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e - \ Abstract
; ) ) _ ) l_ N
¥ B

" In this thesis, the role of T cell- and macrophage -derived éolnblc facmrs on lh@‘
, :

acu\auonvof B LCH§ and the rclauonshlp belween Larl\ ¢hmgu m fon. flus mr,i mnno acid-

. transport in cell activation is cxamined. ‘A B ceil auwauon modcl i w huh pmhferauon of B

':' eells and their drffercnuanon into annbod) fqrmmg cclls (\I (‘) dqacnds ona. th\lmu set ol

v

.smnals is dcscnbed B cclls rccogmzmg chxckcn B >MHL mlommgcnx WOTe urr*hnd by virtue

) R

_of their property o form- roseues wuh thcken ‘ed b]oad Le"ﬂs (CRBL) Strmul.uron of th\L |

/; .

rosette formmg B cells gRFC) by.a poh'clonal B ceil acuvator hpopolvsacchdnde (1PS),

" induces them to prof)ferale but n01 ) arffemmlal‘e LO APC Addmon of both LPS and Fi.-

(a I-,

supcrnatant .(_EL- sup) lrmee;rcd prdleerauon and rmfcrcmnuon of “RFC  inw
oY . )

CRBC-speéific AFC Fl -4 sup qlone m Lhc 2?abswcc of LPS, was mcHulm in mdnung Y
( :

euhcr RPC x,o prohfcrale or drffcrcntxate ‘. -~ . " . 7T

~

N
‘e

¢ : - 4

yext lhe baolomcal relevance of carl) changes n Na/K " ATPase and proline

transpGrt in B cells wnh respect lO proh‘fe" ‘ion and/or differentiation, was cxamined. 1.PS

' actwaled Na /}'\ A‘rPase enhanccd 1he ransport of proline dnd synthesis of l{NA protein,

and DNA without mducmg drffcrcnuauon mto AFC. Stimulation by both LPS and B'l -4

-usup mduced RFC to proliferate,’ synthesrzﬁ‘p mRNA and mature into th scuglmg cells.

However EL-4 sup in the absence: of LPS actrvated Na /}\ ATPase while it failed to

enhance proline transport or symhesrs of DNA or » mRNA. These experrmcnts demonstrate
an mcrease in Na'/K* ATPase acuvrty withou; subﬁequen[ induction of DNA synthesis.  This
is in csontrast to the ngtion that acuvauon of the Na /K- ATPase is mandatory for cells to
proceed t:;ough blast formauomaccompamed by DNA symhcsrs Thercfore, activation of
Na/K* ATPase is not c'ausally‘.lrnked 10 B L'ell prohferatmn and/or differentiation.

Fmally the regu}atory role of recombmam mterlcukm 2 (r 11.-2) and interlgukin-]
(r IL- I) m B cell ‘ac{rr/;iren wa; exammed n the presence: of LPS, 1 1L-2 induced
dif ferentrauon of RFC thto AFC Tms anngen spccrf ic antibody response obtained in thc

presence o? r IL 2 and LPS Was enhanced 4 0 8 fold by the addition of 1 IL.-1.  Ncither

-1 IL-1 nor 1 IL-2 1nduced proh}e;atron of RFC in the absence of LPS. These results

-
demonstrate that T, I plays a dr?ect role}m dxfferenuauon of LPS stimulated B cells, and

v . . ",\‘E["" -
aos
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1. Literaturé Review . ?/%7
A.q;lntroduclion ' ' o ' C7
"The prolif‘c‘ration of.amigcmspccific pone marrow-derived li'mﬁhocytes (B cells) and
) .thcir r‘naluralion into antibody-secreting cells constitutes the humora‘l respoﬁse of the irﬁmune
svstemoto antigen -( Burnet, 1957).3 The antigen selects those resti:g B cells that éxpr'es_s one
of ‘the diverse sets of yaﬁabfe regions (V regions) of tha heavy ‘chain's (H chains) and light
chains (1. chainys) on their surface. 'Stfmul'ation of B-c& leads to several rounds ‘of cell
* division (Andersson ez. al, 1977a). Maturation of B:cells progresses with van increés’n rate
of immunoglobulin (lg) synthesie, secrction of lg, and, sﬁBsequcmly', I;rogrééses to class
switching the H'chain (Andersson ef al, 1978b). Aflcr antigen stimulation, clongl expansion
‘ot') B cells is accompanied by a high raLe(of:som:'uic mutali'onjn Ig gcﬁes (Tonegawa, 1983). -
Within an ‘cxpaa,ding clonc of B cells, some cells m;;y return to rest and remain in the immune
_system as long-term memory cells (Sprent, 1977). _ )

B cell activation (0 most antigens is under multiple control and require§ cooperation
among hclpér T lymphoc&tcs (Tﬁ cells),lacccss'g)ry cells (A cells), and B cells (Claman et af,
19-()6; Davies ef-al, 1967; Mosier, 1967: Mitchell and Miller, 1(:?68). ‘B cell subpopulatior§™
ifler in their genetic requ.-emu it for activation by CTh cells. Sorﬁe B cells require major
h_istocompatabilily cpmplex (MHC) -restricted interaction’ with T,, cells while others can be
activated by T, cells in an MHC‘-unrestricted'manner (Singer et al, 1979,1982). Some of the
lymphokines and monokines seqreted as a result of interaétign between A cells, B .cells,'an.'d'
thymus-derived lymphocytes (T;cclls), stimulatevB cell proliferation and maturation. There
is considerable confusion regarding whfch of these cytokines are active on B cells, their
function, and the order in which \they a‘re réquired to stimulate B cells. A list of
lymphokines/monokines is given on p. 2. ® , | ‘ N

Early changes in biochemical parameters of B cells have been observed after B cell
activation,  These changes incTude an increase in Ca!* (Monroe and Cambier, 1983), an -

increase in K* (Quastel and Kaplan, ¥970), depolarization of surface membranes (Monroe and

- Cambier, 1983), changes in phosphoinositol (PI) metabolism (Coggeshal ahd Cambier, 1984),

. .. : >
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Lymphokines produced by different cells.  Most of this infyrmation is ‘derjved 1rom
established or transformed cell lines, hybridomas, or tumors, and very Ii -I* is known
for normal resting’ or activated cells. ' K

IL: Interleukin S
BSF-1: B cell ‘stimulatory factor-J

BCGF-II: B cell growth factor-Il

- BCDF: B cell differentiation factor -
yIFN: Gamma interferon , '

TRF: T cell-replacing factor

C': ' Complement components



increased 1 rggion-encoded prdzcin (Ia) expression (Cambier and Monroe, 1985), and other

<

surface marker bercssion (Freedman, er al, 1984; Kehrl e al, 1984; Tedgi_le‘r et al, 1985). At
the present time, we are unable to causally link a given carly change in B’cells to proliferation

and/or maturation.
Y :
A review on B cell stimulation as it relates to the overall objectives of my thesis is

~

given below. " v

-
kY v - »

B Lymphocyte Development
The carliest siagc of B cell development involves commitment of a pluripotent ,

ihcmalopoictic stem cell to the B cell pathway and subsequent rearrangement of Ig genes and
u:xprc,\sion of cell surface 1g 1o serve as a,migcn-specific receptors.  Stem cell commitment to
(Y2 B cell lincage occurs in the bone marrow of adult animals and in the liver and gplccn of
mflscs. Thevery ca‘rly‘ sta%cs of this process are poorly understood, primarily due to the '
‘ hctcrogc:)él)' of the precursor c<;11_ populations and the lack of suitable markers by which fo
distinguish af]d_isgla[c lh.esc, cc!ls. As a committed cell diffcrentiates into a pre-B cell, Lht\rc
is"u H chain gcne'rca-rrangcmént. transcription, translation, and expression of cytoplasmie/,.
chains, bL’ll no cxpression of L chain (Burrows et al, 1979; Siden et al, 1979; Lgvm and

P

Coobcr, 1980). "A possible late pre-B cell developmental stage in pre-B cell lines hag been
identified as héving functionallfv rearranged L chain genes but no L chain m_essengér
ribonucleic acid (mRNA) (McKenzie and Potter, 1979; Perry and Kelley,/1979). Ontogenic
studies suggest thal the transit time through the gre-B cell compartment is ‘appraximately 5
ddys in mouse fetal liver and 4 davs in bone marrow. As a pre-B cell develops into an
immature B cell, L cﬁains are expressed and IgM monomers (H,L,) are disp!ayedbcb)an tﬁe cell
-surface as antigen receptors (Vitetta and Uhr, 1975). The immature B cell matures into a B
cell that co-cxpre'sses IgM and IgD on its surface (Goding, 1978).’ éo-expressed pand §
" chains in 1gM and IgD have the same V region, and their expression exhibits allelic exclusion
E‘Coffm'an and Cohn, 1977; Raschke, 1978; Herzenberg et al, 1982). Up 10 this stage, B
lymphocy-Le develoﬁmcm 13 . Atigen-independem.:z‘llth&'gh immature B cells that cxpreSS only

4
surface IgM are capable of being affected, but not fully triggered, by contact with antigen or
. I '
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anti-idiotypic antibod)'. Further maturation of B cells requires activation by milogc_ﬁ or an
Eippropriatc combination of antigen, T cells or T ccli-faclors. and macrophages (I\]éKcnzic
\and Potter, 19%9; Melchers e'n al. 1980b). On&é activated, B cells cith:  mature into memory
B c?lls. ’lcrminally differentiate into ‘IgM-secreting plasma ’cclls, or undergo class switching.
AS a resulljof H chain "class swilcﬁing" {Davis et al, 1980; \:amawaki-l\'ala'oka et al, fQSO:
Honjo el al, 1981 Yagi and Koshland, 1981), the éanl‘c H chain variable region (.\1” region)

expressed on the surface of\immaL‘urc B cells (with conslaml region Cy) i¢ later eapressed with
othér Cy regions (Cy’. Ca, C§). J
All claséesq_ci membrane-bound Ig molecules, includiﬁg IgM and IgA, arf prcscx{l as
monomeric ‘structures (Melchers et al, 1975b). Like other tntegral membranc protcins,
lmcmbranc “°(“m) chains &osséss. h_\'d‘rophcl)bic‘ cérboxy terminal scqucnccQ (Vassallv ¢t al,
-1979; Parkhouse et al, 19%80). Theg sccreted u (u,) chains, on'll{é. other hand, have
hydrophili;: carboxy terminal scquences. -Similar-studies have 'shown different membrane and ‘
s;crcied species for r’nurine Y3 Yy '7'23, 72h-‘6 andg H chains (Wall and Kuchl, 19%3).
Membrane and sccreted Ig H chains .rc encoded by H chain n:RNA sw with
differenp 3" ends gcncralc& by ribonucleic acid (RNA).proccssing (in Wall and Kuchl, 1983).
Analysis of 4 mRNA ‘rcifc’aled that two prominent w mRNA's, onc 2.7 kb lofmg, encoding for
u, chains, and an_othér at 2.4 kb, encoding for u  chains. Both u mRNA species are identical
through the end "of the Cu c;nstanl regiort encoding sequepce but contain different
carboxy termunal and 3'-uﬁtranslaled regioss. The membrdne and secreted Ig H chains arc
generated by differential RNA splicing (Early er al/, 1980; Kchr§ et al, 1980; Rogers et al,
1980: Singer ef al, 1980). \ \
Most Ig, except lgM and lgA, is secreted as a four-chain disulphide-linked monomer -
(H,L,). IgM and IgA carry a short carboxy-te&rﬁina] sequence on H chains, which permits
polymerization of the monomers. Thgse polymeric Ig molecules are covalently link'c'aoby'
disulfide bonds from their H chain c_afboxy-terminal segments to a single joining chaig((]
chain) per IgM or IgA polymer (K'oshland, 1975; McHugh et al, 1981). There is also a

d¥ferential expréésion of J chain during B cell development..- J chain expression is prominent

in all plasma cells and in all B ceils that secrete Ig, but is absent in pre-B cells, immature B

D :
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" Cells or pre-B cells (Rasche er al, 1979 Mather et al, 1981; McHugh ef af, 1981).
B°Cell Heterogeneity -

I)Liring the normal dcvé]opmcm,of the fetus, functional B cells capable of responding
to particular antigens and mitogens appear in a predictable order (Gronowicz et al, 1974).
There is incréasing éupporfa@favor of the proposed existence of t:uncu'onally
distinct B cell \subsetrs: In 'general, these subsets have been comsidered represen}ative of
different developmemal' stagés of the B cell linéages; however, arguments have been advanced
for distinct B cclHineagcs (Tin]é and Rittenberg, 1980; Wortis ef \al.'1982; Hardy -et &I, 1684),

Murine B cells have been classified into subsets that differ with respect t‘o surface
magker. phenotype, lissud- gstfibulion, and funcgional ~ responsiveness 16 a v?riely of
,lhymus-dcpcn’dcm (TD) and 1h)'mus-indcpendcnt (TI) antige 1s (Mond er al, 1978; T}ttle and
Riftenberg, 1980; Singer et al, 1981; \Huber, 1982; Wortis et al, 1982; Hayakawa ef al, 1983;

Hardy et al, 1984). , The CBA/N mouge, like the newborn normal mouse, lacks a functional

i}

subsct of mature B cells.  Five di_ffexcmi}«tion markers, Labad, Lyb 5, Lyb 7, M locus, and

1a.W39, all of which are absent from B cells in newbornd normal and adult mice carrying the
CBA/N mutation', have been identified” The mutatioji impairs B lymphotyte's ability l'o
produce antibody in response to TI 6;2 antigen '(Scher‘ et al, 1975, Mond et al, 1978;
Huber, 1982) and re51_11ls in a failure to produce at.least Some sets of high-affinity antibodies
(Huber, 1982). CBA/N miée also have reduced responsiveness to lipopolysaccharide '(LPS)
(Huber and Melchers, 1979). Subnormal levels of IgG; antibody - producing cells were found
in r»sponses to polyclonal B cell activato.rs such as LPS, pokeweeq mitogen;, and.C. pa.rvum, as

well as to different types of antigensl(McKearn et al, 1982). IgG,, Ingar 'Ingb, and IgA
‘ AFC resﬁohses were normal in these mice, Thesg results suggest the existence of at least two
ma jor‘B cell subsets, each displaying preferences in response to poluylc]onal B c_g:_}l activators or
dif fe?em types of antigen. Responses within these 'subpopulaliorr‘é gcnera/te different Ig

t

subclasses. ’ ' . B

Singer et al (1981) demonstrated that at least fwo distinct subpopulations of B cells

exist that are distinguiched by the effects of the CBA/N mutation, by their expression of

.
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Lyb 5 determinants, and because they fundamemally?diffcr' in their genctic requirements for . .

acti‘vation by T, cells. - The Lyb 5 determinant. itself is not important in these icspbn'scs.
< - - ) o
Lyb 5 B cells afe-activated by antigen-nanspecific and MHC-unrestricted factors secreted by

antigen-specifio and MH'C—rcstriclcd 'Th cells. Conécqucntl):, Lyb 3 B cells do not require
direct physical'imeraction with T, cells, whereas Lyb 5° B cells do (Singer et af, 1982).

Soluble -aati-lg induces an mcreaSc,@;%@‘, and cxpression of surface Ia without proliferation
ARG : A

: L e BES IS T .
(Mond e al, 1983) in Lyb.% B&’z »\3‘9 Although anti-lg also increases: the expression: of
. PR :.ﬁ:‘l "’ . .

surface Ja_on B lymphocytes from CBA/N mice, it is not as marked as that seen on normal
B : FR
cells.
(Y- * ’
Another B cell subset, Lv-1 B cells, express Ly-1 surface antigens in conjunction with

IgM, 1gD, 1a¥and other tvpical B cell surface mari&crs (Havakawa ef al, 1984). Lv-1 Bocells
5 ’ .

possess properties of a distinct lincage “that fails l? develop from_bone marrow-bascd
prbgcnitors to other B cclls‘ (Hayakawas er al, 1985). « In addiu‘oxi, Lyv-1 B cells are istinct
from other cells in that they rarely participafc,i-n IgM am'ibody.. Tesponses 10 cx:’@s
antigens and [rgquently co_mril;ute lc_»_.' IeM atitnoan.lil;ody produclién (Hayakaw:i el al,

1}383,1985).

-
P - . -

" B. B Cell Activation ' - _ )

5 The frequency of B cells capable of responding to any antigcn‘is of the order of 10
or 10-*. Thus, polyclonal activators have been of great value in studying ‘B cell activation
(McConnell, 1975). Polyclonal activators stimulate a high pr'opoition (up to 70 qr‘80%) of
all B cells.  The gross morphological changes and bibchcmical events occurring in polyclonall)l'

stimulated lymphocytes resembleé  many of thé antigen-induced immune reactions.

[ B

. 4
L 4 fashion similar to cells stimulated by antigens. LPS and anti-Ig function by

Furthermore, B cells stimulated by suitable polyclonal activators are capablg'of synthesizing Ig

éross-linking membrane receptors on \cells. While LPS triggers B cells %y circumventing Ig

:receptors on the cell (Coutinpo and Mo ler, 1974)4, anti-Ig cross-links g receptors and induces

g
only polyclonal proliferatton. These two activities will begiscussed in more detaiN
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Activation of B Cells by Lipopblysaccharide

I PS extracled from. gPim-negative bacteria has been demonstrated to be a potent

' miloécn 'for_;nurinc B lvmphocytes (Andersson et al, 1972). The 'discovery that LPS could

activate a substantial proporli?c}hjfB lvmphocytes in culture to proliferate and mature with
oo PHR

2 4

z

)}‘ concomitant production of lg, represents an imporiant contribution to the study of
. :‘:' . . . . 1 v

_. lymphocvte biochemistry . (Greaves and )annossy,: 1972, Anderssdn et al, 1977a). later

expcripmm—z'a]» ,cvidencé has shown Iﬁﬁiynitogeni‘c activity of LPS is dependent on the presenée
of the li?id xrc_:gibn'(lipid:A‘) of the m&g&‘ule {Andersson et.al, 1973).}\ However,?he precise
nature of the interaction between LPS ana thé cells it stimulates remains eluéive. Mutant
C3H/Hel (Sultzer; 1976). and CS?BL/lOSCN m.icev(Coutinho and Mao, i9785§possess cells
that are:'unresponsive 10 ’stimulalor)’ effécts of the lipid A component of LPS bu't respond
normally to lipoprotein (Melchers etﬂ al, 1975c). The mutation in these strains has been
a'ssociatcd 0 a si\n@cnc on chrbmosoh{; 4 (Coutinho and® MaO} 1978; Watspn et al, 1978).
‘ It .hasbbccn speculated me product fﬁf this locus may be the cell surface receptor for
I.PS. Jakobovits et a/ (1982) used Scn:hi virus envelopes as' vehicles tb insert plasma
membrane components of B cells from the LPS fe\fx%bndcr strain into murine T cells, or into B
cells derived {rom C3H/HeJ mice.  They observed ihat, throughythis procedure, cells aquired
L}‘.S respénsivcness. thus indicating that the zlaberiram behavior of C3H/Hel B cells to LPS was
due to lack of a suitable membran. constituent. | |
Using antiserum raised against the LPS regeptor, Forni and Coutinho (1975)
demonst'rated thé presence of LPS "reccpmrs_"‘. on the membrane of a preportion of B cells
from responder mice. . Watson ef al "1980 , however., failed to reproduce these results. I
spite of this provocative evidence in suppnr of a receptor-mediated inte\raction'c‘jf LPS with

. !
lymphocytes, the existence of such a structure remains controversial. LPSwas found to bind

to B lymphocytes from LPS responders more significantly than to LPS nonresponders (Chaby ..,

et al, 1984).

Approximately. one in three splenic B cells from a variety of mouse strgi,ﬁ,s are

i

stimuldi®d by LPS to clonal replication and IgM secretion (Andersson et al, 1977b). -The

. B ) . )
mitogen has been shOw"'nz;% required in G, phase to initiate the cell cycle (Meclchers et al,
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as cont; v links for up to 2-3 wecks (Mélchcrs et al, 1975a).

LPS has been implicated- 10 control Ig expression at Three distinct levels.  First, 1.PS

) - ) B . .
has been suggested to increase Ig gene transcription. Phis was shown by itsss{fect on normal -

splenic B cells (Yuan and "Tucker, 1984a.b; I:arﬁson and Kashlart -1984).  LPS il\guccd-a'
« '/’ ] ‘
large increaic in the steady-state level of(u mRNA.  Pre-B cell line 70Z/3 contains a .

f‘}gnctionally rearranged K chain gene that is transcribed ofily on stmulation with LPS.  This

Y

- suggests a direct effegt of LPS on lg gene transcription (Maki er al, 1980). " Sccondly, L.PS

has been suggested tokontrol the post~tfanscriplional stage of Ig expression. L.PS trcatment
of the B cell lvmphonja-1 (BCL,) line does not change the level of y tramscripigon hh
3 9

increases p, ,mRNA several fold over n mRNA (Yuan M Tucker, 1982).  Similarly,

stimulation of normal B cells by LPS does not decrease 6., mRNA 1ranscripti0n levels Below
- P Y N . <

that of normal B cells but & polypeptide synthesis is completely shut down. This suggcs'l?
. . : . ] x

© —

p

s~

\

that post-traﬁscriptional events furthtr .rc'gm_jlélc the formation of & mRNA (Yuan and
Tucker, 1984b). Sitia er a/ (1985) have indicated that in murine B lymphoma, LPS induces -

(]

an increase in secreted a-chain.

Finally, LPS treatment can modulafc isotype swilching}lthough the molecular events
involved are poorly understood. Secretion of IgG can be induced by LPS ‘n murine B cells in

vitro (Kearney and Lawton, 1975; Andersson et al,1197'8a; Gronowicz «t al, 1979a), and

'requires several rounds of cell divisior. (Zauderer and Askonas, 1976; Cronowicz et af, 1979b).

., Radbruch and Sablitzky (1983) ireated normal splenic B cells with LPS and observed a switch

from IgM to 1gGy.  When IgG,-secreting «cells were purified, these authors found that
de&xyribonucleic acid (DNA) rearrangements and deletion of Cu segments had occurred.
) A

Yuan and Vitetta (1983) noted that B cells at' low density in the presence of LPS

. predominantly express and»sccrete 1gG4 with little or no expression of mlgG,, or mlgG,. .

S

However, addition of T cell-derived B cell differentia;io_n factor (BCDFy)-containin'g PK.7.] ' '

’

supernatant was necessary to induce a switch f roﬁﬂg’(}3 to 1gG, secretion accompanied by an
‘ P

.increase in ’mRNA for y, (Isaksan et al, 1982). Forni and Coutinho (1982) argue that

e
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alth(;(Jgh 1eG, is cxpressed on LPS-spimulaled B cells, 1gG; is the predominant form of

; .
~seeretory IgG. ' ‘
i . g . \ ' ‘ \;
¢ }'l AMetivation of B Cells by Anti-Immunoglobulin” Antibodies . -
.j PR ' . . -
“f" Anti-lg antibodies have been used to activate B lymphocytes since the initial

()b\\t‘r\'aliup that anti-allotvpe antibody indﬁccs the proliferation of ‘,'rabbit peripheral blo.od
]._\'mphocytcs in vitro (Scll and Gel, 1965). Although some antisera activate B cells, othe:s
“inhibil B cell aclivation by antigen or mitogen in vitro (Cooper, 1980). ’ Activation of muri: ¢
B cells was efficiently induced both by intact anti-Ig antibodies and F(ab'),. However, intact
B \ anti-lg émibodics sometimes failed to activate B cells, apparently because Fc binding leads 1o
a negative B ocell signe! V(rcvicwcd by Braun and Unanue, 1980). Rcmoval of the Fc portion
ol"'mc anti-lg molecules or inhibition of their binding to Fc rec;ptors.relicves the block and
pcrnllits B cell aétivz}uon.“ Antibodics v'vhich dic not activate B cells in soluble form could do
so if cqu‘pl'cd 10 an‘linso]u\blc matrix (Pafker, 1975; Parker et al, 1979). B cells culmred with
relatively low concentrations of anti-IgM, enter G, Phasc of thlge cell c_yclc (Defranco et a';,
1982a) accompanied by a rapid increase in vblume (Defranco et vél, 1982b), RNA content
(l)cfr:mco et al, 1982a; Monroc dnd Cambfer, 1983), and surface la, without entering into the
= 5 phase (Mond et a; i981). .To enter S phase, the B cells require cither a high concenirétfon
of anti-1gM or.a low concentration of ant.-1gM togetﬁer with' T cell-derived f‘actors (Howard
el al, ¥982). B cells stimulated by whole anti-Ig or F(ab'), acquire the ability to proliferate

in rgsponsc to T cell-derived factors (Proust et al, 1985);

r»jonoclonal anti-p antibodigs theoretically offer distinct advama.ges over heterologog

anti-u antibodies prc'parcdv for the study of B cell _Lri‘ggering. Activé'tion of purified small B
celis by monoclonai ami-Ié provides support fer the idea that B cell\ activation and
proliferation ‘are - the difecl consequence ofe cross-llinkage of the membrane-bound Ig
molecules. Initially, the mitogeriic_activii)n of 'monoclongl anti-p antibody was reported to be
- very fccbie (Godal etkal, 1983; Kuriiahi and Cooper, 1983; Julius et al, ‘1§84; Leptin et al,

1984). later, the in vitro triggering of human B cell /profiferation by monoclonal anti-p

'\}mgibodics was shown 10 require a crucial threshold density of small B cells (Maruyam/a et al,

« . . N . -
> -
kY n “ :
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1985). In contrast, large B cells were unresponsive to the monoclonal anti-y antibodies and
these antibodies were capable of inhibiting T cell factorzinduce . ifferentiation into 1gM

plasma cells {negative signal.s)v. Olhe_f monoclonal Anl'ibodics spo i for murine 1gM owhich
did not activate B cells in soluble form. did so when coupled 1o ... insoluble matriv (1 ‘q‘\livn_
1985).  Murine B cell proliferation can be achieved by a high concentration of . soluble
monoclonal.antibody (lulivs et al, 1984 n the presence or absence of T ccll-dcri\;cd factor
(BSF-1) (Nakanishi er al, 1984) .-

One Signal Versus Two Signals.-" 4

Several hypotheses of the B cell-triggering mechanism emphasize the role plaved by
the inlcfaction of antigenic determinants With spccil:ic lg receptors on the B ocell surface
(reviewed by Barton and Diener, 1975). 71 wo hypotheses 1ha‘1 have been much discussed and
debated are the two-signal ‘hypothcsis.of Bretscher and COhIIlL (1970) zind the one-signal
hypothesis of Coutinho and Maller (1974).  Bretscher and Cohn (1970) suggest that two
signals are required for a positive B cell responsc. Signhl 1 is delivered by the contact of
hapienic determinants with B cell receptor (Ig) sites and signé] 2 is provided by interaction of
a carrier d’éteri.ninam with a specific T cell-derived hclpcr_ factor. Signal 1 alonc induces a
tolerogenic state unless counteracted by signél 2. While the two-signal hypothesis explains -
the éap‘acity of nonimmunogenic carrier molcculés to induce hapten-specific B cell lolérancc ‘
(Kafz et al, 1975), it does not account for the action %f T@ﬁgcns.

The one-signal hypothesis of Coutinhp aﬁ'd Moller (1974) is derived from the study of
Ro,lydl' il aclivation by mitogens suche as LPS. % suggests Lhalilgr ru:cplors scrvc on]yﬁlo
focus antigen onto a specific B cell, whereas. the actual triggering of B cclls in the cdse of Tl
antigens, is accomplished by interaction of the cell. with th; nonspecific mitogcl;lic determinant
in the antigen molecule. = The respénsc 10 'fD anligens is mediated by nonspecific mitogenic
factors produged by T cells, which are focussed onto relevant B cells as ‘a result ot‘.antigcn
bridging between B and T cells. * This hypothesis explains the. mitogenic ;ffect of L.PS and
accounts for ll{e existence of nonspecific stimulatory T cell factors, glt/hough it does not

account for the action of the antigen-specific T cell factor (see Taussig, 1980).

