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'aﬂ Abstract .

a

3

This thesns describes research mveglugatmg the Tole of amrgen specific inductive srgnals
in cytotoxrc T lymphocyte (CTL) responses Two f undamentﬁquesuo‘ns are addressed

: o

T T
v o«

1. What are the mechanisms involved in the triggering of CT7° res'pc}nses? Ate o'rrly
] . N v ’ '
amigen-nonspecific‘lymphokiné‘s"involved or is there a = = r antigen-specific helper \
faetors (ASHF) in indircliv:é events? ‘Dr acreted foine helper T lymphocyte (Th)

anugen receplor,molecules fgncuon. aymsmve immuaoreg ate v signals for CTL

precursors (CTLp)"

«
R . [
e M

2. Are the same antigen-specific d’nductive signals able to induce both CT < TeM respanses

or do they exiribil functional target -cell specificity?

-

In order to address the first Qdestion, ll was essential to separate ASHF frdm
antigen-nonspecific lymphokines such as ‘Interleukin‘q 2>' (ILé) by antigen-a’ffinii‘y._‘
chrdmatography of supernatants from long-term Th lines. An estabiiéhed helper~dependenl
'assay system has been modified to demonstrate the arrtigenxfspeci‘ficity' and H-2 t"e'striction‘
properties of ASHF in the induction’r of thymocyte ‘CTL pr!cursors (CTLb). This unique.
system we ha\(e de'v‘eloped enables comparison of the ability of a .Th pobulation or its secreigd 3
products to trigger CTLp with its ability to specifically help other types of immune responses"'to
;either soluble or cell-surface antigens. Antigen specificity is demonstrated in tlr,é’ binding of
ASHF molecules only to nominal antigen both during purification and in tests of i“'& fﬁsugna}
activit);.

The requirement for Sp;itial broximity of the determinants recognized by the CTLp and
ASHF was examined. It was observed that CTLp iflduction occurred only when th&

detemimants recogmzed by the CTLp and ASHF were on the same sumulator cells, hué'

iv



. .
meeting the crilerizr for "linked recogm'tion Thls requxrcment may functlon in vivo to
minimize the induction of "bystander CTL& that include self - rcacuve CTLp

The role of majar histocompatibility co.m‘plex (MHC) encoded products 'in'
AS‘-IF -mediated induction of CTLp has been exammed Previous work f rom the laboratory of
E. Diener-and others -suggested that Th anuge_n receptors (ThAR) and MHC-encoded 1a

. molecules were subunite of a fun&ionally cornplete ASHF. Dissocration of the ASHF subunits
was ac\compliih’ed by the chelation of caicf.um (Ca*') in order 1 examine the roles of these
subunits in iyx‘n.phocyte induction.

The ASHF, purified from supernatarms of tfre T cell line CHI by antigen-affinity

chromatography in the presence of Ca*, is ‘defined as Ca*-sufficient ASHF, while ASHF

.). .

-

purified.o_rl antigemzrfﬁni:'_v columns in the absence of Ca, is deﬁned to be Ca*"-deficient.
Ca"-;ufficient ASHF is nor 'H-2 'restricteo (as rdefined by the phenotype of the
ASHF -producing cells) in the recognition of nominal antig.en or in its imeractions.with CTLp
or adherent stimulator cells'. Intcont.fast. when the "complete” (Ca"-sufficierlt) 'ASHF Is -
fuhctronall)' dissociated into subunits by removal of Ca'-, the "incomplete” amigen-specif ic
subunit of ASHF (Ca"-deficient ASHF) is ‘still H-Z-unrestricred in~its ability to bind nomirlal
antigen but requires products from syngeneic a.dherem cells in order to trigger CTLp. When
adherent cells that are H-2-identical o the ASHF are provided in culture, the "irrcomplete"
ASHI-: is able to trigger either syngeneic or, ailogepeic CTLp in an antigen-specific manner.

The most reasonable imerpretatdion of these f indings is that an H-2 restricted molecular
interaction occurs in CTLp mductlon by ASHF. An armgen specific Th- Si’errved receptor

,;‘ 4 “

appears to requue association- with Ca** and self MHC-encoded molecules derived from

\adherem cells in order to form a complete"' ASHF that is able to trigger CTLp in an

\.‘

. -apparently-H-2-unresmcted manner. It was demonstrated by ELISA and by binding of
amigenospec_ific helper activity to a colum consisting of Sepharose-coupled anti-(T cell
receptor) monoclonal antibodies that ASHF contains a secreted or at least "shed" form of Th

R

receptors. .
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It ts suggested that multimolecular complexes. of antigen, ThAR, and Ia moleeules
constitute an inductive signal for .CT'Lp' Ia antigens may function as a polymorphic glue to
make the antlgemcall\ monovalent ThAR functionally multnvalent Additionally, they are
" suggested to serve as structures that mteract with complementary molecules on CTLp and the
- precursors of other classes of lymphocytes to deliver inductive signals.

Tradmona(ly the types of anttgens used experlmentally to induce CTL or antlbody
responses are very dif ferent from each other. However, the umque "hapten-carrier” system we
developed, ¢nabled us to approach our second fundamental question. We tested ASHF
. preparations for their ability to help CTL- or 1gM-responses in vitro. |

.The supernatant of a non-cloned Th line (CHI) vyas found to contain two functionally
and biochemically distinct types of ASHI~; that are. Sepafable by " anion-exchange.
chromatography: one factor triggers CTL responses (ASHF-CTL), the othe'r triggers IéM B
cell responses (ASHF - B). Clone 4C6, derived from the parent line CHI, produces ASHF-CTL
but not ASHF-B. These observation‘s could result f rom either two comoletely distinct ASHF"
isotypes, or from the differential assembly 02 -a common antigen-specific receptor with
different  antigen-nonspecific suhunits tot make AHF-CTL or ASI—iF-B. The
antxgen nonspecific component(s) of ASHF may function to determine the class of immune
response induced.” It is suggested that ThAR in assomatlon with MHC- encoded products,
constitute a product able to deliver primary inductive signals for both cell-medidted and

antibody-mediated immune responses, orior to the effects of antigen-rﬁspecific lymphokines

that mediate maturation and clonal expansior. )

€=

—
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Preface
The experiments in Chapters I11 and IV were done in collaboration with Drs.. C.
Shiozawa, V. Paetkéix. E: Diener, and T. Mosmarn. Sqme’of these results have‘bee.n,
published in. the Journal of lmmunology (Vol. 133:2018) :‘and will be published' in 'a yolufne
" éntitled Recogﬁition ‘and Reéulation in'Cell-Mediated Immunity (Acédemjc Press, Inc.). The
fesults in Chapter IV have been submitted for publication. Drs. T. r?fiosmann aﬁd B. Singh,

collabogated in some of the experiments presented in Chapter V. -
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I. INTRObUCFION

The immune system in vertebrates has evolved to ;)rovidc defenses against pathogenic
microorganisms and antigenically-aberrant aufologous cells. In order to accomplish this goal
while minimizing damage to healthy cells of the body, biological mechanisms have evolved that
enable it to respond specifically to almost any foreign material. In addition to specfic
recognitjoh of ant'igens,‘the system provides a variety of cell-mediated and antibody - mediated
cytotoxic effector mechanisms, each adéipted for the elimination of. different types _o{ antigenic
stimuli. -

In order to achieve immune responses that are efficient at elin"linating a given antigenic
challénge, a complex network of c‘:ollaborative interactions between functjonally distinci cell
types has deyeloped‘ This incﬁudes colléboration by direct cell-to-cell contact and via secreted
~ immunoregulatory molecules. During the past decade, much prdgr'éss h;s been made in the

»

definition of these interactions. However, many uncertainties remain regarding. mechanisms
3

employed for the induction and regulation of immune responses.

The primaryc‘focus of this chapter will be to review: the mechanisms of cytotoxic T
. t

lymphocyte (CTL) induction in. comparison to the mechanisms invplved in. the inducti'on of

T

Riv)

, other classes of immune responses in order to provide an integrated view, of the phenomenology
regarding the induction of ant'igen~specif ic immune responses. The role of soluble helper T
lymphocyte amigen-receﬁtor, (ThAR) moities, i.e. antigen-specific helper faptors (ASHF), as

positive immunoregulatory signals ;:vill be Vdiscussed in detai}.
, .
A. Cellular Collaboration in the Induction of ;\ntibody R_esponses
Thymus-derived (T) lymphocytes pléy a central role in the induction and regulatioﬁ of
both amibody-rhediated and cell-mediated immune responses to most antigens. A requirer'nen£
for collaboration between functionally distinct. cell types was first demonstrated in the
*

- induction of antibody responses. In adoptive transfer experiments, it was first demonstrated

that T lymphocytes are required to "help" the induction of antibody responsés to-sheep red



.
* blood cells (SRBC) by bone-marrow derived (B) lymphotytes (1,2,3). This collaboration was
defined mote -precisely by the experiments of Mosier et al. (4,5). that demonstrated . a
requirement for at least one type of plastic-adherent cells (macrophage-like cells) and-two

nonadherent cell types (B and T lymphocytes) in the induction of antibody responses.

Antigens such as SRBC were useful in demonstrating cellular collaboration but the

eomplexity of their'antigenic structure made-difficult the precise analysis of the determinants
recognized by the collaborating cell types. .The con jugation of relatively small chemical groups
(haptens) onto larger protein molcules or synthetic polypcptides (carrie'rs), using methods
developed by Landsteiner (6), provided ‘a more defined type of antigen that could be
: mampulated for the dissection of cellular interactions in immune responses.

In the late‘l95.0 s Benacerraf and his colleagues began investigating immune responses
to hapten-carrier conjugates (7,8) and later demonstrated that secondary anti-hapten responses
. were generated only when the samg hapten-carrier conJugate was used in the primary and
secondary sensitizations (9). However, the nature’ of ‘collaborative interactions was not
appreciated at this time. |

The first direct evidence for collaboration between cells of distinct antigenic specificities
was provided by Rajewsky in studies of antibody responses to lactic dehydrogenase isoenzymes
(10). This was confirmed by Mitchison in an adoptive tr_ansfer system using hapten-carrier
conjugates (11). Subsequently Raff dern‘onstiated by treatment of sensitized spleén cell
populations with anti-theta serurn that the carrier-specific helper cells were thymus-derived

and that the hapten-specific antibody-forming cell (AFC) precursors were not (12).

The concept of collaboration between distinct cell types recognizing carrier and haptenic

determinants via an antigen bridge. was further clarified by the experiments of Rajewsky E
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(10,13) and Mitchison (14). Using hapten-reactive AFC precursors and carrier-reactive helper

cells of distinct specificities, Mitchison demonstrated "a requirement for physical union of the

hapten and carrier " in the 1nduction of antibody responses (15), thus confirmmg Rajewsky's

- earlier - observations (10). This requirement for "linked recognition” may provide a

’



ph_ysiological safeguard thnt minimizes the potentially dangerous induction of self-reactive B
lymphocytes or of those B lymphocytes which are not relevant to the elimina:idn of a particular
antigenic challengc' This uirement provides for the prevennon of the induction 6f these
"bystander" lymphocytes by antigen-nonspecific "long- range" signals. The mvesugauons of |
Fong et al. (16) defined the maximum distance between hapten and carrier detérminants to be
69-97 angstroms for triggering of ‘hapten-reactive AFC by carrier-reactive helper T
lymphocytes (Th). The biochemical basis for this phenomena, however, has not been defined.
Recently, the term -’fcognate interaction” hds been introduced to define a fequiremem. for
recognition by Th of carrier determinants associated with major ‘.histbc‘o.mbatibility complen
(MHC) -encoded molecules in addition to the requirement for hapten-carrier linknge (17).

Studies by Lake and\Mitchison (18) dsmonstrated‘ that independent molecules on a
. cell-membrane surface were able .tq associate in such a manner as .to form an
"intrastructurally- (as opposed to intramolesularly) linked" immunogenic complex recognized
by Th and B lymphocyies. Viral antigens recognized by Th are also able to form
intrastructurally-linked associations with Thy-1 molecules for the triggering of 'amibody
responses (19). Not all molecules on the ‘surface of the same de]l, nowever, are able’to
.Aassociate in such a manner (20). Preferential association may bring functionally related
molecules in close apposition.f or collaborative intéractions with other cells (21-23).

A number of studies indicate that the concentratlon of antigen 1s critically 1mportant
for the -demonstration of a requlrement for linked recognmon in the expenmemal mducuon of
antibody responses by cloned Th cell lines or hybridomas (24-27). High concentrations of -
carrier are able to bypass the requirement for physical linkage of hapten and carrier '( 25,27). 1t
has been suggested that high antigen soncentratiOns stimulate production by Th of lymphokines
that are antigen-nonspecific and genetically unrestricted (25). In contrast, lower
concentrations of antigen may stimulate the same or different types of Th to produse a
qualitatively different type'of help such as antigen-specific hdlper factors (ASHF). that require

s

cognate interactions in drdcr to trigger lymphocyte responses.



A gfowing body of eviden.cg: suggests that the requirement for linked recognition may be
common to the induction of both cell-mediated and antibody-médiatcd immune responses. A
requirement for "linked recbgnifion" has been demonstrated in the induction of delayed-typc‘
hypersensitivity (DTHj_effector T lyr‘x;ph()cytes (28). There also exists a requiremém fof~
linked recogmition- in “the_ generation of Th that participate in the induction of DTH effector
cellsl (P. Bretscher, personal communicatjon). Evidence s:ggesting a role for "linked
recognition” in the induction of éTL responses has been reviewed recently (29), and will be
" discussed in section IE of this thesis. |

These early éxperiments defined the framework for ;ollabc;rélion among Th, adh;erem
cells, and the precursors of AFC. The ";wo signalx" model of antibody 'inductién suggested that
in addition to antigen (signal one), an antigen-specific T cell-derived inductive signal was
required for iminune responses to most antigens (30). | |

A; wide vqriety of experiments illustrated énd clarified the critically important role of
MHC products in the generation of both éntibod)} and cell-mediated iinmune responses (31).
- Genetic, functional,.and biochemical experiments demonstrated that Th can be acti\;ated by
nominal (foreign,non-MHC) antigeﬁs in association with MHC products on the surfaces. of '
macrophages and macrophage-like antigen-presenting cells (APC) (32-36). Recent evidence
suggests that murine or®human B lymphocyte tumor cells, EBV-activated cells, or
'llipopolysaccharide (LPS)-induced blast cells are able to presént antigens to Th (37-41) but the
physiological relevance of this type of antigen presentation is unclear. It is also unclear how Th
activation, defined solely by anfigen-specific proliferation or IL2 release in many experimental -
sy'!nems, correlates with the ability of a given Th population to help cell-mediated or antibody
responses. - . |

The activation of Th results in their ability to deliver inductive signals to AFC

precursors or to the precursors of cell-mediated immune responses. The recent identification

and analysis of the & and B subunits of T lymphocyte antigen receptor genes and glycoproteins

v

' (42-46) should providé a more precise definition of requirements for antigen binding and



activation of T'h‘by APC. Release of Interleukin 1 (IL1) and possibly other cytokines by APC
pl‘ays an impaortant role in the activatio‘n of Th (47,48). |

. It has been dethonstrated that Th induction requires collaborative interactions with
other helper cells in order to incruce antibody res‘porrses (48), DTH réspon_ses (P. Bretscher,
personal communication), or CTL responses (Ref. 29 and Pilarski et ‘al., manuscript in
_preparation).  Experimental evidence indicates that  both a‘ntigen—specific and »
antigen-nonspecific helper factors such as 1L2, secreted by Th subsets are able to provj,de help
directly to themselves. ot.her Th, sand/or to functionally distinct effector ceil precursors
(17,50-56). Strmulatron of APC by Th products such as Interleukin 3, y- mterferon and other
lymphokines may function as indirect routes of Th autostimulation (56 57)

v It is uncléar how quantitative or qualitative variations in the presentatron of antigeu oy
APC, in the recognition of antigen by Thor in the delivery of Th-inductive signals by APC or

=

other Th may influence the inductiorr. of a given :I'h - Different types of APC may stimulate

e
R

antigen-specific proliferation but d1f f er in their ability to preferentially induce T4 or suppressor
T lymphocytes (Ts) (58). A.growing body of evrdence indicates that proliferation of T cell
clones is highly dependent on aotxge_n concentration and that specific proliferation, IL2 release,
and the zrbility to help amibody responses.,may oe independently Vinducible (59-61). The role of
mul_tiple and functionally distinct s_u‘bsets‘ or maturatiorral stages of Th that differ in ‘their
activation requirements and/or- the type of inductive stimuli they are able to deliver upon
activation remains to be resolved. o

The roles of direct celi-cell contact, secreted forms of vTh antigen’ receptors, and "
amigen-nonspecific lymphokines in cooperative interactions between_Th aod AFC ‘prel'cursors or.
‘the precursors of cell-mediated imrnurle responses require further elucidation. Some evidence
vexists to support the hypothesis that distinct subsets of AFCprecursors may differ in the type
of siguals they require for activation (62,63). Anaiogously, distinct subsets of ‘precu'rsors for
cel]-rxrediated immune responses may differ in their activation requirements. It :has been |

suggested that different classes of immune responses'require different numbers of helper signals



for indt_iction, .DTH. Tesponses reqtiiring fewer than IgG ,. for -example (64).
Antigen -nonspecific lymphokines appear to differ qualitatively in the class of immune response
th.ey preferentially induce by‘virtue'» of -their target- cell specificity ‘(65). Recent"evidence
. indicates that the‘ antigen-nonspecif ic lymphokine, B cell differentiation factor for 1eG
(BCDFy) pref erentially induces I gG, secretion in a subset of surf ace immunoglobulin negative
(sI g’) Bcells Wthh are precommttted to 1gG, secretion (66,67).

Currently, many laboratories are mvestigatmg the role of MH'_C-encoded products and
of soluble rnediators in inductive events. However, ‘even today the precise nature and seduence
) of these events Temain to be defined in physiologically relevant terms The complex1ty of

collaborative interactions in the ll’ldUC[lOl’l of antibody responses is presently a subject of great

controversy (63- -68), which is beyond the scope of this thesis.

~-B. Collaboration in Cell-Mediated Immg?e Responses

o Transfer of DTH or allograft reactivity (69,70) and anti-tumor irnmunity (71,72) by
lymphoid cells but not‘.by serum from immune animals distinguished cell;mediated from
antibody mediated imm’une'responses. The demonstrations‘ that neonatal thymectorny greatly '
reduces the ability to mount DTH responses or to reject allogeneic cells. suggested that
thynrus-derived cells play' an important role in cell-mediated immune responses (73).
However, the interactions among cell types invo‘lved in tlrese reactions Were not clear. In order
to define the functions of cells participating in these in vivo responses, experimental sy"s‘tems'
' demonstrating antigen-speci.f 1c cellular reactivity in vitro and in vivo were developed. | ;

The migration inhibition test was developed as a correlate of DTH 'reactivity (74",75).
Peritoneal exudate cells from guinea'pigs sensitized to purified protein derivative of tuberculin -
(PPD) or ovalbumin were centriinged in capillary tubes and cultured at 37°C (75).* Only in the
‘presence of the sensitizing antigen was the cellular migration out of the tubes significantly

’ mhrbited Thrs suggested a mechanism for localizmg cells at an mflammatory site. This study

and others demonstrat_ed that migration was specifically inhibited by cells from DTH-reactive



animals bnt not by those animals producing circulating antibodies to the sensitizing antigen
<. (75-77). |
-.The specific +in vitro inhibition of migration by cells from animals sensitized to
‘. ha_pt'en-cafrier conjugates demonstrated “specificity for the carrier (77,78), similar to ‘results
reportedAfor. secondary antibody responses (9). Specific inhibiton of migration has also been -
’ 'rep'or,ted whe.n peritoneal cells f rorn animals that had rejected a skin. graft were cultured with
\.’;'lymphmd cells from mice of the same strain as the skm graft donor (79) However, "~
’collaboratlt)n among cel]_ types participating in -these responses was not identified.
ok Furtltermole it is not clear if migration-inhibitory activity is an essentig} correlate of in‘vivo
DTH reactrvrty or 1f it is merely a comc1denta1 phenomenon Morc recent in vitro studles have
: "estabhshed a requrrement for Th in 1the induction of DTH responses and have begun to
elucidate the collaborative mteractlons in the generatlon. of these responses (28_.80,81).

Another in vitro technqiue',' the mixed lymphocyte reaetien (MLR) was also developed
during the 1960's to quantitate specific cellular proliferation in response to allogeneic cells.
(82-84). By rnixing human or murine lymphocytes from unrelated individuals in vitro, stron'g
prollferative responses could - be .generated. In the one-way MLR, inactivatlon‘ of the
proliferative ability of the "stimulator'j population by mitomycin-C treatment or by vy- or

.X-irraq'lationi ellewerl quantitation 'ofl "'responder" cell proliferation (85). Subsequently,
.‘S‘ynergisrn between anatomically distinct populations of murine thymus-derived cells in -tlre
MLR was demonstrated (86). |

"Synergy between different types' of T lymphocytes was - first demonstrated ' in
graft-versus-host responses (GVHR) (87). When two anatom’ically distinct .lymphOid
populations such as peripheral blood lymphocytes and thymocytes from one of the
", MHC-lncompatible parental type mice were- inoculated into neonatal F1 recipients, the -
mlagnittrde of GVHR was significantly greater than the sum of the.'responses by either
. -'pppulation alone. -Substitution of Fl tllymocytes or. peripheral biood lympltoc_vtes for parental

cells failed to result in synergy, indicating that both populations require recognition of foreign



»

. antigens'.f or collaboration to occur.

Depletionl of GVHR activity by'neonétal thymectorﬁyi .of parental étrain donor mice
(87) or by anti-theta and cbmplement treatment of parental slrair; lymphoid cell populations
A(88) -demovristra;ed‘ >that GVHR were ﬁediated by T ée]]s. Differences between the
collaborating pq;;ulatio.ns were observed in their s-énsitivi-tybto -anti-thymocyte serum ‘::(87).
TheseA aﬁd ' subsequent studies (89,90) confirmed collaborat,i{on in GVHR betweeen
f unctiqnally-distinct T]ymphocyte subpopulations. However, a nﬂrﬁber 6f T cell 1ype$ may be

activated in GVHR (91) and it was necessary tO‘utilize in vitro systems for the dissection of

. collaborative events in the induction of T cell IESPONSCS .

C. Cellular Collaboration in‘ t\he Induction of CTL Precursors

In order to identify .the cells pérticipating in 'Li'ss‘ue-destructiye reactions such .as
rejection of allogenéic grafts, DTH respdnses, or the rejection of tumor cells, in vitro tests were
developed to demonstrate the specific cytotoxic act.i\"ity of iymphoid.cells in the absence of
anﬁbodiesor ‘complement. Although M_edawa;' and others had unsuccessfully attempted to
demonstrate cell-mediated cyt_dt}oxic‘ activity even from appropriately immuniied animals
(92,93), Go‘vaerts was able to pro.v‘ide tfl.é.f jrst evidence for épecific cell-mediated cytotoxicity
'_ by lymphoid célls in vitro (94). In_ this report, thoracic duct l'ymphdcyteé f rom a dog that had
;eceived a kidney gravf t were 'c.yt_otoxic to qells from the donor but not to cells from an urirelated
dog. This and subsequént‘ Teports in ,oyther-systems. 'reviewed elswhere (95), confirmed a -
sﬁecif ic contact-dépendent, sernm-in;c_lependcnt cytotoxic _ acti'vi'ty of lymphoid cells from
.‘ animals sen.s.i‘tized in vivo with a]log¢neic ndrma1 cells, tumor cells, or skin graft§‘. |

The éeveIOpment of a rapid‘q‘uantitavltivé assay for cyotoxicity; the “Chromium-rélease
-assay (96,97), greatly faéilit,ated the analysis c_)f~ these réponses. Depletion of cytotoxicv activity
by tr,éatfhent of the effector cells with 'a'nti-_theta' serum demonstratéd that ;he cells ‘responsibl‘e
were - thymus-dgﬂrived ‘and distingﬁished this activity fro.m antibodj-dip;_ndent cellular

N

cytotoxicity and macrophage-mediated killing (98,99). ‘ ‘ *ac-\/f
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By analysis of the requirements for the generation of antigen-specific cytotoxic activity
in a one-way MLR, it became possible to identify the requirements for induction of CTLp .as

well as the effector functions of CTL. Using spleen cells or thymocytes from unimmunized

1

mice as responder cells, Wagner and his colleagues were able to demonstrate in an MLR, the

generation of antigen-specific, complement-independent cytotoxicity by theta-posftive cells
( 100-102). Subsequently, synergrsm between thymocytes and lymph node cells or perlpheral
blood lymphocytes in the generatlon of CTL activity was demonstrated in the MLR (86,103).
-‘In a comparison of the prolrferatxve and CTL gm/v tles generated in the, MLR it n/as
demonstrated that hrgh numbers of thymocyte respog,der cell? that were optimal for

. prohferatlve activity were weakly cytotoxic, suggestmg that thegb -wo’ responses are drssocxable

50\
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(86) In these expcnments it was suggested that: thymocyt;eg acted mamly as helper cells,
" similar to their apparent role in the induction of GVHR (87) 4'\'

Antlsera that recognize murine lymphocyte- surface Jalloantlgens developed by Boyse

and hrs colleagues (104 105), provided a method for drstmgui&ﬁrng between the f ollowmg T cell

subsets: a) Ly- 1 »2,3° b) Ly-1'2,3" and ¢) Ly-1-2,3 cells,d"ilfhe studies of Cantor and Boyse '

(106) provided the flrst evidence for functronal drfferencesﬁgween these subsets In these
N

studies it was shown that all three subsets prohferate in t. e 'iﬂLR but CTL actlvrty develops'
from the Ly-1°2,3* T cells but not from the Ly-1* populauon? “The helper function of the»
Ly-l‘ subset was demonstratedim its ability to ‘enable the generatron of a vigorous AFC .
response to SRBC in an adoptive transfer system. Subsequent studles provided the first
evidence for synerglsuc interaction between Ly-1* "amplifier" cells and Ly -2,3* CTLp in the‘
generation of CTL act1v1ty in response to allogene1c strmulator cells in VIt;'O (107).

It was suggested by a number of investigators ( 107-111) that in response to
H:’2-incompatible stimulator cells, Ly-1*2,3'wcells (as defined by their sensitivity to anti-Ly-1
antiserum and complement) are helper cells that recognize Ia antigens (alsocalled_ Class II‘
MHC antigens - 111). Based on studies using recombinant mouse strains ‘which differed in

—_—

defined subregions of their MHC, it was “suggested that Th that reacted to "lymphocyte
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. “ s\ .
defined” (LD) antigens (Class II antigens) triggered CTLp recognizing "serologically defined”
(SD) (Class I) MHC antigens (109,111). '

One must not make assump?ions}’, however, regarding thévantigen-sp"ecif icity or function
() .

of T cell subsets or clones merely on the bas:is_o,f their Ly-1,2,3 phenotype. It has also been

demonstrated in the induction’ of CTL responses that at least some types of Th can respond to

allogeneic ‘Class I MHC antigc?ns, M-iocus (Mils) alloantigens, or to nominal antigens ‘in
association with Cla‘Ss I or Class II MHC molecules (111-118). Ly-1-2,3" cellé can act as
helper cells (119) and Ly-12,3" cells (120,121) or Ly-1,2,3* T cells (122,123) can function as |
CTL Also, Ly-l‘2.:,3‘ cells have been démonstrated to mediaie DTH responses (80,121)\
: Although the function of the Ly-1 molecule is unknown, it has beén suggested tecently that it
c may fuiction as a Sensor. of positive immunoregulatory signals (29). Due to the multiplicity of
f uncfions mediated by Ly-1- T lymphocytes, the Lx -7 antigen, demonstrated to be ‘s'electi\‘/ely
expréssed on Th effectors participating in CTL induction (124), merits further attention as a
useful marker for identifying Th subsets. o -

A‘ more precise definition of the co_ilaboration between Th and CTLp was provided by
ex;;erirhents demonstrating .a .requirement for Th Ain respbnse to alfogeneic S’timuiator cells
(125,126), virally-infected cells (116,127,128), minor histocompatibility antigens (mH) (129),
or Erinitrophenylated syngeneic cells (130). In the culturé¥sysiem déveloped by Pilar_éki (155'),
an absolute requirement for antigen-specific radioresistant Th in ’t'he in vitro induction of CTL
f rorn'low_ numbers of thymocx'tle CTL]S was demonstrated. These Th were demonstrated- to be

able to collaborate with both syrigeneic and allogeneic thymic or splenic éTLp (125,127). Itis

likely that the Th in thése'systems triggered CTL responses both by direct collaboration with

Y - [
43

CTLp and with Th Precursors in the resp;)nder population,
In addition to the requifeme}gts for Th and CTLb, it was demonstrated that
‘macrophage-like cells are required for the induction of CTL responées to allogeneic cells
 (131,132), tumor cells .(133-), or trinitrophenylated syngepeic cells or profeiﬁs (134,135).

