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ABSTRACT OF THESIS



An adoptive cell transfer system was defined Ffor
studying the long-term IgE anti-ovalbumin (0A) response of
B6D2F1 mice. » The primary IgE anti-0A response given by this
strain persisted for more than 12 months yet the half-life of
IgE antibody in circulation was only 10.5 hours as measured by
residual passive cutaneous anaphylaxis (PCA) in rat skin. The
system develeoped to study the cell recruitment patterns which
were thought to underlie this persistent response involved the
transfer of primed spleen cells to irradiated recipients and
the production in these recipients of IgE and hemagglutinating
(HA) antibody without further overt antigenic challenge. The
capacity of primed spleen cells to transfer the response was
first detectable 10 days after immunization, increased for the
next 6 weeks and was still evident 8 months after immunization
of +the donor animals. The transferred response itself
persisﬁed in the recipients for many months.

The anti-0A response in recipient mice was
inconsistently dependent on the presence of fetal calf serum
(FCS) in the medium in which the cells were suspended. Primed
spleen cells suspended in serum-free medium containing
lipopolysaccharide (LPS) also transferred the anti-0A response
Qithout requiring antigenic challenge of the recipients. No
antigenic similarity could be shown to exist between 0A, FCS
and LPS in either PCA or HA assay. Anti-0A amtibody injected
into irradiated recipients immediately before transfer of
primed cells suppressed the production of both IgE‘and HA

antibodies to 0A in the recipients. This implied that antigen
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was present in cell-bound form on primed cells.

Depletion of macrophages from the donor spleen cell
suspensions did not diminish the capacity of the remaining
cells to give an adoptive response. The production of IgE
antibody in irradiated recipient mice was preventedviF donor B
or T lymphocytes were +treated inmn vitro with either gamma
irradiation or mitomycin C, suggesting that proliferation of
both B and T lymphocytes was essential for the adoptive
response to develop.

However, the requirement for proliferation was only
transient since, once IgE antibody production reached a steady
state in tHe recipients, it manifested extreme resistance to
high dose irradiation. Whole-body irradiatiom of 800 and
1,000 rads was without effect on established IgE production.
This latter observation was valid for both intact mice which
were irradiated 8 weeks after immunization and also for
irradiated adoptively immunized mice. These data suggested
that the IgE anti-0A antibody measured in serum of BOF1 mice
several months after immunization with 1 Ha OA and 1 mg AJ.[DH):3
was primarily the product of long-lived antibody-secreting

cells.
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CHAPTER 1: INTRODUCTION



1.1 Evidence for the existence of Immunoglobulin E

Eviaence Ffor the existence, in plasma, of a factor
capable of mediating an immediate hypersensitivity response
was First reported by Prausnitz and Kustner in 1921 (1). A
small volume of serum taken from the allergic Kustner was
injected into the skin of Prausnit=z. When the injection site
was subsequently challenged with a small amount of Fish
extract, to which Kustner was sensitive, a reddening and
swelling of the area resulted. This method of passive
sensitization to test for the presence of reagin has since
been called the P-K test in recognition of the authors and was
central to the eventual isolation and charactérization of IgE.

Investigators during the next few decades identified
some of the physico-chemical properties of the reagin. The
skin sensitizing activity was found. associated with the
globulin fraction of serum (2,3), had a sedimentation
coefficient of 7.88 and, on electrophoretic analysis, migrated
with the proteins in the beta - gamma region (4). By 1963
antigenic analysis of the structure of antibodies had
identified three classes of immunoglobulin designated IgG, IgM
and IgA and, by 1965, a fourth class, IgD, had been identified
(5). For a time data were reported which associated reaginic
activity with IgA (6,7). However, the identification of
reagin in an individual deficient in IgA (8) and the inability
of anti-IgA serum to neutralize reaginic activity (9,10)

pushed Ishizaka and his colleagues +to pursue the isolation of



a separate class of immunoglobulins.

Ishizaka et al isolated reagin by extracting it from
the serum of #eople with hay fever. The presence of reagin
in the fractions was determined by monitoring skin-sensitizing
activity. These investigators then immunized rabbits with
the reagin-enriched fraction. The resulting antisera were
used to compare the antigenic structure of reagin to the other
known immunoglobulin classes (9,10,11). Analysis by
double-diffusion in agar gel of reagin revealed the presence
of both kappa and lambda light chains, as in the other krnown
immunoglobulin isotypes, and of antigenic determinants not
shared by IgG, IgM or IgA. The apparently new class of
immunoglebulin wés designated IgE (12). Mixing of this IgE
globulin with reaginic serum prevented skin sensitization by
the latter. This observation was interpreted to mean that
the two competed for a single bioclogical target which implied
similarity if mot identity of the two materials. In
addition, Ishizaka et al were able to demonstrate that the
titre of reaginic activity, as determined by skin testing,
correlated with the amount of IgE in the test preparation but
not with the quantities of IgG, IgM or IgA present (13).
This further strengthened the postulaté that immediate
hypersensitivity responses were mediated by a distinct
immunoglobulin class.

At about the same time, Johanssen and Bernnich
identified anmn atypical myeloma immunoglobulin from a patient

identified as NO (4). On reaction with the anti-reagin serum
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which had been prepared by Ishizaka, IgND was shown to be
antigenically similar to IgE. Withim a year of this
collaborative effort the World Health Organization had
officially designated this IgE as a new class of

immunoglobulin (14]).

1.2 Physico-chemical properties of IgE

To date no subclasses of IgE have been identified.
The existence of human IgE-secreting myelomata permitted
isolation of sufficient gquantities of this immunoglobulin to
allow more precise characterization of the molecule (15,18).

IgE 1is a glycoprotein with 'a relative molecular mass of

180,000 and a sedimentation coefficient of 8S. In common
with other classes of immunoglobulin, it is composed of two
identical heavy chains (H), designated epsilon, and two

identical light chains (L) which were either kappa or lambda.

Each epsilon chain has five recognizable domains and each
light chain two. Domains are compact, globular arrangements
of approximately 110 amino acids each organized into a 60
residue loop by an intra-chain disulphide bond. Their
existence was first suggested by the linear periocdicity of the
amino acid sequences of immunoglobulins (17). The Ffour
chains are held together by disulphide bonds. One such bond
exists between each of the two heavy and light chain pairs and
two bind the heavy chains together. The result is a Y-shaped
molecule whose arms are composed of one light chain and the

amino-terminal half of the heavy chain. The stem is the
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paired carboxy terminal ends of the heavy chains. Enzymatic
digestion of the molecule followed by testing of the resulting
fragments has shown that the two arms are the antigen binding
(Fab) fragments of the antibody while the stem can be isclated
as a crystallizable - fraction (Fc). This basic type of
structural organization was Ffirst demonstrated for IgG by
Porter in 1959 and has proven to be common to all
immunoglobulin classes. It is the Fc portion of the
immunoglobulin which is most intimately associated with thf
skin sensitizing activity of IgE. It is by means of the Fc
stem that the molecule binds to the membrane of mast cells and
basophils (16, 18) thereby '"sensitizing" these cells. The two
Fab sites remain exposed to the extra-cellular fluid and are
free to bind antigen should it become available.

The carbohydrate content of IgE, constituting about
12% by mass, is associated with +the CH1, CH2 and CH3 domains.
The major sugars are mannose, N-acetyl glucosamine, galactose,
Fucose and sialic acid and have been shown to be essential for
the binding of the molecule to cell membranes (138). The
limited sequence homology (27 - 35%) between the epsilon chain
and heavy chains of other classes indicates that IgE appeared
early during the evolution of the immunoglobulins. Unlike
other immunoglobulin classes the biological activity of IgE is
impaired by moderate heat. Exposure to SEDC for 30 minutes
will destroy the skin sensitizing activity of IgE while the
antigen binding activity of the molecule is maintained. This

loss of biological activity has been shown -to be due to



conformational changes in the Fc portion of the molecule on
exposure to heat. Like other immunoglobulin classes, with
the exception of IgG, IgE 1is reported not to cross the
placenta. Plasma IgE is not in aggregated form, and hence
does not activate the complement system either by the
classical or the alternate pathways. However, artificially
aggregated IgE does activate the alternate complement pathway
(20). Ishizaka et al demonstrated that this ability to fix
the lat? (C3 - C9) components of complement resides in the
amino terminal end of the Fc portion of the molecule.

The development of radioimmunoassay (RIA) technology
in the lafe 1960's permitted <the quantitation of previously
unmeasurable IgE concentrations in the circulation of normal
persons (21]. Polmar et al demonstrated that in a population
of 73 normal adults concentrations of serum IgE were normally
distributed (22). Concentrations of IgE are the lowest of
all immunoglobulins and, in humans, average approximately 0.1
mg/L in the adult. Demonstration of the existernce of
IgE-like molecules in species other than man initially
depended on the identification of skin-sensitizing activity in
the sera of animals which had been experimentally immunized.
Reaginic activity was found in the rat (23), dog (24), guinea
pig (25), rabbit (28), mouse (27), monkey (28), cow (29) and
sheep (30). Radio-immunodiffusion studies have identified
the presence of IgE-like immunoglobulin in these species.
Moreover, myelomata of the IgE type have been identified in =

number of species. One of the more striking examples of
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which is the Lou/Wsl rat strain which was identified by Bazin
to be particularly susceptible to the development of
spontaneous ileo-coecal immunocytomata (31). More than one
fourth of such tumors have been found teo secrete Igk.

Studies of the properties of non-human reagins have shaown them

to be chemically and structurally similar to human IgE (32).

1.3 Biological action of IgE

In additiom to existing in plasma at the lowest
concentration of all the immunoglobulins, IgE has a shorter
half-1life in the circulation than do the other classes of
antibody. In the human its half-life is 2 days (16) while
IgG, IgA, IgM and IgD have half-lives of 21, 6, 5 and 3 days
respectively (33). Tada has shown that in the rat the
half-1ife of circulating IgE is 12 hours (34). However,
since IgE exerts its biological activity by binding to mast
cells and basophils there are two major pools of IgE in the
body; circulating IgE with a relatively short half-life and
cell bound IgE with a much longer half-life of approximately
two weeks (35).

Tomioka and Ishizaka demonstrated the major sites of
IgE binding by injecting myeloma IgE into monkeys and
mornitoring the localization of the immunoglobulin (36). They
found that reaginic antibody bound to cells in the skin, the
bronchi, the small intestine and the mesenteric membranes.
These are +the sites assocliated with the common allergic

symptoms of itching, wheezing and diarrhea. - The binding of



IgE to cell membranes had earlier been demonstrated in vitro.
In the mid-1860's Levy and Osler showed that white blood
cells +taken from normal individuals could bind the reagin
present in the serum of allergic individuals (37). In such
early experiments the binding of reagin was, as in the P-K
test, inmferred from the biological consequences of exposing
the sensitized cells to specific allergen. Under in vitro
conditions the end-point 1is not the extent of tissue damage,
as in the P-K test, but 1is a measurement of the biochemical
mediators released by the senstized mast cell on exposure to
antigen. The mast cell has been shown to release a number of
substances the most potent of which is histamine. | The major
effect of histamine in the intact animal is to increase local
vascular permeability causing the extravasation of fluid. On

a small scale, such as in the P-K test, such a local reaction

is of little consequence. However, when large areas of
sensitized +tissue, such as the respiratory tract, are
stimulated with antigen the reaction may became

life-threatening.

At about the same time Goodfriend et al demonstrated
that reagin would indeed sensitize lung (38). These
investigators incubated monkesy lung tissue with serum obtained
from hay fever patients. Subsequent exposure of the tissues
to a ragweed sxtract triggered the release of histamine and
slow reacting substance of anaphylaxis (SRS-A). Adsorption
of the reaginic serum with anti-IgE reduced its abllity to

sensitize the lung tissus. Moreover, the ‘release of the
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mediators of anaphylaxis could be induced by exposure of
sensitized tissue to anti-IgE but not by anti-IgB (39).
Similar results were obtained by Orange et al using human lung
as the experimental tissue (40]).

The observation that anti-IgE could trigger
histamine release by sensitized tissue not only confirmed that
mediation of immediate hypersensitivity was a specific
property of IgE but allowed further examination of the
interaction of the components of the process at the cell
membrane. Although intact IgE could facilitate an immediate
hypersensitivity response, monovalent anti-IgE, i.e. Fab
antibody fragments, could not cause the release of mediators
(41). Similarly bivalent or multivalent antigens, but not
haptens, were able +to elicit an allergic response (42,43).
These data have been incorporated into the "bridging theory”
which holds that it is the cross-linking of at least two
molecules of cell-bound IgE by antigen that initiates a3 series
of cellular reactions culminating in the release of vasoactive
substances. Microscopic examination has shown that the
release of histamine by human basophils coincides with the
degranulation of the cells (44).

In addition +to the tissues already named, IgE has
been shown to bind specifically to peritoneal mast cells (45)
and to cultured rat basophilic leukemia cells (46). It is
these last two sources that have been most extensively used to
elucidate the properties of the IgE receptor itelf (47,48).

The number of IgE receptors per basophil has been



estimated to be 30,000 to 20,000. However, only 30 to 50% of
these appear;to be occupied by IgE molecules under normal
circumstances. No difference could be found between the
number of receptors in the cells of normal and atopic
individuals (49). However, Ishizaka et al found that the
proportion of occupied IgE receptors was greater on cells from
allergic individuals than on those from normals. Moreover
there was no correlation found between the amount of
endogenous IgE bound to basophils and the concentration of
circulating IgE. The binding of IgE to its specific
receptors was found to be reversible (50). The affinity
constant for the binding of IgE and its receptor was in the
order of 1 x 108 to 1 x 10° L/mol for human basophils, for rat
peritoneal mast cells and for cultured leukemic cells.

Despite extensive characterization of the IgE

molecule and of its mode of action, the physiological role of

the molecule remains unclear. There is no evidence that a
deficiency of IgE leads to a functional deficit,. However,
there are two situations in which elevated levels of
circulating IgE are associated with pathology. The first is

in allergic individuals and the second is individuals infested
with certain parasites. The localization of IgE on mast
cells and Easophils im the skin and mucosal surfaces and the
release of vasoactive amines when cell-bound IgE is bridged by
antigens have led to the rmotion that IgE functions as a
gatekeeper protecting the organism from certain constituents

in the external environment. The increased capillary
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permeability induced by histamine would permit the
extravasation. of circulating antibodies and phagocytes which
could then act locally +to inactivate or remove a potential
imvader.

It is by manipulating animal models conceived to
simulate the effects of allergy or parasitic infestation on
IgE production that the variables controlling the synthesis of
the molecule have been identified. These fall roughly into
two categories. First are the lsotype-specific factors which
modulate circulating levels of IgE without affecting the
production af immunoglobulin of other classes. The second
group of factors act in an antigen-specific manner and can
generally be examined in the context of the regulation of IgE

antibody production.

1.4 Isotype specific regulation of IgE production

Helminth parasites such as Trichinella, Ascaris and
Nippostrongylus clearly express adjuvant activity Ffor the Igk
response in addition to eliciting strong IgE responses against
specific worm antigens. Several reports have been published
to indicate that Nippostrongylus brasiliensis (Nb) in
particular is & strong adjuvant for continuing IgE responses
to unrelated antigens (51-53). The potentiating effects of
Nb were demonstrated clearly in a study of the cellular basis
for IgE production using a plague forming cell assay for total
IgE-producing cells. Following inmfection it was demonstrated

that the level of total IgE in serum rose more than 100-fold
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by approximately 16 days post infection, that most of the IgE
PFC were phesent in the mesenteric lymph nodes, and that
approximately 0.15% of the total nucleated cells in these
rnodes were actually producing IgE (1500/106 cells) (54). In
this context it shouwld be noted that both immunofluorescence
techniques and PFC assays yielded similar numbers for IgE
producing and bearing cells respectively in the mesenteric
lymph nodes. With respect to spleen however, PFC assays
consistently did not detect any IgE secreting cells whereas
fluorescence revealed the presence of IgE bearing cells at
levels somewhat greater than one tenth of those found in

mesenteric lymph nodes. (55).

1.4.1 IgE B cell generating factor

Further study of the IgE bearing cells present in
the mesenteric lymph nodes (MLN) of Nb infected rats led the
Ishizakas and their coworkers to uncover the existence of
cell-fFree fFactors which influenced both the numbers of IgE
bearing cells and also the magnitude of the IgE antibody
response. Dné Factor was shown to cause an increase in the
number of IgE bearing cells in all lymphoid tissues except the
thymus. However, the induction of IgE-bearing cells after
infection was not affected by neonatal thymectomy although the
capacity of thse animals to produce anti-hapten antiboeodies
against dinitrophenyl derivatives of ovalbumin was abolished
(581). These results suggest that T cells are not essential

For the development of IgE bearing cells into IgE antibody



12

secreting cells. Interestingly it was shown that the IgE
bearing cells. found after Nb infection synthesized their own
membrane IgE. Surface IgE and other membrane immunoglobulins
could be stripped off by treatment with pronase. However,
after a further 24 hours in culture most of the cells regained
their membrane IgE suggesting endogernous IgE production by the
cultured cells (57). In +the course of this extensive series
of studies on the ontogeny and development of IgE bearing
lymphocytes the Ishizakas and coworkers noted that IgE bearing
cells increased in number not only in the peripheral lymphoid
tissues but also in the bone marrow of both thymectomized and
mon-thymectomized anmimals. Since bane marrow cells do not
contain a significant number of circulating lymphocytes, the
possibility was considered that a soluble factor was involved
in the generation of IgE bearing lymphocytes. This idea was
put to the test by incubating normal bone marrow cells with
cell-free supernatants derived from 24 hour cultures of
mesenteric l;mph node cells removed from Nb-infected rats.

Thus, the existence of a factor, released from the c?lls of
worm infected rats, and acting on normal bone marrow cells was
being tested. Culture supernatants from worm infected rat
lymph node cells caused a selective increase in the number of
IgE bearing bone marrow cells; control culture supérnatants
using normal rat lymph node cells had no such effect. The
Factor was shown not to be simply IgE, which might have been
taken up‘ passively by the bone marrow cells. Culture

supernatants passed through columns of Sepharose 4B-anti-IgE,



13

a treatment which would be expected to remove any IgE from the
supernatahts,:were found still to retain their activity.
Also, fractionation of the supernatants revealed that the
active principle had a relative molecular mass of between
10,000 and 20,000 (s58). The Ishizakas and coworkers assigned
the <term "IgE B cell generating factor" +to +the active
principle and went on to show that the major source of this
active material was IgE bearing B cells from the mesenteric
lymph node cultures of Nb infected rats (59). A more
detailed analysis of the effect of this factor on cgltures of
rnormal bone marrow cells showed that the IgE B cell generating
Factor converted IgM bearing virgin B cells to IgM(+)IgE(+)
double bearing cells. This conversion was not inhibited by
mitamycin C indicating that cell replicatiomn was not involved.
Moreover, few of the cells which became IgM{+)IgE(+) in the
bone marrow cultures contained 3-H Thymidinme, an observation
which also was consistent with lack of cell proliferation.
Treatment of the bone marrow cultures with & variety of
metabolic inhibitors led to the conclusion that transcription
of DNA and protein synthesis were implicated imn the IgE B cell
generating factor activity i.e. the conversion of IgM(+) to

IgM(+)IgE(+) cells (8B0O).

1.4.2 IgE potentiating factor
The thrust of subsequent work on the effects of
other soluble factors produced in cultures of mesenteric lymph

node cells from Nb infected rats focussed on the effect on IgE
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antibody formation. For example, it was showm that when MLN
from DNP-0A phimed rats were cultured 1in the presence of T or
B cells from Nb infected rats T cells from the infected rats,
but mot T cells from normal rats, enhanced selectively the IgE
response of DONP-0A primed.cells to the homologous antigen
without affecting the IgG forming cell response. The
enhancement of the IgE response was seen only if the MLN donor
rats had been previously immunized with the carrier protein
(oAa). Further work to investigate whether an active soluble
factor was produced by the T cells of Nb-infected rats showed
that indeed an "IgE-potentiating factor" was produced.
Culture supernatants of T cells from Nb-infected rats
selectively enhanced the IgE response of DNP-0A primed cells
without affecting the IgG response (61).

It is +the selective nature of the poteqtiating
factor in enhancing the formation of IgE but not IgBs which
distinguishes this factor's activity Ffrom that of T cell
replacing factor (TRF). TRF activity does not discriminate
between antibody responses of different isotypes (62,83) and
indeed Suemura and Ishizaka were able to demonstrate a high
TRAF activity in the supernatants of antigen stimulated MLN
cultures. Both IgG and IgE responses were enhanced by the
TRF supernatants. More convincing evidence For TRF and the
IgE potentiating factor being distinct entities came from
fractionation studies using gel filtration. IgE potentiating
factor had a relative molecular mass of 10,000 - 20,000

whereas TRF is known to have a relative molecular mass of
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about 50,000.

Subsequent work by the Ishizakas and their
colleagues aon the IgE potentiating factor was directed towards
identifying both the source and the target of the factor. It
was eventually demonstrated that the target cells of the IgE
potentiating factor were B cells. Furthermore, B cells but
not T cells were shown to be capable of absorbing the factor.

Arn  important finding in this regard was that the IgE
potentiating factor had an affinity for Igk 1itself; IgE
coupled Sepharose absorbed the IgE potentiating factor and
activity could be recovered by subsequently passing
glycine-HCl buffer, pH 3.0, through the same column (64).
Ishizaka and colleagues speculated that it was the affinity
For IgE that caused the potentiating factor to focus on IgE
bearing B cells and consequently potentiate only the IgE
response rather than affecting all isotypes (65). The source
of the IgE potentiating factor was conceptually more difficult
to accept since it involved the production by T cells, derived
From Nb infected rat MLN cells, of an entity which expressed
the binding properties of an Fec-IgE receptor (FceR).
Notwithstanding this view, Ishizaka and caolleagues
subsequently demonstrated that although most of the cells
which express FceR in normal rats are B cells, following
infection with Nb the number of T cells which expressed FceR
increased markedly. It was eventually demonstrated that
these FceR-bearing T cells were the source of the IgE

potentiating Ffactor. The soluble factor expressed,
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superficially at least, properties similar to FceR and in fact
would inhibit the binding of IgE-coupled SRBC to the FceR(+) T
lymphocytes.

Since one of the consequences of Nb infection of
rats is an 1increased level of serum IgE, Ishizaka et al
questioned whether IgE itself would affect the FceR(+) T
lymphocytes and perhaps cause these cells to release IgE
potentiating factor. In a series of in vitro studies these
workers showed that addition of rat IgE, at concentrations of
1 Hg/ml or higher, to cultures of normal rat lymphocytes did
indeed cause an increase in the number of FceR(+) cells from
2-3% of the population to 16%. The effect was restricted to
IgE, other immunoglobulin classes such as rat Ig6 or rabbit
IgG failed +to increase the number of FceR(+) cells. The

addition of rat IgE also did mot have any effect on the

numbers of Fec receptors with specificity for other
immunoglobulin isotypes. Kinmetic studies on the appearance
of FceR(+) cells showed that the incubationmn of mormal

lymphocytes with IgE had to be of 4 - 8 hcqhs duration for the
FeceR(+) cells to increase in numbers; DONA synthesis was rot
involved in the expression of detectable FecRA with an affinity
for IgE (68).

At first sight these studies would seem to point to
an uncontrolled production of IgE antibodies following
infection with Nb. Any increase in IgE concentration would
be expected to lead +to the formation of higher numbers of

FceR(+) lymphocytes which would in turn release IgE
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potentiating factor (IgE binding factor) which would lead to
increased production of IgE and the cycle would continue with
no obvious controls on the rate of production of IgE. It was
from a consideration of the homeostatic mechanisms which might
be imvolved in IgE production that the Ishizakas and their
colleagues broadened their search for factors influencing the

IgE respaonse to incluyde factors with suppressive activity.

1.4.3 IgE suppressive factor

Factors with suppressive activity For the IgE
response in fact were readily demonstrated in cultures of MLN
from Nb infected rats when the MLN cells were removed 8 days
after infection; demonstration of the existence of IgE
potentiating factor had been accomplished using MLN cells
removed 14 days after infection. The properties of the IgE
suppressive factor are similar in several respects to the IgE
potentiating Factor. Both factors bind to IgE-Sepharose and
can be eluted in active form from such columns. Both are

produced by MLN cells from Nb infected rats after 24 hours in

culture. Both are class specific in their action and they
have similar molecular size. The main difference between the
two factors is related +to their carbohydrate moiety. The

potentisting factor binds to lemntil lectin-Sepharose and can
be eluted from the lectin coupled beads with
alpha-methyl-mannoside. In contrast, the IgE specific
suppressive factor does not bind +to lentil lectin coupled

Sepharose beads. Although the initial experiments on the IgE
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suppressive factor were conducted with MLN cells removed from
rats 8 days éFter Nb infection subsequent experiments showed
that the two IgE specific Factors (potentiating and
suppressive) were produced over a much wider time period.
For example, rat MLN cell cultures established 4 weeks after
Nb infection produced, after 24 hours in culture, both the IgE
specific potentiating factor and the IgE specific suppressive
factor. At this time however, the suppressive factor had a
greater activity than the potentiating factor. Thus, it was
shown that two factors, both specific for IgE, and with
opposite biological function could be produced at different
times after parasitic infection with relafively different
activities.

A close strucfural relationship between the IgE
potentiating and suppressive factors was suggested by a
subsequent report in which the effects of the antibiotic
tunicamycin were established (67). Ishizaka et al used a
somewhat different apptroach from previously in that IgE was
added to Com-A activated MLN in culture to induce the
production of IgE binding factors. Different concentrations
of Con A caused different factors to be produced; at 1 Fg/ml
the MLN cells, on addition of IgE, produced IgE suppressive

Factor whereas at 10 Fg/ml of Con A the MULN producesd IgE

potentiating factor. A possible relationship between the two
factors was suggested by the effects of tunicamycin, an
antibiotic which is known to inhkibit glycosylation of

proteins. In the presence of tunicamycin IgE potentiating
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Factor was not produced under conditions which otherwise would
have led +to- its production. The production of IgE
suppressive factor was not affected by the presence of
tunicamycin. The intriguing result was observed when IgE was
added in the presence of tunicamycin to MLN cultures which had
been activated with 10 pg/ml of Con A. In the absence of
tunicamyecin, és described above, IgE potentiating factor was
rnot produced but IgE suppressive factor activity was detected.
Ishizaka et al speculated that the IgE potentiating Factor
and suppressive factor share a common precursor protein and
that the biological Ffunctiom of the factors is decided by the
process of glycosylation. The authors further speculated
that the existence of these two factors, with antagonistic
biological functions, could go a long way to explain the
selective regulation of the IgE response. An  inmtriguing
guestion in relation to this work is whether a switching
mechanism exists for the synthesis of the two factors.
Inhibitory soluble factors affecting selectively the
IgE response also have been demonstrated in systems other than
those involving parasitic infection. For example, a system
was developed by Kishimoto et al (68) in which DNP-derivatized
Mycobacterium (DNP-Tbec) was administered to normal mice.
These investigators reported that the +treatment induced
DNP-reactive suppressor T cells capable of exerting selective
suppressive effects on antibody responses of the IgE classes.
Further work by the same group revealed the ability of the

ONP-reactive suppressor T cells to inhibit in a selective
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manner IgE antibody responses in vitro either when intact
cells were added to such cultures or when soluble mediators
released inmto culture supernatants of DONP-Thce stimulated
DNP-reactive suppressor T cells were incorporated into the
cultures (869). The soluble factors produced in this way were
subsequently analyzed and it was demonstrated that (a) DNP
specific stimulation of DNP-reactive T cells was absolutely
required Ffor the induction of the suppressive factor, (b)
although antigen specific stimulation was required for
imduction of the factor, its activity was totally antigen
non-specific, (c) the suppressive activity was selective for
the IgE class, (d) MHC identity between the Féctoh and its
target cells was required for suppressive activity and (e)
adsorption on Sepharose-4B-anti-MHC columns revealed that the
factor bore determinants encoded by genes in the I-region of
the H-2 complex. i

Perhaps the most convincing evidence that the factor
responsible for these effects is derived from T lymphocytes is
to be found in the caomstruction of a T cell hybridoma capable
of continuously producing the relevant suppressive factor
(70). Mcre recent work on the properties of this factor has
revealed the presence of binding sites for IgE molecules as
well as an H-2 gene product. It is noteworthy that the
factor did mot show any affinity For either mouse IgM or Igl

(71).
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1.4.4 Suppressive and Enhancing factors of Allergy

In addition to the IgE specific regulatory factors
produced following parasitic infectiom and administration of
hapten-mycobacteria conjugates there exist the "factors of
allergy! described by Katz and colleagues. Two IgE selective
regulatory factors have been identified thus far, omne of which
is suppressive (the suppressive factor of allergy, or SFA) and
the other of which is enhancing (termed enhancing factor of
allergy, or EFA). The respective activities of SFA and EFA
have been demonstrated by their abilities to suppress or
enhance IgE antibody synthesis in intact mice.

fhe existence of SFA was first noted in the serum of
low IgE responder SJL. mice that had been inoculated with
Freund's adjuvant containing mycobacteria one week prior to
bleeding. When such serum was passively transferred to
recipient SJL mice that had been exposed to low dose
irradiation in order to convert their IgE phenotype from low
responder to high responder, the passively transferred serum
completely reversed such IgE responses to the normal low
levels. Similar SFA activity could be demonstrated in
irradiation - enhanced primary IgE responses amd in adoptive
secondary responses obtained following passive transfer of
primed spleen cells to syngeneic, irradiated low responder
recipients (72,73). Studies on the biological properties of
SFA have revealed a number of points: {a) SFA is present in
varying amounts in the serum of normal mice and the level

increases following injection of Freund's complete adjuvant
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(FCA), (b) the suppressive effect 1is selective for IgE
antibody responses and is quite anigen non-specific, and (c)
it is reported to cross strain and even species barriers. A

number of physico-chemical properties of the SFA have also
been determined. For example it is stable at 56°C for B0
minutes, is precipitable by ammonium sulphate, has a molscular
weight of 150,000 - 200,000 daltons, does not express MHC
determinants but does appear to express some determinants
identical otr cross-reactive with those Found on
beta-2-microglobulin. As with the IgE specific factors
described by Ishizaka et al, for which potentiating and
suppressive varieties exist, the counterpart +to SFA is EFA.

The serum level of EFA, according to Katz, rises following
injection of Freund's complete adjuvant and is found in both
high and low responder mice. Katz et al report (74) that it
is the met balance of SFA versus EFA in a given individual at
any given time that determines the phenatype of IgE amtibody
production following antigen sensitization. In the
experimental models described by Katz and colleagues (75), SFA
and EFA differ in the kinetics of +their appearance following
inoculation with FCA. EFA production tends to rise very
early after inoculation of FCA, peaking by day 3 or 4 and then
subsiding; at the time that EFA subsides, SFA production
begins to rise reaching a peak on days 7 - 10. Again there
is a similarity between the factors of allergy described by
Katz et al on the one hand and the potentiating and

suppressive factors described by Ishizaka on the other.
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Namely that EFA can be separated from SFA by affinity on
Sephahose~Ccn: A columns. EFA has an affinity for Con A

greater than SFA, hence the two factors can be separated.

1.4.5 Comparison of isotype-specific factors
The properties of the various factors that have been
shown to exert regulatory effects on IgE antibody responses
have one striking feature in common, namely, their biological
effects are restricted to synthesis of IgE antibody molecules.
A second common feature is their ability to act in an
antigen non-specific manner, irrespective of whether specific
antigenic .stimulatian might be required <to elicit their
production. One apparent difference between the IgE
potentiating and suppressive (binding) factors on the one hand
and the "factors of allergy' on the other isv that the former
pair of factors were demonstrated only in parasite infected
animals. The existence of the Factors of allergy was
demonstrated in normal animals treated with FCA. In an
attempt to relate the activities of +the two sets of factors
Ishizaka questioned whether the formation of IgE binding
factors was limited to lymphocytes from parasite infected
animals. On considering the data reported by Katz, Ishizaks
envisaged that lymphocytes from FCA-treated animals also
produce IgE binding factors. Consequently rats were given
two or three injections of FCA per week and their MLN cells
were cultured in the presence or absence of IgE. The MLN

culture supernatants were shown to contain IgE binding
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factors. Culture filtrates from FCA treated animals
inhibited rosette formation of FceR(+) cells and moreover the
inhibiting Ffactor was absorbed with IgE-Sepharose-4B and
recovered in acid eluates indicating that an IgE binding
Ffactor was responsible for the inhibition of rosette
formation. The binding factor was tested for activity on the
antibody response and indeed the IgE anti-DNP-0A response was
suppressed without the IgG response being affected. As with
+he Nb infected rat MLN culture supernatants both suppressive
and potentiating factors were recovered from the FCA treated
cultures. The factors were separated by fractionation on
lentil lectin-Sepharose. At the time of testing the
suppressive factor had the higher biological activity (65).