\
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While the above hypofhescs are successful in rationalizing certain aspects of B cell .

behavior, it is difficult 1_0 understand the involvement of MH ':'encoljcd gene p;g?ﬁcts in T-B
ccﬁ collaboration (Kal;’i?b/, 1973).,.Lhc effect of distinct B cell subpopulations (Singer et al.
1981), and’ the role of antigen-specific (Tau'ssicg, 1980) T helpcr~fac10r in terms of the above ,
models.
e N\
Other Activators of B Cells
Most mitogen-activaled B cell blasts are reactive to more than one milogén, suggesting
that multiple-mitogen recepiors may exist on single B cells (Andersson et al, 1977b). The
purified protein derivative of tubcrculin stimulates resling‘B cells to mature into Ig-secreting
cells in the absence of replication (Sultzer, 1976).  Dextran sulphate (DXSO,) is a polyclonal
B cell activator that is particulari}y active on immaturc B cells (Gronowicz et al, 1974).
Recent studies show that I)XSQ. induces 5-40% of normal splenic B cells to enter G, phase
during 48 hr of culture withoutn sigm’ﬁcam cell division, a situation similar to that discussed
“for anti-lg sumulation, There is a syncrgy between LPS and DXSO, .sijch that vrirwally all B
cells can be induced to form clones in the preécncc of both mitogens (Wetzel and Ketiman,
1981). Concanavalin A (Con A), a plan£ lectin derived from Cana ‘».a ensiformis,. induces
DNA synthesis in "‘mou‘é'@‘\T, but not B, lymphocytes, although it binds equally well 10 both
cell types (Stobo er al, 1972).  Con £ cansGirgetly induce B cell proliferation when preseméd‘
~inan insolubilizéd form, for example, wﬁx:n bgund to sepharose beads (Greaves and Janossy,
-1972: Andersson et al, 1972). Recent _repdrts indicate that Con A, ét concentrations which
are optimal for the T cell response, induces purified murineﬁﬂs 1o depolariz? enlarge, anEl
display increased levels of Ta antigen, although it does not induce B cells to divide
(Hawrylowicz and Klaus, 1984}, v
"There have been rcporlsl_ that Corynebacterium parvum, a‘I.)olent stimulator of the
reticuloendothelial system, is an effective B cell activator (Howard et al, 1973; McKearn et al,
1982).  Mych less is known about milogeni.c properfies of PWMQ(W”axdal and Basham, 1974;
McKearn ef al, 1-982)._ PWM stimulates bbth T and B lymphocytes to mitosis. B cells can

bc induced to secrete antibody in ;he presence of T cells or macrophages (Parkhouse et al,

[ 4
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1972; Piquet and Vassalli, 1973;02{‘mas and Lefkovitz, 1974).
. & :

\Expcrimcnts comparing the ability of various B cell activators’ (1.PS, C. parvum, and

PWM) to stimulate B cells to produce antibodics, were described b'_\' McKearn er af (1987).
o )

LPS was shown to induce IgG,, - and 12G;-dominant plaquc-fo?ming cell (PHC) rc.\'pon;cs.

. LN . . < .
PWM\mduccd significant increases in the levels of all four 1gG subclasses, especially 1gG and

1gG;.  Responses to C. parvum were similar o those elitited by PWM.  Of the four

-.subclasses of 1gG expressed in mouse, 1gG+ was the only subclass shared in responses 1o all
.three polyclonal B cell activators.
Phorbol esters (PE) are low-moleculag-weight lipophilic substances that have

© . lumor-promoting activity. Thesc compounds produce a variety of effects on normal cellular

C %

function, most likely mediated by their ability to acuvate protein kinase C (PKC) (Castanaga

et al, 1982). While the mitogenic activity of PE on T lvmphocytes is well documented, less is

known about their cffect on B cells.  Phorbol 12-myristate 13-acetate (PMA) has beep shown

to be mitogenic for human lymphocytes (Roth ef al, 1982) but surprisingly, it was not

mitogenic for rodent lymphocytes (Abb er al, 1979). PMA induces membrane depolarization,

an increase in Ifa,expression, and the transition of cells from G, to G, phase similar to that
/
[

. . . . S . . .
.known to occur during mitogen, anti-lg, and antigen activation of murin¢ B cells (high doses

~«

of PMA, i.c., 10 to 100 ng/ml, are required for equivalent depolarization to levels observed by .

anti-Ig treatment). Add{lional signals’providcd by growth factors” may be required for
tymidine inc:)rporalion {(Monroe et al, 1984).  Addition of PM'A?blo, B cells inhibits
LPS-induced 1gM secretion but rot proliferation. T{he concentration of PMA nccessary to
induce this effect is very low (iU pM) (Isaks8n and Simpson, 198’4). From a technical
standpoint, caution should be cxc'rcised in interpreting results of experiments in which PMA is
utilized 1o gencrate lymphokine-containing supernatant, such as EL-4 supernatant (EL.-4

sup).

C. Cellular Cooper=tion and Soluble Factors
The B cell response normally follows an encounter with agtigen and, in most cascs,

antigen alone is insufficient to trigger the response. £ iymphocyte subpopulations differ in

S
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their rcquircmchts for stimulati(;n by TD and both types 1 and 2 TI antigens (Lewis %nd
Goodman, 1977; Mosicr et al, 1977; Mond et ol 1978: Tittle and Rittenberg, 1980):‘ This
. distnction bclwécn T and TI antigens was madé on the basis of differential-yequirement for
T cells to generatle an antibody Tesponse. However, it has become clear lriavt responses to T1
antigens can, chcrthc']css. be influenced by T lymphocyte; as well as T ]yr;lphocyle-derived
factors (discussed in Chapter I, Mond et al, 1980; Yaffe er al, 1981). Another cell which
plays an important role in relation to B lymphocﬂxte activation is the adherent cell. This has
been observed in polyclonal, mitogenic responses (Chused er af, 1976; - Nordin, 1978,
Hoffmann et al, 1979; Boswell et al, ‘1980; Hc;ffmann, 1980; Martinez-Alonso er al, 1980;
Corbel aﬁd Meclchers, 1983; see Corbel and Melchers, 1984). ‘,Thc following section includes a

discussion on the soluble factors produced by T lvmphocyles and macrophages and their

influcnce on growth and maturation of B cells.

T Cell-Mediated 'l‘riggeririg of BCells -

; The first insight of the_mechanism by which T-cells and B célls interact was provided
by Rajewsky ‘et al (1'969)%/(1970), and M"itchison‘ 81971). While énalyziné the
anki-hapterd antibody response stimulated by carfier hapten conjugates, these investigators
observed that optimal secondary anti-hapten anﬁibody responses required that T gells be
' prcviousl(y primed LQ carrier, and the B célls to hapten. Effective Ty -B cell collaboration
involved physical joining of a T, cell with B celt vic: an antigen bridge.

In addition to the carrier specific_:ixy, T, cells recognize detefminams encoded by
class' I MHC genes.. The ihteraction‘}‘%é‘tween T, cells and antigen-presenting - cells is
MHC-restricted (Erb and Feldmann, T1%75; Katz and Benacerraf, 1975). However, the
cc‘ilular interaction between T, cells and B cells may be either MHC-restricted (Katz et al,
1973; Sprent, 1976; see Sihgcr and Hodes, 1983) or M}?‘I‘C-unreétrictcd (Singer - et a1,~
1979,1982) T ) '

Cognate interaction refers to the recognition. pf Bpth antigen and class II MHC

products on the B cell surface by T, cells as a requirement for activation. As mentioned
Q

above, while some B cells participate in cognate cellular interaction. with

4
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T, cells, others can be stimuyjated by several MHC-unrésqiclcd nonspcci.fic lymphokines. The

next section describes b@fl‘igen-spcciﬁc and antigen-nonspecific T cell Ivmphokines.

- — Antigen-Specific T Cell Ile.lpcr Factors
The role of ar;ti‘g-en-spccific T cell-replacing factors (TR‘F) in immune rcgullaliovn has
been demonstrated (rcvicwc’ by fatlssig. 1980; Feldmann and Kcﬁuiaincn. 1981).  The
funct'iona}.and génetic properties of these molecules ‘havc been cx}cnsi.vel)' studied by
estéblishing a.number of T cell hybridomas producing these T,) cell faclors (Mozes and
Haimovich., 1979; Eshhar er af, 1980; Apte et al, 1981; Lonai et a/, 1981; DeKruvlf er al, 1983;
Lifshitz ef al.,\1983‘; Mivatant et al, 1983; Shi(;rawa et al, 1984.). Nevertheless, it has been
Jifficult 1o g/cncjalc migcp-sp cific helper factor (ASHY)-producing T .cell hybrids. « Moy
~uch h):bridonlas produce relatively small amounts of hclpcri lactor. and biochemical
characterizations of these helper factors have been slow.  Onc such factor was isolated by
affinity chromé,;ograph)' of supernatants from an in vitro antigen-activated helper T line
(Lifshitz et al, 1983). This factor exhibited antigen-specific hélpcr auivil{E}inlar Lo intagt
Ty c;lls. In another approach, the isolation of ASHF has been facilitated by affinity
) chromatography Qsing anti-ASHF monoclo?al antibodies (Hiramtsu ef af, 1982). Using these
‘\mﬁclonal antibodies, KL‘H-_spccifié T helper factor was isolated from lvsales of
biosynthetically-labelled T cell hybridoma FL10 (Miyatani et al, 1983). ‘Bcsidcs exhibiting
exquisite specificities for the antigen with which they were gencrace. ASHE also possess
determinants controlled by Ig V|, region and H-2 (for review séé Tada and’Okumura, 1979),‘ .
) It is‘suggestéd that specific T'cell factors méy be secreted receptors of T cells (Cone et 5/,
" 1983 Dekruyfl el 19 I
H-2-restricged: m;Ay

However, . whereas the function of most T cells s

antigen-specific T cell faClQrs arc not H-2-restricted. An
- antigen-specific, T celf«derived helper factor recognizing alloantigens on chicken red blood
cell’s (CRBC) was partially-purified from antigen - primed T, cells.  This factor induces:
antigen-dependent B cell  proliferation and diffcren.tiatior; in -the presence o'f
non-aﬁtigen;specific l‘ymppokines (Shiozawz; e@}\‘?’» 1984) and was MHC-restricted. Su.ch
restriction was showr? to involve B cells and n;)'l'vfr;acrophages (Shiozawa et al, 1980). I,é)nai

P 0
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et al (1981) described an H-2-restricted, chicken gamma globulin-specific hélper factor from

N

cloned hylbridoma’cc]ls that possessed determinants shared withﬂ the Ig Vy, region. This factor
provided "helper” activity for B cells lhal’shared H-2K and I-A antigens with the hybridoma
"~ occlls.

Thus, antigen-specific T. cell factors appear to. interact with B cells in an
MHC-rcSLrictcd manner, analogous 10 that demonstrated for T,-B cell intcraction.  The
behavior of anLigch-spcciﬁg T,, cell factors for al:tivating distinct B cell suﬁpdpula[ions such
as those represented by Lyb 5 and Lyb 5 cells, remains. to be examined. .The
"physiological” role of sucl? factors in the co-operation of T,-B cells rcmai‘n,s a reasonable

assumption.

Antigen-Nonspecific T Cell Helper Factors that Affect B Cell Growth and Differentiation
) ‘ ~ «
The possibility that the helper functions of T cells may be mediated by soluble

products released from T cells was originally proposed. by Dutton and his “colleagues

(1971,1975).  This was confirmed by Schimpl and Wecker (1972), who shbwed that “he

aclive soluble factor(s) in culture supernatants of mitogen- or ~amigen-stimulaled T cells

ipduccd antibody secrction by acting on B cells already proliferating irr response to antigen.

4

vThcsc studies led to the speculation that B cells could be activated into amibody-secrcting cells.

by binding of‘a,givcn antigen to Ig receptors and T cell-dcriyed antigen-nonspecific helper
factor(s) (Parker et al, 1979; Isakson et al, 1981; reviewed in Kishimotd, 1985).\ Pélyclonal
stimulation of B cells by anti-Ig antibodies, unlike LPS, failed to inducc the diff erem'iation of
B cells to Ig synthesis and secretion (Parker et-al, 1979). The failﬁre to induce‘lg secre}ion
was overcome by addition of a cell-free supernatant from Con. A-stimulated spleen cells
possibly containing TRF.

“T cell factor-dependent B cell activation can be divided into tWo stages: a g’rowth

’

factor-dependent proliferation and & differentiation factor-dependent ‘maturation into

lg-secreting cells. T cell factors involved in proliferation and differentiation of activated B

cells are descritécd below, - r

)



16

Murine B cell stimulatory factor-1. (BSFjl) was originally identified as a T
cell-dcri\;éd product  which syncr@izcs with” affinity-purified anti-1gM  antibodics
(co-stimulation) to induce polyclonal proliferation of B lymphocvies (H»ow:@f et al, 1982).
The same factor also Supporfs the proliferation of 1.PS-activated B ccll\ blasts (1.canderson e
al, 1982). This factor -was present in the culture supcrnalaﬁls of PMA-sLimul:ﬂcd El.-4
thvmoma (Hdu’ard“ et al, 1982), in s_upernalams" of a varicty of T cell h_\'t:ridom;xs
(Lecandersom er af, 1982; Lernhardt er af, 1982), alloreactive T cell clones (Puré er al, 1983)
and is produced b\ long-term lges of normal mouse T cells in response to am}igcnic

" stimulation (Howard and Paul, 1983a). A human counterpart of this fa¢tor induces DNA

isymhesis in normal or leukemic B cells stimulated with anti-lg antibodies, anti-idiotypic
antibodies, or the pblyclon’a’l aclivalor'Slaphy/ococcgs"éureus Cowan 1 (SA(‘) {Maizel et u/..
198'2; Muragucht et al, 1982; Yoshizaki et al, 1982).  Murne and human BSE-1 arc
gly:COproi:“;ns (Farrar er al, 1983) with similat molcuﬂar weights (18-20 k1)) as determined by
g‘zel filtraior ;ioward et al, 1982: Yoshizaki et al, 1982; Butler e a</1983). BSE-1 is readily
separ.l ‘;om many « Other lymphok'incs, fl‘or cxamp]c_“iﬁtcrlcukin% (11.-2) and
colony~stimulating factor (CSF) (Mizel, 1982; Farrar e al, ]983); B cell growth factor
(BCGF)-II and B151-TRF (Howard et al., 1984), by varying the concentration of ethancdiol
required for clution from a phenyl sc;;harosc col)umn.' \

Direct bindifig of BSF 1 to the surface of B cells is indicated by absorption studics
showing depletion of acuvny in supematams mcubaled with LPS- aclwatcd murinc B cclls
(Leandeaon et al, 1982) or with anti- Ig or anti-idiotype-activated human B cells (Yoshizaki
et al, 1982).. While BSF 1 itself does nol lead to Ig synthesis (Howard et al, 1982), it is
required for anti-lg-induced amibody-forming cell (AFC) responses (Nakanishi ef al 1983)
and iﬁ antibody: responses to certain an»tigcns. _ Kinetic analysis has’shown that BS}-] is
required very early (G, phase) in the B cell response induced by anti—lghé antibodics (}1(;ward
and\Paul,' 1983a). B cell populationscultured for 24 hr with BSE-1 in the absence of
anli'-IéM, display sﬁbstamial increases in cell volume (Thorﬁpson et al, 1985) and in

‘“@xpression of class II MHC molecules (Rochm efa/, 1984; Noelle et al, 1984) and genes

(Noelle et al, 1986). A variety of ‘other lymphokines, including IL-2, interleukin-1 (IL.-1),
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interferon (IFN)-y, BCDF,, and BCGF-II, failed to induce an increase in expression of la

on résling B cells (Oliver et al, 1986). Furthermore, Rabin e.;r al (1985) showed that 24 hr
preculture of B lymphosyvies with BSF-1 speeds Lher-cmry into S phase of B cells subslcquemly
cultured witly anui-IgM and BSF-1. B cell blasts and ]éfge B cells do not enter S phase in
responsc-to BSF-1. | These results strongly suggest Ll;at BSF-1 acts upon resting B cells and,
lhu.x,y it should be regarded as a B cell activation factor and not a BCGF.

Ohara and Paul (1985) purified BSF-1 to homogeneity using monoclonat ari[ibodi_es to4
'HS'F»I. This protein exhibited co-stimulator activity with anti-Ig and BCD(Fy activity. It
also induces class 11 MHC mo]ccuies‘OQ'B cells (Oliver et al, 1985) enhances the IgE response . .

of LPS-activated B cells (Coffman et .'ai 1986) and induces the ﬁrolifcraﬁon of the

v ’

2-dependent T, cell line, HT2 (Fernandez-Botran er- al, 1%§) These “re_sults suggest that
. .
the same or very closely related Iymphokine(s), mediate mul‘nple activities.

Recently, Mishra ef al (1936) described-a monoclonal antibody generated to rc;ogxﬁ"w\g :
the BSE-1 receptor.  This monoclonal antibody, G48 mimics the biological cffccts of I§S”F I

on small resting B cells (increase in la, co- sumulauon with -anti-lg). bcvcra groups’ ‘have

o

reported that monoclonal anti-Lyb 2.1 stimulates DNA synthesis in resting B cclIs"(Su'Bbérarc').. .

and Mosicr, 1983; Rabin er al, 1986a; Yakura er al, .' 1986).  Low corxlccn.tra&ig'nsv‘ of ~

anti-Lyb 2.1 co-stimulate with anti-lgM.  Yakura o al (1986) have also ébsc\rvé@' th‘alf"“ ]

*

anti-Lyb 2.1 blocks absorption of BSF-1 by B cells from DBA/2 mice. These rae‘sui"ls'sugg.(;:sfx:‘
that anti-Lyb 2.1 may be difected to the BSF-1 receplor. oo '.5 ' . SRS

Another BCGF, BCGF- Il was 1dent1f1ed as a T cell-derived 17 oduct whlth synarglzcd

with I))\SO. to induce prohfcrauon of B cclls (Swain er al, 1983) It also causes shon tc;rm

&g ‘i}i&
& 0
proliferation of the in vivo BCL-1 tumor line. This factor was found in culture supcmalams 2
- ) & .
> [

of the alloreactive T cell line C.C3.11.75. It can be distinguished from BSF-1 by phc,nyl, Q@ PO

scpharose chromatography and has an approximate molecular weight of 60 kD as dgtcrminéﬁ ;}{éﬁf .

by SDS-PAGE.
Another form of BCCF~II with distinct biochemical properties but almost, idc’t}!ic‘al
activity, can be obtained from EL-4 culture supernatants induced by PMA [(EL-4)BCGF;II] .

, i
(Dutton er al, 1984).  This PMA-induced BCGF-II maintains proliferation of purified B
. . . ) ) \
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lvmphocyle blasts and induces their differentiation into Ig-secreting cells (Muller er al, 1985).

Bls1-TRF is found in constitutive supernatants produced by BISIKI2 T cell <% Al

hvbrigoma (Takatsu et al. i980a). It is defined as'a_ factor that drives antigen-stimulated |
cells into ypecific AFC development (Takatsu er a/.. 1%0&.1%‘()1}), and ami-lg«acti\';ucd.-vBml
cells- into polyclonal Ig synihcsis (Nakanishi er al/, 1983). The 4ame factor induces 1gM
secrejion {n BCL-1 cells (Takatsku el al, 1983). BISI-TRF has an apparent molecular -
weig\}; of 50 to 60 kD as determined by ge} chromatography, and binﬁs% N-acetyl
galaciosamine residues (GalNAc). Both growt.h and differentiation of B cells ihduccdﬁb)-:
B151-TRER were inhibited by the addition of GalNAc to the culture (Takalsu et al, 1985),
indicating that binding of the GalNAc residue on BI1S1-TRF to the TRF receptor plavs a

Ao d

ctucig) ol in the stimulation of B cells (r‘cvi,cwcd in Hamaoka and Ono, 1980). -

El,il, N\BIT-TRI‘, EL-TRF triggers antigen-activated B cells to generate specific ARC
. ~ ,

(Howard ¢f al. 1982) and anti-Ig-stimulated B cells to gencrate Ig (Nakanishi et al, 1983).°

F1 -TRF is found in.PMA-induced supernatants of the cloned murine thymoma

Kinetic anglysis shows that EL-TRF acts at a much later stage of the antibody response than

“does B151-TRE. _lt_dees'nOl act in either the anti-]JgM or the DXSO, <ynergy protiferation

‘.

assay, distinguishing {L from the two prolifcration factors BSEF-1 and BCGFE-1I which are also

found in jnduced EL-4 sup. Biochemical studies indicate that EL-TRF is (rypsin sensitive
]

and has ap approximate molecular weight of 30-40 kD as determined by gel filtration analysis

(Howard ¢f a/, 1984). : ' K
. (. =

Ty, 0 other kinds of B cell differentiation factors, BCIﬁFu and BCDFy, were obtained

‘ from tne Con A-stimulated T ccll Kne PK7.1.1. (Isakson et al, 1982).  BCDFu induces

BCH-1 cqys or B cells to secrete [gM. An incrcase/in cytoplasmic mRNA for the u chain of
. \ . -

the secreted form of IgM was observed after induction of BCIL.-1 with BCBFy (Brooks et al,

-1983).  BCDFy induces LPSsactivated B cells to secrctcy}lgG (Isakson et al, 1982). In the

o { ,
Uprescrléc of both LPS and BCDFy, a striking increase in ﬁ.-spccific RNA is obscrved with a

) concomitant dc;;rease&in both y,- and Yq,-specific mRNA. LPS alone induces secretion of

KL

small aMmounts .dfﬁ"

)

oy 18G5, and 1gG,.  These results demonstrate that selective T

.
A

cell~deriycd lymphd‘ e’ can act on B cells to regulate levels of y, and y, (Jones et al,

. | & .
® _ ' ' 4
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19¥4,1985). It was not clear whether tie IgG, induction factor (BCDFy) induées seleczive
activation of B cells which'\lare already committed 10 igG, production; or whether it' directs the
chass switch 10‘ increase 1gG,-producing B CCilS. Characterization of this 'lympholkinc by
deoxynucleic acid (¢DNA) cloning demonstrated that' thed product of lhg cloned BCDFy
~induction factor genc was also able 10 -induce an increase in la expression on B cells reported
previously by Noclle er af (1984), and to sy‘ncrgize with ‘iu_]}i—lg\in inducing DNA synthesis in
the ciassical BSF-1 assay (Howard and Paul, 1983a). - Recemlsludies based on biochemical
similarities Had also suggested that @S-l and BCDFy ma@ the same’]ymph.okine (Vitetta
et .al, 1985; Sideras et af, 1985). Thcré‘fore, the IgGl ihduclion an¢ BSF-1 activity are,
incicéd, functions of the samc lymphokine. : ;

f.ec er al (l%(w)'havc also rteported that a cloned BSF-1 gene product induccs‘la
cxprcssx:on on resting B cells and enhahces IgG1 and IgE pfodliclion by .B cells.  The same
factor stimulates T and.mast cell lines. These results (Noma e:I al, 1986; Lee et al, 1986)
demonstrate that a single ¢cIDNA clone encodes a protein which exhibits BSF-1 and BCDFy
activitics, activates Tnand mast cell lines, and induces IgE secretion by B cells.‘" These authors
have jointly proposcd that this lymphokine t.wc dosignated "interleukin-4".

Recently, Yokota et a/ (1986) isolated a human ¢cDNA clone homologous to mouse
BSt-1. This gene product stimulated proliferation of human T, cell clones and
aﬁti-IgM-aclivaled human B cells. |

The describtion of cloned gene products that_ exhibit multiple B cell regulatory and
other activities previously ascribed to differeént lymphokines, su.ggests that a single lymphokine
interacting with B cells in distinct _differentiative s‘t'ates has different regulatory effects.
Therefore, it may be an oversimplified view to consider the B cell's response as an ordered
series of indcpgndegl events, each of them regulated independently by .the action of different
controlling elements.

- A number of studies have led to the hypothesis that B cells are not responsive to
differentiation signals before receiving the signal(s) which initiate cell division (Kishimoto et

al, 1984). This theory implies that receptors for lymphokinesAwmch induce differentiation

are expressed only after the cells are committed to at least one round of division and are in
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late G,. ,Thisu hypothe'sis has been challenged by studies demonstrating that small resting B
clclls can be stimulated to polyclonal Ig secretion. by *T cell-dcrivc.d‘supqrnatan1§ wi(hm‘n the
addilion of a)migcn. nmlogen, Or anﬁ-lg. Mclchers and  his ass&cialcs described
antigen-nonspecific hc]pcr’factors from T, cell lines, B cell replication and Am:uuralion factor
{BRMF), Lhat-indﬁccs the replication and maturation of B cells (Mcl;hcrs et al, 1980a.b).
T}?cir results indicate th * BRMF acts on small rcsting'i& cells that pavc 'bccﬁ activated in an
MI':iC-restricled fashio. -y Ty and antigen, inducing them to progressively cnlarge into
blast-like cells and mature to secrete IgM with a total lack of proliferation. BRMF has not
yel been compared to any other factor. o ' ‘ '

Sidman et al (i984c) also identified a éCDF acting on rcsting. B cells and designated .
as B cell _n;aturalion factor (BMF); BMF“ arc hctcrogcnously-gl.\'cos;\'lalcd multimernic.
glvcoproteins with apparent molcct-llar' weights of 50 10 Si D as determined by gel

< chromatography consisting of subuﬁils of 16 kD by S.DS-PAG}-’,. ;3151-TRF and BME have

: , Very similar features (Sidman er a/, 1984c). BMF induces polyclonal lIg. sccretion of -all

L« b bscté of normal B cells, including neonatal B cells, nu/nu B cells, and B cells f’r(;m-CBA/N

. ice (Sidman and Marshall, 1984a). Most, if not all, normal ‘resting B cells in adult mouse

spleen inducible by BMF arc accompanied by a modest prolifcration response.  Mayer (1986)

ui suggests that there is proliferation-dependent and proliferation-independent BCDF, agg

/

resting B cells may have full complement of receptors for BCDF as well as BCGF. In
Qfontrast,' Simpson and Isakson (1986) showed that IgM secretion, in response to BCGF-II,
raguires DNA synthesis. Amphidicolin, used to prevent: DNA synthesis in these experiments,
blocks DNA polymerase 1 and does not alter the native DNA structure like other drugs such

as mitomycin C. These data suggest that current models of B cell activation and maturation

may require reassessment of the proliw phase of B cell maturation. .

Other Factors Involved in B Cell Activation

IFN-;‘has been shown to either enhance or inhibit antibody productiorgin polyclonal
and antigen-specific immune résponses (Friedman and Vogel, 1984). IFN-y is a component

of TRF (Zlotnik et al, 1983; Leibson et a/, 1984), and the TRF activity present in

- L]
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supcrnatants of Con A- phytohaemmaglutinin  (PHA)-, or mixed leukocyte
reaction-stimulated cells is markedly diminished by anLibodics 10 IFN-y (Brunswic'k and
Lake, 1985). ThlS mhnbmonms rcvclscd b\, the addmon of recombinant IFN (r IFN)-y.”

vz

llN y was rcporled 1o- gmhance piﬁuvo murme B cell responses 1o xolnblc antigen (Nakamura

B~ .

el al, 1984) and 10 1ndunc mglmg"lfcells .;d B cell lymphomas to secrete Ig (Sidman ef al,
1984b). It alsoﬁcnhanccd the tgibwt/?‘;ﬁubod) response of B cclls to sheep red blood cells
(SRBC) in the presence of IL-1 and Il -2 (Leibson-et al, 1984). 1FN-y does not prevent an
anti-lg antibody-induced increase in B cell size. It does, however, suppress a BSF-l-incluced
increase in expression of la and preparatl'on for DNA sym‘nesis. Expression of ”ll‘ﬁc_r\.surface
delerminants was nol altered by IF.N-y (Mond et al, 1985; Rabin | el ul, 1v986b).
Furthermore, 1FEN-y cffectively irlhibils prolil”crau;on of soluble aml-lg-stimulatcd B cells in
qe presence of BSF-1 but shows little supprcssive activity on proliferation induced by
sepharose -bound "anti-lg an.tibc')cly (Mond er al, 1985). The inhibitory effects mcdiéted by
r IFN-y on prolifcratiortvgerc achieved 'witl; as low aé 0.0'Ol U/ml.  This is in contrast o
amounts (10 U/mi) required for oplimal induction of B cell differentiation by IFN (Sidman
er al, 1984b; Murray et af, 1985). In summary, the role of IFN-y in immune regulation may
exhibit differential effects depending orl the manner in which B cells are stimulated and the
combination of lymphokin'c; used.

