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: The vertebrate-immun'e system is capable oh recognizing and attacking loreign invaders

_',:.wh\lle remaining unresponsive or. tolerant"to self tissues. Much e__vidence is accumulating that

\accessory cells'( including‘macrophages)’ play a pivotal role in deternﬁnlng the balance .bclw_cen
in‘l{nunhy and unresponsiv}eness. This thesxs descrihes a series af eiperi‘menls assessing
accessory cell function in B lymphocytefacti\mtion and tolcrance'. B ',’ ‘M |

T cell mdependcm ‘B cejl tolerance to haptcn derivatives of cargoxymclh»l cellulose

.- (CMC) or methyl pellulose (MC) appears 0 be controlled by Thy-1", Ly-2 adherent accessory _

(A) cells conLamed in the spleen. or pemoneal flurd Immunocompetence in nonadhcrcnl (NA)
normal spleen cells could be resLOred in vitro by irradiated A cells from normal mrce Ho;vcvcr
:NA cells reconsmuled vfth 1rradrated A cells derrved from hapten specrﬁcally loleranl mlce
farled to respond lo the same hapten but responded normally 10 an 1mmunoocmc challcngc
_wnh another unrelated - amrgen A cells that had been premcubaled at 4’ C wuh hapten h
derrvauzed —MC also farled 10" Testore 1mmunocompelence Whak premcubauon of
unl”racuonaled Sple'en cells wrth the tolerogen under the same - condmons resulled ,m Blcell

» unresponsrveness Such lreatmem of NA cells fatled to render B cells tolcranl lncubauoh of

lMC rreated spleen cells wrth mdomethacm or mte/rleukm 1 (IL- IQ in vztro did ndl rclstorc .

",___1mmun0comperence lo 1he tolermng haplen Furthermore the presence ‘of carricr spectf ic T

RN .

""V'cell help did not ifiterfefe with the 1nducuon of Lolerance However, treatment of A cclls from .
J

lole’ram mlce w1th the reducing agent pptassrum rodlde (Kl) in vitro restored their capaclly 10
render cultures of NA cells: rmmunocompetenl lo the relevant. hapten. Macrophages { l\«l(Z)) are

“known to exerl’ cytotoxrc effects ‘upon targel cells by the release at close rangc ol lerdallvc ¢

agents We postulate that hapten derrvatrzed CMC and MC tprough umque propemfs of the

'carrretr bmd to°M¢ rendermg them specrf 1cally suppressrve for hapten bdndmg B cells o
, ’ The f uncuon of A cells in thymus mdependem (Tn B cell actrvatron was 1Zvcsugalcd -
cell lires

uﬁag ‘r’nhrbrtors of amlgen processmg and IL-T. secreuon as well 3s, homogencous
- ,..r'"’ .

with distinct cell surl‘ace,and-functlonal charactenstrcs B cell responscs to bolh typc 1 and
- /. B . o - . .
s ‘ KN s : ' . . ‘ .

- N - B : . R - -

e . S S S ' /
TN . . ' e ATH . oL .o .
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type 2 TI (TI-1 and TI-2) antigens were found to be strictly A cell dependent. Only A cells

cépablc of IL-1 sccretion could restore responsiveness in A cell depleted spleen cells, regardless

of histocompatibility, la antigen expiessioh, or amigén processing capability. Moreover,
S

recombinant IL-1 completely replaced A cell funcuon in B cell reSponses to both TI 1and TI-2

antigens. Thus in comrasl o T cell acu\vauon IL 1 secretion is the only A cell funcuon

required in TI B cell activation.
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“This dissertétion describes a series of studies on the funcu‘;X of accessory cells in T.

;cll indep)'e.r;dent B cell‘activa(‘i‘on gnd'tolcrancé, | N T ) - o
~ Somc®vf the results shown in Chapters ¢ andil_’l have been pu:b]ishcd in Cellular
-Imn:zunolo;gy. The‘ wdTk ‘d;scribed in éhapler 14 ﬁas t:een subfnit{cd for publication. Somc of
the studies lpresem in this thesis were done in collaboralion with Dr. K.-C. Lec. ‘Hm:v
cygo{néuic studi’es (Chdplérs V and Vi) were done in collaboration with Dr. P. Mannoni and

Dr. L. Brox.
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1. Intro et-ioﬁ '

The vertebrate immune system s c'o?nprised of a humber of\ regulatory and effector cell

!
e t——

types which function synergistically to pfotect the organism from potentially harmful
e ' ‘ 4 . , : K

microorganisms and neoplasms. Cell mediated® &ind humoral (antibody mediated) effector

mcchamsms have evolved to facilitate thc d?lructmn Of both intradellular and extracellular

'

palhogens The two classes of lymphacytes- which perfo‘rm these functions (T and B
lymphocytes, respec‘Lively) bczrr clonally distributed receptors for antigen »which are rs'pecil'ic, at
the population level, for an almos_l infinite array of molecular configurations. However, under
_normal. gircumstances,- immune ‘Tesponses are generated only against antigens which. are
-EEognized as foreign, or nonself. Seif-nonself discrimination by'lmmunocompeleﬁt cells is
vital 10 prevent autoimmune destruction of self organs and tissues. The process by which
lymvphocyles learn to distinguish self from nonself amigcnsé“remains am enigma, despite hal/ing

been a dominant theme in immunological investigations of the last three decades.
2 . . .

/lixperimcmal analysis of mechanisms involved in the establishment and maintenance of

2 1olcrance~ has largely focussed on interaciions- '*between immunocompetent cells "and

/lanugcns However, the cooperauon of lvmphocytes with nonlymphocyte%essory (A) cells is

critical to xmmune induction and may al\o be xmpor{ant in selfto/e(a?ce One type of A cell is

the .phago_cyuc macrophage (MQ),—dlscovcred over 100 years ago by Metchnikoff (1884).

Although initially ascribed only a minor role in adaptive immunity, M@ and other A cells have

gaihcd prominénce as bc‘i'ng central to immune induction. 4
\
e In the years slnce the demonstratxon that both adherem cells (presumably M@)

(Mosrer 1967) and T cells (Claman et al, 1966 Mrller and Mitchell, 1967) are requ1red to

‘cooperate for éfficient anubody fgrmation, most auenuon has bem fOCuSSLg on-the f unctions

- of MQ) and. other adherem A cells in T cell activation (revrewecl m Schwartz et a1 1978;

™

' Unanue 1984) Evrdence thal M@ or their secreted prodl.(cts are- directly mvolved in B cell.

~

activation also exists, however their funcuons have not been well established. Also poorly

AN

._\,.-

understood is the potential role of M@ in B cell tolerance; nevertheless, there is a body of

Sy
i
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evidence-sugges{ing that, at least for some émigens. M@ may control the balance between
irnmune induction and tolerance (reviewed .in..Mosier 1976; Pierce, 1980). The bbjcclrve of

- this. 1ﬁhcsrs 1s 10. mvesu]gate the role of "M@ and olher adherem nonlympihocyte A cells in
thymus or T cell mdependem’(TI) B cell activation and tolerance. ThlS chapter will begin with

. —_a geperal overview of B cell activation, followcd by d gvzew of the literature pertaining 10 th

wd
s
mechanisfns involved in B cell tolerance. Particular emphasxs 1shp1aged on the rolc of A célls in

1

TI activation and tolerance. : -

H

A. B Cell Activation - - v T - ‘

Overview

In mamrnals;_ bone marrow de‘rivcd’(B) and thymus dcrir/cd (T) lymphocyles arise

frorn a common progenitor'in the bone marrow. Subscquentlyf they complete -the antigen

inaependfen-t‘phase of their development in the thymus and b‘one‘n.qarrow, res%ectivcly, prior to

" migration toﬂvthe spieen, lymph noeies,‘ and other secondary lymphoid 6rgans..‘BoLh T and B

lymp’hocytes bear clona.lly' distributed reeeplors for antigen, as demonélralcd by radioactive

antigen sutcide of immunocornpe[enl cells gAda and Byrt, 1969; Basten et al, 1971) This

- fxndm/gﬁvahdated a major. tenet oLliurnet ) Clonal’Selccugn Theory namely, that lympbocylc

. clones bear pre-existing receptors-of a single antigenic specificity (Burnet, 1957, 1959). " r:hrhd.

(1900) fi,rstrproposed that cell boynd vimmunoglobulin (Ig) serves as the B cell recepior for

antig&ﬁs however, this was not “ferxnaity demonstrated until the 1970°s ,(}({affv et al, 1970;
N Wamer et al, 1970; Feldmann and Diener, 1971). L ) o QQA

' . fe

2 The genes encodmg the light and heavy chams of the l‘g reccptor are composed of -
varrable joining and constant region elements which are separale in the gcrm]me but rearrangc
during an early phase of B cell devclopmenl tof orm a. f uncuonal lg gene (reviewed in Honjo

1983). Allelxc exclusron of Lhel\ggenes on one pf the chromosomcs ensures that cach B cell

B,

i expresses Ig receptors of only one speerf xcny The existence of a large repcnoxrc of varlablq

‘ -‘regxon genes in addmon to combmatonar and~ )uncuonal dlversxty and somatic mulauon

3"
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results in the generation o an extremely diverse repertoire of antigen specificities. Five distinct - -

Ig classes (IgM, IgD. IgG, IgA, IgE) provide for functional diversity of antibody mediated

effector mechanisms.
After migration to secondary lymphoid organs, B cells exist in a resting (G,) state and

do not divide. Exit from G, begins upon the binding of antigen or ami-lg to Ig receptors
. * ﬁ . .

(reviewed in Cambier et al, 1985)." This results in a complex cascade of events which has been

separated into three distinci phases - induction, proliferation or clonal expansion, and

maturation of B cells into antibody forming cells (AFC), each being regulated independently

I

& .
(Dutton, 1975a; Schimpl and Wecker, 1975; Williamson, 1975; Melchers and Lernhardt, 1985).
Clonal expansion and differentiation are regulated separately by antigen nonspecific T cell and
A cell derived soluble factors (Falkoff et al, 1982; Jaworski et al, 1982; reviewed in Howard et

N

al, 1984). A critical- regulatory asbcct of the activation cascade features the induction of

responsiveness to a particular signal only by events in the cascade immediately preceding its .

point of action (Schimpl and Wecker, 1978; Andersson er al, 1980, 1981; Julius et al, 1982; -

Zubler and Glasebrook, 1982, Noelle et ‘al, 1983; Swain er af, 1983; Kishimoto et al, 1984)‘.

-~

Induction

Induction refers 1o the phenotypic changes which occur in the B cell following the

binding of anligen, anti-Tg, or mitogens which are indicative of exit from the G, (resting)®

phase of lhe cell cycle Antigen arm anti-Ig induced B cell activation require cross- lmkmg of

mig receptors, since monovalent héplens (Menroe and Cambier, 1983a) and F(ab') fragments

(Monroe and Cambler l983b) which bmd B cells afe not stimulatory. Studles with conjugates

of various haplen densmcs (reviewed in Feldmann et-al, 1975); size- fractionated linear hapten
substituted polymers (Dmtzns et. al 1976 1982 1983) and dxfferent conccmrauons of anti- IgM
(DeFranco et aI 1985) have led to t,he proposal that a critical lhreshold of cross-linking is

required to dehve; :a transmembrana acuvauon srgnal to the B cell. Olhers have suggested that

the mlg receptor mcrely serves as an amxgen fecussmg dev:ce and plays no role in 51gnal.

;tranvsducuon (Coutmhq and-MOller, 1974,) Coutmho et al, 1984), Recent studies have also

&

}
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indicateé, however, that the binding of multivalent anligens, anti:lg, and some mitogens, 5u1
not monovalent hapten, induc/es membrane depolarizalion increased | regionassocialed (15)
(anugen expresexon cale'lzm ion influxes, phosphandyl inositol hydrolysis, serin‘e esterase
activation, and p;d(en kmase C activation in resting Go B cells (Kiefer ef al, 1980; Pozzan et al,
1982; Kishi et al, 1983; Monroe and Cambier, 1983a,b,c; Coggeshall and Cambner, 1984;
Monroe et al 1984; Bijsterbosch et al, 1985; Monroe and Kass|, 1985; Ransom ‘and Cambicr,l

a

1986;)eviewed in Cambier et al, 1985). ?The importance of such events in transmembrane

ol
|

’s{gnalling by ligand-receptor interactions on other cell types is well established (reviewed in
" Cheung, 1980; Berridge and Irvine, 1984). However, the signal transducing function of the mig
receplor remains comroversxal (Coutinho et al, 1984; L.oCascio et al, 1984; Forni, 1985: Ttiny et
al, 1985) primarily. because B cell activation can be accomplished gyﬁmlg independent
mechanisms, such as mitogen activation (reviewed in. Andersson et al, 1972; Coutinho and
Moller, 1975) and direct interactions with T cells (Cammisuli et al> 1978: Andersson et a{, 1980;
Augustin and Couunho 1980; Schre‘xer et al, 1980 Tse et al, 1981 Coutinho er al,\1984;

DeFranco et al, 1984; szhxmoto et al, 1984, Tony and

The activation of these ‘initial B cel] events by th) mus dependem {TD) anugcns alont is
not sufficient, however, lo drive a restmg G, B cell into the G, phase of the cell ¢ycle; major

hxslocompaublhty complex (MHC) xestncled anugen specxﬁc T cel] help is also required

(Cambler et al, 1982, Monroe and Cambxer 1983a, Kishimoto et al, 1’984).‘ This finding
eluc;dates the pk oloélcal basis of the need for TB collaboration (Claman el a/.\ 1966; Miller
and Mitchell, 1967) This T .cell derived v';helper“ signal can be delivered by a Tumber of
* different ‘means, including T‘ s)pecif’ic for allogeneic la (Hamoaka et al, 19‘73;fS‘chradcr, 1973b;
jJulxus et al, 1982), syngenexc Ia (Clayberger et al, 1984; Saito and: Rajewsky 1985) or ant:gcn
bm assoc1at10n thh Ia (LoCascxo et al, 1984; Lanzavecchxa 1985?Tony and P_arkcr. 1985) on the
surface of an.ugen or anu-lg acuvatcd B cells. Unhke D a'nfigens TI antigens (Monroc and Q
Cambxer 1983a) and some mnogens initiate the G,»G, transmon obv:atmg the - need for

' anugen specific MHC resmcted T cell help. However such anugcns or mnogens are-not truly— ,

' TI‘, as later stages in the cell cyclerrequlrc,anugen‘nonspccxf ic T cell factors (Jaworski et al,
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1982; Zubler and Glasebm({k 1982; Endres el al,- 1983 Mong et al 1983; P.lke and Nossal,

1984). Thus, the B cell cycle features several " restriction pomls at which various factors are’

* -
’

requxred {0 act in order for thé cycle 1o commue (Melchers and Lernhardt 1985) o,
Followrng the binding of multivalent an[rgens (Dlener and Paetkau, 197yor anti-Ig
(Pernis et al, 1970’ Taylor et al, 1971) to B cells membrane lg (mig) receptors beeome ‘
redrsmbured into small aggregates (patches) which coalesce 1mo one Iarge cap” whrch is
subsequently endocytosed or shed, a process known as modulation (revrewed in Unanue and ’
Karnov:sky 1973). Receplor re-expression begms wrt;nn a few hours under normal
crrcumstances (and is back to normal levels after 24 hours (Unanue el al, 1972) Cappmg is.

inhibited by Concanavalm A (Con A) (Yahara and Edelman, 1972) 6T meLabolre mhrbrlors but

not by microtubule drsrupnng agenys, such as colchlcrne (Unanue and ‘Karnovsky,‘ 197~3).

. " . - : . . f~)
Other cytostructural elements, sugh as microfilaments; are required for capping, cell motility,

and receptor endocytosis (Schrei-ner and Unanue 1976; Bougguignon and Singer‘ 1977; Braun

\

and. Unanue, 1980). Cappmg rtself however is not suffrcrent for mggermg smce Con A

A
inhibited B cell capping in vitro, but did not prevem anubody secreuon (Lee et al, 1973) Mosr
likely, capping serves to clear antigen from the cell surface. .

n .
. Lo -,
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Control of ‘Proliferation and Differcntiation by Soluble Fa‘erors L | ) '_ wﬂ) \
T cell replacing activity for in vitro’an'lil.)ody Tesponses in supernaran i1 actlvated"r | ‘
_scells was first demonstrated by Dutton (1971) and Schlmpl and Wecker ( 1972) “This: actrvrry
was termed T cell replacmg factor (TRF) and was pos[ulated to be a. dlf ferennatlon l'actor '
' v' smce it acted late in Lhe activation cascade Subsquemly a numbér of. T ée.ll and A cell” denved
soluble f: actors have been 1mplrcated in both lhe prolrf erauve and dif ferenuatlve phases of the B
cell acuvauon cascade (revreWed in Marrack et al 1982 Swam et a1 1982 Howard and Paul .
1983; Corbel and Melchers, 1984 Howard el a[ 1984 Kehrl et al,. 1984; Krshlmoto e/al 1984
KlShImOIO ]985) Others, termed B cell marurauon (BMF) or y factors (rexrewed m Melchers |
and Andersson 1984), appear to polyclonally strmulate restmg B cells in’ the absence of

PR Y

antrgen 0 mature into AFC (Jelachzcll et al, 1984 Leclercq et a1 1984 1986 Sldman et aI



.1984a.b; Thomp;on.' et al, 1985; Sherris and Sidman, .1986,;, reviewed in Hon/ard et al, 1984), iri
some cases w'ilhou't‘proliferation (Melcheré'ét al, 1980) Recemly the m'aturaliona‘l and-
rprolrf erative activities.of some BMF prepa&ons have been separaled (lernhardl etal, 1982;
Srdman et a[ 1984b; Sherns and Srdman 19863 . Thus BMF can pol)clonally sumulalc B cclls
4t0 secrele Ig in the absence of prollfefauon
Several dlsuncl factors generally callcd B cell gro;mh factors (BCGPS) which l\uncuoy

in Ihe prollferauve ‘phase of” the acuvauon cascade have bcen dcscrxbcd B cell sxlmulanng
1
, faclor provrslonal 1 (BSFpl, also called BCGF and BCGF l) was frrst described by Howard et

al (1982) as a factor present in rhe super’tam of lhe phO{bol myrxslate :c?}a,;e (PMA)

sumulated EL 4 thymoma which Augmemed B cell prohf erauon mduced by low cdnccﬂrauons '
Ve 3 .

~of anu-g Thls factor is distinct from mterleukm 1 (IL 1), mlerleukm 2 (1L- 2)' ancl '

mterleukm 3 (IL 3) (Howard and Paul, 1983 HOWard el al, 1984; Ohara ahd Paul 1985) and

~

synerglres with- lL 1 “in-anti- u mduccd B cell prolrferauon (revxcwed in Howard and Paul ‘

1983) Leandersson el al (1982) and Lernhardl et al (1982) have descnbcd sxmxlar faclors

) produced by T ce]l hybndomas whlch are acuve in hpopolysacchande (LPS) mdhccd B.cell
| prohferauon Other sources 6f [hlS factor mclude alloreactrve T cell clones (Puré el al 198b)

llong term T cell linés’ (Howard et al l983a) and EpSlem Barr Vrrus (EBV) lransformcd human"“"‘--..
‘x ‘l’
‘B cells (Gordon et al 1984) Human BCGFS acuve in anu lg (Yoshxzakr el al, 1982 Okada et

' al, 1983) or: Staphylococcus aureus Cowan strain mduced B cell prolrf eration ( Muragucln and‘

- Faucr 1982) have also been descnbed Though not prdven these vamous BCGl* acuvmes can_

N

most lrkely be ascrrbcd 10 a smgle factor on lhe basrs of S}mrlar molecular werghls and 1solcctrrc. o
4 .
points (revrewed in: Howard et a/ 1984) A second lyﬁe of human and murmc BCGl- 1crmcd' o

- BCGF II possessmg drsuct molecular and l” uncuonal characwrrstrcs has becn dcscnbcd ( Swam '

\|~'\4

t'.','and Dutton; 1982;: Swam et ai 1983 Okadafer al, 1983) The. _rwo huma\n BCGPS j"wd--ig'-‘ .
‘ .-.‘,"isyncrglstlcally msanu Ig mduced B cell prolrferanon (Okada et al, 1983) Télc murmc factor_'.‘_'
‘. f_:_was active on, dextra‘n sulfate actrvated but not anti- Ig acuva’ted B cclls (SWﬁm eial, 1983)
Contrary to mmal reports Lhe acnvnly of BSFPl is “01 Testr ‘C“"d to lhc cnhancement of - |

”':‘.prollferatxon m acuvated B cclls Ohver er al (1985) and Rabm el aI ( 1985) reportcd ma{»_";f’

).;' .



‘BSFpl, treatment of resting B cells in 'the'absence of anti-u caused an increase in cell volume
and rendered-B cells more susceptible to anti-u induced activation. Moreover, BSFpl induced
"increased expression of la antigens on s.mall resting Ii%ells (Noelle et al 1984). Thus, BSFpl
may hav'e.a broader rénge of biologl'cal activlly lhan initially reported. Other factors previously
thought ito act \only onvactivated'B cells, have also recently been shown to have ef fects on small.
Go B cells (Leclercq er af, 1984, 1986: Ralph éx?/ 1984; Roehm ‘et al, 1984; Bich-Thuy and
. Faudi, 1985). Thus, the notion that B cells expfess receptors for growth and dlfferemrauon
T actors only after the activation cascade has beerr initiated will have to‘ be reconsxdered

&
Recent studies also suggest that T cell growth factor, or IL-2, prevlously lhoughl to act

only on T cells, is 1mr;grtanr in B cell proliferation (Lerbson et al, 19_81, 1982; Swain et-al, 1981;
Parker, 1982; Kappler er al, 1983; Roehm et al,‘ 1983, Mlngari. er al, 1984; Zubler et al, 1984;
Mond et al, 1985b). Con"sisrem with these findings, some activated normal (‘_Malek- et al, 1983;5
Mingari }.»: al, 19Msudo eto al, 1984; Waldmann et al, 1984, Muraguchi et al, 1985) or -
r l_eukemic ‘(Korsmeyer et al, 1983; Waldmann et af, 1984) B cells disblay receptors‘for IL;2 |
- However, the role of IL-2 as a growth factor distinct from other BCGFs remains controversml

’ ,smce in most cases the supe,rrmmnts used contained multiple factors and the responding cell
populations were not pure. Moreover some activated B cells did not absorb radlolabeled IL 2

, (Lelbson et al, 1981; Muraguchi and Fauci, 1982 Okada et al, 1983) and not all B cell tumors
or acuvated B cells displayed IL-2 receptors {Robb et al, 1981; Osawa and Dramamstem 1984;
“Ralph et~al,. 1984). Whereas some studresvreported that IL-Z} receptor7 on activated B and T
“cells were simllar in number afl'inity for II:-Z and molecular' weight Ih/Iirrgari et af, :.1984'-'
‘fWaldmann et al, 1984; Zubler et al, 1984; Lowenthal et af, 1985 Prakash al’ 1985) others

l
-_demonstrated that IL 2 receptors on ‘B -cells were lower in number and ammty for IL 2

(Miraguchi .et 1985) Ralph e al (1984) suggested_ that the 1L-2-B cell interaction is .

medraled vig a receplor drstmct f rom that for IL 2 on T cells Fmally IL\EZ has been shown to

: mduce BCGF productron f rom T cells (Howard et al 1983a) thus rarsrng the possrbrlrty that

-the observed el‘ Fects of lL 2 on B cells are medlated mdlrectly vza T cells Esndence for rhrs

possrbxllty CXISIS (Mredema et aI 1985) however many recent studres/usmg recombmarn/ IL 2

. . L
AN :
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(Pike er al, 1984; Zubler et al, 1984; Bich-Thuy er al, 1983; Mingari et'al, 1985; Nakagan/a el al,
1985) and B cell cloning (Pike et al, 1984) or tumor sysrems (Nakagawa et al> 1985, ]986)
have provrded subsranual evrdence that IL-2 acls dnrectly on B cells ‘ ’ e

A - In addition to proliferation cofactors several dif ferentrauon cof acrors (TRFs or Bcell
dlfferenualron factors, BCDFS) have been- descnbed which .afe essemial for the )’hduclron of g~

a %

sec_reuon_‘by”aﬁctwated B cells (reVreWed in Howard and' Pa‘ul 1983; Howard el al 1984

Kishimoto et al, 1984; Kishimoto, 1985)." Jaworskr et ql (1982) round lhax 2t cell‘dcnved
factor was requrred 1o mduce LP‘S acuvaled prolrf eraung B cells 10 diff erenuau; mlo APC Ar
léast two distinct TRFs B15 BCDF nak and EL BCDF nak, whrch apﬁ‘Ear 10 act sequenually
(Howard and Paul 1983) are n‘eeded lo drive anu u a,cnvated B cells to lg secreuon (Nakannshn

. 4

et al, 1983) Human BCDFS have alse been descnbed (revlewed m Kerhl et ‘al, 1984 szh:moro

et al, 1984 Mayer el al 1984; Krs‘mmoto 1985) bul Lhelr relauonshrp wnh Lhe murme B(,D-l*s ’

" has not been establrshed Another class of - BCDFs medrale Ig class swnchmg in- B cells

! 4 N

Ld
(revrewed in BergsteWrsr et al *l984,#dleua el al 1984) Lymphokmcs such as lL 1,

l

(to be’ drscuSsed separa”ély) 1L~ 2 (Ralph et al, 1984 Prke et al 1984; Waldmann er al 1984

" Bich- Thwy and"*Faucr 1985 Krshrmoto 1985, Muraguehr e al 1985s; Nakagawa él-al, 1985,
l

' 1986) and mterferons (Haffast et al, 1981 Lerbson et al 1981 1982 1984 Johnson and

‘Torres a1983 Kappler et al 1983 R-odrrguez’ et al, 1983; Roehm al, 1983 Zlomrk et a[ 1983

-

‘s

" i ..:l
‘ Srdman et al, 1984a Brunswxck and Lake 1985 Nakagawa et al, 1985 1986 revrewed in

Fr;edman and Vogel 1984) whxch have well establrshed l":mcuons in other 1mmune responses -

’ have also been 1mphcated as B cell drf f erenuauon f, actqrs L

WL,

Whrle itis: clear f rom the above drscussron that much progress has been made in lhe

o " xdentrfrcauon of soluble factors requrred for B cell prohferanon and drfferenuanon severa]

~

i M : . "o

5 :
s cascade is SOmetrmes drf r rculm smce some facmrs such as lL 1, IL 2 y rmerferon and BSFpl

S rproblems remam The assrgnaucn of a factor s acnvrty to a pamcular pomt in the acuvanon e

have multrple actmtres Thus Prle ez al (1984) and Prke and Nossal ( l985a b) have recensly ¢ .

; "_"challenged the actrcm that cytoklnes mvolved in. the B cell acnvanon cascade can’ be elassn“ red as

iy ‘strrc{ly acnvatron growth or dtfferennatronfaetors USmg a. elomng sysrem It or smgle hapten e
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" -@npgciﬁc B cells, they have reported that several alleged growth or differentiation factors caused’

L]

boxh growth and differendation. Demonstrations of synergy between variols factors also make,

- .
I

@@‘ it dif ficult 1o ascnbc a particular activity to a discrete factgr. Morcover, it is not clear whether

fauors from distinct cellular sources and dcscnbed n sllghtly dlffcrem assay b)Slcms yel

r molccular and functional characteristics, Y{cprescm hclerogcncous forms of

"% the same Hctor or discrete factors with separately identifiable functions. Recently, Ohara er al

(1985 rcporlcd lhal Bbkpj purified to homogeneity, was active in BCG}‘~1 and BCDFy

6 4
assays, arid also induced incrcascd Ia expression on rcs(ir{g B ceils (Ohara er al, 1985).

Subscqucnﬂy this factor has bccn produced using recombinant DNA technology (Noma et al

%
1986) and shown 1o possess all fhrec of these aulvmcc }-urlhermore,‘c‘c\rtam factors, such as
H.-3 and‘cosinophir'diffcrcmialioq factor, possess piological activity for both lymphoid .and
. . o : . . X .
.myeloid cell types, and thus have been given a multitude of different names, resulting in much

.

~confysion (lhlc er af, 1983; Palacios e a.1984; Sandersol er af,"1986). Through the recerit

availability of cloned or highly purified growth factors, it is now clear that a single facwpr can’

" have diverse effects both on a single cell type (depending upon the activation state) as well as “ =

on cells of different hemopoietic lineages. ,
A further source of conflicting experimental data has\resulted from the use of different

modes of B cell lriggcring., Thus, in disagreement with other reports (l.eandersson et al, 1982;

' -

,.'If";lc"r"nflardt et’al, 1982), Jaworski et af (1982) and Inazawa er al (l‘ could not demonstrate a

jole for BCGF in LPS induced B cell proliferation. Mdfefe‘vef\ ) requiremem for

-’

dlffercnuanon factors by antigen affinity punﬁcd B cells acn\ated with LPS depcnded upon

*

whnch antigen specificity had been §elecled (Inazawa et al, 1985)1’S|mllarly, Mond et al

+(1985a) demonstrated that recombinam y-interferon was either inhibitory or enﬁancing for B

Y

cell activation by ‘soluble s Scp arose bound anti-lg, respectively. Thus it is clear from the '

abovc dlscumon that several problogs mu51 be resolved before a umfymg scheme for cytokme

y
mvo]vemcm in' the B cell activation cascade can be formulated.

