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INTRODUCTION
ACTIVATION OF LYMPHOCYTES-—GENERAL COMMENTS

An important goal of immunology is immunoregulation, the turning
off or turning on of specific lymphoid populations. To achieve such
regulation it is necessary first to understand the immune system, the
types of cells involved and their interactions, and how these cells are
activated to either immunity or tolerance. There are probably inter-
dependent sequential signals which lead to lymphocyte activation and the
subsequent expression of humoral or cellular immunity or tolerance. The
initiating event in lymphocyte stimulation is thought to be the inter-
action of antigen or mitogen with a spécific receptor on the lymphocyte
surface. Signals delivered at the cell surface appear sufficient to
begin the activatlon process as several experiments suggest it is
unlikely that interiorization of antigen or mitogen is essential to the
process; in these experiments, antigen or mitogen covalently bonded to
insoluble matrices was capable of stimulating lymphocytes (Feldmann et
al., 1974; Greaves and Bauminger, 1972; Andersson et al., 1972). Thus,
events occurring at the lymphocyte plasma membrane are critical to the

expression of lymphocyte function.

The Fluid Mosaic Model of the Plasma Membrane

The plasma membrane is a lipid bilayer composed of phospholipids
and cholesterol with protein molecules embedded within the bilayer (for
review see Ladoulis et al., 1975). Since the fluid-solid transition

temperature of the lipids is approximately 16° to 18°, the 1lipid phase



is in a fluid state at mammalian physiological temperatures (Resch and
Ferber, 1975). Singer and Nicolsom (1972) described a fluid mosaic

" model of the cell membrane which allows protein molecules to diffuse
freely within the plane of the 1ipid membrane. This model is supported
by the observation that cell surface antigens can undergo redistribution
within the plane of the membrane.

Redistribution and capping of surface components on murine lymphoid
cells was first described by Mdller (1961). Taylor et al. (1971)
observed that anti-immunoglobulin (Lg) antibody induces surface Ig to
redistribute, which suggested to many investigators that movement of
membrane components might be involved in lymphocyte activation. Taylor
and coworkers studied murine bone marrow-derived (B) lymphocytes which
bear a dense coat of Ig molecules; these molecules presumably function
as antigen receptors. Cells incubated with fluorescein-conjugated anti-
Ig showed different staining patterns depending upon conditions used.
1f divalent anti-Ig was used to label Ig, the labelling was "'patchy" at
0°, but if the temperature was raised to at least 20°, the label "capped"
and congregated over one pole of the cell. If monovalent anti-Ig was
used, the labelling was diffuse at all temperatures, suggesting that
lattice formation or aggregation was required for cap formation. Capping
was temperature dependent and required a metabolically active cell,
since metabolic inhibitors such as dinitrophenol or sodium azide rever-
sibly inhibited capping in a dose-dependent fashion.

Surface components on a varilety of cells can be redistributed into
caps indicating that cap formation involves a general cell process and

is not restricted to lymphoid cells. Sundqvist (1972) examined blood



group, species and histocompatibility antigens of monkey kidney, human
lymphoid and thyroid, Hela and L cells and found capping to be a general
phenomenon. Even though many surface antigens can be induced to cap by
antibody, some components (H-2, 6, Tla, Concanavalin A [Con A] receptors)
cap more readily when a second bivalent anti-globulin reagent 1s added
(Stackpole et al., 1974).

Katz and Unanue (1972) have shown that capping of Ig receptors on
murine B cells is not sufficient for B cell stimulation and generation
of an immune response. However, Unanue (1974) suggested that movement
of antigen-receptor (antibody?) complexes on the surface of B cells
plays a role in lymphocyte activation. In these experiments anti-TIg
antibody was used as a ligand interacting with surface Iz molecules to
mimic antigen-receptor interactionm. Under appropriate conditions the
surface complexes redistributed into caps, were endocytosed and cell
movement was stimulated. However, B cells so treated did not differen-
tiate and produce antibody, indicating capping of antigen receptors is
not a sufficient signal to trigger B cell responsiveness.

Capping of lymphocyte surface Ig molecules is energy dependent.
However, capping of artificial membranes occurs in the absence of an
energy source and results from lipid redistribution to an energetically
more favorable environment or configuration. Yguerabide and Stryer
(1971) demonstrated that artificial, fluorescent, spherical bilayer
membranes initially showed uniform fluorescence, but within a minute at
room temperature a fluorescent cap formed at the top of the sphere with

a decrease in the fluorescence at the bottom. This capping resulted



from the spontaneous migration of octane, oxidized cholesterol and the
fluorescent label to the cap region. The apparent energy dependence of
lymphocyte capping may be a secondary effect; that is, migration of
surface molecules may not be energy dependent, but maintenance of appro-
priate membrane fluidity to allow for such movement may require energy.

Since fluidity of the membrane depends upon lipid content, changes
in membrane phospholipids during lymphocyte stimulation have been investi-
gated. Resch and Ferber (1975) reported rapid changes (within 10
minutes) in phospholipid metabolism of plasma membranes during mitogen
stimulation and hypothesized that binding of a stimulating ligand to
receptors on the membrane causes enhanced turnover of phospholipid fatty
acids, resulting in increased membrane fluidity. Increased fluidity
allows for altered membrane permeability and enzymatic changes which
serve in an unknown manner as signals for activation. Thus, binding of
a stimulant to receptors causes increased membrane fluidity which is a

catalyst for cell activation.

The Role of Cyclic Nucleotides

Lymphocytes contain membrane-bound adenylate cyclase and adenosine
3':5' cyclic monophosphate (cAMP) has been postulated to play a "second
messenger' role in lymphocyke activation (reviewed by Watson, 1975).
Thus, while activators may provide a variety of first signals depending
upon the activator, all would function thereafter through a common
intermediate second signal, cAMP. Upon activation of the adenylate
cyclase system, cyclic nucleotides generated from ATP activate protein

kinases leading to phosphorylation and enzyme activation. Such enzymes



would be required for the increased RNA, DNA and protein synthesis
associated with activation.

Watson (1975) analyzed the effect of cyclic nucleotides on in vitro
immune responses. Induction of immune responses was inhibited by cAMP,
but inhibition could be reversed by guanosine 3':5' cyclic monophosphate
(cGMP) which could also replace the requirement for T cells in responses
to erythrocyte antigens (thymus-dependent antigens). Watson suggested
that antigen binding activates the adenylate cyclase system, increasing
cAMP levels; but, since both cAMP and cGMP are required for'an inductive
signal, antigen binding alone would lead only to tolerance. It is the
action of cooperating T cells (in a thymus-dependent response) or a
mitogenic signall(in a thymus-independent response) which increases cGMP
levels and allows for an inductive signal (Watson, 1975). Since changes
in the ratio of cyclic nucleotides occur during activation, it has been
proposed that the guanylate cyclase system balances the adenylate cyclase
system. However, there are discrepancies regarding early changes in
cyclic nucleotide levels after mitogen activation and on their effects
on lymphocyte activation. Some investigators found increases in cGMP
(Hadden et al., 1972) and others found increases in cAMP levels only
(Wedner et al., 1975) after addition of mitogen. Addition of exogenous
cAMP at low concentrations was mitogenic for lymphocytes (McCrery and
Rigby, 1972), but in other experiments the addition of cAMP to lympho-
cytes did not mimic the effects of mitogen (Novogrodsky and Katchalski,
1970).

In addition to such conflicting conclusions, the biological signi-

ficance of these increases must be questioned since cAMP, but not cGMP,



also increases after addition of a non-mitogenic mushroom lectin

(Burleson and Sage, 1976).

Ca++ and Lymphocyte Activation

ca't ions in the extracellular medium are needed for mitogen-
induced lymphocyte proliferation and it has been postulated that catt
ions play a primary role in lymphocyte triggering. Increased L5catt
uptake has been reported in human peripheral blood lymphocytes minutes
after phytohemagglutinin (PHA) stimulation (Whitney and Sutherland,
1973). Freedman et al. (1974) reported ConA induced 450atT uptake in
murine T cells within 45 seconds after addition of the lectin. However,
B cells exposed fo ConA or stimulated by lipopolysaccharide or pokeweed
mitogen did mnot show this rapid early Ca++ influx. Maino et al. (1974)
have shown pig lymphocytes can be triggered to undergo DNA synthesis by
the ionophore A23187, a carrier molecule which increases Ca++ transport
into the cell. This suggested that ca™ influx was a sufficient signal
for proliferation. The action of cat once it enters the cell is specu-
lative, although Ca++ activates AMP phosphodiesterase and cGMP formation
(Posternak, 1974). But rapid Ca++ influx cannot be considered a
sufficient and irreversible signal for activation; if catt is removed
12-36 hours after PHA stimulation, DNA synthesis is inhibited (Whitney

and Sutherland, 1972; Diamanstein and Ulmer, 1975).

