘to be capable of promoting a response if
they are present in much higher numbers (Wagnef. 1973). An .
alternative explanation for their nelatiVe,léck of |
immunogenicity, tﬁen; hight be that actinomycin D treatment
caused a diminufjon‘of,the density of alloantigens on the
cell membrane, or a shortagé of a]]oantigehkfor macrophage
processing. ‘

- The ability of 1yhph00ytes. but not non-lymphoid
tissue, to mediate graft rejection in a transplantation
situation waé'demonstrated by Lafferty and Wooinough (1977).
- They cultured guinéa pig thyroid tissue in vitro fos‘
sufficient time to allow the Tymphocytes within it to die.'
In some cases, thyroid donors wehé treated with
anti-iymphocyte serum to reduce the humber‘of beabtivé T’
cells in the prospective graft. The thyroid graft, dépleted
of lymphocytes, was then succeéSful]y‘transplanted to an
allogeneic guinea pig Undef conditions where uncultured
grafts were rejectéd, Fufthermore, if a second‘untreated
(1ymphocyte containing) graft was placed in a "successful”
thyroid reéipient, both grafts were subséQuent]y rejected.
Thus the “paséenger 1euKotheS” in the second graft caused‘
an allograft response which was efféctive in Eejection of
non-lgukocyte’tissué in the first graft,

This system has obvious implications for Qrgaﬁ

transplantation. With respect to the mechanism of CTL
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induction, it suggests that auxiliary cells may be involved.
The inability of gldﬁaraldehyde fixed (metabolically
inactive) cells to induce CTL can be overcome by the
addithn to' cultures of primed éntigen-speci%ic helper cells
(Pilarskj; 1979, or by the soluble"fact;?'costimulator
(Shaw et al., 1978b; Lafferty\and Woolnough, 1977; results
in chapter V). These resu]ts, énd ofhers presented in
section H suggeét that CTL generatiqn requires interaction
between 2 classes of T cells. In addition to T cells,
macrophages appear’ to be required for‘in vitro CTL
responses, although they can be either of responder or

vstimu]atob genotype {(Wagner et al, 1972). -

I. Evidence‘fqr T Cell-T Cell Collaborat ion

o Cantor and Asofsky (1970) first reported,synergy'
.between two types of T cells, obtained‘from'thymus and lymph
nodes,.in the mediation of graft versus host disease (GVHD).
GVHD is an in vivo corﬁg]ate of MLR, in which donor cells of
type A are injected into a neonatal (AxB)F1. The A cells
prd]iferate'fn thé neoﬁa;al spleen; the indRsity of the
reaction in quantitated by measuring its weight. Synergy
between 2 cell popUIatiohs, called T1 (from the thymus) and
T2 (from lymph node) occurs in the generation of CTL fn | |
vitro (Wagner, 1973). By mixing AKR and CBA lympH node-celis'
~ and thymocytes (bdth“H-Z(k) but possessing different alleles
of Thy 1 which served as markers'distinQUiShing Between

functional cell types), it was determined that CTL
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precursors were derived from the lymph node cells, andrthat
thymocytes amplified the response. The amplification by
thymocytes is puzzling, in view of the recent data |
demonstrating that thymocytes contain very few matu;e helper
cells (Pilarski, 1977). However,’fhe_fhymocyteé may serve as
a source of helper pfecursors. | |

" Usfhg antisera directéd‘against Ly”antigens,‘Canfdr and
Boyse (1975b) demonstrated that‘Ly 1-2+ spleen'cells.are |
precugﬁors for anti~a1109eneichCTL efféctors, and that the
respon%e ié amplified by Ly 1+2- céi]s. The rgmova] of.Ia*
cells from the stimulator popu]atién‘decreased the
\ amp]ification effect of the Ly 1* cells, suggesifng that
these cells are siimgiated by 1 region.differences. Synergy
bétween cells recognizing K/D and I differencé§ was also
found in experiments uéingvcoﬁgenic-mice {Schendel and Bach,
.1974)._Low CTL responses were obtained when respoﬁdér and 
st{mu]ator differed.only-qt the K region, or only at the I
region. However, when 2 types'of sfimu]atdrs (K;and~1
different) were mixed with responders in the cuitufes; good
responses were obtained. | |

It should be pointed out thatjthe reduirement for both

K/D and I region djfferences is not absolute (reviewed in
Katz, 1977, chapter 10; H.-S. Teh personal communication)
and is not found in all systems. Helper T cells which-
recognize K/D djffgrencés have beéh reported (Swain and
Panfili, 1979), and inferestingly,'are Ly 1-2+ (unlike

helper T cells which recognize I'fegiOn differences, which
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are Ly 1*2-), This'Suggests'that the Ly phenotypelof T cells

may bear more relationship to the type of antigens they.

recognize than to their function per se. G n .
Perhaps the most direct.evtdence for a helper T cell
requirement in allogeneic CTL responses comes from

experiments in which thymocytes were used as CTL precursors

;(Pilarski; 1977). Thymocytes are poor CTL responders; not

because CTL precursors are lacK1ng, but because the thymus
apparently conta1ns few d1fferent1ated helper T cells
compared to the peripheral lymphoid organs, Helper T cells

generated in vivo or in vitro (Baum and Pilarski, 1978)

‘ which are al]oantigen specﬁ{i/.‘altow the efficient

generat1on of CTL ln VIfPO from thymocyte precursors

Analys1s of the T helper effector cells revealed that they

Care Ly 1*,2-,4-,5*,6- and 7* (P1larsK1 et al. 1980)

Using bbone-marrow irradiation ch1meras, Z1nKernage1 et

al., found I region- restr1cted helper T cel]s to be

necessary for the generatlon of a CTL response in vivo

-aga1nst v1ral]y infected cells Doherty, however, u51ng“a

s1m11ar system fa11ed to detect a requirement\for helper
cetls, at least helpers whichlwere I-restricted'(Bennink‘and
Doherty, 1978). I

" The role of soluble factors in the generation of CTL
responses W111_be consiqgred,in Secttoh df'In chapter Iv,
results are p;%sented Which‘indicate.that‘the,s01ub1e factor

costimulator can at 1east partdally repTibe the helper T

. cell requiregent‘in CTL genenationt The properties of the

)
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costimulator producing cell is‘compared to that of the‘
he]per T cell. | | ”

Specific T cell suppression of CTL responses has been.
deecr1bed in several systems (reviewed in Katz, 1377). One ;
of the obvious ways in whfch a T cell could appear to
suppress a response in vitrovwou1d be to femove the antigen‘
(stimulator cells) befone fhe-response'was'fUIIy initiated.
Recent work by AlaAdra and Pilarski (1978) show5‘that
Killing of antigen is not the only way in which suppressers
can act, si:éevfhe level of subpressien was not related to -
‘the numbers of Stimu]ater cells in a cUlture‘ Thus there
appear to be suppressor T cells whjch are d1st1nct from
cytotox1c T ce]ls, a]though the 2 types of ce]ls have been
" reported to have the same Ly phenotype (Ly 1',2*; Cantor and
Boyse, 1976b) . |

. A]-Adra; Pilarski, and McKenzie (personal
~communication) found 2 types of inhibitory cells in CTL
generating,culturesf One, which was present at 3 days‘of 
culture was Ly 1*,2*,_whiie another, pbesen{ after 5 days of
culture,‘nas Ly’{',2?;aThese.celi‘types were befh diffebent'
from helperjcells generated‘in.the_same_system (Ly 1*2');
demonstrating that suppression is mediated by distinct |
subclaséeeeof'T celTs, and is not simply an artifact seen if
too many helper cells ane added. The suppressor populations'
were not cytotoxic for the eells used as antigen ™n the
cultures, and thus are also distinct from eytotoxic T

lymphqeytes; The “target" of the subpnessor’celT has not
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been defined

Anttgen spec1fc CTL suppressor cells have been detected
in DBA/2 mtce bearing a syngeneic mastocytoma tumor P815
(Takei et al., 1977). Tumor bearing mice exh1b1t:a brief
hperiod of reactivity to thevtumor, whtch can only be
detected in yitro after culturing the DBA 1lymphocytes with
P815. Thereafter,_the‘reactivtty of the mice to;P815
declinest concomitant with the appearance of the suppressog

-
cells, which can be assayed in vitro.

J. The Role of Soluble Factors in Immune Regulation
Soluble Factors as Mediators of Cellular Interactions :

There is ample ev1dence that most 1mmune reponses
involve the part1c1pat1on of multlple cell types (secttons G
and I). The. ouestion artses as{to'how one cell type‘exerts
its effect on another A 51gnal might be‘passed between
;cells during close membrane contact 'such as that which
-occurs dur1ng Killing of target cells by Clky(Q%fOttlnl and .
’Brunner 1877) or regulatory cells upon st1mulatton, mtght
secrete active products 1n a manner analogous to Ig
synthes1s by B cells, whlch would bind to receptors on d
effector~cell precursors. The products might be antlgen |
'specific, reflecting the speciftclty'of T cell,receptorst or_
" they might>be non-specific inductivevagents, normally
'released'close to the appropriate target cell due tofan'
anttgen brtdge between them //?J ,

Another poss1b1l1ty is that an inductive 51gnal from a
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regulatory T cell (whether antigen- speC1f1c or non- spec1f1c)
:1s passed to a target Bor I cell by a macrophage bear1ng
'»ant1gen on its surface T and B cells are anatom1cally
Hseparated in the spleen, a maJor s1te of 1mmune induction.
'The:partlcipation of a third cell type of high mob1l1ty
wou ld lncrease the 1ik1ihood of two'infrequent antigen
spec1f1c cells meet1ng one another.
Doubie chamber exper1ments of Feldmann and Basten
(1972) suggested that carr1er pr1med T cells. could prov1de
‘.an 1nduct1ve s1gnal to hapten primed B cells if the two
populat10ns,were pﬂys1cally separated by a cell-1mpermeable
_ membrane Thus ln;a system‘where all requisite cell types :
‘were present, cell to cell contact did not appear mandatory'
for AFC/1nduct10n This at least indicated that soluble~
factOrs might-be-released from‘leukocytes.dur1ng a.normal ‘&%
_'1mmune response | | | |
In the last decade, many laborator1es have descr1bed |
soluble factors secreted by or,extractedrfrom.st1mulated
leuKocytes. These factors‘have'been reported in murine, rat,
gu1nea pig and human systems They have‘been‘foundﬁto exert
their effects in several ln vitro'assayS' AFC responses; CTL'

responses, synergy with m1togens such as PHA or Con A, 1
v«f'd1rect m1togenes1s wmth no other deliberately added /3

, st1mulants Factors w1th helper act1v1ty -have been shown to
be e1ther antigen spec1f1c and H 2 restr1cted or ;
~ non- spe01f1c depend1ng on the agents and methods used to

induce them. The same has. been found w1th soluble factors
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whlch suppress immune responses Many of the factor
activities are detected in crude tlssue culture
supernatants others have been part1ally pUPlfled

In order to analyze the somewhat bew1lder1ng array of
soluble,factors, 1 have grouped them 1nto 3 categor1es |
‘_aCCording to their propertles and the way they:Webe derlved:
~l)'antigen-speclftc and H-2 related factors 2) ap{arentlyag
"antigen-nonspecific, T cell derived factors andj3)

anttgenrnonspecific macrophage derived factors Groups 2 and

:’vsi

K were suggested. at the 2nd Internat1onal Lymphok1ne . ;

| WOrkshop in 1979 where 1t was dec1ded that many |
,m1togen 1nduced T cell factors descr1bed by d1fferent groups
are probably 1dent1cal and tﬁht the same was true of
lcertatn macrophage factors. Forvthe most part, the
discuSsionvof these factors is'restrlcted‘to'the mur ine o
‘system both because lt 1s tqgvmost well characterized, and

,1t is the most relevant to the: exper1mental results‘r

| presented in this thesis. *'%@' a

Factors w1th Spemficity for Antrgen and/q&l Region
Determinéﬁts‘," |

Several antlgen spec1f1c helper factorg.for iFC
'responses have been descr1bed (see Iable 1, factors 1-4). In
general, the factors are obtalned from lymph01d tissue of l
fant1gen primed m1ce, ewther by allOW1ng the cells to secretey
| the factor in t1ssue culture or by extractlng the cells
taken d1rectly from the mlce Such factors e1ther replace

the requ1rement°for helper T cells in AFC responses, or
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augment the response of T cell-containing cell populations.
Helper factors for the éﬁt}gens (T,b)-A-;L (Taussig et al.,
1975; Howie et al., 1979), KLH (Tokuhisa et al 1978), RGG,
HGG, BSA and chicken red blood cells (Shiozawa et al.; 1977,
1979) can be absorbed by‘antisera directed against. products
" of the I-A subregion of ihe,H-Z complex, and by the aritigen
used to induce them. The helper factor to GAT, however, is
absorbed by anti-I-J and not anti-1-A antibodies (Howie et
al., 1979). / 2 |

With the exception of the facforfdescbibed by TaU§sig
et al. (1975), all have activity which is restricted to
lymphocytes of the same H-2 or 1 type as the cells from
which the'facter was produced. The lack of H-éviestriction
of Taussig's factor is puzzling, but~may be related to the
in vivo assay used to detect it. This factor bears idiotypes
which cross react with antibodies against (T7,G)-A--L,
suggesting that it may represeht a T cel} receptor which has
been secreted (Mozes and Haimovich, 19795}\Its production is
dependent upon Ly 1*,2- cells and it may be the product of a
helper T cell. ' |

None of these factors‘have been extensively
characterized biochemically. The molecular weighfs,
estimated by gel filtration, fall into theefange of
40,000—60,000; The factor gc;jvity reported by Shiozawa et
al. (1979) appears to be fair?& heterogeneous.
_Antigen-specific helper“actiyity for RGG is spread over a

wide size rahge upon G-100 chromotography, and isoelectric



focusing resolves 2 peaks of activity, at pl 4.6 and 2.5,
'The heterogeneity mey represent actue] differences in tyoes
of molecules, or degradation}of the factor as a result of an
extraction procedure in which proteo]ytjc'enzymes might be
released. "
| Kilburn (1979) has reported an antigen-specific helper
factor for a CTL response. It was extracted from the spleens
of DBA/2J mice bearing a syngenetg (P815) tumor, whtch had
not yet metastasized to,the spleenf The factor enhanced the
in vitro generation of CTL‘against thisltuTor about 5 fold.
It did not stimulate the generation of CTL egaihst L1210,
another DBA/2J tUmor, nor did it enhance CTL generation
against DBA/2U spleen celleffrom C57BL/6 precursors. It
couﬂ? be adsorbed onto P815 %embranes bound to Sepharose,
and then eluted w1th high salt.

Two other "specific" helper factors-have been reported
‘which appear to be dlfferent from those that are both
I- reg1on restr1cted and ant1gen specific. One is a]logene1c
effect factor (AEF; Table 1). It is secreted in mi xed
lymphocyte culture (MLC) by spleen cells which have been
primed in vivo with stimulator cells from the same strain of
mice. If the stimulator cells in the MLC‘are depleteddof T
cells, and the respohder cells depleted of Ie* cells, the
factor produced is only active in enhahcing the AFC response
of cells having I-A or" I-B region identity with the

st1mu1ator cells, and is called "restr1cted AEF" (Delovitch

et al., 1978). The factor has determ1nants coded for in the
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'1-A or I-B subregion of H-2. It can be produced if the

stimulator andfﬁesponder strain differ only in the I-J ;

subregion, in which case the factor activity is restricted

‘to mousé strains identical to the stimulator cell at I-J

ST

/TN

particular solub1e ahtigen and  appears to be effective in

1nduc1ng secondary AFC responses in the absence of T cells.
It is cons1dered likely that AEF is actua]ly an antlgen
specific Facton for H-2 I region alloantigens, and is able
to induee'AFC responses in B cells by binding to their la
antigens end givihg a "second signal" (T.L. Delovitch,
personal commun1cat10n) This would happen ih-the same way
as an ant1gen specific factor agawnst SRBC might bind to a B

cells whose Ig receptors were bQund to SRBC. AEF has no

" helper activity in CTL (L. Pilarski, J. Shaw, and T.L.
Delovitch, unpublished). Thi's would be expected if CTL

~ helper cells and CTL precursor cells were la-, or had la

antigens,of a different.sofgﬂfrom those present on

(stimulator) B cells. AEF, like other ahtigen-specific

?_ factors, is about 40-50?000:MW. as estimated by gel

_fthration A factor which may'be similar has been reported

to have ant1gen spec1f1c he]per act1vxty in vivo for AFC
against histocompat1b1lity antigens in nude.mice (K1ndred
and-Corley, 1977). The factor is secreted in vitro after a
10 day MLC reaction. A |

An la* AEF ‘has also been obtalned from pr1mary MLCs of

only 24 hours durat1on (Armerd1ng et al - 1977) However ,

-~
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Delovitch and coworkers are unable to detect AEF actiyity in
MLC supefnatants unless the responder cell populat{cns have
been primed. | | _ S
The second type of unusual factof‘is GRF (geneiical]y-‘

related factor) (Table 1) which, unlike the others, appears ;
to be the product of a macrophage. It contains both Ia
determinants, and fragments of the antigen used to induce it
(Erb and Fe]dm‘an; 1975; Erb et al., 1976). It is possible
that it represents "processed antigen" from‘macrophage
'suffaces, which is krown to be more immunogeniclfhan soluble
antigen (Unanue, 197&).}Th;i wou 1d explain~its‘ability to
aifepiace‘macnochages in AFC induction, while still requiring
T cells to exert its effect. . -

~ Several suppressor factors (8-11 in Table 1).are also
specifac for their>inducing antigensf and bear I-J (or
H-2)- encoded determlnants No?e aregadsorbed\by
anti- 1mmunoglobu11n Suppressor factoﬁ% t9 KLH (Tan1guch1 et
al., 1979; Kontiainen et al., 1978) and 16 GAT (Germain et
al., 1878) have idiotypes wh1ch cross react W1th antlbod1es
d1rected against the same ant1gens )

In addition to factors which supphess AFC responses,

factors which supress contact sensitivity to picryl chlorideiﬁ

(Green a# al., 1977) and 2,4- d1n1trof1uorobenzene (M-,,.ﬁ;
et al., . 1877) have been reported. Another factor 7
extractable from the thymus of P815 bearing-mice, |
spec1f1cally suppresses the fn vItPo CTL response of DBA/2d L

mice against the syngene1c tumor (Takei et al., 1978)
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Onelof the difficulties in trying to'characterize these
};,factors is a‘paucity of material. An obvious approach is to
 produce hybridomasSbetween‘tumor cell lines and 1ymphocytes‘#
which secrete fhe factors. Such hybr idomas have been
produced for factors whicﬁ_suppress antibody'responses to
KLH (Taniguchf et al., 1979:ikontiainen et al.: 1978) and
SRBC (Taussig et al., 1979). The hybridomas have all been
produced by the fusion of antigen-primed spleen cells with
BW5147, an AKR‘(H-QK) thymoma. using the fusion and
_seieotion techniques pioneered by Kohler and Mi}stefn (1975;
 1976) It is not necessary for the'spleen cells fo be of the -
same H-2 type as the tu%Pr cell ]1ne BW5147 itself does not
express the Ly 1.2 antxgen on its membrane but expression
of that ant1gen, as well as the Ly 1.1 antigen (the allele
carried by CBA cells) was observed on. the fusion producf.'
The Use ofvPolyclona1ASt1mu1ants to Study immone Responses
The term "m%togen", which is freqoently used in the
discussiOn of non-specific factors, refers to agents which
induoe 1ymphocytesvnon-specifiCally, regardless of their
receptor specificities (Greaves and danossy, 1972). The
normal reqdirement for binding toa T or B cell receptor for
antigen is somehow bypassed' the mi togens are thought to
bind to other cell membrane receptors A particuIar‘mitogen ‘
st1mulates a large but 1ndeterm1nant number of lymphocytes,
‘different mitogens st1mu1at1ng d1fferent subpopulations "

Some common]y used T cell mitogens are concanavalin A (Con

A) and phytohemagglut1n1n (PHA) both plant lectins



68

Lipopo]ysaccharide (LPS) from E. Coli is a mitogen for B
cells.‘PoKeweed‘mitogeQ (PWM) stimulates both T and B
lymphocytes. ‘

v'-Withih a few days of culture with such mi togens,
1ymphocytes‘respondeby protiferating, which can be
quantitated by measuring the rate of DNA syhthesis.
Differentiation into.effector,celts, such as AFC or CTL, may
subseqUently'occur.

In some 1nstances it 1s advantageous to use m1togens
_rather than specific ant1gens to study the 1nduct1on of
~1mmunity Phenomena involving large numbers of cells can be
’ read11y detected whereas ant1gen st1mu1at1on wou ld affect
too small a. proport1on of lymphocytes to measure. One
examp]e of the use‘plness of mitogens in 1nvest1gat1ng
immune induction is the use of LPS to measure the effect of
stimulation of B cells on their intracellular levels of
cyclic AMP and cyclic GMP'(watson, 1974) . | ‘
Factors whjch'Synergtze with Antigens~or Mixogehs, Appear-to‘
be Non—Speciftc,vand are induced by T}celt'stimulants

It is somewhat’difficult to discuss this area without
ant1c1pat1ng the results, since some of the closely related
work of others wa was done after prev10usly publ1shed work
wh1ch 1s to. be presented in th1s thesis (Shaw et al.
1978a b) . However it is probably’ useful to discuss some of
the properties of this group of factors which 1ncludes
N costimulator, 1n;order to place'the results in a more

' understandabie'context; Other.COmpariSOns bétween"
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§bstlmulator and various soluble factors will be discussed
in- the appropriate places-tnrQUQhout the thesis.
~ Some representatjves of the group of factors designated
Interleukin 2 (IL2) are Tisted in Table 2. The assignment of
VaPlOUS factors to this group’is SOmewhat arbitrary, due to .
.2 lack of information concehning the p;operties_and
- activities of some,xTne group may ‘turn out. to be.more‘.
.hetefogeneous than is now suspected. However, sn overall
View Ofvthe IL2 factors shows them to have one or more of
the properties mentioned'belowl' o
- The numbers given in parenthesis refer to the&nunber of
a factor in the first column of Table-2.'References,appeart
in the table - i | | g |
The factors are secreted 1nto culture medlum by spleen
or lymph node cells within 16-24 hours pf\stlmulatlon_w1th
sn‘inducing agent; lhey are induced by T,eell'mltogens such
as Con A (1-6,8,9) and PHA (4,5,8), but not by the B cell
~ mitogen LPS (1,4, 5l. In some pasesnfactor has been prdduced
'fby culturing antigen pr1med spleen cells with KLH in vltFo
for 24 hours (6,7,9). An apparently 1dent1cal factor is .
secreted during the earl; stages of an MLC react1on in which
~ two unpr1med spleen cell populations differ in the ent1re
H- 2 region (1,3,4,5,6,8,9). .
Production of the factor depends upon T cells belng :
,present in the stimulated cell populat1oqﬁi1 9): Expériments
us1ng metabollc inhibitors indicate that DNA synthesis is

| not required for factor production but protein synthes1s
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is. Whether antigen—nonspecific, as'they'flrst appeared'to
Be, or specific,.but polyclonal“as SOme investigators now
suSpect (d -Watson personal communtcat1on Bernabe éf'alt,
'1979), none of the factors are. H 2 restr1cted in their
e'blolog1cal act1v1t1es All wh1ch have been examlned for the
presence’ of la determlnants lacK them (1, 3 6,7).
Factor act1v1ty has been detected in several b10log1cal
assays 1nclud1ng mltogen, AFC and CTL responses "Factors |

_ may 1nduce thymocytes to d1v1de in the absence of- any other

deliberate stimulation (dlrect m1togenes1s 1 5); The dtrect
lmltogene51s, however, is usually very. low in compar1son to

the synerglstlc effect (up to 50 fold) of the factors in the'

oM A response of thymocytes to'Con A and PHA (1, 2,5,8). The

"prol1ferat1ve response of T cells is thought to be dependent |
:upon IL2 type factors. and thymocytes are deficient in the \'“
parttcular T,cell or macrophage type which 1s,act1ye in
producing the factor (Paetkau et al., 1976; Shaw et al.,’
;1978b) Thts synergy between factor and Con A 1s the ba51s‘
for the routtne assay used to detect cost1mulator (chapter
111) o | |

| Several of -the factors (2, 3 6,7 as well -as Dutton et

' all. (1971) Brttton,et*al,,;(1972), and S joberg et al,,:v
(1972), Were first detected as'the ability: to enhance'tor to

. replace the requ1rement for T cells~1n a primary in vltPo
AFC response aga1nst heterolo;pus erthyrocytes. usually

SRBC. Spleen cells from np/nu mtce, or normal spleen cells

D
e

treated with ant1 Thy 1.1 and complement (both def101ent in

l :

-
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helper T cells) respond poorly to SRBC. The'response'can_be
restored by the add1t1on to cultures of helper T cells L,
‘ pr1med to SRBC, ‘or the so called T cell replaC1ng factor
TRF (2,3,6,7). | - |
Some 1nvestlgators report fhat TRF is most actlve 1f
added after 2 days of a 4 day culture (3) whlle others add
it on day 0 or 1 for max1mal effect (2 7) Th1s d1screpancy
has recently- been resolved by Watson and colleagues who
f1nd,that preparations of TLQ'contain'another'activity,' | ‘
called "late acting factor® which is most effec/tjve/‘i’f/g"iven”_ .
near‘the end of an AFC response. Late actlng factor has a tyy
lower pl than IL2. and can be separated from it by ‘3§%¥3
1soelectr1c focu$1ng (d. Watson, personal commun1cat1on)
Pur1f1ed IL2 1s mos t effectlve 1f present from the beglnn1ng i
of culture (Hoffmann and Watson, 1979) "l; - g "e
There is. some ev1dence that the T cell- replac1ng‘ .

act1v1ty of these factors does not ‘extend to responses ‘
aga1nst all types of antlgens Wh1le act1ve aga1nst haptens ;;

Tsuch as DNP wh1ch are coupled to erythrocytes before '. '
'lll1mmun1zat1on the factors do not work for soluble ant1gens, o

" such as KLH, or it the hapten 1s presented on a soluble |

. carr1er (Waldmann, 1975). It has been proposed that for ”." -
w A

, soluble -non- part1culate ant1gens, a carrier spec1f1c T cell

v(or T cell factor such as those in Table 1) may be: an
'add1t1onal requlrement (Waldmahn and Munro, 1975)
Some factors were ln1t1ally detected primar1ly as

'enhanc1ng act1vlt1es in CTL resPonses (4 8). Others are R

P .
v ' o . \
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| reported to have CTL stimutating activity in addttionvto |
"m1togen/synergy and TRF act1v1t1es (1, 2 5). The thymocyte . -
- has - proved to be a useful assay system for the effect of IL2;f
in CTL generation. Thymocytes. wh1ch are helper cell :
‘def1c1ent but cohta1n CTL precurso s. respond poorly to
'alloant1gens (P11arsK1 1977) The add1t1on of helpef cells '
to cultures a]lows them to generate a prlmary CTL response. .s' :
as does the add1tlon of IL2 factors (1 5h. ‘]_ . ._” Id
. The factors are also capable of generatlng secondary |
N CTL responses (8). and u1t1mately. of ma1nta1n1ng the
. continuous growth of effector CTL 1n culture for over a“year”
,(4)‘ o R ) v . :
. Lafferty and’cd-workerS'have‘shoWn?that IL2 factors can
';replace -the requarement for a- lympho1d metabolrcaﬂly act1ve
st1mulator cell 1n CTL generatlon (Laff%ntyaand Noolnough
1977; Talmage‘et al., 1977; ‘Lafferty etlal., 1978) Other -
.(cond1t1ons under wh1ch IL2 factors prométe CTL responses.
and the s1gn1f}cance of such experiments are d1scussed in -
?chapters v and VI DA ht - :.J ; o 7"',f;f
The molecular propert1es of ;L2 are. just begi n1ng to

d'fbe understood The mater1al is produc;' i ‘ry%s42 ‘

amounts in chem1cal terms. although it w'ighly’act1ve ':H.;.b»

' b1oiog1ca11y It has not been purxfied to homodeneity

3f.propert1es rely on b1ological act1v1ty,‘”_
lf__for other mater1al detectable by physieal methods. as a prc

Jffffor structure Gel f1ltrat1on experiments show IL2 factors iifﬁfL”””

_Therefore all exper1ments hav1ng to do wit:d/molecular ~i :d;id{

t on protei

e g

N o
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to be between 30,000 and 50,000 daltons (1-8). The activity
resides in a heterogenous populatfén of acidic molecules,
having pl in the range of 4-5 g 2). The factors are
sensitive to proteolyt1c enzymes, and may be g]ycoprotein%ﬁm-
Experiments examining the molecular‘properties of
costimulator are presented in bhapter IIl, where the
specific results of other investigators are discussed.
Macrophage‘- Der ived Lymphok ines .