-2 isaT c.elll;;q&iv_ed glycoprotein oE 133 amino acid: réleas.:;l 'by actilvated T
lyMhocytes and f uncptions asa T cqllﬁém\;vth factor (Robb et al, 1981) inducing proliferation
of activated T -cells via specific cell surface recepiors (Smith, J984). Until recently, it was
generally accepted‘ that resting or activated B cells do not respond directly to iL-2 'but Tequire
other T cell-derived lvmpl;okines for ‘lheir‘proliferation IL-2 did not sllow any effect on
prollferatlon and differentiation of B cells (Puré et al, 1982) _Neither IL-2 receptors (Robb
et q%@l) or.antigens comparable to Tac (Osawa and Diamantstein, 1984) wgre found in

LLPS- sllnjulated murine B cells,\ Others, however, showed that depletion of IL-2 from

co-faé’to;;rlch supernatants l!y absorption on IL-2-dependent T cell lines also removed » >

faclor‘,vir'equired for B cell differentiation (Leibson et al, 1981; Parker, '1982; Swain and

. Dmﬁjn, 1982). © Recent st{Jdics have.demonstrated the presence of a cell surface molecule

n - -

&

>
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which is recognized by monoclonal antibody directed against the 1L-2 receptof, on murin¢ B

cell tymphomas (Korsmever et al.- 1983)., nor‘mél murine B l\'mphocvleq activated with 1.PS

- (Malek er al, 1983), norma] human B cells activated b\ PWM (DCchr et al 1983) . anti-y

antibody, PMA, and SAC, as well as on human B cell lines (Muraamhl et al, 1985},

presence of IL-2 receptors appears 1o corré]au;wiLh the ability of"ll.-? to induce prolileration

- and differentiation of B cells.

Immunoprecipitation apaly'sis of surface-labelled blasts indicates that B and T cells

‘.~\ v .
have IL-2 receptors of similar relative molecular mass and that both B and T tells express
high affinity (apparent dissociation constant, k; ~20pM) and low affinity (kd ~1,000pM)

IL-2 receplors at a ratio of ~1:10 (Robb et al, 1984; Lowenthal et a/, 1985). Antibodies to

.cither I1..2 receptor (anti-Tac orv monoclonal antibody PC61) inhibit both T and B cell

function. - B.blasts, however, cxpress half as many totaf 11.-2 vinding sites as T celb blasts (as |

estimated frém PC61 binding).

In most studies, B cells required pre-activation with LPS (Malck et al, 1983}, LPS and

“anti-lg (Zub er et al, 1984), or SAC (Mingariﬁ et al, 1984; Nakagawa et a/, 1985; Tsudo et al.
_1985) to proliferate in response to. IL-2. SimilarlvA 1L-2-induced differentiation of B cc11§

was shown to TCQUIIC B15] TRF (Nakamshx et al, 1984), BCDY (Maver er al, 1985), II’N‘

(_Blch-Thuy et al, 1986), or SAC and IFN (Mingari.er al, 1984; Jelinck and Lipsky, 11986).
IL-2 alone, };ov'vever, was reported to trigger differentiation of murine B cells in response to
Ti antigens (Pike e al;'1984; Striebich et al, 1986). |

To summarize,» 1L-2 acts as a co-stimhlalof in inducing proliferation and
diffcremja{ion, of B cells in the presence of other factors.  These ftndings suggest the

existence of different pathways for B cell differeniialion which require different combinations

of T cell factors such as IL-2 and BCDF (Mayer ¢t al, 1985), 1L.-2 and BCGF, or 1.-2 and

IFN-y (Nakagawa et al, 1985; Bxch “Thuy et a/, 1986 Jelinek and Lipsky, 1986).
The growth and dxfferenuauon of hematoponetlc cells is mediated by a numbcr of
glycoproteins, collectively known as CSF mcludmg granulocyte/macrophage CSF (GM-CSF or

CSF-1) and multi-CSF (interleukin-3) (Metcélf. 1981; Dcxler, 1984). Interleukin-3 is

. ¥

produced by activated T lymphocytes or T lymphomas (Iﬂle et al, 1982; lhle, 1984). This 40"'
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multilincage - ‘_lop'oicnc growth reguiator that initiates the proliferation and differentiation
of ‘multipotent stem cells including mouse B cell precursor. It has, however, been reported to

have no ¢ffecton mature B l_\"mphocylcs (Ihle, 1984).. ’ . ;/ '

A » 7 —
Role of Antigen-Presenting Cells in B Cell Activation

Although it has long been known that cellular collaboration in responses o TD.
' antigens rcq'uircs the presence of A cells, their pré‘cise role has never been well defined. TI
antigens, divided into two groups, TI-1 and TI-2 (Mosier et al, 1977). differ in their

| requirement for A cells. TI-2 antigens are: often macrophage-dependent, whereas TI-Il.
antigens, with the cxceptiionv of LPS (Fernandez and ‘cherinson, 1983), are less or not at all
macrophage-dependent (réi‘ig'\st(l in MOnd, 1982). In short, B cell responswl) an‘tigcns, :
T1-2. and L.PS sLimulalionb?‘alr“c@z% ;cll—dcpcncicnt (‘;fm\'iewcd by Corbel and McTchers. 1983). A
cells from different "'saourccs/isi;e_:h as peritoneal éxudatg cells, splécn cells, cells from  the
macrophage lirc P38861, ll;_vmoc_\'ft.cs, and macrophage pro'd‘ucts; weré shown to‘ reconstitulé
such B cell rcéponscs (’Hbff’man, 1980° iater findinés: identified IL-1 as the
maturation-inducing activity in, macrophag. svupcrn‘alams (Howa’;d et al, 1983b). Using
several methods to Stimulate B cell response:  a number of Iabgratories have now conciuded:
~that 1L-1 acts in synergy with- other lymphokines 1n promoting B cell proliferation and

differentiation (discussed next). o s

Role of 1L-1 in B Cell Activation

1.-1 was originally thought to be a factor solel); p_roduced by cells of
monocyie-microphage l»ineagc, that i;ldU(ECS secretion of T cell growth factor from T cells.
Later, many cell, types, incluc;ing endothelial cells, large granular lymphocytes, énd Epstein
Barr Virus-transf prmed B cells, ‘wie found to secrete IL-1 and a large number of biological
activities were attributed to IL-l._ Recently, T cell clones that produce an IL-1-like’activity -
~after stimula’[ionrby antigen-pa{;eming B cells have been reporied (‘Tar'takovsky'et al, 19863.

11.-1-like activities have been ascribed to proteins with isoelectric points (pI)-of 5.0 and 7.0.
. L .

LPS-stimulated murine P388D1 macrophage 'line produces predoininantl\y pl 5.0 IL-1. Thle

M
1

o
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.gcne encoding pl 5.0 IL-1 has been cloned by lomedico e al (1984). Human peripheral

) Hobd monocytes and monocyte lines such as TM‘?-L produce both pl 7.0 and pl 5.0 rll,-] ata
ratio of 9:1 (for review, sce Oppcnhcim el al, l%t\). March et a/ (1985) have identified 1wo

distinct human IL-1 genes encoding 1-1a (pl 5.0) and 1118 (pl 7.0).

The importance of macrophages and macrophage-secreted products .i,n the maturation

(3_1" B ccl_vls led to studies implicating 1I.-1 in prolifcration and di!"f‘crcﬁii:nion ()f‘ B cells

(Hofi"mzin, 1980; Kincade er al, 1982; Howard el al, 1983b; Oppenheim er a/, 1986). B

. lymphocytes are reactive to 1L.-1 dur'ing at least two stages of‘dcvclopmc’m; first, at the B cell
precursor stage and, second, following antigen gtimulation. Il.-1-driven mauiration of a cell
line with pre-B ¢  characteristics (cyloiylasmic ¢ chain without L. chain) leads to « 1. chain
production and subscquent nlcnlbraﬁ‘c-lg ciprcssion in ' eeopre-Boeell hine (Uit e al, Tosd),
Thé second su}gé al which IL-1 has been implicated. is during activation of B lymphocyies
(Licbson er al, 1982; Howard er al, 1983b; Booth and Watson, 1984; Corbel and Melchers,
1984; Melchers and Lernhardt, 1985). Howa-rd et al (1983b) dcmonslr‘alcd that 11.-1 ix.an
aclilvaling lvmphokine and could enhance the proliferative tesponse of B cells activated \Qilh

- anti-IgM to BSF-1. Kinetic analvsis investigating the rolés of BSF-1 and 1L-1 in the B cell

<&

cycle suggestied that BSF-1 operates on G, ot early G, cells and 11.-1 acls at some fater part
of. G;. Later, Melchers and Lernhardt (1985) investigated he role of o type BCGF produced
by the P388D1 macrophag'c line, on murine B cells synchronized after LPS activation.
Restimulation of cells with ami-‘uAir‘l'dicaled the rF:quiremcnt forg;‘faclors 3-4 hr before the
cells enter S phasé.

Booth and Watson,(1984) showed that a B cell growth and differentiation factor
(BGDF/IL-}).derivcd from the myelomonocytic linc WEHI1-3 and inscparablc‘ from 11.-1,
synergizes directly with anti-igM to induc_c B cell proliferation and maturation to antibody
secretio.n. Lipsky et al (1983) réported' that the amiiaody response 61‘ peripheral blood
lymphocytes 1o PWM{: could be inhibited by antibody specific foi IL-1. Olﬁcr studies sh_owcd
. that ‘IL-l failed to induce differentiation of activated B cells and was not fcquircd for
induction of Ig secretion by BCDF (Liebson e* al, 1982; Falkoff, 1984). However, i} was

found to synergize with BCDF in inducing Ig secretion. Recently, recombinant IL.-1 (r IL.-1)



25

was reported to be sufficient I'of both growth and maturation of an[igen;specific B Tells (Pike
and Nossal,' 1985).  An additivc effect was obscrved when used in combination with
recombinant 11.-2 °(r 11.-2). Shirakawavel al (19%6) found that macrophages or 1L-1 are
- tequired for the _ir@ucu"on of 11.-2 receptors on human B cells.

"There has been considerable doubt whether the observed effects of I1L-1 were due to
direct cffects on the B cell itsell or inditect effects mediated thr‘ough contaminating A cells
(H()l\;fa{d el al, 1983b). Some reports suggest that the production of IL-1 by normal human
and murinc B lymphocytes upon activation ma}" account for the variable effects of
exogenously addc'd'il‘-l (Kurt-Jones et al, 1985; Matsushima er a/, 1985; Pistoia e al, 1986).
This B lymphocyte-derived IL-1 activity is biochemically and immunologically similar to
ﬂl()n()t'\'[L"LlCTi;\"Cd ll:i.

D. Molcc]lnr Mechanisms of B Cell Activation

A number of biological systems including the lymphoid svstem have been used ,o.
study lhc si'gnals that mediate cell growth and diffcremiation. Cell surface receptord receive
':cxlornal stimuli which are transduced via "second messen/g,crs" 10 intraéellulaf sitzs to control
brolif'crﬁtion. secretion, and growth. Some of these second messengers suzh as cyclic
adenpsinemonophosphate (cAMP), cyclic guanosine m@nophospha{é (cGN. ), Ca*, K7,
inositol phosphates, and diac..plvcerol (I?AG). have been extensively studied. In B
lymphocytes, signals generated after ligand interaction with surface Ig receptors .in concert
with signals derived from soluble factors trigger B cell growth and differentiation (Howard
and Paul, 19833; Vitetta ef al, 1984), Studies on this subject suggest the existence of a
complex scries of transducing molecules and% second messengers similar to that of other cel!
systems.

b

W

Activation of Na'/K*Adenosine Triphosphiatase (ATP ¢)
Cross-linking of surface ~ structures by mitogenic ligands - iaduces early,
membrane-associated phenomena prior to the entry of resting lymphocytes‘iﬁ'to -the cell cycle.

Some of these early phenomena include chgnges in membrane transport of Na, K*, and Ca*

5
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“ (Quastel and Kaplan, 1970, Segel and Lichtman, 1979: Segel er al. ¥983).  Na/K° ATPase

catalyzes a coupled transmembrane exchange of three internal Na' ions for two external K-

1on1'(Sweadner and Goldin, 1975 driven by the free energy of hvdrolvsis of one nsesule ol

1

o]

adenosinc triphosphate.  However, 1t vis not clear lhalilhis aclivallo&l is sul’l”;;lcm or even
essential for subsequent cell pr‘olil"eralion.' Increased Na /K- ATl"asc activily hns! been
reported in PHA- Quaslel and lxapl:m 1970; Segel and Lichtman, 1979) or Con A-
(Avendunk, 1976) sumulated human pf*npheral blood Ivmphocytes, anti-lg-stimulated hnm.m

neoplastic B cell populations*(Heikkila er a., :981) and 1.PS-stimulated mouse splcen cells

(Owens and Kaplan, l‘?SO), Ouabain, a speciﬁc inhibi*  f this enzyme (Schwartz er al,

1975) can mhxbxt muogen mducec’l sumulauon of . l\rmocxus (Ouaslel and Kaplan, .

v‘f"} ! «u‘ .'“‘

l%\ l97 Avenmml l(l o/l Thue rcsulvs mmplicate M /l\ ATPase in the nhination ol

lvmphocyte acwathtu.-. s

ey
"'\ i o ——

A mereasc in mlcrnal Na' was poslulaud as a possible meehamsm for the Na /K
N

4

pump activailon (Kaplan and Owens 19‘«0) Indeed, an chensL n rﬁlmulluldr Nd\

C&LCDU‘&UOU was observed, l"ollowmg PHA stimulation ol hmmn p(_fl]'lh(,ldl blood

lymphocytes (Scgel and Ilchtman 1979, Avcndunk and Gunther, l%() Similar increases in

7

the Na'/K* pump activily were - reported to occur aller growth sllmulauon ol llbfpbhxls ‘:.?"

l

(Smith and Rozengurt, 1978) and neuroblastoma cells (Molenaar el a/ 19%13.  TFhey also

ared {o dcpend on an mcreased Na* influx which could be mhubned by amnlonde

o
'

LxLewxse the mcreased ¥Rb* (K- an?ogue) influx observed upon anti- lg stxmulahon ol B
lymphcie_ytes..was inhibited with amiloride (Rosoff and Cantley, 1983).  In another modcl,
the ('lifferen-ti;ilion of the murine splenic tumor cell line 70Z/3, induced by L.l-’S, increased

imracéll‘ular Na* concemralion which could be blocked by amiloride (R,osofl' ancl (,anllu

1983). Raising the [Na‘] with ouabain or Na ionophore, moncnsm causes cxprcsslon of

surface‘ l{M almest as ‘effectively as LPS These data suggcsl lhal ‘the activation of the

Na' /K" pump depends on an increased Na*influx. -

A

Usqu human neoplastic B cell populations Heikkila er: al_(l98l) demonstrated an

'mcreased mflux of ¥Rb* upon activation with anti-lg. . Subsequcm studlcs have suggcstcd.

that. the "$Rb response probably requires mobllxzauon of mtracellular Car (Helkklla et al,

Aai

N



1985) but the incrcasc&[(}a*']} was shown 10 be insufficient for a **Rb- response.

A

Activation of Amino Acid Transport '
| Several transport systems for amino acids ‘have been characterized in marﬁmalian cells
(Christensen, 1073,: Guidotti er af, 1978). The A system transports neutral amino.acids with
short, polar, or lincar side chains and the transport is dependent on a Na' gradient across the
plasma membrane.  The ASg svstem, so named because it transports alanine, serine and
cvsteine, is also Na'-dcfmndcm.A The L system transports aming, acids such as leucine and
phenlvalanine which have branches or circular side chains and is insensitive 1o the Na-
gradicnt.  Amino acid depletion resulls in an increase only irf the A system amino acid uptake
vmphocvtes (Frengley et af, 1674; Scgel and lichtman, 1981) and other cell types.
Human lymphocytes stimulated to enter the cell o,ygl\e by lectin treatment caus‘c an increase in
. the A, ASC. and 1. transport systems (Mendelsonn er al, 1971; Avendunk, 1972; Whitney and
Sutherland, 1973; Scgel and Lichtman, 1981).  While a two-fold increase in amino_‘acid
uptake by the A or ASC svstem s observed \aftcr 4 hr of lectin treatment, a similar increase in
amino'._aci.{d uptake by the 1. svstem was shown to occuf after /],ﬁ.-\ZO hr of stimulation (Segel
Land ~I.,ici;i}ﬁan, 1981). The palh;vay of amin(o acid transport in T or B lymphocytes ﬁlay be
: ) diH"crcm,‘ and definitive s}udics characterizing amino acid transport systems ase Jacking (Segel

4 et al. 1983).

‘Ca’ Mobilization, Phosbhoinositol .Turnover. and Protein Kinase C \

In many cci_l types, binding of ligand to receptor enhances the turnover of membrane
phosphoinositides (in"ositol phospholtpids), which is accompanied by an increase in the
intracellular concentration of Caz?’?‘(ibiiche_n, 1675).  Later studies indiegted’"that the
breakdown of phosphatidylinosilol bisphosphate by phospholipase C 19,‘ I?A,G%nd inositol
triphzosphale (1P,) is probably the initial eveﬁL!(Berr;dgé«, 1984). DAqn.i‘;"'prosp'hof';‘iaté‘ci by
DAG kinase- to phosphatidic acid, which is then recycled back To phosplioinoéitide.' |
Phosphoinositide degradation and Ca’ mobilization appea‘r. to be fundamental mechanisms in

the transduction of a wide variety of extracellular stimuli into cellular responses, including cell”
R . Ay

. | N
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proliferation.  Fisher and Mueller (1968) first linked enhanced phosphainositide turnover
“with lymphocyte activation. Initial evidence far mitogcn-sximulatcﬁ—'phosph_oinositide

turnover in B lymphocytes was reported by Maino ef af (1975).  Recently, direct monitoring
. AN s .
of degradation products from prelabelled 'phosph'oinositidc (Bijsterbosch er al, 1985)

S

confirmed the earlier demonstration of c¢nhanced phosphoinositide . -turnover  in

anti-lg-stimulated murine B lymphoeytes (Coggcsﬁ;in and Cambier, 1984) but not in 1.PS- o

. -
PMA -stimulated cells (Betel ef al, 1974). "+ | o ‘

Post-translational phosphorylation 'of serine and threoninc residues in specific cellular

.prot‘eins plavs an im’portam Tole 'in mediating the action of various hormones and growth
faélérs The change in lipid structure durmg cell activation could, in the presence of Ca™
erhance the binding of membrane phmphohpxd to PKC and lhcrcb\ promote Lh.mgu n
membrane potential. Both primary products of phosphoindsilidc degradation, 1P, and DAG,
hav; been postulated 10 act as ~%econd mcsscnéc;s in i;woking cellular responses (Berridge,
1954). Whnlc {P, is thought to be involved m La mobilization from mlraccllular stores in B
]vmphocucs (1.4}, DAG has been demonstraied to be an csscnua\i}:@é%dc.lor ()I PRKC
(_}\.lShImOIO et al, 1980; Ku et al, 1981; Ransom and Qambxcr, 19%6a).

In general, phosphoinositidc dcgrad;éiion 1S ass'oci'atcd with én increasc inr Ca*
mobilization (Michell, 1975; Buslcrbosch et cz/ 1985) and this Ca’* mobilization plays an
1mportam rofe in lymphocyte activation (thmey and Suthcrland 1973).  Other studies
.+ showed a requirement for external Ca™ (Dcsaymard et-al, 1980), enhanced -Ca’ iAflux
‘(Frecdman, 1979), and rcleasé o% Ca’ from mtcrnal stores (Braun .et al, 1979) up@:'
stimulation of B cells Using the fluoresccnt Ca? mdrator qum 2, an increasc in [Ca’"] was
observed in anti- Ig snmulau,d B ceﬁs (Pozzan et al. 198’ anlcrbosch el al, 1985; Ransom et
ZI' 1986b).  However, LPS and PMA failed "to provdkc a 51gn1ﬁcanl increase in [Ca®),
‘(Bijsterbosch et al, 1985). thle there is general agreement lhat the concentration of Ca’ in
the cytosol influences mitogemc ?surlnulauon the relative dependcr::ci& the cellular function A
on extracellular Ca* or Ca™ reléased from imrécellular siores is-.dg:b@ablc. Membrane
depolarization and iincrcase ir} surface Ia expres_sion'can be induced by i‘ncrvcixs.ing'[Ca"]l wilh.‘

, . , ,
the Ca’* ionophores A23187 and ionomycin (Ransom and Cqm‘bicr, 1986a; Dennis et al,
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1986). };lh)_flcncgl_x'col;bis-(B‘-'aminocth_vl ethcr);N.N,N'.N'-letra acetic :acid (EGTA)
inhibits the Ca®' ionophore-induced-increase in la 'expressién and partially aiminishes the
surfagg la augr&wmauon rcsqlting from anti-lg antibody but has no gffcc[ on LPS-stimulated
- la expression., On the other hangd, altering the Ca’" availability by EGTA inhibits thymidinc
uptake stimulated by LPS or anti-lg (Dennis et al 1'986). These findings ‘suggeSL that_
c‘xlr’ac.cllulqr Ca*' may be required for later events in B cell ac\jvation, wﬁile earlier events
may be primarily dependent upon intracellulaf Ca?* stores.

, -Rcccm]y, Proust. et al (1986) confirmed the earlier suggestions that activation signals
(Ca’, PKC) leading to different lymphokine-dépendenl proliferation may proceed vig
different pathways.  BSF-1-dependent B cell proliferation required co-stimulation with
anti-g or Ca’" ionophore (ionomycin), both ol which induced an iﬁcrcasc in [Ca*"], without
induction PKC. Op the other hand, IL-2-dcpendem,B cell proliferation was reported (o
require pr(:‘iacliv’g}_ion with both anti-x and LPS. The LPS-derived signal could be replaced
by PMA, adding weight 1o the previously suggested possibility (Wightman and Ractz, 1984)
that LPS and PMA activaic PKC directly without provoking a significant increase in [Ca®],
(Bijs‘tcrbosch el‘ al, 1986). Therefore, both an increase in {Ca®']. and the activation of PKC
are required for Il.-2-induced proliferationy A sea'rch for s’pe'cific ph_os;;horylaled cellular
. proteins implicated in mediating mitogenesis is now in progress in various laboratories. To
this effect, Justement and Cambier (1986) have reported selective phosphorylation of a 44 kD
protein upon addition of BSF-1 to plasma membranes. LPS or PMA had no effect on.
;ﬁosphorﬂation of the 44 kD band. ’4 These results suggest that the activation of a cAMP- or
L",;:"-dcw:rlldenl protein kinase fmay be associated with binding of BSF-1 to the plas

it mbrane.

Regulation of B Cell Response by Prostaglandins

Préslaglandin (PG) production has been demon;tréled primarily for macrophages and
10 a lesser extent for ly}nphocytes (Tomar et al, 1981). The effects of PG on B cell
aciivalion and diffgremiation have not been clearly defined. Protein A-, SAC-, and

. PHA -stimulated growth of B cell colonies from human periphera]‘ blood (Whisler and
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Newhouse, 1982) are significantly inhibited by the physiologic conccm‘ratior_x of prostaglandin
E. (PGE.). [In vivo studies in mice show that lﬁc antibody response could be signf}ﬁcanll_\'
enhanced by _Cyclooxyg:nase inhibitors (Webb and Oshcrho‘-‘ff. 1976) such as indomethacin.
PGE, is one of the major products of the cvclooxygenase palhwa)" of arachidonic acid.
However, Morito er al (1980) féund inhibition of cy¥clooxygenase activity 1o have no effect on
PWNM-induced Ig secrction,'rwhcrcas large conceatrations of PGF, were reported Lo _b:‘
inhibitory. By contrast, Staite and Panayi ’(1%2) reported that cycloovygenase inhibﬁimn
with indomethacin inhibits PWM-sLi‘mulatcd Ié secretion and low concentration ol PGE, could
reverse this inhibition.  Overall, th; data support the conclusion that PGE, rﬁa_v play an
important role in regulating the magnitude of B cell responses, although the details of its
mechanism oyf agtion are still obscure. ‘ \
Role of Cyclic Nucleotides

The possibility that the gyclic nuclcotkidcs, cAMP-, and ¢GMP, md_\' regulate
lvmphocvte function has been rcvielwcd c.\'tc;sivcly (Hadden and C.;(‘)f'f'cy, 1952, Coffey and
Hadden, 1984). Increased levels %f intracellular cAMP appear to be associated with the
inhibition of in vitro mitogen rcsponse's (Parker et al, 1974; Strom et al, 1977, Névogrodsky et
al, 1979; Hadden and Coffey, 1982). To summarize the role O&MP, it can be stated that
cAMP inhibits the induction of proliferation of both T and B cells ar;ﬁinhibits the production
of lymphokines. The"-ﬁp}g ex;ems promoted by cAMP 1o date involve differentiative Steps and
Ig receptor capping (Butman et al, 1981). Recently, Gilbert and Hoffman (1985) sfowed
that cAMP and IL-1 stimulated antigen-specific and polyclonal amiboq_v responses when
added together to cult(%res of highly purified B cells. T'hcy proposed that 11.-1 and an
clevation of cytoplasmic ‘cAMP represent minimal signal requirements for B cell activation.
In contrast, agents that incrcase(cGMPu levels promote or augment all cellular functions that
are inhibited by cAMP (Strom et a/, 1977, Hadden and Coffey, 1982). Specifice mitogens
© cause early increases in ¢cGMP in B cells (Watson, 1975) as well as 3-cells (Hadden et al,

1972; Coffey et al, 1981). Mouse spleen cells stimulated with Con A (Wang et al, 1978),

human lymphocytes triggered with PHA (Carpentieri ef al, 1980) or Con A, PMA, and Ca™
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ionophore {A23187) (Rochetl;:-ligly and Kempf, 1981) u;dergo an early rise in CAM.P,‘
followed shortly by an in.crcasc in cGMP-dcp;cndem protein kinase ;ind a later increase in
(AMP and its kinasc.

The role of ¢cAMP or ¢cGMP in cell triggering and the mechanism by wﬁich these cyclic
nucleotides are cievatcd is still unclear.  In spite of heterogeneity in receptof~medialed
~ {riggering mechanisms, most tissues possess two classes, of receptors for controlling cellular
function and proliferation.  One class triégers the production of cAMP while the other:
ind:ccs inositol phopholipid turnover, Ca mobilization, and ¢cGMP production (Nishizuka,
1984). Surprnisingly, cGMP-dependent and cAMP-dependent protein kinases show ve;,\:
similar catalytic properties. Several lines of cvidence suggest that cGMP is a negéu’ve, rafher

than a positive, messenger and provides an immediate feedback control 10 prevent excessive

response (Haslam, 1980, Takai er al, 1981). In those cells where cAMP generated by

RiaY
A

"negative signals” inhibits the transmission of 'positive - signals' (i.c., PI breakdown, Ca‘
mobilization), cAMP and ¢GMP do not antagonize cach other but b]ock‘{hc receptor-linked
degradation of PI in membranes and. thereby inhibit cellular functions and proliferation by
cour;lc‘racting the activation of PKC.  These ir‘i’hibilory ac;ions of cyclic nucleotides are
probably mediated through effects on the mobilization of Ca* via the activation of protein

kinases A and G (reviewed by Nishizuka, 1984). 4

Role of G Proteins

Interaction of regulatory molecules (hormones, neurotransmitters, etc.) with
appropriate ligands on the cell surface result in stimulation or inhibition of adenylate cyclase
"activit_v. This res‘ulls in lsubseqUent alterations of imracelfular phosphorylation as a
consequence of the actions of cAMP-dependent protein kinases (for example, protein
kinase A). Both stimulatory and inhibitory receptors communicéte with a pair of
homologous guanine-nucleou‘de--binding regulatory proteins — one, G, mediates stimulation

. N

of adenylate cyclase activity while the other, G,, is responsible for inhibition (reviewed by

Gilman, 1984). The G 'proteins are composed of fwo subunits, a and B; the B subunit is

common to both proteins while the’ 1arger, a, spblinit of each protein



(Ga and Ga) is different. G is sufficient t0 activate adenylate cyclase and the B subunit

.

of G, inhibits this activation. Themfithitory activity of the 8 subunit of G- ~d at the
/I ‘ ) ‘
level of the stimulatogy coupling/protein. G a plays the role of an anti-inhib. o7 denvlate
/ . 4

cyclase activity.  This polypeptide may thus be an excellent candidate as a mediator of other

functions such as Ca’* gating and phosphatidylinositol metabolism.  To _this cffect, a

phosphodiesterase (phospholipase C), that slipu]alcs the breakdown of the byproduct of

\
\

phosr{hakidylinositol into IP, and DAG, mayv be controlled by coupling of rcccptors\ for
. S
regulatory molecules to the enzyme through a guanosine triphosphate-binding protein as in

the mechanism effecting the interaction between rcccplors'and adenylate cyclase (Gomperts,
[
-1983: Gilman, 1984).  However, the underlying mechdnisms of the phenomenon outlined
‘above ne=d yei Lo ke conﬁnm(?fUr-‘amvagon of B cells.
1 . -

1
Upon' rewiewing the literature, it appears thal no congensus has emerged concerning
< ‘ Do . . .
. .
<R B clls.
L lxi‘, K

the identity of the cytokines beiieved to control prolifers . . a1
3

Contradictory statements concerning the requirement “or cvtoh ines” ACEERER IO io'fé'l' are

possibly duc to the differcnt experimental models used by Lnl'l'crcn.t in‘vésvtig{?;for'.@f ,mim of
which may havé™ been nsufficiently svtandardilzcd with r1espect to B cell heterogenceity,
contamination of B cells with OLHcr cell types, and definition of ¢ toki-ics. | The work
described in this thesis was undertaken to clearly identify lﬁc cytokines required in B ccll

activation using an experimental model in which B cells specifi® for antigen (CRBC) were

enriched to a degree at which T cells and macrophages were limiting. 5 »
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@ II. Materials and Methods

Anz’ma/s.b B10.BR/5gSn/J//Chl .mice were obtained fyom Ellerslic Animal Farm,

University of Alberta.  Spleen cells from male or female animals aged 8-12 weeks were used

o
~ for rosetting B cells, and thosc aged 4-6 weeks were used as a source of thymocytes when

_nceessary.

