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ébst;ict .
- Resting human\gxcells'can be activatéd to
proliierdte in the preseﬁée‘gt both polyclonal antibodies
to immunoglobulin mu heavy céains-and B cell gfovth factor
(BCGF) . The,}olg ot IL-2 in B cell proiiferation and
expression of activation ahfigens such as IL-2 receptsr,
transferriqireééptor; HLA-DR, S0H19, 4F2 was investigated.
?h;re is a‘syne:gistic'effébt between BCGF and IL-2 on B
cell proliferation which ié copbomitant vith an increase in
Sctivation antigen expression. ' This response was inhibited
by antibody té the.IL-Z receptor. gurthermore, aniibodieé
to some but not all activation antigens also inhibited fhis
response. -
Theﬁe.résults deﬁbpstrate that IL-2 acts directiy
on B Sells.thqﬁugh.IL-z reteptors expressed on' them. ]
HoweVer,~in_Fqntrasé’to f cell proliferation, BCGFQ{S

needed to trigger activation of the IL-2 receptor ggne

since IL-2 alone does not trigdér proliferation of B cells,

L4
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N INTRODUCT ION
In the last few years much research'has been carried
out to understand the most fﬁndamental of biological
_processes, 1.e., unravelling the mglecular basis of the
control . of cell division. That 1is to wunderstand the
biochemical nature of the molecules which ‘initiate and
control cell growth and differentiation, and to identify
and clone the genes encoding theuh. Concurrently, hybridoma
and genetic engineering technology has become available for
the large scale production of ;ﬁe cytokines responSipfé for °
s&imulating cell growth and differentiation. This has
aﬂ}owed not only their physicochemical characterigation,
‘e.g., molecular weight and protéin sequence, but also for
preparation of larqe amounts of the purified factors for
pesforming biological experiments to ascertain the precise
function of these 'molecules in the concatenation of
moLecﬁlat events that results in cell proliferation and
“differentiation. At this stage, I wish to define cells
wvhich are in the "proliferating" staSe, as those that
traverse the cell 'cycle and pass through the’familiar

evenfs of DNa replication and mitosis, and at the same time



ére increasing their mass through production of the new
proteins and other components that are needed to produce a
new cell. Non-proliferating cells can be in a quiescent
steady state, G,, in iwhich they are metabolically active
.
but do not proliferate or show no synthesis of molecules.
Growth is dependent on a switch from one of these states to
the other and this switch is dependent on external factors,
e.g. nutrients, growth factors, and hormones. As by the
definition by Pardee et al., (1985), the GO—S..intcrval
should be divided into two main periods. A variety of
experiments involvin§ oncogenes, growth factors, nutrients,
and 1inhibitors show that the events in these two intervals
quite different, In the ti{st half the cells emerge
from quiescence through a competence and progression
bfocess, and synthesize neﬁ mRNAs and protéins. 1In,this
interval . from G, to mid .Gy point the cell restore%ﬁits
‘machinery for making mRNAs and proteins. ~Then, in the
‘second half of the Gg-S pe;iod the cell prepares for DNA

synthesis.

4

Hematopoietic and lymphoid cells provide useful
expaf}mental systems to astertain the cascade of molecular
events from friggering to processing of signals since some
_mafkers exist on for monitoring the acquisition of specific

functions that occur during differentiation like
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acquisition of specific recébtors (IL-2 receptor, T cell
.receptors) or synthesis of proteins linked to a specific
function of the differentiated cells (immunoglobuiins,
hemoglobin, and peroxidases etc.). |

B lymphocyte has recently provided é good model of such
a differentiated . system, in which antigen-activated,
lymphokine-stimulated proliferating B cells are acted upon
by another group of ;ymphokines named T cell-replacing
factors: B cell growth factor (BCGF, or BSF1), B celf
differentiating factors: (BCDF or BSF2 or BCGF 11) which
together cause the immature B cells to proliferatg and t;p
become immunoglobulin producing plasma cells. These
factors are so far B cell restricted. But in fact the
situation is more complex than it has been shown, that
pther -lymphokines can play a role on B cell proliferation
and differentiation (gamma interferon YIF, IL-1;7T&-2).

T lymphocytes also provide, a gpod model of cell
activation by antigen(s) 1in which a series of lymphokines
(1rL-2, .Ih-1) will play a role 1in proliferation and
differthiation, However there 1is more evidence that IL-2
is not restricted to T cell alone. Recently reports have
shoyn 'evidence of its receptor's expression on B cells, and

the role it plays in B cell differentiation.
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Thus by <choosing B lymphocyte activatipn as a model 1
wanted to looK at the role IL-2 could play in B cell
proliferation in association with BCGF. Further queétions
rela‘ed to the mechanism of actionﬁo;'B.cell growth factor
(BCGF) in B cell proliferation, remain opéh for discussion.
"For example, 1is the binding of BCGF to its receptor the{.
only .signal required for - B cell: proliferation?.
Alternatively, does the bindiﬁg‘of this lympﬁbkine activatei
the genes for receptors of a variety of other growth
factors (such as Interleukin 2 1IL-2) which éay play an
important 'rolé in monitoring the processing of BCGF signal.
These receptors may be equivalent to éome, but not all, of
the T"activation markers”™ that will be described in this
chapter. Furthermore, does BCGF induce a cascade of
transduction systems required for the processing of the
signals " involved in cellular proliferégion and/or
vaifferenfiation? wili some of the activation markers found
on proLéferating B cells turn out to be the structural
elementg of such systems which may be cdmmgn to all
proliferating cell types. ’
I. ? CELL: GENERAL MODEL FOR CELL ACTIVATION,

PROLIFERATION AND DIFFERENTIATION.
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Several lines of evidence have led to the conclusion
that T cell mitosis results from the interaction of soluble
T cell-derived facfors with antigen/lectin stimulation. It
is important conceptually at ‘this point, to discard the
term "factor” because a factor promotes no connotation as
to a mechanism of action. The word "hormone” carries with

it, however, criteria that have, immediate physiological

implications. Hormones demonstrate strict target cell
specificity, and éxert their effects at low
concentrations. "They are released 1in  response to
environmental = variations and are under ' a feedback

regulatory control in most instances. Moreover, once it is
understood that some lymphokines interact with target cells
through Specific receptors it immediately implies that
postreceptor mechanisms are operative to mediate the
biological effect.

’ One such excellent example is 1IL-2, formerly called T
cell growth factor, which providesua necessary signal for
the transition of activated T cells from the Gj; to S
phase of the cell cycle. It appears however, that IL-2
receptor expression does not appear to be confined to cells:
of the T cell lineage but(can also be induéed on normal B

g
iRE

lymphocytes.
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A. ROLE OF II..—Z RECEPTORS IN T CELL GRM AND

DIFFERENTIATION. -

Interleukin-2 was first described as an activi;y that
~1nitiated T-cell mitosis after antigen . or lectin
activ;iion, Morgan et al., (1976).° Receni}y a monocional
antibody (anti-Tac and others) agéinst.tﬁ; IL-Z‘}ecept§r
has made it possible to begin to understand the imporféhé;
of the T-lymphocytotrophic hormone, IL-2.

In order to exert its biélogical effects, IL-2 must
interact with specific high affinity membrane receptors.
This 1interaction 1is critical to the evolution of a normal
lmmune response. IL-2 heéeptors are not eibressgd in
resting T cells, but they are expressed rapidly following
activation with antigen or  mitogen. IL-2 receptor has
ﬁeen identified as an Mw=55006 glicoprotein on normal
activated peripheral blood T cells. These receptors are
gomposed of a peptide precursor ogyﬁw=33000(p33).’ This
precursor is cotranslationally Minédifieﬁ to a p352p37
aoublet by N~finked carbohydrate addition, and tﬁeh
modified in the Golgi apparatus to the Mw=55000 form.
Mature receptors contain N-linked aRHJ O-linked
carbohydrates' and sialic aciq, an@ are»both sulphated aqp.
phosphoryiated. By using the ponoclonal antibody anti-Tac

and specific inhibitors, of protein or DNA synthesis in Con

A-stimulated cultures, Uchiyama, et al., (1981 a, b).



Leonard, et al.,' (1982) (1983). have found that the
expression of Tac antigen requires protein synthesis but
not DNA synthesis or cell division, and that the IL-2
receptor interaction Ois obligatory; Monocloﬁal antibodis;

/’“Ttgcti\e with IL-2, or the IL-2 receptor, inhibit T cell
prolif;>3bdon by preventing IL-2 receptér binding in a
concéntration-dependent manner. Moreover,/ anti-Tac
suppresses IL-2-dependent T-cell proliferation at
concentrations - remarkably coincident with those that block
IL-2 receptor binding. These observations suggest st;éngly
‘that anti-Tac reacts with the IL-2 receptor, althougﬁ it
remains unclear whether the epitope recognized is part of
the 1IL-2 binding site: IL-2 does not compete for anti-Tac
binding even when used in a 100-fold molar excess ower that
required to saturate IL-2 binding Smith, (1984).

In the case of T cells rf-2 alone cay upregulate IL-2
receptbr expression. Depper et al., ()985) have shown the
'same results on PHA stimulated T cells while Malek and
Ashwell f1985) reproduced the same 'results on a T—cell‘
clone. f IL=2 receptor upregulation was maximal after 12 h

- and required new RNA and protein synthesis. RNA blots
hybridized with an 1IL-2 rec&ptor mRNA accumuiation after
incubation in purified 1L-2. Transcription assays

. i

performed with isolated nuclei further demonstrated that,

at leﬁft in part, the increase in IL-2 receptor mRNA

A\



BQ,

resulted from IL-2 activation of 1IL-2 receptor gene
transcription. However, 11L-2 alone does not indbce IL-2 ./
receptor expression in freshly 1isolated lymphocytgs, it
appears to be required for optimal receptor'expressiagyvhen
such cells are activated with PHA or anti-T3. Thus PHA

stimulated cells require two or more signals in combination:
. _ A

in order to express IL-2 receptors. The reconstitution of
IL-2 responsiVenégg in th§§é cells with small
concentrations of PHA suggests %hgé the continued presence
of a competence signal, whether mitogen or antigeh( may be
required for 1IL-2 keceptor upregulation by IL-2. This
synergy of IL-2 and é s§cond signal is further  demonstrated
. by largeﬁgﬁCteases‘iﬁ IL-2 receptor mRNA accumulation after
.%stimulaé?an with - both IL-2 and submitogenic congentrations
‘'of PHA.

- Recent evidence showed that some T cell activation
antigens might play a role in.IL-Z receptor expression.
Reed et al., (1985) and Nowell et al., (1985) have reported
that ‘antibodies recognizing the 50Kd protein associated
with the sheep erythrocyte receptors namely OKT11A, 9.6,
"and 35.1y will suppress lectin mitogen-induced T cell
proliferation by impairing ﬁoth IL-2 elaboration and IL-2
receptor acquisition. Other recent studies have

demonstrated that the 50 Kd T11 protein is & surface

component of a macrophage-independent alternative pathway
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of human: T-cell activation 1is unrelated to the T3/T
antigen-MHC receptor complex. The triggering of T11 by
monoclonal antibodies anti-T11, and ;nti-T113, directed
at two unique epitopes on the molecule, induced IL-2
receptor ' expression on both T3* and T3~ thymocytes did
not prolifer;fe in response to anti-T11, and anti-T113
in the absence of exogenous IL-2. Those studies by Fox et
al., (1985) suggested that IL-2 receptor gene activation
precedes IL-2 gene activation in T-cell development.

IL-2-mediated effects were not confined solely to
induction of its own receptor. Both c-myc and transferrin
receptor mRNA levels were intreased after stimulation with
IL-2 suggesting. that IrL-2 initiates a program of
transcription of other genes involved in lymphocyte
actiwvation. " Consistent with this, the increase in
transferrin receptor mRNA teﬁporérily occurred after the'
increase in IL-2 receptor mRNA. In céntrast to these
antigens selectively expressed during cell activation and
growth, 1IL-2 did not induce increases in the expression of
mRNA for the B chain of the T-cell énpigen receptor,
Depper et al., (1985). Thus, IL-2 is required for optimal
. IL-2 receptor expression during the course of lymphocyte
activation in the presence of lectin or antigen, and it can
augment transcription of the IL-2 receptor gene in cultured

cells maintained in a competent state of activatiob.
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However, IL-2° alone is cinsufficient to maintain a
continuqus state of maximal transcription of the 1IL-2
receptor gene.