A group of macrophage der1ved factors designaied
Interleukin 1 (IL1) and usually referred to as lymphocyte
activating factor (LAF), is represented in Table 3. Like the
T cell-dependent factors, they aretantigen-thSpecific.,

(There is, however, no“requirement for T cells for their
eroduction. since they can(be produced by marophage tumor

cell lines such as P388-D1 (Lachman et al., 1977; Mizel,

f979) and RAW264 (Hoffmann ef al, 1979). They are generally
produced by stimulating macrophage tamor cells or normal

mouse peritoneal cells with LPS in culture for at least 24 &

Q‘.}

‘.hours. The factors are .secreted into the medium. It cap also
be elicited by ‘phorbol myristic,acetate (PMA; Mize 1 et7;I.,
1978c). T cells apparently enhance LAF prOduction from the
P388-D1 cell line up‘to 10 fo1d\(Mizel‘et al., 1978a)-.

The biological assay most frequently used to detect LAF
is-direct mitogensis, using mouse thymocytes cultured at
relatively high cell density: 5-15x105/m1.vThe level of
stimulation ofce]l‘division is considerably lower than that

observed using IL2 synergy with Con A or PHA. Recently,

~
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another assay for IL1 has been suggested: it acts as a1l

cell replacing factor in the AFC response of splen1c

}
lymphocytes which have been depleted of both T cells and A

cells (Hoffmann et al., 1979: Hoffmann & Watson, 1979) ‘This.

assay. dlstlngu1shes functionally between IL1 and IL2 which
does not act as a T cell replacing factor in ‘the absence of
A cells. IL1 apparenlly does not induce cell division in B
cells, but hay be involved with tbeir terminal
differentiation. IL1 synergized with TRF in the anti-SRBC
reeponse. Results were best if 1L1 was added bn day 2, and
TRF on day‘O; (Hoffmannvand Watspn, 1979). This may explain
the synergy observed in another in vitro system between TRF
‘and LPS itself (Jacobs, 1979). |

LAF may also be involved in the induction of 1L2 (Smith
et al., 1979a; results in chapter I1). | -

The molecular properties of LPS 1nduced LAF have been
. most thoroughly studied by Economou and Shin (1378), who
found the molecular weight to be 18,000, and the isoelectric
point to be 4.8. Others have reported a s1m1lar pl (4.6-5.4
range; Lachmarset al., 1977, Mizel, 1979). and molecular
weight estimates from gel filtration]ranging fromll2-16,000
'(Mizel,l1979; Ho;fmann et al., 1979). Higher molecular |
~weight forms of 'LAF have also been reported (Lachman et al.,
1977' ‘Mizel and Rosenstreich, 1979), and.may be precursbrs
of the prote1n which is normally secreted upon LPS |
stimulat1on The higher molecular we1ght forms (220 000

50,000, 39,000 and 26,000) reported by Mizel and
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Rosenstre1ch were found in cell-soniCates, and may . representr
1ntracéllu1ar forms of the factor which are mod1f1ed pr1or
to secret1on | | |
| LAF which are .probably. s1m11ar have been Peported by
Gery and Handschumacher (1974) and Unanue and co-workers
(Bel]er and Unanue, 1977; Unanue et al ., 1976)i
Non Mur1ne LymphoK ines | |

Mitogenic or synerg1st1c factofs have peen descr ibed in
non-murine systems, ma1n1y human. They have been detected in
culture mediQm from human MLCs. (Kasakura et al., 1965;
Gordon and Maclean, 1965; Rubin etﬁé7, 1974 Farrar et al.,
1977; Koopman et al., 1377; Simon et al.,‘i977; Uotila et'
“al., 1978; Chiorazzi etial., 1979). Other groups have
‘réported human lymphokines released after mi togen
stimulation of per1phera1 b1ood 1euK0cytes using Con A
(Mackler et al., 1972; DiSabato et 2!., 1977b), PHA (Larsson
et al., 1979; DiSabato et al., 1977P: Gery et al., 1971) and
LPS (Gery- et al; Blyden and HandschYMacher 977'/Lachman.et -
al ., 1977) A human. LAF could also P& obtained from human
“acute monocytwc and mye]omonocytlc ]eukem1a cell- cond1t1oned
medium (Lachman et al.. 1978). The Mst welt character1zed
of those factors are 11sted in Tablé 4, Wlth some of their
properties. Three groups have found 1ymphok1nes of 13-15, 000
VMW. 2 of wh1qh have a pl of 6.5-6.8 (Smith et al., 1979b
LaChman et al., 1977 and Farrar et al,, 1977). Larrson et
al. (1979) Have reported a factor which apbeabs to be . |
physically different (MW 40-50,000, PI 8). Tﬁq‘assay,systém
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used to detect‘ft employed human PBL, ratier than mouse
leukocytes, which the other authors used. o
LymbhekineS-have been detected after stimulafion of
rabbit (Gery'ahd Waksman, 1972), hrat‘(hoessli'et al., 1977,
Gery and Waksman, 1972) dog, monkey (Blyden and |
Handschumacher 1977) ang guinea p1g (Gately et al 1975)
1eukocytes The factd; from gu1nea p1g cells is the most
| thorough]y character1zed non- mur1ne 1ymphok1ne It 15~
secreted dur1ng secondary st1mulat1on {in vitro) of
ovalbum1n pr1med gu1nea pig 1ymph node .cells. Its molecular

weight is 20,0007

K. Aims and ﬁatiehale of Work Presented in this Thesis

At the time this p;oject was undertaken.(1976) several
groups had reported soluble factors withvarious biologiea]
activities 1n ih vitro ihmune respohses; a number of.whichf
‘have already‘been mentioned. Some of the 1n1t1al worK on
cost1mu1ator ‘had been done by ¥ Paetkau G. Mills and
colleagues (see Introduction to chapter'3). However mos t
“factors"'Wereﬂactually.activities‘in tissue culture media
in which lymphoid cells hadtbeen cultured Little definitive
b1ochem1ca1 work had been done on 1mmunost1mulatory |
1ymphoK1nes |

Most crude supernatants, espeeially those induced by
strong mitdgens_ prqbably eontaihed several)fathrs;aFoh
eiample,'the}supehhetanf of Ceh‘A.stfﬁulated cells is now

known to contain_a)_ILQ activity (section J), b) interferon
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(anti-yiral) activityt(Simon et éz.ﬁ 1979), c) a small
amount of:LAF activity (Farrar et al. 1978). d) a cytotox1c<
1ymphok1ne Known as lymphotox1n (Hiserodt et al 1979, and
' 'references therein) and e) a factor which induces
:'macrophages‘to destroy'bacterial1parasites'(Buchmuller‘and_
Mauel, 1979) A1l except the latter factor have now been
‘d1st1ngu1shed from each other using b1ochem1ca1 cr1ter1a

- Anothker problem has been the d1vers1ty of 1mmunolog1cal
assays uzed by d1fferent groups to assay factors whlch may
have some of the same activities. It was gecently reported |
. by Watson.and $m1th (1979) that pur1f1ed TRF, dnitially
detected as having activity in AFC responses. 'also has TCGF
act1v1ty wb1ch a]lows CTL to prol1ferate cont1nuously in
culture On the other hand factors which appear to;be
active in the same assays, such as:TRF‘and»TRF—M (Hof fmann:
vand Watsonr 1879), may be_products,of different cell types
and have different molecular prOperties. ;
| The cehtral problem in this fietd 'then it to define a
1ymphokine in molecular terms, and to determ1ne how its
synthests is cOhtrolled, and how 1t acts in the
immunorégUlatory hetwork. The u1t1mate goal of this work is
to ascertain how these factors and the cells which secrete
them interaét'in Vivo With target cell'surface receptors,‘
and how they exert their effects at‘a motecular level.
| The obJect1ve of the work 'to be described 1n the

following three chapters was to- ana]yze the phy51cal and

biological properties of a particular’ lymphok1ne,- s
| . g X
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gxposﬁimu]atof. Chapter IIl deals wfth.the purificat{gn
'brocedures used and the molecular properfies'. Chapter IV
summariées studies on the cél]ulanvinteractions req01red'to s
produce the tfactor, ~and the céll type‘which attyal]y |
" secretes it. The biological systems in which cbstimu]ator

has activity, and its possible biological role in immune

responses is considered in chapter V. : S .
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I1. Materials and Methods

A. Animals and Tumor Cell Lines

| AN miée were haintained at the University of.A1bepfa
Health Sciences animal center. B;eedingvstock for the inbred
strains of mice listed was origjhal]y obtained from the

Jackson Laboratories, Bar Harbor, Maine.

. Strain ‘ ~L-2 haplotype

CBA/ Y K

CBA/CaJ [ S

BALB/cCr ; ' d

(BALB/cCr x DBA/2J)F1 , d .

(C3H/Hed x DBA/2J)F1 ' k/d

(CBA/Cad .x DBA/2J)F1 - : k/d :
- (CBA/J x DBA/2J)F1 k/d . -
(CBA/Cad x BALB/cCr)F1 - - . K/d '

DBA/ 2y ) ‘ d

C57B17 104 ‘ ' . b

y bUtbhed (Swiss or ICR) mice,wefe,sometimes used for
coéfimulator preparation. -’ |

BALB/cCr.(nu/nu) micé weré'obtained fromythe Basél
institQté‘for'ImmUnology, Switgerland. Mice were used
between 5 and 16 weéks of age;fWithfn an expehiment,they;-
were of the same sex. ' |

Tumor cell;lines P815 (H-2d mastocytoma) and EL4 (H-2b
lymphoma) were maintained by passage 1n.tissue culture.

-



B. Tissue Culture Medium and Conditions

Minimal essential medium (MEM), RPMI 1640 mediumyand
fetal bovine serqu(FBSY were obta1ned from Flow |
Laborator1es, Rockv1lle, Md. RPMI 1640 was supplemented with
_5 x 10-5M 2-mercaptoethan0l, 20 mM sodium bicarbonate, 0.34 '

’mM pyruvate and-0.02M Hepes (Sigma, St. Louis.;Mo.. Cat#
H-3375) pH 7.3, and made up to 950 m1 (medium RHM). For 9.5% '

fserum conta1n1ng med1um (RHFM), 100 ml heat‘inactivated €§ ‘
(56°C for ‘30 min) FBS was added. MEM was prepared in 5/
s1m1lar manner (serum free, MHM; w1th 9% FBS, MHFM). wlth f
X 1Q‘S]M 2-mercaptoethhanol, 36 mM sod1um blcarbonate 0.43

~mM pyruvate and Ol025 M Hepes %?th media contained 40 |
'mlcrogram/ml gentamycin sulfate (Garamyc1u Scherlng Corp.

‘ le,, Pointe Claire, Quebec), and 50 microgr?m/ml Penicillin
G potassium (10 x 104 I. U /950m1, Ayerst Leboratories
Montreal, Quebec). Media were ster1l1zed by M1ll1pore

‘flltrat1on RPMI .1640-containing cultures were 1ncubated in

)

a humidified atmosphere of 5% C02 in a1r at 37°C 10% €02

was used with MEM. The two lyRes of t1ss_ culture med1a

" gave s1m1lar results, althd%gh responses ended to be higher

using RPMI. . IR /h$

C. Preparation of»Spleen. Thymus, Lymph Node and Peritoneal
*Ce,lls N s -

Mice were K1lled by cervical dislocation. Solid '

CayD

. lympho/p organs were removed into ch1lled (4°C) t1ssue

B

culture medium, minced W1th small scissors and teased
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through a sffainlegs steel.grid. "Chimps were allowed to

A

settle out for 5-10.min, and the supernatant transferred to
- T

- a fresh 17 x 100 mm plast1c tube. The cells were pelleted by .

centr1fugat1on at ‘750 x § in an 1EC ‘bench centrlfuge at room N
' S
' temperatune for 8 min. Cell pellets were resuspended in an.

3\

Eappropr1ate medium. and v1abll1ty determwned with 0. 1% w/v i
eosin Y. To obtaln perttoneal-cells.suntreated mice were
killed and 1nJected 1ntraper1toneally with 5 ml of cold PBR
(without Ca?* or Mg2*). The abdomen was massaged and the
fluid removed,throuoh a small incision u51ng ‘a Pasteur .

pipette. Cells were washed 3 times and irradiated (2000 rad

re use.

with a Cs'?l‘souroe) be

D A say for Costimylator
Nymic lymph'cytes cUltured under d1lute cond1t1ons (<1
X 105/ml) |

’costlmulator is added to the med i um (Paetkau et ?7 1976) .

nd poorly to Con A unless exogenous

This system provides a qUantitatlge assay forAcostimulator.
‘since over a certain range of factor concentration, there is
a direct relationShip between the amount of costimulator |
added and the rate of cell prolljepat1on in response to Con
A (see Fig 5). For the standard assay, CBA/Y thymocytes were .
seeded in round-bot tomed Linbro 96-well microtitre trays
(Flow) at a density of 0.5 x 106/ml in RHFM or MHFM. The -
total volume of 0.1 - 0.2?ml included the costlmUlatOr to be.
_testedﬁand'Con A at a:conCentration‘of 3 microgram/ml. - :

Cultures were incubated for 67-72 hours at 37°C, and pulse

”\
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"labelled during the final 3-5,hours'by;adding 0.01 ml of 50

or 100 micromblar 3H—dThd'witbba specitiC'activlty of,3QO - T el
750 cpm/pmole, to naKe'the'contents.of the bultures 5 |
micqpmolafglhladded dThd. *H-dThd (20ci/m mole): was
purchased'from New Emgland Nuclear and d1luted with the
appPOpPlate amount of unlabelled carr1er Cultures were
_harvested onto glass flber filters u51ng a T1tertek mult1ple‘
"sample harvester (Flow) The harvest1ng medium was @.Q%

saline or distilled H20, wh1ch gave the sams,results ég

. washing with 5% TCA. Fllters were dr1ed and assayed for

" radioactivity in a l1qu1d scintillation system The results

’are expressed as pmole dThd 1ncorporated per 106 startlng
cells per hOUr to facilitate compar1son between
experiments. Even where it 1sn t indicated in f1gures and

| tables,nthe label‘"costlmulaﬁor or costjmulator activity"

*

irelers to pmoles dThd/10¢ cells/hr.
:E.ﬁLarge-Scale Preparation of Costimulator-for(Géneral

~ Experimental Use | | \

| Spleen cells from CBA/d CBA/Cad BALB/cCr or Sw1ssv

fm1ce were cultured at a denslty of 10 12 x 10¢ cells/ml 1n

serum-free medlum (RHM or ;HM) conta1n1ng 1.5 m1crogram/ml S

. Con A (Calbiochem., San Dlegd Ca. Cat. #234567). Cultures'_

(200- 250 ml) were set up .in tlssue culture bottles (Blake,

~ surface area 250 cmz). and 1ncubated for 18- 22 hours at
.37°C. The cells were pelleted at 750 x‘g,and‘dlscarded, The =+

| 'supernatant:was‘eitber lyophilized, or protein containing
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the factor was prec1p1tated with. (NH4)2SO4 at 80- 90%
saturatlon The latter technique was eas1er to handle/on a

i

large»scale,‘although the act1V1ty recovered after “freeze

'vdrying was equivalent The requ1red amount of ammoni um

~sulfate was added slowly to the culture supernatant w1th

gentle;st1rr1ng;}After,lS hours at 4°C, ‘the precipitate was-ﬁ
collected by centrifugation for 15 minutes at 10,000 x g and
redissolVed in a small volume of'H2O The partial

pur1f1cat1on of costlmulator by gel chromatography and

'1soelectr1c fOCUSlng is descr1bed in Results Factor whlch

was used in rout1ne blolog1cal exper1ments. however, ‘was

usually subJected to G 100 Sephadex chromatography to glve

. what is referred to in the text as fractxon 3 followed by

jon exchange chromatography on DEAE - Sephacel the %{oduct

, of whlch is termed fraction 4 costlmulator Ion exchange

‘chromatography gave a-higher recovery of act1v1ty than

1soelectr1c focu51ng, which made it more pract1cal, although

“the degree of pur1ty ach1eved with this method. was at least

- 10 fold lower.

.5"_:
[

F.'Gel}ChromatOQraphy of Costimulator tff

G- 25 and G 100 Sephadex were obtalned from*Pharmac1a

4»_flne Chem1cals, Upsala. Sweden. 81oRad pP- 100 was from

‘B1orad Columns were equ1l1brated W1th Buffer A: 0. 05 M NaCl

and 0.01 M Hepes pH 7. 3 The. vo1d volume (Vo) and the total

r-‘ava1lable volume {Vt) of G- 100 and P-100. columns were

| determ1ned with 3H- labelled T7 DNA and 14C- dThd

3
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respectively. The protei% marKers used Yo calibrate the
Ac&]umng were bovine serﬁ% é1bumin (BSA,MW 67,000, Sigma caf.
#A-QSOB), ova]bumﬁn, chymotrypsinogen A, and RNase A (MW
+44,000, 23,200 and 13,700 respectively, all fromya‘Pharmacia .

calibration Kit).

&

*

G. Ion—Exchaﬁge ChromatogrQPhy

Pfe§woilen DEAE-SephaceT resin (Pharmacia) was
equilibrated with Buffer B: 0.05M NaC1l, 0.05M Hepes, pH 7.3
and 0.2mM EDTA, and transferred4U§zxcolumn Q?th 8‘m1 backed
bed voluhe. Eraétion 3 (G100 purified) costjmulafbr was
applied to the column, which was then washed 'wi‘th Buf'* B
Vahd eluted wifh a 1ineaq salt gradient: from 0.05 to 0.35M
NaCl. Fractions of peak éctivity (see Figure 35) were
foutinely pooled as fraction 4 costimulator. THis method was
deve loped- by Bahry’Caplan;vand perférmed routinely by Cliff
Gibbs. ' |

-H.wuhit‘qf Costimulator Acfivity

A unit/ml of activity ds defined as the concentration
ofAcostimuJator required to obtain 1/3 of the maximal
stimulation in the thymoby;e proliferation assay: The
haxima] response was determined by addiﬁg a saturating
amount of fraction 3 or 4 éostimulator.‘Thus'a‘preparation
éapable'of 33% maximal stimulation at 1/40 dilution would

have 40 units of activity/ml.
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I. Sucrose-Grédieht Centrifugation |

Linear'gradiénts containing Buffer A and extending from
45“’ 20% in sucrose werg prepared-in polya]lomer tubes for
the1§p1nco SW 50.1 (swinging bucket) rotor. Samples
containing marker proteins and costimulator were layered on
gradients in 0.1 - Q.2 ml volume. Sedimentation was cafried
out‘fof 18 hours at 48,000 RPM at 4°C. Fractions (0.1ml)
were collected and'assayed for costimulator activity, or
absorbance at 280 nm (in the case of marker containing
gradients). A plot ofvS verus distance migrated was found
to Be liizgk\over the range of interesf Values of S20,w for
marker proteins taken from the data quoted in Sober (1968)

were: BSA, 4. 415 ovalbumin, 3.65; chymotryps1nogen A,
'2f585, and cytochrome ¢ (bovine hearf) 1.83S.

J. Isoelectric Focus ing e . :

o Experiments were performed USing.a 110-m] preparative
isoelectric focusing column (LKB, model 8100-1), assembled
and opefated according to the instruction manual. Sucrose or
glycerol gradients were used for stabilization as descr1bed.
in the 1nstruct1on manual, with the sample 1ncorporated into
the grad1ent solutions. Ampholytes (Amphol1ng, LKB) were
used at a final concentration ofvf%. In experimeﬁts in which
the pH range was 2.5 - 5.0, Ampholines with a pH range of
2.5 - 4 and 3.5 - 5 were mixed in a 1:1 ratio. Focusing was
carried out in the cold room for 16 - 36 hours. At the

beginning of the run, 460 vol%s were applied, which gave an
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initial current of 9 mA. After 4 hours;.when the qurrent had
fallén t6=approximately 3 mA, the voltage was increased to
600 - 700. Fifty-fivé 2.ml fractions were collected and
their pH was measured. Aliquots of fractions were taken to
assay for costimu1ator..For‘further processing of material,
fractions were neutralized with 1M Tris Base tb\pH 7-8 and
stored on ice until resu]tsiof the assay were availaBle. The

appropriate fractions were pooled and dialyzed to remove

glycerol or sucrose and ampholytes.

K. Protein Asséys

Prote1n was determ1ned by the Cooma351e method -
(Bradford 1976). Protein samp]es of 0.1 or 0.2 ml in Buffer ;
A were mixed With‘O 5 or 1.0 ml, respective]y. of Coomassie ?
.Eéagent The A595 was read w1th1n 1 hour in glass cuvettes.;
A standard curve over the range of 2-20 -microgram protein |
was made using BSA . The Coomasswe reagent was prepared by;
‘mixing 100 mg Coomassie Brilliant Blue G-250 (Serva, ’ .
Heidelberg) with 50 ml of 100% ethanol. One-hundred ml of
85% H3P04 werBhadded, and the volume made up to 1000 m with
dbUble distilled H20.

L. CostImulator Generation on a Sma11 Scale

For analys1s of types of ce]ls 1nvolved in costimulator
production; spleen or mesenteric lymph node cells were
.pulﬁgred_at a density of 10 x 106/m1 in 96-well V-bottom
miofotitre trays (Linbro, supplied by Flow), containing 0.1

3
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" ml RHM, MHM or RHFM per well. Con A was present at 1.5
microgram/ml in serum-free cultures, ‘and at 4.0 microgram/m]
with RHFM. After 21-24 hours at 37°C, 0.075 ml of
supernatant from each of 3 or 4 replicate cultures were
‘removed.USing an EppendSPf ﬁipette; pooled, and frozen at
-209C until assayed,-Coinmu]afor_generation in 1.0 ml
cu]turés was carried out in glass or plastic 17 x 100 mm -
test tubes (Canlab). Unless otherwise indicated, the
conditions and cell density were the_same as for

_ microcul tures.

M. Antisera

Rabbit anti-mouse brain serum (Cedarline Laboratoriés,
cat. #T751) was the source of anti-Thy 1.2. Anfisera dfreoted
against Ly and la antigens were prepared by‘Dr. 1.F.C.
McKénzie and tested for specificity and cytotoxic .titre ‘

'usjng the appropriate mouse strains. The antisera were

t, shipped on dry ice and stored at -80°C until use. The mouse

strains used for preparation of the antisera are given in 7/

Table 5.

Table 5. Generation of Antisera to Ly and lIa Antigens.

Ant i serum Donor _ "Recipient |
466 anti-ly 1.1 BB.Ly-1(a) (129 X B10.C-H-3(c)) F1
458 anti-ly 1.1 .  B6.Ly-1(a) (B10.AKM X 129) F1
678 anti-ly 2.1 = CE C57BR/cd |

782 anti-ly 4.1 CXBK  (B6-C-H-2(d) X CXBG) F
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918 anti-Ly 5.1 A.SW - (DA X SJL) F1

922 anti-ly 6.1 CC3H (C3H.B6 X BB) F1
754 anti-ly 7.2 CXBK (B6.C-H-2d X CXBGJ) F1
701 anti-la(k) AL (A.TH X B10.S) F1

The production of theee antisera has been described
(McKenzie and Potter, 1979). |
N. Use of Antisera

‘Sera were dtluted in L-15 medium (G]bco) pH 7.0,
conta1n1ng,0;1% gelatin and Millipore f11terfsterttized. The
spleen cells to be\treated were resuspended in the diluted
antiserum at a concentration of 20 x-106/m1 and incubated
for 30 minutes in a 37°C water bath. Cells were pelleted by
centr1fugat1on at. Foom temperature 1mmed1ate1y resuspended '
in filter sterilized comp lement , and incubated for. 45
mtnutes at 37°C. The cells were then washed at Jeast tWicef |

- The number of viable cellis rema1n1ng after treatment was

determtned by eosin dye exclusion. In the expertment

creported in Fig. 29 only, treated cells were adjusted to

equal the number of cel]s in untreated or NMS treated
controls. Otherwise ‘the number of viable treated cells added
to cultures was that which rematned after treatment w1th
anttserum and complement |

~

The_source of complement was agarose adsorbed, 1/6

diluted, gUtnéa(pig serum (Gibco, cat. #919) in the case of

.treatment,with anti-Thy 1.2, and selected normal rabbit



93 .

5erum)di1uted 1/5 with all other antheraf'Agarose
;dSorption was done on guinea pig serum which had’been.;j' ©
dilutedv1/3 with saline. 100 mg agaroée»(lndubiose. |
Gallard-Schlesinger Chemiéa], Carle Place, N.Y.) was slowly
added to 30 ml of bOmp]ement with gehtTe magnetic stirring.
The'mixture'was Kept on iée;and stirred for 45 minutes, and ‘
the agarose removed by centrifugation.andJMi1jipore

filtration. Complement was stored at -80°C and was only "

thawed once.

0. Generatijon and Assay of CTL

.Spleen or lymph node ce]ls°Were cultqred for 5 days in
RHFM or MHFM with Gamma-irradiated (2000 rad) stimulator
cells. Cultures wefé either in hicrotitre tbaysv(round oE V
bottom) containing 0.20-0.22 ml, or in 12 x 75 mm plastic
tubes containing 1.0 ml. For the assay; 4 serial-1/3 |
dilutions were made in V-bottomuﬁicrotitre trays for each of
4 replicate cultures, and taEget cel]s»]abellédnwifh 5‘Cf{
(New'England Nuciear) were added to the wells. P§15 targets
were used at 3 x 104/well, and EL4 tafgets at 2 x 104/well.
After incubation for 4,5-6 hours, half the supernatant
(0.1m1) was removed and the amount of fadioéctivitytréleased,
by target cells determined by liquid scintillation or Qamma
counting. The fractiqhﬁof 51Cr specifically released (F) Qas
calculated as follows: | | | |

test culture cpm - background‘belease cpm

Fr= e

total lyéfs cpm - backgrouhd release cpm

N
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The total cpm was determined by adding ﬁ/2000 (v/v) "Zlap -

Tsoton" (Coulter EleCtronlcs, Hialeah, F\la.)T For a few

~ experiments, the data are expressed simply'as % specific

*

51Cr release (FX 100). In most cases thekeata have been
processed to give a parameter KA (Killer Activity), which
is proport1onal t%Vthe number of cytotoxic. lymphocytes in a
'culture. The parameter KA is essentially derlved from the
relapionship suggested by Miller'and Dunkley (1974):
F=1-exp(—NoKA-t) where N = the number of viable cells ina
culture being assayed, t = time of.assay in hours, and“KAlls

\

a complex parameter proportienal to the number of cytotoxic

Jymphocytes . KA is equ1valent to the alpha parameter ;
def1ned by~ M1ller and Dunkley, except*that N is the number

. of starting cells represented_ln a g1ven assay well, and not

the number of viable eells on the day of assay. A computer
brogram Qevised by Dr. y,'?eetkau was psed to obtain values
for. KA, using linear regreSSibn analysis Figure 34 shows
51Cr release data from a typlcal exper1ment together'with
values for KA derived from the data. The limit of

sens1t1v1ty was taken to be 2% speC1f1c release (F = 0.02);

,,lOWer values of F are g1ven as < KA correspond1ng to 2%

release.

P. Pur1f1cat1on of T Cells on Ny Ton wOol

Mesenterlc lymph node cells were flPSt f1ltered through
glass Woo (packed 1r§a 10 ml syringe up to the 5 ml mark),
which removed mOSt'dead; but no more than 5% of viable

A
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cells. Célls were then put on nylon wool columns,'indubated‘

at 37°C, and eluted as described by Juljus et al. (1973) or

accord1ng to a modification of that technique (Schwartz and

Paul, 1976). Columns for 108 or fewer cells conta1ned .

~0.6-1.0 g nylon wool (Fenwall Laboratories, Morton Grove,

I111., code number 4c 23806); up to 4 x 108 cells were applied

to columns containing 2.5 g~nylon woo] The medium used was

4 MHM or RHM with 5% FBS Ce11s recovered from the column were

,> 95% Thy 1.2 bearing, and represented 30 - 46% of the

[

Y

Q. UV Irradiation of Cells
Spleen cells were irradiated in 32 mm diameter petri

dishes containing 10 x 106 viable cells in 1 ml. The dish,

~1id off, was placed under a UV germicida1 lamp (General

Electric, 15 Qatt bulb). The distances from the UV source

and the times of exposure are’ given in the Figure 1egends;

R. Glutaraldéhyde Fixatibn of Cells - BN

A

Cells were resuspended in 1 ml RHM or MHM; an equal

. volume of glutaraldhyde conta1n1ng medlum was added. Cells

were 1ncubated for 3 m1nutes at room temperature, washed 3
tlmes to remove glutaraldehyde, and resuspended in

serum-containing medium.