Microfilaments and Microtubules in Lymphocyte Activation

The submembranous cytoplasmic structures, microfilaments and micro-

tubules, have been implicated in lymphocyte triggering. Drugs which



interfere with microfilament and microtubule function suggest that these
structures play a role in modulating cell surface components, although
the mechanisms remain unclear. The fungal metabolite, cytochalasin B,
blocks the actin-like contractile microfilamgnt system (Wessels et al.,
1971) and colchicine binds to microtubules and prevents tubulin poly-
merization (Margulis, 1973). Both drugs inhibit capping of anti-Ig—-Ig
complexes (Schreiner and Unanue, 1976) and Roberts and LaVia (1975) have
reported that antigen activation of B lymphocytes (measured by antibody
production) is inhibited if cytochalsin B is present at nontoxic doses
during the initial six hours of a four-day in vitro culture. However,
since colchicine and cytochalasin B affect other biological systems such
as nucleoside uptake and glucose transport, it isn't clear if inhibition
of capping and antigen activation results from the direct effect on
microfilaments and microtubules (discussed in Schreiner and Unanue,
1976).

Although most investigations focus upon one mechanism for the
coupling of membrane signals to cytoplasmic and nuclear events, the
phenomena which have been implicated are probably interrelated. For
example, ca’t™ ions regulate cAMP and cGMP levels by inhibiting adenylate
cyclase and enhancing guanylate cyclase activity (Posternak, 1974);
elevation of cGMP antagonizes microtubule stability (Oliver, 1975);
changes in cAMP or cGMP can lead to altered protein kinase activity
which in turn may result in increased phospholipid metabolism and altera-

tion of membrane transport sites and enzyme activation (Cooper, 1975).



Despite all investigations the mechanism(s) of generation and
translation of activating signals delivered at the lymphocyte surface is

not known.



CONCEPTS OF B LYMPHOCYTE ACTIVATION

The initiating event in lymphocyte stimulation is thought to be the
interaction of antigen or mitogen with a specific receptor on the lympho-

cyte surface. The mechanism by which ligand binding initiates this

series of events is not known, but there are three major proposals of

ligand-receptor interaction.

The following summary of the proposals is

taken from Feldmann et al. (1975):
Feature Model A Model B Model C
(Diener and (Bretscher (Coutinho and
Feldmann, 1972) and Cohn, 1970) Mtller, 1975)
Stimulation Via multivalent Two necessary One nonspecific
binding to Ig re- signals: signal (mito-
ceptors, spacing 1) Ig receptor; genic). Ig
of matrix criti- 2) other signal receptors are
cal from T cells only passive
or macro- acceptors for
phages correct specifi-
city
Antigens
1. Thymus Unable to bind No qualitative Not mitogens or
dependent many receptors distinction: polyclonal
simultaneously TI need less of activators
signal (2) or
are more effi-
cient generators
2. Thymus Large, repeating Mitogens and/or
independent determinants; polyclonal
epitope density activators
critical
Tolerance Excess polymeric Signal (1) with- Excess of acti~
antigen leads to  out signal (2) vating signal
lattice immobili-
zation of recep-
tors
Mitogens Act on other Generate signal Act on same

receptors than
do antigens

(2) only

receptors as
antigen
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The data regarding these three models are less ambiguous for thymus—
independent than for thymus-dependent responses, so the models concen~
trate on B cell triggering by thymus-independent antigens. Models A and
B are based on the idea that Ig receptors deliver the signal. In model
A, the signal for immunity is generated by interaction between antigen
and the Ig receptors which must be aggregated to a certain extent.
According to this model, thymus-dependent antigens are unable to bind a
sufficient number of receptors simultaneously and thus require accessory
cell help, while the repeating nature of thymus-independent antigens
allows direct B cell activation. Mitogens act on receptors other than
Ig receptors. There are numerous observations which suggest B cells
respond preferentially to repeating determinants of antigen or mitogen.
Most thymus-independent antigens are of a repeating nature and a thymus-
dependent antigen, TNP-KLH, can be made thymus—independent by covalent
coupling to Sepharose beads (Feldmann et al., 1974). TNP coupled to
polyacrylamide beads also behaves as a thymus-independent antigen
(Feldmann et al., 1974). Cross-linked PHA and ConA can stimulate B
cells (Greaves and Bauminger, 1972; Andersson et al., 1972); anti-Ig
antibody coupled to polyacrylamide beads stimulates murine B cells
(Parker, 1976), whereas soluble anti-Ig does so poorly if at all.

Model B requires two signals for immunity; the first is the inter-
action between antigen and the Ig receptor which is not sufficient for
triggering. A second signal is delivered by helper T cells, macrophages

or by the associative recognition of antibody which can react with the
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antigen bound to Ig receptors. There is no qualitative difference
between thymus—dependent and thymus-independent antigens; thymus-
independent antigens either need less of signal 2 or are more efficient
at generating signal 2.

Model C differs dramatically from the other two in that one non-
specific signal serves to activate B cells. The signal is delivered by
receptors other than the Ig receptors. Ig receptors function in a
passive manner to determine which specific antigen (mitogen) will be
bound. Model C makes all thymus-independent antigens B cell mitogens or
inducers of polyclonal antibody formation (antibody to many different
‘antigens). Thymus—~dependent antigens are not mitogens or polyclonal
activators and thus require accessory cells for antibody production. In
model C, mitogens and antigens act on the same receptor.

The one nonspecific signal theory was based on the claim that all
thymus—independent antigens are nonspecific polyclonal activators
directly activating either polyclonal antibody synthesis and/or DNA
synthesis in B cell populations (Gronowicz and Coutinho, 1975). Haptens
coupled to polyclonal activators induced a specific anti-hapten response
when added in low concentrations, but when added in high concentrations
induced a polyclonal antibody response with paralysis of the épecific
anti—hépten response (Coutinho et al., 1975). Specific induction is
explained by Ig receptors passively focusing the hapten-conjugate and
allowing specific cells to bind larger amounts of the activator necessary

for triggering. High concentrations of hapten conjugate allow B cells
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of different specificities to bind the carrier-mitogen portion of the
conjugate (specific anti-hapten Ig receptors are not needed) and be
activated. Specific anti-hapten cells bind so much hapten-conjugate
they are tolerized.

There are data supporting all three proposed models and it is
reasonable that any of the three pathways can operate under certain
circumstances. Furthermore, as pointed out by Feldmann et al. (1975),
in addition to these proposed pathways the nature of the antigen and the
state of the B ceil can affect antigen-B cell interaction. Epitope
density, concentration, chemical nature (charge, hydrophobicity),
degradability, and mitogenicity of the antigen would all influence.an

immune response. In addition, B cell responses to antigen could be
modified by changes in affinity, number, valency and distribution of Ig
receptors and possible involvement of non-Ig receptors which have also
been proposed as regulatory receptors (Fc, C3, H-2, Ia; for review see
Moller, 1975). The metabolic state of the B cell may also be a critical
factor in B cell responsiveness.

Attempting to invoke pathways for B lymphocyte triggering is compli-
cated by increasing evidence which suggests there are B cell subpopu-
lations (for review see Mdller, 19754). It is not known how many
subpopulations ekist and if those subpopulations so far defined are
triggered by the same signals. 1In addition to heterogeneity in antigen
specificity, subpopulations of B cells have been defined by organ
distribution, sensitivity to mitogens, Lg synthesis and response to

thymus~independent and thymus—-dependent antigens.
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T LYMPHOCYTE ACTIVATION:

THE NATURE OF THE ANTIGEN RECEPTOR ON T LYMPHOCYTES

Although the surface receptors for antigen on B lymphocytes are
generally accepted to be immunoglobulin-like molecules, the nature of
the surface receptofs for antigen on T lymphocytes is highly contro-
versial. Most researchers have failed to find conventional Ig on or in
T lymphocytes (reviewed by Playfair, 1974), but this has been dispuféd
by others who claim to detect Ig on T cells (reviewed by Marchalonis,
1975). Immune response genes linked to the major histocompatibility
locus play a role in T cell function and it has been hypothesized that
the immune response gene products may function as antigen binding recep-
tors on T cells as opposed to conventional Ig molecules which funetion
as antigen receptors on B cells (reviewed by Katz and Benacerraf, 1975).
T cells can bind specific antigen: helper T cells and T cells partici-
pating in delayed hypersemsitivity reactions can be "suicided" by binding
heavily radiolabelled antigen (Basten et al., 1972; Cooper and Ada,
1972); T cells can also be induced to tolerance by specific carrier
protein (Rittemberg and Bullock, 1972). Direct binding studies with
radiolabelled antigen indicate T cells bind less antigen than B cells
(Roelants et al., 1973; Engers and Unanue, 1974) and that different
metabolic activities may be required for T cell binding of antigen
(Himmerling and McDevitt, 1972; Roelants et al., 1973).