Antigen. Chicken lines horhozvgous for fhé B* MHC haplotype were bred by the
‘Bioscicnces Ammal Services, Umversm\ of Alberta, and have been described in detail
rtznousl\ (thoxawa et al, 1980) CRBC were stored at 4 °C for up to 1 week in Alsever's
solution.  Before use, CRBC were centrifuged, depleted of buffy-coat cells, washed twice‘_vby
ccnlril""ugz;lion for“10 min at 2000 g. and resuspended in Dl{lbccco's phosphaile-buffer?fd
solution (PBS) containing 5% fetal calf serum (}FCS. Grgnd‘is’\land éBiological‘Company.
© Grand ls]:}nd, NY). L '

Mitogen. 1.PS was’a phenol cxl;acl of E. coli serotype 055.B5 (Sigma Che‘mical Co.,
St. Louis, MO). Al mg{rﬁl solution was prepared in normal saline, Qltercd through 0.45
urﬁ filter (Nalgene, Sybron Corp., Rochester, NY), aliquoted and frozen until use. The LPS
was used at a final concentration of 10 pg/ml of culture medium. | .

’ Recombinant 1L-1. Both human (Gubler er a/, 1986) and mouse (Lomedico et al,
1984) 1 11.-1 alpha werc kindly provided ny Dr. P. Lomedico (Hoffmén-La Roche, Nutley,
NJ).- Human IL-1 (Lot 14993-74/ 102) had a specific activity of 10* units/rhg, prqlein
conccn}ration of 20 ug/ml and an éctivity of 3 x 10¢ units/ml. It was stored in 25 mM
Tris-Cl, 0.6 M NaCl (pH 8.1) at -20"C. Elrtndotoxin contamination was 20 um'ts'/ml. Mouse
r 11.-1 (Lot 14430-153) had a\QpCCiﬁC activity of 1 x 10¢ units/ml and was stored in 5 mM
guamdmc HCl at -20 "C. This preparauon was also reported to be comammatcd with trace
£amounts of endotoxin. The concentration of I}L 1 is expressed as units/ml of IL-1 activity
as determined by suppliers.

S L.

Recombf'nanl IL-2. H._L;man rIL-2 (Lots C}.8.61 and G.8.73) was prepared and Kindly
provided by Dm C. Bleackley, Departmgm of Biochemistry. The concentration of r IL-2 is

expressed as units/ml of IL-2 activity as determined by Bleackley et a/ (1985).

33
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Inhibitors. 10 mM ouabain (Sigma) was prepared by dissolving in warm saline and

stirring for 15-20 min. Ouabain was stored at 4 °C until use.

. { . - .
EL-4 Supernatant. EL-4 (Farrar et al, 198“{ was maintained in Roswell Park

Memorral Institute (RPMI) 1640 medium (GIBCO) containing 7% horse serum (GIBCO),
50 mM B-mercaptoethanol (B-ME, Eastman ‘Kodak Co., Rochester, NY), and 0.5%
pcnici]lin-strzptomycin (GIBCO). For‘indu'clion, EL-4 cells were washed, resuspended at a
density of 1 x 10° cells/ml, and stimulaled with 10 ng/ml of PMA “(Sigma) for 24 hr.
Culture supernatants were harvested by centrifucgati‘on for 20 mih at 500 g. Ammonium
sulfate (Fisher Scrcntrfrc Co Ltd., Fair Lawn, NJ) was added to 80 saturation (560 g/1)
and stirred at 4 °C overnight. The precrprtat!uas collected by centrifugation at 20,000 g for

1 hr, rc%uspended m oa® sma]l volume  of  0.01 M N-2-hydroxy-

eth\,lprperaune +-2-cthanesulfonic acid (HEPES) buffer (pH "74). and dialyzed against,

.)

several changes of 0.01 M HEPES containing 0.04 M NaCl (pH 7.4). After dialysis, l.he
supernatant was steriiized by filtration (0.22 y filter, Nalgene), aliquoted, and stored frozen.
Fl.-4 sup was tested for -its ability to induce prohferation as measured by 'H-thymidine
incorporation and differentiation of B cells as measured by hemolytic plaque assay. The
dilution of EL-4 sup which was minimally active in inducing proliferation but optimally active
in inducing differentiation of B ]yrnphoc_vtes; ‘was determined for cach batch of EL-4 sup.
These fractions could be stored for a year w. “out loss of their potential to lriggel

proliferation or differentiation. However, the ability to induce activation of Na'/K' ATPase

was lost if the EL-4 sup was stored for lQnger than 2 weeks.

Preparation of Affinity-Enriched B Cells. Rosctic-forming cells (RFC) were prepared

by a modification of the method of McConnell et al. (19695. Mice were killed by cervica
dislocation and.their spleens excised and‘squeezed through a wire screen using a plastic syringe
plunger into PBS contammg 5% FCS. Cellular debri was removed by a qurck spin.

stopping centrifuge when it reached 300 g. The supernatant was transferred to a fresh tube
and centrifuged for 7.5 min at 500 g. The washing was repeated, the cell pejlct suspendcd in
2.5 ml PBS + 5% FCS/spleen, and 10 ml of cell suspension layered slowly -over 10 ml Ficoll.

Ficoll used was a solution of 10.98% Frcoll 400 (Pharmacia Fine Chemrcals Uppsala chden)

.@"

o



{ | ,%- | | 5

T nLaining'29.S% sodium metrozoate (Sigma) in double-distilled water (DDW). This Ficoll
solytion had a density of 1.09 g/cm* and an osmolarity of~280-308 tﬁOsm. ‘_ Cells were
ifuged at 2000 g for 25 min at 20 'C.  After ccnt’ri'fugau’on, the interphase contained the
viable cclls while the majority of red cells and dead cells were present in the pellet. | The
mtcrphasc cells were resuspcnded in PBS + 5% FCS and centrifuged at 500 g for 7.5 min.
Two subscquent washes were done at 500 g for 7.5 min. The cells were counted g eosin
(0.1% w/v, Fisher) and rosctied with CRBC. For rosetting, 2 x 10* cells/0. 1 ml of 8% CRBC
were used. The \gp]ecn cell p::llet was gently suspended in 8% CRBC and lef\g\t 4°C for 25 hr i
or ovcrmght Aﬁer rosetting, the cells were resuspended in PBS + 5% FCS (‘3 ml/spleen)
lavcred overFlcoll and centrifuged at 2000 g for 25 min at 20°C w0 separale ¢ the rosetted cells
'(pc]lct) rom the nonrosetted cells (snterphase).  The pellet was resuspended in a small .

volume of PBS + 5% FCS, transferred to a fresh tube, washed 3 times with PBS + 5% FCS,

and the rosettes counted. The ratio of rosctied cells to contaminant nonrosetted, cells varied

-

from experiment to experiment. less contamination of nonrosetted cells in the RFC
—prcbaralion could be obtained by decreasing the time of the final Ficoll separation. A
: prepara:ion of ‘RFC obtained by decreasing the time of fvin;il Ficol}l centrifugation to 4 min
{RFC 4') was also used. Under these conditions, 1he'ratio of foselfed cells to comcaminam _
nonrosctied cells was less than 20:1.  Dif ferences in responses by RFC 25" and RI-:C 4' are
discussed in; the Resulls_séclion. |

Antigen (CRBC) was not removed from the RFC preparation befofe culture. Over
99% of these RFC were surface lg-positive as determined by immunoﬂuorescenée.

Depletion o} T Cells. Spleen cells were prepared (Shaw er al, 1981) in Lgibovitz
medium containing 50 mr;i B-ME and 0.1% gelatin. The cells were layered over Ficoll to
remove dead cells and red cells as desc‘n:bed above. Interphase cells were collected after
centrifugation and- washed with Leibovitz medium at 500 g fér 7.5 min. The cell pellet was
resuspended in an appréﬁriat@dilution of anti-mouse Thy-1.2 antibody (ascites fluid, New
England Nuclear, Bosto;, MA) in Leibovitz medium (2 x ’ 10" cells/ml of diluted

»
anti-Thy-1.2). The activity of each batch of anti-mouse Thy-1.2 was evaluated by its ability

to kill mouse lthymocytes‘ in the presence of complement. The antibody was diluted 1:100 in
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Leibovitz medium and stored frozen at -70 ‘C.  After 45 min on ice, rabbit complement (lLow
Tox, gedarlane Laboratories Limited, Hornby, ‘Ontario, Canada) was added to the «
suspension at a final dilution of 1:10 gmd‘lhc: cells incubated at 37 °C for 45 min.  The'ccls

1

were then pelleted and washed twice wiﬁl'h' Leibovitz medium. The viable cell recovery was
determined by the eosin-dye exclusion method ‘., The cells wc‘fc layered over Ficoll to remove
dead cells and uscé for culture afler‘ washing twice. A Thlc treatment of mouse splenocvies with
anti-mouse ';;;fh)'-l.Z and complement abblished' the 4 day‘mftogcnic in vitro tesponse to

, Con A, whereas the response 10 LPé was only minimally affected. Fifty to siaty p%rcem of
the cells were recovered after lreatmeﬁt with an£i-Thy-l.2 and complement.
Depletion of Macrdphages. Ma‘crophagcs were removed by adhcrence 1o plastic.
Spleen cells (10-20 x 10+/ml) werc added 16 polyst)frcnc dishes (100 x 20 mm, Falcon 3003,
Becton Dickinsqn and Company, Oxnard, CA) in a total v'olumc of S ml of RPMI
supplemented with 10% FCS and 50 mM 8-ME. After 1 hrat 37 °C, no:had,hcrcm ccl];s Wwere
col'leclcd by gently swirling aﬂnd decanting the mcdig;n. Tﬁc nonadh=rent célls were céllcclcdf.
added to fresh polystyrene dishes, and the procedure repeated ‘thrice: * The renfaining
‘nonadherent cells were collected, washed, and used for prcparalibn of RKC. On an avcrage
30-35 percent of th'e input cells were ‘rccovered a'fter'adhcrem cell depletion. ‘ T .

o | Cell Cultures. For measurement of **Rb" influx and proline uptékc 6 x IO‘VRFC; or
2 x 10 spleen cells, or 2 x '10° anti-Thy-1.2-depleted spleen cells per ml of Click's medium
(Click et al, 1972), . sgpplememed with 5% FCS, 50 mM B-ME. and 0.5%
penicillin-stre_ptomyciﬁ (GIBCO), were cultured ni 100 x 20 mm tissue culture dishes

“(Falcon). CRBC were added to cultures requiring antigen (0.1 ml of 8% CRBC suspension
per 10 clells); Cells were stimulated with 10 xg/ml LPg’or 50 ul/ml of I~£L-4 sup diluted to
1:40 or a cc;mbination oflLPS and EL-4 sup. For assessment of proliferative and
differentiative activity, 3 x 10° RFC, 6 x 10* RFC 4.', 2x10° T cell-depleted splecn cells, or
2 x 10° spleen‘cells were cultured in 200 ul of medium in ﬂal-bot_tom, 96-well microtiter
plates (Linbro Scientific Co., :Hamden;" CT) suﬁplerr'lemed with appropriate stimulatory

J/ factors. Cultures were incubated in a humidified atmosphere-of 7% CO, in airat 37 °C.

. -

-
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““Rb' Influx Measurements. 4fter 14 hr of culture, RFC were spun on Ficoll to
réove the CRBC which by that time had become detached from the RFC, while spleen cells

~orspleen cells depleted of T cells were washed with PBS twice. -After washing, the cells were

resusper@ed in (.75 ml of Tris-buffer (pH 7.4, Tris 20 mM, NaCl 121.3 mM, KCl 4 mM, -

CaCl, 1.8 mM, MgSO, 1 mM, KH,PO, 1 mM, and 5 mM glucose) containing FCS (GIBCO)

and incubated at 37 °C for 10 niin.  Fifty u‘l of **RbCl (20 pCi/ml, NEN) diluted in

Tris-buffcr, were added as a substitute tracer for K at 37 °C to give a final specific activitysof v

S uCi/ml of cell suspension. At various times after addition of *RbCl, 100 pl aliquot
. g £,

(2 x 10% cells) were transferred t0°0.4 ml microfuge tubes comtaining <70 ul of silicon i

(Dow-Corning MI) (12 parts oil 550:1,3'.parts 0il .550) and léjyercd over 20 Wl of 2 M Ni

The "' Rb uptake was terininated by addition of 150 ul of ice-cold Tris-buffer withouy giucose

A K3

o'

and 1-'(:3 and.lhc cclls pelleted by centrifugation inim Eppendorf Microfuge for W‘K&m The
llubcg were frozen on dry icc: cut across the oil. layer, and . the tube tips transferred to
scintillation vials containing 4G0 ul of 1% Triton X-100 (to disSolve the pellet) in 4 ml of
scintillation fluid (ACS, Amersham -Cofporatioxx). Samples were tested for radioactivity iﬁ a
Beckman Scintillation Counter.  To calculéle the specific act,’i\my of the radioactivity in 5 ul
of the supernatant after cenlrifugatioh, sample Eppendorf tubes were transferred. to
scintillation vials and counted as described above. Ouabain-insensitive **Rb- influx was
| measured in thé presence of 2 mM ouabain included in the medium. RFC were spun nn
Ficoll as usual to remove CRBC and was_héd in cold I;BS. No, significani loss of **Rb*
. gccurrcd from the cells during the washing. Samples were taken for measurement as

described for influx.

The rate of **Rb" uptake expressed as pmol/10¢ cells/min was calculated as follows:

-

SA (cpm/pmol) = cpm/ml + Z,

where SA is the specific activity and Z is the concentration of K* in the medium (5.mM).

ol

ro

A ' :
Rate of **Rb* uptake pmol/10°¢ cells/min) = X + SA + Y + 20,
where X = cpm at 21' - cpm at 1’

and Y = cells per sample (in millions)

;
(

3
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Sid. deviation of rate = vSD? + SD,,° + SA = Y + 20
5
n, Ny,

Measurement of Proline Uptake. Cells were prcparcd as described carlier and
nreincubated at 37 °C for 15 min in Tris-buffer containing 5% dialyzed FCS (GIBCO) 1o
deplete the internal énlino acid pool. Cells were resuspended in 0.4 ml Tri's-bul‘fcr containing .
5% dialyzed. FCS and amino acid uptake was measured at 37 °C. Aliquots of 50 4l (2 \ 10
cells) were transferred to 0.4 ml .‘nAnicr;ovfugc tubes comainiAng S50 ul of Tris-buf’fcr
su‘pplememcd with 10 xCi/ml ’H—prolihc (20 mCi/ml, NEN) and 100 zM proline (Sigma)
layered over silicon oil and NaOH. | At various times, the amino acid Bptgkc was terminated -
- as described f0.r K- uptake. Counts trapped in cxtracellular space as measured by a du;:licntc '
assav at 4 °C, werc subtracted. The rcmai‘ning procedure was simi‘lar 1o that used for K-
‘influx mcasurcmem;c including controls and estimation of specific activity.  Na'-independent
| proline ublakc was measured by replacing Na* with cholme in Tris-bufTer.

The rate of proline uptake expressed in pmol/i()" cells/min was calculated as Tollows L\
1. S‘A.(cpm/pmol) = cpni/m} + Z, : : .

where Z is the conceniTation of proline in meadium (100 uM).

]

Rate of proline uptake (pmol/IO"/min) =X +SA <Y +5,
where X' = cpm at 5' - "c_pm'al zero time. '

and Y' = cells per bsample (in millions)

Std. deviation of rate = vSDg? + SDJ’ +SA Y +5
' ng ng

BSF-1 Assay. BSF-1 activity was assayed ‘b_v a modification of the previously
reported ami-]gM co-stimulator method (Howard et al, 19§2). B cells were prcp:arcd from
the spleens of 8- to 12-wk-old mice. Tﬁe cells were depleted of T ccils as described c;rlicr.
" The .resulting cells were layered over Ficoll to remove dead cells and cultured at 5 x 10* cells in
0.2 ml of RPMl/culture well in the presence of a two-fold dilution of 2.5 ug/ml
affinity-puri'fied F(ab'i fragment of goat anti-mouse 1gM antibody ‘(Rockland, PA) with or
_ ;Vithout EL-4 sup for 3 dayvs. The cells were® pulsed with *H-thymidine for’S--8 hr and

2
harvested as discussed:
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IL-2 Assay. The 1L-2 assa§ was performed as described by Gillis et al (1978). Serial

v

“two-fold dilutions of the rat polvclonal Il‘,-2 (rat [‘cell polyclone, Biomedical Products
l)i\fiéi()ﬂ, Collaborative Research Inc., Mass 01273) and EL-4 sup were made, in triplicate, in

0.1 ml RPMI contained inf flat-bottomed microtiter. plates.  Fifty thousand HT-2 cells in

().1' ml of medium wérp added to CE}C;] well. - The plates were incubated for 24 hr and cells
pulsed with 2 xCi of methyl [*H-thymidine (2 uCi/MmoL NEN)]. The cultﬁres were

incubated Ior 12 hr before harvesting. ’

‘ 1L-1 Assay. IL-1 was tested for us ability to induce proliferation of thymocweq
(Mizel er al 1978) Scnal two-fold dl]U[lOﬂS of IL-1 were made in 0.1 ml of RPMI

‘ Lomammg 10% PCS 50 mM B MF and 0.5% penicillin-streptomycin, in flat-bottomed

mwrmncr plates (Linbro).  Thymuses {rom 4- 10 6-wk-old C3H/HCJ“ mice were removed,
N . ®

u

and a single cell guspcnsion of thymocytes was prepared by mincing the tissue and passing -
cells through stainless .slccl wire mesh inTo\PMl. Cells were washed once and suspended in
RPMI containing 5 yg PHA/mI (GIBCO). 1.5 x 10* thymocytes in 0.1 ml of mcdium;w'erc
added 1o cach well. Control wells “comained medium or IL-1 only. The plates were then
incubated for 72 hr, pulsed with 2uCi of mcthyl-[lH]-Lhymidihe, and harvested aftc—nprci hr.
.Measurement of Proliferative Respén'se by ’H-;hymidin ncorporazion: Celis were
L‘\llturcd in 96-well microli_fcr Qlates. and 5-8 hr t;efore the ter ination. of cultures 2.uCi of

<

.\H-Lhymidix_]e (2 pCi/gx‘]Moi)awefe added to each culture. The cells were harvested and the
radioactivity was meés’ﬁred'iﬂ?séﬁitmanoﬁ fluid" i

Measurerxent of M Thym,zdme 3H (Jngzne and *H- Leuczne Incorporation ]jér Kmenc

Studies. RP? (3& cells i in- 0.2 rﬂl of medmm) were cultured in 96-well microtiter plates in

triplicate as described above. At several.time points, the plates were cenmf uged and the cells

- resuspended i 0. 2.ml Click's medium ‘without leucine and methi‘gnine for the purpose of

'H-leucine mcorporatxon measurements, oI m{ medlum wnhout nuclelc amds for measurcmem

“of *H-uridine and ’H-thymldme incorporation. Each culturé was pulsed with 2 eCi of

— ‘H-thymidine (2. xCi/mMol), *H-uridine (45.9 ;uo(Ix/mMol, NEN), or ’H-leucme (56_.5

uCi/mMol, NEN). After 4 hr, plates were céﬁt‘rjifuge,d,ipelle‘led'celis resusﬁended in };BS and

harvested in 10% trichloroa'cegié acid (TCA’).‘ Radioactivity was measured in scintillation
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Antibodies. The 1gG fraction of goal arili~mousb 1gM (4 chain-spccil'ic (oopu’

Biomedical Inc., Malvern, PAY was affmu\ -pu de “by Lh:(xnnlq_rdph\ on a \Lphmm

column (Pharmacia) c_ouplcd to mousc IgM (%(;xlcs Laboratories 11d., Readale, Ontario,
Canada). The affinity-purified amibodv was’ cluted in 1 M acetic acid (pH 2.0), neutralized
immediately with Tris pH 8 0. and concentrated 1o (.3 1o | mz./ml before dnl\/mg against
PBS. The specmcm of armbody was assessed by radimmmunoassd\ (lRlA) usmb mouse lgM
and mouse I1gG (Miles). The affinity- punﬁed goat anu mouse lgM was gpcuﬁc for lgM and

- did not bind to IgG as determined by RIA. Smnlarl}, affmu)-purm_nc} goat an_u-mousc 1;(;
was specific for 1gG.  Goat anti-mouse 1gG (Fc-lporlion-sb,ccil"":”‘,‘ was likewise-purified and
used as negative control. | | ‘ :

Radioiodination of Antibodies. A v purificd antibodies were labelled with N1

. N N . 13 . )(
by the chloramine T mcthod (Greenwce. =1 al 1903). 100 gg of -protein, ir<100 gl l;HS.‘

o - . . . & .
1), 0.1 o 0.4 mCi ***I (Edmon'on Radiopharmaceutical Centre, Umvcrs'x‘l_\ of
~ Albertaf Edmonton, Canada), to which S 4l of 2 mg/ml chioramine T in PBS were added
a&y), were incubated for 3 min at 1oom 1cmpc1“alurc Thc"rcaction,was“&lépp’é’d with

| g/ml sodium mctablsulphalc in PBSIand lhc samplc Lransfcrrcd 10 a(hal)sns lubmg

with 1 ml of 1 M KI. Thc mixture was lgzcd agamsl s.cvcral c-hangQ§ of PBS.

I

Radioimmurioassay. A solid phase RIA was developed 1o detect total IgM secreted into

culture by affinity-enriched B cells stimulated with_, various combinations of factors. Plastic

4 ] Ldae T

micrc ic- plates (Fisher) were coated with 125 pg/WélI of affinily-;purif‘i'cd“ goat anti-mousc
IeM (Caﬁpel) and incubated for 2 hr at room lcm'pcr,alurc. T%c wclis were then washed once

with 5% FCS in PBS and twice wuh PBS comammg 0.00 5% Tween-20 (Slgma) and 0.02%

[
sodium azide. Culture supemctan ‘s from 3 X 10’ RFC/well, cullurcd m - 96-well mlcroutu :

l

plates, were obtamed by spmmng plates at 1200 rpm for 8 min. These supcrnatants were

diluted in RIA buffer (PBS containing 5% bovine serum alubumm (BSA), and 002% sodium

~—.azide) and 100 pl added to-each well. After two hours tHe wclls wcrc washcij}cvcral umcs
with PBS-Tween- aznde and incubated for 1 hr wnlh 131 ]abc]lcd goal anti-mouse lgM

(10°-10° cpm/weH) at rgom temperature. The platcs ,wcre‘lhen'washcd}-4 nmcs wurh

§ ' .
N s R
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PBS-Tween and*hdividual wells cut out and counted in a gamma counter Twelve-point
standard curves were run using standard mouse IgM. " The lower limit of detection is about
(l.O;? ug/ml..  THespecificity of the iodinated antibody was determined by testing its binding
to plates coaléd first with goat anti-mousc 1gG followed by different amounts of mouse l‘gG.,

Anligcn-spcciﬁc 1eM ( B*-CRBC-specific) secreted in the supernatam of cultures was
e

“assaved as follows. (ullurc supernatants were. dl]UICd and 100 ol added to ecach ‘well

?

comainihg S0 ul of 0.4% B haplotype CRBC, in 96-well V-bqttom ‘microtiter - plates

» (Dynatech Lab, Virginia). - All dlluuéﬁs were made in PBS supplememed with 1% BSA and

L4

0.02% sodium audc and plates wcrg,\ mcubaled with doublmg dlluuons of CH4, a monoclonal*
lgM antibody to chicken MHC antigen of B haplotype, to obtain twelve-point standard

curves.  CHY was kindly provided by Dr. B.M. Longenecker in our department. The cells
y i

. N &
were washed 3 times with RBS-Twccn—az.i'clS buffer by spinning at 2000 g for 3 min and, ,/

2N
’

incubated for 2 hr with '*] goat anti-mouse antibody (10°-10¢ cpm/well).

Ny The cells were washed 3 times, resuspended in PBS, transferred 1o RIA tubes (Fisher),

:md counted in a gamma counter. Thc specificity of the culture supernatants was determined

&

b\ lcsung its bmdmg 10 CRé‘C af a dlflercm MHC haplolypc ie., B,
Nonspecific Eszerase Stammg " The adequacy of monocyle depleuon was determined

b
hy stammg for nonspcuh@ esterase by the « naphthyl acetate method described by Davis and

_.r'(ﬁngmm (1959) 1.1x 10° 10 2 x 10* normal spleen cells or 11 x 10* to 2 x 10* rosettes (RFC

'or REC 4 )y.were resuspexaded in 100 ul of culture medium and spun on slides by using

kX s
cytospin at 300 rpm for 3 min. The slndes were routinely stained by the Hematology Unit at

thc l)Cparlmem of L aboratory Medlcme University of Alberta.

2

. Plaque Assay for IgM Secretlng Cells. The number of PFC was determined by the

difccl “hemolytic plaque assay, -of<,Cunningham and Szenberg (1968). - Cells suspended in

0.2 ml of medium were culturcd in triplicate in 96-well microtiter plates with various

-

combmauons of factors. AL various Ume p01ms microtiter plates containing the cell cultures

"L Were ccmrlf uged washeas’once with Mlshell Dunon Balanced Salt Solution, and resuSpended

o

ins100 ul MD BSS Flfly ul of 5% CRBC and 50 »l of guinea pig complement (diluted 1:6

MD- BSS) f rom GIBCO were ‘added to each well and mixed thoroughly using a tygan

<

Vs
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tubing-tipped pasteur pipette.  Fifty nl from cach well were loaded into a 3-champered
Cunningham slidc\and sealed with paralfin vaseline scalant (1:1 by yvcig‘iwll).‘ The shides were
incubated for 60 min at 37 °C and plaques counted at Jow magnif-i‘;niio;r.‘ ‘Results are
cxprcsséd as PFC per _c‘ulturc and represent the arilhr:ﬁclic mean of tripligate cultures !
standard error. B |

Fluorescent Staining. 1 x 10" 102 x 10° normal ;plccn cells or 0.5 x 10° rosettes (REC
or RFC 4'} were washed with wash buffer (PBS containing 2% FCS and 0.1% sodium azide).
The pellet was then resuspended‘ in 50 u! of appropriately diluted antibody  (Miles,
fluoresceiil-‘conjugated F(ab'), fragment  of _goat ami-.mousc. IlegM or - IgG.
rhodamine-conjygatéd F(ab'), fragment of goat anti-mouse Thy-1.2) in PBS containing 0.1%
sodium azide. .After | gr_incubaliox@on ice, lh_cT cells were washed three times with wash
buf‘fcr and resuspended in 25 ul o\f‘was_h bdffcr and 25 4l of 2% formalin (v/v in PBS).