Additional evidence of autdregulation of IL-2 was
recently published by Smith and Cantrell (1985) whereby
they have shown that 1IL-2 binding sites and anti-Tac
reactive epitopes differ markedly in their respective/
turnover characteristics; moreover, IL-2 actually
regulates the expression of IL-2 receptor molebules, and
consequently IL-2 doverns the magnitude of its own biologic
response by a unique mechanism, manifested by an IL-2
promoted diminished expression of IL-2 binding sites, and
an increased expression of IL-2 receptors that are
recognizéd by anti-Tac but do not bind 1IL-2 with high
affinity. Information regarding the mechanism by which the
ligand-receptor interaction promotes a switch in receptor

"expression should be forthcoming from investigations of
receptor gene expression. Recent studies done by Nikaido,
et al., (1984), and Leonard, et al., (1984) have shown that

there are two IL-2'receptor mRNA transcripts suggesting it

-
arises from one gene. Accordingly Smith and Cantrell
/ . .4 - ‘.
interpreted their findings to show that only one ¢f the
two transcripts translates molecules 'containing a

high-affinity IL-2 binding site, whereas both transcripts

encode receptor molecules that express the Tacfepitope.
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However, recently Leonard et al., (1985) have predicted
from the structure of IL-2 receptor gene that as many as 18
different mature mRNA forms can be produced by the single
gene for the IL-2 receptor sequenced through the analysis
for three different transcription initiation sites for
alternate mRN&\ splicing and at least three different
polyadenylation signals on the gene they have sequenced.
Another interpretation of the high and low affinity

cellular receptors for IL-2 by Robb, et al., (1984) was
that it might be due to the molecular heterogeneity of the
Tac protein, which is probably generated by differences in
posttranslational modifications which include sulfation,
disulfide bonding, phosphorylation, and extensive
glycosylation. In addition , the variation in 1IL-2
receptor affinity could be due to conformational changes
caused by interaction of the Tac protein with a different
hypothetical receptor subunit, G;eene, and Robb, (1985) ory
by dimerization of the Tac molecule so that the active sité
of - IL-2 receptor remains to be identified. Further
investigation is required to define vhether the receptor
exists as an isolated surface glycoprotein or elternatively
@ receptor complex.. Some aspects of those questions could
be answered through the last investigation by Leonard et

al., (1985), . whereby they have sequenced the gene encoding

the human IL-2 receptor it consists of '8
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»
/:> exons spanning more than 25 kilobases on chromosome 10.

y
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Exons 2 and 4 vwvere derived from a gene duplication event
and unexpectedly also are homologous to the recognition
domain of human complement factor B. The stoichiometry
and specific site or sites of IL-2 binding to 1IL-2
receptors are unknown, but the iﬁternal gene duplication
raisesA the 1interesting possibility that the duplicated
domains may be critical to IL-2 binding and that there may

“

be two IL-2 binding sites per receptor molecule.

I1. B CELL ACTIVATION, PROLIFERATION AND

. DIFFERENTIATION.

The discovery that B lymphocytes bear 1I1g .on their
surface, S211 5ud Gell (1965) led to the formulation of two
divergent theories about proposed roles for surface
immunoglobulins (slgs) on B cell activation. ~In a
one-signai model, Coutinho and Moller (1974) postulated
that the major role of sIg on~ the B cell was to focus
antigen Aonto the surface of that cell. On;e focused on the
cell, the mitogenic po}tion of gome antigens (thymus .
independent TI antigens) would deliver a proliferative
signal to the cell and induce.clonal expansion and‘antibody

secretion.
ld



g S

% Those antigens lacking a mitogenic portion
&

(tﬁé&d;-dependent TD antigens) would focus T cells onto the

L

sugface of B tells where T cell derived signals could

»
2
s

induce B iplls “to grow and differentiate., In contrast to

this theory, in a fwo-signal model, Bretcher and Cohn

-

(1970) suggested thit‘anéigen mediated cross.linkipg of slg
itself provid;d. the fir§;4jsignal in the initiation of B
cell activation. However , ;his .signal per se was
insufficient to induce B( cells to' differéntiate into
antibodyv secreting~ cells. / A second signal reqﬁi;ing the
parf;cipation of ‘T cells \Eﬁayfheir soluble prodycts, was
necessary . so that different‘triggering signals are required
for the generation of the cascade of activation events.
Since ~both the differential @ne expression, as.well as the

A

4., e .
metabolic activity are under the influence $lgnals from
. .
o
the  extracellular surrounding, their effetts do not

directly act .on the intracellular target, rather their
effects are processéd through different elaborate signal

systems. These are:

— a. specific receptor proteins, .
L
b. proteins involved signal transformation in many

" instances secondary signal (secondary messengers)
fofméd within the cell,

c. .- gegulatory protein interacting with parts of the

_.""5’5-?3 D . . ‘
. 47 gene expression chain. !
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The _whole sequence of signal processing provides the
means for amplification and .for transport of the
informatioﬁ to the sites of intracellular action as well as
fof degradation of the primary and secondary signals.
One system for the study of signal ‘processing is in the

B cell where one signal is needed for activation and a

second for proliferation and a third for differentiation.

¢ .

A. B Cell Activation. \

B-cell activationiis a complex mechanism, whereby early
eventé of crosslinking of surface Ig recepfors'by anti-Ig
or antigen is followed by a decrease in membrane potentiél,
influx - of ca?*, hypere#pression of Class, II antigens,
(Monroe and Cambier, 1983; Mond et a{;, 1981; Monroe and
Kess, 1985; "Monroe et al., 1984), cell enlargement, and’
entry into the G; phase of the cell dycle. Among these
évents is the expression ‘of activation antigens which
appéar only durihg activation and are absent on resting B
cells.” . . | ’

Differen£ stages of cell activation may serve as
control points and provide greater sensitivity for
regulation of B-Cell responses. Furthermore, the'ability
to perceive ’ various signals at different stages of

. Sy . . ®
activation mpy allow greater flexibility in regulating

response patterns, Wetzel et al., (1984). Hence,

<
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identification of different activation states may provide
insight 1nto biochemical and genetic processes involved in
activation and regulation of B—cel{ responses.

The concept that both antigenic and mitogenic

activation of resting B cells results in functional

expression of receptors for soluble proliferation and/or

differentiagion cofactors was initially propoéed by
Andersson and Melchers (1981) and Andersson et al.,
(1980). In the subsequent discussion I will emphasize the

studies performed to attempt to demonstrate the existence
of antigen non-specific factors which transmit signals for
the growth and/or differentiation of human B-lymphocytes.
In the models proposed by Kehrl et al., (1984), the initial
signal is provided by the interaction of antigen or its
equivalents with the surface membrane Ig. This initiat®es B
cell activation, and the cell expresses Treceptors for
growth factors. In the presence of appropriate growth
factors, the cell enters S phase and beéomes a cycling
cell. §ubsequeqt1y receptors for differentiqtibn factors.
are expressed, and the presence of those factors-initiates
the production and secretion of Ig. |

Surface 1Ig 1is an unusuai receptor since not only can it
bind its iigand but, in another form,‘it is secreted as a

functional antibody. Membrane Ig differs from secreted Ig

. in  its COOM-terminal region where it has a hydrophobic tail
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which anchors it to the membrane. Apparently only three .

hydrophilic amino .acids of ‘membrane Ig are
intracytoplasmic, and these are not phosphorylated, Kehrl,
et al., (1980). How surface Ig after it binds ;ntigen can
transmit a signal for proliferation with such a small
cytoplasmic tail, is not known. It has been suggested that
capping of surface Ig may be necessary for triggeriaa,
Braun and Unanue (1980). During this process, surface Ig
may need to interact with other membrane structures capable
of serving as "bridges”™ into the cytoplasm to signal
proliferation. A pafticularly valuable system for
addressing e?ents related to B-cell activation has been the
use of affinity purified anti-Ig antibodies as polyclonal
analogs for antigen, first developed in rabbit by Sell and
Gell (1965) and aaopted to mouse lymphocytes by Parker
(1975) and Weiner et al., (1976). Anti-Ig stimulation
combines the advantages that it acts on the receptors for
antigen for wvirtually all B cells and that the resultant
activation is restricted to DNA synthesis without
development of ‘antibody fqrming cells, Kishimofo and
Ishizaka (1975), Parker et al., (1979).

| Parker et al., (1980, 1982)' and Muraguchi ‘et él.,
(1984){; using anti-Ig stimulation of B cell provided
evidence that soluble T cell derived factors, which had no

apparent effect on, resting B cells, enhanced
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anti-Ig-induced B-cell proliferation ‘particularly when
relatively low concentrations of anti-Ig were wused.
(5-10ug/ml). He also demonstrated that although the
concentrations of soluble anti-Ig which activate B cells
are the same as those which induce capping and endocytosis
of receptor 1Ig, the response to anti-Ig beads suggested
that activation 1is entirely a surface event, and that
internalization of receptor Ig 1s not required for
proliferation or differentiation to Ig secretion. Also in
the same sygtem as mentioned above he provided evidence
that cross-linkage of surface Ig is the inductive signal to
Ig secretion, as well as for the proliferative response to
anti-I1g, since the bivalent fragment F(ab'),, fragment of
anti-Fab antibody induces a response while the monovalent
Fab' fragment does not. Further reviews on the role of Ig
receptor involvment in signal transmission to the cell were
done by Schimpl, (1984) and Tony, and Schimpl, (1980).
~Still "the explanation for the different effects of anti-u
at low versus high concentrations is unknown. One
suggestion by Kehrl et al., (1984b) is that by choosing a
low concentration of anti-u, a particularly useful system
could be developed for dissecting the minimal and optimal
signals required for the induction of resting B cells from
Go to G) (blast transformation) and G; to S phase.

Siﬁilarly DeFranco et al., (1982) showed that low and high
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concentrations of anti-u produced identical effects during
the first 24 h of culture, while subseguent progression §f
B cells into S phase was dependent upon high concentrations
of anti-u being present during the remaihder of the
culture, their explanation for the difference of response
being due to different B cell subsets having distinct
activation \fequirqunt. In a recent publication DeFranco
et al., (1955) have further dissected their ~model of
dif&erent requirement for anti-IgM concentration in the
earl} phase- of Gy into G; where low concentrations 1-to
é' ug/ﬁi >of anti-IgM are required and at late G; fivefold
to 50-fold higher concentration of anti-IgM are required.
Thus B cells may exist in states of partial activation ;nd
must possess a mechanism to integrate the amount of
stimulatory signals they have received; they enter a
“commitment pe;iod for S phase only when that signal passes
sdﬁe threshold va{ue. These results suggested that there
is a control point for progression into S phase 24 to 36 h
after. stimulation and transition through that control point
may be related to growth factors. Thus supportinglthe,view
that T ‘céll. signals ,were necessary to drive activated B
cells to proliférate, (Howard and Paul 1983 and Paul 1985).

Darzynkiewicz et al., (1980) have divided the G
phase of~ the cell cycle into'two subcompartments, G and

" Gip. An increase in RNA content above a critical level
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wvas required for the transition from Gjp to Gip. Exit
from G and further progression into S phase also
appeared to correlate with cellular RNA content. 1In this
context, low concentrations of anti-u may be suffitient for
the Go‘ to Gjp transition, while an additional signal
such as BCGF is needed for Gia to Gig .transition.
After attainment of Gip state the activation cells

continue to synthesize RNA and progress into S phase.

The second common anti-u reagent used is Staphylococcus

aureus Cowan strain 1 (SAC). As SAC binds to the Fab as
well as the Fc portion of human Ig, SAC canubipd to and
crosslink surface Ig with a resultant powerful activation
signal Romagnani et al., (1981).

The signal provided by SAC not only delivered the
initial activation signal but also provided sufficient
stimulus for the progression-of B cells into S phase on the
apparent absence of exogenous grovth<'faétors; This
conclusion was based _ upon limiting ‘dilution studies
performed by Falkoff et al., (1983) usin;_highly purified B
cells .stimulated with SAC. H9wevér, T cell help was
absolutely necessary for the .differentiation of B celis

into 1Ig secreting cells (I1gG), Falkoff et al., (1982). A

study of the sequence of events involved in the activation
and proliferation of B cells and the relationship of

activation and proliferation to the subsequent

4
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differentiation of 3 cells into ISC was further reviewed by
Jellinek and Lipsky (1985).

1. ACTIVATION}RKBRS IN THE CELL CYCLE PROGRkSSION

OF HUMAN B CELLS

a. Activation Antigens: The Role They Could Play
in Processing the Signal for B-cell
Proliferation.

A recent publication by Boyd, et al., (1985a) shows the
cell .Aéurface phenotype variation associated with the
different stages of B cell development i.e., activation,
proliferation and differéntiation. By uSing a panel of
monoclonal antibodies defining B cell surface antigens four
gro&ps of antigens were identified by their expression
during the stages of anti-Ig-induced activation and
differentiation. The first was a pan-B cell group: B1, B4
and 1lIa were all bresent on resting B cells, but increased
after activation from day 1 to 5 and declined during
differentiation. The second gr0up‘consisted of a single
- antigen, B2, which was rapidly lost after activation. This
places. B2 in a peculiar position indicating that B2 may be
intimag:Zy involved in the events of activation. The third
group consisted of five antigens (B5, BB1, B—LAST1,AT 12
and 1IL-2R). None were expressed on resting cells and all
appeared at 24 to 48 h post-activation. The levels of each

peaked at ' 3 L tor 4 days

3
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but declined during the differentiative phase. The fourth
group comprised the differentiation antigens, T10, PCA-1,
and PC-1.

In attempting to classify activation antigens and the
role they could play in the activation process Clark et
al., (1985) have demonstrated the role of 35KDa
polypeptide, Bp35 first defined by the MAb B1 expressed on
all B cells, plays in B-cell a®tivation. MAb to Bp35,
alone or with T-cell derived factors (MLR-TF) induced B
cells to divigde. zThis was the first evidence to show that
human B cells can be induced t& proliferate via a surface
polypeptide distinct from surface Ig. Although not fo;mally
demonstrated to be such a bridge, Clark et al., (1985)
suggested ‘that Bp35 molecule does meet a number of the
requirements that would be necessary for one: it is on the
surface of all B cells at high density; when it is
crosslinked directly, B-cell proliferation is induced; and
it is a phosphoprotein, which would ‘be necessary if a
phosphokinase-dependent bathway is utilized.