-
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s, Gamma Irradiation of'Ce11s

Cei]s were irradiated in;av‘37Cs sohrce‘(Gamma cell 40,
Atomic Energy of'Canada Ltd.) in 17 x 100 mm biastic‘tubes
at’ room temperaturer The dose rate was apprbiimately 100
rad/min, U%Jess otherw{se indicated, the dose of irradiation

v
given to cells was 2000 rad.

P

. T. Responses to PHA and LPS T

<\¥‘

=~

Cells were cultured in roundkbottom microtitre tréys in
- MHFM or RHFM. PHA (Wellcome Laboratories) or LPS
(Lipopolysaccharide w from E. coli strain'026:86, Difco,
cat. #3121-25) were added at the appropriate concentrations,
with or wifhout costimulator.FCultures were harvested and .
proliferative responses determined exactly as described for
the response to Con A in Section D. B

| o e . ‘ )
U. Generation and'Assay of Antibody Secreting Cells
’ The cu1turehsystem descr ibed by Mishe1] and'Dufton
(1969) was used. Spieen'cells were eu]tured in 10 x 35 mm
dishes (Costar) for'4”days (approximately 96 hoﬁrs) with
0.02% v/v thhfcevweshed-SRBC. in a total volume ef i ml. The
dishes were rocked on a Bellco rocking platform at a rate of
6 - 7 oscillations per mfnute. Quedruplicate cu]tuhes were
fed daily with 0.1 ml of{a nutrifioha] cocktail cSntaining

the follow1ng a) 35 ml MEM (prepared by d1sso]v1ng 9.8 g

"~ MEM/950 ml HQD) b) 5 ml of essent1al am1no ac1ds (50x

~ Gibco) ¢) 2.5 ml of nonessent1a] amino ac1ds (100 x,_G1b¢o)J



g7

!

d) 2. é ml of 200 mM glutamine (Gibco),‘e) 7 5 ml of a
solution conta1n1ng 7.5% w/v NaHCO3 and 6. 7% w/v dextrose, .
FBS was added to a fina] conCentration of 30%. The cocKta1l
‘was al1quoted and stored at -20°C until use. Antibody
 secreting cells were assayed‘by the plaque assay of
“Cunningham andjSzenberg ({968). For each culture, an assay
"mixturen(O 17 hl) was prepared containihg an a]ﬁqdot of
cells, 3% v/v SRBC and 0. 05% guinea pig serum (complement)

in MEM The m1xture was p1petted into a. glass slide chamber

Plaques were_counted after 1 hour incubation at 370C,

é -

V. TNP-Modification of cells

VTNP modification of spleeh or P815 cells Was;carriedr
out by resuspending them in 10 m] PBSacontaining 2,25 hg/mi' |
TNP-picryl sulfonic acid (2;4,5,'Sigmavcat. number P5878)
which had been adjusted to pH 6.8 with 1M NaOH. The cells
were incubated'for 10 min at 37°C in a water bath, and |

washed 3 t1mes before cultur1ng Ce]ls used as targets in

CTL assays were labelled with S1Cr before TNP mod1f10at10n



III. Partial Purification and Molecular Characterization of

Costimulator : e

A Introduction

Theilymphokine activity called'costinulator was first
detected in. t1ssue culture medium in which murine thymocytes
had been cultured at high cel] density ( 8X505/m1) w1th the
m1togen1c lectin’ Concanava11n A (Con A) for about 24 hr
‘(PaetKau, Mills, Gerhart and Mont1cone 1876). At low cell
density'(?xﬁOG/ml) murine thymooytes gave a low
proliferative response to Con A, whereas wnen_cu1tuned at
high cell'density,dthey responded well. The crifefia Of
respon51veness were the rate of DNA synthes1s at 68- 72 hours
~of culture, and the increase in cell number . . i

If "conditioned" med1um taken from the—h1gh cell
dens1ty cultures after 24 hr was added to 1ow cell dens1ty
cu]tures they, too gave ; strong pro]1ferat1ve respdnse at
72 hr. Control exper1ments showed that the cond1t1oned
med1um did not promote a response unless a m1togen was also ‘
present. Con A was neoessary im the hwgh.densjtyAcultures to
induce production of_the'active ingredient inxfhe medium.

The activity in the medium which synergized with Con A
to allow the proljferation of thyhocytes cu]tuqed under -
vd11ute cond1t1ons in response to Con A was referred to as
cost1mulator It appeared. to be a requ1rement for |
m1togen induced proliferation of thymocytes, not only to Con
A, but to PHA, another T cell mitogen. It was postulated

*
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that thymocytes cultured at. low cell density did not

- proliferate because the level of costimulator i;‘the‘tissue
culture‘medium.was limiting. This idea was suppor ted by the
f1nd1ng that the more mature splen1c T cells which respond
to Con A under extremely d1lute conditions (<104/ml1),
produce cost1mulator in much greater amounts than
thymocytes » '

‘Since the T lymphocyte response to mitogens is a
;conven1ent model of the prol1ferat1ve phase of 1mmune
‘1nductlon 1t was considered relevant to further investigate
the nature of costimulator act1v1ty, and how 1t acts to
| promote the prol1ferat1on of thymocytes |
| -The 1n1t1al exper1ments were d1rected toward pur1fy1ng
costlmulator act1v1ty from the t1ssue culture med1um ; u51ng
.standard b1ochem1cal techn1ques such as gel f1ltrat1on and

1soelectrlc focus1ng An- exper1mental value for the
.molecular we1ght of cost1mulator act1v1ty was determined
using the me thod descr1bed by S1egel and Monty (1966) for
protexns in 1mpure systems This 1nvolved determ1n1ng a)
the part1al specific volume (v), ‘which was done by Dr.
Paetkau (Shaw et al., 1978a), b) a value for'SQO,w,'and:c).
the‘hydrodynamic radius,fa from gel filtratiOn on.
calibrated'columns Molecular we1ghts estimated from gel
chromatography alone are accurate only for prote1ns ‘of the
'same symmetry and hydrat1on as those used for the |

~ calibration. Although mbleéular'weight estlmateshby this \'“

method are considered to be‘aCCurate'within 10% for globular



proteins, they can be much less reliable for asymmetric or
carbohydrate- containing proteins (Andrews, 1964).

‘ QOther phySical properties of costimulator such-as'its
thermal stability, senSitiVity to protease,3isoelectr1c
‘ pOint and adherence to anti-la. 1mmunoadsorbants wé?e also
investigated B
B. Results ] s l
’Source of Costimulator used in These Experiments

4

The. optimal conditions for costimulator production are

o discussed in Chapter IV The material used in these phySical

'*‘studies\was generated in bulk cultures from mouse spleen

‘}'"cellsk gimulated W1th Con A for 18- 24 hrs as described in

section C of Chapter 11 (Materials and Methods). and
~.1llustrated in Figure 4, The cell free supernatant from: such
cultures was concentrated ‘and usually run over a G-25
Sephadex column ‘to remove Salts, Con A, and some low
molecular weight inhibitory material before}proceeding,with
any of the'steps discussed below vThe cOStimUIator activity :
eluted in the v01d volume of the G 25 colump w1th the bulk
of thE/pPOtEln (data not shown) It was concentrated by
”lyophilization and redissolved in the smallest possible
volume of dfitilled water, This is referred‘to as fraction:2
costimulator p | |
" The Thymocyte Proliferation Assay is a Ouantitative Assay ‘
~ for Costimulator o .“'. R LR o

The routine assay for costimulatorjused'throughout'



| ASSAY FOR _COSTIMULATOR
-3 — =
e Incubation Supernatant }

, ot 37¢ - _,

\ ' Direct Assay
2-16 X10° T cells/ml Purification ©
+ M + ConA , | ‘

o [UutuuuyuLUUY]

Alloqenlc Mixfure
of Lquchytes

F1gure 4 Schematw d1agram of productmn and assay of '

cost1mu1ator

Assay ' 0.5x10® CBA./J
‘Thymocytes /-ml, CON A
3 ug / ml, plus. various
levels of Costimulator..
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.purification‘studies is based on the inability of dilute

mouse thymocytes to proliferate in response to Con A un]ess

» exoqenous cost1mu1ator is added to the medium. The assay is

fully described in Materials and Methods, section D.

A\ . ) N ) °
Briefly, CBA thymocytes were cultured at 0.5x106/ml in
medium containing Con A for about 72 hrs in microtitre wells

to which were added the samples of costimulator to be

assayed (ngure 4). The cultures wene pulsed with 3H-dThd

during the final 3-5 hrs to provide a quantitative estimate

of the rate of DNA synthesis in the test thymocyte

~ population (Gerhart et al., 1976). The rate of DNA synthesis

"at 72 hrs correlated with an actual increaee in cell number

relative to that originally seeded in cultures (Mills et

~al., 1976). This assay w111 be referred to as the thymocyte.

pro]1ferat1on assay.
This system provides a quantitative assay faF’TEé
amount of costimulator in a g1ven preparation. Figure 5

shows that over a certa1n range an*Q is a direct

-correlation between the amount of cost1mu]ator added to the

assay (dilution) and the$deve1 of activity observed. In a

typical dilution curve (Figure 5) a -maximal level of

thymocyte proliferation is observed at some dilution of

Vcostimuiator; in this case 1/40. If more costimulator is:

added, the activity appears to be reduced. This inhibitory
effect is even more pronounced in Figure 6, which shows

dilution curves for costimulator preparations at various

- .stages of purification, here p]otted on a logarithmic scale.
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Figure 5. Assay for costimulator activity, .
Fraction 3 costimulator from CBA/J mice was used to hY
stimulate mitogenesis in cultures containing 1x105 CBA/J

- thymocytes and 3 microgram/ml Con A as described in
Materials and Methods. Dilution of costimulator ranged from
1/20 to 1/5120. Costimulator activity (on the ordinate) is
expressed as pmoles dThd incorporated/ 106 starting cells/hr,
Each point represents the mean of 6 replicate cultures:
error bars indicate standard deviations.
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Figure 6. Titration of costimulator at various stages of
purification in the thymocyte proliferation assay. The
protein contents of the dilutions of crude, fraction 3, and
fraction 5 used in the assay are shown on the abscissa. The:
maximal response was determined by adding a saturating
~amount of a standard preparation of fraction 3 costimulator.
A unit of activity is defined as the concentration of factor
‘giving 1/3 of the maximal response. Points represent the
means of 6 replicate cultures. .
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The inhibition is not completely abated by further

. purification. It may be due to contam1nat1ng 1nh1b1tory :
factors, or the addition of excessive amounts of
costimulator itself.

Using this quantitative'aesay, it was possible to
monitor the recovery of‘costimulator activity after eveby
purification step, and thus to estimate specific'acthities.
As mentioned in Chapter I, all physica]lstudieS'are basedgon
»bfologica1 activity as a marker, since no protein has been
physica]]y isolated and shown to possess costimulator
.activity The”unit of activity (Materials and Methods) is
defined as the amount of co§51mulator which will induce 1/3
of the maximal response in 1 m1 of cultured thymocytes. The
fraction 3 cost1mu1ator titrated in F1gure 5 contains about
1280 un1ts/m1 act1v1ty
Gel Chromatography

The material recovered from G-25 Sephadex
chromatography was applied to a G-100 Sephaoex coiumn
(Figure 7), which had been calibrated with protein markers.
Fféctfons-were assayed for activity, and absorbance (A280).
'Most UV-absorbing material was eluted in the void volume,
but the biologica] activityvemerged from the column at Kd
(distribution coefficient)=0.22-0.23. Comparison witH:

: protein markers showed the activity to reside in molecules
'of slightly higher StoKes radius than ova]bum1n (0; Figure
7) which has a molecular we1ght of 44, 000. The peak -

fractions from a G-100 columns were pooled to give material
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Figure 7. Chromatography of fraction 2. costimulator on G-100
.Sephadex. Pooled peak fractions from a G-25 Sephadex column
(fraction 2) were concentrated and applied to a 1.5 x 80 cm
column of G-100 Sephadex which was equilibrated with Buffer
- A at 4°C. Five ml fractions were collected at a rate of 16
mi/hr, and analyzed for absorbance (A280:0), and
costimulator activity at 1/30 dilution (0). This dilution
gave responses for peak fractions which were on the linear
portion of the dilution curve. The peak of absorbance
corresponds with the void volume of the column (Vo). The
total volume available for fluid in the column, (Vt) was |
. estimated by the position of '4C-dThd- (fract1on 26). The

elution positions of protein markers are indicated by arrows |

- in the figure. B: bovine serum albumin; 0: ovalbumin;
C:.chymotrypsinogen A; R: ribonuclease A. Fractions 11-13
were pooled as fraction 3. . :

-

. ‘\(
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referred to as fract1on 3 cost1mulator
It was cons1dered poss1b1e that costimulator might

adsorb'to'Sephadex beads, esgecial]yiif it were a
glyeOprotetn. Therefore,tthe materiat was atso‘analyzed on
another gel filtration medium, Bgorad P-tOO,.whtch consists
of polyacr&lamide beads (Figure 8). The Kd using P100 was
“about 0.11, but -again, theé position ofsthe peak of o
biological activity Was'close'tbrthat of ovalbumin, this
time appeartng to be sl1ght1y smaller. Thus the observed.
ahydrodynam1c rad1us was not an a;omaly due to 1nteract1ons
with the Sephadex matrix.

Isoelectric Focusing

Isoelectricvfocustng was earried out on fractioh 3

costimulator to determine 1ts 1soe1ectr1c p01nt and as a
further pur1ftcat1on step. Costimulator samples were apdlted'
to a 110-m1 sucrose {or glycerol in some exper1ments)
gradtent conta1n1ng ampho]ytes de51gned to g1ve pH gradlents
over various ranges as described 1n Mater1als and Methods.

| In1t1a]]y,’a pH range of 3.0-10.0 was employed (Fﬂgure g9).
Fractiohs were assayed for pH and for activity in the
thymocyte proltferat1on assay before d1aly51s. The act1v1ty
banded at around pH 4. | |

Subsequent]y, cost1mu1ator was focused over pH ranges

}2.5-5.0 (Figure 10) or 3.0-6.0-(F1gure 11). Thexresults ‘.
shown in Figure 10 indicate a heterogenetty in pl, with a
characteristic peak of activity at-arouhd'pH 3.8, and t

activity trailing to near ly pH 4.7. The trailing material
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Figure 8. Chromatography of fraction 2 costimulator on
BioGel P-100. Costimulator was applied to a 1.5 x 90 cm
column of P-100. The conditions were the same as in Figure
7. Vo and Vt were determined using 3H-T7 DNA and '4C-dThd
respectively, as markers. Fractions were 2 ml. The position
of protein markers used to calibrate the column, B (bovine
serum albumin), 0 (ovalbumin), C (chymotrypsinogen A) and R
(ribonuclease A), are indicated by arrows. o '

4
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Figggy 8. Isoelectric focusing of fraction 3 costimulator
over~a pH range of 3-10. A preparative isoelectric focusing
column was filled with a 100 ml sucrose gradient containing
the appropriate ampholytes for a pH range of 3-10; and a 20
m! sampie of CBA/CaJ fraction 3 costimulator (12,000 units
~ of activity). Focusing was carried out for 36 hrs at 300
volts. Two-ml fractions were collected and analyzed for pH,
and costimulator activity in the thymocyte proliferation
assay. The profile shown represents a 1/40 dilution of the
fractions. The background activity (no added costimulator)
was 2.0. The maximal level in the assay was 21.
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_Figure '10. Isoelectric focusing of fraction 3 costimulator
over the pH range of 2.5-5. Preparative isoelectric focusing
. was done as described in the legend to Figure 9, except that
focusing was done at 460 volts, and the pH range was
2.5-5.0. The sample was 12,000 units of CBA/Cad fraction 3
costimulator. Two-ml fractions were assayed for pH, and for
costimulator activity in the thymocyte proliferation. assay
- at '1/200 dilution. The background activity, with no
costimulator added, was 0.5. Fractions 22-29 were pooled,
dialyzed against Buffer A, lyophilized, and dissolved in
water as fraction 4 costimulator. pH (---); costimulator
activity (e). ‘ . - ‘ S
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Figure 11. Isoelectric focusing of fraction 3 costimulator. -
“over the pH range of 3.0-6.0. Focusing and assay of -
fractions in the thymocyte proliferation assay were done
exactly as desceibed in F1gure 9. Costimulator act1v1ty at
1/40 dilution (e). .

2
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Was more evident in some expertments than others tcompare
Figures 10 and 11), | | | |
| The patterns in F1gures 10 and 11 were obta1ned by

‘ focus1ng in sucrose gradients, for 36 hours at 4°C The
cond1t1ons were varied sl1ghtlyr(F1gure 12), to determine
whether better recovery of input act1v1ty was obta1nab1e It
can be seen that there is not much d1fference in the h '
act1v1ty proflles,observed whether the focus1ng was carrted
out for 36 (a) or 16 (b) hrs.,TheJuse of”glycerol (Figure
f12) rather than suCrose (Figures 10 and 11)_for the support,,
med1um also seemed to have 11tt1e effect | B
F1gure 12 also shows that most of the protein is |
seearated from the act1v1ty using IEF. There is no protein ,
peak correspondtng to the actﬁvity peak.vA'total'of’15'mq
brotein,were applied}in both a and'b, containing
‘approximately'3200.units of activity. Two pools of activity,
A (low pl material)<and B (high pI.material) were made from:
_profiles a and b. The pooled material was titrated in the
‘thymocyte pro]iferation assay and the: total recoveries
ca]culated: }_ | o | |
a pool A 490 units (15%)
a, pool B 1048 units (33%)
b, pool A 400 units (12.5%)
) b, pool B 1000 un1ts (31%) |
Thus it can be concluded that 45- 50% of the 1nput act1v1ty

is recoverable. and that 12-15% of this is in the main

(3.8-4.0) peak.
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[. Isoelectric focusing of fraction 3 costimulator
FpH range of 2.5-5.0 for (a) 36 or (b) 16 hours. A
Five isoelectric focusing column was filled with a
0-50% glycerol gradient, containinly the appropriate
ftes for pH range of .2.5-5.0, and the sample, 3200
bf fraction 3 costimulator from CBA/CadJ mice (15 mg.
8. Two successive runs were carried out, identical

} for the length of time. Focusing was carried out as
bed in Materials and Methods. Two-ml fractions were
ted and assayed for costimulator activity in the
yte proliferation assay at 1/100 dilution. Background
ties in the assays (no added costimulator) were 1.4°
‘6 (b). Protein in the fractions was determined
ing'the Coomassie dye method (Materials and Methods).

"When the results of the assays were available,
fractions were pooled according to their pl. From a, two
pools were made: A (fractions 25-32) and B (fractions
33-46). Two pools were also made from b: A (28-32) and B
(33-47). Enough purified BSA was added to the pools to give
a final concentration of 30 microgram/m}, and they were A
dialyzed against Buffer A for 48 hrs to remove ampholytes.
The four pools were titrated in the thymocyte proliferation
assay to estimate recoveries (see text). :




4 .

Pools A (lowfpl); and B lhigh pl) in Figure‘12 were
refocused. in order to'determtne whether the main’peakland':
trailing material run true. The low and high pl peaks
retocused in their original'positions upon refocusing Figure
13) indicating that the pI observed 1s a stable property of
the molecules, and not an artifact of incomplete .
equ1l1brat10n of the=pH}grad1ent or degradation during
focus1ng |
Sephadex G-100 Chromatography of IEF Pur1f1ed Cost1mulator

| Fract1on 4 costimulator was obtained by poolgng the
main peak fractions oftan.lEF'colUmnﬁ FraCtlons'22-29‘trom
therprofile in Figure 10 werevpooled, and rerun on a second
‘calibrated small‘G4100 column (Figure 14) Thls step was
per formed to remove ampholytes (MW < 2000) and 1nh b1tory | jl
material from the preparatlon ‘which had not been‘g1alyzed.
_ A.seconde-loo step gavevbetter recovery than djalysis,
probably}beoause the proteinlsoIUttOnQWas very;dilute (about
- 5'miCrogram/mll The material elUted‘ln a peak at Kd-O 23- |
The peak was sharper than the pr1mary G- 100 prof1le (F1gure 7.’.
7) perhaps because heterogeneous forms of act1ve moleculesl
were removed dur1ng the 1soelectr1c focus1ng procedure
B Fract1ons 13 15 were pooled as fract1on 5 costlmulator
@Summary of Pur1f1cat10n Procedures

A summary of the pur1f1catwon steps used the recovery_-
dfter each step. and the spec1f1c act1v1ty of the pooled “
fractlons is gtven in Table 6. The most’ effect1ve

¢

pur1f1cat1on step in terms of 1ncreas1ng the spec1fic p
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Figure 13. Refocusing of ﬁlow pl" and "high pl" costimulator
activity. Pools A _.(low pl) and pools B (high pl) from a and.
b of Figure 12 were combined. Each was used as a sample in a

. separate isoelectric focusing column. The pH range was

'2.5-5.0, and focusing was carried out for 18 hrs in glycerol
gradients as described in Materials:'and Methods. Sample A °
contained ‘800 units, and sample B contained about 2000 units
- of activity. Fractions were assayed for activity in the
thymocyte proliferation assay at 1/50 dilution. Profiles

- obtained fofF samples A and B are superimposed. Background

~activities (no added costimulator) were 2.6 (A) and 0.9 (B).
e ' \ L el |
| A
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'Figure 14, Chromatography of fraction 4 costimulator on
‘G- 100 Sephadex. Fraction 4 was -prepared as described in

Figure 10 and chromatographed on a 0.9 x 80 cm G-100 column
as described in Figure 7. The flow rate was 8 ml/hr, and the
fraction size was 2 ml. Fractions were analyzed for protein
using the Commassie dye method (Materials and Methods), and
for costimulator activity at 1/100 dilution in the thymocyte

proliferation assay. The positions of excluded (Vo) and
included (Vt) markers were determined as described in Figure

8, and are indicated in the figure. The background activity
in the thymocyte proliferation assay was 0.6. ,

9
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iactivify is IEF, but it is at'ihis step that the gréatest
loss jh activity occurs. fFraction 5 costimulator contains
- about 5 microgram/ml protein (Figure 14). As with IEF
_profiles (Figure 10)'there was no protein peak coincident
with.the peak of activity.

Since the amount of activity in the G-100 fractions -
(Figure 14) did not directly correlate witH their:protein
content, it must be concluded that an indeterminant porfion
of the'protein in fractions‘12-15 is not costimplator. |
However , a lower limit can be estimated for the specific
activity. The costimulator assay detects a minimum of 1/10
'unit?pf activity (Figure 6), and costimuTator fraction 5 |
contéfns'uﬁ to 300 units/5 micbogram protein (if only the .
peak fraction in Figure 14 is considered). Therefore
costimulator activity can be detected at a protein
concentration aévﬁowga;‘1;7 hg/m]. Assuming a molecular-
weight of 30,500 for costimulator (see below), whis means
that the factof can be detected at éoncentratibns ]oWer than
f0-tom. |

_THe_titration curves for costimulator,at each stage of
purification are shown in Figure 6. Ffaction 4 costimulator,
: the'pooled peék fractions from IEF, was‘not titrated, as it
contains ambho]ytes which inhibit the assay unless diluted
at least 100 fold. Figure 6 shows t%ét all fractions. are
inhibitory at high concentration. However, crude mateéial,‘
even at its peak dilution (1/40), appears to have only about

half of the maximhm activity attainable in the assay wftﬁ
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Table 6.

Summary of cost1mu]ator pur1f1cat1on

U

Units of activity
Procedure per 10° spleen cells?

B R AR i Tt T Ut

Crude (medium from
Con A-stimulated

spleen cells) | 5160

Concentrate
20x by .
.V lyophilization

(fraction 1) 1150

G-25 chromato- .
graphy (data not
V. shown)

(fraction 2) | 2170

G-100 chromato-
V. graphy (Figure 7)

(fraction 3) 1300
Isoelectric focusing
pH range.2.5-5.0
v (F1gure 10) |
-(fract1on 4) ‘ ND.
G-100 chromato-
V. graphy (Figure 14)
~(frac£ion\5) | 87

_--—----—_--\._-..-_-——-.—_.———-__—_-—---

. See text for explanation

118

and recoveries'!

Specific activity
(units per micro-
gram protein)

.23

.52

2 Units of activity at each stage was determined by
titration in the thymocyte proliferation assay
3 Protein was measured by the Coomassie method

(Materials and Methods) .
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the more purified fractions. This may result from the
presence of other inhibitory hateria],.which is probably -of
low molecular weight, eince it is removed in the G-25'step.
Thus it is difficult to estimate the true amount of
4costimJ1ator.activity {n a crude preparation.
Sedimentation Coefficient of Costimulator

The sedimentation coefficient of fraction 3
costimulator was determined to be 2.63S (Figure:15).
COstimulator an?.various mixtures of standard protein
markers of known s value were sedimented through SfQQ%
sucrose:gradients. Graphs of s value versus dfstance"
sedfmentedAwere cohstructed from the positions of marker
proteine in the gradients. The s value for costiﬁulator was
estimated from these. | |
Estimation of Molecular Weight of Costimulator .

The molecular weiéht was calcQ]ated according to the
relationship suggested by Seigel and Monty (1966):
M = 6(pi)Nnas/1-vp, whehe M= moTecular Weight, N =
Avogadro’s number, a = stokes radius, s ='sedfmentation
coefficient, v = pértia] specific volume, .and p =‘density of
\ tﬁe medium. A va]ue'for the Stekes radius (a) was
-experimentally obtained from gel filtration experiments
described above. The Stokes radius of BSA, ovalbumin and
chymotrypsinogen A determined a line whose eduation was: .
a x108 = 67.15-61.56(Kd)‘ 3
(Siegel and Monty,{1966). The value of a for costimulator

~was estimated from this line by least squares fitting to be
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Figure 15. Sedimentation of fraction 3 costimulator in
sucrose gradients. Costimulator and marker proteins were
sedimented through 5-20% sucrose gradients as described in
Materials and Methods for 18 hr at 48,000 rpm and 4°C. The
sample.- was 80 units of CBA/J fraction 3 costimulator. The S
values in the figure correspond to markers BSA (4.41S),
ovalbumin (3.6S), chymotrypsinogen A (2.585) and cytochrome
c (1.83S). The. position of marker proteins was determined by
absorbance (A280). Fractions (0.1ml each) were analyzed for
costimulator activity in the thymocyte proliferation assay
at21/50 dilution. The background activity in the assay was
1.2. . ' A ~
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29 6x10- 8, when an- average value for Kd=0.227 Was emp]oyed1

The experimentally determined value for the part1a1
specific volume (v) used in the calcu]atlon of MW was v =
0.71-+ 0.04 cm3/g, obta1ned by centr1fuglng cost1mulator to
equilibrium in a CsCl gradient. This work was done_by Dr. V.
Paetkau, and is fully described in Shaw et al., (1978a).

The value obtained for M was 30,500% 4600. The rather
high‘probable errbr for M s maihly due to'the uncertainty
“in v (Shaw et al ., 1978a).‘THe,molecu1ar weight of
costimulator 15-surprisingly low for a prbtein of Stokes
.radius 29.6, the expecfed Stokes radius of a globular
“protein of MW 45,000. From the data presgntéd here, the
diffusion coefficient was ca]culated to be 7.25x10-7
cmzsec“, and the frictional coefficient, f/fo to be 1. 45
THe pHysica] propeffies of coétimulator are summar1zed in
Table 7. - - N
- Heat and Trypsin Sens1t1v1ty of Fract1on 3 Cost1mu1ator

Cost1mu1ator activity was fa1rly beat res1stant;
requ}ring é temperature of 90°C to.destroy\at least half of
‘the'activity in 10 min (Table 8). Crude costimulator was,
more sensitive to heat;'posgibly'due to the presence of
proteases which Had leaked from dead.zélls. Incubation with
a low concentration pf.trypsih'destroyed the activity
. completely (Table 9) suggesting that costimﬁlator activity |
.res1des in prote1n conta1n1ng molecules.

Costimulator Activity is not Removed by Anti-Ia

Immunoadsorbants
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A |
Table 7.

Phys1ca1 propert1es of costlmulator

Expeqimenqéllyfdenived: |
J | | o |
| Hydrodynamic radius, a' = 29.6+0.15X10" 8cm

Sedimentation coeff1c1ent |
S20,w? . : . 2.63+0.15X10-'3sec.
Partial specific volume, v3. .71tO O4cm3/g‘
Calculated: : | |
" Molecular weight,* M «  30,500%4,600
Diffusion coeff1c1ent S - e
D20,W . : 7.25 *x0.10X10°7
cm/sec?

Fr1ct1ona1 coefficient,®
f/fo . ~.1.45

e e e e e o e oy = e e e e A e e e e e W e A e e

1 Uncertainty in a is based on .the re11ab1]1ty of the
standard curve (+0.4); experimental var1at1on in a
was {#20.3 ,

2 Uncertainty in S (*0. 158) is based-on the error in

predicting the S value of marker prote1ns from the

distance sedimented in gradients.