.

o
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MHC Restriction of T, Cell-B Cell Interactions -

Molecul‘cs of the major histocompatibility compﬁx‘ (MHC) are c‘ncodcd by genes within
thf‘ hislocombalibilily-Z (H-2) locus on chromosome 17 in the mouse. Phly';)gcrlc(ic studics
hav.c revealed that MHC-like aritigens are jmporiant for sclf‘-nons’elf discrimination in colonial
protochordates (Scofield er al, 1982). ‘The requirement for MHC mol_cuﬂcs in lhc cell-cell
imcréglions i[n immune induction most likely reflects an cvolutionary refinement of  this
p;inlo}dial function. 1 lymphocytes recognize Yorcign antigens only in zissocia(ion with self
class 1 ar class Il MHC genes, a phenemenon known as MHC restriction. Similzlarly‘ the
collaboration of T and B lymphocytes leading 1‘0 antibody production is most efficient when the

T and B cells are of the same MHC haplotype (K‘fndrcd and Shreffler, 1972; Kats-et al, 1973;

reyiewed in Singer andAHodes, 1983). This requirement can be overcome, however, if T and B
w —~y |
&

ccll's of different genotypces differentiate in an MHC idengical environment (von Bochmer er al.
1975; Katz er al, 1978). Thus, T cells "adaptively differentiate” (Katz, 1980). or lcarn to
recognize a different MHC haplotype. most likely during imrathymi;'dcvclopmcnl {reviewed in
Bevan and Fink, 1978; Zinkernagc1_1978). Adaptive differentiation has also been reported for
‘\};cclls (Katz et af, 1978),‘bu( the significance of this is not clear. |

Until recently, the physical basis for MHC restriction of T-B mlcramons was difficult
to visualize, given that T, LC“S recognize antigen only in lhf context of ds;ss I1 MHC molecules
(revicwed in Schwartz, 1985), and that collaboration i?grca’lly enhanced whcn the Tand B \cclls .
are specif"ic for détcrminanté of the samce moléculc (Rajewsky ‘er al, 1969; RAT, ]97(();
Mitchison, 1971). The latter phenomenon, is also krrﬁlown as linked associative recognition, or

: #

the Hapten-carrier effccl.;chccni demonstrations lhal. under certain conditions B cells can
inlernalizs, process and pre‘scnl' antigens lO T cells in an MHC fcstri&lcq manner (functions
originally ascribed‘c'inly 10 A cells) (Chestnut a‘nd Grey, 192-51; Chestnut et al, 1982; Glimcher et
al, 1982),.‘and a recem paper by Lanzavecchia (1985), hav bcén illunﬂir‘ating in regard to T-B
1;1lcracuons A plau51blc scquence of events is oullmcd in 1hc followmg paragraph

B cells/takc up antigen through their specific Ig eceptors (Chestnut and Grcyi. 1981

Rock er al,’ 1984; Lanzavecchia, 1985), which begms the activation process (l.oCascio ef -al,



‘ , | ‘ | 11
. . . | /
1984) and increases B cell la cxpression {(Mond et al. 198]1; Monroe and Cambier, 1983c). In
.the meantime, processed antigen ‘appcars 6n the B L:C“ surface in association (not nccessarily
-

stable) with la. Antigen plus la specific T telper (T,) cells are thus focussed onto partially
acvlivalcd B ccells sp{:cific f’0r dctcrrﬁihanis on 1"hc séme_amigen_ allowing the activation cascade
"to continue until IhAc next rcs\lric?li(l)n point is reached. B cells which have processed antigens
nonspecificalfy, a much kss efficlent proccss‘(Chcsm'ul and Grey, 1981; Kakiuchi et af, 1983;
Kricger et af, 1985). will activale antigen plus la specific- T, . but will not U}cmselves be
activaled, since the initial antigen-Ig receptor interaction is required to induce responsiveness 1o

Th signals (Noelle er al, 1983; i.oCascio et al, 1984)." This model is consistent with most of the

avaiiable data and provides a simple, yet clegant, explanation of MHC restricted T-B

y

< . " M . . . N"
collaboration and the requirement for hapten-carrier linkage.

v’

B Cell Subpopulations -

Numcrous swdies/ support  the. cx‘istencc.‘! (’)f discrete B cell subpopulations,
dislinguishat;lc on the basis <;f size (Arrﬁstron'g-ana Kraft, 1973; Thompson er al,. 1984a; Layton
et al, 1985) or differential responsivencss 1o miogens (Gronowicz and Coutinho, 1974:
reviewed in McKcarn Aet'al, 1982) or TD a‘nd T1 antigens (Playfair and Purves, 1971;

z

Gorc%ygski and teldmann, 1975; Jennings and\ Rittenberg, 1976;‘l,cwis et al, 1976; Quintans
‘:‘n -Coscnz.a. 1976; reviewed in Marshall-Clarke and Playfair, 1979). A n_lore. recent éludy,
utilizing singie, haplenAspecific B cells, v;/as inconclusive in providing evidencé for separate 'TI)
and T 'precAursors due to the strong bystander éffects of T cell derived lymphokines on B cells
respon ing to TI antigens (H”ebbard et a[ 1984). It has:,fi))eerl- suggested that the response of B
~cells to TD vs‘ Tl antigens is determined by the presence or absénce of mlgD (rcviéwed in
Kettman/ ef al, 1979). However, the distinction between TD and TI B cells on lhe’\ba‘si§ of
mligh éxpressidn is not lenap‘le, since no difference in responsiveness to TD and TI antigens

could be demonstrated in fluorescence activated cell sorter (FACS) purified mlgD- and migD

subsets (Layton er af, 1979a.,b).
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Spleen cells from mice which have not been deliberately immunized contain small,
resting G, B cells as well as larger cells which are in various Qlagcs of activation (Thom'p.son et
al,  1984a; layton er al, 1985). “Thc activation requirements of the small and large subsets
differ. Small G, B cells exhibit a strict requirement for antigen plus MHC restricted help
(Julius et al, 1982; Zubler and Kanagawa, 1982; Layton et af, 1985; %ony and Parker, 1985) o1
a Tl antigen (Thompson et al, 1984a) to slimulalé entry into the cell cycle and résponsiv'cncss
to T cell derived differentiation factors. ’A proportion of large B cells secrete Ig in response to
nonspecific T cell factors in the absence of antigen (Noclle er al. 1983: Thompson ef al, 1984a;
Layton et alf, 1985). Thus, the B cell requirement for various signals depends upon its
activational state as reflected by cell size. B

‘ Iivid;nce for funclional'ly, phenotypically and genetically distinct B cell subpopulations
comes from studies of CBA/N mice with' the X-Iinkcd immunodecficicney  (xid). Tl
pncumococcal (Amsbaugh er al, 1972) and other ppl)'saccharidc antigens (dc'si‘gnal‘cd as lyfﬁ?
2-T1, TI1-2 antigens) as well as ami-lé (Sieckmann et al, 1978), fail 10 induce anlibq&y
responses in these mice (reviewed m Mosier er al, 1977; Mosier and Subbarrao, 1982). Type
l-Tl‘ (TI-1) antigens do. however, stimulate antibody produciion in xid mice (Mosicr ef al.

1976; Mond er af, 1978). Recently, howcver, the validity of this ¢fassification has becn

chaliengcd (Nossal and Pike, 1984). Ahmed er af (1977) described a series of B cell antigens, ‘
Lyb-3.5. and 7, which are present on approximately 50% of B cells from norrﬁal mice but arc
~absent from CBA/N B cells (reviewed in Kung et a/, 1983). Thus, the immunodcficiency /in
CBA/N mice is at least paf[ially due 1o the absence of a parlicular lficcll subset. Tﬁc 1yb-5
subset in normal Amicc is not detected ’urfm'l several weeks after birth, concomitant with
rcsponéivcness. to T1-2 antigens (Kung et af, 1983), suggcs(ing'lha'l the lbe .sixbscl' malixrcs
““into the Lyb-5 subéet. However, ther possii)ility that the two subscts rpprcscﬁt scparalc’_
lineagés arising from distinct 'primitivc precursors has_nbl‘ been ruled out. |
The activation requiremen,l:s of Lyb-5". and Lyb-S'. B. cells have bcEn cxlcnsi\(ély‘
investigated by ,‘Singer and colleagues (reviewed ,ir\l Singer et al, I982,H6ward and Paul, 1983;

Singer and Hodes, 1983). TD ‘rcsponscs' by. Lyb-5 B cells can be activated via _both Mi_iC

e} . .

N

o

A
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restricted and MHC unrestricted palhwayé (Mosier and Feeney, 1984; Asano et al, 1985), in
¢dntrast to L.yb-5 B cells, which can only be activated in the préscnce of MHC restricted T cell
" help (Asano er al, 1981; Singer et al, 1981; reviewed in,Singer et al, 1982). The nature of the '
help (MHC restricted vs unrestricted) delivered by a monoclonal T cell populatiop was
dctermined by antigen concentration (Asano ef al,‘ 1982). The exis_ilence of distinct B cell
Slxbpopul;mons which require different .forms of T cell help ap‘pears 1o resolve earlier

conflicting reports concerning the requireraent for MHC restriction in Th-B cell interactions

(reviewed in Singer and Hodes. 1983).'
B. Accessory Cells in B Cell Activation

Historical Perspectives ) :

Onlg recently has it vb‘éen appreciated that the phagocytic M@, discovered over 100 years
ago (Mclchnikoff_ 1884), plays such a pivvota], yet multifaceted role ‘in the induction and
regulation of specific immune responses. Aschoff (1924) demonstrated that a numi)er of .
phagocytic cell types exist throughout the body, and suggested that they comprised one
functional entity, which he termed the teticuloendstticlial system v‘(RF,S). Most early  work
s:ressed the importance of the RES in the nonspecific_rcmov’al of forcign particles and antigens
from blood ar}d tlsues (reviewed in Jaffé, 1931); however, the [inding thdl experimental RES
blockade decreased or aQroagated humoral irmmunity suggested the importance‘ of the RES in - /“
adaptive immunity. Indee'd, M@ were at ozc point even thought to be the antibody producing
cells (Sabin, 1923). Following Fagreus' demonstration (1948) that lymphocytes (plésma cells),
and not M@, synthesized aﬁtjquies. interest in the‘ M@ and the RES as combonemé_ of the
adapu’ye immune sys;ém waned, un‘u':l' the provoca_\tive demohslration that antigen fed M@
produced a supraimmunogeine amiggn.-rib()nucleic acid cdmplex (Fishmén and Adler, 1963;
Askonas and Rhodes, 1965). However, corrdﬁonéting data in other systems was not

forthcoming, and a Tevival of interest in M@ lymphocyté interactions in humoral immune

reSponses awaited thz cellular cooperation "revolution” of the late 1960"s~ar‘1d 19790's.
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The demonstration thz'n in vitro amibogy responses requ}ged M@ (Mosier, 1967; Pi_crcc_
1969a), and that M@ associated antigen was more immunoggai isoluble antigen (Unanue
and Askonas, 1968; Mitchison, 1969; Pierce er al, 1974) restored inlerAcsl‘Ain the M@ as an'
important participant in specific immune responses. l.achmann (\971), Fcldfnarm (1_972b),
Feldmann and Basten (1972, reviewed in Feldmann and Nossal, 1972; Basten and Mi;chéll,
1976) proposed that antigen specific T cell .factors bobund to -ﬁ}_e M@ surface would present
antigens in a mullivélem array or matrix thus enhancing their immunogencity. However,
evidence for direct M@-B cell imer:clions was difficult to obtain in rhost carly systems, since
they were TD.

More. direct evidence that M@, or other adhcrent accessory (A) cells, are direcyly
involved in B cell responses, apart from their role in T cell activation, was provided by
observal-ions that M@ were required for antigen s;)ecific responses to Tl antigens (Chuscd er al.

1976; Lee et al, 1976; Nordin, 1978; Boswell et a/, 1980c; Letvin er al, 1981; Morrisey et al,

1981; Melchers and Lernhardt, 1985; Diner er al, 1986), as well as polyclonal responses to

anti-lg {(Mongini er a/, 1978) and mitogens (Persson et al, 1977, Marlinéz;Alonso et al, 1980; -

' Fernandez and Palacios, 1982; Haeffner-Cavaillon er al, 1982; Melchers et a[/ 1982; Bandeira er

~ )

al, 1983; Fernandez and Scverinsen, 1983). However, this matter remains c'on‘lrovcrsial.
Se(y_cral early studies concluded that B cell responses to some. TY;ntigéns were AN cell
ina::per_}denl (Shortman et al, 1970; Feldmann and Pélrper, 1971, ,Sh/orlm‘;m and Palmer, 1971;
Fcldman;l,.1972b;_ Rowley et al, 1973; Coutvinho and Moller, 1975; Lipsky and Roscnthal, 1976;
Rosenstreich and Oppenheim, 1976; Ishizaka et al, 1977; Kurland et af, 1977. Wong and
Herscowitrz, 1979; Boswell er al/, 1980c; Morisaki et a/, 1983). In some cases, M@ or their
: secre;éd products were shown to suppress B cell activalion'f'by T1 antigens or rﬁitogcns (I)icncr
et al, i9’iO; Yoshi;lagz{ et al, 1972; Lemke et al, '1975; Lipsky Qnd Rosenthal, 1976; Kurlarjd et
al'{ 1977). Thc;se a«pbaremlyacoh’tradictory resuits ‘rr‘xa'y be partially reéoncilcd .by‘ lh.e‘ finding

: S : > .
-that M@ were stimulatory undér suboptimal conditions of B cell activation and ir(gij)itqry (by

‘ ' ; . C : ©
an indomethacin sensitive mechanism) under supraoptimal conditions (Kurland et al, 1977).

Furthermore, LPS, used to activate B cells in many of these studics, can modulate the

v
)

-
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production _of stimulatory and inhibitory factors from M@ (Kuriand et al, 1977; Mizel et al,
1978a). Thus, slight variations in culture conditions coufd result in the observation of different
cffects ur;on {he:r,addition of A cells, and the direcr effects of mitogens on B cells must be
distinguished froff their indirect effects mediated lhrough residual M@.

%25 Early hypotheses concerning M@ or A cr:ll functions in TD antibody rcsponse\s
proposed that’ MQ or A cel]s processed antlgens to render lhem rmmunogenlc for T cells
(Mosier, 1967 Sh&8rtman et al, 1970; Pierce et al 1974; reviewed in Unanue, 1972). However,
demonstrations that 2-mercaptoethanol (2-ME) could'replace MO funclion in some B cell
systems (Chen and Hirsch, 1972; Lemke and Opitz, 1976; Nordm 1978) appeared mconsrstenl

‘

wnh\n antigen presentauon function for M@ (Pierce et al, 1974 revrcwed in Prcrce and Kapp,

1976a). Pierce er al/ (1974) resolved this conflict by demonstrating that M@ have both viability

&

promoting functions and anrigen processing functions in TD B cell activation. Fufthermore,
they 'empha‘sizcd the difficul% of completely deplét‘ing M@ from lymphoid cell populations.
Thus, 2-ME or M@ supernatants could restore t,he viabili(y prombting requirement if residual
were preg/em to fulfill the processing and presentation requirement. (Pierce' and Kapp,
1976a). the case of TI antigens, a requirement for antigen presentation has pever been
demonslrared, u§, secreted MO produlcts may be sufﬁcicnr'to prnmote'TI B cell rééponses in
MO depleted sglcfrn cells. |
A large body of work su’ggesté that, in addition to antigen presentation and viability
promotion, A celf;j secrele lymphokrnes requrred for optimal B cell activation by both TD and
LTl anugens Thus A cell function in B cell responses\lo TI antigens, mitogens, or 3nti- lg Could‘
be replaced with secreted A cell products (Moller et al 1976b; Kurland et al, 1977; Lee and '
Berry, 19774Nordrn 1978; Corbel and Melchers, 1983). More recent studies have ascrrbed this
acu@ty to IL-1 (Booth et al, 1983 Falkoffet al 1983 Howard,.et al, 1983b).
. IL-1 was orlgmally described as an A cell derrv%polenlratrng factor alctrve in T cell
mnogemc sumulauon (Gery et al, 1972 Gery and Waksmian, 1972) but recemly, many- cellular(
A sonrqes and targgts_of 1IL-1 activity havt: been identified ( revrewcd in Durum et a{. 1985). The

idea thar soluble A cell products such as IL-1 may be-involved in B cell activation is not a new
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" one. Several groups have reported that A cell derived factors or pu}ificd IL.-1 enhanced murine
antibody responses in h.omozygous nude (nu/ nu) or T doplcléd spleen cells 1o TD anligcn§ in
vitro (Hoffmann and Dutton. 1971; Schrader, 1973b; Wood and Gaul, 1974; Caldcron er al.
1975; Wood and Cameron, 1976; Wood et al, 1976; Farrar et al, 1977; Koopman et al, 1978;
Farrar and Koopman, 1979; Hoffmann and Watsén, .19'79; Hoffmann et al,1979: Woo'd(,' 1979;
Hoffmann, 1980; Schrader and Nossal,/1980), as well as human B cell stimulation by anti-u
and mitogens (Oppenheim e al, 1980;\Rosenberg and Lipsky, 1981; Falkoff er a/, 1983; Lipsky
et al, 1983; Kehrl et al, 1984). Des‘pil‘e the rela;éve T cell independence of such responses, it is
difficult 1o assert that IL-1 acts directly on\B celyls Indeed, it has bccn suggested (Farrar er al, |
1982) lhal the IL-1 effect on antibody responses is mediated g\nly thropgh T cells.
Nevertheless, considerable evidence has recently accumulated supporungx dmcu role for 1. “\? ,
during several stages of B cell differentiation. ‘

The earliest slage of B cell maturation at which 11.-1 has been r\cpprlcd to act is during
the pre-B-»B c?ll transition (Giri et al, 1984). IL.-1 has been further ébécrvcd to act during
antigen, mitogen, or anti-lg s;im.ulalcdbproliferation a‘nd‘diffcremiation. Hoffmann (1980)
reported that exposure of B cells to IL-1 increased expression oflia, campiement rcccpiors, énd
mig, as well as the frequency of rcspon;ive B cells. Several groups have suggested that 11.-1
acts early in lﬁe B cell response, during the prolif,eralivel phase -'(Fa.rrar"el al, 1977, 1980;
Falkoff el al, 1983; Howard and Paul, 1983; Booth and Watson, 1984; Corbel and Melchers,
-1984; Mc]chers and Lernhardt, 1985). Others find that IL-1 can act as a differentiative factor,
either alone (Pike a_'ndAN-ossal, 1985a), ’or syncrgislicall)l with BCDF (Kechil ef al, 1984). Most
investigators find that IL-1 doés— not act én resting B cevl\ls (Falkoff et af, 1983; Howard and -

Paul, 1983), how.ever,“quih el ai (1983) found Lhaf IL-1 induced the Qiffcrenlialion of same B

| ce&ls in the absence of other activating siimu'li. | | e _
- In most i'(,:pourts. IL-1 was found to act synergis;icallvaith anti-u (Bodth.et al,vl983;
. Falkoff.el al, 1983; Kehrl et al, 1984), or other g_rowtﬁ factors such as BCGF (Howard et al,
1983b), TRE (Farrar et al, 1977; Farrar and Koopman, 1979; Hoffmann and Watson. 1979).

IL-2 plus y-interferon' (Leibson et al, 1982, Kappler et al, 1983) or 'I_I,-Z (Mdnd, 1982). In
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some systems, 11.-1 mcrcl) enhanccd the AFC response in Acelland T ccH depleted spleen cells
(Kapplcr et al, Y983; Leibson et al, 1982), whercas in others, there was an absolute I1.-1

requirement (Howard er a/, 1983). This may have been due to incomplete M@ depletion in the

former case. The requirement for IL-1 may also depend upon the strength of the initial

iaclivau'ng signal. Thus, Falkoff er al (1983) observed an I1.-1 requirement for human B cells

only when anti<x stimulation was suboptimal and BCGF was absent.

The best evidence that [l.-1 acts directly- on B cells comes from Pike and Nossal

2

(1985}:) Smglc ftuorescein (Fl U) specific B cells were stmwlalcd by FLU- ﬁcoxl a TI

‘ anugcn to proliferate and ‘secrete Ig in response to IL - 1 alone, or IL-1 together with II -2.

Comrary to Howard and Paul's report (1983) that IL-1 acts in late G,, Pike and -Nossal

)

concluded that IL-1 acts during all phaées of B cell activation - induction (to promote the '

GG, .lransilion) proliferation, and differemialion However, regardlcss of lhe point of
action of ]L-l Plke and Nossal's observauon coupled wxlh the recent dcscrxpuon of iL-1
receptors on actnvatcd B cells (Dower et af, 1985),-strongly suggest that A cell derived lL-l can

have direct effects on B cell growth and differentiation.

MHC Restriciton of A Cell-B Cell Interactions
A cell-B cell cooperation may, in some cases, be mediated through cell-cell contact, in
addition to A cell derived factors, such'as IL-1. Descriptions of MHC restricted A cell-B cell

inlcractior}g have raised the possibility that, contrary to prevailing opinions, the recognition

specificities of T and B cells are not fundamentally different. Katz e af (1978) fi‘rSI suggested’

lhat B cells could distinguish between T, of different MHC haplotypes, and that this preference

had differentiated. Howxe and Feldmann (19]8) demonstrated an immune response (Ir) gene

7

. Was determined not by the B cell genotype, but by the MHC environmem in which [he B cells .

eff ect operating at the Icvel of the A ccll-B cell mteracuon since nonresponder M@ could not

present anUgen specific helper faclor to tesponder B cells. Based oh this -observation, they

suggested that genetic restrictions may exist between A cells and B cells.

K
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Gorczynski et af (1980) utilized a TD system, in ,whi.ch the hcl;;er signal was provided
by L‘PS lo remove the potentially obscuring influence of the MHC restricted T,-B cell
interaction, to provide more di}cct evidence of A cell-B cell restriciton. They observed [@,
B cells primed in an irradiated parental host could be restimulated tn vitro most ¢fficiently by
anligen pulsed A ‘-(':élls‘ syngeneic 1o the priming host. Such results suggcstcd that B ccllsl
recogr‘liz_e antigen in association with la on the surface of A cells, analogous to Th recognilion..

. Nisbet-Brown er al (1981) derived a similar conclusion from a diffcrent experimental
approach in which primed, mulrually tolerant T and B cells from one-way parent»F, fetal iiver
chimeras were restimulated in an ‘rradiated normal or c‘ﬁjmeric .hos(. In contrast lolo(hcr

reports, neither T,-A cell nor T,-B cell restriction was obscrved. Nevertheless, B cell

stimulation was optimal in syngeneic hosts. The results were interpreted in favor of MHC
'reslric'tc'd A cell‘-B cell cooperation, which may have b(ﬁfevidem only because of the unusu.q!
lack of Th-B restriction. .However, an z-ilternalive explanation, namely, that there was Th-A
cell festrictio,n during the priming in the F, host and T,-B =l restriction during the
reslimuialion, could not be completely ruled out. v
Sing‘er and Hodes (1982) and Hodes er a/ (1983a,b) assc-sscd the pos‘sibilily of A ccll-B
cell rest‘riclioa.s in ﬁ and TD responses to trinittophenyl (TNP)-ficoll, respegtively. U}id.cr TI
. conditions, B cells from F,-pazsent scrh;al]ogcncic or A—»B fully allogeneic chimeras cooperated
only with host ktype A cells. This could not be explained 6n the basis of MHC restricted T,-A
cell interactions, since im-en[ional addition of appropriate T failed% io ‘-altcr -the obs“c'rve.d
restriction  patterns. F.urlherm-ore, 'chivmcric A->B B cells wuc : f)dt activated whén‘ .
simultaneously presemv during acutivation of sirain A B cells in lile presen'cc‘of‘ s:l-rai‘rr}.A‘ T, and |
” » . ) . ) .
+ A cells: o o . ' ] L5

]

When B cells were cultured with limiting concentrations of TNP-ficoll, the rc‘sp‘ovﬁsc‘

was shown to be highly TD. Under these conditions, Th a'nd B éell‘s were required to rccoénizc‘ N

self MHC on A cells, but ndt on each other. Once again, A cell-B cell restriction céuld only be’
observed in the apparent absence of T, -B cell restriction. Since thé~add'iiid'n of “sbl‘uble.'T,RF:

abrogated the A'cell requirement and obscured the requirement for B’ cell recognition of A cell

¢
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MHC molecules 1l was suggesled lhal in contrast 1o T, activated by classrcal D anugens
TNP- ﬁcoll responsive T, secrete minimal amounts of TRF and may represem a distinct T,
subset. Thus, if A cell- B cell restriction existed in TD responses, it would be obscured by TREF.
Al(hough not consid\ered vby the authors, perhaps A cell-B cell restriction in the TNP-ficoll
response serv-es to bring T‘h ano B cells close enough to’geiher for the limiting amount of TRF ‘
secreted by TNP-ficoll responsive T; 1o exert its effects. 4 -

In summary, although several studies suggest the existence of MHC resiricted A cell-B
'ccll.imerac(ions, the use of high ceH densities .for ;n vitro studies ‘(Gorczynski et al,) ]_‘980). or |
complic"a.ted protocols involving chirrreric Band T cells in vivo (Nisbet-Brown et al, 1981), or in
vitro (Singer and Hodes. 1982: Hodes et al, l983a,b),/raise the possibility that the observed
rcetriclion patterns reflect underlying T,-A cell interactions. While repor'ls of MHC resuicted
" antibody (van Lecuwen. er al, 1979; Wylie e af, 1982) appear 1o lend credence to the above

reports, it is not clear whether such MHC restricted recognition has the same relevance for B

cell activation as it does for T cell activation .-

C. B Cell Tolerance IR | ‘

The abrlny 10 drscrrmmate between self and nonself antigens is vital to the funclronmé ‘
of>lhe adapnve immune system as a specific defense agamsl pathogenic mxcroorgamsms
viruses, and neoplasms. Parlure of t\he immune system to "tolerate” self tissues can result in
pzitholégic_al auloimmune states leading to severe debilitation arrd sometimes death. Thus, the
process by which the immune system acqurres a defi rmuon of self is crucra] in cnsurmg that lhe

: 1mm‘une artiltery is drrected onl) at foreign mvaders | |
té the complexrly of cellular mteracuons mvolved in’ normal urrmune responses has" |

‘ bcen rcvealed in the years since Lhe drsc?!yyof separate B and T lymphocyte lmeages (C}aman ,‘

et al, 1966 MrlIer and Mrrche]l 1967) it has become obvrous lhat the. lymphocyte amrgen '

mteracuons leadmg to a ‘state’ of unresponsrveness are unlrkely 10 be the result of a smgle .

: all encompassmg mechamsrn Moreover the drversrty of form (eg crrculatmg soluble vs cell

. bound) gpncentrauon (from fem‘f molar or prcomolar Lo mrlhmolar) andjyalency

s~



20.

' (monovalent *paucivalent, and multivalent) of self antigens likely necedsitates distinct modes of
. silencing autoreactive lymphocyte clones. 1 shall ‘therefore addbpt a pluralistic view in
summarizing the litérature ‘concerning the establishment and ‘maintenance of self tolerance in

the B lymphocyrelineage‘.

Historical Perepectlves

Paul Ehrlrch upon observing. lhal antibodies were produced only in response lo forcxgn
erylhrocyles was the first to conceprualrze that the immune system must have evolved a
. , : : ‘
mechanism to avoid horror autoloxihcus (Ehrlich and Morgenrolh 1900). Several decades
- passed, however, before the problem of self nonself drscrrmmauon was directly approachcd on
an experimental and lheoretical basis. One important breaklhrough came from cxperimcms g
demonstrating rhat an individual's response lo'r-an amigen could be altered l)y an encounter wilh'
.mai anligen, very early in life. In 1938 Traub observed lhal m’ice mfecled with lymphocyuc

'chorromenmgms vrrus in utero harbored the vrrus in various tissues lhroughoul life, unable 1o

\

~ cells lhroughout lrfe (Owen l945 1956) These observauons conmbuled 10 Burnct and .

Fenner s 1949 proposal lhatf antrgens encoum‘e‘red'during embryonic lil"e‘ «prior»‘ 10 lhe

o developmem of 1mmunoc0mpetence would be considered self amrgens and 1heref ore would not

mducc 1mmumty when encounlered lafer in lrfe Thls clonal deletion concepl was mcor/poraled ‘

"\

g ,mto Burnet S Clonal Selectron Theory whrch provrded a comprehensrve llhcoreucal framCWork

o

,f or borh xmmune mducnon and the estabhshmem of self 1olcrance (Burmj; 1957 ’959)

Burnet S clonal deleuon theory o( 1mmunologrc lolerance proposes that the xmmune :

systcm del” mes self antrgens as those whrch u encoumers durmg a specrf ic omogeneuc phasc of ‘

<

: ydeveloprnen_t. Lymphbcytes bearmg receptors for such amrgens are "forbrdden clones 10 bc

4somehow deleted thus prevemmg autormmumty Lederberg further suggested that Lhc'.

- lolerance sensmve phase would OCOLII durmg the ontogeny of the lymphocyte rathcr than lha,l-

o L
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N o
of the lndividual (Lederberg, 1959). l_f a lymphocyte matured beyond thi§§tage (ie., had rdot
been deleted by encounter with a self antigen), it wotll'dvbecome induelble. This mO(ﬁfication,-
later termed clonal abortion by Nossal® and‘Pike' (1975a), accounted for the negd to delete
autoreactive clones arising. in adult life from the coﬁtirtually recycling lymphocyte population.

Iy

The ability to induce tolerance experimentallyﬁ to extrinsic (or foreign) antigens was a
rlnajor technical advance first accomplished”in the ritouse,by Billingam,'Brent‘ and Medawar
(l953) and independently, in the chicken, by Ha3ek (1954). Both groups demonstrated that
i lxvmg allogenele cefls administered to a fetus Or 10'a very young neonate (Blllmgham et al,
1956), specifically impaired skin graft Tejection of the donor strain. These. results conformed

lo the predictions of the clonal deletion theory. “That the immature animal is more easily
_ tolerized by xénogenic serum protein .antigens (Hanan and Oyana, 1954; Cinader and Dubert,
195'5; Dixon and Maurer, 1935; Smith and Bridges, 1958) and erythrocytes (Nossal, 1958)
provided further validation of this cangept. | )
By the mid to le;te 1960’s, the phenomenon of imm‘unologic tolerance was firmly
ensconced in the immuhological literature (revie\ated by Dresser and Mitchison, 1968) and was‘
'generally‘ thought to be the result of one all'-engompassing mechanism. However, the
dcmonstration that T cell toleranZe could secondarily result in B cell unresponsivenss I(Taylor,_
1969; Chiller et al, 1971; Weigle, 1971), and the diseovery of suppressor T cells (T) (Geirshon

~ and Kondo 1970, 1971 McCullagh, 1970), suggested a need to re- evaluate mechanisms of

N 1mmunolog1cal tolerance | ‘

Subseduently two oth\er mechanisms, in addition to clonal deletion, were mvoked to
explain self tolerance in.the B lymphocyte lmeage ~ receptor or effector cell b10ckade and
active suppressnon by T.. As the clonal dcleuon/abortxon hterature is the most extensive ;t will
:‘ be rev1ewed> first, followed by a dlscussxon of JTeceptor blockade and active SUppressmn Thel
functions of M@ ‘in- B cell tolerance, intluding 'those which may pertain' to the -'abos{e

mechanisms, will be discussed ‘separately.



o ™\ Models for B Cell Tolerance -

Core

' Deletional Models

\

e " The most f‘undamem'al"l:eﬁet of the. clonal abortion hypothesis is the diffcrential

’ se_nsitivity of immature vs mau‘ne B cells 10 negative signalling by antigen (lLederberg, 1959;
‘ 4 s - ' .