Another candidate for B—celi activatiofi marker is BS,
described by Frgedman et al., (1985). The functional role
of B5 in the process of activation is still unkRown except
that its appearance on the B cell surface after activation,
suggests that it -is one of the earliest B-cell activation

antigens. In contradiction to Bp35, describeé previously,
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its likely candidates for receptors for growth and

differentiation 1s guestionable since anti-B5 cannot
»

trigger B cells to proliferate, nor <can it block

proliferation of anti-Ig-stimulated B rcells by BCGF or
IL-2. |

Recently, more is_investigated on the role Bl molecule
could play 1in the regulation of B—éell activation and
differentiation. Bl is a B lineage-restricted molecule,
described by Stashenko et al., (1980). B cells activated
by crosslinking of sIg begin to express B1 and HLA-DR
molecules at higher densities, Boyd et al., (1985). Tedder
et al., (1985) have demonstrated that anti-B1 antibodies
significantly inhibited B-cell proliferation induced by
anti-u antibodies, SAC activated T cells and EBV virus.
Although capable of inhibiting proliferation, anti-B1
'antibody, in soluble form or coupled to beads, did not
sctivate B cells or induce proliferation. Cémparable
inhibition of B-cell activation was noted with antibodies
reactive with Class I1 antigens of the major
histocompatibility complex with the exception that anti-B1
antibody inhibited immunoglobulin secretion in pokeweed
mitogen assays, whereas anti-DR antibody did not.

Haynes et al., (1981) described the monoclonal antibody
(MAD)4F2 which recognizes an antigen present on activated

lymphocytes but absent from resting - lymphocytes. 4F2
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recognized a non-HLA, non-la cell surface determinant which

'

ig ,Ja disulfide glycoprotein complex (125,000 dalton)
coméesed of a sialylated heavy subunit‘and an unsialylated
light subunit (Hemler et al., 1982). Kehrl et al., (1983)
have studied the expression of the 4F2 and SE9-defined

glycoproteins on in vitro-activated B cells in relation to

the cell cycle. Neither glycoprotein was present on
resting B lymphocytes; however, following n vitro
stimulation with anti-u, both glycoproteins were
expressed. The expression of 4F2 correlated with blast

transformation (Go to early G; transition), while blast
transformation alone was insufficient for SE9 expression
described by Haynes et al., (1981). as the transferrin
receptor. SE9 was expressed later in the h cell cycle, an§
the presence of 5E9 correlated with the eaéf;‘to late G;
transition. All cells which progressed into S, Go, and M
phase were both 4F2- and S5E9-positive.

This glycoproteig undergoes variable glycosylation to
form heavy subunits ef Mw 93000 (B cell lines) and Mw 85000
(T cell lines). Hemler and Strominger (1982)’reported that
this, repreéents the tfirst such example of a glycosylation
difference between T and B cell antigens whose polypeptides

are the same .size and presumably identical in amino acid

sequence.
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The\\functional significance of the glycoprotein defined
by the Janclonal antibody 4F2 on human B and T lymphocytes
and other cell types is unknown at present. Kehrl et al.
(1984 a,c,) provided evidence that 4F2 may be an important
lymphocyte surface molecule, by the fact ‘that 4r2
monoclonal antibody addition to purified B cells which were
immunized- to eithef“-bneumococcal polysa&charides or with
soluble protein antigen keyhole limpet hemocyanin (KLH)
could significantly suppress the specific spontaneouf
antibody production.

Meanwhile;) the addition of 4F2 MAb to pokeweed
mitogen-stimﬁlated ‘cultures'ot peripheral blood mononuclear
cells greatly augments antibody production. This
observation was shown to be mediated by an effect of 4F2 on
T cells. The presence of &F2 1in culture partially
suppressed DNA  synthesis by B and T  cells in
mitogen-stimulated cultures. These findings suggest that
. 4F2 r;cognizes a cell surface molecule that is important in

human lymphocyte responses.

B. GROWTH FACTORS AND THE ROLE THEY PLAY IN B CELL
GROWTH AND DIFFERENTIATION

la. Transferrin Receptors
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.Transferrin receptors are expressed on all
prolif;rating cells in vivo and in vitro and appear to be
essential for cell growth. Transferrin receptor expression
enables cells to import transferrin, the predominant serum
iron-binding glycoprotein. Transferrin-mediated deliyery

of iron is absolutely required for eukaryotic cell growth.
Transferrin receptors can be detected after but not
before mitogenic stimulation of normal peripheral blood T
and B éells. This expreséion- i§:not only a phenotypic
characteristic of activated T cells but é functional
regquirement of the activation process as well, angd
furthermoré, appears to be regulated by T-cell-specific
growth factor IL-2. Thus far little is known about these
genes that control cell grdwth an 1Xferentiation relate
to each other. It hasqbeen,demﬁﬁg:f:f::\by Neckers et al.,
(1983) that an interaction of IL-2 with its receptor is
required for the expression of transferrin receptors.
Kronke et al., (1985) in their efforts to further
understand the requlation of the genes encoding c-myc,
IL-2, IFN-Y  and feceptoré for IL-2 and transferrin, have
studied the kinetics of induction of these genes during T
lymphocyte activation. Using nuclear transcription assays
they have demonstrated that expression of each of these
genes is regslated at fhe level of transcriptioﬁ induced

independently of de novo proteir syntheéis with the
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exception of the transferrin receptor gene transcription
wvhich 1is initiated late in the course of cell activation
and the expression of which required de novo protein
synthesis. ‘ .

Considerable 1interest and work has been- focused on the
identification of «cell surface antigens involved in the
regulation of cell activation with the goal to use specific
agénts including antigen, lectins, tumor promoters, and
mAbs to monitor and alter cell function in vivo. Each of
these activation signals wultimately influence cell growth
and differédntiation either by altering the grdpérties or
rates of synthesis of existing proteins or by iritiating.
the synthesis of new ones. ncluded /among the newly
induced network of cellular prote;Rs a{éflhe IL-2 receptor,
transferrin receptor, and the lymphokines, 1IL-2 and
interferon QgFN—Y ) Kronke et al., (1985),

1b Regulation of B-Cell Proliferation by Transferrin

~ Receptor. |

Regulation of B cell proliferafion is not well
understood, and for many vyears has been an area of great
controversy. It remains unclear whether 'B  cell
proliferation is required for éifferentiation to occur or
whether the two events are independent of .each other.
Neckers et al., (1984) showed that BCGF interaction with

its receptor results in transferrin receptor expression and

1
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5}oliferation. By using anti-transferrin monoclonal
.antibodies, they were still able to show ;ecretion of
immunoglobulin indicating that proliferation may not be
required for differentiation. These findings support a
model of lymphocyte ;ctivation in which proliferation is
dependent on induction of transferrin-receptor in the late
G- iphase " of the cell cycle. Transferrin receptor
indud*ionr is regulated by cell-specific growth factors

N v 3

(IL-2, BCGF) whose own synthesis is tightly controlled.
. H : P .

"This model, which can apply to other tissues as well,
- implicates transferrin, a ubiquitous serum glycoprotein, as
a major growth regulator of wmany cell types. Cells

®

regulate their sensitivity to transierrin by regulating the
level of trans;orrin receptors on thelr surface. Mostég
cell lymphomas do not possess IL-2 receptors, nor do theyéj
respond to IL-2 yet they Ftlll reguire transferrln |
receptors for growth. Trans;grrin plays an esséntial role
in the maintenance of growth of continuous cell lines, and
s an essential component of serum-free medium. Blockade
of surfa&‘ receptors for transferrin 1nh1b1ts the g:owth of
many cell” l1nes, also DNA synthesis in mltogen-stlmulated
lymphocytes. The mechanism by which transferrzn eqfrts its
effects. on drowing cells is not known. Because the

.

concentration of transferrin ' in serum is quite high (4 -

£

mg/ml) 'iﬁ is not unreasonable that expression of
-1’:**

)
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transferrin receptors would be under complex metaboli?
control, Neckers et al., _(1983). ’ v

2. Molecular Characterization of BCGF and BCDF and
- Their Role 1In B—CelllGr;vth and Differentiation.
Maizel et al., (1983) wusing anti-mu activation have
shown evidence of the effects of BCGF on a éubqeg of cells
thus to provide conditions supporting the long-term growth
of these B lymphocytes. The 1long-term BCGF dependent
populations provide an effective system for the sensitive
accurate assessment of BCGF activity,and provide/gVidence-
for the presence of growth factor receptor on theég cells,
The BCGF capable of stimulating human B cells to enter
S phase of the cell cycle, so far has been characterized to
be trypsin-sensitive protein with a molecular weight of
12,000-13,000. The protein has a mildly acidic isoelectric
point (PI 6.3-6.6), 1is relatively unstable at 56°C, is
unaffected by low concentrations of reducing agents, and is
stable between. pH 3 and pH 8. The human BCGF has a
funéiﬁonal specificity in that 1its action 1is strictly
nprolife:a&ive. " The first.report_of BCGF activity on human
B cells was upon exposure to factor(s) present in media
éonditioned by lectin-stimulated mdnohuclear cells, Maigel
et ai; (1982). The conditioned medium from cells
: ’

stimulated bf lectin for 72 h was fractionated by ammonium

sulfate precipitation, ion exchange chromatography and gel
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filtration chromatography. T cell and B cell stimulatory
factors present in the initial conditioned medium were

tound io copurify during ammonium sulfate precipitation,

DEAE sephadex chromatography, and Bio-Gel P-30 gel
filtration. . However, partial separation of these two
activities was  achieved after Bio-Gel P-100 gel

filtration. Analytic polyacrylamide gel electrophoresis of
radiolabeled Bio-Gel P-100 column fractions demonstrated a
distinct érotein band of 14,000 - 15,000 daltons in those
column fractions predominantly supporting T cell growth and
a distinct protein band of 12,000 - 13,000 daltqps for
those fractions predominantly supporting B cell growth.
However, Mehta et al., (1985)‘éhowed in contrast to human T
cell growth factor, that BCGF appears to be derived from a
putative precursor protein of 60,000 MW,,Saﬁasrabuddhe et
al., (1984), demonstrated by 17S mRNA species that codes
for biologically active BC&F in[Xenopus oocytes. -
Another source for BCGF was reported by Kishimoto et
al., (1984) and Okada , et al., (1983) to be T-cell
hybridomas, peripheral T cells activated withAprotein A
which were hybridized with?azaquaniné-resistant T leukemic
cell .line (CEM-AG). f @stablishment of human T hybridomas
secreting BCGF or  BCDF- was - afso reported by other
investigators. Butler et al., (1983) (1984a) and (1984b)

have characterized the chemical and physical properties of
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a monoclonal BCGF produced by human T hybridoma. They
reported the molecule to be remarkably similar to human and
murine IL-2 1in terms of temperature stability and patterns
of resistance to chemical denaturation and redﬁction. In
further investigation of the «cellular origin of BCGF and
BCDF, &ilanese et al., (1985) have shown that BCGF is
produced by both T4+ and Tg+ T cells at the population
and clonal levels, while BCDF act}vity 1s largely but not
exéiusively, restricted to Tg+ subsets, ‘and both
T3;T1\ and‘ T11 pathway§ activate 1individual <clonal T
cell populations to promote B cell growth and
differentiation.

There is- evidence for heterogeneity of BCGF from
different sources of BCGF. Kaieda et al., (1982) have
demonstrated the presence of two distinct kinds of BCGF by
establishing ‘an 1IL-2 dependent helper T-cell clone (d4) by
MLC reaction against a B lymphoblastqid cell line (CESS).
On stimulation with CESS cells d4 cells secreted several
immunorequlatory molecules, and £hé culture supernatant
showed IL-2, BCGF, and BCDF activities. BCGF activity from
'this' particular cell 1liné wés eluted in the fraction of 50
K daltons. This showed a marked contrast with BCGF from
PHA-stimulated normal T celis or from T hybrid clones,
which had a molecular weight of 15,000 - 20,000.

Stimulation of peripheral T cells with PHA plus PMA



31
(phorbol myristate acetate) induced both 20- and 50- K
daltons BCGF, Yoshizaki et al., (1983). The addition of
S0 K dalton BCGF from d4 cells to 20 K dalton BCGF from
normal T cells synergistically augmented the proliferation
of anti-u stimulated B cells, Kishimoto et al., (1983).
Additional evidence of two human BCGF species separated by
Con.A sepharose column was recently provided by Dugas et
al., (1985), whereby the two biologically active molecules
displayed different apparent MW and sugar content. Another
source for high molecular Qeight (HMW) BCGF described by
Ambrus et al., (1985a) was from supernatant§ of the human B
lymphoma line, Namalva , and a human T cell line, T-ALL,
and they were free of IL-1, IL-2, ana IFN activity. More
recently they have used these supernatants for the
purification of HMW~-BCGF to apparent homogeneity and
subsequently they have producéé a monoclonal antibody to
the purified protein (Ambrus’ et al., 1985b). 'They have
prbvided definitive evidence the th—BCGF is a 1ymph6kine
distinct  from LMW-BCGF, or IL-2, both antigenically and
*functionally. . Hence by wusing different sources of BCGF,
and establishing monoclonal B-cell lines reactive either to
BCGF or 'ﬁCDF it was possible to reconstitute in giggg}—the
activation process of B cells , that is:

1 Cross linkage of Ig receptors activates B cells

and induces reéceptors for BCGF
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2) BCGFs 1induce the clonal proliferation of activated

B cells

3)  BCDFs 1nduce final differentation of B cells into

Ig-producing cells

The role of BCDF in biochemical and molecular analysis‘
of B-cell activation, has been established through
BCDF-reactive B-cell lines. Some biochemical processes
induced by ;CDF were revealed, that is,

i) binding of BCDF with BCDF requlators induced
phésph&lipid methylation followed by serine
esterase activation and, _ ’

Qki) activated serine esterase was involveé in the
’ limited proteolysis of cytoplasmic precursors
into the active substance,A which may be
respons;ble for the signal transﬁis;ion from
membrane to nucleus.