T and B cells show differences in binding specificities. 1In
responses to hapten—protein conjugates, helper T cells normally do not

show specificity for the hapten as do B cells, but rather respond to
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carrier or conjugate specific determinants (Paul, 1970). Specificity
differences would suggest distinet T and B cell antigen receptors, but
hapten-specific T cell responses do occur, although infrequently detected
(Leskowitz et al., 1966; Alkan et al., 1972), which could reflect a
lower intrinsic binding affinity of T cell receptors rather than a
different set of receptors. Binz and Wigzell (1975) have found that B
and T lymphocytes express shared idiotypic determinants on receptors for
the same antigen, although no constant region Ig markers were found on T
cells. This suggests antigen receptors on T and B cells share structural
similarities which are probably variable region gene products.

A biochemical approach to identifying Ig determinants on T cells
has been to label T cell surfaces in situ with radioiodine and to
solubilize and characterize surface materials. By this approach some
investigators find IgM-like molecules on thymus and thymus-—derived cells
in the same quantity as is found on B cells (Marchalonis, 1975), while
others detect no Ig (Vitetta et al., 1972; Grey et al., 1972). These
conflicting results using the same methodology have been attributed to
the susceptibility of T cell Ig to proteolytic digestion and subsequent
loss of such "IgT" during isolation (Moroz and Hahn, 1973). However,
 the conflict has not been resolved even when care is taken to protect
against proteolysis.

Immunological approaches have also been used to attempt to identify
T cell Ig. Feldmann has evidence for release of antigen-"IgT" complexes
from thymus—-derived lymphocytes (reviewed in Feldmann et al., 1975A).

The complexes served as specific collaborative factors in the immune
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response by adsorbing to macrophages and allowing for B cell responses;
however, "IgT'" has not been well characterized and need not be Ig at
all. Radiolabelled or fluorescein-conjugated anti-Ig sera have been
used to detect Ig on T cells, again with conflicting results. Some
investigators find Ig on T cells (Nossal et al., 1972; Bankhurst et al.,
1971; Roelants et al., 1974), but other experiments suggest this may
have been passively acquired from B cells (Hudson et al., 1974). How-
ever, others have failed to detect Ig on T cells by either radiolabelling
or fluorescent immune techniques (Pernis et al., 1970; Raff et al.,
1970).

Anti-Ig sera have been used as blocking reagents to inhibit T cell
function. Hogg and Greaves (1972) showed immune T cells could bind
sheep erythrocytes to form rosettes and that this could be blocked by
anti-light chain or anti~u chain sera, but only a few sera would work.
Graft-versus-host reactions and delayed hypersensitivity reactions
(Mason and Warner, 1970; Greaves, 1969), mixed lymphocyte reactions
(Greaves, 1969) and helper T cell function (Lesley et al., 1971) could
be blocked by some anti-Ig antisera. However, Crone et al. (1972) were
unsuccessful in blocking graft-versus-host reactions in the chicken by
anti-Ig and Wekerle et al. (1975) could not block either the sénsitiza-
tion or the effector functions of cytotoxic T cells.

In general, T cells may have Ig, but in far smaller amounts than
that found on B cells. Whether the molecules found on T cells are
synthesized by them or merely passively acquired from B cells is still

unresolved, as is the role of such molecules in T cell activation.
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STATEMENT OF THE PROBLEM

As indicated above, lymphocyte activation is probably initiated at
the cell surface. Since surface components continually turn over either
by shedding or by pinocytosis (Landovlis et al., 1975), lymphocyte
activation probably begins early after binding, although the precise
chronological sequence has not been defined. There are many studies
which deal with early events in mitogen-induced lympheccyte activation.
Mitogens rather than antigens have been used since high concentrations
of mitogens nonspecifically activate a large percentage of lymphocytes,
whereas similar concentrations of antigen activate antigen-sensitive
lymphocytes which only comprise a small percentage (v 0.1%) of the
unprimed population. Since purification and enrichment of antigen-
specific cells is fraught with difficulties, most invastigators have
used mitogen rather than antigen as the activator to obtain a sufficient
number of activated lymphocytes.

However, it is not known if mitogen and antigen trigger cells by
the same mechanism(s). In fact, as discussed above, some investigators
believe that all thymus—-independent antigens are mitogens (Coutinho and
Msller, 1975). However, when used at mitogenic doses, these materials
may mask the antigen-related fine specificity and discrimination which
characterize the immune response. Here I use a thymus-independent
antigen and a thymus-dependent carrier, both of which are reported to be
mitogens (Coutinho et al., 1974), although by the criterion of polyclonal
antibody activation (Coutinho and Mtller, 1975), they were not mitogenic
in my hands. I have used fhese materials to study esrly '"signals' in

the activation of antigen-specific lymphocytes.
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The doses of antigen required to induce these early signals are
much lower than those reported to be mitogenic (Coutinho and Moller,
1975; Coutinho et al., 1974). Therefore, the question of mitogenicity
is not pertinent because either Coutinho and Mdller are correct and all
antigens work through a second nonspecific mitogenic stimulus, or at the
low doses used the mitogenic effects have been diluted out and I am
dealing only with the antigen-specific properties of these materials.

This thesis concentrates on activation of antigen-specific thymus-
derived (T) cells and bone marrow-derived (B) cells. 1 devised in vitro

" delivered to

experiments which allowed me to detect early ''signals
antigen—sensitive lymphocytes. I found that both T and B lymphocytes
could be given negative signals by unusually low doses of antigen.

These findings are used to describe a model for T and B cell discrimina-

tion between nonspecific self-antigenic "noise" and acute foreign

antigenic insult.
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MATERIALS AND METHODS

ANTIMALS

Female or male adult Balb/c and C3H mice were obtained from

Simonsen Laboratories, Inc., Gilroy, California and Texas Inbred

Laboratories, Houston, Texas. Homozygous nude mice bred on a Balb/c

genetic background were purchased from Washington State University,

Pullman, Washington.

New Zealand white rabbits were obtained from

Art Kessler, Hillsboro, Oregon.

BUFFERS

1. Modified Barbital Buffer (MBB), 0.012 M, pH 7.3 to 7.4. (Campbell

et al., 1970)
2.8750 gm
1.8750 gm
0.0830 gm
0.2380 gm

42.500 gm

5,5=-Diethylbarbituric acid
Sodium 5,5-diethylbarbiturate
CaCl,, anhydrous

MgCl,, anhydrous

NaCl

Distilled water to 1 liter.

For use, dilute 1 part of this stock solution with 4 parts of

distilled water.

2. Cacodylate Buffer (CAC-buffer), 0.28 M, pH 7.0 (Rittenberg and

Amkraut, 1966)

38.2 gm Cacodylate acid (hydroxydimethylarsine oxide)

9.0 gm NaOH pellets

Distilled water to 1 liter.
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Cacodylate saline (CAC-saline), the same buffer diluted 1:10 in

0.15 M NacCl.

Borate Buffer, 0.08 M, pH 8.5 (Campbell et al., 1970)

6.184 gm Boric acid
9,536 gm Sodium tetraborate (NaZBqO7-lOH20)
4.384 gm NaCl
Distilled water to 1 liter.
Borate saline, the same buffer diluted 1:20 in 0.15 M NaCl.

0.1 M Tris-HCl, pH 7.4 (Weir, 1973)

0.1 M Tris (2-amino-2[hydroxymethyl]-1,3-propanediol)
0.2 M NaCl
2.0 mM EDTA Na,

0.1 M Sodium Acetate, pH 4.5 (Welr, 1973)

0.1 M NaCszoz; pH to 4.5 with 0.1 M acetic acid.

Borate Buffer, 0.016 M, pH 8.2 (Benedict, 1971)

10.3 gm H3B03
1.1 gm NaOH
7.85 gm WNaCl
1000 ml distilled water.

0.01 M Phosphate, pH 7.2 (The and Feltkamp, 1970

Solution A: NaHzPOq (0.2 M)
Solution B: NaZHPoq (0.2 M)
For one liter: 16.5 ml A
33.5 ml B
4.7 gm NaCl

950.0 ml Distilled water

19
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9

10.