- Nossal and Pike, 1975a) The first support for this concept came from studies of

anti- 1mmun0globulm (Lawton et al 1972; Manning and Jutila, 1972a,b) and ann idiotype (id)
mdl;ccd (Kohler et al, 1974; _Slrayer et al, 1974; Accolla et al‘ 1977) suppression of immune
responseé. i-’rolonge-d. treatment either in vivo (reviewed by Lawton and Cooper, 1974), or in
vitro (Raff et al, 1975; Sidman and Unanue, 1975; Bruyns et &/, 1976; Kcarney et al, 1976) with
émi-llg reagents produced profound, irreversible unfesponsiveness in immature B cells. In ‘

' comr”ast,’ unre;ponsive-ness in adult cells was of shorter duration and reversible (Strayer er al,-
1974; Rlaf‘lj et al, 1975; Sidman and Unanue, 1975). The prbfound _immuhosupﬁression' in
ami-lgrlrealed neonatal mice was the result of arrested differentiation of mlg pre-B c;cll"s) o e
mlg" B cells in lymphoid organs (}:awlon and Cooper, 1974; Raff et al, 19‘75) and was not

‘/ﬁributable 10 T (Manning and Jutila, 19724, b). Immguure B cells were }endcrcd. unresponsivc

-by much lower concemra ons of anti-Ig than were adult cells (Raff el al, 1975; Kearney er d!,

1976). Such hypersusc tibility of immature B cells to negative sxgnallmg by anti- lg was not

-‘ﬂ

due to ir’nrinsically slower rates of synthesis of new Ig reccptors since pronasc trcatcd

immature and mature ‘B cells regamed new receptors with the same kmeucs (Sndman and

Unanue 1975) " Furthermore, unresponsweness was not caused by reccptor blocka,dc since
Y . -
pronase treatmem followmg -anti-Ig treatment dld not restore responswcness (Sndman and

! ¢

Unanue, 1975)..
v The heig&ucned susée;tibility of immature B cells to ncgatfvé signalh’n'g was c‘kléndéd to
. anugen specmc B cel‘ls by Nossal and Pike (1975b) and subsequemly conf 1rmed by scvcral
groups (Cambxer -et ;\ “}976 Metcalf and Klmman 1976; Elson, 1977 Stockcr 1977
Vcnkataraman and Scott, 1977;; “Waters et al, 1979) Tolcrance in 1mmaturc B cclls was’

. generally achleved by much lower concentratlons of tolerogen than those requm:d to tolenzc

" adult B»cells (Cambier et al, 1976; Stockerts 1927;‘Nossal and »P:ke, 1978); Mc;calf et al. 1979;

\_.
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J Kay er a/, 1980). B cclls\exposcd to either hapten-human gamma _globulin (HGG) (Nossal and
‘ Ifikf:, 1‘578; Pike and Nossal, 1979; Pikc er al, 1980) or anti-u (Nossal er al, '1.979; Pike et al, |
f 1982) as tolerogens during the pre-B—»B cell transition (ic., during th acquisition of mlg
_ receptors) exhibited the most profound susceptibility to tolerance induction. “

Nossal and l"ikc described a grudual acquisition of Tesistance 10 tolerance iuduc[ion as B
"\‘cclls matured from the pre-B, 1o immature (eg., B cells from neonatal micc),_lo the adult
stage. The threshold wolerogen concentration chquircd 1o induce tolerance during the pre-B»B
oo ’(ransilic)n was approximately 1000- fold lower than the threshold concentration for immature B
cells, which in turn was _abour 1000-fold lower than lhql for adult B cells (Nossal and Pike,

1978; r:ikc et al, 1980; revrcwed i\n’ Nossal, 1?83). Consistent with this, Mectcalf and Klinman P

(I")77)-dcrrronstratcd that susceptibility to tolerance induction could serve ag a gcncral markcr
. : . "\

t for B cell immaturity. Over 90% of splemc dinitrophenyl (I)NP) specific B cell clones from 1

' cia)‘ old neonates _vr/cre‘susccpnblc to tolerance induction, ’wrlh the proportion of tolerance
resistant clones* incrcasing to adult Icucls by 7 days after birth. However, adult levels ‘of
tolerance resistance m bone marrow B’ cells were not acheived until much later (6-8 wrrs alfter
birth). Twenty-five percent of adult bone marrow cells remained susceptible .‘to' tolérance

‘ :'nduc?ion, probabl_\' krcflccvling the existence of the generative B cell pool in the marrow
(reviewed in Metcalf et al, 1979).

A further refinement lo' the clonal aboftion theory was proposed byé;’Vimzzﬁand Uhr
(1975). who suggestcd that the increased r*cs"istancc to tolerance iriduclion that occurred during
" B ¢€ll maturation was a conscqucnce of the acqulsmon of mlgD. Thrs hypothesrs was based on
ithc observations that 1) most B cells in fetal 4nd neonatal ammals are 'nIgM mlgD and 2) the°
concomuam acqursmon of functional compctence and mlgD in 1 wk old neonatal mice
(rcvxcwed n Kcuman et al, 1979). Accordingly, enzymauc removal (Cambier et al, 1977a;
Vucrga et a[ 1977) or anubodv blocking of surface igD (Scott et a[ 1977; Zitron et al, 1977)
rcstorcd lolcrance suscepubrhty in mature TD B cells. It was proposcd, that surface IgD

‘transniits a positive triggering signal, whereas mIgM transmrts a negative srgn&ro TD B cells

!

(rcvrew d by Keuman et al, 1979) However comrary 10 the suggested Tunction of mlgD as a

\

RS2 L
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dclcrmmam of tolerance resistance, others have shown that separated populations of Ig]) and
IgD B cells were, equally tolerizable when assessed by cither Tl (layton er al. 1979a) or TD

(Layton er al, 1979b) challenge. Morecover, loss of tolerance susceptibility may occur before

IgD) is detectable in ontogeny (Metcalf and Klinman, 1976).- Thus, the function of IgD) in

tolerance is still unresolved.

O
Signal Discrimination Models

The Two Signal Theory

Bretscher and Cohn (1968, 1970; Cohn, 1972) proposed that, in contradistinction to the

clonal abortion heory of self tolerance, antigen specific B cells remained both' paralysable and

inducible by antigen throughout their lifetime. In this case, the oulcome (immunity v3

Lolerance) of an antigen-lg receptor interaction, termed Signal 1, would be determined by the

. presence or abscnte of carrier specific, T cell derived helpet factors (Signal 2 or associative

antibody) for which the B cell was postulated to have separate receptors. In theory, both

Signal 1 and Signal 2 would result in B cell triggering; Signal 1 alonc would parajysc. This

theory placed the burden of self tolerance at the level of the T cell. During ontogeny, B cells *

were thought to arise prior to T cells; thus, only Signal 1 would be available, resulting in

paralysis of all B cells specific for self antigens present at this time. Autorcactive B cells arising

later in life would be paralyzed by the lack of T cell help for such amigcns.- The induction and ‘

“maintenance of self tolerance in the T cell compartment would thus be critical, and was later
proposed to occur by -a similar mechanism (Cohn and Epstein, 1978). The two signal theory
can be considered a more refined version of Burnet's Clonal Deletion Thcorv since the absence

.of Signal 2 durmg B cell ontogeny would result in a lolcrancc susccpllblc phasc carly in the

development of the ammal Howevcr contrary to lhe clonal aboruon dogma, the environment

(paucity of vSi‘gnal 2) rather than the intrinsic nature of the B ccll, would be the determining

factor.

-
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Consistent with the Bretscher-Cohn hypothesis, the presence of Signal 2, in the form of

antigen specific T cell help, or Signal 2 replacing Tl mitogens, such as L.PS, can interfere with
tolerance ind\;clion (Ralz et al, 197r1; Louis ef al, 1973a; Schrader, 1975a; Metcalf and Klinman,
1977, Pike and Nossal, 1979; Teale et al, 1979; Diener et al, 1982). However, resistance 1o
tolerance induction in the presence of LPS was only about 30% cffective with HGG as a
tolcrogen (Pikc‘a{\d Nossal, 1979), and not at all effective for polymerized flagellin (POIL.)
induced lolcrancc}&cou and Diener, 1976). This could reflect heterogeneity in B cell subsets
responsive to LPS (Gronowicz and Coutinho, 1974; McKcarn et al, 1982) or a requirement for
an alternative form of Signal 2 by those B cells not rescued from tolerance induction. Thus,

the uscfutness of the two signal model as an explanation for sclf tolerance appears limited.

Onc Signal Modcl

The onc nonspeciflic signal model (Coutinho and Moller, 1974, Coutinho, 1975; Moller,

1975; Coutinho e al, 1984) views the antigen specific Ig receptor on B cells as merely a passive

focussing device, rather that a signal delivery device. B cell activation is proposed to occur as a

consequence of interactions between the carrier, which possesses polyclonal B cell activating

+ (PBA) properties, and non-lg PBA rcceptors on the B cell,-hence one nonspecific signal. This

. \
idca was based on the observation that many Tl antigens have PBA propertics (Coutinho and

Mbllcr, 1973). At low concentra’iofis, haplen\-‘TI antigen triggers only haptep specific B cglls,
due to the focussing of haptckTI com.plexeg omd hapten specific B cells, ‘whcreas al‘high
concentrations of hapten-TI, polj"clorial acu'vaiion lakes place. B cell tolerance was postulated
to be the result of overstimalation by PBA, sihce the high concentratians of hapten-TI which
polyclonally activated most B cells inhibited the hapten specific response (Coutinho and Méiler,
1974). It was Further postulated that B cell tolereince was only necessary for self a_migené

posscssing PBA properties. Tolerance to -th¢ majority of antigens, which aré TD, would be

- maintained in the T cell compartment.

-

Theré are several major concentual and experimenta) objections to this model (Cohn-
" and Blomberg; 1975). B cells can be tendered tolerant to TD antigens, and the interaction of

- mlg can deliver a posifive or negativé signal. Mofeover, tolerance can be induced to completely.

kKl .
[

»
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nonimfnunogcnic haplcn-carbohydral‘e conjugales exhibiting <r’10 PBA activity over a wide range
"of concentration (von Borstel er al, 1983). More recently, the bin:ﬁng‘ of TD antigens or
anti-lg to B cells was ‘demonslrauz‘d o cause lr;msilion from the G, phase of the cell cycle to a
"poised” slatc., with further progression through G, and S phases being dependent upon MHC
restricted help and T cell derived nonspecific factors (rcvic'wcd in Cambicr et al, 1985). Thus,

the ig receptor is capable of signal transmission, contrary to the major premisc of this model.
A

Mechanisms o.f Clonal Deletion/Abortion Tolerogenesis

| As the namc‘suggesls}_ deletional theorics of self lolcranc_c propose that autorcactive B

cell clones are deleted following contact with antigen during a tolerance susceptible phase of

development. Therefore, in its narrowest interpretation, the theory would predict that B cell

clones capable of binding antigens to which an animal is tolerant should not exist. -
Conscqucmly‘ many early studies, using tolerance induction 1o extrinsi¢c antigens as ﬁodcls for

self tolerance, compa‘rcd ~lhc numbers of ar;ligén binding cells (ABC) in normal, immunized, ]
avnd tolerant animals. Tolerant animals were reported Lo have norﬁal (Ada, 1970; Ada et al,
1970; Humphrey and Kél\lcr, 1970; Cooper et al, 1972). increased (Howard and Siskir;d_ 1969;"
Sjoberg, 1970; Moller an&» Sjoberg, }972), or dccrcas;:d (Naor and Sulitzeanu, 1969; Kalz. et al,
1671 Loqis et al, 1973b; AldojBenson and Borel, 1974; Bruyns et al, 1976; Vcnkalaraman and
Scolt‘l,. 1977), (I)r slightly dccr(\tascd {Nossal and Pike, 1980) ABC, depending upon the particular
antigen used. A QCletional m‘e‘chanism‘ was indicalcd‘ for anti-id induced B cell tolerance, since
nconatal mice’injectcd with aﬁli-id la;kcd xd B cell clones, whereas adult mice so treated had

]

id* clones which were only reversibly blocked (Kohler et al, 1974; Accolla er al, 1977). It
- \

appears therefore, that the physical deletion of B cells/as a mechanism of unresponsivencess can

A ;
[}

only be demonstrated with parlicula\r tolerogens. \

The possibility remains thit, B cells are fun tionally silenced without-being physically

deleted.  Interference with any slcp\ of the cyclical process of receptor “modulation and
. ’ \ ) . .

re-expression following antigen ‘binding could theoretically cause functipial inactivation of the

B ccll. Diener and Paetkau's (1972))observation that tolerogenic concentrations of POL

v
\

~
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inhibited capping and endocytosis, resulting in a "frozen” B cell, at first appeared to provide a.
biophysical basis ford cell tolerance; however, it was subsequently demonstrated that inhibition
- of vapping was unrclal;:d to the l‘olerancc phenomenon (Diener et al, 1976; Sidman and
Unanue, 1976). Tolerogenic signals were thus presumed to be transmitted across the
mecmbrane. , o J

Some evidence exists that B cell tolerance results from interference with a later stage of

the cycle - the inhibition of lg receptor re-expression following capping and endocytosis.

Immature B cells were shown unable to regain their mlg receptor coat following modulation

_with anti-lg, wherc:as mature B cells retained this capacity (Siaman and Unanue, 1975; Bruyns
et al. 1976). Furthermore, tolerogenic concentrations of some antigens also inhibit receptor

rc-expression (Ault er al, 1974; Noésal and Layton, 197(; Klaus et a/ 1977 Bankerl et al

1978). However, Nossal and Pike (1980) detected, in mice neonatally tolerized to F1.U- HGG

significant numbers of FLU binding B cells which were incapable of reéponding to antigen or

mitogen. Similarly, Pike et al (1982) more recém‘ly demonstra_led that certain concemra.ti.ons'of

a monoclonal anti-u am‘ibody‘, which failed to inhibit L_hé acquisition of mig by pre-B cells,
nonctheless induced profound B cell unresponsivenesl‘s. Such B cells were functionally

"anergic”. Despitc mlg densities similar to untreated controls, aﬁergic B cells failed 10

proliferate or secrete Ig in response to a'. powerful polyclonal activating stimulus. Moréovér,

Diener er af (1976) found that B cells tfeated with supraimr;mnogenic concentrations of POL

. remained unrcsponsivé despitle regeneration of Ig receptors. The existence of anergic B Cells
pcrhaps reconciles old obscrvauons concerning the coexiStence of self tolerance with B cells

capablc of binding ‘self antigens (Bankhurst er a/, 1973; Roberts et al, 1973; Yung et al 1973

reviewed by Elson er al, 1977). Self reactive B cells can, however, be activated by LPS and -

other polyclonal activators in vivo (Fournée it’ al, 1974) and in vitro (Hammarslrom et al 1976;

Prm‘n et al, 1977) Whether 'such B cells are truly anerglc and can onI) be triggered under

nonphysiological conditions, or whelher they are under active suppression, remains to be

determined.
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While not shedding light on the late of neonatally tolerized B cells, studies by Teale and

Klinman (1980, 1984) using inhibitors of various cellular functions. have elucidated some of,

the metabolic requirements for the induction of tolerance. They conclude that the induction of
B cell tolerance is an active process, requiring DNA, i{NA and protein biosynthesis, encrgy
gencralfén,'and a methyltransferase activity, but not cytoskeleton functions. Diener et al
(1976) and Boyd and Schrader (1982) confirmed that colchicine sensitive cytoskeletal functions
are not involved in transmission of negative signals to adult B ccils, whereas l)csaymara (1981)
;cachcd the opposite conclusion. Carricr. related differences in the mechanisms of tolerance

induction may account for this discrepancy.

Pl

v

Evidence AgainstvCl(‘)hal Deletion/Abortion

The clonal aborlio;l énd deletior: theories designate the epitope-lg receptor inl;rhclion
as the only relevant interaction leading to loleraqcc induction in susceptible B cells. Numcrous
studies, showing a correlation between epitope density and lolcrogc_riic potential (Feldmann,
1972¢; Desaymard and Feldmann, 1975; Desaymard et al. 1976; Pike et al, 1981; Waldschmidt et
al, 1983, Walds_chmidl and Vitetta, 1985; fcviewed in Diener and Feldmann, 1972a; Feldmann er
a\l, 1975), sué@esied that the avidity of interaction between the epitope and Ig receptor-is the
4mosl critical p.elrameter in determining to]&og'enicily of antigens. it was further suggested that
the delivery of 100 many signals, as a result of érdss-linking beyond a crrili»callhrc'shold, induces

an unresponsive state in the B cell (Diener and Féldmann, 1972b). Such a conclusion is

strengthened by observations concerning the greater case of tolerance induction by multivalent

Y

_vs monovalent antigens~ (Metcalf and Klinman,'1976; Elson, 197f7; Szewczuk and SiskTnd, 1977),

and lhe ability of high avidity 1gG precursors to be tolcrxzed at much lower cpuopc densitics’

and at lower concemranons than low avidity IgM precursors ( Desaymard et al, 1976) .
Recent studies challenge the concept 'lhaf only th_e cptiope-Ig interaction’ is relevant.

The immunogenic or tolerogenic potential of DNP 'conjugatea to various hpolym'cric
carbohydrate cariiers all displaying equal hapten dcnsuy and anubody bmdmg avidity,

. depended: solely on the carrier moxcty (Diener et al, 1981) In some cases, the nomolerogcmg

. N L . ﬂ\r\‘\ | o ,\
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conjugates displayed higher antibody binding avidity than the lolcrogcnic cpnjugales (von
Borstel er al, 1983). Thus, in contradistinction to the predictions of both clonal abortion and
deletion, factors Q%/r/ than the avidity of epilo.pc-lg receplor intefaction occurring on a
tolerance susc\cplfblc B cell dewrminc the tolerogenic potential of a hapten-carrier conjugate.

2l

A
Gamma Globulin Carriers

It has been apparent for some time that the nature of the carrier significantly affects
thc' lolcrognnic potential of hapten-ca'rrier conjn‘gates. Nonimmunogenic, or poorly
immunogenic, carriers, such as aulologou; serum proteins (Havas, Al969; Borel, 1971; Golan
and Borel, 1971), the capsular polyp;plide.of Babil(us anthracis (Roelants and Goodman,
1970). and poly-D-(G,L.) (Katz er al, .1971) are among the most potent tolerogens, possibly
«due to a lack of T cell help, in accordance with the Brelschér-Cohn‘ two signal hypothesis
(1968, 1970). Garnma gl‘obulins (reviewed in Scott et al, 1979; Nossal, 192§3), particularly
isolog'ous:\‘lgG (reviewed in\ Borel, 1976), are potent tolerogens. Most of the literatnre
supporting clonal abortion as the mecha.nism of B cell lolernnce.involves the use of gamma
globulins/‘as a carrier-for the induction of hapten specific tolerance.

The lpotem suppreésii'e or tolerogenic effect of gamma globulins depends brimarily on
the ‘prescnce of the Fc piece; F(ab) or F(ab'), fragments are usually, l%u nbl'always
(Feldmann and Diener, 11972;’ Schradqr, 1975b), lmuch less effeclive. Pike er al (1981)
cornpared the efflcacy of FLl.J conjugates of HGG, F‘(a'b')z«fragmenls of HGG, or ‘bovine
serum albumm (BSA) with various hapten densities, in tolenzmg neonatal B cells.. At each
hapten subsmuuon ratio, intact HGG was the most effective carrier, underscormg the
importance of the Fc piece. The differences in tolerogemc capacity of-the various carriers
could be compensated for by jncreasing the hapten density. Similarly, Waldschmidt et a
(1983) used F(ab'), vco}njugv_zates with higher hapter densities to increase their ’tdlqrogénic :
capacity [ nr adult B cells. At lligher haptgn den‘silies. ~ir.nmature B 'cells were r'nOre’su'sceptible
to tolenzatxon than mature B cells regardless of lhe presence of the Fc piece (Waldschmxdt and

Vnetta 1985) l-lowever at loWer hapten densities, Fc containing tolerogens were superior.

' Thc macuyauon of B cells_by anti-Ig is also Fc dependent (Sidman an_d'Unanue, 1976; Kohler

° - . o
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et al, 1977, Tony' and Schimpl, 1980; Phillips and Parker, 1983, 1984). All of these results
suggest that negative sigr;a are generaled by processes other than, or in addition to, (Phillips
and Parke‘r,‘l984) the cross-linking of mlg reccplo‘r; on the B cell.

>Amibody or immune complex mediated suppression.of antibody responses was first
dcmonslralc:g by Smith (1909) and is now well established (Uhr and Moller, 1968: Diener a.qd
Feldmann, 1970, 1972b). The Fc¢ dependence of’ this phenomenon has also becr; dcmonslfalcd
~(Sinclair, 1969, 1983; Kohler et al, 1977, Oberbarnscheidt and Kolsch, 1978; Taylor er al. 1979:
Tite and Tavlor, 1979; Nelson and_)Manning, 1981). Since B cells bear Fc receptors (FcR)
(Dicklér, 1976). this possibly represents a normal homcoslalig mec’hanism for regulating
antiboldy production via negative fecdback (Taylor et al, 1979; reviewed in Taylor,k 198'2;1
Sinclair, 1983). The facilitation of tolerance induction to normally xmmunogcnlc
concentrations of antigen in the presence of low conceptrations of SpClelC antibody (Dicner
and Feldmann, 1970), or by covalem antigen-antibody Iomplexqs (Taylor et al, 1979; Titc and
Taylor, 1_979), Jmay be a further manifestation of this homeostatic regulation. Tolerance
induced by this mecans has been shown to be the result of "pcriphéral nculv,rali\z.alion" of
amigen thus preventing access 1o 1mmunocompeten1 cells (Uhr and Moller, 1968). Aor a
“central effect”, resullmg in specific inactivation of Lhe B cell (Diener and Feldmann. 1970),
or bélh, depending on the relative concentrations of antigen and antibody (Diener .and
Feldmann, 1972b; Hoffmann and Kappler, 1978) Cumulatnvely. these observations suggest
that the peculiar potency ofgémma globulins as tolerogens results from an inherent sensitivity

/of the B cell to l;c dependent negative'signallir;g by Ig, and may have very lttle to ‘d’o' with the
establishment of self tolerance, except p‘erhaps to Ig itself, ‘Indeed ‘the enhanced -lolcrogcnicity
of multivalent hapten gamma globulin compounds is perhaps due to a negatwe sxgnal gcncralcd
as a result of cross- lmkmg both mlg and FcR simultaneously (Phxlhps and Parkcr 1984) Thns
negative signal may be: mednated by 1he mhxbmon of mosxlol phosphohpxd brcakdown ‘

(Bijsterbosch and Klaus, 1985), an early mlg transduced sxgngl inB cellv acuvauon»(Coggcshall

o
~

and Cambier, 1984; Bijsterbosch ef al, 1985)



Other Carriers

Diener et af (1981) and vori Borstel et al (1983) evaluated the tolerogenic capacity of

the completely  nonimmunogenic compounds NNP-methyicellulose (MC) . and
DNP-carbdxymelhlyccllulose (CMCY) in their native or oxidized and reduced forms. DNP-MC
“and DNI?/(,MC induced profound hapten specific unresponsxvcnss in vitro and in. vivo,
respectively, which was not duc to acuve suppression or receptor blockade (Diner ef al, 1979;
Diener et al. 1981; von Borste] et al, 198_3). Contrary' to the predictions of clonal
abortion/deletion theory, the oxidation and roduction of these compounds severely diminished
thier tolerogenic capability (Dicner et al, 1981; von Borstel et al, 1983). Interestingly, the
,lolérogcnic capacity of high concemr‘ations of DNP-dextran was also destroyed by this chemical -
modification, but the immunogenic capacity of lower concentrations was unaffected (Diener Iet L

al, 1981). Chcmicalh‘alteration of DNP-MC did not significantly alter the molcoolar weight or
oonformo(ion,' as assessed b) delerroioing the sedimentation coefficient. Moreover, this
nonlolerogcoic form displayed a higher avidity for DNP ‘specific AFC than the native form.
T;hus., T cell iodependem tolerance to DNP-MC and DNP-CMC appears to be entirely

dependent on the carrier moiety.
=%

Experiments designed 1o introduce extrinsic antigens to the developing immune system,

,

- '
“under conditions similar to those in which self arﬁ;igens would be end@untered in vivo; have

¢
'
.

' furl%{er emphasized the role of the catrier in determining the outtome of an antigenic encounter
carly in onloécny. I)caggrcga’lcd HGG or bovine gamma globulin (BGG), introduced in utero
by transplacental transfer vig the mother, effected long lasting, HGG specific tolerance at both

the I'and B cell levels (Waters et a/, 1979), the mechanism of which wa's consistent with clonal

ab rljon. Howeve_r, tramsplacental administration of BSA, [Glu-Tyr-L‘ys-(Glu-Tyr-Ala)s]n.
oyalbumio (OVA) failed to induce tolerance, despite lhe:fact fhat after having crossed the
rg(zlaccma theso antigens were maintained dt concemrations similar to HGG (Diener and Waters,
1980) Snmllarly the mechanisms of TNP specific B cell unresp?)nsxveness mduced by neonatal

mjccuon df TNP- HGG and TNP-BSA were distinct (Waters and Dlener 1983) TNP- HGG

tolcnzed mlcg had decreased-TNP specific AFC precursor frequenc1es as compared to

[y



32

(L

. ! 3 .
uninjected littermates, consistent with a clonal abortion mechanism of tolerogenesis. In
contrast, TNP-BSA tolerized mice had normal TNP specific AFC precursor frequencies;
tolerance was due 10 active suppression by T cells.

In addition to determining which cellular mechanism of tolerance is operative in a given

situation, the carrier may also sclect which B cell subpopulation (TD vs TI) is tolerized.

Howa'rd and Hale (1976) suggested that only TDD B cells are tolerized by clonal abortion, since
they observed no difference in sensitivity hetween neonatal and adult cells to tolerance
induction by TI antigens. Similarly, Cambicr et a/ (1977b) found that only the TD subsct was
fignificamly untesponsive in TNP-HGG induced neonatal tolerance. This apparently

contradicts a report by Waters and Dicner (1983) that neonatal .tolerance indiction 1o

TNP-HGG resulted in specific unresponsivenss of both TD and Tl subscts; however, - -

mechanisitic differences between neonatal tolerance induced n vitro (Cambicr er af, 1977b) and
in vivo (Waters and Diener, 1983) may account for this discrc‘pancy.' Marshalt-Clarke and
Playfair (1979) also reported that ccn.ain tolerogens acted diffcrcmially on Tl.)kand TI B cell
subsets. | .

Further carrier related differences in tolerance susceptibility have been revealed within

the TD and TI B cell subsets. Only the 1gG secreting TD subset was significantly unrcsponéivc '

in mice rendered neonatally tolerant in Vivo 1o BSA‘, whereas the 1gM sccreting T1) subset
displayed normal yesponsiveness; unresponsiveness at the level c;f.thc whole animal wa$ duc to
.active suppression ( Waters and ﬁicner, 1983). biffcrences in the lc;lcrz;ncc susccplibilfly qf B
cells responsive to TI-1 and TI-2 antigens have also beén rcpAortcvd (von Borstel er al, 1983).

" Mice neonatally treated with DNP-MC were hapten specifically unrcsponéivc to the TI-2

antigen DNP-ficoll, but not 1o the TI-1, anligWR-Brucella abortus (Ba) or the mitogen -

LPS. Conversely, with TNP-OVA as the tolerogen, both the TD and TI-1 subsets were

. Tendered unresponsive, whereas the TI-2-(TNP-ficoll) r’espons;i‘vc' subset was unaffected.

Finally, in agreethent with earlier studies (-McKéa’i‘n and Quintans, 1980), Waters and Diener -

(1983) gibse}vcd that withinthé TI-1 responsive subset, Ba reSpohsive cells were refatively more

tolerance resistant than were LPS tesponsive cells..

14
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Th'e'precedin'g discussion has provided exl.enﬂsivc evidence Iﬁaht the simple;t versions of
the clonal abortion and deletion theories for B cell tolerance are not suppovr;ed by experimental
realities. The most serious objection relates (o the well ‘e5{abh'shed inﬁuence of the ‘carrier in
most reports of hapten specific B cell tolerance. The differcmial sensitivity of immature B cells
10 negative signalling, which has provided the Bulk of experimental support for cloﬁa} abeortion,
clearly depends heavily ﬁpon the special_tolcrogcnic properites éf :gamma globulin car‘riers..
Both mature and immature B cells are susceptible to Fc.rﬁedialed negative signalling by Ig.-a

fact probably more relcva’m 10 homeostatic feedback ’,vlgfgt}gulaliox. than to avoidance’ of

autoimmunitly. Why immature B cells should be more ~scnswi‘1ive to such feedback reguj‘ation Is ‘
not immediately apparénl, but this phénomenon could be entirely unrélated to the elimination
of autoreactivé B cells during dévelopmenl.

In defense of clonal abprlxon/deleuon are observations that B cells bearing’ receptors for’

antigens present in mgh 'o ‘eftrations in the serum, such as albumm cannot . be detected
(Unanue, 1971; Bankhurst et af, 1973). Moieover, the fact that auloanlibodies 1o mher solu’ble
monomeric proteins present in high concentrations, such as lransferr{'n ‘ and complgmeq[,
components, have not been foun{i in autoimmune disease states mav be construed as evidence
for their noncxislcncc (Nosgal 1983). Inasmuch as the clonal aboruon/delsuon lheory requ:res

thal the epitope- mlg rcceplor interaction be of a ccrtam bhreshold avidity to effect deleuon the

éxistence,. in normal animals, of B cells specnflc for auEOanugens presem 'n very low

concentrations, suéh as lhyroglobulm (Bankhurst ef al, 1973; Roberts, et al, 73; revicwed,in _
Elson et al, 1977), growth hormone (Unanue 1971), myehn&ﬁasm ptotel (Yung et al; 1973) . »'
and nuclexc acids (Bankhurst and Wlllxams 1975) vdoes not seeén/ to militate agamst it. |
cherlhelcss ‘the role of clonal abortion/deletion in purgmg the B cell repertoxre of reacuvny o

aulologous serum componcms prcsem in high concentrations remains 1o be determined.