In his attempts to prepare monoclonal antibodies
reactive with BCDF receptors, Kishimoto (1983) has selected
and employed human B-mouse myeloma heterohybridomas that
were depleted of many hﬁman cell-surface antigens but still
retained BCDF receptors. In order to clone genes coding
for  human B-cell-specific  antigens, including  BCDF
receptors, he has attempted to induce an expression of

o

human B-cell antigens on murine L-cells by DNA-mediated

gene transfer. High molecular weight DNAs from a .
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BCDF-reactive B-cell 1line were cotransferred with TK gene
into TK-L cells, and transformed cells expressing human
B-cell antigens were screened by a replica method with
B-cell-specific monoclonal antibodies.

Hence 1solation and characterization of factors angd
their receptors on target B cells will reveal the
activation mechanism of B cells at the molecular level and
open new approacns for the manipulation of several immune
disorders, such as immunodeficiencies, autoimmune diseéses,
allergies. '

Kishimoto (1985) in his latest review on the factors
affecting B-cell growth has summarized the results obtained
with conventional as well as hybridoma-derived factors.
These results clearly» demonstrate the presence of B-cell
specific growth factor(s) (BCGF) involved in the induction

of proliferation of B cells, that is,

a) BCGFs act on B cells triggered by anti-Ig, LPS, or
SAC, but not on resting B cells:;

b) receptors for géGFs are expréssed on activated B
cells, but not on resting B cells, B cells at the
final maturation stage, or activated T cells;

c) BCGFs are responsible for the inducfion of
proliferation of B éells, .but not for the
induction of final .maturation of B é»lls into

Ig-secreting cells.
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Through the attempt to 1isvlate and purify BCGF from
different sources led to an appreciation of the fact that
human 1IL-2 and BCGF were gquite similar biochemically,
Muraguchi et al., (1982 b). It 1s now clear that human
BCGF and 1IL-2 are 1indeed separate molecules. This is
supported by several lines of evidence,

1) IL-2 dependent T cell lines can absorb IL-2
activity without diminishing the activity of BCGF
in supernatants containing both factors, Maizel et
al., (1982), Muraguchi et al., (1982 b), Yoshizaki
et al., (1983).

2) Partial separation of 1IL-2 and BCGF activity has
been achieved by the wuse of ammonium sulfate
precipitation, ion—exchanée chromatography, and
gel filtrétion chromatography (from media
conggtioned by phytohemagglutinin-stimulated T
cells, Maizel et al., (1982). Mehta et af.,(1985).

3) T-T hybridomas have been established which
constitutively produce human BCGF in the absence
of IL-2, Butler et al., (1983), Okada et al.,
(1983).

Nevertheless, there are still controversies whether

BCGFs are really invoived in the proliferation of B cells
or are involved in the activation of B cells.responsive to

other growth factors not yet identified..

Ve
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This .view was first challenged by time course studies
by Howard and Paul (1983) who have demonstrated that a
delay of even 4 h 1n the addition of BSF-l-rich
supernatants to resting B cells cultured with anti-IgM
cau%ed a diminution in the magnitude of ent;y into S phase
at 30-42 h after initiation of culture; delays of 12 h or
greater 1n the addition of BSF-1 completely abrogated the
uptake of (3H) thymidine between 30 and 42 h of culture.
Such studies .indicated that BSF-1 acted on very early Gj
phase or perhaps on G, B cells. Recent study by Robin et
al., (1985) has shown that the treatment of mouse B cells
with BSF-1 also induces a state of activation, as shown by
the fact that these cells are capable of ;ntering S phase
more promptly on subsequent culture with anti-IgM and BSF-1
rich EL-4 supernatantr than are B cells precultured in
medium only. ’

Previous data by Thompson et al., (1985) and Noelle et
al., (1984) on induction of «class II MHC molecules in
resgjng B cells and inéreases in cell volume in such cells
in!!%éte that BSF-1 should be regarded as an activation
factor. Whether it also has a biochemically distinct
function as a growth-inducing factor or whether that
activity reflects 1its initial activation‘properties and/or
tﬂe coptinhed generation of’ precisely the same

intracellular- signals as the cell moves through the G;

phase are issues that require resolution.
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3. IL-2 and IL-2 Receptor fnteraction on B Cells

It 1s well established that 1IL-2 plays an important
role in the proliferative response of T cells. Activated B
cells were also recently found to express IL-2 receptors.
However, it 1s still controversial whether IL-2 is involved
in B cell growth and/or differentiation. The answer to
this question 1is dependent on the stimulation agent USed.
A definitive answer to the question of BCGF and IL-2 being
distinct molecules or molecules showing common epitopes
which could be the target .for signal processing for
proliferation and differentiation, can not be ansLered
unless the receptor for BCGF 1is 1isolated and cloned,
probed, and comparative qualitative, quantitative, and
functional studies done between IL-2 receptor and BCGF
receptor on B cells and T cells. Suzuki and Cooper (1985)
have investigated the expression of IL-2R on using phorbol
myristate acetate (PMA) stimulated human B and T cells.
Even though both T end B ce}ls expressed IL-2R of the same
molecular weight (54,000 to 59,000) regardless of the
method of T or B cell activation, the same authors showed
several differences in the mode of induction and the
functional characteristics of IL-2R on T and B cellsu\

1) The B  cell response with IL-2 receptor exp;ession

. was delayed by approximately one day and was

slightly less than for T cells.
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2) IL-2 enhancement of T cell proliferative response
was observed over a wide range of PMA
concentrations, whereas enhancement of the B cell
response was limited to a narrow range of PMA
concéntggtéehs.

3) Highq{f@i;ﬁbéﬁtrations of’ IL-2 were required for
enhancement of the proliferative responses of
PMA—act?vated B cells than for T cells.

4) Lower concentrations of the anti-Tac antibody were
reqguired forfiinhibition of the 1IL-2 enhanced
proliferative responses of B cells.

5) Although the addition of 1IL-2 énhanced both the
PMA-induced increase in T cell size and
transferrin receptor expression, no demonstrable
enhancement was observed for the B cell response.

Similar results were shown by Mitler et al., (1985).

Using indirect fluorescence they have indicated the
expression of Tac on SAC and T cell replacing
tactor-superna;ant (TRF-SN) activated B cells obtained from
peripheral blood, tonsil or spleen. Biochemical
characterization of the}Tac antigen derived from activated
T and B cells in this system, showed them to be identical
~in MW énd to be composed of identical methionine containing
chymotryptic peptides. In addition, anti-Tac can inhibit
both proliferation and the subsequent generation of plaque

\

forming cells (PFCs). L \
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a) Evidence for'IL-2 Receptor Expression on B Cells

The guestion to be asked 1s, 1is 1IL-2 receptor
expression a universal B cell response, or is it dependent
on the mode of B cell activation?

The first report of the expression of the receptor for
IL-2 on B cell as defined by the Tac antigen was done by
Korsmeyer ,et al., (1983). These authors described the
presence of the Tac antigen on hairy cell leukemic cells
‘which have a B cell phenotype as evidenced by
re-arfangement and expression of immumoglobulin genes.
Another evidence that 1IL-2 might play a role in B-cell
maturation was suggested by Depper et al., (1983) by
showing that antifrac inhibited the maturation of- B cells
into immunoglobuliﬁ—secreting cells as.ﬂﬁeasured in a
reverse hemolytic pléque assay when peripheral blood
mononuclear .cells were stimulated with pokewéed mitoggn.
Also, Waldmanﬂ et al., (1984) have demonstrated the
presence of Tac antigeh in leukemic B-cell populations, and
cloned lines  of normal, Epstein-Barr virus (EBV)

transformed B cells. These cells were shown to display the
Tac antigen and high affinity IL-2 receptors identified in

binding studies with purified radiolabeled IL-2.

-
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There 1s also evidence of the expression of the IL-2
receptor by the marginal zone B lymphocytes of the spleen

wvhich wusually contains lymphocytes with an intermediate

morphologic form between small lymphocytes and
plasmablasts, Hsu (198%). Thus, IL-2 may play a role in
the differentiation of activated B cells into

éb—synthesizing and -secreting cells. .The Tac-positive B
lymphocytes may represent a discrete subpopulation of B
lymphocyte with unique immunologic function distinct from
that of Tac-negative activated B cells. Acc;}dingly, the
conclusion from the studies by Hsu (1985) was tha; the
Tac-positive marginal zone B cell system and Tac-negative
germinal zone cell system may act independently with
different immunologic mechanisms. fhe repopulation of B
cells in the spleen after sublethal or focal radiation is
Quite different between the margigél zone (MG’ and=germinél
center (GC) systems. Both MG and GC cells are derived from
circulating B lymphocytes. The repgpulation of the GC/MZ
system can be facilitated by a second booster of antigens,
whereas the repopulation of MG system cannot. Other
studies also indicated that the MG B cells are likely the
precursors of IgM-producing cells, wherea® the GC cells arq§ ~
responsible for the production of IgG blasts; indicating
that the MG B sy§tem represents a stage or stages of B-cell

1Y

differentiation that is responsible for the IgM cell
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production in the primary immune respon&ée, and the GC would
be the structure of the secondary immune response.

Lowenthal et al., (1985) have investigated a detailed
guantitative comparison of3 IL-2 receptor expression on
activated B and T cells. Quantitative 3H-IL-2 binding
revealed that B blasts, like activated T cells express two
classes of IL-2 binding sites; one has a high atfinity for
IL-2 and the other a 50-100-fdid aower affinity. T;c ratio
of the number of low-to-high affinity sites per ceil for B
blasts 1s within the range found for activated T cells;
(1:10). Lowenthal et al., (1985) have shown more evidence
that IL-2 could promote the growth of appropriately
stimulated B and T cells by inhibition, at similar antibody
concentrations, of IL-2 dependent proliferation of both
cell types, and by immunoprecipitation from activated T ana
B cells of similar Mw bands.- |

The polyclonal mitogen SAC induced B cells enriched from
peripheral blood to express functional IL-ZR,// as
demonstrated bf Tsudo et al., (1984). These investigators
also showed that immunocaffinity purified IL-2 induced the
proliferation of SAC-activated B cells, and the
proliferation , was completely inhibited by anti-Tac
antibody, which blocked the membrane binding and action of
IL-2. Whether IL-2 plays a similar functional role ih B

-«

cell is still a debated question. Nevertheless, there is
. . ‘ -
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evidence that IL-2 directly enhances B-cell proliferatibn
°and/or differentiation. Muraguchi et al., (1985) assessed
the biological properties of the IL-2R on B cells by
incubating B cells with recombinant IL-2, and have found
that moderate concentrations of 1IL-2 induce significant
enhancément of proliferation and ' differentiation in
SAC-activate@ normal B cells. On the other hand, in spite
of these, there are several iines of evidence that IL-2 may
act directly on B cells. - In studies of the synergistic
effects of' pofacfors on B cell funétion, depletion of IL-2
from cofactor-containing supernatants by absorption on IL-2
dependent cells also removed factors that influence B-cell
function, which suggests that IL-2 may be one of the
cofactgrg laffecting B cell responses. Results indicating
that PIi’Z can function as a BCGF wére reinvestigated by
Mingafi et al., (1985). Thesé workers used both
affinity-purified and recombinant IL-2 and ahgi§sed their
effect on the proliferation of purified human B céllé
activated with SAC. §n addition, Mingari et al., (1984Y)
haveib /demonstrated that anti-Tac MAb reacts with
SAC-actiVaééd nof@él ‘B cells, ~ and in addition,
ipmugoprecipitation experiments revealed that the anti-Tac
,ﬁAb defines siﬁiiar molecules on aétivatea T and B cells.

2. Functional Role of IL-2 in B Cell Growth and

Diffarantiafion.
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Some functional studies on lymphokines suggested that
carbohydrate structures on the receptors for lymphokines
are responsible for the expression of their functions. 1In
this context, Takahama et al., (1985) have shown the
existence of GalNac and sialic acid residues on B151-TRF
molecule which 1is T cell-replacing factor molecule derived
from a monoclonal T cell hybridoma and thg important role
of the GalNac residue in the binding of TRF molecule to the
corresponding B cell receptor. °

Ando et al., (1985) used phorbol ester (TPA)-stimulated
B cells to show that phofbol esters are able to substitute
for all the three signals activatibn, proliferation and
differentiation, but an increment 1in proliferation is
obtained. when IL-2 1is added to phorbol ester stimulated B
cells. The same authors have inditated that anti-Tac MAb
could only reduce 1IL-2 stimulated B ceal proliferation to
the level produced by TPA induction alone implyigg that
IL-2 1is a proliferative signal ;cting by a different
pathway to TPA in B éells.