Determination described in Shaw et al., 1978a

M = 6pi Nnas/(1-vp) :
= RT/(6piNna) ,

f/fo = a/3vM/4p1N)1 3

o » oW
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Tab]e 9,

'Sensitivity of fraction 3 costimulator to tfypsih‘

- e e e e e e e e e e e e e e e e o e e e e M e e e e e e e e e e e e e A e = e e = e e o

~Treatment : = Act1v1ty
' ' , \, (pmoles 3H-dThd 1ncorporated/
‘ 10¢ cells/hr)
_\" ________________________________________________ P L
Incubat1on for 100 min. . o _ o
- (no trypsin) : . 99 .
No incubation (40C) .
control for trypsin)z | 102
*Tryps1n 1 m1crogram/m1 .
0 time ' . 89
5 min . : 54
10 min. : 31
30 min _ o ‘ 33
60 min T 11
100 min : . 9

e e e e e e e e e e e e e e e e o S R e o e E E e e e e e e e e e

' Fraction 3 costimulator (135 units/ml) was. 1ncubated
at 37°C with or without trypsin (184 units/mg
Worthington Biochemical Corp., Freehold, N. d ) for the
lengths of time indicated. Samples were assayed dt
67-fold dilution in the thymocyte proliferation

" assay, which gave control values on the linear portion
of the dilution curve. Activity in the assay. was 5 in

- the absence of costimulator.

2 An equivalent amount of trypsin was added to the
assay wells before costimulatbr, to control for the
effect of tryps1n in the cu]ture system.
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Table 8 o .

Heat sens1t1v1ty of fraction 3 cost1mulator‘v

———————————————————————————————————————————————————

Temperature of - Activity

10 minute (pmoles 3H- dThd
incubation Dilution -1ncorporated/
(degrees C) in Assay 106 cells/hr)
4 (controtl) 1/100 66
1/100 60
50 1/100 62
60 1/100 57
70 1/100 47
80 1/100 42
80 1/100 19
4 1/50 100
4 ~ 1/200 28
4 1/400 10
no- cost1mulator 4

_—_-__-_.._____--—_—_—-—_—______-_..—__———..-—_-___..---

' Fraction 3 costimulator (about 150 units/ml) was .
heated as indicated and assayed in the thymocyte
proliferation assay. The activity of unheated
costimulator at 1/100 and 1/200 shows that the
assay.was performed on the linear port1on of the
d11ut1on curve. ' . R
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Fraetion 3 coettmulatorkprepared~from CBA (H-2K) spleen:

',cells was passed through antt—la(K) and ant1~1a(s) columns

to assess whether the factor has 1 reg1on determtnants
Mater1al in the unbound fracttons from each of the columns.

' had activity in the thymocyte proliferatibn)assay'which did

" not d1ffer s1gn1f1cant1y from that of control fractiqn 3

(Figure 16). If cost1mu1ator conta1ned Ia determ1nants the
expected result would be retention of activity: by the_
anti-la(k), but not‘the anti-la(s) column. The same columns.
- used in this ana]yeie Were previousty-sh0wnvto remove

Talk) pos1t1ve allogeneic effect factor (AEF; Delovitch et.'
al., 1978 and T.L. De]ov1tch unpub]1shed results). : .

C D1scuss1on- «
The Physical Properties of Costtmu]ator

Data have been presented on some of the molecu]ar
character1st1cs of the 1ymphok1ne costtmulator The activity
resides in molecule(s) of about 30,500 daltons,ehd a pl-
3.7-4.5. Its trypsin sensitivity indicates that it contains
protein.’ Its part1a1 spec1f1c volume, 0.71, is consistent
with it be1ng a prote1n or a glyCOprote1n (Shaw et al.,
'1978a) Fetu1n, a g]ycoprotevn_conta1n1ng 23%‘cérbohydrete
has a v of 0. 70 ‘while BSA, which contains little or no
’carbohydrate has a v of 0.73. It was not possible to
- conf1rm that costimulator is a glycoprote1n by any other

‘means. Some\g]ycoprote1ns, such as AEF, stick to a

concanavalin A - SepharOSe affinity adsorbant if they
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Figure 16. Assay of costimulator activity after passage over
anti-la immunoadsorbant columns. Fraction 3 costimulator
from CBA/CaJ (H-2k) mice was untreated (e), passed over
anti-la (s)(m=), or over anti-la(k) (A) columns, and the

. eluted material tested|at various dilutions in:the thymocyte

proliferation assay. (The anti-la(s) and,anti-la(k) treated
samples are ali#fuots of those used in Table. 24, chapter V.) P
The passage of costimulator over these immunoadsorbant -
columns were performed by Dr. T.L. Delovitch at the

University of Toronto. L
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!11 mannose residues (Eshhar et al. 18977
; not retarded by Concanava11n A - Sepharose
;’s where it bound serum g]ycoprote1ns (J. Shaw
i *:u unpub11shed observat1ons) Un11ke AEF C
'*néfet al., 1978) and many of the antigen spec1f1c
fifors'(Chapter I, section‘d; Table f) costimulator
thave detectable Ia determinants. |
o 3 A mo]ecu]ar weight determ1ned ﬁor cost1mu1ator,
'30,501 15 cons1derably lower than would be pred1cted for a
globUfg ;prote1n with a Stokes radius of 28.6. Ovalbumin,
~which i ?'a Stokes radius of 27.5 has a molecular weight Qf;
44,000. Thus on the basis of gel filtration data alone, a
molecu]af& eight.of 45-50,000 would have been pred1cted The ,
~behavi;; ;T?ost1mulator upon gel exc]u51on chromatography ‘
may. be‘%xp1a1ned by a h1gh frictional coefflc1ent
(f/fo=1.45,Table 7) Mo]ecular asymmetry could be
' respons1b1e for the high fr1ctlona1 coeff1c1ent (Andrews.
1964) . . |
Compar ison of Cost1mu1ator s Phy510a1 Probert1es to Those of
LAF (IL1) | |
'Similarvstudies of hydrodynamio prooerties have been )
performed for murwne LAF (Economou “and Sh1n 1978) and for
guinea pig mitogenic. factor (MF) wh1ch may be the
equ1va1ent of LAF}for-that species (Gately et a];,L1975).
Their'properties are compared‘in Table'10,»along with those
of guinea pig‘lymphOtoxin’(Gate]y and Mayer, 1974). a-
oytdfoxichlymphokihe.whgch is reieased dUrihg;the first 8-10 g

a4



Table 10.

-Compar1son of molecular properties of cost]mulator LAF,
< M1togen1c Factor, and Lymphotoxm1 :

S e e E s E AR ks e e e e R e e e e e am e e e e e e e e e e e PR e M e o e e e e e e

-—-__—.._.._..-..___.._—-.—-.—_~—__..-_-._~.._—_..__——_.._--_—_-—____.

Hydrodynamfd'(stokes)

radius a (cm, x 108)  ~ 29.6 22" .- --
D1ffus1on coeff1c1ent | ‘ . ) "h‘.
"D (cm?2/sec) «x 107,\ - 7.25 9.7 - 8.9 .8.0
Sedimentation coeff1c1ent° | S .ﬁ
'S (10-13sec) 2.63 2.0 © 2.4 4.2
Partial spec1f1c volume, , Co
v lemd/g) AT 72071 T2
plvalues . 3.8-4.8  4.8,5.3 sl
Frictional coefficient - | N R o
 f/fo . o 1.85 125 1.2 1.
Molecular weight = : 30 500 18, 000 20 "000. 45, 000
TTeETERes ) ------------------ R T

'Adapted from Paetkau (1979) R :
‘2Lymphocyte activating factor (Economou and Shin, 1978).
3Mitogenic factor from guinea pig (Gately et al., 1975).
Molecular weight calculated ‘ising the Svedberg equat1on
‘Lymphotox1n from gu1nea pig (Gaiely and Mayer. 1974)
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' hrshof lymphocyte stimulation_with mitogens such as Con A

(Hiserodt et al!, 1978 . Costimulator can readily be

distinguished from LAF (MW 18,000) and WF (MW 20,000) on the -

basis of its. h]gher molecular wetght* The S20,w is
751gn1f1cantly h1gher than for murine LAF The pl of LAF
,appears'to be sl1ghtly_h1gher. but due to the heterogenetty
'observed'in pl, ‘the'factors'could‘not be'd1st1ngu1shed from
each other on that bas1s {AF and MF have lower fr1ct1onalﬁ
‘coeff1c1ents than cost1mulator “ _
i, o v —

N Compar1son of Costlmulator s‘Phys1cal Propert1es to Those of

Other IL2 Factors | |

Most of .the IL2 factors (Table 2) have moleculars

alwe1ghts esttmated to be 30 60,000 by gel filtration. Some

have reported lower molecular wewghts than de find us1ng gel

f1ltrat1on chromotography 30- 32 000 for TSF (D1 Sabato et,
al ., 1975) and 35-38,000 for TMF”TS?mon et al., 11979 .

'~'reason for th1s d1screpancy'1s unclear The StoKes radlus of

_'cost%mulator was determ1ned in ‘many - exper1ments us1ng
al1brated G 100 columns It should be mplnted out that. the

-Kd var1ed w1th the batch of Sephadex used however Eveny

new column had toube‘cal1brated3w1th protewn marKers before

}‘ D1rect compar1son between TRF (Watson et al. ~t979b)

i,and cost1mulator was carr1ed out by exchang1ng factors at
dvar1ous stages of pur1f1catxon TRF enables T cell depleted
'spleen cells to mount an AFC response aga1nst heteﬁologous '

erthyrocytes in vitro. The two act1v1t1es cotpur1f1ed

9

N\,
\
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'through gel fiﬁtratgon, jon-exchange chromatography and IEF
(Watsén et al., 1979a). Watson used ‘a .flat bed system for
isoelectric focustng of TRF, in wh1ch the sampTe and

-ampholytes are mixedwﬁn a th1n 1ayer of Sephadex In th1s
| .system, TRF athvity is resolved 1nto three different peaks
- of pl 3.0-4.0, 4.3, and 4.9. Only the 2 peaks of higher pl

- had act1v1ty 1n the thymocyte pr011ferat1on assay (J. Shaw
and J. Watson, unpub]1shed observat1ons) |

A similar comparat1ve study was carried out by Watson

et af. (1979c) between TRF and T ce]lfgréwth factor (TCGF),
which allews CTL to~continuous1y bro]iferate in tissue |
culture. 'Again the two activities copuriffed eXcept that
L mater1a1 of low pI which had TRF activity could not be
detected in the TCGF assay. The TRF of pI 3.0-4.0 may be an
Gant1gen spec1f1c factor wh1ch acts directly on B cells, but
has no effect on T cells (J. Watson, personal
‘commun1cat1on) Its activity is sensitive to treatment with
0.1 M 2-Me for 0.5 hr at room temperature whereas
7 costimulator act1v1ty is not affected by this treatment

- (data not shown).

0



IV. Cellular Origins of Costimulator and Conditions Required

for Production

A. Intrpduction

‘Costimulator is generatéd when a heterogeﬁeous
pdpulation of leukocytes from spleen or lymph node_is‘
sfimulatéd with Con A. One of the objectives of this brdject
was to identify the functional and physica1'characteriSfics
of the fypes of cells involved. Several earlier répofts
indicatednthat T cells were required foﬁ production of
costimulator (Paetkau ét al., 1978}, or similarly-induced
factors (reviewed.in Table 2). However it was not Known
whé}her T cells actually secrete the‘facfor) or_Whether they
merely par#dcipate in inducing it from another cell type,
such as a mécrobhage. There was sbme’evidence that adherent
(A) cells are required for costimulator production (Mills et
al., 1976; Paetkau et al., 1976), but it hgd not been
established that the A cell is of the'monoCyte/macrophage‘
lineage. | | |

 The importance of determiﬁing the types of cells
responsible for costimulator secretion is two-fold. |
Identifying the cell producing the factor in functional
terms may be helpfuT_in determining its biqlogical role.
Secdndly, knowing the physical characteriétics of the
pro&ucing cell would facilitate attempts to generate it on a
large gﬁale for furfher;biochemical»analysis; This could be
approached either by screening tuhor cell line§ of

—

13
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~appropriate phenotype, as has been done for IL1 (Table 3),
or by producing hybridomas between Con A - stimulated cells
and tumor{cei1s\derived from the same cell type as the
éoStimulator-secreting qell. The ‘1atter approach has been
used to produce hybridomas secfeting antigen-specific
suppressor factors (Téb]e 1).‘ | | |
In‘this‘ﬁhapter,‘résults are pqésenfed pertaining to
the type of T cell required fdr-cosfimu]ator production.
Antisera directed against several lymphocyte differentiation
antigens (Chapter I) Ly 1;2,4,5,6 and 7, were}used to “
chéracterizé the types 9f ce]ls'involved, Since Cost{mulator,
appears to replace the requirement foﬁlhelper T cei]s in
both AFC'(Watson et al, 1979a) and CTL responsesv(bhapter V)
we considered the possibility that the T cell involved might
have a phenotype characteristic of -helper T cells. Cahtor>
- and Boyse (1976b) have determined the Ly phenotype of both
CTL - and AFC - helper T cells to be Ly 1+,2-,3-. The
phenotypé of tHe CTL helper has been further chabactérized
by Pilarski and colleagues (using the same antisera ehp]oyed'
_ih experiments.to be‘reported‘here) as Ly 1*.2',4‘,%*,6;, .
and 7* (Al-Adra et al., 1980; Pilarski et al., 1980).
Antisera agaiast these lymphocyte differentiation
antigens were used to delete specific subpépUlations of
lymphdcytes~from spleen cell suspensions. The
costimu]ator—generating capacity of the remajning;cel)s was
then agsessed. One of the difficulties in dging\fhese

antisera is that they are often contaminated with antiviral
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or auto-antibodies, anddsoluble immune comp1exes (McKenzie
and Potter, 1979). These compl1cat1ons occur in sp1te of
careful adsorption of antisera with appropr1ate mouse |
tissue..They can only be complete]y‘overcomevby<the‘use of
monoclonal antibodies secreted by hybridomas (produced by
'fus1ng spleen cells from immunized mice with mouse mye]oma '
cell 11nes) One such hybr1doma, which secretes antw-Lyt -
1.1, Hae been produced (Hogarth and McKenzie, personal
commun1cat1on) and was used in experiments reported here.

Resu]ts presented in this chapter also analyze the
“macrophage contribution to cestimulafor production. Adherent‘
'(A) cells, which can be removed by hylon'wooluco1umns appear
fo be a requirement Cells which adhere to nylon wool can be
of several types: aet1vated T.cells (Arala- Chaves et al.
1978), B cells (Julius et al., 1973) or macrophages
(Schwartz'and Paul, 1975). Attempts were made to repiace the
A cell}with purified macrophagee Evidence is presented that
the active A cell in the cost1mulator produc1ng cultures is
'a monocyte/macrophage

The question as to whether a T cell or a mecrophage
secretes costimulator might be solved if one of the two
types,of cells coufd be replaced by a soluble preduct, which
is itse]f»ihert in the\costimulator assey; Synergy between
LAF (IL1), a soluble macrophage product, and A-depleted, |
T-enriched leukocytes was observed. This indicates that
costfmulator‘is probab]y a T cell product.

Other experimehts'fﬁ'this'chapter characterize the
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optimal cell culture conditions for costimulator generation.
THfs ihVo1ved experiment§ on the cell density, time course,
and requirements for serum,and 2-mercaptoethan01. |

 Most eXperimehts'emPIOYed Con A as the stimulant for
the induction of thé factor. However it appgars‘that a
factor which is simiiar, if not identical, tQ'costimulator
can be elicited in a 2-wéy mixed lymbhocyte culture. The
time course and G-100 profiles inthe résu]tant factor are

examined.

B. Results _ ,

" The Cell Density Requirements for Cosfimu1;%br Product fon -
| Results prgse%ted>in Figuré 17 indicate that é hinimum
cell density of 2.5x106/ml is required for the efficient
~production of costimulator”fromlspleen‘éells. In thisw
experiment, cells weré cultured in 1 ml of medium at varﬂous

|

cell densities with Con A to.produce costimulator, and th§
ﬁ%ﬁ - : \

crude supernatants were titrated in the thymocyte '

pro]ifefation assay. The results-are graphed‘so'that the _\\
humber s on the horizontal axis refer to the number of = \\\
génerating‘kells rebresented by- the costimulator present in \
a given assay well, and not the npmber.of.cells actUa]ly |
present ih the generating cultures. Thus Figure 17 shows
that - the amount of factor produced per'cell decréases as the
cell density is decreased from 10x108/ml to 2.5x10¢/ml.

Below 2.5x105/nﬁ, the production of factor falls off sharply
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Figure 17. Effect of cell density on costimulator
production. CBA/J spleen cells were cultured in 1.0 ml MHM
with Con A at var ious cell densities to generate
costimulator: -

(o) 10x10€/m1

(A) 5x106/m]

(w) 2.5x106/ml

(0) " 1.25x10€¢/m1

(A) 0.625x106/m1

Crude supernatants were titrated in the thymocyte
proliferation assay. Results are graphed so that the "number
of cells” on the horizontal axis refers to the number of
cells in a generating culture which are represented by the

costimulator present in an assay well. Each point represents

the mean of 6 replicate assay cultures. Thus, the generated
activity for a given abscissa value is on a per cell bas1s
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The cell dens1ty requirements were also. exam1ned for
‘smaller cultures in m1crot1tre we]]s which were to be used
for the analysis of the types of cells 1nvolved in S
cost1mulator product1on. Small cu]tures us1ng minima1l
numbers of ce]ls ‘were necessary for these eXper1ments
because the ant1sera requ1red were 11m1t1ng 1n quant1ty The
cell den51ty requirement in 0.05 ml cultures (F1gure 18)
were similar to'those observed in 1.0 ml culture. A dens1ty
of 20x105/m1 was too high. The smal]est number of cells from
which costimulator could be detected-was 0.1x108, or
2.Ox105/h1.*1n 0.1 m]'cultures, which were used'in mcst
subsequent microculture experiments (because they gave more
consistent results), the opt1mal cell concentrat1on was
10x106/m1 (data not shown).
Trme cqurse of Con A - Induced Costimulator Production ‘fv

The level of costimulator present in the supernatanf of
“Con A-stimulated cells over a 96 hour period is shown in
. Figure 19. The factor is. flrst detectable in the medium 4
hrs after culture w1th Con A, and reaches its max1mal level
by 21 hrs (F1gures 19 and 20). In FBSfcontaining cultures
the level of costimulator remains constant for ﬁhe;next |
three days. In the absence of FBS, the Jevel declines,
perhaps due to proteases (Figure 19). |

The greatest apparent y1eld of. cost1mulator occurs if
the cells are resuspended in fresh med1um at 8.5 hrs, and |
then cultured until 21 hrs (compare 8;5—21 hr and 0-21 hr in

Figure 20). This may refleCti&he removal of an inhipitor'of
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Figure 18. Effect of cell density on costimulator production
in microcultures. Various numbers of CBA/J spleen cells
(indicated on the horizontal axis) were incubated in 0.05 mi
cultures in round-bottomed (e) or V-bottomed (o) microtitre
wells with Con A to generate costimulator. The crude.
supernatants were .tested for costimulator activity in the

- thymocyte proliferation assay. The background in the assay
with no added costimulator was 0.9. The maximal stimulation:
was 48. Each point represents the mean of 6 replicate assay
cultures. A . Co ' S '
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Figure 19. Time course of costimulator production by CBA/J
spleen cells stimulated with Con A. Spleen cells were - -
incubated in 1.0 ml cultures at 10x106/ml, with or without
serum (FBS). The Con A concentration was 1.5 microgram/m]
without serum ard 4 with serum. Supernatants were harvested
at various times, and titrated in the thymocyte |
proliferation assay. The results shown represent a 1/8
dilution of the supernatants, which was on the linear .
portion of the dilution curve for all samples. Control (-Con
. A) costimulator generating cultures gave values of 2 (-FBS)
and 2 (+FBS) at 21 hr, and 6 (-FBS) and 10 (+FBS) at 72 hr.
(w) No Con A + FBS; (A4) No Con A - FBS. o . ,
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F1gure 20. Costimulator produced by CBA/J spleen cells
during various time intervals of incubation with Con A. _
- Cultures were set up as in Figure 19, without serum. After
*various lengths of time, supernatants were harvested. If
cells were to be recultured, they were washed once in warm -
medium, and resuspended in the original volume of fresh Con
A-containing medium. Supernatants were titrated in the -
thymocyte proliferation assay. The background value in the
assay with no added costimulator was 5.

(8) 0-4 hr . S
(m) 0-8.5 hr , ‘ R
(@) 0-21 hr '

(e) 8.5-21 hr

(o) 21-46 hr
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costtmujator'produetﬁoh:from the medium. Atterhatively, the
0-8.5 hr supernatant may contain an inhibitor’of'the v
thymocyte prol1ferat1on assay, or of the cost1mu1ator
produc1ng ce]] 1tse1f The effect of chang1ng the med1um was
not further 1nvest1gated |
Cost1mu1ator was routinely produced in cultures of
| 18-24 hr,duratioht Serum was th‘used in bulk cultures, te
'simplify the‘burification prosedUré; but was sometimes used
in microcultures eohtaining A cells, which elump in the
absence of serum. The mele¢u1ar size of factors predueed‘
| atter 24 hr of cu1ture With ahdtwithout:serum, and\after.72 2
hr. of culture with serum were combared by'éel filtration
‘ chromatography on G-100 Sephadex (F1gure 21).‘The 3 samples
t eluted in similar p051t1ons, indicating that the size is not
grossly . affected by culture w1th serum, or length of time 1n"
jculture Some of the TRF activity harvested from 30- 38 hr
‘\\ : cultures cons1sts of smaller molecu]ar weight mater1aT v
\\§\ (about 15,000 daltons) than that from 24 hr cultures (30 000
\\daltons;'watson; 1979a). This does not-appear to be;the case .
wi cost1mulator | o R |

Other dit1ons Necessary for Costlmulator Production

. The Qg\;mal concentrat1on of Con A in the absence of
1-

«serum'was‘ \\5 m1crogram/m1 (V Mont1cone and V.-Paetkau,
personal commun1batif:) If serum was used, the level of Con -
”wm&tn'*fed to 4 1crogram/ml The_cont1nUous presence
B X .- . /

; ot.requtred_..A ‘one hr'ihcubation with Con A,

hing ‘and resuépending'the-céllstin=fresh'r
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*F1gure 21. Chromatography of fraction 2 costImulator
_produced at 21 hr with no serum, and 21 and 68 hr with serum
- 'gn G-100 Sephadex. Fifty ml of crude costimulator was
generated for each condition. Samples were concentrated and
run over G-25 Sephadex to remove salts and Con A before
applying to the calibrated 1.5x60 cm G-100 column. The void
volumes (Vo) and total volumes (Vt) were determined as in
Figure 7. The position of protein markers is indicated.
Fractions were assayed in the thymocyte proliferation: assay
~at 1/20 dilution. The abscissa 1nd1cates the p051t1on of
column fractions (Vo=0, Vt=1.0). . , ‘

() 21 hr (+FBS) :

-~ (A) 21 hr (-FBS) "

(o) 68 hr (+FBS). . R
- 1 acknowledge the ass1stance of Mr. Cliff,Gibbs in.
" performing this experiment. Lo B

I

' ja)
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medium, gave equivalent results (data not shown).

A1l of the cuiture systems for costimulator generafion
contaiﬁed 2-ME (1x10-5 or Sx10‘5M)l This was not an absolute
requirement for production,‘but it'gfeat]y enhanced the
yield {(Figure 22). .

Production of a Costimulator-1ike Factor ih Mixed Leukocyte
Culture (MLC) | | ;

Sincé costimulator is produced by strong T cell
activation by mitogens, the possibilfty that it can also be
prqducéd during T cell stimulation with aIToant{gens was
investigatedr Earlier reports'(SchimpT~and Wecker, 1973;
Dutton et al., 1971) indicated that TRF activity is induced
during MLCs; Spleen cells from CBA (H-2k) and BALB/c (H-2d)
mice were cultured togetherifor various lengths of timé
(with h; Con A added), and the cuiture sUpeEnatants assayed
for costimulator activity (Figure 23). Activity in MLC |
éupernatants (fifst tested .at é4_hrs) Qas comparable‘to
levels induced by Con A, but was negligible in control
superﬁafénts (from CBA or BALB/c cefls cultured alone and
their supernatants popled for the assay).

Costimulator generatéd in a 72 hr MLC was br?cessed to
the level of fraction 2, and then run over a calibrafed
'G-1OO column (Figure 24). Its elution ﬁgs{tion was identical.
to a sample consisting of Con A-genefated costimulator mixed
with the pooledfsupernatants of CBA and BALB/c cells
cultured separatejy. Thus thé Con A- and MLC- elicited

~factors have the same hydrodynamic radius. It remains to be
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Figure 22. Enhancement of costimulator production by 2-Me.:
CBA/J spleen cells were cultured with Con A for 24 hr to
produce costimulator.-One ml cultures contained 10x10¢
cells; 2-Me was absent, or present at 5x10-5M. The resultant
supernatants were titrated in the thymocyte proliferation
assay (0.2 ml cultures).
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Figure 23. T1me course of costimulator generation in mixed
leukocyte cultures. Spleen cells from BALB/c (H-2d) and

- (CBA/J (H-2K) were cultured in 1.0 ml either together (MLC)
"or separately (controls). MLC cultures contained either
1.0x10% (o) or 2.5x108 (A) cells/ml from each strain.
Control cultures contained 2.0x106 (o) or 5.0x106 (&) of
either type. The control cell supernatants were later mixed
so that these samples represented a 1:1 mixture of medium
from CBA and BALB/c cultures. Supernatants were harvested at
various times. They were assayed at 1/5 dilution in the .
thymocyte proliferat1on assay
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Figure 24. Chromatography of MLC- and Con A-generated
costimulator on G-100 Sephadex. Spleen cells from CBA/J and
BALB/c mice were cultured together in a 1:1 ratio at'a total
cell density of 2.0x106/m1 in 400 m! of FBS-containing \
medium (MLC). Control cultures consisted of 2.0x106/mi (200
ml) of either cell type. The MLC and control cultures were
incubated for 72 hr. Con A-generated costimulator (50 ml)
was prepared by incubating CBA/J spleen cells at density of
16x108/m1 with 1 microgram/ml Con A for 18 hr. The Con A-
generated material was added to the supernatant from CBA/J
and BALB/c control cultures. (This control was done to
account for the effects of incubating for 72 hr in the
presence of FBS.) The MLC and Con A + control samples were
processed to the level of fraction 2, and chromatographed on
a G-100 Sephadex column:as described in Figure 7. Fractions
were assayed for costimulator activity in the thymocyte
proliferation assay. (&) Con A + control sample assayed at
1/100 dilution; (&) Con A + control sample assayed at 1/50;
(e) MLC sample assayed at 1/50. The RE gives the position of
the fractions relative to the total volume (Vt) of the
column, which was determined as described in Figure 7.1
acknowledge the .assistance of Ms. V. Monticone in performing .
‘this experiment. Co
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determined whethernthey are the same ho]ecular entities.
Effect of Ultraviolet (UV) and Gamma Irradiation on
Cost1mu1ator Production by Spleen Cells
(CBA/Y x DBA/2U)F1 spleen cells were exposed to either
UV or gamma 1rrad1at1on, and cultured with Con A for 24 hrs
to generate costlmulator Gamma 1rrad1at1on up to 1600 rad
- did not affect cost1mu1ator pPOdUCthﬂ by sp]een cells;

- 1rrad1at10n of 3200 rad reduced it by 2/3 (Tab1e111). The
abtlity of spleen cells to gererate costthulater Qae highly
sensitiQe to UV irradiation. It was completely abolished by

,_0;1-0?25'min exposure at a distance of 11 cm from a 15 watt
UV bu]e (Table 11). The minimum distance from the UV source -
fortcomplete abrogatioh of costimulator‘broduction;in 10 sec
irradiation was 10-15 cm (Table 12). | |
n‘fyT Cells are Required for Cost1mu1ator Generation
y Prev1ous work in our laboratory showed that treatment
of CBA'Spleen«cells'with anti-Thy 1.1 serum and comp]ement
abrogated their‘abiltty to secrete the factor (Paetkau et
| al., 1976).{The T Celt requtrementiwas further substantiated
tby the demonstration that sdleen:cells from athymic. (BALB/c
nu/nu) mice fa11 to produce cost1mulator when cultured under
the same cond1tlons as normal BALB/c cells, which do produce
it (Table 13). - -~ o
A Cells are Required for Costimulator Production 7
Removal of an adherent cel] populat1on (presumably
macrophages) from thymus cells w1th carbonyl iron abrogated

their ab1T1ty to generate cost1mu1ator (Paetkau et al.
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-Table 11,

Effect of ultraviolet and. gamma irradiation on the
ability of spleen cells to praoduce costimulator!