Subsequent work by Ishizaka et al demonstrated that the IgE
suppressive and potentiating factors could be recovered also
from the serum of FCA trested animals as well as from cultures
of the MLN of FCA treated animals. The demonstration of the
production of IgE binding factor in vivo strengthens

Ishizaka's argument that these factors might play an important

role in IgE isctype-specific regulation (65). Although some
similarity is evident between the IgE binding factors
(Ishizaka) and the "factors of allergy" (Katz) it is clear

that the factors must be distimct entities; the ’IgE binding
factors have relative molecular masses of 10,000 - 20,000,
whereas the suppressive factor of allergy has a relative
molecular mass of 150,000 - 200,000. Of particular relevance

to the work that forms the subject of this thesis, i.e. the
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long term IgE antibody response in BDF1 mice, are the studies
which have been carried out on factors which regulate the
activation and proliferation of T and B cells in an antigen

stimulated response.

1.5 Cellular cooperation in antibody production

The need for different populations of lymphocytes to
cooperate in the production of antibody was first demonstrated
by Claman in 1966. Subsequently the work of several groups
of investigators led by Davies, Mitchell and Miller
established that the antibody producing cells were derived
From the bone marrow (B cells) aonly after collaboration with a
population of thymus derived lymphocytes (T cells) (76).

Imn 1968 Mitchison et al demonstrated that B and T
cells responded to distinct determinants on the same molecule.
Spleen cells taken from mice immunized with 4-hydroxy- 5-iodo-
3-nitrophenyl (NIP) conjugated to ovalbumin produced a
secondary anti-NIP response only when the irradiated recipient
of the primed cells was challenged with NIP-0A. A
heterologous con jugate NIP-bovine albumin did not stimulate
antibody ptroduction. This carrier effect, i.e. the enhanced
anti-hapten antibody response following immunization with =
protein-hapten conjugate which was observed if the animal had
been previously immunized with +the corresponding carrier
alone, was demonstrated for IgE antibody production by
Ishizaka in 1973 (77).

The first direct demonstration that T lymphocytes
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were required for development of the IgE antibody response was
made in 1971 by Okumura and Tada (78). In that work it was
demonstrated that neonatally thymectomized rats were unable to
produce IgE antibody responses on subsequent immunization with
a DNP-carrier conjugats. This defect could be reconstituted
by supplementation of such neonatally thymectomized rats with
normal or with carrier-primed thymocytes (79). Direct
demonstration of T and B cell cooperation in the development
of IgE antibody production in mice was made Ffirst by Hamaoka
et al (80) in 1973. Utilizing an adoptive cell transfer
system cellular cooperation betwsen carrieh specific and
hapten specific mouse spleen cells was shown for the IgE
response, as well as for Ig6 antibodies. The carrier
specific cells functioning in this system were shown to be T
cells by virtue aof their expressihg the Thy-1 marker (81).

The adoptive transfer system was widely used to
identify further the criteria for cell cooperation. Primary
among these is the requirement for histocompatibility of the B
and T populations (82). It has been demonstrated that, in an
irradiated recipient of hapten specific B cells, antibaody
production occurred only in the presence of syngeneic carrier
primed T cells. Histoincompatible B and T cells could not
cooperate to form antibody.

A third cell, the macrophage, was also shown to play
an essential role in the initiationmn of antibody production.
Rosenthal and associates demonstrated that, in guinea pigs, T

cells from a given strain of animal would proliferate in vitro
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only when the antigen present was associated with macrophages

from animals of the same strain (83). Again, the ability to
cooperate was dependent on the identity, in the two cell
populations, of cell surface markers determined by the I=a

(immune associated) region of +the major histocompatibility
complex, Macrophages from a second strain of animal, which
differed from the first only in Ia antigens expressed, could
not effect cellular proliferation. Similar genetic
restrictions for cellular cooperation have been demonstrated

using inbred strains of mice.

1.6 Soluble mediators of cellular cooperation

Initial +theories on the mechanism of cellular
imnteraction proposed a relatively passivevrole for T cells and
macrophages. These cells were thought to act by "focussing
or 'presenting' antigen to B cells. More recently this
concept has been developed to encompass the accumulating
information on soluble mediators that have been shown to
result from antigenic stimulation. These mediators,
generally referred to as lymphokines, are produced by T cells
and are recoghnized by specific membrane bound receptors on
target cells,

Through the efforts of several groups of
investigators a working hypothesis has been proposed for T
cell activation which involves the interaction of at least 3
distinct cell types (84,85). Stimulation by antigen (or

lectin) Ffirst activates macrophages to produce a soluble
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factor, termed lymphocyte activating factor (LAF) or
interluekin-1. (IL-1). IL-1 has been shown to be produced by
macrophages (in the solid surface-adherent population) from
humans (86), mice (87), guinea pig (88) and dogs (89). In
contrast, attempts to identify IL-1 release by lymphoid cell
lines or freshly isolated malignant and normal lymphoid cells
have been unsuccessful. Various stimuli have been reported
to induce IL-1 release from macrophages. Bacterial
lipopolysaccharide (LPS) is the prototype IL-1 inducer that
has been used experimentally. Human monocytes im particular
appear to be exquisitely sensitive to LPS, as little as 10
pg/ml can induce IL-1 release and the optimum concentration
appears to be between 1 and 10 ng/ml. Foreign antigen also
can cause release of IL-1 from macrophages. In addition,
antigen induces a set of T cells the T-responsive cells or T
helper-precursors, to express specific surface receptors for
IL-2. The same amtigen, together with the macrophage derived
IL-1 induce another set of T cells, the precursors of T
producer cells, to differentiate into cells which produce
IL-2. Once the circuit of IL-2 production has been
completed, with IL-2 acting on the T helper precursors to
promote proliferation, the antigen is no longer necessary for
T cell proliferation. Binding of IL-2 to the corresponding
IL-2 receptors will induce the T cells to proliferate, which
will continue for as long as the growth factor 1is available
(s0). One issue that has received attention is whether the T

effector cells are a distinct population from the T responsive
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cells. Studies on athymic nu/nu have shown that the pre-T
cells in these mice do respond to IL-2, however these mice do
rmot conmtain T cells which will produce IL-2 (91)}. It is
conceivable though that one and the same T cell could both
produce and respond to IL-2. Homeostatic control of IL-2
release and the T cell response to IL-2 then becomes more
difficult to rationalize and it is necessary to invoke some
form of negative feedback regulation to shut down IbL-2
production once it has reached a certain level. In relation
to this question one report has been published claiming to
have detected a soluble inhibitor to IL-2 activity. The
factor was detected in serum of naormal but not of athymic
nu/nu mice (s2). Another factor found in culture
supernatants, as was described earlier in the context of IgE
potentiating factor, is T cell replacing factor (TAF). This
factor is believed to act on amntigen drivem B cells to promote
their differentiation (93). The two factors IL-2 and TRF can
be separated om the basis of physico-chemical properties and
hence can be considered as distinct entities. The relative
Molecular mass (Mr) of IL-1 appears to be of the order of
15,000 to 20,000, IL-2 on the other hand presents as a more
heterogeneous population of molecules. Il-2 from humans,
mice and rats have been reported to have an Mr of 15,000 -
20, 000. The majority of IL-2 preparations appear to be
heterogeneous giving more than one peak of activity on the
separation medium. It was suggested that IL-2 is variably

sialylated to explain this heterocgeneity (85).. TAF has been
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reported to have an Mr of 40,000 (93).

The;speciFic signals from T cells in the form of
soluble helper factors, together with TRF, drive B cells to
antibody formation. TRF expresses an antigen non-specific
activity. Both IL-1 and IL-2 may be important mediators of B
cell responses but B cell specific growth factors may also
exist and act on B cells in a manner analogous to the T cell
growth factors (94). The combined activities of the
lymphokines just described together with antigen lead to
clonal expansion of B cells.

At some stage in this process, and with the effects
being more apparent for IgE than with other classes of Ig, IgE
antibody responses may be stringently controlled by the
mon-~antigenic specific IgE class specific restricted

regulatory cells and their factors described earlier.

1.7 BRegulation of the established antibody response by

anti-idiotype

A system for a regulatory network was proposed by
Jerme who recognized that antibodies possess a dual character.
While an antibody can recognize an antigenic determinant it is
itself immunogenic by virtue of its unique idiotypic
determinants (95). As B cells proliferate in response to
antigen there is a concomitant expansion of populations of
idiotypic determinants. According to Jermne's description, an
antigen induces the production of an antibody Ab1,

characterized by its idiotype Id1. In twurn, the latter
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stimulates the synthesis of anti-idiotypic antibody Ab2
bearing the idiotype Id2 that can trigger the production of
another anti-(anti-idiotypic) antibody and so on. Moreover,
Ab1 should recognize within the immune system any idiotype
which happens to resemble antigen i.e. an intermnal image of
the antigen. Jerne assumed  that such a network is
Functional,‘which means that its regulation should account for
the various modes of the immune response.

The complexity of the network is enhanced by the
fact that B and T lymphocytes and specific T cell factors have
been shown to present idiotypic markers which could
participaté in such a regulatory process. The importance of
idiotype networks has been demonstrated in several systems.
Injection of anti-idiotype antibody into neonatal or adult
BALB/c mice was shown to prime for T helper cell production
where the T cells apparently expressed idiotype(+) receptors.
The system used was that associated with ‘anti—phosphoryl
choline (anti-PC) antibodies in BALB/c mice. Most of such
amtibodies have an idiotype corresponding to the myeloma T15.
The induction of T helper cells by anti-idiotype was
demonstrated in vitro by an enhanced response, in the presence
of such T cells to hapten conjugated to protein T-15. The
postulated mechanism of induction of helper T cells is through
suppression of an idiotype bearing suppressor cell (886).

Studies conducted by Sy et al on the family of
idiotypes associated with anti-p-azophenyl arschnate (Ar)

antibodies of the A/J mouse strain have shown that there are
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two types of suppressor cell, designated Ts1 and Ts2 (97).

These cells can each suppress delayed-type hypersensitivity
(OTH) responses to the Ar hapten. Ts1 cells have idiotypic
receptors and are stimulated by i.v. injection of syngeneic
cells to which molecules bearimng the cross-reactive idioctype
are con jugated. Ts1 and Ts2 elaborate suppressor factors,

designated TsF1 and TsF2 which were shown to have binding

sites similar to those on the T cell receptors, namely
idiotypic (antigen-specific) and anti-idiotypic
(idioype-specific) respectively. The TsF1 factor has a Mr of

50,000 is antigen specific and is bound by anti-id antibodies
directed to serum anti-Ar antibody. In contrast the TsF2
factor is not bound by anti-idiotype but would bind +o
idiotype positive molecules (id(+) anti-Ar antibody). Either
suppressor factor greatly reduced the anti-Ar DTH response.
Injection of the id(+) TsF2 factor stimulates the formation of
anti-idiotypic suppressor cell, TsZ2. Ts2 act late in the
response, i.e. at the affector cell (efferent) stage whereas
Ts1 act early inm the response and presumably affect the
inductive phase (afferent) of the DTH response. The
regulatory and complementary link between the two is supported
by the finding that injection of TsF1 stimulates the formation
of Ts2. These findings support the idea of idiotype networks
having a functiomal role in regulation.

Virtually all of the studies which have been
reported on the regulatory role in B cell activation of

antigen specific, T cell derived factors have been concerned
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with IgM and IgG antibody production. Similarly, in the area
of idiotype network regulation and the interaction between
idiotype(+) and idiotype-specific T cell subsets, the data has
been concerned almost exclusively with DTH and contact
sensitivity models together with studies on IgM and IgG
antibody production. The exceptions to this statement are
fFew. For example a common idiotypic determimant has been
shown in antibody responses of the IgE and IgG classes to the
synthetic polypeptide antigen L-glutamic acid L-alanine
L-tyrosine (GAT) (98). The T15 idiotypic determinant has
been shown in serum IgE antibodies specific for phosphoryl
choline (PC) (98) and surface Ig of IgE precuhéoh cells (100).
Idiotypic determinants present on IgE molecules plausibly
are functionally important in regulating the production of IgE
molecules, since suppression of the IgE antibody response to
PC can be achieved by isologous anti-T15 antiserum (99).
Recently the existence of the T15 idiotypic determinant has
also been demonstrated on PC-mycobacterium primed T cells and
PC-specific T cell hybridoma cells (101). Likewise, IgE
antibody responses to the benzyl penicilloyl residue coupled
to carrier proteins can be suppressed by isologous
anti-idioctypic antibodies raised against carrier specific
antibodies (102), which suggests that regulatory T cellé may
be influenced through the idiotypic determinants of
antigen-specific receptors on T cells. Apart from these few
examples data on the role of lymphokines and idiotype networks

om IgE regulation are scant.
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1.8 T cell regulation of IgE antibody production

A lérger bady of information dealing specifically
with the regulation of IgE antibody synthesis was uncovered by
experiments designed to inmvestigate the mechanism which served
to limit IgE responses in most rats to a transient pattern and
to prevent or minimize the development of significanmt IgE
antibody responses in inbred mice of the low responder
phenaotype. The decisive work in this regard was reported in
a series of papers published by Tada et al beginning in 13971.
Utilizing the rat model these investigators demonstrated that
certain perturbations such as moderate doses of whole baody
irradiation (103), adult thymectomy and/or spienectamy (78) or
administration of various immunosuppressive drugs (79)
converted rats from a characteristic transient low level IgE
antibody producti&n to patterns of sustained IgE antibody
synthesis of substantial magnitude. The finding that such
ehanced IgE responses 1in rats could bé termimated by passive
transfer of syngeneic thymocytes or spleen cells (78) provided
direct evidemce that +the limited, transient IgE response
patterns in normal rats reflected the dominance of a
suppressor T cell regulatory mechanism that normally served to
minimize antibody production in this antibody class. The
consequences of whole body irradiation and immunosuppressive
drug therapy, that is conversion of the normal IgE response
pattern to one of persistent high magnitude, reflects the

reduction or elimination of the suppressor T lymphocytes
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regulating IgE antibody production. Coincident with the
initiation oFithe thesis work was the publication of a series
of papers by several authors (104-107) who demonstrated that
various manipulations selectively increase the magnitude of
IgE antibody production alsc in mice. These manipulations
included low dose whole body irradiation, moderate doses of
immunosuppressive drugs such as cyclophosphamide and adult
thymectomy. The collective implication of all these studies
has been that regulation of IgE antibody synthesis is markedly
affected by a suppressive "damping'" mechanism which normally
serves to limit the magnitude of <the IgE antibody response

following imjection of antigen with the apphobhiate ad juvant.

1.9 Choice of a model

As early as 1920 Cocsas phopﬁsed that allergic
individuals were characterized by their ability to
continuously produce reagin. This postulate has been borne
out by the radioallergosorbent test (RAST), which permits the
in vitro measurement of specific IgE in the plasma of atopic
individuals. It has been found that the production of
specific IgE antibody to pollen persists for many months after
exposures to the allergen. Moreover, on re-exposure to pollen
during the following season, the IgE antibody concentrations
are boosted in a characteristic secondary antibody response.

The above outlines <the characteristics of IgE
production +that investigators have sought +to reproduce in

animal models i.e. the stimulation, by a small amount of
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antigen, of specific, persistent and boosterable production of
IgE. The search for these models has revealed a complex of

interrelated factors which contribute to IgE production.

These include the nature and dose of antigen used, the
ad juvant selected for immunization, the species of animal
chosen and, within a species, the genotype of the individual.

Manipulation of these factors im concert with an examination
of their effects on the collaboration of B and T cells for the
production of IgE has led to the identification of a number of
mechanisms that Pegulaté IgE synthesis.

In the mouse, the capacity to develop high titres of
persisting IgE antibody and secondary IgE responses is
genetically controlled and linked to the H-2 ma jor
histocompatibility complex (MHC) (108,109). The MHC linked
genetic control of IgE - low versus high responder phenoype is
presumably related to the expression of certain I-region genes
on antigen presenting cells. It is known that the
recognition by T cells of foreign antigen in conjunction with
I region gene products leads to T cell activation.

An  important observation made by Levine and Vaz
(109) was that  persistent high titres of IgE antibody in the
mouse could be stimulated by extremely low doses of antigen (1
ug or less) administered in a form precipitated on aluminum
hydroxide gel (110). Mice primed in this way were able to
develop prcndunced secondary responses; interestingly mice
primed with high doses of the same antigen elicited little or

no IgE antibody production although pronounced IglG antibody



37

titres were induced. The importance of antigen dosage is
seen also on examining the effect of varying amounts of

carrier antigen om the magnitude of an IgE anti-hapten

response (77). It is nmecessary to use extremely low doses of
carrier (e.g. 0.02 - 0.05 9 0A) in order to demonstrate en
enhancement of +the IgE response. If immunogenic doses of

carrier are used ({e.g. 1 Hg,; which is capable of eliciting a

primary IgE response) for the FfFirst immunization, the
subsequent IgE anti-hapten response is suppressed,
notwithstanding an enhanced IgE response. The optimum dose

of carrier-antigen required for an optimal Ig6 anti-hapten
response was twenty times higher than the corresponding dose
for the IgE anti-hapten antibody response.

The particular IgE antibody response which served as
the experimental model 1in this thesis was selected for study
because of the backgroumnd information available, described
above, and because of an unusual but characteristic response
of the BDF1 mouse to immunization with low doses of O0A. In
contrast to the +transient IgE response seen in rats, this
mouse strain maintained a long lasting, strikingly steady,
level of circulating IgE antibody for a year or more following
immunization. The various approaches which were taken to thy
to understand the cellular basis for this persistent response

form the subject of this thesis.



CHAPTER 2: MATERIALS AND METHODS
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2.1 Animals

For +the first year of this investigation, male
B6D2F1 (BDF1) mice, 6-8 weeks of age were purchased from North
American Laboratory Supplies, Gunton, Manitoba. For the
remainder of the study mice of the same age, strain and sex
were obtained from Jackson Laboratories, Bar Harbor, Maine.

Female Long Evans rats, weighing 200-300 grams,
purchased from North American Laboratory Supplies, were used
for passive cutaneous anaphylaxis (PCA) assays.

Young adult, male New Zealand White (NZW) rabbits
were purchased from Riemans Fur Ranch, St. Agatha, Ontario and
were uséd for the production of antisera.

All animals were housed in the Central Animal Care
Facilities of the Health Sciences Centre under regulated
lighting conditions and were fed commerical foodd pellets from

Allied Mills, Chicago, Illinois and watetr ad libitum.

2.2 HReagents

This section contains an alphabetic listing of the
materials used in this study. Sources of reagents used only
once are identified in the text of the appropriate Methods
section. Antisera are described separately in section 3.3.

Amicomn Diaflo Ultrafilters, UM-2, PM-10 and XM-100
were purchased from Amicon, Lexington, Massachusetts.

Alpha-Amylase, 2 x crystallized, of bacterial
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origin, was purchased from Sigma Chemical Co., St. Louils,
Missouri.
Bluye Dextran was purchased from Pharmacia Fine

Chemicals, Montreal, Quebec.

Bovine Serum Albumin (BSA), fraction (V), was
purchased from ICN Pharmaceuticals Inc., Cleveland, Ohio.

Catalase, purified from bovine liver powder was
purchased from Sigma Chemical Co., St. Louis, Missouri.

Concanavalin A (Con A} was obtained from Miles-Yeda
Ltd., distributed by Miles Laboratories, Elkhart, Indiana.

Chraomium Chloride was purchased From Fisher
Scientific Co., Toronto, Ontario.

Cyanogen bromide was purchased from Eastman Organic
Co., Rochester, New York, and was used to couple proteins to
Sepharose beads using the method described by Cuatrecasas
(28).

Dextran Sulphate (DS), as a sodium salt, was
purchased from Pharmacia Fine Chemicals, Montreal, Quebec.

Dinitrobenzene sulphonic acid (DONP) was purchased
from J.T. Baker, Phillipsburg, New Jersey, and was coupled to
DA using the method described by Nisonoff (115).

Evans Blue powder was purchased from Matheson,
Coleman and Bell, Narwood, 0Ohio.

Ferritin, 2 x crystallized, from horse spleen was
purchased from Miles Laboratories, Elkhart, Indiana.

Fetal calf sera (FCS) with lot numbers R451121,

Ce31107, rP874221, C173028, C775120, EO07619 and A878616 were



40

purchased from Grand Island Biological Co., New York. FCS
with lot numbérs NS0605 and M41512 were purchased from Reheis
Chemical Co., Armour Pharmaceuticals, Phoenix, Arizona.
These latter +two lots of FCS did not contribute to the
adoptively transferred response and were used when cell
preparation techniques called for the use of FCS. Before use
all batches of FCS were heated at S6 C for 30 minutes and
fFiltered through an 0.22 F Millipore membrane.

Ficoll was purchased from Pharmacia Fine Lhemicals,
Montreal, Quebec.

Freund's complete adjuvant (FCA) was purchased from
Difco Laboratories, Detroit, Michigan.

Globulinm fractions from the sera of BOF1 mice, a
normal goat and NZW rabbits were prepared by precipitation
with sodium sulbhate using the method of Kekwieck (111). The
concentration of globulin in solution was calculated from the
absorbance of the material at 280 mm assuming the absorbance
of a 1% solution to be 14.

IgG of mouse origin was prepared by gel filtration
on a column of Sephadex G-200. The IgG fraction was used as
an antigen for the production of a developing antiserum for
visualizing IgG plaque forming cells.

Glutaraldehyde as a 25% solution was purchased from
Fisher Scientific Co., Toronto, Ontario.

Keyhole limpet hemocyanin, (KLH), A grade, was
purchased as a solution im 50% glycerol from

Calbiochem-Behring Co., La Jolla, California.
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Lipopolysaccharide B (LPS), prepared from E. coli
055:58 was lpurchased from Difco Laboratories, Detroit,
Michigan.

Lysozyme, purified from from chicken egg white and 3
x crystallized, was purchased from Miles Laboratories (Pty)
Ltd., South Africa.

- Microtiter trays used for hemagglutination assayé
and for tissue culture were purchased from Grand Island
Biological Company, Grand Island, New York.

Millipore membrane filters were purchased from the
Millipore Corporation, Bedford, Massachusetts.

Mitomycin C was purchase from Sigma Chemical Co.,
St. Louis, Missouri. To inhibit mitosis suspensions of
spleen cells ‘weré imcubated with mitomycin C at a
concentration of 40 pg/ml with 5 x 107 (1j2).

Myoglobin, purified from sperm whale skeletal muscle
was bought from Sigma Chemical Company, St. Louis, Missouri.

NIP, 4-hydroxy 3-iodo, S-nitrophenyl acetic acid was
purchased from Eastman Kodak, Rochester, New York, and was

coupled to 0OA using the method of Brownstone et al (113).

Normal guinea pig serum, used as a source of
complement (C), was purchased from North American Laboratory
Supplies, BGunton, Manitoba. To reduce the non-specific

cytotoxicity of the materizl the guinea pig serum was absorbed
with agarose (L'Industrie Biologique Francalse obtained from
Fisher Scientific) as described by Cohen and Schlesinger (114)

a
before being stored at -70 C until used.
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Omnifluor scintillation cocktail was purchased from
New England Nuclear Inc., Lachine, Quebec.

Ovalbumin (0A), purified from chicken egg white and
5 x crystallized was purchased from ICN Pharmaceuticals Inc.,
Cleveland, 0Ohio.

Ovomucoid, +type III-0 from chicken egg white was
also purchased from ICN Pharmaceuticals.

Pepsin was purchased from Sigma Chemical Co., St.
Louls, Missouri.

Phosphate buffered salime (PBS), 0.008 M NayHPO, and
0.002 KHoPOgq in 0.14 M NaCl, pH 7.4, was prepared using salts
purchased from Fisher Scientific Co., Toronto; Ontario.

Phytohemagglutinin (PHA) was purchased from Difco
Laboratories, Detroit, Michigan. The activity of the
purchased material was not specified by the supplier so that
daoses of PHA used in experiments were expressed as volumes of
the reconstituted material used.

Pokeweed mitogen (PWM) was purchased from Grand
Island Biological Co., New York.

Protein A and Protein-A-Sepharose were purchased
From Pharmacia Fine Chemicals Ltd., Montreal, Quebec.

Sephacryl, Sephadex and Sepharose gels were all
purchased from Pharmacia Fine Chemicals, Montreal, Quebec.

Sheep red blood cells (SRBC) suspended in Alsever's
solution were obtained from North American Laboratory
Supplies, Gunton, Manitoba. SABC were washed three times

with 20 volumes of PBS before use.
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Sodium azide was purchased from Fisher Scientific
Co., Toronto, Ontario.

Sodium metrizoate was purchased from Accurate
Chemical and Scientific Corporation, Hicksville, New York.

Tissue culture medium 198 and RPMI 1640 were
purchased in powder form, from Grand Island Biological Co.,
New York and prepared according to the supplier's
instructions. All media were sterilized by passage through a
0.22 u Millipore filter into autoclaved glass bottles.

3H—Thymidine, 2 Ci/Mol, was purchased from Amersham

Searle, Dakville, Ontario.

Trypan blue, in powder form, - was purchased from
Mathespn, Coleman and Bell, Norwood, Ohio.

Water used to prepare reagents was distilled,

deionized and finally re-distilled in glass.

2.3 Immunization and production of antisersa

2.3.1 IgE antibody

IgE antibody was induced by immunizing mice with
antigen adsorbed to freshly precipitated aluminum hydroxide
(109). This was prepared by first mixing 1.0 ml of antigen
at a concentration of 100 Pg/ml with an equal volume of 10%
(w/v) AlK(SDA)2 .12H2 0 (Fisher Scientific Co., Toronto,
Ontariol. Two drops of 1% phenol red were added as a pH
indicator. The precipitation of Al(OH)3z was initiated by
adding, drop by drop, 1.0 N NaOH umtil the pH was

approximately 7.0. The precipitate of Al(OH)3 to which the
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protein was bound, was washed twice with FPBS and then diluted
50 fold with.a suspension of Al(DH)3 in PBS. The diluent
Al(OH)5 had been prepared as above but without the addition of
antigen to the starting material. The final suspension
contaimed 1 ug of antigen and 1 mg Al(OH)3 per 0.5 ml. Mice
were injected intraperitoneally (i.p.) with 0.5 ml of the
prepared mixture. To increase the dose of antigen injected
the final dilution with Al(OH)gy was reduced as required.

Ovalbumin, KLH, ferritin, ribonuclease, alpha-
amylase, lysozyme, ovomucoid, DNP-0A and NIP-0A were prepared
in this way for injection into mice to elicit an IgE antibody
response.

To obtain serum samples for assay, mice were warmed
by heat lamps to induce dilatation of tail veins, After
placing an animal in a restrainer a lateral tail vein was
ricked with a scalpel blade. Blood was collected into clean
glass test tubes. When pooled serum was to be used as the
assay sample an equal volume of blood from all mice within a
given group was collected in a single tube. Tubes were
placed in a 37DC water bath for 1 hour, the clots were removed
with a wooden applicator stick and- allowed +to retract
completely for 2 - 3 hours in a refrigerator. Serum was
obtained by centrifuging clotted blood at 400g for 10 ﬁinutes.

Sera to be tested for IgE antibody activity were stored at

-20°Cc.
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2.3.2 IgG anti-0A

Mouée anti-0A was produced by bi-weekly
sub-cutaneous injection of BDF1 mice with 10 pg emulsified in
Freund's complete adjuvant. To increase the yield of mouse
anti~-0A, animals which had been immunized sub-cutaneocusly were
challenged with an i.p. injection of 0.3 ml of emulsion
containing 20 pg O0A in FCA. Within 3 to 4 weeks after the
i.p. injection the majority of animals produced ascitic fluid
which was drained by imserting into the abdomen a 25 gauge
needle attached to a 3.0 ml syringe. The presence of anti-0A
in sera and ascitic fluid was ascertained by precipitate
Fformation in a double diffusion agar plate. In addition the
titre of hemagglutinating antibody was determined by
monitoring agglutination of OA-coupled SRBC (Section 2.4.2).

Rabbit anti-0A was produced by injecting, at two
week intervals, two NZW rabbits each with 1.0 mg of OQ0A
emulsified FCA into 4 subcutaneous sites.

Rabbit anti-0A production was monitored in the same
manner as was mouse anti-0A. After two injections a strong
precipitin line was seen on Ouchterlony analysis. Rabbits
were bled from the lateral ear veins at 3 day intervals for
two weeks and then sacrificed. Sera were treated in the same
manner as described above for mouse sera. Sera to be used in
transfer experiments were heated at 56°C for 30 minutes before
being frozen. The globulin fracticns of these antisera were
prepared by sodium sulphate precipitation was described in

section 2.2.
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2.3.3 Cytotoxic antisera

Habgit antisera to mouse immunoglobulin (RAMIg) was
used in a cytotoxic preparative procedure to eliminate B cells
from suspensions of lymphocytes. NZW rabbits were injected
with 500 ug of mouse gamma globulin in FCA into multiple
subcutaneous sites on the back. On testing by
immunoelectrophoresis (115) this antiserum showed strong
precipitin bands against Ig6 and IgA and a less pronounced
band against IgM. Globulin fractions of BAMIg were prepared
either by sodium sulphate precipitation or by passage of whole
serum thrpugh a column of Protein A-Sepharose using the
procedure described by Goding et al (118). A This antissrum
was also used in a rosette assay for the detection of surface
immunoglobulin an B cells.

Rabbit antiserum to mouse T cells was prepared by
immunizing NZW rabbits with whole BOF1 mouse braim in FCA as
described by Golub (117). Thtree weeks later the rabbits were

challenged with & crude membrane extract of BDOF1 thymocytes

(118). The resulting antiserum was adsorbed with mouse liver
powder (Sigma Chemical Company, St. Louis, Missouri), mouse
red bleod cells and with syngeneic bone marrow cells. The

specificity of the antiserum was assessed by cytotoxicity
assay and by measuring the 1in vitro responsiveness of the
surviving cells to Con A and LPS using culture conditions
described in section 2.4.3. Mouse anti-Thy 1.2 in the form
of IgM monoclonal F7D5 was purchased from Olac Ltd.,

Blackthorn, Bicester, U.K. Sera to be used in cytotoxicity
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assays were heated to 56 C for 30 minutes before being frozen.

2.4 Assays

2.4.1 Passive cutaneous anaphylaxis

Passive cutaneous anaphylaxis (PCA) assays were used
to determine the IgE antibody titre of mouse serum samples.
The general method used was that of Braga and Mota (119).

The shaved skin on the back of a Long Evans rat was sensitized

by intradermal injections of 50 pl of test serum. For every
test sample serial, doubling dilutions of the sample were
injected into esach of two rats. Diluticons in PBS ranged from
1/2 to 1/8192. Twenty four hours later the rats were

injected intravenously with 1.0 ml of PBS containing 1.0 mg of
the appropriate antigen and 0.5% (w/v]) Evan's blue dye.

After twenty minutes the rats were killed and the skin removed
from their backs. The PCA titre of a serum sample was
defined as the reciprocal of the highest dilution  which
elicited a blue spot of 5 mm mean diameter on the everted skin

surface.

2.4.2 Passive hemagglutination

Hemagglutinating antibody (HA) assays were carried
out in microtitre trays. Ovalbumin was coupled toc washed
SRBC using glutaraldehyde (120). Specifically, 2.4 ml of =
2.5% solution of glutaraldehyde were added to 20 ml of a 0.2%
(w/v) DA solution in which was suspended 0.8 ml of packed,

washed SRBC. After miximg for ome hour at room temperature
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antigen-coupled cells were washed three times and resuspended
in PBS for u;e. Dilutions of positive and negative control
samples were included in each tray used during an assay.

The HA titre of a serum was defined as the
reciprocal of the highest dilution of test sample which caused
agglutination. To assess the contribution of IgM antibody to
the hemagglutinating anti-0A activity aliguots of sera were
treated with 0.2 M 2-mercaptoethanol (Fisher Scientific
Company, Toronto, Ontario) at room temperature for 60 minutes

before assay.

2.4.3 Cytotoxicity testing

Cytotoxicity assays, using antisera directed to the
Thy 1.2 antigen or to mouse immunoglobulins, were employed tﬁ
determine the number of T anmd B cells respectively in lymphoid
cell suspensions.

Generally, the method of Gorer and O0'Gorman (121)
was used. Briefly, gqual volumes of suspended cells at a
concentration of 1 x 107/ml and of optimally diluted antibody
were mixed together and held in an ice water bath for 15
minutes. To each assay tube was then added a third volume of
diluted, agarose-absorbed normal guinea pig serum as a source
of complement. The tubes were then transferred to a 37DC
water bath and left for 45 minutes. Viability was determined
by the exclusion of Trypan blue dye at a final concentration
of 0.1% .