It is still a subject of debate whether IL-2 plays an

important role in the differentiation of B cells. To

resolve -this gquestion, investigators have more recently,

used recombinant IL-2. Ralph et al., (1984) used high

concentrations of IL-2 directly stimulated the IgM akd 19G

production by cell lines. The concentrations used by these

TN
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authors were Dbeyond any physiologic significance in B cell
Aactivation; also, cell 1ine3 do not represent the whole
spectrum éf normal B cell populations. However, using
" different anti-Tac antibodies and assaying for the 1Ig
secretion on thé‘same cell lines they have shown that IL-2
stimulates B cells via a low-affinity interaction with a
receptor different from the Tac receptor identified on T
cells, and that the active site on the IL-2 molecule for B
cells Aiffers from that for T cell targets. However, Kishi
et al., (11985) wused a cloned B-cell line and showed that
IL-2 inauced Ig secretion in B cells. Because IL-2 inched
1gG ~secretion in SGB3 cells was inhibited by anti-Tac
antibodies, activities of IL-2 to induce proliferation and
to induce differentiation appear to be exerted through the
same receptof mclecule.

While the previous papers have shown a direct effect of

L-2 on differentiation of B-cell lines, or cloned B;cell

—

)

. g 14 :
ine, Teronishi et al., (1984) have shown the involvement

i

.of IL-2 in the differengiation of SAC stimulated B cells to

1gG-producing cells unless either small number of T cells
or the late acting BCDF coexisted.

fn further delineating the‘rolevthat IL-2 could play in
'B-cell activation and/or diffex_'entiation,4 Mond et al.,
(1§85) have\>shown that affinity purified IL-2 induces

¥

proliferation of large but not small B cells of mouse
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origin. They also have shown that the proliferation
1inducing capacities of ﬁ%GF and IL-2 were not additive,
which suggests that these two factors probably do not exert
their effects on different B-cell subpopulations. Although
BCGF and IL-2 appear to stimulate proliferatioﬂ of the same
subset of 1large B cells, they do so via two distinct modes
of activation. ‘Whereas BCGF in nonlimiting amounts was
unable to sustain a continued increase in B cell
proliferation above that seen on day 3 of culture, B cell
proliferation in response to IL-2 was markedly higher by
day 4 of the culture period. Similar observations were
reported by (Boyd et al., 1985 and Almerigogna et al.,
1985) who investigated the Kkinetics of the human B cell
response to growth factor;and showed that BCGF acts within
24 h, whereas IL-2 wagﬂviftually devoid of activity for 48
h. 'Nevertheless, after 72 .to 96 hr the effect of IL-2 was
equal to or greater than that obtained with BCGF. These»I
reports support the notion that activated B cells express
distinct receptors for 'BCGF and IL-2. This observation
that both,‘BCGF and IL-2 induced activated B cells to
proliferate but that only IL-2 inhibited bY‘Pénti-IL—2
receptor antibody . suggests that these are gdistinct

receptors.
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These studies suggest that B cell proliferation is
determined - by sequential interactioh of BCGF and IL-2 ;ith
their respective receptors. Pike et al., (1984) have used
recombinant IL-2 to investigate the number, molecular
characteristics, and modes of action of B-cell growth and
differentiation '~ factors, they have assayed recombinant
IL-2. IL-2 1n a wunique B lymphocyte cloning system in
which a single, hapten-specific murine B cell can be placed
into culture (in the absence of any accessory or feeder
cell) and stimulated with a combination of specific antigen
and B cell active 1lymphokines to divide and secrete
antibody. In such a system they have shown that r-I1L-2
does possess B-cell growth and differentiation-promoting
activity.

Zubler et al., (1984) considering murine B cells
activated by LPS and anti-Ig, a system for optimal
’induction for growth factor responsiveness, have
investigated that é}ther recombinant or immunoaffinity
purified human IL-2 stimulated the proliferation of murine
‘B cells in their system of study to the same extént as
various T cell and spleen cell SN,, ;nd that very gimilar
IL-2 concentrations  were required for B vs T ¢ell
proliferation, and that LPS plus anti-Ig-activated B cells

expressed IL-2 receptors, a mean of 3500 IL-2 receptors per

cell. With an apparent dissociation constant of 150 pM
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this study was done by analysis of the bihding of
radiolabeled immunocaffinity purified IL-2.

In retrospect there 1s evidence of IL-2 receptor
expression on activated B cell but whether it plays any
immunomodulating role in B cell gqrowth and development
stays open for discussion. A

I111. CONCLUSIONS.

One of the complex and controversial areas of research
in  Immunology is the mechanisms of B lymphocyte development
and activation. I should emphasize that the information
gathered in the literature review about this area is
derived from many divergent experimental systems where the
assumptions vary and the conclusions derived from one model
system are often difficult to reconcile with those derived
from other model systems. Sybseqguently, in the first part
of the project it was necessary to delineate the various
parameters of the system chosen, and mode of stimulation of
B cells for the most effiéienf signal for proliéeration. 1
used mainly the lymphokines 1L-2 and BCGF to investigate
the ‘role they might play in controlling the signalling
mechanism by which anti-I1g drives B cells to undergo Go to
Gt transition, 1in 'relationship with. activation antigens
which might play an important role in'the’procesSing of the

signals..- Many different systems have been investigated to
, P
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study the role lymphokines might play in independently
regulating cell growth and differentiation. Among those
that have been described that enhance the proliferation of
B lymphocytes 1include 1IL-1, 1IL-2, interferon (IFN), and
several BCGFs. However, the precise molecular distinctions
among these factors and the exact role that each plays in B
cell function remains unclear.

Many Questions remain unanswered in this area \of
endeavor: what is the role of BCGF in B cell
proliferation? ' Is it independent of the expression of
certain activation antigens or does it correlate with the
expression of other activation angigens?. In relation to
this hypothesis is BCGF acting by ways of a specific BCGF
receptor? or isg it acting by way of the IL-2 receptor? or
on a whole complex of antigens which are expressed onn
activation of B cells? Is there an onset of a chain of a
whole set of lymphokine gene activation, following the
triggering signal by BCGF? To be able to}answer all those

questions is beyond the scope of this master's project.

Therefore, in this thesis, I wish to ask two very simple

questions concerning the . mechanism of action of BCGF in <%

stimulating B cell proliferation.
1. Is BCGF acting cooperatively ‘with other cell

surface molecules?
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Is BCGF the only signal required for B cell
proliferation or wultimately does BCGF activate
the genes for receptors of a variety of other
growth factor mainly the IL-2 receptor,
concomitantly interact in the processing of the

proliferation signal?



iATERIALS AND METHODS

1.Reagents

B cell growth FPactor (BCGF) was obtained from Cellular
Products 1Inc. (Buffalo, Newv York 14202). It was purified
from the supernatant of human T lymphocytes stimulated with
PHA-P in the presence of heat-inactivated human AB serum.
The purification procedures they have used involved a
series of column chromatographic steps incorporating ion
exchange, affinity binding and gel filtration. BCGF was
used at a 1:10 final dilution throughout the experiment.

Recombinant human IL-2 (rIL-2) wasyobtained from Chyron
Co., Emmeryville. It wasVHPLC purified

Staphylococcus Aureus Cowan | strain (SAC) in a 10% v/v
suspension (Pansorbin) was purchased from
Calbiochem-Behring (La Jolla, California). Pansorbin was
treated as described by Schurman et al., 1980) and Wrigley
and Choi (1983). It was briefly reformalinized "in 1.4%
formaldehyde for 60 min and boiled for 5 min. It was
thoroughly vashed and resuspended at a final concentration
of 10% v/v in RPMI 1640 + 10% FCS and stored frozen at
-20°cC. The .treatment was done to eliminate the shedding
of Protein A and reduce its binding capacity for IgG: The
optimal concentration of SAC for B cell proliferation as

49
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measured by 3H thymidine incorporation) was a 1:10,00
dilution.
~ 2.Cell Sources and Cell Separation

Mononuclear c@lls (MNC) from peripheral blood or spleen
were obtained by Ficoll—Hypaque\ density gradient
centrifugation. About 50 ml of buffy coat obtained from
Red Cross 1is -diluted 1:2 with RPMI 1640 + S% FCS and
layered onto a lymphocyte separation medium (Isolymph, a
Ficoll-sodium metrizoate solution of densify 1.077,
obtained from Pharmacia), at 2 volumes of diluted blood on
1 volume of Isolymph solution. Spleen cells which were
obtained frozen from the transplant 1mmunology laboratories
from the University of Alberta Hospital. The cells were
diluted 1in calcium-free buffered medium without FCS to
minimize cell clumping. The tubes were centrifuged for 20
min at 20°C with an interphase force of 1000g. The cells
of the interphase were collected carefully and pooled, and
their suspension was diluted at least 5x with RPMI 164D +
5% FCS andg centrffuged at 400 g for 15 min. at =~ 20°C,
two further Gashings were done at the same force (400 g)
for 10 min. Blood monocytes were depleted by culturing-MNC
in pléstic culture plates for 1 h at 37°C.

3. BCGF Assay
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Human B cells were purified as described in previéus
paragraph from peripheral blood or spleen. Purified HCGF
obtained from Cytokine Technology International which was
tested for IL-2 activity on mouse thymocytes 1HTsh were
IL-2 dependent for prol{feration and also on IL-2 dependent
mouse T cell line, both tests showed negative results. -~
Then BCGF 1/10 final dilution was added to B cells (0.5 «x
106/m1) in  36-well, flat-bottomed microtiter plates
Linbro from Flo; Laboratories Cat. No. 76-032-05) which
were coated overnight with 10ug/ml of F(ab'); goét
anti-human’ IgM heavy ~chain-specific anti-u (Cap;el
Worthington Biochemicals, PA 19355). Cells were cultured,
and proliferation was measured by adding 1 uCi of [3H])
thymidine to each -well and after 4 h of cell incubation,
cells . were harvested and [3H) thymidine incorporation
measured.

The average yield of PBLs is 98.9% (range 36-82%) or an
average of 100 x 105/ml buffy coat. The viability ranged
over 97-98%. ‘

4. ProlifcfatiQe Assay

Cell cultures were pulsed with 1 uCi [3H] thymidine
(specific activity 20 Ci/mM, New England Nuclear, Ontario,
Canada) for ¢ h Dbefore harvest kinetic study was done.

ﬂrpor.ation of 3H-T4R vas measured by a standard liquid /

S . . -, : ’ \ e .
~~&cintillation counting technique after harvesting
L I . ,

@‘ g n":f '

-
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cells onto glkass fiber filters using an automatic titertech
cell harvester (Flow). The dried filters were added to
scintillation vials containing 2-3 ml of Toluerie with 1,38g
of Omnifluor/litre and counted in a RackBeta 1218 (LKB,
Wallac, Finland) counter.

Thymidine wuptake is expressed as mean countg per minute
(cpm)+/- standard error (SE) from triplicate wells.

In inhibition experiments with anti-Tac antibody,
suppression of the 1IL-2 synergistic effect was calculated
as follows:

i-cpm (cultured with BCGF, rlIL-2,

and anti-Tac antibody )
¥ suppressions= )

cpm (cultured with BCGF and rIL-2)
- cpm (cultured with BCGF )

(a) 1Isolation of T and B Lymphocytes

The Br?ymphocytes enrichment was done by depleting PBLs
of E-rosetté-forming T lymphocytes, since T lymphocytes
carryiﬁheﬁzeceptor for sheep red blood cells (SRBCs) which
allows the formation of E rosettes. Pretreatment of the
SRBCs with 2-aminoethylisothiour&nium bromide hydrobromidb
(AET) wusing a mocdification of the ﬁethod of Madsenlet al.,
(1980) was followed since this* method allows ™ obtain
stable E rosettes in a shorter time. Briefly, 2 ml of
packed SRBCs are resuspended in 10 ml of 140 mM AET

solution, pH 9, and incubated at 379C for 30 min with

occasional shaking. - After incubation, AET-treated SRBCs
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(AET-SRBCs) are washed uﬁtil any residual hemolysis is
observed. Finally, packed treated red cells are
resuspended in RPMI 1640 medium with 10X FBS to obtain a 4%
suspension.

T lymphocytes (E+PBLSs) were 1solated from the
non-adherent MNC fraction by rosette formation with
AET-SRBCs wusing a modification of the method by Pellegrino
et al., (1975). This procedure._ was repeated twice and
further treatment with pooled monoclonal antibodies OKT3
and 4F2 and lysis with complement was done,'to get rid of
most residual T cells. |

5. Staining Procedures

(a) FITC staining

The cells to be tested for surface marker expression
using indirect method of staining are first checked for
viability. Usually cells must be 90% viéble; otherwise
they are passed through ficoll gradient o get rid of the
dead cells and debris. The cells are washéd once with cold
medium RPMI + 2% FCS + 0.1% NaN3 and incubated for 30 min
with 50% human AB serum (which is tested for
non-cytotoxicity) on af ice - to prevent Fc nonﬁépecific
binding. The cells are washed twice witﬁ same washing
medium by centrifuging for 4 min each’at 400 g. After the
third wash they are suspended in RPMI medium containing 2%

FCS, 0.1% NaN3 and 10X human AB serum. Meanwhile,
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microtiter plate, 96 V bottom wells are soaked for 30 min.
at 4°C with PBS + 1% BSA to block nonspecific binding.
To proceed the staining 50 ul of cell su§pension containing
1 x 106 - 0.5 x 106 cells were transferred into the BSA
blocked wells, and 50 wul of primary antibody in ascitic
form diluted 1:25% in PBS, 0.02% NaN3 and 10% human AB
serum, are added to the cells and the following reaction
mixture 1is incub?ted' for 30 min at 4°C for each se; of
surface markers tested. Appropriate controls are used for
positive controls (usually HLA Class 1 marker is used) and
negative controls (the same medium as the cells are
suspénded in).