- 149

T T o e E R E s ke e e e e e m o m e e R e e Em e e e e e e e e e

Treatment of
spleen cells

Costimulator
(supernatant dilution)

activity

e R g T e T e U

‘none {control)

W 0.1 min
uw . .25
w5
W 1.0

. "none (control)
gamma 100 Rads

gamma 200
gamma 400
gamma 800
~gamma 1600
gamma 3200

No costimulator

189

o S e e e e e e B e A L e T e e e e an e R e M e e M e e e e e e e e Ee e e

' (CBA/J x DBA/2U)FT spleen cells weré‘subjeéted to gahma

or ultraviolet (UV) irradiation as described in
Materials and Methods. UV irradiation was carried. out .

at a distance of ‘11 cm from a 15 Watt bulb for the
times indicated. "Control" cells were kept in petri

dishies or test tubes for the length of time it took to

'

complete the irradiation procedures. Treated cells were

cultured with.Con A in 0.1 ml cultures to generate co-

stimulator, and the crude supernatants were titrated in

the thymocyte proliferation assay.
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‘Table 12.

Effect of distance. from lamp during UV exposure on the
ab1l1ty of- cel]s to produce costimulator'! ‘

e e e e e W e e e e e e = e e e e m M e e T e e e M M e o e o = e = e e e e

Distance of cells . - Costimulator activity generated
from 15 watt UV bulb (cm) (dilution of supernatant)
1/8 1/16 1/32 1/64

unirradiated (control) 188 173 96 27
5 T 8 6 , 8
10 ' 8 : 6 6 . 9
15 ' 19 13 11 8
20 C : 101 - 32 . 23 8
25 - 83 52 .- 23 12
30 87 44 24 17
40 | 64 33 20 12
50 . B R T B 5¢ 27
60 - o142 107 57 28

- No costimulator = 2

- i e v W e M me e m e G e e e e e E e e R Em fm M G e T e TR e W S e W o e m ee e e e

1 (CBA/J x DBA/2J)F1 spleen cells were exposed to UV light
for 10 sec as described in Materials and Methods.
Costimulator was generated in 0.1 ml microtitre cultures

containing 106 irradiated or control cells per culture.
Crude supernatants were titrated in the thymocyte
proliferation assay (0.1 ml cultures). Costimulator - .
activity is expressed as pmoles dThd 1ncorporated by the
test thymocytes per hour, per 106 cells
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Table 13.

Spleen ce]ls from athym1c mice  do not
produce cost1mu1ator1 :

- L
. BT T Tt Ay e SV R S \ cr e m— e, — .. -

Source of costimulator . Costimulator activity

- ‘ o (Supernatant dilution) .

o 1/10 1/40

BALB/c(+/+)6x108/ml . 56.6 510

- BALB/c(+/+)3x10/ml ' 41.3 37.5

.. BALB/c(+/+1x108/ml 420 15.5

BALB/c(nu/nu)6x106/m1 - 1.3 1.8

BALB/c(nu/nu)3x106/m1 . | 1.2 1.3

BALB/c(nu/nu)1x105/ml | 1.2 1.7
CBA/J fraction 3 (1/200) 50.4
‘no costimulator : 1.8

e e M e o e T e e T S e SR o o M o e T o e S e e B R e SR me M M o e e e R e e e e e A e e e e e e

! Spleen cells from wild type (+/+) or athym1c (nu/nu)-
BALB/cCremice were incubated:-for 24 hrs in 1 ml cultures
~at the concentrations 1nd1cated to produce costimulator.
Crude supernatants were tested for costimulator activity

~at 1/10 and 1/40 dilutions in the thymocyte B
prol1ferat1on assay. '
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1976 . However; this method did not prevent‘secretion by
spteen cells, whjch produce.more factor than thymocytes do.
To resolve the question of A cell dependence, eostimulater'
production by lymph node'cetls degleted of'adherent cells on
nylbn wool columns was examined. F11trat1on through glass
wooT followed by incubation on nylon wool co]umns abo]1shed
vcost1mu1ator product1on by CBA (F1gure 25a) and DBA (Figlre
25d) lymph node cells. F11trat1on through glass wool alone
decreased cost1mu1ator productton by 50% or more (data not
shown). In agreement with . prev1ous resu]ts, ant1 Thy 1.2
treatment of spleen cells from the same stra1ns of mice
- resulted in decreased product1onvof the factor (Figures 25b
and e), vthe effect on CBA‘cells’being greater than on DBA.
When ant1 Thy 1.2 treated cells were m1xed with nylon wool
‘treated cells, synergy between the "T- dep]eted" and
"A~dep1eted".popu1at1ons was observed, in both syngeneic and
allogeneic combinations (Figures 25c and f). -

Costimylator productibn‘in cu1tdres of mixed alldgeneie
cells was totally Con A dependent (data not shown fer
'51mp11c1ty) Although costimulator can be e11C1ted in
.primary MLC (F1gure 23),. under the conditions and W1th the
v“stra1n comb1nat1on used. here (24 hours of culture, no serum,
~ CBA and DBA spleen cells), no detectab]e factor was produced
in the'absence‘of Con A. The synergy observed in'allogeneic
eombinatton»ef "T cell" and “A cell" populattons does_not
neeessarily mean that their tnteraction ts not nermally Hj2'

unrestricted. Con A could stick cells together as it does in
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cy'totoxic cell assaystlBeyan and and Cohn, 1975), bypasSing
any requirement for specific recognition ,
| The results presented in Figure 25 do not el1m1nate the
p0551b1l1ty that the adherent cell is a B lymphocyte It.ls_'
'clearly‘not a nylon wool adherent T_cell, becausesthe A.cell
requjrement'could be met by anti~Thy'1 2 treated spleen
ells.‘However the requ1rement for adherent cells is
largely met by ‘the add1t1on of macrophages (cultured from
bone marrow stem cells in vitro) to A cell depleted lymph
node cells (Table 14). The cultured cells were > 99%
\phagocyt1c and adherent by\b’rpholog1cal cr1ter1a they
appeared to be macrophages Furthermore, the medlum used to
culture the cells, mouse L cell cond1t1oned med1um, is Known
to primarily support the growth of macrophages, precursors
‘of T and B s1ymphocytes do not develop (Lee, 1980) Thus the
act1ve A cells are probably macrophages and not B cells
Macrophages are a heterogeneous populat1on of cells
- One basis upOn wh1ch funct1onal subsets of macrophages have
'been distinguished 1s that of size. Lee (1980) has’
'fract1onated macrophages from: per1toneal cav1t1es of mlce‘
using “Sta-put" grad1ents (l1near gradients of FBS), and
4:found that certain funct1ons correlate with the s1ze of the \
macrOphages For exampl@% small macrOphages present ant1gen
to T cells, whereas large macrophages are poor’
antlgen-presenters. but are'eﬁfectlve 1ﬁi&ytgstasls of tumor
‘cells in vitgo. In collaboration with Dr. Lee, CBA/CaJ

peritoneal macrophages were fractionated on Sta-put:
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Table - 14.

Synergy between ny]on woo 1 - pur1f1ed 1ymph node cells.
and macrophages.derived from 8 day bone marrow cultures
1n cost1mulator production?

-...-.._..-_...—-_--__-—_--_____---—---————-_--__-___.....-_..__—_..._.

Costimulator act1v1ty generated

f‘+105 nylon wool +106 nylon wool +Con A (no
purified LN purified LN LN cells)’
T cells +Con A T cells -Con A :

. o e e e e en = e e e e = i e e e e em s me = ae e e me e ee e e E M e e Eees e e M e e e M e e e e e

Number of _ ,
‘macroph?ges IR .
per cultur o _ : . S
‘ none Ag\~e— o 4 ' -9 o
3x102 7 5 3
1x103 - .10 4 -5
3x103 - 18 5 3
1x104 ' 22 S 10 S5
3x104 41 ‘ ~ 12 17
1x105 71 , ND 16

unfractionated LN cells +Con A = 154

unfract1onated LN cells -Con A
ittt il et mesecs el btk -

' ‘Bone marrow macrophages were a gift from Dr. K.-C. Lee.
They were cultured in L cell-conditioned medium for
8 days (Lee, 1980). Lymph node (LN) cells from CBA/J’

' mice were depleted of adherent cells by passage over
nylon wool. Each generating culture contained 106
LN cells (except controls), in a total-volume of 0.1 ml.
Cells were incubated for 24 hrs with or without Con A,
and the supernatants assayed at 1/16 dilution for
costimulator activity in the thymocyte proliferation
assay. Costimulator activity is expressed as pmole
dghd 1??orporated by the test. thymocytes per hour, per

- 10% cells '
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grad1ents to determ1ne whether any particular size class was
active in restor1ng the ab1l1ty of A- depleted LNC to produce
cost1mulator (F1gure 26). Five pools, A- E Sin 1ncreas1ng '
order of s1ze are cons1dered The smallest cells (A and B)
-appear to be the most act1ve However A is predomlnantly '
lymphocytes, and B is contaminated w1th lymphocytes (see
legend to Figure). The controls (Sta-put fract1ons alonel
'for both A and B show 51gn1f1cant amounts of cost1mulator
‘productlon Therefore»the active cells in fract1ons_A and B
are not necessar1ly macrophages The important'point
established by th1s exper1ment however; is that the larger
"macrophage fract1ons, C, D, and E wh1ch do not produce
costimulator without added T cells, do synerg1ze with A cell
depleted LNC. It can be concluded that the ablllty to ,”
cooperate w1th T cells to produce costlmulator 1s a funct1on
of macrophages d1str1buted over a w1de size range

' The Adherent Cell Requirement can be Paq%gﬁlig Met by a
‘ *Soluble Macrophage Factor | o o
| To determ1ne whether cost1mulator 1s aTcell product
w1th gggehls play1ng an aux1l1ary role 1n 1ts product1on we
attempted to replace the A cell requ1rement w1th soluble
'factors from an LPS st1mulated macrophage tumor cell l1ne,vd

'p388-D1. Supernatants from stlmulated P388 D1 cells were
ﬁ expected to conta1n LAF (IL1) (Mizel et al 1978b Lachman,
. 1977a) Crude supernatants were’thcentrated and run over -
G- 100 columns to separate the act1v1ty from 1nh1b1tory '

'mater1al~ The G-100 fractlons were assayed for their ab1l1ty
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-‘FiQUre 25. Synergy between. nylon woo purified lymph nghe
‘cells and anti-Thy 1 treated spleen cells in costimulator
 production. CBA and DBA lymph node cells were enriched for T.

cells on nylon wool colums. Spleens from the same mice were .

treated with anti-Thy 1.2 serum and complement (to obtain a
T cell-free source of A cells) or heat inactivated normal
rabbit serum (NRS) and compliement as a control. The .
following denotations are used in the figure: LN “
- (unfractionated lymph node cells), T (nylon wool purified -

B lymph node cells); S (NRS and complement treated spleen

cells): A (anti-Thy 1.2 and complement treated spleen

~cells). The cells were cultured in RHM with Con A for 24 -

hours to generate costimulator. Cultures contained a total
of 1x10¢ viable cells in 0.1 ml. Cultures in which T and A
‘cells were mixed (panels c and f) contained 0.5x10¢ of each:
cell population, previously determined to be the optimum
ratio. Supernatants were assayed at various dilutions for
costimulator activity in the thymocyte proliferation assay. -

~
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 Figure 26. Ability of peritoneal macrophages of different
sizes to synergize with A‘cell-depleted LNC in costimulator
production. Normal.CBA/Caliperitoneal cells were o
‘fractionated by velocity sédimentation on a “Sta-put® .
- gradient of FBS (details described in Lee and Berry, 13877). :
~ The fractionation‘was.pehformed,by‘Dr._K.—C.'Lee; Fraction A -
. consists of the smallest cellss, and E the largest’ The .
composition of the cells in v'ﬁhouS‘fractions after this °
_proceduyre are . T T, Y , '
" A: 98.5 lymphocytes;f1.2%‘magrophages{§%w_ .
B: 57.5% lymphocytes, 41.0% macrophages;
C: 7.1% lymphocytes, 92.6% macropheges; _
D: 1.8% lymphocytes, 96.6% macrophages; __ .+ ~-@. .
E: 0.8% lymphocytes, 71.5% macrophages, 27 .5%. mast cells.
(Any cells not -accounted for'were'polymorphonuclear‘or-mast
cells.) Unfractionatgdv(F)>cells“bonsisted of 57.4% ~
 lymphocytes and 40.4% macrophages. CBA/CaJ LNC were .depleted
of A cells on glass and nylon wool columns, and cultured at
106 cells/0.1ml with Con A to generate costimulator -in RHFM
with various numbers of‘fraCtionaied‘PC'added to.some . . -
cultures. Control cultures contained per toneal. cells alone
(no added LNC). Supernatants were titrate “in the th yte
proliferation assay. Controls: (o) untreated LNC; (w) LNC
depleted of A cells on n lon wool. A-E and:F: (x) 3x10% |
peritoneal cells (no LNC); A cell-depleted LNC plus. the -
Following numbers of peritoneal cells: | ) 0.1x105 ; (o) “
0.3x105 ; (A) 1x105; (&) 3x10%, . - " Sy
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‘to induce mitogenesis in mouse thymocytes (LAF activity).

Active fractions were pooled. The ability of A éell-dépleted

LNC to produce costimulator was partially restore& by fhe

add1t1on of pooled LAF fract1ons to generatlng cultures

Material from 2 areas of the G- 100 column were active in

1nduc1ng cost1mulator excluded fractlonsA}F1gure 27d). and

i

“included fractions representing a molecular weight range of

12-20,000 (Figure 27b and c) . These fractions themselves had

é]ighg acthity in the thymocyte proliferation assay, but
dﬁviously are not the main source of the activity measured.
It is likely that the low MW materwal is LAF (Economouaand
Sh1n, 1978), and that the high MW material is high MW LAF
(Mizel andeqsenstre1ch, 1979; Lachman et al., 1977a). This

exper iment sprongTy suggests that costimulator is secreted

by T cells.

Ly and la Phenotype of Cells Required for Cost imulator

]
Figure 25 shows that Thy 1* cells are requ1red for

cbstimulator production by Con A st1mulated spleen cells. To

for ther idéntify'the cells involved, costimulator production

was tested after treatment of cells with antisera directed -

A'A‘aga1nst several lymphotyte d1fferent1at1on antigens. CBA B

spleen cells, which carryithe Ly alleles 1.1, 2.1, 4.1, 6.1,
and 7.2, and express Ia antigens determined by the (k)

ﬁﬁwhnplglype wgrg_used Tw0¢ngpresentat1ve sets of .data are =

. e

given in Figures 28 and 29.
F#gure 28 shows the effeets ef anti- Ly 1 1, 2.1, 6.1,

Ty . . e R -
R e,

o
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- Figure 27. Synergy between A-cell-depleted LNC and a -
macrophage factor from P388-D1 cells in costimulator
production. G-100 Sephadex purified LAF fractions were gifts
from Dr. G. Mills, Ms. T. Lee and Mr. B. Caplan. P388-D1 "
cells were cultured for 72 hr with LPS (10-20.microgram/m1).
‘The supernatants were harvested, concentrated and run over

- G-100 Sephadex. Fractions were assayed for their ability to
induce mitogenesis in mouse thymocytes cultured at high cell
density. Peak fractions were either pooled (panels c and d)
or the peak fraction tested (panel b). CBA/J LNC were
depleted of LNC on glass and nylon wool columns. They were
cultured with Con A in 0.1 m) cultures (108 cells/culture)

- to generate costimulator. LAF was added at various dilutions

to the cultures. Supernatants were hdrvested after 22 hr and
titrated in the thymocyte proliferation assay. Controls (LAF
alone) were set up so that the LAF was incubated with Con A
for 22 hr, under the same conditions as:-the cultures :
__containing LNC, (a) U: unfractionated; A-: A cell depleted -
on nylon wool; (b-d) (o): LAF alone at 1/20 dilution; no
LNC;” (b) LAF. 1 = G-100 fraction with peak LAF activity, used
“at- 1/20. (c) LAF 2 = small MW pool of LAF; (d) pool of
~excluded fractions with LAF activity,-used at 1/20.

[

S L N
- -
»
B Ul .
o O 35 . W% . b '
s L . . 4 B . . &



T v —' v T L 1 1 T ¥

~ 80

E =4

~ 4120

v

= o[ 1
> 00

-
E 2 gof
> |
- © ,//
2 5 sof 180

g. : /'/
X «

[«] . ;
‘E g 401 160
J g
2 i 30 |
g o 4140
O 5 20

3

QU 420

~ 10}

y R } 1 L 1L

4 8 16 32 64 4 8 16 32 64
DILUTION - OF SUPERNATANT

- Figure 28. Ability of CBA/CadJ spleen cells to produce
costimulator after treatment with anti-Ly 1.1, 2.1, 6.1, 7.2
and anti-la(k) sera. Data for (a) and ‘(b) were obtained in
. separate experiments. Spleen cells were treated with the
- indicated antisera and complement, and cultured with Con A

to produce costimulator “in microcultures. Cultures contained
.1 x 108 cells (untreated and NMS-treated) or the cells

surviving treatment of 1 x 105 cells with the indicated

antisera. The cells killed by the antisera are indicated in
parenthesis. Supernatants were tested at various dilutions
in the thymocyte proliferation assay. a: Antisera used at
1/10 dilution. NMS (0%), anti-Ly 1.1 (#466, 37%), anti-Ly
2.1 (41%). b: Anti-la(k) serum used at 1/16, and all others

160

“at 1/10 dilution. NMS (33%), anti-la(k) (67%), amti-Ly 6.1 =~~~

(48%), anti-Ly 7.2 (68%). (X---X) supernatant generated from
untreated cells in the absence of Con A. , ‘ :
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Figure 29. Costimulator production by CBA/J spleen cells.
treated with anti-Ly 1.1, 4.1, 5.1, 6.1 and 7.2 and =~
anti-la(k) antisera. Spleen cells were treated with the
antisera at 1/20 dilution and complement, and cultured with
Con A to produce costimulator. The supernatants were assayed
in the thymocyte proliferation assay. The cells Killed by
treatment with the antisera are given in parenthesis. a: 1 X
106 cells/culture. (=) untreated, (a4) NMS (5%). b-h: (e)
cells surviving antiserum treatment of 1 X 106 cells in each
 culture. (o) treated cells, adjusted to 1 X 10¢ viable cells
per culture. b: anti-Ly 1.1 (#458, 23%), c: anti-Ly 4.1 -
(45%) , d:anti-Ly 5.1 (30%), e: anti=Ly 6.1 (14%), f: = 0o
anti-Ly 7.2 (59%¥. g: mixture of cells treated with anti-L

1.1 and anti-Ly 7.2, both equivalent in number to 1 X 10€
NMS treated, h: anti-Ia(K) (55%). e

i
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7.2 and la-(k) on cost1mu1ator productlon by CBA/Cad sp1een

cells., CBA/J spleen cells were used in a similar exper1ment

-(F1gure 29) which also shows . the effepts of ant1 Ly 4.1 and

5.1 antisera. Cost1mulator product1on was Con A depend nt,1n

all of the exper1ments (cf F1gure‘28b). Antisera directed

‘ _agajnst Ly 1.1 (Figures‘28a'and 29b), Ly 5.1 (Figure 29d),
~ and Ly 7.2 (Figures 28b and 29f) abolished costimulator

‘production by spleen cells. These results were consistently

observed Using 4 dtfferentwbatches of anti-Ly'1 1 (6
exberiments)' I batch of ant1 Ly 7.2 (4 experlments) and. 1
batch of ant1 Ly 5. 1 (2 exper1ments) Treatment with anti-Ly "

2.1 had no effect on cost1mulator production, a result

: eonfirmed in 2 additional experiments. This same preparation

: ef anti-Ly 2.1.seruh did eliminate cytotoxic and suppresSor

T cells, however (A, A Adra, Immunogeneties in pTess)
Treatment with anti- Ly 4 1 decreased cost1mulator production
costwmulator yield sl1ght]y 1n one exper1ment (F1gure 28b)

but had no effect in another~(Flgure 290),.although an.

“éliquot'of”these anti-ly 6.1 treated cells showed reduced

generation of helper and suppressor cells (L. Pilarski,

. personal commun1cat1on) and of k1ller cells (Table 18,
' below) Treatment of cells with anti Ia(K) serum;led to some
- reduction in cost1mulator product1on more in one expenrment

(Flgure 29h) than ahother (F1gure 28b) gtgpgemgggmshewswuu_li_‘ '_m;

that the ab1lity to produce cost1mulatoréts not’restored

Y

U .

‘ w1th a mixture of ant1 Ly 1.1 and anti 7e2,tneated cells,

v
N
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indiceting'that these tw0'markers‘ere on the same Zells.
| Since treatment with some of the antisera Killed a high’
proportion of the" spleen cells, .the abrogation of ’ :
costimulator production might have been due to a decreased
cell den51ty (cf Figures 17 and 18). Therefore, 1n Figure
.29, treated cells were cultured both at concentrations which
reflected the amount of killing (those surviving treatment
of 108 cells with antiserum). and also at 1x108 surv1v1ng
viable cells per‘culture.A%he costimuletor yield from
anti-ly 1.1, 5.1 and 7.2 treated cells wasnnot improved at
the higher cell number; eliminating the possibility that
‘cell~density effects alone were responsible for the results.
Costimulator production by entisLy 4.1 and anti-la(k)
treated cells was'enhenced in the higher cellvdensity
culture either as a result qf addipg néarlythice ad many

+

of the relevant cells .or as. a conseqﬁpng%,of correcting the
cell density to control levels. ln’

The abrogation of costimulator production after Killing
of Ly 1.1* ce™Ms was also observed u51ng‘a monoc lona
anti-Ly 1.1 (147A; Figure 30) from a hybridome. The usewof

monoclonal antibodies eliminates the possibility that

irrelevlnt markers on cell surfaces are responsible Q; sthe ™ 4

effects observed ‘Unfor tunately, such antisera are 4;9* .
availqble for the other Ly specificities - h
i These results indicate that the phenotype of cells
requ1red for costimulatog production is Ly 1°, 2 5o &" 7el
ACells bearing Ly 4.1 and Ia(k) antigens may be involved but

w/ |
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Figure 30. Effect of monoclonal anti-Ly 1.1 on the ability
of spleen cells to produce costimulator. Costimulator .
generating cultures consisted of 1 X 106 CBA/CaJ splenocytes
~in 0.1m)1 RHF ‘containing 1.5 microgram/ml Con A. Cells were.
" treated with various antisera and complement before .
~ culturing. The monoclonal antiserum (147A) was tested at .
several concentrations. Cultures were terminated after 24
hr, and the supernatants titrated in the thymocyte . :
proliferation assay. The number of cells killed by treatment
" with the antisera is given in parenthesis. Left: (&) ‘
untreated: (o) NMS + complement control (4%); (e) anti-Ly -~
' 1.1, #466, 1/20 (-33%). Ri?htﬂ monoclonal anti-Ly 1.1, #1474,
o 231%3/25 (37%): (@) 1/50 (42%); (=) 1/100 (28%); (@) 1/200

f
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do not appear to be an: absolute requirement.

' C. Discussion |
*This chaptervdescribes experimentsfdetermining the
‘optimal conditions for costimulator production, andndeftning
the cells respons1ble for 1ts secretion. '
COnd1tlons for Cost1mulator Production

Cost1mulator is secreted between 4 and 21 “hr of
~stimulation of spleen or lymph node cells with Concanavalin
A (Figures‘lQ and 20). The optimum cell density is
10x106/m1; below 2.5x105/mlf the efficiency of production on
a per cell basis declines. The G-100 Sephadex profiles of
the act1v1ty prod.Eed with and without serum are the same.
The length of t1me in culture (+ serum), up to 72 hours
does not appear to alter the s1ze of;the active species
(F1gure 21). | | | | |

A factor whlch runs s1m1larly to cost1mulator on a
Sephadex G-100 column is produced in a 2- way MLC be tween
' BALB/c and CBA spleen cells Although allogene1c effect
factor (AEF) «Delovitch and McDev1tt 1977 Delov1tch et
al., 1978) is also produced in MLC, the factor we observe
- appears to be dlfferent} AEF activity is not obtained in a
primarijLC' the cells’used to prodUce it'must be prjmed‘ln
vivo W1th alloant1gen (T.L. Delov1ch personal ‘E’

commun:cat1on) AEF also elutes in a d1fferent poswt1on from

Con A or “MLC-der ived cost1mulator on 6- 100 Sephadex witha

Kd sl1ghtly smaller than BSA whtch has a molecular welght

o
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. of 67,000 (J. Shaw and T.L. Delovitch, unpub 1 shed resulfs) .
| These consideratjons indicate that MLC derived
"costimulator” is not - AEF. -
Cells Required for the Production of Costimulator
Costtmulator production requires cells that are Ly
o ~14.2',5f,6',7+ (ngures 28 and 29), a ohenotype concordant.
with that of the_T helper cells for CTL responses, |
characterized as Ly 1*,27,5%,1a" (A1-Adra et al., 1980), and
Ly 6' 7+ (Pi]arsk1 et al. 1980) The same antisera, and
sometimes the same cells were used to charactertzeﬁ A
cost1mu1ator productlon and he]per T cell funct1on for‘CTt.
of the markers tested whlch did not affect costlmulator
productlon, Ly 2 1, 4 1, 8. 1 and Ia, there are pos1t1ve
controls 1nd1cat1ng that the ant1sera aga1nst Ly 2. 1 and Ly
6.1 were active. (A. Al Adra and L. P11arsK1, personal
communfcation) A]though ant1sera against Ly 4.1 and Ia(K)
K1lled a s1gn1f1cant proport1on of the cells (thures 28 and
29) no funct1ona1 tests wh1ch would serve as contro]s for
N postive effects of the sera were performed w1th them Swa1n:
: and Dutton. (1980) who also used anti- “1a(K) anttsera

,prepared by Dr. 1.F. C. McKenz1e have reported that an Ia

.non-T cell is required foff, the product1on of a Con A- 1nduced}-’,

helper T cell replﬂb1ng factor It is puzzl1ng that such a
cell was not detected in our experimentsiaf1nce.we obta1ned
the same levels of cytotox1c1ty bn normal spleen cells w1th
the ant1serum and rabbit complement as ‘they did (40-65%).

7 the ant1gens'not¢present on costimu]ator produclng cells,..y
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l2 isiassoclated with alloreactive CTL,'their'precursors, and :
suppressor cells (Cantor and Boyse, 1976b),~and Ly 6 with
cytotoxic effector and suppressor (PilarSKi,et al., 1980) T
cells. The active cell in costimulator prodUCtion is |
_ apparently different from the Ly 1*2* ampl1f1er cell
1 descr1bed by Feldmann et al. (1977). The latter cell type
may be 51m1lar to the thym1c lymphocyte which synérnges _
, with lymph node cells in the 1nduct1on of GVHR (Cantor and
.Asofsky; 1970)‘ﬂThe costimulator produclng cell may be
u}s1m1lar to the cell requ1red for the MLC- st1mulated
'productloh/of TRF (Fickel et al., 1976). The helper T cells
" which induce B cells to secrete antibody are also’ Ly 1+, 2-
(Cantor ‘and Boyse, 1976b) . | ‘:;
The A cell requ1red for costlmulator productlon is
clearly not an adherent T cell (Arala- Chavgs et al ) 1978)
since it is present in anti- Thy 1 treated“%pleen cells,
which by themselves are unable. to produce the factor (F1gure ;?
©25). Several l1nes of~ev1dence support the conclu51on that |
the A cell is a maprd?hageléﬁssent1ally pure macrophages
ultured from bo%? marfrolq are% source of the regu1red A
cell (Table 14) In add1t1on per1tonea] macrophages, ‘
separated from small lymphocytes by veloc1ty sed1mentatlon.
ipromoted cost1mulator production by. A cell depleted lymph
node cells (F1gure 26) The active 9el?s were 96%

acrophages. and: conta1ned less than 2% lymphocytes The

Jmacrophage rich populatlons d1d not produce the Factor f’:*“”m“”'

:,unless T cells were added F1nally, the*A cell requlrement : “’"v,

. . R
B . R t
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" for costimulator production could. be ‘at 1eést‘partially'met

- by supernatants from the LPS- st1mu1ated macrophage cell 11ne _'

'P388 D1 (Flgure 27). Prel1m1nary analysis of the act1ve |
mediator in the macrqphage supernatants indicete that jt is
probably the same as the Macrophage factbr‘LAF (IL1)
described;by Lachman et al. f1979a) Economou and Sh1n
‘(1978)'and'Mize1 (1980) (B Caplan and G. Mills, personal
communlcat1on) | '
“gn summary , these results are cons1stent w1th a model

" in which he lper T 1ymphocytes_secrete costwmulatoh_upon
?rstimulation thh Con A, and macrbphages act as\euxi]tery

“: cells’ The ro]e of the macrophage may be to prov1de a signal
- to the T cell in the form of a soluble factor - The Ly
‘.phenotype of the helper T cells for CTL responses, Ly

- 1*,2-,5%,6°,7+, is the same as that of the

;~cost1mulator secretlng cells



V. Effects of Costimulator on Immune‘Responses in vitro

"A. Introduction

Costlmulator act1v1ty was 1n1t1a11y detected as a

'requ1rement for the Con A= 1nduced pro]tferat1on of

-:thymocytes cultured at 1ow cell density (Paetkau et al.