-f/asmid Preparation. HB101,:12 was grown on . broth.  Before plasmid prcpamli{m,
~ the drug sensitivity of bz;ctcria ‘was __gonfirmcd. HBlOlp]2 is “ampicillin sensitive and
tetracycline resistant. Large seale plaér;fiq\ preparation was"ﬁ;md"‘ by the method of Birnboim'
(1983). Bacteria were grown ovcfr‘.night ink'L broth at 37 °C in the presence of tetracycline at
a final cong::ntration of 10 pg/ml. A 100 gl innoculﬁm from the saturated cultute was added -
to 500 ml X bfoth containing tetracycline (GIBCO) and the bacteria g;owh' to an OD,,, of
0.9. Five hundred ml of X broth containing 600 mg spectinomycin (GIBCO) were added a_nd
the cultures maintained évcrnight The balcteria were killed by addition of 10 ml chloroform
and cmred for 10 min at 37 °C pflohentrlfugatnong 5(‘()0 gfor 10 min. The pellet was
resuspended in 15 ml TE buffcr pH 7.5 (20 mM Tr‘& HCI 1 mM tlhylcncd1ammclclraau.l1¢
acid [EDTA]) and centrifuged at 5000 rpm for 10 min. Thc pcllel was resuspended in 15 mi
of S0 mM Tris-HCI (pH 7.5), treated with 2. 5 mg/ml lysozyme ((%CO) mixed gently, and
left on-ice. @er 10 min, 930 ul of 2% Tmon X 100 (Sigma) were added and thc mixture
left standing gn ice for 60 min. The.cell debri was removed by centrlfugatlon at 30 K for
" 45 min at 4 'C. The s(:pernat:m we;s collectcd'and adjusted to a pH of 12.45-12.5 with 5 M
NaOH. After 10-min, the p‘H-vf/as brought back to 8.5 with 3 M Tris-HCl (pH 7.5). The

mixture was allowed to stand at room temperature for 3 min and one-ninth volume of 5 M

2
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\
NaCl added.  The pellet was resusper1ded in 3 ml of 0.04X salzfi'\e sodium citra;e (SSC) and
sodium dodecyl sulphate (SDS) added to a final co.ncemration,of 0.04%. Therealter, the
samples were treated with proteinase K (1 mg/ml final concentration, BRL) for 30 min at
37°C. - The mixture was extracted three times with pHenol and twice with chloreform afAI\c.r ‘
which NaCl was added to a 0.3 M final conccntrali(;n. The sample was precipitated with
"]()(J% cthanol at -20 2 The pellet obtained was washed gently with 80% ethanol,
rcsuspc.ndcd in TE buffer (10 mM Tris pH 7.5, 10 mM NaCl, 0.1 mM EDTA), and stored
frozen at -20 °C il use.

Preparation of the u Insert. The doubie-stranded cDN@;egmem was inserted into the
Pst site of the recombinant plasmid plO4Enl2. gTo ob}ain the Cu-encoding sequence from"“?'_: W
plodbky 12, the plasmid preparation was digéstcd with Pst | {Pharmacia) under digestion
conditions spcciﬁcd-b_\' Maniatis et a/ (1982). Digestion products were analyzed on 0.7% .
agarose gl (GIBCO). The Cp insert (residue 300 1o 576) contained a Pst site in the
CM-cncoding region. The three bands obtained upon digcslion represeméd Liue ﬁlasmid DNA

(large fragment, slow mowng band) and K msert (two small fragments or fast movmg
- . v

b
bands). The two smaller fragmems were elﬁted from agarose gel a%descnbed@y, Mamﬁ& et

al (1982), cthanol prcc1p1lated and utilized a¥d'ehg’ “,probe .o " ? 3 , ngrb\

Preparation of C ylop[asmic RNA. Cytoplasmic RNA was pr_éparedl 'from}RF(E ai?#,?
days of culture by modification of the ‘'method descﬁbed by"Maniatis et al‘ (1982). The RFC '
were layered over Ficoll to remove CRBC. The cells were washed with P23 anc} micrbf uged
for 2.5 min at 4 .C.  The pel]etu'(l-lO x 10¢ cells) was resuspended in 45 ul lysis buffer-

gconsmmg of 0. 14} M NaCl, 1.5 mM MgCl,, I0 mM Tris-Cl (phi 8.6), and 10 !mM V/
vanadyl- rxbonuc10051de complex (NFN) as an’inhibitor of RNase The cells w/gre lysed thh’z A
5 ul of 5% Nonidet P 40 (NP-40) twice with 5 min mtervals on icc and cenlnfuged at 4 °C.
After 25 min, the pellet was discarded and the supernatant transferred to a fresh »tube w1th
an equal voiume of 2X proteinése K buffer (0.2 M Tris-Cl pH 7.5, 25 mM EDTA, 0.3 M
NaCl, 2% w/0 SDS) and proteinase K (Fungal, BRL) to a final concentration of 0.2 mg/ml.

The mixture was incubated at 37 'C for 30 min followed by a phenol:chloroform exlractibn.

The aqueous phase recovered by centrifugation for 15 min was precipitated with 2.5 vol of
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98% ethanol and left at -20 ‘C overnight. The pellet obtained by centrifugation for 15 min at

4 °C was washed gently with 80% ethanol containing 0.1 r\:1 sodihm acclate (pH MQ.?). :
microf’ugcd for 15 min, and resuspended in the least volume of TE buffer.

Electrophoresis of RNA Sarr;p/es. A modification of the method described by
Maniatis er al (1982) was uscd for clectrophoresis of RNA samples.  The RNA éci apparatus,
glassware, and tubing for“the peristaltic pump were treated with dicthyl pyrocarbonate (DPC, .

Sigma)":"Qvernighl (2 ml of DPC dissolved in 50 ml of 95% cthanol and made up to 1 litre in

DDW) and rinsed thoroughly with autoclaved DDW before use.  The solutions required

Were!:

1. The 5X gel buffer autoclaved and stored protected from light. '
0.2 M 3-[Morpholino]propane sulfonic acid (MOPS) (pH 7.0)
S0 mM sodium acetate

5 mM EDTA (pH 8.0)

(o]

Formamide (Fisher) was deionized using Bio Rad AGS501-X8 until the pH was neutral.

It was then aliquoted and stored at -20 °C.

(S )

Formaldehyde (Terochem Lab Lid., Canada) was a 37% solution in water with pH
greater than 4.0. ‘ -

4. Loading buffer:

N g !

50% glycerol

1 mM EDTA

0.4% Bromo phenol blue

’ 0.4% Xylene cyanol FF dyc (Biorad)

o .
- A 1% agarosc éedf:”"tontaining 20% SX gel buf;er and 21.7% formaldch‘ydc was made in a
horizontal gel apparatus (Tyler Research (iprporation. NC). RNA samples for loading were
eprepared by mixing: - . ) B |
4.5 ul RNA sample (up to 20 ug) . . | o
2.0 ul 5X gel running buffer

3.5 ul formaldehyde

10.0 wl f o;mamide
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2.0 ul loading buffer ,, .

and incubation for 10 min at 65 °C. ‘ Samplcsggnd RNA standards were loaded on lh; gel
immediately afterwards.  The gel was run in"'i/X gel t‘)uffcr with buffer stirring continuously .
in the two tanks that were connected by a peristaltic ‘pump. The gel was run at 50 volts for
IS hr. |

Transfer of RNA From Agarose to Nitrocellulose. After cl;ctrqphorcsis', the gel was
- soaked for 5 min in several chagges of water at room temperature. At this time, the gel is
not rigid and liable to0 b{cak. T}}_e gel was photographed éfter staining with 1 pg/ml ethidium
bromide (in I‘)I')W) for 1 nr at robm tem, rature. Later, the gel was neutralized by soaking
for 45 min in 0.1 M Tris-Cl (pH 7.5) at room temperature and soaked for 1 hr in 20X SSC
hcf’org'l.mnsf'cr to nitrocellulose papgi (Millipore Corp.). The transfer of RNA from agarose v%
gels o nitrocellulose was performed a‘s described by Maniatis et a/ (1982). The nitrocellulose
paper was soaked in 3X SSC. The concentration of the transfer buffer was 20X SSC.~ After
24 hr, the nitroccl'lul(;sc paper ‘was washed in 3X 'SSC for 90 min in-a 65 "C waterbath. This
\Ml’\ followed by another was:h in 3X SSC containing IOX""DcnhardI's solution for 3 hr or
O\Tjrnighl at 65 °C. - R =

Labelling by the Oligo-Labelling Method. The oligo-labelling reaction (Feinberg and -

Vogclméin, 1983) was used to radiolabel DNA probes for hybridization in northern blots. A

: . - ’ LB .
25 ul reaction mixture was prepared as foHows in the order mentioned:

11.4 xl LS , N
* 1.0 ul BSA (10 mg/ml, BRL-Laboratories) ,' _, .@
u.’ .S ul (0.1gg) plasmid DNA (bmled 10 100 °C for ? min and cooled ?deatelvﬁb . '
@1 ul DDW " IO S B
| - w . ey
5.0 pl «**P-CTP (Amersham Corp, Ont.) - A g _ }'5

1.0 4l klenow fragment (BRL, 4.5 U/ml) 3

* The solutions required for oligo-labelling are:

LS = 25 parts of 1 M Hepes + 25 parts of DTM + 7 parts of OL (by volume)& o
., DIM = 100 uM of deoxyadenosine triphosphate, deoxycytosine triphosphate (dCTP),

H

deoxyguanosi.ne triphosphate, deoxythymidine triphosphate in Tris-buffer,
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. 3
pH 8.0 (250 mM Tris-HCI, 25 mM MgCl, and 50 mM 8-MF)

il

OL 1 mM Tris (pH 7.5) and 1 mM EDTA (pH 7.5) and 90 OD udits/ml
OD = oligodcoxyribonucleotide (Pharmacia).
The compo_n‘enls were gently mixed, centrifuged briefly, and incubated al‘ room temperature.
The incg_rporjnion of radioactive pr‘ccursors ‘was monitored by acid-prccipilalidn. “One 4l
aliquot of- the rcacﬁdn mixture was spotted on small piccés of DF-81 (Fisher) lilter dl\& and
coumea using a B counl-cf";%f Geiger counter. Subscqug@', I}:C aEid prc&ipﬁablc counts were
estimaied by dropping the discs in 12% cold TCA. " The percentage of incuorporalcd
radioactive precursors was calculated from TCA precipitable counts as compared to total
céums. The perccniage of szP-;iCTP incorporated into DNA usually achieved 96% by 3 hr.
| At this time, Loul of hcdl‘-dcnatllrcd IRNA was added to the rcactior\l .mixlurc and the minure
cxit_racu:d‘ with an equal vbfumc of phenol by mic:rofuging for 3 min. The aquecous phase was
immediately iransfcrrcd ¢ vanothcr tube.  The radiolabelled DNA fragments were recovered
by loading them on a Sephadex G-50 (in Tris-EDTA pH 7.5)-column followed b_\" clution -
with TE (pH 7.5). Seven to eight {ractions of 300-400 ul each were collccicd from the
column. Earlier fractions contained ll%c labelled DNA while later fractions consistéd of Iree
radiolaclivc precursors, thus giving a bimodal peak on plotting cpm vs fraction nu\?nbcr. The
high radioacti\'/‘c fraclidns of the ls} peak were pooled, and the specific act.ivny gklcrmincd by
counting 1 4l aliquots in 1 ml aquasol-2 scintillation f]uid us';ng a B counter. ., Over 70% of
the precur:spr triphosphate was youlinely incorporated into complementary DNA and specific
activities of 10* cpm/ug of D]’:JA wefe obtaincd using t‘his procedure. |
Cytoplasmic Dot Hybridization. RFC were cultured in petri dishes at a ccll density of
1.5 x 10* cells/ml and run over Ficoll to remove CRBC. The_ cells were washed twice with
PBS arlg used fo; cytoplasmic pre"parations as described by White 4nd Bancrof_'t (1982). .
Bricfly, 10¢-107 cells werg‘ pelie[éd by centrifugation for 15 seconds in a 1.5 ml Eﬂpc‘ndorf.
~ tube in ar; Eppendorf model 3200 centrifuge.  Thgycells were rcsus'pendcd in 45" ul cold
10 mM Tris (pH 7:0), 1.0 mM EDTA, lysed by adding 5 ul of 5% Nf;-40 (Sigma) twice, and

mixed on ice for S min. After 5 minuteé, nuclei were péllcted {2.5 min in Eppendorf

centrif uge) and 50 ul su}aernatént transferred to Eppendorf tubes containing 30 ul of 20X S$C
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and 20 g4l of 37% (w/o) formaldehvde (Terochem Lab ‘Lid., Edfnpmon, 'Canada). The
mixture was incubated for 15 min at 60 "C and either dotted or ,frozeﬁ at -70 &I for
subscquent analysis. At a later time, the mixu-lrc‘ was incubated for 5' at 60 °C. mixed, and
~used. A minifold ,apparatus (Schleicher and Schﬁcl], Keene, NH) was cmployed to apply
denatured Ic_vtoplasm to BA8% nitrocefllulose (from S and é). The: BA85 nitrocellulose was

*

prewcetted in DDW followed by 15X SSC. Serial dilutions of cytoplasm were made in 96-well

:

microtiter ~p1atcs d ntaining 15X S8C in a final volume of iSO ul.  The first dilution of °
samplc contained the efjuivalent from 3 x 10° cells ifn a ma;(imum volume 0;‘ 20 ul. The high
sall conccmra.‘tion used enables RNé o bx:mz to nitrocellulose.  Only .\160 ul aliquots of each
sample were applied to nitrocellulose.  Following application, the nitrocellulose was baked in |
4 vacuum oven .al 80 °C for 90 min.
| Hybridization nd Auloradiography. The RNA from gels was transferred to '
nitrocellulose paper as described earlier (Maniatis ef a/ 1982). Both RNA blots and RNA gel
lilters were prepared for hybridiz.étion by washing.in 3X SSC at 65 °C for 90 min and then
withfr3X SSC containing lQX Denhardt's solution, at.65 *C for 3 hr or overnight. |
- The hybridization mixtﬁre was prepared as follows in a final volume of 600 ul:
. 120 41 50X Denhardt's solution

120 1 5 M NaCl

30 4! M Tris pH 8.0 3 | b

12405M EDT@) . 1

1.2 ul 5 mg/ml E. coli DNA (Pharmacia)

6 ul 5 ug/ml yeast tRNA (F:harmacia) : : ‘
&, 641 10% SDS |

| 300 ul Probé [5x 10 cpm‘or 0.04 ug).

4.8 ul DDW _ _}
The E. coli DNA, yeast tRNA, and the labelied probe we(\é heated at 100 °C for 3 min and
cooled immediately. The nitrocellulose filter and .the" above solution mix .were sealed in a

plastic b.ag and left overnight at 65 °C. The filter was later washed with 4-5 changes of 2X

SSC,, the first and second washes for 2-3 min each, the third wash for 15 min, and the final
. O N .
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%

two ‘washes'for 2-3 m‘i‘n’jeach. After washing, the filter was soaked in 0.1X SSC for {:hr at

65 *C and washed again with 2X SSC twice for 2-3 min cach time. The filter was blotted drv,

placed pn'Whalmaxﬁ '#3'.papcr, wrapped with saran wrap, and exposed to X-ra# film (Kodak

kARZ) for 1en.da,\'s: at -70 °C.

£
2T
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o III. Results |
- »

'z ]
This thesis examines some aspects of the complex phenomenology of B cell activation.

i

Three hlain- themes have emerged from these studies.

Firstly, a model sys‘lcm of B cell activation is descgribcd. A polyclonal activator, LPS,
stimulates antigen aI‘I‘ixlity-cnriched B cells to proliferate. * Differentiation of B cells into
antibody-secreting cells requires the addition of LPS and T cell ‘lymphokines such as
supernatant from the PMA-induced EL-4 line.  Secondly, the correlations betiveén’ ea;ly:
biochemical changes and B cell activation was investigated. Finally,d the role of 1 IL-2 aﬁd
r 11.-1 in this model of B cell activation is defined.
A. Regulation of B Cell Activation by LPS and EL-4 Sup

Earlier studies have demonstrated that mice immunized with CRBC of the B* MHC
haplotype generate a much higher PFC ';espo'nse lo_Bz alloantigen than to CRBC bearing any
other MHC product (lL.ongenecker et'{zl, 1979). Initiation of an in vitro CRBC—specific Iglvlik
response by:‘unprimcd mouse spleen \CCHS required antigen, antigen-specific T, cells, and
adherent cells. T, cells and adherent cells could be replaced by products extracted from or
secreted by these two cell classes, respectively (Shiozawa et al, 1980). Experiments using LPS.
- as a nonspecific activator rather than helper factor derived from amigen-primed T cells,
showed that LPS-stimulated B cells unc;ergo marked proliferatign/\ without any increase in
B*-CRBC-specific PFC.  Generation of CRBC-spécific PFC by LPS-stimulated B cells
required the presence of A cells, culture supernatants.of A cells, or partially purified culture
supcrnatants “from PMA_-stimpl:;ted EL-4 (Jaworski et al,v 1982). In th@preéence of
B’-CRBC-Spccif ic helper factor, EL-4-derived supernatant could not promote a PFC response |
unless A cells wer; “;1‘50 pr‘es::n"t”(-srh‘i;)zawa et al, 1984). T__he experimental model for B cell

v .
activation used in this investigation is derived from the observations made in the

above-mentioned studiés. g : .- :
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Enrichmén_t of B Cells for Antigcn-Specif ic Resb.c.ms;c""‘. ki ’?

B cells recognizing chicken B* “MHC a]leanligc;u were c.nrichcd b,\g\"muc of their
property to form rosettes with CRBC (Figure 1). The ability of spleen cells o rosette was
completely inhibited by pretreating them with ami-niousc fg antibody but not by treating
Lhim with anti-Thy-1 amibody (Shiozawa et al, -1980). vBy using ~ligen-rosetie
technique, the number of Ig-‘bcarin_g REC could be enriched 500- 10 1000-fold.  The routine
preparations of RFC wcr‘c obtained by centrifugation through Ficoll for 25 mip to enrich RFC
and to Temove a significant proportion of large, low-dgnsity cglls. These R#C brépgirations'
contained 'fosettes as well as varying numbers of non rosetted cells contaminating roscties.’
Thesc\cont;‘irninatin_g cells arc usually retained in ?hé interphase during the Ficoll spin.  To
circumvehl contamination of nonrosetted cells in the RFC preparation, the time of
ccmrilfugation in Ficoll was rncduccc.L An RFC pAopulaLion containing less than 101
contamination of nonrosetted with rosetted cells was obtained upon 4 min centrifugation atd,
will be referred to as RFC 4. | The properties of RFC 4' will be discussed in a subsequent
section.

 RFC and RFC 4" were cultured. without removing the antigen in the iorm of CRBC

surroundiﬁg the RFC.

3

\

Prolifefafinn and Differentiation of RFC Depends Upon LPS and EL-4 Sup, Respectively ‘

RFC were culturéd in varying concentrations of LPS in Click's rr;ediu,m comaim’ng 5%
FCS and other supplements (see: Materials and Methods) in the absence of EI.-4 sup, and the
level %f proliferation ﬁx%asured after 4 days of culuirc.- The prolifcraLiQC’ response was
maxirﬁal after 4 days of culture (data not shown, see' Figure 13). .Stimulation of RFC with
10 g LPS/mi of culture resulted in an optimal proliferative responéc (Figure 2)’. Culluri'ngl
varying numbers gf RFC demonstrated that 3 x 10° RFC/culture were sufficient to éxhibil
prpfound proliferation in ‘10 ug/ml of LPS (Figure 3). - LPS alone, in the absence of other |
sgimuli, did not induce B’-CRBC-sﬁecific PFC (Figﬁred). As shown below, the induction
of antigen-specifi_c PFC requires the presence. of both LPS land EL-4 sup, and ncither LPS or,

EL-4 sup alone can induce PFC.
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ISOLATION OF RFC
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~ Unprimed Ficoll-isdpoque Mixed -with CRBC
mouse spleen -gradient ~4°C,90min.
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Ficoll-isopaque qmdientv

S

~ Micro culture

~

~ Figure 1. Dlustration of rosctte preparation.
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SH-THYMIDINE INCORPORATION
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Figure 2t Effect of LPS -on prohferauon " RFC (3 x 10*/well) were cultured with® various ‘
concentrations of LPS for 4 days, pulsed with 2 xCi *H-thymidine for 4-6 hr, and harvested. ;«
Data represent means of triplicate experiments and results are expressed in cpm/culturc :

+S.D.
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Flgure 3 Effect of different concenirations of RFC on the activation of proliferation

"fmluccd by LPS and/or EL-4 sup. RFC. were cultured at various ccll concentrations with

10 ug/mi of LPS and/or 1: 20 dilution of EL-4 sup. On the 4th day, the cultures were pulsed
with *H-thymidine for 4 hr and harvested. = Data represent means of triplicate experiments
and results are expressed as cpm/culture £ S.D.
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Figure 4. Effect of different concentrations of RFC on the generatiopgf a PFC response
with LPS and/or EL-4 sup. ~RFC were cultured at various cell numbé’d with 10 ug/ml of
LPS and/or 1:20 dilution of EL-4 sup. Cultures were assayed fo‘r anti- 8 IgM ‘pl_aqucs on

day 4.5. Data represent means of triplicate experiments and results are expressed as -
PFC/culture £ S.E. .
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The,_ccll-“frec cullure supernatant of the EL-4 line obtained after a 24 hr culture with
“PMA, ‘w':rs' ammonium ‘sulfate prccipilated and dialyzed before use’ (sece Materials and

N Melhods) © Since LPS docs not stimulate RFC to mature into antibody- secretmg cells we

T rcsled Lhc ability of EL 4 sup to induce PFC. EL-4 sup alone does not mduce prolrferauon

(hgurc 5) or drﬁcrcnuauon (Table 1) of RFC. Only at very high concentratxons of EL-4
" sup s there- marginal proliferation of RFC. EL-4 sup at a dilution that mduces mmrmal
‘pr.olif'cralion of RF.C (L:Zb ditution fromr Figure 5), was showrr {0 generate maximum number

of PFC (Tablc 1). An optimal }I'C response was obtained with 3 x 10° RFC/well, in the
| presence of 10 wg/ml of LLPS and a 11:20 dilution of EL-4 sup (Figure 4). fncrease in PFC

. ) -
response obtained with 6 x 10" RFC/well mag be due to additional effect of contaminating

cells at high cell densitics.,

The Antibody ‘Response k;enerated by LPS and EL-4 Sup is ;f\lrtigen Specific _

A PFC rcsponse‘sp‘ecif’ic for CRBC requires the presence of antigen, LPS, and EL-4
su'p in culture. ‘ Spleen | cells, which are not enriched for B cells, do not generate
CRBC-specific PFC - on activation by "LPS and EL-4 sup LTable 2). To produce a
CRBC-specif ic PFC respon'se antigen needs to be added to the culture. The PFC produced
are not spccnﬁc for lhe MHC haplolype of CRBC used for sumulauon (Table 2). Enriching '
. for B cclls by anti-Thy-1.2 and. complemem treatment, and subsequent culture with
B*-CRBC, LPS and EL-4 sup, agarr) generated PFC responses to other alloantigens of CRBC
(Table 3) The PFC response obtamed by stimulating RFC wnh LPS and EL-4 sup was
significantly specrﬁc for the MHC haplotype of the stimulating CRBC (Table 4).

. | . k $ |
A Fffect of Macrophage and T Cell Depletion on B Cell Activation
: A number of soluble factors produced by T lymphocytes and macrophages mfluences '
‘the growth and maturation of B Iymphocytes (dlSCUSSCd in Cﬂ;& %1)‘8 Contamination of B
cell preparauons with small numbers of T cells or macroghagesﬁnaygl‘éad to mxsmterpretanon'

of the precise signals rc,qurred‘- for B cell activation. To more precisely .delineate the

requirements for B cell activation, the effect of macrophage and T celf depletion prior to

<
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3H-THYMioi§E INCORPORATION
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Figure 5. Effect of EL-4 sup on prblifcrationr_ RFC 3 x 10°/well were cultured with
various dilutions of EL-4 sup for 4 days, pulsed with 2 uCi *H-thymidine for 4-6 hr and
harvested. -Data represent mean of triplicale experiments and the results are cxprcssed%

cpm/culture = S.D. .
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Table 1

Effect of EL-4 Sup on the Induction of PFC*®

f

At
EL-4 Sup Concentration’ v
Addition' -
) Y o 1:80 140 1:20° 1:10 1:5
None <1 <1 <1 <1 <1 <1
CLPS % t6 16468 S+ 3 8448 124128 . 108 £ 42

i

I RFC (3 x 10° cells/well) ;vere cultured in the absence or presence of 10 ué/ml of LPS.

* Various concentrations of EL-4 sup were added at_the onset of culture. Cells were assayed
for anti- B’ IgM PFC at the end of 4.5 days. Data represent means of triplicate cultures

and the results are expressed as PFC/culture * S.E.
-
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- tting .:th CRBC was studiec. N reover, the EL-4 sup used in these studies contains

[-Z (di cussed 1n Farra: et af. 1982, ¢ -d there was a possibility that the effect of EL-4 sup

Hrtadie ng PEC may, ir face have be 1 due to stimulation of contaminating T cells in RFC

proparations. coletion . adheint cells and T cells prior to rosctiling decreased the number

=C obtainzd but the sum on index upon stimuiation with LPS and EL-4 sup,‘
rema ne b othe <ame P Table 8). ontrol experiments showed tha; T cell depletion by treatment
with ant, Th -1.2 »» 4l antibody and complement abblished the proliferatiye' fesponse

1o Con A. These results further confirm the observation that stimulation of RFC by LPS
and EL-4 sup involves B cells and that the culturing of RFC at low cell num.bers: dﬂ?};rcomes

the problems associated with contaminating non-B cells.

Both LPS and EL-4 Su;i are Required During the Early Phase of B Cell Activation

The kinetics of additibn of LPS and_ EL-4 sup to cultures and its effect on

'pro‘lif'crmion’ arc shown in Table 6. LPS was effective in inducing proliferation of RFC when

added at the onset of,cult.urc: fler 2. days. addition of LPS induced draslically'less
proliferation a-nd by 3 days, the RF cou[fd no longer be stimulated with LPS. This .effect
may reflect loss in viability of RFC with;time. The viability of RFC in culture drops sharply
to less than 70% by 40 hr in the aSSénce of a stimulant (Figure 6). Since EL-4 sup alé)ric diid
not induce significant proliferation, it had little effect on proliferation when added at
different time intervals (Table 6).

Figure 7 shows the time kinetics of addition of LPS and EL-4 sup to cultures and its
effect on induction of PFC. Delayed addition of either EL-4 sup to }PS-stimulated RFC or
LLPS to EL-4 sup-stimulated RFC resulted in a decrease in the PFC response. Addition Qf
LPS 10 ‘EL-4 sup-stimulated R’FC cultures at 40 hr afte:r initiation of cultures failed to induce
a PFC response.  However, EL-4 sup could be-added to 4LPS-stimulated RFC cultures at
40 hr without a drastic reduction in PFC response. These results indi'cate that both LPS and
ElL-4 sub are required during the eaﬁly phase of B cell activation and LPS is required before

EL -4 sup during this response. ’
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-“Effect of Macrophage and Tp&l beplction on Diff ;rentiatipn.fﬁfflﬁFC -
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J)._
PFC/culture £ S.E. in the Presence of :* .

Cell Culture! - f,‘,p -

. gf&gone s EL-4Sup  LPS + EL-4Sup
RFC <1 70+9 <1 1,052 + 346
Anti-Thy-1.2- e o _ | .
and Adherent <1 34t R ST 117
Cell-Depleted : '
RFC

2

;

i

Spleen cells depié?ed of adherent cells (see Materials and Methods) were treatcd with
anti-Thy-1.2 monoclonal antibody and rabbit complement before rosetting. The treatment
abolished the prohferapve response to Con A.