-

Receptor Blockade

" Antigen persisting on the B cell surface ‘can cause a form of unresponsivness in mature

B cells which has been termed receptor or effector cell blockade. Such a mechanism has been
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invAoked to explain “self tolerance at lheiB cell level pamcularly to high conccmranons of

- circulafing antigens. Suppor( for {hrs notion comes from obser\auons lhat anugen can inhibit
. ,
' antibody sccretion from primed 5pleen cells (Schrader and, Nossal 1974; l\laus 1976 Abbas

and Klaus 1977) If B cell unresponsrveness were solely the result of slmple blockade by
:anligen, ihen« temoval - of 'anllgen, 'erlhcr enzymatically or by removal to an antigen-free

environment, should restore responsiveness: Accordingly",proLeolytic removal of antigen,

P

(Andersson ef al, 1974) or incubation in@k]rogcn free me(jrum prror 10 challengc ((;ronowru

Y

an\ﬁ Coutinho, 1975 Aldo Benson and Borel, 1976) YCVCIde tolcrancc Altcrnanvcl)
triggering the B cell by a non- lg dependent mechamsm such as wuh a mnlogcmc concentration

of LPS, also restored responsrveness (Moller er al 1976a). Other studies rchaled however,

.

that B cell 1olerance due to persrslanl antrgen was not alwavs revers1blc by such mcans. Thus,

‘HGG tolerized (ﬁlson and Taylor, 1977) or poly D- (G l ) tolerized (Kau el ‘al, 1972) B cells
Ve
were not rendered résponsxve by enzymatlc removal of anugen }urhfcl’more, 1olerancc mduced

by short (< 16 hr) exposure 10 rolerogen was reverstble whcreas thar mduced by prolongcd

-exposure 10 Lolerogen wase:ojDrener and l-eldmann 1972a) Even when the so-called

|
frozen membrane was rel by COlchrcme Lreatmenk and new rcceplors appeared ‘the B

'

cclls remamed unresponsnve (Drener et al, 19’6 Boyd and Schradel/ 1982)

\

S The dlstmctron bctween reversible and meverslble bloclkade Ama\ depend upon Lhc'
carrrer since. tolerogemc concen{raho,ns of dextran ifreversibly. tolerized only those B cells also
'capable‘of respondmg to dextran as a PBA (l~crnand'ez et al, 1979). Rcsponsrvencss in dextran
$pecific B cells mdhcrble by LPS was rcslored en.hes‘ by culturc in dextran- frcc mcdrum pnor to
_challenge -or by removal of surface pcrsrstmg dexlran by dextranase Taken logelhcr these
,rcsults suggest that receptor blockade occurs m%mly ‘with unusual anlrge’ns which pcrsrsl on Lhc v
cell surface (Aldo Benscxnl and Borel, 1974 Ault and Unanue, 1974 Ault el al, 1974 Nossal

and Layton 1976 Scott et al, 1979) and thus, is a carrier ‘related phenomcnon which may mot

'ref lect mechamsms mvolved in t‘rue self tolerance b8

R

~
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- TCell Mediated Unrespo'nsivenes "

T cell medxated B ceik»ﬁzesponsiveness can be the result of a negative,T cell influence..

+ or the absence of a re A
example pertains to /r gene"regnlatlon of T, cells. Although Ir genes can affect antibody
responses (Pierce 4el al,' 1976; 'rew/iewed in Benacerraf, 1981), this is the result of either a
defective M@-Th i_mgraction (.revie'wed'in Rosenthal, 1978; Schwarltz et al, 1978), or‘ a deficient
Tr;repertoire (Nagy et al; 1981). Thus, /r genes only secondarilyl aff'ect B cell responsiveness.
o TDh antigens, and will not be further discussed here.

T cells having ;,negatlve mﬂuente on antlbody responses’ sO- called T suppressor (T )
seells were l"xrsl descrxbéd bv Gershon and Kondo (1970 1971) and McCullagh (1970) Smce
" then, the regulalory influences of T, or their so{uble products (Tada er al, 1975; Taussxg 1980)
have been demonstrated in all types of immune responses (rerewed' in Green et al, 1983; Dorf
and Benacerraf, 1984), Some T, are regulated by Ir genes (Ie\v;ewed in Benacerraf et al, 1975)
bl@thns has only been demonstraled for.a very hmlted \number of antigens. T can be anugen
" specific (reviewed in Basten el al, 1975; Nachugal ez aA 1975; Tada et al, 1975) ldlo/ype
specific (reviewed in Green et af, 1983; Dorf and Benacerraf \1984-) all:\)type specific (reviewed

’ \ \Y
in Herzcnberg 1983), epitope speolflc (rev1ewed in HerZenbe\g et al, 1983) or nonspecmc

(RlCh and Pierce, 1973 feviewed in Dutton, 1975b' Pierce and Ka‘ne 19766) Many anugens ’

which induce B cell tolerance also induce T (Kolsch et al, 1975; We}gYe et al, 1275) Whereas
somc mvesugators ascnbe B cell’ unresponsiveness solely to T (Basten et al 1975.\Ben,|amm
1975; Loblay er al 1983) others demonstrate B cell toleranceﬁthe absence of T, (Elson 1977,
~ Parks et af, 1978 Metcalf el aI 1979 Waters et al; 1979) Alternatrvely, T may be present but
nonessenual in mamtammg the tolcrant state (r%wed by Parks and Welgle 1980)
Furthermore, the mechamsm “of maxmammg unresponsweness toa smgle anugen can change

with Wters et a[ 1979) In mice exposcd to HGG m ule(o B cell tolerancq 1nmally

‘appeared 10 be mamtamed by a delenonal mechamsm however T, were _gemonslrgble at abom

smve T cell mﬂuence in the case of TD antigens. The latter, -

=
J2 weeks af ter blrth Comphcatmg rgatters f thher is the ex:stence of memory Ts, which are

. only identifiable ‘upon adopuvc transfer and can be generated in® the apparem absence.-of .

é

T,

-

L - ’
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primary T, induction (Loblay ef al, 1983).

A major problem exists m deriving models for self toleranmce based on the generarion of
T 10 er&lrinéic amigens in adult animals by deliberate irnmunizatLon regimens It is nol at all .
clear whether self components are present én rivo ynder condmons conducive to T, gencrauon
*There is, however, some evidence to suggest that TS could be mvolved in mamtammg tolcrance
to some self components. .For example, in yivo depletion E)f T eells greatly increased the
production. of erythrocyte specific auloamibodies (Cunningham_‘ 1975, 197%) suggesllng that .
these self reacllve B cells were normally under active supprcssron by T cells The prcsence of T
abnormalules in a wide variety of?ulormmune drseases (Smith and Slemberg 1983; revicwed in
Flood, 1985) provides crrcumstanual evgdence for the importance of T, in preventing

autoimmunity. However, #t must be noted that the majority .of such autoimmunc discascs

appear to have multiple cellular defects, making it difficult to ascribe the breakdown in sclf

tolerance to a single abnormality. - s
In summary, while the importance of 'T in the normal homecostatic regulation of thg

anﬁbody response has been clearly demonstrated, their role in the establishmem and

maintenance Ql self lolerance femaids vunclear Most likely, some sclf antigens favor the.

)7
mducuon of T whereas others favor the funcuonal or physical deleuon of autoreactive’'B cclls

{Allison et al 1971) The deleuonal and active suppressron modes of tolerance may ovcrlap
| given the recent description of a T cell with both suppresswe and (;ylotoxlc properncs (Hecuer et
al, 1982). . .

Expenmental Tolerance to Authentlc Self Antigens k R |
Desprte [he extcnsrve lrteratnrcnn tolerance to extrinsic amlgens as modcls for sclf ‘
‘ tolerance \there lS surprxsmgly little mdrcauon that such an extrapolauon is valrd Largely ,duc‘
~to -pracncal drffrcultres remarkably few 'experrments ‘have addressed the establlshmem- and -
‘ mamtenence of self tolerance to: authenue self antigens, at erther the B cell orT ccll levels. A
classrc early study by Tnplett (1962) uulrzmg a novel experrmemal approach establrshed that
rmmunologrcal tolerance (presumably at the T cell level) to organ “spetific self anugens 15‘5 :

.~ . -
Q¢ e <
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acquired carly in ontogeny, and is not inherited in the germline. Hypophysis primordia were

removed from tree frog (Hyla regi]/a) embryos a’n:i "parked ™ in larval stage hosts until the
hypophysectcmized animals sr‘cached lhe\melamorphic stage. Thus, the 6rgan and immune
system were allowed 1o diffcrcﬁlia(c in p'hysically sebaraled environments. At melamorphosis,
the éxlirpa{cd organ was reimplanted in the original host. Sir;,cc hypophysectomized frogs are
aolbino, duc to the lack of hypophysis derived melanoﬁhorc- stimulating hormone, graft

acceptance could be monitored by the return of the animal’s natura! dark color. The majority

ol graflts were rcjccléd alter this manipulation. However. if half of the organ had been left

~

behind., the "parked” half was accepted upon relurn to the original host. This important
control Cxpcrimcn‘t verified that rejection in the first instance was nog due 1o acquisition of
forcign antigens by the "parkcd"- organ. Recently, Rollins- Smith and Cohen (1983) have

Whllenged this conclusion based upon their inability to repeat Triplett's findings. However,

“both the system and cxperimcn}:al protocol employed (including the frog genus and test organ:
used) wefe substantially different from Triplett's. ‘Thus, it is difficult to ascertain whether the

dlscrcpancv lies in species sgpecific differences in immunologic tolerance or in protocol

diffcrences.
Rcicﬁlcin's (1972) carly swdies on the fine specificity of rabbit anti-human

. . l \
hemoglobin artibodies were intérpreted in support of a dcletional mechanism of B cell
. & . Y
tolerance. Immunjzation of rabbits with various human hemoglobin mutants resulted .in

(A
B s

"anli-hemoglobin antibodies specific only for those portions of the molecule not represented in

‘\“,_r:abb,\il hemoglobin.” Thus, the presence of foreign and self determingnis on the same ‘molecule

did not.brcak tolerance at the B ccll'lcvcl as has been reported for some amigens (Weigle

a

1962; Cmadcr et al, 1967) presumably because such self reactive B cells were not present.
‘I‘% s

: Howcver anti“sclf hemoglob,n anubodnes were generated when the immunogen was ‘the beta -

chain of human hemoglobin,_ suggesling, pcrhaps, that tolerance exists only to molecules in

their native conﬁgurétion.

More recem studxes involving the B cell reperlmre to aulologous cylochrome C

molecules also appeared to support a deleuonal mechanism for self tolerance Jemmerson and
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Margoliash (1979) examined the fine specificity of rabbit anti-rabbit cytochrome ¢ amttibodics,
elicited upon immunization with polymerized rabbit cvtochrome c¢. .Such immunization had
been previously shown 1o generate anti-rabbit cytochrome ¢ antibodies (Reichlein er af, 1970).

Although anti-self antibodies were gencrated, the magnitude of the response was considerably

. lower than that obtained with the heterologous cytochromes ¢, supporting the cxistence of a

.

certain  degrec of s;lf tolerance. The determinants recognized by such autoantibodies
corresponded to the areay of the molecule which exhibited cross-species polymorphism.
lmcrcstinély, no autoantibodics were found that were specific for a region ol the molecule
which is conserved among all species tested. The authors speculated that autoimmunity 1o this
region could not be risked. ﬂ;us,'sclcclive prcssurcskmay have climinated such anti-sclf .
spccil‘;cilics from the gcr'mli‘xllc rcpcrloiré. .

In collaboration with Klinman's group, the cellular dasis of the apparent sclf tolerance
to the majority -of autologous cylochrome ¢ determinants was investigated using the splenic
focus assay (Jemmerson et al, 1982).' Allowing mig precursors to develop in the presence-of -
BGG coupled cytochrome ¢ and BGG specific help (Signals 1+ 2) prevented rcperloxrc purging
of anti-sclf specificities. B LC“S maturmg in 1;115 environment contained considerably more
an}i-aulologops cytochrome ¢ specificities than alrcady mature B cells subjected 10 the same:
cnvironmem.

These provocative studies suggest 1wo “diffcrcm means of establishing tolerance to self
anagcﬁs, one evoluliénary and l~hcreforc inherited, aﬂd the other dcvclopmc'mal, and lhcrcforc
a;quired. .

Y Contrary to the conpluéions supported by the .above studies, there are reports of namral
tolerance 10 self -antigens being mainléined only at the T cell icvel, with no cvidc.ncc for
physical or I"unclionai deletion of B cells, Studies by Borcl's'group (Ha;ris et al, 1982),
perhaps more physxologltal than lhc Jemmerson studies, exammcd lhc status of T and B cells to
an aulologous serum protem (the fifth complement componcm CS) without dchbcratcly
immunizing against it. Two congenic strains (_)f mrce wcrc ‘used, onge genetically deficient in CS,

and the other, nofmal. When cells from the C5 deficient strain were adoptively transferred to
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ti](: normal strain, anti-CS anlibodicé were readily detectable. Conversely, cells from normal

animals wege lolcranlc;o C5 when challenged in C5 deficient hosts. It was further determined

that only the T cells from the normal animals wete tolerant, since normal B cells formed

R anti-CS antibodies in the presence of nontolerant T cells from the C5 dc“ficicnt Strain. Nossal
(1983) has criticized these studies on thc’ba'sis of the large numbers of cells adoptively
lran_sfcrrg-d a‘nd the relatively low dose of irradiation used on the .adoptive hosts. However, as
Nossal says, "laken[al face value, the results provide another cxample of a monovalent antigen
not leading to B cell tolerance” (Nossal’, 1983).

Ti)e F cytoplasmic liver protein (MW 40,000) also fails to provide evidence for self
tolerance at the B cell Igvel. The F protein is polymorphic, and immunization of an F* strain
with F? often results in the production of autoantibody (Iverson and Lindenmann, 1972). This
is possibly an cxample of a B cell specific for self determinants being triggerred by a T cell
lspcciﬁc for forcign dcterminants on the same molecule. Clonal abortionists/deletionists may
argue that the molecule is present in serum concentrations too low to allow for an
cpilope-receptor ihlerac£ion of sufficient avidilyvx‘o tolerize F specific B cells (Nossal, 1983).
lfurthcrm;)rc_ clonal abor(i-on/delclion may be opcrative at the T ccll lev.el, since T cells
proliferated to syngeneic splenic adherent cells pulgcd with the alloggricic but not the syngeneic

-form of the antigen (Sunshine er a/, 1982).

The above discussion provides evidence l‘)o‘th for and aga.insl deletional mechanisms as a
means of purging the B c:ell repertoire of anti-self reaéﬁvilies. Many more experimental studies
wil‘h aulheymic self artigens must. be performed before'definite conclusions can be ‘made.

.

However, since most self antigens are monovalent and present in very low serum
4 B N /

' concentrations, deletion would not seem favoured as the major mechanism for effecting B cell
tolerance. lnﬁsmuch as the antibody répcrtdire is highly degcneralcl,v wi'despréad purging of
anti-sclf reactivitics would concomitantly decrease the available repertoire for f o}cign antigens ,
(Nossal, 1983). Moreox"er, ‘the extreme helerogenéily of self -antigens uwitt.l respect to size,

valency, concentration, and anatomical location, would scem to necessitiate multiple strategies:
o - .

‘and failsafe mechanisms for the establishment and maintenance of self tolerance. That. one
- . ¢
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all-encompassing mechanism protects us from horror autotoxicus is now regarded as naive and
simplistic, especially in view of the myriad of interacting cell types and lymphokines itnvolved in

immune induction and the complex immunoregulatory systems which have been deséribed.

RS

i ’ 4 .
D). Accessory Cells in B Cell Tolerange’

Insofar as deletional theories of B cell tolerance propose that the direct interaction of
antigen and B cells is tolerogenic, Mitchell and Nossal's observation (1964) that the RES of
young animals, in conlraél to their adult counterparts, failed to sequester-'**1-POL. in lymphoid
fo‘lliclesl would appear to ascribe a pivotal role in tolerance induction to the RES. That A cells
from young animals are functionally immalurp was confirmed by’!‘vKarlhigasu et al (1965) and

,andahl (1976). Clonal deletion/abortion could, therefore, be al"‘ conscqucncc of the inherent
sensitivity of immature B cells 1o negative slgnallmg deficient A cell function facilitating direct

anllgcn—B cell encounters, or a combination of both. A cell immaturity alone (Landahl, 1976)

-

Qr‘in conjunction with hilgh T, activity (Argyris, 1984) have ll;us been suggested as the cause of
both the poor immunologic responsiveness and susceptibility to tolerance induction observed in
young animals.
| Influcnce of the RES on tolerance in;jduclion in adult animals has also been reported.
Studies by Frei et a[.(l965) indicated that ""biofiltration” of BGG through animals removed
onl.y the immunogenic material; antigen recovered from the sc.rum (ie., antigen which had not
bceﬁ sequestered in lymphoid organs by the RES) was shown to be highly tolerogenic upon
transfer to naive recipients. . The authors sb’eculaledv that antigen must be phégocyloscd to be
immunogenic;. that. which is not suscc;ﬁiblc 10 phagocytosis wauld bé"lolcrogcnic. A similar
vsu-ggeslion was mvadc by Gly;m and Holborow (1965).‘ In support of this concept, Mosier
(1975 1976) found that A cell prescntcd DNP-D-(G I.) was nontolcrogenic’ compared to the
‘ soluble f orm and Pillai and Scott (1981) obscrved that the addition of M@ abrogalcd tolerogen
mediated growlh inhibition of B cell colonies. Nachugal et al (1968) suggcslcd lhal the dclaycd

restoration of A cell function rendered 12 week post-irradiation ammals susceptible to tolerance

induction. Thus, antigen pulsed ‘A cells restored immunecompetence in irradiated ahimals

-
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(Gallily and Feldman, 1966, 1967) which had undergone lymphoid repopulation, but were still
tolerance susceptible (Nachtigal ef al, 19'68)..' At variance with the results of Nachtigal et af
(1968) and Frei et a/ (1965), Howard and Siskind (1969) found persisting extracellular
pncumococcal polysaccharide to be highly immunogenic. However, the determination of the
balance between induction and tolc;ancc by the RE$ may depend on both the particular
properties of the antigen, and op the heterogeneity of - A cells, sin_cc (}iffcrenl A cell subsets
have different fur\iclional capabilities (Lee, 1980; Guidos er al, 1984). 5/

Humphrey demonsfraled in 1981 that different patterns of antigen localization by the
RES, likely dependent upon the physical pr.opertics of an antigen, were correlated with
different functional consequences‘ for the immune system. The tolerogenic propéru’es and
cellular localization pauefns of a variety of TI natural and synthetic hablen-polysaccharide

conjugates were determined. Interestingly, the tolerogenic conjugates were trapped

" predominantly in M@ of the splenic red pulp, whereas immunogenic conjugates were localized

primariiy in the marginal zone M@ of the splenic white pulp. Others have also provided
evidence that antigens localized in vévo in red pulp M@ are pqorly immunogenic (Joshua et al,
1980). Moreover, marginal zone M@ aré situated in areas of B cell traffic and B cells adhere lo‘\\.
marginal 7.6nc M@ in vitro (Humphrey, 1980), lcad'ing to the suggestion that antigen t’rapping‘
by marginal zone M@ leads to immunity, whereas trapping by red pulp M@ does not.-
Tolerance may thus lresult from the direct interaction of B cells with peréisting free antigen

which has failed to become localized by stimulatory marginal zone M@, and/or has been

‘localized by nonstimulatory red pulp M@. The exact mechanism of selective localization of

polysaccharide antigens remains unknown, however the neutral polysaccharides being more

immunogenic and the acidic polysaccharides tolerogenic. These results provide an example

‘ whereby differential handling of antigen by the RES, a carrier determined property, determines

" .the balance between immunity and tolerance in hapten specific B cells.

' An extensive series of studies by Leskowitiz and colleagues indicated that strain specific
variations in susceptibility to BGG induced tolerance .may “also be the result of differential

antigen handling by the RES. ‘A similar conclusion was reached by Fujwara and Cinader -
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(1974) from their study on resistance 10 rabbit .gamma globulin induced tolerance in S(}I mice.
Golub and Weigle (1969) first noted that, in contrast to DBA/2 mice, BAL B/c mice were
relatively resistant to BGG induced tolerance. prcver, lLukic and Leskowitz (1974)
demonstraled that carrageenan, which is preferentially cytotoxic for M@, d\cstroycd t‘his
resistance in BALB/c mice. I\:iorelef:r, radialiop chimeras made between the two st;ains
béhaved like the host with respect to tolerance sensitivity (Das and Leskowitz, 1974). These
conclusions were extended by lukic er al (1975) and Cowing et al (1977), who showed that
sensitivity to BGG induced tolerance could be decrecased by M@ activation én vivo. and fha[
BALB/c, but not DBA/Z, SAC ‘could render BGG capable Qf inducing tolerance in BALB/¢
mice. This wagn in vitro biofiltrauion technique analgouS‘ 1o the in vivo biofiltration studies of .
i;rei et al (1965). Cowing et al (1979) ull'imalcl)} ascribed this strain specific difference in M@
function to the presence, on BALB/c M@ only, of Fe¢ receptors for the IgG, subclass of HGG,
which displayed strain specific tolerogenic properties simifar to BGG. Thus, the relative
inefficiency of DBA/2 M@ in 1aking up hetcrologoué gam}na globulins supports the model of
Frei et al (1965) purporting that antigens not susceptible to phagocytosis are tolerogenic.
However, in view of the fact that ’lgu's effect appears to be ’Fc mediated, the general
applicability of this mddcl of tolerance must bfe considered cautiously.

]

Contrary to the Leskotitz et al phenomenon just described, Phipps and Scott (1983)
have more recently reported .[)hal tolerance induction to FLU-sheep gamma globulin (SGG)
coﬁjugates was 10 times rr_/lére effective in the prcsencé of tolerogen pulsed A cells. T;hc
protocol involved preculturing-$pteen cells wilh normal or tolerogen pulsed A\. cclls for 24 hr ~
prior to a 3 dag culturc with FLU-Ba or FI U-POL. A cell mduwd tolerance was T cell:
independent, not MHC restricted, and relatively hapten specxfxc A cell populations rlch in la
cells could induce lolerance, as could LPS shu'mulated A cclls. LPS stimulation prcsumably
increased A cell‘ secretibﬁ of IL-1. " The fact that A cell induced tolerance 'was only observed
with gamma&lobulm tolerogens makes this study sub]ecl to the same criticisms raxscd carller .

In fact, A cells abrogated the lolerogemc capacity of FLU- D(G L), in agrecmcm with prevxous_

results(Mos:er 1975 1976)
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A potentially interesting aspect of this work pertai;xs 1o the differential effects obtained
when Vva;’ous M@-like and dendritic cell (DC)-like tﬁmor lines were assessed for their
tolerogenic capacity. In contrast to peritoneal A cells, P388AD.2, a DC-like line (Cohen .and
Kaplan, 1981) enhanced, rather than diminished, the FLU specific AFC response. This
enhancement was mediated by an MHC restricted interaction between P388AD).2 and Thy-1°,
Lyt-2* T cells which exerted their effect only during the preculture phase of the experiment,
since subsequent T cell deplelioh had no effect (Phipps er af, 1984). Examinélnion of a number
of cloned M@-like and DC-like tumor lines for this enhancing activity showed lh‘allonly‘ la-
clones were functional, and Fc receptor expression was not a requirement, The authors felt
that this mitigated against Fc receptor mediated uptake of antigen as beiné responsible for their
results. Howcver, this can only be said of the enhancement pheriomenon. In terms of
tolerance i’nduction, only FcTR' cells (peri[oﬁeéf M(Z) and J774.5Rl) were capable of presenting
FIL.U-SGG in a lolcregenic fashion (Phipps and Scott, 1983; Phipps et al, 1984). Thus, whi}e
the significance and the mechanism of the enhancement phenomenon remain unclear, the
greater efficiency of tolerance induction in the presence of FcR" A celis could siinply be due to
presentation of a locally high concentration of antigen in a multivalent array, thus favoring
tolerance over immunity (Feldmann, 1972b).

Diencr et al (1976) have reporled lh;;l A cells can determine the _ba]gnce between
tolerance and immunity to a non-g’?ﬁma globulin tolerogen. Tolerance induced 10 hﬁgh
concentations of POL fn vitro was "broken" if A ucells were added for 12 hours prior to
immunogenic challenge. Only A cells whiﬁh had been unpul;ed, or pulsed.with immunogenic
concentratioris of POL, could break tolerz;nce A cells incubated with a tolero"genic dose of
POL failed to ‘break tolerance but still Tunctioned normally in the in vitro AFC response to
sheep red blood ‘ cells (SRBC) Thus, the A cells were not generally compromlsed The
apparent specnf icity of A cells in this system is dlfflcull to explam ‘Taken at face value, the

v -

resulls appear to indicate that A cells pulsed wn(h tolerogemc concem(anons of POL somehow
s

fail to interact with tolerogen pulsed B cells in an effective manner. A direct A cell-B cell '

é ’

~ interaction in'the response to POL, while not proven, is at least consistent wuh ‘the
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dér/n/onstrated T cell independence (Diener er a/, 1971) and A cell dependence (l,ée et al, 1976)
of this response. These results will be further considered in’ the light of data to be presented in
this thesis, which also bear on the antigen specific participation of A cells in Tl B cell tolerance.
Another example of antigen specific failure of A cells from tolerant mice was recently
reported by Biasi er a/ (1983). In this system, A cells from mice neonatally tolerized to
Moloney murine leukemia virus weTe selectively sdefective in promoting in vitro generation of
virus specific, but not allo specific, cytotoxic ’Lymphocykes in A cell deficient spleen cells.
After neonatal virus infection, the A cell progenitors became productively infected and prpviral'
DNA was inherited by the progeény of infected A cells. Thus, virally encoded antigens could be
detected on the A cell surface. The aulhors. suggested that since the "foreign" viral |
_‘delerminams were encoded by viral DNA within the A cell DI;JA, lii.cy may not be processed in
the same manner as an extrinsic foreign antigen. This raisés the possibility that A cclis may,
under some circumstances, distinguish between sclf and nonself proteins, and process only the
latter. lndecci, Raff (1982) suggested that this may be neccssg'ry to prevent the saturation i)f A
“cells by sélf molecules. Hoiﬂevcr,‘ such discriminaloiy capabilitics have not yet been
demonstrated for A cells. The idea that A cells require "antigen specific lymphocyte¢ products
(eg. antibody or T cell factors) to rccognize foreign antigens (Raff, 1982) is untenable;
. hoinogeneous A cell lin;:s; take up foreign antigens efficiently in the absence .of l‘ymphocytc;
Furthermore, the apparent discrimination by A cells between self and foreign antigens rcporled'-
by Biasi ét al (1983) may be -a special ciase since A cells did not distinguish between sclf aiid

- nonself fo_rrhs of serum F glycoprotein (Czitrom et-al, 1981).

A role for Md or A ceils has also been s_uggested in amibociy or immune-complex
" mediated supp’réésion. Pierce (l9i>9b) reported that anlibociy vdid_noi’ directly suﬁprcss 8 cells;
rather, it neutralized the antigen at the macrophage dependent phé/sc of ihc responsc.
- Haughton arid A_ila.lms (1970) rca‘ched;a"similar g_oncl&sion. A'b'rahams et al (1973) found lhal\
M@ were rc.quired { orimmu‘ne éoiiii)lex suppression, ~zinc! Hutchinson anq Zola (1978) proposed
-that Aimmun‘e com_pl'g'x inhibition in vive may bg‘ the resuit of opsqniza‘libn of B cells leading to.

their phagocytosis and destruction by M@ (reviewed in Hutchinson, 1980). Miranda et -al
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(1972) similarly postulated that B cells "blocked™ with persisting antigen may be vulnerable to
. »
o 1
phagocytosis by M@, . :

In addition to direct M@-B cell interactions in the induction of tolerance, M@ have also
.bccn implicated as modulators of T, mediated unresponsiveness. In the latter case, the
preferential stimulation of T, in genctic nonrcgpondcrs to the synthetic antigen Glu""%”’]‘yr”’
{GAT) can be circumvented by immunization with 'M(Z) associated GAT, rather than soluble
- GAT (Kapp et al, 1975; reviewed in }’ic‘rcc, 1980). Thus, the mode of antigen presentation to
.T cells (soluble vs M@ assotiated) may be a major factor in controlling the balance betwen Th
and T . .

The fl;nclion of M@ in mediating nonspcéiﬁc T cell{suppression 1s well characterized.
Such suppression is cffqélcd by soluble immune rcspoqsc suppressor factor (SIRS) producgd by
Con A or interferon activated murine Ly-2° T cells (Aune énd Pierce, 1981a; Aune ér al, 1983).
Al least two molccula; specics of this factor exist - S]RS—a and SIRS-B, having molecular
weights of 14,000 and 21,000.daltons respect_i‘vely (ALine er al, 1983). Consistent with this, two
. separate poly-A- fnRNA species were idemifiéd which were translal(,iéd in vitro into two forms.
of SIRS (Nowowicjski-Wieder et a/, 1984). More recently, additional isoforms of ‘SIRS-a have
been identified (Webb er al, 1985). The biological activity-of SIRS is dcpendent ,.upon M@
{(Tadakuma and Pievrce, 1976) to convert it to an gct‘ive fqrm (SIRSOQ {(Aune and Pierce,
1981a,b). possibly by an H.O, dependent mechanism, since H,O,‘ treated SIRS is also
biologically acli\/c (Aune and Piercc;, 198}c). SIRSOX‘inhibits mitogen induced proliferétion in.
B-and T cells, in vitro AFC respo‘nses, and the division of tumor cells (Aune and-Pierce,
'1981b). The inhibitory effects of SIRS ), can-be reversed by rgducing'agenls, suggesting that it
may be an oxidizing agent (Aune and Pierce, 1981b,c). Recent studies ha‘v_e revealed that

[

SIRS inhibits microtubule funciioﬁs,.necessary for cell division (Irons et al, 1984). HoWe_;ver,

growth factors, such as IL.-1, I'L-Z“ and epidermal growth f actd:,- reversed this inhib_ilion (Aune,

.

1985).