1976) The purpose of the expertments in th1s chapter was to

jexplore the effects of the factor in other In vitro immune

‘responses, in order to acquire 1nformat1on about 1ts

posS1b1e b1ologtcal role. 'The systems employed 1nc1ude

,responses t0'm1togens other than Con A, ant1body responses, .

| and CTL responses o - | .,.,e,' | | r'ﬁ .

The worK of others suggested that crude preparat1on§ ofl

factors produced under the same condlttons as costimulat

vact to promote AFC responses in vitro under cond1t1ons where"

helper T cells are l1m1t1ng (Watson, 1973 Hunter and

\Kettman.b1974 Dutton et al. 1971 Schtmpl and Wecker,.
"';1973) Data are presented whtch 1nd1cate that. cosfﬁmulator,'
-'def1ned by 1ts act1vity in the thymocyte prollferat1on ‘

”.vassay, copur1f1es w1th the T cell replac1ng act1v1ty act1ve'_m'

;;and cytotox1c phases of allpgene1c responses Them

- »

1n AFC responses

3

“The findtng that costlmulator 1s produced during a '

'-;fprimary MLC reactlon (Chaﬁier IV Figures 23 and 24) .

f,pronpmed an exam1nation of\ its effects on the proliferativef

X

'Videntlfication of the cost1mulator producwng cell as an Ly,v
B 2 7+ ce,n (Chapter 1v Eigure 28 _and_29) suggested




eXper1mental cond1t1ons (1) when thymocytes/arg,used”as a

’CTL precursors have been treated w1th anti Ly 7 2 and e ’ﬂﬁt

;w1th the’ act1v1ty 1n theithymocyte prol1ferat1on assay

'f"ajalloantﬁgens but agatnst TNP modifled self antigens

170

that it may. be a cell w1th helper T cell act1v1ty 1n CTR

responses (Pilarski, personal commun1cat1on) The

"demonstrat1on that crude cost1mulator overcame the
:requ1rement for a metabol1cally act1ve, lympho1d der1ved

vstlmulator cell in CTL responses (Talmage et al , 1977)

further supported the view that it replaces 3 second S1gnal
requ1red for CTL generat1on Helper T cells have been shown
to promote an otherw1se poor CTL response under three .

source of CTL precursors (P1larsk1 1977) (2) when splen1c

complement (P1larsk1 et al. 1980)‘and (3) when

;metabolICally 1nact1vated st1mulator cells are used | ,
(Pllarsk1, 1879; Lafferty and WOolnough 1977) . The ab1l1ty o

'of cost1mulator to replace the requ1rement for helper T/

cells in these three s1tuatlons will be descr1bed iy th1s ,}"

,chapter Aga1n. the act1v1ty in cTL responses copur1f1es “_; W:7’
' &

Several other aspects of the role of cost1mulator in

’**cTL responses were 1nvest1gated The CTL generated us1ng

'costimulator were found to be’ antlgen specif1c As with

m1togen responses costmmulator was not H- 2 restr1cted 1n

"1ts CTL generatlng activ1ty The time course of add1t1on and _f,.
Vf[removal of factor from cultures shows that 1t is requ1red

~during both the inltial and late phases of a CTL response

-

‘**ff:CPst1mulator has activ:ty not only lﬂ Tt responses against
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ance macrophages are necessary for costtmulator | h f§
product1on (Chapter IV, F1gure 25 and Table 14) the
"questlon ar1ses as to whether the macrophage requ1rement for.‘M“*"
‘ CTL generat1on and other i cell responses in vltro ‘might
“»reflect a need for cost1mu1ator to oe produced 1n tﬁe

“cultures Experiments are descr1bed wh1ch 1nd1cate that

cost1mulator can augment CTL and T cell proltferat1ve ;

ce §
yilresponses to ant1gen if the responding lymphocytes have beenf',.l :
‘f»depleted of macrophages 2 " . IERRR t‘th ‘.

| }1 The worktng hypothes1s is that macrophages and heIper T : f17[
“celts interact . upon stlmulation (probably by means of ‘the . y"'f

5 macrophageaproduct IL1) and helper cells secrete Fo d’ ;; ”.ft

,;VcoStirulator The srmplest model to exp1a1n the funct1on of \‘fv'e

»_cost1mulator is”tbat it acts on antigen- sensitive ‘.;ﬁ 3; ng;fj_r:"

l7f‘lymphocytes,tin laeu of helper T cellzt to promote their EEA

1prol1ferat1on and d1fferent1ation ;'g],{' ) t r_j‘e'th 5 a._ ;7j$%_

- S T
; B R R YN - . :

B. Resutts iﬁf‘*"

- Effects of sttimutator on. Proliferative Respons
'%_h'Mitogens Con A, LPS and PHA

éerafion of.CBA/Jf?;“

| ,’ The role of costimulatpr 1n the«?i i
-f*.hthymocytes in respdhse to Con A has been extehstvely

ed
; 'ﬂtfrom CBA/J (H 2K) spleen cells st}mulated the Con A Pes$0ﬂsé :;3ifgf
e; not gnly CBA/J,but- also BALBle (H- 2d) DBA/2: (H zd) ..... -—
c5731/1o (H o). e

s not H-2 restricted in this assay | Cost

'7If”d1scussed in Chapter III F1gUre 31 7h0ws tHat costimulator ;ff'
/}Aulator prepar

e
»hymocytes Normal Murine spleen cel]s.




University of Alberta

F1gure 31 LacK of H-2 restriction of cost1mu1ator activity
in the thymocyte_proliferation assay. The thymocyte {
proliferation assay was carried out as described in-
Materials and Mathod§s, using CBA/CaJ costimulator fraction
3, and thymocytes from the following mouse*strains:

) BALB/cCr (H-2
) CBA/J (H-2
) DBA/2Y - (H-2
) C57B1/10J (H-2
The bachrouﬁd response with and=w1thout Con A,

respectively, for the 4 thymocyte preparat1ons was: BALB/c,
9.1, 0.9; CBA, 3.5, 0.8; DBA, 4.9, 1.2; C57B1/10, 3.0, 0.7.

-
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unlike thymocytes, responded well to Con A. When | \

costimulator was added to Con A-stimulated CBA/J or BALB/c
"spleen cell éu]turés; a 2-3 fold enhancement of the 72 hr
;roliferatfve response was observed (Table 15). The}
magnitdde of the response of‘T~dép1eted (ant;jThy 1.2
treated or nu/nu) spleen cells was not enhanced- '
significantly by costimulator. This finding is not
concordant with that of Gillis and Smith (1979), WHo
reported a good proliferative response of T-depletéd spleen
cé]ls'to Con A in the presence of TCGF. The discrepancy
might be due to'the use of crude faétor by Gillis and Smith,
" and fraction 3 costimu]atér in Table 15; Costimulator |
synergized with‘the T cell mitogen PHA fo allow CBA/U
thyhocytes fo undergo a proliferative response comparable in
| magnithde to thaf/&btained with Con A, The time course of.
'thefrésponse usiné,different.éoncentratibn of CBA/J thymic
‘responder cells is shown in Figure 32. Tﬁé response of
thymocytes to PHA in the absence of added costimulator was
negligible.

In contrast to the enhancing éffecf of costimulator in
T ce{l mitogén :esponses, thére‘was n$>effect when
saturéfing levelsiof the factor were added to cultures of
spleen cells stimulated by the B cell mitogén LPS (Figure
33). This was trUé at severa1»ce;1‘concentrétions, and at
both optimaT and suboptimal concentratfons of LPS. This lack

of activity of costimulator in a B cell:respohse may

indicate that B cells are not a target for the factor.

H
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Téb]é 15 .

/

Respongé of normal, anti-theta-treated, and nude spleen
cells to Con A and cost1mu1ator1

Spleen Cells Con A - +
Complement-treated CBA/J - /3 10
+ 115 434

‘\ . -
Ant1-Thy 1.2 + complement- S -3 12
treated CBA/d . £ 5 12
BALB/c - 4 7
» ' + 141 292
BALB/c (nu/nu) . - . 2 7
o : \ + 2 5

" The spleen cells were cultured at 1.25 x 105/ml in
the presence or absence of 3 microgram/ml of Con A and
fraction. 3 Con A-generated costimulator. (CBA/J). The
response was measured after 72 hr of culture (simi]ar
results were observed at 48 and 96 hr.) .
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{76

~

Figure 32. Stimulatibn.Of thymocyte proliferation by PHA in.
the presence of costimulator. Thymocytes from 5 week old ‘
CBA/J mice were incubated at various concentrations with PHA

. (1/100), with or without fraction 3 costimulator. Uptake of

3H-dThd was measured (pmoles/hr/106 cells) at the times
indicated on the abcissa. Cell concentrations and
conditions: o

o} 4x106/ml no costimulator

o) A4x106/ml plus costimulator
m) 2X406/ml1 plus costimulator
A) 1x106/ml plus costimulator.

Controls having 1 and 2x10¢ cells/ml without costimulator
gave values below 1 pmole/hr/106 cells at all times (data
not shown). The results using twice ‘the concentration of PHA
(1/200) gave qualitatively the same results, with the
maximum rates of thymidine uptake shifted to 120 hr (data
not shown). Ms. V. Monticone provided technical assistance
in this experiment. : =
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Figure 33. Failure of costimulator to enhance the
proliferative response of CBA spleen cells to the B cell.
mitogen LPS. CBA spleen cells were incubated at the
concentrations shown with or without LPS at various
concentrations in flat bottom microtitre wells for 72 hr.
CBA costimulator (fraction 3) was added to half the cultures
*.at the level previously determined to be optimal in the
thymocyte proliferation assay. The rate of DNA synthesis was
determined as for the thymocyte assay. (o) no costimulator;
(o) plus costimulator. ' .

+
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;_1§ffect of Costimulator on the,Prs]iférative Response.in an
Allogeneic MLR | |

The ability of Con A—genérated fraction 3 costimulator
to -enhance the. level of ‘DNA synthesis in anbalﬁogeoeic‘MLC,
4reéction is shown in Table 16. The degree of enhéncement was
"most marked at dilute cell concéntrétions, perhaps becéuse
the level of endbgenous’cosfimu1ator product{on}(by
allogeneic stimulation, as in Chapfer IV,”Figure 23)_ws$.
1imiting.'Herver, tﬁs factor by which’the proljferativé
response was enhanced is considerably less than that
observed for the cytotsxiq activity in MLC (below). This
| might reflect the use of normal splenic responder and
stimulstor cel]sv(rather than thymocytes or -
metabolica]1y-inactivated‘cells) for the proliferative
response or an actual difference in the sens1t1v1ty of the
cells pro11ferat1ng in MLC and cytotox1c cel]s as targets
for the factor. '
_Costimulator Allows the Generation of CTL from Thymocyte
Precursors, and Enhances their Generation from Splenic
Precursors | -
| Itrwas pointed out in the introduction to this chapter
that thymocytes are normally poor responders in a CTL A
response, beééuSe they contain few mature helper T ce]]s
(Cantor and Boyse, 1977; Pilarski, 1977). We examined the
ability of costimulator to replace the requirement for
helper T cells in such a réspbnse; The CTL data to follow -

.are mainly expressed in terms of a parameter, KA, which is

- f
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Table 16

Effect of costimulator on DNA synthesis in a one-way MLC'

e T e T S

.BALB/c Irradiated ~ Costimulator
responder stimulating ---------c-momme
‘cells(H-2d) cells . - S+

(X 10-86) ‘ ' '

N o

0.63 CBA/J(H-2k) ) 8.1+ 0.9 20.3 + 2.6
0.31 ~ CBA/J(H-2k) 7" 2.2 % 1.0 11.1 £ 0.7
0.15 - CBA/J(H-2k !} 1.2 £ 0.6 8.3+ 2.3
0.63 ' BALB/c 0.4-% 0.1 3.0+ 0.1
0.31 \ BALB/c - Jé.4 + 0.1 2.6 + 0.2
0.15 1 "BALB/c o 0.7 + 0.3 2.5+ 0.8

' Spleen cells from BALB/c mice were cultured with
‘either irradiated allogeneic spleen cells (CBA/J) or
_syngeneic spleen cells as stimulators. The stimulating
cells were equal in number “ta the responding cells. The
culture volume was 0.5 ml. DNA synthesis was measured
as pmoles of 3H-dThd/hr/10¢ cells. Human _
serum, rather than FBS was used in the culture medium:
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proportional to the number of cytotox1c cel]s in a culture
‘Materials and Methods) . F1gure 34 relates KA to thenv

’?
specific 5'Cr release observed in.a typ1cal experlment

| "The CTL generat1nguact1v1ty found in crude cost1mulator
preparations copurified with the ac§1v1ty in .the thymocyte
.prolfferation assay},CBA/U (H-2k ) spleen cellserespended to
the allogeneic tUmQr‘ce]l.P815 (H-2d) much more strongly if
ejther fraction 3' (G-100 Sephadex-purified)bor fraetion e
(IEF-purified cOstiqulator) was added to the cultures;(Table
17). The units of activityror a given cestimula}er y
‘preparation in tHe thymocyte proliferation assay corre1ated
. with its ability to stimulate CTL generation, suggesting
thatvthe two activitfes.copurify}‘Table f7, ExperimentAZ,
also shows that MLC-generated costimulator (fraction 2) is
active in promoting the CTL response. Copurification of the
activity detected in the thymocyte proliferation assey, and
the ability to a]jow fhe generation Qf CTL from?éhymocyte
precursors is shown .in Figure 35. Fractions from a DEAE
Sephacel column‘to which fraeﬁion 3’costjmu1atorihéd been‘
app]ied were teeted in,thegﬂhymocyte pro]iferetion and CTL
aeeays. Both actiVities_were eluted from the*resin at about
0.13 M NaCl, free of ever 90% of the fnput protein. No -
further activity‘in eifher assay wasvrecovered by elution
‘with higher salt ‘concentration (not shown).

s
A
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- Figure 34. Correlation between values calculated for KA x

108 ("Killing activity") and the fraction of 5'Cr released
from target cells in a CTL assay. The curves represent
experimental data obtained from cultures in which CBA spleen
cells were cultured with (CBA'x DBA) F1 splenic stimulator
cells. Four 3-fold dilutions of each culture were assayed; .

cultures were done. in quadriplicate. The number of starting‘f

cells represented in an assay well is shown—on the abcissa.
There were 30,000 P815 target cells per assay well. The
parameter KA, used to express CTL ac®' vity., is directly
analogous to the alpha parameter defined by Miller and
Dunkley (1974): : .

F = 1-exp(-NeKAet)

where F s the fraction of specific lysis of 5!Cr-labelled
target cells, N is the number of starting responder cells

represehted by the CTL and t is the assay time, in hours.

The maximum 5'Cr release (detergerit lysis) was 3802 cpm. The
background, or spontaneous release was 355 cpm. .

> S o | | "182'
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Figure 35. Copurification on DEAE Sephacel of costimulator
activities which promote the Con A and CTL responses of

thymocytes. Fraction 3 costimulator prepared from spleens of |

Swiss mice was passed through a DEAE column and etuted with.
a linear gradient of NaCl. The point at which the gradient |
(0.05 - 0.35 M NaCl) was applied is indicated with-'an arrow.
The fractions (4.4ml) were analyzed for costimulator
‘activity at” 1/50 dilution in the thymocyte proliferation
assay, and for activity in generating CTL at .1/40 dilution.

. +The CTL generating cultures contained 3x10% CBA thymocyte »
:&VreSponders per well, and 3x103% irradiated EL4 tumor cells as

stimulators. The assay was performed on only one dilution of -

‘cultured cells: Data are expressed as the fraction of 5'Cr

specifically release. fFractions were also assayed for CTL
generating activity at 1/20 and 1/80 dilution, which :

v

.resulted in the same peak of activity (data not shown). The
'DEAE chromatography and the thymocyte proliferation assay

were done by Cliff Gibbs.

-~ s L1
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Table 17

-

‘Correlation between stimulation of thymocyte proliferation
and stimulation of CTL responses by costimulator at various
stages of purification!

____________________________________________________________

Costimulator System for Kax108
preparation generating ’ -Ag +Ag
(fraction : , >
~and units/ml) | - : - {P815)
Experiment 1
None ‘ <4 13
0.8 u/ml . Con A <4 12
3.1 u/ml Con A 5 190
0.5 u/ml : Con A R 22
1.0 u/ml ' Con A ¥ 4. g7
2.0 u/ml Con A 7 120
Experiment 2 :
None - i 0
3, 0.39 u/ml an A <2 25
, 0.78 u/ml - Cbhn A 5 65
, 1.6 u/ml Con A 8 250
, 3.1 u/mi L Con A 55 645
, 0.5 u/ml Con A 5 235
, 1.0 u/ml Con A 5 275
, 1/1280 ‘ MLC <2 47 .
, 17320 MLC <2 87
, 1/80 MLC 6 410
, 1/40 MLC 27 735

B T e T T I T T R e e

1 CTL-generating cultures contalned 1. 5 x 105 CBA/J

(H-2k) splenic responder cells, and 1 x 104 irradiated
P15 (H-2d) cells as antigert, in 0.21 of MHFM nedium.

Con A- or MLC- (CBA/J versus BALB/c, see Chapter IV,
Figures 23 and 24) induced costimulator was added. to some
of the cultures after various steps of purification.
Fraction 2 has been chromatbgraphed on Sephadex G-25,
fraction 3 on Sephadex G-100: Fraction 5 has been
subjected to isoelectric focusing and then rechromato-
graphed on G-100. The units-of activity/ml in the left hand
column refer to the activity of the preparation in the
thymocyte proliferation assay. Cultures were assayed using
3 x 104 5'Cr-labelled P815 cells as targets.
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Costimulator Replaces the Ly 7+ Cell in CTL Responses

The results in Chapter IV, Figures 28 and 28, show thaf
the T cell involved in_cost@pu]ator.production is Ly 1+, 7°,
which is the pﬁenotype of a helper effector cell (Pilarski,
1980). It was therefore determ1ned whether the factor could
meet the requ1rement for helper T cells in CTL generat1on
In the system studied (CBA mice) we could separate helper T
cells from CTL precursors by treatment with antiserum
against Ly‘7.2. CBA spleen cells were treated with th{s
antiserum, and other antisera.to serve as specificity
controls, and cultured for 5 days with semi-allogeneic
splenic etimu1ator cells with or without costimulator (Table
18). Treatment bf precursors with anti-Ly 1.1, 5.1 and 7.2
reduced the CTL response to undetectable levels. In both
* experiments shown in(the'table; the response to anti-lLy 7.2
‘ treated cells was restbred by the addition of costimulator.
The reeponse of Ly 1.1 treated cells was not improved, as
would be expected if the precursors had been killed by the
antiserum. The ability of the factor te‘restore the CTL
activity of anti-Ly 5.1 treated cells in experiment 2, and
the failure to do so jn-experimeht {, is probably a
reflection of the devel of cytotoxicity obtained with the
antiserum in the two experiments (30% and 87%, respectively,
in experiments 2 and 1; using the antiserum at 1/20 and
‘%ﬁ?.S). Residual CTL precursors may have been present in
e;periment 2. Less drastic reductions in Killer cell

activity were observed with anti-Ly 4.1 and 6.1 treated
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Table 18
Effect of costimulator on the CTL response of CBA*Spleen
cells treated with Ly antisera!
. KA X 108
Antiserum used % Cells Killed :
to treat by treatment -Costimulator +Costimulator
.responder cells
Experiment 1 \ ,

NMS 0 1050 1800
anti-Ly 4.1 52 - 934 1860
anti-Ly 5.1 07 10 10
anti-Ly 6.1 s 544 716
anti-ly 7.2 88 _ - 10 688
Experiment 2

NMS T v 202 630
anti-Ly 1.1(#466) 23 4 4
anti-Ly 4.1 ‘ 45 136 597
anti-Ly 5.1 30 4 420
anti-Ly 6.1 14 85 B 460
anti-ly 7.2 5 4 317

'Spleen responder cells were treated with the antisera

- indicated plus complement and cultured with irradiated

stimulator cells in the presence or absence of costimulator
generated from CBA/CaJ mice. The antisera were used at
1/7.5 dilution in Experiment 1 and at 1/20 dilution in
Experiment 2. Experiment 1: Responders were 1.5 X 105
CBA/Cad (H-2k) spleen cells, or the equivalent number of
treated cells. Stimulators were 1.5 X 105 (C3H/Hed X
DBA/2J)F1 (H-2Kk/d) spleen cells. Experiment 2:
Responders wege 2.0 X 105 CBA/J (H-2k) spleen cells or
equivalents; SSEmulators were 2.0 X 105 (CBA/J X .
DBA/2J)F1 (H-2KW/d) spleen cells. 51Cr-labeled P815 cells .
H-2d) were used as targets in both assays. Fraction 3 and
costimulator were used in experiments 1 and 2, respect-
ively. The cytotoxic activity in cultures, assayed on day
5, is expressed in terms of the parameter KA (see Materials
and Methods), which is proportional to the number of Killer
cells. Cultures in which responder cells were incubated
alone gave values of KA ranging from <10 to 33 X 10-8
(Experiment 1), and <4 X 10-8 ?Experiment 2).
Responder cells cultured with costimulator, but no antigen,
gave KA from <10 to 84 X 10-¢ (Experiment 1)
and from <4 to 14 10-% (Experiment 2).

N
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'precursors In summary, the requirement for Ly 7* helper

cells for CTL responses appears to be met by costimulator.

Costimulator Restores CTL Responses Against Stimulator Ce]]s'

Inactivated by G]utara]dehyde Fixation or UV Irradiation

Treatment of al]ogene1c ce]]s used as stimulators in
CTL cu]tures wi th either glutaraldehyde or uv light renders
them noh—immunogenic~(Lafferty and Woolnough, 1977).

Addition of antigen-specific helper cells to cultures

‘containing_glutaraldehyde fixed stimulator cells restores

the CTL response (Pilarski, 1978), and addition of crude
supernatants from Con A_stimulateg spleen cells restores'the
immunogenicity of UV irradiated siimu]ators (Talmage et al.,
1977). Thus the alloantigens on stimulator cells appear to
be effective after these two types of treatment, but their

capacity to serve as stimulators has been lost. We examined

\pthe effect of costimulator fractions 3 and 4 on the

.immunogenicity of glutaraldehyde fixed and UV irradiated

(CBA x DBA)F1 spleen cells in a CTL response mounted by CBA

spleen cells. Figure 36 shows that costimulator restored the

response against glutaraldehyde treated stimulator cells, if.

the concentration of glutaraldehyde used for the 3 minute {

treatment was less than 0.1% (v/v). At glutaraldehyde

~concentrations over 0.1%, the antigens on the cell surface

may have been altered sufficiently not to resemble antigen
expressed on a 1ive@target cell.

'Exposure of stimuTator cells to a 15 Watt UV lamp for

0.1 min at a distance of 11 cm was sufficient to competely

/
;
/
/
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Figure 36. Costimulator restores the CTL response against
glutaraldehyde fixed stimulator cells. (C3H/Hed X DBA/2J)F1
spleen cells to be used as stimulators were exposed to the
concentrations of ‘giutaraldehyde indicated (v/v) as in - '
Materials and Methods, section R. CTL generating cultures
contained 2.0 x 105 CBA/J splenic responder cells, and an
equal number of irradiated stimulator cells in a 0.2 ml

" volume. Costimulator fraction 3 from CBA/CaJd mice was use

at 4 units/ml in half the cultures: . ‘ :
(o) with costimulator
(o) without costimulator.

‘Cultures were assayed on. 3 x 104 5'Cr-labelied P815 térget

cells. | .
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are triggered in the presence'of'factor but not in its

190 . -

abrogate the generation of CTL by respond1ng CBA cells

(Table 19, Exper1ment 1). Costimulator restored the . e
immunogenicity of the stimulator cells, even when the‘
irradiation period was increased to 16 minutesr,Experiment 2
in Table 19 shows that the stimulator cells must be held at

a minimum distance of 20 cm from the UV source to be

. ' t ‘
completely inactivated ' o

The enhancement by costlmulator of the normal CTL
response of sp]een cells seen in Figure 36 and Table 19 may
reflect the use of somewhat subopt imal conditions for the
cu]tures. These might include 1imiting numbers ef he 1per
cells in the responder. spleen celi popu]atien, 11miting
numbers of macrephages, or a non-optimal retio of
stimu]atin%.tb responding cells. (This latter factor was
discovered subsequently; the optimal ratio was not
consistent throughout the series of experiments, as had‘been - {

t

assumed. ) Another possibility is that lower affinity clones

8

'absenee. At any rate, the augmentation of a low normal

response by costimulator in no way invalidates the
qualitative conclusions indicated by‘the‘experiments.
Costimulator Promotes a CTL Response in the Presence of
Limiting numbers of Stimulator Cells N

One of the explahations for the lack of immunogenicity
of metabol1ca11y 1nact1vated st1mulator cells is that they
express a lower dens1ty of the relevant ant1gens Thus if

stimulators were inactivated using act1nomyc1n D, they still

- . \
.
)
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Table 19 r

Generation of CTL against UV irradiated sﬂimu]ator cells

in the presence of costimulator: effects of time.of UV
exposure and distance from source\

Experiment 1: .
Minutes stimulator o , KA x 108 ¢
cells exposed to U : . ; ‘
light? B -costimulator - +costimulator
no stimulators - <4 17
0 : , ‘ 92 688
0.1 <4 711
0.25 : <4 638
0.5 <4 708
1.0 <4 660
2.0 <4 557
4.0 <4 429
8.0 <4 - 361
16.0 - <4 404
Experiment 2: o -
Distance of stimulator
cells from UV light(cm)?
no stimulators ' <10 . <10
no UV exposure - 190 - 1560
5 oo <10 . 610
10 <10 820
20 <10 ‘ 980
30 72 980
40 87 1141
50, 104 1060
60 137 1249

e he o o= e e M o e e e 8m e em e e = e e M M m M e M T e o e e am we A e e e e G W Ae e M e e W e e e e

1 CTL-generating cultures contained 1.5 x 105

" CBA/J spleen responder cells and equal number of (CBA/J
x DBA/2J)F1 stimulator cells per 0.21 ml. Costimulator

fraction 4 (Swiss mouse-derived) was added to some cultures.
Al11 stimulator cells were gamma irradiated, and some also
received ultraviolet (UV) irradiation as indicated.