- After 30 min of incubation, the reaction mixture is
washed 3x with same cold washing medium as mentioned above,
by centrifuging 4 min each at 400 g. After last wash the
pellets are suspended in 100 ul of 1:50 dilution in PBS +
0.02% NaN3+10% AB serum of secondary antibody. FITC
conjugated F(ab'), fragment of goat anti-mouse
immunoglobulins (IgA + 1IgG + 1IgM) heavy and light chain
specific (from Cappel Laboratories, Cochranville, PA) and
.incubated for 45 min at 4°cC. The secondary reaction
‘hixture is A stopped by washing 3 times 3s mentioned above
and the. cells are transferred into nunc cryotube in7500 ul
of 1% w/w forméldehyde-sblution (formaldehyde solution 37%

w/w, Fishér Scientific Co.) 1in PBS,. The samples were
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analysed by a Coulter EPICS V flow cytometer using a 5 watt
‘argon laser, and at exc&tation beam of 488 nm.

(b) Propidium lodide/FITC Staining

This stéining procedure was modified from Crissman and
Steinkamp -11982) according to Traganos (personal
communications). The. same procedure as FITC staining is
followed with the exéeption that after the primary antibody
incubation the cells are fiX@gf with 80% Ethanol in RPMI on
ice for ih before proceeding onto the secohdary FITC
conjugated antibody labeling. - ~
| To proceed onto the DNA analysis the pellet of cells,
after washiﬁg, is suspended into 1 ml of propidium iodide
(PI), RNAse mixture for 10 min, in the aari at room
<temper$ture. Then the ceyls are examined simultaneously
for DNA profile and alllshrface antigen expression using
FACSfanalysis;

PI, RNAse staining soéution is each time freshly
'preparéd‘- Propidium iodide (Sigma No. p-5264) 10 ug/ml in
‘HBSS  and RNAase  (Worthington ‘No.5679 3002u/mg) 2000

-

units/ml.' TRese two Jsolutions are mixed in a  1:1

%4

proportion and 1 ml the mixture' added to 106 cell

pellet.
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6. Flow Cytometry Analysis

The cells which were stained ihdireétly fori) cell
surface markers were’ examined using fluorescent activated
cell sorting (FACS) analysis, wusing EPICS V cell sorter
(Coulter Electronics, Hialeah, Flérida). ~ Before each
analysis, the instruhent settings were standardized by
.analysis of fluorescent béads. Samples were éhen analyzed
at a constant gain setting ‘which was set according to
positive and negative cell populations, and the results

were displfyed on a histogram with a 256 channel abscissa

representing the intensity of green. fluorescence, through a
multiple data aquisition display ’system (MDADS) . The
fludrescence Signal is logarithmically amplified over 3
decades on a 256 channel abscissa. An analysis of the
transf?r function ~ through the logarithmic “convetter
indicated that an 1increase of 25.6 channe;s represents a
doubling of the fluo<§§cent intensity.  The relative
fluorescent index (RFI) is used to convert the
logarithmically amplified scale to a linear scale, in order
to compare the test sample to 1its control. Expressing
results, as gp pegcéntage positive only, obscures the
quantitative differences among the cells with respect to
. antigen density. The Coulter EPICS V flow cytometer is
capable of achieving a quantitative estimate of thg amount

of antigen present via the RFI.
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(Channel no. of mean LIGFL) - (Channel no. of mean)
(test sample) (LIGFL control sample)
RFI = - 25.6

According to Weeks et al. (1984).
7. Dot Hybridization Analysis of Cellular Cytoplasmic
Preparations. White and Bancroft (1982)
mRNA content of B cells given different signals of
activation and/or proliferation was qguantitated by using
the dot blot technique which measures the extent ‘of
hybridization of cloned cDNA fragments to cytoplasmic mRNA
3x106 cells were pelleted by centrifugation (600xg, 10
min), resuspended in 1.5 ml sterile phosphate-buffered
salts, and repelleted by centrifugation in a sterile
Eppendorf tUbe (15000 g for 15 s at 4°C). After
5 resuspension in 45 ul of ice-ceid 10 mM Trié.(pH 8.0), 1 mM
"EDTA, cells were lysed by addition of two 5-ul aliquots of
5% Nonidet NP.40 with 5 min mixing on ice in between.
Fojlowing pelleting of nuclei (15000xg, 2 min), 50 ul of
the supernatant were transfered to a sterile 1.5 lml
Eppendorf tube containing 30 u 6f 20x SSC [(standard saline
;citrate) 0.15_. M NaCl/0.015 M trisodium g??!ate] plus 20 ul
of 37% w/w formaldehyde . The mixture was then incubated
At 60°C for 15 min, and stored at -70°C.
For anaiysis, 1007 ul of eachr sample were serially
diluted up to 1:64 dilution with 15x SSC in a 36 wéll'
microtitre plate tb yield a final volume of 100 ul of each

3

dilution; these were applied with suction to.-a 4 mm



58
diameter spot on a nitrocellulose sheet (BABS, 0.45 %ﬁD
supported on a No. 470 paper employing a 36-hole Minifold
apparatus, all from Schleicher and Schnell. The
nitrocellulose sheet was then baked (80°C, 90 min) in
vacuo to fix cytoplasmic maarpmqlecules. Prehybridization
of the nitrocellulose, preparation by nick translation of
the 32p-labeled probe (specific activity, 20X
105cpm/mg) hybridizatidnr autoradiography, were performed
as described in the following paragraph.

8. Northern Blotting O

Four different groups of B cells which were treated
under different stimulation conditions were lysed in 4M
Guanidine Isothiocyanate and the total mRNA was separated
from the cellular debris by centrifugation on Cesium
Chloride gradient, following the procedure by Chirgwin et
al., 1978). . Gels for northern analysis of mRNA consisted .
of 0.8% agarose (Biorad) in buffer containing 20 mM MOPS
(3—[N—mopholino]propane§ui£gzii//é;id). pH 7.0 - 5 mM NaOAC
- 1 mM EDTA, ‘1% formaldehyde and 1.5 wug/ml ethidium
bromide. RNA  samples (6-12 wug) were incubated at 55°C
for 15 min in 20 ul of tﬁ% same buffer containing 6.5%
formaldehyde and 50% _deionized formamide, before be?ng
cooled to 4°C and loaded‘onto the gel. Gels were run for
about 10 h at 30 volts, soaked in 20x SSC for 1 h and then
baked fbllowing the same procedure mentioned in previous

N\
paragraph.
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Filters were prehybridized for 6-18 h at 42°C for
full 1length cDNA probe in 50% f&rmamide, 50 mM sodium
phosphate, pH 6.8, 5x Denhardts solution, S5x SSC, 2.5 mM
EDTA, 2 mM sodium pyrophosphate (100 uM ATP, 100 ug/ml heat
denatured salmon sperm DNA and 100 ug/ml yeast tRNA,
Maniatis et al., (1982). Hybridization to 32p-labeled
cDNA probe for human IL-2 receptor which was generously
provided by Dr. Chris Bleakley, was carried out in the same
solution for 18 h at 429C. Filters were washed for 1 h
at 429C, in 2xSSC-0.1%SDS followed by 2 weeks for 15 min
at Ssdt?y in 0.2xSSC - 0.1%SDS, processed for
autoradiography. '

The <cDNA probes prepared according to Shaw et al.,
personal communications, were nick translated using DNA
polymerase to a specific activity of 2.7 - 4.8 x 108

dpm/ug and used at 1.5 - 3 x 106 dpm/ml.

/

“



RESULTS

1. DEFINITION OF THE BEST B CELL ACTIVATION AND
PROLIFERATION SYSTEM
Table 1 summarizes the criteria I used in defining

the best system of in vitro B cell activation and

—

proliferation where I  could further investigate the
relatignship of BCGF and IL-2 in B cell function.

1 have wmused different mitogens and T independent
antigens for B cell activation. Among the mitogens used in
the analysis of B cell function were pokeweed mitogen,
staphylococcus aureus Cowan I strain, EBV, LPS, and anti-mu
(data notA shown), and based"on these criteria the best
activation system chosen and used throughout the giudy vwas
human B cells activated with goat anti-human lgM»g(ébf)z
(anti-mu heavy chain specific). The best sign;l for
prolifergfion was found to be with BCGF purified from PHA
stimulated T cells.

The optimal conditions of BCGF after anti-mu
activation was found to be 1:10 final.dilhtion. Figure 1
illustrates the checkerboard titration between different

concentrations of BCGF and anti-mu

60



Table 1. Summary of Criteria for Choosing the System of B Cell

Activation for Further Investigation of the Correlation
of the Mechanism of Action Between BCGF and It-2 tn B
Cq!l Function. -

Intensive purification, of the B cell population.

Assessment of a good signal of activation and of proliferation by
kinetic study of the profile of transition of B cells from G, to

S based on qualitative and quantitative results of :
a) Y thymidine incoporatton

b) propidium lodide stainfng where the DNA content correlated with
cycling cells

c) k1netics of density of selected activation antigens such as
anti-DR, SOH19, transferrin receptor and 4F2 based on RFI
parameter : . T

Pure source-.of factors :recombinant IL-2 and purified BCGF. The
purification tnvolved a8 series of column chromatographic steps
incorporating ion exchange, affinity binding and get filtration.

So the best mode of stimulation of B cells which correlated with
highest proliferative response in parallel with highest density on
the surface of the above-mentioned antigens was B cells which were
activated with anti-mu and after 24 h they were given BCGF stimulus

for proliferation signal.

61
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Kinetics of Proltiferatton Profile of the Following

Table I1.
Systems: Control. BCGF + Antt-mu, SAC, IL-2 or PHA
o1 03 D4 DS D7 D8
e e
Control a08 798 1227 58 82 113
BCGF + IL-2 1164 6612 3448 4546 3846 3644
B8CGF 1722 7224 4916 3748 4549 3334
BCGF SAg_ 1391 6060 7266 6440 S186 7348
STA S8 1775 1774 570 11% 121
BCGF + SAC 84S 3744 4116 6834 3378 4137
+ IL-2
PHA 102 77 a4 56 68 88
SAC + 1L-2 324 343 758 a9?2 74 108

63

Each number

represents the mean cpm vaiue of

triplicates
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eom——
/

Looking at the profile of the kinetics of
proliferation in Figure 2 and Tablell, marked differences
were noted for different stimuli. The peak of
proliferation for B cells given the BCGF stimulus after
anti-u activation was day 3, the same as when BCGF was
given 1in combinatioc with recombinant human IL-2.

SAC alone was not sufficient to give the

‘proliferative signal for B cells to undergo transition into

11. INTERRE SHIP OF BCGF AND IL-2 IN B CELL

S phase (Figure 2).

o PROLIFERATION
1.S§d’$gistiék Effects of }L—Z on anti mu and
BCGF Stimulated B Cells '
The major Question asked in the following set of
experiments is whether BCGF and IL-2 cooperate together in
the procession of the outgrowth of'thg proliferation signal
in B cells? . ) - |
This was examined using a checkerboard titration
between BCGF and 1IL-2 on anti-mmu activated B cells. Since
the addition of IL-2 increased the 3H thymidine

inggrporation (figure 4). An optimal effect was seen when

15 units/ml of HPLC purified IL-2 was added to B cells

stimulated by BCGF in 1:10 dilution .

G
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BCGF DILUTIONS

o

o kS

® - - {5 ————

8— —® 4%
A— o

anti-mu activated human B cells from PBL of normal

ponors.

B cells at 10° cells/well were added
microwells coated with anti-Ig¥ (25
hours Different concentrations of

to
ug ml)
both

for 21

recombinant human IL-2 apd B8CGF were added to the

cultures and 34 thymidine
3 days later.

cultures ..

4

incorporation measured
The cpm are means of triplicate



Antt - Tic Expressfon on Human 8 Cells Induced With F-CQors for

~ Table IV
e Proliferation After Day 4
S = o
. h_';:? ¢ RAC TORS SURFACE ANTIGENS
’ L 73 39C6 S 7H3 SOH18 - 196G PBS /

p

-4 ) /

J TMUIGR RF! % IGF RFI  %UIGF RFI  %LIGF RFI XUIGF RFI XULIGF/ RFI
. . . . /
- / R A .
Control 15 1.0 . J5 1. 05 33 - 39 tO 83 g5 7 62 10 1
BCGF+IL-2 *~ 15 1 17 34 0S5 60 14.6 S5 11 13 B8O 9 98 8 1
BCGF+SAC 11 072 49 329 .52 4.8 - - g1 92 8
BCGF 16 10 18 1.05 69 998 73 17 16 92 92 L,
SAC 17 09 5  0.87T 45 0.95 52 10.26 - 4 9 1
P .
3 N
. * ! R N
v , . . v‘;f., .
Table V. K!mt!cs of the Varfation of Tac E)q‘:ress'ogz'on ‘i_n 8 Cell \ -
Given Different Lymphokines ’ .o ’
P . Resnng .o , , B Cel’ls Stimulated with AntT—mp T e
. T - 2 i ! 2 ’ v
L. Y- . Factors
’ ] . . - - ’

! o - BCGF - . BCGF. +_IL-2 -
o e ) . : . . . c . . X
MAD : 7. Positive Fluorescent Cells. :

PR .' ,- A ) V ) o g ) X ‘

, po 02 -Da . D6 ‘02 -~ 0sa ' o6

: ‘B4 42 . " 42 27 21 - 36 27 1a "
R BS . . 40 - " 46 37+ 38", . 46 34 18
., Bk19 13 S 1 54 64, / 2 . 47 55 ’
. Y R
.39C6S -6 10 16 S 16 o © 13 14 .21
18 9 15~ 2Q - o3 T 18 2y ,
18 29 32’ .24 v . 22 24 '
T Y T . as a1 28 24 *
.45 - . 87 54 .62 61 ‘59 65
46 70 s6. 32 ' a4 55 - 40 a8
38 . 65, si . 73 . 64 sa 74 .,
e 19. 0 457 46 ¢ B4 » a3 a2 - a9
8 10, 18+ €5~ 13 19 -e17 7
22 . 207 19 27 .. 17 2F 36 L
29 25 . 25 23 ) - 25 3s 32
9 - 98 ., 9% 96 .o 99 90 99
o _ {- . 87 . 64 R ‘ . . 60 . s7 . 8
€, Polylg zt . 93 .86 4T, C 92 80’ a6,
o , PBS - & 6 0,0 -7 1 16 14
o 4 . -, - - . L S . .
Ay : L : : .
—~—— -
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Figure_ 5. COmparatxve study at the anetics of Tac expreasion on B
cells stinulated with BCGF or BCGF « IL-2
- 3
5 x 06 B cells were. CUItured Lr06/ﬂ§3‘
plates coated thh*anti—nu (25 ug/ml

Sn'afcn diameter costar -
“After 24 hours optimal

'-conqentfhtlons of BCGF or BGGF and IL-2 were added)to the cultures.