Distinct subsets of macrophages or dendritic cells which differ in their size, expression of Ia

*
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anugens production of IL1, or their state of activation exhibit differences in their ability to
induce CTL and other types of responses (136-138).

The studies of Weinberger et al. further def] Lned the phenotypic characteristics and tlie
amigen processing and prcsenting functions of the adherent cells required for the i_nduc_tion of
CTLp (139-142). By dopleting splenic adherent cells rrom both responder and'stimuletor
populations they demonstrated a requirement for la*, Thy 1 2°, and radiation resissant |
-adherent cells for the induction of primary and at limmng antigen dose, secondary CTL
responses to 1rradiated H-2- mcompauble stimulator cells. Adherent cells were also required for
secondary responses to allogeneic plasma membranes or purified H-2K amigens in liposomes.
In addmon to the effects of adherent cells on Th, studies usmg cloned; CTL lines demonstrated
that APC may directly arnplif y the response of CTLp to IL2 (143).

. These requirements for cellular collaboration in the induction of CTL responses exhibit

‘a great deal of similarily~ to those of antibody responses. Both types require thwrticipation
of Th, macrophage-like cells, and the precursors of effector cells. Beyond this basic similarity.
large gaps remain in our knowledge of common and distinctive mechanisms involved in the
. generation of CTL or antibody responses. Details of the interactions between Th and APC and

between Th and CTLp will be discussed subsequently.
' ~

'

D. Molecular Aspeets of Interactions Between Helper T Lymphocytes and APC in the Induetion
of CTL Responses

The primary antigen-specific interaction in the generarion of inimune responses,
including CTL responses, involves binding of an-tigen%:gié'»tlle clonally-expressed Th reéeptors.
Genetic and biochemicanllanalyses have identif.ied the basic TAAR unit e:gpressed on cloned T
cell lines and hybridomas that specifically secrete 1L2 and/or proliferate in resp‘onse to antigen .
(42-46,144-146). This 90 kilodalton (Kd) heterdd?rner consists of a slightly heavier, acidic P
chain and a weakly basic B8 chaim that are lmked by a disulfide bond c%’l‘he ThAR heterodimers

are expressed on the cell surface at a‘concentration of approxxmately 2'5 000 to 30,000 molecules
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per cell.(144-146); .

Peptide analysis of Th « chains indicate that they contain bdth variable (V) and
é‘onSlant ©) regions (147,148)‘. * However, identification of the mechaniﬁms of ‘gene
- rearrangement that generate V regions of the a chain of T must await the Teports of cloning of
these genes. It is not knowh iff a chains differ among Th, Ts, and-CTL. |

The B chain has been mapped to chrorﬁosome 6 of the mouse a&nd chromo‘sorr'lie 7 in
humans, demonétrating tha't it is not linked to genes of the immunoglobulin hea\}y chain or the
MHC (149;: If the repor.ts of ThAR C regions linked to the immunoglobulin heavy chain locus
are correct (150), they must be located on the a chain, which has not been mappéd. Genes
-encoding both V and C regions ‘of B chains have been identified (41-45,151-153). Comparisont
‘of B chains of Th and CTL indicate 'bthey‘both use the_ same C regions (45).

Anaiysis of the genes encoding B ch‘ain‘s*o\f .Tﬁ and tumor cells has revea.led that gene
rearrangement mechanisms, similar‘ to thosé uséd‘ for immunoglobulin Production, - are
employed 'to create a diverse repertoire for antigen recognition (42.-46,151f154). Comparison
~of a limited numbe?:)‘i.@ chain V regions does not show any correlation between sequence and
H-2-restriction propertiéls of the clone from which they were derived\_('M. bavis,‘peréonal
communication).

Rearranged genes encoding variable regions are spliced together Qith constant region
exons,‘tAo form complete B8 chain genes. Two nearly identical exons encoding C regions of the B -
_chain have been identified ( 46,153) but the/_ré may also‘exist different C regions of the 8 chain |
that have not been detected under the conditions employed for hybridization'. Ex;;erimehrs by
Malissen et al.l (153) demonstrate that The éBZ "gene has_ four exons encoding external,
transmembrane, and cytoplasmic regibhé. It is no.t knéwh if aiternative splicing of transcripts
" of constant region exons, similar to the mechanisms used'fo generate secreted or membrane
formé of immunoglobulins (15'5-157‘), may be employed.‘to generate these distinct species of B'
chains. Secreted .f orms of ThAR a and/or B chains may be generated by differential

post-translational modifications such as cleavage of transmembrane ségments and/or by

{
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glycosylation. Secreted forms of ThAR a and B chains may be used to enable THAR to-
function as soluble immunofegulatory molecules, as will be discussed further in the following

sections of this thesis.

Haskins et al. have described a monoclonal antibody (KJ16-133) that appeared to

recognize C fegion allotypic determinants ( 158.)-. The determinant recognized by KJ 16-133'is
expressed on some CTL and Th bybridomas and does not’ correlatew‘vith functional activity,
antigen-specificity, or ‘MHC-restriction. Similavr‘ to‘immunoglobulin ellotypes, KJ16-133
appears to enhibit allelic exclusion. More recent eviden'ce suggests thatiKJ 16-133 does not

recognize either of the two [3 chain C regions but may recognizc a tleterminant encoded by V,

"
o

diversity (D), or joining ) reg'io'ns (Drs. J. Kappler and M._ Pavis, pefsonal
communicati'on). As the D region only encodes for three amino acids (154), it is unlikely that -
KJ 16-133'is recogmzmg these deterrnmants e)\cluswely As there appear to be only 7 ] regions
in the B8 gene complex (153) the observed frequéhcy of KIJ 16133 -reactive cells in spleen- or
thymus (about 20%) (158) suggests that thxs monoclonal anubody may be recognizing a
determinant en/c_oded at least partially by a J-region. It is also possible that KJ16-133
recognizes a joint a/f aeterrninan;. , Experiments presented in this thesis demonstrate that

_ determinants recognized by KJ16-133 can be detected on soluble antigen-specific helper moities

N
bl

that are able to bind antigen in an apparent]y H-2- unrestrlcted manner.

It has been suggested that Th or CTL antigen-receptors cannot bind soluble antigens in
the absence of ‘MHC products (159,160). However, a’ number of report§ afgue againtst this
bypothesis. Carel et al. (161) demonstrated that haptenated cytochrome. c peptides were -

- specifically bound by Lyt1‘2' T cell clones. The studies of Rao et al. suggest that Th clones can
specifically bind the azobenzenearsonate {ARS) hapten in the absence of APC and_ the MHC
products they express (162,163). B'ir'iding and Th activation were specifically inhibited by
'struqlgallg-related analogs of p-ARS. In the reports of' Rao et al. (162,163), antig’en"-Th

‘binding is necessary but appears not to be sufficient for Tk activation.
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| It is important to distingdish binding of antigen to ThAR from Th activation.
( Bretscher. end Cohn (30) have proposed that "immunological paralysis’ occurs when one
antigenic determinant binds to one receptor ... on an antigen-sensitive cell, whereas induction
~ requires the stretchldg of thdt receptor”. Signal one may be either an inductive or a tolerogenic
signal, depending. en the presence or abs’erlce of signal two, respectively. Furthermore, binding
vol" antigen Lo‘ ThAR may occur in the absence of detectable T'h funetion such as lymphokine
release, proliferation, or the ‘abilit‘y to help cell-mediated or antibody rrlediated immune -
" responses. The studies of Rao et al. (162) demonstrate that ‘10 to 30 fold rﬁo‘re antigen is
required to stimulate IL2 production than DNA synthesis.
The studiesv of Lemb et al (1164) prov\ide a different approach tha_t suggests
.« MHC-independent bidding of antigen. Preincubation of Th clonés with relatively high
concentrations of a synthetic hemagglutinin peptide' in the absence of APC specifically
abrogated the ability of lnf luenza -specific Th te proliferate s_ubsequently in response to nominal
antigen and APC. The ability of IL2 to stlmulate proliferation of these premcubated Th
indicated that this specxfrcally unresponswe state was not due to toxic effects of the peptide.
These Th remained specifically unresponsive for at least 7 days despite the presence of IL2 in
the culture medium. Although the possibility of receptor blockade is not ruled out as a -
mechanism for the induction of this apparently tolerant"state, these experiments suggest that ‘
Th can bind antigen in the absence of APC. All of these studies (161-164), however fail to
ehmmate the p0s31b111ty that passwely acquired or endogenously expressed MHC restriction
elements of Th clones enabled them to present antlgen to each other for binding.
Cell-surface interaction molecules including ThAR, enable collaboration by at least
,two' possible mechamsms that may be- sequentlal Firstly, the induction of a conformational
eh'ange or the_appr'opriate clustering of. membrane-bound TAAR by antigen in association with
MHC-encoded molecules may result in the delivery of a functionally corhplete inductive signal.
Secdndly, multiple attachrnent sites brovide Ll—:‘high avidity bonds to anchor Til ‘and APC

together for effective: communication of hormone-like inductive signals ‘including IL1, IL2,
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IL3, and y-interferon, as discussed previously.

Clustering of receptor-ligand corr;pléxes has been implicated in the triggering of a w’i;ie
variery of cellular functions by "hormones" such as epidermal growth facidr and insulin .
(165-167). Clustering of IgE receptors on rﬁast cells by divalent~anti-igE-receptor a_mibodies
» vis able th tr_igéer histamine release (168). A.model has Been pfoposed to suggest that clustering
of me’mbrahé Teceplors generates cooperative interactions with other.receptor molecules of the
same type (169). Both clonally- and 'nonclonally-exlpréssed molécules on Th may be r‘equired‘
to interact with complementary molecules on APC for the delivery of inductive sigr_lals.‘. If all
reéuired elements 6f ‘a multimolecular Th receptbr complex were not appropriately posiu’oﬁed,
it is suggested that under physiological conditions Tk or any other precuréors would not receive
an induct_ive signal. |

'Antigen-nonspetif ic receptor molecules in ‘the ThAR'complex may ‘have passive and
.acti\?e functions in Th activation. They may function 'pa's-sﬂiu:/ely as a multivalent glue wﬁh
aéceptor sites for ThAR constant ré_gions and for APC molecules. This may maintainvcon’tacl
betweer‘iA fhe mdlecules in a Th cluster and complementary APC molécules for a period of time
sufficient for the;.‘delivery of ar_i inductive signal. Interactions of these non-a-ntigen-ﬁinding
molecules in the_ ThAR ‘comple}x with complenienta-ry structures on 'APC may induce
conformational changes in ThAR or o.ther molecules to botentiate ‘activation.

Polyn.)orph\ic' Ia determinants on APC that interact with ThAR ére éritically important
in Th activation (31-3.6,170). As we have suggested recently -(29), this may be due to
interactions of polymorphic Ia determinant's with both variable and -constaAm regions of T cell
receptors. . o

: .,The sjmultaheoﬁs binding to Th of antigen associated with MHC products would be ‘
'expected to sign_ificahtly increagc'the stability of the Th-APC interaction. If nominal antigen
_dissociated from the receptor_' éomple'g, é wéaker binding by interaction molecules could
maintain Th-APC.c'c;ntéci,‘at 'le_asf temporarily. If the concentration of nominal an;igen were

sufficiently high, the dissociated nominal antigen would be quickly répla{ced and a more stable
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interaction of the antigen-MHC-ThAR complex would be reestablished.

A requ1rement for recognition by Th of nominal ann‘ge’n in assomatton with
polymorphic determinants on syngeneic class II MHC molecules has been demonstrated in
. many experimental systems (23,25,31- 41,60 160 170) It has been demonstrated that Th ex1st
that recogmze allogeneic MHC products in a MHC-unrestricted manner or recogmze nominal
antigens associated with syngeneic or allogeneic Class I or Class 1I MHC products
' (109-118,123,171). The Tlcells. possibly including Th, that proliferate in response to M locus
(Mls) determinants in an MLR apr)ear not to be H-2 restrictedu(172).

Recognition by Th of nominal antigen in association with MHC products can be viewed
as being similar to the MHC -unrestricted recognition of allogeneic MHC products or other.
antigens. All of these types of ‘interactions may fill sufficiently the binding cleft on TAAR io
maintain contact for initiation of Th acti»tation by APC. However, they may differ
qualitatively and\quantitative]y in their ability to cluster molecules in a ThAR complex. These
variations may be obscured in ;experimenta'l systems by' the generation of antigen-nonspecif ic
lymphokines such as IL1 or I.l.,"2 that bypass a requirement for a functionally complete
inductive signal. |

. In the induction of CTL responses to allogeneic MHC products, a requirement for
syngeneic Ia* adherent APC has been demonstrated (142). However, if syngeneic-Ia* APC are
'depleted, allogeneic APC are able to trigger CTL response_s (140). It is unclear if this is due to -
the direct interaction of APC with Th, CTLp.ror both. Furthermore, it is unclear if distinct
subsets of Th or CTLp, differing in their requirements for induction,‘ are responding to Ia* or
Ia- APC. | '

The studies of Elliot et dl. (173-175) demonstrate that Lytl*2- resr)onder cells in a
MLR bind both stimulator_- and syngeneic-la molecules. ” Antibodies recognizing responder la
or Vh-framework determinants strongly ,inhibited the binding of membrane vesicles containing

stimulator Ia. Antibodies recognizing VA framework determinants also inhibited the uptake of

syngeneic la. These results suggest the existence of self-Ia acceptor sites close to the antigen
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recognition sites on Lytl*2- MLK" blasts. Studies by Minami and Schreffler (176) also
demonstrated that syngeneic IA* or IA/E- stimulator cells are Tequired in primary, but not in

secondary MLR agéinst Class I MHC antigens.

o

Similar studies. by Schnagl and Eoyle (177) demonstrate that the precursors of cells’t'ﬁatf
proliferate in résponse to MHC alloéntigens will bind only tc; m_onél/éyers expressing both
syngéneic and allogeneic MHC antigens (F1 cells), but not to manolayers of either parental
type. It is uﬁclear, however, if the proliferative cells in these systems are classical Th. The
~ studies of Kizych ef-al. (178) suggest that DTH cells are the ;Sredominam proliferating cell
type in responses of spleen célls to B-galactosidase.

These observations can be inferpreted‘to Isuggest that in addition to interactions between
polymorphic determinants on Ila antigens anq ThAR V regions, interaclionS be‘tween 7
polymorphic or conserved determinants on Ia antigens and C regions of ThAR molecules
and/or other molecules in- the ThAR complex are 'i'mportam -in Th activation. These
interaptions may facilitate high-avidity, binding and activation.

It has been suggested (29) that interactions between polymorphic la determinants and
"ThAR C regibns would not be able to "adaptively diff erentiate” (179), unlike T cells expressin'g
V region determinants that are selected according to the MHC type of the APC éhey encounter
dufing antigen presentation. Analysis of antibody responses in responder/nonyresponder
radiation chimeras, allophenic mice, or neonatally ioleriz‘ed mice can be interpreted to Sﬁggest
the importance.'of these types of interactioné (179-182). Effective triggering of Th and CTLp
(183) may require interactipﬁ with self-la in addition to the H-2-restric_ted or unrestricted
recognition of nominal antfgen.

Cell-free complexes of Ia and processed antigen- appear to be able to trigger Th in a
genetically restricted and antigeh-specific manner (184,185). It is not clear if the genetic
requirement for I-region com;laat‘ible APC in the triggering of Th by .these solublé Ia-antigen
complexes is due to interactions betweeen Ia and ThAR variable regions onfy or if intérac;ions

“between polymorphic and/or nonpolymorphic Ia determinants with constant regions of ThAR
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or other Th interaction molecules are also impdrtant.
Nonpolymorphic determinants on la molecules may also function as interaction
structures for Th-APC collaboration. The L3T4 molecule, which appears to be the murine

analog of the human Leu3/OKT4, plays an important role in the binding and activation of T

~cells reactive with .allogeneic Class II molecules or those reactive with nominal antigcﬁ

assoc_iated with syngenéic Class I1 molecules (186,187). The ability of L3T4- variants to
produce IL2 in response to the appropriate 1A st.imuli demonétrates that L3T4 is nof essential
for either antigen recognition or Th activation (187). -It has Been suggested that L3T4 -
facilitates Th activation by increasjng the overall avidity of Th-APC interactions'.

| Although L3T4* T cells oftén recognize Class II 'molecu]es, an L3T4‘ T cell hybridoma
(3DT52.5) that specifically recognizes the‘N and/or Cl domains on H-2D* (Class 1)

molecules has been reported (188). It is unclear whether this apparent exception to the rule is

due to cross-reactivity between a H-2D? -N/C1 determinant and an unknown nominal antigen
- in association with Class 11-MHC determinants. The demonstration of -antigen-specific CTL

~activity and IL2 release by 3DT52.5 clearly illustrates that not all IL2-releasing cells are

conventional Th. Monoclonal antibodies directed against stimulator IA determinants of the b,d,
or k haplotypes are able to inhibit IL2-release by L3T4* 3DTS52.5 in response to D‘_‘ ,IA’-_ but

not to D? , IA--stimulators. L3T4- variants of 3DT52.5 are not inhibited by these antibodies.

~ This evidence has been interpreted to suggest that L3T4 interacts with nonpolymorphic 1A

determinants to facilitate interaction of T célls with APC (1865. However, an alternative
explanationf is that anti-IA antibodies interfere with the avaﬂability of the DY determinants
fequifed or recognition by 3DT52.5. Despite this obj‘ectior‘l, L3T4 appears to be an important
T lymphocyte cell-surf ace molecule that pa}ticipates in interactions with-APC.

. Other Th rﬁolecules including OKT3 in humans and Thy ,1 in mice may be functibnaily
important elements of an inductively-c‘émplete recéptor cluster (55,144,161,189-191). éoluble
clbnofypic antibodies or antibodies récognizing the' T3 déferminant are able to inh‘ibit

antigen-specific proliferation and/or IL2 release (55,144,146). Soluble or Sepharose-linked
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- anti-T3 or clonotypic antibodies augmented responses to IL2 by increasing the level of 1L2
receptors (55, 189) In cotm coupled antibodies or appropriate strmulator cells
but not soluble antlbodles alone were able to induce IL2 release and subsequent proliferation.
In this system Sepharose-coupled antibodies are not only a functionally complete mductxve
signal but they are able to stlmulate the endogenous productlon by Th of IL2 |
Studies by Kaye et al. ( 190) demonstrate that-the induction of proleeratlon by soluble
clonotyplc antlbodles required the presence of accessory cells (not MHC- -restricted), IL1, or
IL2. In the activation of Th by nanogram quantities of clonotypic antibodies, IL1 is required
for expression of 112 receptors ( 191).‘ The soluble multiualent_ or divalent etntibodies used in
these eiperiments!.( 55,144,189-191) presumubly ‘cluster molecules in the T cell receptor complex
but this is .qual_itatively or quantitatively insufficient for complete activation. Appérently not
| all types of ThAR clustering are f unctionally identical. . *
:‘Nonspecific lymphokines such as IL1 or IL2 may potentiate the aggregation of
weakly -associated molecules in.a recptor cluster. These types of triggering by antibodies
recognizing molecules in the TAAR complex bypass requirements for antigen, la, or dlrect
contact with APC Inhibitors of nonspec1f1c lymphokmes that have been suggested to minimize
thlS type of trlggerlng in vivo (29, 192) are apparently absent or at least inef) fectrve in the invitro
- culture systems used to demonstrate thiS potentiation of antibody-mediated Th mduction Itis
not clear if Sepharose coupled antrbodxes or soluble antibodies plus nonspecific lymphokmes
induce other Tk functions requrred to .lielp “cell- -mediated or antibody- medrated immune
responses, in addrtlon to IL2 release or prolif eration.
In addition to the relatively . passive functions of _tlre -presentation of immunogenic
‘molecular complexes to T4, some types of adherent cells arg also capable of the active functions
of antlgen processing ‘and the release of Th-inductive signals. Me’tabollc inactivation of

stimulator cells by heat treatment, glutaraldehyde fixation, or ultraviolet (UV) irradiation, has

been used to destroy these active functions for the analysis of their roles in CTLp.induction.
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Many réports demonstrate 'that prirﬂing is required fdr the generation of CTL from
spleen cells cultured with metabolically iqactivated lymphoid cells or fiﬁrob]asts (193-204).
Normal spleen cells, in contrast, generate vigorous’primary or seéondary CTL respohses to
meiébolically'active (y-irradiated) -intact lymphoid s.timulat()rs. In-order to generate CTL
frbm unpriméd spleen Eells cultured- w1th giutaréldeﬁyde;fixécf or Uv-irrédiated stimulators,
the additipn of an exogenous source of help suéh as antigen-specific helper cells (199), soluble
helper factors including IL2 (52,197,202,203) or third-party allogeﬁeic cells (109,204) are
required. These studies demonstrate that mefabélically-inactive stimulators are ?nfi:genically
intact but are unable 1o deliver one or more of the signals required for the induction of Th,
CTLp, or both. : - -
| qu‘ numbers of thymocyte or splenic respor‘ld'ers'are also dependent on the addition of .
exbgenous helrper cells or their solublt; f‘a'c'tors to tri‘gggr CTL responsés to metaboli_cally-activ;
stimula'tors'(125,205-207). / Métaboiically-active stimulators ar\e therefore unable 16 satisfy a
requirement for Th in the induction of CTLp. In contrast, Th of their soluble products éan
bypass a r‘eqvtllirément for metabolically-active sti'r'nulatorl cells (52,107,195,197,200-202). Thisv

suggests that metabolically active stimulators induce and augment the functions of Th in

‘addition to their- ability to express antigenic determinants recognized by C'TI_;p. The

demonstration's::tqk:lat UV-irrad'iation destroys the fu;lc;ions of APC requi;ed for the induction
of antibody-or DTi:I responses (208,209) may be due to similar defects in APC functions.

‘Many r_eportsvhave documef.ted the ability to generate weak primary- or strong
secondary~CTL responses to cell-free allogengic plasma membraneé (_132,139-141,203,210-215?1/
or molecules incor_porated into liposomes (139-142,216-218). A requirement for adherent cells
was demonstrated in the ‘induction of CTL responses to these subcellutar antfgens
(132,139,215).  This  suggested bthatl adherent | cells wére ablq to  "present”
constitutively’;expressed or exogenously-added‘ antigens. It was demonstrated that phorbo!
myristate acetate (IPMA)'T is able to recons‘fitute the CTL response to adherent cells that were -
UV-ifradiateci éf*ter expgsure to Hlloantigen containing liposomes but. n;)t to /mew

S |
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. UV-irradiated before exposure to this antigen (139). This suggested that PMA could act as an
’inductive signal for ‘Th but could not replace the antigen processing or preeentation f;ctions
‘ required‘ for Th activetion. In contrast, erude, helper factors from mit'ogen-stimulated
lymphocyte_cultures' were dblefto;reco‘nvstitute‘responees 1o sydgeneic a_dherent ‘cell‘s _that__were
UV-ir;adiated before ‘exposure to liposomes. This and other evidence has been imerpreted to
‘ ‘suggest that Th and CTLp exhibit different requirements for activation (140,219). The role of
Ia molecules in the induction of CTLp will be discussed in the folldwing sections.
A"ctivatioh of Th is‘ known to induce qualitative and quantitative changefs at the levels

of DNA synthesis and_.transerip:t_ic.m, and'aththe le\;c_l of mRNﬁx translation into proteins ( 220).
Changes in post-translational modifications;: which ‘d;e ‘known to occur in normal B
lymphocytes an ter induction (221.) are alse likely to occur as a result of Th activation. |

"-Freem_an et al. (220) examined._the mRNA and protelins synthesized as a r.esul't'of Th
activation by Concanavdlin A (Con A) or antigen. These studies demonstrate that de hovo
synthesis of mRNA and'proteiné,- incl'_uding ILZ and adtigen—binding mole’cu_les was* induced
' .r;apidly (within 15 hou;s) after activation.l' In co.ntrast,_‘ prolifefation proceeded et a.much
slewer rate and did not reech eptimal levels until approximately 48 hours after acti\}atiqn. At
. this time, L2 production was negligible_and the produetion of antigen-binding moleeules, |
presumabl; ThAR, had decreased to about 30% of optimal Ie_v_els. It api)ea}s that early rﬁRNA
species are shut off by 48--60 hours after activation and a different. set of genes are then
~ expressed. | |
~ Th activatioh does not appear td _\be ‘an "all or none" process.- The increase in IL2
! recepfor eipfession but not IL2 secretion by sblublg anti-receptor complex a’mibodies suggests
that some stimuli can induce sdme but poi all of the requiremedts for activation (55,190,191)‘.

-

Do all types of Th respond in the same manner to these stimuli? Are their requirements for
: N 4

vi‘r'xduction and the type of inductive stimuli they are able to pravide to theméelves, CTLp, and

other cell types quantitatively &r qualﬁdtivelj different? Our data base is insufficient to do

more than speculate at this point in time. Further comparative molecular and functional

o
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analyses of more Th clones and hybridomas 1s required.
E. Inductive Signals for CTL Precursors

Activated antigen-specific Th or their '_seéreted products are required for the induction
of CTLp, as diécussed pre‘viously; Similar to the mechanisms of inter;iction between APC and
Th, Th may activate CTLp by clusteriﬁg functionally re}aled moleéales in a CTLp recepior
complex and by the deliyéry 6f hormone-like inductive signals.