20
Tris-HCl, pH 8.0 (Williams and Chase, 1968)
0.1 M Tris (2-amino-2[hydroxymethyl]-1,3~propanediol)
0.2 M NaCl

Locke's Buffer, pH 7.4 (Reif and Allen, 1963)

39.8 gm NaCl
1.92 gm KC1
0.70 gm sodium bicarbonate
3.52 gm dextrose
3.62 gm sodium citrate-2H,0
Dissolve in 800 ml distilled water. To this add 2.5 ml of a stock
solution of:
10.17 gm MgCl,
2.20 gm CaCl,
50 ml Distilled water
Bring volume to 1000 ml. TIsotonic buffer is obtained by diluting
concentrated buffer 1:5 with distilled water.

Barbital B-2 Veronal Buffer, pH 8.6

2.76 gm Diethyl barbituric acid
15.40 gm Sodium diethyl barbiturate
1000 ml Distilled water

Dilute 1:2 with distilled water for electrophoresis buffer.
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OTHER REAGENTS

Trypan Blue Reagent for Cytograf Analysis, pH 7.2

0.2 % Trypan blue
0.145 M NaCl
0.1 M PO,
Dilute 1:4 with normal saline and filter immediately prior to use.

Alsever's Solution (Campbell et al., 1970)

20.5 gm Dextrose
8.0 gm Sodium citrate (dihydrate)
0.55 gm Citric acid (monohydrate)
4,2 gm NaCl
1000 ml Distilled water

Ficoll-Isopaque (Terasaki, 1970)

9.0 gm of Ficoll (Pharmacia) was dissolved in 100 ml of water.

20 ml of sodium metrizoate (75%) (Isopaque) was added to 44 ml

water to make a 33.9% solution of Isopaque. For use, 24 parts
Ficoll was mixed with 10 parts 33.97% Isopaque. Reagents containing
Isopaque were stored in the dark at 4° C.

Minimal Essential Medium (MEM)

Eagle's powdered minimal essential medium for suspension cultures,
without L-glutamine, catalogue #F-14, from Grand Island Biological
Co., Grand Island, New York, was dissolved in distilled water. A
1X solution was prepared with 1.07 gm/100 ml water. The pH was

adjusted to 7.2 with NaOH and the solution sterilized by autoclaving.
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5. Hepes~Buffered MEM, pH 7.2

4.77 gm Hepes (N-2-hydroxyethylpiperazine-N'~-2-ethane
sulfonic acid)
5.35 gm Eagle's powdered minimal essential medium for
suspension cultures
500 ml Distilled water

6. Tris-Buffered Ammonium Chloride (Tris-NH, Cl) for erythrocyte lysis,

pH 7.2 (Boyle, 1968)

9 voluﬁes 0.83% aqueous NH,C1 added to 1 volume Tris buffer.
Store at 4° for stability and warm to 37° immediately prior to
use.

Tris buffer: 20.594 gm Tris (2-amino-2[hydroxymethyl]-
1,3-propanediol) per 1000 ml distilled water; pH to 7.65 with HC1.

TISSUE CULTURE

The Mishell-Dutton tissue culture system (Mishell and Dutton, 1967)
or a micromodification (Kappler, 1974) was used. Balb/c mice were killed
by cervical dislocation and spleens were removed aseptically and placed
in a 60 mm petri dish with 5 to 8 ml of MEM supplemented with 107 fetal
calf serum (F-MEM). The spleens were disrupted either with sterile
forceps or by forcing through a wire screen. Cells were dispersed with
a capillary pipet and transferred to a tube and put at 4° for 3 to 5
minutes to allow debris to settle. Cells remaining in suspension were
transferred to another tube and centrifuged 630 x g for 15 minutes. The
supernatant fluid was discarded and the pellet was resuspended in F-MEM

and again centrifuged. The pellet was resuspended in tissue culture
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medium and brought to 0.9 to 1.1 x 107 nucleated spleen cells/ml. Cells
were counted on a Coulter counter, model F, or a Cytograf cell counter,
Model 6300A. For standard Mishell-Dutton cultures, cells were cultured
in 1.0 ml volumes in 35 mm culture dishes; in the micromodification,
cells (0.1 ml) wefe cultured in flat bottom microtiter plates with lids
(Falcon Microtiter II, catalogue #3004). Cells were cultured for 5 days
in plastic boxes at 37° in an atmosphere of 7% oxygen, 83% nitrogen and
10% CO, with rocking at 7 to 8 cycles per minute.

Each day cultures were fed with a 2:1 mixture of nutritional cock-
tail and fetal calf serum and regassed. Cells cultured in 1.0 ml volumes
were fed with 3 drops from a capillary pipet. Each microculture was fed

with 1 drop delivered from a 1 cc syringe with a 25 gauge needle.

Tissue Culture Medium

Ingredients for 50 ml:

1. Minimal essential medium (MEM) (Eagle) for suspension cultures,
without L-glutamine, Microbiological associates (MBA), Albany,
California (43.0 ml).

2. L-glutamine 200 mM, MBA (0.5 ml).

3. Sodium pyruvate 100 mM, MBA (0.5 ml).

4. Non-essential amino acids mixture—-supplement for Fagle's MEM, 100X
concentrate, MBA (0.5 ml).

5. Penicillin-streptomycin mixture, 5000 units/ ml, MBA (0.5 ml).

6. 2-mercaptoethanol, Eastman Organic Chemical Co., Rochester, New
York; stock 0.1 M and diluted 1:20 with MEM prior to use (0.5 ml)

(Click, Bennet, and Alter, 1972).
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7. Fetal calf serum, Gray Industries, Inc., Fort Lauderdale, Florida,

lot #1136 or Reheis Chemical Co., Chicago, Illincis, lot #M27704

(5.0 ml).

Nutritional Cocktail

Ingredients for 227 ml:

1. Autoclaved MEM, 1X solution (140 ml).

2. Essential amino acids——amino acid mixture for Eagle's MEM, 50X
concentrate, MBA (20 ml).

3. Non-essential amino acids, as used in tissue culture medium (10 ml).

4. Dextrose, reagent grade, Merck and Co., Rahway, New Jersey.

200 mg/ml solution was prepared in double-distilled water and
sterilized by filtration through a 0.45 W Millipore membrane
(10 ml).

5. L-glutamine, as in tissue culture medium (10 ml).

6. Penicillin-streptomycin as in tissue culture medium (3.6 ml). The
above cocktail was adjusted to pH 7.2 with sterile 1.0 N sodium
hydroxide.

7. Sodium bicarbonate solution, 7.5%, was added to the pH-adjusted
cocktail, 30 ml.

The completed cocktail was aliquanted and frozen at -20° C to be thawed

on the day used.
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Harvesting Cell Cultures

Cells cultured by the regular Mishell-Dutton system were scraped
from the culture dishes with a rubber policeman, placed in plastic tubes
and centrifuged at 630 x g for 15 minutes. Cells werz washed by resus-
pending in 2.0 ml of MEM, recentrifuged and then resuspended in MEM for
assay.

Cells from microcultures were harvested by adding 1 drop of Hepes-
buffered MEM to each well. The mixture was gently aspirated 10 to 15
times with a Pasteur pipet and the cells were placed in a test tube.
Each well was rinsed with 1 drop of Hepes-MEM and this was added to the

first collection. Cells were centrifuged and washed as above.

TNP-Plaque Assay

Cells synthesizing anti-trinitrophenyl (TNP) antibody were detected
by plaque assay using TNP-conjugated sheep erythrocytes (TNP-SRBC)
(Rittenberg and Pratt, 1969) and the slide technique of Cunningham and
Szenberg (1968). For detection of IgM plaque-forming cells (PFC), 3
drops MEM, 1 drop TNP-SRBC, 1 drop complement (guinea pig serum [C]) and
100 pul suitably diluted spleen cells were added to each well. 1IgG PFC
were detected by substituting 1 drop of anti-mouse IgG for 1 drop of
MEM. The anti-globulin reagent and C were absorbed with SRBC prior to
use (Kabat and Mayer, 1963) and were diluted in MEM. After incubation
for 1 hour, slide chambers were examined using a stereo dissecting
microscope and scored for anti-TNP PFC. In some instances, unconjugated
sheep erythrocytes (SRBC) were used as indicator cells in place of TNP-

SRBC.
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HEMOCYANIN

Hemocyanin (KLH) was obtained from the keyhole limpet, Megathura
crenulata, purchased from Pacific Bio-Marine Supply Co., Venice, Califor-
nia. The animals were bled and the hemocyanin prepared by the method
of Campbell et al. (1970). After dialysis KLH was concentrated by
centrifugation at 1400 x g for 30 minutes, resuspended in 0.15 M sodium
chloride and sterilized by filtration through a 0.45 y Millipore membrane

and stored at 4°.