A modificationm of this technique, suggested by a
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report of Yuan, Vitetta and Kettman (122) was introduced into

the B cell cytotoxicity assay. This consisted of carrying
out all steps of the assay in the presence of 0.01 M sodium
azide.

To assess the specificity of the anti-Thy 1
antiserum, the surviving cells were tested in vitro for their
responsiveness to Con A and LPS. Cultures were set up in
microtitre trays with 6 x 10 S viable cells/culture in RPMI
1640 containing 5% FCS. Cultures were supplemented with
medium alone, with LPS at 50 Hg/ml or with Con A at &5 Fg/ml,
It had been previously established that these concentrations
of mitogen were optimal for the conditions used.
3-H-Thymidine was added for the final 18 hours of a 72 hours
culture. The cells were harvested using a Skatron automatic
harvester and were counted in a beta scintillation counter for

thymidinme incorporation.

2.4.4 Rosetting assay for B cells

A rosetting procedure developed in this laboratory
by Dr. HAobert Schwenk was used as an alternative method of
identifying B cells. The method is based on the principle
that Ig(+) mouse lymphocytes coated with rabbit anti-mouse Ig
will bind, via the Fc region of the rabbit antibody, to
Protein A which is coupled to SRHBC. Protein A was coupled to
red cells by adding 0.5 ml of a stock solution of Protein A (1
mg/ml in 0.9% NaCl) to 1.0 ml of washed SRBC (1 x 1019 /m1).
With constant mixing, 10 ml of chromium chloride (0.002% in
0.9% NaCl) were then added (123). The cell. suspension was

kept at 379C for 45 minutes, washed once with PBS and once
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with tissue culture medium before finally being resuspended in
1.0 ml of medium.

Mouse lymphocytes at a concentration of 4 x 107/ml
were mixed with rabbit anti-mouse Ig for 30 minutes at 4°C.
During this time the antibody, which had been purified from
whole serum by adsorption to a Protein A-Sepharose column,
would bind to lymphocytes with available surface
immunoglobulin, Cells were washed once in cold tissue
culture medium before being resuspended to their starting
concentration.

Rosetting was induced by adding 0.2 ml of the
HAMIg—coatéd lymphocytes to 0.2 ml of Protein A coupled SRBC
(2.0 x 109/ml) and centrifuging the mixture at 500 rpm (IEC
model HN) for 5 minutes. The assay tubes were left at room
temperature, without disturbance, for a further 20 minutes.
The pellet of cells was then thoroughly resuspended in the
supernatant using a vortex mixer. An  aliquot of the
suspension was mixed with a solution of 2% gentian violet in
dilute glutaraldehyde (1% in PBS) which fixed the rosettes
and also stained the central lymphocyte blue. Rosettes were
counted under a microscope- using a Spencer-Neubauer
hemocytometer and their number was expressed as a percentage
of the total number of lymphocytes counted.

Controls for this assay always included the testing
of unfractionated spleen cells in which approximately 50% of
lymphocytes formed a rosette of red cells. As negative

controls RAMIg-coated lymphocytes were mixed'with red cells
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which had not been reacted with Proteimn A. A separate tube
contained uncoated lymphocytes mixed with Protein A coated
SRBC. Earlier experiments had established <that thymocytes

did mot form rosettes when tested in this way.

2.4.5 Plaqgque forming cell test

Plaque forming cells (PFC) were monitored in
experiments designed to assess the effectiveness of the
methods used to deplete B or T cells from suspensions of
spleen cells.

The PFC assay used was a modification of that first

described 5y Jerne (124). Male BDF1 mice were immunized by
intra-venous injection of 5 x 108 washed SRBC. Three weeks
later spleens were removed and a cell suspension, in medium
189, was prepared. B or T cells were removed from aligquots

of the starting suspensions using methods to be described in
section 2.5. The ability of these depleted populations to

support antibody production, both alone and on recombination

with each other, was assessed by injecting them into
irradiated (800 Rads) syngeneic recipients. Recipients were
immediately challenged with 5 x 108 washed SRBC. Six days

later their spleens were removed and their content of plaque
forming cells was determined.

Both direct (IgM) and developed (IgG) plagues were
measured. The developing antiserum was produced in rabbits
immunized with murine IgG. Normal guinea pig serum was used

as a complement source to induce red cell lysis at sites of
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antibody secretion.

2.4.6 Mitogenicity of FCS in vitro

The capacity of six different batches of FCS to
stimulate lymphocyte proliferation was tested on spleen cells
from normal, 6 to 12 week old BOF1 mice. 5 to 10 x 1DS
spleen cell per well were cultured in microtitre trays in 200
1l of Eagle's minimum essential medium (Earle's salts)
containing glutamine (1 mM, penicillin 100 units/ml,
streptomycin 100 Fg/ml and FCS. Parallel cultures were set
up containing either 5% or 10% FCS. Forty eight hours after
initiation.oF the cultures, the cells in each well were pulsed
for 12 hours with 0.2 FCi/mM) and harvested onto glass filters

using a Skatron multiple harvester. The filters were dried

overnight and counted in an omnifluor toluene cocktail.

2.5 Preparation of lymphoid cell suspensions

2.5.1 Spleen cells

Spleens were removed from mice, at different times
after immunization, into cold Medium 199 supplemented with
fetal calf serum. Cell suspensions were made by gently
grinding the organs in a wide bore glass homogenizer with a
loose fitting teflon plunger. Tissue debris was allowed to
sediment For 10 minutes before removing the supernatant cell
suspension, passing it through a stainless steel wire mesh
sieve (200 mesh) and washing it once, in medium, before use.

In certain experiments as required by the protocol primed
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spleen cell suspensions were prepared in medium 599 without
FCs.

Lymphocytes were counted in a hemocytometer using 1%
glacial acetic acid as diluent. Viability was determined by

exclusion of Trypan blue dye.

2.5.2 B cells

Isolaticon of B cells was accomplished by treating
suspensions of spleen cells with either rabbit anti-mouse
brain associated Thy 1 plus complement or with the monoclonal
antibody clome F705 anti-Thy 1.2 plus complement using the
same conditions, but larger volumes, that wére used for the
cytotoxicity assay described in section 2.4.3. By using 250
ml glass centriFuée bottles as reaction vessels a spleen cell
suspension containing wupto 3 x 109- lymphocytes could be
processed at omne time. After exposure to cytotoxic amtisersa
dead cells were remaoved by discontinuous density
centrifugation through a solution of Ficoll-Metrizoate
(density=1.07) (125). The live cells recovered at the

interface of the two phases were washed in tissue culture

medium before use.

2.5.3 T cells

T cells were isolated by tresting suspensions of
spleen cells with rabbit anti-mouse Ig plus complement, again
using conditions that were optimal Ffor the cytotoxicity assay

used to enumerate cells bearing surface Ig. After exposure
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to cytotoxic antisera dead cells were removed in the manner
described for B cell preparations.

T cells were also obtained by fractionation of
spleen cell suspensions on columns of nylon wool according to
the method described by Julius, Simpson and Herzenberg (128).

Nylon wool, obtained in the form of Leukopak, LP-1 cartidges
(Fernwal Laboratories, Morton Grove, Illinois) was boiled for
15 minutes in 0.01 M EDTA followed by six boilings in
distilled water. Disposable plastic syringe barrels were
then packed with 800 mg each of the treated, dried nylon wool.

Columns were washed with medium 1938-5% FCS and warmed to 37°
C immediately before use. Each column was loaded with 2.0 ml

of whole spleen cell suspension at a concentration of 5§ x 107

/ml. The columns were incubated at 37°C  For 1 hour.
Non-adherent cells were eluted from the columns with
pre-warmed (37°C) medium 189-5% FCS. The recovered, putative

T cells were washed once before use 1in adoptive transfer
experiments. For larger scale experiments fractionation was
cartried out wusing 50 ml syringes packed with 3 gm dry nylon
wool. For these columns, the cell load was proportionately
increased to 5 x 10® in 10 ml.

The percentage of B and T cells in the different
cell suspensions prepared was assessed by assaying for the
presence of cell surface Ig or Thy 1.2 using the cytotoxicity
and rosetting assays described in sections 2.4.3 and 2.4.4.
In addition, the capacity of the purified cell populations to

contribute to the generation of PFC responses in irradiated
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recipients was determined.

2.5.4 Depletion of macrophages

Macrophages were removed from suspensions of spleen
cells by passage through a column of Sephadex G-10 and glass
beads as described by Ly and Mishell (127) or by layering onto
glass Petri dishes. Both procedures were carried out at 37°¢c
and depend on the ability of macrophages to adhere to suitable
surfaces. A third method, based on centrifugation through a
discontinuous density gradiemt of Ficoll and sodium metrizoate
was also used (128). In the latter procedure 1 x 1Dezspleen
cells in 5.0 ml medium were layered over 5 ml of a solution of
Ficpll-Metrizoate (density = 1.077) and then centrifuged at
room temperature for 20 minutes at 400 g. O0rn staining with
Wright's stain the cells recovered from the interface were
found to be more than 99% small lymphocytes. The ma jority of
the non-lymphoid cells had eosinophil-like characteristics.
Apphoximétely 1 in 1000 of the recovered cells had the nucleus
and cytoplasmic morphology of macrophages whereas 2% - 3% of
the starting cell population appeared to be macrophages.

Such putatively macrophage-depleted cell suspensions
were used in adoptive tramsfer experiments to assess the role

of macrophages in the experimental model under investigation.

2.5.5 Manipulation of cells before transfer
As required by some experimental protocols donor

cells were subjected to a number of treatments before transfer
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to irradiated recipients.

In aiFFerent experiments donor cells which had been
prepared in medium 189 alone were exposed to FCS, antigen,
antibody, mitogens or mitomycin C for brief periods before
again being washed in medium 199 immediately before adoptive
transfer, In all cases aliquots of the cell suspension not
exposed to any of the above reagents were incubated in medium
199 and acted as control suspensions im the adoptive transfer
system. In all cases the effect of in vitro exposure to
these agents on cell viability was assessed by exclusion of

0.1% trypan blue dye.

2.6 Cross reactivity of FLS and anti-0A

2.6.1 Neutralization of anti-0A

In order to assess whether FCS contained am 0OA-like
antigen experiments were carried ocut to try to neutralize
anti-0A antibody activity with FCS. Pooled sera wetre
obtained from mice after immunization with 1 pg OA in Al(DH)3
i.p. or from irradiated recipients of primed spleen cells.
Aliquots of 0.2ml of anti-0A serum were mixed with increasing
quantities of O0OA, FCS, BSA, LPS or rormal mouse serum (NMS).
These were incubated at 37o C for 1 hour and at 4°C for 18
hours. Residusl anti-0A activity Was detected by dilutiing

each sample in PBS and testing in PCA and HA assays.

2.6.2 Affinity chromatography of FCS

Sepharose-4B was activated by cyanogen bromide and
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reacted with the globulin fraction of rabbit anti-0A or of
goat anti-Ig ‘as described by Cuatrecasas (129). A control
aliquot of Sepharose 4B was quenched with ethanolamine (Fisher

Scientific Company, Toronto, Ontario) without exposure to any

protein solution. These materials were used to make affinity
columns of 10 ml each. To each was applied 3.0 ml of FCS
Gibco CB31107. The samples remained on the column for 90

minutes at room temperature and non-adsorbed material was
eluted with PBS until the absorbance at 280 nm was negligible.

Materials which had adsorbed to the columns were eluted with
0.2 M glyecine-HCl buffer pH 2.2. Acid eluates were
immediately mneutralized >on emerging from the column. Both
the non-adsorbed and the adsorbed fraction from each column
were concentrated to the starting sample volume, 3.0 ml, using
Amicon PM-10 membranes. The resulting concentrated fractions
were each used to supplement suspensions of 0OA-primed spleen

cells for transfer into irradiated recipients.

2.7 BGel Filtration of FCS

To determine the mcoclecular weight of the supportive
factor in FCS amn sliquot of FCS was fractionated on a column
of Sephacryl A-5M which had been calibrated with markers of
the following relative molecular masses; blue dextran (2 x 106
), ferritin (520,000), catalase (250,000), IgG (150,000), BSA
(69,000) and myogleobin (17,000). Fractions were eluted in

PBS, selectively pooled, concentrated using Amicon PM-10 and

UM-2 membranes and used to supplement suspensions of 0OA-primed
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spleen cells for adoptive transfer.

2.8 Preparation of Flab'), of anti-0A

r =

A globulin fraction of rabbit anti-0A was prepared
by applying whole serum to a column of Protein A-Sepharose and
eluting the globulin with 0.58% (v/v) acetic acid in 0.15 M
NaCl. The eluted material was immediately neutralized with
1.0 N NaOH, dislyzed overnight against PBS, concentrated using
an Amicon XM-100 membrane and dialyzed against 0.1 M sodium
acetate buffer pH 5.0. FPepsin digestion was carried out as
described by Nisonoff et al (130). The enzyme was added to =
finmal concentration of 3% of the weight of immunoglobulin in
solution (0.8 mg pepsin/20 mg Ig). Digestion was carried out
at pH 5.0 for 18 hours at 37OC and the reaction was stopped by
adjusting the pH to 7.2 with 1.0 N NaOH. The digest was
dialyzed against PBS and re-applied to a column of Protein
A-Sepharose. The fractioms which did mnot bind to the column
but which were able to agglutinate O0A-coupled SRBC in a
hemagglutination assay were recovered and designated the

F(ab')y fragments of anti-0A.

2.9 The azdoptive transfer system

Dornor mice were immunized with 1 Hg OA in Al(UH)3
i.p. Four +to 12 weeks later suspensions of their spleen
cells were prepared in medium 199, washed and resuspended to a
concentration of 1 x 1De/ml. Recipient mice which 18 hours

garlier had been exposed to 600 rads of whole body irradiation
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from a B0 Cobalt source were injected with 5 x 107 primed
spleen cells (0.5ml) into a tail vein. Irradiated recipient
mice were not challenged with antigen after cell transfer.
At intervals after being injected with primed spleen cells,
recipient animals were bled; their sera were pooled and tested
for IgE and HA to OA.

The spleens of at least six identically treated
donor mice were used to make any one suspension of primed
spleen cells for adoptive transfer. Each recipient group of
mice within a given experiment was composed of 4 to 6

irradiated animals.



CHAPTER 3: EXPERIMENTAL RESULTS
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3.1 Expression of data

Much of the data presented in this thesis are
derived from the detection of IgE and HA to OA. The levels
of both types of antibody are expressed as titres which are
the reciprocal of the highest dilution of serum that yields a

positive result in either the PCA assay for IgE or the HA

assay for IgM and IgG. Most results are expressed as
antibody titres. However, in both assays doubling dilutions
of sera were tested for activity. For this reason, it is

sometimes convenient to express results as the log2 of the
antibody titre. Moreover, the use of doubling dilutions
restricts the gquantitative interpretation of results,; since it
is evident that the minimum detectable difference between two
samples 1is one doubling dilution. This means that, inm
assessing experimental values, a minimal increment above
control value represents a 2-fold (or 100%) increase in
antibody titre and a minimal decrement represents a 50%
decrease in antibody titre.

A second restriction on the quantitative
interpretation of results is imposed by the use of pooled sera
as test samples. Pooling of sera from 4 to 6 mice was
necessary in order to obtain enough sera to accurately carry
out the assays. Serum samples were collected from mice after
direct immunization or after adoptive transfer of primed

cells, these being the two methods used to generate antibody
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responses during the studies described in this thesis. Data
were collected to determine the variability of +the antibody
titres among individual sera from mice in a given experimental
group. The arithmetic mean values of IgE anti-0A titres
determined For the individual samples were compared to titres
obtained by assaying pooled sera taken from mice within the
same experimental group but which had not contributed to the
individual determinations.

Results are presented in Table 1. The differences
between the mean titres of four to six individual samples and
the titre of pooled sera from groups of five mice ranged fraom
0.4 to 1.1 logi units which is very close to the minimal
difference dgtectable by the PCA assay. This indicates that
the values obtained by assaying pooled sera very closely
approximate the values that would be cobtalined if the mean
value from a group of individual mice were used to quantitate

experimental data.

3.2 The IgE anti-0A response in BDF1 mice

The anti-0A. responses elicited by the i.p.
immunization of BOF1 mice with 1 pg OA in 1 mg Al(OH)3 are
shown in Figure 1. IgE anti-0A was first detectable 8 days
after immunization and reached a peak between days 10 and 14.
Thereafter, the IgE antibody response persisted at a fairly
constant level for 8 months or more. HA titres to 0A reached
a maximum 1 to 2 weeks later than IgE antibody titres, but the

responses of these two types of antibody generally paralleled
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TABLE 1

A COMPARISON OF IgE ANTI-O0A TITRES IN INDIVIDUAL AND
POCLED SERA

Expt. Days after Log IgE anti-0A titre
Immunization Individual Sera Pooled sera
(b3)

Mean + S.D0. (n) (n=5)
A g 7.8 + 1.9 (5) 7.4
B 10 10.7 + 0.9 (8) 11.7
cC 14 _ 10.1 + 1.8 (58) 11.2
D 14 9.4 £ 1.3 (4) 8.7

Days after
Transfer (c¥)

E 8 8.8 £+ 0.5 (4) 9.3
F 13 8.5 £ 0.7 (4) 9.0
G 31 8.9 + 0.7 (4) 8.4

ask
Sera were obtained after immunization with 1 pg 0A in Al(OH)3i.p.

afs
>

Pooled sera were obtained from mice other than those which had
been bled for individual samples.

ok
Sera were obtained from irradiaged reciplents at different
times after injection of 5§ x 10 OA-primed cells i.v.
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Figure 1.

The anti-0A titres stimulated by the i.p. immunization of male
BODF1 mice with 1 pg 0A in 1 mg Al{OH)5. IgE anti-0A titres
(@) were determined by passive cutanecus anaphylaxis in rats.
The hemagglutinating antibody titres (x) of the same sera
were also determined. Titres are recorded as the reciprocal

of the highest dilutiomn giving a positive determination.
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each other over the long term. Treatment of antisera with
0.1 M 2-mercaptoethanol reduced the HA titre by one doubling
dilution, indicating that both Ig6 and IgM contributed to the
HA response, However, given the greater efficiency of IgM
antibodies in causing hemagglutination it 1is probable that
this apparent drop of 50% is actually attributable to much
less than half of the total antibody content. Therefore it
is likely that +the major class of antibody detected by
hemagglutination is IgG.

The magnitude and persistence of the IgE anti-0A
response is in strikinmg contrast to that elicited by six other

antigens prepared and tested using the same . procedure as for

0A. Figure 2 reveals that at doses of 1 H9 per maouse only
KLH induced a modest IgE antibody response. Ferritin and
alpha-amylase induced very transient responses, while
ribonuclease, lysozyme and ovomucoid were ineffective

immunogens under these conditions.

3.3 Half-life of circulating mouse IgE

To assess whether the persistence of the IgE anti-0A
response could be attributed to a particularly slow catabolism
of this immuroglobulin isotype, the half-life of this antibody
in the circulation of mice was determined. This was done by
measuring residual IgE anti-0A activity in the sera of mice
which had been passively immunized with the antibody.
Several groups of mice were immunized to allow for =

relatively low frequency of bleedings. Bleedings from any
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IgE antibody titres stimulated by immunization of BOF1 mice
with KLH, ferritin, ribonuclease, K-amylase, lysozyme or
ovamucoid. Each antigen was injected at a dose of 1 Hg in

1 mg Al(DH):3 i.p.



66

2048}

512

128

W
N

IgE ANTI-OA TITRE

| ! 1 1

20 40 60 80 100

HOURS AFTER SERUM INJECTION

Figure 3.

The elimination of mouse IgE anti-0A from the circulation of
normal mice which had been passively immunized with mouse
serum cont;ining a high titre of the antibody. Residuasl
antibody was determined by heterologous PCA assay. The

straight line was fitted to the data using the method of least

squares.
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one group were taken at 32 hour intervals. Residual IgE
anti-0A was measured by PCA and the resulting titres expressed
as a Function of time (Figure 3). Regression analysis of the
data indicated that the half-life of IgE anti-0A in serum was
10.5 hours. This short half-1ife obviously argues against
the persistence of circulating antibody several months after
immunization. Moreover, the half-life of plasma cells
producing antibody had been reported to be in the order of a
few days (131,132). As a result, it was felt at this stage
that continued recruitment of cells to the status of antibody
secretors probably underlay the long-term response and a model
was sought which would permit examination of the factors that

regulated that recruitment.

3.4 Antigen independent adoptive transfer of anti-0A

praoduction

To study the cell recruitment patterns underlying
persistent IgE and IgG antibody production, an adoptive
transfer system based on that vdescribed by Kontiainen and
Mitchison was used (133). These authors had found that
spleen cells from mice immunized with Ffowl gamma glebulin,
after incubation at 37o c and transfer to irradiated
recipients, produced antibody without further antigenic
challenge of the .PECipiEntS. Antibody had been detected by
using a Farr-type of immunoassay. Such a model was

particularly attractive because it did not require the

introduction of exogenous antigen which would have
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superimposed a new wave of cellular differentiation on the
established immume response.

Following this approach, a cell suspension was
prepared from the spleens of mice that had been injected i.p.
28 days earlier with 1 pg of 0A in Al(OH]3. 5 x 100 primed
cells suspended in Medium 199 containimng 20% FCS were in jected
into irradiated recipients. Recipients were not challenged
with OA after transfer. Figure 4 shows that IgE anti-0A was
detectable in the circulation of recipients by day 5 after
transfer and that by day 7 the IgE antibody levels apptroached
those of the donor mice at the time of sacrifice. The
adoptive IgE anti-0A response persisted for up to B months.
Hemagglutinating antibody to OA also appeared in the
circulation of recipient mice and also reached levels
comparable to those found in donor mice.

Unlike +the system described by Kontiaimen and
Mitchison, the production of an antigen-independent anti-0A
response dep;nded neither on repeated immunizatiom of donor
mice mor on the incubation of primed spleen cells at 37°c
before transfer to irradiated recipients. Figure 5 shows
that washed, primed spleen cells kept at 4 °C for one hour
before transfer were as effective in supporting the adoptive
response as were cells incubated at 37°C for the same period
of ﬁime.

To determine whether the capacity +to adoptively
transfer anti-0A production, in the absence of antigenic

challenge, petrsisted in the irradiated recipients attempts
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Figure 4

Adoptive transfer of IgE and heﬁagglutinating anti-0A
producticn‘ without antigenic challenge of the irradiasted
recipients. OA-primed cells, obtained from the spleens of
mice four weeks after immunization, were injected i.v. into
syngeneic irradiated (600 Rads) recipients. Each of six
recipients received 5 x 107 primed cells. Irradiated
recipients were not challenged with O0A. IgE antibody (e) and
HA (x) titres to 0OA were determined in the sera of donors and

recipients.
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The effect of incubation on the transfer of anti-0A production
to irradiated rgcipients in the absence of antigenic
challenge. Spleen cells from mice immunized four weeks
earlier were incubated at 4°C (@) or 37° C (A) for 60 min.,
washed in Medium 1889 and injected i.v; imto groups of six
irradiated mice. Each recipient received 5 x 107 primed
cells. The PCA (~————) and HA (~=-=--- ) titres of the pooled

sera of recipients were determined.
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were made to transfer the antigen independent response to a
secondary recipient. Spleens were removed from recipients of
OA-primed cells 35 days after the initial transfer. Cell
suspensions were prepared in Medium 198-FCS and 5 x 107 cells
were injected into each of the secondary recipients. Figure
6 shows that, in the secondary host, IgE anti-0A could not be
detected in the circulation. Hemagglutinating antibody to
0A, however, appeared in the serum 5 days after transfer and
reached maximal levels 15 days later.
The rise of HA titres in the sera of secondary recipients was
slower than had been observed in the primary recipient.
However, the maximal HA anti-0A titres ' reached by the
secondary recipient were only slightly lower than seen in the
primary recipient.
3:4.1 Transfer of cells primed by antigens other than GA
Since primary IgE antibody responses to antigens
other than 0A were very weak at doses of 1 Hg (Figure 2),
higher doses and multiple immunizations were used in an
attempt to generate substantial IgE antibody titres to KLH,
alpha—émylase and ribonuclease. Doses of 10 pg in 1 mg of
Al(DH)3 were effective for alpha-amylase and ribonucleasse
whereas 100 ug of KLH was necessary to elicit titres greater
than 200. For all +these antigens, however, multiple
immunizations with 1 to 10 Jal=] of antigen in adjuvant generated
high and persistent IgE antibody titres. Having produced IgE

antibody to these antigens with titres which were comparable
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Figure B.

Secondary adoptive transfer of anti-0A production without
antigenic challenge of the irradiated recipients. Thirty
days after immunization of domor mice with 1 pg OA in A1(OH)4
i.p., 5 x 107 primed spleen cells, suspended in Medium 199-20%
FCS, were transferred into each of a group of eight irradiated
recipients. Thirty-five days later, the spleen cells from
the primary recipiemnts were transferred to a second group of
irradiated recipients. IgE antibody (e) and HA (x) to OA

were monitored in the sera of all three groups of mice.
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to those generated by 0A, attempts were made to adoptively

transfer the .immune response to irradiated recipients using

primed spleen cells without the corresponding antigenic
challenge to the recipients. Figure 7 shows that spleen
cells taken from mice which, after three immunizations with

alpha-amylase, had high circulating IgE antibody titres, were
unable to generate an adoptive IgE anti-alpha-amylase response
when transferred without added antigen to irradiated
recip}ents. Figure 8 shows that cells taken from mice
immunized with increasing doses of KLH also did not support an
antigen independent adoptive anti-KLH response.

Experiments were also carried out in an attempt to

transfer anm antigen independent anti-hapten response to
irradiated recipients. Mice were immunized with 1 ug of DNF
-0A in 1 mg of Al(DH)3 i.p. This resulted in the production

of high titres of IgE antibody to both 0OA and to DONP.
Nevertheless, when spleen cells were taken from such primed

animals and transferred to irradiated recipients, only an

early, transient anti-DNP response could be detected. The
IgE anti-0A response, however, was efficiently transferred to
these same recipients (Figure 9). When cells primed by

immunization with NIB&& -0A were used in an adoptive transfer
experiment, similar results were observed. The anti-hapten
response was not generated in the recipients while the
anti-carrier response was prominent (data not shown).

Despite the inability to reproduce, with other

amtigens, an antigen independent adoptive transfer it was
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Figure 7.

Transfer of K-amylase primed cells to irradiated recipients.
Eight BDF1 mice were immunized with a primary injection of
10 pg &-amylase in 1 mg Al(DH):3 i.p., fFollowed at four-week
intervals by secondary and tertiary immunizations with 1 Hg of
antigen in adjuvant. Twenty-five days after the last

injection the mice were sacrificed and their spleen cells were

suspended in Medium 198-20% FCS and injected, i.v., into
' 7
irradiated recipients. Each recipient received 5 x 10

primed cells. IgE anti-p{~amylase was detected by PCA assay.
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Transfer of KLH-primed cells to irradiated reciplents.

Groups of eight BDF1 mice were immunized with 1 pg (e), 10 Mg
(x) or 100 ug (o) KLH in 1 mg Al(DH):3 i.p. Four weeks later
a secondary injection of 1 pg KLH in adjuvant was administered
i.p. One month later, suspensions of spleen cells from esach
of the three groups of immunized mice were prepared in Medium
199-20% FCS and injected into groups of irradiated (600 R)
recipients. | Each recipient received 5 x 13' primed cells

i.v. IgE amnti-KLH was detected by PCA assay.
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Transfer of DNP-0A primed cells to irradiated recipients.
Eight BOF1 mice were each immunized i.p. with 1 pg DNP -0A in
1 mg Al(DH)3. Five weeks later spleen cells from these mice
were suspended. in Medium 1388-20% FCS and injected 1i.v. into
irradiated recipients. Each recipient received 5 x 107
primed cells. IgE antibody to ONP (x) and to OA () were

determined by PCA using DNP-Ficoll or O0A to challenge

sensitized rats.
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decided that the observation of such a phenomenon with 0A was
interesting enough to warrant further investigation.
Experiments were therefore carried out to characterize and

analyze the adoptive anti-0A response.

3.4.2 Evidence for the donor origin of the adoptive IgE
anti-0A response

It was important to establish the origin of the IgE
anti-0A antibody detected in the circulation of the irradiated
recipients of primed spleen cells. The first experiment in
this series was designed to determine whether the irradiated
recipients were able to mount an immune response following
conventional immunization in the absence of lymphocytic
reconstitution. Four groups of irradiated mice were injected
with 1 pg OA in Al-(OH)3 i.p. at different times after
irradiation. Figure 10 shows that irradiated mice failed to
produce an IgE anti-0A response when immunized upto 7 days
after irradiation. Previous experiments (Figure 4) had shown
that by day 7 after irradiation and transfer of primed cells
without antigenic challenge to the recipient, the adoptive IgE
anti-0A response had already reached its maximal level. This
demonstrated that irradiated mice zlone were quite unable to
genehate‘an immune response within the time required for the
adoptively transferred response to manifest itself.

Further evidence that the adoptive anti-0A response
was dependent on some property of the donor's cell population

was obtained by injecting differemt groups of irradiated mice
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Figure 10.

Immunological imncompetence of irradiated recipients.

Twenty-four mice were exposed to B00 Rads. Groups of six
irradiated mice were immunized i.p. with 1 Hg OA in Al(DH)3
24 hr. (e), 7 days (M), 14 days (x) or 21 days ([ ) after

irradiation.
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with increasing numbers of primed cells. When the sera of
the hecipienté were assayed for IgE anti-0A activity, it was
shown that, with the transfer of increasing numbers of cells
the maximal level of antibody in the recipient mice increased
imn a linear fashion and reached a plateau when mice received 1
x 108 primed cells (Figure 11).

Maximal titres of hemagglutinmating antibody to O0A

also rose as the number of cells transferred was increased.

3.4.3 Development of donor cell capacity to support the
transferred response

Primed spleen cells were transferred to irradiated
recipients at various times after intra-peritonesal
Jimmunization of donors with 1 pg OA in Al(DH)s. Cells taken
from donors 3 or 7 days after immunization did not generate an
adoptive IgE anti-0A response in irradiated recipients (Table
2). Very low levels of both IgE and HA were detected in the_
sera of recipients of cells obtained 10 to 14 days after
immunization whereas cells transferred 4 to 8 weeks after
immunization produced an optimal response to ilrradiated
recipients. It is moteworthy that maximal levels of IgE
anti-0A were measured in the donor mice 10 to 14 days after
immunization at which time their spleen cells were capable of
supporting only a very weak adoptive response.

The capacity of primed spleen cells, obtained morse
than 8 weeks after immunization, to produce IgE anti-0A in

irradiated recipients was also investigated. The first time
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Figure 11.

The effect of transferring increasing numbers of OA-primed
spleen cells on the magnitude of the adoptivé anti-0A
response. Results show the IgE (e) and hemagglutinating (x)
anti-0A titres in the sera of recipients ten days after

transfer of primed cells.
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TABLE 2

THE ABILITY OF PRIMED SPLEEN CELLS TO TRANSFER THE ANTI-DA
RESPONSE WITHIN TWO MONTHS AFTER IMMUNIZATION

Time of transfer Titre in donor serum Titre in recipient
Days after immumization at time of transfer serum, Day 12
after transfer

(&%) (%) (ck)

3 0 0
7 o 0
10 1024 8
14 ' 2048 32
28 1024 512
56 512 512

ask
Doriors were immunized with 1 pg OA in 1 mg Al(OH); i.p.

i
IgE anti-0A titres were determined in sera obtained from donor
mice at the time of sacrifice.

c¥%

Irradisted recipients were injected with 5 x 107 primed cells
suspended in Medium 13898 supplemented with 20% FCS

(Gibco CB31107).
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this experiment was conducted it was noted that, beyond 8
weeks after immunization, primed spleen cells had a steadily
decreasing capacity to support an antigen independent adoptive
response despite the persistence of high levels of anti-0A in
the circulation of domor animals (Figure 12). When later
investigations revealed that different batches of fetal calf
sera had different effects on the magnitude of the transferred
response the experiment was repeated with care taken to use a
single batch of FCS for the six months of the experiments.
On repetition of the experiment the ability of primed spleen
cells to support an adoptive response was observed to remain
essentially unchanged. Figure 13 illustrates that at 24
weeks after immunization primed spleen cells were capable of
supporting a transferred response of a magnitude equivalent to
that produced by cells 4 weeks after immunization. In both
cases the maximal IgE anti-0OA titres reached by the“recipients
were comparable to those in the donor mice. The inmability of
primed spleen cells obtained during the fFirst 2 - 3 weeks
after immunization +to support a substantial adoptive IgE
anti-0A response was, however, again observed.
Investigations into the possible roles of FCS in the adoptive
response will be discussed in section 3.5.