Tfie first step in .in'ACTLp indu_ciion -"occurs ‘at the level of .aymiéen recdénition by
clonally-expressed CTL receptors. ~.’1'1>1e CTL antigen reccptér (CTR) exhibits a great deal-of
similarity to the ThAR (45,222). Bbfr*lxjippear to use the séme B chain C régions and the same
[méchanisms of gene rearrangement (45,152,1‘53). By quantitation of | binding sites for
‘.cloAnoty-pic antibodies,* it has\)eeri estimated that CTR are pfgsent on the ceil membrane at a

density of 30,00_0 0 40,000 per cell ‘(144). It is likely that f unctional differences between CTR
anq ThAR resjde on the a chgin (45) although this has not yet been broven. ! The selective
pressures and/or thc'chellrzicteristics of CTR mthat failc;r recognitién of Class 1 alloantigens or
nominal ahfigéns. associéted with syngeneic Class I ,an‘tigens, in contrast to the predisposition of
' 'i'hAR for recognition’ of allogeneic Class 11 an.tigens or nominal antigens‘ fassociafed with
‘ s'yngeneic'Clgs.s' 1T molecules remain to be lelucidated. | |

The CTR f.unctio‘n in the .recognition of 'f’oréign molecules expressed on \‘
- cell-mem.bra'nes. Lilniting d;lutiod analysis has revealed a high frequenéy of CTLp reactive
with foreign MHC alloaniigens-(206,223,224). CTL;preﬁﬁrsors can’ also recognize nominal
antigen (X) in the context of s‘ynge.neic or allogeneic MHC- antigens, although the frequéncy of
CTLp reactive wjth self-MHC+ X is much higher than that, of CTLp reactive with
’ allogeneic-MHC+X (225-230). As predicted by Matzinger and Bevan '('232), at! least some of
the CTL recogﬁizing allo-MHC+X can be explaine.dv by cross-reactivity with a different'
nominal antigen (Y) .'a'ssociated with self -MHC (self-MHC+7Y) <232,232). Studies by Pilafski

1Recent evidence suggests strongly that the cDNA clone reported by. Saito et al. (45) does not
in fact encode the « chain of the T cell antigen receptor (M. Davis, personal communication).



and Vergidis 1nd1cate that CTL can_ recognize mrnor hxstocompatrbrlﬂgy antrgens in an
apparently H 2 unrestrrcted manner (215).. Demonstratron of CTOSS - reactrvrty between self +X |
and allogeneic MHC' determinants has been suggested to explain the hrgh frequency of
allorcactive ‘CTLp (232-237) in tefms of the "altered-self " model of C_TL_recogmtr_on,.
originally proposed by Pilarski (238). Studies by Huni-g and Bevan (232), using cloned CTIe
lines, nrov_ide very strong evidence in supporr of this- model. |

As discussed previously, Th-APC interactione and the recogn‘ition A‘qf n(rrnnal antigens
by CTLp can be demonstrated to be MHC ?reetricted events in many experimental systems. In
addition to H-2 restriction at the level df antigen reeognition by V regions of T cell .re'"ceptors,
H-2 restriction may involve iden_tical and nonidenrical complementary molecules oanh and
CTLp. Analysis of H-2-restricted‘ interactions at the latter level is difficult 1@ approach
because antigen-nonspecif ic lymphokinee snch as 1L2 may bypass or obscure the requiremems
for MHC products or for other mbreculeé‘ endogenously-expressed on Th or passively acquired
by them. Our prefvious reports - (29,239) and tho}seof Corley er al. (183) indieate that
'-,‘_‘pdlymor_phic MHC determinant$ may be involved in collaboration between Th and CTLp.
Nonspecific lymphokines may function in vitro to potentiate the effects of a weak and
functionally incomplete rnteractions among antigen, MHC-enceded products,'and the moleculee
in a CTR complex, in a manner analogous to their role in the potentiation of 'signals delivered
to Th by solluble clonntypie antibodies (190,191). ‘ " r |

Srmrlar to results -of studres on the role of MHC mteractrons between Th and B
}lymphocytes and/or APC (180-182), some studies suggest a role for polymorphrc MHC‘

R g

determinants as interaction molecules in collaboration between Th and GT Lp (183 240). The
experrments of Corley et al. (183) clearly demonstrate a preference of ;rrmed‘ Th for syngeneic
CTLp and/or Th precursors. The experrments of Matsunaga and Simpson (240), using.
allophenic and bnne marrow radiation chimeras, can be interpreted.to_suggest an Ia-restricted '

Th-CTLp interaction, although other explanations can be made f or/ these observations (29). In

these - studies it is'unc-l'ear if the observed H-2 restriction occurs _at the level of antigen

o " . »
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recognition or at the level of ‘collaboration between Thand CTLp. ’

The experiments of Plate and her colleagues (202,241),'indicate_ that soluble Th derived
factors ‘exhibit MHC-restriction in the triggering of CTLp. This restrictioxr is ~oscured by the -
presenc:e of Ia* T cells in culture. In the absence of Ia* T cells, MHC-- st"'c'ted_ triggering by
these factors rnv01ves mainly the responses of Lyt-1,2,3* CTLp to haptenatcd-self molecules_
but not to MHC alloantrgens This suggests that more immature ‘CTLp that have not
previously recerved 1nduct1ve strmulr due to environmental priming may be required to observe
MHC- restrrcted interactions between Th and CTLp However, in these studres it was not.
determined at which Jevel this restri”ction occurs, |

0 Although CTLp can be activated in the absence of Ia* APC, it is unclear if all CTLp‘
. lack this restriction. The demonstration that actrvauon of a H D * -reactive CTL hybridoma
_ is facrlrtated by Ia* stimulators suggests that other CTL may require inte'ra'ctions with 15’
~ molecules (188). In addition to or instead of anchormg Th and CTLp together for the delrvery .
of antrgen nonspecific mductrve srgnals endogenously expressed or passrvely acquired MHC
molecules on Th or APC may functron to interact wrth molecules in a CTR complex for the
delrvery of a functrona]ly complete mductrve signal.

The requirement for €lose spatral proxrmrty of the determinants recognized by Th and
the precursors of AFC-or DTH ef fector cells is well established (10,15,16,18-20, 25 27 ,28). In
contrast CTL can be trrggered by Th recogmzmg antigens that are phystcally separated from‘u
those recognrzed by CTLp. - (127,197, 242 243) Furthermore antrgen nonspecrfrc and
. MHC -unresiricted lymphokines can al$o trigger CTLp in the absence of Th cells (52 54 244) |
‘On the surf ace, this suggests that CTLp have less strrngent triggering requrrements\than AFC,
DTH, or the Th that partrcrpate in. -DTI-I induction. However, a number of experiments
~ indicate an important 1;g~l;e for linked recogmtron in the mduction of CTLp.

The experiments of Sopori’ et al. suggest that linkage of determinants recognized by Th

- and CTLp is requrred for thymocyte but not for splenic-CTLp (245) The CTL responses of

AQR splenocytes to the H-2K* antigens of B10.A mice was augmented in a dose-dependent
: o C
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‘manner by the addition of B10 T(6R) strmulator cells, whrch differ f rom AQR in the I through
- S regions of H-2. In contrast, thymocy te CTLp were not induced using this: protgcol in Wthh ‘
: the helper- and’ CTL-reeogmzed _determmants. weret on physically separate cells. These
thymocyte ‘CTLp and/or Th populations appear to be less susceptible to "unlinked" triggering .
It has been demonstrated that thymocytes that bind peanut agglutinin (PNA) are unresponsive
to 'alloantigen either in the presence or 'ab_sence' of T cell .growth factors, including IL2
‘(-246-248).. However, it is unclear if this supposedly "dead-end" population may in fact be
triggered only'by antigen-specific evgpts requiring linkage of determbinants recognized by Th
AandCTLp | - - ‘ ( o lt
The studres of Keene and Forman (249) demonstrate a requrrement for hnkage of
oe'ermmants recogmzed by CTLp and Th for in vzvo priming of CTL responses to- Qa-1
' antlgens Cytotoxrc responses agamst -Qa-L were generated only if- female mice were primed
with cells expressmg both Qa 1 alloantrgens and male hrstocompatrbrllty antlgens (HY),.but not
if they were prrmed with syngenerc male cells plus female cells expressrng Qa-1 alloantrgens
Sir’nilar,studies by Kanagawa et al. (250) demonstrate a requirement for the expression .of
| foreign minor histocompatibility antigens (mH) and i—IY*on the same immnniz‘ing cells in order
to elicit_CTL responses against HY antigens in female- CBA mice. Other studies.also suggest
that linkage of determinants recognized by CTLp and Th more effectiyely stimulates CTLp
than does. antigen in an unlinked f‘orm (251 N. Gascoigne personal .communication) All
members of- the CTLp populatron may not be equally susceptrble to ‘triggering by
' antrgen nonspecrf ic and MHC unrestrrcted 1nductrve srgnals such as IL2. ‘
Smce “the initial - demonstration - that soluble factors from antigen -stimulated
_lymphocytes were able to substltute for intact Th in the 1nductron of CTLp (244), much effort
- has been expended in_the brochemrcal and functronal charactertzatton of lthese soluble
antlgen-nonspecrf ic f actors. In the mouse, antigen-. or- mitogen-activated Lyt-1* T cells release
IL2 whi‘ch'.th-en partieipatés in the trrggering of ICTLp“ that‘ have e‘xpressed IL2 receptors after ‘

antigen recognition (52,54,203,252-256). Unlike these CTL that require exogenously provided -
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IL2 and ‘perhaps other lymphokines, CTL clones have been reported that are able to produce

sufficient IL2 to mduce their own prollferatlon after stlmulatlon by alloantigen-expressing

stlmulator cells. or. Sepharose linked antxbodles Tecognizing molecules in the CTR complex

-

(144, 188 189 222) The physiological sxgmﬁcange of these observed dif ferences in requlrements

-

v

for exogenously -provided 1L are unclear. 1L2 appears to stimulate CTLp proliferation after -

'recognition of antigen (256-258). ltlis unclear if IL2 also stlmulates the prOduction of other
f actors involved in the triggering of CTL responses.

Anugen nonspecmc lymphokines in addmon to IL2 have been reported to participate
in the induction of CTLp (259-268). In contrasi to lL"Z ‘Which stimulates CTLp proliferation,
these additional factor(s) stimulate dlfferennauon of CTLp into CTL that are functionally
,capable of delivering a lync signal to targets expressmgé‘adetermmants recogmzed by their
‘ clon]ally -expressed CTR (260 261). Blochermcal crltena are also able to dlsungmsh these CTL

dlfferentlauon factors (CTDF) from IL2 ILl or y- mterferon (258,260,263, 264 266 -268).

&
Recent evidence demonstrates that IL3 1s at least one of the CTDF that have been reported .

(267). Functlonal CTDF activity has been 1dent1f1ed in supernatants from T cell lines and
hybridomas, EL4 thymoma cells, M@-like spleen cells and M(Z) like tumor cells (WEHI 3) in

addmon to supernatants from mxtogen- or anngen activated spleen cells (257- 268)

Production of 1L3 by M@ may explam the sxgmf icant enhancement of cloned alloreactxve CTL

by adherent cells (143) It is not known if production of IL3 (CTDF ) by dendrmc cells is also

able to enhance CTL actlvxtv In addition to producmg CTDF (IL3) for CTLp induction both
T cells and M@ may be targets for its. activity as well (56 269) The recent cloning of the
' murine IL3 genes (270) will facilitate the analysis of its role in the mducuon of CTLp

I is clear that some CTLp require at least three s1gnals for mducnon antigen, IL2,
and CT F ' (IL3) However, evxdence presented in this thesis and elsewhere
(2\205 239, 271~ 273) demOnstrates that antigen- specxflc Th -derived 1nduct1ve 51gnals are able
to participate in the induction of CTLp. The number and type of sxgnals a CTLp has

previously received will determme its requlrments for addmonal mducnve signals. In the

IS R
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. absence ,of “inhibitor.y agcti‘vity. antigeq-nonspecific lymphokines that are active in vitro may be

able to bypass requireh'lents for'fhnctionally relév‘am',clus.tering of molecules in a CTR v

~ complex. = Antigen-nonspecific. lymphokines, namely 112 andbcTDF may constitute additional ,

signals that quiatc clonal éxp}énsion and diff erentiation, respectively.

F. The Role of Soluble Helper T Lymphocyte Receptors in the:.lnduction of Cell-Mediated and
Antlbody Mediated Responses |

In 1968 Bretscher and Cohn proposed an antlgen spec1f ic second 51gna1 for the selective
mductnon of lymphocytes that react w1th non- self anugens (30). Selectlve pressures that .
prevent the induction of self - reactlve Th would mlmmlze the mductlon of autoimmune
‘responses by Th‘-denved ASHF . The soluble nature of ASHF -would enable Th to extend their
'abilit.y. t‘o”d'eliv.er‘amigen-specif ic ‘help beyond the limits of the Th cell membrane.

Recent genetic ‘and- biochemical analysis has revealed similarities between ThAR and
_ifnrhunoglobulins (43-46,147,148,151-154), possibly due Uto‘ duplication of primordial genes.
The-precedent of distinct me?nbrane and éecréte;d forms of u, ¢, and'y immunoglobulin heavy
chains suggests that ThAR may have used similar recomb\inatorial mechanisms 1o generate
'sec_reted and memﬁfane-'bound folrms of its receptors (155-157,221,274-277). Distin;:t secreted
and membrane-bound forms of 1gM are present in qu;ies as phyvlogeneti.cally ancient as sharks
(278y. | | :

| _The first experimental evidence in support of a édluble, antigeﬁ-specific, T cell-derived
’sigvnal. was provided in ‘1972‘ by Feldman and B;;s;en's analysis of antibody responses (279).
They demonstrated Vant_iigéri‘-speéific, T cell-derived induttive signals ‘that acted. on B
Alymphocytes‘ and/or MQ) separatgdf"f‘-rom the Th by a cell-imp;fmeable' (O.lum‘pore size)
membran‘e. These initial gbservations of Blhcell induction by antigen-specific Th-derived -
products, presuniably ThAIi, have been confirmed in a wid‘é;ggl_riéty of human and murine
experimental 'syster.ns> anlyzing both primary and secohdary- antibody responses’ (reviewed‘ in

17,280-282). Tada and others (17,50,51,280,283-285) have reported a éimilar antigen - specific
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Th-derived actor that helps secondary antibody responses but drff ers from the tvpe of ASHF
] reported by Feldman (279) in its actionon T cells rather ‘than on B cells or M@

An apparent heresy agarnst conventional -dogma (159 160) is that soluble ThAR, unlrke
most but apparently not all of their membrane-bound counterparts (160~l64)’, are able to bind
nominal antrgens in the apparent absence of MHC products. Affinity columns consisting of
Sepharose coupled antrgens such as CRBC synthetic polypeptrdes serum proteins, ovalbumin
(OVA), or haptens, have-been demonstrated to bind functionally active helper nrolecule in a
specific manner (239,286-294). ;

Other interpretations of this apparent lac‘k of H-2 restrictionlin recognition of nominal
.anti_gen can be rnade to suggest tlrat the binding of ASHF to nominal antigen still has an-
Pl 2-restricted cOmponent' 1. the affinity of binding by ASHF to nominal antigen could
conceivably be greatly increased when nommal antigen is presented in the context of MHC
products; 2. conformatronal determrnants on nominal antrgens reocgnrzed by ASHF rnay v
resemble an antrgemc determrnant (X) presented in the context of self MHC molecules .

~

\\(nominal antigen Self + X); 3. ' ASHF moities that contain MHC—encoded' molecules may
provide their oWn elements ‘f or - MHC-restricted recognition of antigen and thusA appear
unrestricted. In spite of these vcaveatsl,- based on the binding of ASHF to ‘anti‘gen‘-affinity ’
columns in the absence of H-Z_T-e‘ncoded products and the dif ferences in the reqni_rements for
H-2-encoded products of Ca*-sufficient and Ca’;def icient ASHF (29,239, and Chapter‘llII}Of
‘ this thesis), it is suggested that ASHF _lzrgging o'f:antigen can be essentially MHC_-unrestricted.
'Hon/_ever,.MHC‘-encod\ed rnolecnles derived from adherent cells may be required at other‘steps
of CTLp induction that do not involve recognition of nominal antigen'.

_ l&lthough most ASHF preparations_ are able to@ignd nominal antigens in tne' absence of .
MHC products, some reports suggest la-restricted interactions of ASHF in the induction oi‘
antibody responses lt has been observed that B lymphocyt,es and ASHF- producrng Th must be

syngeneic in at least the IA- subregron of the MHC in order for- 1nduct10n to- occur

(50,290,295,296). In contrast, other reports have demonstrated that induction of B cells by



ASHF 1s not restrrcted by a requrrement for 1dent1ty in any region of H-2 .between _
ASHF - producmg cells and B lymphocytes ( 287 297,298). ‘

Analysrs of antrbody responses to synthetrc polypepudes such -as Poly -L- (tyrosme
glutamrc acrd) poly -DL-alanine-poly-L-lysine (TGAL) that are controlled by I- regron genes
'has been used to ‘define the roles of these genes m the productron of ASHF and in the ability of
"B cells to bmd and be trrggered by ASHF (282 297 ,298). By analys__ls of the abilities. of .
TGAI_,-low-responder mice to produce ASHF or to be’ trrggered by ASHF, it -\vas concluded
Athat three- types o} def etts.contribute to the low-responder_ status of' some mice: 1. some strains -
of lovv-responder mdice” are unable.to produce ASHF in‘respon'se‘ to. TGYAL ‘but are able to
respond to ASHF 2. some low responder mice are able to produce ASHF but are unable to
respond to it; and 3. some mice exhlbrt def ects at both levels 1 and 2

Gene complementatron was suggested by - the abrhty of Fl hybrrds between
~ low- responder mice that EXpress a defect at level 1 (BlO Mor A. SW)‘and those expressing a
defect  at level 2. (B10.BR or I/St) to respond o TGAL (282,298). However, this
- complementauon was not able to be consrstently reproduced even by Taussrg and his colleagues
(283,299- -301).

. It was- observed that . non-MHC-linked genes possrbly immunoglobulin heavy
chain- lmked genes, contnbute to both the ablllty to produce TGAL- -specific ASHF and the -
- 'abrllty to respond to ‘it (282 302). . To explam these ol;servatrons a: mrmmal four gene
factor/acceptor model was proposed (282) In this model two dif ferent MHC- unlrnked genes -
\-are rnvolved in the MHC lmked expression of ASHF or 1ts acceptor Further experrmental
evidence in support of thrs model however, is lackmg Genetic and brochemrcal analysis of la -
determmants on ASHF and their complementary acceptor molecules on B cells will be required
to resolve the phenomenologrcal confhcts mvolvmg the roles of MHC and non- MHC products
in, ASHF mediated’ lymphocyte mductlon | ,

The mechanrsms of ASHF medrated mductron of B lymphocytes are not Clear. Some

- reports demonstrate that at least one type of ASHF medrates its effects dn B cells indirectly v1a.

s
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interactions with T .cells (17,50,51). In contrn'st, other reports of the ability of 'ASHF to
trigger AFC responses from T-depleted spleen cells indicates that a different type of ASHF aéts
directly on B “cel_ls or indirectly via M@-like cells (279,287,294,295,303,304.);:". Antibody -
responses have also been induced in vivo by ASHF in nude mice (305). ‘
| It has been demonstrated that bone marrow cells (298) or purified B cells (294) can
bind ASHF in the absence of antrgen although antigen is required for induction. In the studies
of Shiozawa et al. (294) the "B cell" population contained less than 0.1% M@, as determmed
by the uptake of polystyrene beads. This, however, does not eliminate the possxble contrrbutlon
of dendrr’tic cells. It does.suggest that ASHF can aot directly on B cells but it is not known if
'ASHF can also be absorbed by M@ atnd/or dendritic cells.
Diener et‘al. have proposed‘that ASHF is an amphipathic molecule that exerts its
effects upon insertion 1nto the the phospholipid bilayer of the B lymphocyte membrane (306).
However ASHF could lack hydrophoblc segments but be attached to the cell surface by ASHF
"acceptors"”, as suggested by Munro and Taussig (301). The model of Drener suggests that the
positioning of ASHF molecules among.the immunoglobulin receptors on B cells ma’;r facilitate
antigen-mediéted clustering of immunoglobulin ‘recepto'rs for the delivery of a funetionally
complete inductive signal. ‘ This model is consistgnt with the requirement for close spatial
proximity of antigenic determinants recognized hy~ Th and B celis (15-20) ‘Recently Dekruyff ‘
et al (291) have demonstrated a requirement for lmlqed recogmtron in the ASHF - mediated
induction of antlbody responses although earlier reports have demonstrated ASHF- mduced ‘
triggcring of "bystander" lymphocytes in an unlinked manner (307,30'8). |
Two basic types -of 'geometric configurations can be suggested for ASHF-mediated
clustering of immunglobulin receptors on B cells: 1. ThA.R may be positioned among
1mmunoglobu1m molecules with their tails in or on the cell- membrane and their antigen
-Tecognition units exposed to the universe of self and non-self. 2. An alternatrve conflguratton
would have the antlgen bmdmg cleft of ASHF facing the 1mrnunoglobulm (or T cell receptor)

antlgen-bmdmg cleft across an antigen bridge. Either or both of these mechanisms may be
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operating in ASHF -mediated induction of B and T lymphocytes.

, 'Experimems by Jaworski el'al. (290) dissected the induc}on of B lymphocytes into
proliferative aqd differentiative signaig. »The former signal; _provided“by antigen and ASHF, ‘
required at leést partial H-2 compaﬁbility between thel ASHF ;produc'ing‘ cells and B
lymphocytes. The stimuli for differentiation into AFC weré soluble, antigen-nonspecific,
H-2-unrestricted signals derived from Th and M@-like cells. Many laborétories are currently
iﬁvestigating -the moleéular'and functional characteriétics of these nonspecific fact.ors- that
participate in the stimulation of antibody secretion. -

A number of reports suggest that ‘ASHIf are a cOn@ex of ThAR and ia antigeng.
~J\401ecular weight” estimaies range from 40 to 70 Kd (280-282,30§). However, precise
biochemical charaéterizétion of ASHF subunits has not been achieved. The antigen-sﬁecif ity of
ASHF in'terms of binding and functional activity strongly sugéests buf does‘nol prove thét
ASHF are the clonally-expressed antigen-receptqrs_ of Th. An\tisera raised aga\}nst wholeh mouse
immunoglobulin does not react with ASHF but éepharose-coupled antibodies- recognizing
framework determinants of the immunoglobulin healvy chain variable region; (Yh) _haire been
able to deplete ASHF activity (288,298.310,3115. In light of the recentiy reported homolgies
between immunoglobulins and ThAR « and B éhains (44,45) cross-reactivities bétween the;e
types of molecules ére not really surprising. However, depletion 6f /'\SH'F aétiﬁty_ by .
imm-lihoadso;ption with mohoclonal antibodies known to recognize V or C region Aeterminaqts
of Th/\&\}%,is neéded to.conclusive.lAy demohstfate that ASHF~contain ThAR « and/or B chains.
VMany laboratories ha‘lve independently reporte_d'depletion of 'fun’étional ASHF éctivity ‘
by conventional or monocloqai antibodies - vrecognizing Ia determinants
‘ (30,271,287,290,311-313). The studies of Lonai ef al. demonstrate that determinants expressed
-on at least I-AB and I-Ee are expressed on ASHF (296). It is interesting that alth'ough‘ this
ASHF is IAB-, it requires identity in the K-IA regions \ch B cells and M@ in order to trigger
antibody responses. This could reflect like-like interactions between poiymorp’hic 1A8

determinants on the ASHF and B lymphocytes or M@. Alternatively, it may be due to a-
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_requiremem for interactions of polymorphie IAB or IEaI determinants on ASHF with A« or
IEB determinants, respectlvely on B cells, M@ or even with those molecules which have been
’ passwely -absorbed onto T Iymphocytes Itis p0531ble that Ia determmants unique to T cells" '
(314,315) may be found on ASHF or rﬁay be acceptor molecules for determmants expressed on
ASHF moities. Other non-MHC-encoded, L3T4-like mqiecules (186-188) may be inv'olved ir_l |
the binding of sol'uble..,‘T_hAR-Ia corﬁplexes to B cells, M(D Qf T cells.

_ It is sﬁxggested 'i.n this thesis that I“arfimigens constitue a"poly'mo.rphic glue that binds
ThAR together. Comple'xee of Ia,antigen, énd ThAR may be released from Th after activation °
for the delivery ef inductive 's_ignals‘to lymphocytes recognizing determinants that are physically
linked to the determinants recognized by elonally-expressed ThAR. Quantitative and/er
qualitafive variatiens of nonclonally-expressed interaction ‘structures on ASHF or on the
precursors of cellular ef fectors or AFC may dictate the a_”bility of an ASHF moiety to trigger T‘
cell or B celi subsets. |

As coﬁventional la determinants found on.ASHF are not constitutively-expressed on .
murine T lyrnphocytes these Ia molecules on ASHF are probably derived from adherent cells,
as our own work suggests. Thus the subumts of ASHF appear to be derlved from two distinct
cell types and assembled 'extracellularly. This is different from the assembly of
- immunoglobulins.~in whicﬁ both heavy alyld ligﬁt chain subunits are produced by the same B cell.
However, by analogy to the eIOposed model of 'ASHF, the antigen-specific s_uppressor factors
characterized in the laberatory of _the late R.K. Gershon consist of an antigen-binding subunit
prodﬁced by Lyt1*2- cells and'a "carrier" subunit produced by Lytl-2* cells (316,317). 1}1 this
model I-J 'products also appear to function as a polymorphic glue. Other models of
antigen-specific suppressor factors bear resemblance to the proposed ASHF model in that both

H-2-encoded and non-H-2-encoded subunits appear to be iequired for functional acti\}’it-y

' (318,319). The maintenance of related biological functions on sepérate polypeptide chains or
at least encoded by separate exons may permit greater adaptability to environmental selective

pressures. |
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Although the effects of ASHF have been studied most exdensively in fhe, induction of B -
ocell respd'ﬁses, ASHF have also been reported to participate in the induction of CT_L and DTH |
responses. - Kilburn et -al. (271)4 provided the first evidence for a-factor 'that'specif‘i'call'y
'enhanced a CTL response to a syngeneic tumor (PSIS) Like mény of the other reports this'
ASHF bound to antigen- afﬂmty columns, and anti- Ia or anti-H-2 columns but not to an
anti-mouse 1mmunog]obulm column. Its molecular wexght was estimated to be 50-66 Kd a,nd
'analysxs of its functional activity distinguished it from IL2 (272). Dr. Kllburn and his
. colleagues have indebendently reproduced the ASHF -mediated induction of thymocyte CTLp,
'using the system developed by Dr. Pilarski and myself (29,239), in the criss-cross specificity
analysis of KLH- and PPD-reactive ASHF (D. Kilbum,‘persc;nal communication). Recently
they have.also developed a radioimmune assay to qﬁaﬁtitate ASHF by its ability to block
bindling of free antibody' 10 immobilized antigen (320).

Experiments by Platé et al. (202) demonstrated that antigen-specific helper ac;ivity for
CTL 'resp‘onses were present in 6-hour supernatants of B10.A(18R) stimulator cells cultured
with draining lymph node cells from C57B1/10 mice that had previously received a body or tail
* skin graft from B10.A(18R) mice. Uéing a panel of glutaraldehyde-fixed s.timulator cells from
congenic mice, the émigen-spécif icity of this soluble “elpér activity was mapped to H-2D¢
(on 'BlO.A(18‘R) stimulator cells). This ASHF activity was detectable in supernatants from
lympﬁ node cells harvested a;s éarly as four da)}s after skin grafting. In contrast, IL2 activity
was not detectable iﬁ supernatahts from draining lymph nodes harvested unﬁl ap'proximately 10
days after skin grafting. It was riot determined if the ASHF-préducing cells required identity
in any region of H-2 with CTLp, Th, or adherent cells in the responder population in order to
induce TL responses. | o l

ASHF -activity for thymic CTLp was detected in supernatahts from spleen and l_ymph
node cells of cYclophosphamide-treated, trinitrog_hlorobenzene-painted mice that were cultured
with haptenated syngeneic spleen cells (273). Production of ASHF’in_ this system required ’

stim,ulatioh of primed Thyl*,Lyt1+2- cells with specific antigen. Nonspecific lymphokines that
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acted on alloreactxve CTLp were present in supernatants collected 5 hours af ter stxmulatlon In
contrast, ASHF predominated in supernatants collected 25 hours after sumulatlon The
molecularrv weight of this ASHF was estimated to be approximately 43 Kd, as determined,byvgel
filtration analysis. This molecular weight is cons_istent with those previously feported for
murine a and B chains.of T lyrrlphocyte antigen‘ receptors (42-46).

Studies by Colizzi et al. (293) prov1de ‘the flrst evxdence of the antxgen specific
induction of DTH responses by soluble factors. Their ASHF 1s,present in the 24-hour
supernatants of draining lymph node cells harvested 4 days after skin 'painting with contact‘
sensitizing ‘agelns. ASHF-activity was able to bind specif ieally to hapten-Sepharose columns in
the apperem absence of MHC-products. Picrylated or oxazolonated spleen cells were treated
" with affi mlty purified ASHF prior to inoculation into foot pads. Flve days later, the sensitizing’
agent or the control hapten was applied and ear-swelling was measured 24 hours later.
Hapten-specific helper activity was produced by Lyl 2", A, 1J- T cells. ,Presumably,'the 1A
on these T cells was passively acquired from M@-like cells. These 5l)-70 Kd, soluble ASHF
also contained determinants reactive with monoclonal ahli-lA antibodies.

The relationships among the.ASHF characterized by a wide variety of experix;lental
systems are unclear. Can one type of ASHF deliver an 'irlductive éignal to both B and T. cells?
Previously; systems have not been de_veloped to answer this question. Do the subunits of
ASHF define the target cells wi,tll which it ‘preferentially interacts? What are the roles of
interactions between clonally-expressed antigen-biﬁding units and nonclonally-expressed
ecceptor sites wifh MHC-encoded molecules? These questions will be dealt with in this thesis.