- II. Development of the Research Program

Owing 1o the difficu\lly of inducihg experimental tolerance (o extrinsic amigcns\in adult
) animals, immunologists have relied hcavily on particular tolerogens selected for their cfficiency
in this regard. Wpile this approach has led to the formulation of sevcral' theorics oti
self -nonself discrimination, the relevfance of unresponsiveness to model lolcrogéns as a
reflection of‘ natural mechamisms of self tolerance has never been firndy cstablished. tor
example, the voluminous lileratt;re supporting clonal deletion/abortion ,as the mccha;nism of B
cell self -nonself discriminalu’on is based almost entirely on cxperiments using gamma globu'h"n
carriers \induce hapten specific lQlera'nc“c. However, the Fc dependence of gamma glbbulin
induced tolerance is difficult to reconcile with the notion that only epitope-Ig receptor
in{craclions are germane in (olerance by clonal deletion/abortion. Morcover, the cxis(éncc of
Fc dependent negative feedback regulation of immunoglobulin production by intcractions with
.

‘B cell Fe receptors considerably complicates interpretations of experiments utilizing gamma
globulins as model tolerogens. '

Because the g ncral,applicabilily' of tolerance by gamma globulin induced cloﬁal
deletion/abortion is limited, for many years Diencr's laboratory has used several different
lo]crogeﬁs to uncover alterhate mechanisms of B cell unresponsiveness. Such investigation has
illuminated the importance of the carrier molecule in détcrmining the mechanism of tolerance.
In 19’}9, two completely nonimmunogenic carriers were shown to be ca_pablc of inducing
profound B cell tolerance. Carboxymethyl cellulose (CMC, MW 200,000) and mecthyl celiulose
”(MC_ MW 86,000) ’are polymeric carbohydrates consisting of glucopyranoside rings joincd‘;‘in B
1:4 glycosidic iin'kages (Figure 1). The tolerance induced by haplen-CMC/MC conjugates wés
‘shown to be haplena specific, long lastiné, and T cell independent, yet carrier dependent (Diner

et al, 1979; Diener et al, 1981, von Borstel ef al, 1983). Thus, the CMC/MC mediated

unrésponsiveness appeared to be effected by, a novel mechanism.

'

Based on the observations that 1) A cells determine the balance between immunity and

tolerance to POL (Diencr et al, f§76), and, 2) CMC/MC tolerance is carrier dependent, T cell

-4
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Figure 1. Chemical structures of CMC and MC tolerogens.
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independent (as shqwn by studies using T cell deficient nu/nu and adult thymectomized,
irradiated, fetal liver rcponsliluled mice, and celiular mixing experiments), ihc studies initdally
undertaken in this thesis were designed 1o investigate the possible ;oie of adherent accessory
(A) cells in B cell 1olerance inauced by hapten-CMC/MC conjugates. To avdid the potentially
complicating influences of A cell-T cell interactions. an A cell{-dependent, T celt independent
(T1) system of in virrb B cell triggering was employed (Figure 2). |

S;udies presented in Chapter IV revealed that A cells from hapten-CMC/MC tolerant
mice are hapten specifically deficient in reconstitutin{g immunocompetence .in A cell deficient
spleen cells. Moreover, the induction of tolerance by hapteniMC in"vitro was found to be
crititally dependent upon the presence of A cells. In order to investigate possible mechanisms
of A cell participation in the induction of hapten _spccifig\unrcsponsivcncss', the precise
functions of A cells in our TI'B cell activation system were assesscd.. Thcrcfore_. smqics,

designed to elucidate the exact nature of A cell participation in TI B ccll activation form Jthe

o

basis of Chapjer V. _ d

The cellular and molecular basis of A cell function in T cell aui—'vaﬁon'is rclatively well

[

understood. In response to most antigens, T cells recognize processed antigen in association

~with MHC molecules on the surface of A cells. Furthermore, A cell derived 1L-1 has been

e

4

shown to provide a nccessary activation signal to T cells in some systems. There have been

) . ¢ . : ' Yo
suggestions that A cells mediate identical function®in T cell activation and TI B cell activation,

due to the dependence of the latter on nonspecific T cell derived factors. How{cv'cr_ the studies

presented in 'Chapte'r V suggest that 1L-1 secretion by A cells is their only cséghtia-i function m

TI B cell activatign. The interpretation. of these studies was greatly facilitated by two. recent -
qn- The interpretatio : itated by two recent

laboratory, and pure tecombinant IL-1, kindlyApro\vided»by Dr. - Peter L_omcdfé’o (Hoffmian - '

LaRoche) allowed A cell function in TI B cell résponses to be ‘ungﬁ;n‘bigudbsly ascribed to IL-1

o ﬂ: o

A cells' mediate thapten specific B cell unresponsiveness. These studies form t_h'e,::lg_a‘sis'-.of' L

Chapter' VI.

secretion. -This important finding enabled us to begin the investigation of mechanisms by which T

.

lechnblogical. advances. DSI serum-free culture medium, “dcve)dpcd in Dr. ,,I)icncr,v"sl.' '
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III. Materials and Methods
(,,L\ . (‘“_I

The protocols described in this chapter were used throughout this thesis. Mecthods

* which wére used only in a particular study will be destribed in the Materials and Methods

section of the relevant chapter.
Mice. CBA/Cal (H-2%), DBA/2 (H-2°%). and CS7BL/10 (H-2%) micc. & 1o 12 wk old

were obtained from the Ellerslie Srriall Animal Farm, University of Alberta, Fdmonton, Alta.
" Antigens. Brzféella abgrtus (Ba) organisms were obtained from National Vclcrinary

<

Service Lab., 1OQ. Trinitrophenyl (.TNP) conjugates of Ba were prepared as follows. Forty mg

+of trinitrobenzéne sulfonic acid (TNBS, Sigma Chemical Co., St. Louis, MO) were dissolved in

4 ml of 4% NaHCO',, pH 9.5, and added at once to 4 ml of a suspension of 1.4 x 100

\ of sterile saline. Conjugates_ of FLU-Ba weré prepared in the following manner. Jwenty mg

of fluorescein isothiocyanate (FlTC_) (tsomer 1, Sigma Chemical Co., St. Louis, MO) wcre _‘

dissolved in 6 ml of 0.05 M HCO",; pH 9.5, and the solution filtered through-a 0.22 uwm
s

illipore filter (Milliggre Corp|™Bedford, MA). Four ml of a suspension of 1.4 x 10"

\
bacteria/ml were added at once ¢ ithe FLU solution and the rcsulung mixture was allowed to

react al room {emp,raturc for 1 hr.

)

The organisms were then washed 3 umes and resuspended

. in4 ml of sterile saline. s

7

To prepare TNP LPS, 30 mg Salmone/[a typhosa 0901 lPS (Difco Laboraloncs .

" Detroit, MI) dissolved in 5 ml 01 M Na,CO; (pH 9.0) were admixcd with 30 mg TNBS

N

dissolved in'3 ml of water. The reacmon was allowed to proceed pvermght at 4" C, aflcr which
" the ‘solution was dlalyzed extens;ve]y against water. The conjugation ratio was dcxcrmmcd by

‘o

- dry weight determnauon and the absorpuon at 360 nm.

-—

The preparation of TNP ficoll and TNP -dextran has been descnbcd clscwhcrc (l}mcr

et.al, 1979) :

Spleen Cell Suspenswns Mice were-kivllcd by’cervi’czil dislocétion 'a'nd their 'splccns'-

: removed into p‘wsphate buffered salme (PBS) supplememcd with 10% volumc/volume (v/v) .

«

bacteria/ml in saline. After 1 hr, the organisms were washed 3 times and resuspended in 4 ml,
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fetal calf serum (FCS) ("Rehatuin”, Reheis Chemical ‘Co.,” Phoenix, AZ). Spleen cell
suspensions were obtained by gently squeezing the tissue bciwcen [weezers in ‘ RPMI 1640
medium (Gibco Laporatories, Grand Island. NY) containing 5% FCS under stcrillc conditions.
Debris was rcrﬁoch by scdig;g;gl\'(ilion at 1 g for 10 min after which the cells were ccmr\ifu‘ged al
400 g for 7.5 min a'rl;l rc@pcndcd 11 RPMI containing 10% +CS and 5 x- 10 ° M 2-ME, ot DSI
scruni free medium (éuadralogic Co.. Vancouver, B.C.) where indicated.

Depletion of Adherent Accessory ( A) Cells. Fif(y. million spleen cells in 5 ml of RPMI
supplemented with 10% FCS and 5 ‘x 10 *-M 2-ME were fractionated into adhcrent and

" .nonadherent (NA) subpopulations by'incubalion for 1 hr ir/] Falcon 3003 tissue culture dishes at
37 Cin a 10% CO,/air atmospherc” NA spleen cells were transferted to a new dish and the
pr()ccdgifc Jwas repeated twice; whercupon the NA cells were washed, resuspchdcd in medium,
and copn;cd. %

Peritoneal Accessory Cells ( PAC ). Cells were harvested frém the pcrilon;:al cavity of
normal or tolcrant mice according 1o the lcchnidue of van Furth and Cehn (1968). Mice were
killed by gentle cervical dislocation to avoid gonlamihalibn of lhcA periloncal cavity with blood.
After pecling back the fur to expose the abdomen, 3 ml of PBS containing’ 5% FCS were
injcclcd into the peritoncal cavily using a syringe with a 26 gauge x 1/2 in needle. Follov:;ng»
‘gcmlc massage of the abdomen 1o ensurc adequate lavage of the perilon'curri, the fluid was
.rcmovcd by insecrting a Pasteur pipette imb a liny hole‘ cut into the peritoneal wall. Cells were
ceritrifuged at-450 g for 7 min at 4 C aﬁd resuspended in 5 ml PBS containing 5% FCS prior t¢
irradiation. . » |
. Splenic Accessory Cells ZSAC). Splen.ic A cells were obtained after.the fi;s,l incubation

of the Depletion of Adherent Accessory Cells procedure. Adherent cells were harvested frofh

the plate using a rubb;:f policeman, after which they were washed and rcéuspend‘tad in ’PBS
. { | .

containing 5% FCS prior to irradiation ' i o * . a
. . B . ’ .. .
\\‘ . Irradiation of Accessory Cells. All accessory cells were y-irradiated with 1500 rad in a

'Gamma ch'l 40" 1'Cs. source (Atomic Energy of Canada Limited, Ottawa, Ont.). For

jrradiation, cells ‘were_suspended in PBS or RPMI with 5% FCS without 2-ME. Fdllowinlg
A - € ,
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irradiation, cells were centrifuged at 450 g for 7 min at 4" C and resuspended in the appropriate
ﬁcdium for tssue culture.
| Cell Counts. Tﬁ?éjmodificd Ncubauc'r hemocytometer (American Oplical-ﬁnc., BuH*uqlo,
.'I\;Y) was used for all cell coun;s. Viability was determined by the ecosin dye exclusion lest
(Hanks and Wallace, 1958). , |
In Vitro Antibody Forming Cell Responses. Onc million viable unfractionaled or NA
spleen cells I"rom normal-or tolerant mice w\é'r&c.ullurcd with the various Tl antigens at the
‘ ind—icalcd’ concentrations m flat-bottomed, 96 well lLiobro tissue culwire plates (Flow
Il‘aboralories_ Toronto, Ont.) in a volume of (.3 ml mcd‘ium.‘ Tissue cu_llurc medium was ci(hg"r
RPMI containing 10% FCS and 5 x 10 * 2-MFE or DSI serum-free medium as indicated in gggh
chapter. Cultures were incubated for 4 days at 37° Cina 10% C Q,/air almosphgrc To .pﬁrcv'parc
cultures for cnumeration of AFC, plates were centrifuged at 450 g for 7 min at 4 (. 'H;c
mediurn was replaced with 0.2 mli Mishell- Dutton balanced salt solution (MIDBSS) (Mishcil and
Dutton, 1967), whereupon the cemrifugaliofi step was repeated. The cells were then
resuspehécd in,0.1 ml MDBSS prior to the anlibody forming cell assay.
Antibody I-ormmg Cell Assay I'ollomng In Vitro Challenge. The number of direct IgM
AFC, were determined by the Jcrnc plaque assay (Jerne and Nordin jf%}) as modified by
Cunningham and Szenberg (1968), using TNP_Qr k’l,U conjugated SRB(, as largets. Bng{ly. .
0.05 m! of haptenated SR>BC targets (10%, \“?/v) pl.us 0.05 m! of guinca pig complcnicm <)
(Flow Laboratariés, Inglewo;)d, CA) dilulg‘jcd 10 umes in MbBSS were added to cach well
containing splecn cells in 0.1 ml MDBSS, /és described above. After thorough mixing, (.05 ml
of the mixl.ur,c waé transferred. into double-walled slide chambers wh}ich were then scaled with
wa)g. Slidés 'wcrc\ incubated at 377 C for 45-60 min prior 1o counting plaqucsl und'cr' a
slercéscopic dissecting microscope (American Optical, Inc., Buffalo, NY) Results are
(expressed as the mean % standard deviation (SD) of Qmmupﬁcalc culturc; pcr 10 splccn cclls
w»

Thc numbers of AFC in cultures without anugens were always less than 20, and ha\(c bccn

“subtracted from all ¢xperimental groups.
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Huﬁtenalzon of SRBC. SRBC in Alscver's solution were purchased fromv Morse
Bio]ogk"al Supplies, Edmonton, Alta., and stored at 4° C for no longer than 2 wk. Cells were
washed 3 times in saline conlainihg 1% Ca’* and 1% Mg?** prior to haptenation.

To prepare TNP-SRBC (Hudson and Hay, 1976), 1.0 ml packed, washed SRBC was.
added to 30 mg TNBS dissolved in. 10 ml‘ cacodylate b.uffcr (pH 9.5). After 10-12 min at room
(cnl;)cr;xlurc, 30 mg glycy'lglyc'inc (Sigma Chemical Co., St. Louis, MQO) dissolved in 35 m! PBS
con@n’ing 1% Ca’ and 1% Mg?", were mixed with the SRBC solution. After 5 mi;) al room
temperature (in the dark), the cells were washed extensively (4-5 times) with saline, until the
supernatant was éonl;;]clcly clear. After the last wash, ihc cells were suspended in MIDBSS
such that the final concentration of WSC was 10% v/v.

To prepare FLLU-SRBC (Scott, 1980), lvO mg FITC vwcrc dissolved in § nﬂ of 0.05 M
bicarbonate buffer (pH 9.5). The slightly turbid solution was filtered through a millipore [ilter
(diamter 0.22 ym) and mixed with 0.5 ml packed, washed SRBC. After 30 min al room
temperature ,(in the dark), 40 ml of PBS were added and the cells were washed 4-5 times. until
tha supernatant was c.omplcmly clear. The cells were suspended in MIDBSS after the last wash,

10 a linal concentration of 10% SRBC v/v. . -



IV. Antigen Specific Failure of Accessory Cells From Tolerant Mice to Reconstitute
Immunocompetence in Accessory Cell Deficient Spleen Cells

A. Introduction )
B cell tolerance is commonly defined as the functional deletion of immunocompetent
cells by the direct binding of an antigen at a suf(liciently high concentration and with sufficient
P
affinity to surface Ig receptors. In disagrecment with this notion are obscrvations which
indicate that the control of tolerance, be it induced by clonal deletion or. maintained by active
suppression, is largely determined by the mol'céula'r naturc of the antigen :;md less so by cpitope
affinitics or degrees of immunogenicity (Diner ef af/, 1979; Wawkrs and Dicner, 1983). For
example, hapten specific loleranc’c may be induced in neonatal mice Wil-h hapl(cn derivatives of
HGG or BSA, yet clonal analysis revealed that deletion of immunocompetent B cells is induced
by -hapten derivatized HGG only. Unrcsponsivcness in mige treated from birth with haplc‘n
derivatized BSA was shown (o belduc to carrier spcdﬁc suppressor T cells in the prcscﬁcc of an
undiminished clonc' size of hapten specific B cells (Waters and Dicner, 8)983). Hapten
derivatives of CMC and MC, which inéjucc profound hapten spcci;fic lolcrahc;' in both adult
and nconatal mice, provide examples of carrier related, yet T suppressor cell independent
“toletogens (Diner e al, 1979; von Borstel er al, 1983). Upon approplmalc chemiical alteration of
the carriers,- these conjugal'es are no longer capable of inducing tolcrance regardless of the
ontogenic stage of the animal, even though such alteration does not reduce the conjugates’
binding avidity for cither free hapien specific amibodyﬁor hapten binding B cclls (von Borstel et

A
al, 1983).

. The ;)rescm study_is concerned with the analysis at the cellular level of the mechanisms
by which hapten derivati;ed CMC or MC induce hapten spécific l(;lcrancc. We rcpurt that
tolerance to these nonimmunogenic cbnjugatcs is controlled by raQiorcsislant A cclls conlafﬁcd
in the spleen or peritoneal fluid of normal nllicc. Restoration of_'immundcompclcncc in A ccll
‘d_cpleted splgen cells is possible only with A cells from the peritoncal cavity or the spleen of

nontolerant mice. Moreover, thé inability of A cells from  tolerant animals to restore

immuncompetence was found to be specific_only for the hapten to which tolerance was

54. .
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- .

induced. This complements and extends earlier work from this laboratory which demonstrated

‘< ‘
for the first time the control by A cells of in vitro induced tolerance to POL. (Diener ef af, 1976,

1977). .

B. Materials and Methods

Antigens. TNP-Ba and F1.U-Ba were prcpa,rcd as described in Chapter 111. Cultures
were chAllcngcd with 14 x 10* TNP-or FF1.U-Ba organisms.

Tolerogens. CMC (medium viscosity), MC (4000 centipoises), TNP-lysine, and’
cyanogen bro-rnidey (CNBr) were purchased from Sigma Chemical Co., St. Louis, MO).

:fo prcpar%: TNP-CMC, 300 mg ef CMC were transformed into the aminoexhy]-
derivative as previously described (Diner et al, 1979). Twenty percent Na,CO, in H,0 was
added dropwise to 35 ml (4 mg/ml) of this derivative until the pH reached 9.5, after which
5 mg of TNBS or FITC in 5 ml H,0 were added at orllcc.. The pH was adjusted to 9.5, and the
+ reaction mixture left overnight at room lerﬁpcralure. The intensely yellow solution was then
dialyzed exl¢n§gély against H,O‘for 2 days. The ratio of TNP or FLU per 100,000 daltons of
CMC was églcblaicd by dry wcight determination and the absorption at 360 nm and 495 nm,
‘ rcspcclivcly;.

_To prcpérc TNP-MC, 300 mg MC \:vcre allowed to dissolve in 40 ml H,0 overnight,
after which 100 mg CNBr in 10 ml Na,CO, were added over 15 min with constant stirring. The

pH of tﬁc solution was kept between 10.5 and 11.0 for 30 min by dropwiseladdition of 0.1 N
'NaOH. Na,CO, was then added to the solution to a final concentration of 0.1 N. Then, 15 mg
of TNP lysine dlssolved in 5 m! Na,HCO, were addeéd. The reaction mixture was stirred
ovcrmghl at room temperature, then dialyzed extensively against H,0. The ratio of TﬁP per

\

100 000 daltons MC was calculated by dry welght determmauon and absorpuon at 360 nm. (
\ .
In Vivo Toleranchucuon Adult CBA/CaJ mice were injected iritravenously with>—-—
350 ug/ml TNP-CMC or TNP-MC (3 mlce/group) Aflcr 48 hr, sp]eens and or peritoneal cells

were removed’ f or “culture.
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Purification of Splenic M@. The purification and characterization of splenic M@ was
carried out as described by Guidos er af (1984), and is summarized in Figure 3. Briefly, splcn‘ic
A cells were first cnriched by irradiation and overnight adherence. Viable cells were recovered ‘
the next dz;y by centrifugation over ficoll-hypaque (density 1.09 g/cm’) - after which a M@
enriched (FcR*) fraction was obtained by rosetting for 1 hr at 4° C with IgG coated SRBC,
followed by centrifugation through 56.05% percoll (density 1.08 g7cm’). Routinely, the M@
fraction contained 98% FcR- cells. .

beb/euon of T Cells. Mice were injected 48 hr prior 1o use with 0.04 ml of
anti-thymocyte serum (ATS, M.A. Biop‘roducls, Walkersville, Md.) diluted 1:5. in salinc ’
(lieibson et al, 1981). To deplete Thy-1 and Ly-2 positive cells, no more than 20 x 10* cells
were suspended in 1 ml of Leibowitz medium contatning 0.1%,. gelatin (Gibco [aboratories,
Grand Island, N.Y.). Sx 10* M 2.—ME_ and ’anli-Thy-1.2 and anli-l.y-Z.l.an’tib’odigs (New
England Nuclear, Boston. MA) at the appropriate titres. The cells were kept at {f;' C for
96 min, cenlrifug(‘\d at 400 g for 7.5 min and resuspended in 1 ml of a selected batch of rabbit
serum as a source of C' (Boyse et al, 1970) at a dilution of 1:5 for 45 rﬁin at 37 C. Cells were
then washed 3 times before (urlhcr treatment or culture. This treatment of cells from ATS

treatcd mice routincly killed 80-90% of thymocytes from 4-6 wk old mice, 20-30% of

unfractionated spleen cells and 30-40% of NA spleen cells.

C. Results

!

Failure of A Cells From Tolerant Mice to Restore Immunocompetence of A Cell Depleted Spleen
Cells : ) ’ [ ’

Mice injected ,with the nonimmunogenic hapten derivatives of CMC or MC-are haplcn

specifically tolerant upon c-hal),ehge in vivo or in vitro with a hapten derivatized immunogenic,
E s . .

4

TD or TI carrier '(Diner"gl’ffﬂ/, 1979; von Borstel et al, 1983).. This state of tolerance is not due -
to receptor blockade and is. independent of T cells (Diner et al, 1979). In vicwvof this
observation and an earlier finding thal goler’ance to the polymeric form of the lagellar protein

_-POL is under the control of radioresistant, Thy-1- A cells (Diener el al, 1976, 1977), we have
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aflalyzed the possibility that A cells may also be involved in hapten specific tolerance induced by
hiplen derivatized CMC or MC. NA spleen cells (10° cells/culture) were cultured with

irradiated peritoneal A cells (PAC) from either normal mice or mice that had been rendered

lollcrant to TNP-CMC 48 hr previously. Only PAC from normal mice were capable of .

restoring immunocompetence to TNP-Ba (Figure%). However, PAC from TNP tolecrant mice
were as effective as normal PAC in restoring immunocompetence to a different hapten, FLU
(Figure 4). This raised the possibility that the state of unresponsiveness induced by the

tolerogen may be due to the transient, hapten specific, A cell dependent suppression of

otherwise normal B cells. However, immunocompeténce to TNP in NA ccells from tolerant .

n}icc could not be restored by normal PAC (l*’ig‘_urc 4), indicating that B cells. were indded
tolerant. Furthermore, A cells from tolerant mice were nonfunctional only for the haplén 10
which the mice had been tolerized (Figure 5), thus 'cvonfirming the hapten specificity of the. A
cell defect. A o /

¢

l~or reasons of cenvenience we have used PAC rather than splenic A cells (SAC) to

reconstitute NA spleen LC” cultures. To conflrm that in this syslem, SAC bchave similarly to
N , ,

PAC, NA spleen cclls were reconstituted with SAC from normal or {olerant mice (Figuré 6).

Both were functionally comparable. Thus, we are confiden lhat_;Xperimcnls using PAC as the

reconslituting clements are representative of events occuring in the spleen.’
i <

\

N
\.

Induction of Hapten Specific A Cell Defect /n Vitro o

The prbecce‘ding experiments suggested that the inébilily' of A ccells-from lolcrant’ mice to
mediate immunoéompelcnée in vitfo to the respective hdpten may result from the direct
interaction of these cells with the Lolerogen.’ To assess this bossibilily PAC from n(;rmal micc
were lrradlated premcubated at 4 C for 90 min wnh TNP- MC and’ washcé:'.? limes pnor 10
culturé with NA spleen cells in the presence of TNP Ba or FLU-Ba. PAC Wthh had been

premcubated with TNP-MC failed to restore immunocompetence tp TNP but remained

unaffected in their capacity to restore the FLU specific response (Figure 7). Further, 10

L4

/

"' ascertain whether PAC are req.uiréd‘for the induction of B cell tolérance by TNP-MC, NA - .



/ TOLERANT ' — —

59

. PERITONEAL A CELLS FROM
SPLEEN CELLS NORMAL MICE TNP-TOLERANT MICE

NORMAL -

TOLERANT N A -+ —

TOLERANT N A — 4

0 100 200 300 400

MEAN AFC 2SO0 /10%°CELLS

Figure 4. A cells from toleram/ce fail to reconstitute NA spleen cells. Mice were
rendered tolerant by injection of 300 wg TNPMC iv. 48 hr before removal of

Spleens or PAC for culture. 2 x 10° irradlated PAC from normal or tolerant - mice

~were used to reconstitute NA spleen cells. Cultures were challenged with. TNP-Ba

3 .

- (solid bars) or: FLU-BA (hatched bars).
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Figure 5. " The failure  of .A -cells from tolerant mice to reconstitute
immunocompetence is hapten specific. A cells were obtained 48 hr after i.v.
injection. of 300 g of the tolerogens TNP,CMC #& FLU,CMC. 2 x 10°-irradiated
. PAC from' normal or tolerant micé® were used/to ‘econstitute. NA spleen cells.
Cultures were challenged with TNP-Ba (solid bars) or FLU-Ba (hw.
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SPLENIC A CELLS FIOM\
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"a _ -

N A + —
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Figure 6. Splcmc A cells from tolerant mice faxl to reconsmute ,NA spleen cells.
Mice were reridered tolerant by injection of 300 ug TNP.CMC i.v. before use. 10°
_irradiated SA€ from normal or tolerant mice were used to reconstitute NA spleen
cells. Similar results were observéd with from 25 x 10° to 3 x 10° SAC. Cultures
- were challenged’ with TNP-Ba.
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SPLEEN CELLS PERITONEAL A CELLS
TNP-MC - TNP-MC
UNTREATED TREATED UNTREATED TREATED
WHOLE SPL — — — ’
- WHOLE SAL — —
N A — —_ —
N A . -— + —
N A — —_ .
| | + e
_ N A + —_

0 100 200 300 400
" MEAN AFE®SD /100 CELLS
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Figure 7. Exposure of - PAC to TNP-MC 'in vitro abolishes their capacity .10
reconstitute mmunocompetence in NA spleen cells. Cells were treated with 100 ‘ug/ml
TNPMC at 4 C for 9 min and washed 3 times pnor to culture. 2 x 10°
irradiated untreated or TNP,MC treated PAC were used to reconstitute unucazed or
TNP.MC treated NA ‘spleen cells, Note ‘A significant degree of tolerance is not -
induced in TNP,MC treated NA_ spleen cells ‘(line 6). Cultures were challcnged wxlh
TNP-Ba_(solid bars) or FLU-Ba (hatéﬁed bars).
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spleen cells were incubattd with TNP-MC at 4 C for 90 min, washed, reconstituted with
normal PAC and challenged with TNP-Ba. Such treatment was found to have no effect on B
cell re:ponsiveness to TNP_(Figure 7). In contrast, similar treat'ment of unfractionated spleen
cells abolished B cell responsivencss (o TNP. The above observations suggést that in this
system, B cell tolerance is mediated by A cells.

TNP-MC treatment of PAC did not merely shift the dose-response curr/e of PAC in
this system, since TNP-MC treated ﬂPAC. were unable to restore immunocompetence to TNP-Ba
over a wide range of PAClconcentrations_ (Figure 8). |

To rrgorously test the ‘hapten specrﬁcrty of this phenomenon, normal and TNP-MC
treated spleen cells were simultaneously challenged with TNP-Ba and FLU-Ba in.the same
culture. The results indicate that strong bystander stimulation by FLU-Ba did not reverse or

interfere with the induction of tolerance in TNP specific B cells (Table 1).

To provide direct evidence that A cells, and not other cell types present in PAC or SAC,

are responsible for the induction of tolerance in NA spleen cells by TNP-MC, M@ were

- purified from mouse spleen and their tolerance inducing capébility was assessed. As expected,

pretreatment with TNP-MC completely abolished their capacity to reconstitute NA spleen cells

Hapten Specific A Cell Defect is Independent of -T Cells -

(Table 2). This suggests that M@ represent one type of A cell. which can induce

TNP- MC medrated hapten specrfrc tolerance in NA cells ’

SN

Earlrer work has shown that tolerance induced by the hapten carriers CMC or C Is

mdepen t of T cells. Homozygous nude mice or adult thymectomized, 1rrad1ated and-fetal
s

) e

i % 'txtuted mrce _were as susceptible to tolerance mductton as normal mice (Dmer et a1 ‘

Y LRV
Ll

1979 von Borstel et al, 1983). In addmon mixed cultures of noﬂnal and tolerant spleen cells

yielded no evrdence for the pr¢sence of suppressor T celPs in tolerant. mice (Dmer et al, 1979) '

E]

;The [ ollowing experrments confirm these carlier studtes bv showmg that the inability of PAC '

of rom tolerant mice to reconstrtute 1mmunocoﬁ\petence is 1ndep°ndent of T cells. Rrgorous T

P

cell depletron was accompltshed by ATS treatment in vivo followed by treatment in vttr&’ with a

N
» o
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~Flgure 8. AFC response by ‘A cell def1c1ent spleen cells as a funcuorf “of the
number of normal or 'I'NP MC treated A cells added in culture. Normal splcen cells
treated  with RPMl comalmng 10% _FCS alone (closed circle) or TNPMC -
, (100 pg/ml for 90 min at 4 C, open circle), and NA spleen * cells * alone (open
'square) or reconstituted with normal (closed tnangles) or 'I'NP.MC treatcd (opcn :
.tnangles) PAC, were cultured with TNP Ba : .
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TABLE 1

~

.. bailure 1o Reverse TNP-MC Induced Tolerance by Strong Bystander Stimulation

Antigen 1 @ulture ‘ ] Mean AFFC 2 SD/1O¢ - cells
Spleen Cells . : - - : L ) Cee e
TNP Ba .+ FLU Ba " anu-TNP anti- FLU
Normal 'f . - 476 + 52 <10
Normal ‘ : : 1 <o 24 1 16
. ' ‘ 1
Normal + + 405 + 41 218 + 27
, — .
Tolerant . 3 - 27 + 8 <10°
Tolerant . . T <lo. . 195 16
Tolerant / R 4 34 0+ 12 T 31+ 19
N S . , .
s N I'«! ‘AI N

. CBAsCal) splcen cells were trealed with - RPM! contalning 10% FCS .alone (normal)

- or containing 100 pg/ml TNP, MC‘(lolcranﬁ for .90 min at 4 C. Cells were then
washed. 3 times, and . cultured with TNP Ba"and/or FLU-Ba as indicated.
- Co .

yes



TABLE 2

Exposure of Splenic M@ 10 TNP-MC [In Viro Abolishes Their Capacity to
Reconstitute Immunocompetence in NA Splcen Cells , -

—— P - e PR, . _ .k —— —

® . b | ’
Splenic M@ Mean anti I'NP

“Spleen Celly® R R AFC 1 SD

’ No /Culture O INPMC /100 cells

(x 10%) . treated
ey T

Normal 0 : 2068 + 34

' NA : 0 | 12 1 2

NA . 2.5 ‘ - 180 t 22

NA 5.0 : 232+ ¥

NA : { 2.5 + is + 9

— A\

NA ¢ 50 + a0 1 18

8 CBA/CaJ normal or NA spleen cells (10°/cullufc) were cultured with TNP-Ba.

_?M@ were purified from CBA/Cal spleen cells and used to reconstitute NA spleen ’
cells at the indicated concentrations. Where indicated, M@ were treated with
100 wg/ml TNP,MC fof 90 min at 4 C-and washed. 3 times prior to culture.