AU various times after the addftion of factors the expressjion of
dxfterent Tac. antigens was .examined by 1nd1-ect lununof)uoresoence an
f)ow cytometry. Non- stluul\ted and dead cells were gated outbbn the-

basis of forward ltght scatter’. 104 cells were anaiyzed and fj;'-)
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The time course study was done to investigate the
effect of recombinant human IL-2 on anti-mu activated B
cells stimulated with BCGF, as shown in Figure 3 and data
summarized 1in' Table 1I1I1. . IL-2 alone did not have any
effect, but in combination with BCGF there waé an increment
of proliferation measured by 3H thy&idine incorporation.
2.Inhibition by IL-2 receptor MAb.
In further assessing the effect of IL-2 whether if

was through the interaction with IL-2R, the following

-

experiment was done. A pool of Tac monoclonal antibodies

»

were added on day 3 and there was significant_inhibition of

¥

3H thymidine incorporation. This additive effect of IL-2
was observed in 6 experiménts but there wa§ variation from
‘one donor to the ofherl. These results were in'égreement
with those ofihlmerigS§na et al., (1985).“' |

In the hekt‘experiments the question whieh was asked

3

vas ‘whether the additive response of IL-2 &hd BCGF on B

cell .proliferation is depéndeqt on " IL-2  receptor .
Expressiénf - To attempt to answer this question three

. : . © ‘ .
approaches were taken. . . ' \

a)ls there Tac expression on the surface of B

cells?  On which subset of B cells and wvhen is there .
Tac expression? ’

-
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The second approach for the evidence of the role
I1L-2 plays in B <cell function was to look.at anti-Tac
expression on B cells stimulated with different factors, by
using FACS analysis. As in the litterature I could show
evidence for the IL-2 receptor on B cells upon activation
with anti-mu éﬁ& subsequently given the signal of
proliferatio as shown in‘Table IV. The system where there
was highe increase in Tac expression was B cells given:
simultaneously SAC and BCGF signals following anti-mu
activation (data not shown). When di{terent sources of B
cells were "used spleen cells did show higher expression of
anti-Tac when given’ SAC and BCGF signal, even though this
system does not correlate ‘with the highest DNA synthesis
profile, and also it shows low DR expression.

On the bthér _hénd Fidurg 5 and Table V illps;rate
comparat}ve~ ifudonf the kiqéfiés of.Tgc expression beéwéen
B cells stimuiatgd with péGF and BCGF and iL-Z together.

~ .

Both systems of stimulafion shgyed combatpblef“Tac

Y

.expression., ° Between . the four anti-Tac monoclonal
antibodies  33B3.1 showed = the highest increase in.

1expr§ssion, while ’39C6{5,; 39Cl1.5, and 3381.3”~showed a
. slight increaé?. .‘- “.! ’ | " )4__‘v_.l -
| (b)Is. there 'éccﬁﬁulation of mRNA fofllt+2:i;cépt6r
' exp;ession afteilstimulation of B cells with BCGF?
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- Table Vi!a.‘Conpartson of Various Systems for B8 Cell Stimulation
’ with Respect to the Expression of Related Activation

Ant i gens .
Control  “BCGF + BCGF + BCGF SAC EBV S5V 8
-2 - SAC
8IM1 91 96 90 94 81 92
7H3 a3 60 52 69 as 89
41H16 50 55 a6 73 52 32
af2 a2 €3 a1 73 63 30
SOH19 39 55 - 73 . 52 25
8K 19 24 a6 34 61 57 25
1gm 85 46 a6 .60 .. 87 39
1gG 95 80 81 92 - . -
oKT 3 16 15 5 21 24 15
9.6 - 12 6 16 19 14
PBS 10 8 8 11 9 10

The resulits of this experiment are expressed as % Postittve Fluorescent

cells at the lpgarithmic integrated green fluorescence scale

v

-

Table V1Ib. Th‘ RFI Value of the Samé Antigens Whereby ft Gives a

* Quantitative Estimate of the Amount of Antigen Present

11 4

T A

.~

Control BCGF + BCGF + BCGF - SAC
IL-2 Sac
roa - N _ . ¢
83H1, 10.26 12 740 11.43 13.45 10.26
7H3 . - v 1.08 1.62 4.30 0.95
. om81HI16 3.87 3.47 7.02 7.21 2.25
- 4F2 : 1,14 7.02 3.12 7.02 4,80
SOH 19 10.83 11.13 - 17.16 10.26 -
Bk19 -. 2.719° a.ss 4 43 v4.08 4.43
fgMm - ”'3‘ 171 33.80 1.46 7.62
1gG 7. 9.98 9.70 8.70 -
'OKT3 1.00 1.11 0.68v" 1.0S 0.92
9.6 L 1.08 0.72 2.72 0.89
PBS~ . 1.00 1.00 1.00 1.00 1.00
- K ot
\/ \
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Table VIII Selectton of Monocional Antibodies
. (\ .
Name Specificity Source
83H1 t T anti-class I heavy chain - P Mannon!
TH3 anti-0OR 8. M.  longenecker
41H16 8 cell marker ) - - -
s50MH19. Activated 8 cell crp 24 <ha -
BK 19 w anti-transferrin receptor P. Mannont
4aF2 activation antigen a ATCC
3383 1) » ) C. Mawas
39C6. 1} " anti-Tac recognizing different D Olive .
39Ct S) .epitopes of type V ; . -
3387 .3) - .
N . . .
. ’ I .
“ N .
S
',’ ¢
. * .‘ ) Bol ,/v - ' -\ |
3 \ . ‘&
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The last part of this projec€~coqsistedoin looking
for the transcriptional activity of IL-2 recepfor gene

‘occurring in B cell activation. Using cytoplasimic dot

%

hybridization technique by White and Bancroft (1982) it was
possible to detect very low levels of mRNA .- 4
* (c) 1Is Tac expression of B cells responsible for the
increase of prolifefation when given IL-2 and BCGF?
Table VI and Fiqure 6 summarize tHe results of
inhibition by a pool of anti-Tac MAbs on théyproliferation
of B cells stimulated with BCGF and IL-2 following
activation with anti-mu. Anti-Tac édded at day 0 together
with the BCGF ahd IL-2 showed inhibitory effect to be
maximum at 47% inhibition by day 2 and it declined by day
7. However, when anti-Tac was added on day 3 orldé§:4, the
inhibition was apparent by 24 % and that inhibition (in
contraét to the inhigition noted following addition of
‘anti-Tac on.day 0) (up to 67%) did pot ultimately reco?er.
The  next guestion asked _was Qhether anti-Tac
inhibits theA additive effect of IL-2 on proiiferation of B
cells or ;hether it!crbssreacts with the BCGF }eceptor. To

~ | . .
attempt to ansver this question the effect of anti-Tac ‘was

a

studied on. BCGF stimulated B cells . after givihg - the

Ve

activation signal with anti-mu. The results which are

-

shown in Figure 7 and data summarized in Table 1I1 show
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Table XI. Effect of 4F2 on Proliferattion of 8 Calls by BCGF

factors Addea cpm (3H] Thymidine Incorporetton

on Day O
o1 D2 03 Da os ©  ope o8 .
ANt mu ' 678 550 350 311
‘ 324 2128 5598 Ve
Anti-mu + BCGF 1918 3708 5886 9016 10356 13661 = 9104 . e vF
Ant1 mu + BCGF + 4F2 1350 14:I§. 2940 1742 1509 1048 5%2 -
A:t’ mu 452_ 776 . 37v° 288 556 469 718 445
: 7 679 - - 367 332 480 1160 - 382 ™
. Wotron - 497 302 340 ° a08 974 33s i
Q *
X Innibt1tion \\\\.
Antt mus BCGF s 4F2 30 62 %0 81 85 s g2 ' 94 o

.-

Table XII. Effect of Anif—tr;nsferr!n Receptor on BCGF Proliferation
: Signal on B celts :

-— —— e e e —— - — N
* ' [3H] Thymidige Incorporatton (cpm)
factors Added 0o D1 02 05 * Dé 07 08 09
~ Anti-mu ‘ 320 850 1522 780  48B 1066 “41258 714
Antt-mu + BCGF 415 3249 9474 15744 .15044 11974 V13668 ,'9886
Anti-mu ¢ anti- . 920 1812 9885 1207 863 786 988 778
l transferrin DO » . i
Anti-mu + antt- .r - - - 7894 6318 6518 2523 1714
transferrin R D3 ° . ' y
Anti-mu + antf- 392 314 938 576 184 179 ITa 173
transferrin R . L . - e
Anti-transferrin 357 530 571 651 S84 222 1070 304
R ' . .
Control : 244 640 566 aka 291 a8t ' 1106 1836
* % Inhibitfon
Anti-mu + BCGF| + a4 49 - 64 95 - 94 93 )
aqt|-transferr1 o '
R'DO0 . v
Anti-mu + anti- - - - 58 46 83

transferrin R .
D3

93
82
wa - - . /f‘l - s “m 2 .
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that there 1is an inhibitory effect of anti-Tac on B cells
stimulated. with BCGF. The pattern of inhibition is

different from the previous data shown in Figure 6. It is

-an ephemaral inhibition of two days, when anti-Tac is added

*

at- day 2-while the same®pattern of inhibition (Figure 6) is
observed when Cdded at day 0.
111 RELATIONSHIP BETWEEN ANTIG AND B CELL
ACTIVATION AND PROLIFERATION. Eus\
For that purpose a comparative investigation was
done using different stimuli for B celi activation as well

as different B cell lines at different stages of

N

differentiation. The main purpose of this phase was to use

- different modes of stimulations to define the kinetics, and

the amplitude of cell growth as well as the variation of
the  expression of some surface antigens and hence to select
the most appropriate ones for deffning the activation state

A Y

of B cells.

The first modeficonsidered.for B cell activation was
the EBV trénsformed hpménﬁg?ce}i lines, a model established
in 6br‘lab6ratory for. the produ;tion of clinically relevant
human ﬁonoélonal antibodiés;‘ Winger et al., (1983).

| . Comparative studies between the different modes.of
aétivation (Tables VIIa and VIIb) showed differences with

respect .fb, the density of the expression for a given
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)
antigen ‘following stimulatign. Nevertheless, the mode of

action for any of theéese inducers remains unanswered.
‘ \

. _ .
However, the density of DR antigen (7H.3) was selected as a

control for  the best system of B cell activation. B/cells‘

which were previously activated with anti-mu expressed the:

highest density. of DR (Table VIb) when given BCGF. The
same was true with respect to "50H19, 4F2, and BKI19
expréssion. In contrast, whenA these same B cells .were
given IL-2 in° addition to ECGF, even though the 3H
thymidine .uptake' was higher, IL-2 seemed to suppress the
increase in density of DR antigen as weli as 50H19 and
41H16‘ while having no effect on 4F2 antigen density. The

anti-transferrin receptor (BK19) 1in contrast, presented

some" increase’/in density showing that all the cells were.

métabolically active through;:E the different systems of
stimuli for the induction of B cell proliferation.

As +a conclusion, * proliferation correlates with the
expression .of some activation antigen by virtue of the
increase of their expression on the surface of B cells
stimulated with either BCGF or BCGF and IL"2 or BCGF and

‘SAC. In the next section I have examined this question

&
i.e., namely the role of 4F2 and BK19 in the induction of

proliferation of B cells induced with BCGF alone after

activation with anti®hu, Eventually, as illustrated in

Figure 9 "and summarized in Table XI, 4F2 inhibits the BCGF

f
'
i

Y
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iﬁduced proliferation of B cells, starting-at the onset of
the signal while BK19 inhibited iate in the process.
Neither of the MAbs induced proliferationfby themselves.
Control experiments were run with an unrelated MAb of the
same isétype 19G2, .but it did not have any effect on the
proliferation profile of B cells induced by BCGF.