HAPTEN REAGENT

(Rittenberg and Amkraut, 1966)

Picryl-sulfonic acid, 2,4,6~trinitrobenzene sulfonic acid (TNBS),
from Nutritional Biochemicals Corp., Cleveland, Ohio, was recrystallized
once from 1.0 N hydrochloric acid after dissolving 10 gm TNBS in 20 ml

of hot hydrochloric acid.
TRINLTROPHENYL HEMOCYANIN (TNP-KLH)

General procedure: 450 mg of KLH were brought to 10 ml with
cacodylate buffer (CAC-buffer) and placed in a foil-covered 50 ml flask
at 37°. TNBS, 346 mg in 10 ml of CAC-buffer was added dropwise to the
slowiy stirred KLH solution. Stirring was continued for 60 minutes, the
solution was chilled and then concentrated by centrifugation for 90
minutes at 36,000 rpm using a fixed angle Type 60 rotor in a refrigerated
Beckman model L2-65 centrifuge. The supernatant fluid was discarded and

the amber gelatinous pellets were dissolved in 10 ml of CAC-buffer. The
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small amount of insoluble denatured KLH was discarded by centrifuging

at 630 x g for 10 minutes. The clear amber supernatant fluid was freed
of unconjugated TNBS by passage through a G-50 Sephadex column (2.5 cm x
42 em) equilibrated with CAC-saline. Throughout the procedure foil was
used to protect the preparation from photodecomposition (Okuyama and
Satake, 1960). 0.D. readings at 350 and 280 nm were taken and the TNP-
KLH recycled through the G-50 column. If the 350/280 0.D. ratio remained
unchanged, it was assumed that the conjugate was free of TNBS. TNP-KLH
preparations used in vitro were dialyzed with three changes of saline
(12 hr each) to remove cacodylate which contains arsenic. The degree

of hapten conjugation was estimated by spectrophotometric measurement

at 350 nm. Protein was determined by the method of Lowry (Lichstein

and Oginsky, 1965). This procedure usually produces 850 to 1000 moles
of TNP groups per mole of KLH, assuming a molecular weight of 8 x 10°

for KLH (Rittenberg and Amkraut, 1966).

CGG-BENTONITE (CGG-B), KLH~BENTONITE (KLH-B)

AND TNP-KLH-BENTONITE (T-K-B)

KLH and TNP-KLH were adsorbed onto bentonite using the method of
Gallily and Garvey (1968) as modified by Rittenberg and Pratt (1969).
The bentonite pellet obtained after centrifugation of 40 ml of stock
bentonite sclution was resuspended in 2 ml CAC~buffer containing 5 mg of
KLH or TNP-KLH/ml. The suspension was allowed to stand at room tempera-—
ture for 1 hour with occasional shaking. After centrifugation, particles

were washed 3 times in CAC-saline. The amount of protein coated on the
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particles was determined by the Lowry method (Lichstein and Oginsky,

1965).

BENTONITE

(Gallily and Garvey, 1968)

A suspension was prepared of 0.5 gm bentonite (Fisher Scientific
Co., St. Louis, Missouri) in 500 ml distilled water. The sediment
obtained by centrifugation at 150 x g for 10 min was discarded and the
supernatant fluid was recentrifuged at 1400 x g for 10 min. The
sediment from the second centrifugation was resuspended in 100 ml of
Hank's solution. This represented the stock solutiom which was auto-

claved and refrigerated at 4° until used.

SHEEP ERYTHROCYTES (SRBC)

Sheep red blood cells were obtained in Alsever's solution at weekly
intervals from Prepared Media Laboratory and Sheep Blood Supply,
Tualatin, Oregon. Red blood cells were aged at least 2 weeks after

bleeding before use (Rittemberg and Pratt, 1969).

TNP-SHEEP RED BLOOD CELLS (TNP-SRBC)

(Rittenberg and Pratt, 1969)
Sixty mg of TNBS were dissolved in 21 ml of CAC-buffer in a foil-
covered 50 ml flask. Three ml of wet-packed SRBC, washed 3 times with

cold modified barbital buffer (MBB) were added dropwise with stirring.
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The mixture was stirred slowly at room temperature for 15 min. Reacted

cells were brought to 40 ml with cold MBB and centrifuged for 10 min

at 1230 x g. The resulting TNP-~SRBC pellet was resuspended in 35 ml

of cold MBB containing 22 mg of glycyl-glycine (Nutritional Biochemicals
Corp., Cleveland, Ohio). Glycyl-glycine reacts with »esidual TNBS.

This suspension of TNP-SRBC was recentrifuged. The supernatant was
bright yellow due to the formation of TNP-glycylglycine. The TNP-SRBC
pellet was washed twice more with cold MBB and stored at 4° until used.
For use in the plaque assay, cells were washed in cold MBB until the
supernatant was free of lysis (about 3 washes). Cells were used at

30% suspension in MBB.
IMMUNIZATIONS

(Rittenberg and Pratt, 1969)

Mice were given intraperitoneal (ip) injections of KLH-bentonite
every week for a total of 3 injections. TNP-KLH-bentonite primed mice
were given TNP-KLH-bentonite every 2 weeks for a total of 3 injections.
In some experiments, TNP-KLH-bentonite primed mice were boosted with
TNP-KLH-bentonite four days prior to use, In all cases each injection
contained 100 ug protein in 0.5 ml saline.

Mice injected with sheep erythrocytes received 0.5 ml of a 20%

SRBC suspension (in saline) ip 4 days prior to use.
ADDITIONAL ANTIGENS AND MITOGENS

Dinitrophenylated chicken gamma globulin (DNP-CGG) was a gift of

Dr. N. A. Mitchison. The degree of hapten conjugation was 6.6 DNP groups
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per molecﬁle of CGG. Dr. Mitchison also supplied me with one batch of
CGG.

Dinitrophenylated-dextran B1299 (DNP-D) was a gift of Drs. C.
Desaymard and M. Feldmann. Preparation and characterization has been
previously described (Desaymard and Feldmann, 1975). The conjugation
ratio was 2.8 DNP groups per 40,000 daltons of dextran. The molecular
weight of dextran B1299, a branched molecule, is about 4 x 107 daltons.

Trinitrophenylated-bacteriophage T4 was a gift of Dr. John
Jennings. It was prepared according to the method of Jennings et al.
(1975).

Lipopolysaccharide (LPS) from E. coli 055-B5 was a gift of Dr.
Wesley Bullock. It was prepared by the method of Andersson et al.

(19724) and had a molecular weight of about 1.5 x 10° daltons.
PREPARATION OF CHICKEN GAMMA GLOBULIN (CGG)

CGC was isolated by the method of Benedict (1971). Fresh chicken
blood (Hunt's Poultry Co., Portland, Oregon) was allowed to clot at room
temperature for 3 hours. Serum was collected by centrifugation and
globulins were fractionated by the sodium sulfate (N2,80y) method using
consecutive fractionations at 18, 14 and 14%. Following centrifugation
at 1230 x g after the third fractionation, the precipitate was dissolved
in 40 ml cold borate buffer, 0.016 M, pH 8.2, and dialyzed extensively
against borate buffer, pH 8.2. The protein concentration was 47.4 mg
protein/ml as determined by the Lowry method. The gamma globulin
preparation was stored at 4° C. CGG was further purified by Sephadex

G200 (Pharmacia) gel filtration using standard upward flow technique (64
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x 2.5 cm column; flow rate 20-24 ml/hr; 4 ml fractions collected). The
equilibrating and running buffer was borate buffer, pH 8.2. All prepara-
tions were loaded in 107% sucrose (final concentration; and chased with
an equal volume of 207 sucrose. Protein concentration loaded ranged
from 213 mg protein (ml total) to 119 mg protein (5 ml total). The
initial protein peaks (0D,g, absorbing material) eluted from the void
volume from all runs were pooled and concentrated. The pool was re-
filtered on G-200 under similar conditions. The IgG peaks were pooled
and concentrated. The concentrated pool was tested by immunoelectro-
phoresis against a rabbit anti-whole chicken serum, a gift of Dr. Gerrie
Leslie of our department; and the protein in the pool was identified as

gamma globulin. The CGG was stored at 4° C.
PREPARATION OF NORMAL MOUSE GLOBULIN IMMUNOABSORBENT

Normal mouse blood was obtained from (Balb/c x C3H)F; (CC3Fi) mice by
bleeding from the brachial artery and the serum was collected by cen-
trifugation. Mouse globulin was partially purified by an initial 507
saturated ammonium sulfate (SAS) precipitation. The suspension was
stirred overnight at 4°, centrifuged at 2510 x g for 30 minutes at 4°,
and the pellet resuspended in normal saline. The suspension was
refractionated by an additional 407 SAS precipitation performed as above.
After stirring overnight and centrifugation the pellet was dissolved in
normal saline, dialyzed against borate saline for two days, and frozen
at -20°. The protein concentration was 31.0 mg protein/ml.