Cultures were harvested after 5 days and assayed on P815
targetgé.Killing activity in cultures is expressed as

KA x 108, § '

2 Cells exposed to UV light at a distance of 11 cm.

3 Cells exposed to UV, light for 10 seconds.
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provoked a response if,they.Were added to cultures in higher
numbers (Wagner, 1973). The experimentlin Figure 37 was
designed to determine whether coéstimulator would help to -
generate a CTL response in the presence of limiting numbers
of stimulator oells. The response of 1.5 x 10% CBA spleen"
ce11s to é x 105 (CBA x BALB/c)F1 stimu]ator cells was good,
but as the number of stimuletor cells decreased to 0.37 x
" 105, the response dropped to undeteotable 1evels.v {
"Costimulator increased the response;significant1y at low
“antigen dose, although the responses‘at high antigen‘doses
were even better if factor waS‘added. The reason that the.
'faotorbrep%3ced the requirement for en optimal number of
'stimuTator ceils is unclear One poss1b111ty is that the
responder + stimulator interaction produces more endogenous
cost1mu1ator at the opt1mum‘rat1o. Another is that. the
responder’s antigen-specific helper T ce11s are induced more
efficiently at high doses of antigen Costimu]ator night‘act
to overcome such a requ1rement for helper T ce]]s, as has
,been dlscussed above. '
Generat1on of CTL Aga1nst TNP-Modif ied Se]f from Thymocytes
in the Presence of Costimulator

For costimulator to.haVe bioiogjcal relevance in CTL
generation in Vivo, and for in vitro dpp]ications in cancen
immunofherapy. the factor must be effectiVe in promoting CTL

| agawnst autologous cells which have become modified. One

mode 1 system of cTL responses aga1nst mod1f1ed self is the'i

response aga1nst syngene1cllymphocytes whych.have been

|
/
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Figure 37. Costimulator promotes a CTL response when the
number of stimulator cells is limiting. Cultures contained
1.5 x 105 CBA/J spleen responder cells and the indicated
number of irradiated (CBA/J x DBA/2J)F1 spleen cells as
- stimulators in 0.21 ml volume. Quadruplicate cultures were
assayed on 3 x 104 5'Cr-labelled P815 target cells.
(0) Cultured without costimulator.
(o) Cultures contained 4 units/ml of fraction 4 cost1mulator
from Swiss spleen cells. _
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' trinitropheny]ated (Shearer, 1975). (DBA/2 -x BALB/cC)F1 or
DBA spleen or thymus cells were cu]tured}with TNP-modified
spleen cells as stimulators with and without costimulator
(Tabte 20). The resJonse of thqus~cells was-negiigib]e
without added costimulator (KA x 108 <1), but a good
response was observed if‘eultures contained factor (KA x
108=68) . The response of spleen cells to TNP-modified self
was enhanced in one experiment (1), but not in the other '
'(2).'The CTL}from.such cultures did not lyse P815 targets
which had not been trinitropheny]efed (experiment 2). The
TNP-modi fied splenic stimulator cells were an aesolute "
frequ1rement for the response - unmodified gamma. 1rrad1ated
spleen did not stimulate (experiment 2). Thus costimulator
is active in generation of anti-modified‘seif, as well asx 
anti-allogeneic CTL>responses. ’

CcTL Genereted Using Costimulator are Antigen Specific, and |
Carry the Ly 1.1 Antigen o | '
To ensure that the CTL .generated from splenic_and'

thymic precursors in‘the-bresence of costimulator are
specific for the target cell which was used as antigen in
the cultures, CBA/J (H-2k) cefls‘ﬁerevcultUred with either
P815 (H-2d) or EL4 (H-2b) tumor cells as stim'ulators‘, and
thenrassayed on both targets CTL generated in the presence
of P815 and cost1mu]ator 1ysed mainly P815 targe}s but
showed some increase in the1r ab1l1ty to lyse EL4 over that

 of cells which had been cultured e1ther alone or on]y w1th

costimulator (Table 21)y The 1ys1s of EL4 was greater for
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Table 20
2 : @
Costimulator promotes a CTL response by thymocytes against
TNP-modified syngeneic spleen cells' :

Responder ‘ ‘St1mulator Cos KA x 108 ,
ce]ls ' ce]ls ~ (target cell)
- : TNP-P815 - P815
Experiment 1: .
. thymus - none - <1 ND
- thymus none + 2 . ND
thymus . TNP-spleen - - - <1 - ND
thymus , TNP-spleen + 68 : ND
spleen. "~ none - A4 ND
spleen ‘ none + 8 - ND
spleen : TNP-spleen - 56 ND
spleen : TNP-spleen ® + 126 ND
Experiment 2:
spleen , - none - 3 2
spleen : none + 3 2
spleen = .. normal spleen - 1 <1
splieen normal spleen + 2 @
spleen INP-spleen - 74 <1
~spleen - TNP-spleen + 50 2

- m o e o e Mmoo m o e S o e R M e e e e o e M G e e E e o e e oM e s ohes e o e e o e om e W

! CTL generat1ng cultures contained 1 x 106

responder cells and an equal number of gamma 1rrad1ated
syngeneic splenic stimulator cells (which had been TNP-

- modified or not, as indicated) in a final volume of 0.2
- ml. After 5 days, cultures were assayed on 3 x 104 '
P815, or TNP-modified P815 target cells (Materials and
Methods) Killing activity in cultures is expressed

as KA x 108. Experiment 1: DBA/2d responder and
stimulator cells. Experiment 2: (DBA/2J x BALB/cCr)F1
responder and stimulator cells. Costimulator (Cos) -
fraction 3 was used in both experiments.

L9l
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‘Table 21
Aht1gen specificity of CTL generated from thymic _

and sp]en1c lymphocytes in the presence of
costwmulator1

e e i ke m e e e et e e e e e R T M e M e A e e e e e e m o e e e e e e M e e e e m e e =

"Responding * Antigen | KA x 108 &
cells ‘ , (Target)
: P815 . _ EL4
Costimulator
- 4+ : - +

spieen none - <3 20 | 3 10
3.3x105/m1 P815 120 640 \ -4 20
EL4 . @ 110 L 15 10
thymus _ none - <3 3 <3 3
10x105/m]l P815 L3 - . BS ‘ <3 -5
_ﬁ EL4 3 0.« 85
thymus  P815 ND . 140 ‘ND, 5
3.3x105/m] ELA N 10 ND 70

- e e e e o m A e e e o M S Em e e e e ae e m e E e e e e em e e e e e o e e e e = e = =

1 CBA/J (H 2K) responder cells were cultured with

! x 104 irradiated P815 (H-2d) or EL4 (H-2b) tumor-

‘cells as ant1gen.,1n the presence and absence of CBA/J

fraction 3 costimulator at 4 units/ml. The'culture volume.
was 1.0 ml. After 5 days, the cultures were divided into
two portions, and assayed on both EL4 and P815 targets.

- Killing activity in cultures is expressed as KA x 108.

ND, not determined.

k)
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spleen than for thymus der ived CTL and prdbably rgbresents
the ampl1f1cat1on of CTL clones which crossreact Wlthv

: antlgens present on EL4. Thus costtmulator generates CTL

. which are antigen specific. The CTL harvested from cultures |
of'CBA'spleen cells stimulated by’tCBA X BALBlFl spleen |
cells in the presence of costimulator are sensitive to
treatment with ant1 Ly 1.1 antiserum and eomplement (F1gure
e 38), or Thy 1.2 serum and complement (data notrshown), In
summary; the eharacteristics of ClL which develop in.’ |
cultures containing costihulator are similar to;those:of cTL.
Vstlmulated by anttgen aldne in terms of specifieity‘and; |
surfaee markers. ' |

2

Cost1mulator is Requ1red Throughout a CTL Response,'

In the CTL exper1ments presented SO far costlmulator
was ;adsd; along with antigen, at the inlttatton}ofb.
cultures 'In'the experiment shown in Table 22, CBA
thymocytes were cultured with P815 st1mulator cells and
‘ cost1mulator was added or removed at various t1mes Additien
of costtmulator at the initiation of culture gave a gdod
response, but'later add1tton, at 24 or 48,hrs, was
‘ineffective Remov1ng the factor after 24 48 or 72 hrs also‘g
abrogated 1ts efffect. Thus cost1mulator appears to be
"v cont1nuously requ1red for at least the first 3 days ot a 5
.day response. A requ1rement for the factor through day 5 is
shown in Table 23. CBA (H -2K) thymocytes were cultured wtth
EL4 (H—2b) tumor cells as antigen for 5-7 days before assay.

dCostimulatqrﬁ(fractiqn 4) was removed from a grbuphqf N
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Figure 38..CTL generated from CBA spleen cells in the

presence of costimulator bear the Ly,J].1 antigen. Cultures
contained 1.5 x 105 CBA/CadJ resp ¥ spleen cells, 1.5 x

105 (CBA/CaJ x BALB/cCr)F1 irradiated spleen cells as

stimulators, and costimulator fraction 4 from CBA/Cad mice

at 4 units/ml1, in a total volume of 0.21 ml. After 5 days of
culture, cells were harvested, treated with NMS or
monoclonal anti-Ly 1.1 (antiserum 147A), and assayed for
killer cell activity on 3 x 104 5'Cr-labelled P815 target
cells. Treatment with the sera (used at 1/20 dilution) was
done at a cell concentration of 4.8 x 108 viable cells per
ml. Seventy percent of NMS and 19% of anti Ly 1.1 treated
cells survived. Effector to target cell ratios are based on
the numbers of cells treated with antisera.

(@) control; no treatment prior to assay

(4) NMS + complement

(o) anti-Ly 1.1 (147A) + compiement

.+ (m) control; cultured without antigen (no treatment).
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. Table 22
Effect of addition and removal of costimulator on the CTL
‘ response’ ' '
Time Time Costimulator
costimulator costimulator replaced KA X 108
added (hrs removed (hrs
of culture) ™ of culture)
________________ S R
none added - - <2
0 - - 211
24 - - 5
48 - - 4
0 24 no <2
.0 24 yes 103
0 48 no <2
0 48 yes 123
0 72 - no <2
0 72 yes 182

e i i T Tt T e

' One million CBA/J thymocytes were cultured with 1 X

104 irradiated P815 stimulator cells in 12 X 75 mm sterile
plastic tubes. The culture volume was 1.0 ml, and the
medium was MHFM. Costimulator (fraction 3 from CBA/CaJ .
mice, used at approximately 5 units/ml) was added or removed

- at various times. Costimulator was removed by aspirating the

supernatant away from the cell pellet,-washing the cells in
4 m1 of medium and resuspending them in 1 ml. To control
for the effects of manipulating the cells, fresh

- costimulator was added back to some cultures (marked "yes"

in column 3). After 115 hours of incubation, triplicate
cultures were assayed on 5'Cr-labeled P815 target = p
cells. ' : .
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Table 23

Effect of removing costimulator from CTLfgeneratiﬁg
cultures during the first 5 days'

.._..-.—-_.._~-.____......-_—__.-_.__...__.-_--___—____-_.._...._-—..._-____-,

Day costim- Fresh costim- KA X 108
ulator removed ulator added - (Day of assay)?
* 5 - B 7
1 no 4 <4 <4
1. yes <4 32 42
"\ 2 no <4 4 <4
¥ 2 yes 18 33 93
3 no <4 4 v <4
3 yes 17 74 116
4 no <4 4 <4
4 yes 17 53" 107
5 no <4 <4
5 . yes 37 93
72 no. , 117
7 yes 139

._.-_..._.._.-_____.._...-—...._-__—..-_...__..h-..._._—_..___.._—-_—__—--__-_..

1 cultoxes (0.21m1) contained 3 x 105 CBA/J

thymocytes and 3 x 103 irradiated EL4 tumor cells as
antigen. Xraction 4/ costimulator was added at 4 units/ml to
all cultures on d 0. Cultures were assayed-on days 5, 6
or 7, using\2 x 10* 5'Cr-labelled target cells.

Killing actiXity/in cultures is expressed as KA X 108,
Costimulator was removed from cultures and added back as
described in Table 22, after transferring the cells from
microtitre wells to plastic tubes.

2 Cells were washed and resuspended in fresh medium

0.5 hr before addition of target cells.

3 The values of KA x 108 for control cultures

containing responder cells only, and responder cells plus
costimulator were <4 on all days assayed.
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cultures daily over the period of 1-5 days. There was no
detectable CTL activity‘on days 5, 6 or 7 if costimulator
was removed as 1ate‘as day;4. Contbofculturés showed CTL
activity on day 5. When co;}fmulator was removed from
parallel cultures on day 5, however, there was no Killer
activity in them 24 hr later. Costimulator is ciearly not
required for the killing process itself, since the level of
Killing in CTL cultures washed free of factor immediately
prior to assay'(on day 7) was not significantly diminished.
The conclusion from Tables 18 and 19 is that cpstimulatbr is
required at the beg%nning of the cu]ture period, aﬁd is also
reduired to maintain killing actiVit; in the‘cultures. It
appeérs as‘though.the CTL»depend'Upon costimulator either
for pro]iferatidn; or to maintain viability or function. .
Costimulator is not H-2 Restr5¢téd, Does not Bear Ia
‘Determinants and is Probably Aﬁfigen-Nonspecific
Aliquots of the CBA/U (H-2k),cbstimulator which had

been passed over anti-la(k) and anti—la(S)‘célumns and
aséayed f;r activity in the thymocyte proliferafibn assay
(Chapter 111, Figure 16) were tested for their ability to
stimulate the deve]opment of CTL from CBA thymoCyté
pfecursors.‘The material from the anti-Ia(K)'co]uﬁn was as
effective as that which had been passed’oyér the control
anti?la(S)véolumn,’indicating tRat la determinants are not
preseht‘on the molecules responsible for CTL géneration

(Table 24). The fack of H-25restriction'of'thelfactor is

shown in Table 25. CBA/J (H-2k) thymocytes gave a good CTL
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Table 24

CTL-stimulating activity of CBA/J cost1mu1ator after
passage over anti-la immunoadsorbant columns'

T T T T e Tt T

Y ; o KA X 108
Dilution of . Antigen : . .
costimulator A Adsorbed: Anti la(s) Anti la(k)
1/10 | + 82 50°
1/20 . + 94 82
1/40 + 38 61
1/80 + 31 49
1/160 + 15 8
1/20 - 3 4

' Fract1on 3‘cost1mu1ator ‘generated from CBA/J (H-2K)

spleen cells was passed over anti-Ia{S) or anti-la(k)

columns. The unbound fractions were tested for CTL
stimulating activity at various dilutions. CTL generating
cultures contained 3 x 105 CBA/J (H-2k) thym

responder cells, and 3 x 103 irradiated EL4 (H 2b)
stimulator cells. Cytotoxic act1v1ty, expressed in terms of
KA, was measured on day 5 using ®'Cr-labeled EL4

ceP]s as targets. The value for KA of cultures conta1n1ng
CBA/J thymocytes with no antigen or costimulator was <3 X
10-8. The preparations of costimulator tested

~are the}same as those used in Figure 16.
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reéponse to both P815 (H-2d) and EL4 (H-2b) tumor cells in
the presence of ei ther BALB/C (H-2d) or CBA/J - derived
costimulator. If the factor were H-2 regtricted, the CBA,
but not the BALB material would be active on'CBA precursors.

" This experiment (Table 25) also suggestS'tHat the
factor is nonspecific, rather than a polyclonal mixture of
vantigen specific factors. Thé argument assumes that the CTLV
response of CBA precursors against a]logeneié‘tumor ce]ls*is
, méinly directed against ma jor H antigens, and that an
antigen specific factor against a se]f'antigen.woﬁld nof be
produced in'as great- a quantity és a‘factor'spécific-for ah
a]loantigen .If costimulator Were specific it would be
pred1cted that factor produced by BALB/c (H-2d) spleen cells
‘would be less active against the near-self antwgen P815 ,
(H-2d) than against the alloantigen EL4 (H-2b). Cost1mu1a{or
produced by CBA spleen cells would be expected to‘haVe'fQJI
activity against both -tumors, since both abe allogeneic. The
heéults clearly show BALB/cgcostimulator to'be as active in
an anti-H-2(d) as in an anti H-2(b). response. Thesﬁ?data
'spggest; but do not prove, non-specificity of the factor.
Ability 6f Costimulator to Bypass the Requirement for A
Cells in CTL Responses and in the Secondary T Cell
Proliferative Response to PPD- | .

" The possibility that the A cell requirement for CTL
generation'might reflect the role of macrophages in’ |

‘costimulator production waslinvestfgated. If thisvweré SO,

the normal requirement for A cells in a CTL response might
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Table 25 o Iy

: Cost1mulator does not show self to]erance for MHC
antigens, and is not MHC restricted!

e e M e em e e o e e e e o o A e = e e e e e M e m em e e e e et em o e b e o e e e e - o e

. ; : - KA X 108
: k%tigen - Source of
' costimulator  Target: P815(H-2d) EL4(H- 2b)

——-_-__..._-_.—_-__-_.._-.—--_..-_____--.-__....__..._..—__—_-_—___-__

none " none ' . <

1 1

none v CBA . , 2 <1

none . " BALB/c ‘ 2 .3

Pg15 none _ IS S

- P815 : CBA . - . 73 )

P815 : BALB/c . ' 66 3

EL4 | none . (1 3
o EL4 . CBA o6 - 107
EL4 - BALB/c 4 54

- e W e m e e o e e e e e g M Ee e Ee e e s me m  Em R e M e M e e e e am e e e ae e e e e e e - e e

" CBA/J (H-2k) thymocytes (1 x 108) were :
cultured with 1 x 104 P815 or EL4 tumor cells in «

1.0 ml. Costimulator from CBA (fraction 3) or BALB/c
(fraction 2) spleen cells was added at about 4 units/m]l
where indicated.” After 5 days, cultures were divided into
2 portions and assayed on P815 and EL4 target cells.
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be overcomevby the addition ot.costimulator to the culture
medium vPassage over ny]on wool reduced the number of Ki]ter
] cells generated by BALB/c or. (BALB/c’x DBA/2)F1 1ymph‘node
‘cells co- cu]tured with EL4 stimulator ce]ls (Table 26). CTL
: act1v1ty»was restored to.control levels by the addition of
costimulator. In Experiment 2, fractions é‘and’4 were
vtitrated. When added at the same levels, as defined by units
~of activity in the thymocyte}proliferation assay, they gave
\a similar'degree‘of stimulation in the CTL responsen The
addition'of irradiated}peritoneal cells (containing a high
proportion‘of'macrophages) at the optimal concentration was
less effective than cost1mulator in restorlng the response .
(Exper1ment 1).
Another system in wh1ch macrophages have been found to

_be an absolute requirement is in the secondary pro]1ferat1ve
| response of 1ymph node.T cells to the antigen PPD (Lee,
f1980)' Drr K.-C. Lee Kindly performed an assay to determine
whether costimulator can replace maCrophagesvinlthis'type of
'g T cell response.'Antigen-prjmed 1ymph node'T cells depleted

Cof macrophages on nylon wool do not proliferate‘in response
gto:PPD (Table 27). The addition of costimulator fraction 4
or peritoneal macrophages stimulated the response. However,
the macrophages were more eff101ent than cost1mu1ator in
restor1ng the response the latter causing only half the
level of DNA synthesis seen in control cultures containing
unfract1onated lymph node cells The greater efficacy of

macrophages was more pronounced if the lymph node cells were
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Table 26

Effect of costimulator on the CTL response of nylon
wool- pur1f1ed T cells! "
. _ . KA X 108
Number EL4 Number Costim. Unfractionated  Nylon wool
stimulator irrad. fraction LN responder purified LN
cells per PC per and cells ..+ responder
culture culture units/ml ' cells
(X 10-4) (X 10°5) : : '

,.‘..._..._.._-..-_.._..-..__-____--—__-___..____._—___....-.-_—---._...__.__—_

vniversny o AlUCTId

Experiment |

0 0 none 8 <4
.0 0 3, 4 U/ml 11 8"
1T 0 none 242 32
1 0 3, 4 U/m1 479 550
3 0 none 198 - i 12
3 0 3, 4 U/ml o 802 ’ ’ 549
3 10 " none ND <5
"3 -3 none ND . <5
3 1 none ND o 248
3 0.3 . _none “ND 137

Experiment 2 S '
' 0 : 0 none 6 . - <6 .
0 0 3, 6 U/m _ ) LB
0 0 4, 12 U/ml 12 17
0 0 4, 6 U/m1 4 6 . 7
0.1 0 _none ‘ 179 : 82
0.3. 0 none ' 332 T o1
1.0 0 none - 237 - 7
0.3 0 3, 12 U/ml 508 ‘ - 923
0.3 0 3, 6 U/ml 960 - 480
0.3 0 3, 3 U/m 626 _ 320
0.3 0 3, 1.5 U/ml 441 - 136
0.3 0" 3, .75 U/ml 321 60
0.3 0. 4, 12 U/ml 622 . 769
0.3 0 . 4, 6 U/ml 951 , 653
0.3 0 4, 3 U/ml . b27 333
0.3 0 4, 1.5 U/m - 538 627

e e e e v e M e M e o e B e e e e e e te M W e GR TR Bm e mr e e i w m e e e e o e e

' Normal or nylon wool purified mesenteric lymph node
cells were incubated with irradiated EL4.(H-2b) cells as
stimulators. Irradiated peritoneal cells (PC) or
costimulator were added to cultures at the concentrations
indicated. The responder cells were 2 x 105 (BALB/cCr

x DBA/2J)F1 (H-2d) lymph node cells in Experiment 1, and
2 x 105 BALB/cCr lymph node cells in Experiment 2.
Cultures were assayed on 5iCr-labelled EL4

targets. ND, not determined; LN, lymph node.. ’ S
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Costihulatdr fraction 4 partially replaces the requirement
for macrophages in a secondary proliferative response’

Rl i T i T o T ey,

CPM
Responding Additions 0 PPD +PPD
cells ‘
Unfractionated none 958 72,811
Ny lon wool none 81 1810
(once) costimulator _
purified 3U/m) 6825 33,820
: 1.5U/m1 2252 21,829
: 75U/ m1 1781 12,282
.. .38U/ml 353 7294
.19U/m] 130 3989
macrophage :
‘ 103 - 66 17,730
3 x 103 112 54,502
104 . 430 111,829
3 x 104 " 1679 131,664
105 6804 30,061
Nylon wool none 465 1891
(twice) costimulator .
purified 3U/m] 3862 14,837
" 1.5U/m] 2226 14,210
.75U/m1 838 . 4843
.38U/m} 312 3147
.19U/m1 151 1600
‘macrophages -
' 103 272 8874
3 x 103 468 22,331
104 207 69,567
3 x 104.§% 791 109,479
105 7538 55,015

- S e e e m e e e e e e e e E e e e E R E e . e M A e e e e e e e o e e =

1t This assay'was performed by Dr. K.-C. Lee; and

details of the methods employed are

given in Lee (1980).

The cultured lymph node cells were from CBA/Cad mice which
had been primed with PPD (purified protein derivative of
tuberculin), They were enriched for T cells by passage over
nylon wool once or twice. The response was measured as the
amount of 3H-dThd incorporated into DNA in the 24 hr

prior to harvesting the cells at 96 hr. The results are

expressed as total cpm ipcorporated:
Costimulator fraction 4 LSwiss) or peritoneal

B
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macrophages were added to cultures in the presence or °
absence of PPD (100 micrograms/ml). Cultures contained 2 x
105 lymph node cells. '
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tacutelyvdepleted of macrophageS‘by two passages oyerpny]on}
woo | (1ower set of data in. Taple 27). Thus it is not clear
whether costtmulator can ful]y replace the requ1rement for
: macrophages in this system or whether it can only act in
the presence of_res1dual macrophages. In evaluating the role.
of the factor, ‘it must be taken into.consideration that with
a soluble antigen such as PPD, macrOphages might be i
necessary for antigencpresentation, as'well as'for the
elaborat1on of soluble factors. ;1"" .
The Ro1e of Costtmu1ator 1n the Ant ibody Response to
Heterologous Erythrocytes 1n\v1tro

‘Con A-induced factors have been‘reported to replacet

¥

“2315 in»AFC_reSponses against heterologous ‘

in'vitro:(Watson 1973; Schtmp] and Wecker,f

_fr1ments were carried out to determtne whether the

g;lac1ng act1v1ty in crude supernatants from Con

;ated spleen cells copurtfted thh cost1mu1ator ”as\

iby its actjvqty in the thymocyte pro]1ferat1on

_ ’tthough‘fraction 3‘costimu1ator}enhanced the AFC

Mse of CBA/J and BALB/c spleen ceits fo SRBC (Table

-at fa1led to promote a response by T-cell depr1ved
‘(nu/nu) sp:een cells (data not shown). The enhancement of .

- the 96 hr response of norma] spleen cells occurred only when
the factor was “added at the t1me the cultures were
initiated, or w1th1n-the‘next dayu Addition 2 or 3_day5‘;'
later proved ineffective. | o

~ATE

pugh nude mice on a BALB/c background fa11ed to
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respond to SRBC in’gur experiments, the Same,strain of mice,

used by Dr. U. Watson?-were'responsive to SRBC in the

~presence of costimuTator.’The reason for this difference is

" not known. However, 1in coTTabOration with Dr. Watson, using

his BALB/c nude mice, we were able to conf1rm that -

cost1muTator act1v1ty in the thymocyte proT1ferat1on and CTL

- assays copur1f1ed with’ the T ceTT rep1301ng activity in Con

A supernatants. A preparat1on of,fract1on 5 costimulator

from our .laboratory was active in the AFC response -of nu/nu.

AspTeen cells aga1nst SRBC (J. Watson, personal

' commun1catlon) Furthermore, T ceTT replac1ng factor (TRF)

prepared and purified through 1soeTect£lo focusing in Dr.
Watson s Taboratory was active in the thymocyte IR

proT1feratlon and CTL assays in our Taboratory (F1gure 39).

~ Upon isoelectric focus1ng, TRF act1v1ty can be resoTved 1nto o

 three peaks, of pl 3.0 - 4.2, 4;3,’and 4.5 (Watson.et al:

1978b). The materiaT_from the pl 4.3 and 4.5ipeaks had

",actiVity in the»thymoCyte proTiferation and CTL assays‘

(Figure 39 A and B) The CTL assay measured the response of
CBA/J thymocytes aga1nst the aTTogene1c tumor ceTTs P815
The pl 4.5 mater1al had—s]1ght1y more~act1v1ty than the pl
4.3 pooT in the CTL assay. The amount of factor requ1red to

give 1 un1t of act1v1ty in the CTL response was about double

'that requ1red for one un1t of act1v1ty in the thymocyte

proT1ferat1on assay The amount of factor needed for a unit

-of TRF act1y1ty in the nude spleen ceTT cuTtures,(aTso

defined as 1/3 of the maximal response) is the same as for
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Figure 39. Costimulator activity in TRF preparations
resolved by isoelectric focusing. Samples of TRF (T cell
replacing factor) were provided by Dr. Jim Watson. They
consisted of TRF which had been chromatographed on Sephadex

 G-100 and DEAE-cellulose, and then subjected- to isolectric

focusing. Two pools of TRF activity were made: representing
material of pl 4.0-4.3 (&) and pl 4.3 to 4.5 (4). Both pools

_had activity in the TRF assay, the ability to promote an

antibody response against SRBC by nude spleen cells. A:
activity in the thymocyte proliferation assay. B: Activity
in the CTL assay. CTL generating cultures contained 1 x 108
CBA/J thymocytes and 3 x 10* irradiated P815 cells as
antigen in 0.22 m1 medium. Cultures were assayed on day 5
using 3 x 104 5'Cr-labelled PB15 cells as targets. The
arrows mark a unit of activity - the amount of factor that

“produces 1/3 of the maximal response.,
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the CTL assay (Watson et al.; 1979c). The mitogeneic
response hight be more sensitive to factor than the CTL and
AFC response. Aiternatiyely, the requirement for more factor
in the CTL and AFC assays may be a result of the much‘higher
cell concentrations used in these assays (5 x 106/ml and 10‘}
x 108/ml, respectively)~cohpared‘to the concéntration used
in the thymocyte proliferation assay (0.5 x 30§/m1).21n view
of the finding that IL2 factors are absorbed out by
activated lymphocytes (Coutinho et al., 1879; Smith et al.,
1979c) the.f;tter gxplanation seems more likely.

The Tow pl (3.0 - 4.2) material with TRF activity

(Watson et al., 1979¢c) had no activity in the thymocyte

4proliferation and CTL assays, nor did it have any inhibitory

activity'Which would mask the effect of costf%b]ator (J.

" Shaw, J. Watson and V. Paetkau, unpublished results). This

low plI TRF activjty is . thought to represént another
molecular species wi%ﬁ antigen-specjficity (J. Watson,
personal communication). Unlike IL2 factors, it.is active if
added to cultures during the final 1-2 day§,fand has been
termed “late acting factor.® :

In summary, -through collaborative studies with Dr.

Watson, we have determined that costimulator activity,

}originally'défined'as the ability to promote the

proliferative response to T cell mitogens of mouse
thymocytes cultured at low ce]l'density,'and later found to
co-purify wifh CTL generating activity, also co-purifies

with "T cell-replacing activity" in AFC responses.
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C. Discussion ‘
Bio]oo;caI Activities of Costimulator in vitro

The experiments in this chapter'descrfbe the
copurification through gel filtratioh, ion ekchange
chromatography, and fsoo]ectric foous{ng'of_three lymphoKine
activities which were not previously known to be related.
These are:
(1) synergy with the T cell mitogenvconcanévalin'A to
promote a pro]iferatiQe response by thymooytes (deficient in’
helper T cells) cultured at low cell density;
(2) promotion of CTL responses under several suboptimal
cooditionsfwhioh reflect a‘paucity‘of antigen soecific
helper cells or macrophages (see below);
(3) restoration of an AFC response aga{nst heterologous
erythrocytes by T cellsdepleted Spleen\ceils. It was
subsequently found that these three activities also
copurified with T Cell Growth Factor (TCGF) activity
(Kendall Smith and Gordon Mi11s;rpersona1 commqnication).