Y
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mixulrc of anli-T‘,lly-lQ_and anti-l.y-2.1 antibody and (.: Such T cell depletion failed 1o
reverse tolerance il}duccd cither in vivo or in vitro (Table 3). Further, treatment of PAC, from
mice rendered tolerant in vivo by TNP-MC, with anti-Thy-1.2 arlu’body and C' failed to restore
their ability to codoperate with NA spleen cells in the response (o TNP-Ba (Table 4). Treatment
of NA spleen cells with anti-Thy-1.2 antibody and C' prior to reconstitution with anti-Thy-1.2
antibody and C' treated PAC ‘l"rom tolerant mice yiclded similar results (Table 4). Finally,
when mixtures of normal axld tolerant PAC were used to reconstitute immunocompetgnee 10
TNP-Ba in NA spleen cells, ll;e response was directly proportional to the numbel of normal

PAC in the mixture (Figure 9). These and previously published results (Diner er al, 1979; von

Borstel er al, 1983) strongly suggest that suppressor T cells are not present in the' A cell

'

f

population nor induced in the normal NA population.

TNP-MC Treated A Cells Induce Tolerance in B Cells

The inability of A cell deficient spleen cells to be rendered tolerant by TNP-MC in vitro
(Figurc 7) suggests that tolerance in this syslem is mediated by A cclls To more directly assess
this possxblluy NA spleen cells were precullured at 37 C wnh normal or TNP MC treated PAC
prior o reconstitution with normal PAC and challenge Wilh TNP-Ba. The results show

-

(Table 5) that preincubation with TNP-MC treated PAC for only 9 hr was sufficient to
‘ 0 ' "
signiﬁcamly' affect subsequent responsiveness to -“TNP-Ba under normally stimulalory

condmons NA splcen cclls prcmcubated wuh TNP-MC treqtcd PAC for 18 hr were completely

unresponsive upon challenge with TNP-Ba and PAC (Table 5). These data suggcst that B cells

very rapidly become irreversibly and hapten spec1f1cally lOlCIlZCd by interaction with lolerogen

trcalcd A cells The possible mechanisms by which this may occur is the subject of Chapter Vl ).

>

- D. Discussion

We have demonstrated that Tadioresistant Thy-1-, Ly-2' A cells from normal or ATS

treated mice rendered hapten dpecif: 1cally lolerant by hapten denvatnzed CMC or MC fail to.



68

-,

TABLE 3

In Vivo and [In Vitro Induced Tolerance is Not Mediated by T Cells

Treatment of Spleen Cells * : Mecan anti TNP
e ALC 1 SD/L0Y cells
In ¥ivo® In vltrob( ‘

- ' : L 433+ 5%
TNP-CMC \ - S3 o+ 22
TNP-CMC. ATS . | 61 t 16
TNP-CMC, ATS C 47 4 18
TNP-CMC., ATS aThy 1.2, aly-2.1, C S8+ 12
ATS | . ‘ 403t 8%

ATS T MC 08 t 8

(" ATS . 361+ 30
T ATS aThy-12, aly-2.1, C 26 + 37
ATS ﬂ. aThy-1.2. aly-2.1. C. a8 + N

TNP-MC |

4 Mice were rendered lolera‘m by i.v. injection of 300 ug TNP,.CMC 48 hr prior 1o
assay. ATS was injected: i.v. alonc or ‘together with TNP.CMU 48 hr prior (o
assay. ‘ e
} 4

®Spleen cells from ATS pretreated normal or tolerant mice were treated - with
.aThy-1.2 and aly-2.1 for 90 min at 4 C followed by rabbit C' for 45 min at
" 37 C. Cells were washed 3 times before further treatment or culture. AFC ¢ontrol
response 10 chicken r1ed blood cells confirmed the effectiveness of ATS treatment
aThy-l'.vZ, aly-2.1 and C' treatthents: splecn cells treated with C' alone,
100 - + 18 AFC/IO" cells: -spleen cells treated with aThy-1.2, a[,y-'Z.l ~and C',
S .= 2 AFC/10° cells. Normal or &Thy-1.2, aby-2.1 and Ci treated spleen _cells
from ATS pretfcated 'mice were sncubated with, 100 ug/ml of TNP,MC for 90 min
‘at 4 C and waShed 3 times before culture. Cultures were challenged with TNP-Ba.

bt



69 .-

& B-dANL Yum vumco_-m:u AJam -saInyn)
DWD'ANL 10 DIW'dNJL ud3013j01 3y Jo w: Sm Jo co:B?_ ye 1y gy cv:_Sno J19M  JJ1W URIDO) 1) S[I90 <a
.wv J
8 F U D Ul-fyLe - - - (.2 ‘T1-A41P) VN
v F 88 4 - - (D TI-AYL). <z?
91 F 48 - D ‘Tli-Aylo - (O 'TI1-AyLl») WN -
i F 89 - + . - (O ‘TT1-AyIp) WN
© v F 08 - o) - VN
8 T 88 - D ‘Tl-AyL» - VN
e F 6 - + . - VN
6 F Uy - - D . (,D) YN
8 T 80¢ - - D T4y (.D 'TI-4upm) VN
V9 F ST - - o+ (. ‘T1-4yLlo) VN
ob F 67 - - . D VN
P8 F et - - Bo Al QIUNE VN
Pl ¥ 89 - - - . VN
61 F T0b - - . - [eutON |
S92 ,01/QS F D4V MW IUBISI0T WD dNL gt 1UBIAI0Y DWW -dNL PVlw  [Bwiou )
dN.L-tue ueapy 00 ——— —_ . ' s13)  uadg
walj) sed v 01 X ‘N Yita  paiminsuoddy e ) ’ :

SH2D .L-AUL Jo 1uspuadapul st S| usdidg 1WAdIS(] (13D Y IININSU0RY 01 B_X Eﬁo._o._._&mw.mww

v 4149VYL

’

-

-

b R

SV Jo .2::«&.

g




70

TABLE 5

TNP-MC Pulsed PAC Induce TNP Specific Tolerance in
A Cell Deficient Spleen Cells

\

Precu]lurcda with 2 x 10* \ No. _ Mcan anti- NP -

Spleen Cells T e s PAC/Culture AFC % 5D
PAC PAC (TNP-MC) (x 10*) 710%  cells -
Normal - , - - 520 t S§
{ ’ .
(A) ‘NA + - 0 35 + 15
',, NA + . - 5 351 4 52
NA o+ . - - 10 318 + 4l
NA - 5 0 23 + 12
NA - e B 98 + 20
NA - + 10 78+ 16

(B) NA + . - 0 22 +.8
/' NA + - 5 236+ 29
NA - 10 L2200 + 12

NA - . + "Q N <o

NA - ‘ o+ L5 <10

NA ; - + . 0 T <10 .

® For the preculture phase, 2 x 10° CBA/Cal PAG were cultured in 12 well Linbro,
trays in 2 ml RPMI containing 10% FCS with or without 100 ug/ml TNPMC at
37 C. After 2" hr, nonadherent peritoneal cells were resuspended by rocking and
discarded. - The remaining monolayers wefe washed 3 times with warm medium, -
. -followed. by the addition of "2 x 10° CBA/CalJ NA spleen cells in 2 ml RPMI
" with 10% FCS: After 9 (A) or 18.(B) hr, NA spleen cells 'vyeré resuspended by
‘rocking, remd%ed, and washed 3 times. The * precultured NA " cells ‘were then
éullured _wiih TNP-Ba plus the indicated numbers of PAC as usual. ° '

e e
. .
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'Flgure 9, “Reconstitution of NA spleen cells w1tl}/"vanous mixtures of normal and-

TNP-MC treated PAC. CBA/Cal NA spleen cells ’alone (open circle) or recodstituted

" with’ the mdmted mixtures of normal plus - TNP.MC treated PAC ( 10% total, closed
_ kcxi'clesS were cultured with TNP-Ba.,Results are expressed as,’the percent of the .
TNP spec1f1c AFC response in NA spleen cells reconsmuted with 10 normal PAC‘ v
(175 %725 WlO"mlk) - ~ : :
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- 'tolenzmg A cells were used to reconstitute lmmunoc0mpelence ,m ‘NA ‘spleen cells to TNP.

T2

A cells from tolerant mice however, were found capable of cooperating in an in vitro response
10 a second‘unrelaled hapten. Ll"hese findings confirm and expand previous observations that
radioresistant Thy-1 A cells from mice rendered tolerant to POL failed o restore
immunocompetence to that antigen, but could augment the in vitro response 1o SR BC (Dicner
et al, 1976, 1977). A ' - ,

The most inlriguiné aspect of our observation is the hapten specificity of the A cell
deficiency‘in tolerant mice. To account for this unusual phenomenon, we first consi.dcrcd the
involvement of suppressor T cells. .M(Z) which have absorbed antigen specific T factoT
("armed” MQ)Ihave oeen shown, to hapten specil'icnlly suppress the transfer of contact
se‘nsiu‘vily4 in mice (Zembala and Asherson, 1974). S-ubsequenlly, however, ll was demonstrated
lha;{‘;the-..sn}?pression only a‘pp\eared ___haplen spee_ific; mice stmultancously challenged with the
relcvanla’/n(l an irrelevant hapten were nonspecifically suppressed (Asherson and Zembala,
1974). Thus: the "armed” M@ were hapten specifically triggered -to release a nonspecific
mediator (Ptak et af, 1978), analagous to the antigen specific lriggering of histamine .rclcase by
cytophilic lgl-i oh mast cells. Such a phenornenon cannot oxplain the hapien spegiﬁeily of A
cell ‘medialed tolerance in our system, sinee spleen cells simultaneously challenged with the
tolerizing an(lan irrelevant hapten responded normally to the irrelevant hapten (Table 1).

Additional evigl‘en_ce against the in‘volvemefnl of suppressor T cells in the establishment
and the control .of Lole{ance induced by halplen conjugales of CMC or MC is pr0v_idcd by the -

following observations: 1) We have demonstrated in previously published work that tolerance .
induced by hapten conjugates of CMC or MC is equally effective in homozygous nude mice in

lhymeclomlzed 1rrad1aled fetal lwer reconsmuted mice and in normal mxcc (l)mcr el a{ 1979

vori Bbrstel et al 1983) 2) ngorous dcpleuon of T cells .by treatmcnl in vivo wnh ATS

45,
b

: followed by 1reatmem in vztro of spleen cells wnh anti- Thy 1 and anti- ly -2 anubody and C'

'

mled‘ lo af'fect tolerance mducuon in vitro by hapten denvamed MC or. 1o restore .

. responslveness in spleen cells f rom *TNP- CMC treated mlce 3) When leIUICS of normal and

-Ba

-

"the resp?)nse wds AIIec_,t_ly pro‘pomonal .to-.tl)e.numb,e,r‘ of .normal A ce_lls in lhe mlxlu_rc.( hgure

3 > . . . " . 9

a4~
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9). Finally. the use of different carriers forv tolerance induction and for irr}munogenic challenge
further precludes a carrier specific suppressive effect by regulatory T cells.

Adherent accessory cells are required forAthe induction of both T cell dependent and T
cell indcpenden‘l B cell responses (Mosier, 1967: Lee et al, 1976). However, our current state of
knowlcdge rcgardmg A cell-B cell interaction does not provxde a ready explanation for haplen
specific unresponsivencss at the level of the Accll. T cell’denved soluble immune response

suppressor factor 3(SIRS) reported by Pierce and colleagues cannot be relevant to our

experimental model because SIRS is T cell dependent and antigen nonspecific (Tadakuma and

Pierce, 11976). Furthermore, 11 is‘ unlikely that tolerizing A celis release long range suppressive
molecules, since TN}’ tolerant splgen cells simultaneously challenged ‘with TNP-Ba and
F1L.U %a in the samc culture, exhibited a normal FLLU specific response (Table 1). This Lls
consistent with the'notion that putative A cell derived short range factors act on B cells in”close
assdcialion with A cells. Thus, lolerance. would only be indhced to those haptens presented in
conjunction with the tolerogenic camers This possibility is dlIC(lly assessed in Chapter V1.

The data at hand are so far suggestive of a causal relanonshlp between hapten

specifically tolerizing A cells and the functional (or physncal) deletion\of B cells. Within a

short time of interaction between normal B cells and tolerizing A cells, the former were

rendered unresponsive, even when ‘the tolefizing A cell%were subsequguly replaced by normal

A cells. T o ' ¢

.o - . R
s ., i

In order to assess the mechanism@) by 'whict}alol.erogen' t'realed A Cells tender B cells
B
1oleram toa Tl anugen challenge the funcnons of A celks in the acuyauon of nontolerant B-

mvestigated. Theref ore, the studles in the followmg chapter were undenake,%lo clarify ths

poml m order that lhe mechamsm of A cell mduced B cgll telerance mlght be more readlly
: _ : SN ~e_ , .
mveslxgat_ed. . . - . . . & : e

~

" eq

)

‘cells by ‘Tl antigens mus{ be considered. Surprxsmgly -such funcuons have not been well



Y. Accessory Cell Function in Thymus Independent B Cell Activation

A. Introduction

The induction of antigen specific T cell mediated immune rcsp(-)nscs and lh‘ym.um
dependent B cell responses is crilicall\y dependent on A {‘ells such as M@ and dendritic celis DC
(reviewed in Steinman, 1981; Unanue, 1984). Accc;sory cell functions include antigen

processing (reviewed in Unanue, 1984): MHC restricted. presentation of antigens in the context

T of class 11 MHC‘moleculesj (la- antigens) (reviewed in Schwartz er al, 1978: Rock and

i
\

Benaderraf, 1983), and I1.-1 secrgtion (rgv?gwed iQ.Durum et al, 1985).‘ B cell activation by Tl
antigens also requires A cells (Chused er af, 1976; Lec el al, *1976; Picrce and Kapp. 1976a;
Boswell et al, 1980c; l.etvin el al. 1981; Morrlsse) %t al, 1981; Corbal and Melchers, 1983) bul
ot lhenr précise fUﬂCUOﬂS\,haVC nol been dcfmcd Recent evxdcmc that B ceIT rcsponscs to some TI

anugcns and.

wodent on T cell derived nonspecific Iactors {Mond et al, 198();
letvin et al, 1981;~Jaworskiv et 'alJ1982; Zublc’r and Glz}sebréok, 1982; Endres er al, 1983; Nossal
and Pike, 1984; Pike and Nosghl. 1984;A Pike er al, 1984) has lead to speculations that A cclls
. ﬁ?diaié identical functions in T cell aclivélion and TI B cell activation (Boswell er af. 1980c:
,i.owin et al, 1981: Morrisscy'er al, 1981). A cells or (hcir/‘solublc products could thus be acting
indirectly in TI AFC responses 'via the induction _oi" T cell féclors. Al;crnalivcly, direct A cell-B

cell interactions may be reqixiréd ‘ | ' ¥ -
Evidence for the latter_ pOSSlblllly ?as Bcen oblamcd by Morrissey et al (1981) who

: E s

showed thal the in vitro, TNP spec\ﬁc AFC responsc by A cell deﬁucnl spMn cells was
reconstituted by la-, SAC pulsed with TNP ficoll. Letvin et al- (1981) reported snmnlar results,
but m vnevé of the requuement for f1c011 spccmc T, in theip systcm A cell- T cell mlcracuons.
could nol be ruled out. Smger and Hodes (1982) and Hodcs et al (1983a, b) further mvcslxgalcd
A cell- B cell mteracuons in AFC responses to TNP- fncoll under TD and TI condmpns In both

. cases, d?m;t MHC resmcted A cell-B ccll mteractnons were xmphcatcd I-v1dcncc of such
" v -
. mteracuons has also been obtamed in 1D systems m whnch A Cell T ccll resmcuon was not

k3

evxdem (le et Brown et al 1981) or m Wthh the hel;gmgnal was. provndcd by LPS

. s " B - R “.. . ..\“. i 74 C /( .& ‘- /\/ . b ‘
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. h Mateplals and Methods

L

(Gorczynski er al - 1980).
Despite“the implications of thése studiés, and suggestions of Boswell er al, 1980c,
Morrissey et al (1981), and Letvin ef a/ (1981) lha't A cells may process and present Ti antigens

in the context of 1a molecules to T and/or B cells, this has not been directly investigated, In

A

-view of this, we used several A cell populations, including homogencous M@-like and DC-like

tumor lines, with differeat cell surface and functional characteristics, to directly investigate A

cell functions in antibody formi‘ng cell responses to TI-1 and TI-2 antigens. These antigens afe_ ’
distinguished according to their relative immunogenicity in CBA/N mice (Mond et al, 1978;
Mosier and Subbarao, 1982). We show that in contrast to T cell activation, A cell funttion in

11 B cell activation doe8 not involve MHC 'restricted presentation of processed antigens, and

" can be entirely replaced by pure recombinant IL.-1.

p A ?

Mice. C3H/HeJ (H- 2" ) mice, 4 10 6 wk old; were oblained from the Ellerslie Small

-

Animal Farm Umverslty of Alberta, I-dmomon Alberla

Antigens. ,TNP conjugates of Ba, LPS, ficoll, and dex.tra‘n were prepared as déscribed

¥ .
in Chapter f11. TNP-Ba organisms wer€ used at 14 x 10*/culture. TNP-LPS, TNP-ficoll, and

“PNP-dextran were uscd at 100 ng/ml.

Anubodzes I-Ak specific (10-2. 16) (01 et a1 1978) ‘and I-Ad specific (MKD®6)

Ld

(Kappler et al, 1981) B cell hybndomas were obtamed from fhe Am rican Type Culture

'Coll_ccuon ‘and adapled to growﬂ),n serym—free DSI' medium (Quadralogi Co.. Vancouver,

B:C.). " The optimal (saturating) binding activity of- cell-_fre_e_ supernétants wae detefrnined by
an enzyme linked imrnunosorbent assa’y (Warren and Vogel 1985) o
Accessory Cells PAC and SAC were obtained as descnbed in C hapter 111, | oy
Culture dcnved bone: marrow macrophgges (BM M(D) were grown m the presence of L

S ’ .
cell condmoned med:um as a—source of M@ growmh f actor accordmg 1o Lee and Wong (1982)

: _Adherem cells harvested on day 6 (100% Fc- receptor posmve phagocyuc M(D) were f ractlonated'

accordmg to s1ze by Ihe ve}ocmy sedlmentatlon techmque of M;l!er and Phillips as. modnfxed for_ -
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M@ (Figure. l@) (Lee and Berry, 1977). The fractionated BM-M@ were pooled inta $§

' frac(ionsq{'A.(o E) and activated with supernatant from Con A stimulated rat spleen cells

(G‘lz_rsebrook and Fitch, 1980, 10% v/v) plus 3 ug/ml LPS overnight as described (l.ee and

Wong 1982). The fol!owing day. the medium was removed and the cells were washed 3 times-

o~ Vith warm RSI medfum. Antigen and NA cells were then added in DSI medium. This protocol

i$ summarized in l-rgpre 10.
N - . N ' ‘
: The 1DBA/2 A cell lines P388AI>.2 and P388NA 10 (couriesy of Dg. ID.A: Cohen,

I‘Jnrf&f Kentucky) and P388D, (American Fype Culture Collection) were grown in RPMI -~

medium supplemented with 10% fetal calf serum ("Kehatuin”, Reheis Chemical Co.. Phg)eni-x,

_AZ). Accessory cell tumor lines we'r'e. treated with 25 wg/ml mitomycin C (Sigma, St. Louis,

-

MO) fer 45 min at 37 C and washed 3 times prior to culture,” - C

'”-.;%He/per T. Cell Line. A*keyhole Iimpel hemocyanin (KLH) specific T cell line
.\',

(CKA- -T ) was derived by the procedure of Krmolo and Fathman (1980) Briefly, poplilcal

\

lymph nodes were removed from (,BA/CaJ mice which had been rmmum/cd in the hind
" footpads with OJ md of an emulsron containing equal proportions of KLH (20 .g)

(Calbrocheni Behring, La Jolla CA) in sahne and Comp}ele Freund's AdJuvant (0.5 mg/mli

hear killed Mycobaclerlum tuberculosrs H37Ra in mineral oil) (Difco laboratories, Detroit’

’

MI). Single cell suspensions were prepared and passed over nylon wopl (se¢ below) to oblam a

T lymphocyte enriched, A cell and B cell depleted populauon T cells (2 x 10°/ml) were lhen

cultured wuh irradiated (1500 rad} sy}irgenerc spleen cells (1 X 10"/ml) and 50 u,g/rml KILH in

1 ml RPMI containing 10% FC§ and 5x10° M 2 MI~ m Linbro 24 well tissue: culture lrays at

&il 37 Cin a 10% CO /air humrdrfred almoSphere Afler 3 4 days cclls were harvested washed

N

(3

wrth RPMI and 10% FCS la)ered over frcoll -hypaque (densuy RY 09 g/cm’ ) -and cenlnfugcd at

»

800 g nin at-20 C B]ast cells were r‘ecovere%l, at the f icoll-mcdium inlcrfacc washcd

and recultured? (10’/ml) wrth 1rradrated spleen cells (2.5 X 10‘/m1) but wuhout KLH, in2 mls
f

N

RPMI wrth @5 FCS and: 5 x.10°3 M 2- ME in Lrnbro 24-well tissue culture {rays at 37 C
After 10 14 days celrs were harvested and ‘the Irve cel}s (recovered by ocnmfugauork over'- |

frcoll) recultured under the same condmons as above except that 50 ug/ml KLH -was included..

u/l'
ot )
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This cycle of énligenic stimu-laﬁon (for 3-4 days) and resting p-e’riods without antigen (10-14
days) was continued indefinitely (Flgure 11) .
Nylon Wool Purlfcauon of T Cells Before Use, the rﬁlpn wool (Fenwall 1 aboraloncc
: Incﬁ., Calgary, Alta‘.) was autoclaved wllh 0.1 N HCI and then washed by a-uloelaving 6 limcs
with double distilled water; after which it was thoroughly air dried for 1 wk. Nylon, wool'
columns were prepared by packing 2.5 g of dry “nyIOn wool into the barret of a 20 ml disposal
syringe and autoclaving for sterility. \ o o
o Lymph node cells were nylon wool filtered by a modification of the technique described
%y Julius et al‘ {1973). The packed sterile column was filledeith.warm (37 C) RPMI
‘comain‘ing 5% FCS and 'allowed'to‘draln while long, sterile forceps were used .to squeezc out air
_bubbles. Once the medium reached the top of the nylon wool, lymph node eclls (no more lhan
" 25x10"in 4 ml warm medrum) were slowly added to the top of the column. Once the cells
had entered the column, 2 ml warm medium were added and allowed to enter thc'column. "’*ﬁf

‘After 45-60 min incubation at 37 C, ‘the column «as washed with 4)0~50 ml warm RPMI

eonbt‘a-ining 5% F(fS'and the T cell enriched effluent co'lecled‘ B |

'

-

Prollferatron Assay. Six 1o eight hr before harvesung 0. 625 #Ci of [mclh)l ’H]
th)mldme (specrf:c activity 20 Cl/mmol Amersham Corp., Oakwlle Ont.) in 0. 025 ml RP/Ml
was- added, to\each well. Cels were harvested aqnto Titertek filter paper with a Tllq/rlck

semiautomated cell nar\ester (Flow Labora(orles lnglewood CA) ’H thymxdme uplak‘ was

. determined by liquid scmnlla{ron spectrqmelry, and the results e{r_pr\ssed as mcan cpm # SD ol

- Y

tri'pli'cale'cultures. . ’ . = ‘

'~ Interleukin-1. “Pure recomblnant murme H.l was’ kmdly provrded b
Lomediéo of Hof fmann-La Roche Inc Departmem ol”» Molecular Gcnelrcs Ror.he Researeh
Center Nautley, NJ (Lomedlco et al 1984) Actmt) was assesscd by a lhymocyle prollf crauon
assay (Lee et aI 1981) (Flgure 12) Brrcﬁy thymocytes (5 X 10‘/~well) from ,4 6 wk old

| C3H/HeJ mice . were cultured wrth or wrthout 6 ug/ml Con A (Calblochem La Jolla CA) and

RS

"“;‘m RPMI 1640 supplememed wrth 10% FCS and 5 X l.D M

o 7 with vanous concentrauons of IL:

,2 ME m 96~ well round bottomed mrcromer Lrays =’H thvmrdmc upykc was dctermmcd on

-
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‘Protocol for the generation of antigen specific T cell lines.
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Figure 12. Thymocyte prohferanve response to recombmant IL-1. Thymocytes from -

4-6 wk old C3H/He] mice were cultured with (open circlés) or  without (closed
circles) 6 ug/ml Con A (Calbwchem La Jolla, CA) and. with varioug” concentrations
(U/ml)_of IL-1. Proliferative responses of thymocytes cultured alone (closed cucle)
or vnth Con A (closed square) in the absence of IL-1 were also assessed
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day 3.