The following geheral model of lymphocyte induction by ASHF is proposed:

- 1. ASHF induce immune responses by clustering or otheérwise inducing conformational
changes in functionally related clonally-expressed and nonclonally-expressed molecules on

lymphocyte membranes.
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Lymphocyte actnvauon mvolves H- 2 encoded molecules and close physical prox1m1[y of o

determmants recogmzed by ASHF and the precursors of ef‘fector or regula}ofy’ .

lymph,oc‘y\tes. Ihese reqlllrements may. be obscured by the effects of antigen-_nons.pecif ic

lyrhphOlciIles. - , : ' o \
—~— .

MHC-encoded subunits of ASHF function as a polymorphic glufz to attach ThAR to each

other and. to the precursors of effector or regulatory cells for interaction with lymphocyte

‘ receptors to,del‘Ner an -inductive signal. Addmonall-y, they may determme the type of

~ lymphocyte with which a given form of ASHF is able to interact. .

-

Antigen nonspecific lymphokines mediate maturation and clonal expansion, secondary to

the effects of ASHF. )

-

As a student it was not possible to test all aspects of this model.  However, a unique

system was developed to demonstrate a role for ASHF in the induction of CTLp and to answer

‘ _ some of these questions. Evidence in suppoft.of this model is presented in this thesis.

G



II MATERIALS AND METHODS
o This chapter describes the basic- procedures used m experrments reported in thrs thesis and

elsewhere. _( 29,239).. Other methods are »descrrbed in the appropriate chapters. .-

* Animals. BALB/cCr, CSTBI/10J (B10), CBA/J, B10.BR and (BALB/cCr x CBA_/I)FI
mice were I_Jred at 'E_llerslie Animal I*'arm, University of Alberta. B10.A(5R) mice ~were
purchased from Jhackson Laboratories (Bar Harbor, ME). The mice used were 4 to 16 weeks
old and were sex -matched in 'irrdividu.al experiments. ’

Antigehs.' Erythrocytes were obtained f rorrr chickens homozygous for the B2, B13, or Bl9’
MHC haplotypes. These chickens were 'bre'd by the BioscienCes Animal Services,‘IJr'rivers_ity of
Alberta. Burro red blood celis (BRBC) were obtained from the Colorado Serum COmpanil
(Denver, CO) Freeze- thaw antigen (FTA) was prepared as described prevrously (215)
Briefly, washed erythrocvtes were suspended in Eagle's Mmrmal Essentral Medrum (MEM)
(GIBCO - Burlingion, Ontario) comamrng 5 x 10-*M B-mercaptoethanol (Eastman_ Kodak -
.Rochester. NY) at a concentration of 10% or 10° per rnl. Subsequently, ihe erythrocytes _rNere |
lysed by four cycles of freezing in liquid N, and thawing at 37°C. The lysate was centrifuged at
500 X G'for 5 minutes to remove any residual sells-and cellular debris. The superrratant (FTA)
was stored at - 70 "C or in liquid N2 until use. | '

Keyhole limpet hemocyanm (KLI—I) purchased f rom Calbrochem (Lal olla CA) was -
provided by Dr. E. ‘Drener. Corynebaczerrum parvum (CP) was prepared by Dr. K.C. Lee,
as described 'pre\‘(iously (323). Purifie’d‘ protein derivative (PPD) Qf (uberculin (Connaught
Laboratories . Willov’vdale, Ontario) was also provided by Dr. K.C. Lee.
| Preparation and Ifuriﬁcation of IL2. Interleukin 2 was | partrally;purified from
supernatants of phorbol-12 -m)fristate-13-acetafe (PMA)-stimulated EL4.E1 thymoma cells
(321), usrng procedures developed in‘ the laboratory of Dr.. V. Paetkau, as described -
previously (52,254). ‘Irradia{ed (500 rad) C57B110/J mice were inoculated' rntraperitoneally

with 3 x 10¢ El4.El thymoma cells.- Approximately two weeks later‘, ascite;s._ w,asfharirested.

16



Washed ,cells' were suspended: i’n RPMI 1640 medium (GIBCO Burlington, Ontario)
'containing 4% horse serum (GIBCO), 5 x 10-°M .B-mercaptoethanol (Eastman Kodak -
- Rochester,NY) and 10ng/m! of PMA (Sigrn‘a‘ -St. Louis, MO). After 18-24 hrs incubation at
37Cina 10% CO, air atmosphere, the culture f luid was centrlf uged at 500 x G to remove cells
and debrrs ‘ ‘

Ammomurn sulfate (Frsher Scientific " - Edmonton Alberta) was added to 80%
saturation (560g/L) and stirred at 4°C overmght Subsequently, the precipitate was centrif uged,
at 3400 x G for 1.5 hours. The supernatant was discarded and the pellet susoended 1:1 .a
minimal volume of double- distilled H 0. ThlS was dxalyzed exhaustxvely agamst 001 M
HEPES/0.0S M NaCl (pH 74) Thrs materxal (Fractron 11) was purified further on a |
Sephadex G-100 (Pharmama - Uppsala Sweden) gel frltratron column Fractions containing |
230% of optrmal 1L2 actrvrty were érooled concentrated, and filtered through 0.2 um
) membranes and stored at -70°C. For “bn\\emence this G-100- purlf ied materral (Fractron I1 I) )
will be refl erred to as IL2 throughout this thesrs although Fraction III is known to contain a
varrety of other antrgen-nonspecific lymphoklnes (V. Paetkau, personal cornmunication).
SDS-PAGE electrophoresis also demonstrates th_'atvl_:ra'ction Il isa very heterogeneous mixture .

of proteins (J.K., unpublished observations').;

Helperi T Cell Lines. The T cell line CHI that‘ recognizes BZkaBC- antigens was prepared
" by Dr C. Shrozawa as descrrbed prevrously (288) Brrefly, CBA/J thymocytes were
’ "educated" with CRBC in irradiated syngenerc recipients. After 7 days spleens were harvested
- and ‘the’ recovered cells (about 15% of the 1.5% 10' intravenously moculated thymocytes) were
cultured in the laboratory of Dr V. Paetkau lmtrally cells were- cultured with antrgen‘ j
irradiated syngenelc feeder cells -and IL2 in RPMI 1640 medium containing 50 uM'
”B-mercaptoethanol,, 10% fetal calf serum (FCS), and antibiotics. Clone 4C6 was derived from
the parent line CHI by seeding cells at a concentration'of 0.2‘ cells per microculture well
containing an. optimal concentration of IL2 and irradiated (2500 rad) feeder cells. For

maintenance of Th cells and preparation of ASHF, Th lines are cultured in the ‘abs.ence of -
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antigen and feeder cells. | _ |

The Th line L6l that recognlg Bl9 CRBC antlgens was developed by Drs. T
Mosmann (DNAX - Research Institute - Palo Alto, CA) and C. Shroz%?wa using methods
similar to-those used for the development of CHI. The Th lines CPPD and DCP thﬁ?’
. proliferate specrfrcally in reSponse to PPD and Corynebacterzum parvum respectively were .
“developed by C. Gurdos in the laboratorv of Dr. K. C. Lee by the methods of Klmoto and
Fathman (322) as described elsewhere (323) The CPRD and the DCP linés are of- CBA/CaJ ‘
and DBA/ZJ origin, respectively. The CKA Th line that recognizes KLH was developed by Dr.
A. Smha from CBA/CaJ mice by the-methods of Kimoto and Fathman (322)

Preparatton of Ant:gen -Speci fi i Helper Factors Supernatants from the T4 line CHI were
collected after 24-48 hours of culture and dialyzed against phosphate buffered salme.(PBS).
Thesev supernatants were'passed through antigen-'affinity colur'nns that consisted of BZA‘» or :

Bl3 CRBC coupled to Sepharose 4B as descrrbed prevrously (290) The bound materlal was
eluted from the CRBC w1th 2M NaCl, dralyzed against PBS, and concentrated. This materlal xs;,_ ‘
referred to as Ca*"-sufficient ASHF. Ca”.-def icient, i.e. mcomplete ASHF was prepared by i
dialyzing the Ca’ -sufﬁcrent ASHF against 0.01 M HEPES buffer (pH 7. 4) contammg 10 JM

‘Ethylene Glycol bis- (/3 Aminoethy! ether) N,N'-Tetra-acetic Acrd (EGTA) This matenalﬁa
" was re- chromatographed on a B2-CRBC- affmlty column m the presence of 10 M EGTA
The bound materlal was eluted ’from the antlgen -af’ frnlty cojumn with 2M NaCl 'exhausttvely
dlalyzed agarnst PBS, and concentrated Protem concentrations were determined by absorbancy
at 280 nm using bovme serum albumin as a standard. | |

As.;ay for Anzigen-Speciﬁc'Help ‘for €TLp. Three x 10° rnouse spleen cells in MEM were.
incubated in the presence or absence of "carrler antigens recognlzed by Th or ASHF at 37’C
for 2 hours in V- bottom mrcrotrter wells {Linbro- Hamden CT) In-the experxments usmg
erythrocyte FTA; the equxvalent of 10* RBC were added to each well Unbound antxgen and

non- adherent cells were then removed by gently washmé the cultures twice with MEM. Graded

‘ dllutlons of Th ASHF or a\n optimal concentratlon of parnally purlf ied IL2 were prepared in
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MEM containing 4% gammag'lobulin-f ree horse serum and 1% FCS (GIBCO) or 5% FCS, 5 x
10-*M B-mercaptoethanol and antibiotics and added to the adherent stimulator cells The
quantity of IL2 (Fraction I11) requrred to mduce optlmal CTL responses in each microwell was
derived. from approxrmately 600 to 1200 PMA - stimulated EL4, El cells Cultures were
1rradiated with 1500 rads prior to the addrtlon of 1 or 3 X 10° thymocytes from 4-6 week-old
mice per culture. Cultures were incubated at 37’Cin a 10% CO2 -air atmosphere f ors days

Assay Jor IL2 Activity. Antigen -specific helper factor preparations and mixed lymphokme
preparations from PMA -stimulated cultures of EL4.E] cells were assayed for their ability to
support the survival of an IL2-dependent alloreactive CTL line MTL 2.8.2 ( 324) Survival of '
the indicator cells was assayed usmg the 3-(4,5-Dimethylthiazol-2)-2,5-diphenyl tetrazolium
bromide (MTT) (Sigma - St.Louis, MO) system developed by Dr. T. Mosmann (DNAX - ;,

Palo Alto, CA) as descrlbed recently (325) Graded dilutions of samples to be tested for 112

-activity were added to flat bottom microtiter wells (Linbro - Hamden, CT) containmg 2x 10‘

indrcator cells After a 24 hr incubation at 37 C, O 01 ml MTT (5 mg/ml in PBS) was added to

" each microtiter well Cu]tures were reincubated at 37C for four hours to permit cleavage of

MTT. To solubilrze any of. the blue Tormazan cleavage product of MTT that had formed durmg

: the four hour mcubation 0.1 mi of 0. 04 N HCI in isopro,panol was added lo each well and

(GIBCO) contalmng 0. 1% gelatin (MCB Norwood Oth) One x lO7 cells were cul :

vrgorously mixed. Optical densxty (0.D. ) was measured at 595 nm. This MTT assay system is
&,

comparable in accuracy arld sensitivity to radionucleotide incorporation for the quantitation of

cellular survrval apd: prolrferation (325 and unpublrshed observatrons) but it is much quicker '

: to perform and does not require the handlmg of radioactlve material.

Preparat:on of Blast Target Cells Spleen cells were harvested in Lerbowrtz medium

A

Costar (Cambndge Mass) wells contarnmg 5 ml of media (MEM with 5% FCS, 50 uM

B- mercaptoethanol and 8ug Concanavalm A (Con A) (Calbiochem - La Jolla CA) Célls

‘were cultured for 2 da_ys at 37Cin a 10% CO, atmosphere pnor to their use as target cells in a

l

'cytotoxrc_rty. assay Target cells m all cytotoxrcrty assays were not pulséd with any carner ,

<

B
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Cytotoxicit) Assay. Cyfotoxicity generated against the muriﬁe MHC alloantigens on' the
stimulatér cgllg @as asayed using Con A;induced.blast target cells in a standard **Chromium
release assay which has been descril;éd previousiy (126); Six test'w:ells per grdﬁp were a.ssayedv‘ |
iridividually using 5 x 10¢ target cells per weil. Spontaneous/ detergent release of *!Cr from

‘\blast target cells was gener,al]y‘between 0.2 and 0.35. ‘Cytotox_ic‘ity is expressed as % Specific
I\lysis:tS,.E, . 'I'(illler to target ratios were in the order of 0.1-1:1.

‘\‘\\ Antiserum Treatment of Cell Suspensions Cells were suspended at 10¢/0.5 ml in Leibowitz
'_ medi,ﬁm (GIBCO - Burlingfon, Onitario) cdntainihg 0.1%"gelatin (MCB - Norwood, Ohio) and
an opl‘timal dilution of ménclonal antibodies or conyentionai antisera. These énti-Lyt 1, Lyt 2,
Tl{y 1,‘ and Iak (10-3.6 - anti-IAB)antibodies have been characterized preVioﬁsly.for.th;ir ‘-
“ability to."deplete. functional cell types (326,327)_'; After incubation on ice for one hour:the cells
were pélletéd\ and resuspended in mediun} co&taining an optimal dilution of self -preﬁared rabbit
complement (C'). After incubatiQn fér 45 mihutés at 37°C, cells were wasﬁed and counted.
Cell viability was detérmined by eosin dye exclusiori. (328). Lysis of cells-by C' a_lon‘e'wés less

than 4%.
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Many reports document the ability of soluble antigen-specific "fa_ctors" to induce
cell-gnediated or antibody-mediated immune responses, as reviewed previously»in this thesis.
Theg(lowing three chapiers describe characterization of. ASHF participating in the induction
of CTLp. ‘ a ’ |

Research over the past decade by Drs. Diener, :Shiozawa, Singh, and. their ”colleagues_ in

* Edmonton has characterized the role of ’ASHF in the induction of primary AFC responses to.a -
wide vanety of antigens including CRBC (290,294,295,304, 306 313) Our initial objective was
to determine if ASHF derlved from Th lines and clones that specifically recognize CRBC
antigens,‘are able to participate in the induction of CTLp. In order to f acilit_,at_e our analysis we |

have separated ASHF from non- specxfrc lymphokines by antigen -affinity chromatography

\ , ‘ Because CRBC antigens, recogmzed by our ASHF, are- not constitutively present on
el

\mouse stimulator or target cells used in a CTL assay , it was necessary to redesrgn our basrc
assay system for helper function. We have modified the helper-dependent thymocyte CTLp
in UCtron assay developed by PllaISkl (125), to test the ability of ASHF to ¥ unction as a helper
molecule in CTLp induction. In this report we ‘describe an in vitro system, analogous to -
vclassical "hapten-carrier'_' models, for the analysis of the role of ASHF in tlle induction of
CTLp. |

| The collaboratiye interactions among CTLp, ASHF (or.Th), and APC are illustrated in

'Figure 1. Inho}r rto iutroduce CRBC determinants onto the surface of mouse stimulator cells,
CRBC fragments dre fed to adherent spleen cells to proyide "carrier” determinants recognized = -
by Th cells or ASHF. Recognition of the appropriate carrier determinants by. Th or ASHF

enableslbthymocyte CTLp- to respond to H-2-encoded stimulator cell alloantigens that are

operationally defined as the "hapten” determinants. Although murine MHC 'a_ntigens are not .

41
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Fighre 1

Collaboration in ASHF-mediated induction of CTLp

-

82-CRBC PULSEDY
STIMULATOR
CELL

' 4 - | \ J H,-2.cllbontigens
- A B2-CRBC ontigens

% onh 52 CRBC ASHF
/,

Figure 1: For reasons”of smphcxty ‘the CTLp is presenied as the ICClp]Cnl of antigen- specrﬁc

help (+). The mode! above may also apply 1o precursors of Th lhat once triggered. by ASHF
(or Th), mduce CTLp

Q',
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conventional “haptens”, this. terminology is used to- distinguish between the determinants
'reco'g'nized by the Th or ASHF (carrier-specifio) and . the CTLp (hapten4specific) in this
system. Precedent exists in the. hterature for the operational defmmon of macromolecular

The 1rrad1ated adherent strmulator cells have at least. two functions in thxs system.

- structures as haptens ( 10 329) .
. They constrtutwely express H- 2 alloantrgens recognrzed by the CTLp and they also present" :
"exogenously added carr1er determmants recogmzed by Th or ASHF The system developed

‘. here 1s basrcally analogous to mductron systems in which Th recogmze Class II MHC antrgens

| and the CTLp recogmze Class I MHC antrgens (110 111).
| Prevrous studres in the induction of B cells by ASHF have mdtcated that Ca" s 4

) '. reourred to mamtam the _functronal, _assocratxon-- of antrgen-specmc and antlgen-.nonspecmc

| . subunits of A‘tSl-I.F (294). To determine if the ASHF that participates.in the-indu_ction of _CTLp
- is 'also composed of distinct subunits requiring'Ca“ for their association the antigen'-specif i'city '
and H-2 restrrctron properttes of - ASHF purrf 1ed by antrgen -affinity chromatography in. the -

' presence or absence of Ca , 'Were exammed

B. Materials and Methods
. The materials and methods used in this chapter are all described in Chapter 1. “All
ASHF used in e)tperiments presented in this chapter were prepared by Dr.. C. Shiozawa. The .

basic experimental-design is illustrated in Figure 2.~ . - .
C. Resul_ts'

Helper T Cell Lmes Induce CTL Responses ina Carrler-Speclfrc Manner

'Lo determme the potentral of our "hapten carrier” system for the analysrs of CTL

"mductron from thymocyte precursors our initial expenments utrhzed Th lmes These Th

recogmze polymorphrc CRBC antrgens that are encoded by the chicken MHC (B locus). We



Figure 2

_Experimental design |

> RESPONDER
THYMOCYTES

CBA/J anti-B2 /B2
CHICKEN RBC Th LINE

SEPHAROSE 4B- | _q_
CHICKEN RBC (82) |-J:&

AFFINITY COLUMN ' R
- ADHERENT ALLOGENEIC SPLEEN

(-
,. | STIMULATOR CELLS PULSED WITH

. RBC FRAGMENTS
Y DIALYSIS.

20M NSCL - | _
ELUATE-

- Figure 2: The basic experimental design for the purification.and assay of ASHF is illustrated in
Figure 2. Antigen-affinity purified ASHF is added to a helper-dependent assay system
~eonsisting of antigen-pulsed irradiated adherent stimulator cells and a low number of responder
thymocytes. The addition of ASHF in the presence~of .the appropriale “carfier” artigens
triggers CTLp in the responder thymocyte population to become effector CTL capable of lysing
specifically target cells bearing allogeneic MHC antigens constitutively expressed on the
stimulator cells. -
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attempted-to determine if recognition of carrier determinants by the Tk cell lines is required for
the generation of cytotoxicity against the murine alloantigens on the stimulator cells. Target
cells in the cytotoxicity assay do not bear the carrier antigens.

»

The Th line L61 was initially developed to provide antigen-specific help for antibody

. responses to CRBC of the B19 haplotype. Table 1 demonstrates that as few as 100 irradiated ¢

Th cells from line L61 can indu:yr L responses from CBA thymocyte precursors in response
to the BALB/c alloantrgens on the (BALBc x CBA/] )Fl B19- pu}sed adherent strmulator cells.

Cytotoxrc responses were not mduced in the absence of help (Th or IL2), or in thev

: . ‘
- absence of irradiated stimulator cells. Carrier-specificity is demonstrated by the failure to

~

-generate cytotoxicity against BALB/c alloantigens in the. presence of L61 cells and

BRBC -pulsed stimulator cells, or stimulator - cells that had not been exposed to carrrer
erythrocyte antrgens (unpulsed stlmulator cells) No CTL activity was generated in the absence
of. thymocytes. .

" Table 2 demonstrates that as few as 30 CHI Th cells’ can trigger CTL responses in a

carriér specrfxc manner. A requrrement for B2- CRBC antigens is demonstrated by the abrllty

of CHI to generate CTL responses onl'y in t_he presence of B2-CRBC antigens on stimulator

cells, but not in‘t.he presence of unpulsed'stirnulators. No CTL responses were observed in the
absence of responder thymocytes. Similar 82;CRBC‘-specificlinduction of CTL responses has -
been observ.edrwith clone 4C6 (unpublished observati_ons),_ derived from the'parent line CHI by
limiting dilution. ) o ..

™~ Table 3 describes the phenotypes of the ASHF-p'rodUCing'T;h line-CHI and clone 4C6
Antiserum treatment and immunofluorescent analysrs (not shown) demonstrated that CHI is
clonally heterogeneous This cell line includes about 40% I1AB(la. 17) “cells.

Immunofluorescent analysis confrrmed that 4C6 does not express detectable levels of erther Lyt

1 or Lyt 2 although 4C6 cells expressed Ly7 which is- selectrvely expressed on Th effector cells

(123). Analysrs of ASHF produced by Clone 4C6 is described in Chapter IV.
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TABLE 1"
Th line L61 induces CTL respones in a carrier-specific manner
Number of Number of Stimulator Number of
CBA Responder . . Cells and Type of. Irradiated - L2 . % Specific
Thymocytes  Carrier Antigen ‘'L61 Celis ' - Lysis
10% " - - - <1
" - ' - + <1
" ‘ 3x10° + B19 FTA S L. <1
" T 32.2%2.1
none " : , x100 e <1
none ' " } K L <1
none ‘ " : /"“ 73%19-" s - <1
10° Coe T 289419
L " 3x10° - - 454149
" . " 10° - - 149+5.2
" ' S : 3x10? : 21.2+1.7
" _ " 102 - 8.2%£2.0
" : " ' ' 30 - <1
" " o010 - <1
" " ' 3 , - S 21%13
" 3x10° Unpulsed ©o3x10° - 4.441.1
" " ; : 3x10? - <1
" " 3x10¢0 - <1
" 3x10°+BRBC FTA 3x10° - : <1
" : " 3x10? - <1
" ' " 3x10! - <l

y-irradiated (1500 rad) L61 cells were added to cultures containing the irradiated (1500 rad)
plastic-adherent fraction from 3 x 10° (BALB x CBA)F] spleen cells that were pulsed with
membrane fragments (FTA) from B19-CRBC, BRBC, or F1 adherent célls which had not been
fed “carrier” antigens. Unpulsed stimulator cells were also cultured with an optimal
concentration of IL2 as a positive control. CBA thymocyte responders (10%) were added to
wells as indicated. Cytotoxicity was assayed on day 5 agairist BALB/c Con A biast targets.



TABLE 2

Th line CHI induces CTL responses in a carrier -dependent manner

Number of Number of Stimulator Number of & %
- CBA Responder - Cells and Type of - Irradiated =~ L2 "~ Specific
Thymocytes Carrier Antigen - L61 Cells Lysis
None , 3x10°+ B2 FTA : 3x10° — <1
None : . ' 3x10? — <1
None - B ! ) 3x10! — <1
100 & " — — 1.5%1.0
" : " , - +. 223139
" : " 10¢ — . 12.7x5.4
" ' " ' 3x10° S —- 37.1£5.4
" : - .o 108 — 46.316.6
N - ' " 3x10? — 26.213.8
- 4 " 102 L - 28.11+4.3
" " 3x10! = 15.1£1.5
" 10 —_ <1
" 3x10* Unpulsed , 3x10° . 141238
" _ " : 3x10? , 6.612.4
" ’ ) " T 3x10° 3718

Stimulator cells were pulsed with B2-FTA -6r were not exposed to "carrier” antigens
(unpulsed). Culture and assay conditions were otherwise the same as described in the legend to
Table I and in Chapter I1. S ‘
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TABLE 3

Phenotypes of ASHF - producing parentél line.'CHI and_clbne 4C6

14

N _ : . % Killed by' Antiserum + 'C";

Treatment , : , Th Line CHI - Clone 4C6
Anti-Thy 1.2 + C' : 93.8 e 91.0
Anti-Lyt 1.1 + C' . 4710 " .28
Anti-Lyt 21 + C'° ‘ 50,0 - | 3.6
Anti-Iak + C' 85 | - 146

The cells used in these studies were grown in the absence of antigen or feeder cells. Procedures’
for antiserum treatment are described in Chapter ‘I Immunofluorescence assays demonstrate

4C6 to-include only 3-6% Ia* cells
[
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Table 4 defmonstratés that the :;séay systerﬁ deveioped for detection of CRBC-specific
Th is also able to detect Th that recognize solub}e,_nop;MHC antigens such as PPD. Thé
optimal concentration of .,PPD in these experimeﬁts was 50 pg/ml, .alttiough ‘strong CTL
responses were induced by 10° CPPD cells cultured with 5 ug/ml PPD. The former dose of
PPD is'optimalb for proliferatidn of this cell line (C. Guidos, personal communication). In
this experiment, 50-pg/ml pf PPD _left in cuiture géve nearly identical results to those obtained
using 50 pg/ml of pulsed antigen (‘nbt shown). Experiments are ;n prog "ss.to defim; the
.mechan_ism(s)‘ of action by which CPPD is able to trigger thymo‘cyvte-CT'ITp.

Tables S and 6 demonstrate that T}z recognizing KLH or Corynebacterium parvum ( CP)
can trigger thymocyte C‘TLp'in an aﬁtigen-specific fnarmer. ‘Table 6 demonstrates' that the
DBA/2] (H-27) Th 1in§ DCP can effectively induce allogeneic' CBA/J (H-2%) CTLp in an
antigen-specific manner. Other experiments have -demonstr'ated that DCP is equally capable of

triggering H-2-identical BALB/c ihyrﬁocyte CTLp in the presence of the CP and allogeneic

(BALB/c x CBA/J)F1 stimulator cells (unpublished observatidns).

The previous tables demonstrate the adaptability of the system developed in these .,

studies to detect antigen-specific Th that are able to trigger CTLp. It has been be used to
detect Th’ that recognize either membrane-bound murine MHC antigens (123), soluble CRBC
membrane fragments (Tables 1 and 2), or soluble nominal antigens such as KLH, CP, or PPD

(Tables 4-6 and unpublished observations). This é§say detects Th participating in CTLp

induction that may be different from Th subsets that secrete 1L2 and/or proliferate in response '

to antigen.