Sepharose 4B (Pharmacia) was washed extensively with distilled

water using a sintered glass filter. 30 gm of Sepharose (wet weight
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after filtering) was allowed to pack by 1 g sedimentation overnight at
4°., The packed Sepharose (30 ml) was added to 30 ml distilled water;
3.0 gm CnBr dissolved in 30 ml distilled water was added. The pH of
the mixture was immediately brought to pH 11.0 using 4 N NaOH, and
maintained at pH 11.0 by NaOH until the pH remained constant, about
8 to 10 minutes. 500 ml cold distilled water was added and the mixture
transferred to a sintered glass filter and washed with 1 liter of cold
distilled water, followed by 1 liter of 0.5 M NaHCO3, pH 8.0. The
activated resin was transferred to a beaker and an equal volume of
0.01 M phosphate buffered saline (PBS), pH 7.2, was added.

2 ml of mouse globulin (31.0 mg protein/ml) was added and the
mixture was stirred for 12 hours in the cold. The resin was washed
with 0.01 PBS until the PBS washes showed baseline absorbance at 280 nm.
The amount of bound protein, determined by absorbancy of the washes, was
1.2 mg protein per mg beads (37 mg total bound). Elution conditions
were simulated to test for spontaneous elution by washing with 3 M NaCSN,
the eluting buffer. No protein was eluted under these conditions. The
column was washed extensively with 0.01 M PBS.

Sheep 144 anti-©6 serum was passed over the immupnoabsorbent column
and unbound protein was eluted with 0.01 M PBS and concentrated to its
original serum volume. Bound protein was eluted using 3 M NaSCN, then
dialyzed extensively against 0.01 M PBS and concentrated. The column

was regenerated for additional rums by extensive washing with 0.01 M PBS.
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FLUORESCENT STAINING OF LYMPHOCYTES

Spleen or thymus cells were prepared by teasing the tissue in 5%
heat-inactivated FCS in MEM (FCS-MEM). The cells were washed once and
the red cells were lysed by Tris-buffered ammonium chioride (Boyle,
1968). The remaining cells were washed twice and brought to a concen-
tration of 107 cells/ml in FCS-MEM. For indirect staining, 0.1 ml cells
and 0.1 ml appropriately diluted antiserum were mixed, incubated for
60 minutes at 4° and washed once with 57 FCS-MEM. The pellet was re-—
suspended in 0.1 ml MEM; 0.1 ml of a 1:16 dilution in MEM of
fluoresceinated goat anti-rabbit Ig antiserum (lot #2232V002A1, Hyland
Laboratories) was added to the tubes, mixed and incubated for 60 minutes
at 4°. The cells were washed three times in MEM containing 3 x 10-2 M
sodium azide (NaNS—MEM) to prevent cell membrane rearrangements (Taylor
et al., 1971) and resuspended in 0.25 ml NaN,-MEM. One hundred cells
were examined for staining using a Zeiss microscope with an integral
illuminator 6V 15W. For direct staining, 0.1 ml cells and 0.1 ml of
a 1:8 dilution in MEM of fluoresceinated rabbit anti-mouse Ig antiserum
(lot #14454, MBA) were mixed and incubated 60 minutes at 4°. The cells

were washed with NaN,-MEM as described above and examined.
TISSUE ABSORPTION OF SERUM

All serum absorptions were performed at 4° for 60 minutes unless
indicated otherwise. Tissue was removed from the animal, erythrocytes

were lysed using Tris—NHqu solution and the tissues washed with either
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MEM or saline. Serum was added to the packed tissue and after absorption
was collected by repeated centrifugation at 2510 x g for 30 minutes at

40
MOUSE IMMUNOGLOBULIN (Ig) ABSORPTION OF SERUM

Purified mouse IgG (Pentex, Miles Laboratories) was added to the
antiserum (diluted as indicated) in varying concentrations. The mixture
was incubated at 37° for 30 minutes to allow antigen-antibody binding,

cooled to 4° and used in cytotoxicity studies.
MACROPHAGE DEPLETION

Macrophages were depleted from spleen cell suspensions by allowing
them to phagocytose carbonyl iron particles and then removing them with
a strong magnet (Erb and Feldmann, 1975). 2 x 108 spleen cells in 10 ml
of Hepes-buffered MEM supplemented with 10% FCS were incubated with
0.1 gm carbonyl-iron (sample #1-1; Particle Information Services, Grants
Pass, Oregon) in a 100 x 15 cm petri dish for 1 hour at 37°. A strong
magnet was passed under the bottom surface and held in place on the
bottom of the dish while pouring the cells into another dish. The
magnet treatment was repeated once and the cells washed in MEM supple-
mented with 10%Z FCS. This procedure removed adherent and phagocytic
cells. Cell recovery after treatment was 40 to 607. Macrophage
depletion was monitored by the inability of treated cells to respond
in vitro to TNP-KLH, a macrophage-dependent antigen (Feldmann et al.,
1975A); loss of B cells was monitored by the response to TNP-T4, a

thymus—-independent antigen (Jennings et al., 1975).



35

PREPARATION OF RABBLT ANTI-SHEEP RED CELIL ANTISERUM (aSRBC)

Rabbit 95-97 aSRBC serum was a gift from D. Benscn. Rabbits were
immunized by intravenous injection of 3.0 ml of a 107 suspension of
SRBC on days 1, 2 and 4. Sera obtained on day 7 were pooled, heat
inactivatred at 56° for 30 minutes. The serum had a hemagglutination
(HA) titer of 1:64; when treated with 0.01 M DTT, the HA titer was T 82

Rabbit H61 aSRBC serum was prepared by intravenous injection with
2.0 ml of a 10% suspension of SRBC on days 1, 2, 6, 9, 17 and 77. Serum
was collected on days 7, 13, 21, 30, 36 and 86, pooled, and heat inac-
tivated at 56° for 30 minutes. The HA titer of the serum was 1:64 and

after treatment with 0.01 M DTT was reduced to 1:16.

HEMAGGLUTINATION TLITERS

HA were determined in round bottom microtiter plates (Cooke
Engineering Co., Los Angeles, California) using modified barbital buffer
as diluent. Equal volumes of test serum dilutions and 2% SRBC were
incubated at 37° for 30 minutes. For determination of DTT resistant
antibodies (IgG), serum was incubated with an equal volume of 0.01 M
dithiothreitol (DTT) for 15 minutes at 37° immediately prior to additiom
of SRBC. The hemagglutination titer is the reciprocai of the highest

serum dilution giving visible agglutination.

PREPARATION OF SRBC-aSRBC MONOLAYERS FOR B CELL DEPLETION

Antigen—antibody complexes for B cell depletion were prepared by the

method of Kedar, Ortez de Landazuri, and Bonavida (1974). Falcon petri
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dishes (#3303, 100 x 15 mm) were treated for 45 minutes at room tempera-
ture with 7.0 ml of poly-L-lysine hydrochloride (PLL, molecular weight
195,000; Mann Research Labs) at 50 ug/ml in sterile 0.01 M PBS, pH 7.3.
Plates were washed extensively with PBS and incubated at room temperature
with 7.0 ml of a 1.2% solution of SRBC. At this point monolayers could
be stored for up to 4 days at 4°. For final preparation of SRBC-aSRBC
complexes, 7.0 ml of aSRBC serum were added to the washed monolayers
and incubated at 37° for 45 minutes. Sensitized monolayers were rinsed
well with PBS prior to use. Control plates were sensitized with normal
rabbit serum which had been absorbed 3X with SRBC.

For spleen cell adsorption, 5.5 ml of 107 spleen gells/ml suspended
in 10% FCS~MEM were added to each plate and incubated for 60 minutes
at 37° with rocking at 5 cycles per minute for 30 minutes and holding
stationary for an additional 30 minutes. Nonadherent cells were removed
with a Pasteur pipet, washed twice in FCS~-MEM and diluted to the desired

cell concentration for further use.
PREPARATION OF NYLON WOOL COLUMNS TO SEPARATE B CELLS FROM T CELLS

The procedure of Julius et al. (1973) was used for preparation of
nylon wool columns. LP-1 Leuko-Pak leukocyte filter (lot #LD5H5 and
lot #Y069151; Fenwal Laboratories) were sources of nylon wool. The nylon
wool was soaked in distilled water at 37° for 1 week with 3 to 4 changes
of water. Excess water was squeezed from the nylon wool and it was
allowed to dry at 37° for 2 to 3 days. Unless otherwise stated, 0.6 gm
of the dry nylon were packed into a 12 cc plastic syringe barrel up to

the 6 cc mark. The covers were replaced and the syringe was sterilized
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by autoclaving. TImmediately prior to use, the sterile column was rinsed
with 20 ml of FCS-MEM and 1% penicillin-streptomycin. This will be
termed wash medium. Excess medium was allowed to drain from the columns,
the covers were sealed with tape to prevent evaporation, and the columns
were incubated at 37° C for at least one hour prior to loading the cells.