RFC: ‘@/ re cultured at 3 x 10° cells/well and assaycd on day. 4.5 for anti-B lgM PFC.:
Dat; presem means of triplicate expenmcnts
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Table @' Y

"~ Kinetics of Ipducuon of Prohf‘erabrgn by Addmon of LPS and EL- 4 SUQ\\/

- . ks

DT

Uptake of *H-Thymidine by
- o : RFC on Addition of :2.
“Stimulant at * Time of Addition : : -

-*" Beginning of (days) ——
Culture’ - - . R )
. o LPS . ¢« EL™ Sup .
S . IR -
None N 22
1 12093 +25% ¢ 8lbt 2,
| 2 10825 £.629 - 1460 £ 331
e T 2,682 % 483 Comxs
s 0 | - 17,53 + 5,305
| 1 - ' 21,082 4 3,205
2 - 2,272 1,19
3 Ll - . 276422933 ¢
EL-4Sup . 0. . 215365305 -
1 | 16,969 + 3,818 | -
2 110,391 + 935 ; -

3 4017 6% . -

' RFC were cultured at 3 x 10 cells/well in the presence of LPS or EL-4 sup.

! At different time intervals, LPS or EL-4 sup was added to RF_C cultures.  Four-day
cultures were pulsed for 4 -hr with thymidine and harvested. - Results are expressed in
cpm/cultuge * S.D. RFC cultured without any LPS or LPS and EL-4 sup for 4 days
showed a background incorporation of 371 * 155 cpm.
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Figure 6. Effect of LPS and/or EL-4 sup on the_viability of RFC. VRFC were cultured at

3 x 10*/well in the-absence o presence of stimulants. At severa) lime points, aliquots of cells
were removed and tested for viability by the eosin exclusion lcst,.. S
(Percentage viability = viable cells x 100) '
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~ Figure 7. Kmeue{ of mducnon of PFC by addmon of LPS and EL-4 sup RFC were

cultured at 3 x 10°/well in the presence of LPS or EL 4 sup. Al several time points,.EL-4
sup (open cxrcles) or LPS (open triangles) was added to RFC cultures. * The cultures were
assayed for anti- B’ IgM PFC at day 4.5. Control cultures of RFC with either LPS or EL-4
sup gave background PFC of 8.1 6 ind <1, re;pec'lve y Data represent means of triplicate
experiments expresseéd as PFC/culture + S E." - . o
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2- and BSF-1-Like Actmt) of EL-4 Sup

’l B

EL -4 sup contains a varicty of biological activities including TR} ﬁb} l cand -
(}<arrar et al, 1982; HO\\ard et al, 1982). First, we ducrmlmd if the” prkparauon of Ei -4
sup used in these experiments con_pamcd any ]L-Zjli‘kc aclivily. 11.-2 was assaved in the FlL-4
sup by its ability to inducé proliferation of HT-Zvccll.s. li_.-Z units were 'calculalcd by the
mcthod of Hedrick ez ;z/ (1982). This batch of El.-4 sﬁp was uscd at 10 gl/well (;l‘ a .1 20
’diluu'on in the presence of LPS for the differemiatic;n of proli[‘éraliﬁg RFC into l’F.C.’ This .
amounts 1o 1.2 U.of IL-2/well.. Therefore, the dilution at \yhiéh EL-4 sup isl used in these
experiments cqnfains very little IL,-IZ-like act.ivit_v._@? ‘ ' -

Next, the BSF-1 activity in EL-4 suB “was® quantitated.”  Figure ?s shows a "
co-stimulator aissay for BSF-1 acli_\'il_\'.- B cells prcparcd'b_\‘ treating spleen cells wiliu
. monoclox;xa!—an'.ibody to Thy-1.2 and complement were cultured with doflt;ling dilmi‘éns of
. affinity-purified goat anti-1gM F(ab');. When resting B cells were sfimulal}::d with low, doses
of'anvti;lg, ‘the addition of E.L-4 sup supported proliferation to a significantly ‘greater (ngfcc
than did anti-Ig alorll'cT indicating that EL-4 sup contains so‘mc‘ BSE-1-like activity . Tﬁc peak
of BSF-1-induced préliferativc 'activitg ir} this aésay was scen at 3 Iday@. ‘A purified

preparation of BSF-1 was not available for éompa"rison. '

Discassion |

The mechanisms responsrble for prollferauon and dif ferentaauon of murine B cclls
were studied using antigen af flmtv ennched B. cells. To date, a varicty of proccdurcs havc
been deve‘oped to select for amlgen-bmding B cells or to obtain highly enriched populations
of B cells. Many methods used for selection of anugcn bmdmg cells, for instance,
hapten- gelaun plates (Neale 4nd Cambler 1981), affinity columns (Trul"fa-Bachi and Wofsy,
1970; Scott, 1976), flourescence-activated cell sorting (Julius er al, 1972), and density
gradieﬁts (Tanenbaum and Sulitzeanu, 1975), frequently result in inactivalﬁ)n of cells during
the enrich_mént process,  Antigen affinity e'ririch‘mem of B celis by rosctting (dcséribed_in
Material and Mgthods), on the élher hand, does not resﬁlt’ in_loss'of functional activiiy of B

Ccells. Rosetting spleen cells with CRBC selects for a highly enriched population’ of
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Figure 8. EL-4 sup exhibits BSF-1dike activity. B cells prepared by anti-Thy-1.2 and
complcmcm treatment o°f spleen cells were cullured at 5 x 10°/well in the presence of
(a) varying dllUllOﬂ of F(ab'), ffhgment of anti-lgM and a 1:20 dilution of EL- 4 sup or
{b) varying dilutions of EL -4 sup.and 2 ug/mt anti- IgM Al 3 days, the cultures were pulsed -
with 'H-thymidine for 4 hr and harvested. Results rcprcsem means of triplicate experiment
expressed as'cpm/Culture £ S.D. -
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antigen-binding B cells as judged by f lourcsccnl microscopy (99 pcrccni of r()sctf;‘s Gomain
IeM- B cells), the ability of anti- mo'usc Ig anubodles 10 mtub?ll roxmc lormauon (Shm/nm
1980), and the demonstration of - prohfcrauon and dlmrummon of (huu cells. h\ a
comvbinalion of slimuli in vitro. By using CRBC as ;_gmigon in c‘ullu’rcs. REFC can bc.tullnrcd
‘without distupting the rosettes with proteolytic enzymes. Such antigen :1(".fini1_\'-cnrichcd B -
X :
cells can be cultured ':1}_10\\' cell densitics of 1.5:3 x 10‘/ml.’ The rcsponsi\'cntj;\'s of the REC
10 LPS or L'PS an.dv EL-4 sup, as. assessed by prolifcrz;tiorl a%d dif‘i'crcmiat’ion.vinlo‘
amibody-secr;ting cells, is the same as spleen cells cultured at a highcr density and c{on‘laining '
the same number of sbecific B_célls._ On an average, 03 - 0.06% of the spiccn cells form
roscties. The spléen. cells (as recovered above), culturcd at 5x lb"/ml, gcﬁcralcd the same
number of CRBC-specific PFC as 1.5 x 10*. RFC/ml. This is'm} indication that lh_k'.
p rification procedure docs not rcsullvinllhc'ioés ol responsive B cells. o
The antigen ‘spccificity of the RFC deserves some comnig:ni. Firstly, s;ﬂccn cells
. ; .
" able 2) or T ccll-.d_epletc'd‘ splecn cells (Table 3) cultured in fhc presence of 1.PS and K1.-4
s.p failed Lo géncraté an anti-CRBC 1cqunsc in the absence of the antigen (_(,‘.RB(J):

F:rthermore, this anti-CRBC response generated by spleen cells or ‘T cell-depleted spleen cells

r the presence of CRBC is not specific for the stimulating MHC haplotype of CRBC (Tables

“and 3). This is an expected [inding given the fact that the cells) were not selected for

)

specific aﬁtigen binding. The PFC response of rosettes in the presence of 1L.PS and EL.-4 sup,

T

however, is much more specific for the MHC hapiotype of thegstimulating CRBC (Table 4)
: Serolqgicaliy_, B' shares more public specificities with B, B'*, and B*' than with 13"’ and B'*
(-Longenecker et dl, 1976). Table 4 shows that B? RFQ generated 60-70% ami-é’ PHC with
some Cross-reaction against B**.  The generation of an antibody responsc requires lhvc

| continuous presence of CRBC. 1 was unablc‘: 1o derosette RFC and reculture the B cells
without loss 6f the ability to generate PFC. In summary, these obsérvations indicatc tr}al
rosetting is an effective method to enrich antigen-specific B cells. v
EL-4 sup was obtained from the parent EL-4 line as described by Farrar ef al (19§2).

The Et-4 cell line can be stimulated by'ﬁomoxic concentrations of PMA (10 ng/ml) in the

v . : ,
absence of Con A to produce large amounts of factors. The culture supernatant obtained

L3
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contains a varicty of biolog‘ical activities including TRF, BSF-1, and 1L-2 (Farrar et al, 1982; :

Howard er al, 1982). The ability of EL-4 sup to induce differentiation of RFC i the

presence of [LPS was-mainly due to the presence of TRF-like activity in the EL-4 sup. The

[ \ :

- dilutiog ol EL-4 sup used for my studies did not signficantly support the growth of HT-2
: 3

cells, a bioassay for [1.-2 actiQily, bm induced proliferation -of anti-lgM-stimulated B cellsl

(c(‘)-stimulalor assav for BSF acliviiy_) to a small.but significant degrec (Figure 8). The -
. . 3 .

F1.:4 sup per se had IL-2-like activity at lesser dilutions. EL-4 sup obtained from EL-4
gm\\;n in sCrum-ﬁéc medium was functionally similar 1o th‘e EL-4 sup described in these
studies. Simﬂ.ary, preparations of EL-# sup obtained by fractionation, over a Scphadex
G -100 column were functionally identical to unfractionated EL-4 sup.

Kinctic"anvaiysis of time of addition of LPS or EL-4,¢sup rcv;als that both LPS and
I1.-4 sup are required by day 1 of a 4.5 day PFC response (Figurc. 7). The ability of EL-4
SUp 10 inducc differentiation was critical!y dqp;}_;iﬁém on pyt prolifcralive signals provided by
1.PS, ‘ Two-step culturés (or wash-out cxpcrirhcms) 10 ;demo‘nstr'ate the time period during
v.'hilcﬁ I.PS or EL-4 sup is required were unsuccessful using RFC. This suggests that removal
of 'growlh-promoting activities present in cullure supernatant by washiﬁg cell cultures
i'mversibl;f arrests B cell in a slate‘ oii partial .acli\'/étion. I.r«r)portamly, however, the
proliferation of RFC in;juccd by LPS was not affected. g -

In comtlusion, LPS‘%tself ‘induces prolif éra[.ion of B cells but, in addition, requires

T cell ]ymphokiges for differentiatjon into antibody-secreting cells. In the next section,

correlationg )between carly biochemical changes .and B cell activation in" the context of this

" model, are Nyported. I~ “

B. -Correlation Between E:irly Changes in Na'/K* ATPase, Amino Acid Transport, and B Cell
Activation ..

L.PS and EL-4 Sup Activate **Rb* In{lux

Changes in the rate of transport of monovalent cations across the cell surface

membrane in many ¢xperimental models havé been associated with the triggering of cells to
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undergo proliferation (Kaplan, 1978; Smith and Rozcngﬁrl, 1978: szcngun et al, 1981;
Hesketh er a/. 1983) and maturatioﬁ (Bernstein et al, i9_76: Bridges et al, 1%:1; Rosoff and
Cantley, 1983). Activation of the Na'/K~ ATPase pump has been reported 0 be rcqui‘red for
cells 10 proceed through blast formation accompanied by DNA synthesis (Kaplan and Owens,
1982).  Since the diﬂ"crcﬁtialivc signal .can only be eff"cetivc. in conjuncli(}l; wilh' the
proliferative signal, it was of “interest to search for a correlation bclwccﬁ these events and
early changes in K'finflux. as monitored b\ **Rb- ubiakc (Robinson and }’lashﬁcr, 1979) .

As discussed in the previous section, B cells were affinity-enriched for chicken MHC
antigens of é given B locus haplotype by the antigen-roselte tcchnique. However, the
stimulation of RFC by LPS induced a 30-fold increase in proliferation without lfmc gcncr‘h_lion
of a significant PFC response. The addition of both 1.PS and maturation fncmr-ce;lﬂlzlivllillg‘
EL-4 sup triggered the proliferating B cells to difTCl"Cﬂl?th into PFC.  In the absence of 195,
the EL-4-derived signal did not induce differentiation or proliferation (Table 7).° Marginal
proliferation was only illduccd al excessively high concentrations of EL-4 sup. "As ndiscussc‘d
“elsewhere, activation of Na/K- ATPascrwas found to be essential for blast transformation
and DNA synthesis. An mcrease of Na/K- ATPase activity, in the abscnec of proliferation,
has never been shown under physiological conditions withou( the introduction of agents that
inhibit DNA synthesis. This is especially relevanr’ since such inhibitors may have additiopal
effects that cannot be controlled. Thus, it seemed imponam‘ o investigate whether EIS\&
sup; which itself does not induce proliferation, could cause an increase of **Rb’ inf#ix in :

‘R.FCj A‘ ma_xim(al increase in **Rb- influx in mouse splenocytes stimulated with Con A was

'shown to requirc approximately 14 hr (K‘aplan‘ and Owens, 1982).» Our data conrir.mcd that

¥Rb: influx,érid proline transport reack‘le:j im'év)"(:imal levels in murine B lyxﬁphocvlcs after 14 hr

of approprlate stimulation.  For all assays descrlbed parallcl cultures were mamlam"d and,
4

the level of thymldme uptake assessed at day 4 for RFC and dav 2 for spicen celts.

RFC stimulaled with, LPS el up for 14 hr were used for the *Rb: uplakc

AN
5

‘unbound CRBC a lmear mcrease m xsm ‘ pptake was observed (anurc 9). Based 'tm this

finding, subsequent measuremems of.} Rb mﬂux were done at 1 and 21 min of Lhe assay. It .
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. Table 7

" Effect of LPS and EL-4 Sup on the Pfoliferation and Differentiation of RFC.

Stimuli’ ' JH-Thymidine lnébrporation’ PFC/culture’
~ (cpm/culture) £ S.D.

© Nome 261+ 64 <
LPS ’ S84t 5 8 + 2
EL-4Sup - 747 £ 21 <1
LPS + EL-4Sup 6452 £ 97 1380:% 36

. s ‘u.:'ﬁ N - ) .. .
! RFC were cultured at 3 x 10’ 'éeﬁé/wcll in the presence of 10 wg/ml of LPS or 50 pl/mi of
EL-4 sup (diluted 1:20).
.

' Cultures were pulsed at 4 days with *H-thymidine for 4-6 hr and harvested.

~ ' Cultures were assayed on da\ 4.5 f? anli- B* lgM P}-C Data reprcscm means of triplicate

experiments +:S.E. e
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Figtfre' 9.. Activation of '*Rb* influx by LPS and/or EL-4 sup.” R¥C cultured at 6 x 10*/ml
for 14 hr were cemrifugéd lh'rou'gh Ficoll to remove CRBC and "Rb" was added as a

* substitute tracer for K'.  '"Rb' uptake, expressed in bicomoles/flO‘ cells (100 pmol/
10* cells/min = 6 fmol/cell7hr), was measured at 1, 5, 12.5, and 20 min (A) as described in
Materials and Methods. '*Rb" influx (B) calculated by linear regression analysis from (A) is
expressed in picomoles/10* cells/min. ‘
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~effect of ouabain on proliferation can be attribu

- activity. Parallel experiments measured the effect of ouabain on differentiation of RFC in &%

13

is of particular interest that activation of the Na'/K* ATPasc appeared to be triggered to -

‘almosl the same degree by both LPS aﬁd EL-4 sup (Figure 9). This occurs in spite of the

fact that EL-4 sup, in the absence of IPS, causes only minimal proliferation. Table 8 -
summarizes the **Rb* influx obtained ftom additional experiments.  Spleen cclls and spleen
cells depleted of T cells by treatment with anti-Thy-1.2 and complerri'em,'when cultured in the

absence of antigen, showed a similar increase in the rate of "*Rbé influx in response to LPS

and/or EL-4 sup (Table 9). Thus activation of Na*/K* ATPase occurs independently of T-

cells and antigen:
43

To ascertain that **Rb- influx reflects the function of Na'/K- ATPase activity, the

cffect of ouabain on this system was tested.  Quabain specifically inhibits the active
3

translocation of Na' and K- across the membrane and prevents lvmphocyte transformation

(Quastel and Kaplan, 1970). The . binding of ouabain to- the large subunit of

(Na',K")-ATPase is reversible and is inhibited by high co‘ncem'ratbiOns of K- (Schwartz er al,
1975).  In the presence of 2 mM ouabain, about 70-80% of the total **Rb" i lux was
inhibited (Figure 10). Thus most of the uﬁg&ke of the i?otope in response o LPS or EL-4
sup is dependent’on Na/K- ATPase activity}. "Emu.\' of **Rb~ from RFC cultures preldaded

with the radioisotope for 14 hr was also measured and compared with **Rb- influx in the

"prcsencc of LPS or EL-4 sup. In cultures of RFC stimulated with LPS or EL-4 sup,"*the

percerjage increases in **Rb- influx and efflux were tﬁe same, indicating that increases of
*Rb" influx in stimulated RFC did not cause a net- accurhx;ilation of **Rb* {data not shov}ﬁ);

' The effect of ouabain on LPS-induced RFC proliferation is shown in Figﬁre 11.
Ouabain, at a concentration of 0.25-0.5 mM, ’effectively ir_lhibits ‘proliferation of LPS
sl)im‘ulaled }{-Fcbrégardles's of the time of additjon of the inhibitor . (0, 48, or 72 hr). This

‘ o L{HO its inhibition of Na.‘?l/y'K‘ ATPase. The
concentrations of ouabain required to inhibit proliferation ﬁnd that required for inhibition of
Na'/K' ATPasc are not the same. This is due to a difference in the length of time of ‘if}
incubation of cells with ouabain for inhibition of both prolifefation and Na*/K* ATPase g;,

o

the presence of LPS and EL-4 sup. The results show that addition of 0.25 to 0.5 mM
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* Table 8

*Rb" Influx in RFC Slimglalcd with L.PS and/or EL.-4 Sup’

Experiment’
Cell Cuiture
] > )
RFC 106 + 19 137 £ 7
RFC + LPS 144 £ 6 | 189t 6
RFC + EL-4 Sup 175 + 14 192 % 6
REC + LPS + EL-4 Sup B5+6 ~ ND?

' After 14 hr of culture, *Rb" was measured at 1 and 21 min of assﬁy as desceibed in
Materials and Methods. Results are expressed in pmol/10® cells/min + S.D.

: **Rb influx is shown in each column from two representative experiments,

" Not done.
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Figure 10. Inhibition of **Rb" influx by ouabain. RFC were stimulated with LPS or EL-4
sup for 14 hr and "Rb’ uptake measured at 1 and 21 min as described in Materials and
Methods. Alternatively, '*Rb’ uptake was measured in the presence of 2 mM ouabain. "*Rb’
influx is expressed in picomol/10* cells/min £ S.D. :
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Figure 11.  Effect of ouabain on LPS-induced proliferalibn. RFC (3 x 10/well) were
cultured in the presénce of LPS for 4 days. Doubling dilutions of ouabain were added at zero
time. 48, or 72 hr after the initiation-of culture. Cultures were pulsed with *H-thymidine for
4 hr and harvested.  Results represent means of triplicate - experiments expressed as
_ cpm/culture’ = S.D. : .
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ouabain as late as '72 hr following onset of culture, inhibits thc PFC response by RFC.

It was concluded “that aclival‘iion, of- Na/K- ATPase, knokn to be linked to
proliferation of B lymphocytes (K\_}:rplan and Owens, 1982); is in itself Ausulficient to act as a
stimulus for cither proliferation or lc—mllnal diffcrcmia[ion Both 1.PS and l~l -4 sup caused
enhancement of **Rb influx, while LPS but not EL.-4 sup, trig gcrgd mgmﬁcam»prohlcml]on
‘of RFC. The increase in Na'/K~ ATPasc'acLi\'ily induced by L.PS or KL -4 sup varied from
1.5-fold to zmo‘rv:: than 2-fold over values obtained ‘from Testing .unstimula'.cl'l B cells.
Antigen-containing RFC cultures exhibited greater actil/it)‘ of Na'/K- ATPasc than spleen
cells.  The possibility that binding of CRBC to B cells per se mav be responsible l'f»r this

increase cannot be excluded at the plesem time.

LPS, but Not EL-4 Sup, Activates Proline 'I:ralllsporl

It has been shown that transport of ncutral amino acids invariabl, precedes DNA
replication after milogén activation in different cell lypes (rcvicwcd‘ by Shortwell ;r al, 1983‘);
It was, therefore, of interest to determine whether activation of Na'/K- A'l'l;a§c 18
éccompanicd by an increased rate of pfoline uptake.  Prolinc transport in maximally
stimulated RF(; during a 5 min pulse wilh the tritiated amino acid was lincar (data not
shown); Lhcrefore,\in subsequent studies, proline uptallc Was‘ assayed 1L zero lime and al'lc‘s-rp
5 min following addition of *H-proline to cultures. RFC cultured for 14 hr in 1he presence
of LPS or LPS and EL- 4 sup responded with a similar and significant increase ;;the rate of
'proline transporl relative to unstimulated control cultures. lmerestingly, EL-4 gup, which
was shown to activate the Na/K- ATéasc system, 'failcd ) s‘t.imulalc proline transport
»(Fiéure 12).  Addition of EL-4 sup to LPS-stimulated cclis did not further increase the rate
of amino acid Llansport induced by the mitogen. It is important to no'ler from Figure 12 that
transport of prolme oceurs via a Na’ dzsendem amino acid transport system since 70-80% of
prolme uptake was ‘inhibited by the wnhdrawal of extracellular Na-. Table 10 provides
additional data from expcnmems on prolme transport in RFC.  When cultured mis}c absence

of antigen, spleen cells and spleen cells depleted of T cclls by anti-Thy-1.2 and complement

showed a similar increase in the rate of prolme mflux in rcspdnsc to LPS; howevcr EL-4 sup
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showed a similar increase
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ouabz v as late as 72 hr following onset of culture, inhibits the PFC rcspon.s.c by RFC.

It was concluded that aclivaii;on of Na/K* ATPase. known to be linked to
proliferation of B lymphocytes (K\__'ap-]an and Owens, 1982) . is in itselfinsufficient 1o act as a
stimulus for either proliferation or lérnﬁnal differentiation.  Both L.PS and F1.-4 sup caused
enhancement of **Rb- influx, while iPS, but not EL-4 sup, triggered signiticant proliferation
of RFC. The increase in Na'/K* ATPase activity induced by LPS or FL-4 sup varied fram
1.5-fold 1o more than 2-fold over values obtained from resting unstiniulated B clls,
Antigen-containing RFC cultures exhibited greater acti\'/ity of Na /K- ATP:;sc than splécn
cells. * The possibility that binding of CRBC to B cells per se méy be tesponsible For this -

increase cannot be excluded at the preseni time.

- LPS, but. Not EL-4 Sup, Activates Proline 'I'ra'nsport :

It has been shown that transport of neutral amino acids invariably precedes DNA
replication after mitogc’n:ac[i\'ation in diffcrcm cell types (rcvicwcd‘ by Shortwell ;'1 al, 19%3).
It was, therefore, of interest to determine whether activation of Na'/K: /\Tl;agsc is
accofnp’anicd by an ‘incrca'sed ratc of proline uptake.  Proline transpon in maximally
stimulated RFC du-ring a 3 min pulse with the tritiated amino acid was linear (dﬂ[d not
shown); lhcrcfore in subscquenl Studies, proline uptakc was assaycd al zero time and allc
S min followmg addition of ’H-prolme to cultures. RFC cultured for 14 hr i the presence
of LPS or LPS and EL-4 sup responded with a similar and-significant increase :thhe rate of
proline transport relative 10 unstimulated control cultures. Interestingly, EL-4 sup, which
was shown to activate the ~Na'a/K‘ ATPase S)Qem fail.cd o ~clt,imulalc proline transport
(Figure 12). Addition of I-I4 sup to LPS-stimulated cells did not further increase the rre
of z;r'nino acid transport induced by the mitogeh. It is important 1o note from Figure 12 that
transport of proline occurs via-a Na'-dependent amino acid trans‘bort::s;ystcm since 70-80% of
proline uptake was inhibited .by, the withdrawal of extracellular Na'.  Table 10 provides

addmonal data®from e)gpenments&r) proline transport in RFC.  When cultured in thc absence

Y AEN .
of amlgéﬂ; spleen cells and oI{T cclls by anti-Thy-1,2 and complement

‘m}'\m m response to LPS; however, EL-4 sup
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PROLINE UPTAKE (pmol/10%ells /min)

4

Figure 12. .Rate of proline transport. in RFC stimulated with LPS and/or EL-4 sup.
Proline uptake was measured at zero time and at 5 min of the assay m the presence or absence -
of Na' as described in Materials and Methods. Results are expressed in
picomeles/ 10 cells/min £ S.D. '
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a Table 10

| Proline Transport in RFC Stimulated }vilhﬂ LPS and/of EL-4 Sup’

< N\
Experiment?
r
" Cell Culture
o 1 2
RFC N 1.3 £ 0.15 33606
RFC + LPS * 6209 . 64610
RFQ + EL-4Sup 239009 T 433£08
REC + LPS + EL-4 Sup . ND - 4.44 £ 0.3
e S
¢ N
s ) B lg

' After 14 hr of culture, proline transport-was measured at ze1o time and at S min of assay as
described in Materials and Methods. Results are expressed in pmol/10¢ cells/min = S.D.

! Proline transport from two representative experiments is'shown in each column.

' Not done. ' - S
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. was impaQrtarit to ascertain in a time course study whether EL-4 sup.“in the absence of 1.PS,

81

failed to stimulatc.proline transport (Table 9). o o A

L

LI 4
In ‘our experimental models, “EL-4 induced B cells 10 mature into antibody-sccreting

LPS, but Not EL-4 Sup, Induces RNA, Protein, and‘l)NA Synthesis in RFC .

. cells provided they had been activated by LPS (Table 7\). In therabsence of 1.PS, El.-4 sup

Failed to induce an antibody respc_mée, although it readily activated the Na'/K* ATPase pump

which, is required for subsequent entry'into S phase. In view of \his unexpected finding. il .

-

initiated RNA and. protein synthesis. *H-uridine was used as a tracer for RNA accumulation.

“In the presence of"LPS'For LPS and EL-4 sup, the 'inco'rporation of *H-uridine became evident

bv 20 hr'of'cuh{lrc and continued to increase steadily up 1o 88 hr (Figure 13A).
Incorboralion of *H-leucine and ’f—l-th_vmidinc as tracers of protein accumulation and DNA
synthesis, respectively, showed a steadv  crease from 40 to 88 hr, followed by a sharp decline

%@10 hr of culture (Figupeé 13B,13C). . In the presence of EL-4 sup alone, incorporation of

~'H-thymidine, 3H-ufidinc: and *H-leucine, was minimal. EL-4 sup did not inducc RNA, -

nrotem or DNA symhcms in ceTls stimulated with LPS. It is clear f'rom these tesults Lhal
LPS plays a critical role in mducmg RFC 10 emcr S phase of thc cell cycle as markcd by
RNA, protem and DNA symhems The percentage increases in viable cell yield in cultures
stlmul_aled with LPS or wn!l LPS and EL-4 sup for 88 hr of stimulation were 390 pcr.cént .a‘nd
280 percent, respectively (Figure 14); the value correlates with the one ob:.ainca f'f(')"m

measurements of *H-thymidine incorporation.