The carrier-specific induction of CTL by a variety of Th (Tables 1,2,4-6) is clearly
different from the'anltigen non-specific IL2-depe”idént induEtion of CTLp. HoQéver, it was
necessary to détermine if these CTL reépbnses resulted from the releasé of anti'gen-spg:cific

factors by the Th or from an antigen-specific induction of 1L2 prodyctibn by the Th. This was

-fnost easily achieved by testing the helper activity of affinity-purified, IL2-free material’

secreted by Th cell lines. A y

3

#



TABLE 4

Th line CPPD induces CTL resporisés ina carrvi'er-dependent manner

Concentration - 'Number of : %
of PPD Used s ~ Irradiated - ‘ C ’ " Lysis of
for Pulsing Stimulators CPPD Cells IL2 - . BALB/c Targets
- — o - — ‘ <i
—- — _ + 25.5+2.2
= o : 10° - ' <1
- Ce o — S 100 — <1
s = _ S 10t — - <1
5 ug/ml . L - - <1
" _ S o+ 33.0+7.6
" : 10° = . 127.31+6.1
" ; ) 102 a o — o<1 -
" , 10! - : <1
Y50 ug/ml == a
N L — + 31729
ol o 10% - © 0212140
I - 2 : - - A
o : 10 , ) \/17.5i7.4;

S R - Y«

Three x 10° (BALB/c x CBA/J)F1 spleen cells were iricubated with 0.1 ml MEM or with MEM
containing the indicated . concéntrations of PPD. After 2 hours, non-adherent cells and
unbound antigen were removed. Stimulators were ¥ -irradiated (1500 rad) prior to the addition
- of medium, IL2, or irradiated Th (1500 rad) and 1 x 10° CBA/J thymocytes. Total culture
- volume was 0.2 ml. Cytotoxicity was assayed after 5 days against BALB/c targets as described
in Chapter II. o : :
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TABLE §

" Thline CKA irid@e_s CTL responses in a cérrier-specif icmﬁnne(

Type and o : , . _
Concentration T " Numberof - ST %
of "Carrier" Used Irradiated ’ : Lysis of -
- for Pulsing Stimulators : CKA Cells IL2 ' BALB/c Targets
PPD(50 pg/ml) o — - — _ 1.0x£1.5

. e — ' + 55.1%£3.0
" - 3x10* o — ‘ . 1.0£1.0
" 3x10° o — ' C2,7%18

" 3x10? — <1

" 30 — S <1
KLH(2.5 ug/ml) , - — . <1l .,
" . : — ' + o 31.0+3.5
" ‘ 3x10¢ — . o 21.0%28
" Co 3x10° — ’ 17.7£3.9
" 3x10? — 6.2+4.1

" 30 — <1
KLH(25 pg/ml) ® o — — 2.1£0.8
' R e— o Ee + ‘ 60.312.8
" o " - 3x10¢ v, — - 30.0+1.4
" o 3x10° R — 25.4%3.3
" - 3x10? ' = A < 13.8+2.5

Three x 10° (BALB/c x CBA/J)F1 spleen cells were cultured with the indicated concentrations
of PPD or KLH, and KLH-reactive CKA Th, IL2 or medium. One x 105.CBA/] thymocytes
‘were added to each culture well. Culture and assay conditions for the detection of cytotoxicity
against *'Cr-labelled BALB/c target cells are described in Chapter II and in the legend to
Table 4. ‘

NS



AP TABLE 6. ‘4 T {
b\ o T;: line DC}? tnggers CTL responses in-a carner dependent ma‘nner
- . . iﬂ, R CE . '
- Protein Concentration - Numberof© ot %

. of CPUsed ~ /7~ Irradiated: 7. Lysisof .
. for Pulsing Stimulators, DCP Cells IL2 ' BALB/c Targets

4

! ’ T o ‘ —_ . <1 .
— o + ‘ 35.8+5.0."
100 — . <1
, 100 = . <1
* 10° — , b1

= _ o<«
— + 48.4£8.6
Ll - - 21.5%3.6
N o Fe s — ©10.9%1.9

0 o = <1

CP(70 ug/ml) o — B . <17

' . " S — sy - 44.7+4.6
) " - 100 L — 317467 -

_ : LT . 100 - ' —_ 6.01+4.7-
o " ‘ 20 - - = ¢ 52429 |

R ¥ N —
i ) y ?g%,. A" w2 .

' Three X 10‘( (BALB/c x GBA/] )Fll , were pulsed thh the mdxcated
-concentration§ of Corynebacterium parvum B

.Y Culturé- and assay condmons wene the samegés,' éécnjied in the legend to F1gure 4 and in
e fc’ChaQter ) § SR o ) ‘ _~L}5 " . , _ —_—
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T wdte not exposed to "carrier” antigefs.



Antrgen-Aff inity Punfled Helper Factors Induce. CT L in an Antrgen Specific Manner .

In order to detect ASHF actrvrty in culture supernatants that were known to contain

:lL2; it was essentral to separate non-specific lymphokmes from ASHF by

af’ fmtty chromatography as described in ChapterII and confxrmed later in thrs sectron ASHF ;

LS

was purified from the T line CHI that recogmzes determinants on CRBC of the B2 haplotype
(Table 2). | .

Table 7 demonstratesv that ASHF from the Th line CHI is able to induce CTL responses
in a carrier- specrfrc manher. Cytotoxic Tesponses were not mduced in the absence of help As
ltttle as 50 nanograms of ASHF- -containing protein mduces srgml‘ icant CTL responses a gamst

BALB/c antrgens (hapten determmants) if the B2- CRBC FTA (carrier determmants) are

presented ‘on the stlmulator cells during culture. Negligible TESPONSES were generated when the

\.

'strmulator cells drd not present the B2-CRBC carrier determmants recogmzed by the ASHF

Cytotoxic responses were alsoi‘duced in the presence of IL2 although as expected E

carrier-specificity was not . demonstrawéd in IL2-mediated mductlon of CTLp. In thrs

‘experiment and many, Sut not all others maxlmal mductlon by ASHF greatly exceeded that .

generated bv optrmal concentratrons of IL2. " All test groups m _this experlment were aﬁ%

.‘assayed for therr abrlrty to lyse B10 targets Lysrs of B10 targets was less than 1% in all groups

]

This demonstrates that ASHF is not a polyclonal actrvator and will trigger only CTLp that are
also recogmzmg antlgen Further characterrzatron of the specific recogmtlon of target cells by

ASl;lF-mduced CTL is presented in Chapter V. _

Antrgen affrmty chromatography is routmely employed for the purrfrcauon of ASHF

(239 290,294). In order to further verrfy the antigen- spec1f1c1ty of ASHF we attempted to

detenmne if ASHF from the Th line CHI, -that recogmzes B2-CRBC atmgehs (Table 2, and
'Ref 239 ,294) would—show preferentral bmdmg to a B2:CRBC. affmit,y colufnn CHI__

'supernatants were ﬂrst ~applied w»a B13-CRBC- Sepharose column. . f’he el’fluent. from this

53

B13-CRBC column ?Vas next run through a B2-CRBC- -Sepharose columrlléﬂ.Both coluys were

k)

% ier .
eluted with 2M NaCl " The eluates were dralyzed and tested fczr B a8 .~' actlvrtles

L3

1
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'\ TABLE7
Affinity pﬁrif ied helper‘ factors induce CTL Aresponsers in a carrier-specific 'mann_e;..» '_ -
Final Dilution | "o o % Specific Lysis o'TlBA.LB/c Targets.
- (ng protein) of , S .. o _Stimula'tqr Cells Pulsed‘wiﬂth:_
' CHI-ASHF LI _B2-FTA BI3-FTA " No Carrier
110 (5x10) o — 276472 <1 <1
1/100 (5%10°) 7 g3sisa 92144 o«
i {s00) - 382 <1 <1
1/10* (50) o= 8382 - o<1
C110¢s) — 11179 <1 ' <1
L 1/10° (0.5) = <1 <1 o«
- . e <1 <1 - <1
- o + 183£7.7 432485 396401

The plastic-adherent fraction from 3 x 195 (BALB X CBA)F1 spleen cells was pulsed with .
B2-CRBC FTA,or Bl13-CRBC FTA prior to removal of excess antigen by washing.
Subsequently the stimulator cells were irradiated (1500 rad). Dilutions of ASHF, IL2, or
medium and"10* CBA -responder thymocytes were added to each well. Percent specific lysis of
- BALB/c or B0 targets was assayed. Lysis of B10 targets was less than 1% (not shown).
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" Figure 3 demonstrates that o,nly'the molecules in. the CHI supernatant that ran through the B13

column and subsequently bound to the B2-CRBC affinity column were able to induce CTL

re'sponse's over a wide dilption irange.' o ., | |

- Only background CTL respohses were induced in the absence of B2’bound ASHE o; in

the presence .of the ’l913 bound materialm Th‘e results of these experiments demonstrate that
+  antigen-affinity purrl{xzj ASHF from ‘the Th line CHI is antrgen specific both in L its ability to
| bind nominal antlgen and in its requrrement for nomrnal antrgen in the mductron “of CTLp
-The 1nductlon of CTL responses fTof BAL.BLC t_hymocytes in. thrs experlment also demonstrates

: that B2-bound CHI - ASHF 1s able to trrgger CTLp in-an Mnrestrrcted manner. This point

wrll be drscussed in greater detaxl

ASHF Does Not Contain'Any IL2 Activity

Table 7 and Frgure 3 demonstrate that ASHF is clearly dtf f ereht f rom 1L2 by V1rtue of

its carrier specrfrcrty However we also wished to determlne if ASHF hadany I1L2 actrvrty as
defrned by the abrhty to sup,port the survrval of &n IL2 dependent CTL line, Frgure 4
demonstrates that the %ound ASHF preparation that tnggered the 1nduct10n of CTLp overa
.wide dilution range (Frgure 3) contained no IL2 activity.

Indlcator cells incubated with medium which did not contain' any 1L2 exhibited the
same low levels of . metabolic actlvrty as did cells which were culthred with any drlutlon of
B2- bound .Or Bl3 bound ASHF. In contrast our pamally purified IL2 preparatlon strmulated
proltferatlon of the indicator cells over a wide drlutton range of IL2. Slrmlar experiments w1th
other preparatrons of ASHF demonstrated negligible levels of IL2 actlvrty, as determmed by.

"IUdR or 3H thymrdme 1ncorporat10n (Ref 294 and unpubhshed observatrons)

-Ca*’ Sufflcrent ASHF is Not H-Z l&%ﬁéted in_the Recogmtlon of Antrgen-Pulsed Stlmulator -

Cells
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Figure 3

' ‘ ASHF bind specifically 10 nominallahtigen v Q

B2-BOUND

Percent. Lysis of CBA Targets

B13 -BOUND

log,y Final Dilution of ASHF in Culture

v s : - C _
Figure 3: Supernatant from the Th line CHI was first passed through an antigen-affinity
column consisting of B13-CRBC-Sepharose 4B, prepared as described (290). The unbound
effluent 'was “next run thiough an antigen- afﬁmty column, consisting  of
B2-CRBC-Sepharose-4B.. The 2M NaCl eluate from each column was dlalyzed against PBS

and concentrated. - The protein concentrations’ of the undiluted B2- -bound and Bl3:bound -

ASHF fractions were 1. 80 and 1.95 mgs/ml, réspectively. The B2-bound(e) and B13-bound
(4) fractions were assayed for their ability to induce CTL respomes in cultures containing 10°
BALB/c responder thymocytes and 3 x 10 CBA/J stimulator cells that were pu]sed \uthB2
CRBC FTA: Cylotomcny was assayed against CBA/J targets 4



"Each poim' represents the mean of six ,indivjdually assayed cultures + one standa;d deviation. N
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Figure 4
. ASHF does not c.ohlain detectable ILi acliv.ity o
047
| 12
0.3
£ 7
[ =
=
O, . - '
d 3
. O
0.1
C] 82-BOUND |
| A=F = BI3-BOUND -
LA r I . I- - I ] ] . e
G 31
1?% - tog Final Dilution of ASHF or 112 in Culture

Figure 4: B2-bound and Bl3-bound ASHF preparations (sé'c.'Fig. 3 andlegend) werc"titraled
for IL2 activity. logs dilutions of B2-bound -ASHF (e), -B13:bound :ASHF (aY, Q/
parttially-purified. IL2 (B -were assayed for their ability to support the survival - of an

.1L2-dependent murine CTL line (324) psing ‘the. MTT assay.system (325 and- Chapter 11).



Our initial ’experi'r'ne’nts were “performed with ASHF, pur‘iflied‘ under ‘Ca*-sufficient
" conditions, in 'order ,to'insure that the functional’ association of ASHF"’sttbunits (294) ‘was
maintained in the ASHF preparations tested for helper actrvrty Because of the uncertarntres
regarding H-2 restrrcted collaboratrve interactions’ leadrng to the 1nductron of CTLp (29) we
wished to determme if CTL mductron by ASHF rs restrrcted at the level of the adherent cells
The lack of H-2 restriction between Ca*-sufficient ASHF (as defined by the phenotype of the
ASHF -producing cells) and adherent stimulator cells is demonstrated in Table 8. -

Ca“;sufficlent ASHF produced by the CBA (H-2 k) cell line CHI: can trigger CBA

CTLp in response to BZ -pulsed BALB/c adherent stimulator cells (line 3) or B2-pulsed B10

adherent strmulator cells (lme 15) "Carrier- specrf 1crty of ASHF is again demonstrated in this .

‘ experrment by the farlure of the B2 CRBC -specific ASHF to trigger CTLp in response to -
B13- pulsed adherent stimulator cells (lines 6 12, and 18) In contrast to the carrier- specrf icity
of ASHF 112 induced srmrlar levels of CTL activity from thymocytes in response to B2-pulsed
or Bl3 -pulsed stimulator cells (lines 2 &5, 8&11, 14 & 17). Itis possible that carrier antigen
(CRBC-FTA) relt:ased from ’allogeneic (non-CBA) 'adherent stimulator cells co‘uld h'ave been
re-presented by CBA adherent cells derrved from the responder thymocyte population, thus
makmg it appear that Ca" suffrcrent ASHF is not H-2 restricted at the level of the adherent ‘

“cell (lines 3 and 15) Thrs possrbrhty is excluded by -the ability of this ASHF preparatjon to

induce CTL responses in a carrier specrfrc manner when both the responder thymocytes

(BALB/c) and adherent strmulator cells (BlO) were allogenerc to the ASHF (lmes 7- 12)

;, W !
Ca"-Sufflcrent ASHF Is Not H-2 Restricted in Its Abrlrty to Interaoﬁ vgth CTLp
Figure 3 and Table 8 demonstra{,g that H-2 restrrctlon at the level of cell mteractrons
' whrch has been reported fb’ occur betweeen Ca*’-suffrcrent ASHF and the precursors of

~antibody - secretmg B lymphocytes (288,290), does not occur in the collaboratron between-

’ ASHF and CTLp. o .
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TABLE 8

‘Ca - sufficient CHI - ASHF is not H-2 restricted

3x10* Responder . CRBC-FTA CHI-

- Thymocytes ~ Pulsed Stimulators ASHF =~ IL2 "% Specific Lysis
1 CBA' ~ BALB-R — - <1
2 " v " - S— -+ 37.2%x4.1
3 " S - C — . 2132145
4 o . BALB-BI3 — — <
5 ' " " — . 34.8+5.7
6 " : " + Lo—_ <1
7 . BALB BlO-B2 . - = <1
8 R St — + 57.4%3.8
"9 " . " : Co - 19.5+4.8
- 10 o _ B10-B1 — —_ - <1
11 . . L o — + . 54.3%£3.3 -
12 " ) " + = - <1
13 - CBA - B10- B2 — = <1
14 R o — 4 ' 444%74 ..
15 , . LI . . " + L — 43-7i49
16 " B10-B13 - =«
17 , A L - + 391142
18 " o " —

<1

Three x 10° BALB/c or CBA/] thymocytes were cultured with either B2- or B13-FTA-pulsed
adherent stimulator cells from the mouse strairs indicated and CHI -ASHF(4 ug ASHF protein/
culture) or an optimal concentration of 1L2. Cytotoxicity was-assayed against Con A -induced

blasts syngeneic to the stimulator cells. A titration of. ASHF, included in this experiment, .
demonstrated that as little as 0.4 ug of Ca**-sufficient ASHF. was still effective in triggering
. CTLp in an antigen-specific manner, but was not H-2 restricted in its intéraction with either
CTLp or adherent stimulator cells (APC) (not shown):. . - -

#
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Table 8 demonstrates that ASHF purified in the presen‘ce of Ca** is able to induce CTL
responses from syngeneic (CBA) or allogeneic (BALB-/c')fthynrocytes in an antigen - specific
manner. CTL responses were not mduced from either BALB/c or CBA thymocytes cultured
with B13-FTA -pulsed BlO or- 813 FTA -pulsed BALB adherent stimulator cells in the presence
of BZ'-CRBC-specrfrc CHl-ASHF. Positive 'CTL responses generated against Bl3-pulsed
stimulator cells in the presence of IL2 dernonstrated that the B13 carrier antigens did not inhibit -
" the gen‘eration of CTL respo‘nses‘ against murine MHC a‘lloantigens (Table 8 - lines 5,11, and
17). Ca*-sufficient CHI ASHF can induce CTL from BALB/c thymocytes in response 10
FTA-pulsed CBA stimulators in a carrier-specific manner - (Figure 3 and Table 9.

Ca* -sufficient ASHF is also able to induce CTL responses in a carrier specrfrc manner when

both the thymocyte CTLp and adherent cells are allogeneic to the ASHF- producmg cells (Table

8 - lmes 9 and’ 12) The results of these experrments demonstrate that Ca**-sufficient ASHF is
antigen-specific but does not exhibit any requirement for identity wrth either CTLp or adherent
cells in _order to trigger bTLp. . | B
Ca‘_’-Deficient ASHF Requires Syngeneic Adherent Cells for the Induction of CT Lp

Previous studies on the ‘r%_gpirement for Ca* in the functional__association of ASHF
subunits (292) suggested that ASHF eluted from antigen‘-affinity columns after treatment with
EGTA, which chelates Ca**, may exhibit altered inductive..acti\;ity_ or H-2 rcstrict_lorr ﬁoperties :
in the induction of CTLp. BALB/c mice were used as a source of responder» thymocytes to
“eliminate the possibility that.adherent cells derrved from ‘a thymocyte populatron expressing
H-2¥ -encoded products mtght obscure a requrrement for syngeneic stimulator cells. Table 9.
~ demonstrates that CHI-ASHF, purified in the presence or absence of Ca*‘, are able to induce
similar levels of CTL act1v1ty ‘from BALB/c thymocytes respondmg to CRBC-pulsed CBA
'adherent stimulator cells. - . | : ‘ ) |

Both Ca"-sufficient and ‘C'a“-deficient CHI-ASHF are able to trigger . allogeneic

: (BALB/c) CTLp in the presence' of ,adﬁerent cells bearing the carrier determinants recognized
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. TABLE 9

H-2 restriction properties of CHI -ASHF purified in the preéence or absence of calcium

% Spec1f ic Lysis
Strain ASHF Ca**- suffi 101ent ASHF Ca"-deflcnent ASHF
Combination - Dilution - IL2 o Stimulators pulsed with:
B2-FTA ' Bl13-FTA BZ-FTA B13-FTA
BALB — — . 13%x138 <1 <1 - <1
anti- - + 14.5+£2.6 25634 144137  17.2%1.09
CBA 1725 — 26.81+1.8 4.3£20  206+1.7 46129
1/50 — 28.3+3.1 <1 - 20.0x24 461+1.8 "
v 1/100 — . 259138 49+3.7 21.0+3.1 - <1
1/200 —_ 23.7+2.4 3.7£1.3 21.8+2.5 <1
17800 — '17.5£3.0 <1 17.4+2.8 <1l .
BALB — — <1 <1 <1 NT
anti- -+ 25719 23.7+4. 18.6+3.1 NT
B10 1725 — 23.3+1.8 <1 54+3.7 NT
1/50 — 24.0+2.4 <1 <1 NT. .
1/100 —  28.0%x25 <l <1 NT
1/200 — 20,119 : <1 - <1 NT
1/800 - <1 <1 <1 NT

| Half of a Ca**-sufficient CHI-ASHF was rechromatographed to produce: Ca**-deficient ASHF
_as described in Chapter I1. Dilutions of ASHF preparations ‘were added to cultures containing
10° BALB/c thymocytes and 3 x 10° CBA/J ‘or B10 stimulator cells that had been pulsed with

B2-FTA or B13-FTA. A 1/800 dilution corresponds to 5.2 and 3.1 ug of Ca**-sufficient and

Ca**-deficient ASHF-containing protein, respectively. Cytotoxicity was assayed agamst
unpulsed target cells $yngeneic to the stimulator cells. NT = not tested.

-

-
o
s
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by» the ASHF. As in previous -experiments -this _triggering is carrier- -specif ic. | Both
Ca**-sufficient and Ca**- defrcrent ASHF preparatrons only mduced CTL responses in the
presence of B2-pulsed but not Bl3 pulsed adherent CBA stimulator cells (Tables 8 & 10)

‘ ‘When the act1v1ty of ASHF p}nf ied 1n the presence QT absence'of Ca*t are compared in ) '
cultures where both the adherent stimuiilator cells and th\(% responder thymocytes are allogeneic to ‘
the ASI—IF producmg cells (BA //B anti-B10), only the Ca" suf ficient ASHF preparauon is able_.
to induce CTL responses "In'this completely allogeneic combrnatron the induction of CTLp by
Ca“-suff icient ASHF preparations requires only the carrier determinants ( B2- CRBC)
recognized by the ASHF in addition to the "hapten” determmants (murine MHC antrgens)i
recogni'zed by the CTLp. ln contrast, the Ca**-deficient ASHF requires s_yngeneie adherent-cell
products i addition to the hapten and carrier determinants re_cognized by the CTLp and ASHF,

respectively, in order to effectively trigger CTLp.

.H-Z-Encoqded" Gene Products Are Req‘uired to Restore' the Ability -Aof ‘Ca“‘-Deficient ASHF to
* induce CTLp
"In order to define the genetic regions which encode the adherent cell products required
| ‘for the induction of CTLp l)y C#--geficient ASHF, congenic mice were used as the source of
.adherent stiniulator‘ cells Table ° 10 demonstrates that CTL responses were induced from'
BALB/c thymocytes cultured’ W1th Ca“-dcfrcrent ASHF (of CBA origin) and B2 -pulsed
stlmulator cells from CBA .or "BIO.BR mice, but not quO or” B10.A(5R) mice.
Carrrer-specrfrcrty is dem,onstrated ‘by the fallure to ind;ce CTL responses to Bl3-pulsed
stimulator cells by ASHF in all‘strain eombinations’tested. The ability of CBA or B10.BR but
not B10 stimulator cells to restore the CTL mductrve activity of Ca*‘-def icient ASHF indicates
that H-2-encoded products of adherent cells are requrred in the mductron ‘of CTLp by ASHF

‘The inability of B_lO.A(SR) adherent strmulator cells to restore the activity in this experiment

.. suggests that products of the I-J and/or I-E subregions are not sufficient in this eaoacity.
_ - » Y :
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TABLE 10

H 2 encoded gene products are requlred to restore-the ability of Ca*
deficient ASHF to induce CTL

AN

L

FTA-Pulsed - - %Specific Lysis

Responder .. Adherent © . ASHF . - Stimulators pulsed with:
Thymocyt’es : Stimulators ~ Dilution  * " B2-FTA ~ BI3-FTA:
BALB/c CBA 10! : 19.0+3.9 2.0x2.0 "
" : " _ 1072 J2.2+£54 . <1
" " ' 10-2 2.1£2.0 - <1
s . " . — . <1 - <1
Ve S '
"o B10 ‘ 0t - .-50%24 " <1
" " 10°° ‘ <1 - - <1
" , oo ‘ 10 S <1 <1
" " ' - - 3.5%1.0 ‘ <1
M BI0.BR 10°? 22.0£2.0 .. <1
" S 10-? - 8.3%£5.0 <1
" : 10 <l <1
o " — . <1 <1
" ' B10.A(5R) 10 N <1 ‘ <1
. Lo K 10-? <1 <1l .
" : - 107 - <1 .. <l
" - : " S — <1 <1

Dllutlons of Ca**-deficient ASHF from the cell line CHI, medium, or an optimal concentratlon
of IL2 were added to cultures containing 3 x 10° BALB/c thymocytes and the irradiated

plastic-adherent fraction from '3 x 10° spleen cells of the strains of mice indicated. These -

stimulator cells were pulsed with either FTA from B2 CRBC (B2-FTA) or Bl3 CRBC

L d

gy ;BJl3-IE‘TA)..' Cytotoxicity was assayed on day 5 against unpulsed. targets syngeneic to the
- J@#Nimilator strain. Significant - cytotoxicity was generated in all responder and FTA-pulsed - -
< Jstimulator cell combjnations cultured in the presence of IL2 (data not ypresented). ‘

« e
N .

Lo
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H-2-encoded products derived from adherent-cells appear to be required as "cofactors”

. neces‘sary for the indt)ctio'n,,of _'CTLp by Ca*"-deficient ASHF. However, these "cofactors” are

not_essential Tof the binding of ‘Ca*-sufficient ‘or Ca*-deficient ASHF to nominal antigen . -

(CRBC) on a‘ntigen-affinity columns.

D. Dlscussmn

In the experiments presented in thls chapter soluble factors are able to. replace intact

Th in an antxgen-spe_mflc manner. Antigen-specific recognition of carrier determmants by -
ASHF is reflected in the ability of ASHF secreted by a'B2-specific Th line to bind to BZ-"CRBC _

but not B13-CRBC on antigen-affinity columns (Fig. 3). ‘The requirement for recognition of’

~ carrier antigen in the induction of CTLp is demonst'rated by the ability of ASHF preparations

to mduce CTL responses to adherem stimulator cells Pu»lsed with B2- CRBC antxgens but not to

unpulsed stlmulator cells or sttmulator cells whch were pised with B13- CRBC anttgen (Tables

' 7-10).

w

The requlrement for recognmon of murine MHC armgens by CTLp dunngf e

ASHF mediated induction demonstrates that ASHF is- not a polyclonal activator of. CTLp

Bmdmg of antigen to CTR may mduce the expression of ASHF receptors or otherwrse induce -

’

changes that facilitate the inductive effects of ASHF. The mechanism by Wthh ASHF mduces A

. CTLp in our assay 'system__is qnclear. Antigen-specific helper factor%b may be acting directly on
CTLp or may 4e_1ct indircctly via the induction of .lant,'igen-spec'ific -’I"h precursors which then
- interact with CTL_p. Further experirnents.are“n“ecéssary' to define fully the mechanism of CTLp
inductior by ASHE.  © ‘ B

. The use of antigen affinity.-purified ASHF preparations that are f_ree of 1L2 acti\;ity

(Fig. 4, Ref. 294, and unpublished observations) facilitates the ahalysis of H-2 restricted

events leading to CTL induction. .In in yitro systems, lymphokine preparations containing IL2 -

are likely to bypass or. obscure requirements for H-2 restricted collaborative interactions, as

. discussed previously (Ref . 29 and Chapter I). H-2 restriction in the induction of CTLp by

[ g N
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ASHF could operate at two possible leveIS' a) .at' the level of antigen recognition w'hereby;y,

~

nommal antigen can only be recogmzed by Th derived- ASHF when it is presented in the context

of MHC:-encoded molecules orb ) at the level of icell surf acc«mteractton molecules such that

'etther 1dent1ca1 complementarrty (A/A) or .nion- 1dent1cal complementarrty (A/B) is requrred -

' between the'collaboratmg cell types. One might expect that either or both of these types of
mechanisms may be operatmg 1n the induction of CTLp (29)

| Binding of ASHF to antrgen -af flmty columns demonstrates that presentatlon oﬁ CRBC

65 -

antrgens in the context of MHC- encoded molecules is apparently not essentral for the bm)dmg o

of AS;HF to nommal antrgen Many other laboratorres have also reported the bmdmg of ASHF E

to nommal antrgens that appear; not to be presented in the context Of murine MHC molecules
(286-294). Independent of whether or not ASHF recognition of antigen isH-2 restricted, our

results imply that H 2 encoded molecules frornl’ adherent cells are.required ‘at Qther, steps of

Tables 9 and 10~ provrde functronal evidence that Ca"-defrcrent ASH{* preparauons»

requirl! H-2-encoded products, from adherent ¢ells that are syngeneic to the ASHF - producing .. o

‘cells in order to trrgger CTL responses. Ca**-deficient ASHF appears to be - functionally ~

,rncomplete In contrast, prror to EGT treatment, -the Ca“-sufficient AgHF' is H-2 °

unrestncted These results strongly suggest /‘ at H 2-‘encoded molecules present on complete
:(Ca“-suffrcrent) ASHF are erther removed or functronally 1nact1vated by EGTA treatment.:

4’ ','u.’fb
Binding of ASHF 10 nommal antrg’ ¥

[

-' progress to define the H-2- grcoded adherent cell products that are requrred to reconstrtute the
antrgen SpelelC CTL mductrve actrvrty of Ca“-deﬁcrent ASHF The previous rep)ort of la
determinants on ASHF participating in the 1nductron of CTL responses to tumor antrg‘@ns (271)'
‘can be 1nterpreted to suggest that Ia antlgens may be the, momes provrded by sq’;ygenetc
adherent cells that are requtred to reconstrtute the functronal activity " of Ca“-defrcrent

_‘(mcomplete) ASHP | o - - ,- , -

}r‘ Y

‘qd affected by EGTA treatment Expenments are in

-

v

e
&
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The clonally heterogeneous ASHF producmg cell lme CHI m%ﬁdesa subpopulatlon of

| ,cells that express. Ia antigens (Table 3). It is suggésted that ﬂIJa ppsmve cells m the cell lme CHI
provide the H 2- encoded antrgen nonspecrﬁc subumt(s) of a complete (Ca“-sufﬁcxent)
ASHF that are erther removed or f unctronally macttvated by EGTA treatment It appearséhat
wplementanty between mcomplete " ASHF and H 2 encoded'molecules is the basrs for the

R

"‘H -2 restrrctton pattern we have reported

v

L

H-2-encoded product(s) appear to'v be. ’§sembled ektrg\edﬁlarlyﬁo Qrm

;and,;lantlgen nonspecxflc
complete , ASHB

polypepttde subumts produced in some jrcases by dlfferen{“ceff '
I : : S 2 ‘b e
consfant fegtoga Jqf :

-proposed that mteractton occurs lbetween 2

' mcomplete ASHF prodgced by a Thcell and H 2 encoded products ﬁenved%ly from

"syngcnetc adherent cells (22) It is suggested that ASHF plays a central role m the,gﬁnary"

a‘.» 5

mductron of both ‘B. and T lymphocﬁe reSponses >Further functxona.l and molecular
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Iv. DISTINCT ANTIGEN-SP]?&PFIGTT CELL-DERIVEﬁ HELPER FACT ORS ARE

REQUIRED FOR THE INDUCTION OF CYTOTOXIC T CELL AND B CELL RESPONSES ' ’

'..\i . o
23 . A

ok ) o I

s f rﬁm clone 4C6 (derrved from the MOuslyr de‘sc@&d Th Hne CHI) ef ftcrently trrggers C’I'Lp“ %

PN . LA o . ;

Lo, : L L v‘ . . . 9
F R “ s g

A. Introduction e o & o
G CoWT : : S e
*  The 1mmune ,system uses a dtverse arsenal of effector mechamsms to eliminate .‘;.ﬁ
pathogemc mlcroogamsms from the body Thrs mcludes cejl medrated effectors such as CTL T A
.tu‘f . AR N

DTH T cells; and natural krller (NK) cells, as well as 5 f unctxonally and brochemrcally drstmct B .