Flow Cytometry. Cells in V-bottomed microtiter Wf?lls (5 x 103 1o 10¢/well) wcre'
pretreated for 1 hr at 4 C with 0. 2% Bacto geiétin (Difco Laboratories, Detroit, Ml) in Hanks
balanced salt solution (HBSS 0.1 ml/well) to block nonspecific binding. The medium was then
replaced with 0.1 ml of 10-2.16 or MKD6 serum- frce culture supernatant diluted 100 times in
HBSS containing 0. 1% gelatin and 0.02% azide, This was followed by 0.1 ml of affinity
purified fluorescein conjugaled sheep anti-mouse 1gG F(ab ), (Cappel Cochraneville, PA)
dlluted 50 times in the same medium. Both mcubauons Were for 45 min at 4 C with three
washes after each incubation. Following the last wash, the cells were ﬁxcd in 2% .
formaldehyde-PBS and analyzed immediately or on the next day wilh an EPICS V fluorescence
activated cell sorter (FACS) (Coulter Electronics, Hialeah, F1.) using an argon laser exciling at
488 nm, a 492-502 nm’ blocking filter, and a 525 nm bandpass filter. Fluorescence (log
amplification) data‘ were collected with the gates for forward angle light scatter adjusted o
exclude dead cells and éebris, and analyzed on the Coulter MDADS computcr. o

Tissuev Culture. Tissue culture was carried out as described in Chapter 111, except that:
DSI scrum free medium (Quadraloglc Co Vancouver, EC) was used for ‘these studics.
Neither the kinetics, nor the magmtude of AFC rcsponscs d1ffcrcd mgmﬁcamly from those
obtained in RPMI supplemented wuh 10% FCS and 5 x 10 * M 2-ME. Serum-{rec medium was
used to avoid possible obscurement of 1L.-1 dependence By FCS components (l:loffmann et al,

1984). -

“C. Results . - ]
A Cell Dependenée of AFC Responses to TI-1 and T1-2 Antigcpls
We have previously demonstrated a strict A Cell dependence for AFC rcsponscs to the
TI-1 antigen TNP-Ba (Dmer et al, 1986) However, l@rc have been numecroils rcpons
R

demonstratmg both a reqmremem (Lee et al 1976; Mond, 1982; Corbcl and Melchers, 1983;

Femandez anp Se\'ermson 1983) or lack thereof (Yoshmaga et al, 1972 Lcmkc et al, 1975;
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Wong.and Herscowitz, 1979; Boswell et al, 1980a,b; Morisakiiel al, 1.983) for A cells in ‘AFC
responses to some TI antigens and mitogens. In an attempt to resolve this conflict, spleen cells
were rigorously depleted of A cells and assessed for in vitro AFC'.responses to both TI-1 and -
Ti-2 antigens. A cell depleted NA spleen cells were unable 10 generate primdry in vitro AFC to |
the TI-1 antigens TNP-Ba and TNP-LPS, as well as to the TI-2 antigens TNP-licoll and
TNP-dextran (Fignre 13). kSyngeneic PAC restored the TNP specific AFC responses/ to these
four TI antigens in a * dose dependent manner (Figure 13). SAC also restored
immunocompetence 10 TNP-Ba in NA spleen cells, and were more efficient than PAC on a per
cell basis (Figure 14). N -t

Since A cells display’ functional helerogeneity for T cell activation (Lee, 1980; Lee and
Wong 1980 1982: Guidos et al, 1984), various sources of A cells were compared for the ability
10 restore A cell dependent AFC responses to TNP-Ba. Absolulely pure M@ were grown f rom
low numbers of bone marrow precursors in the presence of M@ growth factor (Lee and Wong,
1980) harvested after 6 days and fractionated according to size (Lee and Berry 1977) and used
to reconstitute the AFC response to TNP- Ba in NA spleen cells (Figure 15). Activation swith
lymphokines and LPS to mduce Ia expression (Lee and &Vong, 1982) was not necessary for A
" cell function in this system. Moreover, all size fractions of BM- M(Z) were [ uncuonal to some
extent, although high concentrations of the larger, activated BM-M@ were suppressrve (Figure
15, left panel). Consistent with this, 'a prepondera'nce of nonspecif’ i'c suppresslve activity in
large BM-M@ populations has been demonstrated in T cell activation (Lee and Wong, 1982‘)‘
and_in B cell activation by a TI antigen (Diener et al, 1970). |

These results demonstrate te that in vitro AFC. responses 10 both TI 1 and TI-2 antigens
exhibit a strict dependence on A cells, provrded that rigorous A cell depletion methods have
been employed. Mo"reo,ver, a number of functionally distinct A cell types are competent 10 .
'restore responsiveness to these antigens in A cell deficient spleen cells. ¢ | |

N i
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Figure 15. Activated and unactivated BM-M@ restore responsiveness 1o TNP:Ba in A
cell deficient spleen celis. Normal (closed circle) /QL;N?{’ “(closed square) CBA/Cal
spleen cells were cultured with TNPBa. NA spleén cells were reconstitted with 10°
CBA/Cal PAC (closed triangle) or graded nimbers of CBA/Cal activated (left.
~ panel) or unactivated (right panel)’ BM-M@ separated according 'to "size by velocity
sedimentation and pooled " into five fractions (smallest, A, to largest, 'E), or ‘left
. unfractionated (U). ‘Sedimentation velocities in mm/hr were: A, 2.6-6.0; B, 6.0-7.9;
~.C, 19-9.9; D, 9.9-11.9; and E, 11.9-14.6. ' : |
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Companson of A Cell Functions in T Cell Activation and TI B Cell Aqlvatlon

T cells are activated by the recogmuon of antigen (usually "processed ") on syngeneic
anlxgen presenting cells (APC) (reviewed in Unanue, 1984' Schwartz, 1985) Thls reflects the

dual specificity of T cells for antigen and MHC (revxewed in Bevan and Fink, 1978;

Zinkernagel, 1978). If the A cell requirement in TI B cell-activation is solely a consequency/ of
the A.cell functions required for T‘c\ell activation, then A cells should be functfonally

'indisu‘nguishab!e in the two types of response. Therefore, we undertook a functipnal

comparison of A cellsin T cell activation and TI B cell activati

The r:equiremem for antigen processing in T cell activation was demonstrated using the.
lysosomotropic agent chloroquine to interfere with lysosome dependent processing ste si
(Ziegler and Unanue, 1981, 1982; Lee et al, 1982; Guidos et al, 1984). We aSSCS’SCd the
requirement for an’ligen processing in AFC responses to TI antigens by pretreatment of SAC

with chloroquine under cenditions which completely ab_rggated the ability of SAC to process

and prcSem KLH for T cell activation (Table 6). Chloroquine treated SAC were as ef fective as

*untreated SAC in reconstituting the-TNP specific AFC response by NA spleen cells to TNP-Ba

(Figure 16). The choloroquine msensmvny of A cell function in these TT B cell responses
contrasts with the requirement for processmg of most antlgens by A cells for T cell activation
(reviewed in Unanue, 1984). However, fixation -or ultraviolet (UV) 1rrad1auon of SAC, which
prevent antigen processing and IL-1 secretion (DeFreitas et al,‘l983; Scala and Oppenheim,
1983), completel§ abrogated A cell I unction in this system (Figure 16). o

In further contrast to T cell activation, the TNP specific AFC responses to TI gntigens
dld nol depend on MHC restricted interaction between NA spleen cells and A cells. Allogeneic
and syngeneic PAC were equally effective in reconstituting the TI AFC responses by NA spleen
;:ells (Fxgure 17) Furthermore monoclonal anti-1- A antibody had no eff ect on the abllnty of
CBA/CaJ (H 2d) PAC to reconsutute DBA/Z (H- 2d) NA spleen cells (Table 7). However, m,

agreement with prevxous reports the same antibody 51gn1f1cantly 1nh1bned A cell dependent T

!

cell glcuvanoh (Flgure 18) Consxstem with these observations, we found. no requlrement for

the ex.pressmn of Ia antigens by A cells funcuomng in TI AFC responses. Thus, P388D,, an =

/



Effect of ,Various Treatments on A’ Cell  Antigen Presentation Functions

TABLE 6

in T Cel'l Activation

b

-~

P

Proliferative Response

A Cell Treatment IL-1 (mean Acpm % SDyculture

CLkwe)
P )

medium - 335 £ 48
chloroquine - 27 ¢+ 10
glutaraldehyde - 20 £ 09
. glularaldehydc "4 230 + 26
uv’ - 28 + 0.7
uv + 257 £ 19

CBA/Cal SAC (3 «x 10%/culture) were pulsed with 100 ug/ml KLH for 1.5 hr at
37 C, washed 3 times, and cultured with a KLH ‘specific T cell line, CKA-T,.
(10‘/cultur€§i/ Responses’ to unpulsed SAC have been subtracted. SAC were trcated-
with medium or chloroquine (0.3 mM) for 1.5 hr at 37 C prior to Dulsing with
KLH (Guidos ef al, 1984). Glutaraldehyde (30 s in PBS, followed by 0.2 M lysine
to reutralize, Shimonkevitz et al, 1983) and UV (837 microwatts/cm? for § min,.
DeFreitas et al, 1983) treatments were performed. after pulsing with KLH. Where
indicated, recombinant IL-1 (0.6 U/ml) was’ included. Proliferative responscs were

assessed on -day .3.

’

N
YR
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Figure 16. Assessment of A cell antigen presentation function in TI B cell
activation. CBA/Cal normal spleen cells (closed circle), NA spleen cellay (closed
square), . or NA spleen cells plus graded numbers of SAC (open symbols) were
cultured with TNP-Ba. SAC were untreated (open’ diamonds) or° treated with
chloroquine (open triangles), glutaraldehyde (open squares), or UV (open circles), as:
described in the legend for Table 6). The effectiveness of these treatments on SAC
‘function in T cell activation is shown in Table 6. ‘
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PAC and cultured with TNP-Ba (open pars) or TNP-ficoll (hatched bars).



TABLE 7

Failure of Monoclonal Anti-I-A* Antibody to Block A Cell Function.
in TI B Cell Activation

Mean anu-TNP AFC * SD/10* cells

DBA/2 ' No. CBA/Ca)
Spleen Cells PAC/Culture — - e
- (x 10 No Antibogy , a-A*
, K ' _
Normal 0 24 + 29 -
NA 0 44 t 8 -
NA 1.25 97 ¢+ 23 106 + 3
NA 25 170 4 8 164 + 23
NA 5.0 206 + 24 214 + 20
: ‘NA 10.0 206 + 35 226 + 10
\ i
,..)"l
\.
/

j

TNP-Ba.

absence

10-2.16

"DBA/2 NA spleen cells were rcconstituted with the indicate
PAC in the
(171000 final dilution). This concentration of ol -A* significantly blocked antigen
presentation” by CBA/Cal spleen cells (see Figure' 18). Cultures were challenged with

(al—Ak)'

culture

d numbers of CBA}CaJ
supernatant
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Figure 18. Specific inhibition of A cell dependent T cell activation by monoclonal .
'angi-l-AJi‘ antibody. CKA-Th.“éells (10*/culture) were cultured alone (closed square),
or with 15 wg/ml KLH ingthe absence (closed circle) or presence (open -symbols)
of the indicated numbers of CBA/Cal {rradiated spleen cells (A cells). Monoclonal
al-A° (open triangles) or al-A* (open “dquares) antibodies were added as -culture
supertiatanis (171000 final dilution) of -the MKD6 and 10-2.16 B cell hybridomas
"respectively. Responses to A cells without antigen have ‘been subtracted. Proliferative
responses * Wete, assessed on day 3, ) _ .

\
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a, IL-1 secreling M@ -like tumor (Koren et al. 1975; Mizel et al, 1978b) and P388AD.2, an
dar , 1L fl secreting DC-'like tumor (Table 8) (Cohen and Kaplan, 1981; Cohen et al. 1982),
both derrved from 1he DBA/2 P388 murine leukemia, were .as effecuve as DBA/2 PAC in
. reslormg the response by NA spleen cells to TNP-Ba and TNP-ficoll (Frgure 19). However,
P388NA.10, an Ja", Il.-1 nonsecreting tumor also derived from the P388 leukemia (Cohen and
Kaplan 1981; Cz\hen et al 1982) was devoid of A cell activity in this syslem (I-rgure 19). We.
have confirmed tlre lack of Ia expressron by P388D, and delcrmrned lhe percentage of la* cells
in -P388AD 2. P388I§LA.10, and PAC by ﬂow cytometry ‘analysis of cells stained by indirect

imrpunoﬂuoreSCence_(Fig"ure 20).

"IL-1, which is derived predominantly from M@-like A cells (reviewed in Dinarello,
1984: Durum et al, 1985), is a critical lymphokine for antigen and APC dependent T cell
activation (reviewed in Mizél, 1982). The inability of Ii,-l nonsecreting P388NA .10 tumor cellsv
(Figure 19) and glutaraldehyde frxed or UV treated SAC to reconstitute AFC responses to TI
antigens in A cel] deficient spleen cells (Frgure 16) suggested a crmcal role for IL-1 secretion m\
“TI B cell activation as _well. This was directly confirmed by the observation that pure

recombinant murine IL-1 ‘compiletely restored the response of NA spleen cells to all four TI
1 antigens Lesled (Figurc 21): "The effectiveness of IL-1 was not diminished by stringent T-cell

. »depletion (Table 9), suggesung a direct effect of IL-1 on B cells. IL-1 also restored
\ immunocompetence in NA §pleen cells from C3H/HeJ mice (LPS nonresponders) ruling out
\the possrﬁrlrtv that the recombmam IL-1, whrch was provrded as a bacterial cell lysate,

\ .

. contarned LPS which accounted ?"or its, ef fect (data not shown) .

D. Drscussron _ : . _ ‘

A, ;

?‘ t The A cell dependence of TI-2 B cell responses rs well establrshed (Chused et al 1976;
'J.‘

Lee et a1 1976 Prerce and Kapp 1976a Persson el al, 1977 Nordm 1978; B05well et al,

1980§c Letvm el a1 1981 Morrrssey et-al, 198«1 Fernandez and Palacros 1982 Mond, 1982).
‘\’9 * o 4

oy il Howevcr AFC~ responses to somg TI-1 anngens have been reported to be either A cell

dependenl ilshhaka el al, 197‘1 Haeffner Cavarllon et al }982 Melchers et a1 1982; Bandeira

+ 0 : . N 2
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TABLE 8

Characteristics of DC-Like- and MQ-Like Cell Lines Used in These Studies

’

Cell lane
Charactcrisuca | -
Y p3IssD, }’388Alé).2 PISENA10
la expression . - + . u +
' 1L.-1 secretion + ' + -
FcR ‘ + : -

Phagocytosis ' + ( - ‘ N
MLR stimulation - ' : + : _
Ag presentation - - : + -

a References: Koren er al, 1975; Cohen and Caplan, 1981; Cohen et al. 1982.
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Figure 19. Function of A cell tumor .lines in AFC responses: to TI-1 and TI-2
antigens. CBA/Cal nprmal (closed circles),” "NA: (closed squares), or NA spleen “cells

reconstituted  with DBA/2 PAC (x). P388AD.2 (open sqixues), P388D, . (open
circles), or P388NA.10 (open triangles), were cultured with TNP-Ba or TNP-ficoll.
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Figure 20. Flow cytometric analysis ‘of 1a on A cells.. Exprassioh of la antigens on
various A cells was quantitated by indirect immunofluorescence staining with 10-2.16
(I-Ak specific, broken lines) or MKD6 '(I-A-d specific, solid lines) supcrnatamsi‘
followed by flow cytometry analysis. The percentage of cells staining with intensitics
above that of the specificity control is indicated by shading and in the top right
hand corner of each panel. ' v ‘
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Figure 21. Recombinant interieukin-1- replaces A cell function. CBA/CalJ normal or
"~ NA_spleen cells were cultured with TNP-Ba, TNP-LPS, TNP-ficoll, or TNP-dextran.
NA spleen cells were reconstituted with 10° CBA/Cal PAC or various concentrations
(Urml) 'of recombinant murine IL-1. Note: NA spleen cells cultured with IL-1
(60 U/ml) in the absence of antigen yielded no more AFC/10¢ cells than NA
spleen cells alone without IL-1 or antigen. ' :
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TABLE 9

IL-1 Restores Rcsponsivenéss in T Cell Depleted, A Cell Deficient Spleen Cells

- 4 <

~ N Mean anti, TNP AFC 1 SDV/10° cclls
Spleen Cells PAC IL-1 e e '
' ' c T cell depleted
7 ‘ (AN
Normal - - 523 ¢ S0 278 4+ 41 F
2 NA - - 9t 8 62 t 7
NA 10° - 284 1.2 255+ 39
NA - 60 U/ml 266 t 14 254t 32,
i , . {
Ve ‘ N
.\.-

CBA/Ca) spleen celis were treated with C or aThy-1.2 and al.y-2.1 antibodies and
C" (T cell depleted), after which they were depleted of A cells (NA) or left

nnfractionated

(normal). NA spleen cells were reconstituted with CBAsCal. PAC or

recombinant IL-1. Cultures owerc. challenged with TNP-Ba.

|

|
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et al. 1983; Corbel and Melchers, 1983, 1984 '}?férnandez and Severinson, 1983; Diner er al,
1986) or A cell independent (Yoshinaga et al, 1972, iemke et al, 1975; Chused et al, 1976;
Lipsky_and Rosenthal, 1976; Rosknsireich and Oppenheim, 1976; Kurland et al, 1977, Wong
and Herscowitz, 1979; Boswcl,' et al, 19802‘1,@. The studies reported here clearly demonstrate
the A cell dependence of these responses; but, in agreement with Cotbel and Melchers (1984),
we find that rigorous A cell depletron methods must be employed to demonstrate this fact.

Our demonstration that IL-1 secretion by A cells is both necessary and sufﬁcrent for Tl
B cell activation may explain the lack of; cell dependence observed by some investigators in
responses to some Tl antrgens Thus, the Teported A cell mdependenee of AFC responses to
LPS,. Ba and other microbial products may be ascrtbed to the activation of IL-1 secretion-by
these agents (reviewed in Dinarello, 1984). Indeed, LPS stimulation of M@ is used for the
preparation~ of IL-1 rich M@ supernatamts (Unanue & Kiely, 1977; Mizel er al, 1978a).
Activation of residual M@ is proﬁably most effective *when high 1.PS concentrations are used,
" since polyclonal B cell activation by mitogenic (high) concentrations of LPS was reported to be
less A cell dependent than activation of specific B cells by lower concentrations of TNP-LPS
. (Martinez-Alonso et al, 1980). Complicating matters further are reports that B cells secrete
IL.-1 (Scala et al, 1984; Gerrard and Volkman, 1985; Matsushima ef al, 1985) or express it.in
membrane bound form (Kurt-Jones el al, 1985) under cert Mi2ctivation conditions, including
LPS stimulation. Finally, the use of fetal calf serum may obscure IL- 1 dependence (Hoffmann
et al, 1984). Clear]y however, any acttvrty of B cell derived IL- l was not sufﬁcrent for TI B
cell acttvatlon under the serum f‘ree culture condmons used in our studies. |

Boswell et al (1980a,b); f ailed to demonstrate A cell dependence of AFC responses to
| TNP-B4 and TNP LPS. Furthermore, they reported thath cells are heterogeneous with
respect to their requiremeny for A cells when actrvated by TI-1 antigens. Thus, the Lyb-5* B
"cell subset could be activated by TNP-Ba pulsed A cells, wnereas the Lyb‘-'S' subset only
responded to this antigen when present in free suspension. Lyb-5" B eells appeared unable to

receive activation signals from A cells. If activation of the Lyb- 5+ subset by TI-2 antigens is '

absolutely dcpcndent upon A cell derrved acuvatton srgnals then the immune def ect in CBA/N

B
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mice, whicﬁ lack this subset and fail to respond to TI-2 antigens (reviéwed in Scher, 1982).
could be due to the absence of effective A cell-B cell interactions in the L.yb-5 subsct. Since A
cells fr/om CBA/N mice present anligeﬁs normally (Boswell er al, 1980b), eigcpl for those
under'Ir gene control of the Ia.W39 specificity (Rossenwasser and Huber, 1981), the defect
must reside in the B cells..

Comrary 1 thc results of Boswell et af (19803 b). we have found AFC rcsponscs (in
spleen cells comaining Lyb-5 and lyb 5B cells) to TNP-LPS and TNP-Ba to bc strictly A
cell dependent (Figure 13). This discrepancy may be expiained by postulating that rather than
being A cell independem,athe Lyb-5 subset is merely less A cell (or ll:l)ﬂ/dcpcndcnl than the
Lyb-5- subset. Thus, A cell dependence of TI-1 AFC responses in Lyb-5 or normal adult B
cell populauons whxch contain approximately equal numbers of both subscls (Ahmed el al,
1977), would only be scen with stringent A cell depletion techniques, such as those used in our”  ,
studies. -

Our ‘fa'ilure ‘to demonstrate MHC restriction in TI AFC responses is difficult to.
reconcile with the observations of Singer and Hodes (1982) and Hodés et al (1983a.b) that B
cells must recogmze self Ia for TD and TI rcsponses to TNP %xcoll Although MHC restricted
antibody. has been reported (van Leewen ef al, 1979; Wylie er al, 1982), the concomitant
recogniiion of antigen plus la by B cell Ig receptors is not a requirement for_‘B cell activation.
Thus, until such time as the physiological relevance of A cell-B cell MHC restriction becomes
understood as it is for T cell activation, the possibility that this interesting phcnomenon may be

due to experimental artefacts must be considered. , N

. The ability of predominantly.la- PAC (Figure 20) (Cowing et,al, 1978) and the la

M@ -like tumor P388D, to, provide A cell function in both Ti-1 and TI-2 B ccll reSponscs

apparemly contradicts previous reports that la’ SAC were required, possibly to process and

,presem TI antigens for B cell activation (Letvin ef al, 1981; Morrissey et al, 1981) Howcvcr

| the majority of splenic ‘A cells express Ia antlgens (Cowing et al, 1978) 1hus these carhcr

studiés did not directly assess the abi]ily of Ia- A cells to unction in TI B cell rg:sponscs.

Furthermore, antigen processing “and MHC restricted antigen presentation werc not
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investigated. We .show that neither of these A cell functions is necessary. for TI B cell
;clivalion (Figures 16 and 17; Table 7). Thus, the functions required of A cells clearly differ
in T cell vs T1 B cell actival‘ion. |

In f_uriher contrast” to \\chell activation, functional heterogeneity of A cell
subpopulaliqns_aclive in TI B cell acu’valiop was not observedA All A cell types capable of IL-1
secretion functioned adequateiy. Although SAC Were more efficient than PAC on a per cell
basis (Figure 14), this is likely explz:incd by the low percentage of M@ in populations of
resident Rerilorieal cells (Lee and Berry, 1977) as compared to SAC which are enriched for M@
and DC. Furthermore, large BM-M@, which function gootly in T proliferative rgsponses (Lee
and Wong. 1980, 1982; Lee and Guidos, 1984), were considerably active in the T1 B cell
response to TNP-Ba (Figure 15). Activation of BM-M@,: which increases la expression and
“greatly enhances the accessory function of these cells in T cell activation (Lee and Wong,
1982). had little effect, other than increasing nonspeéific supp;essive activity at high M@
concemrauons on their funcuon in the B cell response to TNP Ba (Figure 15) Thus, a
grcaler variety of A cell types are capable) of pamcnpalmg in TI B cell activation 1han are
functional in T proliferative responses.

Insofar as B cell activation by so-called TI antigens and mitogens is not truly T cell
-independent (Moﬁd et al, 1980, 1983: Letvin et al, 1981; Jaworski et al, 1982; Zubler and
Glasebrook, 1982; Endres ef al, 1983; Nossal and Pike, 1984; Pike and Nossal, 1984; Pike et al,
1986, the que§tion of how the necessary Th are activated must be raised. In view of the lack
of effect of A cell specific anli-la antibody on thé AFC responses to TNP-Ba (dable 7). it’is -
unlikely that Ia restricted A cell-T, interactions are required. There is évidencc,l"?however, that
amigén_prctessing and MHC restricted antigen presentation by B cells (LoCaécio et al, 1984;

-~

Lanzcvccchia 1985) may be important for the generation of nonspecific T cell derived B ce'll{
B
growth and’ diffcrentiation factors. Alternatively, T cells may be activated to produce such

.y
factors in the absence of anugen via direct interaction with acnvatcd B cells (DeKruyf f et al

-
“

1985). ¢
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The results reported in this chapter suggest that the secretion of IL-1 is an essential A
cell func.tion in TI B cell activation. Moreover, the complete restoration of AFC responses in A
cell depleted spleen cells by plure recombinant IL-1 -suggesls that no other A cell derived factors
- are required, contrary o reports by Corbel and Melchers (1984) Lhat‘sevcral species of A cell
derived (a) factors could be distinguished. However, IL.-1 does display molecular heterogeneity
and exists in high molecular weight (35K), low molecular weight (17K), and very low

molecular weight (2K and 4K) forms (reviewed in Durum ef al, 1985). Furthermore, two

related but distinct genes, termed « and B, encoding IL.- 1;like polypeptides have been cloned in

both the human (Auron ef al, 1985; March e&l, 1985: van Damme ef al, 1985) and murinc
(1 omcdico et al 1984) systems. The interrelationships of these molecules is not clear; whcth‘g .
they also display functional heterogeneity remains to be delermmed
The failurcof T cell depleuon 1o abrogale the ability of 11.-1 to rcslorc AF(‘ responses
to TNP Ba by A cell deficient spleen cells (Table 9) is consistent wk’a dll’CCl role for IL-1 in
TI B cell activation. This idea is not wuhout preccdem in thc immunelogical lncralure

(Howard and Paul, 1983; Howard et al, l983b; Giri et al, 1984; Pike and Nossal, 1985a).

Ahhough, in agreement with previous results (Endigs et al, 1983: Mond et al. 1983, Pike and

Nossal, 1984), the TNP-Ba response inﬂunfracti{i‘r}‘gitéa spleen cells was reduced somewhat by T
cell depletion, IL-1 reconstituted normal NA and T cell depleted NA $pleen cells to exactly the

same extent (Table 9). Pos 'bly the IL-1 responsive and T cell faclor Tesponsive cells are

members of nOnoverlappmg:B ce‘il subsets Consistent with lhlS Pike and Nossal (1985a) have
»

demonstrated that IL 1 supports the growth and differentiation of a propornon of FLU

specifi¢B cells cultured wuh FL.U-ficoll in the absence of flller cells or additional cytokines.

Moreover, an additive rather than a synergistic effect was observed upon the addition of both
. . } )
IL-1 and IL-7Z to single FLU specific B cells. Thus, B cells may be heterogencous with respect

to their requirement for various A cell or T cell derived cytokines.

-3

In summary; we have demonstrated that A cell functions differ considerably in T cell &

~ . . . .
activation and TI B cell activation. In the latter process.. neither antigen processing, MHC

restricted antigen presentation, nor expression of Ia antigens by A cells is Tequired; A cell-

i
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. secretion of IL-1 is both necessary and sufficient to allow B cell activation by TI antigens in A
cell deficient spleen cells. The data are consistent with the notion that 1L.-1 acts directly on B
cells: however, ‘the point(s) in the activation cascade at which IL-1 acts remain to be

determined. Studies designed 1o answer this question are currently in progress.

il
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V1. Mechanism of TNP-éM_C/ MC Induced, Accessory ‘Cell Dependent B Cell Tolerance

A. Introduction

The importance of M@ and other adherent accessory;a}s in T cell activation and T1 B
cell ct\ivation is well established (teviewed in Moller and Coutinho, 1975; Pierce and Kapp.
1976a: Rosenstreich and Oppenheim, 1976; Steinman, 1981: Howard and Paul, 1983; Unanuc.
1984: Schwartz, 1985). Recent reports, and data presented in Chapter IV of this ‘lhesis, also
ascribe a pivotal role to A cells in the induction of B cell tolerance (Diencr ef al. 1976: Phipp.s‘
and Scott, 1983: Goldings, 1986a.b). Morcover, M@ are required to convert T cell derived,
anligen'. nonspecific, SIRS to the biologicallc): active form (Tadakuma and };icrcc_ 1976).
possibly by an oxidative process (Aune and Pierce, 1981c). M@ also cxc,rt cytostatic and
cytotoxic effects on other cell types by oxidative mcchanisins (reviewed in Adams and Nathan,
1983: Adams and Hamilton, 1984). However, the nonspecific nature of both positive and
negative (largely prostaglandin mediated) immunoregulalfon by A cells 15 difficult o rcconcilc‘
with their antigen specific role in the induction of tovlcrance by hapten-CMC/MC conjugates
(Chapter {V). Although‘the importance of A cell derived IL-1 in TI B cell activation w‘as
demonstrated in Chapter V of Ihis thesis, the possibility that CMC/MC treatment of A cclls
renders tk\liem incapable of I1.-1 secretion or enhances prostaglandin sccretion would not secem to
explain the hapten specific{ty of CMC/MC induced, A cell-dependent tolerance. However, in
view of recent studies implicating A acell derived 1L.-1, prostaglandins, and H,0, in hapten
specific, Fc dependent tolerance induced by TNP-HGG (Goldings, 1986a.b). this possibility
was directly assessed. Furthermore, we investigated the possibility that tolerizing A cells exert
their effect through release at close range of peroxide or perc;xide-likc sub;}anccs. Finally. the

relationship of CMC/MC induced, A cell dependent tolerance to existing modcls of B ccll

tolerange was examined.

103
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B. Materials and Methods \

Antigens. FLU-POL was prépared following the methods of Goding (1976) and
Nossal" et al (1978). Briefly, POL T(pre\pared from Salmonella strain 1699, Ada et al, 1964) was
dialyzed overnight against Na,CO, ‘buffer (0.2 M, pH 9.3). The following day, 0.2 ml FITC
(1 mg/mi, isomer 1, Sigma Chemicz’ﬂ Co.. St. Louis, MO) dissolved in dimethyl sulfoxide was
added dropwise to 1 ml (4 mg/ml) of dialyzed }gpL, with constant stirring. The solution was
allowed to stand 2 hr at room temperature in the dark, then dialyzed extensively agains; PBS.
The hapten substitution ratio was determined as the molarity of the hapten dividca by the
molarity of POL.. FLU concentration was determined by absorbance at 495 nm (e :60:000).
POL was converted to monomeric POL. (MON) (MW 40.000) by treatment with 0.05 N HCl
for 20 min prior 10 measuremeni of absorpance at 215 nm (e =9.4). The substitution ratio of
FLU-POL used in these studies was 1. ‘

Flow Cytometry An-alysis ofFLU Binding, mlg- Spleen Cells. Spleen cells (10¢/well) in
V-bottom microtiter wells were pretreated for 30 min on ice’with HBSS containing 0.2% glclalip
and 0.1% azide 10 block nonspecific binding. POL (500 ug/ml) was included in those groups 10
be stained with FLU-POL. The medium was then replaced with 0.1 ml HBSS containing 0.1%
gelatin, 0.1% azid;,, and (1 ug/ml) FLU-POL_or biotin conjugated F(ab'), fragments of goat .
ami-mousé lIg (G+M+A, Cappel, Cochraneville, PA) diluted 50 times. After 15 min on ice,
cells were washed 3 times and the FLU-POL stained groups were fixed with
2% forméldehyde—PﬁS. The anti-lg stained ceils were incu‘baled for ISCmin on ice with
avidin-phycoerythrin (Becton Dickinson, Mountain View, CA) diluted 20 times in HBSS

containing 0.1% gelatin and 0.1% azide. Cells were then washed 3 times and fixed iﬁ 2%

»fgymaldehyde-PBS prior 10 analysis. Cells 1o be subjected 10 two-color flow cytometry

analigis-»»._,lvere ‘stained first with FLU-POL, followed by biotin-anti-Ig, and finally
“ _

avidin-phycoerythrin. Flow cytometry analysis of FLU binding cells (green fluorescence) was

performed on an\%’ICS V FACS as described in Chapter V. Analysis of mig: cells (red

f ]uo;escence) was berf ormed using an argon laser exciting at 488 nm, a 515 nm blocking filter,

560 nm dichroic filter, and a 570 nm longpass filter. For two-color analysis, a 530 nm

’



shortpass filter was also included. Dale} were collected gated on forward angle light scatter and
red fluorescence or green fluoréscence. The data shown in Figure 26 were collected gated on
forwérd angle light scatter and red fluorescence. but were ne different than data collected gated
on forward angle light scattef and green fluorescence (data not shown). Thus‘, no cells were
detected exhibiting green fluorescence in the abscence of rted fluorescence. Spleen cells from ™ -
individual mice (3 mice/group) were analyzed separately. Similar results ;A'CFC obtained fro;ﬁ
mice treated and analyzed on two separalc occasions. Representative hmograms are 5hown
Antibody Forming Cell Assay Following In Vivo Challenge. Mice werC killed by ggrvual
dislocation and their spleens removed into 5 mi MDBSS. Cell suspensions wuc preparcd from
indivigual spleens and debris removed by sedimentation at 1 g for 7 min. After washmg cclls
were rzsuspmdcd in 8 ml MDDBSS and 0.2 ml were admixed with 0.085 ml MDBSS, 0.02 ml
guinea pig complement diluted 3 times in MDBSS. and 0.025 ml haptenated SRBC target (10%
v/v, prepared as described in Chapter /11). Following thorough mixing, 0.05 ml of this
mixture was placcd in a double-walled slide chamber, after which the procedure was identical to
that described in Chapter 111 for Antibody Forming Cell Assay Following-In Vitro Challenge.

Other materials and methods employed for thesc studics have been fully described in

Chapters 111, [V and V.

C. Results

Q9

Failure of Indomethacin or 1L-1 to Restore Immunocompetence in TNP-MC Treated Spleen
Cells : : .