Data from existing experiments were collated to
determine whether one could, indeed, expect a correlation of
antibody titres in donors and recipients. All experiments in
which donor mice had been sacrificed 4 to 8 weeks after

immunization with 1 ug OA in Al(DH)3 were included. When the
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Figure 12.

The effect of time after immunization on the ability of primed
spleen cells to transfer anti-0A production to irradiated
reciplients. Mice were immunized i.p. with 1 pg OA in 1 mg
Al(DH):3 . At monthly intervals after immunization, the
spleens of six mice were used as a source of OA-primed cells
which were suspended imnm Medium 199-20% FCS and injected into
irradiated recipients. The PCA titres (®) in the sera of
recipient mice were determined 12 days after cell transfer.

Also shown are the PCA titres of donor sera at the time of

transfer (o).
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The ability of pﬁimed spleen cells to transfer the adoptive
anti-0A response up to eight months after immunization of
donor mice. Seventy mice were immunized i.p. with 1 pg O0A in
1 mg Al(DH):3 . At monthly intervals after immunization, the
spleens of six mice were used as a source of 0OA primed cells.

Five x 107 primed cells in Medium 199-20% FCS (Gibco CB31107)

were injected into each of a group of six irradiated
recipients. The PCA (@) titres of the sera of recipient
animals were determined 21 days after cell transfer. Also

shown are the IgE anti-0A titres of donor sera at the time of

cell tramnsfer (o).
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maximum IgE anti-0A titres generated in recipients of primed
spleen cells were compared to the anti-0OA titres of donors, it
was evident that a good correlation existed between the IgE
antibody titres of donors and recipients (r=0.83) (Figure 14).
No other correlation could be established between antibody
titres in donors and those in recipients. There was no
correlation between the hemagglutinating antibody titres in
donors and recipients (r¢0.1), nor was there a correlation
between donor hemagglutinating antibody titres and the IgE
anti-0A titres of recipients (r<0.1). Moreover, within the
donor groups there was no correlation between the IgE titres
and hemagglutinating antibody titres . stimulated by
immunization. However withim the groups of irradiated
recipient mice there was a good correlation (r=0.82) between
adoﬁtive IgE anti;OA and adaoptive hemagglutinating anti-0A
titres. |
It had been demonstrated that a period of
approximately 4 weeks after immunization was required before
cells capable of supporting am adoptive anti-0A response
started to appear in the spleen. Since at 2 weeks after
immunization the IgE anti-0A titres in immunized mice were
already at their highest level, it was considered possible
that the cells which supported antibody production in the
donor mice might reside in a site other than the spleen. The
ability of cells from the mesenteric lymph nodes, which
drained the site of immunization of donor mice, to support an

adoptive IgE anti-0A response was therefore examined.
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Correlation of IgE anti-0A titres in the sera of spleen cell
donors with the PCA titre in the sera of irradiated
recipients. Spleen cells were transferred four to .eight
weeks after immunization of domors with 1 pg OA in Al(OH)5
i.p. IgE anti-0A titres in the sera of donors were

determined at the time of sacrifice and, in the sera of

recipients, 21 days after cell transfer. (r=0.83, p<0.001)
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At different times after immunization, mesenteric
lymph nodes and spleens were removed from primed mice,
suspended in Medium 199-20% FCS and injected, separately, into
irradiated recipients. As had been seen with spleen cells

(Table 2), lymphocytes from the mesenteric nodes were unable

to support an adoptive IgE anti-OA response until 2 - 3 weeks
after immunization of the donors. One month after
immunization, however, cells from mesenteric nodes supported

an adoptive IgE anti-0A respanse of the same magnitude as that
generated by an equal number of primed spleen cells (Figure
15). Simce the magnitude of the responses supported by both
types of cells were comparable it would appear that the
Frequencie; of cells capable of giving rise to adoptivé
anti-0A production were similar in both spleen and mesenteric
lymph nodes.
3.4.4 Modulétion of the transferred response by the
recipient

Although the magnitude of the adoptive IgE anti-0A
response was clearly dependent on a number of factors (number
of cells transferred, time after immunization, donor antibody
titre) contributed by the donor, the status of the irradiated
recipients also contributed to the final anti-0A respaonse.
This fFirst became evident when transfer of primed spleen cells
to mormal unirradiated mice did not lead to the production of
anti-0A antibody in the recipient. Transfer of primed cells

to rnormal mice was initially undertaken to establish whether
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Figure 15.

The ability of 1lymph node cells to transfer the adoptive IgE
anti-0A response ta irradiated recipients. Spleen cells (=)
or lymph node cells (x) were obtained from mice 28 days after
immunization with 1 pg OA in Al(DH% i;p. Cells were
suspended in Medium 199 containing 20% FCS (Gibco CB631107) and
injected into irradiated mice at a dose of 5 x ﬂ;

cells/recipient.
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the antigen independent transfer of an antibody rtresponse was
similar to the more conventional adoptive transfer systems
which require that the recipient be irradiasted and challenged
with antigen.

Since an intact recipient seemed to have the
capacity to suppress the ability of primed spleen cells to
produce an adoptively transferred response it was decided to
investigate the suppressive function of the unirradiated
animal.

Primed spleen cells were, therfore, transferred to
reciplents which had been exposed, 24 hours earlier, to doses
of irradiafion ranging from O to 900 Rads. = The results are
shown in Figure 16. Without irradiation of the recipient, no
adoptive IgE anti-0A response was seen. Exposure of
recipients to 150 Rads was sufficient to permit generation of
an adoptive response. An  increase in the magnitude of the
response was facilitated by increasing the dose of irradiation
upto 600 Rads. Above this dose no further increase was seen.

The ability of irradiated recipients to regenerate
this suppressive capacity was demonstrated by transferring
primed spleen ceglls into groups of recipients which had been
exposed to 600 Rads at different times during the 8 days
precéding adoptive transfer. Figure 17 shows that the
adoptively transferred response is greatest 1if cells are
injected into recipients within 12 hours of irradiation.
With increasing time between irradiation and transfer, there

is a gradual lessening of the adoptively transferred IgE
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The effect aof irradiation dose, delivered to recipients, on
the magnitude of +the adoptive IgE anti-0A response. Groups

of prospective recipients were exposed to increasing amounts
of irradiation 20 hours before each mouse was injected with
5 x ﬂ37 DA-primed spleen cells in Medium 189-20% FCS.

Results show the IgE anti-0A titres in the sera of recipients

18 days after transfer.
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Regeneration of the suppressive capacity of recipients with
increasing time after irradiation. Separate groups of mice
were irradiated with 600 Rads at ome to 216 hr. (9 days)
before each reciplient received 5 x 167 OA-primed cells from =
single suspension of donor cells. Results show the IgE
amti-0A titres 1in the sera of recipients 12 days after cell

transfer.
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anti-0A response. Experiments were carried out to determine
if the inability of normal mice to support the adoptive
response and the apparent regeneration of a suppressive effect
with time after irradiation could be attributed to cells of
the lymphoid system of normal animals. Chiorazzi et al had
demonstrated the existence, in wunimmunized mice, of =a
population of isotypes specific T cells that acted to suppress
IgE antibody responses on subsequent immunization (104). To
this end primed spleen cells were mixed with increasing
numbers of spleen cells or thymocytes from normal mice and
injected intoc irradiated recipients. The data are recorded
in Table 3 and show that neither normal spleen cells nor
thymocytes were able to suppress the adoptively transferred

IgE anti-0A response.

3.5 HAole of FCS in the adoptive anti-0A response

Simce very few reports 1in the literature document
the production of a secondary antibody response in the absence
of an overt antigenic stimulus (133-136) it wasvimpcrtant to
examine the cell transfer system for any factor capable of
stimulating antbody production. Fetal calf serum, which was
routinely incorporated into the tissue oculture medium used to
isolate spleen cells for adoptive transfer, was examined
because of its recoghnized role in supporting cell function
particularly under in vitro conditions. Primed spleen cells
were suspended in Medium 199 alone or in Medium 199

supplemented with normal mouse serum (NMS), bovine serum
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TABLE 3

EFFECT OF NORMAL CELLS ON THE ADOPTIVE ANTI-0A RESPONSE

Cells transferred IgE anti-0A titres
in recipients (c)

Primed Spleen (a%*) Normal cells (b¥k)

7
4 x 10 ] 720
> .
1 1 x 10, spleen 610
1" 2 x 1[]7 " 510
1 3 x 107 o 640
" 4 x 10 " 680
- .
" 1 x 105 thymocytes 540
B 4 x 10 " 780

a :::
Primed spleen cells were obtained from mice which had been
immunized four weeks earlier with 1 ug 0A in AlL(OH)3 i.p.

Normal spleen cells and thymocytes were obtained from male BDF1
mice of the same age (14 weeks) as the donors of primed cells.
Primed and normal cells were mixed in vitro in Medium 1889
containing 20% FCS for injection into irradiated recipients.

ok
IgE anti-0A titres shown were determined 18 days after cell
transfer.
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albumin (BSA) or with one of two batches of FCS. Figure 18
indicates that in this experiment primed spleen cells prepared
in medium alone did not adoptively transfer the IgE anmti-0A
response to irradiated recipients. A supplement of protein
in the form of NMS or BSA was not sufficient to generate the
adoptive response. FCS, Gibco batch number R4651121, which
had been used in most of the early experiments, supported the
transferred IgE anti-0A response while Reheis FCS M41512,
which had been identified for 1its low mitogenic effect on
spleen cells in vitro, did not. As a@ result of these
observations batches of FCS were desighated as supportive or
non-supportive of the adoptive IgE anti-0A response.

Figure 19 indicates that the magnitude of the
adoptive IgE anti-0A response was dependent on the amount of
FCS transferred with primed cells. Since mice received 5 x
107 primed cells in a volume of 0.5 ml, a concentration of 20%
FCS represents the injection of 100 ul of FCS per recipient.

Eleven different batches of FCS were tested for
their ability to support the adoptive IgE anti-0A response.
Table 4 indicates that a wide range of supportive capacities
was found among the sera tested. - Gibco sera R461121 and

C631107 were identified as supportive sera. These two

batches were used as such in experiments described 1n this

thesis. Rehelis batches M41512 and M50605 were recognized as
non-supportive FCS. Batches of FCS that facilitated the IgE
anti-0A response also supported the production of

hemagglutinating antibody in irradiated recipients.
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Figure 18.

The effect of FCS on the adoptive IgE anti-0A response.

OA~-primed spleen cells were prepared in Medium 199 alorne (o)
or, supplemented with 16% FCS, Gibco R4681121 (e), with 16%
FCS, Reheis M41512 (x), with 16% normal mouse serum () or
with 4% (w/v) bovine serum albumin (A). Five x 10’ cells
were injected into each of the irradiated recipients in the

five experimental groups.
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Figure 18.

The effect of increasing concentrations of FCS on the adoptive
IgE anti-0A respocnse. Irradiated recipients each received

5 x 1d7 ODA-primed cells suspended in Medium 199 supplemented
with increasing amounts of FCS, Gibco R46112. Results show
IgE anti-0A titres in the sera of recipients nine days after

cell transfer.
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TABLE 4

SUPPORTIVE CAPACITY OF DIFFERENT BATCHES OF FCS

anti-0A Titre, Day 12

Lot number after transfer
PcA HA

Gibco R461121 512 256
Ra74221 32 32
C173028 64 32
775120 ’ 128 32
EO76018 16 8
A9766186 | O 2
Cs31107 . 1024 128
Reheis M41512 o 2
M50605 0 2

Spleen cells were obtained from mice which had been immunized
4 - 8 weeks earlier with 1 pug Al(DHJ3 i.p7 Irradiated
recipients were injected i.v. with 5 x 10° cells suspended in
Medium 199 containing 20% FCS. Anti-0A titres in the sera of
recipients were determined by PCA and HA.
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The rtole of FCS can be described as supportive
rather than obligatory becsuse, in a significant number of
experiments to be described in section 3.5.4, no supplement of
FCS was required to elicit an adaptive IgE anti-0A resﬁonse in
the absence of added 0A.

Experiments were carried out to determine whether
the stimulus provided by FCS could be effectively delivered to
primed cells in vitro before adoptive transfer +to irradiated
recipients. Primed spleen cells were suspended either in
Medium 199 alomne or in medium supplemented with 20% supportive
FCS. Duplicate aliquots of these suspensions were held
either in a 37°C water bath or in ice water for 60 minutes.
After incubation, half of the suspensions were washed and
resuspended in Medium 199 before injection into irradiated
recipients.  Duplicate sets of suspensions were not washed
but were injected directly into recipients. Table S shows
that FCS was capable of supporting the adoptive IgE anti-0A
response after only a brief exposure to primed cells in vitro.
In vitro exposure of cells to FCS was found to be equally
effective at 0°C and 37°C.

Three types of stimuli in FCS were considered to be
possible sources of the supportive capacity of this reagent in
cell transfer experiments. The first was the presence in FCS
of a protein which cross reacted with O0A. Such a protein
would provide an antigenic stimulus to primed cells eliciting
a secondary immune response in  irradiated recipients. The

second possible type of stimulus was a mitogenic one.
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TABLE 5

in vitro EXPOSURE OF PRIMED CELLS TO FCS

Spleen cell FCS Incubation Wash IgE anti-DA titre,
suspension 80 min. Medium 199 Day 21 after transfer

1 - 0 - 0

2 ‘ + - o 128

3 - + 8]

4 + + 110

5 - 37 C - u]

5 - - - 128

7 - + 0

8 + + 110

Primed spleen cells were obtained from mice which had been
immunized 6 weeks earlier with 1 pg OA in 1 mg Al(OH) j.p.
Cell suspensions were made to a concentration of 5 x qG /ml
in Medium 199 and were supplemented with 20% supportive FCS,
Gibcg R61121, ag indicated (+ or -). Cells were held either
at 0 C er at 37 C for B0 minutes before the appropriate
suspensions were washed (+) and resuspended in Medium 1899.
Each of 4 irradiated mice comprising a recipient group were
injected with 3.5 x 10 cells. IgE anti-0A titres in the
sera of recipients were determined by PCA.
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Mitogen could act by inducing the polyclonal multiplication
and/or differentiation of lymphocytes including antigen-primed
cells, thereby increasing the number of antibody producing
cells in the system to a level where their product would be
easily detectable. The third possible type of stimulus in
FCS could be an undefined supportive or growth factor, as have
been described for a number of immune systems examined in
vitro. Experiments were carried out to determine whether
OA-like antigen or mitogenic factors could account for the
ability of FCS to facilitate the production of IgE anti-0A by

OA-primed cells on transfer to irradiated recipients.

3.5.1 FCS as a possible source of antigen

It would be expected that stimulation of primed
cells by a cross reacting antigen at the time of adoptive
transfer would lead to the proaoduction of a significant amount
of antibody to that cross reacting antigen in the recipient
animal. Experiments were designed to test whether the
antibodies produced in irradiated recipients as a result of
adoptive transfer of OA-primed cells in medium supplemented
with FCS contaimed antibody to FCS.

Two groups of rats were each sensitized with amnti-0A
from two sources; from mice that had been immunized with 1 JH9
of O0A in Al(DH)3 and from irradiated mice that had been
imjected with 5 x 107 OA-primed cells in medium containing 20%
FCS. One group of rats was challenged i.v. with 0OA and the

second with FCS. The results are shown in Table 6. The
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rats challenged with 0A yielded PCA titres ranging from 420 to
40896 for the two different sources of sensitizing antisera,
whereas the rats challenged with FCS failed to show any PCA
activity.

The lack of antigenic similarity between 0A and FCS
evident from the inability of these two reagents to react with
the same antibody was confirmed by in vitro neutralization
experiments. Aliquots of mouse anti-0A serum were mixed with
increasing amounts of 0A, FCS, BSA or NMS and incubated at 37°
C for 1 hour, followed by 18 hours at a°c. Residual anti-0A
activity in each aliquot was detected by PCA in rats and by
hemagglutihation of OA-coated SHBC. The data in Table 7 show
that, as expected, O0A inhibited completely both PCA activity
and antibody mediated hemagglutination. Neither the PCA
activity nor the hemagglutination titre of anti-0A sera was
reduced by FCS. BSA at concentrations ten times greater than
those used for 0A had no effect on either FPCA nor HA titres.

Inhibition of agglutination of 0A coupled SABC was
first detectable at concentrations of 4 to 8 pg OA/ml. An
equivalent concentration of cross reacting antigern would,
therefore, hgve to be present in FCS to effect neutralization
of antibody. As indicated earlier, irradiated recipients
received primed spleen cells supplemented with 100 pl of FCS.

The volume of FCS could, therefore, at most, contain 0.4 to
0.8 pg of cross reacting antigen and still escape detection in
the neutralization assay. It became necessary to establish

whether OA-primed cells, on adoptive transfer, were sensitive
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TABLE 6

LACK OF ANTIGENIC SIMILARITY BETWEEN OA AND FCS IN PCA

Source of sensitizing PCA titre on challenge with:
Mouse serum (a¥%) 0A (b)) FCS
Day 10 after immunization 4096 ' <2
Day 21 after immunization 1024 <2
Day 14 after cell transfer . 420 L2
Day 30 after cell transfer 856 L2

&k

The skins of rats were sensitized with pooled sera from mice
immunized with 1 pg OA in Al(OH)y; i.p. or from recipients of
primed spleen cells suspended in medium containing FCS, Gibco
R4c1121.

bk
Duplicate pairs of rats were challenged either with 1 mg 0A or
with 1 ml FCS, Gibco R461121, in 0.5% Evan's blue dys.
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TABLE 7

NEUTRALIZATION OF ANTI-0A ACTIVITY

Residual Residual
Anti-0A titres Anti-~-0A titres

PCA HA PCA HA

0OA 2 Fg/ml 2048 B4 PBS 2048 ag
4 1 1800 SO0

a " 2048 6 BSA 312 Hg/ml 1600 80

16 " 2080 2 625 B 1400 80

32 1 400 0 1250 " 2048 80

54 " 64 0 2500 " 1020 80

128 1" 45 o) 5000 " 2048 80

250 1 32 (8] 10000 1 1400 a0

500 " 8 0 20000 " 1800 80
1000 1 2 u]

FCS 1/16 1800 80 NMS 1/16 1800 80

1/8 1800 &0 1/8 1800 80

1/4 2000 80 1/4 1600 80

1/2 1800 64 1/2 1800 a0

Undiluted 1800 &4 Undiluted 1800 ° 80

Pooled sera were obtained from irradiated recipients of primed
spleen cells. Aliquots of 0.2 ml anti-0A serum were mixed

with increasing quantities of 0A, FCS, BSA or NMS. These were
incubated at 37°C for 1 hour and at 4°C for 18 hours. Residual
anti-0A asctivity was detected by diluting each sample in phos-
phate buffered saline and testing in PCA and HA assays.
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to such low amounts of soluble antigen.

Primed spleen cells taken from mice 12 weeks after
immunization were prepared in Medium 1898 alone. Aliguots of
the suspension were supplemented with O0A at concentrations

which resulted in the injection of 0.1 ng to 10 Hg of antigen

into groups of irradiated recipients. The results of this
experiment are shown in Figure 20, The primed spleen cells
were sensitive to unexpectedly small amounts of antigen. As

little as 1.0 ng of OA stimulated the production of anti-0A in
the irhadiatedAhecipient. Ten namograms of 0A stimulated a
response equivalent to that seen with 20% FCS, indicating that
cross reacting antigen at a concentration ofr 100 ng/ml would
be sufficient to support the ransferred response. Since this
concéntraticn could mot be detected by the neutralization
procedure described earlier, experiments were carried out to
remove any material that might be antigernically similar to 0A.

Three 10 ml affinmity chromatography columns were
prepared as described in section 2.6.2. The first consisted
of Sepharose-4B beads to which had been coupled rabbit
anti-0A. The second column was Sepharose 4B to which was
coupled rabbit antibody to goat immunoglobulin and the third
column had been activated by cyanogen bromide and guenched by
ethanolamine. To each column was applied 3.0 ml of
supportive FCS, Gibco C631107, which was allowed to react with
the columns for 80 minutes at room temperature. Materials
which had not bound to the column were then washed off with

PBS unmtil the absorbance at 280 Am was zero. These
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Figure 20.
Sensitivity of O0OA-primed cells to éntigen. Primed spleen

cells were taken from mice 12 weeks after immunization.
Aliquots of the suspension were supplemented with 20% FCS,
Gibco 631307, or with soluble ovalbumin at concentrations
ranging from 0.1 ng to 10 pg per 5 x 1d7 cells before
injection of +this cell number into irradiated recipients.
The IgE anti-0A titres shown were detected in éera obtained 10

days after cell transfer.
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non-absorbed fractions were concentrated using Amicon PM10
membranes to "~ the initial volume of 3.0 ml. Material which
had bound to the columns was eluted with 0.2 M Glycine-HCl
buffer at pH 2.2. Since the absorbance at 280 nm for these
fractions was very low, 40 ml were collected from each column,
neutralized with 0.1 N NaOH and concentrated to 3.0 ml using
PM10 membranes. The six samples resulting from <this
procedure were used to supplement suspensions of 0A-primed

cells to a concentration of 20% (v/v) before +transfer into

irradiated recipients. Results are shown in Table 8 and,

unfortunately, are rather equivocal.

The supportive capacity of non-adsorbed material
from the anti-0A column was lower <than that from the two
control columns. At first sight this would indicate <the
absorption to the anti-0A column of an 0A-like molecule.
However, on elution of absorbed material witg acid buffer all
three columns yielded material of comparable suppotrtive
capacity. If DA-like material had been specifically absorbed
to the anti-0A column only, one would have expected the other
two columns to yield negligible supportive activity in the
fractions eluted with acid.

Since we were unable to define conditions that would
consistently lead to the productiom of high titres of anti-0A
in irradiated recipients in the absence of FCS, it was decided
to pursue further investigations using spleen cells suspended
in supportive FCS. However, all experiments included =

control group of recipient mice which were injected with
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TABLE 8

BINDING OF THE SUPPORTIVE COMPONENT OF FCS
TO AFFINITY COLUMNS (a)

Logz'IgE anti-0A titres (cx)

Column Type Non-Adsorbed Adsorbed
Seph-4B-anti-0A 4.5 7.0
Seph-4B-antidg 7.8 8.4

Seph-4B 9.4 7.6

Control Supplements (b)

Medium 199 3.0

20% FCS 9.5

ax

Three ml aliquots of supportive FCS, Gibco CB31107, were applied
to each of 3 affinity columns and fractionation was carried out
as described in the Materials and Methods. Both the materizsl
that was mnot adsorbed to the column and the material eluted with
0.2 M Gly-HCl pH 2.2 (adsorbed) were concentrated to 3.0 ml.
These fractions were used at Final concentrations of 20% (v/v)
to supplement suspensions of OA-primed cells for injection into
irradiated recipients.

Control cell suspensions were supplemented either with
additional medium or with 20% FCS, CB631107, for injection into
irradiated recipients.

ok
Anti-0OA titres were determined in samples taken 10 days after
adoptive transfer.
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primed spleen cells prepared in medium 199 alone. This
ensured that the experimental results could be interpreted
with a knowledge of the type of response, whether FCS
independent or FCS dependent, that had been elicited. The
following three sections of this thesis contain results, on
the role of antibody amnd the cooperation of B and T cells in
the adoptively transferred response, which were obtained from
experiments controlled as just described. When a group of
donor mice whose cells were capable of supporting a FCS
independent adoptive response were identified, experiments
were carried out to determine whether the humoral and cellular
factors aF#ecting the FCS independent responses were the same
as those active 1in the adoptive response supported by FCS.

Detailed evidence for the similarity of mechanisms underlying
the adoptivelanti—DA response in the presence and absence of

FCS will be presented at the end of section 3.8.

3.5.2 FCS as a possible source of mitogen

Having reduced the likelihood that the supportive
capacity of FCS was attributable to contamination with
conventional antigen, evidence was sought for the presence of
mitogenic activity in the serum.

To test directly for mitogenic activity in FCS, the
ability of supportive FCS to stimulate incorporation of
3H—Thymidine into spleen cells was assessed. Spleen cells
From normal BDF1 mice were cultured in microtitre plates in

the presence of six different batches of FCS. The
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imcorporation of 3H—Thymidine was measured following cell
harvest 60 hours after initiation of the cultures. The samé
six batches of FCS were used to supplement suspensions of 0A
primed cells before injection into irradiated recipients in
order to compare their inm vitro mitogenicity to their ability
to support the adoptive anti-0A response. Aesults are shown
in Table 9. Although the stimulation index for Giboo R461121
in culture was the highest and this serum also supported most
effectively the transferred response, there was no overall
correlation between the in vitro mitogenic capacity of the
different sera and their ability to support an adoptive
response. | Final concentrations of 5% or 10% FCS in culture
gave very similar stimulation indices.

These in vitro experiments implied that mitogens
present in FCS did not play a significant role in the adoptive
IgE anti-0A response. However, givenm the large number of
Factors that affect cellular responses in vitro (15), it was
conceivable that the conditioms used may have been inadequate
to reveal the presence of such mitogens. Consequently, we
chose to investigate directly the effect of several defined
mitogens inm the antigen independent adoptive transfer system.
Primed spleen cells were suspended with increasing amounts of
Lipopolysaccharide (LPS), dextran sulphate (0S), pokeweed
mitogen (PWM)}, Concanavalin A and phytohemagglutinin (PHA).
Each mitogen was imitially tested over a 500-fold range of
concentrations which included doses +that had been shown to

induce lymphocyte praliferation in vitro. In some cases, the
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TABLE 9

in vitro MITOGENICITY OF FCS

FCS, Lot No. 3-H Thymidine Stimulation Anti-0A PCA
Uptake {(a) Index Titre, day 18
cpm &+ S.D0. after transfer

(b*)

None 349 + &3 1 0

Gibco R461120 10720 + 2061 30. 1 256

Reheis M50605 5508 + 560 15.8 0

Reheis M41512 5172 + 846 14.8 0

Gibco R874221 3708 + 247 10.6 64

Gibco C173028 2292 + 474 6.6 32

Gibco C77120 (cx) 3427

H+

887 9.8 32

a¥m

Mitogenicity of each lot of FCS was tested by monitoring the
uptake of 3-H Thymidine by cultures of normal BOF1 spleen cells
as described in Materials and Methods. Results are expressed
as mean cpm of quadruplicate cultures * S.D. Aesults are those

from cultures containing a final concentration of 5% FCS.
Spleen cells from BDOF1 mice immunized 6 weeks earlier with 1 ug
OA with Al(OH)3 i.p. were suspended in media supplemented with

the differemt batches of FCS to a concentration of 17% and were
injected into groups of irradiated recipients.

ok
FCS Lot No. C77120 was identified, by the manufacturer, as

capable of supporting a primary in vitro anti-SRBC response in
a Mishell-Dutton culture system.
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upper limit of mitogen concentration was determimed by the
toxicity of tHe reagent either on the suspended spleen cells
or in the irradiated recipient. Dextran sulphate at a
concentration of 80 pg per 5 x 107 cells caused cell death
resulting in a gelling of the cell suspension. LPS at a
concentration of 200-400 ug/ recipient caused a transient
weakening and weight loss in irradiated animals. This was
first evident 4-5 days after transfer of cells suspended in
LPS. Approximately one-Fifth of the animals died as a result
of the treatment. By day 10 after transfer <the surviving
mice appeared to have recovered fully.

fhe effects of suspending OA-primed cells in Medium
199 .supplemented with increasing amounts of different mitogens
are recorded in Figure 21. The top left hand panel shows
again the direct relationship that existed between the amount
of FCS added to the primed cells and the magnitude of the
transferred response. On examining the response to specific
mitogens, it was observed that LPS, DS and FPWM were all
capable of supporting =a modest IgE anti-0A response in
irradiated recipients. Neither of the T cell mitogens, Con A
nor phytohemagglutinin, supported IgE anti-0A production. To
determine whether, indeed, cell proliferation was a necessary
step in the production of the adoptive IgE anti-0A response
primed spleen cells were treated with the mitotic inhibitor,
mitaomycin C, before transfer into irradiated recipients. In
vitro exposure to mitomycin C did not affect cell viability.

As shown by Figure 22 exposure of cells to the mitotic
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The effects of the mitogens LPS, DS, PWM, Con A and PHA on the
adoptive IgE anti-0OA response. Aligquots of a single

suspension of OA-primed spleen cells were supplemented with

increasing amounts of FCS or of the mitogens, as indicated,
before injection into irradiated recipients. The results

shown indicate the IgE anti-0A titres in +the sera of

recipients 12 days after cell transfer.
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inhibitor completely imhibited the production of both IgE and
HA to OA in recipient mice indicating that cell replication
was necessary for the establishment of adoptive antibody

production.

3.5.3 Characterization of the supportive factor in FCS
Aliquots of a batch of FCS, Gibco C631107, which had
been shown to support adoptive anti-0A production in the
absence of antigenic challenge to recipients were tested as
outlined in Table 10. The supportive activity was unchanged

in FCS maintained at 4°C for 72 hours and was unaffected by

Q.

heating the FCS to 56°C Ffor 60 minutes. - The repeated
freezing, by immersion in an alcohol-dry ice bath, and
thawing, at room temperature, of an aliquot of FCS over a

period of 8 hours did not affect its ability to support the
adoptively transferred anti-0A response. The supportive
capacity also persisted in FCS that had been dialyzed against
large volumes of PBS. This last observation indicated either
that the supportive factor had a molecular weight greater than
10,000 or that it was associated with some serum protein of
that size_oh larger.

In an attempt to determine the molecular weight of
the supportive factor in FCS, an aliquot of FCS was
Fractionated on & column of Sephacryl A-5M  which had been
calibrated previously with blue dextran, ferritin, catalase,
IgG, BSA and myoglobin. Figure 23 shows that such a column

was capable of resolving solutes with relative molecular
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Figure 22.

The effect of exposure of primed cells to Mitomycin C on the
adoptive anti-0A response. OA-primed spleen cells were
suspended either in Medium 198 alone (e) or in medium
supplemented with Mitomycin C (x) to a concentration of

a0 Fg/ml/S x 10‘7 cells. Suspensions were incubated at B;JC
for 30 min., washed and resuspended in Medium 198-20%
supportive FCS for injection into irradiated recipients. The
sera of recipients were assayed for both IgE antibody ()} and

HA (-==) to OA.
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TABLE 10

STABILITY OF THE SUPPORTIVE CAPACITY OF FCS

Treatment of FCS (a%) Adoptive IgE anti-0A titre (bsk)
Day 10 Day 20
No treatment 300 . 512
56 C x 60 min. 512 512
4°c x 72 hr. 300 220
Freeze/thawed x 10 300 512
Dialyzed x 72 hr. 220 220
No FCS 4 4
a%
Five ml aliguots of FCS, Gibco C631107, were treated as
indicated. Dialygis was carried out against a total of 12

litres of PBS at 4 C.

ale
>

Primed spleen cells were obtained from mice which had been
immunized 4 weeks earlier with 1 pg OA in AL(OH)5 i.p.
Suspensions were prepared in Medium 199, supplemented with the
different FCS to a final concentration of 20%, and injected
i.v. inmto irradiated recipients.

Results show the IgE anti-0A titres in the sera of recipients,
as determined by PCA, on days 10 and 20 after transfer of cells.
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masses ranging from 2 x 1D+ to 2 x 106.

Fivé ml of supportive FCS were applied to the same
chromatography column and eluted with PBS. Eluted material
was collected in volumes of 5 ml/tube. The elution profile,

as determined by absorbance at 280 nm is recorded in Figure

24. The contents of the first 20 eluate tubes were pooled
and labelled fraction A. Each successive series of 20 tubes
were also pooled to constitute fractions B, C, 0O, and E. A

control sample, F, was prepared by diluting 5.0 ml of FCS to
100 ml. Fractions A, B, C, D and F were each concentrated to
4.0 ml using amn Amicon PM10 membrane. Because of the smaller
molecular WEight of the comtents of fraction E, this pool was
concentrated using an Amicon UM-2 membrane.

Each of the concentrated fractions was used to

supplement a suspension of OA-primed cells for injection into

irradiated recipients. Results are shown in Table 11.
Fraction A, which was roughly the void volume of the column
and Fraction E, which comntained material of the smallest

molecular weight (upto 30,000) supported a very low adoptive
response. Fractions B, C and D appeared equally potent in
supporting the transferred anti-0A production. The adoptive
responses supported by these fractions were, in all cases, a

little lower than those produced by control samples.

3.5.4 FCS independent transfer of the anti-0A response
As has been indicated earlier, the role of FCS in

the system under examimation is considered supportive rather
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Figure 23.