Before loading the cells onto the nylon wool column, dead cells and
macrophages were removed by passage over glass wool columns prepared by
the method of Julius (personal communication). 0.2 gm glass wool
(Pyrex, Corning Giass Works) was packed into a 3 cc syringe barrel up
to the 1.5 cc mark. After replacing the covers the syringes were
sterilized by autoclaving. Before use the glass wool columns were
equilibrated with 10 ml of wash medium.

2 ml of cells were loaded onto the glass wool columns, which remained
in a vertical position throughout the passage, and subsequently washed
into the nylon wool with 0.5 to 1.0 ml of 37° wash medium. The nylon
wool columns were replaced in the syringe covers, resealed and incubated
for 45 minutes at 37°. The columns were washed slowly with wash medium
at 37° and the first 25 ml of the effluent was collected and the cells
pelleted at 630 x g for 10 minutes at 4°, washed once, and brought to
the desired cell concentration in the appropriate medium. Cell viability
after nylon wool pass was usually > 95% as determined by trypan blue dye

exclusion.

IMMUNOELECTROPHORESIS (IEP) AND OUCHTERLONY GEL DIFFUSION ANALYSIS

These tests were performed according to the method of Campbell et
al. (1970). For IEP, barbital B-2 buffer was used and the antigens were

electrophoresed at 40 volts for 40 minutes.



38

PREPARATION OF RABBIT IgG FOR INJECTING SHEEP #93

A crude IgG fraction from whole rabbit serum was prepared by
precipitation with 337 ammonium sulfate; salt ions were removed by
dialysis. The IgG enriched fraction was chromatographed using DEAE-
Sephadex A50 (Pharmacia) following the procedure of The and Feltkamp
(1970). The resin was activated by alternate washings with 1N NaOH
and IN HC1l and equilibrated with 0.01 M PBS, pH 7.2. 122 mg protein
(2.5 ml) was loaded onto the equilibrated column (1.5 x 30 cm; flow
rate v 20 ml/hr). Three separate runs were made under equivalent
conditions. The protein eluting in the equilibration buffer from all
3 runs was pooled, concentrated and rechromatographed. Absorbancy at
280 nm was monitored; tubes from the ascending portion of the curve and
the peak tube were pooled and concentrated. When tested by IEP against
sheep anti-rabbit Ig serum, only ILgG was detected.

Sheep #93 was injected s.c. with 2 mg of rabbit IgG in CFA. Day 28
bleed was tested by IEP against whole rabbit serum and reacted with the

IgG fraction.
SEPHADEX G-200 CHROMATOGRAPHY OF 2148 AND 2170 (ANTI-MOUSE IgG)

Gamma globulin was isolated from heat-inactivated rabbit serum by
one precipitation with 337 SAS. Salts were removed by passage over a
Sephadex G-25 column (27 x 2.5 cm) using Tris-HC1 buffer, pH 8.0. The
effluent was monitored for protein by absorbancy at 280 nm and for

sulfate ions by the addition of BaCl,. The gamma globulin enriched
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sample was chromatographed on Sephadex G-200 (82 x 2.2 cm) equilibrated
with Tris-HC1 (pH 8.0) by standard upward flow technique. The TgM and

IgG peaks were concentrated.
PREPARATION OF F(ab')2 FRAGMENT OF HUMAN GAMMA GLOBULIN (HGG)

Gamma globulin from HGG (Immune Serum Globulin, American Red
Cross, Massachusetts Public Health Biologic Labs, lot #RC70B) purified
by ion exchange chromatography was a gift from K. L. Pratt. The ion
exchange purified HGG (25.0 mg protein/ml) was pepsin digested according
to the method of Weir (1973). 2.0 mg pepsin (Matheson, Coleman and Bell)
dissolved in 0.1 M sodium acetate buffer, pH 4.5, was warmed to 37° and
added to 200 mg HGG. The mixture was stirred for 24 hours at 37°. The
pH was brought to 8.0 with solid Tris salt (2-amino-2-[hydroxymethyl]-
1,3-propanediol; Matheson, Coleman and Bell). The digest was dialyzed
against 0.1 M Tris-HCl buffer, pH 7.4 at 4°. The sample was centrifuged
2510 x g for 15 minutes at 4° to remove any precipitated material. The
digest was run on a Sephadex G-150 column (2.7 x 83 cm) employing standard
upward flow technique. The equilibrating and eluting buffer was 0.1 M
Tris-HCl, pH 7.4.

Four separate column runs were made employing similar chromatographic
conditions. The first peak from each of the runs was pooled, concen-
trated and rechromatographed. Two overlapping peaks were obtained,
indicating possible IgG contamination. After concentration to 1.8 mg/ml
the preparation was shown to contain human Fab and IgG when tested by
gel diffusion. Consequently, it was used for immunization since there
appeared to be sufficient Fab to insure the resultant antiserum would

have both anti-IgG and anti-Fab reactivity.
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CYTOTOXICITY TESTING

Cytotoxic antiserum and complement (C) treatment can be used to
deplete specific cells. Antiserum (As) specificity is determined by
cytotoxicity testing, which involves allowing antiserum to bind to an
appropriate target cell population, adding C and determining cell lysis,
death or membrane damage. Criteria used for cell death depend upon
sufficient cell membrane damage to allow for supravital dye uptake
(trypan blue dye exclusion test) or cell release of radiolabeled macro—
molecules (Slchromium release assay). Limited membrane damage could
allow for immediate dye uptake or isotope release, but if damage were
repaired, the cell could function normally. Therefore, when antiserum
and C are used for depletion, functional tests must be done on the target
cell population. Functional tests are the ability of treated cells to
generate immune responses in vitro and can measure helper (T) cell or
B cell function.

Initially I used the °!Cr release assay, but abandoned this in
favor of the trypan blue dye exclusion test, as the latter was simpler
and less time consuming. Scoring of stained cells was done by light
microscopy until our laboratory purchased a Cytograf ~ell counter (Model
6300A; Biophysics, Mahopec, N.Y.), an automatic cell counter which counts
and differentiates live and dead cells simultaneously. Automated
differentiation suppressed subjective bias inherent in scoring stained
cells by light microscopy; simultaneous determination of cell number
remaining after treatment is necessary as cell lysis can result in a

disproportionately low number of cells staining.
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SlChromium Release Assay

Spleens or thymuses were teased apart in 10% FCS-MEM and clumps
broken up by gently aspirating with a Pasteur pipet. Debris was allowed
to settle for 5 minutes at 4° and the supernatant fluid was passed
through a wire screen to remove clumps. 6 ml of cell suspension
(1 x 107 cells/ml) were layered onto 2 ml of Ficoll-Isopaque solution
and centrifuged 2800 x g for 30 minutes at 4°. The lymphocyte layer was
pipetted off and the cells were washed 2X in 10% FCS-MEM. Cells were
labeled according to a modification of Raff's method (1970). One ml
cells (107 cells/ml) was incubated with 50 uCi/ml NaSlcrOu (New England
Nuclear, El Cerrito, California) for 30 minutes at 37° with occasional
mixing. Cells were washed twice with 2 ml F-MEM (280 x g/10 min/4°) and
resuspended in F-MEM to 5X original volume. Cells were‘incubated 30
minutes/4° to allow for apontaneous rapid release of isotope, centrifuged
and resuspended to 107 cells/ml.

One-tenth ml of cells and 0.1 ml appropriate As dilution were
incubated at 37°/30 min. One ml warm MEM was added, cells were
centrifuged at 280 x g/10 min and the cell pellet resuspended in 0.1 ml
agarose-absorbed C (1:6 final dilution). After 30 minutes at 37° the
reaction was stopped by addition of 1 ml MEM (room temperature). Cells
were pelleted at 280 x g for 10 minutes and the supernatant fluid counted
in a Gamma counter. A cytotoxic index (CI) was calculated by the

formula:

cp = cpm (As + C) - cpm (NS + C)
cpm (100% lysis) - cpm (NS + C)
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Each sample was run in duplicate and the means of duplicate samples were
determined. Total release (1007 lysis) was determined by incubating
cells as in the test system, but substituting F-MEM for As and C.