'1sotypesfdf~1mmunoglobulms To be.efficient, the immune system must not merely . provlde ‘a

2

responsa _but must appropnately regulate the class of response mddced Many uncertamtres K

. ‘f:‘:e'fust regardrng the dl)rlrty of both antagen specrf ic and anttgen nonspecrftc sttmulr in the

" pref erentral induction of T or B lymphocyte responses Tlns chapter wrll focus ‘on the. .role of "
ASHF in the selecttve mductton of CTL OL IgM responses o k ;!' " l . . | q‘ & i .
| " Experiments descrrbed m &hrs thesis and elsewhere demonstrate that ASﬁF f ro?n the T: Y Q

14
&

. lrne CHI trigger both CTL and prtmary IgM regponsesum vg?fo (29 239,294). To compare the

Bf CRBC specrfrc 1nductlol'1 of CTLp thh‘ the BZ CRBC spec;f i¢ mductron of IgM responses
! . ";l:. .

‘qwe have used the helper dependent CTL mdti?: on as%y descrrbed in the prevrous chapters ‘and

)
elsewhere &,29 239) Although QHI derlvedf\ASﬁF trrgglerszﬁoth CTL and IgM responses in an

------

an‘trgen specrfrc manner 1t was not known 1f om ASHF preparatrons con@rne'{? two types of
' (X% - N . o R ! b. St el ! : ‘: ‘ "'v

f_élass.-\s_peciﬁc ASHF or if the ‘same ASHF.‘wer“e responsible fom! 1ggenngwb§th CTL and’ 1 gM’“
A ,"‘ £ . e “ &
o responses This type of comparatrve ag@lysrs has neyer been prevroug;y ?ported By : ’ '

d

:."t: ] &
amon exchar§e chromatography of CHI derrved antrgenagffmrty purrfred su:\.‘tant we
.‘have been able to separate the ASHF that tngger CTLp (ASHF CT. L) froth the ASHF that

... .trigger B cell IgM responses (ASHF -B). In addmon we were aUle to show th%ASHF purrf ied .

Dt B ‘ ",) .
but does not specrfrcally mduce gC responses thus provrdrng further evrdence t'&ar

. 0 v ’ ._ '.:-<$ Y
- ASHF CT L and ASHF B are drstrnct and separable' /ntltres The roles of these drstmct %ﬂs fs 1:?;: X

o _»»of ASHE._m_,, A' gulatron' of the class of immunity induced 1n response t@f@trgemc chalenge‘ .‘f Q :

ELY ~

v

. . > | -
- - e . .
~ R . X wv ':325'. 67



| - = v - i " E 68
. ‘o - ;’ , . .

wrll be dlSCUSSCd It 1s sugested that antlgen, nonspec1f ic subumts of ASHF may mf luence 1ts'
L AR
“ ability to pref erentrally induce CTL or B cell responses. _

B Matenals and Methods

)
. W

: Antlgiftls In addmon to the antrgens described in Chapter Il lipopolysaccharide
. _; (LPS) from E coli serotype 055 BS (Srgma Chemical Co St. Louis, MO) was used .

Ion Exchange Clhromatography Knttgen a.l' frmty purrﬁed materral was. eluted from a -
r

DEAE Sephacel column (lx9 cm Pharmacra Uppsala) by a- lmear concentrathon gradtent of

)
. NaCl (O to 0. S\M) in, O 05 M HEPES buffer (pH 7 5) (293&. All fracuons were dralysed

N

exhaustr\ely against PBS before bemg assa'yed for helper actwrty in the mductlon ol‘ CTL~or
lgM responses The DEAE elution profrle of CHI ASHF is 1llustrated in Figure 5 Protein

concentrations were determmed bv a‘bsorbancy at 280 nm usmg ‘bovine serum albumm as a

3 v '9‘
: standard The total amount of protem re@overed m the antlgen -affi 1mty boﬁnd material was 8.6 '5; .
gL R

mg Recovery of protern from DEAE- Seph’acel ;:hromatography was 75%. All steps of

'4 &,1 h
anion-exchange chromatography were perf orrned by Dr. C. Shiozawa

Assay for Antzgen Speczf c Help for B Cells Ennchment of CBA/J splemc B cells that

(290)‘ Bneﬂy mononuclearspleen cells were purlfrql on arr Isopaque Frcoll (Phar i

Chemxcals Iﬂ" Uppsala Sweden) gfa&er?t prror 10 washmg and mcu'batlon with W5 B13

CRBC After mcubatlon rosette formmge cells (RFC) and CRBC were separated from
% 27

non- rosetted gells (NR) on an Isopaque -Ficoll gradtent Aﬁer washmg 2 x 10° RFC, 1 x 10°¢

1rrad1ated (1500 rad) NR and ASHF LPS or medrum were cultured in Lmbro mrcroculture
tplate\s m Chqk s medium- with 5% FCS " As’ descrlbed prevrously, NR-; xprovrdm
. antrgen nonspecrfrc dtffera.tmatron factors for RFC (290) ! 'Ifhe total volume 1n%eaeh
rrucroculture \ﬁell was 0 2 ml Cultures were tested af ter four days ?QI‘ the presence of: ant;oody

fortmng cells (AFC) by the drrect hemolytlc plaque assay oY? Cunnmgham and Szenberg (331)
s ® -
" as descnbed pre\aously (290) All AFC assays mvere performed by Dr C. Shlozawa IgM

¢ .
> " "'. . ’ - Ta ‘r’.
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\ 'responses are expressed as AFC £ S.E..

‘ t ,
)
e v By

C. Results Lol . . , UYL
. . ) i E /‘ - . B )
. . r’,.""f\" . . ‘ : . - . - 5 . R )

Tnggermg of both CFL ‘and IgM Responses by ASHF
. ' Table 11 demonstrates ‘that antigen- affmrty purif led supernatants from the cell lme
CHI are able to mduce helper dependent prrmary CTL responses and prrmary IgM Tesponses in

vrtro in an antrgen specrfrc mannes. Table 11 demonstrates that significant’ CBA/J (H- Zk ) :
CTL responses agamst BALB/c (H 29 ) aIloantrgens are induced By ASHF only when the
'(BALB/c X CBA)FI strmulator cells are pulsed with" BZ CRBC FTA, but-not when strmulator
» - _cells are pulsed wrth Bl3 CRBC FTA. Prevrous reports demonstrate that antrgen affinity
purified ASHF contam no detectable IL2 actrvrty 1(239,294). -
The same pre—paratron of ASHF is also able o preferentially rnduce prrmary IgM

'responses toé -CRBC (Table 11). Co-purrfrcatron of antrgen-nonspecrfrc B cell-.lnductrve .

. ASHF may explam the weak trrggermg of AFC reactrve with BlB CRBC
Thrs nonskﬁc triggering never exceeded 33%. of LPS- mduced responses to Bl3 CRBC.

' Srgnrfrcant nonspecific actrvrty was not detectable at lowergconcen.tratrons tha’t were able to
. . o Sb . ) 3‘_\

mduce srgnrfrcant B- CRBC AFC responses. The abrlrty of CHI ASI'& to rnduce CTL or

Ve AFC responses m an antrgen Specrfrc manner has b%n confirmed in many experunents as”

-

reported elsewhere ( 29 239 ,294).

o :iu

, /flesponses by Ion-Exchange Chromatography o

To determrne 1f the CiL and IgM responses were rnduced by two drstmctly drf ferent

,_,)" Loy

XSHF in the antrgen affrmty punfred supernatants from the cell hne CHI the B2- specrfrc

1

S

- ASHF from thrs cell lrr‘r%were sugjected to ion- exchange chromatography " Pooled fractrons ’

4,

w o were tested for an_trgen-‘specrf ic helper.actrvrty in the generatron of CTL and AFC. .:The elutron o .
- . ‘ SEE : - o By ' @ ) .F ", »
$$ < ) . .- BT . :. . \ N ’ !
’t:_'-:, k . Wt L R ‘ ~2‘ IR B2 ,lu";ﬂ O . j’ ”
ul-”': & . 2 ’ ‘lr o



. o . Sl pbats o gt : A
o

& 70
& | e A
Y - TABLE 11 o
Antigen- Af finity Purified ASHF From the C@l Line CHI ,
- Triggers Both CTL and IgM Responses in-an Antigen-Specific Manner -
Final Dilution _ CTL Activity - "~ B Cell Activity® o
(ug protein) . . (% Ly51s/culture) :‘ (AFC/Cu]turez AR
- CHI-ASHF Stimulators: \ P
Added to Culture . B2-FTA - BI3+FT& . - Bz CRBC Bl3-CRBC H o
4\';‘;’!‘?)‘ M) ‘ - m .‘ - = o '.‘
© Without ASHF <1 :@ v 44 4x2 <
. . ' i W" v ) -'_ i ) . - lt
1720 (42)‘ _ - 34.616.0° . 53x1.7 . 92%8 . C44E1]
;61/60 .. . NT  _ NT_  316%24 - 156%41° w
1/200 (4. ) . 38+47 o<1 - ”;ios'i‘23,»0.' C12d4 TR
60 - - C . UNT. - NT - 100xd 36430 _
172,000 (0, x) 187444 <1 . NT . Niu. s
_ Lo T - o oo TTERE e
T 1720000 . <1 Y. NT -NT
LPS C NT © NT. . 276430 4239
IL2 L 3 “64.9+48 | 395440 T NT . NT
- ) L A - : \ . A
~ Antigen-af f1n1ty p ied ASHF fror'ifthé cell line CHI was tested for its ability to trigger CTL. .
or A¥C responses ‘described- in Materials and Methods and previously (239, 290). In the assay s
_for help for CTLp, 10° CBA thymocytes ‘were . cultured with irradiated B2-FTA- or
B13-FTA- pulsed (BALB/c X CBA/J )Fl sumulators and graded doses of ASHF IL2 or ‘ ]
medmm ’ . , . o
W ‘Results prov1ded by Dr. C. thozax@ ¢
E . . 3 . : ca
'.I;"“?‘ “ . -../ ’ . o ) '% |
9 ‘:" - - - ! ' -
ok 9 R I v e e
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profrle of CHI ASHF from a DEAE Sephacel anion- exchange column is 1llustrated m Figure .

4-

S. Although the specrfrc Ag-lF actmty is” co%smerably mcreaseil by antrgen affmrty

- chromatography (20¢ to 40 fold) (294) extraneous protetns aré sttll Present (as seen in Frgure‘: '
s
. Smce we have observed that ASHF preparattons help a C TL response most eff lcxently tf o
.the strmulator cells are of the same H-2 haplotype as the CHl Th line (H- T )(29 239) all
. ASHF fractions were assayed foé actlvrty on CTLp m cultures containing BALB/c (H 2¢ )
‘_responder thymocytes and B2- CRBC pulsed CBA/J (H- 2 )} adherent sttmulator cells In™.

x

) parallel tnggermg actrvrty on CBA/] B cells was. tested Table 12 demonstrates that

-

-ASHF - actlvxty in the mductton of CTL responses (ASHF -CT L)ﬂ'occurs exclusrvely in
B B \DEAE-Fractron E. .ln contrast, the ASHF activity that acts on B cells ('_ASHF-B) is contamed
. 4i-n-‘fraction C The unl"ractionated CHI-ASHF from which the DEA}é-fractions'weré' derived,
b w?s hrghly actrve and anttgen specrfrc in its abrhty to trtgger both CTL and AFC responses
Prehrmnary experrments mdrcate that Fractton E does not suppress the mductron of AFC by'
Fraction.C -and also mdrcates that fractron C contams more than one ofvthe molecular species
.requtred in the triggering of AFC, responses (E« Shtozawa unpubhshed observatlons)
The data demonstrate the existence in CHI ASHF of at lea% two- functronally and
'-physrcochemtcally drstinct ASHF that are both -spgcrf.lc for B2- CRBC anngens Resrd_ual
antrgen-nonspecrftc AFC-inductive actw concentrated in fractron.B A more det;ﬁ
analysis of - the ability of DEAE- fractronated CHI ASHF to stlmulate B cell prohf eratron and
drfferentratton has been reported prevrously (292) " S oo '
‘ | L P ’ . . e
“Preferentral Tnggermg of CTL but not IgM Responses by ASHF Derlved from Clone 4C6 - L

o)
Tk
AlthOUgh CHI has been mamtargd in vitro for approxfmately AWO years, the CCIIS Of ‘

6
this hne are phenotyprcally heterogeneous as illustrated in Table 3 (chapter II11). To. mtmmrze

heterogenerty CHI was cloned by hmrtmg dilution. We tsolated a clope, 4C6 able to help the :

ifiduction of thymocyte C'FLp in a carrter specrfic manner. in; response to B2- CRBC
oo - . . g 3 - I:W :
' Ty
P
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ASHF Activity for CTL  Induction and for thé Induction of B cell 1gM "~
. Responses are Separable by Ion-Exchange Chromatography
) o R CTL Activity ' B Cell Activity*
CHI -ASHF (% Specific Lysis/Culture+S.E.) - (AFC/Culture +S.E.)
'DEAE- Protein - B2-FTA . B13-FTA N ' S
Fraction ug/ml - Stimulators Stimulators B2-CRBC B13-CRBC
Wihout ASHE, “— <1 <1 1222 208
A 29 <1 <1 " 132418 . 104124
B 16 " <1 <1 7248 56410
o 60 <l <1 276 +18 64410
D w6 <1 <1 9614 5648
E U3 e 2630 <10 Ris ks
F 83 9613 - o 8521 . 78417 56£8.
LPS NT . NT . 244120 - 312440
L2 | 273%45  .<-214%14  NT - NT
The: biological activities of ASHF-CTZL dnd ‘ASHF -Bfﬁéré_ recovered from distiﬁcn<'f:'hctions
" after DEAE-Sephacel chromatography of<aqti en-affinity purified supernatant from the Th
- line CHI (see Fig. 5). A 1/60 final' dilution’ @K, (1.Q pg pr in-Fraction C) for B cell -
culture and a.1/180 final dilution (0.63 ug pr ' 'I:f)’fp CTL culture are shown in
this table. At no dilution tested (1730 15 Pt Zanitjgen -specific B cell- or . '
*CTL -inductive activities found in fractions ¢ her I%§tnos shown)..In the
. assay for CTL activity, BALB/c thymocyje Tes ‘B or B13-CRBC
i FTA-pulsed CBA stimulatof cells. Cytotoxicity i§ f25-%30* CBA )’i
targets. : S e
*Results provided by Dr‘: C. Shiozawa. - .
&éf‘ q,‘ . a &? )
\ Y = /
® , ‘3’ WA S
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FTA- pulsed stlmulator cells. . | | o - _ . ‘

Table 13 dﬁonstrates that unfractlonated ASHF from clone 4C6, or - the

DEAE fraction "E" ".of 4C6- ASHF are able to trlgger CTLp in an, antlgen spec1f ic mannerv

4

Fractrons E of 4C6- ASHF contarn Cross- reactlve or nonspecrf ic f actor(s) able to mduce a small'.

" (10 5%) CTL response to Bl3- FTA -pulsed stlmulators Howev

B2- FTA pulsed strmulators was srgmflcantly greater (39 4%) (p<0°0005) The location of”

ASHF  activity in DEAE fraction "E of both 4C6- ASHF and CHI ASHF suggests that a'

similar molecular species in both ASHF preparatlons is responsrble for the carrier-spécific

1nductlon of CTLp -Fraction F appears to contain some antigen- nonspecrf ic lymphokines that

are able to- trrgger weakly CTLp. In contrast to the hrghly eff‘ 1c1ent ‘trxggerlng of CTLp by

'4C6 ASHF (106% of control I1.2- stimulated CTLp), even the hxghest concentranons tested of

the DEAE fractlons obtamed from this sample (Table 11) were only weakly actlve in the

\

tnggermg of AFC responses (maximum 21% of control LPS stimulated IgM~ AFC) and thrs

' actrvrty was not anngen speaﬁw{C Shloz,awa unpu ed observations). Clone 4C6 appears

[
to secrete some antrgen-nonspecrfxc B cell-directed lymphokines “that participate'j‘in the

induction of ‘AFC PIecursors.’ At 3-fold lower concentrations.of the 4C6 ASHF fraction,

efficient triggering of CTLp was maintained but no induction of B cells was observed (not

L e
RPN

shown).

e
'v' yi \.i’

&

. % N
Ca"-sufflclent ASHF from ClougﬁCG as Strmgently Restncted to Syngenerandherent Cells
2 ﬁ olll L4
Experiments presented in Chapter II1 (Tables 9 & 10) demonstrated that ‘ eneic
H-2-encoded produots are reqﬁd to reconstrtute the functronal actrvny of antrgen binding

mortres in mcomplete (Ca“-deflcrent) ASHF from the heterogeneous Th line CHI The

: nurgber and type of H-2:encoded subunits present on-completeand mcomplete f orms of ASHF |

_AAnot known. Purifigation of functional activity on‘antigenjaffinity’columns indicatgs that
 both contain antigen-bindirfg moities, presumably ThAR. The phenotypic analysis of “clone

4C6 (Table 3" - Chapter I11), demonstrating véry few Ia* cells, suggested that ASHF derived

-

€, éTL response to

{‘m}



75

“ . TABLE13

The Inductive Activities of DEAE-Fractionated and Unfractionated ASHF, Derived
" from Clone 4C6, Indicate that ASHF-CTL and ASHF -B are Distinct Molecular Species

L Activity - B Cell Activity*

o

o (% Lysis/Culture) , (AFC/Culture)
: Stimulators . : ' =  Fraction of
4C6-ASHF  Protein’ Pulsed with: 7 LPS-Stimulated
DEAE Fraction ug/ml = B2-FTA  B13-FTA  B2-CRBC Control -
Without ASHF . 3et4r - <1 41 T 0.005
A 170 91414 24420  108+24 0.5
B -l4 2841 <1 246 - 0.03
c 92 . <1 <1 = 152%44 | 0.21
D 1 58+34 9.9%4.0 6011'0.*53’;’5"* 10.08
E - 176 39.4%25f 105%10 76+4 %0
L F e ll:t25 . 548 007
Unfractionated ~ 800 57.3%4.0  9.4%3.8 usx2 - 0.20
LPS - NT. O ONT TR£30 1.0
w2 /54.2i4.9' 50.9+3.8 NT KT

Affinity- purlfled ASHF was prepared from supematants of clone 4CS, followed by .
ion-exchange chromatography, performed as described in Materials and Methods. The elution

" - profile of 4C6-ASHF was nearly identical to that of CHI-ASHF (Fig. 5). Experimental

conditions are as described for Table 10. No fraction of 4C6- ASHF specxf 1cally tnggered AFC- .
~responses at any dilution tested (not sl‘iown) C o ,

@,
“*Results provided by Dr. C. Shiozawa. L
$p<0.0005 |
) ’ g . .:’
—~—~——
E . Q

”n . * -.— o
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‘ . g XS .
from 4C6 might be similar.to the mcomplete form of ASHF Table 14 demonstrates that

X
&g

¥y

4C6 ASHF, prepared under Ca‘*-suf ficient condmons is gven more strmgentl) restrrcted in its
requrrements for syngeneic adherent cells than the*" mcomplete (Ca**-def 1c1ent) CHI- derrved |
ASHF. . . o R

~ The most permissive assay system, i.e. the system that detects complete and incomplete

L

v
forms of ASHF, employs adherent stimulator cells expressing MHC-encoded antigens that are -

- syngeneic.to the CBA/J (H‘-2k )-derived Th lige CHI, as illustrated in Tables 9 and ,10.

: 'Srmrlarly, the use of B2 FTA- pulsed CBA/] strmulators is able to défect antigen- specrl'rc
triggering of BALB/c thymocytes by complete or rncomplete CHI ASHF or .by 4C6 ASHF
(Table 14 - . line- 1) When responder and strmulator cells are’ a-llogenerc to the

“ CHI - ASHF producmg cells only the complete form of CHE-ASHF but not . incomplete
4CHI ASHF or 4C6 ASHF is able to trigger thymocyte CTLp (lme 2).

‘f The use of B10. BR strmulator cells demonstrates that 4C6- ASHF is not functronally
1dent'1cal 3E%‘Mncdmplete ASHF derived from CHI (lme 3). Srgml‘lcam CTL Tesponses were .
generated by mcomplete CHI ASHF but not by 4C6 ASHF in response to -B2- FTA- -pulsed. sb

g ABlO BR stlmulators The: Tesponse of CBA/J thymocytes to B2- FTA, pulsed strmulator cells 4 ’ S

'that are allogenerc 7to thé ASHF- producmg Th provrdes furthg "nﬁe’ that mcomplete

s

14 erent cells from the responder thymocyte populatron are able to overcome the requug%m

ncomplete (Ca“-defrcrent) CHI - ASHF but not of, 4C6 ASHF for splenic adhé%‘k egi”.)

;‘ulator cells expressmg H-2- encoded molecules that are syngenerc to ‘j éSHF producing

cells. I » ' h "l* :
. . . ',:» J‘"_ . )
The drfferences between 4C6 ASHF and the 1ncomplete ASHF prepared by EGTA B '

*
treatment and antrgen af f1n1ty chromatography of supernatants from the clonally heterogenous

Th line. CHI are not clear The similar locatron of functronally active - ASHF Cﬂ m

" . . - ) - N L o -
. T e . K . S . i
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! The Funcuon of ASHF From ‘Clone 4C6 is Stnngently Restncted toﬁ;ngenelc Adherent Cells

R

/r,! ]

Type of Th'y'nlocyte )

~ Percent of Control (IL2) Response

CTLp. ,
. . Type of - - o oy
B- ETA -pulsed Comiplete - Incomplete 4C6
St‘lmula‘t,or Cells ASHF ASHF -, ASHF.
.~ Allogeneic to ASHF . | o
" 1.BALB/c CBA. >100 >100 | %100
2. BALB/c . B10 >100 0 0
3. BALB/c B10.BR — 35* 0
" Syngeneic to ASHF '
4. CBA BALB/c - 74 >100 0
5.CBA B10 . 90 - >100 0

w -

3

Nt T

Three different typgs of CBA-derived ASHF were compared with regard to their requirement

"‘ffor syngeneic stimulator cells. Preparation of’ complete (Ca*-sufficient) and 1n€omplete
" (Ca*-deficient) ASHF from the. Tk line CHI has been described previously (Chapter 11 and

ref. 239). ASHF was purified from clone 4C6 (derived from the Th line CHI) in the presence
-of Ca*. The ASHF inducible CTL rtesponses against target cells syngeneic {6”the stimulators
. are presented -as the-percent of IL2-inducible control responses. ASHF preparations were
“assayed at several dilutions (not. shewn) with. consistent results. All experimenats included a
specificity control to confirm the lack of induction with B13- FTA -puised stimulator cells. The
results of several expenments are summarlzed . .

Mo

. "-‘An unusuaily high- response 1o IL2 occurred in IhlS group The absolute percent lysis was
- sumlar to the levels obtamed in the groups presented m hne L )

2

“4

o

By

[N

-



‘requirement for syngeneic H-2-encoded products p'rovided by splenic adherent cells.

‘both respects in. thexr requlrements for syngenelc |

v . . GO

Y - «

]

. similar electronegatlve charges (Tables 12,13 and Flg 5) Both mcomplete (Ca“-defncrent)

_CHI -ASHF and 4C6-ASHF-.requ1re syngeneic H -2-,encoded,_products f.or functional actxvrty.

However, the stringent requirements of 4C6-ASHF (Table 14) demonstrate that it may be even':

less complete than Ca**-deficient CHI-ASHF" It is not known if Fraction E of CHI-ASHF |

" and the unfractionated 4C6-ASHF have the same subunit composition/and the same stringent

LY

Incomplete and complete forms of ASHF may o 'valitatively, quantitatively, or in

» molecules on adherent cells.

,These requlrements may be\drctated by the number & ., R of ASHF "subunits" on the

ASHF. Quahtatrve or quantltatlve drfferences in expressnon of the relevant H 2 encoded

..molecules on B10.BR splenic adherent cells or CBA/J thymocyte adherem eells (lmes 3 5) (in

T e

YDEAE eluates from DEAE "E" fractlons of CHI-ASHF and 4C6- ASHF 1nd1cates both have ‘

'comparrson to CBA/] splemc adherent cells - lme 1) may be mvolved m thexr mabxhty to

+

'drfferentlal glycosylatlon of murine B cell and splemc adherem cell Iaa chains. Sialic acid

ey

dlfferent forms of ASHF are requir'. B Sy

D. Discussion = =

Large gaps exrst in our understandmg of how Th functions may selectlvely mduce a

« ‘

, partrcular class of 1mmuhe response " Some -evidence suggests the exrstence of subsets of Th

- that drffer qulrtatlvely in the class of immune response they—« 5ze able to- 1nduce (336 337)

~ Antigen- nonspecrflc lymphokmes such as BC(&),\BCDF{; (66,67) and IL2 (152 338)
: _ £

X v : N ; e
YN ) . - g A =

reconstxtute the functlonal activity of 4C6 ASHF CulIEn et al :§332) have reported, '

: re51dues on B cell laa chams appear to prevent therr abtﬁty to actxvate T cells (333) Studles‘ '

I - .