Calibration of an A-5M Sephacryl chromatography column. A
sample of 6 ml containing 20 mg ferritin, 20 mg catalase, 20
mg bovime gamma globulin, 20 mg bovine serum albumin, 20 mg
whale skeletal muscle myoglobin and blue dextran was applied
to a column measuring 2.6 x 90 cm. PBS was the eluting
buffer. The flow rate was 20 ml/hr. Eluates of 5.0 ml were
collected and their absorbance at 280 nm was determined.

Results were expressed by plotting the elution volume of each

marker against its known molecular weight.
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Figure 24.

Fractionation of FCS on a column of A-5M Sephacryl. Five ml
of supportive FCS, Gibco CB31107, were applied to a column
(2.5 x 90 cm) and eluted with PBS at a rate of 20 ml/her.

Eluates were collected in 5.0 ml volumes. Each successive

group of 20 eluates was pooled and designated fraction A, B,

C, D or E. Fractions A, B, C and D were each concentrated to
4.0 ml using an Amicon PM-10 membrane. Fraction E was
concentrated using a UM-2 membrane. A  control fraction, F,

was prepared by diluting 5.0 ml of FCS to 100 ml and

concentrating it to 4.0 ml using a8 PM-10 membrane.
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TABLE 11

SUPPORTIVE CAPACITY OF A-5SM FRACTIONS OF FCS

Fraction (a¥) Adoptive IgE anti-0A titre (b%)
Day & Day 19
A 16 16
B 210 200
C 256 256
0 2586 . 256
E 186 16
F 512 512
Untreated FCS 800 450
Nil 84 10

a b
Fractions A to F were obtained as described in the legend to
Figure 23.

Primed spleen cells were obtained from mice which had been
immunized 5 weeks earlier with 1 pg OA in AlUMﬂB i.p.
Suspensions were prepared in Medium 198 supplemented with the
appropriate fractions to a concentration of 20% (v/v), and
injected i.v. into irradiated recipients. Results show the IgE
anti-0A titres in the sera of recipients on days 8 and 19

after transfer of cells,
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than obligatory simce in a significant number of experiments,
IgE anti-0A was detected in the sera of irradiated mice which
had received cells suspended in Medium 198 alone. In about
30% of experiments, the FCs independent, adoptively
transferred response was 25 to 50% of that generated on the
addition of FCS to OA primed cells (Figure 25]). In addition,
it can be seen that the spontaneously generated anti-0A
response generally paralleled the FCS dependent response and
persisted for many weeks after transfer. In most of the
remaining experiments, a low level of IgE anti-0A production
(titres of 2 to 32) could usually be detected in mice which
had received cells that had not been exposed to FCS or
antigen.

Given <the sensitivity of the O0A primed cells to
antigen, ~ precautions were taken to minimize possible
stimulation of cells by 0A which might contaminate glassware
and pipets. The use over a sustained period of new, sterile,

disposable plastic tubes and pipets had no effect on the
incidence of spontaneous production of 'IgE amti-0A in
irradiated recipients.

The possibility that irradiated mice were exposed to
DA or to cross reacting antigen in their food was considered.
A saline extract prepared from the mouse chow Wayne Lab-Blox
did not react in Ouchterlony double diffusion gels with
anti-0A raised in hyperimmunized rabbits. Moreover, the
marnufFacturer of the feed stated that no poultry products were

incorporated into the pellets.



121

2048
]
w 512 .
o
— -
<
O 128}
E !
Z —— &
<«
[TH] 32 B
2
8F
2¢
1 | 1 |
1 4 8 12
WEEKS AFTER TRANSFER
Figure 25.
FCS independent transfer of the IgE anti-0A response. IgE
anti-0A responses generated by adoptively transferred

OA-primed cells in the presence (8) and absence (o) of

supportive FCS were monitored for 12 weeks.
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Since the existence of a system in which antibody
production by primed cells was independent of any exogenous
stimulus was particularly attractive for the investigation of
long term humoral responses, attempts were made to define
conditions that would favour the consistent expression of a
spontaneous response.

Mitchison and Kontiaimen had stated that incubation
of primed cells at 37°C was necessary to generate an antigen
independent response to fowl gamma globulin in their
experimental systems. It had already been demonstrated that
incubation at 37°C was not required far the FCS dependent
transfer of IgE anti-0A production (Figure 5, Table §5).
Incubation of OA-primed cells at 37°c for up to three hours in
Medium 199 alone did not consistently result in a significant
spontaneous transfer of antibody production. Moreover,
primed spleen cells that had been held at O to 4°C for no
longér that 45 minutes from the time of sacrifice of the
donors to the time of injection into irradiated recipients
sometimes produced IgE anti-0A titres of 500 to 1000 in
irradiated recipients.

Figure 17 had shown that the magnitude of the FCS
dependent, adoptive IgE anti-0A response was proportional to
the dosage of irradiation delivered to the recipients. To
determine whether the dosage of 600 HRads chosen for most of
the investigations was on the edge of some critical plateau
for the FCS independent response, the effect of irradiation

dose to the recipients on the magnitude of the spontaneously
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transferred response was investigated. Figure 26 reveals
that as with the FCS dependent response, the spontaneocus IgkE
anti-0A titres depended on the dose of irradiation delivered
to recipients. However, doses of 450 to 750 Bads allowed the
production of equivalent titres of IgE anti-0A, indicating
that 600 Rads was not a critical dose for the generation of a
spontanecus response. In contrast to the FCS dependent
response, the spontaneous production of IgE anti-0A did not
occur in recipients that had been exposed to 150 or 300 Rads.
It has been suggested that aging is associated with
a loss of suppressor cell function (137). The possibility
that the spontaneocusly transferred IgE anti-0A response was

due to such an age dependent suppressor cell defect was

investigated. Primed spleen cells from a single group of
donors were transferred into irradiated recipients of
different ages. Table 12 indicates that at ages ranging from

8 to 268 weeks recipients supported both FCS dependent and
spontaneous responses. There was no appreciable variation
with age in the magnitude of both ‘types of responses. Cells
taken from donors from 3 to 8 months of age also did not show
a consistent age related change in their ability to produce a
FCS independent response.

One experiment did indicate that successful
spontaneous transfer of high titred production of IgE anti-0A
was assoclated with the donor population of cells. Mice from
a group (A) of immunized animals whose spleen cells had

earlier, unexpectedly, produced high titres of IgE anti-0A in
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Figure 26.

The effect of irradiation dose delivered to recipient mice on
the spontaneous transfer of IgE anti-0A production. Groups
of prospective recipients were exposed to increasing amounts
of irradiation 20 hr. before ' each mouse was injectéd
with 5 x 1d7 OA-primed cells in Medium 199 alone. Results
show IgE anti-0A titres in the sera of recipients 18 days
after cell transfer. Figure 16 shows the FCS-dependent
adoptive response generated by OA-primed cells from the same

starting suspension.
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TABLE 12

EFFECT OF AGE OF IRRADIATED RECIPIENTS ON THE
ADOPTIVE IgE ANTI-0OA RESPONSE

Log2 IgE anti-0A titre,
Age of recipients (a)
weeks Day 12 after transfer

FCS-Dependent Spontaneous

8 9.4 5.1
14 8.4 6.4
18 11.3 7.6
22 9.4 5.5
26 3.5 5.3

Age of Donors (b%

12
16
20
24
28
32

)

-
Loowouw

-
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Prospective recipients of different ages were irradiated with
600 Rads and, 20 hours later, were injected with primed spleen
cells obtaimned from a single group of immunized donors. Half
the recipients in each age group received cells suspended in
20% supportive FCS (FCS-dependent response) and half received
cells suspended in Medium 199 alone (spontaneous transfer).

A large group of mice was immunized with 1 jpg OA in Al(DH)B i.p.
At monthly intervals after immunization, 5 - B mice were
sacrificed and their spleens were used as sources of 0A-primed
cells. These cells suspended either in Medium 199 alone or in

medium containing 20% FCS for injection into irradiated
recipients.



126

the ahsence of FCS were used as donors of primed cells which
were transferred into two groups of irradiated recipients
differing only by four weeks of age. Spleen cells were also
taken from a second group (B) of immunized mice for transfer
into the same two recipient groups. Table 13 shows that
donor group A clearly supported spontaneous IgE anti-0A
production inm both recipient groups, while cells from donor

group B supported only FCS dependent responses.

3.6 Effect of antibody on the adoptive agnti-0A response

The effect of anti-0A on the adoptive IgE anti-0A
response Was investigated for two reasons.’ First, since
antibody would be expected to exert its specific effect by
interacting with antigen, it was argued that any effect of
antibody would indicate the presenbe of antigen in the system.
It was necessary to determine whether antigen was present
before postulating any role which it might have in the
continued recruitment of cells to antibody production in the
long term IgE anti-0A response.

Secondly, determinmation of whether antibody had an
effect on the magnitude of the adoptive IgE anti-0A response
would allow an examination of the possibility that
hemagglutinating antibody to 0A, which co-exists with IgE
anti-0A in the circulation of immunized mice, might play a
regulatory role during the ongoing IgE response. Experiments
were catrried out to determine whether the antibody present in

domor serum could indeed affect the adoptive IgE anti-0A



127
TABLE 13

ASSOCIATION OF SPONTANEOUS TRANSFER WITH
THE DONOR CELL POPULATION

Donor Group Recipient Group Adoptive IgE anti-0A titre,
Day 9 after transfer

FCS~-Dependent Spontaneous

A (ax) X 4096 2048
Y 4096 1024
B X 2048 0
Y 1024 ]

ask
Mice from donor group A had, in a previous experiment, unexpec-
tedly supported a spontaneous adoptive IgE anti-0A response.

Group A - 16 weeks of age, 9 weeks after immunization.
B - 12 weeks of age, 5 weeks after immunization.
X - 13 weeks of age
Y - 9 weeks of age.

Primed spleen cells (Groups A,B) were suspended either in Medium
199 alone or in Medium 199 containing 20% supportive FCS for
imjection into irradiated recipients (X or Y).
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response. Immunized mice were bled immediately before being
sacrificed to remove their spleens. During the preparation

of the primed cell suspension, the blood was allowed to clot

at 37°C. Serum was separated by centrifugation and was held
on ice until required. Control sera from unimmunized mice
were obtained in the same manner. Figure 27 shows that 0.2

ml of serum taken from donor mice on the day of transfer, when
injected intravernously into irradiated recipients immediately
before transfer of primed cells, reduced the adoptive IgE
anti-0A titres by more than 380%. Suppression was equally
effective whether the antibody was injected immediately before
primed celis or whether cells and antibody were mixed in vitro
and injected together.

These results were reproduced using anti-0A sera,
which had been produced in BOF1 mice and NZW rabbits by the
inmnjection of 0A 1in FCA. PCA assays showed that these sera
contained no appreciable IgE antibody to 0A. Therefore any
demonstration of suppressive activity could be attributed to
immunoglobulins of other classes. That the suppressive
capacity was associated with immunoglobulins was demonstrated
by repeating this experiment with gamma globulin fractions of
both mouse and rabbit antisera to OA.

To facilitate +the further study of amti-0A on the
adoptive IgE anti-0A response, an attempt was made to raise
relatively large volumes of mouse antiserum. These efforts
met with little success. Repeated injections of BDF1 mice

with 10 Hg of OA im FCA, subcutaneously, produced serum
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Figure 27.

The effect of donor serum on the adoptive IgE anti-0A
response. Groups of six irradiated mice were injected i.v.
with either 0.2 ml of normal serum (s) or 0.2 ml of serum
taken from donors of primed cells on the day of transfer (o).
Immediately after +the injection of serum, 5 x 107 OA-primed

spleen cells were injected into irradiated recipients.
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hemagglutination titres of 1024 at most. Further
intraperitoneal injections of O0A in FCA boosted the titre to
4096 and resulted im the production of relatively large
volumes of ascitic fluid with comparable anti-0A titres.
Unfortunately, the ascitic fluid obtainmed clotted repeatedly
when attempts were made to purify it. Despite attempts to
induce fFormation of a final clot by the addition of calcium
chloride (38), the globulin fraction obtained by precipitation
of the material with an equal volume of saturated ammonium
sulphate clotted when dialyzed or when thawed. Moreover,
removal of clotted material by centrifugation at 100,000g for
.1 hour immediately before injection into mice did nmot
alleviate the toxic effects of +the material which killed
almost half of the experimental mice within a few minutes of
injection. This material was, therefore, judged unsuitable
For use. The addition of 100 units oF.heparin per ml did not
alleviate this problem.

Rabbit antiserum to 0A, however, was available in
relatively large volumes and, on handling, did not present the
problems seemn with mouse anti-0A from ascitic Fluid. To
determine whether the Fc portion of antibody was required to
effect suppression of the adoptive anti-0A response, the
capacity of F(ab')z anti-0A to inhibit the transferred
response was assessed. F(ab')2 fragments of rabbit anti-0A
or of normal rabbit immunogleobulin were prepared by pepsin
digestion of the immunoglobulin fractions eluted from a 10 ml

column of protein A-Sepharose. Five ml volumes of serum
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which, on the average yielded 23.5 mg of immunoglobulins, were
processed in .this way to provide the fraction designated as
intact immunoglobulin. An aligquot of intact immuroglobulin
was then digested with 3% (w/w) pepsin and the neutralized
digest was reapplied to the Protein A-Sepharose column to

recover material which no longer bound to the column but

which, in the case of anti-0A, still cross-linked RBC's to
which 0A had been coupled. This material was designated the
F(ab')z fragment of the immunoglobulin preparations. For

every 5.0 ml of starting serum an average of 5.8 mg of F(ab')z
fragments were recovered. The hemagglutinating antibody
titre of intact anti-0A immunoglobulin at a - concentration of

b

{
10 mg/ml was 1 x 2 and of the F(ab')2 fragments at the same

concentration was 1 x 2'5.

Aligquots of a suspension of OA-primed spleen celis
were supplemented with decremental amounts of normal rabbit
immurmoglobulin, F(ab')z Fragments of normal rabbit
immunoglobulins, intact rabbit anti-0A immunoglobulin or with
Flab')y Fragments aof rabbit anti-0A immunoglobulin and
injected into irradiated recipients. Table 14 indicates that
intact normal rabbit immunoglobulin had no effect on  the
adoptive IgE anti-0A response. F(ab')z Fragments of normal
immunoglobulin produced a transient (day 8) supptression when
large quantities of material were injected. All guantities
of intact anti-0A tested completely suppressed the adoptively

transferred anti-0A response. In contrast, F(ab')2 fragments

of this same antibody produced only a transient {day 6 and day
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TABLE 14

EFFECT OF F(ab')2 ANTI-0OA ON THE ADOPTIVE RESPONSE

Antibody Amount per Recipient Adoptive IgE anti-0A titre
(a*x) mg ' (b*)

Day 6 Day 10 Day 19
- - 512 1024 256
Normal rabbit Ig 10.0 512 ° 800 256
5.0 512 512 256
Normal rabbit F(ab')2 5.0 32 256 256
0.5 1024 512 512
Intact anti-0A 5.0 0 0 8]
2.5 0 0 0
1.25 o o] 0
0.65 o o 0
0.312 8] 0 0]
0.156 0 0 0
F(ab')2 anti-0A 5.0 o 32 50
2.5 0 8o 256
1.25 16 a0 200
0.65 - 50 256 256
0.312 54 256 256
Spleen cells in Medium 199 without FCS: <4 L4 <4

axk

Flab')p, fragments of globulin preparations of normal rabbit
serum and of rabbit antiserum to 0OA were prepared as described
in Materials and Methods.

s
3

Primed spleen cells were obtained from mice immunized 5 weeks
earlier with 1 pg OA in Al(OH)3 i.p. Suspensions were prepared
in Medium 199 containing 20% supportive FCS, supplemented with
the antibody preparations as indicated, and injected into
irradiated recipients. Results show the IgE amti-~0A titres in
the sera of recipients B, 10 and 19 days after transfer of cells.
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10) suppression when 5.0, 2.5 or 1.25 mg of antibody
preparation was injected per recipient. By day 19 after
transfer, the IgE anti-0A titres in recipients of all but the
largest amounts of F(ab'l)y, fragments of anti-O0A had reached
control unsuppressed levels. On comparimg the complete
suppression seen with 156 ug of intact Ig to the partial
suppression seen with 5,000 ug of F[ab')2 Fragmenté, it is
possible +to estimate that the intact immunoglobulin is at
least 20 times (5000/1586) x (1/1.8) more efficient in
suppressing the adoptively transferred IgE anti-0A response.
The factor is derived from the assumption that F(ab')2dimers
(M.W.=1DD,ODD) contain approximately 1.6 times the number of
antigen binding sites as does an equivalent amount of intact
immunoglobulin (M.W.=1865,000).

The objective was to develop a system in which the
effects of sequential delivery of stimulatory (Fcs) and
inhibitory (antibody) stimuli on the primed spleen cell
population could be analyzed. It had already been
demonstrated (Table 5) that an in vitro pulse of FCS to primed
spleen cells was sufficient to initiate the production of
antibody in irradiated recipients of those cells.
Experiments were carried out in which primed spleen cells
suspended in Medium 199 supplemented with 20% FCS were exposed
to anti-0A serum in vitro for a period of 60 - 90 minutes
before being washed and injected into irradiated recipients.
Several difficulties were encountered using this approach.

Homologous antisera, obtained from BDF1 mice by immunization
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with OA in FCA or in Al(DH)3 were toxic to mouse spleen cells,
killing 25 - 30% of lymphocytes during a one hour exposure.
Normal mouse serum was equally toxic. The final
concentration of mouse serum in such cultures ranged from 5 to
20% and corresponded to the amount of antibody which maximally
suppressed the adoptive anti-0A response when injected into
irradiated recipients at the time of cell transfer. Because
of the cell death during incubation cell concentrations were
ad justed so that equal numbers of 1live cells were injected
into different groups of irradiated recipients.
Nevertheless, no significant difference could be detected
between the effects of in vitro exposure to anti-0A and to
control sera on the adoptive anti-0A response (Figure 28).

Rabbit anti-0A was used in similar experiments.
This material was not toxic to mouse spleen cells. As shdwn
in Figure 29, however, the suppressive capacity of anti-0A was
much less effective when the cells were exposed to the
antibody in vitro than when the anti-0A was injected directly
into irradiated recipients before transfer of primed spleen
cells.

These experiments had been carried out at 37°

c
because of the requirement of physiological temperatures for
the binding of the Fc portion of immunoglobulins to murine Fc
receptors on cell membranes. The possibility existed that

some cell membrane component essential for the induction of

specific suppression, such as complexes of 0A and anti-0A, was
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Figure 28,

In vitro exposure gf OA-primed cells +to mouse arnti-0A.
Primed spleen cells were incubated gt 37DC for éD min., in
Medium 199-20% fFcg (@), in Medium 198-20% Fcs + mouse anti-0A
serum (x) or in Medium 199-20% Fcs + normal mouse serym (o).
Cells were Exposed in vitro tgo 0.2 ml serum per 5 x 10 cells.
Cells were washed and resuspended in Medium 199-20y% FCS before

transfer +g irradiated recipients.



136

20481

512F e o .

128 in vitro suppression

|

IgE ANTI-OA TITRE
i
\

2 = x * X
1 1

6 12 2]
DAYS AFTER TRANSFER

-

Figure 29.

A comparison of the effects of in vitro and in vivo exposure
of OA-primed cells to rabbit anti-O0A. Primed spleen cells
were prepared in Medium 199. In vitro {——) suppression was
attempted by incubsting, at B;JC for 60 min., aliquots of the
cell suspension with rabbit anti-0A serum (x) or with normal
rabbit serum () to a concentration of 0.2 ml of serum per
5 x 107 cells. Cells were washed 1in Medium 189 and
resuspended in medium containing 20% supportive FCS for
injection into irradiated recipients. As an  in viveo (....)
control for the effectiveness of the rabbit sera used, 0.2 ml
of rabbit anti-0A or of normal trabbit serum was injected i.v.
inmto two groups of irradiated mice immédiately before
transfer of 5 x 107 primed cells in medium containing 20%

supportive FCS.
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removed by capping at 37°C. For this reason the experiments
were hepeatedlwith all steps for the procedure being carried
out in an ice-bath. In vitro exposure to anti-0A remained
ineffective under these conditions.

Experiments were also carried out in which primed

cells were exposed to antibody in vitro, washed, exposed to
FCS im vitro, washed again, suspended in Medium 199 and
injected into irradiated recipients. Under these conditions,

the suppression of the adoptive IgE anti-0A response was again
minimal. Evidently short-term exposure to anti-0A in vitro
could not mimic the suppressive effects of the same antibody
when injected into the irradiated recipient’ at the time of
cell transfer.

The ability of anti-0A to suppress the adoptive IgE
anti-0A response, under in viveo conditions, suggested that

antigen was present somewhere in the system. Since spleen

cells suspensions were washed before exposure to antibody in

the irradiated recipients, it seemed most likely that any
remaining antigen would be cell bound and most likely
accessible on a cell membrane. The possibility that antigen

was present in the fetal calf serum used to prepare the donor
cell suspension was discounted by the observation that the
adoptive IgE anti-0A response geherated by cells prepared in
Medium 199 alone was also completely suppressed by injecting
the irradiated recipient with anti-0A immediately before
transferring primed spleen cells (Figure 30).

There followed a series of experiments aimed
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primarily at identifying the cell type carrying the stimulus,
supposedly antigen, that was critical +to the development of
the adoptive IgE anti-0A response. These studies involved
depletion, from the primed spleen cell suspension, of cell
types known to be involved in  the development of humoral

immune responses.

3.7 Cellular components of the adoptive IgE anti-0A response

3.7.1 Macrophage independence

Experiments were carried out to assess the
contribution of domnor macrophages to the transferred response.,
Since macrophages have been shown to phagocytose antigen and
to play a role in the processing and presentation of antigen
to lymphocytes during an immune response (138), the ability of
macrophage~depleted primed spleen cells to support the
adoptive anti-0A response was examined.

Because of the difficulty that exists when trying to
insure complete depletion of macrophages three different
procedures were used to remove these cells. It was assumed
that such an approach would assure a reliable assessment of
the comtribution of macrophages to the adoptive transfer model
under investigation.

The first method employed to remove macrophages was
density gradienmt centrifugation. A suspension of primed
spleen cells was applied to a solution of Ficoll-Metrizoate

(density=1.07) and centrifuged at 400 g for 20 minutes at room
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Figure 30.

Suppression of thg FCS-independent adoptive IgE anti-0A
response by antibody to O0A. Irradiated recipients were
injected with 0.3 ml of a globulin Fraction of mouse anti-0A
serum (....) Qr with 0.3 ml of normal mouse immunoglobulin
() before receiving 5 x 107 primed spleen cells suspended
in Medium 199 (o) or in Medium 199 supplemented with 20%

supportive FCS (o).
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temperature. Under these conditions, all the red cells and
90% of <the white cells in the suspension passed through the
Ficoll-Metrizoate to form a pellet. The remaining 10% of the
white cells were recovered at the interface of the medium and
the Ficoll-Metrizoate layer. Staining with Giemsa and
May-Grunwald stains revealed a population of homogeneocusly
small cells. More than 898% of these cells appeared to be
lymphocytes as judged by the ratioc of nuclear to cytoplasmic
area and by the pale, agranular staining of the cytoplasm.
One to two percent of the cells had the characteristics of
eosinophils, i.e. multi-lobed nuclei and a cytoplasm packed
with bright purple-orange granules. The slightly larger cell
with a U-shaped nrucleus which had been identified in the
starting cell preparation as a macrophage was not seen in the
recovered popglation of small lymphocytes.

Despite the low recovetry (le%s than 10%) of cells
after depletion of macrophages, these small lymphocytes were
capable of supporting an adoptive IgE anti-0A response of the
same maghitude as that generated by an equivalent number of
unfractionated primed spleen cells (Table 15, Expts. 1 and 2).

Macrophages were also removed from suspensions of primed
spleen cells using two different additiomnal methods based an
the tendency of these cells to adheres to solid surfaces. A
suspension of primed spleen cells was divided into three
aliquots. One aliquot was held on ice as the unfractionated
cell suspension. The remaining cells were either passed

through a column of Sephadex G-10 supported on a layer of
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TABLE 15

EFFECT OF MACROPHAGE DEPLETION ON THE ADOPTIVE
IgE ANTI-O0A RESPONSE

Expt. Method of Yield IgE anti-0A titre
Depletion %
Unfractionated Depleted

1 Density gradient 5.8 800 1024
2 Density gradient 3.0 51? 1024
3 Column of glass
beads and G-10 10.0 400 845
4 Petri dishes 16.0 400 480
5 Columns of glass _
beads and G-10 1320 1320
B8 Petri dishes —_ 1320 1320
Primed spleen cells were obtained from mice immunized 6 - 10

weeks earlier with 1 pg OA in Al(DH)3 i.p.

Fractionation of cells was carried out as described in Materials
and Methods. For injection into irradiated recipients, all
cell preparations were supplemented with 20% supportive FCS.

Yield = No. of cells recovered after depletion x 100
No. of cells in starting preparation
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glass beads or were layered onto glass Petri dishes. Both
procedures were carried out at 37°C. Cells which after 90
minutes had not adhered to Petri dishes were layered into
fresh Petri dishes for a second cycle of adherence.

The recovered non-adherent cell populations were
washed and suspended in Medium 189-20% FCS for injection into
irradiated recipients. AResults of experiments 3 and 4
recorded in Table 15 indicate that removal of adherent cells
from the suspension of primed spleen cells did not affect the
ability of the lymphocytes to produce IgE anti-0A in

irradiated recipients.

3.7.2 T cell dependence

Having established that macrophages probably did not
play a primary role in the initiation of the adoptive anti-0A
response attention turned to the role of domor T cells in the
experimental model. Kontiainen and Mitchison (133,139),
working with an in vitro system had suggested that the antigen
responsible for continued antibody production was FfFound,
complexed to antibody, on the plasma membranes of T cells.
To determine the effect of T cell depletion on the adoptive
IgE anti-0A response primed spleen cells were treated with
rabbit antiserum to mouse brain-associated Thy-1 plus
complement. This antisefum killed 23 ; 26% of spleen cells
in cytotoxicity assays. The specificity of this antiserum
for T cells was demaonstrated by its sbility to eliminate the

in vitro responsiveness of normal mouse spleen cells to the T
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cell mitogen, Concanavalin A, while leaving the mitogenic
response to the B cell mitogen, lipopolysaccharide, unaffected
(Table 18). Treatment of OA-primed spleen cells with rabbit
anti-mouse brain associated Thy 1 and complement before
transfer to irradiated recipients completely prevented the
adoptive IgE anti-0A response (Figure 31). Treatment of an
aliquot of the same starting spleen cell preparation with
normal rabblit serum and complement did mnot affect the adoptive
IgE anti-0A response.

When these experiments were repeated using
commercially available mouse monoclonal antibody, clone F705,
anti-Thy 1.2 and complement to remove T cells, the adoptive
IgE anti-0A response was again shown to be completely T cell
dependent. In cytotoxicity assays the mouse monoclonal
anti-Thy 1.2 plus € killed 12 to 18% of spleen cells as
assessed by trypan blue exclusion. Despite the relatively
low percentage of cells killed the ability of this monoclonal
antibody to remove functional T cells was demonstrated in an
independent plaque forming cell assay for which data will be
presented in section 3.7.4.

The T cell dependence of adoptive IgE anti-0A
production was also demonstrated in experiments where
production of antibody by recipient mice was not dependent on
FCS (Figure 32). To investigate the nature of the
interaction of B and T cells that led to adoptive IgE anti-0A
production purified suspensions of B and T cells were preparesd

from the spleens of donor mice. Because the methods of B and
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TABLE 16

THE EFFECT OF T CELL DEPLETION ON THE MITOGEN
RESPONSIVENESS OF NORMAL BOF1 SPLEEN CELLS

Treatment 3-H Thymidine Uptake
cpm
Medium LPS Con A
c 5,338 61,368 178, 158

Rabbit anti-mouse brain-
associated Thy.1 + C 1,356 74,967 2,390

Spleen cells were treated with @ither NGPS (C) or with rabbit
antiserum to mouse brain-associated Thy.1 + C, washed and cul-
tured at 6 x 10° viable cells/culture in RPMI 1640 containing
5% FCS. Cultures were supplemented with medium alone, with
LPS at 50 jug/ml or with Con A at 5 jg/ml. 3-H Thymidine was
added for the fimal 18 hours of a 72-hour culture. The cells
were harvested using a Skatron automatic harvester and were
assayed for thymidine incorporation.

(Cells were cultured by J.Wilkins.)
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Figure 31.

The effect of T cell depletion on the adoptive IgE anti-O0A

response. OA-primed spleen cells were treated with normal
rabbit serum. + C (@) or with rabbit anti-mouse
brain-associated Thy.1 + C (B). Dead cells were removed by

passage through a Ficoll-Metrizoate gradient before being
washed and resuspended in Medium 1389 containing 20% supportive
FCs. Each of the irradiated recipients in <+the two

7
experimental groups were injected with 5 x 10 viable cells.
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Figure 32.

The T cell dependence of the FCS~independent adoptive
response. OA-primed spleen cells were suspended in Medium
199 and either injected directly into irradiated recipients
(#) or depleted of T cells (x) by reaction with rabbit
anti-mouse brain-associated Thy.1 + C before injection.

Irradiated recipients received 5 x 107 unfractionated cells or

3 x 107 B cells.
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T cell isolation employed had not been in routine use in the
laboratory ip was necessary to validate the purification
procedures by characterizing the isolated cell populations.
The following section, 3.7.3, contains data obtainmed on the
plasma membrane markers and functional capacities of isolated
B and T cells. The results of investigation into the
interaction of these cell populations in the adoptive IgE

anti-0A response will be presented in section 3.7.4.

3.7.3 Characterization of isolated T and B cells

TWQ methods were employed +to obtain T cells. B8
cells were eliminated from a suspension of spleen cells either
by treatment with rabbit anti-mouse Ig + C or by passage
through columns of nylon wool. Initially, treatment with
cytotoxic antiserum was favoured because it asppeared to offer
a more specific method for the removal of B cells. Motreover
the manipulations involved in this procedure were idenmtical to
those used for the removal of T cells, only the specificity of
the antisera differed. As a result the simultaneocus
preparation of B and T cells would have been-Facilitated.

The removal of B cells by treatment with cytotoxic
anti-Ig + C was adabted from the method used by Yuan and

Vitetta (122) to remove isotype specific cells from a variety

of cell suspensions. This method required the addition of
0.01 M sodium azide to the cell suspension. To establish the
conditions for maximal specific killing of B cells, a

suspension of cells was treated with decreasing concentrations
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of antibody. As shown in Figure 33, this produced a

parabolic cytotoxicity curve due to inefficient killing by

high concentrations of antibody. This pattern was seen with
two different preparations of antibody and may be a
characteristic of this method. Figure 33 shows alsc that the

addition of azide increased the net cytotoxicity at all
antibody concentrations by 10 - 15%. Rabbit anti-mouse Ig +
C killed 53% (n=7) cf spleen cells, 18% of bone marrow cells
and less thanm 1% of thymus cells. Adsorption of this

antiserum with 1 x 10e

thymocytes per ml of antiserum did not
reduce the cytotoxicity against spleen cells. Simultaneous
treatment of spleen cells with optimal concentrations of
anti-mouse IgG and anti-Thy 1.2 killed 81 - 86% of spleen
cells. The additive effect of the twa antisera indicated
that they were specific for different populations of lymphoid
cells.

T cells were obtained also by passing cell
suspensions through columns of nylon wool, as described by
Julius, Simpson and Herzenberg (126).

The surface characteristics of the isolated B and T
cell populations were determined by treating the purified cell
suspensions with anti-Ig + C and anti-Thy 1.2 + C. The
presence of surface Ig (sIg(+)) on cells was alsoc assessed by
a rosetting assay in which lymphocytes were mixed with SRBC to
which were coupled antibody to murine immunoglobulins. The

results are shown in Table 17. The unfractionated cell

population was shown to contain 28% T cells and about 55% B
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Figure 33.

Titration of RAMIg in a cytotoxicity assay. Spleen cells at
a concentration of 1 x 1&7/ml were reacted with decreasing
concentrations of a globulin preparation of rabbit anti-mouse
Ig in the absence (x) and présence (@) of 0.01 M Naf\{3 for 30
min. at d°C. NGPS (C) was added to the suspensions which
were then transferred to a 37 C water bath for 45 min.

Viability was assessed by exclusion of trypan blue dye at =
final concentration of 0.1%. Non-specific killing,
determined by incubating cells with antibody or C alone, was
subtracted from the total number of dead cells to obtain the

data illustrated.
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cells. Therefore, using the methods described about 15% of
splenic lymphocytes carried neither the major T cell nor the
ma jor B cell membrane matrkers.