. 4
» of

EL-4 Sup Induces an I@e in Gytoplasmlc g MRNA, PFC, and .1gM  Secretion of
LPS-Stimulated RFC '

Within ‘the context of this Hstudy on early’ functional parameters of B lymphocyte

activation, the presence of cyloplasmlc mRNA encoding u cham of IgM was detected using a

_3’Nabclled prob§ p104Eu12 Wthh hybridizes to both secretory and ny:mbrane forms of IgM
(Calame et al 1980)7 The recombmant‘ plasmld, pl04,12 (pul2), contains a cDNA sequence

from the H chain mRNA of the IgM-producing myeloma tumour, MI104E (Calame ef i,

4
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Figure 14. Percentage incre;se in cell yield of RFC stimulated with LPS, EL-4 sigp, or LPS
- and EL-4sup.  RFC were cuLgured for 4.5 days and cells counted at several time intervals by

eosin exclusion. At each time point, viability of RFC without stimulants was considered a's
100%. "
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1980). ‘The double- slranded ¢DNA segmem was: ong.ma]ly inserted . into the Pst’ site of

) .pBR32L bv 2 polv(d(, dG) lallmg proccdure Whlch reconstlluted Lhe Pst Csne at \ACh side.
Lompanson of the DNA scquences with (k¢ protein. sequences ol’ thc M104E myeloma u chaip -
indicated that pul? cor)ﬁlame_d‘cu codmg sequencesvg_e)ﬁendmg from: re51due 3'00_ 1o the
C-—lermiﬂus of the u chain at..positlon‘S'Lﬁs ‘An lg -.and lgG'Za-seereling m-yeloma. 15781“.4‘
and X5563.2, respectively  (kindly Lprovided by Dr. BM. Longlznecllér Departmem of_! |

J [ .
Immunology, Umversu) -of Alberia), were used as positive and negatxve comrols for the

dot-blbt experiments. - As md cated in Figure 15, X(/32 cells comamed no RNA .

_Lomplememarv to the u cDNA .probe. ) However, RNA from Y5781.4, an lngsecretmg

mveloma hybridized maximally to0 lhe u cDNA probe As expected S 'mulauon of RFC
with L.PS- and EL-4 sup mduced 2 chain-encoding mRNA (Figure 15). he kmeugs of the
increase o p mRNA-uppn addition of I,PSb or LPS and EL-4 sup r{evealed the faint
appearance of hybridizatio%& llle u probe at 60 hr of culture.” This increase in u MRNA ~
rcached a maximum at 88 hr of cubture (Figure 16).. Altho'ugh LP$ did not induce a PFC
response, it, nevertheless, induced an increase\in x mMRNA, albeit 2- to 8-l”6ld less’than thal
induced by LPS and EL-4 sup. The significance of x chain-specific mRNA: mduced by LPS
| is not clear. RFC cultured in the presence of L1 -4 sup which was shown in the preceedmg
section 10 a;ellvate,-»l}ja /K ,,;_,showed a small but significant increase u mRNA. u-‘,
? The " pr(;&: used in these experiments hybrldizes to a stretch of vn;cleic.acids common
to both u_, and “s mPENA To further quantita:e the amoums of*'u.m and i in RFC
stimulated with LPS or LPS and EL-4 sup RNA f rom these cells was analyzed by northern
gels.  The ng, and pg forms of u MRNA are 2.7 and 2.4 kb long, respectively. Analysis of
the RNA from RFC sumulated with LPS or LPS and éLM sup on gel and hybridization to .
the u probe is shown in Figure 17. The quanmatwe difference,jn e and g RNA in RFC
stimulated thh LP“ or LPS and EL-4 sup was dxf ficult to assess. )
Next, antigen- specn ic and -nonspec1f1c IgM secreted into the supernatants of
LPS-stimulated RFC cultures, were qualmtated This was done to critically as(;ass whether
the x mRNA induced in RFC by LPS was lategsecreted as IgM altho:g.h. no anu -specific -

'PFC response was. obtained. In the presence of LPS and EL-4 sup, an optimal increase in
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Figure 15. Dot-blot analys}isior cytoplasmut.u mMRNA. RFC were cultured as described in
Materials and Methods with, LPS ‘EL-4'sup, ‘ot LPS and EL-4 sup. After %6 hr. cytoplasmic
RNA was prppam from CCHS al’ld b} bﬂdfzcd with' a ”P labelled 4 probe (plidkyl2).
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Figure 16. Kinetics of u‘ mRNA induction. RFC were cultured as described in 'Alale{ials
and -Methods with LPS, EL-4 sup, of LPS and EL-4 sup. At 16, 40, 64, 88, and 110 hr of
culture, cytoplasmic RNA was prepared from cells and hybridized with a *?P-labelled x probe

{(pl0dE u'll).
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Figure 17. .Northzrr?a\n’a?sis of \y¢ mMRNA from RFC acuiw AMth TPS and FL -4 wp -
RNA (20 ug), extracted from LPS- (dane 1) or LPS and EL-4 . p- lanc 2) sumulared RIC,

was eléctrophoresed on a 1% formaldehyde agarose gel and trans.cr d to mtroccliulose paper

+ as described in Materials and Methods. The northern ‘[%101 was hybridized 10 ”P-labcll‘cd "
¢DNA probe (6.4 x 10' cpm/ug) and exposed to X-ray film. Molecular weights (imdicated in ~-
kb) were determined by extrapolation of the position of ribosomal RNA bands visuaiized b
e\t\hidiun] bromide staining of gel (28S=6.3 kb, 185= 2.36 kb). -

]
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IgM secretion (Flgurc 18) and ‘numbers of PFC (Figure 19) was observed at 110 hr and 86 hr,
respectively. 'Ip the presence of LPS or EL-4 sup alone Lhere was no mcrease in B’-specxﬁc N
IeM PFC (Figure 19). There»‘was a small increasc m lgN@ sccreted by RFC stimulated wnh

L.PS alone (hgurc 18) Thls was an uncxpected finding smcc RFC sumulated with LPS alory

did not gencrate any B’-specific IgM"PFC. The increase in total I& and angigen-specific

leM PFC compares favoyably ‘'with an increase in u RNA accumulation (Figure 15). " EL-4 ‘
sup did not increasc the amloum of u chain-enc‘oding mRRA synthesis, IgM secretion or PFG -
“1o any degree comparablé 10 -thatv induced by 4LPS ‘and EH .Th%s' in’crcése in amount of p
chain-s;;ccjfi'c mRNA induced by LPS was to a lesser amount than that indlléed by LPS arrd

it
EL 4 sup.  Since only a small amount of non-CRBC-sipeci~fic antibody was detected in

O gy

culluru stimulated by LPS alone (hgurc 18), it is possible thal Lhe u MRNA observed is due
to non-CRBC -4,xcific comax;nmaung B cells.  This possxbxlny is discussed later in. this

% L .
section.  Time kinetics of 1gG secrétion indicated that there was little IgG secreted by- RFC
- ' &
upon stimulation with LPS and EL-4 sup at day 4 (T;bdr: 11). Spleen cells and spleen cells

A
& -

depleted of T cells b\ treatmer.| wuh anti-Thy-1.2, when cultured in the absence of aml@)cn -
showed an increasc in total IgM secretion in the response to LPS or LPS and EL 4 sup (Table

12). The amb}ml of IgM secretcd in the presence of LPS was higher than in the presence of

Fl

LPS anJ EL-4 sup. The reason for this difference is not known. Thus, induction of total

»

Igf\/l secretion ogcurs indcpendfm . of T cells lor antigen in spleen cells depleted ‘ff T cells.

As shown earlier (Table 3), there are no B*-specif’ ic PFC induced in the absence of antigen.

7 . " ) |

Effect of EL-4 Sup is Not Dgidlleamination by PMA

PE induce depolari?, '
= N
la expression on lymphocﬂ’e's

w " mbranes (Monroe: and Cambier, 1983) and increase of
'ﬂ-lq@éver PE have been shown not to trigger B cells to ;nter
the G, phase of the cell cycle (Thompson et al, 1985). The possxbxlny that in our
experiments, contamination of EL-4 sup with PMA was responsfbl; for the observéd increase
in **Rb" influx, can be ruled out f({the following reasons. Assuming that all of tﬁe PMA

was retained despiteeXxtensive diafysis of the ammonium sulphate precipitate of EL-4 sup, not

more than 0.25 ng/ml of PMA could have been present in our cultures. Lindsten et al (1984)

-y
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Table 12
Spleen Cells and Thy-1.2-Depleted Spleen Celis Secrete 1gM oh Stimulation with LPS
IgeM-Secreted {pg/ml)*
Cells  Stimuli :

Total IgM - Anu- B’ IgM
Spleen Cells ~ Nome 2.90 % 0.50 <0.01
LPS 19.30 + 3.2 <0.01
© EL“4Swp 143027 - <001
LPS + EL-4Sup . 12.10 £2.50 <0.01
Thy-1.2-Depleted None <10+ <0.01

Spleen Cells : :

| LPS 46.10 + 7.81 <0.01
EL-4 Sup 1.08 + 0.42 <0.01
LPS + EL-4 Sup 17.30 + 3.50 <0.01

! Spleen cells and Thy-1.2-depleted spleen- cells were cultured at 2 x 10° cells/well and 2 x 10*
cells/well, rcspectwel) m the absence of antigen.

! Culture superratants w"érc) collected at 4.5 days. The amount of total and anti- B* IgM was
estimated by BYAT Lower limit of detection for total and anti-B* IgM was 1 x 10°* and
0.01 up/ml, respectively.
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reported that PMA at a final concentration of 10 ng/ml had proven optimal in inducing

changes in murine B cell surfate markers (sigM. slgD, sla).  The increase in **Rb influx

stimulated by PMA at concentrations of 10, 1, and 0.1 ng/ml were 85, 62, and 44 pmoles/10°
ccllé/min, respectively, in the absence of LPS. In the vsamc cxpcr'im’cm, LPS-stimula.ed cells
had a **Rb" influx of 87 pmoles/10¢ Ccllsgn‘in. ) |

The effect of PMA on diffcr'cr;tiation | of RFC is shown in Tablg 13 The
combination of LPS and PMA could not induce a PEC Tesponse "i-n‘RFC' even at high
concentrations (100 ng/ml). lﬁ contrast, as little as 0.1 ng/ml of PMA was inhibitory for
the PFC response. PMA at a concemratior{ of 10 ﬁg/ml or highcfstiﬁmlalcd prolifcr'alion of
RFC in the abesnce of LPS and also enhanced the proliferation oﬁ@JiFC,.\slinlulalcd with 1.PS
(Figurc 20;. . 2sc results rule out the possibility that a PMA cox{izgminaiu i the EL-4 sup
mav be i‘nvdlved in carl,\t steps of B cell activation since not more than ¢.25 ng/ml of PMA

could be “‘-prescm in our cultures. The fact that very low concentrations of PMA are

) A .
inhibitory for the PFC response also argues against the possibility.
11

"

- Discussion

The cellular Na- and K- concenirations in lymphocytes arc maintained b,\j a system of
leak fluxes and pumps gém’mon to all nucleated cells in which plaéma membranc
Na'/K--activated ATPése transduces the energy required for uphill ion movements against
their respective gradients. The high' K*, low Na: environment within L!]e cell provides a
mechanism for cell volume regulation, for the transport of su'bsuates dependent on an ionic
gradient for accﬁ.inulation, and an abpropriate ionic environﬁcnt for~prolcin synthesis.,

An increase in K- influx (as monitored by **Rb’) jn murine splenocytes stimulated
with Con A requires 6 to 8 hr and is maximal at 14 hr ~of stimulation (Kaplan and Owens,
1982), whereas, in human peripheral blood lymphocﬁes, it becomes e‘vidém wilhiﬁ a few

“mites of stimulation (Owens and Kaplan, 1980). Similarly, in the present study, "*Rb’
mtlux and proline transport achieved maximal 'evel< n murine B lymphocytes after 14 hr of

stimulation by LPS or EL-4 sup.‘ The reasnn why an increase in K* flux in murine

splenocytes takes 14 hr instead of just a few minutes, is unclear. Rosoff and Cantley (1983)
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SH-THYMIDINE INCORPORATION
b ) £

| P , (cpm X 1073). B
STIMULI ~ 10 20 30 '40 50 60

- — A . ) -

2

[0 NO-PMA
oMA ' | _ B-0. ng' mi
: " Prr—" —— £ 1.0 ng/ml-
\ I0 ng/ml
M 100 ng/ml

LPS+PMA :
- X

*

Figuf,é 200 Effect \qf PMA on proliferation of RFC. RFC (3 x 10°/well) were cultured in
the presence or absence of LPS (10 ug/ml) and various concentrations of PMA were added at
the onset of cultures. Cells were pylsed with *H-thymidine for 4 hr on day 4 and harvested.
‘Data represent means of triplicate cdhtures expressed as cpm/culture £ S.1D.
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rc;)Orecd \elimulalion of ouabain-sensitive '*Rb° uptake by LPS in the murine pfe-B ‘
l_vmphocyl:cell ling 70Z/3 wiihin 45 mih Lof stimulation. This may have been due to the
lcukemic nature«of the cells. No Teports on measurements of K- mflux in punfxcd murme B
cells are avallablc for comtparison, The activation of Na- /K ATPase activity appeared 10 be
triggered o n arly equa.l degrees by LPS or by FL 4 sup (Figures 9,10, Table “8).
Stimulation of{RFC with EL-4 sup alone e_nhanced the **Rb" influx but did not increase the
: transport of.proline ('Figure, 12, TableilO) or the synthesis of RNA,A.protein, or DNA (Figure
13). It wvas therefore surprising that in the presenee of EL-4 sup only, RFC underwent
activation of Na/K- ATPase to the same degree as RFC stlmulated with LPS. It is w:H
established that the prohferauve capacxt) of both lectin- sumulated and spomaneousl) dividing
l\mphoutcx 1s absolutely dcpendcm upon Na K- Iransport acm;l}. The "cardiotonic
steroid, ouabain, specifically, competitively, ‘and rcv_crsibly i\nhimbits Na'/K* ATPase and all
parameters of the stimulated state (Quastel ‘and Kaplan, 1968,\‘1970). Along the same lines,
oeabain inl;ibiecd the increase in ¥Rb" influy by -70-80% (Figure 10) and aléo effectivelv
blocked the entry of B cells into S phase of the cell cycle (Figure 11). High cqnceﬁtrations
of drués such 5‘5 oligomycin inhibit Na'/K- ATPase and DNA ‘synthesis of stirri'liiated cells but
not blast Lransformation ‘ilselli' (Quastel and "Kaplgn, 1970). Valingmycin was shown to be
much more selective in its action. inhibiting DNA synhthesis at cor;centrations at which RNA
synthesis was insensitive. These studies lead to the speculation that activation Na'/K- may be
necessary. but insufficient to induce proliferation. The experiments reported here
demonstrate, for the firel time, stimulation by lymphokines of Na‘/K- ATPase without
subsequent induction of DNA synthesis. This .i's unlike expetiments where the activation of
Na'/K* ATPzse could be dissociated from proliferation by use of inhibitors.

’ The increase in K* influx upon stimulation of RFC with LPS or EL-4 sup results
from an enhanced uptake by Na‘/K* ATPase rather than f rzm a decreased efflux. This was

M\ by, measurements of the “Rb* influx and efflux. The results showed that both

8% and 51%) and influx (40% and 55%) wers ¥milar in RFC stimulated with either
LPS or EL-4 sup. These results are in agreemer. w-th Segel and Lichtman (1976) and

Képlan (1978) who showed that the ihcreased K" influx is balanced by an increased efflux of
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The \mecha'nsm of mcrcase in. K* influx hdWever remains a suchcl of controvcrx)

Qua.stel and }\aplan (see kaplan and Owcns 1980) observed that the V..., and not th¢ k_ of

lransport was changcd upon sumulanon., lcading- these investigators to propose that the .

increase is caused by the’appecarance of “new pump sites.  Avendunk and Lauf (1973)
, » ; Q . . E
attributed the increase in ion transport 10 an enhanced function of cach pump site. The

-~

controversy is still unresolved.
P
The precise regulation of growth and _differentiation mediated by cation transport

across the membrane is not clearly understood. What is well known is that agents ‘that
: . >0 A
‘ induce differentiation of cultured cells by causing changes in Na‘', K°, Ca*", and H' fluxes

*-

across the plasma membrane can be replaced by ionophorés that transport Na“, H", and Ca;'.
A possible connection between, the PKC activation cascade and stimulation .of Na'/H-
. exchanges has been proposc‘d by Moolenaar er al (1984) A smxphsnc view would be that

activation of PKC stimulates Na“/H- exchanzes wlmh lead 10 an increasc in mlraucl]ular pH <

This incrcase in [Na*] probab]y acu’vatcs the Na*/K- pl;mp.

—

g

X of proline. This inérease in transport of ;;roline up to 100-200 percent was f(')und to be

REC stimulated to enter the cell cycle induced by LPS show an. increase in the uptake

dependent on Na- (Figure 12, Table 10).  Withdrawal of extracellular Na-, inh;biled that
mcrease in prolme transport in the presence of LPS by 60- 70 percent. Both LPS or L.PS and
EL-4 sun induced an increase in- proline transport as well of RNA, protem and DNA
synthesxs (Figure 13).  RFC stimulated with EL-4 sup failed to enhajce the transport Qf
proline. This was not surprising in /view of the finding tﬁalt EL-4 sup does not induce RFC
to protliferale:, There is, thus, a stronger ﬁorrelation between enhanced amino acid transport
and progression in'mo cell cycl_é. In fact, depriving lymph(;cytcs and other cc?ls of amino acids
is reportéd to inhibit céll.growth. ﬁéyer et al (1980) used nonsteroidal anti-inflammatory
drugs to reversibly arrest cell grov}/th of rat HTC cell cultures inb the G, phase. .This
inhiﬁition was thought to be due td decreased entry of amino acids by the A -system,
'Decreased trén§p0r£ of amino acids is also the key f unctwopal defect in chronic leukemia of B

lymphocytes (B cell-CLL) (Segel et al, 1983).



I8¢

L4

\‘o

el gl, 1971 %

%

98

.4

The increase in amino %cid Lranspdrt induced in rodent Iymbhocyte&by Con A7or PHA °

was found to be sensitive 1o cyclohexxmlde and puromycm and thus appeared to be dependent

on protein synthesis (Van den Berg and Betel, 1974). It is not clear if the same situation

- .exists in human lvmphocytes. Data on the inhibition of amino acid transport by protein

synthesis inhibitors (Segel and Lichtman, 1979) contrast with reports. by ;others (Mendelsohn

c .

The increase in'pro]i.ne transport in RFC stimulated with LPé Qr LPS and EL-4 syp
was‘mcasur/atple only 14 hr after §timu1a;ion. Segel and L'\chtman "(1980) show‘ed thet in
'human lymphocyles an incr‘ease in transpor.t of amino acids me\)\occur as early as 4 hr after
onsct of culture in the presence of PHA On the other hand, Borghem et al (1979) showed
that enhanced transport of amino amds alter PHA treatmcm of porcme lymphocyies rmjd
24 hr of stimulation: PHA mduced mcrcase<'m ammo acid tr;nsport by the L system (sec
p. 27) were rcportcd to occur within a 16-24 hr exposure to lectin.  Similar studxes using
murin¢ B cells are notl available for comparison with -the data rteported here.  The
discrepancies in la'g times obser ed witp respect 10 increases in amino acid transport fol]owing
stimulation of human,,en«‘ mo ~e lymphocytes are paralleled by the highly variable data 0;1
"Rb" influx. .

There was always a small inhibition of proline transpen (Table M)s and incorporatidn
'of ra?iolabellcd precursors (Table 13) in RFC on stimulation with both LPS and EL-_4 sup':as

4

compared to LPS alone. The reason for this difference is unclear.’
? " The studies reported herc demonstrate that stimuiatidn of RFC with LPS or LPS and
EL-4 induces a striking increase m thc quantity of u mRNA The addmon of LPS together
with EL-4 sup to RFC /cons:stentlkyz induced the synthesis of more u mRN‘A than did LPS
alone.  The cffect of .B cell stimulation by LPS and T cell-derived factors on Ig’ gene
regulation has been extensively studied at the molecular level. LPS was shown to increase
steady-state levels and transcription of u genes in normal splenic B cells (Lamson and
Koshland, 1984; Yuan and Tucker, 1984a,b). Interesungly, LPS does not cause expected

increases -in 4 mRNA levels in BCL 1, presumably because L _gene transcnpuon is already

acuvated in these eells. In BCL-1, LPS treatment results in a 2 to 3-fold mcrease ,m ug QVer
L - ) &

-

’

~/
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C g polypeptié{éf glthough the levels of transcription of 4 Q?\NA\_}rcmain unchanged (Yuan

) "j;ﬁnd ’.ka‘l',’].‘982). This clearly points to post-transcriptional &I '»';§\of I.PS treatment on Ig

- (MRNA in cach .case’ tested (Figure 18).. It is difficull to dccount for the IpM wroted Hy

s
-

"gene expression. Like LPS, EL-4 sdp was also found to-induce x mRNl\ synthesis,  Vitetta

“et al (1984) reported that EL-4 sup caused an increase in secretion of 1gM by BCL-1 cells, -

which was found to correlate with an increase i u mRNA-. Similarly, a 5- to 10-fold

inc'reasc in » mRNA as well as an increase in p over . mRNA was observed by Nakanishi er
Q .

~ al (1984) on addition of BI5SI-TRF and EL-TRF (T cell-derived factors) to anti-g{and

BSF-1-stimulated B cells..

The presence of u mRNA in LPS-stimulated RFC was surpriQi"ng because these

~

\ . : ) . . . . . . . . .
" cultures did not generate any IgM PFC in spite of the significant increase in 1gM sccretion -

(Figure 17). In f'act),‘amoums of sccretory 1gM were round to correlate with levels of

)

— « RFC stimulated with }PS in the ‘absence of a PFC response. - , . -

‘It 1s possible that there is a subsct of B cells that secrete 1gM upon stimulaiion with
LPS and in the absence of T cell-derived signals.  The generation of an IgM Pt ¢ rc.spm.]sc
only in th'e presence of LPS and EL-4 sup is prob'ébly due‘to the ability « -4 su™ to

~

induce J chain expression. The secretion of the pentameric form of IgM, whicli 1y more

“efficient in binding complement, results in plaque formation. To this end, it has recently
L]

been shown thaf IL-2 induces J ¢hain ‘expression in the murine B,cell line BCL, and stimulates

-

secretion of pentamers of IgM (Blackman et al, 1986).

The possibility that the contamination of EL-4 sup by PMA was responsible for the B

. |
observed -increase of **Rb* in‘.ux-or its ability to enerate PFC in the presence of LPS
[ g : ,

deserves some discussion. PMA at the do;_g expected from contamination (<0.25 ng/ml) is
unable to increase **Rb’ influx. The optimal dose of PMA required for proliferation of RFC
in the absenc,e of LPS, waé shown to be 10 ng/ml; in agreement with previous findings 'by
other investigato;s (Lindsten et al, 1984 (Figure 20). As little as 0.1 ng/ml PMA was
suff icient to inhibit the generation of PFC by RFC stimulated .with LPS and EL-4 sup {Table

13). Thus, the contamination of EL-4 sup with PMA must be less than 0.1 ng/ml in-order
: ’ — ) .

to obtain any PFC responsc. PMA by itself or in combination wi’ih LPS was unable ta.

! N
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" induce any PFC response.
N In this section, the bioiogigal_ relevance of carly changes in biochemical events with
" respect to B ocell proliferation and maturation, was examined. ‘These cxperiments have
demonstrated the induction of an carly event in lymphocyte activation, namely the increase in

-

Na'/K' ATPase, which was shown to be insufficient to bring about DNA synthesis.

C. Role of Recombinént Il;-Z and IL-la\ iﬁ LPS-Pependent Activation of B Cells "
The proliferation and -differentiation ‘of B cells into antibody®ecreting cells is "
regulated by aptigen and cytokines derived from T cells and mon‘({cyles‘ A number of B cell |
activation models have been described. Ugpoh reviewing the interpretations of thgse modelﬁs,
it appears that no“confs'c;_lsus has emerged concerning the identity of the cytokines believed to
com%ol proliferation and émibody svnthesis of B cells. [L-2 is reported to function both asa - . ..
‘growth and differentiation factor for antigen'-specific!‘B cells (Pike er al, 1984) as well as B~
~cclls stimulated with anti-IgM (};Iashimoto et al, 1986; Zubler et al, 1984; Nakanishi et ul,

1%‘4).. In contrast, in vivo antigen-primed B cclls have been reporicd not to require IL-2 to
undcrgo dlffcrcntlanon into amlbod) ‘forming cells (Takatsu et a1 1985) Othefc‘reports /
suggest thal IL-2 has no direct cfm B cells, but acts on contammatmg T cells which mj
turn relcase B. cell-actwatmg factors (Leandcr§on and Julius, 1986). A similar controversy
7 addresses the role of IL-1 in B cell differcntiapiqp (Pike and Nossal, 1%85;‘Howard and Paul,
11983;“Ehiplunkar et al, 1986; Hoffmann, 1980;‘ Booth and Watson, 1984; Leibson %1 al, 1982).
Contradictory statements concerning the requirement for cytokines in B éell activation
are ‘possibly due to the different experimental models used by different investigators, many of
which may ha;/c been insufficiently standa;/dized with respect to B cell heterogeneity,
contamination of B cells with other celljtypes, and definition of cytokines. |
 The model of B cell activation described in the earlier. section requires distinct
prohfcratwc (ie.! LP‘ And dlfferemxatxvef:(x.e.‘ EL-4)" 51gnals.\ For thf:se st_udles,
prqparauons of rosettes containing very fcw/comaminating nonrosettes were obtained by
decreasing the time of cemrifl' ugation through Ficoll to 4 min‘(as described in, Materials and

. Methods). These rosettes are referred to as RFC 4' to ‘distinguiéh them from the cell
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preparation Jescribed in the preceeding studies, which will be referrcd to as"RFC 25", IThe

average vield of RFC 4' from spleen cells is-0.64 pcftcm and ninety nine percent of the
roscites consist of small B cells as determined by velocity sedimentation. Recombigant

human IL 1 has been used in the following experiments unless otherwise mentioned.
) {

e . "

Functional Analysis of RFC 4' L . . ™

L]
A

RFC 4" stimulated for 14 hr were spun through Ficoll to removc CRBC.  *Rb" influx

was measured at I and 2] min of the assay (Table 14). As was the case with less” pure
) : . .

RFC 25" reported in the Previous sections, act}vatioh of "*Rb" influx by LPS or by EL-4 sup

was observed. !

RFC 4" were chltured at varying cell numbers with 1.PS (10 pg/ml), and the level of

x

- proliferation meagured on day 4. Optimal, proli’:ration was obtained with 6 x 10" RFC/well
g . »

A

in the presence of LPS (Figure 21). At higher cell densities (12 x 10' to 24 x 10 R_FC/wcll)_
increased background pfoliferalion in the- absence of LPS and reduded proliferation in the
presence of LPS was observed. '

Proliferation induced by EL-4 sup (1:20 dilution) was dependent an the cell

—

number/well and higher cell densities induced a small but significaymﬂzasc # thyMgine

uptake. The stimulation jnd&es in the presence of EL-4 sup in cultures containing 3 x 10*,

6 x 10°, 12 x 10°, and 24. x 10° rosettes/well were 3.2, 4.6, 9.6, and 10, respectively. For

reasons discussed earligr, 6 x 10° rossttes/well were.chosen for further experiments. In the
experiments reported here, the increase in thymidine incorporatif)n' in the presence of EL-4
sup alone, was al\;vays less than 3-fold relative t& unstimulated RFC 4° controls.

| In the presence of LPS and EL-4 sup, RFC 4" differentiate into IgM-sccreting cells
(Table 15). This is consistent with the observation ‘described in Table 7, where I.PS and
EL.-4 sup w‘ere shown to ind_uce RFTC 25' o generate 1gM PFC. It suggests that the

requirement of signals to induce antigen-specific PFC remains the same for -RFC 25' and\

RFC 4', & | -

-



A . . l/ 102
' ’ Table 14 - -

**Rb" Influx in RFC 4" Stimulated with +.PS and/or EL-4 Supy

£

3 \ »
' N
Experiment’
Cell Culture i
1. ) 2 3
/\ .
fo - |
RFC 132+ 0.01 < 148 +0.04 . 116 £ 0.72
RFC + LPS 210 £ 0.05 206 £ 0 3% 223 t 0.63
RFC + EL-4Sup - - 206 ¥ 8.3 196 + 0.08 177 £ 047

[

B
-

o y .
' RFC 4" were precultured at 5 x 10* cells/ml for 3-4 hr before adding LPS and/or EL-4.