“has never been previously reported . ' ' °

, and Moon (339) were not able to detect antrbodres agamst the target cells in animals that i

e . : e - . i

. appear to exhibit target specrflcrty in the actrvatton ~of BorT lymphocytes. Some studies

indicate that ASHF act selectrvely on T or B cells (50,51,279, 294 298) However, the” o

) compartson of the abrhty of the same ASHF preparatronc T Tace CTL or antrbody responses A

SR
In one of the earltest reports of antigen- specrf ic cell mediated cytotoxrcrty, Rosenau. ‘el o

)

‘ mounted a cell mediated cytotoxic response Although other mterpretatrons of these results

can be made this situation may be analogous to the phenomena of ~ugmune devratron

. o

. (64, 340) The mductron of a CTL response to vrrally-rnfected cells would off er an organism

greater protectrgrr than would the rnductron of a class of antrbody that does “not fix - -
complement for example Anuboores might also blockfthe target sites avarlable for recogmtron/

by CTL NK or DT}gié cells. In contrast, antlbodres would be more effectrve m c0mbattmg>,-'

viremia or septrcemra The, mechanrsms of 1mmune class regulatron are unclear although a

theoretrcal modgl and data rn;support of it have been reported (64 81 . 142) L

The %s presented in thrs chapter and elsewhere. (330) suggest that ASHF CT. L and

(,'

ASHF B constrtute anugen\ﬁkcrﬁc prrmary rnductrve srgnals that selectrveix regulate the class

/

of immunity actrvated by antigen. The ASHF actxvrtles for CTL and. B cell responses are

f‘demonstrated to be drstmct and separable Ion-exchange chromatography is able to resolve

\)'

- ASHF C’TL and ASHF B mto two separate peaks ‘Further. strpport fof our distinction be'tween'

ASHF-CTL and ASHF- B‘ is provrded by the evrdence ‘that the bulk, of ASHF secreted by clone’

4C6 is ASHF -CTL. At present our defmrtron of ASHF-CTL is operatronal in that although '
it is expected that ASHF-CTL s trrggermg CT Lp drrectly it is also possrble that ASHF is.

triggering thymocyte Th pretursors whrch then tnggqr the CTLp. The functronal drﬁferences
V4

. of 2 rncomplete CHI-ASHF and 4C6-ASHF (Table 14) mawsrefiect their preferentral
r.4 ‘“( b\l - . ' ‘

mteractron wrth the precursors of Th or wrth CTLp o kﬁ : & :

@ . ,
It 1s clear that ASHF CTL and ASHF B are fu‘nctronally drsctrnct The molecular

e

basrs for these dtfferences however is not The studies of Shrozawa et gl (294),- demonstratem %

C e

; v o . . .
| TR : T . a - . < ' [ ”S‘ RO
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that ASHF - B consist of antigen- bmdmg subunits and antlgcn no\specmc subunits that area
assoczated in the presence of Ca**. Both typesof subunits are required f or f unctnonal acuvxty :
Func

{
the pr qpce of EGTA dpmonstratcd that both the ef fluent and the eluate fractiond were.able to

ional analysis of effluents and eluates of ASHF purified on CRBL\aJiD‘m\Iy columns in
¥ syncrzlze in the induction of B-¢ell p;pllferauve resppnses or AFC activity. Further analysis of -
DEAE?:'Fraction C of ASHF. by G-100 gel filtration demonstrated the existencge of {wo distinct
peaks, {hat¢sxnergiz¢d_in the generatibp f AFC (C. Shiozawa, unpublished obs\ervationﬁ).A
The assay system used id '(‘iete::t ‘ASHF- B appears not to be "per.missivg " in its ability to
detecf incomplete forms of ASHF. Qualitative and/om qu~antitative insufficiepcies“ of
"completor” subu‘ni‘t\s\or Th in this in vitro culture systém n;ay not permit detec.t'ion‘of‘
- ‘"incomplete" forms Aof ASHFB in contrast to .the permissive 'ASHF;.CT L assay system.
Further'expérimem‘s are necessary to determine if the requirement§ for "'completb_r " sgbunit's' in
thé assays for ASHF -8 and ASHF-CTL influence, the apparent differences between these two
f oﬁhs of ASHF. “The inability of ‘Fractio‘;l\E to'supprgss AFC fespbnses induced by Fraction C
indicates thzﬁ this type of mechémism is not responsible for the inactivity of Fraction E in (
triggering - AFC responses (C_. Shiozawa, unpuﬁlishe;d observations). The ability of
uvnfractionated'CHI-ASHF -to indﬁce both CTL and IgM responses (Table 11) also argué&
against this possibility. Studies by Lonai\ et al (2§4) demonstrate that IAS8 and I[E«
de‘tisr'minants are present on their ASHF-B.v This ASHF, like the ASHF reported by JaWorski et
al. (290) will not trigger H-2*incompatible B cells. The accidental or inténtional dissociation
of ASHF-B subunits may influence both its inductive activity and H-2-restriction proper-ties,
similar to the functional ana1y31s of ASHF-CTL (Chap III, and ref. 29,239).
Table 14, demor?etratmg the stringent requirements of 4C6-ASHF . for trlggermg CTLp
(but not AFC precursors - Table 13), suggests that this form of ASHF is more incomplete.thg.n
Ca“-defic;ient CHI-ASHF. The 4C6-ASHF and /tL;gJ)EAE fractien E of CHI-ASHF may )

- — U/_ -
._ mc subunitL may be required to make this {rloiety '

identical to the incomplete (Ca**-deficient) CHI-ASHF. Additionally, H-2-encoded syngeneic

consist of "nake
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adherent cell produu are requxred to make Ca“-del” icient CHI-ASHF f unctnonally complete :

and H-2-unrestricted at either the level of 1nteract10ns with CTLp or wnth APC (Chap. 111 -

Tables 9 & 10). In the permlsswe CTL induction s‘ystem (using syngeneic splenic adherent

cells) all necessary antigen-nonspecific subunits are provided by adherent cells to form a

"complete” ASHF. The ability of unfractionatecl CHl -ASHF to trigger CTL responses renders
in unlikely that suppressive moities present ln fraction C are obscuring’ the effect(s)’ of
‘ASHP:-CATL present in this fraction. It is not clear why DEAE fraction C of CHI-ASHF is

unable to trigger CTL responses. | ‘
As discussed- previouSly in this thesis, a number‘of\st.udie's suggest tha‘t’J ASHF is

compt)sed of antigen-binding subunits, presumably ThAR, and subunits ‘that do not bind

antigen (Ia molecules). Data presented in the previous ehapter and elswhere (29,239,294)

" indicate that both antigen-$pecific and antigen-nonspecific subunits are required to form a

functionally active "complete: ASHF. Evidence presented in tlle following chap:el strongly
syggests that ASHF contain ThAAR. It is reasonable to expect that TAAR units are antigenically
monovalent. As discussed in Chapter I, la antigens may function as a polymorphic glue to
make the an'tigenic‘allyi-monovalent TItAR functionally multilva‘lent. Multivalency may be
required to achieve suff igiently avid binding to permit sigrtal delivery to T or B lymphocytes by
a tertiary complex of atntigen, ThAR, and la antigens. -Additionally, Ia.molecules are suggested
/10 serve as strtictures that interact- with,identical or nonidentjcal complementary molecules on B

v,

or T cells.

There are 2 possible e)tplanhtions for our observation of disti.nct ASHF-CT L and
| ASHF-B: (a) there exist completely ‘different ASHF 1sqtypes produced by two different
subsets of class specxflc Th or (b), a single type of 'Fh derlved antigen-specific receptor is
associated with different numbers and/or types of . ant/igen nonspecxftc subunits, denved from
adherent cells, to form either ASHF-CTL or ASHF-B. The type of anttgen-nonspecmc

subunit(s) contained in an ASHF complex may dictate its preferential interaction with T or B

lymphocytes. Identification of the subunits of ASHF-CTL and ASHF - B will enable the direct
N

-



testing of this hypothesis.

@
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V. FURTHER FUNCTIONAL AND MOLECULAR CHARACTERIZATION OF ASHF-CTL.

&

LI

A. Introduction

Experiments = presentefl in ‘the ~ previous . chapters have characterized the
antigen-specificity and H-2-restriction properties of BZ-CRBC-sﬁeéif ic A‘SHF- from the Th line
CHI and from clone 4C§: To confirm and extend these observations, experiméms ana\lﬁing
ASHF produced byvothér’cloned Th lines ihat-recognizc CRBC antigens ‘and by a T cell
hybridoma that recognizes ,the synthetic polypetide Poly-18 (343,344) are ‘presented in this
chapter’. 43

Criss-cross specificity vexpcrime‘,n'.tAs coﬁﬁim the amigen-spécific induction of CTLp by
. ~ ASHF, observed in the o‘_ne‘j-_way specif i;:ity analyses presenjed prqviously (Chaps 111, 1V and
Ref. 29,239,330). Ané.l);sis of the target cell specificities of ASHF-induced CTL,cor;f irm that
ASHF is not a polyclonal activator. | _

It was iranbortant to determine if linkage of de'termir?ants ‘rectognized by ASHF and
~\'CTLp is require‘dmfor .the éeneration of CTL responses. As discussed previously (Chap I and
Ref. 29),-a ‘requirqr'nem-.;f,of‘ linked recognition has been observed in the induction of antibody
and DTH responses ('1(1:20,@3). Ther is ﬁo a priori re::.\son to suggest that this requireme.'m\
does not a1§o~occur in _th¢ inéiuction of CTL responses. The ability of a requirement for linked
rec\ognitigh to minimize the igduction of "bystander” CTLp provides a teleological argument
for its e";stcnce. Also, e_vidence‘ from some but hot all experimental sy.stem_s demonstrates this
requirémem in the induction of CTLp (245, 249-251).

Dekruyff et al. (291) have demonstrated a requirement for iinked fecognition in the
induction of AFC responses by ASHF. This type of analysis of ASHF has not been reported
previously in the induction of CTL Tésponses. Exp_eriménts presented in this chapter
demonstrate that determiﬁant; recognized by ASHF and CTLp‘must be preseﬁt on the same

stimulator cell for effective triggering of CTLp, thus demonstrating a requirement for at least

intrastructurally linked '(18) recognition in the induction of primary CTL responses. Once

83
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triggered by ASHF, CTLp are expected to express receptors for antigen-nonspe;:lfic

‘Iymphokines that mediate maturation and clonal expansion. It seems likely that in the absence

of lrthi\bitors, antigen-nortspecif ic lymphokines obscure the role( s) of ASH_F-rhediated events'in

CTLp induction occurring in‘ vitro. We have avoided this.problem through t,re use of ASHF as

: -3 source of help that does not include anttgen nonspecrfrc lymphokines able to partrcxpate in

"~ CTLp mductton ‘ | . “L

The antigen-specific binding anfl functional activities of ASHE have suggested that they -

* comairt clonally-expressed ThAR. /zpletron of functronal ASHF activity by antrbodtesr
recognizing Vh- framework determmants also support the ialrdrty of this assumption
(288, 298 310,311). However, formal proof that ASHF contain TltAR is lackmg Experiments
presented in this chapter provrde very strong evrdence that ASHF contain determmants present
on the B chain of ThARr Furthermore these experiments demonstrate'binding of ThAR to
nommal anttgen in the absence of MHC produgts. Experimertts_are in progress to isolate and

tdentrfy other subumts of ASHF-CT. L ‘ ' |

The accumulation of evrdence presented in this thesis provrdes strong support for the_

previously described model (p. 35) of CTLp mductron by soluble forms of T cell receptors. It

is- suggested that ASHF céonstitute prrmary signals for the induction of ..T or B lymphocytes.

B. Materia;ls and Methods i
@
Antigens. -The preparation of CRBC FTA has been descrrbed (Chap II and Ref 239).
The synthetic polypeptide Poly 18 (343) was prepared by Dr. E. Fraga in the laboratory of
Dr. B. Singh as described (344). The repetitive amino acid sequence in thrs polymer is
\ ¢vlu -Tyr- Lys (Glu-Tyr-Ala);. Gel filtration of Poly-18 was performed by Dr. E Fraga to

obtain a polymer with af average molecular weight 11 Kd for,expenments described in these

~ .

j.

studies.
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Th Lines nd Hybrzdomas The cloned CRBC-reactive Th lines LBZ 1, LBI9- 1 and
,GK15-1 were developed by Dt..’ Txm Mosmann (DNAX Research Insmute - Palo Allo CA)
usmg the methods of Klmoto and Fathman (322) Lines LB2-1 and LB19-1 ;re of C57B110/J
(H 2 ) origin. L?’ e GK15- l is.of CBA/J (H- 2 )orlgm All three lines recognize relatively
nonpolymorphlc detarmmants on CRBC‘mThe Th lmes LB2-1 and GK15-1 release 112 and IL3
in response: to H 2 &yngmenc APC plus all MHC haplotypes of CRBC except Bl13. I[me
LB19-1 recogmzes determmants common to all ‘MHC haplotypes of CRBC tested, including
813 None of ;thyse Th lines recogmze dete “Tinants present on SRBC (T. Mosmann, personal
commgmcaﬁlorl). The. Th clon.es MD12-5.1 “\d MD13-10 were developed by Dr, M Giedlin

in the lebofalory of Dt . .. Mosmann. ‘
A fl'h line that recoghized Polv-18 was ¢ ived from BALB/c mice by Dr. A. Fotedar
using tl}e”methods_d,‘pf lgir:noto and Fathmar  .2) Cells from this line were then fused with
. the AKﬁ.-derl\"ed l'tumor partner BW§147 {345). F resistant hybrids were secreened for
their abih‘ty ‘30 produce..ILZ specific'élly in response “7C plus Polv 18% Experiments using
inhibition of IL2- release by monoclonal antibodies recognizing 1A° determirants indicate that
the T cell hybrldoma Poly-18.68 recogmzes nominal antlgen in association with these products

(B Singh, personal commumcauon) ’

Preparauon of Antigen-Specific Helper Factors. For the purlflcan‘on of ASHF from
supernatants of the Th lines LB2-1, LB19 1, and"GK15-1, amlgen afflmty columns tonsisting
of B2-CRBC coupled to Sepharose 4B were uséd, as described previously (290). Supématants
from Poly-18.687 prepared by J. W1dtm9}n were punf;ed on Poly-18- Sepharose columns by
Dr. .B. Smgh Antlgen -bound fracuons were chuted with 2M NaC.l dlalyzed exhaustxvely"‘-,,_‘.

: q
'agamst PBS, and concentrated. -

Purification of KJ16-133 Mdnoclonal Antibody The mOpoclonal antibody KJ16-133 tha-t
recognizes determinants on the 8 chain of T cell antlgen receﬁtorsQS/) was-provided by Drs
P. Marrack and J. Kappler of the National Jewish Hospital in Denver, ,Colorado. A twp step '
punfncatlon was employed to enrich the concentration of l’.hlS rat 1mr§unoglobulx§:€rude

% .
?
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culture supernatant was dialyzed agamst 0. 01M K HPO./O 15 M NaCl (pH 7. 25) This sample
. was applied to a CM Affi-Gel Blue column ( Biorad Richmond CA) to deplete albumin. The
| effluent was: collected concentrated dialyzed and applied to a. DEAE -Sephacel
anion- exchange column ( Pharmacra Uppsala Sweden) Fractions eluted wrth 0. 025M 0.08M,
or 0.3M phosphate buffer were po‘oled concentrated dialyzed and coated to ELISA plates for
analysis of the presence of rat immunoglobulm§ by ELISA as described subsequently Only
, the 0 025M eluate contained signifisant reactivity, suggesting. that KJ 16 133 is an IgG subclass
(not shown)s | —
ELISA jhr.Deteclion of B chains. This assay v_was based'on a previously developedn
proce&ure for the detection ol" rat imrnunoglobulins (346). One hundred ul of dilutions of
antigen-af f inity-‘purif ied preparations in a carbonate coating buf fer (pH 9.6) were added to the
wells of Dynatech -Immulon I1 ELISA plates (Dynatech - Alexandria, VA) and incubated for
,'t\'vo hours at. 37C or overnight at 4C. After washing the plates 5X in double-distilled water
‘containing 0.25% Tween 20 (Sigma - St, Louis, MO), 100 ul of a 1/4 or 1/8 dilution of the
- CM- Affigel- and DEAE-purified KJ16-133 was added to each well. Due to the extremely
limited supply of KJ16-133 available, only. single wells were tested at each dilution of
supernatant or ASHF. The plate was incubated for 1 hr at 37°C and nsubsequentlv washed 5X.
'One hundred ul of a 1/400 dilution of a peroxidase-labelled rabbit anti-rat 1gG (I-leavy and
_Light Chains) (Cappel West Chester, PA) were added to each well prior to incubation at 37°C
for 1 hr. After washmg 5X, 100 pl of H,0, and 2,2-Azinodi-(3- Ethylbenzthiazohne Sulfonic
Acid) (Sigma - St. Loms MO) in Citric Buffer were added to each well. After 30 minutes at
room temperature the 0.D. at 414 nm was quantitated on a Titertek Multiscan microplate
reader (Fiow Laboratories - McLean, VA). | .
Inmmno fluorescent Analysis. Procedures for indirect immunofluorescent analy,sis
with KJ16-133 have been desc’rib’ed by Haskins er al. (158). A modified version was used in
'these experimenﬁs. Briefly, § ‘x 10% - 1 x 10¢ cells were suspended in 100 pl of diluent (PBS, 2%

FCS, 0.2% -sodium azide) or in diluent containing a 1/4 or a 1/10 dilution of purified
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K} 16-133. Samples were incubated for 30 minutes-at 37°C.. Subsequemly cells were centrif ugéd
ats00x G f or 5 mmutes As the fluorescein -coupled mouse-anti-rat kappa anubody used by
Haskins et al. (158) was not commercxally avaxlab]e, a ﬂonresce_lnated rabbit - antx rat Ig
(Boehringer Mannheim- - Indlanapohs IN) was subsmuted Fifty ul of a 1/30 dllutlon iof thxsg
ﬂuorescemated second reagent which had been prevxousl) centrifuged at 50, 000 x.G for 15
‘minutes to remove: aggregatcd 1mm.unoglobulm3 was added to all wells. pnor to mcubatxon for
- 3¢ inutes at 37C. Cells were washed three  times with dlluent and resuspended in 25 ul of
'(\diluem. At least 200 cells .were counted for each sample. Any cell clumps.,or'the‘ few dead lcel.ls
’R&ch preparation were exclnded. . . ' h .
For ’_analysis of Lytl and Lyt2 antigens, the TIB 104 anvd TIB 105 rat monoclonal
antibodies >(34$), from hybridomas purchased from the American Type éultu;e Collect-i'on
(Rockville, MD) were used as ascites or as culture supernatants at an optimal concentration.w.
An anti-T.hy 1.2 monoclonal antibody (New England NucIear - Lachine Quebec) was used in
these studies at a 1/500 dlluuon in combination with a fluorescelnated goat-anti-mouse IgM‘
(Cappel - West chester, PA). With these antibodies, the ‘first step and second steps of
labelling wefe performed at 4°C for 1 hour .each. |
Preparation o}' K116-13ix Affinity -Column. Cyanogen bromide activatéti\:Separose 4B
(Pharmacia Uppsala‘, Sweden) was swollen for 20 minutes in 1 mM HCI. The gel was washed
with ycoupling buffer (0.2M NaHCO,/ 0.5M NaCl - pH 8.5) and mixed with the semi-punfied
KJ16-133 antibody (1.85 mg nrotein) in coupling buffer. After being mixed for 12 kr. at'4°C
the gel was washed in eoupling buffbr containing 0.2 »M glycine ‘(Bethesda Research’ '
Laboratories. - Gaitnersburg, MD), resuspended nin‘le same, mixed for 12 hr. at 4C, and
washed with 2M NaCl followed bﬁBS. The effficiency of coupling the protein to the gel was

63%. - e’ .
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- C.RESULTS
: Specmclt) Analysns of LB19-1 and Polyl8 68 ASHF

The adaptability of the CTLp induction assay deveIOped in. these studies, enabled

functional _analys:s. of Th and ASHF that recognize a wide variety of amigens. Table 15

demonstrates that ASHF from LB19-1 triggers CTLp when the (BALB/c X B_lO)Fl.'stimulators |

present B2-CRBC antigens but not when they are exposed to the synthetic polypeptide Poly-18.

Other experiments have"demonstrated that LB19-1 ASHF is able to trigger significant CTL

responses when stimulator cells are pulsed with Bl4 FTA (unpublished observations). This is -

consistent with the ability of LB19-1 cells to proliferate and release lymphokines (IL2 and -

IL3) in response to H-Zb' APC and B2 or Bl4 CRBC ('l' Mosmann personal

V-

commumcarvbn) The LB19-1 Th cells have not been available f or tesung of thelr abxllty to

trigger CTLp. It is presumed that they function in a manner similar to the L61 and CHI celis. '

described previously (Chap. III - Tables 1 and 2).

\Table 15-also demonstrates that in the same experiment, ASHF l'rom the T cell.

hybridoma Poly 18.68 is able to mgger CTLp when the-stimulator cells are pulsed w1th Poly 18

(1 xg) but not when they are pulsed with B2-FTA. Other e)\penments have demonstrated a

criss-cross specificity in the triggering of CTL responses by the CRBC-specific GK15-1 ASHF
(See Materials and Methods) and Poly-18.68 ASHF (unpubhshed observat_lons).‘ Similar
* criss-cross specificity analyses have utilized this system developed by Dr. Pilarski and myself \

| to clemonstrate the "carrier"-specific induction of CTLp by PPD- and KLH-reactive ASI—IFj

(D. Kilburn, personal communication). It is interesting that although Poly-18.68 ASHF

efficiently triggers CTLp in an antigen-specific manner, as many as 10* of irradiated (1500 rad) E

Poly 18.68 hybridoma cells are unable to trigger CTL responses under any conditions tested -

‘(unpublxshe}observatlons) A number of mechamsms may be respon51ble for this inability to

trigger CTLp. For example secretion of ASHF by Poly 18.68 may be inhibited by 1rrad1auon

An alternanvc explanation is that this ASHF-producing hybridoma may also secrete ©
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e " 'TABLE 15
] .- 7 - ‘
o Criss-cross specificity analysis of LB19-1 and Poly 18.68 ASHF
‘_ ’ . “. .‘ M . . .
% Specific Lysis'of B10 Targets
' (BALB/c x BI0)F1 Stimulators
Dilutiot of  Dilution of . X .. .Pulsed with: :
LB19-1  Poly-18.68 ° : _ — L
ASHF ASHF IL2 ) B2FTA L . Poly-18
Ty ' —
- — C e - 41127 - <1 ,
ey = + 242427 - - 16.6%33
'1/80 - = 249121 T 8.2124
17160 .= - 29.0+2.2 . = 5.2%1.3
17320 - — = 193319 - <1
17640 ) ( - ' — : 2.8:1:1.0 » <1
J — sskos - - 26405
L= _ — : + "21.6+45 - - 20.8+5.2
- - 17160 - — . . 24%0.6 S 29.41+7.2
— : 17640 - 2.1£0.7 19.61+34
C— 171280 .= By 3.0%0.9- © 18.4%5.5

— . 1/2560° . —. -+ :34%13 o <1

One. x 10° BALB.c thymocytes were cultured with the indicated dilutions of LB19-1 ASHF or
¢+ Poly-18.68 ASHF and the irradiated (1500 rad) plastic- -adherent fraction from 3 x 10°
* - (BALB/c x B10)F1 stimulators.that had been pulsed with B2-FTA (10° CRBC equivalent) or
- Poly 18 ( 1 ug). Cytotoxmty was ‘assayed after S days against C57B110/J (B10) Con A blast

, targets Spontaneous/Detergent release of “Cr from B10 blasts = 0 23.
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1mmunosuppressrve molecules that inhibit the mductron of CTL responses Antrgen‘ff mrty :

Ll

chromatography is necgssary to detect ASHF produced by Poly 18. 68

Target Specificity of ASHF-induced CTL .-~

Analysis of the 'aritigen-specificl:t’y;ot"the GTL“i'nduced by ASHE Aindicated that ASHF

is not a polyclonal activator (Chap II-I"- Table 7) The alloanttgens recogmzed by i

\
clonally expressed CTR must be. present in culture durrng ‘ASHF - medrated mductron In order.

tof urther characterize this specrf 1crty CTL aettvrty by BALB/c thymocyte responders cultured
wrth Poly-18- -pulsed (BALB/c x CBA/] )F 1 sttmulator cells and Poly 18.68 ASHF or IL2 was’
examined. The results of these experrments ate: presented in Table 16.. ' '

v T

The 1nab111ty of the CTL generated in these cultures (Table 16) 40 lyse B10 targets (HlO o

4

antigens not’ present in culture) provrdes conf 1rmatron (see Table 7 legend) that ASHF rs nota - 2

R -

polyclonal acttvator “The most vrgorous CTL responses were observ% agamst CBA/J targets
that are syngenetc with the' a.lloan.trgens encountered by BALB/c thymocytes durrng in. wtror'
culture.” In this partrcular experrrnent IL2 mduced greater CT L actrvrty than did Poly -18. 68
VASHF The CTL generated in these cultures are aISO able to lyse C3H. A targets. that are
identical with CBA/J in the K through IE regtons ofH2 ln contrast, CTL..lnduced by ASHF
or 1.2 are capable of only weak ‘lysis of C3HOH targets that share on.ly D'k-products with
CBA/). The reason for the preferential killing of targets e)lpressing alloantigens encoded by
the K end regions of }f-Z are unclear but has been observed~prevlously for thymocyte
;responders (L. Pilarski, j;ersonal communication) ' Table 16 demonstrates that’ anti-self
(BALB/c) CTL were not induced by ASHF or IL2. Table 15 demonstrates that BALB/c

thymocytes cultured with H-2° -expressmg stimulator cells and IL2 or ASHF are capable of

generating vigorous CTL responses that lyse H-Z‘.’ targets.

S~



- "TABLE 16

Target specificity of ASHF -induced CTL

, : . % Lysis of Targets
Poly 18.68 - — : — —
ASHF  IL2 CBA/J ~ B0 . - C3HA C3HOH - BALB/c
- — - 20£08  45%43 22413 <1 <1’
= + 416432 50426 - 256434 120411 22410
= 2451 0 62436 169429 74421 <1

One x 10’ BALB/c thymocytes were cultured with the 1rrad1ated adherent fraction from 3 X 10°
(BALB x CBA/J )F1 stimulator cells that had been pulsed with 1 g of Poly-18. Medium, 1L2,
. or an optimal (1/200 - see Table 15) dilution of Poly-18.68 ASFH were added to each well.
Cytotoxicity was assayed after 5 days against Con A blast targets from the mouse strains
indicated. Spontaneous/detergent release of *'Cr from target cells - CBA/J =0.18: B10=0.16;
C3H.A=0.28; C3H.OH=0.33; BALB/c=0.19. No CTL responses were generated in cultures
containing BALB/t thymocytes, Poly-18.68 ASHF, and unpulsed stimulators (not shown).

-
.

4 >
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_CTL lnduction‘ Requires Intrastructural Linkage of Determinants Recognized by ASHF and
CTLp _ - b ( '
| As discussed at_length in Chapter I, evidence in some er;perimental systems suégests a

requirement for physrcal association of the determinants recognized by Th and C'I'Lp in the

-

tnggermg of CTL respooses (245 249 -251). To determine whether or not ASHF exhibited a

requlrement for linked or cognate mteractrons in the in the tnggermg of CTLp, it was essential

~to provxde the operattonall-y defmed "hapten- carrier" in both lmked and unlinked .forms. A

linked form of antigen is used in EXperrments presented m'Table 15. The (BALB/c x B10)F1

a'dherent stimulators express the H-2° alloantigens (haptens) recognized as’ foreign by

clonally-expressed receptors on BALB/c CTLp. This same population of stimulator cells -

present BZ CRBC antigens -or Poly 18 (carrier de*ermmants)’for recognlnon by LB19- 1 or

Poly-18. 68 ASHF, respectively. As the '’ hapten and "carrxer determmants are on physically
dlstmct molecules in this system the linkage between them on the cell- surface is intrastructural

rather than mtramolecular as defined by Lake and Mitchison (18).

Expenments using the operationally def ined linked and:unlinked forms of "hapten an"d

carrier are presented ir&ble 17. By exposing separately stimulator cells of each parental type

(BALB/c or B10) to 82 FTA or Poly 18, linked and unlmked forms of ‘antigen are able to be

. <
: compared In order to satsfy our criteria for lmked recogmuon both "hapten and "carrier”

determlnants must be present in culture.and both must be associated on the surf ace of the same

stimulator . cell populau'on for induction to occur' Table 17 demonstrates that the

CRBC- -specific LB19-1 ASHF trrggers effectively anti-H- 2" CTLp in response to tB2-pulsed '

BlO sumulators and Poly 18 -pulsed ‘BALB/c sttmulators that is when the hapten and carrier

o -

are on the same cells I contrast, when both hapten and carrier are present in the same .