T cells prepared by exposure of spleen cells to
anti-Ig + C contained a small number of cells with surface Ig
as detected by both the cytotoxicity assay and the rosetting
assay. Moreover, only B69% of the putatively purified T cell
preparation would be identified as such by cytotoxic anti-Thy
1 antibody. As a result almost 25% of the lymphocytes in the
T cell preparation could not be identified as T or B cells.

T cells recovered from nylon wool columns contained
a slightly.higher (76%) proportion of identifiable T cells.
However, a discrepancy arose when testing the nylen wool
purified cells for B cell contamination. Anti-Ig + C
revealed a 12% contamination by B cells while the rosetting
assay could identify omly 2% of the population as B cells.
Treatment of spleen cells with anti-Thy 1 + C successfully
eliminated all T cells as judged by re-assay with the same
antiserum. Approximately 75% of <this putative B cell
population was shown to carry surface immunoglobulin as
detected by both the rosetting assay and the cytotoxic anti-Ig
+ C.

Experiments were carried out in which Q0OA-primed
spleen cells were depleted of B cells by anti-Ig + C before
transfer of the surviving (T cell) population into irradiated
recipients. These isolations were carried out with a view to

stimulating or inhibiting independently B and/or T cells
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TABLE 17

SURFACE Ig AND Thy 1.2 OF PURIFIED B AND T CELLS

Cell population %Ig (+) as Assessed by: % Anti-Thy 1 (+)
RAMIg + C Rosetting {b*)

Unfractionated 53 58 28

T (anti-Ig + C) (ax) 8 5 69

T (nylon wool passed) 12 2 - 78

B (anti-Thy 1 + C) 78 76 2

ask

B and T cell populatioms were isolated by the methods indicated

in brackets. Cytotoxicity and rosetting assays were carried out

as detailed in Materials and Methods.

Al
>

The antissrum used to assess Thy 1(+) cells was rabbit anti-
mouse brain-associated Thy.1 antigen.
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before recombination of the two populations for imjection imnto
irradiated recipients. Unexpectedly, im two out of three
experiments, >the putative T cell population obtained by
treating primed spleen cells with anti-Ig + C supported an
adoptive IgE anti-0A response that was almost equivalent to
that generated by the unfractionated population (data not
shawn). Such a sizable antibody response was being supported
by a@ population of cells from which almost 390% of the B cells,
as defined by the presence of surface immunoglobulin, had been
removed. An independent assay was, therefore, carried out to
determine whether the depletion indicated by the disappearance
of surface Ig was paralleled by a reduction in antibody
forming capacity of the same cell population.

Spleen cells were taken from mice which had been

immunized three weeks earlier with 5 x 108

SRBC. Aliquots of
a single suspension of primed cells were fractionated by
cytotoxicity with anti-Ig + C or anti-Thy 1.2 + C, or by

passage through columns of nylon wool. The resulting

populations alone or after recombination were injected into

irradiated (800 Rads) mice which were +then immediately
injected intraverously with 5 x 10® SRBC. Six days after the
transfer, the spleens of the irradiated recipients were

removed and assayed for their content of plaque forming cells
against SARBC. Table 18 shows that treatment of primed spleen
cells with anti-Thy 1.2 + C prevented the development of IgG
secreting cells in this T cell dependent response. However,

in both experimemts trecorded, treatment of cells with anti-Ig
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+ C permitted the generation of an adoptively transFerred
response which is greater than half that seen with
unfractionated cells. T cells obtained by passage through
columns of nylon wool supported a response equal to 17% of the
control.

Table 19 shows that, in all cases, the addition of T
cells +to the purified B cell population Ffacilitated an
antibody response comparable to or greater than that generated
by unfractionated cells.

These experiments showed that treatment of spleen
cells with anti~Ig + C either eliminated only a few B cells as
judged by the ability of the surviving cells to generate
antibody secreting cells in an irradiated recipient animal or
the surviving cells had an unusually high capacity Ffor
antibody production in the same system. This was true both
for the adoptive IgE anmnti-0A response and the IgG SRBC
response. Thus, +the inadequacy of this method of B cell
elimination was not revealed by the deteétion of membrane
markers on spleen cells. These observatlions have since been
confirmed by Mond et al (140) with respect +to the IgG
response.

As a result of these observations T cells for
further experiments were obtained by passage of spleen cells
through columns of nylon wool while B cells were obtained by
treatment of amn aliquot of the same starting cell suspension

with anti-Thy 1.2 + C.
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TABLE 18

EFFECTIVENESS OF CELL PURIFICATION AS ASSESSED
BY PFC ASSAY (ak)

Expt. Treatment Cell Population No.Cells IgG PFC/Spleen (o)

(b3%) Injected % of Unfractionated

1 Nil Unfractionated 6 x 10° 100 (112,000) (d%)
Anti-Thy 1 + C B 4 x 10° 3
Anti-Ig + C T 2 x 10° 55
Nylon wool T 2 x 10° 17

2 Nil Unfractionated 6 x 10° 100 (19,500)
Anti-Thy 1 + C B 4 x 1P <1
Anti-Ig + C T 2 x 10° 54
Nylon wool T 2 x 10° 17
ask

SRBC-primed spleen cells were fractlionated by the methods
indicated and the resulting populations were injected into
irradiated (600 R) BOF1 mice followed by challenge with 5 x 10°

SABC i.v. Six days later the spleens of reciplents were assayed
For anti-SRABC PFC.

Donor spleen cells were obtained 7 days after priming with
5 x 10® SRBC For Expt. 1 and 20 days after priming for Expt. 2.

ck
IgM PFC were less than 100 per spleen in all cases.

3
s

Brackets contain the number of PFC per spleen.
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TABLE 19

GENERATION OF PFC BY RECOMBINED, PURIFIED B AND T CELLS

Expt. Donor cell (a) No. Cells IgG PFC/Spleen (b3)
Population Injected % of Unfractionated
6
1 Unfractionated 8 x 10 100
6
B cells + 4 x 10
T cells (anti-Ig + C) 2 x 10 81
6
B cells + 4 x 108
T (hylon wool) 2 x 10 177
. B
e Unfractionated 6 x 10 100
6
B cells + 4 x 105
T (anti-Ig + C) 2 x 10 200
(5]
B cells + 4 x 105
T {(nylon wool) 2 x 10 138
ax
Cell populations are those described in Table 17. All were
obtained from a pool of SABC-primed spleen cells. B cells were

isolated by tresatment of the starting spleen cell suspension with
anti-Thy 1.2 + C. T cells were prepared by the methods
indicated in brackets. When required, B and T cells were mixed
in vitro before injection into irradiasted recipients.

bk :
Immediately after transfer, recipients were challenged with
5 x 107 SABC i.v. Six days later the spleens of recipients

were assayed for anti-SABC PFC.



156

3.7.4 Proliferation of B and T cells

B and T cells, isolated as indicated above, were
prepared from the spleens of mice immunized 6 weeks earlier
with 1 pg D0A in AJ_CDH)3 i.p. Recombination of the two
purified cell populations before injection into irradiated
recipients allowed demonstration of the interaction necessary
between B and T cells for the gemneration of the adoptive IgE
anti-0A response (Figure 34). As seen earlier, B cells alone
were unable to support the IgE anti-0A response in irradiated
recipients. The small response supported by T cells was
consistently observed but amounted to only approximately 2% of
the IgE anti-0A titre supported by unfractionated cells.
Recombination of the purified B amnd T cell population led to
the production of IgE anti-0A titres equivalent to, or
slightly greater than, those produced by unfractiomated cells.

The increment of IgE amti-0A titres produced by Pecombinéd B

and T cells over those gemerated by unfractionated cells was
always observed but never exceeded a 2- to 3-fold increase of
the response.

Experiments described so far indicated that the
adoptive IgE anti-0A response was macrophage independent and T
cell dependent. Earlier data on the effect of treating donor
cells with mitomycin C had established that cellular
proliferation was tequired for the development of the adoptive
response. Since helper T cells from primed animals have been
shown to exert their effect without needing to proliferate

(141,143) and since there is evidence for 'the ability of
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Figure 34.

B and T cell cooperation in the generation of an adoptive IgE
anti-0A response. B cells were obtained by treatment of
OA-primed cells with mouse monoclonal anti-Thy 1.2 + C. T
cells were obtained by passage through nylon wool of an
aliquot of the same starting cell bsuspension. All cell
populations were suspended in Medium 188-20% FCS for injection
into irradiated recipients according to the following
protocol: 3 x 107 unfractionated cells (o), 2 x 1&7 B cells

7 7 7
{x), 1 x 10 T cells (O), 2 x 10 B cells + 1 x 10 T cells
(»).
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memory B cells to become antibody secretors without dividing
(144, 145), the following experiments were designed to
establish whether replication of both B and T cells was
required to effect IgE anti-0A production in irradiated
recipients.

Experiments were carried out in which purified B and
T cells were independently exposed to the mitotic inhibitor,
mitomycin €, or to medium alone before being recombined,
exposed to FCS and injected into irradiated recipients.
Table 20 shows that treatment of wunfractionmated cells with
mitomycin C abolished the adoptive IgE anti-0A response.
Similarly,‘the independent exposure of purified B and T cells
to mitomycin C prevented the recombined cell population from
giving a transferred response. Untreated B cells, when mixed
with mitomycin C treated T cells, produced an adoptive IgE
anti-0A titre of 32, which is 12% of that produced by
unfractionated cells and less than 5% of that ggnerated by
untreated, recombined B and T cells.

Similarly, mitomycin C treated B cells plus
untreated T cells produced an adoptive IgE anti-0A response
equivalent to only 11% of that produced by the recombined B
and T cell population. These data indicated that both T and
B cells must proliferate in order to successfully cooperate
for the production of the adoptive IgE anti-0A response. One
would expect that, if proliferation of both B and T cells were
required for the maintenance of long term antibody production,

then prevention of in vivo cell division should abolish an
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TABLE 20

THE EFFECT OF INDEPENDENT EXPOSURE OF B AND T CELLS
TO MITOMYCIN C ON THE ADODPTIVE IgE ANTI-0A RESPONSE

Cell population (a%) Adoptive IgE anti-0A titres
Day 11 after transfer

Unfractionated 256
Unfractionated (mito) (bk) 0
B cells (c3x) 0
T cells (d¥%) 50
B + T 700
B {mito) + T (mito) o
B + T (mito) 32
B (mito) + T 80
ak

The starting cell population was obtained from the spleens of
mice that had been immunized with 1 pg OA in Al(DH)a i.p. six
weeks earlier.

Cells were exposed to Mitomycin C {(mito) at_a concentration of
40 pug/5 x 107 cells/ml for 30 minutes at 37°C. Cells not
exposed to Mitomycin C were similarly imncubated but in Medium
199 only. Following incubation, all cell preparations were
washed in Medium 199 and resuspenden in medium containimg 20%
supportive FCS before being injected into irradiated recipients.

b
B cells were obtained by treating an aliquot of the starting
spleen cell suspension with mouse monoclomnal amti-Thy 1.2 + C.

e
A

T cells were obtained by passage of an aliquot of the starting
cell suspension through columns of nylon wool. Non-supportive
FCS, Reheis M41512, was used in the medium during this
fractionation of cells. :



160

gsstablished anmtibody response. Radiation was used as the
means for inhibiting mitosis in order to test this postulate

im the live anmnimal.

3.8 Radioresistance of established IgE antibody production

BOF1 mice which had been immunized eight weeks
earlier with 1 pg 0A in Al(DH)3 i.p. were exposed to doses of
irradiation ranging from 0 to 1,000 Rads. Animals exposed to
800 and 1,000 Rads were divided into two groups, one of which

received 2 x 107 normal bone marrow cells to reduce mortality

the other being untreated. IgE anti-0A titres inm the sera of
both groups of these immunized, treated mice were monitored
for 32 days after irradiation. Table 21 indicates that

irradiation doses of up to 1,000 Rads did nmnot affect the
circulating levels of ;gE anti-0A in immunized mice.

Virtually identical data were obtained (data not
shown) on the radioresistance of an established IgE response
in adoptively immunized mice. Mice producing stable levels
of IgE anti-0A antibody 8 weeks after adoptive transfer of
cells were exposed to doses of irradiation up to 1,000 Rads.
As in intact, conventionally immumized, animals IgE antibody

levels in the adoptively immunized mice were unaffected by

even the highest doses of irradiation. These results implied
that there existed, in vivo, a population of cells whose
activity was not dependent on proliferation but which,

nevertheless, were capable of maintaining high, stable titres

of IgE amti-0A months after immunization. To verify that



TABLE 21

THE EFFECT OF IRRADIATION OF IMMUNIZED MICE ON
THE ESTABLISHED IgE ANTI-0A RESPONSE

161

Irradiation dose(gk)

Log, Anti-0A titre

Rads Days after irradiation
3 5 11 20 32
0 10 10 9.5 9.5 11.0
200 11 12 8.5 9.5 11.0
400 10 12 9.5 9.5 11.0
600 10 11 9.5 8.5 9.5
800 12 12 9.5 9.5 9.5

1000 12 11  Died - -
800 + 2 x 107 BM (b%*) 11 11 9.5 9.5 8.0
1000 + 2 x 107 BM 12 12 11.6 9.5 9.5

a%

Groups of 4 mice were irradiated at the doses indicated 8 weeks
after immunization with 1 Hg 0A in Al(DH)3

afe
A

i.p.

Groups of mice receivinmg the highest doses of irrsdiation were
normal bone marrow cells.

reconstituted with 2 x 10
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cell proliferation was necessary for the initiation of the

adoptive response primed spleen cells obtained from mice 8

wesks after immunization were irradiated in vitreo with
different doses before being injected into irradiated
recipients; the results are shown in Table 22. The magnitude

of the adoptive IgE anti-O0A response was reduced by 75% after
exposure of primed spleen cells to 200 Rads. Exposure to 400
Rads reduced the antibody titres in recipients by more than
g95%. Doses of 600 HRads or more completely abolished the
adoﬁtive IgE anti-0A response.

These results substantiated the conclusion that
cellular proliferation was necessary to establish the adoptive
response in recipient mice. Radiation resistant antibody
secreting cells, if present in the suspension of primed spleen
cells at +the time of transfer, were either not present in

numbers sufficient to contribute to the adoptive anti-0A

response or were inhibited in the environment of the
irradiated recipient. However, the ability of the
established adoptive IgE anmti-DA response to withstand

exposure to 1,000 Rads suggested that the daonor cell
population contained the precursors capable of differentiating
into a radiation resistant population. Such a radistion
resistant population was evidently also present in intact,

conventionally immunized mice.
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TABLE 22

in vitro IRRADIATION OF OA - PRIMED CELLS (a%)

Irradiation dose Logz anti-0A PCA titres
Rads Days after transfer
6 11 20 32
0 (bs) 10 10 8.5 11
200 ’ 8 7.6 7.6 7
400 4 3.0 3.8 <2
500 L2 L2 <2 L
800 | <2 <2 <2 <2
1000 <2 <2 L2 L2
axk
Primed spleen cells were obtained from mice 8 weeks after
immunization with 1 pyg OA with Al(DH)a i.p. Suspensions were
prepared in Medium 199. Aliquots of 2.5 ml containing 1 x 107
cells/ml were placed in 50 ml round bottomed polycarbonate
tubes. After irradiation 0.5 ml of supportive FCS was added to

each aliquot which was then divided equally among 4 irradiated
recipients.

A control group of immunized mice were not irradiated, but their

IgE anti-0A titres were monitored at the same time as those of
experimental groups.



CHAPTER 4: DISCUSSION
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4.1 Characteristics of the IgE anti-0A response in BDOF1 mice.

Much has been learned over the past ten years about
the regulation of IgE synthesis, particularly in mice and rats
(148). In vitro studies of IgE synthesis have been difficult
in all species even in experimental amimals with asugmented IgE
synthesis or in humans with diseases characterized by greater
than normal production. The basic problem in this regard is
that the lymphoid cells which are accessible produce extremely
small quantities of IgE antibodies. In face of these

problems the thrust of the experiments described in this

thesis was towards establishing, in experimental animals, a
suitable model for studying IgE production in viveo: in
particular the protracted nature of the response. A long

term response was of particular interest because of its
relevance to IgE production in allergen-sensitive persons.

In such individu=sls IgE levels have been shown to increase
steadily over a period of years (147). The important
consequence of a rising IgE antibody level, from the point of
view of the affected individusl, is that 1t leads to an
increased sensitivity to allergen. In vitro studies on
histamine release from sensitized leucocytes (basophils) have
shown that cells sensitized with serum taken from an allergic
person when compared with cells sensitized with normal serum

may be more than 1000 times more sensitive to allergen on the
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basis of the antigen dose required to release 50% of the
releasable histamine (148).

Persisting serum levels of specific IgE antibodies
must be determined by a complex function involving both
catabolic elimination of circulating IgE and addition of newly
synthesized IgE. Newly synthesized IgE antibodies would
origimate, according to conventional thinking, from relatively
short lived plasma cells which differentiated from lymphocytes
recently stimulated by antigen. The relative contribution of
each of these two general processes can be easily determined
for any serum protein if the catabolic rate is kmown, i.e. the
rate at which the particular protein is being eliminated from
serum assuming that eguilibrium between the plasma and
extra-vascular fluids has been already established. The
half-1life of IgE in the mouse was not known at the time this
study was initiated; the main obstacle being the extremely low
concentration of IgE in mouse serum and the lack of
availability of a murine IgE-secreting myeloma.

The half-1ife of plasma IgE was determined by
following the declime of bioclogical activity (Figure 3). A
mouse antiserum was obtained which showed a high PCA titre for
OA; by injecting this serum into normal mice and assaying
serum samples taken at regular time intervals thereafter for
biological activity, the rate of disappearance was determined.

The disappearance of passively acquired IgE antibody from
the circulation of normal animals could have been due to

immunoglobulin catabolism and/or to binding of IgE to tissue
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mast cells and basophils. Although both mechanisms likely
play a role in the clearance of the injected IgE, catabolism
appeared to be dominmant in the experiments described in these
studies. Thus, the elimination of IgE antibody appeared to

be unimodal from 1 hour to 96 hours, suggesting that a single

mechanism of elimination was operative. Tada et al (34)
previously showed, in the rat, that <tissue-binding was
complete after 24 hours or less. Moreover, these workers

using a similar approach have reported that the half-life due
to catabolism of rat IgE was independent over a wide range of
concentration of rat IgE injected. It is worth noting that
the half-1ife of 10.5 hours is quite similar to the figure of
12.5 hours reported by Tada for rat IgE. Recently, some four
years after this thesis work was completed two studies have
been made on the catabolic rate of mouse IgE in mice using
monoclonal amntibodies. A value of 12 hours was reported in
both instances. " The data derived by Hirano et al (1439) was
obtained by following the loss of biological activity from
serum whereas that cbtained by Zheng et al (150) was based on
the loss of radicactivity from the serum of mice injected with
125~1-labelled monoclonal IgE.

In the face of this rapid catabolic rate of mouse
IgE, maintenance of the virtually steady state‘oF IgE anti-0A
levels observed over a period of several months must involve a
significant and near-constant addition of newly synthesized
IgE from some cellular source. In the initi=zl phase of these

studies the most likely source considered for this newly
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synthesized IgE was a pool of recently produced plasma cells.
It was assumed that simce the antigen used for immunization
had been administered in Al(DH)3 there would be significant
persistence of antigen and this would be responsible for the
assumed protracted recruitment of cells to IgE production.
Although at the time there was reluctance to accept the
concept of a population of long-lived AFC it offered a closer
fit to the actual data. Even 1f antigen had persisted from
the time of immunization it would be necessary to make a
further assumption that the concentration was nct declining

significanmtly during a period of 8 to 12 months.

4.2 Antigen-independent adoptive transfer of anti-0A

production

A conspicuous feature of the BOF1 anti-0A response
is the extended period over which the antibody level remains
at a near constant level (Figure 1). Although not unigque in
this regard, KLH also gave a protracted primary response and
several antigens elicited sustained secondary responses, 0A
was clearly the most potent of the several antigens tried
(Figure 2). In view of the above observations, an attempt
was made to establish an adoptive transfer system that would
Facilitate an examination of the cellular events underlying
the sustained production of IgE anti-0A antibody.
Exploratory experiments involving injection of cells from BOF1
mice previously’immunized with OA, into irradiated recipients

led to the discovery that injection of 0A into the recipients
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was not a prerequisite for the initiation of IgE anti-0A
production in;these mice (Figure 4). The findings from this
system which warrant discussion are the kinetics of the
response and its duration. In +the irradiated recipients
there is evidence of some antibody production immediately
fFollowing cell transfer, however this gquickly declines to
below the level of detectability suggesting that any antibody
Forming cells transferred elther die or simply stop secreting
antibody (Figure 27, day 3). The antibody level subsequently
rises steeply from 5 - 7 days after cell transfer +to reach a
level which remains constant For many months. The rapid rise
in PCA titre strongly suggests that cell proliFeration was the
basic mechanism underlying antibody production. An
alternative possibility would be that the AFC transferred to
irradiated recipients underweﬁt, in the host animal, a
transient cessation of antibody secretion and that on recovery
of this property the IgE anti-0A levels rose again to some
constant level. The first point to be addressed
experimentally however was to establish whether or not the
anti-0A measured in the recipients was indeed of donor origin.

Evidence which suggested that this was the case came
fFrom a comparison of antibody levels in donor animals with
those achieved 1in recipients. A positive correlation was
shown between PCA levels in the donors with those in the
recipients (Figure 14). Also, the anti-0A +titres in the
recipient animals were roughly propartional to the number of

spleen cells transferred (Figure 11). Additional evidence,
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which will be discussed also later in a different context,
stems from the radiation sensitivity of the donor cell
preparation. For example when donor lymphocytes were
sub jected ta 800 rads of gamma-irradiation in vitro
immediately prior to injection into the irradiated recipients
no antibody was detected in the recipients (Table 22). This
finding clearly pointed to the donor cells, or their progeny,
being the source of the IgE antibody found in the recipients.
In the event that the donor cells carried 0A into the
recipients, it could be argued that this antigen perhaps
stimulated endogenous antibody production in the recipients.
This arguﬁent was minimized when it was observed that
irradiated mice were unable to respond to immunizing doses of
antigen given from 1 to 14 days after irradiation (Figure 10].
Mice immunized with 0OA produced IgE antibodies over
an extended period and cells transferred from these animals to
irradiated recipients produced IgE antibodies also over a
prolonged period. DA was the most potent antigen in BOF1
mice in that it elicited the highest PCA titres following
primary immunization. However, secondary antibody responses
to amylase, KLH and ONP all gave high PCA titres and were
sustained over a period of several months. Despite the
persistent responses elicited by these three antigens,
antibody was not detected in irradiated recipients following
transfer, of spleen cells from appropriately immunized donors
(Figures 7,8 and 9). This raised several guestions regarding

the basis for the transferred anti-0A response. The
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experience gained from a number of different experiments
suggested that (a) FCS constituted an inconsistent requirement
for the production of the adoptive response (b) there was no
significant cross-reaction, at the antibody level, between OA
and FCS and (c) although antigens other than O0A failed to
produce an adoptive rtesponse they did lead to sustained
antibody responses in antigen-immunized mice. The role of
FCS in the adoptive response will be taken up again later in
this Discussion. Since in some adoptive transfer experiments
high anti-0A titres were produced in recipients in the absence
of FCS the possibility was considered that mice were receiving
DA by some other route, perhaps by way of chicken products in
their food. Several attempts were made to demonstrate some
reactivity between anti-0A and saline extracts of the pelleted
mouse chow; none could be shown. The manufacturers of the:
mouse chow provided an analysis of their product and statéd
that no chicken products were used in its manufacture. This
may mnot be a relevant issue and the variability with respect
to the apparent FCS dependence may, in fact, be due to
different quantities of 0A being assoclated with the cell
suspensions prepared from donor mice.

In a series of studies Tew and colleagues (151-153)
demeonstrated that antigen could remain associated with lymph
node cell suspensions for several months after immunization.
The authors suggested that the cell which played a crucial
role in retaining antigen 1in an immunogenic form was the

follicular dendritic cell. Im relation to the specific



171

question of IgE anti-0A production Holt et al (136) have
confirmed the findings reported in this thesis, which have
been published also elsewhere (154, 155), and have shown using
BALB/c mice that a nominally antigen independent anti-0A
response was produced in irradiated recipients of spleen cells
from OA-immunized donor mice. An aspect of this system which
might reveal something of its underlying mechanism was the
rate at which donor cells, capable of transferring an antigen
independent response, were produced in the donor animals. It
could be envisaged that antigenic stimulation of donor animals
led to the production of a population of proliferating cells
which simply completed their differentiation in the recipients
to give rise to a population of resident AFC. If this were
the case some correlation would be expected between the
kinetics of the donor antibody response and the magnitude of
recipient responses. In other words antigen-stimulated cells
would manifest their activity in both donors and recipients.

When this aspect of the system was examined systematically it
became evident that for the first four weeks after injection
there was no defined relationship between donor antibody
levels and the capacity of donor cells to produce IgE antibody
in the irradiated recipients (Table 2). As described in the
Results section the PCA titres 1in donor animals reached a
maximum value 10 days after immunization and then subsided to
a steady state level equal to approximately 50% of the maximum
value. At the time when the antibody level in donor mice was

at a maximum the spleen cells from these mice showed
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essentially no capacity to develop an adoptive response. PCA
titres in recipients of 10 day cells (post-immunization) were
less than 10% of +the value produced by cells +taken several
weeks after donor immunization. It may be concluded from
this asynchroncus production of IgE antibody secreting cells
and of precursors of the cells which give rise to the long
term response inm  irradiated recipients that they either have
different precursors or develop from a common precursor with
marked asymmetry with respect to the relative proliferation
and/or differentiation rates. The development of the
protracted phase of the response in immunized mice shows some
degree of éoincidence with the development of cells with the
capacity to support the protracted response in irradiated
animals. This may be ‘meraly coincident development, or it
could be that the progenitors of the protracted respaonse in
non-irradiated mice and those of th; protracted response in
irradiated mice are one and the same population. The
kinetics of development of these cells are not unlike thaose of
B memory cell development as described by Cunningham and
Sercarz (156); this study suggested that 6 weeks were required
Following immunization for full development of the B memory
population. A more extensive discussion of the role of B and
T cells in the adoptive response will be presented later.

To determine whether the host animal could play an
active role in the adoptive response, for example by providing
cells which would be recruited +o antibody production and

perhaps augment the response, naormal BOF1 mice were used as
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adoptive recipients. When spleen cells taken 6 weeks after
immunization of the cell donors, which were actively producing
IgE anti-0A, were transferred to unirradiated recipients no
evidence of renewed IgE anmti-0A production at 5 - 7 days, or
later, after transfer was observed. In effect, the adoptive
response was completely suppressed. To determine whether
this was an active response on the part of the recipient
animals an attempt was made to inactivate the suppressive
mechanism by subjecting the recipients to graded doses of
whole-body irradiation (Figure 16]). Results of these
experiments showed that although some IgE antibody production
did occur .at low doses of irradiation significant responses
were seen only at 450 rads and above. Although these data
were consistent with an active suppressive mechanism direct
attempts to demomstrate this active mechanism with cell mi%ing
experiments were unsuccessful. When normal thymocytes were
mixed with an active spleen cell suspension, i.e one prepared
six weeks after donor anmimal immunization, and the two were
injected into irradiated mice - no suppression of the adoptive
IgE anti-0A response was evident (Table 3). Increasing the
ratio of normal thymocytes:active spleen cells from 1:4 to 1:1
still failed to reveal any evidence of suppression. Spleen
cells from normal donors were alsc inactive in this system.

It may be concluded from these observations that the
suppressive mechanism inm nermal mice acting on an adoptive
response does involve directly or indirectly cell

proliferation, since irradiation clearly abolishes the
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suppressive effect. The suppression may not be related to
suppressor lyﬁphocyte function since neither spleen nor thymus
seem to.oFFer a source of suppressor cells; possibly the
number of lymphocytes used was not high enough to be effective

There 1i1s mo doubt however that the anti-0A response
transferable to irradiated recipients is suppressible by T
cells. Holt et al (157) have shown, that T cells from the
spleens of OA-tolerant BALB/c mice, when injected together
with spleen cells from OA-immunized mice into irradiasted
recipients, will suppress the development of this nominally
antigen-independent adoptive response. Certain aspects of
this fimding will be discussed later in relation to the role

of B and T cell proliferation in this system.

4.3 Initiation of the gdoptive response: mitogenic and

antigenic properties of FCS.

In the initial seriess of experiments using the
adoptive transfer system FCS was incorporated routinely into
the tissue culture medium to ensure high cell viability. FCS
is mot a standardized reagent in the sense that some batches
will support antibody responses in  vitro very effectively
whereas others appear to be lacking in this property (158).
It was not until numerous experiments had been completed over
a period of several months that some pattern emerged with
respect to the role of FCS in the adoptive transfer system.
Two general conclusions emerged: (a) FCS was not an absolute

requirement for IgE anti-0A production, in sbout 30 -~ 40% of
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all experiments in which FCS was nat incorporated into the
tissue culturé medium IgE anti-0A production nevertheless was
observed in the irradiated recipients, and (b) in those
experiments which revealéd a requirement for FCS it was
possible to identify "supportive" and '"mon-supportive' batches
of sera.

The action of FCS was considered to be due either to
antigenic cross reactivity with O0A or to the mitogenic
capacity of one of its constituents. Antigenic similarity
between O0A and a component of FCS was considered unlikely
because not all batches of FCS were supportive of the adoptive
response (Table 4). An attempt was made nevertheless to
demonstrate similarity between 0A and supportive FCS. Within
the ,limiﬁs of sensitivity of the inhibition of PCA assays
employed far this purpose, no evidence of antigenic similarity
was observed (Table 6). However, the paossible presence of
OA-like materiaml in FLCS was only one of the two basic
parameters of +the adoptive response, the other was the
sensitivity of the response to 0A itself. In other words,
what was the minimum quantity of OA required to initiate an
adoptive response? This particular question was addressed by
transferring fixed numbers of cells from appropriately
immunized donor along with graded doses of 0OA (Figure 20J).
From the data obtainmned it was evident that as little as 1 ng
of OA could elicit an IgE response equal in magnitude to that
of medium containing supportive 20% FCS. It should be mnoted

that the assays used in the previously described attempts to
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demonstrate antigenic similarity between 0A and FCS were not
sensitive to :OA at this low level. It must be concluded
therefore that, on the basis of the experiments described,
antigenic similarity between 0OA and FCS cannot be excluded as
an explanation of the role of supportive batches of FCS in
facilitating a transferred response.

This avenue of investigation suggested that
antigenic components which are intrinsic constituents of FCS
are not related antigenically to 0A since‘not all FCS batches
were supportive. It allowed nevertheless that a mitogenic
activity could.be assocliated with certain batches of FCS and
rnot others. An attempt to demonstrate the presence of a
mitogenic factor in FCS was made by exposing mouse spleen
cells to different concentrations of both supportive and
non-supportive batches of FCS in vitro and determining the
extent of proliferation (Table 9). It was evident from the
data obtained that the capacity of a given batch of FCS to
support an adoptive anti-0A response did not correlate with
its mitogenic activity. The capacity of different batches of
FCS +to induce cellular proliferation, as measured by 3-H
thymidine uptake was an independent function of their capacity
to support the adoptive response.

A different tack was taken by posimg the gquestion of
whether compounds of known mitogenic activity could facilitate
an adoptive anti-0A response. Spleen cell suspensions were
mixed in vitro with mitoger over a range of concentrations and

the entire suspension injected into irradiated recipients
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(Figure 21). Under these conditions, the B cell mitogens LPS
and dextran sulphate both elicited adoptive responses, the
optimal concentration of each produced responses of
approximately 10 - 25% of +that seen in the FCS control
animals. The T cell mitogens Con A and PHA did not, over the
entire concentration range tested, elicit any detectable IgE
antibody. PWM, which has been reported to affect both B and

T cells elicited a low IgE response, of the order of 5% of the

FCS control. In summary, it seems from these data that
recagnized T cell mitaogens are not effective whereas
recognized B cell mitogens are marginally effective in

eliciting édcptive IgE respcnses in the model system under
study. From +the data obtaimed in these two series of
attempts to identify antigenic and/or mitogenic activity, i.e.
supportive factor, im FCS it was concluded that (a) a
mitogenic factor was not responsible for the supportive
properties and (b) antigenic similarity between O0OA and FCS
could not be ruled out since the sensitivity of the test used
to demonstrate this was too low. If we accept the conclusion
that 0A and FCS did contain a common antigenic component then,
as mentioned previously, that component cannot be an intrinsic
constituent of FCS. Justification for making this statement
is based on the observation that not all batches of FCS were
supportive. Furthermore, attempts to fractionate by
gel-filtration and thereby isolate an active component from
FCS led to the finding that supportive activity was relatively

evenly distributed over a molecular size range from 70,000
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daltons to about 350,000 daltons (Figure 24, Table 11). This
observation suggests that supportive FCS contains perhaps
several active components (132) and since the activity is
associated with sclutes of molecular weight greater than that
of OA (44,000 daltons) it appears improbable that O0A or a
component similar to 0A is one of these.