The most intriguing aspect of our obscrvation is that Lt}e A cell deficiency in CMC/MC

tolerant mice is héplen specific (Chapter V). A vcells releasc both positive (c.g.. IL-1,
rgngwed in Durum et al, 1985) and ncgauvc (c.g.. prostaglandins, reviewed in Adams and

/ Nathan 1983) immunoregulatory molecules’ which are known to function jin an antigen
nonspecific manner. Thus, the possxbxlny that TNP lolermng A cells are defccuvc in IL-1
release is unlikely. to explam the obscrvauon that the same A cells are fully compctenl in

. supporting a response (o FLU-Ba. Similarly, release of mhxbnory prostaglandms by Lolcnzmg

¥,—\,.
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A cclls should not account for the haplen specific Jefett. As expected neither IL-1 nor
o3
g, c mdomelhacm (an mhlbuor of proslaglandm synlhesxs) (Adams and Nalhans 1983) weréﬁ‘
1
M capable of restoring 1mmunocompelence in Tl}lP l\?C treated spleen cells (Table 10)
1 :

Al -

f(Cel! I)cpcndent Iolerancc is Not Mediated by a Solélble Factor
- The haplen specrf:cxty of A cell dependent tolerance could be a result of the hapten

t
being displayed on the A cell surface via surface bound carner Alternatively, A cells could

4 o

convart TNP-CMC/MC inlq suppresswe molecnles by an ymdanye process, as is the case for T

a cell denved anugen nonspecrflc SIRS (Aune and Pierce, 1981c) In the second 1nslaﬂnce hapten _

. e

specrf:cally suppressive. molecules should be de*fectable*’ fn supernatants of TNP- CMC/MC

A lrcatcd A cells To dlstmgursh between these two possxbrlmes superna[anls from TNP-MC

“
i e ©

trealed PAC were collected and assayed for the ability to induce TNP specific tolerance. The -
results show that supernatants from normal or TNP-MC treated PAC reconstituted NA spleen
cells to the same extent (Figure 22). Thus, thek is no evidence for the release of specific

‘ suppressive molecules by A cells in this system.

A There are at least two possible explanatiowhe requirement <mrlose cellular
et

face. First, the A cells could function

-’ o

passwely to present locally high c0ncentrauons of antigen in a multivalent-array, lhus favoring

interactions In A cell dependent CMC/MC mediated 10l¢;

tolerance induction (Feldmann and Dlener 1972). Such a mechanism lrkely accounts for the
greater efficiency o,f) Fc dependeﬂt tolerance induction by hapten -SGG conjugates in the
presence of FcR* A ,\el’ls (Phipps and Scott, 1983 Phipps et al, 1984). However, {be failure of °
:NA cells to be rendered tolerant in the absence of A ‘cells, even with several -fold hlgher
> TNP MC concemrauons (Table 11), makes it unllkely that A cells are merely serving to present .
tolerogen in a more concentrated fashion in this system. The alternative explanation is tha’t A |
cells are actively. mvolved in CMC/MC induced lolerance Consrstent with this, glutaralde{(yde :

T T Ve f ixed PAC T rom TNP-CMC tolerant mice alled to induce TNP specxf ic B cell tolerance (Table

‘;z;ersn
¥

i

- 12). The mode of cell- cell interaction in this system does not require recognition of Ila

W
“

molecules smce monoclonal anti-1- A anubody failed to prevent tolerance mducuon by

g .



TABLE 10
A
Failure of Indomethacin or 1L.-1 to Restore lmmunocompetence
in TNP-MC Treated .Spleen Cells )

\

. . Mcan  ant ~'1NP

Group Indomethacin 1 AFC 2 SD/10% cells
A - - . 360 28
/ 3 pg/mi - 340 1 32
- * 60 U/ml 32 1 4l
B = - 36 t+ 10
3 ug/ml - ’ 47 + 8
- ‘ 60 U/ml , 25 19

CBA/CaJ spleen cells were treated with RPMI containing 10% FCS alonc (Group A)
or containing 100 pg/ml TNP,MC (Gréup B) for 90 min at 4 C. Cells were then
" washed 3 times prior to challenge Wwith TNP-Ba. Indomecthacin or rccombinant I1.-1
were added to ‘the indicated groups at the time of challenge. :

+

P . .
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SUPERNATANT  DILUTION

'Figure 22. Failure of sixpemanants from TNP-MC treated A cells to induce tolerance
in A cell deficient spleen cells. CBA/Cal normal (closed circle) or ‘NA (closed
square and' open symbols) ispleén cells were cultured with TNP-Ba. NA spleen cells
were reconstituted with 10° CBA/CaJ normal PAC (closed triangle), TNP-MC treated

PAC (100 ug/ml for 90 min at 4 C, open triangle), or supernatants from normal
(open circles) or TNP:MC treated (open squares) PAC at the indicated dilutions.
To obtain supernatants, 2 x 10° normal or TNP-MC treated PAC were cultured in
2 ml RPMI] combining 10% FCS in 24-well- Linbro trays at 37 C. After 18 hr, .
supernatants were collected, centrifuged and filtered to remove nonadherent peritoneal
cells, and used to recomstitute NA - cells as indicated. A : A

“a
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TABLE 11

Failure of TNP-MC to Induce Tolerance In" Vitro in the Absence of A Cclls

. Mcan Anu INP

Spleen Cells ‘ TNP-MC PAC ALC 1 SD/IO celbs
Normal - ‘ - 289 1 43
Normal 100 pg/mi - 15 1 38

NA - - 8 + 5
NA - + o209 t 31
NA SO upg/mi + ©201 t 18
NA 100 ng/ml ‘ + 216 ¢ 25
NA 200 ug/ml + 185 + 33
NA 300 pg/ml + 219 + 27
NA 400 pg/ml + 176 &+ 28

Normal or NA CBA/Cal spleen cclls were treated with RPMI containing 10% FCS
alone or containing the indicated - concentratiuns of TNPMC for 90 min at 4 C.
Cells were then washed 3 times and cultured with TNP-Ba. Where indicated, NA
spleen cells were reconstituted with 10° CBA/Cal PAC. ‘

N
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TABLE 12

Glutaraldehyde Fixation of A Cells from Tolerant Mice Abrogates
A Cell Dependent Tolerance Induction

PACb ! Mean ant-TNP

Spleen  Cells® , 1n.-1¢ AFC t SD
Tvpe Glutaraldehyde /10*cells

Normal - - - 198 + 32
NA - - - 22 + 8
NA fiormal - - 139 + 25
NA normal 4 - 14 + 10
NA normal + + 122 + 16
NA tolerant - - 22 £ 12
NA tolerant - + 27 £ 11
NA tolerant + o+ 97 + 21

£

2 CBA/Cal normal or NA spleen cells we_re'challenged with TNP-Ba.

P NA. spleen cells were reconstituted with 10° CBA/Cal PAC from normal mice, oI
mice that had been injected with 300 pg TNP,.CMC 48 hr pre\fiously (tolerant).
Where indicated, PAC were glutaraldehyde fixed for 30 s as described in Table 6.

< Where indicated, IL-1 (60 U/ml) was included in culture.
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CBA/Cal (H-2%) PAC from TNP-CMC tolgrant mice (Table 13).

The Reducing Agent KI Reverses the Tolerance Inducing Capability of A Cells From I'l"x P-CMC

Treated Mice.

The preceeding experiments suggest that the induction of tolerance bygpA ccfls is an
aclive process. Possibly, suppressive M@ are activated by the tolerogen. Such M@ may eaert
their cytostatic or cytotoxic effect on other cells through superoxides or peroxide-like
.substances (Aunc and Picrce, 1981c; Adams and Nathans, 1983). To test this hypothesis,
peritoneal A cells from TNP tolerant mice were incubated for 30 min at 4" C with 6 x 10 * M Kl
as a reducing agent in the expectation that it may ncutralize MQ) derived oxidants (Aunc and
Picr;e, 1981c). These cells were then washed 3 times and uscd to rcconstitute
immunocompetence in cultures of NA spleen ccl!s. Incubation of‘A cells from TNP-CMC
treated mice with"KI indeed abolished their "tolerant” state, completely restoring their capacity
to reconstitute responsiveness in NA ¢$pleecn cells. (Table 14). We conclude from this
cxperiment that oxidative processes are associated with and might possibly be responsible for
“tolerance” in A cells. N

The effect of Kl on unfr;aclionaléa spleen cells from tolerant mice was also cvaluated.
Treatment of such cells with Kl within the critical period of 24 1o 4’ hr after the in vivo
administration of the tolérogen resulted in partial but sigqificam reversal of the state of
unresponsiveness (Table 15). The ability of KI topartfally reverse tolerance 24 or 42 hr after
the mj’ecuon of the 1olerogen suggests that at this time point, somc B cells Have become
' 1rreversbe'5 Jolerant in vivo. This interpretation is consnslcnl thh data referred to in Chapter
14 (Table S). mdncaung that given sufficient time, TNP-MC trealcd A cells irreversibly and

hapten specifically compromisc the immunocompetence of B cells. -
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TABLE 13
/

Monoclonal }xl-Ak Antibody Does Not Prevent Induction
of A Cell Mediated B Cell Tolerance

Mean Anu-TNP

Spleen Cells PAC le-Ak AFC % SD/10* cells
Normal ' - - 287 + 38
NA ' - - 29 + 17
NA normal - 23 + 27
NA normal S . 238 + 31
NA tolerant - 42 + 12
NA tolerant. + 47 + 18

CBA/Cal normal or NA spleen cells were challenged wilh TNPQB.ﬁ‘. Where indicated,
NA spleen cells were reconstituted in the presence or absence of 10-2.16 (al-Ak)
culture supernatant (1/1000) with 10° CBA/Cal PAC from normal mice or mice that
had been injected 48 hr previously with 300 ug TNP,CMC. '

- gons
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TABLE 15

The Rcducing' Agent KI Partially Reverses Tolerance in Unfractionated Spleen Cells

Mean anti- TNP

Spleen Cells Kl Ucatmcmb AFC 2t SD/10* cells
Normal - 328 + 30
Normal + 262 +° 19

Tolerant (24 hrs)? 13 + 22
1
Tolerant (24 hrs) + 111 + 17
i
Tolerant (42 hrs) - - <10
Tolerant (42 hrs) ' + 79 + 37

3 Mice were rejected with 300 ug of TN'P‘,CMC and killed after 24 or 42 hr.

bSpleen cells were incubated with 1.2 x 10° M KI at 4 C for 30 min and then
washed 3 times prior to culture. Culwures were challenged with TNP-Ba:



115

-

Relationship of Tolerancé Induced by CMC/MC to Existing Models of B Cell Tolerance
The Two Signal Model

The data presented in this thesis and elsewhere (Diner et al, 1979; Dicner ef al. 1981,
von Borstel ef al. 1983) suggest that CMC/MC are novel tolerogens whose capacity to induce T
cell independent, carrier and A cell dependent B cell unresponsivencss is nol cxplained by
existing models of B cell tolerance. The validity of this notion was assessed by scveral means.

One model of sclf—nonscif discrimination by B ccll_s, the two signal“thcory, ( Brestcher
and Cohn, 1970), proposes that the outcome of an antigenic encounter (Signal 1) by a B cell is
dclcrmined by the presence or abscnce of appropriate "helper signals” (Signal 2) in the
environment. This notion has gained support,fr“om observations demonstrating an inverse
correlatjon between an antigen's tolerogenic and immunogenic capacitics (Havas, 1909,
Roclants and Goodman, 1970; Borél, 1971). Golawn and Borel, 1974). Morcover, the presence
of carrier specific T, or Signal 2 replacing Ogcris has been shown to inlcrfcrc with hapten
specific tolerance induction m some Systeiﬁ(‘Mclcalf and K:linman_ 1976; Nossal and Pike,
1979). Thcrefore_ we tested the effect of T cell derived helper signals on the induction of A cell
dependent, TNP-CMC mchiated tolerance.

A KLH. spc&iﬁé T, cell line, capable of proliferating in an antigen specific manner
(Table 16) and delivering antigen specific cognate help o antigen sbcciﬁc B.cclls (Figure 23)
was generated according to K\imollo and Fathman (1980). Itis im;ort,anl 10 no;c that TNP-MC
lrcalmém of splenic A cells did not impair the activation Qf CKA-Th' (Table 16). In contrast 10
other systems, neither IL-1 (Table 12. line 7). nor carrier specific help (Table 17} interfered
with tolerarfce induction by TNP-MC treated A cells. This provides further c‘vidcncc that
CMC/MC represeni novel toierogens whose mode of actién is sfgn’ifi;am]y different from other

tolcrogcﬁs described @ date.

Clonal Deletion/Abortion f{
Clonal delelxon/abortxon models cé‘ B cell tolerance propose that B cells are deleted

during a tolerance sensmve phase of d‘évclopmcnt of the animal or B cell, rcspccuvcly
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TABLE 16

The CKA-Th Line Proliferates in an Antigen Specific Manner

2

a
Proliferative Response

Antigen (concentration) {mean cpm t SD (x 10°))
None ' 47 + 0.7
KLH (0.1 ug/ml) 296 t+ 1.7
TNP-KLH (0.1 ug/ml) ' 282 + 17
KLH (25 wg/ml) ' 2 36.9 t+ 2.7
KLH (25 pg/ml)® 249 t,32
OVA (0.1 upg/ml) . . - 59 + 0.7
OVA (25 ug/ml) 63 + 1.4

aCKA-Th cells (10*/culture) were cultured with irradiated CBA/Cal spleen cells
(10%/culture) in the prescnce of the antigens indicated. Proliferative responses were
assessed on day 3.

n

® or this grou;;, spleen celly were pretreated with TNP.MC for 90 min at 4 C.
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Figure 23. CKA-Th cells deliver antigen specific cognate help to B cells. CBA/Cal
spleen cells (10¢/culture) were cultured with TNP-Ba (closed circle) or 0.1 ug/ml
TNP-KLH (closed square). Unirradiated (left panel) or irradiated (right panel)
CKA-T, cells (open symbols) and 0.1 wg/ml TNP-KLH (open circles), KLH (open
~ squares), TNP-OVA (open triangles) or TNP-OVA +, KLH . (x) were added as

indicated. Culture conditions and assay are described in Chapter 111, :
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TABLE 17

4
The Presence of Carrier Specific T, Does Not Prevent Tolerance Induction S
by TNP-MC Treated A Cells
.

'NQ.Q of Mean anu-TNP
Spleen Celis? Antigen SAC C‘KA«'I‘h/Culluxc AFC % SD
) (x 10°) 710*  cells
Normal TNP-KLH ) - 25 + 8
Normal TNP-KILH Vo 3 190 + 25
Normal TNP-KLH - 10 324 + 13
Normal KI1.H : 10 15 + 6

NA TNP-KIL.H - - <10

NA TNP-KILH Normal - 26 £ 7
. NA TNP-KLH '&» Normal 3 152+ 18
NA , TNP-KLH Normal 10 294 + 35
NA TNP-KLH TNP-MC 3 12 + 4
+ 8

INA TNP-KLH TNP-MC . 10 17

®CBA/Cal normal or NA spleen cells (10%/culture) were cultured with 0.1° pg/ml
TNP-KLH or KLH. Where indicated, 10° normal or TNPJ\:iC treated (100 pg/ml
for 90 min at 4 C) SAC were added. The responses induced by TNP-Ba in NA
cells reconstituted with normal o§\TNP,MC treated SAC were 367 + 41 and 21 %
9 respectively. '

®The KLH specific T cell line CKA-T, was generated as described in Chapter V.
The antigen specific helper function of this line for AFC responses is demonsrated

in Figure 23. .

~
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However, in view of the exislvencc of antigen binding B cells in animals tolerant 10 certain
antigens (reviewed in Elson et al. 1977; Nossal, 1983), Nossal and Pike (1980) proposed the
term "cl.onal anergy” o refer to clones which have been functionally silenced without being
physically deleted. To differentiate between physical deletion and functional ancrgy in our
system, the numbers of F1.U binding B cells in normal and F1.U tolerant mice were assessed by
flow cytometry. ‘

Initially. the fluoreskccnc'\e of FLU binding spleen cells from FL.U-Ba immunized or
F1.U-CMC pretreated, FI.U-Ba “immunized mice were compared. The specificity of the
IF1.U-POL ‘slaining was assesscd by comparing the fluorescence profiles of spleen cells from
unimmunized and FLU-Ba im;nlxﬁfz,cd mice (Figure 24A). Spleen cells from unisumunized
mice contained small but detectable numbers of FI.U binding cells, whereas spleen cells from
FLU-Ba immunized mice contained significantly more FL.U binding cells. Mice which h:ad
been treated - with H,U‘-CMC 48 hr prior 10 immunizartic;’n""qiilh FI.U-Ba wecre hapten
specifically tolerant, and consistent with this, no increase in FLU binding cells rclative to
unimmuniZ(;d mice was detectable (Figure 24B). Thus, no clonal expansion of FLU binding
cells occurred in FLU-CMC tolerant, FLLU-Ba chéllengcd‘mice. This effect was specific for
the F1L.U-CMC to.lcrogcn, since mice treated with the tolerogen TNP;CMlC prior to FLLU-Ba
immunization contained numbers of FL.U binding cells comparable to the FLU-Ba immunized
control (Figure 24C).

T\é be certain that the FL.U binding cells being detected were all B cells, 5amplcs' wCrC
simultancously stained with FI,U;POI.{ followed by a biotin-anti-lg cbnjugalc and
(avidin-phycoerythrin. Thus, two-color flow cytometry could be performed. Figure 25A -
demonstrates the specificity of the anti-lg reagent. Spleen cells from normal micc contained
10% mlg: cells. This increased to ;’0% upon immunization with FLU-Ba. Morcover, the red
fluorescence profile of anti-lg-phycoerythrin staincd.} spleen cells from FLU-Ba immuni;cd

mice and FLU-CMC pretreated, FLU-Ba immunizea mice were virtually idcnlical_(Figurc

25B). Thus, FLU-CMC treatment in vivo does not generally immpndcompromise mice, ﬁmt_l‘lcrm

o
y

conf irminé\ the hapten specific B cell unresponsiveness in these mice.
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" FLU sCMC treated prior to immunization wn.h FLU-Ba * (broken line), and (C).
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LOG GREEN FLUORESCENCE INTENSITY (Channel no’ 0-;55)03_)

Flgure 4. Flow cytometnc anaﬁysxs of FLU bmdmg "spleen cells from normal and
FLU- CM(": treated mice immunized with FLU-Ba. Where indicated, mice were
mJected i.,v. with 300 pg FLU,CMC or TNP.CMC 48 hr prior to immunization i.v.
wittk 4 x 10" FLU-Ba organisms. After 7 days, FLU binding cells present in the

~ spleens were analyzed by flow cytometry. The panels delCt the fluorescence profxles i

of FLU binding spleen cells from mice that were QA) FLU-Ba immunized (solid
line) vs normal . unimmunized (broken line), (B) FLU-Ba immunized (solid line) vs

injected  with TNP,CMC (solid line) - FLU,CMC (lsoken line) prior to
xmmumzauon with FLU-Ba. The peroentages of FLU binding cells, determined from
channel by channel subtraction of the nonspecific fluorescence of unstained cells ~were

i+ as follows: FLU-Ba immunized, - 8.6%;  TNP,CMC pretreated, FLU-Ba immunized,

7.8%; FLU,CMC pretreated,. 'FLU-Ba immunized, 0 11%; and normal ummmummd
1.04%. The specxfu:xty of hapten specific tolerance and priming was confirmed by
detexmmmg numbers of ann -FLU and anti- -TNP AFC/spleen for each group

P .
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Figure 25. Flow 'cytrometric analysis of mig® spleen cells from normal, FLU-CMC
tolerant and FLU-Ba immunized mice. Where indicated, mice were injected i.v. with ‘
300 ug FLU,CMC 48 hr prior to immunization i.v. with- 4 x 10" FLU-Ba
organisms. The percentage of mig* cells in the spleen was determined 7 days later
by flow cytometry. The fluorescence profiles of mig® spleen cells from mice that
were (A) normal unimmunized (broken line) vs FLU-Ba immunized (solid line); and
(B) FLU-Ba immunized (broken line) vs FLU.CMC treated, FLU-Ba immunized
(solid line), are depicted. The _percentages of mlg" cells, determined from channel by
channel subtraction of the nonspecific fluorescence: of unstained cells were - 10%, 40%,
and 36% for normal (unprimed); FLU-Ba immunized: and FLU,CMC pretreated,
FLU-Ba immunized mice respectively. ' : ' '
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The results of the two-color analysis are depicied in Figure 26. Spleen cells from
unimmunized mice (Figure 26A) contained small‘, but reproducibly detectable numbers of mlgf;
FI.U binding cells (dull green, brigﬁt red). No FLU binding, mlg “cells were dclccled
indicating that green fluorescence truly reflected F1L.U binding B cells. Spleen cells from mice
immunized with FLLU-Ba contained 3 pOpula(io‘ns of F1.U binding, mlg" cells: dull green,
bright red;.medium green, dull red; and dull green, medium red (Figure 20B). These latter 2
populations likely reflect FLU primed B cells. perhaps actively secreting Ig. TNP-ficoll
immunized (Figure 26C) or TNP-CMC tolerant mice (Figure 26D)) both contained only the
dull green, b;igﬂl red popul’alion scen in the unimmunized control (Figure 26A).. Finally,
spleen cells from FLLU-CMC treated mice contained barely deteciable numeers of FLU binding,
mlg- cells (Figure 26E). The percentage of FL.U cinding, mlg- cells in each group is'shown in
Table 18. Whlle the percentages of H U binding cells in spleen cells from ummmumzed
TNP-ficoll 1mmumzed, or TNP-CMC treated mice were small, these numbers were
rcprodl;cible, not statistically different, and similar to the numbers of. FI.U binding spleen cells
reported by Nossal er al (1978). }mereslinély, sc]een cells frdm FLU-CMC treated mice
conlained approximately 10-fold vf‘e‘we; FLU binding, mlg" cells than normal and other control
‘mice {TNP-ficoll 1mmun17cd or TNP CMC loleram Table 18) ThlS dxfference is highly

statistically significant (p<0.005). Thus, these results are consistent with an A cell dependent

clonal deletion mechanism of CMC/MC induced B cell tolerance.

D. Discussion

Current concepts of A cell B cell interaction do not provndc an explanauon for hapten
specific unresponsweness medxated by A cells. Goldmgs (l986a b, ) has reccmly demonstraled
that MO derived nonspec1f ic 1mmunoregulatory molecules, such as IL 1, prostaglandin E,, and
-H 20, uncuon antagonlstlcally in hapten specxf ic, HGG mediated to)erance Interestmgly the
presence of 1ndomethacm or catalase during the tolerance mducubn phase of the culture.

‘prevemed tolerance thus supporting a role for M@ derived prostaglandms and HzOa in B cell

/" .

 =tolerance. IL-1 also mterfered with tolerance mducnon, but this protectWe effect was
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Figure 26. Two- colb\r flow cytometric analysis of FLU binding, mlg", spleen cells ’
from normal and FLU-CMC toletent mice. Where indicated, mice were injected with
300 ug FLU,CMC o1 TNP,CMC or 4 x 10" FLU-Ba - organisms 7 days prior to
<FACS analysis. Resnlts are depicted as- a computer generated 2 parameter contour
plot of log -green ﬂx[Soresoenoe (FLU binding cells) vs log red fluoresccnoe (mlg
cells). The numbers of cells ‘per channel are rcprescmed as differences in shading.
The red vs green éluorcscence profiles of spleen cells from (A). normal
-(unimmunized), (B) FLL\-Ba immunized, (C) TNP fxcoll mmumzed (D) TNP,CMC
tolcram and (E) FLU,CMC tolerant are shown. ‘
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TABLE 18

Percentage of FLU Binding Spleen Cells dn Normal, . FLU-CMC Tolerant,
and FlL.U-Ba Immunized Mice

Mice Treated with? ) %F1.U-binding, mlg’ C<:llsb
"(mean t SD)

Tolerogen Antigen
- - 4 . 090 + 0.19
- TNP-ficoll | 094 + 0.22
TNP-CMC - 085 + 0.3
FLU-CMC - 0.11 + 0.02°

QCBA/CaJ mice (3 mice/group) were m)eued with 300 ug TNP, CMC or FLU,CMC,
lor 20 ug TNP- ficoll 7 days prior to two-color FACS analysis of FLU bmdmg
‘dmlg cells.

bThc percentage of FLU binding, mlg" cells was dctermined by subtraction of the
background fluorescence of unstained cells for each sample.

>
¢ This- value is significantly different (p<0.005, one-tailed ¢ test,) from the three-
groups which did not receive FLU,CMC. . '

—
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. counteracted by proslaglandin E, or H,0,. Presumably, M@ derived nonspecific
immunoregulatory molecules functioned only at close range, or only on B cells which had also
received an lg receptor and/or Yc receptor mediated signal, since tolerance was hapten specific
and Fc dcpendenl." The phenomenon described by Goldings may only be applicable to tc
dependent tolerance induction. We could demonstrate no role for 11.-1 or prostaglandins in A
cell dependent, CMC/MC induced tolerance, despite the importance of such molecules in the
activation (Chapter V) dnd nonspecific suppression (Thompson et al, 1984b:. Jelinek er al,
1985) of B cells.

The phenomenon we*have reported here is most likely dissimilar to the recently
reported role of antigen presenting M@ in the induction of tolerance to SGG (Bhipps and
‘SCOII, 1983; Phipps et nl, 1984). In the latter system, the M@ most likely served to %rcsenl the
tolerogen in a multivalent, more effectively tolerogenic fashion. This eflecl was k¢ dchcndcnl.
since non-gamma globulin antigens were not tolerogenic (Phipps and Scott, 1983) and only
FcR* A cells presented FLU-SGG in a tolerogenic fashion (Phipps et al. 1984). The FeR | la
dendritic cell-like line P388AD.2 and certain la- FcR- M@-like lines presented FLU-SGG in an
&nmunogenic fashion. In contrast to ‘the work of Phipps and Scott (1983), we could
demonstrate no B cell tolerance in the absence of A cells'(Figure 7). even when several-fold
higher concentrations of TMP-MC were used (Table 11). This precludes the possibility that
hapten specific B cells recognize anllgen presented in a nonimmunogenic or lolcrogcnic manncr
by other B cells. Thus, it is unlikely that A cells are merely‘serving to present tolerogen in a
concentraled fashlon in our system. The mablluy of glutaraldehyde fixed A cells from
TNP-CMC tolerant mice to render B cells glapten specif rcally unresponsivé further suggests that

A cells acuvely delrver a\negatwe srgnal to certairl B cells. This most likely occurs via drrect A

»

cell-B cell interaction, smke hapten speclf ically suppressive- molecules could not be detected in
the supernatanss of TNP-MC treated. A Cells (Figure 222.
We 'postulate that the' hapten cefrriers C'MCand MC bind to the A+cell surface

membrane, perhaps by receplors analogous to previously dcscrrbed mannose receptors (Stahl et

al, 1978), thereby rendering thrs cell specrfrcally suppressive only for B cells recogmng lhe
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carrier bound hapten. Since A cell dependent T1 B cell activation ‘does not reduire direct
A cell-B cell contact (Chapter V), only B cells focussed omo‘A ceils by hapten-CMC/MC will
be loler'\\e]a. Experiments in which B.cells are placed in close proximity to unhaptenated MC
‘t\r\ca'léé A cells by gentle centrifugation®underscore the importance of hapten focussing in tﬁis
system, since such experimental ‘marllipulation did not result in th.e generalized loss of B cell
immunocompetence (data not shown).

There is abundant elvidence that distinct M@ subpopulations may under certain

donditions exert inhibitory influences on various cell types. Indeed, evidence suggests that M@

mediated cytostatic and cytotoxic mechanisms involve the synergistic interaction between
proteases and H,0, which are generated by activated M@ and transferred to the lar.get cells
(reviewed in Adams and Nathan, 1983; Adams and Hamilton, 1984).- M(D are known 10
gencrate superoxides under appropriate stimulatory conditions, such as in the presence of
certain bacteria and organic compounds (Adams and Hamilton, 1984). CMC aﬁd MC, which,
like some bacterial cell wall components, have polymeric carbohydrate structures, may thus
" have. the ab.ility to stimulate certain M@ to produce shperoxide or peroxide-like substances.
Following a protocol used by Aune and Picrce (1981c) for the purposes of interfering with
oxidative processes, we were able to rgve;se "loleran-ce“ in A ce}}s or spleen cells by treating
them with the reducing agent KI (Tables 14 and 15). This is\;onsislént with reports that
iodoacetate used at similar concentrations inhibits the respiratory burst necessary for the
generation of reactive oxygen intermediates (Sbarra and Kérno;/sky,_ 1959; lyer et al, 1961;
Takanaka and O'Brien, 1975). However, pretreatment with KI of TNP-MC in vitro did not
reduce the specific tolerogenic properties of this compound (data not shown). Thus, A cell
oxidative processes may be responsnble for the clonal deletion of hapten specific B cells
interacting with surface bound hapten-CMC/MC. Consistent with this, spleen cells from FLU
tolerant mice comamed barely deteclable levels of FLU binding mlg' cells (Figures 24 and 26;
Table 18) B cells have beehﬂ’ﬁshown to be extremely susceptible to H,0, mediated cytotox:cxty

(Farber et ql, 1984). Further investigation is requlred to elucidate the molecular basis of

negative signalling in’our system.
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In summary, these results suggest Lhél haplén'spccific CMC/MC induced tolerance is
médialed by a novel, A cell depe;ldem mechanism, possibly involving the clonal deletion of B
éclls. Tolerance could not be explained within the framework of existing theories of B cell
tolerance. For example, since CMC/MC are not polyclonal B cell activators (von Borstel et al,
1983) the one nonspecific model (Coutinho and Moller, 1974) cannot be rc‘lcv nt. In
‘ disagreement with a major predjction of the two signal model (Bretscher and Cohn, 1970).

neither 11.-1 (Table 12, line 7). nor carrier specific T cell help (Table 17) interfered with the
induction of tolerance by hapten-CMC/MC conjugalcs'. Although -the deficiency of FLU
binding B cells in FL.U-CMC tolerant mice would seem 1O be consistent with a deletional
mcchanism‘for CMC/MC induced tolerance. clonal deletion theory places no constraints upon
the molecular nature of the antigen or its mode of presentation. The abrogali(;n of lolcroggnic
capactily by oxidation -reduction of the CMC/MC carrier (Dicner et al, 1981; von Borsigl et al,”
1983) and the A cell dependence of CMC/MC induced tolerance are therefore nol.consislcm
with classical clonal deletion/abortion theory. ‘ ' _?
The relevance of A cell dependent clonal deletion as a mechanism of sclf tolcrance
awaits confirmation of its importance in experimental tolerance to other antigens. Howcver, in
view of our previous work demonstrating B.cell UNTesponsivencss - 10 CMC. conjugates of
penicllin derivatives, the potential clinical. applications of spuch potent, yel complctely
nonimmunogenic tolerogens are immediately apparent. A cells conditioned z“‘m vitro 10 inducé

specific unresponsiveness may be particularly useful in this regard.
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