“culture but in an unlinked f orm, that is on dif ferent stimulator cell populations
(Poly-18-pulsed B10 and B2-FTA-pulsed BALB/c stimulators), only negligible CTL responses
are generated by LB19-1 ASHF _.fSimilar levels of cytotoxicity are induced by IL2 in resporse to

L}

. either tlre linked or unlinked forms on antigen.

g
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TABLE 17

Cytotoxic T lymphocyte induction requires mtrastructural linkage of determmants recogmzed
: | by £B-19 ASHF and CTLp

|

\ : C % Lysis of B10 Targets
. . C : Stimulators:

Dilutionof | Dilution of - ‘ { - —
LB19-1 Poly-18.68 ' ‘Bl0-B2-FTA .. Bl0-Poly-18
ASHF ! ASHF ' IL2 BALB/c-Poly-18 BALB/c-B2-FTA

— ' - e 1.741.0
- - +. 31.8+5.8.. 21.242.9
"1/80 - - : 31.3£1.37 50%1.6
17160 L - — ©30.0£3.0 - 54%1.3
17320 \ - — - 21.0£2.6 ' 3.6x1.0
17640 \ - = 6.0%1.2 25408
—_ V- — 2.8+0.8 3.7x1.3
— L=+ 38,7t4.2 34.1%+3.8
— \ 117160 — 4.5+0.8 o 3.7£1.3
— . 1/640 — 6.4+1.3 ST
— 11280 0 — . 3.8+18 - <1
= |l2se0 = 3.7:t1.9 o <1

. v )
BALBl’c or C57BllO/J\ (B10) stimulator ceils were pulsed with. eltheI B2-FTA or poly 18
(1 ug/ml) .for 90 min.'at 37°C. Subsequently; unbound anugen was removed by washing the
cells twice. Antigen-pulsed stimulator cells (1.5 X 10* of each type indicated) were added to
" each microwell. After two hours incubatiof at 37°C, non-adherent cells were removed. BALB/c
thymocytes, ASHF and IL2 or medium were added as described in the legend to Table 15. Data
- presented in this table and Table 15 are from the same experiment. Poly )@ 68 ASHF very
efficiently. helped CTL: responses to Poly-18- pulsed but not to unpulsed F1 stimulators (Table
- 15). ‘
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~ The results presented in Table 17 could also be interpreted to indicalga requirement for
I-I-2b -restricted recognition-of nominal \antigen (B2-FTA) by the LB19-1 (H-2b‘) ASHF. As
the ' BALB/c thymocyte responders are allogeﬁeic to the LB19-1 ASHF-producing Th,:‘ the
inability of LB}’9-1 ASHF to trigger CTL responses to Poly-18-pulsed B10 stimulétors and
BZ-FTA-\p\lJlscd BALB/C stimulators could result from a lack of association between
H-2" -encoded products and B2-FTA. Our experimental evidence indicates that this is not
likely. ~-LB19-1 ASHF binds to B2-CRI;E " in the absence of H-2-encoded products.
Fﬁvrthermoreb, Table 18 demonstrates that LB19-1 ASHF exhibits a requirement for linked
reco'gni;ion when the haplotypes of byth stimulator cell pc;pulations ,and the responder
. thymocytes are allogeneic to LB19-1.7In this experiment, LB19-1 ASHF- is able to trigger
CBA/J CTLp in respoxisc to BZ-FTA pulsed BALB/c stimulators and unpulsed CB/‘:/J
adherent cells but not in,response to B2-FTA pulséd CBA/J stimulators and unpulsed BALB/c
'\stlmulators In the former, but not in the latter, the hapten (H- 24 alloantigens) and carrier

lm
(B2-FTA) are intrastructurally linked. In neither combination are the carrier determinants

-

presented in the context of H-2°

-encoded products. This experiment demonstrates that

ﬁf

~ LB19-1 ASHF requires linkage of hapten a carrier for effective triggering of CTLp but is not

H-2 restricted in 1ts requirement for nomihal antigen. Furtherrzore the ability of L19 1
ASHF to trlgger CTL responses when both responder and stimulator cells are allogeneic to the
>ASHF-producmg LB19-1 Th indicates that this ASHF is functlonally complcte (see Chaps
IIT & 1V).

The results presented in Table 19 demonstrate that the requirement for linked
rergntibnfby ASHF frorh the Th line GK15-1 is not due fo H-2-restricted recognitidn of ‘
noqlinal antigen (B2-FTA). Like LB19-1 ASHF, GK15-1 ASHF require intrastructural
linkage of determinants recognized by ASHF and CTLp. Nearly identical l-ev_els of CTL
responses to linked or unlinked forms of antigen were induced by IL2 and this d.oes not require

the presence of B2-FTA, in contrast to GK15-1 ASHF. “In this experiment the CBA/J -derived

- GK15-1 ASHF is able to induce H-2‘J -reactive CBA/J thymocyte CTLp in response to
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TABLE 18

The requlrement for linked recognition by LB19-1 ASHF is not due to'H-2- restricted
recognition of nominal antigen.

" % Ly;is of BALB/c Targets
Dilution of - )  Stimulator Cellé:
LB19-1 BALB/c-B2-FTA ‘ ~Ci3A/J -B2-FTA
ASHF IL2 - CBA/J -unpulsed BALB/c-Unpulsed
N
— — ! 5.0£2.0 ' 3.3%1.6
— + | 40.116.4 35.2%3.6
= 1/100 — o 17.943.7 . ) 34119
1/200 o C 121432 2.4£2.0
1/400 — ‘ <1 - <1

BALB/c or CBA/J stimulator cells were elther pulsed with B2-FTA (10®* CRB C equivalent) or
were not exposed to this carrier (unpulsed). The indicated populations of irradiated (1500 rad)
adherent stimulator cells were cultured with 2 x 10° CBA/J thymocytes and dilutions of LB19-1
ASHF or IL2 in 0.2 ml.. Cytotoxicity against BALB/c Con A targets was assayed after 5 days.
Spontaneous/detergent release of *!Cr from targets = 0.20. The carrier-specificity of LB19-1
ASHYV is demonstrated in Table 17.
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TABLE 19

Cytotoxic T lymphocyte induction by GK15-1 ASHF requires linkage of déterminants -

recognized by ASHF and CTLp. .

4\) ' " % Lysis of BALB/c Targets
- Stimulators:
Dilution ‘of - - -
GK15-1 Fl BALB/c-B2FTA CBA-B2FTA

ASHF IL2 Fl 4+ B2 Unpulsed CBA -Unpulsed BALB/c-Unpulsed

- — 3520 31%15 16433 ¢ <1
— 4 37£19 N5£59 0 375412 36.3%5.0
VIO — 312463 4422 36.4%45 43%1.6
1200 — 2235 - <1 23417 S.0+15
'

/400 —  57%17 <1 11.23.0 54135

BALB/c, CBA/} or (BALB/c x CBA/J) F1 stimulators were pulsed with MEM containing
B2-FTA or MEM without FTAII(unpulsed stimulators) for 90 minutes at 37°C. After washing
unbound antigen, either 3X10* ¥1 or 1.5 X 10% of each parental type stimulator were added to
each well as indicated, Non-adherent cells were washed out prior to the irradiation (1500 rad)
of stimulator cells. Medium, the indicated dilutions of ASHF, or IL2 and 10° CBA/J
thymocytes were added. : : '

E
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Bz-FTAzpuls¢d CBA/]J stimulator cells and u'npulsed BALB/c stigxulator cells. \GK15-1 ASHF
thus requires association of hapten and carrier but does inot réquire association of
H-2* -encoded mo]ecules and B2-FTA for triggering of CTLp | ‘

Table 17\‘gemonstrates' that the pattern of responses induced by Poly-18.68 ASHF is
differem from/(én of LB19-1 and GKfS-l ASHF. In contra#t to the specific im?hctjon of
CTL f'espo/rx)ses to Poly-18-pulsed (BALB/c x Bl0)F1l stimulators (Table 15), #61).'-18.68
ASHF is unable to induce significant BALB/c CTL responsés to either Poly-18-pulsed BALB/c
stimulators and BZ?F:I;A-pulsed B10 stimulators or to Poly-18-pulsed B10 stimulators and
B2-FTA-pulsed BALB/c stimulators. It has been observed pre'viously. that H-2" mice are
_honresponders to Poly-i§ (343). The inability of Poly-18 to effectively associate with
H-Zlf -encoded préducts may explain the absence of a Tesponse 10 Poly-lS-pglsed Blb
stimulators and B2-FTA-pulsed BALB/c stimulators. The aiasence of intrastructurél linkagé
‘between H-2" -encoded alloantigens and Poly-18 is the most likely exblanation for the lack of
Poly-18.68 ASHF-induged! responses to B2-FTA-pulsed\B10 §ti3mulaiors and Poly-v18,-pulsed
BALB/c stimulators. in addition, the Poly-18.68 :ASHF may ré?uire recognition o‘f nominal
antigen in the context of H-2-encoded products for effective trié-gering of CTLp, unlike the
ASHF\' derived —from the Th lines LB19-1 ahd GKlS;-lr ASHF. ‘“Thus. either Jor both of tflese :
requirements for linked and H-2-r\éstricted interactions may be opefational in the induction of

CTLp by ASHF.

Antigen-Affinity Purified ASHF from Poly 18.68 and LB19-1 Contain 8 Chains of T Cell
,“\\« l,‘
Comparisons of secretory and membrane forms Qf b6, and y immunoglobulin heavy

Antigen Receptors

chains (274-277) su\gygests by arialogy, that secretory formsof ThAR may also use many of the
same C region exon\s,\ as its membrane-bound counterpart. The report of a monoclonal

antibody recognizing a é\ region allotypic marker (158) suggested, therefore, that this antibody
4 . \ )
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might be useful in the detection of soluble forms of ThAR.
Initially we wished to determine if any of the T cell lines and hybrids currently in use
expressed determinants recognized by KJ16-133. We were unable to detect any positive cells in

* the analysis of normal spleen cells, thymocytes, or a variety of T cell lines and hybrids using
’ : \

crude hybridoma culture supernatant and the procedures described .in Materials and Methods..

However, after purification of the crude supernatant (see Materials and Methods) we were able

to ]abel percentages of normal T cell populations similar-to those reoorted by Haskins et al.
( 158) The results of indirect immunoflourescent analysis with KJ16-133 and other antibodies
are listed in Table 20. Nylon-wool-purified spleen cells from BALB/c mice demonstrated
18.5% KJ16-133* cells (Lme 1). Nylon-wool passed spleen cells from CBA/]J mice
demonstrated a similar percentage of positive cells (not shown). BALB/c and BI0 thymocytes
demonstrated 15.7% and 9.7% KJ ,16 133 cells, respectlvely (lines 2 and 3). These values are
similar to those. reported/by Haskins et al. (156) The ASHF -producing hybridoma Poly 18.68
exhlblted only 7 4% KJ16- 133 cells (line 4). On- other occasrons this value varied between S
and 15% (not shown). To ennch the populat:on of KJ16-133* cells the Poly 18.68 was sorted
by FACS. Only the brightest 5% were retamed After 10 days culture of the sorted P18.68,

_1nd1rect 1mmunof1uorescence demonstrated sxgmf icant enrichment of KJ16- 133' hybnds (Line

5). KJ 16-133- contammants in the KJ' 16- 133 sorted populatlon may explam the inability to .

attain a 100% KIJ 1 133 .populatlon of Poly-18.68 and further sorting may be required. An

and APC 4&. Fotedar, personal' communication), on repeated testing lacked

and 17.8% KJ16-133* cells, respectively (lines 7 & 8). Recent analy31s of CPPD ON=tWo .

occdsions demonstrated that this cell line had undergone a phenotypic shift and now 100% of
CPPD cells are positive (line 9). Clones were derived from this cell line and are currently

ing tested for specificity in proliferation and in their ability to help CTLp. MD13-5.1 is a

-
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TABLE20
Indirect Immunofluorescent Analysis .
% Fluorescent Cells
~ _
Cell Type KJ16-133 Thyl.2 -Lytl Lyt2 -
1% BALB/ . -
- Nylon-Wool . , :
. Purified Spleen Cells 18.5 92.0. 63.3 317
2. BALB/c Thymocytes 15 ' - ©92.6 80.0
3. B10 Thymocytes 9.7 - 60.0 /
. 4, Poly-18.68 7.4 ~ ~100 = —
5. Poly-18.68 (Sdrted) 39.4 . 100 — —
6. Poly-18.12 ' 0 ~100. — —
7. .DCP 13.0 Lo— 10.3 -
8. CPPD (August '84) 17.8 ! = 33, -
9. CPPD (October '84) 100 Vo= .- L=
10. MD13-5.1 . 0 100 I — R
11. MD13-10 _ 100 . 100 o= —

Procedures for immunofiuorescence are described Jin Materials and. Methods. Poly-18.68 (Line
4) is an ASHF-producing hybridoma (See Table 15).,Line 5 describes the phenotype of
KJ16-133 positive cells sorted by flow cytometry from the previous pdpulation. Poly-18-12
(line 6) is a hybridoma, generated independently of Poly-18.68, that-secretes 1L2 in response to
Poly-18. DCP and CPPD (Lines 7 - 9) are described in Chapters II and III. MD13-5.1 and
MD13-10 are BALB/c Th lines developed by Dr. M. Giedlin in the laboratory of Dr. Ty,
Mosmann (DNAX-Palo Alto, CA) that TIecognize determinants on 513 CRBC. )



_sul;c_lonéd BALB/c T cell line that responds to B2, 13, 14, 15, and 19 CRBC but not to B2l
(Line 10). It pas no detectable Mls reactivity. MD13-10 is a plonéd BALB/C T c‘ell line with
the same CRBC ractivity pattern as MD13-5.1. It also responds very strongly to Mis
: héplotypes a and \‘d‘_ ‘Aproximately 100% 6f MD13-10 T cells express the KJ16-133 determinant
(line 11). Analysis_of ~r_nore cloned T cell lines and hybrids will détermine il there is a-
significant correlation between KJ16-133 positivity.and Mls reactivity. |

We wished to determine if .our ASHF preparations lcontaineq B chains of. ThAR.
Figufe 6 demonstrates that the dialy.zed. 2M NaCl eluate containing molecules in Poly-18.68 SN
_that bound to a a Poly-18-Sepharose column exhibited significant reactivity with KJ16-133, as
determined by ELISA. The eluate from LB19-1 supérnatants chromatographed on a BQ-CRBCJ
affinity column also contamed s1gmf icant reactxvxty ‘with KJ 16 133§ m the ELISA. In contrast,
| the effluents that dnd not bind to CRBC and therefore passed through the column in the
effluent coRtained very little reacuvxty‘ yx_th KJ16-133. It is evident that the protein
concer;tra;tion 6f the samples did not corrélate with reactivity with KJ16-133, suggesting that
this a'-ssay is spe;ifiq in its ability to detect B chains of T cell receptors in. ASHF} preparations.
Specific recognition of T cell receptor B chainé by KJ16-133 has Been characterized previously
(158). |

Table 21 provides further confirmation of th:: reactivity of KJ16-133 with ASHF
preparations. A new batch of Poly-18.68 ASHF also showed reactivity with KJ16-133 in the
ELISA. Antigen-affinity 'purified Poly-18.68 ASHF prepared from ‘serum-free culture
supernatants also showed significant reactivity with KJ16-133, -iﬁdicating tha§ BSA or other
. components of FCS are not responsible for the reactivity with' KJ16-133. Qrude supernatants
from the KJ16-133* Th line CPPD also demonstrated significant reactivity with KJ16-133. .At
no Qilution of ASHF or CPPD SN was an O.‘D. of more than 6.056 obtained whe.n.PBS was

substituted for KJ16-133 (not’ shown), demonstrating that the peroxidase-labelled rabbit

anti-rat Ig is not directly recognizing ASHF.
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Figure 6

Antigen-affinity purifi'ed ASHF from LB19-1 and Poly-18.68 contain B chains of T cell
, ' ' receplors. .

.
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A 174 dilution of purified KJ16-133 was added.to wells coated with the indicated dilutions of (
the effluents ‘or 2M Nacl eluates from antigen-afffinity columns. The effluent from the Poly
18.68 supernatants was not available for testing. Protein concentrations were determined by
absorbancy at 280 nm using BSA as a standard. Color development was undetectable in wells
that were not coated with effluents or eluates (not shown). The antigen-spetcific
CTL-inductive activity of the Poly 18.68 and LB19-1 eluates (ASHF) is demonstrated in Table
15. At no dilution of the eluates or effluents was significant reactivity induced when PBS was
substituted for KJ16-133 (not shown). ‘
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TABLE 21

Antigen-affinity purified and crude T cell supernatants contain T cell receptor 8 chains

-

v " "~ OD.atdl4nm
Antigen- Affinity Purified " Crude
Final  Poly-18.68 Poly-18.68 4 CPPD
Dilation - ASHF* " ASHF(SF)+ © SN*
1/10 — | 0.759 0287
1/100 - 0.287 0.162
/500 0677 =
1/1000 : 0576 = —

e Culture medium contained 10% FCS
"+ Poly-18.68 hybridomas cultured in serum-free medium for ASHF production. -

A 1/10 dilution of purified KJ16-133 antibody was added to wells coated with the indicated
dilutions of Poly-18.68 ASHF preparations or crude supernatants (SN) from the Th line
CPPD (See Tables 4 and 20). Protein concentrations of the preparations used for coating are:
Poly 18.68 ASHF*-15 mg/ml; Poly 18.68 (SF)+ - 120ug/ml; CPPD SN - 1.5mg/ml.
Conditions for the ELISA are described in Materials and Methods. The O.D. in ungoated wells

reacted with KJ16-133 was -0.013. At no dilution of ASHF or CPPD SN was an O.D. of more,, ,

than 0.056 when PBS was substituted for KJ16-133 (not shown).
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The reactivity of Th lines and our ASHF preparations provide strong support for the
hypothesis that ASHF are soluble forms of T cell receptors. The correlation of functional '
activity in CTLp induction by ASHEF and reactivity with KJ16-133 in ELISA provide further -

support for this hypo'thesis‘. Immunoprecipitation studies of *3S-labelled material from Poly

18.68 and CPPD are in progress to determine the weight(s) of the molecular species recognized

by KJ16-133.

In order to determine if the 8 chains recognized by KJ16-133 are present on the moities
responsible vfor ASHF activity in the affinity-purified preparations, a small column of
KJ_ 1I6-133 conjugated to Sepharose 4B was prepared. The results presented in Table 22
demonstrate that AéHF .activity was detected lin the original Poly-18.68 ASHF prepara‘tion‘and
in the 2M NaCl eluate from the KJ 16-133 column but not.in the effluent tltat did not oind to
the KJ16-133 column. In other experiments. CRBC-specif ie ASHF activity has been found in
the. 2M -NaCll_eluate_ fractions from samples applied to the KJ16-133 affinity column.‘ The
aoility of the KJ"16-133 column to bind ASHF .activity indicates that the ThAAR B chain is one
of the subumts of ASHF. The preparation of monoclona1 antibodies that recogmze ThAR «

chams w111 be necessaT to determine if these are other subunits of ASHF.

D. Discussion |

The results presented in this chapter provrde strong support for the hypothesrs -th-at
soluble forms of Th receptors are able to trrgger CTLp in an antigen-specific manner. Specific,
bmdrng of functrona] ASHF molecules to nommal antigen in the apparent absence of
H-2-encoded molecules has been demonstrated previously in this thesis ,(,Figure 3) and by other
investigators (280-282). Thrs is consistent with prevrous reports of binding of nomrnal antigen
to Th in the dpparent absence of H-2- encoded products (161-164). |

Specificity in the recognition of antigen by ASHF "and in the recOgnition of target cetls
by A_éHF-induced CTL are confirmed (Tables 15-18). ASHF are only able to trigger CTLp in
the presence of the antigen recognized by ASHF or the Th from which ASHF 'are.derived.

%
. 1



104

' TABLE 22

KJ16-133 is able to deplete functional ASHF activity

% Lysis of CBA/J Targets

Unfractionated COKJ16-133  KJ16-133

‘Diution © Poly-18.68 ASHF ~ Eluawe -+ Effluent.
— o« o« <1
s - = o«
17100 19.044.7 | 71429 <1
oo = N 146+49 - <1
Va0 | - o« <1
1/500 10753 . _ L=
Vo <1 | — - -

Unfractionated antigen (Poly . 18)-purified ASHF- was applied to. an 0.5 ml
KJ16-133-Sepharose 4B column, prepared as.described in Materials and Methods (Chapter V).
The column was washed with 5 ml PBS and the effluent was collected and concentrated by
negative-pressure dialysis to the original volume of unfractionated ASHF. The column was
eluted with 2M NaCl, dialyzed against PBS and concentrated to the original volume. One x 10°
~ BALB/c thymocytes were cultured with the plastic-adherent fraction from 3 x 10° Poly-18 (1
ug)-pulsed (BALB/c'x CBA/J) F1 stimulators and the indicated dilutions of unfractionated
ASHF or KJ16-133 effluent or eluate fractions. Cytotoxicity induced against CBA/J targets
was assayed on day 5. The % lysis induced by an optional concentration of IL2 (Fraction I11)
was 18.6 £ 4.2. : '
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These types of specif icity analyses at the induction and effector levels haye been reported in
mﬁly studies of the ASHF that partrcrpate in the mductxon of cell- medrated or antibody
‘Tesponses, as drscussed at len.gth in Chapter 1. Criss-cross specificity analysrs (Table 15)
'renders- it nnlikely that we have nurif ied nonspecific lymphokines with differential affinity for
carrier a‘ntigen‘s.“ . - “
The functionalspecificity of ASHF (Tables 15-18 andI Chap. _ I & 1V) clearly
"den‘ro_nstrates that .AS‘HF» is distinct from antigen-nonspecific'lymphokines such as IL2.
Fnrthermore, it has been repeatedly demonstrated -that ASHF preparations do not contain IL2
(Frg 4, Ref 239 294, and unpubhshed observatrons) The requirement of mcomplete forms of ,
ASHF for H- 2 syngenerc adherent cells also demonstrates that it 1s functionally distinct f} rom
IL2 and CTDF (Tables 9 10, & 14) Our observatrons that Crlp require both ASHF and
antigen for induction, and that the CTL induced are specific for the strmulator cell alloantrgens l'
(Tables 7 and 16), demonstrate that ASHF are not polyclonal activators and require recognition |
of antigen by CTLp for’t'riggering Results presented in this chapter also distinguish ASHF
from IL2 by the. requrrement of ASHF for linked recognition in the induction of CTLp (Tables
1l7 - 19). Studies from the laboratory of H ‘Cantor (291) have demonstrated a smrlar
vrequrrement for linked recognition in ASHF medrat\}unductron of AFC responses Tables
17-19 demonstrate that ASHF from LBI19-1 and GK15-1 Tequire intrastructural linkage of
’determinants.recognized by ASHF and CTLp. CTLp are ef ficiently induced by either of these
ASHF only when the determinants recognized 'by 'th'e ASHF (carrier determinants) and those
recognized by CTLp. ('haptens) are presented. in close physical oroximity on the surface of the
stimulator cells. The Th-deriVed signal required for the induction of CTLp is clearly distinct -
from the antigen-specific induction of | IL2 release‘:' Experiments demonstrating that\_in__some
experiments CTLp are inducible by. ASHF or.Th but not by IL2 (unpublished observatrons)
provide further support for th’r's hypothesis. It is suggested that under physiolbgical con‘ditions,
only after antigen recognition and receipt of an ASHF-mediated signal, are CTLp'able' to be
indtrced to proiiferate and diff_er\éntiate by antigen-nonspecific signals such as IL} and CTDE,

i
o
A



In the absence of inhibitors of these antigen- nonspecxf ic lymphokmes in vitro a Tequirement for
ASHF may be obscured. . | |

Table 17 demonstrates that Poly'18.'68 ASHF has requirernents for physical association
: of hapten, carrier, and syngeneic (H-2-encoded) restriction elements on the same stimulator
- cell population ‘These requ1rements of Poly-18.68 ASHF are different from thosé of LB19-1
and GKlS 1 in that the latter ASHF do not require presentation of the "carrier” determm:nts
“in the context of polymorphic H-2-encoded determinants. These experiments ‘do not exclude
the possibility that LB19-1 and GK15~1.ASHE require recognition of nominal antigen in _the

context of nonpolymorphic H'-Z-encoded determinants, for effective triggering of CTLp. Th‘e

molecular geometry of the assocxation of hapten carrier and MHC-encoded restriction

\/

elements that are requrred for mteractioi‘i W1‘th S:Qlubl\. or membrane-bound forms of T hAR and

CTR requ1re further elucrdation

A requirement for lmked recognttw has been demonstrated in the mducfion .of BTH
gr

and antibody responses (10-20 28) Expeﬁments by Al-Adra and Pilarski demonstrate that Ts

“also requlre linked recognltion in the supbressron of CTLp induction (348). The expenments_

g

presented in this chapter demonstrate the, samé requirement in the mduction of CTL Tesponses

&“Q»«

by ASHF Linked or cognate (18) mg‘qra?ctions are suggested to be primary requnements

* common to all classes of lymphocytes, th&%; unction to minmuze the induction of "bystander

lymphocytes.

Figure-6 and Tables 21 and 2 indicate that our ASHF preparations contain 8 c¢hains of

T cell antigen receptors. as determined by reactivity with the monoclonal antibody KJ 16-133

(156). = Strong reactivity of KJ16-133 with: . Poly :18.68 ASHF from serum-free and

FCS-supplemented cultures and with LB19-1 (eluate)?:;ASHF are’ demonstrated. Phenotypic
"analysis (Table 20) and mapping studies (J. Kappler, personal communication) indicate that
KJ16-133 does not recognize C regions as previously claimed (158) but instead appears to

recogmze V,D,orJ Tegion determménts that are expressed ata relatively high frequency. The

- ability of a KJl6 133 antibody column to deplete ASHF actrvxty from antigen-affinity purified

— l
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Poly-18.68 ASHF preparation clearly demonstrates that the functionally active moities in this

preparation contain ThAR B chains (Table 22). It is unclear if ASHF also contain «a chains of

" ThAR. The development of " other monoclonal antibodies recogmzmg C or V region

determinants 6n ThAR chains w1ll facilitate ana]ysrs of the molecular composition of ASHF.

Analysis of mRNA from a variety of clones will enable testing for the possible existence of

discrete membrane and secretory transcipts of a and or B chain genes, Biochemical analysis of

aand B glycoprotein chains will be necessary to determine if secretory and membrane forms

K]

may differ dueito‘ translation of different species of mRNA and/or post-translational
modification. It is reasonableto assume that botlr ‘membrane and secreted forms of ThAR use
the'-séme or similar 'rearranged vgenes to gencrate variable regions ' that bind antigen
Comparrson of the antrgemc fine specificity required for the mduct10n of . ILZ secretion by
Poly- 18 68 hybridoma cells and for trlggermg of CTLp induction wrth Poly 18.68 ASHF will
provide a f unctlonal test of the validity of this assumption.

In conclusion, the.results of these studies sulggest common and f un-damental similarities
in qot_h'v'-?ell-mediated and antibody-mediate‘d immune responses, I')\ifferent forms of
clonally-eipressed receptors on both T and B lymphocytes are'.sn‘ggested to function as
membrane-bound antigen-recognition units or as soluble antigen-specifslc moities. A
requ1rement for linked recognition the induction of AFC, DTH effector cells and the Th that
participate in. the emductnon of DTH cells (10-20,28 and P Bretscher personal
communication) as well as in the mhxbxpon of CTLp by Ts (348) has been demonstrated
prevnously The experiments presented in this thesis complete the picture by demonstratmg that
the induction of CTLp also exhibits this requirement for linked recognition.

J

The results presented in;.)'this thesis provide strong support for the previously described

* model of ASHF -mediated induction, of CTLp (p. 35). It is suggested that complexes of ThAR

_‘j .
and Ia antrgens constitute pnmary 1nduct1ve signals for CTLp, delivered or acting prior to th\:

effects of nonspecrfrc 'lymphokmes that medrate maturatlon and clonal expagsion. Both\

functional and molecular analyses support the validity of this model. The functional assay f or

"‘\
\
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CTLp induction, developed in these studies, will enable further analysis of the role of ASHF in
the triggering of CTLp. The adaptability of this system to accomodate alm&st any type of
antigen will facilitate comparison of the mechanisms of CTLp induction with those of other

classes of immune responses. .

Vi
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