In view of the above findings it is proposed that
the variability which was evident between experiments where
the known variables were (a) the batch of FCS and (b) presence
of FCS, was due not to the properties of the FCS itself but to
variations in the amount of antigen carried over in a

cell~bound‘Fcrm.

4.4 Persisting antigen and the effect of antibody on the

adoptive response

Other model systems have been described in  which
"spontaneous™ antibody responses can be demonstrated upon

adoptive transfer of lymphoid cells into unimmunized mice

(133-136, 159). In the original report (133) Mitchison
transferred spleen cells from antigen-primed mice into
irradiated recipients. After an initial induction period the

transplanted cells began spontanecusly to produce antibody to
the immunizing antigen without Ffurther . overt antigenic
stimulation. However, spontaneous responses occurred only if
an in vitro incubation period at 37°C preceded the adoptive
transfer. It was suggested that in vitro incubation was

required for unmasking of persistent antigen. However, the
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unmasking of cell associated persisting amtigen should occur
in the adoptive host as well as in vitro. In the studies
described in this thesis it was shown that the in vitro
incubation step was indeed unnecessary (Figure 5). This
finding has been subsequently confirmed in two other systems
{154, 180). In the report of Phipps et al (180) substantial
spontaneous responses were consistently induced when draining
lymph nodes from immunized mice were teased into single cell
suspensions and transferred directly into irradiated
recipients. In all studlies of '“spontaneous'" induction, good
responses could be generated even though the domnor mice had
been immunized months prior to the adoptive. transfer. The
induction of a spontaneous response was attributed to antigen
which persisted in immunogenic form on the surface of an
accessory cell. It was postulated that when lymphoid cells
were removed from the antibody-rich environment in vive and
placed in an antibody depleted environment in wvitro,
persisting antigen associated with accessory cells could
stimulate primed cells to produce detectable antibody specific
to the immunizing antigen (135). Lymphoid organ fragments
from immunized animals have also demonstrated spontaneous
antibody responses (161, 162). When lymph nodes, from animals
immunized months previously with antigen, were cut into small
fragments and cultured in vitro, spontaneous antibody
responses were induced. As with the adoptive transfer and
cell suspension systems referred +to previously, spontaneous

respornses 1n organ fragment culture were attributed to
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stimulation of memory-B cells in fragments containing
cell-associated persisting antigen.

It would be predicted that if indeed, 1in the
adoptive IgE anti-0A response of BOF1 mice described in this

thesis, antigen were crucial to the initiation of the response

then injection of specific antibody into the adoptive
recipient should inhibit the response. This prediction was
borne out. Injecting anti-0A antibody into irradiated

recipients shortly before csll transfer effectively suppressed
the transferred response. An  imtriguing aspect of this
finding was that serum antibody from the prospective cell
donor, taken immediately before the mice -were killed to
provide spleen cells, also effectively suppressed the adoptive
response in recipients (Figure 27)._ There existed then an
apparently paradoxical circumstance wherein the donor mice
were actively producing high IgE anti-0A titres and Ig6
concurrently, yet when a small volume of +this serum antibody
was injected into irradiated recipients before transfer of
cells from the same animal, i.e. the serum antibody donor, the
adoptive response was suppréssed. Two conclusions were drawn
fraom this result (1) sntigen was implicated in the initiation
of the secondary adoptive response and (2) the cellular basis
for antibody production in the cell donor, at the time of cell
transfer, had a different basis from that existing in the
recipient, at the time the response was being initiated.

Suppression of the adoptive response was brought about by a3

concentration of antibody in the adoptive recipient which was
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no more than ED% of the level in the donor amimals, in which
IgE antibodyﬂproduction was continuing without anmy obvious
decline in titre. This result suggested that antigen was
indeed required for the initiation of the adoptive response
but perhaps mot obligatory for the long term sustained phase
of the IgE anti-0A response in the prospective cell donors.
Several attempts were made to identify the stage at which
antibody was acting. In vitro pulsing of cells with antibody
followed by transfer of the washed cells into adoptive
recipients showed that antibody was effective as an inhibitor
at this stage, but not in so striking a fashiom as with in
vivo administration (Figure 28). Theseldata were thus
consistent with antigen being associated with one or more cell
types implicated in the adoptive response. As referred to
previously, other reports indicate that antigens do persist
for extended periods, for example bovine immunoglobulin is
detectable in the liver of mice more than - 3 months after
immunization (183) and Tew and Mandel (162) have reported that
antigen localized in lymphoid follicles can persist for long
periods. Also, evidence was described which implicated this
antigen in the antibody‘hespcnse given in an adoptive transfer
system.

Although the role of the Fc region of the
suppressive antibody was not examined inm detazil, 1t is
noteworthy that a role for this region of the molecule has
been described for both antigen initiated and mitogen induced

responses. Sinclair demonstrated that the Fc region of
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specific antibody played an important role in determining the
extent of suparession, F(ab')z was much less efficient as an
imhibitor of anmn antigen initiated antibody response than was
intact antibody (184). Similarly, Ryan et al (165, 168)
showed that mitogen (LPS)-induced proliferation of lymphocytes
could be inhibited by surface immobilized antibody. In these
reports inhibition of the response was not evident if F[ab')z
fragments were used, thus implicating the Fc fragment and,
most likely, the Fc receptor on B cells. It may be stated
parenthetically that reports have been published which
indicate that LPS can affect T cell function (167,168) and

that a sub-population of T cells alsc may express Fc receptors

(189, 170).

4.5 Cellular components of the adoptive anti-0A response.

When the first report of the work described in this
thesis was published (154) it was considered most probable
that the basis for the sustained IgE anti-0A response in BDFA1
mice was continued differentiation "of lymphocytes to antibody
secreting cells by persisting antigen. However, simnce a
limited number of reports had suggested that antibody
producing cells could (a) persist for several months (171) and
(b) arise under some circumstances without the usual extensive
proliferative phase (144,145), it was considered essential to
study this aspect of the system in some detail in oaorder to
clarify the cellular basis for both the sustained response in

intact animals and the adoptive response in irradiated
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recipients.

The;previcusly discussed experiments using specific
antibody had suggested that antigen was associated with the
cells transferred into irradiated recipients. The initial
efforts to unravel +the cellular interactions involved in the
adoptive response were therefore directed towards idemtifying
a cell type which was considered likely to be antigen-bearing.
The role of macrophages in this regard was investigated by
depleting spleen cells from appropriately immunized donor mice
of macrophages and determining the capacity of the tremaining B
and T cell populations to mount an adoptive response. Since
specific methods, 1i.e. methods which isolated exclusively
macrophages, were not readily available, non-specific methods
were employed. Spleen cell suspensions prepared from mice &
- 10 weeks after immunization were allowed to adhere to Petri
dishes, were passed through columns of Sephadex G-10 or were
centrifuged through a discontinuous density gradient. These
methods were effective in removing macrophages. The data
were quite clear in that macrophage-depleted spleen cell
suspensions produced anti-0A titres in  irradiated recipients
which were not measurably different from the unfractionated
starting cell suspension (Table 15). If macrophages did
express membramne bound antigemn it was evident from the results
that it was not essential for the initiation of the adoptive
response.

Further efforts were devoted to determining whether

T cells played a central role in this system. T cells were
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removed from spleen cell suspensions, by treatment with
anti-Thy.1 and complement; the remaining viable cells were
isolated and injected into irradiated recipients (Figure 31).
Cells treated with normal serum and complement produced an
anti-0A PCA titre of 2048 by 8 days after treatment, which had
mot changed significantly by day 17 (PCA titre = 1024).
Cells treated with anti-Thy.1 and complement failed to produce
any detectable anti-0A for at least 17 days; the adoptive
response was evidently strongly T cell dependent. T cells
were not simply antigen bearing cells since mitomycin C
treatment of isolated T cells also prevented antibody
production in the recipients (Table 20). Mitomycin C may have
exerted its inhibitory effect by more than one mechanism of
action. By inhibiting DNA replication it may have prevented
necessary cellular proliferation. Alternatively, by
interfering with the production of mRANA, mitomycin C may have

prevented the production of an essential T cell factor which

would subsequently act on B cells to induce antibody
production. Exposure of primed B cells to mitomycin C also
inhibited the transferred response. To assess the

requirements for proliferation a dose-response experiment was
then carried out to determine the radiosensitivity of the
cells underlying the adoptive response. The in vitro
radiation sensitivity exhibited by the transferred cells was
generally consistent with previously published figures on
proliferating lymphocytes in which D37 values of the order of

100 rads were observed (172,173). Lymphoid cells exposed in

vitro to ionizing radiation can manifest subtle changes in their
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migratory properties following adoptive transfer to irradiated
hosts (174). - On the other hand mitomycin C treatment of
lymphoid cells has been reported not to produce a significant
alteration of migratory properties in a similar adoptive
transfer model (175). The data reported in this thesis have
been interpreted to mean that there is a need for activation
and proliferation of B and T cells at least to initiate
antibody production in recipients. The nature and locus of
the stimulus for activation remains unclear.

Although proliferation of both B and T cells is
evidently an important feature of the adoptive response during
its inducﬁive phase, the attairmment of a  stable level of
anti-0A is accompanied by marked radioresistance of antibody
production. Groups of animals which had been actively
immunized with antigen and adjuvant and also mice which had
been adoptively immunized were both exposed to whole-body

irradiation ranmging from a dose of 200 rads to 1,000 trads

(Table 21). The marked radioresistance of an established
anti-0A response was evident in both groups of mice. Since
the radiation doses administered were relatively high, it is

likely that a major fraction of those cells which would
normally proliferate in response to antigen would be prevented
from completing mitosis (176,177).

A similar pattern of long-term radioresistant
antibody formationm has been reported by Okudaira (178) and
recently, using the experimental system developed in the

present study, also by Holt et al (157). Direct evidence for



186

the continued production of anti-ONP antibody by a secreting
cell population was described by Okudaira and Ishizaka (178),
who showed that T cell depleted spleen cells withstood 1,000
rads and continued to secrete antibody in vitro following
removal from mice 8 weeks after immunization.

The adoptive transfer system displays a pattern of
sensitivity followed by marked resistance not only to the
effects of irradiation but also to the effects of suppressor T
(Ts) cells. Holt and Leivers (157,178) have recently
reported that the inductive phase of the adoptive response is
susceptible +to suppression using T cells from O0OA-tolerant
mice. When the Ts cells were transferred to irradiated
recipients at the same time as an egqual number of 0OA-immune
cells the adoptive response was suppressed by about S0%. on
the other hand when injection of the Ts cells was delayed by
30 days after injection of the OA-immune cells there was no
ensuing change in the PCA anti-0A titres suggesting that the
effector phase of the response was quite resistant to the
effects of Ts cells.

One of the more interesting studies of the last few
years on IgE regulation in mice was the work of Takatsu et al
(180). The authors described how repeated injections of
urea-denatured OA into OA-primed mice induced antigen specific
suppressor T cells which suppressed both the primary and
secondary IgE antibody responses to native antigen (180).
Once a persistent antibody response was established , however,

the same treatment was not so effective in depressing the
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level of IgE antibody. A reduced or weak effect of
suppressor T cells on an established response suggested that
some mechanisms other than recruitment of B memory cells was
involved in the maintenance of the antibody level. In the
more recent work of Okudaira and Ishizaka it was shown that
depletion of B memory cells by exposure of antigen-primed mice
to a lethal dose of X-irradiation Failed‘ to terminate
established antibody production of both IgE and IgG isotypes,
and suggested, as referred to earlier, that radioresistant
long lived antibody forming cells are involved in this process
(178). Somewhat similar data were reported by Bach and
Brashler Who showed that aceto-acetylated-0DA, as a second
example of a modified antigen, also would prevent a secondary
IQE antibody response induced by native antigen (181). It
was shown alsoc in this latter report that the suppressive
effects of the modified antigen persisted for up to 2 months.
The data cited above thus support the idea of there
being two phases to an IgE response elicited under appropriate
conditions. First would be the antigen induced acute
proliferative phase, which |is suppressible by Ts cells
elicited by high doses of chemically modified antigen.
Second would be the protracted phase which, would display
marked resistance to irradiation and suppression by Ts cells
elicited by either mative or chemically modified antigen. It
is this latter phase which Okudaira and Ishizaka have
attributed to a long lived plasma cell population (178).

The demonstration of long lived plasma cells was
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previously reported by Miller (171), who estimated that the
life span could be considerably longer than 6 months. This
author concluded, on the basis of autoradiographic studies,
that the bulk of antibody, produced at extended timed after
immunization was being made in cells developed shortly after
the original antigenic stimulus. The production of a
population of long lived antibody secreting cells is evidently
related to the dose of antigen used for immunization. High
doses of antigen lead +to only transient responses (182),
whereas low doses of antigen elicit sustained responses (183).
Conceivably, proliferation of the lymphoid cell precursors
of the loﬁg lived antbody secretors is suppressed by high
antigen dose immunization, since suppressor T.cells are known
to be formed under such conditions (183, 184).
The entire gquestion of continuing regulation becomes
a problematic one with regard to a pool of long lived antibody
secreting cells. Suppression of the response at an early
stage may be occurring with high antigen dose immunization.
However, since a salient feature of the long term response to
immunization with low dose of antigen is the virtually
constant level of detectable -antibady, the mechanism by which
this level 1is regulated are not so obvious. O0f possible
significance in this context is a report by Schrader (185)
which suggested a direct role for antigen in regulating the
secretion of antibody by plasma cells. The difficulty with
this mechanism 1is that for the production of long term

responses typically extremely low doses of antigen are used
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for immunization. Indeed, in allergic humans it has been
estimated +that a total seasonal dose for a typical pollen
allergen is no more than 1 g (148). A germane question in
this context is whether, in humans, there are any examples of

long lived plasma cells.

4.6 Persistent, radioresistant IgE production: is there a

parallel in humans?

At the present time there is considerable debate as
to whether the in vitro systems currently being used for the
study of IgE synthesis by human cells are indeed adequate for
demonstrating de novo antigen-induced activation (186).
Notwithstanding this reservation Saxon and Steverns (187) have
reported that peripheral blood leukocytes from atopic patients
contain a population of B cells which produced IgE in vitro
without further antigenic stimulation. Motre than 75% of the
IgE synthesized was produced in the first 72 hours and did rot
occur if cycloheximide was included in  the culture. The
spontaneously secreting cells (SCC) were found in all six
patients tested but were not invariably present, the SCC were
not detected in three out of fifteen experiments. It is
rnoteworthy that patients' T cells did rnot 1inhibit IgE
production in 7 out of 13 experiments. Other studies from
the same group (188) have shown that IgG anti-tetanus toxoid
also may be synthesized in vitro by peripheral blood B cells
in the absence of T cells or mitogen. However, imn this last

report the particular B cell sub-population which produced the
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T cell independent IgG appeared only transiently and persisted
for about 10 days only following booster immunization of the
normal volunteers.

In the case of asthmatics, cultures of peripheral
blood leucocytes depleted of E-rosetting T cells developed IgE
antibody to mite allergens in the absence of added antigen or
pokeweed mitogen. Significantly, in relation to the data
presented in this thesis, it was observed that imn vitro high
dose irradiation (1,000 rads) had no effect on the production
of IgE antibody in 6 out of 8 cases. In the remaining 2
cases the level of IgE was reduced by 50% (189). These
conclusions were confirmed in a further study in which it was
reported that a highly differentiated set of IgE secreting B
cells existed in the peripheral blood leukocytes of a group of
patients with atopic asthma; these B cells were able to
produce IgE protein and specific anti-mite antibody in vitro
in the absence of antigen and without T cell help (490). It
was Further reported in this last study that this
sub-papulation of B cells can be specifically tolerized with
antigen without active suppressive mechanisms.

The studies described in this thesis thus.appear to
be significant with reference to the reports on IgE production
in vitro by human cells. However, as alluded to earlier,
there are differences of opinion with respect to what
constitutes IgE synthesis in vitro in contrast to a simple
release of IgE in tightly bound Fform from peripheral blood

leukocytes. Recent data suggests that some methods are
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beginning to emerge which will allow resolution of this
particular prsblem (191).

Finally, it should be emphasized that in the studies
described in this thesis using mice and from the data referred
to on IgE production by human cells it is clear that distinct
sub-populations of B cells must exist. At least two major
populations can be identified, one subserving the acute phase
of the IgE response by producing short-lived plasma cells and
a second subserving the chronic phase of +the response by
producing, also through a process of proliferation, a set of
long-lived cells. It is mot krnown whether these
sup-populations arise as  a consequence c? sequential or
parallel lines of development from a common precursor. The
sequential model fits ‘with the observations made on the
kinetics of development of the IgE antibody response itself
and also of cells capable of producing am adoptive response in
irradiated recipients; However, the separate-lines model is
rmot excluded by these data.

There 1is a paucity of information available on
murine B cell ontogeny 1imn germeral that would facilitate an
understanding of this praoblem. It is known that isotype
expression on the cell membrane changes during B cell
development from (high IgM:low IgD) to (low IgM:high IgD)
{192). Also, there are functional changes such as a decrease
in susceptibility to tolerance induction (193) and changes in
the expression of differentiation antigens (194). It is

krnown, for example, that the membrane antigen Lyb.5 is



182

expressed on B cells from normal mice. But, male CBA/N mice
which express;a mutant allele at the xid locus do not express
the Lyb.5 antigen on their B cells and this defect coincides
with an inability to respond to type 2 (thymus independent,
type 2) antigens such as TNP-Ficoll and SSIII, a type-specific
prneumococcal polysaccharide antigen (197). It is not known
whether the Lyb.S5(-) cells in CBA/N xid mice are identical to
the Lyb.5(-) cells found in normal mice. As was discussed
above in relation to the development of IgE responses and the
ability to develop an adoptive response, S0 with the
relationship between Lyb.5(-) and Lyb.5(+) B cells it is not
known whetﬁer the cells have a common precursor or whether
they develop im sequential Fashion, i.e. Lyb.5(-)
differentiates to an Lyb.5(+) stage. In any event this data
on B cell sub-populations does not offer much help in
understanding the B cell heterogeneity evident with respect to
the IgE response to 0OA since B cells which are Lyb.5(-) do not
respond to thymus dependent antigens, such as 0A. It is
evident that a more detailed analysis of the B cell
sub~populations subserving the IgE anti-0A response in BOF1
mice must await further investigation of B cell heterogensity.
It is possible to postulate that both sets of B
cells are produced to provide maximal immune protection to an
organism. Following exposure to a potential pathogen the
rapid production of a high concentration of antibody could
serve to terminate rapidly the infection or infestation.

Although the production of memory B and T lymphocytes would



183

ensure a more prompt response and production of antibody
should a Further exposure occur to the same pathogen, it could
be argued that the presence of antibody at that time would
sarve more efficiently to prevent reinfectien or infestation.
In the case of IgE, given that the half-life of circulating
antibody is very short and that cell bound IgE has a half-life
less than that of plasma IgG, it wowuld be advantageous for the
animal to maintain circulating IgE levels over a long period
of time by having antibody synthesized and secreted by long
lived plasma cells. It can be argued that IgE antibody in
plasma probably plays a negligible direct protective role
because of the great difference in concentration between IgE
and other immunoglobulin classes, the IgE plasma concentration
is at most 1/1000 +that of plasma IgG. The ma jor action for
IgE antibody 1is expressed through a biological amplification
system involving mast cells, basophils and the several
vasoactive substances which these cells secrete following
interaction of cell bound IgE with antigen. Despite the fact
that cell bound IgE has a half-life approximately 20 times
greater than that of plasma IgE the two forms are in
equilibrium (48) and continued synthesis 1is required to
maintain the cell bound form at an effective concentration.

In summary, it is possible to offer what appears to be a
rational speculation for the existence of a long-lived
antibody secreting cell. The validity of these speculations
must, of course, await further data on the functional role of

IgE.



Appendix A: List of Figures



194

FIGURE TITLE PAGE
1. The anmti-0A titres stimulated by the i.p. immunization

of male BOF1 mice with 1 pg 0A in 1 mg Al(DH)a. 53
2. IgE antibody titres stimulated by immunization of

BDOF1 mice with KLH, ferritin, ribonuclease,

alpha-amylase, lysozyme or ovomucoid. 85
3. The elimination of mouse IgE anti-0A from the

circulation of normal mice. 66
4. Adoptive transfer of IgE and hemagglutinating anti-0A

production without antigenic challenge of the

irradiated recipients. 69
5. The effect of incubation on the transfer of anti-0A

production to irradiated recipients in the absence of

antigenic thallenge. 70
8. = Secondary adoptive transfer of anti-0A production

without antigenic challenge of the irradiated

recipients. 72
7. Transfer of alpha-amylase primed cells to irradiated

recipients. 74
8. Transfer of KLH-primed cells to irradiated recipients. 75
9. Transfer of DNP-0DA primed cells to irradiated

recipients. 76
10. Immunological incompetence of irradiated recipients. 78

11. The effect of transferring increasing numbers of 0A-
primed spleen cells on the magnitude of the adoptive
anti-0A response,. 80



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2a.

23.

24.

The effect of time after immunization on the ability

primed spleen cells to transfer anti-0A production
to irradiated recipients.

The ability of primed spleen cells to transfer the
adoptive anti-0A response up to eight months after
immunization of donor mice.

Correlation of IgE anti-0A titres in the sera of
spleen cell donors with the PCA titre in the sera
of irradiated recipients.

The ability of lymph node cells to transfer the
adoptive IgE anti-0A response to irradiated
recipients.

The effect of irradiation dose delivered to
recipients, on the magnitude of the adoptive IgE
anti-0A response.

Regeneration of the suppressive capacity of
recipients with increasing time after irradiation.

The effect of FCS on the adoptive IgE anti-0A
response.

The effect of increasing concentrations of FCS on
the adoptive IgE anti-0A response.

Sensitivity of OA-primed cells to antigen.

The effects of the mitogens LPS, 0S, Com A and
PHA on the adoptive IgE anti-0A response.

The effect of expaosure of primed spleen cells to
mitomycin C on the adoptive anti-0A response.

Calibration of an A-5M Sephacryl chromatography
column.

Fractionation of FCS on a column of A-5M Sephacryl.

195

83

84

86

88

80

g1

g5

96

105

112

114

117

118



2s.

26.

27.

28.

29.

30.

31.

32.

33.

34.

FCS-independent transfer of the IgE anti-0A response.

The effect of irradiation dose delivered to recipient
mice on the spontaneocus transfer of IgE anti-0A
production.

The effect of donor serum on the adoptive IgE
anti-0A response.

In vitro exposure of OA-primed spleen cells to
mouse =nti-0A.

A comparison of the effects of inm vitro and in vivo
exposure of 0OA-primed cells to rabbit anti-O0A.

Suppression of the FCS-independent adoptive IgE
anti-0A response by antibody to O0A.

The effect of T cell depletion on the adoptive
IgE anti-0A response.

The T cell dependence of the FCS-independent
adoptive response.

Titration of RAMIg in a cytotoxicity assay.

B and T cell cooperation in the gemneration of an
adoptive IgE anti-0A response.

196

121

124

129

135

136

139

145

146

149

157



Appendix B: List of Tables



197

TABLE TITLE PAGE
1. A comparison of IgE anti-0A titres in individual

and pooled sera. 62
2. The ability of primed spleen cells to transfer the

anti-0A response within two months after immunization. 81
3. Effect of normal cells on the adoptive anti-0A

response. 93
4. Supportive capacity of different batches of FCS. g7
5. In vitro exposure of primed cells to FCS. a9
5. Lack of antigenic similarity between 0A and

FCS in PCA. 102
7. . Neutralization of anti-0A ativity. 103
8. Binding of the suppartive component of FCS to

affinity columns. 107
9. In vitro mitogenicity of FCS. 110
10. Stability of the supportive capacity of FCS. 115
11. Supportive capacity of A-5M fractions of FCS. 119
12. Effect of age of irradiated recipients on the

adoptive IgE anti-0A response. 125
13. Association of spontaneocus transfer with the donor

cell population. 127

14, Effect of F(ab'):2 anti-0A on the adoptive response. 132



15.

16.

17.

18.

19.

20.

21.

22.

The effect of macrophage depletion on the adoptive
IgE anti-0A respaonse.

The effect of T cell depletion on the mitogen
responsiveness of normal BDF1 spleen cells.

Membrane Ig and Thy 1.2 of purified B and T cells.

Effectiveness of cell purification as assessed
by PFC assay.

Generation of PFC by recombined, purified
B and T cells.

The effect of independent exposure of B and T cells
to mitomycin C on the adoptive anti-0A response.

The effect of irtradiation of immunized mice on the
ongoing IgE anti-0A response.

In vitro irradiation of OA-primed cells.

198

141

144

151

154

155

159

161

163



Bibliography



199

Prausnitz, G., and H. Kustner. 1321.
Studien uber die Uberempfindlichkeit.
Zentblatt. Bakt. Parasitkde., 86: 160.

Stull, A., Sherman, W.B., and R.A. Coocke. 1937.

The association of pseudoglobulin of skin sensitizing
substance of allergic (hay fever) serum.

J. Allergy 9:7.

Humphrey, J.H., and R.R. Porter. 1857.

AReagin content of chromatographic fractions of human gamma
globulin.

Larncet i:186.

Johannsen, S$.6G.0., and H. Bennich. 1967.
Immunological studies of an atypical (myeloma)
immurnoglobulin.,

Immunology 14:381.

Natvig., J.B., and H.G. Kunkel. 1973.
Human immunoglobulins: classes, sub-classes.
Adv. Immunol. 16:1,

Heremans, J.F., and J.P. Vaerman. 1962.
Beta-2a-globulin as a possible carrier of allergic
reaginic activity.

Nature, London 183:1091.

Fireman, P., Vannier, W.E., and H.C. Goodman. 1863.

The association of skin sensitizing antibody with the
beta-2a globulin in sera of ragweed sensitive patients.
J. exp. Med. 117:8603.

Loveless, M.H. 13964.
Reagin production in a healthy male who Forms no detectable

beta-2a3 1mmunoglcbulln.
Fed. Proc. 23:403.

Ishizaka, K., and T. Ishizaka. 1966.
Physico-chemical properties of human reagimic antibody.
I. Association of reaginic activity with an immunoglobulin

. other thanm IgA or IgG globulin.

J. Allergy. 37:169.



10.

11.

12.

13.

14.

15.

16.

17.

18.

200

Ishizaka, K., Ishizaka, T., and E.H. Lee. 19BG6.

II. Characteristic properties of reaginic antibody
different from human IgA isohemagglutinin and IgD globulin.
J. Allergy 37:336.

Ishizaka, K., Ishizaka, T., and M.M. Hornbrook. 19G66.
Physico-chemical properties of reaginic antibody.

Iv. Presence of a unique immunoglobulin as a carrier of
reaginic activity.

J. Immunol. 897:75.

Ishizaka, K., Ishizaka, T., and W.D0. Terry. 1967.
Antigenic structure of IgE globulin and reaginic antibody.
J. Immunol. S89:849,

Ishizaka, K., Ishizaka, T., and M.M. Hormnbrook. 1967.
Allergen binding activity of IgE, IgG and IgA antibodies
in sera from atopic patients: in vitro measurements of
reaginic antibody.

J. Immunol. S8:490.

Bernnich, H.H., Ishizakas, K., Johannson, S.G.0., Rowe, D.S.,
Stanworth, 0.R., and W.D. Terry. 1968.

Immunoglobulin E. A new class of human immunoglobulin.
Immumnology 15:323.

Bennich, H.H., and H. von Bahr-Lindstrom. 1374.
Structure of Immunoglebulin E.

In Prog. Immunology, Vol. 1, p. 49, 1974. Ed. Brent and
Holborow. North Holland.

Bennich, H.H., and S.G.0. Johannson. 1971.
Structure and function aof human Immunogleobulin E.
Adv. Immunol. 13:1.

Nisonoff, A., Hopper, J.B., and S.B. Spring. 1975.
The Antibody Molecule.
Academic Press, New York, San Francisco, London.

Ishizaka, K., Tomioka, H., and T. Ishizaka. 1970.
Mechanisms of passive sensitization. I. Presence of IgE
and IgG on human leucocytes.

J. Immunol. 105:1459.



19.

20.

21.

22,

23.

24.

25.

26.

27.

201

Dorrington, K.J., and H.H. Bennich. 1878.
Structure-function relationships in Humanm Immunogleobulin E.
Immunol. Rev. 4:3.

Ishizaka, T., Sian, C.M., and K. Ishizaka. 1971.
Complement fixation by aggregated IgE through alternate
pathway.

J. Immunol. 108:848.

Gleich, G.Jd., Auerbach, A.K., and H.A. Swedlund. 1871.
Measurement of IgE in mormal and allergic sera by

radioimmunoassay.
J. Lab. Clin. Med. 77:8680.

Polmar, S.H., Waldmann, T.A., Balestra, S.T., Jost, M.C.,
and W.D. Terry. 1872.
Immunoglobulin E in immunologic deficiency diseases.

I. Relation of IgE and IgA to respiratory tract disease in
isolated IgE deficiency, IgA deficiency and ataxia
telangiectasia.

J. Clin. Invest. 51:326.

Mota, 1. 1964, .

The mechanism of anaphylaxis. I. Production and biological
properties of mast cell sensitizing antibody.

Immunology 7:681.

Rockey, J.H., and A.M Schwartzmann. 1867,

Skin sensitizing antibodies. A cooperative study of
canine and human P-K and PCA antibodies and canine
myeloma protein.

J. Immunol. 98:1143.

Levine, B.B., Chang, H., and N.M Vaz. 1971.

The production of hapten specific reaginic antibodies
in the guinea pig.

J. Immunol. 106:29.

Zvaifler, N.J., and E.L. Becker. 1966.
Rabbit anaphylactic antibody.
J. exp. Med. 123:935.

Mota, I. 1967.
Biological characterization of mouse early antibodies.
Immunology 12:1967.



28.

29.

30.

31.

32.

33.

34.

35.

36.

202

Weiszer, 1., Patterson, RB., and J.dJ. Pruzansky. 1868,
Ascaris hypersensitivity in the rhesus monkey.
J. Allergy. 41:14,

Hammer, P.K., Kickhofen, B., and 7. Schmidt. 1971.
Detection of homocytotropic antibody associated with a
unique immunoglobulin class in the bovine species.
Eur. J. Immunol. 1:2489.

Hogarth-Scott, R.S5. 1968.
Homocytotropic antibody in sheep.
Immunology 16:543.

Bazin, H., Deckers, C., Beckers, A., and J.F. Heremans.
1872.

Transplantable immunoglobulin secreting tumors in rats.
I. General features of Lou/Wsl strain rat immunocytomas
and their monoclonal proteins.

Int. J. Cancer. 10:568.

Bazin, H., Beckers, A., and J. Querinjean. 1874.

Three classes and four sub-classes of rat immunoglobulins:
IgM, IgA, IgE and IgG1, IgG2a, IgGeb, IgGac.

Eur. J. Immunol. 4:44.

Waldmarnn, T.A. 1979.
Disorders of immunoglobulin metabolism.
New Engl. J. Med. 281:1170.

Tada, T., Okumura, K., Platteau, B., Beckers, A., and

H. Bazin. 1975,

Half-lives of two types of rat homocytotropic antibodies
in circulation and in the skin,

Int. Archs Allergy appl. Immun. 48:116.

Cass, AR.M.,, and R.R. Andersen. 1968.
The disappearance rate of skin-sensitizing anmtibody.
J. Allergy. 42:29.

Tomioka, H., and K. Ishizaka. 1971.
Presence of receptors for IgE on monkey mast cells.
J. Immunol. 107:971.



37.

38.

39.

40.

41.

4ac.

43.

44,

203

Levy, D.A., and A.G. Osler. 13866.

Studies on the mechanisms of hypersensitivity phenomena.
XIV. Passive sensitization in vitro of human leukocytes
to ragweed pollen antigen.

J. Immunol. 97:203.

Goodfriend, L., Kovacs, B.A., and B. Rose. 1966.

In vitro sensitization of monkey lung fragments with
human ragweed atopic serum.

Int. Archs. Allergy appl. Immunol. 30:511.

Ishizaka, T., Ishizaska, K., and H. Tamioka. 1972.
Release of histamine and slow reacting substance of
anaphylaxis (SAS-A) by IgE-anti-IgE reactions on monkey
mast cells.

J. Immuneol. 108:513.

Orange, R.P., Austen, W.G., and K.F. Austen. 1971.
Immunological release of histamine and slow-reacting
substance of anaphylaxis in human lung. I. Modulation by
agents influencing cellular levels of cyclic 3', 5'-
adenosine monophosphate.