It is not proven that the three aotiVities are a function of

 the same\molecu1ar entity; indeed, thﬁs can only be

‘conclusiVély demonstrated after in vitro synthesis of thé

"costimulator" molecule.

| A]though the *background" levels in all of these
responses are enhanced by the factor, its activity in
synergy with mitogens or éntigens is far more potent. If is

therefore considered to be non-mitogenic. Background



UL AL

vtitversily

enhahcement mighf be a result of increasing ongqing
responses to antigehs previously encountered fn vivo, or
unintentionally presented in vitro, such as viral antigens
or immunogens in FBS, _ N
The most bio]ogica]{y fnterésting'part of this study
éoncern; the ability of the factor to promote CTL rééponses

under conditions where:

“a) the reéponder cells are thymocytes (Figure 55;‘Tab]es

21-25), which are deficient}ih differentiated helper T
cells (Cantor and Boyse, 1977; Pilarski, 1977); ' |
b)  the responder cells are'degﬁeted of Ly 7+ cells (Table
-18) which are known to héve heiper activity in CTL |
responsés against alloantigens'(Pilarski et al., 1980);
c) the stimulator cells have been rendered‘non-immunogenic
by glutaraldehyde fixation (Figure 36) of UV irradiation
(Téb]e 19), cénaitions which can be overcome by the
addition of antigen-specific helper T ce]]s"(PiiarsKi:
1979); |
d) the number of stimulator cells used is limiting (Figune
- 37); | N
e) ithe resbonder cells and stimulator cells are depleted of
adhéreﬁt cells, including macrophages (Table 26; H.-S.
Teh, personal communication).
Since costimulgtor is appareﬁtly secreted by an
antigen- or mitogen-activated helper T cell (Ly.1;,2',7*)
upon‘inferactiqn with a macrophage (Chapter 1V, Figures 25

and 26; Smith et al., 1979b), the simplest explanation for
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.the‘role of costimulator fn these responses  is that if
supplies the signal normally. provided by the macrophage and -
the~He1per T cell. If macrophégeg are'rehoveq‘from a
responder popﬁ1atﬁon;'sufficient endogehous cosfimulator

wou ld nét be produced, despife thé presence of'helper T
Ce]]s, Providinglsaturating amounts of the helper signal in
the forﬁ'of costimulaféf‘then oyehComes the‘réqufrement‘fof
the helper T ¢e11 péoduct; and therefohe-the.macfophage.
Similarly, the helper T cell would become superfluous.

It shQuld'be pointed out that the propdsed mode 1
predicts thatycostimu]atbr would errcome an ‘A cell or
macrophage requirement in responses where a macropHage'is
not stricf]y needed foh‘antigen‘presentatién. These would
probably include‘mitogeq responses, where sufficient mitogen
binds directly to.receptors}on T cells, and CTL responses,
in which theianfigen is presented in}ce]l-bouhd form, as on
a syngeneic or allogeneic spleen or tumor cell. Foﬁ example,
costimulator has been shown to'oveﬁcome_tﬁe requirement for
- macrophages in the Con A'responée of mouse thymocyfes |
cultured at optimal cell density (Mills et al., 1976). T
'ce]llresponses to soluble. antigens such as PPD may require
‘macrophages to present antigen in the most immunogenic form.
in this situation, the prediction would be an enhancement of
the response by costimulator, but an uitimate ]imitation of
‘the response by the nuhber of'macrophéges present fn the
responder popuﬁatioh.,This appears to have been the Case}in

the secondary fn vitro response against PPD, since- the lymph
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node cells which had been depleted of macrophages on nylon-

‘wool once were more responsive to costimulator and PPD than

those which had been passed OVer ny]on woo] twice (Table

27). The data presented do not eliminate the p0551b111ty

that a second signa1‘1s normally delivered by a macrophage,

and that costimulator acts to boost the number of .
maprophages or to enhance their functidnr however .
Mode of Action of Costimulator |

Two questions concern1ng the 1nvolvement of

hcost1mu1ator in CTL and ant1body responses. arise. What is |

the target of the factor - a helper T cell or‘the effector

cell itself? Does the factor act by increasing the number of

antigen-responsive cells by inducing prpliferatioh in the

stimulated population, or does it cause fur ther

differentiation of helper or'effector T cells? The data
COncerning-the CTL response. do not distinguish between the

factor act1ng on a helper or a CTL precursor during the

induct ion of a response. Some preliminary data suggest that

costimulator may help in the generation of helper T cells

© from thymocyte prchrsors (data not given).. There is fairly

strong evidence that the factor can act‘djrectty'on a
cytotoxic lymphocyte however,'sinceiCTL can be cloned and

kept in culture for many months in the presence of IL2

(TCGF) and no additional antigen (Baker et al., 1978; von

Boehmer et al., 1979). Thus it is possible that costimulator

~can act on precursors of both helper and cytotoxic T cells.

Only activated T cells are targets for costimulator. .

o
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| o
TCGF is removed from culture medium by spleen cells

) stimulated by PHA, Con A or alloant1gen but not by normal
‘or LPS- st1mu1ated sp]een cells (Smith et al 1979a; Coutinho
et al., ﬁ979“ G. Mills, personal communlcat1on) In 11ght of

this f1nd1ng, it is pred1cted that the factor wou]d have no'

o effect ona T cell response to a. given antigen pPlOP to

- exposure of lymphocytes to that ant1gen This f1ts w1th our

'.observat1on that pre1ncubat10n of thymocytes with

, cost1mu]ator for one or two days d1d-not alter the time

required for a peak CTL response to deve]op after al]ogene1c}

cells were ‘added (data not shown) . |
If cost1mulator has no effect on unst1mu1ated

]ymphooytes it is perhaps because they do not- express the

'appropr1ate receptor for the factor. This would ensure that

cost1mulator acted as a second s1gna1 for the induction of

CTL, the first signal beingbantigen Neither s1gna1 alone is -

suff1c1ent to trigger a full response It has been suggested ‘
that the b1nd1ng of ant1gen toa T cell reoeptor (s1gnal 1)
1nduces the appearance,of‘the IL2 receptor, and that IL2
binding,to the receptor‘promotes clonal expansion of the CTL -
(Smith et_al.;'T979b)} 5eeping_in mind that other(
‘differentiative'signals may play a role in the induction of -
the response, the proposed model is in accord w1th all of
the data presented here

Cost1mu]ator is requ1red not only at the beg1nn1ng of a
CTL response in vrtro (Table 22), but throughout the

response (Table 23). If cost1mu1ator is w1thdrawn from

]
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active CTL'for a 24}hr period, the Killing actiQity in

cultures dlsappears. The CTL either become inactive_ or fail
to renew themselves. The active CTL precursors are

absolutely dependent u&gn the factor for clonal eXpans1on

| 1n1t1ally, and then for contlnued renewal. In. agreement ‘with

the model of Sm1th\et al., (1979b), the "second signal"

appears}tOgcontrol the magnitude and durationfof a CTL

response in v1tro |

The. target cell of’ cost1mulator—l1ke factors in the AFC
response aga1nst heterologous red cells is probably a helper”
T cell, and not the B cell precursor 1tself The failure of
cost1mulator to enhance an LPS response of spleen cells
(Figure 33), and to restore the AFC response of BALB/c nu/nu-
spleen cells (data not shown) is circumstantial ev1dence

that the B cell is not’a target for the factor. The

~ aforementioned inability of LPS - activated or norma | spleen

cells to adsorb costimulator from culture medium further

suggests that B cells do not possess a receptor‘for the

.factor. The ability of IL2 to restore the AFC response of

T-depleted spleen cells (Watson et al ., 1979a, 19790) may
res1de in the1r ab1l1ty to st1mulate helper T cell 1nduct1on

rather than the B cell precursors themselves Thus the

vdegree to wh1ch ‘a T cell; def1c1ent populat1on can be

st1mulated by the factor m1ght be related to the number of

.res1dual helper T cgells or the1r precursors For example,

there are CTL precursors in nude spleens wh1ch develop in

the presence of alloantigen and TCGF (Gl]lls et al., 1979),
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There may be hé]per T”¢e11 precurSOhs-as well, which might
differentiate.in the pregenCe of IL2. T-he]pef'cel1s
specific fof SRBCuhave-been propagated fof several months ih
" vitro by culturing them with TCGF (Watson, 1979).
| This issue has been complicated by the présence of
“non-1L2 ‘factors in all but £he most high}yfpurjfied e -
| fprepafations (Watson et al., 19790) The other type of -
factor is d1st1ngu1shed from IL2 by its lower pl. It has T
cell replacwng;act1v1ty, but unlike IL2, is effective if
'added‘latelin a reéponse, and may be an antigen-specific
factor (J. Watson, personal communicétioan It‘is considered
likely that this TRF factor interacts with B cells (Watson
et al., 1978c) and may}be responsible for "late aCting T.
'cell-feplacing activities” in breparations which also
contain ILQl(Schimpf and Wecker,ﬁ1975; Hunter ahd Kéttman;
1974) . | | ”' |
Specificity of Costimulator |
| Cost1mulator act1v1ty is ngt H-2 restricted in the
thymocyte prol1ferat1on (Figure‘31) or CTL assays (Table"
'25). This is in Keeplng with 1ts lack of sero]og1ca11y
détectable’Ia antwgens. The factor activity in the»thymocyté
prbliferation'kFigure‘16) and CTL (Table 24) was not .
retained by énti-lé'affinity.co1umns which were effective in
rehoving the activitonf the Ia+ AEF (Delovitch and
~ McDevitt, 1978). Most of the antigen-specific heTper or
- suppressor factors (Tab1¢,1) which bear la determinants are

also H-2 restricted (Tokuhisa et al., 1978; Shiozawa et
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,1977; Erb et al., 1976; Tada et al., 1979; Germain et
al., 1979). Twovexceptions to the corre]ation'between la*
factors and H-2 restr1ct1on are a he]per factor for

(T,G)- A——L (Tau551g et. al. 1975), and a hybridoma-secreted

‘suppressor factor for KLH 1Kont1a1nen et al. ,)1978)

The quest1on of cost1mu1ator s antigen spec1f1c1ty must

remain open. There are no conc]us1ve data presented here, or

concerning any ofrthe other IL2 factors; which discriminate

lbetween the factors being po]yc]ona] but ant1gen spec1f1c,

- or truly non spec1f1c In both cases, it would be predicted

that responses to all or'nearly all’antiqenswould'be helped

by preparations of the factor. The onlgtexception would be

that a specific factor might not be produced against self .
antigens‘ Table 25 shows‘that factor produced by BALB/c
(H- 2d) mice is as effective in an’ ant1-P815 (H-2d) as in an

anti-EL4 (H-2b) CTL response using CBA (H 2K) thymocyte

. precursors. Furthermore, BALB/c factor was as potent as CBA

~

‘factor in the ant1-H 2d response. These data suggest that

~ the factor activity is antigen-nonspecific, since an

anti-P815 response in unprimed ce1ls promoted by
H-2d- produced cost1mulator wou 1d probably const1tute‘an

anti-self MHC response However it is also possible that

Rz

the factor is ant1gen spe01f1c and contains antf—self

specificities, but that self tolerance is maintained at
PN

another level of control such as the number of CTL effector

i~ce11 precursors; The probability that "abnormal induction”
, .

of the CBA'precursors by antigen~specific anti-H~2K,factor

& | T
[ 7 ' .
N » . ) . .

¥
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via the a11ogeheic effect (Bretscher, 1974) was responsib]e.
for the'activity of the BALB/c factor is made less likely by,'

the observat1on that AEF has nod act1v1ty in CTL responses

{J. Shaw, L. Pilarski and T. Delovitch, unpubished

| resU]tsY

The prob]em of ant1gen speo1f1c1ty of Con A induced
factors would be ‘quickly solved if aff1n1ty columns
containing a part1cu1ar antxgen reta1ned factor activity

aga1nst that ant1gen but not others. However, columns

~ containing sheep or horse“erythrocyte'ahtigens do not absorb

out AFC-enhancing activity'against-these antigens from Con A

supernatangu(Bernabe et al., 1979; Harwell et al., 1976: J.

~Watsoh,'personal communication). Furthermore, fn vivo

‘pr1m1ng of factor produc1ng cells to enr1ch for react1v1ty

against a spec1f1c antigen, and in VIVO negative selection

Aus1ng the Sprent technique to dep]ete antwgen reactive cells‘

1ncreased and decreased respectvveJy, the factor activity

produced” to the partxcu]ar antigen (Bernabe et al., 1979).

" This apparent'paradox was resolved somewhat by the fﬁnding

that factor activity is specifically adsorbed out by ‘the

appropriatetigenFantibody complexes (for anmp]e‘antibody to

SREC bound' to SRAC) . Antibody alone did not adsorb out
activity The conclus1on from these exper1ments was that Con"
A factors cdhta1n a m1xture of d1verse molecules, some of

which have spec1f1c1ty for 1d1otypes or other determ1nants
in an ant1gen antibody complex which are exposed only after

antigen binding, and_others of whjchvare nonspecific.
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or tant question concern1ng the re]evance of
f%he specificity of 1L2 factors rema1ns
g;e1ng detected in the AFC assay actual]y
ﬁfthe late acting PFC enhan01ng factor of 1ow

‘ M ;by Watson et al. (1979¢c)? (TLe Con A factors
used Sjt,” jabe et al. were not purified.)-The Tow pl factor»
is'sen: fé to incubation at room‘temperatUre for 30 min

: : 2- Mercaptoethanol COStimolator (data not shown)
ansteVE; 5 other. IL2 factors {Aarden et al.;_1979t are

;-to this treatment, 'so thiS'queStjon cou]o be

It is not unreasonable to assume that both

qujckly~af;3ered

.fi that dhey have different b1olog1ca1 roles. -
'A hy{? .:”e has recently been descr1bed wh1ch secretes
éactor for AFC responses upon . st1mu1at1on with Con
A (Schrader et al., 1980). The monoclonal factor is equally

effective in promoting responses‘against SRBC,‘HRBC; and

-fluoresceln conJugated po lymer ized flage111n and is

therefore probably ant1gen nonspec1f1c If the phys1cal

" characteristics of this factor turn out to correspond with

those of.IL2, tnjs will provide evidence that the activity
resides in a nonspecific medfator. Gillis and Scneid (1980)
have recently discoVered that'a murine T cell lymphoma line,
LBRM 33, secretes TCGF upon Con A stimu]ation- Its product
11ke that of the hybridoma{mentioned above appears to be

antigen,nonspec1f1c.

3
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Compar ison of Costimutatorts Acttvtties tosThose'onOther_ ‘
#actors o . | |

'Therebts‘a general consensus that the factorsdin Table
2, des1gnated IL2, are the - same btochemtcal]y, and have the
same biological act1v1t1es (Aarden et al. { 1979). a]though
not all factors have been tested in each of the four ma jor
assay systems used synergy w1th'm1togens AFC CTL and'
TCGF responses. - The abi]1ty of cost1mulator to rep]ace the

requ1rement for helper ce]]s (Ly 7 2 )k1n the primary CTL

- response aga1nst alloantigens is probably ahalOgous to the
helper T cell reptacing activity described by Plate (1976).
'Sopori et al. (1977) and Okada et al. (1979) using systems

in which helper T ceHs were separated or removed from %CTL
precursors . Thekfactors.used in these exper1ments were not
purified. Two activities which have been attributed tof
factors in§this'group have'not been 1nvestigated in |
exper1ments reported here w1th pur1f1ed factor ‘One is the
ability to perpetuate CTL w1th TC&F (G1111s and Sm1th

1977) . Another is the ab111ty to- promote secondary CTL

‘responses of cells wh1ch ‘had been depleted of T helper cel]s?

"}us1ng Ly 1.2 ant1sera (Wagner and Rol]1nghoff 1978)

latter experiment could not be‘done in our-laboratory
because ty~].2 and 2.2 anttsera were‘not,available, and it
was not-posstb]e to}separate helper T celtéhand CTL_.
effectors using antivLy 1.1 and -2. T-antisera However it is
likely that these two act1v1t1es are due to ILQ 1tse1f “

(LAF) can be d1st1ngu1shed from IL2 by its lack of
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“two activities on hydroky1apatite

iact1v1ty in the TCGF assay, wh1ch measures the ability of

factors to promote the Iong term prol1feratlon of T cell

\ lines (Aarden et al., 1970). Furthermore, the max1mumhteve1

of"activtty.obtainab]e in the,thymoéyte'proliferation assay ‘

with ILtris about 10-fold 1ower than wtth/COStimulator”(B.
Caplan, personal commun1cat1on) .
As menttoned above, allogene1c effect factor (AEF),

. B
which acts as a T ce]],replac1ng act1v1ty 1n AFC responses' -

‘ (Detovitchaand McDevttt 1977) has mo'acttVity‘ihkthe'CTL'

or thymocyte prollferat1on assays td,’Sha&, L. PtTarski and

T. Delov1tch, unpubllshed resqlts).'No,other antigen

'specific factors have been assayed for'costimulator

activity.
Fraction 3 cost1mulator conta1ns 1nte#¥eron act1v1ty ’

(G M111/‘ persona] commun1cat1on) assayed as the ab111ty

to 1nh1b1t v1ral plaques in VItPO after 1nfect1on of mouse

f1brob1asts or tumor. ltnes with v1rus . However most of the

1nterferon act1v1ty is removed by DEAE chromatography. and

is very lgw 1n fract1on 4, The contdh1nwt1on of IL2

,preparat1ons w1th 1mmune,1nterferon was al%Q reported'by¢°

Simon, ‘Farrar and_Kihd‘(1979),swho~were-abfé to, separate the

.

Murine granulocyte macrophage colony st1mulatfng factor
(CSF), pur1f1ed and prov1ded by Dr. R Stanley (Stanley and
Heard,,1937) had no act1v1ty in the thymocyte proleerat1on

2

assay (Shaw et al., 1978b). CSF and IL2 are thought to be

separate entities.
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VI. Summary: A Model fbr@the Induction and Mode of Action of

0

Costimulator in Mitogen and CTL Respohses ‘
A. Nature of the Factor o
-The iymphokine activity whjch has been called

costimulator resides in highly acidic protein or

‘glycoprotein molecules (pl 3.8 ¢ 4.5) of MW 30,500 and

sediméntdfion coefficienth.BBS;,It consists of two 15.000

MW subunits, which remain active after dissociation in SDS

(Barry Caplan, unpublished results). It is not retained by

anti-la affinity cofhmns, and therefore is probably devoid
of la determinagts. These few properties (o£ﬁers are
discusséd in Chapter.III)‘aEe sufficient to distinguisﬁ
costimalator from both\IL1 (LAF, Table 3), which has a
molecular we1ght of 18- 20 000, and the antigen-specific

factors (Table 1) which are genera11y retaxned by anti-Ia

immunoadsorbants. Costimulator is now known to be

’indist{nguishable from several other factors, and this group
has been designated IL2 (Aarden et al., 1979). These include
'ISE (Chen and Di Sabato, 1976), TMF (Farrar et al., 1978),

TRF (Watson et al., 1979b), NSM (Marrack and Kappler, 1977),
NSF (Waldman, 1977i and TCGF (Smith et al., ;97Qb)§ A1though
ali of thése factors have not beenisystematical]y comparedl
direct compafﬁsdqs between TRF and costimulator (Watson et
al.,’19?96) and between TRF and TCGF (Watson et ai., 1879c¢)
showed that the prof11esfof act1v1ty after isoelectric

focusing were supervmposable

227
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Costimulator has been purified over 200 fold from
tissue culture medium in which mouse spleen cells were -
incubated with Con A by gel filtration and isoelectric

focusing (Table 6). The factor is highly potent in terms of

the molar‘ amounts which promote immune responses.in vitro.
The most purffied preparations of costimulator (fraction_S)
were maximally active in culture at a proteih concentrati?n
of 0.05 microgram/ml (Figure 14). Assuming a.MW of 30,000,
this corresponds to about 10-¢ M costimulator.

- Because there is no evidence that costimulator-like
factors are specific for a particuwar antigen (Chépter V,‘

section C) for the purpose of this discussion it will be

assumed that they are non-specific, rather. than polycional

and specific.

B. Induction of IL2 FactShs by Mitogen or Cell-Bound
Antigens - ' |

Costimulator (Figure 25, Tab}e 14), as well as TCGF
(Smith et al., 197%9a) are produced in the interaction of
adherent cells (presumably macrophages) and T cells upon
acfivétion with the T cell mitogen Con A. Two pieces of
evidence support the view that the factor is the product of
a helper T cell, Macrophage-depléted T cells combined with-a
partially purified_macrophage factor (probably IL1),
generate'ILZ in the presence of Con A (Figure 27). Secondly;
the T ceLT involved has‘the Ly phenotype of helper T cells

for CTL responses, Ly 1+,2-,7* (Figures 28 and 23;‘Pilarski

9]
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et al., 1980; Schrader et al., 1980; Gillis-and Scheid,
1980) . Almode1 depicting the interaction of hacrophages and
T cells in the induction of IL2 by Con A and alloéntigens is
shown in Figures 46 and 41, réspeétivelyf Although it is
generally held that IL2 is psoduced_by allogeneic
interactions, it is only assdmed.that the T cells and

macrophages act in.a manner analogous .to the Con A-driven

- system. The\macrophage'beoomés activated by abétimulus, and

.secretes a soluble product, IL1. LPS induces peritoneal

b]
macrophages and macrophage cell lines to secrete IL1

(Econombu and Shin, 1978; Mizel, 1979; Lachman et al.,
1979a, Hoffmann et al., 1979). Another activator is phorbol
myristic acetate (Mizel et al., 1978c). Perhaps more
bio]ogically relevant is the observation that acfiVated T
cells stimuTateliL1 production by-macrophages. PHA—activated
T cells enhance IL1 production by macrophages'in a pbocess

which requires cell to cell contact (Mizel et al!, 1978a) .

Activated T cells from mice infected with L. monocytogenes

stimulate IL1 production from "unprimed" macrophages (Farr
et al., 1977). The latter type of interaction is H-2
restricted, in that the T cells and_macrophages-mustbshare_
the 1-A region of H-2. The requirements for cell to cell

\

contact and I-A recognition between T cells and’macnophages

~ probably reflect the situation when macrophage-bound antigen

is the stimulus for T cells. The requirement for H-2

-identity would be bypassed when Con A is the stimulus, since

it sticks cells together (Bevan and Cohn, 1975). This would
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Figure 40. A model for the action of mitogen-induced »
lymphokines in a CTL response. Activated macrophages secrete
LAF (IL1), which enables Con A-stimulated T helper cells
(TH1) to secrete costimulator (IL2). The addition of IL2 to
CTL-generating cultures enables CTL precursors (pCTL) to.
respond to an allogeneic stimulator cell (S) in the absence
of T helper cells. IL2 may also act directly on CTL to
induce proliferation of the stimulated clone.
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F1gure 41. A model for cellular interactions in the
induction bf a CTL response. A T helper cell (TH1)
recognizes antigens on a foreign stimulator cell (S) by
means of specific receptors, and activates a macrophage,
which secretes IL1. (The THi1-macrophage interaction is I-A
restricted.) IL1 induces antigen-stimulated THi1 cells to
secrete IL2 in the vicinity of a CTL precursor (pCTL), which
also bears receptors for antigens on the stimulator cell
The action of locally released IL2 is thus restricted to
antigen-activated pCTL which recognize antigens on the same
stimulator cells as the TH1. IL2 may also stimulate the
development of antI?en specific helper T cells, and

not shown .
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‘explain.the~failprerto observe H-2 restriction of
macrophages and T cells in IL2 production (FquPe425).’_
| According to the model, the release of IL1 by.‘
»mécrpphages“ehables nearby helper T cells (TH1) which have
been activated by efther mitbgen (Figure 40), or
élloantigens;on‘a stimulator cell (S, Figure 41) to secrete
CIL2. | | |
C. Action of IL2 on Con A-responsive Cells, Helper cells,
CTL Precursors and Effectors | |
IL2 appears to act as a necessary second sighal to

induce the proliferation of'mitogeh-or antigen-activated T
cells. It replaces the normal redhirement‘fdr cells which
provide,a’helper signal (Chapter V). For éxample'thymocytes,_
which are deficient in Ly 1¢ helper T cells (Cantor and r
- Boyse, 1977; Pilarski, 1977) are poor responders to mitogens
(Paetkau‘et al., 1976) unless costimulator is added to the
culture medium. IL2‘alsQ'promotés responses when helper T. .
cells are inefficiently induced, as when UV or |
glutaraldehyde-inactivated stimulator cells are used in CTL},
responses: (Pilarski, 1979). Subbptimal concentrations of
stimulator celTs may lead to insufficient helb. IL2 also
substitgtés for helper T cells in AFC responses ggéinst SRBC
(Watson et al., 1979a).

1L could act on a number of target T bells to promote
these'respd%ses; it does not.appear to act on B cells:

. (Chapter V, section C; Watson et al., 1978c).
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Mitogen-activated T cells, but not B cells, adsorb IL2
activity from culture medium.'(Smith et al.,‘1979a).\1t is

- thought that upon~activation, T cells express a sur fate

"greceptor for IL2 which was.previOU51y either cryptic‘or not

'present However the IL2- responstve T cells have not been
identified 1n terms of funct1on or surface markers The;most
oby1ous target for the factor in CTL responses are the
killer cell precursors and effectors (pCTL and‘CTL ih-p
Figures 40 and 41). Lalande et alg (1980)‘ha9e recently Used.
a fluorescence-activated cell-sorter to separate |
altoantlgen stimulated from unst1mu1ated cells after a 12 hr
"MLC. The st1mu1ated cells gave a good CTL response in the
absence of further antigenicrstimulus if crude Con A-induced
factors (contaihihg IL2) were added to the culture medium.
The response was equivalent in magnitude to that of /f)
stimulated cells which rece1ved further antigen. This result
impties that sensitivity to IL2 can be induced in as little
as 12 hr, and from that point, no more'stgna1‘1 is requ1red
at ‘least for some time. The question as to whether IL2 acts
on the CTL precursor or a helper T cell is still unanswered.
The finding of Gillis ,and Sm1th (1977) that CTL can be
cloned and perpetuated in vitro if ma1nta1ned in TCGF
'suggests that the factor may act d1rectly on CTL effectors.
'The quest1on as to whether IL2 acts as a d1fferent1at1ve -and
2 prol1ferat1ve signal in CTL generation from precursors\
must be left open. Recent results indicate that a |
, d1fferentiat1ve step necessary for the expre551on of CTL

{

k4 L}
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functﬁbn occurs in the absence of DNA syntheéis (MacDonéld

and Lees, 1979). Whether an inductive signal other than IL2

is requfred for ‘this early stép‘(pehhaps provided by an

antigen-specific T cell product), with IL2 aCting to expand

" a differentiated clone remains to be seen.

The ability of IL2 to replace the helper T cell in an
AFC response suggests that it may act-U1ﬁhe1per T cell

amplification or induction. The ability of IL2 to maintain

- continuous éultureS‘of T cells wi th antigen-épecific hé1per

activity has recently been established (Watson, 1978). It

)

may act to.induée CTL helper T cells (if they are different

from AFC helpers}, or in the generatiOn of suppressor T

cells.

D. Generation of an-Antigén-specific Response with a
Non-specific Helper Factor

One of the arguments against the physiologica]_
Ee]eyance of non-specific helper factoré has been the
objection to a mechanism of induction which would allow the

triggering of lymphocyte clones responsive to antigens

 unre1ated to‘the one thét induce“the,he}pen factor. These

potentially . include self antigens. The objection would be

" overcome if the nonspecific factor were released by an

antigen-spécific helper T cell which is in close contact
with a CTL ﬁrchrsor,responsive to the same set of
alloantigens (although not necessarily the same

determinant);uThis'is.the situation depicted in Figure'4i.
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Implicit in this model are the ideas that IL2 activity is

concentrétion-dependent, and that it is adsorbed by

proximal, ectivated target cells. As the distance from the

secreting helper cell increases, the concentration and

effect of the factor‘decreases. The inducing capabilities'

« o L w
are thus restricted to precursor cells which are

specffiCa11y attracted to the same antigeh, whether it is an

,aTTogeneic‘stimutator cell or a syngeneic macrophage bearing -

‘antjgen; Thus'the CTL precureor and the

costimutator-secreting cell are brought together through
"11nKed assoc1at1ve recogn1t1on ef aﬁtigens on a stimuiator
ce]l | _‘

Work by Pilarski (1977) has shown that helper I cells
for CTL are antigenispecific.'However, they caﬁ generate CTL

B

resbonses from thymocyte precursors to antigens other than

.the ones they bear specific receptors for if the two

.ant1gens are physically lwnKed, as on an F1 st1mulator cell.

This is analagous to the hapten/carrier experlments (Chapter

1) in which carr1er pr1med T cells were effective in

‘generatlng responses to haptens for which there were no

helper cells only if the hapten and carrier were linked. The

‘experiment of'PilaCsKi is compatible with an antigen

non-specific mediator, which is released by an antigen

‘specific Helper’T-cell. The specificity of the mediator, in

effect, is controlled by the specificity of the secreting

cell, in a'constellation of cells in which the helber and

precursor T cells are linked through recognition of a
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stimulator cell.
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