Hence, 4F2 cannot recognize an epitope in common
with BCGF receptor. However, it plays an importaét role in
the processing of the proliferation signal by BCGF. The
last ireport on the function of ¢ the 4F2 molecule on the
- surface of cells is that of Na*/Ca?* pump exchanger
(éersonél communication by Dr. Michelle Letarte); Michalak,
et al. (1985).

Thus, 4F2 has an inhibitory effect of 50% and more
starting day 2 after its addition into BCGF stimulated B
cells, the anti-transferrin receptor ‘ﬁ&b BK19 shows an
inhibitory gffect of 50% more starting day 5 éftet its
Aédition in tﬁe same system of B cell proliferation, as
- shown in Figure 9 and Table XI. »

The  second quééiion asked im the experiment
illustrated  in Figure il was how doesAthe'pfofile of the
'éxpression of , activatiop antigens cofrelate with the

proliferation signal?
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_Table X. Kihetics of the Vartfation \of Expression of Particular
Aritigens Available from the Human Leukocyte Workshop.
The Results Represent % Fluorescent Positive cells.

—

b ) 00 o 02 Da 13 o8
' /
B1 S0 52 67 86 83 89
B4 - " 82 61 19 34 20 29
BS 40 66 - ag 24 29
811 0.6 8 14 1 24 18 28
B14 12 25 47 - 3% 21 3
B19 54 7 14 21 16 25
822 - 69 - 65 42 24 28
828 .39 a1 57 38 24 .29
B29 10 14 Tan 45 aa 49 -
BA? Z . 56 34 a4 54 ) 31
. “B24 - 68 65 . 43 22 27
B34 - 24 56 a9 22 33
7 B43 30 39 954 41 23, 30
839 ’ ‘0.7 9 13 23 20 25
8K 19 12 1 35 63 74 " 8BS
THI' Yy 47 92 86 g8 . 98 99 .
M8 95 a7 98 99 98 99
P B 1L ) 52 57 - 71 64 97 .
SOH18 - 19 . 26 56 54 54 ) 93 .
aF2". 28 . as 53 82 86 9g
IgMm 33 - - . - - _ 94
®  1gG 2 13 34 12 88 69
R § ¢ : 63 82 . 81 94 92 98
10G33 . 6 7 13 21 26 29
.39C6 5 1 5 14 27 14 36
3383 .1 2’ S 12 25 16 . 36
.39C1.5 1 6 _ 9 22 19 33
3383.7 2 s Y14 21 18 33
PBS : 0.7 2 10 15 13 28~
£
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In order to answer tpis guestion a co;ﬁaritive study

was carried out on the expreséion of activation aﬁtigens on
B cells induced to proliferate with either BCGF or SAC.
The MAb used in this study are listed in Table VIII. These
two signals showed tremendous differences witﬁ respect to
prqliferation ‘and these differences were reflected in the
expressid% of some of the activation antigens'which may
play an important role in B ce}l proliferatibn (Figureé 8a,
b, c, And d are sumﬁarized in Table IX). The antigen
density -on these cells is expresséd as the -Relative
Fluourescence Index (RFI) which is defined in Materials and
Methods . _Compa;ihg. the RFI of various antidgens between
BCGF and SAC stimu}ated. B cells ’it is clear that BCGF
induced, i@\\parrallel to proliferation,';n jncreése of DR,
41H16, BK19, 4F2 and 50H19. Of pa;'ticu}ar interest is the
sfinding that the density of these antigens increased even
wﬁen prbiiferation deased. As a_é%nélusibn, wﬁpn B cells
are stimhlated ﬁith BCGF the maximum depsity of activation
antjgens correlated with post proliferation events on déy 5
as shown for 4F2 and 50H 19 in Figure 3c.

: Sfimulapion of B cellé with SAC, on the otherhénd,
-induced .a differential expression of.éﬁtigens. There was ;
slight increase in the expression of 41H16 and 4F2 during
stimulation whilst//éhat of 7H3 and BK19 decreased during

__this’ time, In contrast, 50H19 expression increased peaking

on day 4 and decreased by day 7..
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Table X, in contrast, illustrates that the
expression. of some antigens increased between day 2 and 4
and then decreased as proliferation goes on. 1 did not

investigate further the expression of those antigens.
A

-
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DISCUSSION
The two general gquestions tackled in this thesis
were: -
a) Is IL-2 inducing B cell proliferation by itself
or in éssqciation with other signals, 1like
anti-mu‘and BCGF? |

b) Is the presence of certain activation

antigené associated with B'cell activation and

1

. proliferafion? ) '

The first question asked in this system was, whether
there is cooperation between BCGF,and IL-2 in stimulating
proliferation?

1f éooperation betwe;h the two fac:ors exists,
synergy between  these proliferative actions wduld be
predicfed. This has been demonstrated in Figure 3 and Table
fII. Significahtly, IL-2 alone has almost no stimulatory
effect ?n the proliferation of B cells. In the same
experiwent the obServation “that anti-Tac inhibitéd
prolife}ation éssociated wifh._1§72 %nd BCGF 1led toythe
hypothesis that BCGF stimulates ?expression +of the IL-2
reéeptét as a _first  requirement fdr‘IL-Z responsiveness.
Subsequently, a sequence of events ﬁgre.hypothesized, i.e.,
the BCGF eignal would t;igget events Aleading to gene
activation for the IL-2 réceptor resulting in accumulation
of IL—2‘ re;eptor 'mRNA  and in turn the expression of thé

1L-2 receptor on the surface of B cells.

92 : 5
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‘“The second step was to show evidence for the IL-2
receptor expression on the syrface of B cells stimulated
with BCGF; time course .study of the expression of IL-2
receptor was followed wusing flow cytometry analysis.
Therefore the effects of BCGF and of BCGF plus IL-2 on
Tac expression were compared. The results iﬁ Figure 5 and
Table v clearly“' demonstrate that BCGF induced Tac
expression on B cells. Furthermore, ;he éddi;ion of IL-2
neither 1increased nor decreased Tac expression, suggesting
that in -the case of B cells IL-2 had no additional effect
on uprequlating IL-2 receptor expression. Further control
experiments would have been to look for the IL-2 receptor
expression with B cells stimulated with IL-2 alone. However
based on .the lack of proliferation in the presence‘of IL-2
I would predict that these would not express the IL-2

receptor.

@

1 have shown, as have others, that stimulatdion of B
cells by SAC and BCGF strongly stimulate beth Tac
expression and cell broliferation. .However, fhe‘peak of
proliferation with BCGF and SAC is delayed by éne day over
the peak of proliferatién induééd by BCGF or BCGF ‘and IL-2.
The addition of 'IL-2 to BCGF and SAC delays the peak of
proliferation by a furtﬁer 24 hours as illustrated in

Figuré 2. This shows that IL-2 has different effects on B
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cell proliferation when stimulated with BCGF or BCGF and
SAC. However, I have not determined whether anti-Tac
antisody would block the BCGF and SAC stimulation. '

- In my first attempts to demonstrate the accumulation
of  IL-2 receptor mRNA in the cytoplasm after BCGF
stimulation 1 used the cytodot blotting tecﬁnique. In this
experiment I oEtained only a weak gignal suggesting the
preSenceA of Q}L—Z ‘receptor mRNA. I subséquently turned to
northern blot analysis which would demonstrate specificity
in the hybridization reaction. However my attempts at this
technique failed. Dr Kehrl at N.,I1.H., Bethesda U.S.A:, has
shown evidence for accumulation of mRNA for the IL-2
receptor in B cells stimulated with phorbol ester (PMA) aﬁd
with SAC (personal communication). They have' shown two
transcripts, yet, no one 'has observed this in B cells
stimulated with BCGF after anti~mﬁ actibation.

, In conclusion, Tac is expressed on B-cells following

BCGF stimulati?n.’ Whether distinct (P_xéell sﬁbéets are
iﬁ;STvgg‘ here can be determined by déing twp'ér three color

FACS analysis. ;&fﬁ 'o;/n ‘

Having shown that Téc,\is expressedA on ‘B cells ..

stimulated by BCGF and anti mu i then examined tﬁ; possible
. >

mechanistic roles it could play in B- cell function by

asking the following question: \
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Is the synergistic effect observed between BCGF and
IL-2 in stimulating B cell proliferation mediated thrOugh'
the IL-2 receptor or are there separate receptors for the
two lymphokines?

If the 1IL-2 'réceptor is}involved 1 would expect the
addition of anti-Tac to the lcultures‘ to inhibit B cell
proliferation. Indeed, it was found that a%ﬁ?—fac diad
inhibit B cell proliferation. 1In the-cultures containing
BCGF and 1IL-2, the greatest degree of inhibition | was
Qbserved when anti-Tac was added late to the cultureg, as
shown in Figure 6 and Table VI.- This f%sblt is consistent
wiﬁh' a role for the IL-2 receptor ih B cell proliferation,
and furtgermore, ig is required at late stage 6f the
response. .This correlates with the finding thag it takes 3
days for Tac expression on stimulated B cells. In contrast

in cultures containing BCGF alone ere was no long lasting

inhibitfén when anti-Tac was add late to the cultures. As

in ﬁhe. previous example thg“addition of anti-Tac at time
zero resulted in. transiert inhibilidn of proliferation.
This short term ,natﬁre f the inhibition could be aue to
éhedding and/or secretiop Af 1L-2 réceptor from the surface
~of B cells. Eyiaence of a soluble form of IL—Z'Qeceptor was
cecently. shown by Rubin et al., (1985). The finding that
anti-Tac did not augment B cell proliferationlis cénsistent
with similar findings in the T cell system, whereas in

&

\
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other biological ;ystéms anti receptor antibodies can mimic
the specific ligand e.g. the anti-inspiin or anti i1diotype
antibodies. N

The natureﬂ:ff the detected Tac antigen on B cells is
not clear. iThe anﬁigen,c0u1d mediate high aff}nity or low
affinitya IL-2 binding or it perhaps might even bind BCGF.
Prelim{hary pesﬁits - (Figure 7) sﬁow that anti-Tac inhibits
proliferation of B cells stimulated by BCGF alone. These
results éuggest either involvement of IL-2 elaboration as a
‘result of anti-mu ‘and BCGF  treatmeﬁts or ,szfred Tac
epifopes on separd%e 1L-2 and BCGF receptors. In sypport of
the latter hypotheéis: comes . from the recent literature:
Lednard et al., (?985)Ahaye ghown that the exons 2 and 4 of
the structure 6f the ggng éngdding.the IL-2 receptor showed
homology - with the recsghition domain of human complement

; > \
factor B. The reseldtiop of this problem_awaits'isolation
of the BCGF’ receptor. o ;”:z

The second guestion. whiéh;\f éddreééed was.whether
,aéﬁibatig@-;antigens bgsfdes“the Iﬂ—z receptor play a”rolé
L in thelwgnduction of B cell proluferat1on by’ BCGF. As
111ustrated #n Flgures 9 and Table“XI the MAb 4F2 inhibits

10

owﬂﬂwas not stimulatory. -

BCG§3~1nduced B cell prollferatlon. qu1n,‘thxs MAb .on its
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There 1s evidence that 4F2, which was first described
by Eisenbarth et al., (1980) recognizes a cell surface
molecule that might play an important role 1in human
lymphocyte responses. This MAb can both enhance or suppress
human T cell and B cell function ig~gl££9 depending on the
stimulus employéd,(Haynes et. al., 1981: Gerrard et al.,
1984) .

Little 1is known about the function of 4F2. It - is also
found on non lymphoid cells and a recent'report‘by Michalak
et al., (1985) suggests that it recognizes an epitope on
the Na*/Ca2* pump exchanger, on cardiac cé&ls..

In addition to 4F2, MAb to the transferrinlreceptor
(BK19) also -inhibited B: cell proliferation wh?n added to
cultures on'.day 0. or day 3 (Figure 10). This finding is
consistent z&ii% previou§ observations and those reporﬁed in
this thesis, that iL42'aqd BCGF induce tfansferrin recepgor'

\

exptession (result§. part I1.). Because the epitopes

~

reéognized By'4F2'aﬁd BK19 are also present on non lymphoid"
cells it argues that once cells receive their "tissue
specific H:signa}" they- use similar if\ not identical
secondary machinery to proliferate and differentiate.
Experiﬁents 'were> also condﬁcted to determine whether
any of these antigens Awere expressed  in a. cell cycle
dependent manner on BCGF stimulated B célls. This was

determiqed' by ﬁheA‘simultaneous staining of cells for DNA



98

<

content with propidium -Yodide and with the various MAbs.
IB summary, there wés }o evidence 'that any of these
‘antigens showed a cell cycle dependence (data not
~ presented) i.e. regardless of the DNA content of the cells
the amount of antigen expressed was the samé.

As a conclusion, these complex molecules which
increase 1in theﬁr‘expression upon B cell stimulation might
play an important role ‘in B cell proliferftion. 1f BCGF
reduires internalization "this could be mediated by certain
acjigation antigens éerhis (4985). Still, there can be no
definitive answer to the understanding of the mechan;sm of
“action of BCGF as long as there is no .information about the
molqcuiar genetiés of BCGF or its receptor.

As a general conclusion B cell proliferation is a
complex mechanism, and the heterogeneity of B cell
"populations suggests that different subpopulagions of B
cells defined by different stages of development within a
single lineage have requiréments for distinct lymphokinés
that regqulate their growth. In B ée%l proliferation, BCGF
synergized with IL2 giving a maximum résponse accompanied
with an increase in the éxpression of sgrface antigens such

-

as 4F2, DR, -transferrin, 50H19 "and IL-2 receptor most of

which are cell cycle dependent.
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