J. exp. Med. 134:136.

Ishizaka, T., Ishizaka, K., Orange, R.P., and K.F. Austen.
1870.

The capacity of human immunoglobulin E to mediate the
release of histamine and slow reacting substance of
anaphylaxis (SRS-A).

J. Immunol. 104:335.

de Weck, A.L., and C.H. Schneider. 1972.

Specific inhibition of allergic reactions to penicillin in
man by a monovalent hapten. I. Experimental immunological
and toxicologic studies.

Int. Archs Allergy appl. Immun. 42:782.

Siraganian, R.P., Hook, W.A., and B.B. Levine. 1975.
Histamine release from basophils. Activation by bivalent
haptens.

Immunochemistry 12:149.

Ishizaka, T., Tomioka, H., and H. Ishizaka. 1971.
Degranulation of human basophil leukocytes by anti-IgE
antibody.

J. Immunol. 106:705.



45,

46.

a7.

48.

49.

S0.

51.

52.

S3.

204

Bach, M.K., and J.R. Brashler. 1873.

On the nature of the presumed receptor for IgE on mast
cells. II. Demonstration of the specific binding of IgE
to the cell free particulate preparatlions from rat
peritoneal mast cells.

J. Immurol. 111:324.

Kulczycki, A., Isersky, C., and H. Metzger. 1874.

The imteraction of IgE with rat basophilic leukemia cells.
I. Evidence for specific binmding of IgE.

J. exp. Med. 139:600.

Kulezycki, A., and H. Metzger. 1974.

The interactian of IgE with rat basophilic leukemia cells.
II. Quantitative aspects of the binding reaction.

J. exp. Med. 140:1676.

Conrad, 0O.H., Bazin, H., Sehon, A., and A. Froese. 1975.
Binding parameters of the interaction between receptors.
J. Immuncl. 114:1688.

Ishizaka, T., Soto, C., and K. Ishizaka. 1873.

Mechanism of passive sensitization. III. Number of IgE
molecules and its receptor sites on human basophil
granulocytes.

Jo Immunol. 111:500.

Ishizaka, T., and K. Ishizaka. 1974.

Mechanism of passive sensitization. IV. Dissociation of
IgE molecules from basophil receptors at acid pH.

Jo Immunol. 112:7810.

Carlson, D., Metzger, H., and K.J. Bloch. 1975.

Serum IgE levels during the potentiated reagin response to
egg albumin in rats infected with Nippostrongylus
brasiliensis.

J. Immunol. 114:521.

Jarrett, E.E.E., and D.C. Stewart. 1972.

Potentiation of rat reaginic (IgE) antibody by helminth
infection. Simultaneocous potentiation of separate reagins.
Immunolagy 23:743.

Jarrett, E.E.E., and A. Fergusson. 13874.

Effect of T cell depletion on the potentiated reagin
response.

Nature, Lond. 250:420,



54.

S5.

S6.

57.

58.

59.

60.

61.

2085

Rector, E.S., Carter, B.G.,Kelly, K.A., Lang, G.M., and

A. Sehon. 1979.

The enumeration of rat IgE-secreting cells using a reverse
plagque-~-forming cell assay.

Europ. J. Immunol. 9:471.

Ishizaka, T., Urban, J.F., and K. Ishizaka. 1978.
IgE formation in the rat following infection with
Nippostrongylus brasiliensis. I. Proliferation and
differentiation of IgE-bearing cells.

Cell. Immunol. 22:248.

Urban, J.F., Ishizaka, T., and K. Ishizaka. 1977.
IgE formation im the rat after infection with
Nippostrongylus brasiliensis.

J. Immunol. 118:1982.

Ishizaka, K., Urban, J.F., Suemura, M., and T. Ishizaka.
1979, _ :
Ontogeny and development of IgE-bearing B lymphocytes.
Monogr. Allergy 14:1. (Karger, Basel 1879).

Urban, J.F., Ishizaka, T., and K. Ishizaka. 1977.

IgE formation in the rat after infection with
Nippostrongylus brasiliensis, III. The generation of
IgE-bearing lymphocytes.

J. Immunol. 119:583.

Urban, J.F., Ishizaka, T., and K. Ishizaka. 1978.

IgE-B cell generating factor from lymph node cells of rats
infected with Nippostrongylus brasiliensis. I. Source of
IgE-B cell gemerating factor.

J. Immunol. 121:192.

Urban, J.F., and K. Ishizaka. 1978.

IgE-B cell generating factor from lymph node cells of rats
infected with Nippostrongylus brasiliensis. II. Effector
mechanisms of IgE-B cell generating factor.

J. Immunol. 121:199.

Suemura, M., and K. Ishizaka. 1979.

Potentiation of IgE response in vitro by T cells from rats
infected with Nippostrongylus brasiliensis.

J. Immunol. 123: 918.



62.

63.

54.

65.

B6.

67.

68.

69.

206

Schimpl, A., and E. Wecker. 1872.
Replacement of T cell function by a T cell product.
Nature (New Biol.) 237:15.

Gorczynski, R.M., Miller, R.G., and R.A. Phillips. 1972.
Initiatiaon of antibody production to sheep erythrocytes in
vitro: replacement of the requirement of T cells with a
cell free factor isolated from cultures of lymphoid cells.
J. Immunol. 108:547.

Suemura, M., Yodoi, J., Hirashima, M., and K. Ishizaka.
1880. .

Regulatory role of IgE binding factors from rat T lympho-~
cytes. I. Mechanism of enhancement of IgE response by

IgE potentiating factor.
Jo Immunol. 125: 148.

Ishizaka, K., Suemura, M., Yodoi, J., and M. Hirashima.
1881.° )

ARegulation of IgE response by IgE binding factors.

Fed. Proc. 40:2162.

Yodoi, J., Ishizaka, T., and K. Ishizaka, 1979.
Induction aof Fce-receptor bearing rat lymphocytes by IgE.
J. Immunol. 123:455.

Yodoi, J., Hirashima, M., and K. Ishizaka. 1981.

Effect of Tunicamycin on the formation of IgE potentiating
factor and IgE suppressive factor by Con A activated
lymphocytes.

J. Immunol. 127:347.

Kishimoto, T., Hirai, Y., Suemura, M., and Y. Yamamursa.
1976.

Regulation of antibody response in different immunoglobulin
classes. I. Selective suppression of anti-ONP IgE antibody

response by preadministration of ONP-coupled mycobacterium.
J. Immunol. 117:396.

Suemura, M., Kishimota, T., Hirai, Y., and Y. Yamamura.
1977.

Regulation of antibody responses in different immuno-
globulin classes. III. In vitro demonstration of IgE class

specific suppressor functions of DNP-mycobacterium primed-
T cells and the soluble factor released from these cells.
J. Immunol. 118:149.



70.

71.

72.

73.

74.

75.

786.

77.

207

Watanabe, T., Kimoto, M., Kishimoto, T., and Y. Yamamura.
1978,

Regulation of antibody responses in different immuno-
globulin classes. V. Establishment of T hybrid cell lines
secreting IgE class specific suppressor factor.

J. Immunol. 121:2113.

Suemura, M. Shiho, 0., Deguchi, H., Yamamura, Y.,
Bottcher, I., and T. Kishimoto. 1881.
Characterization and isolation of IgE class specific
supptressor factor (IgE-TsF). I. The presence of the
binding site(s) for IgE and of the H-2 gene products
in IgE-TsF.

J. Immurnol,127: 1353.

Tung, A.S., Chiorazzi, N., and D.H. Katz. 1378.
Regulation of IgE antibody production by serum molecules.
I. Serum from complete Freund's adjuvant immune donors
suppresses irradiation enhanced IgE production in low-
responder mouse strains.

J. Immunol. 120:2050.

Katz, D.H., and A.S. Tung. 1878.

Regulation of IgE antibody production by serum molecules.
II. Strain specificity of the suppressive activity of
serum from complete Freund's adjuvant immune low responder
mouse strains.

Immuno-pharmacology 1:103.

Katz, D.H. 1980.

Recent studies on the regulation of IgE antibody synthesis
in experimental animals and man.

Immunology 41:1.

Katz, D.H. 1979.

New comncepts concerning the clinical control of IgE
synthesis.

Clin. Allergy 8:6809.

Claman, H.N., and Mosier, O.E. 1872.
Cell-cell interaction in antibody production.
Prog. Allergy 16:40.

Ishizaka, K., and Okudaira, H. 1873.

Reaginic antibody formation in the mouse. II. Enhancement
and suppression of amti-hapten antibody formation by
priming with carrier.

J. Immuncl. 110:1067.



78.

79.

84a.

81.

8a.

83.

84.

8s.

208

Okumura, K., and T. Tada. 13971.

Regulation of homocytotropic antibody formation in the rat.
ITIT. Effect of thymectomy and splenectomy.

J. Immunol. 106:1018.

Taniguchi, M., and T. Tada. 1974.

Regulation of homocytotropic antibody fFormation in the rat.
X. IgT-like molecule fFor the induction of homocytotropic
antibody response.

J. Immunol. 113:1757.

Hamaoka, T., Katz, D.H., Bloch, K.J., and B. Benacerraf.
1973. :
Hapten specific IgE antibody responses in mice.

I. Secondary IgE responses in irradiated recipients of
syngeneic primed spleen cells.

J. exp. Med. 183:306.

Hamaoka, T., Katz, D.H., and B. Benacerraf. 1873.

Hapten specific IgE antibody responses in mice.

II. Cooperative interactions between adoptively
transferred T and B lymphocytes in the development of IgE
responses.

J. exp. Med. 138:538.

Katz, D.H., and B. Benacerraf (eds.), 1976.

The role of products of the histocompatibility gene complex
in immune responses.
Academic Press, New York.

Rosenthal, A.S. (1978)

Determinant selection and macrophage functiom in genetic
control of the immune response.

Immuno. Rev. 40:136.

Altman, A. 1881.
T cell growth factor (Interleukin 2).
Immunology Today 2: January, 1.

Smith, K.A., and F.W. Ruscetti. 1981.

T cell growth factor and the culture of cloned functional
T cells.

Adv. Immunol. 31:137.



86.

87.

88.

89.

80.

91.

g2.

93.

=209

Bach, F.H., Alter, B.J., Solliday, S., Zoschke, D.C., and
M. Janis. 1970.

Lymphocyte reactivity in vitro. 2. Soluble reconstituting
factor permitting response of purified lymphocytes.

Cell. Immunol. 1:218.

Gery, I., Gershon, K., and B.H. Waksman. 1872.
FPotentiation of the T lymphocyte response to mitogens.
1. The responding cell.

J. exp. Med. 136:128.

Rosenstreich, D.L., Farrar, J.J., and S. Dougherty. 1976.
Absolute macrophage dependency of T lymphocyte activation
by mitogens.

J. Immunol. 116:131.

Ulrich, F. 1977.

Studies of lymphocyte activating factor from alveolar
macrophages.

J. Aeticuloendothel. Soc. 21:33.

Howie, S., and W.H. McBride. 1882.

Cellular interactions in thymus dependent antibody
responses.

Immunology Today 3: No. 10, 273.

Gillis, S., Union, N.A., Baker, P.E., and K.A. Smith. 1979.
The in vitro generation and sustained culture of nude
mouse cytolytic T lymphocytes.

J. exp. Med. 149:1460.

Wagner, H., Hardt, C., Heeg, K., PFfizenmaier, K.,
Solbach, W., Bartlett, RB., Stockinger, H., and

H. Rollinghof. 1980.

T-T cell interactions during cytotoxic T lymphocyte (CTL)
responses: T cell derived helper factor (Interleukin 2)
as a probe to analyze CTL responsiveness and thymic
maturation of CTL progenitors.

Immunol. Rev. 51:215.

Leibson, H.J., Marrack, P., and J.W. Kappler. 1981.
B cell helper factors. 1. BRequirement for both
Interleukin 2 and another 40,000 Mol. Wt. factor.
J. exp. Med. 154:1681.



g4,

95,

g96.

g7.

g8.

9g.

100.

101.

210

Swain, S.L., and R.W. Dutton. 1982.

Production of a B cell growth promoting activity, (DL)-
BCGF, from a clomed T cell line and its assay on the BCL1
tumor.

J. exp. Med. 156:1821.

Jerne, N.K. 1974,
Towards a network theory of the immune response.
Ann. Immunol. (Inst. Pasteur) 125C:373.

Nisomnoff, A. 1981.
Idiotypes and networks.
Fed. Proc. 40:1456.

Greene, M.I., and M-S. Sy. 1981.
Ligand-receptor relationships in immurme regulation.
Fed. Proc. 40:1458.

Dessein, A., Ju, S-T., Dorf, M.E., Benacerraf, B., and
R.N. Germaimn. 1980.

IgE response to synthetic polypeptide antigen.

2. Idiotypic analysis of the IgE response to l-glutamic
acid, l-alanine, l-tyrosine (GAT).

J. Immunol. 124:71.

Blaser, K., Geiser, M., and A.L. deWeck. 1979.

Suppression of phosphorylcholine specific IgE formation in
BALB/c mice by isologous anti-T15 antiserum.

Eur. J. Immunol. 9:1017.

Shigemoto, S., Kishimoto, T., and Y. Yamamura. 1981.
Characterization of phosphoryl choline (PC) specific IgE-
B cells in CBA/N or (CBA x BALB/c)F1 male mice.

Eur. J. Immunocl. 127:1070.

Sugimura, K., Nakanishi, K., Maeda, K., Kashiwamura, S.I.,
Suemura, M., Shiho, 0., Yamamura, Y., and T. Kishimoto.
1982.

The involvement of two distinct subsets of T cells for the
expression of the Igb6 class specific suppression:
establishment and characterization of PC-specific, T15
idiotype positive T hybridoma and IgE class specific,
antigen non-specific T hybridoma.

J. Immurmol. 128:1637. '



102.

103.

104.

1085.

106.

107.

108.

109.

Blaser, K., Nakagawa, T., and A.lL., deWeck. 1981.
Suppression of anti-hapten IgE and IgG antibody responses
by isologous anti-idiotypic antibodies against purified
anti-carrier (ovalbumin) antibodies im BALB/c mice.

J. Immunol. 126:1180.

Tada, T., Taniguchi, M., and K. Okumura. 1971.
Regulation of homocytotropic antibody formation in the
rat. II. Effect of X-irradiation.

J. Immunol. 106:1012.

Chiorazzi, N., Fox, D.A., and D.H. Katz. 197E6.

Hapten specific IgE antibody responses in mice

VI. Selective enhancement of IgE antibody production by
doses of X-irradiation and by cyclophosphamide.

J. Immunol. 117:1628.

Chiorazzi, N., Fox, D.A., and D.H. Katz. 13877.

Hapten specific IgE antibody responses in mice.

VII. Conversion of IgE non-responder strains to IgE
responders by elimination of suppressor T cell activity.
J. Immunol. 118:48.

Watanabe, N., Kojima, S., and Z. Ovary. 1976.
Suppression of IgE antibody production in SJL mice.
I. Non-specific suppressor T cells.

J. exp. Med. 143:833.

Watanabe, N., Kojima, S., and Z. Ovary. 1977.

Suppression of IgE antibody production in SJL mice.

II. Expression of Ly-1 antigen on helper and non-specific
suppressor T cells.

J. Immunol. 118:485.

Revoltella, R., and Z. Ovary. 1970. .
Reaginic antibody production in different mouse strains.
Immunology 17:45.

Levine, B.B., and N.M. Vaz. 1970.

Effect of combinations of inbred strain, antigen, and
antigen dose on immune responsiveness and reagin
production in the mouse. A potential mouse model for
immune aspects of human atopic allergy.

Int. Archs Allergy appl. Immun. 39:156.



110.

112.

113.

114.

115.

116.

117.

118.

212

Vaz, E.M., Vaz, N.M., and B.B. Levine. 1971.

Persistent formation of reagins in mice injected with low
doses of ovalbumin.

Immunology 21:11.

Kekwick, R.A, 13940. _—
The serum proteins in multiple myelomatosis.
Biochem. J. 34:1243.

Schrader, J. 1975.

Tolerance induction in B lymphocytes by thymus dependent
antigens.

J. exp. Med. 141:974.

Brownstone, A., Mitchison, N.A., and RBR. Pitt-Rivers. 1968.
Biological studies with the iodine containing symthetic
immunological determinant 4-hydroxy 3-iodo S5-nitrophenyl
acetic acid (NIP) and related compounds.

Immunology 10:4865.

Cohen, A., and M. Schlesinger. 18970.

Absorption of guinea pig serum with agar. A method for
elimination of its cytotoxicity for murine thymus cells.
Transplant. Proc. 10:130.

Nisomoff, A. 1967.

In: Methods in Immunology and Immunochemistry. Eds.
Williams, C.A, and M. Chase. Academic Press, New York,
Vol. 1, p. 120.

Goding, J.W. 1976.

Conjugates of antibodies with Fluorochromes.
Modification to the standard method.

J. Immumocl. Meth. 13:215.

Golub, E.S. 1971.

Brain associated antigen: reactivity of rabbit amnti-
mouse brain with mouse lymphoid cells.

Cell. Immumnol. 2:353.

Sauser, D., Ankers, F., and C. Bron. 1974.

Isolation of mouse thymus derived lymphocyte specific
antigens.

J. Immunol. 113:817.



120.

121.

122.

123.

124.

125,

126.

127.

213

Braga, F., and 1. Mota. 1976G.

Homologous passive cutaneous anaphylaxis (PCA) im mice
and heterologous PCA induced in rats with mouse IgE.
Immunology 30:655.

Avramaes, S., and T. Ternynck. 1969,

The cross linking of proteins with glutaraldehyde and its
use fFor the preparation of immunoadsorbents.
Immunochemistry 6:53.

Gorer, P.A., and P. O'Gorman. 1956.
Cytotoxicity methods using vital dye exclusion.
Transpl. Bull. 3:142.

Yuan, D., Vitetta, E.S., and J.R. Kettman. 1977.
Antibody responses of sub-populationms of B lymphocytes
bearing different isotypes.

J. exp. Med. 145:1421.

Kofler, R., and G. Wick. 18977.

Some methodological aspects of the chromium chloride
method for coupling antigen to erythrocytes.

J. Immunol. Meth. 16:201.

Jerne, N.K., and A.A. Nerdin. 1963.

Plague formation in agar by single antibody producing
cells.

Science 140:405.

Davidson, W.F., and C.R. Parish. 13975.

A procedure for removing red cells and dead cells from
lymphoid cell suspensions.

J. Immunol. Methods., 7:291.

Julius, M.H., Simpson, E., and L.A. Herzenberg. 1973.
A rapid method for the isolation of functional thymus
derived lymphocytes.

Eur. J. Immunol. 3:645.

Ly., I.A., and R.I. Mishell. 1974.

Separation of mouse spleen cells by passage through
columns of Sephadex G-10.

J. Immunol. Methods. 5:239.



214

128. Boyum, A. 13868.
Separation of leucocytes fraom blood and bomne marrow.
Scand. J. clin. Invest. 21(Suppl.97}:77.

129, Cuatrecasas, P. 13970.
Protein purification by affinity chromataography.
Derivatization of agarose and polyacrylamide beads.
J. Biol. Chem. 245:3058.

130. Nisonoff, A., Wissler, F.C., Lipman, L.N., and
0.L. Waoernley. 19860.
Separation of univalent fragments from the bivalent
rabbit antibody molecule by reduction of disulfide bonds.
Archs. Biochem. Biophys. 89:230.

131. Nossal, G.J.V., and 0. Makela. 1962.
Autoradiographic studies on the immumne response. I. The
kinetics of plasma cell proliferation.
J. exp. Med. 115:209. '

132. Schooley, J.C. 19861.
Autoradiographic observations of plasma cell proliferation.
J. Immunol. 86:331.

133. Kantiainen, S., amd N.A. Mitchison. 1975.
Blocking antigen-antibody complexes on the T lymphocyte
surface identified with defined protein antigens.
1. Lymphocyte activation during in vitro incubation
before adoptive transfer.
Immunology 28:523.

134. Mitchison, N.A. 1968.
Unmasking of cell associated foreign antigens during
incubation of lymphoid cells.
Israel J. Med. Sci. 5:231.

135. Tew, J.G., Self, E.H., Harold. 1973.
The spontaneous production of anamnestic antibody
production in lymph node cell cultures months after
primary immunization.
Jo Immunocl. 111:416.



136.

137.

138.

139.

140.

141.

142.

143.

144,

215

Holt, P.G., Leivers, S., and J. Batty. 1981.

Adoptive transfer of persistent IgE responses in mice in
the absence of secondary antigenic stimulation.

Int. Archs Allergy appl. Immun. B5:357.

Makinodan, T., Albright, J.W., Good, P.I., Peter, C.P.
and M.L. Heinrich. 1976.

Reduced humoral immune activity in long-lived old mice:
an approach to elucidating its mechanism.

Immunology 31:903.

Rosenthal, A.S. 1978.

Determinant selection and macrophage Function in genetic
control of the immune response.

Immunol. RBev. 40:136.

Kontiainen, S. 1975.

Blocking antigen-antibody complexes on the T lymphocyte
surface identified with defined protein antigens.

II. Lymphocyte activation during the in vitro response.
Immunology 28:535.

Mond, J.J., Mage, M.G., Aothstein, T.L., Mosier, D.E.,
Herrod, H., Asofsky, R., and W.E. Paul. 1980.

High anti-TNP plaque forming cell potential of residual
mIg(+) cells in a T cell population.

J. Immunol. 125:1526.

- Hamaoka, T., Katz, D.H., and B. Benacerraf. 13972.

Radioresistance of carrier specific helper thymus derived
lymphocytes in mice.
Proc. Natl Acad. Sci. (U.S.A.) 89:3453.

Monro, A., and P. Hunter. 1970.

In vitro reconstitution of the immune response of thymus
deprived mice to sheep red blood cells.

Nature 225:277.

Kettman, J., and R.W. Dutton. 1971.

Radioresistance of the enhancing effect of cells from
carrier immunized mice in an in vitro primary immune
response,

Proc. Natl. Acad. Sci. (U.S.A.) 68:899.

Sulitzeanu, R., Marbrook, J., and J.S. Haskill. 13973.
Direct conversion of precursors of PFC's imto active PFC's
in vitro without prior cell division.

Immuneology 24:707.



145,

146.

147.

148.

149.

150.

151.

152.

153.

216

Bussard, A.F., Nossal, G.J.V., Mazie, J.C., and H. Lewis.
1970.

In vitro stimulation of antibody formation by peritoneal
cells. II. Cell interactions and effects of immunoc-
chemical or metabolic inhibitors.

J. exp. Med. 131:817.

Buckley, R.H., Fiser, P.M., and W.G. Becker. 1981.

In vitro studies of IgE synthesis by human blood maono-
Nnuclear cells.

Fed. Proc. 40:2167.

Berg, T., and S.6G.0. Johanssen. 1969,
IgE concentrations in children with atopic disease.
Int. Archs Allergy appl. Immun. 36:220.

Lichtenstein, L.M., and P.S. Norman. 1969.
Human allergic reactions.
Amer. J. Med. 46:170.

Hirano, T., Hom, C., and Z. Ovary. 1983.
Half-life of murine IgE antibodies in the mouse.
Int. Archs Allergy appl. Immun. 71:182.

Zheng, S$.S., Lang, G.M., Carter, B.G., and A.H. Sehon.
1983.
FPersonal communication.

Tew, J.6., Phipps, RB.P., and T.E. Mandel. 1980.

The maintenance and regulation of the humoral immune
response: persisting antigen and the role of follicular
antigen binding dendritic cells as accessory cells.
Immurcl. Rev. 53:175.

Tew, J.G., Self, E.H., Harold, W.W., and A.B. Stavitsky.
1973.

The spontanecus production of anamnestic antibody
production in lymph node cell cultures months after
primary immunization.

J. Immunol., 1141:416.

Mandel, T.E., Phipps, R.P., Abbot, A., and J.G. Tew. 1980.
The follicular dendritic cell: long term antigen
retention during immunity.

Immunol. Rev. 53:29.



154.

155.

156.

157.

158.

158.

160.

181.

162.

217

Peeters, S.H., and B.G. Carter. 1978.

Regulation of the IgE antibody response in mice. 1. Long
term production of IgE anti-ovalbumin antibody in
irradiated recipients.

J. Immunol. 121:1596.

Peeters, S.H., and B.G. Carter. 1981.

Regulation of the IgE antibody response in mice.

2. Radioresistance of established IgE antibody production.
Immunology 43:25.

Cunningham, A.Jd., and E.E. Sercarz. 1971.

The asynchronous development of immunological memory in
helper (T) and precursor (B) cell lines.

Eur. J. Immuno. 1:413.

Holt, P.G., and S. Lievers. 1983.

Aadiation resistant IgE secreting cells in the mouse:
susceptibility to suppressor T cells.

Int. Archs Allergy appl. Immun. 71:188.

Shiigi, S.M., Capwell, R.R., Grabstein, K.H., and
A.I. Mishell. 1977.

Sera and the in vitro induction of immune responses.
3. Adjuvant obtained from gliding bacteria with
properties distinct from enteric lipopolysaccharides.
J. Immunol. 119:679.

Mitchison, N.A. 1965.

Aecovery from immunological paralysis in relation to age
and residual antigen.

Immunology 8:129.

Phipps, R.P., Tew, J.G., Miller, G.A., and T.E. Mandel,
1980.

A murine model for analysis of spontaneous induction and
feedback regulation of specific antibody synthesis.
Immurnol. Commun. 8:51.

Stecher, V.J., and G.J. Thorbecke. 1967.

Gammaglobulin and antibody formation in vitro. 6. Effect
of X-irradiation on the secondary antibody response

in vitro.

J. exp. Med. 125:33.

Tew, J.G., and T.E. Mandel 1978.

The maintenance and regulation of serum antibody levels:
evidence indicating a role for antigen retained in
lymphoid follicles.

J. Immumol. 120:1063.



163.

164.

165,

166.

167.

168.

169.

170.

171.

218

McMaster, P.D., and H. Kruse. 13851.

The persistence in mice of certain foreign proteins and
azoprotein tracer antigens derived from them.

J. exp. Med. 94:250.

Chan, P.L., and N.R. St. Sinclair. 1971.

Regulation of the immume response. 5. An analysis of the
function of the Fc portion of antibody in suppression of
an immune response with respect to interaction with
components of the lymphoid system.

Immunology 21:967.

Ryamn, R.L., and P.A. Henkart. 19785.

Inhibition of B lymphocyte activation by interaction with
Fc receptors.

Immunol. Commun. 5:455.

Ryan, J.L., Arbeit, R.D., Dickler, H.B., and P.A. Henkart.
1975.

Inhibition of lymphocyte mitogenesis by immobilized
antigen-antibody complexes.

J. exp. Med. 142:814.

Newburger, P.E., Hamaoka, T., and D.H. Katz. 1974.
Fotentiation of helper T cell function in IgE antibody
responses by bacterial lipopolysaccharides (LPS).

J. Immunol. 113:824.

Andersson, J., Moller, G., and O. S joberg. 1972.
Selective induction of ONA synthesis in B and T

lymphocytes.

Cell. Immunol. 4:381.

Yoshida, T.0., and B. Andersson. 1972.

Evidence for a receptor recognizing antigen complexed
immunoglobulin on the surface of activated mouse thymus
lymphocytes.

Scand. J. Immunol. 1:401.

van Boxel, J.A., and D.L. Rosenstreich. 1974.
Binding of aggregated gamma globulin to activated T
lymphocytes in the guinea pig.

J. exp. Med. 139:1002.

Miller, J.J. 1964.

An autoradiographic study of plasma cell and lymphocyte
survival in rat popliteal lymph nodes.

J. Immunol. 92:673.



219

172. Kennedy, J.C., Till, J.E., Siminmovitch, L., and
E.A. McCulloch. 1965.
Radiosensitivity of the immune response to sheep red cells
in the mouse, as measured by the hemolytic plaque method.
J. Immunaol., 894:715.

173. Anderson, R.E., and N.L. Warner. 1975.
Radiosensitivity of T and B lymphocytes. 3. Effect of
radiation on immunoglobulin production by B cells.

J. Immunol. 115:161.

174. Anderson, R.E., Sprent, J., and J.F.A.P. Miller. 1972.
Cell to cell interaction in the immune response.
8. Hadiosensitivity of thymus derived lymphocytes.
J. exp. Med. 135:711.

°

175, Miller, J.F.A.P., Sprent, J., Basten, A., Warner, N.L.,
Breitner, J.C.S., Rowland, G., Hamilton, J., Silver, H.,
and W.J. Martin. 1971. »

Cell to cell interaction in the immune response.

7. Requirement for differentiation of thymus derived
cells,

J. exp. Med. 134:1266.

176. Anderson, R.E., Olson, G.B., Autry, J.R., Howarth, J.L.,
Troup, G.M., and P.H. Bartels. 1977.
Radiosensitivity of T and B lymphocytes. 4. Effect of
whole body irradiation upon various lymphoid tissues and
numbers of recirculating lymphocytes.
J. Immunol. 118:1977.

177. Tolmach, L.J., Weiss, B.G., and L.E. Hopwood. 1971.
Ionizing radiations and the cell cycle.
Fed. Proc. 30:1742.

178. Okudaira, H., and K. Ishizaka. 1981.
Reaginic antibody formation in the mouse.
11. Participation of long-lived antibody Forming cells
in persistent antibody formation.
Cell. Immunocl. 58:188.

178. Holt, P.G., and S. Leivers. 13982.
Tolerance induction via antigen inhalation: isotype
specificity, stability and involvement of suppressaor T
cells.
Int. Archs Allergy appl. Immun. B67:155.



180.

181.

182.

183.

184,

186.

187.

220

Takatuw, K., and K. Ishizaka. 1975,

Reaginic antibody formation in the mouse. 6. Suppression
of IgE and IgG antibody responses to ovalbumin following
administration of high dose urea-denatured antigen.

Cell. Immuncl. 20:276.

Bach, M.K., and J.R. Brashler. 1975.

IgE sntibody specific abrogation of an established immune
response in mice by modified antigens.

J. Immunol. 114:1739.

Takatsu, K., and K. Ishizaka. 1976.

Reaginic antibody formation in the mouse. 7. Induction of
suppressor T cells for IgE and IgG antibody responses.

J. Immunol. 116:1257.

Tamura, S., and K. Ishizaka. 1878.

Aeaginic antibody formation in the mouse. 10. Possible
role of suppressor T cells in transient IgE antibody
responses.

J. Immunol. 120:837.

Schwenk, R.J., Kudo, K., Miyamoto, K., and A.H. Sehon.
1979.

Regulation of the murine IgE antibody response.

1. Characterization of suppressor cells regulating both
persistent and transient responses and their sensitivity
to low doses of irradiation.

J. Immunol. 123:2791.

Schrader, J.W. 1875.

Effector cell blockade. 2. A demonstration of the
reversible masking of an immune response by blockade of
antibody forming cells.

Europ. J. Immunol. 5:808.

Sampson, H.A., and R.H. Buckley. 1381.
Human IgE synthesis in vitro: a reassessment.
J. Immunol. 127:829.

Saxon, A., and R.H. Stevens. 1981.

Synthesis of human IgE in vitro in normals and high IgE
atopy.

Int. Archs Allergy appl. Immun. 66(Suppl.1):55.



188.

189.

190.

191.

192.

193.

194.

221

Stevens, R.H., Macy, E., Morrow, C., and A. Saxon. 1979.
Characterization of a circulating sub-population of
spontaneous anti-tetanus toxold antibody producing B cells
following in vivo booster immunization.

Int. Archs Allergy appl. Immun. 65:162.

Okudaira, H., Ohta, K., Ogita, T., and T. Miyamoto. 1981.
Human IgE antibody forming cells: radioresistant and
radiosensitive populations.

Int. Archs Allergy appl. Immun. 65:162.

Iwamoto, I., Nawata, Y., Yanagisawa, T., Yoshida, S.,
Itaya, T., Tomioka, H., and A. Kumagai. 13981.

In vitro production of anti-mite IgE antibody and its
suppression by human peripheral blood lymphocytes.
Int. Archs Allergy appl. Immun. B66(Suppl.1):87.

Turner, K.J., Holt, P.G., Holt, B.J., and K.J. Cameron.
1983.

In vitro synthesis of IgE by human peripheral blood
leucocytes. 3. HRelease of preformed antibody.

Clin. exp. Immunol. 51:387.

Sieckmann, D.G., Habbersett, R., Scher, I., and W.E. Paul.
1981.

Activation of mouse lymphocytes by anti-immunoglobulin.

3. Analysis of responding B lymphocytes by flow cytometry
and cell sorting.

J. Immunol. 127:205.

Vitetta, E.S., and J.W. Uhr. 1978.
IgD and B cell differentiation.
Immunol. Rev. 37:50.

Kung, J.T., and W.E. Paul. 1983,
B-lymphocyte sub-populations.
Immurol. Today 4:37.