: Afler 13 hr of culture, **Rb" uptake was measured at 1 and 21 min of assay as described in
Materials and Methods. Results are{:rcssed in pmol/10* cell$/min + S.D.

¢ "*Rb" uptake is shown in each column from three representative experiments.
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< > o RFC 4" -
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1

Lpure 21, Effect of different concentrations of RFC 4" on activalion of proliferation with

‘L.PS. Varying numbers of RFC 4' were cultured in the absence and presence of L.PS

(10 ug/ml). After 4 days, cultures were pulsed with *H-thymidine for 4 hr and harvested.
SN Data represent means of triplicate cultures expressed as cpm/culture = S.D. ’
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E!‘fcct’"—‘of LPS and EL-4 Sup on Proliferatidg and Differen'lialion of RFC 4!

Stimuli . ’H T )mldme Incorporauon2 PFC/culture?

}ﬁ;n/culture) + S.D. ' .t S.E.
None S 190 % 36 - o<y
LPS 16632 % 1,350 <56 418
EL-4 Sup © 360 76 o«
"~ LPS + EL-4Sup . ND* | ' S00 + 83
N

1

-

~ Y REC 4' were cullured at 6 x 10° cells/well m thz presence of 10 ug/ml of LPS or 50 ug/ml
L-4 sup (1:20 dilution). + ~ o

! Cullures were pulsed at 4 days with *H- thvmndme for 4-6 hr ahd harvested
’ Cullurcs were assaved on day 4.5 “or anu-B‘ IgM PFC. Data represent means of triplicate
experiments. : '

* Not done. o : I

\ | : .
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IL-2 Induces the PFC Response by LPS-Stimulated_ RFC 4’ P »
Acgivated B 'celis.haye,bc‘en shown 10 cxpréss 1L-2 receptors and to proliferétc in

response to r IL-2., Nakanishi er af (19'84): defined'lwo differentiation-inducing factors ip

superﬁatams from PMA -activated EL-4 cc)ls. One of Lhcsrco/nﬁgrélcs with 1L-2. Pikc. el

al (1984) .demonstrated that human "IL-2 can promote both growth and differentiation of‘

&mgle hapten-specffic murine B cclls m the prescncc of spcuﬁa antigen. 'ln the present,

study, it was, theref 0

, considered possnble to replace the differentiation acuvu) of EL-4 sup

with other ‘cytokines skch as Il-2. Table 16 demonstrates the effect of human rIL-2 on the

El

¢

" differentiation of RFE4". RFC 4’ stimulated with LPS and r 1L-2_did. indced.s, g’encmc a
PFC response, while 11.-2 alone had no cffec.l.:i This demonstrates that both EL-4 sup .and
r]L-2 hé\'e differentiative aetivity. - .Thc'PFC rcspbnsc obtained in lhc,prcscncc of l.}:S=;1_Qg
EL-4 sup wa%, however, higher than that observed ir; the presence of L.PS and r'”‘.‘; EN

]

IL-1 Enhances the IL-2~1ndgced PFC Res‘ponsg kb,t-';L}‘,’S-Stimulated RFC 4’ ‘

B was consistently obscerved that RFC 25" stimulated w}h LPS and H.-4 sup gencrate
a higher PFC rcsponsc than do RFC 4" Onev obvious difference between RFC 25 and‘l
RFC 4' is the smaller number of nonrosctlcd cells contaminating the rosc},lcs with the later
preparation. These cells are retained in the interphase durmg the Fncoll spin, Possibly, th;sc
" nonrosetted cells represent, at least in part macrophages thal released IL-1. If in the
* RFC 4' these cells were limiting, reconstitution should be possible with IL-1. Table 17 shows
th§ effect of adding human r IL-l-to RFC 4: stinfulated with LPS and EL-4 sup. Clearly,
IL-1 significanfly enhanced the PFC response. ;Simila'rly, the RFC 4' response to LPS aqd

IL-2 underwent a significant enhancement in the presence of IL-1 (Table 18). IL-1 was

1\, insufficient to induce a PFC response by RFC 4' stimulated with LPS in the absence of I1.-2.

Maximal enhancement was observed in the presence of. 400 to 200 U/ml of r IL-1. None of

the other combinations of stimuli, i.e., LPS and IL-1 or IL-2, or IL-1 and IL-2, induced any

' PFC Tesponse (Table 19). These results demonstrated that r IL- lis requxred as an addmonal

dlfferentxanon signal for the. *\ron of a PFC response induced by LPS and 1 II -2,
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_ Table 16

]

, Effect of Rccom‘binahl II.-2 on Differentiation of RFC.4'

-
PFC/culture Zi 'S.E.‘;
Lymphokine' : _
LPS o +LPS
. . /
None <l | 36 + 21
EL-4Sup ' <1 444 £ 349
rIL-2 (500.0 U/ml) <] f 1116 * 159 -
L2 s00umy <1 | 712 + 150=
L2100 Uml) - ¢ < | 928 + 31
FIL-2 (5.0 Urml) .» <1 f, 156 + 22 :
C11L-20.5 U/mly < : gt

o

' RFC 4" were cultured at 6 x 10° cells/well in the presence of 1Q pg/ml of LPS, 50 ul/ml"of
EL-4 sup (1:20 dilution), or different concentratfdns of 1 1L -2.

' Cultures were assaved on day 4.5 for anti- B° IgM PFC. Data represent means of triplicate

experiments. . _ . J

°
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Table 17

Effect of Recombinant IL-1 on Differentiation o 1°C 4!
and RFC 25" by LPS and EL-4 Sup

— | PEC/cu]ture + SE:
R ) ' t ‘

Stimuli’

" * RFC 25 RFC 4'
None ‘ \<1 ' <1‘
LPS S - i <1 . <1
EL-4 Sup ‘ o< : <1
LPS + EL-4 Sup ,, 1,272 + 63 264 + 23
LPS + rIL-] | o« <1
LPS + EL-4 Sup + rIL-1 2,020 + 402 ¢ 1,808 + 403

RFC 4" and RFC 25" were cuitured at 6 x 10° cells/well and 3 x 10° cells/well, respectively,
in the presence of IQ ug/ml of LPS, 50 ug/ml of EL-4 sup (1:20 dilution), or 200 U/ml of

rIL-1. '- o ‘(\ ,

Cultures were assayed on day 4.5 for anti- B’ IgM-PFC. Data represent means of triplicate

experiments.

¢ ~

L4



“Table 18

oy
s

Dose Rcﬂsbegnsc of 1 I1.-1-Induced Enhancement of Differentidtion

N

Stimuli' \ ‘Dose of IL-]

PFC/culture’
. (U/ml) .,
None _ R ' - <1
LPS - 36 + 21
ElL.-4 Sup - <l
LPS + EL-4 Sup ' . ) 1,052 =346
LPS + ril;2 | - 918 + 188
LPS + rIL-] o 800 160 + 21
LPS + riL-2 + rlL-l 800 1,662 + 136
LPS 4 1 L2 S 400 1950 + 328 !
LIPS + 112 4 riL-l 200 - 1280 + 640
LPS + r1l-2 + riL-1 . 100 1,306 + 145
1,060 + 104

LPS + riL-2 + rIL-1 50

' RFC 4" were cultured at 6 x 10° cc‘lls/we]l,in the pres of 10 ug/m! of LPS or 500
. , a1 @\ :

units/ml of r 11.-2. ' L

* Cultures were assaved on day 4.5 for anti- B* IgM PFC. Data represent means of triplicate

cxperiments = S.E. ‘ v '
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Table 19 - :
Effccl. of Recombinafit IL(;\2 and IL.-1 on Differentiation of RFC 4'
Yoo _ y
PFC/culture? |
\Slimuli’
N E4x'pc~fimen( 1 Experiment 2
. None : . <l <l
LPS . 709 32 212
EL-4 Sup | < T " ND'-
LPS - EL-4Sup 1,052 + 346 ND
rIL-l . <1 | <1
riL-2 _ <l | <1
rlL-1 +rlL-2 <1 <l
LPS = rlL-1 ) 08 = 4l 320 # 55
LPS r rIl:-2 ) 918 * 188 - 1,256 = 51
LPS + rlL.-2 +1',7r’IL-1 1,950 + 32% | zi,Z()O‘.qn; 372 _

{

S

4

' ]
I RFC 4" were cultured at 6 x 10° cells/well in the presence of 10 ug/ml of LPS, 50-ul/mi of
ELe#  1p (1:20 dilution), 500 units/ml of r IL-2, or 400 units/ml of r IL-1.

* Cultures were assaved on day 4.5 for anti- B* [gM PFC. Data represent means of triplicate
cxperiments = S.E.

> Not done.
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Fffect of 11.-2 and I1-1 on the PFC Response by RFC 4 Depleted of T Cells and Adherent

-—, Cells - . 0
- . e ’

o

TREC 4 depleted of adherent and- Thy-1.2" cells prior 1o rosetting was used in the
following smddy. These RFCV 4" contain as little as 0.9 % 0.5 percent non specific
_esterase-positive cells and 0.6 + 0.2 percent Thy-1.2° cells. Such. 'purified REC 4' were
shown 1o respond“to LPS and PL 4 sup by, gencranon of lgM PFC (Table 20). .This rules
- out the possibility that the differentiation of RFC 4’ observcd ™ the presence of EL-4 sup
was due to an indirect effect from contaminating T cells. Furthermore, RFC 4" depleted of
T cells and macrophages, when stimulated with LPS aad r IL-2, generated a PFC response
that was significantly increased by the additional presence of r IL-1 (Table 21). Data in
Tables 21 and 19 indicate that optimal' degrees of LLPS-stimulated differentiation of B cells
into PFC in the presence of 1 I1.-2 requires additional signals delivered from r IL-1.
Decreasing the co;lccntration 'of‘ r IL-2 c‘iiminishes" the 'PFC rcspbnsc, both in the‘
presence of LLPS only or LPS and r IL-1 (Tabfe 22). The addi‘Lional requirement for r IL-1
in the generation of a maximal PFC response by r‘ ’IL'-2 and LPS, however, "isvseen at all
dilutions of r I1.-2.  Even at a very ]now concentration of r IL-2 (5 U/ml), .IL-l promoted
significant cnhanccmcnt of Lhe P}<C rcsponsc '
The effect 01" r1l.-2 and r I.-1 on LPS- mduced proliferatién of purified RFC 4' is
shown in Tablc 23 IL-1 and r IL-2, alone or in combination, at a concentranon found to be
, opuma] for mduclxon of a PFC response’(ddmd not induce proliferation. IL-2 consistently
enhanced the_groliferation of RFC in Lh:/presence of LPS. The enhancement of the
proliferative response in the f)resence of IL-1 varied from Being signif icantto marginal. _N‘o
addit’ivc effect on proliferation was observed 6h adding IL-1 and IL-2 10 RFC in the pgesence

of LPS . B

4
v

1L-2 and IL-1 are Both Required During the Early Phasé'of the B Cel} Response to LPS
The PFC response kinetics by RFC 4" depleted of T cells and adherent cells \ipon
addition at dlfferent points in time of LPS riL-2, and r IL-1, are shown in Flgurs 22. RFC

\
did not respond to stimulation by r IL-2 when the addmon of LPS was delayed for 24 hrs

e
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Table 20

Effect of LPS and EL-4 Sup on Proliferation and Differentiation of RFC 4'
Depleted of Adherent and Thy-1.2-Positive Cells

A Y

.
Stimuli® *H-Thymidine Incorporation’ . PFC/culture’
, (cpm/culture) * SD
T . =

None . 66 £ 75 3 <]
LPS 34,214 + 368 | 176 + 48
EL-4Sup = 242 + 34 T«
LPS + EL-4 Sup ND* - 1,916 £ 168

~

— —

LRFC ¢4 depléted of adherent and Thy-1.2-positive cells before rosetting‘wcre cullur‘ed at
6 x 10 cells/well in the presence of 10 ug/ml of LPS or 50 ul/ml of EL@-4 sup (1120
dilution). %)
\Qultures were pulsed at 4 days with *H-thymidine for 4-6 hr and harvested.

> Cultures were assayed on 4.5 days for anti- 8’ [gM PFC. - Data represent means of triplicate
. experiments * S.E.

‘-Not ((one.

¥
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(Table 21

Effect of Recombinant IL-2 and IL-1 on Diffégenlialion of RFC ¢’
Depleted of Adherent and Thy-1.2-Positive Cells

PFC/culture’
, Stimuli“ ) — : \\
Experiment 1 ~ Experiment 2
None | <1 , o %J
LPS - | Y 18 A 1'4:
EL-4 Sup . | <1 ‘ - ND* :
LPS + EL-4 Sup  smid ‘: ND
riL-l I S < .
r1L.-2 (500) . <1 <1
T2 o <1 S |
rlL-2 + rlL-ol ‘ <] ‘ <l "y
LS 4 riLl ‘ 52+ 03 a0t 14 '
LPS + 1 1L-2 (500) | 312 £ 81 . 292 i\95t
LPS + rIL-2 (50) 8059 3.146i +'90
LPS + rIL-2 (500) + rIL-1 1,058 + 207 1,744 £ 349
+ 48 1,040 £ 259

©OLPS 41 IL-2 (50) 4 1IL-] 436

Y -

"RFC 4' depleted of adherent and Thy-1.2-positive cells before rosetting were cultured at
6 x10° cells/well in the presence of 10 ug/ml of LPS, 50 and 500 umts/mLof r lL.-2, or:

400 units/ml of r IL-1.
V

! Cultures were assayed on 4.5 days for anu- B [gM PFC. Data represent means of triplicate
experiments * S.E. - '

> Nol done.
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¢ Table 23
Effect of Recombinant IL-2 and IL-1 on Proliferation of RFC 4'
Depleted of Adherent and Thy-1.2-Positive Cells
JI—l-'ﬂlyr'nidinf,‘ lncorporAation3 o G
(cpm/culture) + StD. o
Stimuli’ ’

_ “ éxbeﬁmem ] - ngperime}’n 2. B .
None 229 + 36 = 281 = 80 o
LPS : 13,959 + 765 15\,3;2.9 + 1,878 :°:;)-f“;1%' 4
rIL-1 w919 293 £ 36 L
FIL-2 Coames o ass=ss ol
rIL-1 + rlL-2 369 £ 12 306 = 66 - -
LPS +rIl-1 ' T 23337 £ 1,2931;;, 177645 128& _"-t';
LS +rIl-2 28052+ 1050 e,
LR + 1IL-2 + 1 IL-rl 29,054 + 1,416 23724 tg,z,f%' C 2

. ' ‘ R &
- \ i B H
\ VR

! REC 4' depleted of adherent and Thy-1.2-
6 x 10° cells/well in the presence of 10
400 units/ml of r IL-1.

means of triplicate experiments.

positive cells before rosetting w;ré culiurcqf‘qféi, L
ug/ml of LPS, 500 units/ml of r*IL-2, orgs

s’ .A,V'. 4.
et
! Ctilures were pulsed on day 4 with *H-thymidine for 4-6 hr and harvested. Data represent .= Z(

D . dg \
LSRR

[
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Figure 22.

Kinctics of indliction of PFC by addition of LPS, r'11.-2, or r IL.-1.

PFC/cuiture tSE
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RFC ¢

depleted of adherent and Thy-1.2-positive cells were cultured at 6 » 10° cells/well with
(A) 1 IL-2 (500 U/ml), (B) LPS (10 ug/mi), (G) LPS and r IL-1 (400 U/ml). or (D) LPS

aand r 1L-2 (500 U/ml).

LPS (A), r1L-2 or r 1L.-2 plus r IL-1 (B), r H.-2 (C), or r 11.-]
(D). .were au;cd‘ko the -cultures at different time intervals.  Cultures were assayed at 1.2 hr
Data represent mcans of triphcate experiments.

The dotted line
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after the onset of culture (A). The addiiion of 1 IL-2 or 1 IL-2 plus IL-1 to RFC bullures
stimulated leilh .PS could be delayed upto 24 hrs without significantly decreasing the PFC
.. response (B). This is corvusislcm with the conclusion that the ability' of r IL.-2 to induce
differentiation is dcpcndcm- on prior proliferative siggals provided by LPS. A maximal
enhancement of the PFC response was obscr\./cd when 1 IL-2 and IL-1 were both added at the
onset o° _ulture to RFC stimulated with LPS (C.Dy. Sfﬁﬁca?xt enhancement of the PFC
rcspons—c could be seen even when the addﬁion of‘IL-l to LBS plus IL-2 stimulated RFC, and
of 11.-2 1o, LPS plus 1L-1 stimula}ed RFC was delayed upto 48 Q‘rs after the onset gf culture
(C.I)){ Finally, we were unable to find any difference in sitimulatory acu'vityA between
human and mouse r [L.-1 (Table 24). \\ _ . *

‘

Discussion

In order to understand the B cell .résponsc, it is critical to evaluate the role of
different lymphokines on B cell méturation. ~ur method of B cell purification provides pure
Aand unacli\'z;lcd B cells. wP‘rcparaLion of RFC that contained very few conlaminating
non-RFC were obt_aincd by 4 min ficoﬂ-cemrifugation. Ninety-nine percent of rosettes
from the RFC 4' preparation were IgM*. At the fui;clional level, RFC, RFC 4'and purified
RFC 4 rc;wircd the same set of signals, LPS an'd EL-4 sup, for proliferation and‘
differentiation , in sp'il; of the differences between the two prepa}ations in the numbers of
nonrosetted cells (Tables © 71 and 15). RFC 4' that had been depleted of Thy-l.-2‘ cells and
adherent cells were found to respond to LPS and EL-4 sup or LPS and r IL2 in the same
manner as RFC 4' that had né)l l;een additionally purified (Tables 19 and 21). This rules out
the possibility that r IL-2 had an indirect effect‘on rosetted B cells- However, LPS together
with 1 IL-2 was less effective in inducing PFC from pugfied RFC 4' than LPS and EL-4 sup.
The discrepancy we observed in the number of PFC generated upon stimulation of RFC 4’
with LPS and EL-4-sup when compared o LPS and r IL-2, was probably due to differences‘@_.
in-the differentiation inducing ability c;f IL-2 and EL-4 éup. From the previous section
(p. 66), itv is clear that the ability of EL-4 sup to induce differemliation is not due to IL-2

contained in theé preparation.



17

N

Table- 24

- Effect of Recombinam Mouse and Human IL-1 on Differentiation

3
' Sti . - . PFC/culture + S.E.} -
None . <1
LPS : , C 1648
LPS + rmiL-1 . 156 + 21
LPS + 1 IL-2 . 584 1 37
LPS + riIL-2 + rmlL-? 1,240 £ 97
LPS + 1 hiL-1 ‘ 20072 T4
LPS + rIL-2 + rhil-1 o 1,224 £ 222

HZ“’ ' RFC 4’ depleted of adherent and Thy-1.2-positive cells were cultured at 6 x 10° cells/well in
© the presence of 10 pg/ml of LPS, 500 U/mi of r IL-2, or 400 U/ml of r mIL-1 or r hIL-1.

* Cultures were assayed on day 4.5 for anti- B* IgM PFC. Data represent means of triplicate
experiments.

- 4

W
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Lomradlclon stalcmems concermng Lhe requuemem for cytolrmes in B-cell activation

have been GCorlcd. In ths scctuje this question was addrcssed using purified REC 4' that

could be cultured at lQW cc& ﬁﬂqm& 16 X I'U"/OZ ml culture) to vield an amlbod) rcsponse"
when appropriat%y sli'mu]ated. “ii; slﬁl\tu]turcs, T cells and macrophages were functionally
limiting. Thus, purificd RFGd'. prepafations comzlinéd on the avcrage as few as 0.6 +.0.2%
Thy-1.2" cells and 0.9 % 0.5% monocytes that were positive for nompecxflc ue’sterase The
number of contaminatm'g cells per RFC culture is approximately 36-48 Thy-... Cells and
54-98 nonspecific esterase-positive cells. ’These nufnbers are not significant enough to
influence the PFC response. 1In fact, add\iiion of up to 12 x 10* cells, obtained from the
micrphase during the last Ficoll spin (mainly T cells and mondcylcsf does not induce a PFC
response {rom RI;C 4" stimulated with 1L-2 or LPS. This argucs against the abihty of 1L-2
to stimulate the small némbcrs of contaminating non-B cells to release B cell stimulatory
factors in these cultures. Howmr, the PFC response Obtained in the presence of LPS and
I1.-2 is enhanced by the addition of 6‘-12‘x 10* cells to RFC 4' cultures (data not shown).
| In this scction, it was rdcmcf)nstratcd lthat 1 IL-2 is sufficient to induce B cells to
dilferentiate into antibody ~f0rmmg cells in the presence of LPS (T:ule 21) _Nakgnishi et al
(1984) have also rcpoxtgd a role of r IL-2 in B cell differentiation of anu-lgM-activated B
cells, except that BSF-1 (IL.-4) and BISI\TRF (IL-5) were also required. Although IL-2
was sufficient 1o trigger proliferating B cells to differentiate, r IL-1 was shown to enhance the
effect of r IL-2 (Table. 21). In comraét to reports by Pike et af (1984), wé were unable to
conf irm that IL-2 is aple to induce resting B cells to differentiate in“the absence of LPS.
@n IgM response induced by T- mdependem antigens (TI-1 and TI-2), mc]udmg

-pol\clc%ial activators, depends on thc presence of macrophages (geviewed by Corbel and .

Melchers; 1983). In this stu y, rIL-1 was “shown not to induce differentiation of B cells
5

" either in ‘the presencc or absence of LPS (Table 21). Tpis’égain dif’ feré from -the reports b ’

o

/ S 4
Pike @md Nossal (1985), who showed that IL-1 alone could induce differentiation of

“Flu*Pol-stimulated B cells.  Although th¢ reason for this differeénce" could be the single-cell

cuyjture -technique used by these authors, it is interesting that Pol is also a polycional B cell

activator (Scott and Diener, 1976).
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There was a dramatic mcrease of 2t»OO 800 percent in the- numbcr of PEC gcneraled in

the presence of . both™r IL ‘I“and I IL 2 (Tableq 19 and21). Th1< is m comracl to the 50- 100

ercent enhancement of the anubod\ rcsponse reporud b\ olhux m the p,_mcnec of 1l.-1

i USmg bolh muritle and human B cells (Booth and Watson,’ 1984 Ixcbson et al, 1981; Falkolf

et al, 1984; Fugm and A»lmquxsl, 11986). Shmﬁ_«awa et al ( 1986) havc reported that 11.-1

induces B cells Io(gene‘rale IL-2 receptors. It'is powble that the sy ncrglsm between 11, 1 and

densny in response to IL-1.

’

I has been reported that resting B cells ex;-)ressm few if anyerece‘plors for 11.-2 (Zubler
et al, .198"4; Robb et al, 1984; Lowenthal ef al, 1985): Velocity sedimentation sludi_es reveal
that 99 percent of the rosettks in plirified RFC 4' preparations were formed by smail-sized
IgM- B cells (dalta. not shewn)._. Hence, the conclusion that purified REC 4' probably do not
express 1L.-2 rcceptors before ﬁstimulation‘willh: LPS. v

Hashimoto ;L al {1986) reported that responsiveness of B cclls 1o 11.-27is evident in
the presence of-f;P’S.and a surface Ig-quialeel signal which in turn induces 11.-2 receplors.
B cellsv stimhlated Wilh LPS a]one were not rcsponsivc 10 II,-Z..~ RFC used in thcsc
experiments depend on the bmdmg of CRBC by surfac¢ Ig rcccptors (Shiozawa er al, 1980).
Therefore? purlfxed RFC 4" in the presence of LPS are probably in a funcuonally slmnlar state
of activation as are B cells stimulated with anti- IgM and LPS (Hashimoto ef a/, 1986).

The 500 units/ml of r IL-2 requlred to sumulale B cells in the system reported hcrc or

_ 500-1000 units/ml reported by others ~(Nakams}n el al, 1984) may appear excessive.

* Conceivably, - however, lym:phokines may occur at such concentrations in the

microenvironment of secondary lymphoid organs.

"IL-2 reflecls a more effective IL 2 binding by B cells due 1o an mereasc in ll 2 receplor

—

It was-earlier shown that IL-la from human and mouse could be used to stimulate

purified RFC 4' (Table 24). The two members of the IL-1 family, IL-1a and IL-18, show
limited homology between the protein: sequences but share many biological properties .

(reviewed by Oppenheim ef al, 1986). IL-la and IL-18 also bind to identical Teceptors on

murine and human B cells (Dower et a/, 1986). It remains to be determined whether IL-1a

and IL-18 have identical biological activities as B cells.

v

sk
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IV, Sumrnary‘
: .

B cell activation can be studied using either tumor_model systems or by analyzing |
pol_vc]bnul ac‘livation of splenic B cells. "The fesé_arch presented in this thesis was undertaken
to. cxan mc. the requirements to induce ,p.roliferali_‘on and differentiation of antigen
aﬂ'inil_x'—cnrichcd ‘B cells and 1’0 link at. l‘cas‘t some of the eérly biochemiczﬂ changes and theif
I'uncti_(’)"nal consequences fof B cell proliferation and maturation.

B cells specif ic for the B h:;plotype of CRBC were affinity-enriched by rosetti‘ng
’splccn cclls with- CRBC of Lhc B haplotype.  This metnod seler'ts a highly egriched
'.populauon of antigen- bmdmg B g&lls (>99 percent ]gM B cells) that can be cultured at
30010 RFL/wcll.b These B cclls (RI-() were usc? 10 de51gn a model system of - B cell
activation.  Addition 0[ LPS, a polyc-,llonal activator, mggered B cells to proliferate, without
maturing into AFC. ‘f;‘or differentiation to occur, B cells required bo"_th LPS and a source -of
T cell ]ymphokincs. In this case, PMA-inducec‘ EL-4 sup was used "as a source of T cell

v . K

lymphokines.  This suggested that L"}fS provides the stimulus for a pr.olife_rétiyve signal while
the EL.-4 sup induces maturation loJPI.:C. Both | S and EL-4 sup,‘: are required early (day
1) in the PFC response by RFC. _ |

Having thus dcﬁned bur basxc B cell activation model, we went fm to look at a panel
of biochemical changes suggesled to occur early in cell acnvatlon in thxs system. The aim
was :o séarch for both negauve and positive correlations between B cell activation and these
early biochemical changes. The panel of paramerers were analyzed in unactivated RFC, and
RFC .aclivated ;\Tith LPS alone; I;ZL‘-4 sup albone. and LPS + EL-4 sup. Two ‘mejor’
conclusions appeared £1om these studies.  First, the activationvof Na*/K* ATPase was
lrilggered by LPS as well as by EL-4 sup alone; although EL-4‘snp alone, unlike LPS, did not
induce anv increase in the lransporl of proline, RNA, protein, and DNA synthesis We must
thus conclude that activation of Na* /K A'RPase is in itself not sufficient to cause B cells to
prohf erate. Secondly, LPS induces an increase in- cytoplasmic u mRNA' and IgM secretion

" but does not induce PFC. When LPS plus EL-4 sup were used to induce RFC, there was a

consistent increase in cytoplasmic p mRNA and IgM secretion.

120
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We decided to investigate if certain recombinant cytbkincs could replace EL-4 sup in
our modci system. Spleen cells were depleted of adherent and Thy-1.2° cells before rosetting
to rule out any indirect effects caused by these cytokines.  Thes¢ preparation of RFE &'
contain as little as 0.6 * 0.2 percchl of Thy-1.2- and 0.9 = 0.3 pc;Can' nonspccil'ic
' eSLerase-pbsitive cells. Recombinant 1L-2, like EL-4, had no cffect on the proliferation of
RFC-in the aabsence of LPS.  However, in the presence of LPS and I1.-2, RFC 4" are

stimulated to mature into PFC. This PFC response obtained in the presence of LPS and

1 IL-2 could be enhanced several fold b\ rIL-1. F&r optimal effects, both r 1L-1 and r 11.-2

© - were required early ir. :he response. These studies have demonstrated that IL-1 and II.-2

induce the differentiation to PFC of LPS-stimulated Beells.  @oth were required for optimal

»

differentiation.

In summary, a model] polyclonal for B cell activation is described and the lvmphokines

required for B cell differentiation have been defined,

b}
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