After the final wash the cells were resuspended in 1 ml MEM and freeze—

thawed 5X by alternate treatments with dry ice and hot water.

Trypan Blue Dye Exclusion Test

A two—steprcytotoxicity test was used (Chan et al., 1970). One-
tenth ml of target cells (L x 107 cells/ml) was added to 0.1 ml of
appropriately diluted antiserum (As). After mixing well the antiserum
was allowed to bind to the cells for 60 min/4°. The cells were washed,
resuspended in 0.1 ml agarose-absorbed C (1:6 final dilution) and in-
cubated at 37° for 45 minutes. Trypan blue was added and stained cells
determined by light microscopy or by use of a Cytograf cell counter,
Model 6300A.

For light microscopy, 0.03 ml of 1% aqueous trypan blue was added to
the cells; at least 100 cells were scored. For automated counting on
the Cytograf, 1.9 ml of 0.05% trypan blue in phosphate buffered saline
was added, and total cell number and percent viable cells determined.

When using the Cytograf cell counter, percent dead was calculated
for each serum dilution (in the presence and absence of C) by the

formula:

(% cells stained) x (# cells remaining) As+ C
(%Z cells stained) x (# cells remaining) C only

This formula accounts for percent of staining cells in addition to cell
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lysis by antiserum and C (C dependent lysis) or antiserum alome (C

independent lysis).

Functional Testing: Generation of In Vitro Immune Response

To determine the effect of As and C treatment on the functional
capacity of spleen cells, cells were treated as described for trypan
blue dye exclusion testing. After incubation at 37° for 45 minutes with
compelement, cells were washed 3X with 10% FCS-MEM (630 x g for 10
minutes), counted and resuspended to 1.1 x 107 cells/ml. Cells were
cultured with thymus-dependent antigens, TNP-KLH or SPBC, or thymus-
independent antigens, TNP-T4 or DNP~dextran, for 5 days in a Mishell-
Dutton system. Anti-TNP or anti-SRBC PFC were measured. If helper T
cells were affected by treatment, there would be no response to thymus-
dependent antigens. Any effect on B cells is measured by reduced responses
to thymus—-independent antigens.

All sera and complement were filter-sterilized (0.45 u Millipore

filter) prior to use. Antisera were heat inactivated (56° for 30 minutes).

PREPARATION AND TESTING OF ANTISERA

See Appendix.
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EXPERIMENTAL RESULTS

A. A DECISION TEST TO DETECT THE EFFECTS OF EARLY SIGNALS

ON ANTIGEN-SENSITIVE B LYMPHOCYTES

I have devised a "decision test'" which provides a functional means
for detecting early signals delivered to antigen-specific lymphocytes.
The general design of the decision test is to expose spleen cells to a
biologically active substance (such as antigen or mitogen) and then give
the cells a one-hour decision period in which to accept an immunogenic
pulse of antigen before being placed in culture without additional
antigen. The response in culture thus reflects the effect of the early
signal on the cells' decision on whether or not to utilize the immuno-
genic pulse.

The decision test can be used to detect the effects of early signals
delivered by antigen on antigen-sensitive cells. Previous studies on
lymphocyte activation have generally used mitogens rather than antigens
to detect early signals to lymphocytes since mitogens nonspecifically
activate a large percentage of the lymphoid population, whereas antigens
activate specific antigen-reactive cells which comprise less than 0.17%
of the unprimed lymphoid population (Klinman and Press, 1975). As a
result it is technically difficult to detect early signals to antigen-—
specific cells. The effects of T cell factors (Dutton, 1975), cyclic
nucleotides (Watson, 1975), and mitogens (Coutinho et al., 1975) on |
antigen-specific cells have been examined for their effects on in vitro
generated immune responses, but their experiments were not designed to

detect early signals.
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1. Design of the Decision Test

Figure 1 shows the basic experimental procedure for a decision test
to detect effects of early signals by DNP-D, a thymus-independent antigen
(Desaymard and Feldmann, 1975; Desaymard, personal communication).

Normal spleen cells were exposed in vitro to DNP-D at 4°/60 min (signal).
Excess antigen was removed by washing. Capping of membrane immunoglobu-
lins (Ig) and extensive membrane rearrangement cccur at 37° C within 15
minutes (Taylor et al., 1971), so cells were incubated at 37° to allow
for any movement necessary for "signal translation'". Further membrane
movement and metabolism were slowed by lowering the temperature to 4°/5
min prior to adding the immunogenic pulse of DNP-D. After pulsing at
4°/60 min the cells were washed extensively to remove antigen and
cultured without additional DNP-D. After 5 days direct (IgM) and
indirect (IgG, IgA) antihapten plaque-forming cells (PFC) were determined
using trinitrophenylated sheep red blood cells (TNP-SRBC). For detection
of IgA PFC, an anti-mouse IgA antiserum was used in place of the anti-
IgG facilitation serum described in Methods. Only direct IgM PFC are
reported as no indirect PFC were detected. Where indicated, cells were
also plated againét non-haptenated SRBC for detection of‘polycional

antibody responses.

2. Generation of Negative and Positive Signals by Antigen

Figure 2 shows two representative experiments demonstrating a
differential effect of high and low signal doses on DNP-D on the cells'
decision to respond to the immunogenic pulse. Cells incubated with

subimmunogenic doses &10™% pg)of DNP-D during the signal stage showed a
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Figure 1

Basic experimental procedure for a decision test to detect effects
of early signals by DNP-D, a thymus independent antigen.



(1) Normal mouse (Baib/c) spleen cells {107/ml) in Eagle's minimal essential
medium (MEM) containing 10% fetal calf serum (FCS) and 1% penicillin-

streptomycin.

+DNP-D -DNP-D (control)
(2) Signal - l 4960 min

Centrifuge through | ml 100% FCS at 630 x ¢/4%/10 min
Wash in MEM-FCS

37915 min
(3) Pulse Immunogenic dose DNP-D (10! - 102 ug/mi)
(4) Decision period 4%60 min
X 5
Wash 3X in MEM-ECS
l

Tissue culture 4507 cells/ml), nc additional DNP-D
(5) Response to pulse l 5 days 37°

Assay antihapten PFC
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Figure 2

Ability of the decision test to discriminate between high and low
dose signals generated by DNP-D in 2 representative experiments. Each
point represents a pool of 8 replicate microcultures. Results are
expressed as % of control response with control cells pulsed but not
signaled. Cells treated as in Figure 1. Control responses: PFC/106
cultured cells assayed @g—e@—e@ 111, O--0~- o 308.
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decreased response to the pulse compared to cells pulsed but not sig-
nalled with DNP-D. The dose (1077 pug) delivering the most negative
signal was only 1/105 to 1/108 of the pulse dose.

A high signal dose (107! yg) enhanced the cells' response (> 100%)
to the pulse in the experiments shown in Figure 2. Although such enhance-
ment was repeatedly observed, as seen in Figure 3, this enhancement was
not statistically significant (p > 0.4). Nevertheless, this may rep-
resent a positive signal since, as shown below, high doses of LPS induce
similar enhanced responses to the DNP-D pulse.

Signalling with low doses of DNP-D resulted in unresponsiveness to
the pulse in 16/18 (89%) experiments, considering significant reduction
to be 50% or greater. Figure 3 summarizes the data from nine of the
positive experiments in which enough signal doses had been tested to
generate the dose response curve shown. The data from each individual
experiment are shown in Table 1. The data were analyzed for significance
in a two-way analysis of variance (Sokal and Rohlf, 1969). Low dose
signals of 1076 yug, 10™7 ug and 1078 ug decreased the response to the
pulse significantly (p < 0.001) testing these cells as a unit against
controls (cells signalled with diluent). Although the high signal dose
of 107! .g appears to enhance the response to the pulse dose, this value
was not statistically different from control cells (p > 0.4). These
results suggest that a critically low dose is necessary to provide the
negative signal. The dose range is broad, but this may reflect hetero-

geneity in the relative physiological state of the cells at the time
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TABLE 1

COMPOSITE DATA ANALYZED FOR DNP-D SIGNAL-DOSE RESFONSE CURVE

Anti-TNP PFC/10° Cells
Experiment No.
ug/ml DNP-D Signal 1 2 3 4 5 10 11 13 14

(Control)  None 94 111 592 308 1549 860 733 250 454
1071 406% 193 800 500 2185 1005 1006 109 722¢
10~2 13 106 615 300 880 547 500 220 402
1073 78 123 550 297 708 635 1246 175 427
107% 100 80 574 300 1837 669 1029 175 545
1075 65¢ 96 392 125 905 565 1220 60 380

16%8 5 32 245 163 738 319 1020 0 228
1077 P 7 20<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>